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Printing and Saving Instructions 
The best thing to do is to download this pdf document to your computer 
desktop and open it with Adobe Acrobat DC reader.   
 
Adobe Acrobat DC reader is a free computer software program and you 
can find it at Adobe Acrobat’s website. 
 
You can complete the course by viewing the course materials on your 
computer or you can print it out.  Once you have paid for the course, we’ll 
give you permission to print this document. 
 
Printing Instructions: If you are going to print this document, this 
document is designed to be printed double-sided or duplexed but can be 
single-sided.  
 
This course booklet does not have the assignment.  Please visit our 
website and download the assignment. 

 

Internet Link to Assignment… 
http://www.abctlc.com/downloads/PDF/AgriculturalPestAss.pdf 
 
State Approval Listing Link, check to see if your State accepts or has 
pre-approved this course.  Not all States are listed. Not all courses are 
listed.   
 
Call your State agency to see if the course is accepted. No refunds.  
 
State Approval Listing URL… 
http://www.ABCTLC.com/downloads/PDF/CEU%20State%20Approvals.pdf 

 

You can obtain a printed version from TLC for an additional $189.95 plus 
shipping charges. 
 
All downloads are electronically tracked and monitored for security 
purposes.  
  

http://www.abctlc.com/downloads/PDF/AgriculturalPestAss.pdf
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Acknowledgement  
Most of the course information will come from the EPA manual How to 
Comply with the 2015 Revised Worker Protection Standard for agricultural 
Pesticides. What owner and Employers Need to Know.  
 

EPA 735-B-16-001 Publication date: September 2016 
 
Pesticide Educational Resources Collaborative    pesticideresources.org epa.gov/pesticides 
UC Davis Extension  
1333 Research Park Dr  
Davis, CA 95618             
 
 
U.S. Environmental Protection Agency         epa.gov/pesticides 
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Washington, DC 20460      

 
 
Copyright Notice
©2001-2022 Technical Learning College (TLC). No part of this work may be reproduced or 
distributed in any form or by any means without TLC’s prior written approval.  Permission 
has been sought for all images and text where we believe copyright exists and where the 
copyright holder is traceable and contactable. All material that is not credited or 
acknowledged is the copyright of Technical Learning College.  
 
This information is intended for educational purposes only. Most uncredited photographs 
have been taken by TLC instructors or TLC students. We will be pleased to hear from any 
copyright holder and will make proper attribution for your work if any unintentional copyright 
infringements were made as soon as these issues are brought to the editor's attention. 
  
Every possible effort is made to ensure that all information provided in this course is 
accurate. All written, graphic, photographic, or other material is provided for information only. 
Therefore, Technical Learning College (TLC) accepts no responsibility or liability whatsoever 
for the application or misuse of any information included herein. Requests for permission to 
make copies should be made to the following address: 
 
TLC 
P.O. Box 3060 
Chino Valley, AZ 86323 
Information in this document is subject to change without notice. TLC is not liable for errors 
or omissions appearing in this document. 
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Important Information about this Manual (Disclaimer Notice) 
 
This CEU course manual has been prepared to educate pesticide applicators and 
operators in general safety awareness of dealing with the often-complex and various 
pesticide treatment devices, methods, and applications.   
 
This manual covers general laws, regulations, required procedures, and accepted policies 
relating to the use of pesticides.  It should be noted, however, that the regulation of 
pesticides and hazardous materials is an ongoing process and subject to change over 
time.  For this reason, a list of resources is provided to assist in obtaining the most up-to-
date information on various subjects. 
 
This manual is not a guidance document for applicators or operators who are involved 
with pesticides.  It is not designed to meet the requirements of the United States 
Environmental Protection Agency or your local State environmental protection agency or 
health department.   
 
This CEU course manual provides general pesticide safety awareness and should not be 
used as a basis for pesticide treatment method/device guidance.  This document is not a 
detailed pesticide information resource or a source or remedy for poison control. 
 
Technical Learning College or Technical Learning Consultants, Inc. make no warranty, 
guarantee or representation as to the absolute correctness or appropriateness of the 
information in this manual and assumes no responsibility in connection with the 
implementation of this information.  It cannot be assumed that this manual contains all 
measures and concepts required for specific conditions or circumstances.  This document 
is to be used solely for educational purposes only and is not considered a legal document. 
 
Pesticides are poisonous. Always read and carefully follow all precautions and safety 
recommendations given on the container label. Store all chemicals in the original labeled 
containers in a locked cabinet or shed, away from food or feeds, and out of the reach of 
children, unauthorized persons, pets, and livestock.  
 
Confine chemicals to the property being treated. Avoid drift onto neighboring properties, 
especially gardens containing fruits and/or vegetables.  
 
Dispose of empty containers carefully. Follow label instructions for disposal. Never reuse 
containers. Make sure empty containers are not accessible to children or animals.  
 
Never dispose of containers where they may contaminate water supplies or natural 
waterways.  
 
Do not pour down sink or toilet. Consult your county agricultural commissioner for correct 
ways of disposing of excess pesticides. Never burn pesticide containers.  
 
Individuals who are responsible for pesticide storage, mixing, and application should 
obtain and comply with the most recent federal, state, and local regulations relevant to 
these sites and are urged to consult with the EPA and other appropriate federal, state, 
and local agencies. 
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Technical Learning College’s Scope and Function 
 
Welcome to the Program, 
 
Technical Learning College (TLC) offers affordable continuing education for today’s 
working professionals who need to maintain licenses or certifications.  TLC holds several 
different governmental agency approvals for granting of continuing education credit.  
 
TLC’s delivery method of continuing education can include traditional types of classroom 
lectures and distance-based courses or independent study. TLC’s distance based or 
independent study courses are offered in a print- based format and you are welcome to 
examine this material on your computer with no obligation. We will beat any other training 
competitor’s price for the same CEU material or classroom training.   
 
Our courses are designed to be flexible and for you do finish the material on your leisure. 
Students can also receive course materials through the mail. The CEU course or e-manual 
will contain all your lessons, activities and assignments. All of TLC’s CEU courses allow 
students to submit assignments using e-mail or fax, or by postal mail. (See the course 
description for more information.)  
 
Students have direct contact with their instructor—primarily by e-mail or telephone. TLC’s 
CEU courses may use such technologies as the World Wide Web, e-mail, CD-ROMs, 
videotapes and hard copies. (See the course description.) Make sure you have access to 
the necessary equipment before enrolling, i.e., printer, Microsoft Word and/or Adobe 
Acrobat Reader. Some courses may require proctored closed-book exams depending 
upon your state or employer requirements.  
  
Flexible Learning  
At TLC, there are no scheduled online sessions or passwords you need contend with, nor 
are you required to participate in learning teams or groups designed for the "typical" 
younger campus based student. You will work at your own pace, completing assignments 
in time frames that work best for you. TLC's method of flexible individualized instruction is 
designed to provide each student the guidance and support needed for successful course 
completion.  
 
Course Structure  
TLC's online courses combine the best of online delivery and traditional university 
textbooks. You can easily find the course syllabus, course content, assignments, and the 
post-exam (Assignment). This student friendly course design allows you the most flexibility 
in choosing when and where you will study.  
 
Classroom of One 
TLC offers you the best of both worlds. You learn on your own terms, on your own time, 
but you are never on your own. Once enrolled, you will be assigned a personal Student 
Service Representative who works with you on an individualized basis throughout your 
program of study. Course specific faculty members are assigned at the beginning of each 
course providing the academic support you need to successfully complete each course.  
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No Data Mining Policy 
Unlike most online training providers, we do not use passwords or will upload intrusive 
data mining software onto your computer.  We do not use any type of artificial intelligence 
in our program. Nor will we sell you any other product or sell your data to others as with 
many of our competitors.  Unlike our training competitors, we have a telephone and we 
humanly answer.  
 
Satisfaction Guaranteed 
We have many years of experience, dealing with thousands of students. We assure you, 
our customer satisfaction is second to none.  This is one reason we have taught more 
than 10,000 students.  
 

 
 
We welcome you to do the electronic version of the assignment and submit the answer 
key and registration to us either by fax or e-mail.  If you need this assignment graded and 
a certificate of completion within a 48-hour turn around, prepare to pay an additional rush 
charge of $50. 
 
We welcome you to complete the assignment in Word.   
 
Once we grade it, we will mail a certificate of completion to you.  Call 
us if you need any help.    

 
Contact Numbers 

Fax  (928) 468-0675 
Email    Info@tlch2o.com 
Telephone  (866) 557-1746 

 

mailto:Info@tlch2o.com
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Course Description 
 

Agricultural Pest Control CEU Training Course  
This course will cover general agricultural pesticide worker responsibilities, and general 
agricultural pests identification and control, and examine agricultural controls, pesticides, 
applications and PPE.  This course is suggested for pesticide workers needing continuing 
education and engaging in a task such as harvesting, weeding, or watering, relating to the 
production of agricultural plants on a farm, forest, nursery, or greenhouse. 
 
Course Goals 
Reduce overall exposure to pesticides by prohibiting handlers from exposing workers 
during pesticide application, excluding workers from areas being treated and areas under 
a restricted entry interval (REI), and notifying workers about treated areas.   
 
Mitigate exposures by requiring that decontamination supplies are present and emergency 
assistance is available. Inform workers about pesticide hazards by requiring safety training 
(workers and handlers), safety posters, access to labeling information, and access to 
specific information (listing of treated areas on the establishment). 
 
Pesticide safety training is provided for employees who are classified as "agricultural 
workers" or "early entry workers" under the Worker Protection Standard. This training 
complies with the requirements of the EPA Worker Protection Standard 40 CFR Part 170.  
 
Course Procedures for Registration and Support 
All of Technical Learning College’s correspondence courses have complete registration 
and support services offered.  Delivery of services will include, e-mail, web site, telephone, 
fax and mail support.  TLC will attempt immediate and prompt service. 

 
When a student registers for a distance or correspondence course, he/she is assigned a 
start date and an end date.  It is the student's responsibility to note dates for assignments 
and keep up with the course work.   
 
If a student falls behind, he/she must contact TLC and request an end date extension in 
order to complete the course.  It is the prerogative of TLC to decide whether to grant the 
request. 

 
All students will be tracked by a unique number assigned to the student. 

 
Instructions for Written Assignments 
The Agricultural Pest Control CEU Training course uses a fill-in-the-blank style answer 
key.  Please visit TLC’s website and look under the Assignment Page to obtain a copy of 
this document. 
 
You can write your answers in this manual or type out your own answer key.  TLC would 
prefer that you type out the answer key and e-mail it to TLC, but it is not required.  If you 
need course assistance please visit TLC’s website and look under the Assignment Page. 
 
  

http://www.abctlc.com
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Feedback Mechanism (examination procedures) 
Each student will receive a feedback form as part of his or her study packet.  You will be 
able to find this form in front of the course assignment. 
             
Security and Integrity 
All students are required to do their own work.  All lesson sheets and final exams are not 
returned to the student to discourage sharing of answers.  Any fraud or deceit and the 
student will forfeit all fees and the appropriate agency will be notified. 
 
Grading Criteria 
TLC will offer the student either pass/fail or a standard letter grading assignment. If TLC 
is not notified, you will only receive a pass/fail notice.  
 
Required Texts 
The course will not require any other materials.  This course comes complete. No other 
materials are needed.  
 
Environmental Terms, Abbreviations, and Acronyms 
TLC provides a glossary that defines, in non-technical language, commonly used 
environmental terms appearing in publications and materials. It also explains 
abbreviations and acronyms used throughout the EPA and other agencies.  You can find 
the glossary in the rear of this manual. 
 
Recordkeeping and Reporting Practices 
TLC will keep all student records for a minimum of seven years.  It is the student’s 
responsibility to give the completion certificate to the appropriate agencies. 
 
ADA Compliance 
TLC will make reasonable accommodations for persons with documented disabilities.  
Students should notify TLC and their instructors of any special needs. Course content may 
vary from this outline to meet the needs of this particular group. 
 
Continuing Education Units  
You will have 90 days from receipt of this manual to complete it in order to receive your 
Continuing Education Units (CEUs) or Professional Development Hours (PDHs).  A score 
of 70% or better is necessary to pass this course.   
 
If you should need any assistance, please email all concerns and the final test to 
info@tlch2o.com.  
     
There are 100 total points possible for the course: This course will be graded on a "P" 
(credit) or "Z" (no credit) basis. If you desire a letter grade for this course, you must inform 
the instructor prior to submitting any of the assignments.  
 
Note to students: Final course grades are based on the total number of possible points. 
The grading scale is administered equally to all students in the course. Do not expect to 
receive a grade higher than that merited by your total points. No point adjustments will be 
made for class participation or other subjective factors.  
 

mailto:info@tlch2o.com
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The final grade options are as follows  
Letter grade (A, B, C, D, F) - These grades are awarded based on the course grading 
scale.  
 
Withdrawn (W or Y) - Students who enroll but do not participate in the class may withdraw 
themselves by calling Admissions and Records, or their instructor may withdraw them. 
Either case will result in a grade of "W." Note that participation means the completion of a 
single homework assignment or an exam.  
 
Completion of the pretest and/or syllabus receipt does not imply course participation.  If 
you are a student in this class for any amount of time up to but not including the midway 
point of the course and then cease to participate, you may withdraw yourself from the 
course by calling Admissions and Records.  
 
You may also request, in writing, that your instructor withdraw you. Either of these cases 
will result in a grade of "W." If you participate up to the midway point of the course, and 
then cease to participate, your instructor will not automatically withdraw you. You must 
contact your instructor to initiate a withdrawal. This case will result either in a "Y" or a "W". 
The issuance of a "Y" or a "W" will be at the exclusive decision of your instructor. A "Y" 
grade is withdrawal failing and counts as an "F" toward your grade point average.  
 
Note to students: Keep a copy of everything that you submit. If your work is lost you 
can submit your copy for grading. If you do not receive your certificate of completion or 
results within two or three weeks after submitting it, please contact your instructor.  
 
We expect every student to produce his/her original, independent work. Any student 
whose work indicates a violation of the Academic Misconduct Policy (cheating, plagiarism) 
can expect penalties as specified in the Student Handbook, which is available through 
Student Services; contact them at (928) 468-0665.  
 
A student who registers for a Distance Learning course is assigned a "start date" and an 
"end date." It is the student's responsibility to note due dates for assignments and to keep 
up with the course work. If a student falls behind, she/he must contact the instructor and 
request an extension of her/his end date in order to complete the course. It is the 
prerogative of the instructor to decide whether to grant the request.  
 
You will have 90 days from receipt of this manual to complete it in order to receive your 
Continuing Education Units (CEUs) or Professional Development Hours (PDHs).  A score 
of 70% or better is necessary to pass this course.   
 
If you should need any assistance, please email all concerns and the final test to 
info@tlch2o.com.  
 
Course Objective:  To provide educational awareness in effective and safe agricultural 
pesticide application, beneficial and agricultural pest identification and various agricultural 
pesticide treatment methods. 
 

mailto:info@tlch2o.com
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Educational Mission 
 
The educational mission of TLC is:  
To provide TLC students with comprehensive and ongoing training in the theory and skills 
needed for the pesticide application field, 
 
To provide TLC students opportunities to apply and understand the theory and skills 
needed for pesticide application certification, 
 
To provide opportunities for TLC students to learn and practice environmental educational 
skills with members of the community for the purpose of sharing diverse perspectives and 
experiences, 
 
To provide a forum in which students can exchange experiences and ideas related to 
pesticide application education, 
 
To provide a forum for the collection and dissemination of current information related to 
pesticide application education, and to maintain an environment that nurtures academic 
and personal growth. 
 

 
 
This course contains EPA’s federal rule requirements.  Please be aware that each 
state implements pesticide regulations that may be more stringent than EPA’s 
regulations.  Check with your state environmental/pesticide agency for more 
information. 
 
In late 2015 the Environmental Protection Agency issued the long awaited revision 
to the Worker Protection Standard (WPS). This law it is now technically active and 
it will be enforced. Please keep in mind that the WPS covers both restricted use 
AND general use pesticides.  This course is not for worker and/or handler training.  
Always follow the label and your State Pesticide Agency rules. 
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Precept-Based Training Course 
This training course is based upon a form of induction training, made of topical and 
technical precepts.  The training topics are made up of “micro-content” or 
“precepts”– or small chunks of information that can be easily digested. These bite-
size pieces of technical information are considered to be one of the most effective 
ways of teaching people new information because it helps the mind retain 
knowledge easier.   
 
Micro-learning or precept-based training doesn’t rely on the student to process a 
large amount of information before breaking it down. Our method includes short 
modules with clearly defined learning goals for each section. This method allows 
a student to hone in on a particular skill, then given the opportunity to exhibit their 
knowledge in the final assessment.  
 
States and employers require the final exam to be proctored.  
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Topic 1 - Pesticide Fundamentals - Introduction  
 
Section Focus:  The student will be able to understand and explain various pesticides, 
purposes, classifications, and effects upon the environment with an introduction to the 
Worker Protection Rule including a post quiz and final examination.  
 
Scope/Background: Pesticides—including herbicides, insecticides, and fungicides—
have contributed to substantial increases in crop yields over the past five decades. 
Properly applied, pesticides contribute to higher yields and improved product quality by 
controlling weeds, insects, nematodes, and plant pathogens. In addition, herbicides 
reduce the amount of labor, machinery, and fuel used for mechanical weed control. 
However, because pesticides may possess toxic properties, their use often prompts 
concern about human health and environmental consequences.  
 

 
 
Pesticides are usually categorized by target organism that entails: herbicides, insecticides, 
fungicides, etc. It can also be classified by its chemical pattern. Which includes organic, 
inorganic, synthetic, or biological (biopesticide). Sometimes these differences cannot be 
pointed out. We also have pesticide classification based on their physical state (gaseous). 
It includes; microbial pesticides and biochemical pesticides. Pertinent to note is the rapid 
development of Plant-derived pesticides, or “botanicals.” These entail the pyrethroids, 
rotenoids, nicotinoids, and the fourth group that includes strychnine and scilliroside. 
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What is a Pesticide? 
 
Pesticide - Any substance used to kill, repel or otherwise control a pest. These include 
insecticides, herbicides, fungicides, rodenticides and disinfectants. Pesticides are 
designed to be toxic and can pose a risk to children, adults, pets and beneficial creatures 
and plants. Common pesticides include herbicides for weed control, indoor ant and roach 
sprays, outdoor foggers, insect repellents, flea collars and pet shampoos. 
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What are Pesticides? 
 
Many household products are pesticides. Did you know that all of these common products 
are considered pesticides?  
 

 Cockroach sprays and baits.  
 Insect repellents for personal use.  
 Rat and other rodent poisons.  
 Flea and tick sprays, powders, and pet collars.  
 Kitchen, laundry, and bath disinfectants and sanitizers.  
 Products that kill mold and mildew.  
 Some lawn and garden products, such as weed killers.  
 Some swimming pool chemicals.  

 
By their very nature, most pesticides create some risk of harm to humans, 
animals, or the environment because they are designed to kill or otherwise 
adversely affect living organisms. At the same time, pesticides are useful to 
society because of their ability to kill potential disease-causing organisms and 
control insects, weeds, and other pests.  
 
In the United States, the Office of Pesticide Programs of the Environmental 
Protection Agency is chiefly responsible for regulating pesticides. Biologically-
based pesticides, such as pheromones and microbial pesticides, are becoming 
increasingly popular and often are safer than traditional chemical pesticides.  
 

 
 
An agricultural employer must not allow or direct any person other than one who is an 
appropriately trained and equipped handler to enter or remain in an area during pesticide 
application.  The standard is more detailed for operators of nurseries and greenhouses.  
The standard specifically states that there are no exemptions to this restriction. 
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§ 156.208 Restricted-Entry Review Statements 
(a) Requirement. Each product with a restricted-entry interval shall bear the following statement: 
"Do not enter or allow worker entry into treated areas during the restricted-entry interval (REI)." 
This statement shall be under the heading AGRICULTURAL USE REQUIREMENTS in the labeling.   
(b) Location of specific restricted-entry interval statements. (1) If a product has one specific 
restricted-entry interval applicable to all registered uses of the product on agricultural plants, the 
restricted-entry interval for the product shall appear as a continuation of the statement required in 
paragraph (a) of this section and shall appear as follows: "of X hours" or "of X days" or "until the 
acceptable exposure level of X ppm or mg/m3 is reached."   
(2) If different restricted-entry intervals have been established for some crops or some uses of a 
product, the restricted-entry statement in paragraph (b)(1) of this section shall be associated on the 
labeling of the product with the directions for use for each crop each use to which it applies, 
immediately preceded or immediately followed by the words "Restricted-entry interval" (or the 
letters "REI").   
(c) Restricted-entry interval based on toxicity of active ingredient--(1) Determination of toxicity 
category. A restricted-entry interval shall be established based on the acute toxicity of the active 
ingredients in the product. For the purpose of setting the restricted-entry interval, the toxicity 
category of each active ingredient in the product shall be determined by comparing the obtainable 
data on the acute dermal toxicity, eye irritation effects, and skin irritation effects of the ingredient to 
the criteria of § 156.10(h)(1). The most toxic of the applicable toxicity categories that are obtainable 
for each active ingredient shall be used to determine the restricted-entry interval for that product. If 
no acute dermal toxicity data are obtainable, data on acute oral toxicity also shall be considered in 
this comparison. If no applicable acute toxicity data are obtainable on the active ingredient, the 
toxicity category corresponding to the signal word of any registered manufacturing-use product that 
is the source of the active ingredient in the end-use product shall be used. If no acute toxicity data 
are obtainable on the active ingredients and no toxicity category of a registered manufacturing-use 
product is obtainable, the toxicity category of the end-use product (corresponding to the signal word 
on its labeling) shall be used.   
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Here are some common kinds of Pesticides and their Functions  
 
Algaecides  

Control algae in lakes, canals, swimming pools, water tanks, and other sites.  
 
Antifouling agents  

Kill or repel organisms that attach to underwater surfaces, such as boat bottoms.  
 
Antimicrobials  

Kill microorganisms (such as bacteria and viruses).  
 
Attractants  

Attract pests (for example, to lure an insect or rodent to a trap).  
(However, food is not considered a pesticide when used as an attractant)  

 
Biocides  

Kill microorganisms.  
 
Disinfectants and sanitizers  

Kill or inactivate disease-producing microorganisms on inanimate objects.  
 
Fungicides  

Kill fungi (including blights, mildews, molds, and rusts).  
 
Fumigants  

Produce gas or vapor intended to destroy pests in buildings or soil.  
 
Herbicides  

Kill weeds and other plants that grow where they are not wanted.  
 
Insecticides  

Kill insects and other arthropods.  
 
Miticides (also called acaricides)  

Kill mites that feed on plants and animals.  
 
Microbial pesticides  

Microorganisms that kill, inhibit, or out-compete pests, including insects or other 
microorganisms.  

 
Molluscicides  

Kill snails and slugs.  
 
Nematicides  

Kill nematodes (microscopic, worm-like organisms that feed on plant roots).  
 
Ovicides  

Kill eggs of insects and mites.  
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Pheromones  
Biochemicals used to disrupt the mating behavior of insects.  

 
Repellents  

Repel pests, including insects (such as mosquitoes) and birds.  
 
Rodenticides  

Control mice and other rodents.  
 
The term pesticide also includes these substances:  
 
Defoliants  

Cause leaves or other foliage to drop from a plant, usually to facilitate harvest.  
 
Desiccants  

Promote drying of living tissues, such as unwanted plant tops.  
 
Insect growth regulators  

Disrupt the molting, maturity from pupal stage to adult, or other life processes of 
insects.  

 
Plant growth regulators  

Substances (excluding fertilizers or other plant nutrients) that alter the expected 
growth, flowering, or reproduction rate of plants.  

 
 

 
 

No worker is allowed or directed to wear or take home PPE contaminated with pesticides.
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General Pesticide –Chemical Information   

 

Pesticide - Any substance used to kill, repel or otherwise control a pest. These include 
insecticides, herbicides, fungicides, rodenticides and disinfectants. Pesticides are 
designed to be toxic and can pose a risk to children, adults, pets and beneficial creatures 
and plants. Common pesticides include herbicides for weed control, indoor ant and roach 
sprays, outdoor foggers, insect repellents, flea collars and pet shampoos. 

General Use 

 U.S. pesticide user purchases account for one-third of the world market (dollars).  

 1.1 billion pounds of active ingredients of pesticides are used annually in U.S.  

 There are 21,000 pesticide products containing 860 active ingredients  

 1993 annual U.S. pesticide user expenditures - $8.5 billion  

 56% herbicides  

 30% insecticides  

 7% fungicides  

 7% other  

 

 

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

28

Household Use 

 Pesticides are used in more than 69 million households out of 94 million total 
households in the U.S.  

 In 1993, expenditures on insecticides for homes and gardens totaled $875 million, 
32 million pounds or 13% of the total insecticide use by volume in the U.S.  

 Herbicide use in home and garden accounted for $219 million, 27 million pounds, 
or 4% of the total herbicide use in the U.S.  

 Fungicide use in the home and garden accounted for $16 million; 11 million pounds 
or 8% of the total fungicide use in the home and garden  

 Other pesticides accounted for $108 million, three million pounds or 4% of the total 
other pesticide use in the home and garden.  

Most Common Pesticides in the United States 

Common or General Use Pesticides include; 
 Atrazine  

 Metholachlor  

Non-Agriculture 

 2,4-D  

 chlorpyrifos  

 diazinon  

 glyphosate  

 malathion  

 dicamba  

 diuron naled  

 MCPP  

 carbaryl  

A single use of head lice shampoo containing the pesticide lindane contaminates 
an estimated six million gallons of water (public health uses of lindane were 
recently banned in California) Source: "Memorandum: Supplemental Information 
on Lindane," County Sanitation Districts of Los Angeles County, 27 March 2000. 
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Insecticides Defined 
 
An insecticide is a pesticide used against insects. They include ovicides and larvicides 
used against the eggs and larvae of insects respectively. The use of insecticides is 
believed to be one of the major factors behind the increase in agricultural productivity in 
the 20th century.  Nearly all insecticides have the potential to significantly alter 
ecosystems; many are toxic to humans; and others are concentrated in the food chain. 
This course contains pesticide recommendations that are subject to change at any time. 
These recommendations are provided only as a guide. It is always the pesticide 
applicator's responsibility, by law, to read and follow all current label directions for the 
specific pesticide being used. Due to constantly changing labels and product registration, 
some of the recommendations given in this writing may no longer be legal by the time you 
read them. If any information in these recommendations disagrees with the label, the 
recommendation must be disregarded. No endorsement is intended for products 
mentioned, nor is criticism meant for products not mentioned. The author and Technical 
Learning College (TLC) assume no liability resulting from the use of these 
recommendations.   
 
Evaluating Pesticides EPA 
All pesticides sold or distributed in the United States must be registered by EPA, based 
on scientific studies showing that they can be used without posing unreasonable risks to 
people or the environment. 
 
Because of advances in scientific knowledge, the law requires that pesticides which were 
first registered before November 1, 1984, be reregistered to ensure that they meet today's 
more stringent standards. 
 
In evaluating pesticides for reregistration, EPA obtains and reviews a complete set of 
studies from pesticide producers, describing the human health and environmental effects 
of each pesticide. The Agency develops any mitigation measures or regulatory controls 
needed to effectively reduce each pesticide's risks. EPA then reregisters pesticides that 
can be used without posing unreasonable risks to human health or the environment. When 
a pesticide is eligible for reregistration, EPA explains the basis for its decision in a 
Reregistration Eligibility Decision (RED) document. 
 

Classes of Agricultural Insecticides 
 
The classification of insecticides is done in several different ways: 
 Contact insecticides are toxic to insects brought into direct contact. Efficacy is often 

related to the quality of pesticide application, with small droplets (such as aerosols) 
often improving performance.  

 Inorganic insecticides are manufactured with metals and include arsenates, 
copper compounds and fluorine compounds, which are now seldom used, and 
sulfur, which is commonly used. 

 Mode of action—how the pesticide kills or inactivates a pest—is another way of 
classifying insecticides. Mode of action is important in predicting whether an 
insecticide will be toxic to unrelated species, such as fish, birds and mammals. 
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 Natural insecticides, such as nicotine, pyrethrum and neem extracts are made by 
plants as defenses against insects. Nicotine based insecticides have been barred 
in the U.S. since 2001 to prevent residues from contaminating foods.  

 Organic insecticides are synthetic chemicals which comprise the largest numbers 
of pesticides available for use today. 

 Plant-Incorporated Protectants (PIP) are insecticidal substances produced by 
plants after genetic modification. For instance, a gene that codes for a specific 
Bacillus thuringiensis biocidal protein is introduced into a crop plant's genetic 
material. Then, the plant manufactures the protein. Since the biocide is 
incorporated into the plant, additional applications at least of the same compound 
are not required. 

 Systemic insecticides are incorporated by treated plants. Insects ingest the 
insecticide while feeding on the plants. 

 Heavy metals, e.g. arsenic have been used as insecticides; they are poisonous 
and very rarely used now by farmers. 

Organochlorine Compounds 
The insecticidal properties of the best known representative of this class of insecticides, 
DDT, was made by the Swiss Scientist Paul Müller. For this discovery, he was awarded 
the Nobel Prize for Physiology or Medicine in 1948. DDT was introduced on the market in 
1944. With the rise of the modern chemical industry, it was possible to make chlorinated 
hydrocarbons. DDT works by opening the sodium channels in the nerve cells of the insect. 
A number of the organochlorine pesticides have been banned from most uses worldwide, 
and globally they are controlled via the Stockholm Convention on persistent organic 
pollutants. These include: aldrin, chlordane, DDT, dieldrin, endrin, heptachlor, mirex and 
toxaphene.  
 

Penta or Pentachlorophenol 
Penta or Pentachlorophenol (PCP) is an organochlorine compound used as a pesticide 
and a disinfectant. First produced in the 1930s, it is marketed under many trade names. It 
can be found in two forms: PCP itself or as the sodium salt of PCP, which dissolves easily 
in water. 
 
In the past, PCP has been used as an herbicide, insecticide, fungicide, algaecide, 
disinfectant and as an ingredient in antifouling paint. Some applications were in 
agricultural seeds (for nonfood uses), leather, masonry, wood preservation, cooling tower 
water, rope and paper mill system. Its use has been significantly declined due to the high 
toxicity of PCP and its slow biodegradation. There are two general methods for preserving 
wood. The pressure process method involves placing wood in a pressure-treating vessel 
where it is immersed in PCP and then subjected to applied pressure. In the non-pressure 
process method, PCP is applied by spraying, brushing, dipping, and soaking. Utility 
companies save millions of dollars in replacement poles, because the life of these poles 
increases from approximately 7 years for an untreated pole to about 35 years for a 
preservative-treated pole. 
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PCP has been detected in surface waters and sediments, rainwater, drinking water, 
aquatic organisms, soil, and food, as well as in human milk, adipose tissue, and urine. As 
PCP is generally used for its properties as a biocidal agent, there is considerable concern 
about adverse ecosystem effects in areas of PCP contamination. 
 
Releases to the environment are decreasing as a result of declining consumption and 
changing use methods. However, PCP is still released to surface waters from the 
atmosphere by wet deposition, from soil by run off and leaching, and from manufacturing 
and processing facilities. PCP is released directly into the atmosphere via volatilization 
from treated wood products and during production. Finally, releases to the soil can be by 
leaching from treated wood products, atmospheric deposition in precipitation (such as rain 
and snow), spills at industrial facilities and at hazardous waste sites. 
 
Since the early 1980s, the purchase and use of PCP in the U.S has not been available to 
the general public. Nowadays most of the PCP used in the U.S is restricted to the 
treatment of utility poles and railroad ties. In the United States, any drinking water supply 
with a PCP concentration exceeding the MCL, 1 ppb, must be notified by the water 
supplier to the public. Disposal of PCP and PCP contaminated substances are regulated 
under RCRA as a F-listed hazardous waste. 
 

Organophosphates 
The next large class developed was the organophosphates, which bind to 
acetylcholinesterase and other cholinesterases. This results in disruption of nerve 
impulses, killing the insect or interfering with its ability to carry on normal functions. 
Organophosphate insecticides and chemical warfare nerve agents (such as sarin, tabun, 
soman and VX) work in the same way. Organophosphates have an accumulative toxic 
effect to wildlife, so multiple exposures to the chemicals amplify the toxicity. 
 

Carbamates 
Carbamate insecticides have similar toxic mechanisms to organophosphates, but have a 
much shorter duration of action and are thus somewhat less toxic. 
 

Organophosphates and Carbamates Pesticides 
Organophosphates are phosphoric acid esters or thiophosphoric acid esters. When 
developed in the 1930s and 1940s, their original compounds were highly toxic to 
mammals. Organophosphates manufactured since then are less toxic to mammals but 
toxic to target organisms, such as insects. Malathion, dibrom, chlorpyrifos, temephos, 
diazinon and terbufos are organophosphates. Carbamates are esters of N-methyl 
carbamic acid. Aldicarb, carbaryl, propoxur, oxamyl and terbucarb are carbamates.  
 
Although these pesticides differ chemically, they act similarly. When applied to crops or 
directly to the soil as systemic insecticides, organophosphates and carbamates generally 
persist from only a few hours to several months. However, they have been fatal to large 
numbers of birds on turf and in agriculture, and negatively impacted breeding success in 
birds. Many organophosphates are highly toxic to aquatic organisms.  
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These are two very large families of insecticides. Indeed, they have been the primary 
insecticides for the past 25 to 30 years. They range in toxicity from slightly to highly toxic. 
They are formulated in all kinds of ways from highly concentrated emulsifiable 
concentrates (ECs) to very dilute granular (G) formulations. 
 
These insecticide families are similar in their modes of action—they are all nervous system 
poisons. Insects and all other animals, including humans, have nervous systems that are 
susceptible. Both insecticide families are efficiently absorbed by inhalation, ingestion, and 
skin penetration. To a degree, the extent of poisoning depends on the rate at which the 
pesticide is absorbed. Organophosphates break down chiefly by hydrolysis in the liver; 
rates of hydrolysis vary widely from one compound to another. With certain 
organophosphates whose breakdown is relatively slow, significant amounts may be 
temporarily stored in body fat. The organophosphates and carbamates replaced the 
chlorinated hydrocarbons (e.g., chlordane, aldrin, and heptachlor) for all uses, including 
termite control. Examples of organophosphates are chlorpyrifos for termite control and 
diazinon for other household pests. An example of a carbamate is carbaryl, also used for 
household and lawn pests. 
 
How can people be exposed to organophosphate and carbamate pesticides?  
People can be exposed to organophosphates and carbamates pesticides through 
accidental exposure during use. People can accidentally inhale the pesticides if they are 
in an area where they were recently applied. The chemicals can be ingested with food or 
drinks that are contaminated.  
 
How can these pesticides exhaust affect my health?  
Acetylcholinesterase is an enzyme found in the nervous system, red blood cells and blood 
plasma. These pesticides damage nerve function by acting as acetylcholinesterase 
inhibitors in the nervous system.  
 
Breathing - Short-term exposure can produce muscle twitching, headache, nausea, 
dizziness, loss of memory, weakness, tremor, diarrhea, sweating, salivation, tearing, 
constriction of pupils, and slowed heartbeat.  
 
Long-term exposure can produce delayed neurotoxicity, such as tingling and burning in 
the extremities. This delayed neurotoxicity can progress to paralysis and is seldom 
reversible. Damage to the liver, kidney, immune system and bone marrow may occur. 
Some carbamates are also suspected carcinogens.  
 
What should I do if exposed to these pesticides?  
If you think you were exposed to these pesticides, contact your doctor.  
 
Is there a medical test to show whether I was exposed to these pesticides?  
The level of cholinesterase activity in red blood cells or plasma helps physicians determine 
exposure to these pesticides. However, other chemicals or disease states can alter 
acetylcholinesterase activity. Urine or blood tests only apply if a person was exposed to a 
large quantity. Persons who will use these pesticides regularly should ask their physician 
to establish a baseline value prior to prolonged use, followed by monthly monitoring. 
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Pyrroles  
Chlorfenapyr is the only termiticide from the pyrrole family of chemistry and is active 
primarily as a stomach poison with some contact activity. It is also non-repellent to 
termites. Chlorfenapyr is registered as a termiticide under the tradename Phantom®. 
Chlorfenapyr acts on the mitochondria of cells and uncouples or inhibits oxidative 
phosphorylation, preventing the formation of the crucial energy molecule adenosine 
triphosphate (ATP). As a result, energy production in the cells shuts down, resulting in 
cellular and, ultimately, termite death.  
 

Fiproles (or Phenylpyrazoles)  
Fipronil is the only insecticide in this new class, introduced in 1990 and registered in the 
U.S. in 1996. It is marketed as a termiticide under the tradename Termidor®. This 
termiticide is a non-repellent material with contact and stomach activity. Fipronil works by 
blocking the gamma-aminobutyric acid (GABA) regulated chloride channel in neurons, 
thus disrupting the activity of the insect’s central nervous system. 
 

Pyrethroids 
To mimic the insecticidal activity of the natural compound pyrethrum another class of 
pesticides, pyrethroid pesticides, has been developed. These are non-persistent, which is 
a sodium channel modulators, and are much less acutely toxic than organophosphates 
and carbamates. Compounds in this group are often applied against household pests. 
 
The pyrethroids are a large family of modern synthetic insecticides similar to the naturally 
derived botanical pyrethrins. They are highly repellent to MOST INSECTS AND 
ESPECIALLY termites, which may contribute to the effectiveness of the termiticide barrier. 
They have been modified to increase their stability in the natural environment. They are 
widely used in agriculture, homes, and gardens. Some examples are bifenthrin, cyfluthrin, 
cypermethrin, deltamethrin, and permethrin. They may be applied alone or in combination 
with other insecticides. Pyrethroids are formulated as emusifiable concentrates (EC), 
wettable powders (WP), granulars (G), and aerosols. Certain pyrethroids exhibit striking 
neurotoxicity in laboratory animals when administered by intravenous injection, and some 
are toxic by the oral route.  
 
Systemic toxicity by inhalation and dermal absorption are low, however—there have been 
very few systemic poisonings of humans by pyrethroids. Though limited absorption may 
account for the low toxicity of some pyrethroids, rapid biodegradation by mammalian liver 
enzymes (ester hydrolysis and oxidation) is probably the major factor responsible. This 
course contains pesticide recommendations that are subject to change at any time. These 
recommendations are provided only as a guide. It is always the pesticide applicator's 
responsibility, by law, to read and follow all current label directions for the specific pesticide 
being used.  
 
Due to constantly changing labels and product registration, some of the recommendations 
given in this writing may no longer be legal by the time you read them. If any information 
in these recommendations disagrees with the label, the recommendation must be 
disregarded. No endorsement is intended for products mentioned, nor is criticism meant 
for products not mentioned. The author and Technical Learning College (TLC) assume no 
liability resulting from the use of these recommendations.  
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Most pyrethroid metabolites are promptly excreted, at least in part, by the kidney. In 
response to dermal exposure, some persons may experience a skin sensitivity called 
paresthesia. The symptoms are similar to sunburn sensation of the face and especially 
the eyelids. Sweating, exposure to sun or heat, and application of water aggravate the 
disagreeable sensations. This is a temporary effect that dissipates within 24 hours. For 
first aid, wash with soap and water to remove as much residue as possible, and then apply 
a vitamin E oil preparation or cream to the affected area. Paresthesia is caused more by 
pyrethroids whose chemical makeup includes cyano- groups: fenvalerate, cypermethrin, 
and fluvalinate. In addition to protecting themselves from future exposure, persons who 
have experienced paresthesia should choose a pyrethroid with a different active 
ingredient, as well as a wettable powder or microencapsulated formulation. 
 
About These Pesticides 
Pyrethrins and pyrethroids are insecticides included in over 3,500 registered products, 
many of which are used widely in and around households, including on pets, in mosquito 
control, and in agriculture. The use of pyrethrins and pyrethroids has increased during the 
past decade with the declining use of organophosphate pesticides, which are more acutely 
toxic to birds and mammals than the pyrethroids. This change to less acutely toxic 
pesticides, while generally beneficial, has introduced certain new issues. For example, 
residential uses of pyrethrins and pyrethroids may result in urban runoff, potentially 
exposing aquatic life to harmful levels in water and sediment. 
 
Pyrethrins are botanical insecticides derived from chrysanthemum flowers most 
commonly found in Australia and Africa. They work by altering nerve function, which 
causes paralysis in target insect pests, eventually resulting in death.  
 
Pyrethroids are synthetic chemical insecticides whose chemical structures are adapted 
from the chemical structures of the pyrethrins and act in a similar manner to pyrethrins. 
Pyrethroids are modified to increase their stability in sunlight. 
 
Most pyrethrins and some pyrethroid products are formulated with synergists, such as 
piperonyl butoxide and MGK-264, to enhance the pesticidal properties of the product. 
These synergists have no pesticidal effects of their own but enhance the effectiveness of 
other chemicals. 
* Pyrethrins, a single pesticide active ingredient, contain six components that have 
insecticidal activity:  
 
pyrethrin 1, pyrethrin 2, cinerin 1, cinerin 2, jasmolin 1, and jasmolin 2 
 
Pyrethroids include:  
Allethrin stereoisomers, Bifenthrin, Beta-Cyfluthrin, Cyfluthrin, Cypermethrin, 
Cyphenothrin, Deltamethrin, Esfenvalerate, Fenpropathrin, Tau-Fluvalinate, Lambda-
Cyhalothrin, Gamma Cyhalothrin, Imiprothrin, 1RS cis-Permethrin, Permethrin, 
Prallethrin, Resmethrin, Sumithrin (d-phenothrin), Tefluthrin, Tetramethrin, Tralomethrin, 
and Zeta-Cypermethrin  
 
Synergists include: 
MGK-264 and Piperonyl butoxide  
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Permethrin 
General Information  
Permethrin is a broad-spectrum pyrethroid insecticide. It is available in dusts, emulsifiable 
concentrates, smokes, ULV concentrates, and wettable-powder formulations.  
 
The historical development of the synthetic pesticides called pyrethroids is based on the 
pyrethrins, which are derived from chrysanthemums. Pyrethrins are a "natural" 
environmental product that is of low toxicity to mammals. They are highly photolabile and 
degrade quickly in sunlight, and the cost of reapplying them has limited their widespread 
agricultural use. Pyrethroids have been synthesized to be similar to pyrethrins yet more 
stable in the environment. Evidence suggests that they have a very large margin of safety 
when used as directed by the label (Aldridge, 1990; Chen et al., 1991; Snodgrass, 1992).  
 
Commercial pyrethroid products commonly use petroleum distillates as carriers. Some 
commercial products also contain OP or carbamate insecticides because the rapid 
paralytic effect of pyrethrins on insects ("quick knockdown") is not always lethal 
(Cheremisinoff and King, 1994). Pyrethroids are formulated as emulsifiable concentrates, 
wettable powders, granules, and concentrates for ULV application.  
 

Borates 
“Borate” is a generic term for compounds containing the elements boron and oxygen. 
Boron never occurs alone naturally but as calcium and sodium borate ores in several 
places in the world. 
 
Borax and other sodium borates are used in numerous products such as laundry additives, 
eye drops, fertilizers, and insecticides. Though the mechanisms of toxicity are not fully 
understood, boron is very toxic to insects and decay fungi that commonly damage wood 
in structures. At low levels, however, boron is only minimally toxic, and perhaps beneficial, 
to humans, other mammals, and growing plants. Use of borate-treated wood for 
construction of homes and their wood-based contents appears to offer many advantages 
to today’s environmentally sensitive world. 
 
Unlike most other wood preservatives and organic insecticides that penetrate best in dry 
wood, borates are diffusible chemicals—they penetrate unseasoned wood by diffusion, a 
natural process. Wood moisture content and method and length of storage are the primary 
factors affecting penetration by diffusion. Properly done, diffusion treatments permit deep 
penetration of large timbers and refractory (difficult-to-treat) wood species that cannot be 
treated well by pressure. The diffusible property of borates can be manipulated in many 
ways; suitable application methods range from complex automated industrial processes 
to simple brush or injection treatments. Application methods include momentary 
immersion by bulk dipping; pressure or combination pressure/diffusion treatment; 
treatment of composite boards and laminated products by treatment of the wood finish; 
hot and cold dip treatments and long soaking periods; spray or brush-on treatments with 
borate slurries or pastes; and placement of fused borate rods in holes drilled in wood 
already in use. This publication contains pesticide recommendations that are subject to 
change at any time. These recommendations are provided only as a guide. It is always 
the pesticide applicator's responsibility, by law, to read and follow all current label 
directions for the specific pesticide being used. Due to constantly changing labels and 
product registration, some of the recommendations given in this writing may no longer be 
legal by the time you read them. If any information in these recommendations disagrees 
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with the label, the recommendation must be disregarded. No endorsement is intended for 
products mentioned, nor is criticism meant for products not mentioned. The author and 
Technical Learning College (TLC) assume no liability resulting from the use of these 
recommendations.  

 
Neonicotinoids 
Neonicotinoids are synthetic analogues of the natural insecticide nicotine (with a much 
lower acute mammalian toxicity and greater field persistence). These chemicals are 
nicotinic acetylcholine receptor agonists. Broad-spectrum—systemic insecticides, they 
have a rapid action (minutes-hours). They are applied as sprays, drenches, seed and soil 
treatments—often as substitutes for organophosphates and carbamates. Treated insects 
exhibit leg tremors, rapid wing motion, stylet withdrawal (aphids), disoriented movement, 
paralysis and death. 
 
Biological Insecticides 
Recent efforts to reduce broad spectrum toxins added to the environment have brought 
biological insecticides back into vogue.  
 
An example is the development and increase in use of Bacillus thuringiensis, a bacterial 
disease of Lepidopterans and some other insects. Toxins produced by different strains of 
this bacterium are used as a larvicide against caterpillars, beetles, and mosquitoes. 
Because it has little effect on other organisms, it is considered more environmentally 
friendly than synthetic pesticides. The toxin from B. thuringiensis (Bt toxin) has been 
incorporated directly into plants through the use of genetic engineering. Other biological 
insecticides include products based on entomopathogenic fungi (e.g. Beauveria bassiana, 
Metarhizium anisopliae), nematodes (e.g. Steinernema feltiae) and viruses (e.g. Cydia 
pomonella granulovirus). 
 

Anti-feedants 
Many plants have evolved substances, like polygodial, which prevent insects from eating, 
but do not kill them directly. The insect often remains nearby, where it dies of starvation. 
Since anti-feedants are nontoxic, they would be ideal as insecticides in agriculture. Much 
agrochemical research is devoted to make them cheap enough for commercial use. 
 
Polygodial is an active constituent of Dorrigo Pepper, Mountain Pepper, Horopito, Canelo, 
Paracress and Water-pepper. It elicits a warm and pungent flavor. 
 
The biological activity of polygodial has been reported in the scientific literature to include 
antifungal and antimicrobial activities, antihyperalgesia, potent attachment-inhibitory 
activity, insect antifeedant activity, antinociception,  vasorelaxation action in vessels of 
rabbit and guinea pig,  anti-inflammatory and anti-allergic activities.  
 
Polygodial’s primary antifungal action is as a nonionic surfactant, disrupting the lipid-
protein interface of integral proteins nonspecifically, denaturing their functional 
conformation. It is also likely that polygodial permeates by passive diffusion across the 
plasma membrane, and once inside the cells may react with a variety of intracellular 
compounds. It is also used as an insecticide for its antifeedant property, which causes 
insects to starve. 
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Rotenone 
Rotenone is an odorless chemical that is used as a broad-spectrum insecticide, piscicide, 
and pesticide. It occurs naturally in the roots and stems of several plants such as the 
jicama vine plant. In mammals, including humans, it is linked to the development of 
Parkinson's disease. 
 
Rotenone is used in solution as a pesticide and insecticide, or in emulsified liquid form as 
a piscicide. People catch fish by extracting rotenone from plants and releasing it into water. 
Poisoned fish come to the surface and are easily caught. This method was first practiced 
by various indigenous tribes who smashed the roots. Fish caught this way can be eaten 
because rotenone is very poorly absorbed by the gastrointestinal tract of humans, 
whereas it is lethal to fish because it readily enters the blood stream of the fish through 
the gills. 
 
Small-scale sampling with rotenone is used by fish researchers studying the biodiversity 
of marine fishes to collect cryptic, or hidden, fishes, which represent an important 
component of shoreline fish communities. Rotenone is the most effective tool available 
because only small quantities are necessary. It has only minor and transient 
environmental side-effects. Rotenone is also used in powdered form to reduce parasitic 
mites on chickens and other fowl. In the United States and in Canada, all uses of rotenone 
except as a piscicide (fish killer) are being phased out.  
 
Rotenone is sold as an organic pesticide dust for the garden. Unselective in action, it kills 
potato beetles, cucumber beetles, flea beetles, cabbage worms, raspberry bugs, and 
asparagus bugs, as well as most other arthropods. Rotenone rapidly bio-degrades under 
warm conditions so there is minimal harmful residue. A light dusting on the leaves of plants 
will control insects for several days. It is not known to be harmful to humans when used 
properly. However, a recent report from the National Institutes of Health finds statistically 
significant associations between use of either rotenone or paraquat with Parkinson's 
disease.  
 
Rotenone is produced by extraction from the roots and stems of several tropical and 
subtropical plant species, especially those belonging to the genus Lonchocarpus or Derris. 
 
Some of the plants containing rotenone: 

 Hoary Pea or Goat’s Rue (Tephrosia virginiana) – North America 

 Jícama (Pachyrhizus erosus) – North America 

 Cubé Plant or Lancepod (Lonchocarpus utilis) – South America 

 The root extract is referred to as Cubé resin 

 Barbasco (Lonchocarpus urucu) – South America 

 The root extract is referred to as Cubé resin 

 Tuba Plant (Derris elliptica) – Southeast Asia & southwest Pacific islands. The root 
extract is referred to as Derris or Derris root. 

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

40

 Jewel Vine (Derris involuta) – Southeast Asia & southwest Pacific islands.  Among 
the Mizo tribes of India (Derris walchii/D. thyrsiflora) the tender root is eaten as 
vegetable.  The root extract is referred to as Derris or Derris root 

 Duboisia – This shrub grows in Australia and bears white clusters of flowers and 
berry like fruit. The crushed plants were used by the Aboriginals for poisoning fish 
for food. 

 Verbascum Thapsus 

 Cork-Bush (Mundulea sericea) – southern Africa 

 Florida fishpoison tree (Piscidia piscipula) – southern Florida, Caribbean 

 

 
 

CLASSIFICATION OF PESTICIDES 
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The Effects on the Environment 
 
Scientists cannot determine exactly what will happen to a particular pesticide once it 
enters the environment. They gather information which is used to make informed decisions 
about pesticide use and possible risks resulting from that particular use. PLEASE 
REMEMBER Pesticides are made to be toxic. Be an informed consumer and use 
environmental common sense when using pesticides in your home and garden. These 
chemicals may affect your health, the health of your neighbors and the health of smaller 
animals and plants in your community. 
 
The fate of pesticides released into the environment is unknown. Releases may be 
followed by a very complex series of events which can transport the pesticide through the 
air or water, into the ground or even into living organisms. The medium for movement (air, 
water, soil, organisms) and the degree of movement (local or long distance distribution) 
will be different for each pesticide. 
 
Pesticides which are sprayed move through the air and eventually end up in other parts 
of the environment, such as soil or water. Pesticides applied directly to the soil may be 
washed off the soil into nearby bodies of surface water, may evaporate into the air, or may 
percolate through the soil to lower soil layers and groundwater.  
 
Pesticides may enter surface waters when applied for weed control, or indirectly as a result 
of leaching from boat paint, runoff from soil or other routes. 
 
Properties of Pesticides  

 The properties of pesticides determine their fate and behavior in the environment. 
The important properties are persistence, volatility, and solubility in water.  

 When pesticides are released into the environment, they are either: 1) broken 
down, or degraded, by the action of sunlight, water or other chemicals, or 
microorganisms, such as bacteria; or 2) resist degradation and thus remain 
unchanged in the environment for long periods of time. The persistence of a 
pesticide is its ability to remain unchanged. Persistence is measured by half-life. 
The half-life is the time it takes for half of the initial amount of a pesticide to break 
down. Thus, if a pesticide's half-life is 30 days, half will be left after 30 days, one-
quarter after 60 days, and one-eighth after 90 days and so on.  

 When the pesticide is broken down, this usually leads to the formation of less 
harmful products. However, in some instances the products can be more toxic than 
the original pesticide. Pesticides that are easily broken down generally move the 
shortest distance and have the least adverse effects on people or other organisms. 
Persistent pesticides generally move the longest distances and have the greatest 
potential to accumulate in living organisms.  

 The volatility of a pesticide is its ability to evaporate. Pesticides that are more 
volatile have the greatest potential to go into the atmosphere. If they are persistent, 
they can move long distances.  

 The solubility of a pesticide is its ability to dissolve. If a pesticide is very soluble in 
water, it is more easily transported by rainwater as runoff, or through the soil as a 
potential groundwater contaminant. Water soluble pesticides are more likely to 
remain in the surface water where they may adversely affect fish and other 
organisms.  
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Properties of the Environment 
 
The individual properties of soil, water and living organisms affect the fate and behavior 
of pesticides. Climate and topography also play a role. Soils vary in their ratios of sand, 
organic matter, metal content, acidity, porosity, permeability, etc. These soil 
characteristics influence the behavior of pesticides. Water characteristics also vary and 
influence pesticide behavior. Some of the characteristics are acidity, depth, temperature, 
clarity, flow rate, presence of biological organisms and general chemistry. 
 
Living organisms accumulate certain pesticides. Through the process of bioaccumulation, 
pesticides accumulate in lower organisms and are passed to higher organisms in the food 
chain when eaten. The higher organism will accumulate the pesticides at higher levels 
than their food source. Pesticide levels in fish, for example, can be tens to hundreds of 
thousands of times greater than ambient water levels in which they live. 
 
Humans are at the top of the food chain. They bioaccumulate the pesticides accumulated 
by the lower animals and plants that they eat. It is not only fish but also domestic farm 
animals and plant food which can accumulate pesticides. Care must be used in the use of 
pesticides in agricultural as well as home and garden scenarios. 
 
Health Concerns 
Pesticides are designed to kill living organisms and the EPA prohibits claims that these 
chemicals are safe or nontoxic. Studies on animals have shown that of the 34 chemicals 
encompassing 95% of lawn pesticides, 10 are carcinogens, 12 cause birth defects, 20 are 
neurotoxic, seven alter the reproductive process, 13 cause liver and kidney damage, and 
29 are sensitizers or irritants.   
 
A study of indoor air quality by the EPA in 1990 detected 26 pesticides. In animals, 19 of 
these pesticides are nerve poisons, 18 may cause cancer, 15 are mutagens, 15 could 
cause birth defects, and 19 can cause reproductive problems.  DEET, the active ingredient 
in many insect repellants, is responsible for more than 5,000 poisonings every year in the 
U.S. (National Capitol Poison Center, Georgetown University Hospital, Washington, D.C.). 
DEET can cause central nervous system disturbances, dermatitis, and skin irritation. 
 
At the EPA's current rate of testing, it will take more than a decade before 32 of the 34 
most commonly used lawn chemicals can be fully tested for their effects on human health. 
Inactive or inert ingredients are another problem with pesticides. Inert ingredients are 
designed to preserve the active ingredients, make them easier to apply or improve their 
killing ability. Information on inert ingredients is not required to be put on a product's label 
because this information is considered proprietary. These ingredients typically comprise 
between 80 - 90% of a pesticide, and in some cases are more toxic than the active 
ingredients.  
 
Children and individuals with impaired immune systems are more vulnerable than adults 
to pesticide poisoning. Children have higher metabolic rates, and absorb higher 
concentrations of toxins from the environment than adults. In addition, children have not 
fully developed their bodies’ defense systems against toxins. Their livers and kidneys, the 
organs that detoxify and excrete foreign substances, and act as barriers to absorption of 
toxic substances, have not fully developed. 
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Pest Control Devices 
 
What about pest control devices?  
The EPA also has a role in regulating devices used to control pests. More specifically, a 
"device" is any instrument or contrivance (other than a firearm) intended for trapping, 
destroying, repelling, or mitigating any pest. A black light trap is an example of a device. 
Unlike pesticides, the EPA does not require devices to be registered with the Agency. 
Devices are subject to certain labeling, packaging, record keeping, and import/export 
requirements, however.  
 
What is not a pesticide? The U.S. definition of pesticides is quite broad, but it does 
have some exclusions:  

 Drugs used to control diseases of humans or animals (such as livestock and pets) 
are not considered pesticides; such drugs are regulated by the Food and Drug 
Administration.  

 
 Fertilizers, nutrients, and other substances used to promote plant survival and 

health are not considered plant growth regulators and thus are not pesticides.  
 
 Biological control agents, except for certain microorganisms, are exempted from 

regulation by the EPA. (Biological control agents include beneficial predators such 
as birds or ladybugs that eat insect pests.)  

 
 Products which contain certain low-risk ingredients, such as garlic and mint oil, 

have been exempted from Federal registration requirements, although State 
regulatory requirements may still apply.  For a list of ingredients which may be 
exempt, and a discussion of allowable label claims for such products, see the 
EPA's Pesticide Registration Notice 2000-6, "Minimum Risk Pesticides 
Exempted under FIFRA Section 25(b)."  

 

 
Garlic, a natural insect repellant. 

 
Any worker who handles a fumigant in a greenhouse, including a handler entering 
before acceptable safe entry criteria have been met, maintains continuous visual or 
voice contact with another handler who has immediate access to the required PPE if 
rescuing the handler in the greenhouse becomes necessary. 
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Common Natural Enemies, Pesticide Alternatives 
 
Biological control uses natural enemies to keep pests 
in check. Natural enemies are called "beneficial" 
because they assist us in controlling pests. 
Identification of beneficial insects is the first step of 
biological control. Natural enemies are placed in three 
major groups: Predators, Parasitoids and Pathogens.  
 
A predator attacks, kills and eats its prey. Some 
predators are host-specific and some eat a wide 
variety of pests. A lady beetle is a common example of 
a predator that eats aphids. Praying mantis, spined 
soldier bugs, lacewings, flower bugs, and spiders are 
also predators. 
 
Parasitoids lay eggs in or on a host. When the eggs 
hatch, they kill the host by consuming its organs or 
body fluids. A common example is the parasitic wasp, 
which lays its eggs on pest larva. Most parasitoids 
come from the fly and wasp family. 
 
Pathogens are bacteria, fungi or viruses that invade pests, causing disease. The disease 
often weakens the pest and kills it. 
 
Beneficial insects are important to you as a homeowner. Distinguishing pests from 
beneficials can prevent the killing of a beneficial (pest controlling insect).  
 
Avoid the use of broad-spectrum pesticides because they will kill both pests and beneficial 
insects. There are catalogs available which list suppliers of beneficial organisms in the 
United States. 
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Biopesticide Sub-Section  

 
 
Biopesticides are certain types of pesticides derived from such natural materials as 
animals, plants, bacteria, and certain minerals. For example, canola oil and baking soda 
have pesticidal applications and are considered biopesticides. At the end of 2001, there 
were approximately 195 registered biopesticide active ingredients and 780 products. 
Biopesticides fall into three major classes: 
 
(1) Microbial pesticides consist of a microorganism (e.g., a bacterium, fungus, virus or 
protozoan) as the active ingredient. Microbial pesticides can control many different kinds 
of pests, although each separate active ingredient is relatively specific for its target pest[s]. 
For example, there are fungi that control certain weeds, and other fungi that kill specific 
insects. 
 
The most widely used microbial pesticides are subspecies and strains of Bacillus 
thuringiensis, or Bt. Each strain of this bacterium produces a different mix of proteins, and 
specifically kills one or a few related species of insect larvae. While some Bt's control moth 
larvae found on plants, other Bt's are specific for larvae of flies and mosquitoes. The target 
insect species are determined by whether the particular Bt produces a protein that can 
bind to a larval gut receptor, thereby causing the insect larvae to starve. 
 
(2) Plant-Incorporated-Protectants (PIPs) are pesticidal substances that plants produce 
from genetic material that has been added to the plant. For example, scientists can take 
the gene for the Bt pesticidal protein, and introduce the gene into the plant's own genetic 
material. Then the plant, instead of the Bt bacterium, manufactures the substance that 
destroys the pest. The protein and its genetic material, but not the plant itself, are regulated 
by the EPA. 
 
(3) Biochemical pesticides Biochemical pesticides are naturally occurring substances 
that control pests by non-toxic mechanisms. Conventional pesticides, by contrast, are 
generally synthetic materials that directly kill or inactivate the pest. Biochemical pesticides 
include substances, such as insect sex pheromones that interfere with mating as well as 
various scented plant extracts that attract insect pests to traps.  
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Because it is sometimes difficult to determine whether a substance meets the criteria for 
classification as a biochemical pesticide, the EPA has established a special committee to 
make such decisions. 
 
What are the advantages of using biopesticides? 
Biopesticides are usually inherently less toxic than conventional pesticides. 
 
Biopesticides generally affect only the target pest and closely related organisms, in 
contrast to broad spectrum, conventional pesticides that may affect organisms as different 
as birds, insects, and mammals. 
 
Biopesticides often are effective in very small quantities and often decompose quickly, 
thereby resulting in lower exposures and largely avoiding the pollution problems caused 
by conventional pesticides. When used as a component of Integrated Pest Management 
(IPM) programs, biopesticides can greatly decrease the use of conventional pesticides, 
while crop yields remain high. To use biopesticides effectively, however, users need to 
know a great deal about managing pests. 
 
How does the EPA encourage the development and use of biopesticides? 
In 1994, the Biopesticides and Pollution Prevention Division was established in the Office 
of Pesticide Programs to facilitate the registration of biopesticides. This Division promotes 
the use of safer pesticides, including biopesticides, as components of IPM programs. The 
Division also coordinates the Pesticide Environmental Stewardship Program (PESP).  
 
Since biopesticides tend to pose fewer risks than conventional pesticides, the EPA 
generally requires much less data to register a biopesticide than to register a conventional 
pesticide. In fact, new biopesticides are often registered in less than a year, compared 
with an average of more than 3 years for conventional pesticides.  
 
While biopesticides require less data and are registered in less time than conventional 
pesticides, the EPA always conducts rigorous reviews to ensure that pesticides will not 
have adverse effects on human health or the environment. For the EPA to be sure that a 
pesticide is safe, the Agency requires that registrants submit a variety of data about the 
composition, toxicity, degradation, and other characteristics of the pesticide. 
 

 

This course contains EPA’s federal rule requirements.  Please be 
aware that each state implements pesticide regulations that may be 
more stringent than EPA’s regulations.  Check with your state 
environmental/pesticide agency for more information. 
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Federal Insecticide, Fungicide, and Rodenticide Act (or FIFRA) 
 
The Federal Insecticide, Fungicide, and Rodenticide Act (or FIFRA), (P.L. 75-717) 7 
U.S.C. § 136 et seq. is a United States federal law that set up the basic U.S. system of 
pesticide regulation to protect applicators, consumers and the environment. It is 
administered by the Environmental Protection Agency (EPA) and the appropriate 
environmental agencies of the respective states. The current version of FIFRA underwent 
a major revision in 1972 and superseded the Federal Insecticide Act of 1910 and the 
Federal Insecticide, Fungicide, and Rodenticide Act of 1947. In 1988, it was amended to 
change pesticide registration laws and to require reregistration of certain pesticides that 
had been registered before 1984. The act was amended again in 1996 by the Food Quality 
Protection Act. Distribution and use of pesticides is regulated by the Environmental 
Protection Agency. 
 
When FIFRA was first passed in 1947, it gave the United States Department of Agriculture 
responsibility for regulating pesticides. In 1972, when FIFRA underwent a major revision, 
it transferred responsibility of pesticide regulation to the Environmental Protection Agency 
and shifted emphasis to protection of the environment and public health. The 1972 version 
is largely still in place. 
 
FIFRA established a set of pesticide regulations: 

1. FIFRA established registration for all pesticides, 
which is only done after a period of data collection 
to determine the effectiveness for its intended 
use, appropriate dosage, and hazards of the 
particular material. When registered, a label is 
created to instruct the final user the proper usage 
of the material. If instructions are ignored, users 
are liable for any negative consequences. Label 
directions are designed to maximize the 
effectiveness of the product, while protecting the 
applicator, consumers, and the environment. 
Critics of the process point out on the one hand 
that the research to produce the label is entirely 
done by the manufacturer and not much checking 
is done on its accuracy. On the other hand, some 
consider the process too strict. It costs millions of 
dollars and often several years to register a 
pesticide, which limits production only to large 
players. Likewise, many smaller or specialty uses 
are never registered, because the companies do not consider the potential sales 
sufficient to justify the investment.  

 
2. Only a few pesticides are made available to the general public. Most pesticides 

are considered too hazardous for general use, and are restricted to certified 
applicators. FIFRA established a system of examination and certification both at 
the private level and at the commercial level for applicators who wish to purchase 
and use restricted use pesticides. The distribution of restricted pesticides is also 
monitored.  
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3. The EPA has different review processes for three categories of pesticides: 
antimicrobials, biopesticides, and conventional pesticides. The three categories 
have a similar application process, but have different data requirements and review 
policies. Depending on the category of pesticide, the review process can take 
several years. After a pesticide is registered with the EPA, there may be state 
registration requirements to consider.  

 
 

 
 
 
Service Technician -Defined 
The term ‘‘service technician’’ means any individual who uses or supervises the use of 
pesticides (other than a ready to use consumer products pesticide) for the purpose of 
providing structural pest control or lawn pest control on the property of another for a fee. 
The term ‘‘service technician’’ does not include individuals who use antimicrobial 
pesticides, sanitizers or disinfectants; or who otherwise apply ready to use consumer 
products pesticides. 
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Household Pesticides 
 
Many household products are pesticides.  
 
Did you know that all of these common products are considered pesticides?  

 Cockroach sprays and baits  
 Insect repellents for personal use.  
 Rat and other rodent poisons.  
 Flea and tick sprays, powders, and pet collars.  
 Kitchen, laundry, and bath disinfectants and sanitizers.  
 Products that kill mold and mildew.  
 Some lawn and garden products, such as weed killers.  
 Some swimming pool chemicals.  

 
By their very nature, most pesticides create some risk of harm to humans, animals, or the 
environment because they are designed to kill or otherwise adversely affect living 
organisms. At the same time, pesticides are useful to society because of their ability to kill 
potential disease-causing organisms and control insects, weeds, and other pests.  
 
In the United States, the Office of Pesticide Programs of the Environmental Protection 
Agency is chiefly responsible for regulating pesticides. Biologically-based pesticides, such 
as pheromones and microbial pesticides are becoming increasingly popular and often are 
safer than traditional chemical pesticides.  
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Various commercial pesticide products. 
A handler employer must assure that handlers understand all of the labeling requirements 
related to safe use of pesticides before any handling activity takes place.  The handler 
must also have access to the product labeling information during handling activities. 
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Pest Control Devices 
 
What about pest control devices? The EPA also has a role in regulating devices used 
to control pests. More specifically, a "device" is any instrument or contrivance (other than 
a firearm) intended for trapping, destroying, repelling, or mitigating any pest. A black light 
trap is an example of a device. Unlike pesticides, EPA does not require devices to be 
registered with the Agency. Devices are subject to certain labeling, packaging, record 
keeping, and import/export requirements, however.  
 
What is not a pesticide? The U.S. definition of pesticides is quite broad, but it 
does have some exclusions:  
 

 Drugs used to control diseases of humans or animals (such as livestock and pets) 
are not considered pesticides; such drugs are regulated by the Food and Drug 
Administration.  

 
 Fertilizers, nutrients, and other substances used to promote plant survival and 

health are not considered plant growth regulators and thus are not pesticides.  
 
 Biological control agents, except for certain microorganisms, are exempted from 

regulation by the EPA. (Biological control agents include beneficial predators such 
as birds or ladybugs that eat insect pests.)  

 
 Products which contain certain low-risk ingredients, such as garlic and mint oil, 

have been exempted from Federal registration requirements, although State 
regulatory requirements may still apply.  For a list of ingredients which may be 
exempt, and a discussion of allowable label claims for such products, see the 
EPA's Pesticide Registration Notice 2000-6, "Minimum Risk Pesticides Exempted 
under FIFRA Section 25(b)."  
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Antimicrobial Pesticides 
 
Antimicrobial pesticides, such as disinfectants & sanitizers, are pesticides that are 
intended to "(i) disinfect, sanitize, reduce, or mitigate growth or development of 
microbiological organisms; or (ii) protect inanimate objects (for example floors and walls), 
industrial processes or systems, surfaces, water, or other chemical substances from 
contamination, fouling, or deterioration caused by bacteria, viruses, fungi, protozoa, algae, 
or slime."  
 
This category does not include certain pesticides intended for food use; but does 
encompass pesticides with a wide array of other uses. For example, antimicrobial 
pesticides act as preserving agents in paints, metalworking fluids, wood supports, and 
many other products to prevent their deterioration. 
 
Antimicrobials are especially important because many are public health pesticides. They 
help to control microorganisms (viruses, bacteria, and other microorganisms) that can 
cause human disease. Antimicrobial public health pesticides are used as disinfectants in 
medical settings, where they are present in products used in cleaning cabinets, floors, 
walls, toilets, and other surfaces.  
 
Proper use of these disinfectants is an important part of infection control activities 
employed by hospitals and other medical establishments. 
 
Only antimicrobial products from the primary registrants are included in the lists. All the 
EPA’s registered pesticides must have an EPA registration number (EPA Reg #). The 
EPA Registration number for primary registrants consists of two set of numbers separated 
by a hyphen (-), for example EPA Reg#001234-000012.  
 
The first set of numbers refers to the registrant’s identification number and the second set 
of numbers represents the product identification number.  
 
A distributor’s product may use a different name, but must have the first two sets of EPA 
Reg # of the primary registrant, plus a third set of numbers that represents the Distributor/ 
Relabeler Identification number, for example EPA Reg#001234-000012-000567.  
 
An establishment number (EPA Est #) is the place where the pesticide, formulation or 
device is produced and it is indicated by a set of codes which consist of the registrant’s 
number followed by the State where the product is made and facility number.  
 
The approved label of a particular antimicrobial product can be found in the Pesticide 
Product Label System (PPLS) using the EPA registration number of the primary product. 
 
For additional information please contact the Antimicrobials Division hotline at 703-308-
0127, 703-308-6467 (FAX) or send an email to info_antimicrobial@epa.gov    
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Pesticide Rule Index 
 
Rule Definitions 
The definitions and explanations presented here are limited to key terms to show the 
standard's range of coverage.  Readers seeking more detailed information should contact 
their State agency that regulates pesticides or their regional EPA office and consult Title 
40 Code of Federal Regulations, Part 170, and Title 7 United States Code. 
 
Agricultural establishment means any farm, forest, nursery, or greenhouse (40 CFR). 
 
Agricultural employer means any person who hires or contracts for the services of 
workers, for any type of compensation, to perform activities related to the production of 
agricultural plants, or any person who is an owner of or is responsible for the management 
or condition of an agricultural establishment that uses such workers (40 CFR). 
 
Agricultural emergency means a sudden occurrence or set of circumstances that the 
agricultural employer could not have anticipated and over which the agricultural employer 
has no control, requiring entry into a treated area when no alternative practices would 
prevent or mitigate a substantial economic loss (a loss in profitability greater than that 
which is expected based on the experience and fluctuations of crop yields in previous 
years).   
 
The State, tribal, or Federal agency having jurisdiction must declare the existence of 
circumstances that could cause an agricultural emergency on that agricultural 
establishment (40 CFR). 
 
Agricultural plant means any plant grown or maintained for commercial, research, or 
other purposes.  Included in this definition are food, feed and fiber plants, trees, turf grass, 
flowers, shrubs, ornamentals, and seedlings (40 CFR). 
 
Farm means any operation, other than a nursery or forest, engaged in the outdoor 
production of agricultural plants (40 CFR, Section 170.3). 
 
Forest means any operation engaged in the outdoor production of any agricultural plant 
to produce wood fiber or timber products (40 CFR). 
 
Greenhouse (Enclosed Production Space or Area)  means any operation engaged in 
the production of agricultural plants inside any structure or space that is enclosed with a 
nonporous covering and is of sufficient size to permit worker entry. 
 
Polyhouses, mushroom houses, rhubarb houses, and similar structures are included, but 
not malls, atriums, conservatories, arboretums, or office buildings where agricultural plants 
are present primarily for aesthetic or climatic modification (40 CFR). 
 
Hand labor means any agricultural activity performed by hand or with hand tools that 
causes a worker to have substantial contact with surfaces that may contain pesticide 
residues. Most hand labor activities, other than operating, moving or repairing irrigation or 
watering equipment, or scouting, are included (40 CFR). 
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Handler means any person employed for any type of compensation who: (1) mixes, loads, 
transfers, applies, disposes of, or transports open containers of pesticides; (2) acts as a 
flagger; (3) cleans, adjusts, or repairs the parts of mixing, loading, or application 
equipment that may contain pesticide residues; (4) must enter an area being treated with 
pesticides to assist in the application of pesticides; (5) must enter a greenhouse or other 
enclosed area after the application of a fumigant, smoke, mist, fog, or aerosol product to 
operate ventilation equipment or to monitor air levels before the exposure level listed in 
the labeling or one of the ventilation criteria has been met; (6) must enter a treated area 
to move chemigation equipment (used to apply pesticides with irrigation water) before a 
REI has expired; or (7) must enter a treated area outdoors after application of any soil 
fumigant to adjust or remove soil covers such as tarpaulins (40 CFR). 
 
Immediate family includes only spouse, children, stepchildren, foster children, parents, 
stepparents, foster parents, brothers, and sisters (40 CFR). 
 
Nursery means any operation engaged in the outdoor production of any agricultural plant 
to produce cut flowers and ferns or plants that will be used in their entirety in another 
location. Such plants include, but are not limited to: flowering and foliage plants or trees; 
tree seedlings; live Christmas trees; vegetable, fruit, and ornamental transplants; and turf 
grass produced for sod (40 CFR). 
 
Owner means any person who has a present possessory interest (fee, leasehold, rental, 
or other) in an agricultural establishment covered by this part, unless that person has both 
leased such agricultural establishment to another person and granted that same person 
the right and full authority to manage and govern the use of such agricultural establishment 
(40 CFR). 
 
Pesticide means "any substance or mixture of substances intended for preventing, 
destroying, repelling, or mitigating any pest, and (2) any substance or mixture of 
substances intended for use as a plant regulator, defoliant, or desiccant..." (EPA, 
1988). 
 
Restricted entry interval means the time after the end of a pesticide application during 
which entry into the treated area is restricted (40 CFR). 
 
Treated area means any area to which a pesticide is being directed or has been directed 
(40 CFR). 
 
Worker means any person, including a self-employed person, who is employed for any 
type of compensation to perform activities relating to the production of agricultural plants 
on a farm or in a greenhouse, nursery, or forest.   
 
These activities include hand labor tasks (weeding, planting, cultivating, and harvesting) 
and other tasks in the production of agricultural plants (such as operating or moving 
irrigation equipment).   
 
While workers are performing pesticide handling activities, they are considered to be 
handlers subject to the requirements for handlers in the WPS (40 CFR and EPA, 1993a). 
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Topic 1 - Pesticide Fundamentals Introduction Post Quiz 
 
Your final Assignment is found at 
http://www.abctlc.com/downloads/PDF/AgriculturalPestAss.pdf 
 
Answers at the rear of Glossary 
 
Identify the missing term or word.  
1.  This term means that it will kill nematodes (microscopic, worm-like organisms 
that feed on plant roots).  
 
 
2.  _____________are manufactured with metals and include arsenates, copper 
compounds and fluorine compounds, which are now seldom used, and sulfur, 
which is commonly used. 
 
 
3.  __________________ and chemical warfare nerve agents (such as sarin, 
tabun, soman and VX) work in the same way.  
 
 
4.  _______________ works by blocking the gamma-aminobutyric acid (GABA) 
regulated chloride channel in neurons, thus disrupting the activity of the insect’s 
central nervous system. 
 
 
5.  Pyrethroids are synthetic chemical insecticides whose chemical structures are 
adapted from the chemical structures of the pyrethrins and act in a similar 
manner to ____________. 
 
 
6.  _____________ are synthetic analogues of the natural insecticide nicotine 
(with a much lower acute mammalian toxicity and greater field persistence). 
These chemicals are nicotinic acetylcholine receptor agonists. 
 
 
7.  ________________ is produced by extraction from the roots and stems of 
several tropical and subtropical plant species, especially those belonging to the 
genus Lonchocarpus or Derris. 
 
 
8.  Pesticides are designed to kill living organisms and the ____________ 
prohibits claims that these chemicals are safe or nontoxic. 
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9.  Biological control agents, except for certain microorganisms, are exempted from 
regulation by the_____________ . (Biological control agents include beneficial 
predators such as birds or ladybugs that eat insect pests.)  
 
 
10.  _____________  means a sudden occurrence or set of circumstances that the 
agricultural employer could not have anticipated and over which the agricultural 
employer has no control, requiring entry into a treated area when no alternative 
practices would prevent or mitigate a substantial economic loss (a loss in 
profitability greater than that which is expected based on the experience and 
fluctuations of crop yields in previous years).   
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Topic 2 - Agricultural Pesticide Application Information  
 
Section Focus: The student will be able to understand and explain the WPS Agricultural 
Pesticide Rule including the changes from the last WPS rule and general duties of the 
pesticide applicator. At the end of this section, you will be able to understand and describe 
the WPS. There is a post quiz at the end of this section to review your comprehension and 
a final examination in the Assignment for your contact hours.   
 
Scope/Background: On November 2, 2015, EPA revised the Worker Protection 
Standards rule to expand requirements with the purpose to reduce the risk of pesticide 
exposure to agricultural workers, handlers, and their families. Implementing more 
protections for agricultural workers, handlers and their families. EPA’s Agricultural Worker 
Protection Standard (WPS) is aimed at reducing the risk of pesticide poisoning and injury 
among agricultural workers and pesticide handlers. EPA estimates that the rule will 
continue to protect 2 million agricultural workers (those who perform tasks in the 
production of agricultural plants) and pesticide handlers (those who perform tasks related 
to mixing, loading, or applying pesticides) in agricultural establishments, including, farms, 
forests, nurseries and greenhouses. 

 

 
 

PESTICIDE CONTACT METHODS #1 
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New and Required EPA Information 
All agricultural employers whose workers perform hand labor operations in fields, forests, 
nurseries, and greenhouses treated with pesticides, and handle pesticides in these 
locations are covered by the U.S. Environmental Protection Agency's worker protection 
standard revised 2015.  
 
Agricultural employers must be in full compliance with this regulation before January 1, 
2017 but the rule will start into effect starting 2016. Additionally, owners, operators, and 
their immediate family members must comply with some of the provisions of this standard.   
 
Agricultural employers must be in full compliance with the U.S. Environmental Protection 
Agency's (EPA) 2015 worker protection standard.  Precise estimates of the number of 
workers and handlers who will be covered by the WPS are unknown, but the EPA 
estimates that nearly 5 million owners, operators, family members, hired workers and 
handlers could be affected. 
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Changes to EPA’s Farm Worker Protection Standard  
 

In late 2015 the Environmental Protection Agency issued the long awaited revision to the 
Worker Protection Standard (WPS). Although it is now technically active it will not be 
enforced until 2017 but the original WPS will still be enforced until the end of 2016. Please 
keep in mind that the WPS covers both restricted use AND general use pesticides. This 
course will deal with the highlights to the revision but also some areas of the current WPS 
that need emphasized. 

 
The Environmental Protection Agency has revised the 1992 Agricultural Worker Protection 
Standard regulation to increase protection from pesticide exposure for the nation’s two 
million agricultural workers and their families.  
 
These changes will afford farmworkers similar health protections that are already afforded 
to workers in other industries while taking into account the unique working environment of 
many agricultural jobs.  

 
The regulation seeks to protect and reduce the risks of injury or illness resulting from 
agricultural workers’ (those who perform hand-labor tasks in pesticide-treated crops, 
such as harvesting, thinning, pruning) and pesticide handlers’ (those who mix, load and 
apply pesticides) use and contact with pesticides on farms, forests, nurseries and 
greenhouses. The regulation does not cover persons working with livestock.  
 
Employers covered by the WPS must: 
Reduce overall exposure to pesticides by prohibiting handlers from exposing workers 
during pesticide application, excluding workers from areas being treated and areas under 
a restricted entry interval, and notifying workers about treated areas.  Some activities are 
allowed during restricted entry intervals if workers are properly trained and protected. 
 
Mitigate exposures by requiring decontamination supplies be present and emergency 
assistance be available. Inform workers about pesticide hazards by requiring safety 
training (workers and handlers), safety posters, access to labeling information, and access 
to specific information (listing of treated areas on the establishment).  
 
WPS provisions are very complicated and are likely to affect a large number of employers 
and their workers.   
 
States may also issue worker protection standards that are stricter than the WPS.  
Therefore, employers should contact their State agency that regulates the Federal 
Insecticide, Fungicide, and Rodenticide Act in cooperation with the EPA to determine 
whether they must comply with the WPS and local regulations.  Nothing in this report 
replaces technical and professional legal advice. 
 
Background 
The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) of 1947, as amended, 
sets an overall risk/benefit standard for pesticide registration, requiring that all pesticides 
perform their intended function, when used according to labeling directions, without 
imposing unreasonable risks of adverse effects on human health or the environment.   
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During the congressional discussion of FIFRA amendments in 1972, the Senate 
Committee on Agriculture and Forestry (Committee) "found protection of man and the 
environment to be a broad term encompassing farmers, farmworkers, and others who 
come into contact with pesticides..." (57 FR 38102). The Committee further found "that the 
bill [The Federal Environmental Pesticide Control Act of 1972 (FEPCA)] requires the 
Administrator to require that the labeling and classification of pesticides be such as to 
protect farmers, farmworkers, and others coming in contact with pesticides or pesticide 
residues" (57 FR 38102). 
 
Given the above mandate, the EPA issued regulations in 1974 dealing with pesticide-
related occupational safety and health of workers performing hand labor operations in 
fields during and after application of pesticides (40 CFR).   
 
 
 
 

 
 

BOOM SPRAYER DIAGRAM #1    
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Agricultural Employers Responsibility Subsection  
We will go in to great detail on this rule and its requirement. 
 

New WPS Requirements 2015-2018 
• Annual mandatory training to inform farmworkers on the required protections. This 
increases the likelihood that protections will be followed.  
• Expanded training includes instructions to reduce take-home exposure from pesticides 
on work clothing and other safety topics.  
• First-time ever minimum age requirement: Children under 18 are prohibited from 
handling pesticides.  
• Expanded mandatory posting of no-entry signs for the most hazardous pesticides. The 
signs prohibit entry into pesticide-treated fields until residues decline to a safe level.  
• New no-entry application-exclusion zones up to 100 feet surrounding pesticide 
application equipment will protect workers and others from exposure to pesticide 
overspray.  
• Requirement to provide more than one way for farmworkers and their representatives to 
gain access to pesticide application information and safety data sheets – centrally-posted, 
or by requesting records.  
• Mandatory record-keeping to improve states’ ability to follow up on pesticide violations 
and enforce compliance. Records of application-specific pesticide information, as well as 
farmworker training, must be kept for two years.  
• Anti-retaliation provisions are comparable to Department of Labor’s (DOL’s).  
• Changes in personal protective equipment will be consistent with the DOL’s Occupational 
Safety & Health Administration standards for ensuring respirators are effective, including 
fit test, medical evaluation and training.  
• Specific amounts of water to be used for routine washing, emergency eye flushing and 
other decontamination, including eye wash systems for handlers at pesticide 
mixing/loading sites.  
• Continue the exemption for farm owners and their immediate family with an expanded 
definition of immediate family.  
 
What Will These Changes Achieve? 
There is a clear need for better protection for farmworkers. Each year, between 1,800 and 
3,000 occupational incidents involving pesticide exposure are reported from the farms, 
forests, nurseries and greenhouses covered by the Worker Protection Standard. There is 
widespread underreporting.  

 
By better protecting our agricultural workers, the agency anticipates fewer pesticide 
exposure incidents among farmworkers and their family members. Fewer incidents 
mean a healthier workforce and avoiding lost wages, medical bills, and absences from 
work and school. In addition, EPA is concerned about low level, repeated exposure to 
pesticides that may contribute to chronic illness. 
 
What Types of Activities Are Covered? 
The regulation seeks to protect and reduce the risks of injury or illness resulting from 
agricultural workers’ (those who perform hand-labor tasks in pesticide-treated crops, such 
as harvesting, thinning, pruning) and pesticide handlers’ (those who mix, load and apply 
pesticides) use and contact with pesticides on farms, forests, nurseries and 
greenhouses.  The regulation does not cover persons working with livestock. 
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Family Exemption  
There is an “immediate family” exemption to the WPS that exempts family members from 
MOST of the WPS protections. However, family members must still use label required 
PPE (personal protection equipment) and still must obey the REIs (Restricted Entry 
Intervals) and the other label requirements.  
 
So who falls under the Family Exemption?  
The regulation revision has expanded the family exemption to now include first cousins, 
nephews, nieces, aunts, uncles, grandchildren, grandparents and in-laws. The original 
exemptions are still valid and they include children, step children, foster children, parents, 
step parents, foster parents, siblings and spouses and of course the owner. In spite of this 
exemption why not give your family the benefit of these WPS protections? 
 
Training Changes 
This is the area with the most changes. Under the revision, growers subject to the WPS 
must now train their employees every year and they must be trained on Day 1 before they 
do any work in the crop areas if it has been less than 30 days since the last restricted entry 
interval expired.  
 
Make sure the employees sign off on their training and keep those on file. If the employee 
requests a copy of the sign off employers are now responsible to give them one copy. 
 
Central Location 
The big change here is the need to keep SDS sheets (Safety Data Sheets). Many of you 
are unfamiliar with SDS sheets but they are the old MSDS sheets in a standardized format.  
 
You will need to “display” them at the central location for 30 days following their use. 
Keeping them in a loose leaf notebook at the central location is acceptable. You need to 
keep these SDS sheets for two years after they were last used. You can get the SDS 
sheets from your pesticide supplier or download them off the Internet. 
 
Of course you will still need to keep pesticide application information for 30 days at the 
central location and the pesticide safety information (poster). The central location must be 
easily accessible to your employees. 
 
Protection Against Retaliatory Acts 
Requirements of this subpart designed to reduce the risks of illness or injury resulting from 
workers' occupational exposure to pesticides, including application and entry restrictions, 
the design of the warning sign, posting of warning signs, oral warnings, the availability of 
specific information about applications, and the protection against retaliatory acts. 
 
 
We will return to the Revised WPS in a few sections…  
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Four Basic WPS Requirements Subsection  
 
These regulations contained four basic requirements:   
(1) workers are not to be sprayed with pesticides;  
 
(2) there are specific restricted entry intervals (REI) for serval pesticides, interim restrictive 
entry levels for certain pesticides, and a general re-entry interval for all other agricultural 
pesticides prohibiting re-entry into treated areas until sprays have dried, dusts have 
settled, and vapors have dispersed;  
 
(3) protective clothing is required for any worker entering a treated area before the specific 
re-entry period has expired; and  
 
(4) "appropriate and timely" warnings are required for re-entry. These warnings may be 
given orally in appropriate language, placed on the pesticide notice board, or posted in 
the field. 
 
1974 Regulations  
The EPA determined that the 1974 regulations did not adequately protect agricultural 
workers and pesticide handlers who were occupationally exposed to pesticides.  In order 
to correct these inadequacies, the EPA issued new regulations designed to reduce 
exposure to pesticides, mitigate exposure, and inform workers about pesticides.   
 
Reducing overall exposure to pesticides will be accomplished by prohibiting handlers from 
exposing workers during application, excluding workers from areas being treated and 
areas under a REI (some activities are allowed during a REI if workers are properly trained 
and protected), and notifying workers about treated areas.  
 
Mitigating Exposures  
Mitigating exposures will be accomplished by requiring decontamination supplies and 
emergency assistance.   
 
Workers will be informed about pesticide hazards through required safety training (workers 
and handlers), safety posters, access to labeling information, and access to specific 
information (listing of treated areas on the establishment). 
 
Worker Protection Standard for Agricultural Pesticides 
Provisions of the WPS apply to: 
 
Owners or managers of farms, forests, nurseries, or greenhouses where pesticides are 
used in the production of agricultural plants. 
 
Those who hire or contract for services of agricultural workers to do tasks related to the 
production of agricultural plants on a farm, forest, nursery, or greenhouse. 
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General Duties of WPS 
 
The general duties of the WPS require an agricultural employer or a pesticide handler-
employer to: 
 
 Assure that each worker and handler subject to the standard receives the required 

protections. 
 
 Assure that any pesticide subject to the standard is used in a manner consistent 

with the labeling of the pesticide, including the requirements in the standard. 
 
 Provide sufficient information and directions to each person who supervises any 

worker or handler to assure that each worker or handler receives the required 
protection. The information and directions must specify which persons are 
responsible for actions required to comply with the standard. 

 
 Require each person who supervises any worker or handler to assure compliance 

by the worker or handler with the provisions of this standard and to assure that the 
worker or handler receives the required protection (40 CFR). 

 
 The general duties also prohibit agricultural and handler employers from taking 

any retaliatory actions against workers attempting to comply with this standard, or 
from taking any action that prevents or discourages any worker or handler from 
complying or attempting to comply with the WPS. 

 
Labeling 
Requires everyone applying pesticides to obey instructions printed on the pesticide 
container's label. 
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What Does the Revised WPS Require? 
 
The requirements in the WPS are intended to inform workers and handlers about pesticide 
safety, provide protections from potential exposure to pesticides, and mitigate exposures 
that do occur. 

 Pesticide safety training for workers and handlers. 
 Access to labeling information for pesticide handlers and early-entry workers. 
 Access to specific information  for workers and handlers, which includes 

providing information about:  
o pesticide applications on the establishment, 
o emergency information, and  
o a pesticide safety poster at a central location; 

 Keep workers out of areas being treated with pesticides. 
 Keep workers out of areas that are under a restricted-entry interval (REI), with a 

few narrow exceptions. 
 Protect early-entry workers who are doing permitted tasks in pesticide-treated 

areas during an REI, including special instructions and duties related to correct 
use of personal protective equipment. 

 Notify workers about pesticide-treated areas so they can avoid inadvertent 
exposures. 

 Monitor handlers using highly toxic pesticides. 
 Provide required personal protective equipment to handlers. 
 Decontamination supplies a sufficient supply of water, soap, and towels for 

routine washing and emergency decontamination. 
 Emergency assistance making transportation available to a medical care facility 

in case of a pesticide injury or poisoning, and providing information about the 
pesticide(s) to which the person may have been exposed. 

 
Who is Covered by the 2015 WPS? 
The WPS protects employees on farms, forests, nurseries, and greenhouses from 
occupational exposure to agricultural pesticides and covers two types of employees: 

 Pesticide handlers: those who mix, load, or apply agricultural pesticides; clean or 
repair pesticide application equipment; or assist with the application of pesticides. 

 Agricultural workers: those who perform tasks related to growing and harvesting 
plants on farms or in greenhouses, nurseries, or forests. 
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Understanding the Worker Protection Standard Subsection 
 
The Worker Protection Standard (WPS) is a regulation issued by the U.S. Environmental 
Protection Agency. It covers pesticides that are used in the production of agricultural 
plants on farms, forests, nurseries, and greenhouses. The WPS requires you to take steps 
to reduce the risk of pesticide-related illness and injury if you (1) use such pesticides, or 
(2) employ workers or pesticide handlers who are exposed to such pesticides. 
 
If you are an agricultural pesticide user and/or an employer of agricultural workers or 
pesticide handlers, the WPS requires you to provide to your employees and, in some 
cases, to yourself and to others: 

•  information about exposure to pesticides, 
•  protections against exposures to pesticides, and 
•  ways to mitigate exposures to pesticides. 

 
General Information 
To ensure that employees will be informed about exposure to pesticides, the WPS 
requires: 
• Pesticide safety training — for workers and handlers, 
• Pesticide safety poster — to be displayed for workers and handlers, 
• Access to labeling information — for pesticide handlers and early-entry 
workers, and 
• Access to specific information — centrally located application information of 
pesticide treatments on the establishment.  
 
WPS Protection 
To ensure that employees will be protected from 
exposures to pesticides, the WPS requires 
employers to: 
•  prohibit handlers from applying a pesticide in 
a way that will expose 
workers or other persons, 
•  exclude workers from areas being treated 
with pesticides, 
•  exclude workers from areas that remain 
under a restricted-entry interval 
(REI), with narrow exceptions. 
•  protect early-entry workers who are doing 
permitted tasks in treated areas 
during an REI, including special instructions and 
duties related to correct use of 
PPE, 
•  notify workers about treated areas so they can avoid inadvertent exposures, and 
•  protect handlers during handling tasks, including monitoring while handling 
highly toxic pesticides, and duties related to correct use of PPE. 
 
These key terms have very specific meanings in the WPS. Note that these definitions 
may be different from definitions found in other state and federal laws and regulations. 
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Mitigation 
To mitigate pesticide exposures that employees receive, the WPS requires: 
•  Decontamination supplies — providing handlers and workers an ample supply of 
water, soap, and towels for routine washing and emergency decontamination. 
•  Emergency assistance — making transportation available to a medical care facility if 
an agricultural worker or handler may have been poisoned or injured by a pesticide, and 
providing information about the pesticide(s) to which the person may have been exposed. 
 
These key terms have very specific meanings in the WPS. Note that these definitions may 
be different from definitions found in other state and federal laws and regulations. 
 

 
Terms You Need to Know 
These definitions will help you determine whether you are affected by the Worker 
Protection Standard. These key terms have very specific meanings in the WPS. Note that 
these definitions may be different from definitions found in other state and federal laws 
and regulations. 
 
Agricultural plants: Plants grown or maintained for commercial or research purposes. 
Examples: food, feed, and fiber plants, trees, turfgrass, flowers, shrubs, ornamentals, and 
seedlings. 
 
Farms: Operations, other than nurseries or forests, that produce agricultural 
plants outdoors. 
 
Forests: Operations that produce agricultural plants outdoors for wood fiber or 
timber products. 
 
Greenhouses: this term has been replaced by Enclosed space production - production 
of an agricultural plant indoors or in a structure or space that is covered in whole or in part 
by any nonporous covering and that is large enough to permit a person to enter. 
 
Fumigant – any pesticide that is a vapor or gas, or forms 
 
Nurseries: Operations that produce agricultural plants outdoors for: 

• transplants to another location, or 
• flower or fern cuttings. 

 
Examples: flowering and foliage plants or trees; tree seedlings; live Christmas trees; 
vegetable, fruit, and ornamental transplants; and turfgrass produced for sod. 
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Does the Worker Protection Standard Apply to you? 
 
• You own or manage a farm, forest, nursery, or greenhouse where pesticides are 
used in the production of agricultural plants. 
Even if you are the owner of the farm, forest, nursery, or greenhouse and you or members 
of your family do all the work there, you are a “WPS employer.” You must comply with 
some of the requirements described in this manual, such as restricted-entry intervals and 
personal protective equipment, and all the specific requirements listed in the pesticide 
labeling. See Agricultural Owner Exemptions, for more information. 
 
• You hire or contract for the services of agricultural workers to do tasks related to 
the production of agricultural plants on a farm, forest, nursery, or greenhouse. This 
includes labor contractors and others who contract with growers to supply agricultural 
laborers. 
 
• You operate a business in which you (or people you employ) apply pesticides 
that are used for the production of agricultural plants on any farm, forest, nursery, or 
greenhouse. 
 
Commercial pesticide handlers and their employees are included with respect to such 
pesticides even if the pesticide handling task (mixing, loading, disposal, etc.) takes place 
somewhere other than the farm, forest, nursery, or greenhouse — at the commercial 
handling establishment or an airport hangar, for example. 
 
• You operate a business in which you (or people you employ) perform tasks as a 
crop advisor on any farm, forest, nursery, or greenhouse. 
“Crop advisor” means any person who is assessing pest numbers or damage, pesticide 
distribution, or the status, condition, or requirements of agricultural plants. Examples 
include crop consultants and scouts.  
 
If you are in any of these categories, you must comply with the Environmental 
Protection Agency’s Worker Protection Standard (40 CFR, part 170) including all 
revisions through 2004. 
 
Under the WPS, you may be both a worker and an employer of workers. 
 
Under the WPS, you may be both a handler and an employer of handlers. 
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Who Does the WPS Protect? 
 

 
The WPS requires employers to take steps to protect two types of agricultural employees: 
workers and pesticide handlers. The terms “worker” and “pesticide handler” are defined 
very specifically in the WPS, and employers of persons who meet these definitions must 
comply with the WPS. Depending on the tasks being performed, you may need to provide 
the same employee with worker protections on some occasions and pesticide handler 
protections on other occasions. 

 
Who is Covered by the WPS? 
The WPS protects employees on farms, forests, nurseries, and greenhouses from 
occupational exposure to agricultural pesticides and covers two types of employees: 

 Pesticide handlers: those who mix, load, or apply agricultural pesticides; clean or 
repair pesticide application equipment; or assist with the application of pesticides. 

 Agricultural workers: those who perform tasks related to growing and harvesting 
plants on farms or in greenhouses, nurseries, or forests. 

 
Workers 
Worker means any person, including a self-employed person, who is employed for any 
type of compensation and who is performing activities relating to the production of 
agricultural plants on an agricultural establishment to which subpart B of this part applies.  
 
While persons employed by a commercial pesticide handling establishment are 
performing tasks as crop advisors, they are not workers covered by the requirements of 
subpart B of this part. 
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Pesticide Handlers 
A pesticide handler is anyone who: (1) is employed (including self-employed) for any type 
of compensation by an agricultural establishment or a commercial pesticide handling 
establishment that uses pesticides in the production of agricultural plants on a farm, forest, 
nursery, or greenhouse, and (2) is doing any of the following tasks: 

•  mixing, loading, transferring, or applying pesticides, 
•  handling opened containers of pesticides, 
•  acting as a flagger, 
•  cleaning, handling, adjusting, or repairing the parts of mixing, loading, or 
application equipment that may contain pesticide residues, 
•  assisting with the application of pesticides, including incorporating the pesticide 
into the soil after the application has occurred, 
•  entering a greenhouse or other enclosed area after application and before the 
inhalation exposure level listed on the product labeling has been reached or one 
of the WPS ventilation criteria have been met to: – operate ventilation equipment, 
– adjust or remove coverings, such as tarps, used in fumigation, or – check air 
concentration levels, 
•  entering a treated area outdoors after application of any soil fumigant to adjust 
or remove soil coverings, such as tarpaulins, 
•  performing tasks as a crop advisor: – during any pesticide application, – before 
any inhalation exposure level or ventilation criteria listed in the 
labeling has been reached or one of the WPS ventilation criteria has been met, – 
during any restricted-entry interval, 
•  disposing of pesticides or pesticide containers. 

 
Definition of a Pesticide Handler 
The Agricultural Worker Protection Standard (WPS) is a regulation issued by the U.S. 
Environmental Protection Agency in 1992 and amended in 2015. It covers pesticides that 
are used in the production of agricultural plants on farms, forests, nurseries, and 
greenhouses. The WPS requires you to take steps to reduce the risk of pesticide-related 
illness and injury if you (1) use such pesticides, or (2) employ workers or pesticide handlers 
who are exposed to such pesticides. 
 
By explaining what types of workers are considered "pesticide handlers" under this 
regulation, this fact sheet will help you understand who you must legally provide 
protections for. 
 
Who is a Handler? 

Handler means any person, including a self-employed person:  
(1) Who is employed for any type of compensation by an agricultural establishment 
or commercial pesticide handling establishment to which subpart C of this part 
applies and who is: 
(i) Mixing, loading, transferring, or applying pesticides. 
(ii) Disposing of pesticides or pesticide containers. 
(iii) Handling opened containers of pesticides. 
(iv) Acting as a flagger. 
(v) Cleaning, adjusting, handling, or repairing the parts of mixing, loading, or 
application equipment that may contain pesticide residues. 
(vi) Assisting with the application of pesticides. 
(vii) Entering a greenhouse or other enclosed area after the application and before 
the inhalation exposure level listed in the labeling has been reached or one of the 
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ventilation criteria established by this part (§170.110(c)(3)) or in the labeling has been 
met: 
(A) To operate ventilation equipment. 
(B) To adjust or remove coverings used in fumigation. 
(C) To monitor air levels. 
(viii) Entering a treated area outdoors after application of any soil fumigant to adjust 
or remove soil coverings such as tarpaulins. 
(ix) Performing tasks as a crop advisor: 
(A) During any pesticide application. 
(B) Before the inhalation exposure level listed in the labeling has been reached or 
one of the ventilation criteria established by this part (§170.110(c)(3)) or in the 
labeling has been met. 
(C) During any restricted-entry interval. 
(2) The term does not include any person who is only handling pesticide containers 
that have been emptied or cleaned according to pesticide product labeling 
instructions or, in the absence of such instructions, have been subjected to triple-
rinsing or its equivalent. 
 
Handler employer means any person who is self-employed as a handler or who 
employs any handler, for any type of compensation. 

 
Who is not a Handler? 
A person is NOT a handler if he or she only handles pesticide containers that have been 
emptied or cleaned according to instructions on pesticide product labeling or, if the labeling 
has no such instructions, have been triple-rinsed or cleaned by an equivalent method, 
such as pressure rinsing. 
 
A person is NOT a handler if he or she (1) is ONLY handling pesticide containers that are 
unopened AND (2) is NOT, at the same time, also doing any handling task (such as mixing 
or loading). 
 
Examples: 

1. You ARE a handler if you are loading unopened water-soluble packets into a 
mixing tank (because you are mixing and loading the pesticide). 

2. You are NOT a handler if you:  
o purchase pesticides and transport them unopened to an establishment. 
o carry unopened containers into a pesticide storage facility. 
o transport unopened containers to the site where they are to be mixed, 

loaded, or applied. 
 
Certified Applicators 
Handlers who are currently certified as applicators of restricted-use pesticides must be 
given all of the WPS handler protections, except that they need not receive WPS training. 
 
Worker Protection Standard Compliance Monitoring Program 
The Worker Protection Standard (WPS) is a regulation issued by the U.S. Environmental 
Protection Agency to protect agricultural workers from the effects of exposure to 
pesticides.  
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It covers pesticides that are used in the production of agricultural plants on farms, forests, 
nurseries, and greenhouses. The WPS offers protections to over three and a half million 
people who work with pesticides at over 560,000 workplaces.  
 
The scope of the regulation includes both workers performing in areas treated with 
pesticides and those who handle (mix, load, apply, etc.) pesticides in these locations. 
 
Agricultural establishments are defined by 40 CFR § 170.3, as farms, nurseries, 
greenhouses, and forests. Routine WPS agricultural inspections are conducted at 
agricultural establishments to ensure users of pesticides subject to WPS comply with 
requirements of product label(s) by examining practices of agricultural and handler 
employers and their employees to ensure that they are in compliance with: 
1. product-specific WPS requirements as prescribed on pesticide product labeling 
[personal protective equipment (PPE), Restricted Entry Intervals (REIs), and oral and 
posted warnings used on the establishment] and;  
2. generic WPS requirements incorporated by the reference statement that appears 
on the labeling (pesticide safety information, decontamination supplies, safety training, 
emergency assistance, and worker notification).  
 
The goals in conducting WPS agricultural inspections include: 

 monitoring employer compliance  
 documenting violations 
 addressing noncompliance 
 and increasing handler/worker safety  

 
WPS inspections should be performed during the significant periods of the agricultural 
production season, such as:  

 during and after pesticide application;  
 during an restricted entry interval (REI);  
 after an REI has expired plus 30 days.  

Noncompliance with WPS may result in pesticide violations—specifically, FIFRA § 
12(a)(2)(G) and defined by FIFRA § 2(ee), whereby it is unlawful for any person “to use 
any registered pesticide in a manner inconsistent with its labeling.”  
 
Accomplishments and Violations Reports  
EPA provides guidelines on reporting WPS compliance monitoring and enforcement 
activities conducted under the its Cooperative Agreement program. States and tribes are 
required to report specific information on WPS agriculture use inspections and 
enforcement actions. 
 
EPA provides a national view on the implementation status of the WPS program in the 
annual Worker Protection Standard (WPS) Inspection and Enforcement Accomplishments 
Reports. The data is submitted by states and tribes or regional program staff in instances 
where EPA manages the WPS program.  
 
Violations on the ten specific WPS violation categories that each enforcement action 
covered is also included. The data on WPS violation categories provides information for 
inspection targeting and for directing training to areas of the WPS rule most frequently 
violated.  
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Not a Handler 
A person is not a handler if he or she only handles pesticide containers that have been 
emptied or cleaned according to instructions on pesticide product labeling or, if the labeling 
has no such instructions, have been triple-rinsed or cleaned by an equivalent method, 
such as pressure rinsing. 
 
A person is not a handler if he or she (1) is only handling pesticide containers that are 
unopened and (2) is not, at the same time, also doing any handling task (such as mixing  
or loading).  
 
• You are not a handler if you:  
–  purchase pesticides and transport them unopened to an establishment.  
–  carry unopened containers into a pesticide storage facility.  
–  transport unopened containers to the site where they are to be mixed, loaded, or 
applied.  
 
You are a handler if you are loading unopened water-soluble packets into a mixing tank 
(because you are mixing and loading the pesticide).  

 
Who Is an Agricultural Employer?   
Agricultural employer means any person who hires or contracts for the services of 
workers, for any type of compensation, to perform activities related to the production of 
agricultural plants, or any person who is an owner of or is responsible for the management 
or condition of an agricultural establishment that uses such workers. 

 
Additional Duties for Agricultural Employers Duties 2015-2018 
Before allowing persons not directly employed by the establishment to clean, repair, or 
adjust pesticide application equipment, provide the following information: 
 The equipment may be contaminated with pesticides. 
 The potentially harmful effects of pesticide exposure. 
 How to handle equipment to limit exposure to pesticides. 
 How to wash themselves and/or their clothes to remove and prevent exposure to 
pesticide residues. 170.309 (g) and 170.313 (l) 
 
Application Restrictions and Monitoring 170.505 
1. Do not allow handlers to apply a pesticide so that it contacts, directly or through drift, 
anyone other than appropriately trained and equipped handlers. 
2. Handlers must suspend applications when anyone other than appropriately trained and 
equipped handlers enter the application exclusion zone (AEZ). This goes into effect on 
January 2, 2018. 
170.505 (b) 
3. When anyone is handling a highly toxic pesticide with a skull and crossbones, maintain 
sight or voice contact every two hours. 
4. Make sure a trained handler equipped with labeling-specific PPE maintains constant 
voice or visual contact with any handler in an enclosed-space production site (e.g., 
greenhouses, high tunnels, indoor grow houses) while applying a fumigant. 
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Specific Instructions for Handlers 
1. Before handlers do any handling task, inform them, in a manner they can understand, 
of all pesticide labeling instructions for safe use. 170.503 (a)(1) 
2. Ensure that the handler has access to product labeling during the entire handling task. 
170.503 (a)(2) 
 
Equipment Safety 
1. Inspect pesticide handling equipment before each day of use, and repair or replace as 
needed. 170.309 (j) and 170.313 (g) 
2. Allow only appropriately trained and equipped handlers to repair, clean, or adjust 
pesticide equipment that contains pesticides or residues, unless they are not employed 
on the establishment. 
170.309 (g) and 170.507 (a) See Additional Agricultural Employer 
 
Personal Protective Equipment (PPE) Handlers Must Use   
Citation 28. & 36.a.-36.b. -36.c 
1. Provide handlers with the PPE required by the pesticide labeling, and be sure it is: 
170.507 (b) 
 Clean and in operating condition, 170.507 (b) 
 Worn and used according to the manufacturer’s instructions,170.507 (c) 
 Inspected before each day of use, 170.507 (c)(2) 
 Repaired or replaced as needed. 170.507 (c)(2) 
2. When a respirator is required by product labeling, provide handlers with: 
 A medical evaluation to ensure the handler is physically able to safely wear the 
respirator, 
 Training in respirator use, and 
 A fit test to ensure the respirator fits correctly. 
 Keep records on the establishment of these items for two years. 170.507 (b)(10) 
3. Take steps to avoid heat-related illness when labeling requires the use of PPE for a 
handler activity. 170.507 (e) 
4. Provide handlers a pesticide-free area for: 
 Storing personal clothing not in use, 
 Putting on PPE at start of task, 
 Taking off PPE at end of task. 170.507 (d)(9) 
5. Do not allow used PPE to be taken home. 170.507 (d)(10) 
 
Care of PPE 
1. Store and wash used PPE separately from other clothing and laundry. 170.507 (d)(3) 
2. If PPE will be reused, clean it before each day of reuse, according to the instructions 
from the PPE manufacturer unless the pesticide labeling specifies other requirements. If 
there are no other 
instructions, wash in detergent and hot water. 170.507 (d)(1) 
3. Dry the clean PPE before storing. 170.507 (d)(4) 
4. Store clean PPE away from personal clothing and apart from pesticide-contaminated 
areas. 170.507 (d)(5) 
 
Handler Training 
The pesticide safety training for handlers under the revised WPS (subparts D, E, F and G 
of 40 CFR Part 170) must be presented either orally from written materials or audio-
visually, at a location that is reasonably free from distraction and conducive to training. All 
training materials must be EPA-approved.  
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The training must be presented in a manner that the handlers can understand, such as 
through a translator. The handler trainer must be present during the entire training 
program and must respond to handlers' questions.  
 
The training must include, at a minimum, all of the following after January 2, 2017: 

 Format and meaning of information contained on pesticide labels and in labeling, 
including safety information such as precautionary statements about human health 
hazards. 
 Hazards of pesticides resulting from toxicity and exposure, including acute and 
chronic effects, delayed effects, and sensitization. 
 Routes by which pesticides can enter the body. 
 Signs and symptoms of common types of pesticide poisoning. 
 Emergency first aid for pesticide injuries or poisonings. 
 How to obtain emergency medical care. 
 Routine and emergency decontamination procedures. 
 Need for and appropriate use of personal protective equipment. 
 Prevention, recognition, and first aid treatment of heat-related illness. 
 Safety requirements for handling, transporting, storing, and disposing of pesticides, 
including general procedures for spill cleanup. 
 Environmental concerns such as drift, runoff, and wildlife hazards. 
 Warnings about taking pesticides or pesticide containers home. 
 Requirements that must be followed by handler employers for the protection of 
handlers and other persons, including the prohibition against applying pesticides in a 
manner that will cause contact with workers or other persons, the requirement to use 
personal protective equipment, the provisions for training and decontamination, and the 
protection against retaliatory acts.  
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Short Summary of WPS Requirements 
 
 

 
 
The requirements in the WPS are intended to inform workers and handlers about 
pesticide safety, provide protections from potential exposure to pesticides, and mitigate 
exposures that do occur. 

 Pesticide safety training for workers and handlers. 
 Access to labeling information for pesticide handlers and early-entry workers. 
 Access to specific information  for workers and handlers, which includes 

providing information about:  
o pesticide applications on the establishment, 
o emergency information, and  
o a pesticide safety poster at a central location; 

 Keep workers out of areas being treated with pesticides. 
 Keep workers out of areas that are under a restricted-entry interval (REI), with a 

few narrow exceptions. 
 Protect early-entry workers who are doing permitted tasks in pesticide-treated 

areas during an REI, including special instructions and duties related to correct 
use of personal protective equipment. 

 Notify workers about pesticide-treated areas so they can avoid inadvertent 
exposures. 

 Monitor handlers using highly toxic pesticides. 
 Provide required personal protective equipment to handlers. 
 Decontamination supplies a sufficient supply of water, soap, and towels for 

routine washing and emergency decontamination. 
 Emergency assistance making transportation available to a medical care facility 

in case of a pesticide injury or poisoning, and providing information about the 
pesticide(s) to which the person may have been exposed. 
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“Agricultural Use Requirements - Use this 
product only in accordance with its labeling 
and with the Worker Protection Standard, 
40 CFR Part 170. This standard contains 
requirements for the protection of 
agricultural workers on farms, forests, 
nurseries, and greenhouses, and handlers 
of agricultural pesticides. It contains 
requirements for training, decontamination, 
notification, and emergency assistance. It 
also contains specific instructions and 
exceptions pertaining to the statements on 
this label about personal protective 
equipment, notification of workers, and 
restricted entry intervals.” 
 
Pesticides used on sod farms are covered 
by WPS.  
 
Some pesticide uses are not covered by 
WPS, even when the Agricultural Use Requirements section is on the labeling. For 
example, if the pesticide labeling bears an Agricultural Use Requirements section, but 
the product also can be applied to rights-of-way, the rights-of-way use is not covered by 
WPS.  
  
WPS Requires Restricted Entry to Treated Areas 
Restricted-entry interval (REI) is the time immediately after a pesticide application when 
entry into the treated area is prohibited or very limited. REIs are established for all 
pesticides used in the production of agricultural plants depending on toxicity. The REI is 
listed on the pesticide labeling under the heading “Agricultural Use Requirements” in the 
“Directions for Use” section of the pesticide labeling or next to the crop or application 
method to which it applies. 
 
REIs must be specified on all 
agricultural plant pesticide product 
labels. Workers are excluded from 
entering a pesticide treated area 
during the REI, with few narrow 
exceptions. The duration of REIs 
ranges from 4 hours to several days. 
Some pesticides have one REI, such 
as 12 hours, for all crops and uses. 
Other products have different REIs, 
depending on the crop or method of 
application. When two or more 
pesticides are applied at the same 
time and have different REIs, the 
longer interval must be followed. 
There is a no-entry period for 4 hours for all products with WPS labeling; this means no 
early entry.  
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• Annual mandatory training to inform farmworkers on the required protections. This 
increases the likelihood that protections will be followed.  
• Expanded training includes instructions to reduce take-home exposure from pesticides 
on work clothing and other safety topics.  
• First-time ever minimum age requirement: Children under 18 are prohibited from 
handling pesticides.  
• Expanded mandatory posting of no-entry signs for the most hazardous pesticides. The 
signs prohibit entry into pesticide-treated fields until residues decline to a safe level.  
• New no-entry application-exclusion zones up to 100 feet surrounding pesticide 
application equipment will protect workers and others from exposure to pesticide 
overspray.  
• Requirement to provide more than one way for farmworkers and their representatives to 
gain access to pesticide application information and safety data sheets – centrally-posted, 
or by requesting records.  
 
WPS Requires Notification of Applications 
Employers must notify workers about pesticide applications on the agricultural 
establishment if they will be on or within a quarter (1/4) mile of the treated area. In most 
cases, employers may choose between oral warnings or posted warning signs, but they 
must tell workers which warning method is in effect. All applications must be additionally 
recorded and displayed at the central location.  
 
Most products allow worker notification either orally or by posting a field warning sign, one 
or the other is acceptable as long as workers are informed of which method is being used. 
However, you must provide double notification if the pesticide label has this statement in 
the “Directions for Use” section under the heading “Agricultural Use Requirements”:  
 
“Notify workers of the application by warning them orally AND by posting warning 
signs at entrances to treated areas.”  
If double notification is specified on the pesticide label workers must be orally notified 
about REIs and treated fields must be physically posted with warning signs during the REI. 
It is the agricultural establishment’s responsibility to post warning signs in the field if it is 
required. Farms employing ONLY immediate family members are not required to post the 
field. 
 
Signs must have the words “Danger-Peligro” and “Pesticides-Pesticidas” at the top and 
“Keep Out-No Entre” at the bottom. Signs must be at least 14” x 16”, with a minimum letter 
height of one inch.  
 
The Spanish portion of the sign may be replaced with a substitute language read by the 
majority of non-English speaking workers. In greenhouses and nurseries, smaller signs 
(4.5” x 5”) are acceptable. 
 
Warning signs must be:  

 Posted 24 hours or less before application  
 Removed within three (3) days after the end of the REI  
 Posted so they can be seen at all normal entrances to treated areas, including 

borders adjacent to labor camps  
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 If no employees were involved with treatment, 
or the employees do not come within a quarter 
(1/4) mile, no posting is required 

 
Oral warnings must be delivered in a manner 
understood by workers, using an interpreter if 
necessary. Oral warnings must contain the following 
information:  

 Location and description of the treated area  
 The length of the REI  
 Specific directions not to enter during the REI  

 
WPS Requires That Specific Information 
Regarding Applications and Safety Be Posted at a 
Central Location 
The WPS requirement that information be posted 
(displayed) at a central location is cited by the EPA 
as one of the most commonly violated provisions.  

 
When pesticides are released into the environment, they are either:  
1) broken down, or degraded, by the action of sunlight, water or other chemicals, or 
microorganisms, such as bacteria; or  
2) resist degradation and thus remain unchanged in the environment for long periods of 
time. The persistence of a pesticide is its ability to remain unchanged.  
 
Persistence is measured by half-life. The half-life is the time it takes for half of the initial 
amount of a pesticide to break down. Thus, if a pesticide's half-life is 30 days, half will be 
left after 30 days, one-quarter after 60 days, and one-eighth after 90 days and so on.  
 
When the pesticide is broken down, this usually leads to the formation of less harmful 
products. However, in some instances the products can be more toxic than the original 
pesticide.  
 
Pesticides that are easily broken down generally move the shortest distance and have the 
least adverse effects on people or other organisms. Persistent pesticides generally move 
the longest distances and have the greatest potential to accumulate in living organisms.  

 
Application Exclusion Zone (AEZ) 
The AEZ is an exclusion zone that surrounds the application equipment in a 360-degree 
radius. High drift applications such as air blast sprayers, aerial applications, fumigants, 
mist and fogging will need a 100 foot “bubble” where everyone is excluded except for 
handlers that have the proper PPE and training to work inside that bubble.  
 
Low drift applications will need a 25-foot bubble. If someone is in that AEZ the handler 
must suspend application in that area until they leave that area. 
 
This is a very controversial rule and there will be much needed interpretation on this 
section.   

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

83

Special Applications Restrictions in Nurseries and Greenhouses  
 
In Arizona, greenhouses are now referred to as Growing Enclosures.  
The WPS requires additional restrictions during some pesticide applications in nurseries 
and greenhouses. This part describes those restrictions. 
 
Worker employers must make sure that, during certain nursery applications, workers 
and other persons do not enter treated areas on the nursery or, in some circumstances, 
do not enter areas that are near the treated area. 
 
Specific Duties -  Application Restrictions on Nurseries 
During any application do not allow or direct any person, other than an appropriately 
trained and equipped handler, to be in the areas on the nursery.  
 
After the application is finished and during the restricted-entry interval: 

• keep workers out of the treated area (the area to which the pesticide was 
directed), 
• you may allow workers in the areas just outside the treated area that were off-
limits during the application. 

 
Worker employers must make sure that workers and other persons do not enter 
specific areas within the greenhouse during — and, in some instances, after — certain 
greenhouse applications. 
 
Ventilation Criteria for Greenhouses 
1. After some types of pesticide applications listed in column A of Table II, you must make 
sure that adequate ventilation has occurred before you allow workers to enter the areas 
specified in column B.  
 
If column C indicates that ventilation restrictions apply, make sure that one of the 
following ventilation criteria is met: 

• The concentration of the pesticide in the air is measured to be less than or equal 
to any inhalation exposure level required on the labeling. 
• If no inhalation exposure level is listed on the labeling, keep workers out until 
after: – 10 air exchanges, or – 2 hours of ventilation using fans or other mechanical 
ventilating systems, or – 4 hours of ventilation using vents, windows or other 
passive ventilation, or – 11 hours with no ventilation followed by 1 hour of 
mechanical ventilation, or – 11 hours with no ventilation followed by 2 hours of 
passive ventilation, or – 24 hours with no ventilation. 

 
2. After ventilation criteria are met and until the restricted entry interval expires: 

• do not allow workers into the treated area (see Column D on Table II), 
• you may allow workers to enter the areas just outside the treated area that were 
off-limits during the application. 

 
Part C Early Work 
The WPS allows entry into a treated area that remains under a restricted-entry interval 
only in a few narrow work situations. When early entry is permitted under the WPS, special 
protections must be given to the early-entry workers. This subsection describes those 
work situations and protections.  
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WPS - Information Exchange between Commercial Handlers and 
Growers 
 
When the Pesticide Is Not Applied as Scheduled 
The Agricultural Worker Protection Standard (WPS) is a regulation issued by the U.S. 
Environmental Protection Agency in 1992 and amended in 2015. It covers pesticides that 
are used in the production of agricultural plants on farms, forests, nurseries, and 
greenhouses. The WPS requires you to take steps to reduce the risk of pesticide-related 
illness and injury if you (1) use such pesticides, or (2) employ workers or pesticide handlers 
who are exposed to such pesticides. 
 
The WPS requires commercial handlers (handler employers) to provide information 
to their customers -- the farm, forest, nursery, or greenhouse operators (agricultural 
employers) -- about the pesticide before it is applied. [40 CFR section 170.224]. What 
provisions apply if the pesticide cannot be applied as scheduled? 
 
The WPS requires the commercial handler to provide specific information to the grower 
about pesticide applications on the agricultural establishment before the application has 
taken place. This is so the grower can, in turn, provide appropriate protection to his/her 
workers and family. The Agency is aware, however, that some commercial handlers may 
on occasion not be able to perform pesticide applications at a previously scheduled time. 
 
The "How to Comply" manual provided some flexibility on this issue, noting that "if the 
pesticide is not applied as scheduled, the agricultural employer must be informed of the 
corrected time and date of the application. Make the correction before the application 
takes place, or as soon as practicable thereafter." Questions have arisen concerning the 
notification requirements if applications do not take place as scheduled, including when 
and how the employer must be notified of the change. 
 
The WPS places certain requirements upon growers (agricultural employers). One of the 
most important requirements involves keeping workers out of treated areas during 
applications and while the restricted entry interval (REI) remains in effect.  
 
Growers also must provide workers with (among other things) information, protective 
equipment, and decontamination supplies when they enter treated fields within 30 days of 
expiration of the REI. The requirement for commercial handlers to notify growers before 
an application takes place must be viewed in light of its central purpose: to provide growers 
with information they may need in order to protect their workers. 
 
The obligation of growers to assure that workers remain out of treated areas during 
applications and while the REI remains in effect, and to assure that proper protections are 
provided when workers enter treated areas within 30 days of expiration of the REI, is not 
affected by the notification provision. The obligation of the grower continues whether or 
not notification of an application occurs. The grower should take whatever steps are 
necessary to assure that he/she is informed of an application before workers might enter 
treated areas. Obviously, notification before application is the best way to assure that the 
grower has the necessary information to protect the agricultural employees. For this 
reason, the WPS requires that notification take place before applications. Commercial 
handlers are liable under the WPS if they fail to provide such notification. 
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WPS -Central Posting on Large or Non-contiguous 
Establishments 
 

 
 

 
The Agricultural Worker Protection Standard (WPS) is a regulation issued by the U.S. 
Environmental Protection Agency in 1992 and amended in 2015. It covers pesticides that 
are used in the production of agricultural plants on farms, forests, nurseries, and 
greenhouses. The WPS requires you to take steps to reduce the risk of pesticide-related 
illness and injury if you (1) use such pesticides, or (2) employ workers or pesticide handlers 
who are exposed to such pesticides. This fact sheet will help you understand how to 
comply with WPS requirements for displaying information about pesticide applications. 
These questions were submitted to the Agency by people seeking clarification on this part 
of the regulation, and have been answered by EPA’s Office of Compliance. 
 
What is required for central posting when an agricultural establishment is 
particularly large or has separate workforces on non-contiguous sites? 
The rule requires that certain information (30-day listing of pesticide applications and 
associated REIs, safety poster, and emergency medical care information) must be 
displayed in a central location on the agricultural establishment, in a place accessible to 
workers and handlers. EPA anticipated that there would be one central posting location 
on the agricultural establishment.  
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However, if because of the size of the establishment or the separate nature of the 
workforce, there is not one central location that is accessible to all workers, then an 
employer will need more than one central posting to comply with the accessibility 
requirement in the rule. 
 
By accessible, EPA means that the information must be in a location where it can be 
readily seen and read and must be unrestricted in that it need not be requested. 
 
When an agricultural employer uses more than one central location on the 
agricultural establishment, what information may be provided at each location? 
The agricultural employer has two options.  
 
Option 1 is to post complete information for the entire establishment at all locations.  
 
Option 2 is to post information on applications made only to the part of the agricultural 
establishment served by the central location, if the following conditions are met: 

1. Each central location clearly indicates the area covered by the application list. The 
central posting states that it is site-specific and is only a partial listing of the 
applications on the establishment. The posting makes clear that there are other 
central locations. 

2. Any worker or noncommercial handler that enters any area of the agricultural 
establishment has been informed of the central location covering that area. 

3. Each central location meets all other WPS requirements for a central location 
including display of a safety poster and emergency information. 

 
Note: If an agricultural employer has a central posting location displaying information 
about all applications, he/she may post site-specific information at other locations on the 
establishment. The above three conditions do not have to be met for this additional 
information. 
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WPS - Basic Information about Central Posting  
 
 
 

 
 
 
Agricultural employers must display certain information, described below, at a central 
location whenever any worker or handler they employ is on their agricultural establishment 
and, within the past 30 days, a WPS-labeled pesticide product has been applied or a 
restricted-entry interval (REI) for such pesticide has been in effect. 170.309(h) 
 
The requirement to display information is not applicable to commercial pesticide handler 
employers. 
 
What information must be displayed? 
170.311(a)&(b) 
 
Pesticide safety information can be a poster developed by EPA, or an equivalent way 
of providing the required WPS pesticide safety concepts. 
 
Pesticide application information including: 
 Name of the pesticide applied, 
 Active ingredient(s), 
 EPA registration number, 
 REI, 
 Crop or site treated, 
 Location and description of the treated area(s), and 
 Date(s) and times application started and ended. 
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Hazard information consists of a copy of the OSHA Safety Data Sheet (SDS) for each 
pesticide product. 
 
Where must the information be displayed? 170.311(a)(5) and 170.311(b)(2)&(3) 
Pesticide safety, application, and hazard information must be displayed at a central 
location on an agricultural establishment that is readily accessible at all times during 
normal work hours and can be easily seen and read by workers and handlers. Usually 
this is a location where employees congregate such as where they check in or out of 
work, change clothes, eat, etc. 
In addition, only pesticide safety information must be displayed at: 
● Any permanent decontamination site, and 
● Any location where decontamination supplies are required in quantities for 11 or more 
workers. 
 
When must the information be displayed? 170.309(h) & (l) and 170.311(b)(5) 
Display pesticide safety information: 
● Whenever any worker or handler employee is on the agricultural establishment, and 
● When, within the past 30 days, a WPS-labeled pesticide product has been applied or a 
restricted-entry interval (REI) for such pesticide has been in effect. 
Display pesticide application and hazard information: 
● Within 24 hours after the end of the application if workers or handlers are on the 
agricultural establishment. 
 
Continue to display the pesticide application and hazard information when workers or 
handlers are on the establishment until: 
● At least 30 days after the REI expires, or 
● At least 30 days after the end of the application, if there is no REI for the pesticide, or 
● Workers and handlers are no longer on the establishment - if it is less than 30 days 
after the end of the last applicable REI. 
 
Other employer responsibilities 
● Inform workers and handlers where the pesticide safety, application and hazard 
information is located. 170.403 & 170.503 
● Allow workers and handlers unrestricted access to the posted information. 
170.311(a)(6) & (b)(3) 
● Ensure the pesticide safety information and pesticide application information remains 
legible the entire time they are posted. 170.311(a)(7) & (b)(4) 
● Update the emergency medical facility information listed with the poster within 24 
hours of obtaining new information. 170.311(a)(4) 
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Federal Pesticide Recordkeeping Requirements Subsection 
 
New 2015 Requirements 
For Workers 
(1) For each worker required to be trained under paragraph (a), the agricultural employer 
must maintain on the agricultural establishment, for two years from the date of the training, 
a record documenting each worker's training including all of the following: 
(i) The trained worker's printed name and signature. 
(ii) The date of the training. 
(iii) Information identifying which EPA-approved training materials were used. 
(iv) The trainer's name and documentation showing that the trainer met the requirements 
of §170.401(c)(4) at the time of training. 
(v) The agricultural employer's name. 
(2) An agricultural employer who provides, directly or indirectly, training required under 
paragraph (a) must provide to the worker upon request a copy of the record of the training 
that contains the information required under §170.401(d)(1). 
 
For Pesticide Worker Trainers 
The person who conducts the training must have one of the following qualifications: 
(i) Be designated as a trainer of certified applicators or pesticide handlers by EPA or the 
State or Tribal agency responsible for pesticide enforcement. 
(ii) Have completed an EPA-approved pesticide safety train-the-trainer program for 
trainers of handlers. 
(iii) Be currently certified as an applicator of restricted use pesticides under part 171 of this 
chapter. 
(d) Recordkeeping. (1) Handler employers must maintain records of training for handlers 
employed by their establishment for two years after the date of the training. The records 
must be maintained on the establishment and must include all of the following information: 

(i) The trained handler's printed name and signature. 
(ii) The date of the training. 
(iii) Information identifying which EPA-approved training materials were used. 

(iv) The trainer's name and documentation showing that the trainer met the requirements 
of §170.501(c)(4) at the time of training. 

(v) The handler employer's name. 
(2) The handler employer must, upon request by a handler trained on the establishment, 
provide to the handler a copy of the record of the training that contains the information 
required under §170.501(d)(1). 
 
Related Questions and Answers 
Final regulations to implement requirements in section 1491 of the Food, Agriculture, 
Conservation, and Trade (FACT) Act of 1990, commonly referred to as the 1990 Farm 
Bill, went into effect May 10, 1993. On February 10, 1995 amendments to the regulations 
were published, which become effective on May 11, 1995. The regulations are 
administered by the U.S. Department of Agriculture's Agricultural Marketing Service 
(AMS).  
 
Why are there regulations for restricted use pesticide recordkeeping for certified 
private applicators? The FACT Act of 1990, subtitle H, section 1491, states that the 
Secretary of Agriculture, in consultation with the Administrator of the Environmental 
Protection Agency (EPA), "shall require certified applicators of restricted use 
pesticides..... to maintain records comparable to records maintained by commercial 
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applicators of pesticides in each State." Certified applicators include both commercial 
and private applicators.  The EPA currently requires certified commercial applicators to 
keep records under regulations implementing the Federal Insecticide, Fungicide, and 
Rodenticide Act (FIFRA). The EPA is prohibited from requiring certified private applicators 
to maintain records. However, some individual States require certified private applicators 
to maintain records. 
  
Do the regulations apply to all pesticide applications? No. The regulations only 
require recordkeeping for applications of federally-restricted use pesticides. Pesticides are 
classified as restricted use, general use, or for both uses.  
 
Is a Federal form required for maintaining the record(s)? No. The regulations do not 
require the use of a standardized form. This allows applicators the flexibility to fit the 
recordkeeping requirements into their current recordkeeping scheme.  
 
What information is a certified private applicator required to maintain on a restricted 
use pesticide application? The recordkeeping requirements are:  

1. The brand or product name, and the EPA registration number of the restricted use 
pesticide that was applied;  

2. The total amount of the restricted use pesticide applied;  
3. The location of the application, the size of area treated, and the crop, commodity, 

stored product, or site to which a restricted use pesticide was applied;  
4. The month, day, and year when the restricted use pesticide application occurred; 

and  
5. The name and certification number (if applicable) of the certified applicator who 

applied or who supervised the application of the restricted use pesticide.  
 
When does the pesticide application information have to be recorded? The 
information required shall be recorded within 14 days following the pesticide application.  
 
How long are records required to be kept? Restricted use pesticide records must be 
retained by the applicator for 2 years from the date of application and made available to 
individuals who are authorized to have access to the record information.  
 
Certified applicators have no reporting requirements under the regulations.  
 
Who has authorization to obtain record information from the certified applicator? 
Individuals representing the Secretary of Agriculture or the State designated agency, 
which is most commonly the State Department of Agriculture.  
Also the attending licensed health care professional, or an individual acting under the 
direction of the attending licensed health care professional, is authorized access to record 
information when it is determined the information is needed to provide medical treatment 
or first aid to an individual who may have been exposed to the restricted use pesticide for 
which the record is maintained.  
 
Are there any penalties for violation of the Federal pesticide recordkeeping 
requirements? Yes. Any certified applicator who violates the requirements shall be 
subject to a civil penalty of not more than $500 in the case of the first offense, and shall 
be subject to a civil penalty of not less than $1000 for each violation for subsequent 
offenses, except that the civil penalty shall be less than $1000 if the Administrator 
determines that the certified applicator made a good faith effort to comply.  
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Topic 2-  Agricultural Pesticide Application Introduction Post Quiz          
Answers in rear near References 
 
New and Required EPA Information 
1.   All agricultural employers whose workers perform hand labor operations in 
fields, forests, nurseries, and greenhouses treated with pesticides, and handle 
pesticides in these locations are covered by the U.S. Environmental Protection 
Agency's worker protection standard revised in  ________________.  
  
 
Changes to EPA’s Farm Worker Protection Standard  
2.  The regulation seeks to protect and reduce the risks of injury or illness resulting 
from agricultural workers’ (those who perform_______________ , such as 
harvesting, thinning, pruning) and pesticide handlers’ (those who mix, load and 
apply pesticides) use and contact with pesticides on farms, forests, nurseries and 
greenhouses. The regulation does not cover persons working with livestock.  
 
 
Employers covered by the WPS must: 
3.  Reduce overall exposure to pesticides by prohibiting handlers from exposing 
workers during pesticide application, excluding workers from areas being treated 
and areas under a restricted entry interval, and__________________.  Some 
activities are allowed during restricted entry intervals if workers are properly trained 
and protected. 
 
 
Agricultural Employers Responsibility   
We will go in to great detail on this rule and its requirement. 
New WPS Requirements 2015-2018 
4.  Annual mandatory training to inform farmworkers on the required protections. 
This increases the likelihood that ____________________ will be followed.  
 
 
What Will These Changes Achieve? 
5.  There is a clear need for ____________ for farmworkers. Each year, between 
1,800 and 3,000 occupational incidents involving pesticide exposure are reported 
from the farms, forests, nurseries and greenhouses covered by the Worker 
Protection Standard. There is widespread underreporting.  
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What Types of Activities Are Covered? 
6.  The regulation seeks to protect and reduce the risks of injury or illness resulting 
from agricultural workers’ (those who perform hand-labor tasks in pesticide-treated 
crops, such as harvesting, thinning, pruning) and pesticide handlers’ (those who 
mix, load and apply pesticides) use and contact with pesticides on farms, forests, 
nurseries and greenhouses.  The regulation does not cover 
______________working with livestock. 
 
 
 
Family Exemption  
7.  There is an “immediate family” exemption to the WPS that exempts family 
members from MOST of the WPS protections. However, family members must still 
use label required _________ and still must obey the REIs (Restricted Entry 
Intervals) and the other label requirements.  
 
 
So who falls under the Family Exemption?  
8.  The regulation revision has expanded the ______________to now include first 
cousins, nephews, nieces, aunts, uncles, grandchildren, grandparents and in-laws. 
The original exemptions are still valid and they include children, step children, 
foster children, parents, step parents, foster parents, siblings and spouses and of 
course the owner.  
 
 
Labeling 
9.  Requires ___________applying pesticides to obey instructions printed on the 
pesticide container's label. 
    
 
Understanding the Worker Protection Standard? 
10.  The Worker Protection Standard (WPS) is a regulation issued by the U.S. 
Environmental Protection Agency. It covers pesticides that are used in the 
production of agricultural plants on farms, forests, nurseries, and enclosed 
production spaces. The ____________ requires you to take steps to reduce the 
risk of pesticide-related illness and injury if you (1) use such pesticides, or (2) 
employ workers or pesticide handlers who are exposed to such pesticides. 
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Topic 3 - Common Pesticide Applications and Methods  
 
Section Focus: The student will be able to understand and describe various pesticide 
applications, methods and application devices including the usage of primary pesticides 
with a post quiz and final examination.  
 
Scope/Background: Pesticides are classified by different classification terms such as 
chemical classes, functional groups, modes of action, and toxicity. Firstly, pesticides are 
classified by different targets of pests, including fungicides, insecticides, herbicides, and 
rodenticides. For example, fungicides are used to kill fungi, insecticides are used to kill 
insects, while herbicides are used to kill weeds. In terms of chemical classes, pesticides 
are classified into organic and inorganic ingredients. Inorganic pesticides include copper 
sulfate, ferrous sulfate, copper, lime, and sulfur. The ingredients of organic pesticides are 
more complicated. Organic pesticides can be classified according to their chemical 
structure, such as chlorohydrocarbon insecticides, organophosphorus insecticides, 
carbamate insecticides, synthetic pyrethroid insecticides, metabolite and hormone analog 
herbicides, synthetic urea herbicides, triazine herbicides, benzimidazole nematocides, 
metaldehyde molluscicides, metal phosphide rodenticides, and D group vitamin-based 
rodenticides. 
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Chemical Application Methods and Devices 
 
Hand Operated Sprayers  
Hand operated applicators are generally used to apply small quantities of pesticides both 
inside structures such as greenhouses or for small jobs outdoors such as on small farms 
or spot treatment on larger farms.  
 
Hand-held sprayers usually have an air pump which compresses air into the tanks and 
pressurizes the spray mixture. The pressure slowly drops as the liquid is sprayed. When 
the pressure gets too low, the nozzle spray pattern is poor. You must stop spraying and 
pump to rebuild the pressure. These sprayers operate at low pressures of 350 kPa (50 
psi) or less and have small tanks of up to 10 liters, 2.5 gallons.  
 
Back-pack sprayers are fitted with a harness so the sprayer can be carried on the 
operators back. Tank capacity may be as large as 20 liters, 5 gallons. A hand lever is 
continuously operated to maintain the pressure which makes the back-pack sprayer output 
more uniform than that of a hand-held sprayer. Basic low cost backpack sprayers will 
generate only low pressures and lack features such as high-pressure pumps, pressure 
adjustment controls (regulator) and pressure gauges found on commercial grade units.  
 
Basic low pressure hand operated sprayers are suitable for high-volume or dilute spraying 
where uniform coverage is not required. Sprayers equipped with pressure regulators and 
gauges and high pressure pumps (above 550 kPa or 80 psi) may be used for applying 
insecticides and fungicides. 
 
Obtaining uniform coverage of an area is difficult with a hand operated sprayer. The 
operator must move the nozzle from side to side with proper overlaps and move at a 
steady pace. Motorized sprayers typically produce more consistent sprayer outputs, cover 
the spray swath more uniformly, operate at constant speeds and result in much more 
uniform coverage than hand spraying. Motorized sprayers are also capable of higher 
pressure sprays where required to provide better coverage.  
 
There are many other types of hand operated sprayers that are not widely used throughout 
the agriculture industry. Some may be used extensively for the production of specific 
commodities.  
 
Motorized Sprayers  
Motor powered sprayers offer many advantages over hand operated sprayers. Powered 
sprayers can provide high pressure sprays and the power can be used to drive agitation 
systems, fans for air-assisted or airblast spraying and transporting large volumes of spray 
mix. Properly equipped and operated, power sprayers can provide uniform coverage on a 
wide variety of targets. These systems can be mounted on tractors, trucks, trailers, and 
aircraft. Some backpack sprayers are also motorized.  
 
Boomless Sprayers  
Motorized sprayers may be used to supply spray mix to a hand gun or hand held boom 
with several nozzles. With this equipment, the spray uniformity will be similar to a hand 
operated sprayer. However, the sprayer pressure may be constant and the operator is 
able to cover larger areas or targets than with a hand operated sprayer. Hand guns are 
useful for spot treatments and treating small areas.  
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Boomless Nozzles are also used to broadcast pesticides in areas not easily accessed 
by a boom sprayer. With this equipment good distribution of spray is obtained but the 
uniformity is not as good as with a properly operated boom sprayer. Boomless nozzles 
may be suitable for use in rough areas, and along fencelines and roadsides.  
 
Boom Sprayers  
Most sprayers distribute pesticides using a boom with spray nozzles spaced at regular 
intervals. The most common example would be wide horizontal booms used on field 
sprayers to spray field crops. Depending on how the motorized sprayer is equipped, these 
sprayers can be used for a wide variety of tasks. A high degree of spray coverage 
uniformity is possible with constant spray pressure through uniformly spaced nozzles 
traveling at constant speeds.  

Boom Sprayers  

 
Low pressure boom sprayers are often used for spraying herbicides and in some 
circumstances insecticides and fungicides. Insecticides and fungicides are often applied 
to larger plants with more foliage and may require finer droplets to obtain good coverage 
of the foliage, especially if the target is the undersides of leaves in dense canopies. High 
pressure boom sprayers are often used in these circumstances. High pressure sprayers 
require pumps, hoses, nozzles and other components that can develop and withstand the 
higher pressures, resulting in sprayers that are more expensive.  
 
Sometimes sprayer booms are mounted vertically to spray some crops such as 
blueberries, raspberries and occasionally nurseries. Nozzle spacing and the boom 
distance from the target are important in both horizontal and vertical booms to achieve 
good coverage.  
 
 

 

 

Airblast sprayers   
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Airblast Sprayers  

Most boom sprayers rely on pressure to move the spray mixture through a small opening 
in the nozzle and to create the small droplets and speed necessary to achieve good spray 
coverage of the target. In field crops good coverage is relatively easy to achieve where 
the target foliage is small and close to the nozzles. In tree fruits, especially with large trees, 
good coverage with conventional sprayers is more difficult to achieve. Airblast sprayers 
direct the spray mixture from the nozzles into an air stream which transports the spray 
droplets to the target. Airblast sprayers have a powered fan which forces air through an 
opening to generate high air speeds. Often the opening or manifold can be adjusted to 
ensure that the air stream is directed at the target. These sprayers are also used in other 
commodities such as grapes, blueberries and nursery crops among others.  
 
In conventional airblast sprayers most of the air movement is upward into the trees or 
target. Tower air manifolds are also available for airblast sprayers which direct the air 
horizontally or even downwards towards the target. The horizontal or downwards air 
movement minimizes drift from airblast sprayers.  

 
Tower Sprayer 

 

 
Granular Applicators  
Granular applicators are used to apply granular pesticides to soil. Granules must be 
incorporated (mixed in with the soil) during or immediately following applications. 
Incorporation in the soil prevents birds from eating the granules; also, contact with soil 
moisture activates the pesticide.  
 
There are several types of equipment for granular application. Some granular applicators 
can be hand operated and may use gravity to deliver the granules while others are 
powered such as the pneumatic applicators which use a stream of air to carry granules 
through the delivery tubes.  
 
Aerial Applicators  
Some pesticide labels say the pesticide can be applied by either fixed-wing aircraft or by 
helicopters. The main advantage of aerial spraying is that it can be carried out quickly and 
at times when ground equipment cannot operate. The main disadvantage is the increased 
possibility of pesticide drift onto neighboring areas and decreased spray coverage.  
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Even when properly calibrated and operated, aircraft sprayers are often not as thorough 
in applying material as ground rigs, especially to the lower surfaces of the leaves and to 
the lower portions of the plants when the foliage is dense. 
 
Aerial applications should not be used for small acreages or in residential areas, and 
should be done only by properly trained individuals who hold a valid pesticide applicators 
certificate. Information on aerial applicator courses and pesticide applicator certificates 
can be obtained from your state pesticide department.   
 
Other Applicators  
There are many other types of pesticides applicators. Many are specialized applicators or 
have not been widely adopted. There are many variations on the type of equipment that 
has been described as well. Very high pressure sprayers, foggers and misters are used 
in the greenhouse sector to apply very fine droplets in an enclosed building. This 
equipment is also used in mushroom production and other situations with enclosed areas. 
 

Pest Resistance 
Pesticides are important pest management tools. Many pesticides have gradually lost their 
effectiveness due to the development of resistance by pests they once controlled. Pest 
resistance is an heritable and significant decrease in the sensitivity of a pest population to 
a pesticide that is shown to reduce the field performance of pesticides.  
 
Pests may include insects, mites, weeds, and fungi and bacteria which cause plant 
disease. The management of pesticide resistance development is an important part of 
sustainable pest management and this, in conjunction with alternative pest management 
strategies and Integrated Pest Management (IPM) programs, can make significant 
contributions to reducing risks to humans and the environment. 
 
An important pesticide resistance management strategy is to avoid the repeated use of a 
particular pesticide, or pesticides that have a similar target site of action as the pest control 
mechanism in the same field.  
 
One pest control strategy is rotating pesticides and/or using tank mixtures or premixes 
with different mode/target sites of action. This will delay the onset of resistance, as well 
as slow the development and subsequent buildup of resistance, without resorting to 
increased rates and frequency of application, and ultimately, will prolong the useful life of 
many pesticides. 
 
A resistance management strategy should also consider cross-resistance between 
pesticides with different modes/target sites of action. Pests may develop cross-resistance 
to pesticides based on mode/target site of action. 
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Insect Growth Regulators Subsection 
 
An insect growth regulator (IGR) is a synthetic chemical that mimics insect hormones. 
Hormones regulate a wide array of body and growth (physiological) functions. IGRs may 
interfere with molting, pupal emergence, or body wall formation. IGRs are often specific 
for an insect species or a group of very closely related species. They often have delayed 
effects because they are taken into the insect and stored until the insect reaches the right 
growth stage. This may range from days to weeks or even months. For example, if the 
IGR stops the insect from molting and a given insect is exposed just after a molt, it would 
continue to function normally until the next molt before dying. 
 
Reduced Risk 
Many IGRs are labeled "reduced risk" by the Environmental Protection Agency, meaning 
that they target juvenile harmful insect populations while causing less detrimental effects 
to beneficial insects. Unlike classic insecticides, IGRs do not affect an insect's nervous 
system and are thus more worker-friendly within closed environments. IGRs are also more 
compatible with pest management systems that use biological controls. In addition, while 
insects can become resistant to insecticides, they are less likely to become resistant to 
IGRs.  
 
Hormonal IGRs 
Hormonal IGRs typically work by mimicking or inhibiting the juvenile hormone (JH), one of 
the two major hormones involved in insect molting. IGRs can also inhibit the other 
hormone, ecdysone, large peaks of which trigger the insect to molt.  
 
If JH is present at the time of molting, the insect molts into a larger larval form; if absent, 
it molts into a pupa or adult. IGRs that mimic JH can produce premature molting of young 
immature stages, disrupting larval development.  
 
They can also act on eggs, causing sterilization, disrupting behavior or disrupting 
diapause, the process that causes an insect to become dormant before winter. IGRs that 
inhibit JH production can cause insects to prematurely molt into a nonfunctional adult. 
IGRs that inhibit ecdysone can cause pupal mortality by interrupting the transformation of 
larval tissues into adult tissues during the pupal stage. 
 
Chitin Synthesis Inhibitors 
Chitin synthesis inhibitors work by preventing the formation of chitin, a carbohydrate 
needed to form the insect's exoskeleton. With these inhibitors, an insect grows normally 
until it molts. The inhibitors prevent the new exoskeleton from forming properly, causing 
the insect to die. Death may be quick, or take up to several days depending on the insect. 
Chitin synthesis inhibitors can also kill eggs by disrupting normal embryonic development. 
Chitin synthesis inhibitors affect insects for longer periods of time than hormonal IGRs. 
These are also quicker acting but can affect predaceous insects, arthropods and even 
fish.  
 
In the case of termite control, the slow action of the IGR allows the chemical to be widely 
spread throughout the colony as the termite workers feed and groom one another. IGRs 
are, in general, environmentally safe and have very low mammalian toxicity. Some 
examples are hexaflumuron, diflubenzuron, pyriproxyfen, and methoprene. 
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Hexaflumuron  
Hexaflumuron (hexaflumeron) is an insect growth regulator that interferes with insects' 
chitin synthesis. It was registered in 1994 — the first active ingredient to be registered as 
a "reduced risk pesticide" through the U.S. Environmental Protection Agency's (EPA's) 
reduced risk program, which waives tests for new pesticides that are thought to pose fewer 
hazards than existing pesticides. It is registered for use on termites, and is the active 
ingredient in the Sentricon™ bait system. It functions by inhibiting the synthesis of chitin, 
the material that makes up the exoskeleton of insects (Cox, 1997).  
 
Hexaflumuron is a benzoyl-phenylurea termiticide registered for use to control Eastern 
and Formosan subterranean termites. It is registered for use in above- and below-ground 
termite bait station systems in food and nonfood areas. Treatment sites may include 
interior and exterior surfaces of buildings and crawl spaces, fences, utility poles, decking, 
landscape decorations, trees, and other features which could be damaged by termite 
foraging and feeding activity. 
 
Hexaflumuron is not approved for use in indoor residences. While it is not a restricted use 
product, hexaflumuron is sold in conjunction with a service provided by pest-control 
operators licensed by the state to apply termiticides. As hexaflumuron was first registered 
in 1994, it was 
not subject to the reregistration process as required by FIFRA. 
 
The Agency anticipates conducting an ecological risk assessment for hexaflumuron, 
including an endangered species assessment. For human health, risk assessments may 
be required if there are changes in current use patterns. Below is a summary of the issues 
relevant to the registration review process of hexaflumuron. 
 
Environmental Fate and Ecological Risk: 
• The application method for hexaflumuron (i.e., bait stations), is viewed by the Agency as 
a “closed system” with minimal likelihood of environmental exposure. No previous 
ecological risk assessments or drinking water exposure assessments have been 
conducted for hexaflumuron. 
• The Agency has not conducted a risk assessment that supports a complete endangered 
species determination. The ecological risk assessment planned during registration review 
will allow the Agency to determine whether hexaflumuron use has “no effect” or “may 
affect” federally listed threatened or endangered species (listed species) or their 
designated critical habitats. When an assessment concludes that a pesticide’s use “may 
affect” a listed species or its designated critical habitat, the Agency will consult with the 
U.S. Fish and Wildlife Service and/or National Marine Fisheries Service (the Services), as 
appropriate. 
• Considering the environmental fate properties of hexaflumuron and the method of 
application (i.e., bait stations), hexaflumuron has the potential to enter into the 
environment via termites eating the bait and then transporting it away from the bait station. 
Once in the termite, hexaflumuron could be transferred to termite predators, such as birds 
and mammals. Based on the fate properties of hexaflumuron, it has the potential to 
bioaccumulate in food webs. Another possible route of exposure where uncertainty exists 
is the ability of non-target terrestrial invertebrates, such as native ground-dwelling 
pollinators, to enter the hexaflumuron bait stations. Therefore, future ecological risk 
assessments of hexaflumuron will include assessing risks associated with exposures of 
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terrestrial animals to hexaflumuron through consumption of contaminated termites and 
non-target terrestrial invertebrates that may enter bait stations. 
• Hexaflumuron’s mode of action, fate and transport properties, and toxicity to non-target 
terrestrial species create the potential for hexaflumuron to reduce survival, reproduction, 
and/or growth in non-target terrestrial animals including birds, mammals, amphibians, 
reptiles and terrestrial insects when used in accordance with the current label. These non-
target organisms include federally listed threatened and endangered species as well as 
non-listed species. 
• Based on the application methods (i.e., above- and below-ground bait stations) and the 
environmental fate properties for hexaflumuron, the potential for hexaflumuron to migrate 
to the soil and to further migrate to surface water and/or groundwater sources is 
considered minimal. Therefore, ecological risk to aquatic organisms is expected to be low. 
In addition, unless the use patterns for hexaflumuron change, a drinking water exposure 
assessment will not be required to support registration review. 
 
Human Health Risk 
• Because of the low toxicity of hexaflumuron, and the low-exposure scenarios associated 
with hexaflumuron products, a human health risk assessment has not been previously 
conducted. 
• Given the current uses, the Agency does not anticipate conducting a human health risk 
assessment for hexaflumuron to support registration review. However, if in the future new 
uses or use patterns emerge, human health risk assessments that examine the dietary, 
residential, aggregate, or occupational risks of hexaflumuron may be required. 
• Based on the Agency’s review of the available human health toxicity and exposure data 
for hexaflumuron, no additional data are expected to be required to support registration 
review. 
 

Diflubenzuron 
Diflubenzuron is an insecticide of the benzamide class. It is used in forest management 
and on field crops to selectively control insect pests.  The mechanism of action of 
diflubenzuron involves inhibiting the production of chitin which is used by an insect to build 
its exoskeleton. Diflubenzuron is an acaricide/insecticide (insect growth regulator) used to 
control many leaf eating larvae of insects feeding on agricultural, forest and ornamental 
plants (e.g. gypsy moths, mosquito larvae, rust mites).  
 
Diflubenzuron is used primarily on cattle, citrus, cotton, mushrooms, ornamentals, 
standing water, forestry trees and in programs to control mosquito larvae and gypsy moth 
populations. Formulations include a soluble concentrate, flowable concentrate, wettable 
powder and a pelleted/tableted. Diflubenzuron is applied by airblast, aircraft and hydraulic 
sprayers. 
 
Regulatory History 
Diflubenzuron was first registered as a pesticide in the U.S. in 1976. EPA issued a 
Registration Standard for diflubenzuron in September 1985 (PB86-176500). A November 
1991 Data Call-In (DCI) required additional residue chemistry and ecological effects data. 
Currently, 29 diflubenzuron products are registered. 
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Human Health 
 
Assessment Toxicity 
In studies using laboratory animals, diflubenzuron generally has been shown to be slightly 
toxic on an acute basis. It is absorbed by the dermal route and has been placed in Toxicity 
Category III (the second lowest of four categories). It has also been placed in Toxicity 
Category IV (the lowest of four categories) for ingestion by the oral and inhalation routes. 
 
Occupational and Residential Exposure 
Based on current use patterns, handlers (mixers, loaders, and applicators) may be 
exposed to diflubenzuron during and after normal use of applications in agricultural and 
other settings. The Agency is establishing a short-term (1 to 7 days) toxicological endpoint 
of sulfhemoglobinemia and intermediate-term (1 week to several months) toxicological 
endpoint of methemoglobinemia. 
 
Human Risk Assessment 
Diflubenzuron generally is of low acute toxicity, but affects the hemoglobin of animal in 
studies. Although the Agency has determined that there is no evidence of carcinogenicity 
for  iflubenzuron per se (Group E); p-chloroaniline (PCA), a metabolite of diflubenzuron, 
is a probable human carcinogen (Group B2). The Agency has also determined that 
pchlorophenylurea (CPU), a metabolite of diflubenzuron that is closely related to PCA but 
has no adequate carcinogenicity data, is considered as having the same carcinogenicity 
potential (Q1*) as PCA. The total cancer risk estimate for PCA and related metabolites for 
the overall U.S. population is 1 X 10-6. The Rfd is 0.02 mg/kg/day, based on the NOEL of 
2.0 mg/kg/day in the 52-week chronic oral study in dogs with a safety factor of 100 to 
account for interspecies extrapolation and intraspecies variability. 
 
Occupational Exposure 
Of greater concern is the risk posed to diflubenzuron handlers, particularly 
mixers/loaders/applicators. The risk for short-term occupational exposure is acceptable 
for handlers wearing long-sleeved shirts, long pants and chemical-resistant gloves. The 
risk for intermediate term occupational exposure is also acceptable, provided dust/mist 
respirators (TC-21C) are required for mixers, loaders and applicators when working with 
diflubenzuron for certain higher risk application methods. 
 
Restricted Entry Interval 
Post-application re-entry workers will be required to observe a 12-hour Restricted Entry 
Interval, as set by the WPS. Under the Food Quality Protection Act of 1996, the Agency 
has determined that there is a reasonable certainty that no harm will result to infants and 
children from aggregate exposure to diflubenzuron.  
 
The total dietary cancer risk for the published tolerances for the overall U.S. population is 
approximately 1 x 10-6. Since there are no detections of diflubenzuron in ground water, 
dietary risk from drinking water are expected to be negligible.  
 
Based on very low residues detected in forestry dissipation studies, a low dermal 
absorption rate, and extremely low dermal and inhalation toxicity, occupational uses of 
diflubenzuron in residential locations, parks, or forests treated with diflubenzuron are 
expected to result in insignificant risk. 
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Ecological Effects 
Diflubenzuron is practically non-toxic to avian species, small mammals, freshwater fish 
and marine/estuarine fish on an acute oral dietary basis, while it is slightly toxic to avian 
species on a subacute dietary basis. 
 
Diflubenzuron is non-toxic to bees. The results indicate that diflubenzuron is very highly 
toxic to freshwater aquatic invertebrates, including marine/estuarine crustacea, while it is 
highly toxic to marine/estuarine mollusks. The results indicate that diflubenzuron affects 
reproduction, growth and survival in freshwater invertebrates as well as reproduction in 
marine/estuarine invertebrates. 

 
Pyriproxyfen 
Pyriproxyfen is a pyridine based pesticide which is found to be effective against a variety 
of arthropoda. It was introduced to the US in 1996 to protect cotton crops against whitefly. 
It has also found useful for protecting other crops. It is also being used as a prevention for 
fleas on household pets. 
 
Pyriproxyfen is a juvenile hormone analogue, preventing larvae from developing into 
adulthood and thus rendering them unable to reproduce. In the US pyriproxyfen is often 
marketed under the trade name Nylar. In Europe pyriproxyfen is known under the brand 
names Cyclio (Virbac) and Exil Flea Free TwinSpot (Emax). 
 

Methoprene 
Methoprene is a juvenile hormone (JH) analog which can be used as an insecticide that 
acts as a growth regulator. Methoprene is an amber-colored liquid with a faint fruity odor 
which is essentially nontoxic to humans when ingested or inhaled. It is used in drinking 
water cisterns to control mosquitoes which spread malaria.  
 
Methoprene is an insect growth regulator (IGR) with activity against a variety of insect 
species including horn flies, mosquitoes, beetles, tobacco moths, sciarid flies, fleas (eggs 
and larvae), fire ants, pharaoh ants, midge flies and Indian meal moths. Controlling some 
of these insects, methoprene is used in the production of a number of foods including 
meat, milk, mushrooms, peanuts, rice and cereals. It also has several uses on domestic 
animals (pets) for controlling fleas. 
 
Methoprene products are sold under a number of trade names including Altosid, Precor, 
Kaba,  Pharorid, Dianex, Apex, Fleatrol, Ovitrol, Extinguish and Diacon. Methoprene is 
considered a biochemical pesticide because rather than controlling target pests through 
direct toxicity, Methoprene interferes with an insect’s life cycle and prevents it from 
reaching maturity or reproducing. 
 
Health Effects 
An extensive safety data base has been generated for Methoprene since it was first 
registered in 1975. Toxicological data on file with the Agency includes an acute toxicity 
battery, irritation/sensitization studies, sub-chronic feeding studies, developmental and 
reproductive toxicity studies, mutagenicity studies, chronic feeding studies and lifetime 
carcinogenicity studies. In addition, special studies dealing with the metabolism and fate 
of Methoprene in several mammalian species and those dealing with the potential for 
endocrine effects have also been completed. Studies relating to the effect of Methoprene 
on the immune system were waived by EPA since there was no indication of the immune 
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system being the potential target organ/system in any of the acute, sub-chronic, chronic, 
teratology, reproduction or special toxicity studies. Today, some of the submitted data 
would not even be required under the current guidelines for biochemical pesticides. 
 
Regulatory Conclusions 
• The studies available to EPA indicate that the biochemical insect growth regulator 
Methoprene is of low toxicity and poses very little hazard to people and other non-target 
species. 
• Ecological concerns contained in the 1991 Methoprene R.E.D. FACTS document related 
to toxicity to estuarine invertebrates have been alleviated as a result of submission of the 
estuarine 
invertebrate life cycle toxicity study in 1996, which indicated minimal chronic risk to Mysid 
Shrimp. 
• All Methoprene end-use products completed the reregistration process in 1997 and all 
reregistration data requirements and label changes have been completed.
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IPM Methods (Types of Pest Control) Review 
 
Integrated Pest Management (IPM) is an effective and environmentally sensitive approach 
to pest management that relies on a combination of common-sense practices. IPM 
programs use current, comprehensive information on the life cycles of pests and their 
interaction with the environment. This information, in combination with available pest 
control methods, is used to manage pest damage by the most economical means, and 
with the least possible hazard to people, property, and the environment. 
 
The IPM approach can be applied to both agricultural and non-agricultural settings, such 
as the home, garden, and workplace. IPM takes advantage of all appropriate pest 
management options including, but not limited to, the judicious use of pesticides. In 
contrast, organic food production applies many of the same concepts as IPM but limits the 
use of pesticides to those that are produced from natural sources, as opposed to synthetic 
chemicals. 
 
IPM is not a single pest control method but, rather, a series of pest management 
evaluations, decisions and controls. In practicing IPM, growers who are aware of the 
potential for pest infestation follow a four-tiered approach. 
 

 
 
The four steps include:  
Set Action Thresholds 
Before taking any pest control action, IPM first sets an action threshold, a point at which 
pest populations or environmental conditions indicate that pest control action must be 
taken. Sighting a single pest does not always mean control is needed. The level at which 
pests will either become an economic threat is critical to guide future pest control 
decisions. 
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Monitor and Identify Pests 
Not all insects, weeds, and other living organisms require control. Many organisms are 
innocuous, and some are even beneficial. IPM programs work to monitor for pests and 
identify them accurately, so that appropriate control decisions can be made in conjunction 
with action thresholds. This monitoring and identification removes the possibility that 
pesticides will be used when they are not really needed or that the wrong kind of pesticide 
will be used. 
 
Prevention 
As a first line of pest control, IPM programs work to manage the crop, lawn, or indoor 
space to prevent pests from becoming a threat. In an agricultural crop, this may mean 
using cultural methods, such as rotating between different crops, selecting pest-resistant 
varieties, and planting pest-free rootstock. These control methods can be very effective 
and cost-efficient and present little to no risk to people or the environment. 
 
Control 
Once monitoring, identification, and action thresholds indicate that pest control is required, 
and preventive methods are no longer effective or available, IPM programs then evaluate 
the proper control method both for effectiveness and risk. Effective, less risky pest controls 
are chosen first, including highly targeted chemicals, such as pheromones to disrupt pest 
mating, or mechanical control, such as trapping or weeding.  
 

 
 
If further monitoring, identifications and action thresholds indicate that less risky controls 
are not working, then additional pest control methods would be employed, such as 
targeted spraying of pesticides. Broadcast spraying of non-specific pesticides is a last 
resort. 
 
Six Basic Components 
An IPM system is designed around six basic components: The US Environmental 
Protection Agency has a useful set of IPM principles.  
1. Acceptable pest levels: The emphasis is on control, not eradication. IPM holds that 
wiping out an entire pest population is often impossible, and the attempt can be 
economically expensive, environmentally unsafe, and frequently unachievable. IPM 
programs first work to establish acceptable pest levels, called action thresholds, and apply 
controls if those thresholds are crossed. These thresholds are pest and site specific, 
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meaning that it may be acceptable at one site to have a weed such as white clover, but at 
another site it may not be acceptable. By allowing a pest population to survive at a 
reasonable threshold, selection pressure is reduced. This stops the pest gaining 
resistance to chemicals produced by the plant or applied to the crops. If many of the pests 
are killed then any that have resistance to the chemical will form the genetic basis of the 
future, more resistant, population. By not killing all the pests there are some un-resistant 
pests left that will dilute any resistant genes that appear. 
 
2. Preventive cultural practices: Selecting varieties best for local growing conditions, 
and maintaining healthy crops, is the first line of defense, together with plant quarantine 
and 'cultural techniques' such as crop sanitation (e.g. removal of diseased plants to 
prevent spread of infection). 
 
3. Monitoring: Regular observation is the cornerstone of IPM. Observation is broken into 
two steps, first; inspection and second; identification. Visual inspection, insect and spore 
traps, and other measurement methods and monitoring tools are used to monitor pest 
levels. Accurate pest identification is critical to a successful IPM program. Record-keeping 
is essential, as is a thorough knowledge of the behavior and reproductive cycles of target 
pests. Since insects are cold-blooded, their physical development is dependent on the 
temperature of their environment. Many insects have had their development cycles 
modeled in terms of degree days. Monitor the degree days of an environment to determine 
when is the optimal time for a specific insect's outbreak. 
 
4. Mechanical controls: Should a pest reach an unacceptable level, mechanical methods 
are the first options to consider. They include simple hand-picking, erecting insect barriers, 
using traps, vacuuming, and tillage to disrupt breeding. 
 
5. Biological controls: Natural biological processes and materials can provide control, 
with minimal environmental impact, and often at low cost. The main focus here is on 
promoting beneficial insects that eat target pests. Biological insecticides, derived from 
naturally occurring microorganisms (e.g.: Bt, entomopathogenic fungi and 
entomopathogenic nematodes), also fit in this category. 
 
6. Responsible Pesticide Use: Synthetic pesticides are generally only used as required 
and often only at specific times in a pests life cycle. Many of the newer pesticide groups 
are derived from plants or naturally occurring substances (e.g.: nicotine, pyrethrum and 
insect juvenile hormone analogues), but the toxophore or active component may be 
altered to provide increased biological activity or stability. Further 'biology-based' or 
'ecological' techniques are under evaluation. 
 
Main Focus of IPM Programs 
An IPM regime can be quite simple or sophisticated. Historically, the main focus of IPM 
programs was on agricultural insect pests. Although originally developed for agricultural 
pest management, IPM programs are now developed to encompass diseases, weeds, 
and other pests that interfere with the management objectives of sites such as residential 
and commercial structures, lawn and turf areas, and home and community gardens. 
 
IPM is applicable to all types of agriculture and sites such as residential and commercial 
structures, lawn and turf areas, and home and community gardens.  
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Reliance on knowledge, experience, observation, and integration of multiple techniques 
makes IPM a perfect fit for organic farming (sans artificial pesticide application). For large-
scale, chemical-based farms, IPM can reduce human and environmental exposure to 
hazardous chemicals, and potentially lower overall costs of pesticide application material 
and labor. 
 
1. Proper identification of pest - What is it?  
Cases of mistaken identity may result in ineffective actions. If plant damage due to over-
watering are mistaken for fungal infection, spray costs can be incurred, and the plant is no 
better off. 
 
2. Learn pest and host life cycle and biology.  
At the time you see a pest, it may be too late to do much about it except maybe spray with 
a pesticide. Often, there is another stage of the life cycle that is susceptible to preventative 
actions. For example, weeds reproducing from last year's seed can be prevented with 
mulches. Also, learning what a pest needs to survive allows you to remove these. 
 
3. Monitor or sample environment for pest population - How many are here?  
Preventative actions must be taken at the correct time if they are to be effective. For this 
reason, once the pest is correctly identified, monitoring must begin before it becomes a 
problem. For example, in school cafeterias where roaches may be expected to appear, 
sticky traps are set out before school starts. Traps are checked at regular intervals so 
populations can be monitored and controlled before they get out of hand. Some factors to 
consider and monitor include: Is the pest present/absent? What is the distribution - all over 
or only in certain spots? Is the pest population increasing or decreasing? 
 
4. Establish action threshold (economic, health or aesthetic) - How many are too 
many? 
In some cases, a certain number of pests can be tolerated. Soybeans are quite tolerant of 
defoliation, so if there are a few caterpillars in the field and their population is not 
increasing dramatically, there is not necessarily any action necessary. Conversely, there 
is a point at which action must be taken to control cost. For the farmer, that point is the 
one at which the cost of damage by the pest is more than the cost of control. This is an 
economic threshold. Tolerance of pests varies also by whether or not they are a health 
hazard (low tolerance) or merely a cosmetic damage (high tolerance in a non-commercial 
situation). 
Different sites may also have varying requirements based on specific areas. White clover 
may be perfectly acceptable on the sides of a tee box on a golf course, but unacceptable 
in the fairway where it could cause confusion in the field of play.  
 
5. Choose an appropriate combination of management tactics  
For any pest situation, there will be several options to consider. Options include 
mechanical or physical control, cultural controls, biological controls and chemical controls. 
Mechanical or physical controls include picking pests off plants, or using netting or other 
material to exclude pests such as birds from grapes or rodents from structures. Cultural 
controls include keeping an area free of conducive conditions by removing or storing waste 
properly, removing diseased areas of plants properly. Biological controls can be support 
either through conservation of natural predators or augmentation of natural predators.  
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Adjuvants Sub- Section 
 

 
 
Activity of Adjuvants 
Adjuvants, or additive compounds, aid in the mixing, application or effectiveness of 
pesticides. One class of adjuvants, compatibility agents, allow uniform mixing of 
compounds that would normally separate. Other types of adjuvants include spreaders, 
stickers, and synergists. There are nearly as many adjuvants as there are pesticides, 
and they provide a choice for every need. Some adjuvants are added during pesticide 
manufacture and are, thus, part of the formulation. Other adjuvants are added just before 
application. To decide when to use an adjuvant, READ THE LABEL. It will state when a 
particular adjuvant is needed, whether or not one should be added or when one is already 
present.  
 
Adjuvants assist application or pesticide activity without being directly toxic to pests. 
However, many of these chemicals can present hazards to the applicators. The EPA has 
not required manufacturers to perform the same type of research and reporting on 
adjuvants that is required for pesticide registration. However, regulations are continually 
updated to protect the health of applicators and review and registration of adjuvants may 
be required in the future. Meanwhile, it is a good practice to use the same care in handling 
adjuvants as is used with pesticides.  
 
Many, but not all, adjuvants function as surfactants, or surface active agents. Surfactants 
improve the retention and absorption of herbicides. The benefit that they provide is offset, 
to a degree, by the increased drift hazard they cause. Reducing the surface tension of the 
spray solution permits it to break up into finer droplets, which are more likely to drift off 
target.  
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Drift control agents are adjuvants that help reduce the risk of drift. Pesticide drift is off-
target spray deposit and off-target damage.  
 
Spray thickeners reduce drift by increasing droplet size and by reducing bounce or runoff 
during application. Use of these adjuvants helps to comply with drift regulations, which is 
especially important in areas adjacent to residential areas. Lo-Drift, Nalco-Trol and Drift 
Proof are examples of drift control agents.  
 
Penetrating agents dissolve the waxy layer that protects the surface of leaves. This 
speeds up absorption with foliar treatments. Lower application rates used with these 
adjuvants may provide the same control as higher rates made without them; more 
chemical enters the plant before breaking down or washing off. Examples of penetrating 
agents include Arborchem and kerosene.  
 
Proper Handling of Pesticides 
Using pesticides involves many responsibilities beyond the immediate needs of pest 
control. Greenhouse growers, like all agricultural producers, are expected to handle 
hazardous materials in a manner that reduces the exposure risk to other persons and 
limits contamination of the environment.  
 
Numerous federal and state regulations exist to help growers handle, store and apply 
pesticides properly.  
 
In addition to FIFRA, the EPA has further authority over pesticide use under the Superfund 
Amendment and Reauthorization Act (SARA) and the Resource Conservation and 
Recovery Act (RCRA). These federal regulations cover all materials classified as 
hazardous and, therefore, apply to pesticides. Pesticide handling and storage are also 
regulated by the Transportation Safety Act and the Occupational Safety and Health Act 
(OSHA).  
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Moving Pesticides  
Interstate transport of pesticides is regulated by the Federal Department of Transportation 
(DOT). Their guidelines for safe movement are common sense rules for any transport of 
chemicals.  
 
All pesticides should be in the original DOT approved containers and correctly labeled. All 
containers should be secured against movement that could result in breaking or spilling. 
Never transport pesticides in a vehicle that also carries food or feed products.  
 
Never transport pesticides in the cab of vehicles. Paper or cardboard containers should 
be protected from moisture. Never leave an open-bed truck containing pesticides 
unattended. Following these procedures is necessary when moving concentrated 
chemicals and is good practice for diluted mixtures.  
 
Persons transporting chemicals must have proper protective clothing available for the safe 
handling of the containers. The protective gear should be in or on the vehicle for immediate 
access in case a spill occurs. Protection of the person managing or cleaning up a spill is 
the primary concern.  
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Spill Cleanup and Reporting Subsection 
 
What to do when a spill occurs  
When a minor spill occurs, make sure the proper protective equipment is available, and 
wear it. If pesticide has spilled on anyone, wash it off immediately, before taking any other 
action. Confine the spill with a dike of sand or soil. Use absorbent materials to soak up the 
spill. Shovel all contaminated material into a leak- proof container and dispose of it in the 
same manner as excess pesticides. Do not hose down the area; this spreads the chemical. 
Always work carefully to avoid making mistakes.  
 

 
 
Streams and wetlands must be protected in the event of an accidental spill of any size. 
Even diluted chemicals pose a threat to natural habitats when released in large amounts. 
Extra precautions must be taken when drawing water from streams or ponds. 
Antisiphoning devices must be used and be in good working order. Tank mixes should be 
prepared at least ¼ mile from water resources. If this is not possible, make sure the ground 
at the mixing site does not slope toward the water, or construct an earthen dike to prevent 
pesticides from flowing into bodies of water or drains.  
 
Major spills of concentrates or large quantities of spray solution are difficult to handle 
without assistance. Provide any first aid that is needed and confine the spill, then notify 
the proper authorities. Contact the local fire department using the 911 system, if available. 
Other phone numbers for fire departments, state and local authorities should be carried in 
the vehicles and by the applicators.  
 
Regardless of the size of the spill, keep people away from the chemicals. Rope off the 
area and flag it to warn others. Do not leave the site unless responsible help, such as 
emergency or enforcement personnel, is there to warn others. Significant pesticide spills 
must be reported to your state pesticide lead agency. Applicators, or their employers, are 
responsible for telephoning a spray incident report to the State Agency as soon as 
practical after emergency health care and efforts to contain the spill have started.  
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The state agencies decide if it is necessary to call CHEMTREC (Chemical Transportation 
Emergency Center), a public service of the Manufacturing Chemicals Association located 
in Washington, DC CHEMTREC provides immediate advice for those at the scene of an 
emergency. This service is available 24 hours a day (1-800-424-9300) for emergencies 
only.  
  

 
 

 
 

PESTICIDE STORAGE AND MIXING AREA CHART #1 
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Decontamination  
 
(1)  Decontamination solutions can be used for decontaminating surfaces and materials 
where spills of dust, granular, wettable powders, or liquid pesticides have occurred.  The 
bulk of the spilled pesticide should be cleaned up or removed prior to applying any 
decontaminant.  
  
(2)  Several materials may be used to decontaminate pesticides.  Due to the many different 
pesticides available and the necessity to use the correct decontamination material, all 
decontamination activities must be carried out only after appropriate decontamination 
methods have been determined by the Environmental Coordinator and/or Spill Response 
Team.  Many pesticides, especially the organophosphates, decompose when treated with 
lye or lime.  Fewer pesticides are decomposed by bleach.  Other pesticides cannot be 
effectively decontaminated and should only be treated with detergent and water to assist 
in removal.  The following table is a guide for decontaminating certain pesticides:  
  
Use Lye or            Use Chlorine           Do not use any decontamination  
Lime for:               Bleach for:               Chemicals for these Pesticides:  
  
acephate             calcium cyanide           alachlor  
atrazine               chlorpyrifos                  chloramben  
captan                 fonophos                      chlorinated hydrocarbons   
carbaryl                                              diuron  
dalapon                                               methoxychlor  
diazinon                                              pentachlorophenol  
dichlorvos                                            picloram  
dimethoate                                            2,4-D  
malathion                                             bromacil  
naled                                                 glyphosate  
propoxur                                              simazine             
 
WARNING:  There is a slight potential for creating toxic by-products when using these 
procedures.  In critical situations, samples of affected soil, sediment, water, etc. should be 
sent to a laboratory for analysis to determine if decontamination was successful.  
Pesticides amenable to treatment using lye or lime may be decontaminated when mixed 
with an excess quantity of either of these materials.  Lye or lime can be used in either the 
dry form or as a 10% solution in water.  Caution:  caustic soda (lye) can cause severe eye 
damage to personnel not properly protected.   
 
Protect against contact by wearing unventilated goggles, long-sleeved work clothes with 
coveralls, neoprene gloves, and a chemical-resistant apron.  An approved respirator 
should also be worn.  Do not use lye on aluminum surfaces.  
 
Bleach 
For pesticides that can be degraded by treatment with bleach, in general use one gallon 
of household bleach (which contains approximately 5% sodium hypochlorite) per pound 
or gallon of pesticide spilled.  If bleaching powder is used, first mix it with water (one gallon 
of water per pound of bleach) and add a small amount of liquid detergent.  For safety 
reasons, a preliminary test must be run using small amounts of bleach and the spilled 
pesticide.  The reaction resulting from this test must be observed to make sure the reaction 
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is not too vigorous.  Do not store in close proximity to, or mix chlorine bleach with, amine-
containing pesticides.  Mingling of these materials can cause a violent reaction resulting 
in fire.  Calcium hypochlorite is not recommended as a decontaminating agent because of 
the fire hazard. Spilled granular/bait materials need only to be swept up.  When there is 
doubt concerning which decontaminant is appropriate, only water and detergent should 
be used.  
 
Nonporous surfaces should be washed with detergent and water.  The decontamination 
solution determined to be correct should be thoroughly worked into the surface.  The 
decontamination solution should then be soaked up using absorbent material.  The spent 
absorbent material is then placed into a labeled leakproof container for disposal.  
  
Porous materials such as wood may not be adequately decontaminated.  If contamination 
is great enough to warrant, these materials should be replaced. Tools, vehicles, aircraft, 
equipment and any contaminated metal or other nonporous objects can be readily 
decontaminated using detergent and the appropriate decontamination solution.  
  
Disposal 
All contaminated materials that cannot be effectively decontaminated as described above 
must be placed in properly labeled, sealed, leakproof containers.  Disposal of these 
containers shall be in accordance with instructions determined by the U.S. Environmental 
Protection Agency/State Pesticide Agency and the Spill Response Team. 
 

 
 
Common and unnecessary sight at several aerial applicators in the U.S. several 
empty pesticide cans.
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Appendix B 
Sample Forms, Fact Sheets, and Check lists 
 
Appendix B includes a sample Pesticide Application Information form with space for the 
pesticide application information the WPS 
requires to be listed at a central location on each 
agricultural establishment. The WPS does not 
specify a format for presenting the information — 
you may copy this form or design another that 
meets your needs. Appendix B also includes 
several fact sheets to help you comply with 
sections of the WPS that require you to provide 
information to others. Although the WPS does 
not require you to provide this information in 
written form, you may find that using photocopies 
of these fact sheets is a convenient way to make 
sure you convey the necessary information. 
 
Finally, Appendix B includes some checklists and charts you can use as reminders of your 
WPS duties. 
 
AGRICULTURAL ESTABLISHMENT OWNERS AND OPERATORS: 
The use of this form is optional, but if the information about an application is entered, it 
will help you comply with the federal Worker Protection Standard including all revisions 
through 2004 for information that must be displayed at a central place to inform workers 
and handlers about specific pesticide applications. For complete information, see the EPA 
manual “The Worker Protection Standard for Agricultural Pesticides: How To Comply.” 
Application #1 Application #2 
Area Treated: Location & Description 
Product Name 
EPA Registration Number 
Active Ingredient: Common or Chemical Name 
Application: Month/Day/Time 
Restricted-Entry Interval 
Do Not Enter Until: Month/Day/Time 
 
Similar data is required by the Federal Recordkeeping Requirements for Certified 
Applicators of Federally Restricted Use Pesticides (RUP). For more information on the 
RUP recordkeeping requirements, contact Agricultural Marketing Service, USDA, 8609 
Sudley Road, Suite 203, Manassas, VA 20110, (703) 330-7826. Please consult the “USDA 
Recordkeeping Manual” at the following Web site for a complete list of all USDA record 
keeping requirements: http://www.ams.usda.gov/science/prb/Prbforms.htm 
 
Some states, tribes, or local governments with jurisdiction over pesticide enforcement may 
have additional worker protection requirements beyond these requirements. Check with 
these agencies to obtain the information you need to comply with all applicable state, 
tribal, or local requirements. 
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Worker Protection: Check to See if You Are in Compliance 
This checklist serves only as a brief overview of basic WPS requirements. For complete 
details of your responsibilities, refer to the "How to Comply Manual" or contact your 
nearest EPA office. 
 
Central Location: 
All information should be legible, up-to-date, and accessible to employees The EPA 
approved Safety Poster is posted and complete Display emergency medical information. 
The following records are displayed and available for at least 30 days following expiration 
of the restricted re-entry interval (REI): location of treated area, pesticide product name, 
active ingredient, EPA registration number, start date and time of the application, and REI.  
 
Pesticide Safety Training: Complete WPS Training has been given to:  
Workers prior to the 6th day of entering any treated areas and every 5 years thereafter  
Handlers prior to performing any handler tasks and every 5 years thereafter "Basic 
Pesticide Safety Information" is provided to workers as necessary EPA developed or 
equivalent training materials are used in training. Training is presented in a language the 
trainees can understand Trainers are properly qualified.  
 
Decontamination Sites: Handler decontamination sites have/are:  
At least 3 gallons of water per handler, soap, single-use towels, and coveralls Located at 
mixing/loading sites, within 1/4 mile of the application site and where PPE is removed 
Supplied with at least 1 pint of immediately available clean water for eye flushing when 
the label specifies the use of protective eyewear.  
 
Worker decontamination sites have/are:  
At least 1 gallon of water per handler, soap, and single-use towels Located within 1/4 mile 
of the work site. Provided for 30 days following the end of the REI (7 days with REIs of 4 
hours or less).  
 
Applicator Notification: 
Oral and/or posted warnings given according to label requirements.  
Appropriate warning signs are used and posted at all usual entry points to treated areas.  
Warning signs are posted not more than 24 hours prior to treatment and removed within 
3 days following the end of the REI.  Oral warnings are given in a language workers can 
understand.  
 
Personal Protective Equipment (PPE): 
Label required PPE is provided for handlers and early entry workers PPE is kept clean 
and well maintained.  A clean place for PPE storage is provided. 
 
Employer Information Exchange: Custom applicator supplies information for Central 
Location. Posting prior to applications Information is supplied to custom applicators about 
REIs in effect on the property which they are exposed to. 
 
Monitoring Handlers: 
Sight or voice contact made at least every 2 hours with handlers using Skull & Crossbones 
pesticides. Constant voice or visual contact is maintained with handlers using fumigants 
indoors. 
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Information about Cleaning PPE and Protection yourself from 
Pesticides   
1. The clothing and protective equipment items you will be cleaning may have pesticides 
on them. 
 
2. Although you may not be able to see or smell the pesticides, they can rub off on you 
when you touch the clothing and equipment. 
 
3. If pesticides get on you, they can hurt you. They can: 

• cause skin rashes or burns, 
• go through your skin and into your body and make you ill, 
• burn your eyes, 
• make you ill if you breathe them or get them in your mouth. 

 
4. To avoid harm from the pesticide, you should: 

• Pour the clothes from their container into the washer without touching them. 
• Handle only the inner surfaces, such as the inside of boots, aprons, or coveralls. 
• Do not breathe the steam from the washer and dryer. 

 
5. Pesticides should not be allowed to stay on your hands: 

• When you wash clothing or equipment by hand, use plenty of water and rinse 
your hands often. 
• Wash your hands before eating, drinking, chewing gum, using tobacco, or using 
the toilet. 
• Wash your hands as soon as you finish handling the clothing or equipment. 

 
6. You should not allow clothing and equipment with pesticides on them to be washed with 
regular laundry. The pesticides can rub off on other items. 
 
Cleaning Eyewear and Respirators 
Hand-wash reusable respirator facepieces, goggles, face shields, and shielded safety 
glasses, following manufacturer’s instructions. In general, use mild detergent and warm 
water to wash the items thoroughly. Rinse well. Wipe dry, or hang in a clean area to air 
dry. 
 
Cleaning Other PPE 
1. Follow the manufacturer’s cleaning instructions. If the instructions say only to wash the 
item, or if there are no cleaning instructions, follow the procedure below. 
 
2. Recommended procedure for washing most PPE: 
a. Rinse in a washing machine or by hand. 
b. Wash in a washing machine, using a heavy-duty detergent and hot water for the wash 
cycle. 
c. Wash only a few items at a time to allow plenty of agitation and water for dilution. Use 
the highest water-level setting. 
d. Rinse twice using two rinse cycles and warm water. 
e. Use two entire machine cycles to wash items that are moderately to heavily 
contaminated. 
f. Run the washer through at least one more entire cycle without clothing, using 
detergent and hot water, to clean the machine. 
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3. Some plastic or rubber items that are not flat, such as gloves, footwear, and coveralls, 
must be washed twice — once to clean the outside and a second time after turning the 
item inside out. 
 
4. Some items, such as heavy-duty boots and rigid hats or helmets, should be washed by 
hand using hot water and heavy-duty detergent. 
 
5. Hang the items to dry, if possible. Let them hang for at least 24 hours in an area with 
plenty of fresh air — preferably outdoors. Do not hang items in enclosed living areas. 
 
6. You may use a clothes dryer for fabric items if it is not possible to hang them to dry. 
But after repeated use, the dryer may become contaminated with pesticides. 
 
Note to Employers: 
This fact sheet will help you comply with the section of the WPS that requires you to 
provide information to people (other than your own handlers) who clean or maintain you 
pesticide equipment. You are not required to give them this information in written form, but 
you may find that photocopying this fact sheet is an easy way to pass along the necessary 
information. 
 
Working Safely with Pesticide Equipment  
1. The equipment you will be cleaning, adjusting, or repairing may have pesticides on it. 
Although you may not be able to see or smell the pesticides, they can rub off on you when 
you touch the equipment. 
 
2. If pesticides get on you, they can hurt you. They can: 

• cause skin rashes or burns, 
• go through your skin and into your body and make you ill, 
• burn your eyes, 
• make you ill if you get them in your mouth. 

 
3. You should wear work clothing that protects your body from pesticide residues, such as 
long-sleeved shirts, long pants, shoes, and socks. If possible, avoid touching the parts of 
the equipment where the pesticide is most likely to be. Or, if practical for the job that you 
will be doing, consider wearing rubber or plastic gloves and an apron. 
 
4. You should not let pesticides stay on your hands: 

• Wash your hands as soon as you finish handling the equipment. 
• Wash your hands before eating, drinking, chewing gum, using tobacco, or using the 
toilet. 
• Wash or shower with soap and water, shampoo your hair, and put on clean clothes 
after work. 
• Wash work clothes that may have pesticides on them separately from other clothes 
before wearing them again. 
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Pesticide Application Record Example 

Farm: 

 

Fertilization: 

 

Field/Site: 

 

Date Harvested: 

 

Soil Type: 

 

Yield: 

 

Crop Last Year: 

 

Notes: 

 

 

The first eight items are required to be kept for two years by United States Department 
of Agriculture for all restricted use pesticide applications under the Food Agriculture 
Conservation and Trade (FACT) Act of 1990. 

 

1. NAME AND CERTIFICATION NUMBER OF APPLICATOR:  
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MAKE A RECORD OF EACH APPLICATION OF EACH PESTICIDE 

1. Name  App. # 1 App. # 2 App # 3 App. # 4 App. # 5 

2. Field or Site Location/ID                

3. Date (Mo., Day, Year)                

4. Size of Area Treated                

5. Pesticide Used (Brand Name)                

6. EPA Registration Number                

7. Total Amount Applied                

8. Crop/Commodity or Site                

9. Formulation                

10. Additives                

11. Method of Application                

12. Stage of Crop Growth                

13. Purpose of Application                

14. Stage of Development of Pest                

15. Soil Conditions                

16. Temperature                

17. Time of Day                

18. Wind                

19. Cloud Cover                

20. Effectiveness                
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Instructions 

This form can be used for recording pesticide applications for weed, insect, or disease 
control to a particular field or part of a field during a growing season. Farmers may find 
the record useful for evaluating results and planning future chemical treatments.  

The United States Department of Agriculture now requires all applicators of Restricted 
Use Pesticides (RUP) to record certain information within 14 days of every RUP 
application. These records are required to be kept for two full years. An "*" is placed next 
to the USDA required RUP information.  

1. *Name and certification number of applicator. 

2. *Field or Site Location/ID—give name or location of the field or site (or the part of 
field) treated. See map section below. 

3. *Date—fill in the month, day, and year of the application. 

4. *Area treated—in acres, square feet, etc. If banding pesticides give total size of 
the field, not just the area actually treated in the band. 

5. *Pesticide used—give product, trade, or brand name. Listing common names of 
active ingredients in the product is also often helpful.  

6. *EPA registration number—from the pesticide label. 

7. *Total amount applied—list total amount of formulated product (pounds, ounces, 
quarts, gallons, etc.) used on the total area treated given in 3 above. 

8. *Crop or site—give the crop, commodity, stored product or site to which the 
pesticide was applied. 

9. Formulation—use liquid (L), emulsifiable concentrate (EC), wettable powder (WP), 
granules (G), dust (D), soluble powder (SP), dry flowables (DF), or pellets 
(P).Additives—indicate type and amount of any additives such as oils, spreaders, 
stickers, surfactants, wetting agents, detergents, or other adjuvants. 

10. Method of application—broadcast, band, pre-plant, pre-emergence, post-
emergence, directed, aerial, airblast, and method of incorporation (if any), and 
implement used. 

11. Stage of crop growth—use height in inches, number of leaves or other generally 
used description (tasseling, flowering, heading, etc.). 

12. Purpose of application—give specific names of target weeds, insects, diseases, or 
other reason. 

13. Stage of development of pest—for weeds, diseases and insects. List height of 
weeds, number of leaves; adult, larva, or nymph stage of insect; degree of 
infestation or percentage of plants infected. 
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14. Soil conditions—at time of treatment. 

15. Temperature—self-explanatory. 

16. Time of day—self-explanatory. 

17. Wind—self-explanatory. 

18. Cloud cover—self-explanatory. 

19. Effectiveness—indicate good, fair, or poor. It is advisable to sometimes leave 
untreated check strips. 

Follow the Keys to Pesticide Safety 
READ THE LABEL ON EACH PESTICIDE CONTAINER BEFORE EACH USE. 
Follow all instructions, heed all precautions, and use protective clothing and 
equipment as required.  
APPLY PESTICIDES ONLY AS DIRECTED. Follow label directions for time, rate, 
method and crop or site of application.  
RINSE PESTICIDE CONTAINERS AT THE TIME OF USE. Follow required triple-
rinse or pressure-rinse procedures.  
STORE PESTICIDES IN THEIR ORIGINAL, LABELED CONTAINERS. Keep 
them out of the reach of children and irresponsible people.  
 
Field or site Location and ID 

NORTH 
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Master List 

 

Pesticide Spill Kit  
The pesticide spill kit shall contain the following:  
  
       1 - 55-gallon open-head drum 
       1 - 50-pound bag of absorbent material  
       3 - 1-gallon jugs of household bleach  
       1 - 1-gallon jug of liquid detergent   
       1 - 24-inch push broom  
       1 - square point "D" handle shovel  
       1 - shop brush (dust pan brush)  
       1 - dust pan  
      12 - polyethylene bags w/ties  
 
Whenever any of the above items are used, they shall be cleaned and/or 
replaced.  
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Streams and wetlands must be protected in the event of an accidental spill of any 
size. Even diluted chemicals pose a threat to natural habitats when released in 
large amounts.  
 
Extra precautions must be taken when drawing water from streams or ponds.  
 
Antisiphoning devices must be used and be in good working order.  
 
Tank mixes should be prepared at least ¼ mile from water resources. If this is not 
possible, make sure the ground at the mixing site does not slope toward the water, 
or construct an earthen dike to prevent pesticides from flowing into bodies of water 
or drains.  
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Recommended Considerations in Evaluating Pesticide Security 
 
The security needs and critical control points will differ for every business and facility. 
However, some of the fundamental security control points include:
 

 Securing Buildings, Manufacturing Facilities, Storage Areas, and 
Surrounding Property: One of the most fundamental security needs is the 
prevention of intrusion to areas used to manufacture or store pesticides and 
other toxic chemicals. Elements of an effective security plan can range from 
basic fencing, lighting, and locks, to intrusion detection systems, cameras, and 
trained guards. For more information on basic tips on protecting your site, review 
the EPA's report “A Chemical Accident Prevention: Site Security" listed below 
in the section entitled "For More Information."  
 

 Securing Pesticide Application Equipment and Vehicles: Facilities and 
pesticide businesses should ensure that they have appropriate security protections 
to prevent intruder access to equipment used in mixing, loading, and applying 
pesticides. Before operating pesticide application tools and vehicles, handlers 
must have proper authorization and identification.  

 
 Aerial Application Equipment: Security awareness is particularly important for 

large-scale pesticide application equipment like aircraft and large trucks. The FBI 
has requested that aerial applicators be vigilant to any suspicious activity relative 
to the use, training in, or acquisition of dangerous chemicals or airborne application 
of the same, including threats, unusual purchases, suspicious behavior by 
employees or customers, and unusual contacts with the public. Any suspicious 
circumstances or information should be reported to the FBI. 
 

 Protecting Confidential Information: As business, safety, and security systems 
become more reliant on computer and communications technology, the need to 
secure these systems has grown. Such efforts include contingency planning for 
power losses, effective monitoring of access ports, adherence to password and 
backup procedures, and other mechanisms to maintain access for authorized 
personnel only.  

 
 Designing Facilities and Equipment to Minimize Risk of Damage: Whether an 

intrusion to a computer by a hacker or a physical intrusion of your facility by a 
vandal or saboteur, it is important to take steps to minimize the extent of damage. 
For example, in order to prevent damage, the use of sturdy, reliable, and potentially 
blast-proof materials is essential in the construction of equipment used to transport 
and apply pesticides.  
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Developing Procedures and Policies that Support Security Needs:  
Even the best hardware and staffing budgets are only as effective as the procedures 
and policies that control their use. 
 

o Effective hiring and labor relations policies are important to obtain and 
retain good employees who will support and follow safety precautions. For 
example, the hiring process should ensure that pesticide handlers have all 
requisite training necessary to handle pesticides safely. Background 
checks of staff who have access to secure areas, particularly those areas 
where pesticides may be stored, are also necessary. 

 
o Inventory management policies can help limit the amount of potentially 

hazardous pesticides stored on site, reducing the risks of accidental or 
intentional release or theft. 
 

o Effective advance emergency response procedures can be critical, helping 
ensure that business officials and employees understand how to respond 
and whom to contact in the case of an emergency. Aside from accidents, 
such plans must also consider vandalism, bomb threats, and potential 
terrorist activity.  

 

 
Pesticides Releases 
The fate of pesticides released into the environment is unknown. Releases may be 
followed by a very complex series of events which can transport the pesticide through the 
air or water, into the ground or even into living organisms. The medium for movement (air, 
water, soil, organisms) and the degree of movement (local or long distance distribution) 
will be different for each pesticide. 
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Timely Coordination With Authorities 
If a breach of security or suspicious activity does occur, timely cooperation with authorities 
is crucial. In addition to cooperation with your local police department, the FBI requests 
that you expeditiously report any threats or suspicious behavior to your local FBI field 
office. These agencies also must be informed if, as a registrant, you are made aware of 
any reports of adverse exposure under circumstances that are incongruous with your 
pesticide product's normal use pattern. Information on the location of the appropriate FBI 
office is available at www.fbi.gov.  
 
For More Information  
The EPA and other Federal agencies have developed a variety of reference materials that 
may be helpful in reviewing the security of your business or operation.  

 Many of the tips listed in this fact sheet are described in more detail in the Chemical 
Safety Alert entitled: A Chemical Accident Prevention: Site Security,@ published 
by the EPA on February 2000 and available on the EPA Web site at: 
www.epa.gov/swercepp/p-small.htm#alerts.  

 For information on other Agency programs to promote facility security and 
readiness, visit http://www.epa.gov/swercepp/.  

 DOT has produced a separate advisory for transporters, available by contacting 
DOT at 202-366-6525.  

 
For objective science-based information about a variety of pesticide-related subjects, 
including pesticide products, recognition and management of pesticide poisonings, 
toxicology, and environmental chemistry, contact the National Pesticide Information 
Center (NPIC). NPIC, a toll-free hotline funded, in part, by the EPA, lists state pesticide 
regulatory agencies and provides links to their Web sites.  
 
NPIC can be contacted at:     1-800-858-7378, by e-mail at npic@ace.orst.edu, or by 
visiting the Web at: http://npic.orst.edu/.  
 
A pesticide is any substance or mixture of substances intended for preventing, destroying, 
repelling, or mitigating any pest. Pests can be insects, mice and other animals, unwanted 
plants (weeds), fungi, or microorganisms like bacteria and viruses.  
 
Though often misunderstood to refer only to insecticides, the term pesticide also applies 
to herbicides, fungicides, and various other substances used to control pests.  
 
Under United States law, a pesticide is also any substance or mixture of substances 
intended for use as a plant regulator, defoliant, or desiccant. 
  

http://www.fbi.gov
http://www.epa.gov/swercepp/p-small.htm#alerts
http://www.epa.gov/swercepp/
http://www.abctlc.com
mailto:npic@ace.orst.edu
http://npic.orst.edu/


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

130

Pesticide Alert 
 
Pesticide Safety and Site Security 
The Environmental Protection Agency is issuing this Alert to all pesticide industry 
organizations, facilities, and handlers as a precaution during this heightened state of 
security awareness. This Alert highlights some general security areas that companies may 
want to review to ensure that appropriate measures are being implemented. The EPA's 
Office of Pesticide Programs has developed this tailored summary of the Agency's 
Chemical Safety Alert entitled, "Chemical Accident Prevention: Site Security," which 
outlines measures to ensure secure and accident-free operations. Published in February 
2000, the more detailed Chemical Safety Alert is available on the Web at: 
www.epa.gov/swercepp/p-small.htm#alerts. 
 
It is important that all pesticide establishments review this information and take appropriate 
steps to minimize risk. This document does not substitute for the EPA's regulations, nor is 
it a regulation itself. It cannot and does not impose legally binding requirements on the 
EPA or the regulated community, and measures it describes may not apply to a particular 
situation based upon circumstances. The Agency may continue to provide further 
guidance in the future, as appropriate.  
 
Knowing and Understanding Potential Security Threats 
Businesses that manufacture, reformulate, sell, distribute, transport, store, or apply 
pesticides have long known the importance of risk mitigation steps for the safety of their 
workers, their customers, and their communities.  
 
For manufacturers and reformulators, efforts focus on ensuring that the facility is operated 
safely on a day-to-day basis. Manufacturers must use well-designed equipment, conduct 
preventive maintenance, implement up-to-date operating procedures, and employ well-
trained staff.  
 
Those who distribute pesticides have focused on safe storage and accurate labeling of 
their products. For the pesticide user community, safety efforts have focused on strictly 
reading and following all label directions. Today, these efforts aren't necessarily enough.  
 
While many of the steps to ensure an effective security program seem routine, they are 
critical to the health and safety of your business, facility, and community. Without effective 
security procedures, your business may be vulnerable to both internal and external 
threats, posing risks to yourself and employees, your building and machinery, stored 
pesticides, and even sensitive business information.  
 
If you have mobile pest application equipment, particularly aerial application equipment, 
special precautions should be taken to protect both your equipment and the surrounding 
community. 
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The Importance of this Section 
 
Regulatory agencies will enforce the requirements of the federal Worker Protection Standard 
(Code of Federal Regulations, Title 40, Part 170) when you use a pesticide product with 
labeling that refers to the Worker Protection Standard. If you do not comply with the Worker 
Protection Standard requirements, you will be in violation of federal law, since it is illegal to 
use a pesticide product in a manner inconsistent with its labeling. This manual provides 
information to help you comply with the requirements of the federal Worker Protection Standard 
(WPS) for agricultural pesticides, 40 CFR part 170, as published in 1992 and as amended in 
1995, 1996, and 2004. EPA may issue additional guidance about the Worker Protection 
Standard and the Worker Protection Standard may be amended in the future. Check with your 
state or tribal agency responsible for pesticides for further information and updates. 
 
This 2005 updated Worker Protection Standard for Agricultural Pesticides — How To Comply 
Manual, EPA 735-B-05-002 supersedes the 1993 version, EPA 735-B-93-001. Changes to the 
Worker Protection Standard have made the 1993 version obsolete and its continued use may 
lead an employer to be out of compliance with this regulation. 
 
Additional Worker Protection Requirements in Your Area 
Some states, tribes, or local governments with jurisdiction over pesticide enforcement may 
have additional worker protection requirements beyond the requirements described in the 
federal manual. Check with these agencies to obtain the information you need to comply with 
all applicable state, tribal, or local requirements. 
 
Material Appended to the Manual 
States, tribes, or local governments with jurisdiction over pesticide enforcement may elect to 
append additional worker protection requirements to the federal manual. These additions may 
only be appended at the end of the federal manual, after the index. Any additional material 
should be clearly identified as state, tribal, or local requirements. 
 

Who Needs to Read this Section? 
You probably need to comply with the WPS if you are a: 

•  Manager or owner of a farm, forest, nursery, or greenhouse, or 

•  Labor contractor for a farm, forest, nursery, or greenhouse, or 

•  Custom (for-hire) pesticide applicator or independent crop consultant hired 
by a farm, forest, nursery, or greenhouse operator. Most WPS provisions are protections that 
you as an employer must provide to your own employees and, in some instances, to 
yourself. The WPS covers two types of employers, which it defines according to the type of 
work their employees do: 
 
Worker employer — If you hire or contract for people to do agricultural worker tasks, or if you 
do them yourself, the WPS considers you a worker employer. In general, agricultural workers 
are persons who  
(1) do hand labor tasks, such as weeding, planting, cultivating, and harvesting, or  
(2) do other tasks involved in the production of agricultural plants, such as moving or operating 
irrigation equipment. This manual will also describe the WPS protections you must provide to 
the agricultural workers you employ. 
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Handler employer — If you hire people to do pesticide handling tasks, or if you do them 
yourself, the WPS considers you a handler employer. In general, pesticide handlers are 
persons who mix, load, apply, or do other tasks that bring them into direct contact with 
pesticides. You must provide WPS protections to all your pesticide handler employees, 
whether or not they are certified as applicators of restricted-use pesticides. This manual will 
also describe the WPS protections you must provide to the pesticide handlers you employ. 

•  The same employee may be a worker at some times and a handler at other times, 
depending on the type of task being performed. 

•  You may be both a handler employer and a worker employer, depending on the tasks that 
you and your employees do. 

•  Both general-use pesticides and restricted-use pesticides are covered by the WPS. 
 
1. Only appropriately trained and equipped workers are allowed in the area during pesticide 
application. 
2.  Workers may enter a treated area before the REI has expired only if the worker will have 
no contact with pesticide residue or is entering for a short term, emergency, or specifically 
accepted tasks. 
3. Workers must be provided with protective equipment in proper working order. Workers must 
be notified of pesticide applications, treated areas must be posted, and/or oral warnings must 
be given to workers as directed by labeling. 
4.  A Pesticide safety poster must be on display in a central location. 
5. A Decontamination site must be provided and maintained if workers are required to enter 
treated area during REI and the ensuing 30 days. 
6.  Emergency assistance must be provided to any worker when there is reason to believe the 
worker was poisoned or injured by pesticide. 
 
Workers in several occupations may be exposed to pesticides by:  
Preparing pesticides for use, such as by mixing a concentrate with water or loading the 
pesticide into application equipment.  
 

Applying pesticides, such as in an agricultural or commercial setting.  
 

Entering an area where pesticides have been applied to perform allowed tasks, such 
as picking crops.  

 
The WPS does not apply when pesticides are applied on an agricultural establishment 
in the following circumstances: 
For mosquito abatement, Mediterranean fruit fly eradication, or similar wide-area public pest 
control programs sponsored by governmental entities. The WPS does apply to cooperative 
programs in which the growers themselves make or arrange for pesticide applications.  
 

On livestock or other animals, or in or about animal premises.  
 

On plants grown for other than commercial or research purposes, which may include 
plants in habitations, home fruit and vegetable gardens, and home greenhouses.  

 
On plants that are in ornamental gardens, parks, and public or private lawns and 
grounds that are intended only for aesthetic purposes or climatic modification.   
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By injection directly into agricultural plants. Direct injection does not include "hack and 
squirt," "frill and spray," chemigation, soil-incorporation, or soil-injection.  

 
In a manner not directly related to the production of agricultural plants, such as 
structural pest control, control of vegetation along rights-of-way and in other non-crop 
areas, and pasture and rangeland use.   

 
For control of vertebrate pests.   

 
As attractants or repellents in traps.  
 
On the harvested portions of agricultural plants or on harvested timber. 
 
For research uses of unregistered pesticides.  

 
Pesticide Security Guidance 
EPA's Office of Pesticide Programs is coordinating with other EPA programs to encourage all 
pesticide industry organizations and facilities to review existing security measures. As a 
precaution during the current heightened state of alert, EPA is reaching out to those who 
manufacture, reformulate, sell, distribute, transport, store, or apply (aerially or by ground 
equipment) hazardous pesticides, urging everyone to be especially vigilant regarding the 
physical security of those pesticides and the equipment used in their application. 
 
EPA recommends that all pesticide industry establishments review EPA's Chemical Safety 
Alert entitled: "Chemical Accident Prevention: Site Security" (PDF), published by EPA on 
February 2000. This Safety Alert focuses primarily on the chemical industry; however, it 
discusses several issues relevant to security in all types of pesticide establishments and 
facilities. 
 
The Office of Pesticide Programs has prepared a summary of the Chemical Safety Alert, which 
has been tailored to the pesticide industry. 
 
For transporters, DOT has produced a separate advisory, which is available by contacting DOT 
at 202-366-6525. 
 

This “How to Comply” section of the course will: 

•  Help you determine whether you are covered by the WPS, 

•  Give you detailed information on how to comply with the WPS requirements, including 
exceptions, restrictions, exemptions, options, and examples, and 

• Provide you with a “Quick Reference Guide” — a simplified route to compliance that focuses 
on maximum requirements. Important definitions and other special explanations are enclosed 
in shaded boxes. Reading them will help you better understand the WPS requirements and 
how they apply to you. 
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Labeling overrides WPS 
 
If the pesticide product labeling contains specific instructions or requirements that conflict with 
the requirements of the Worker Protection Standard, follow the instructions or 
requirements on the labeling. For example, some pesticide labeling may: 

•  Prohibit any early-entry activity, including short-term and emergency tasks. 

•  Allow an early-entry activity that the WPS does not allow. 

•  Require the use of personal protective equipment even if closed systems are used for 
mixing and loading. 
 
 

 
 
Exceptions to Labeling Statements 
The WPS allows certain exceptions to three specific pesticide labeling requirements: personal 
protective equipment, restricted-entry intervals, and double notification (the requirement 
on some labeling for both oral warnings and posting treated areas). The WPS statements in 
the Agricultural Use Requirements box on the product labeling will tell you that the WPS 
contains these exceptions. 
 
Entry during a restricted-entry interval is permitted only in a few strictly limited circumstances; 
see Early Entry. 
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Knowledge of Labeling Information 
 
A handler employer must assure that handlers understand all of the labeling requirements 
related to safe use of pesticides before any handling activity takes place.  The handler must 
also have access to the product labeling information during handling activities. 
 
Safe Operation of Equipment 
A handler employer must assure that handlers are instructed in the safe operation of all 
equipment they will be using.   
 
It is the handler-employer's responsibility to assure that the equipment is working properly and 
to inform employees, when appropriate, that the equipment may be contaminated with 
pesticides and to explain the correct way to handle such equipment. 
 
Personal Protective Equipment 
Any person handling a pesticide must use the clothing and PPE specified on the label for 
product use.  Characteristics of protective clothing and PPE are specified in the standard, as 
are exceptions to PPE specified on product labeling.  The handler employer must take 
appropriate measures to prevent heat-related illnesses. 
 
Decontamination 
A handler employer must provide a decontamination site (as specified in the standard) for 
washing off pesticides and pesticide residues during any handling activity. 
 
Emergency Assistance 
A handler employer must provide the same emergency assistance to handlers as discussed 
for workers. 
 
Implementation 
The requirements of WPS was phased into effect  back in 1992 and again in 2005. First, 
labeling requirements went into effect on April 21, 1993. Before that date, the EPA did not 
allow the statements required by the WPS to be on labels. The period back in October 22, 
1992-April 21, 1993 allowed the EPA to inform registrants how to correctly revise their labels 
and to inform end-users about the label-specific requirements by which they must abide.  The 
following label-specific requirements must appear on pesticide labels: 
 
 PPE (must be worn, but the employer is not required to provide, clean, or maintain until 

after April 15, 1994) (EPA, 1993a), 
 
 the REI, and, 

 
 on some pesticide labels, a requirement to provide both oral warnings (location and 

description of treated area, REI, and not to enter during REI) and a treated area posting 
(at entrance to treated area) (EPA, 1992b and EPA, 1993a). 

 
 
 

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

136

Label Requirements 
 
When these requirements appear on pesticide labels, all end-users must meet them unless 
exempt.  Exempt end-users should voluntarily obey the requirements because of the dangers 
of pesticide exposure. 
 
Second, beginning April 15, 1994, the generic requirements will be enforced.  Generic 
requirements are intended to eliminate exposure to pesticides and to inform employees about 
the occupational hazards of pesticides. These require employers to make sure that employees 
are provided with: 
 
 A display of information at a central location (WPS safety poster, the location of 

emergency medical facilities, and a list of recent pesticide applications). 
 
 A decontamination facility. 

 
 Pesticide safety training. 

 
 Details of information exchanges between employers of agricultural workers and 

employers of commercial (for-hire) pesticide applicators. 
 
 Notice about pesticide applications and information about pesticides used. 

 
 Monitoring of handlers who are using highly toxic pesticides. 

 
 Instruction on equipment safety, including inspection and maintenance. 

 
 Instruction on the cleaning, inspection, and maintenance of PPE. 

 
 Special instructions for handlers, including labeling information and safe operation of 

application equipment. 
 
 Special application restrictions in nurseries and greenhouses. 

 
 Emergency assistance when required (EPA, 1992a and EPA, 1993b). 

 

Enforcement 
 
States have primary enforcement responsibility for pesticide use violations if the Administrator 
of the EPA determines the State:  
(1) has adopted adequate pesticide use laws and regulations;  
(2) has adopted or is implementing adequate procedures for the enforcement of its laws and 
regulations; and 
(3) has kept records and made reports showing compliance with (1) and (2) above, as the 
Administrator may require by regulation. 
 
The Administrator of the EPA may also enter into cooperative agreements with States and 
Indian tribes to delegate the authority to cooperate in the enforcement of FIFRA. 
 
Violations of the WPS carry both civil and criminal penalties. 
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Exceptions 
 
Exceptions to the WPS are for pesticide application on an agricultural establishment in the 
following circumstances (40 CFR): 
 
For mosquito abatement, Mediterranean fruit fly eradication, or similar wide-area public pest 
control programs sponsored by governmental entities. 
 
On livestock or other animals, or in or about animal premises. 
 
On plants grown for other than commercial or research purposes, which may include plants in 
habitations, home fruit and vegetable gardens, and home greenhouses. 
 
On plants that are in ornamental gardens, parks, and public and private lawns and grounds 
that are only intended for aesthetic purposes or climatic modification. 
 
By injection directly into agricultural plants. Direct injection does not include "hack and squirt," 
"frill and spray," chemigation, soil-incorporation, or soil injection. 
 
In a manner not directly related to the production of agricultural plants, including, but not limited 
to, structural pest control, control of vegetation along rights-of-way and in non-crop areas, and 
pastures and rangeland use. 
 
For control of vertebrate pests. 
 
As attractants or repellents in traps. 
 
On the harvested portions of agricultural plants or on harvested timber. 
 
For research uses of unregistered pesticides. 
 
Exemptions 
Exemptions from specific sections of the WPS apply only to owners of agricultural 
establishments and members of their immediate family while they are performing tasks related 
to the production of agricultural plants on their own agricultural establishments (40 CFR).  
These exemptions apply to the sections of the WPS covering the following: 
 
Entry during a REI for short-term activities. 
 
Entry during a REI for an agricultural emergency. 
 
Entry during a REI for an EPA-granted exception. 
 
Notice of application. Providing specific information about applications. 
 
Pesticide safety training. 
 
Posted pesticide safety information. 
 
Decontamination and Emergency assistance. 
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Formulation Selection Considerations 
 
The importance of formulation type is generally overlooked. The decision to use a formulation 
for a given application should include an analysis of the following factors: 

 Applicator safety. Different formulations present various degrees of hazard to the 
applicator. Some products are easily inhaled, while others readily penetrate skin, or 
cause injury when splashed in the eyes. 

 Environmental concerns. Special precautions need to be taken with formulations 
that are prone to drift in air or move off-target into water. Wildlife can also be affected 
to varying degrees by different formulations. Birds may be attracted by granules, and 
fish or aquatic invertebrates can prove especially sensitive to specific pesticide 
formulations such as 2,4-D esters. 

 Pest biology. The growth habits and survival strategies of a pest will often determine 
what formulation provides optimum contact between the active ingredient and the 
pest. 

 Available application equipment. Some pesticide formulations require specialized 
application equipment. This includes safety equipment, spill control equipment and, 
in special cases, containment structures. 

 Surfaces to be protected. Applicators should be aware that certain formulations can 
stain fabrics, discolor linoleum, dissolve plastic, or burn foliage. 

 Cost. Product prices may vary substantially, based on the active ingredients present 
and the complexity of delivering active ingredients in specific formulations. 

 
Individuals such as commercial pest control technicians or farm workers who may not be 
involved in the selection process but are responsible for the actual application should also be 
made aware of the type of formulation they are using, its dangers and of the safety measures 
needed.  
 
This choice of formulation type can have an impact on human health and the environment. 
Inattention to the type of formulation being used could mean the difference between a routine 
application and one that is the source of environmental contamination - or worse, a serious 
human exposure. 
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Which Pesticides Uses are Covered? 
 
Most pesticide uses involved in the production of agricultural plants on a farm, forest, nursery, 
or greenhouse are covered by the WPS. This includes pesticides used on plants, and 
pesticides used on the soil or planting medium the plants are (or will be) grown in. Both general-
use and restricted-use pesticides are covered by the WPS. You will know that the product is 
covered by the WPS if you see the following statement in the Directions for Use section of the 
pesticide labeling: 
 
“Agricultural Requirements” 
Sadly many applicators, handlers and Workers lack or ignore this section and all of these have 
a huge chance of pesticide poisoning.  I know many who become used to tasting and touching 
chemicals without protection.  Use this product only in accordance with its labeling and with 
the Worker Protection Standard, 40 CFR 170. This standard contains requirements for the 
protection of agricultural workers on farms, forests, nurseries, and greenhouses, and handlers 
of agricultural pesticides. It contains requirements for training, decontamination, notification, 
and emergency assistance. It also contains specific instructions and exceptions pertaining to 
the statements on this label about personal protective equipment, notification of workers, and 
restricted-entry intervals.” 
 
If you are using a pesticide product with labeling that refers to the Worker Protection Standard, 
you must comply with the WPS. Otherwise, you will be in violation of federal law, since it is 
illegal to use a pesticide product in a manner inconsistent with its labeling. 
 

Which Pesticide Uses are not covered? 
Some pesticide uses are not covered by the WPS, even when the “Agricultural Use 
Requirements” section is on the labeling. For example, if the pesticide labeling bears an 
“Agricultural Use Requirements” section, but the product also can be applied to rights-of-way, 
the rights-of-way use is not covered by the WPS. The WPS does not cover pesticides applied: 

• on pastures or rangelands, 
• for control of vertebrate pests such as rodents,  
• as attractants or repellents in traps,  
• on the portions of agricultural plants that have been harvested, such as in WPS 
packing houses or on cut timber, 
• for mosquito abatement, Mediterranean fruit fly eradication, or similar government-
sponsored wide-area public pest control programs, 
• on livestock or other animals, or in or around animal premises, 
• on plants grown for other than commercial or research purposes, which may include 
plants in habitations, home fruit and vegetable gardens, and home greenhouses, 
•on plants that are in ornamental gardens, parks, golf courses, and public or private 
lawns and grounds and that are intended only for decorative or environmental benefit, 
• in a manner not directly related to the production of agricultural plants, including, for 
example, control of vegetation along rights of way and in other non-crop areas and 
structural pest control, such as termite control and wood preservation, 
•for research uses of unregistered pesticides. 

The WPS does not cover workers who are working in an area where a pesticide has been 
injected directly into the plants. However, people who handle pesticides that are to be Direct 
injection does not applied by direct injection are covered by the WPS and must receive handler 
protections.  
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Compensation includes pay or wages, payment through services or goods, or barter of 
services or goods. If only one person receives payment for the joint work of several people, all 
are considered to be compensated, and are employees under the WPS. For example, under 
a piece-rate payment system for harvesting crops, even if payment is issued to the head of the 
family only, all of the family members who harvest crops are considered employees under the 
WPS. 
 

Integrated Pest Management 
Integrated pest management (IPM) is the control strategy of choice for homeowners, growers, 
and commercial applicators.  
 

 
 
IPM is an approach to pest management that blends all available management techniques - 
nonchemical and chemical - into one strategy: Monitor pest problems, use nonchemical pest 
control, and resort to pesticides only when pest damage exceeds an economic or aesthetic 
threshold. 
 
Labels and regulations change and new products are introduced routinely. Therefore, the 
pesticide selection process should be conducted just prior to each growing season. 
 
The selection of a pesticide requires planning and knowledge of the alternatives. Begin by 
developing a comprehensive list of available pesticides for a specific crop, turf, or home garden 
pest.  
 
Pesticide recommendations for controlling any insect, weed, or disease can be suggested by 
numerous sources: the Cooperative Extension Service; consultants; agrichemical and urban 
pesticide dealers; product manufacturers; garden and nursery centers; association 
newsletters; trade journals; and expert applicators.  
 
After developing a pesticide list, the user should obtain labels of all products under 
consideration so that their strengths and weaknesses can be analyzed on a product profile 
worksheet. Labels generally are available locally from retail outlets or their suppliers. 
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Who Must Protect Workers and Handlers? 
 
Employers are responsible for making sure that workers and handlers receive the protections 
required by the pesticide labeling and the WPS. The term “employer” has a special meaning 
in the WPS — you are an employer even though you are self-employed or use only members 
of your own family to do the work on your establishment. 
 
The WPS has very specific definitions for two types of employers. WPS requirements apply 
only to employers who meet those definitions. 
 
WPS EMPLOYER DEFINITIONS 
Worker Employers: 
Worker employers are people who: 
• employ or contract for the services of workers (including themselves and members of 
their family) for any type of compensation to perform tasks related to the production of 
agricultural plants, or 
•own or operate an agricultural establishment that uses such workers. (See definition of 
“owner,”.) (See definition of “worker,”.) 
 
If you are a worker employer, you are responsible for providing your agricultural worker 
employees with the protections that the WPS requires for workers. (In the WPS itself, “worker 
employers” are called “agricultural employers.”) 
 
Handler Employers: 
Handler employers are people who: 
• employ pesticide handlers (including 
members of their family), for any type of 
compensation, or 
• are self-employed as pesticide handlers. 
(See definition of “pesticide handler,”.) 
 
If you are a handler employer, you are 
responsible for providing the pesticide 
handlers you employ with the protections that 
the WPS requires for handlers. 
 
If You Employ Supervisors 
You must:  
• require them to make sure the workers and handlers they supervise comply with the WPS 
and receive its protections, 
• give them enough information and directions about the WPS requirements to make sure 
that the workers and handlers they supervise receive the protections required by the WPS, 
and 
• tell them who is responsible for all actions necessary for compliance with the WPS. Even if 
you assign an employee to carry out the duties required by the WPS, you are responsible 
for making sure that all those duties are performed. 
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Retaliation Prohibited 
You and your supervisors must not prevent or discourage any worker or handler from 
complying or attempting to comply with the WPS, and you must not fire or otherwise retaliate 
against any worker or handler who attempts to comply. 
 
Penalties for Noncompliance 
Agricultural and handler employers can be subject to civil and criminal penalties if found not 
complying with the federal Worker Protection Standard including all revisions through 2004. 
Failure to comply is a pesticide misuse violation — also known as use of a pesticide in a 
manner inconsistent with its labeling. Failure to comply with distinct acts of the WPS may result 
in independently assessable charges, even if the violative acts occurred during one pesticide 
application. 
 
Currently, a federal civil penalty of up to $1,100 per violation may be assessed against private 
applicators (owners/operators of agricultural establishments) and other persons, and up to 
$6,500 per violation against commercial applicators (owners/operators of pesticide handling 
establishments) and other persons. Since Congress passed the Civil Monetary Penalty 
Inflation Adjustment Rule under the Debt Collection Improvement Act of 1996, civil penalties 
have been increased due to inflation and Congress’ intent on creating a deterrence to 
noncompliance. The next civil penalty adjustment is expected to occur in 2009. 
 
Criminal penalties can also be assessed if the WPS is knowingly violated. Federal fines include 
up to $1,000 per offense and 30 days in jail for private applicators, and up to $25,000 and 1 
year in jail for commercial applicators. 
 
Labeling Overrides WPS 
If the pesticide product labeling contains specific instructions or requirements that conflict with 
the requirements of the Worker Protection Standard, follow the instructions or 
requirements on the labeling. For example, some pesticide labeling may: 

• prohibit any early-entry activity, including short-term and emergency tasks, 
• allow an early-entry activity that the WPS does not allow, 
• require the use of personal protective equipment even if closed systems are used for 
mixing and loading. 

 
Exceptions to Labeling Statements 
The WPS allows certain exceptions to three specific pesticide labeling requirements: personal 
protective equipment , restricted-entry intervals, and double notification  (the 
requirement on some labeling for both oral warnings and posting treated areas). The WPS 
statements in the Agricultural Use Requirements box on the product labeling will tell you that 
the WPS contains these exceptions. 
 
Most states and tribes enforce under their own laws and regulations and have their 
own penalties, which may differ from federal penalties. Pesticide-related ordinances 
and associated penalties may also be imposed by local governments. 
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Topic 3 – Common Pesticide Applications and Methods Post Quiz 
Answers at the rear of Glossary 
 
Identify the missing term or word 
 
1.  Nozzle spacing and the boom distance from the target are important in both 
horizontal and vertical booms to achieve___________.  
 
 
2.  The main advantage of __________is that it can be carried out quickly and at 
times when ground equipment cannot operate.  
 
 
3. ___________  stops the insect from molting and a given insect is exposed just after 
a molt, it would continue to function normally until the next molt before dying. 
 
 
4.  _______________ is not approved for use in indoor residences. 
 
 
5.   The mechanism of action of ____________ involves inhibiting the production of 
chitin which is used by an insect to build its exoskeleton.  
 
 
6.  ____________ is a juvenile hormone analogue, preventing larvae from 
developing into adulthood and thus rendering them unable to reproduce.  
 
 
7.  ______________  takes advantage of all appropriate pest management options 
including, but not limited to, the judicious use of pesticides. 
 
 
8.  This term means selecting varieties best for local growing conditions, and 
maintaining healthy crops, is the first line of defense, together with plant quarantine 
and 'cultural techniques' such as crop sanitation (e.g. removal of diseased plants to 
prevent spread of infection). 
 
 
9.  __________________ includes the introduction of naturally occurring predators at 
either an inundative or inoculative level.  
 
 
10.  Examples of _____________  include Arborchem and kerosene.  
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PESTICIDE PERSISTANCE CHAIN CHART #1 
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Topic 4 - EPA Required Training Citation Section 
 
Section Focus: The student will be able to understand and explain pesticide related 
contamination, decontamination, rules and emergency procedures in relation to Handler 
duties. To prevent, or mitigate pesticide exposures, agricultural employers are required to 
provide supplies to workers and handlers for routine washing and emergency situations. In the 
sections below, you will learn what supplies must be provided, when, where, and for how long. 
At the end of this section, you will be able to understand and describe the WPS section about 
decontamination and emergency requirements. There is a post quiz at the end of this section 
to review your comprehension and a final examination in the Assignment for your contact 
hours.   
 
Scope/Background: Decontamination Supplies for Handlers 
Handler employers must provide decontamination supplies for routine washing, emergency 
decontamination, and eye flushing as described below. 

 

 
 
 
WPS Responsibility                    Citation 1.a.-1.g. 
The responsibility of agricultural employers to provide workers and handlers with information 
and protections designed to reduce work-related pesticide exposures and illnesses.  
 
This includes ensuring workers and handlers have been trained on pesticide safety, providing 
pesticide safety and application and hazard information, decontamination supplies and 
emergency medical assistance, and notifying workers of restrictions during applications and 
on entering pesticide treated areas. A worker or handler may designate in writing a 
representative to request access to pesticide application and hazard information. 
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Agricultural Employers Responsibility                 Citation 1.a. 
 
All workers and handlers must be trained on pesticide safety before they begin working at your 
grow operation. The training can be presented orally from written materials or by video (Check 
with your State agency to ensure this section is acceptable). In either case, the training must 
be in a language that the workers and handlers understand. You may use a translator such as 
a bilingual employee if necessary.  
 
The trainer (and translator if used) must be available to answer any questions by the 
employees during the training. Workers and handlers must be trained every five years 
(required annually in January 2017). 
 
Training must be provided by a qualified WPS trainer. The best way for agricultural employers 
to comply with the training requirements is to either become qualified as a trainer, or have one 
or more of their employees qualified. Then new employees can be trained when they begin 
work, and maintain training annually thereafter. 
 
Commercial Pesticide Applicators 
Commercial (custom) pesticide applicators must provide certain information about the 
pesticide(s) to the owner/operator of a farm, forest, nursery, or greenhouse who hires them 
before their pesticides are applied on the agricultural establishment. 
 
Information for Agricultural Establishment Operators 
Commercial pesticide applicators must inform the operator of a farm, forest, nursery, or 
greenhouse about the following information: 

1. The specific location and description of the areas on the agricultural establishment 
that are to be treated with the pesticide(s) 

2. The time and date the pesticide is scheduled to be applied 
3. The product name, EPA registration number, and active ingredient(s) of the pesticide 
4. The REI for the pesticide 
5. The product’s requirements regarding both treated-area postings and oral 

notifications 
6. Any other specific requirements on the pesticide label concerning protection of 

workers and other persons during or after application 
 
Operators of agricultural establishments must have this information to protect their 
employees. Operators of farms, forests, nurseries, and greenhouses must also provide 
commercial pesticide applicators with certain information concerning previously treated areas 
on the agricultural establishment.  
 
This information must include the following: 

1. The specific location and description of all areas on the agricultural establishment 
that: 

o May be treated with a pesticide or be under a REI while the commercial 
applicator will be there 

o Are within ¼ mile of the applicator 
o Have entry restrictions 

 
Operators of commercial pesticide applicator establishments must have this information to 
inform and protect their employees. 
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§170.7   General Duties and Prohibited Actions 
(a) General duties. The agricultural employer or the handler employer, as appropriate, 

shall: 
(1) Assure that each worker subject to subpart B of this part or each handler subject to 
subpart C of this part receives the protections required by this part. 
(2) Assure that any pesticide to which subpart C of this part applies is used in a manner 
consistent with the labeling of the pesticide, including the requirements of this part. 
(3) Provide, to each person who supervises any worker or handler, information and 
directions sufficient to assure that each worker or handler receives the protections 
required by this part. Such information and directions shall specify which persons are 
responsible for actions required to comply with this part. 
(4) Require each person who supervises any worker or handler to assure compliance by 
the worker or handler with the provisions of this part and to assure that the worker or 
handler receives the protections required by this part. 
(b) Prohibited actions. The agricultural employer or the handler employer shall not take 
any retaliatory action for attempts to comply with this part or any action having the effect 
of preventing or discouraging any worker or handler from complying or attempting to 
comply with any requirement of this part. 

 

§170.9   Violations of this Part 
(a) Under the Federal Insecticide, Fungicide, and Rodenticide Act (7 U.S.C. 136 et seq.) 
(FIFRA) section 12(a)(2)(G) it is unlawful for any person “to use any registered pesticide 
in a manner inconsistent with its labeling.” When this part is referenced on a label, users 
must comply with all of its requirements except those that are inconsistent with product-
specific instructions on the labeling. For the purposes of this part, EPA interprets the term 
“use” to include: 

(1) Pre-application activities, including, but not limited to: 
(i) Arranging for the application of the pesticide; 
(ii) Mixing and loading the pesticide; and 

(iii) Making necessary preparations for the application of the pesticide, including 
responsibilities related to worker notification, training of handlers, decontamination, use 
and care of personal protective equipment, emergency information, and heat stress 
management. 

(2) Application of the pesticide. 
(3) Post-application activities necessary to reduce the risks of illness and injury resulting 
from handlers' and workers' occupational exposures to pesticide residues during the 
restricted-entry interval plus 30 days. These activities include, but are not limited to, 
responsibilities related to worker training, notification, and decontamination. 
(4) Other pesticide-related activities, including, but not limited to, providing emergency 
assistance, transporting or storing pesticides that have been opened, and disposing of 
excess pesticides, spray mix, equipment wash waters, pesticide containers, and other 
pesticide-containing materials. 
(b) A person who has a duty under this part, as referenced on the pesticide product label, 
and who fails to perform that duty, violates FIFRA section 12(a)(2)(G) and is subject to a 
civil penalty under section 14. A person who knowingly violates section 12(a)(2)(G) is 
subject to section 14 criminal sanctions. 
(c) FIFRA section 14(b)(4) provides that a person is liable for a penalty under FIFRA if 
another person employed by or acting for that person violates any provision of FIFRA. 
The term “acting for” includes both employment and contractual relationships. 
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(d) The requirements of this part, including the decontamination requirements, shall not, 
for the purposes of section 653(b)(1) of title 29 of the U.S. Code, be deemed to be the 
exercise of statutory authority to prescribe or enforce standards or regulations affecting 
the general sanitary hazards addressed by the OSHA Field Sanitation Standard, 29 CFR 
1928.110, or other agricultural, non-pesticide hazards. 
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What Employers must do for both Workers and Handlers? 
 
Some WPS protections that employers must provide are nearly the same whether the 
employees are workers or handlers. This unit describes those requirements. The following unit 
describes additional requirements that employers must provide to their employees who are 
workers. The next unit describes additional requirements that employers must provide to their 
employees who are handlers. If you employ both workers and handlers, you will need to read 
all three of these units. 
 

Information at a Central Location 
Basic Responsibilities 
(See Also Specific Duties Section Below) 
 
Worker employers must make sure that certain 
information, described below, is displayed at a 
central location whenever  
(1) any worker whom they employ is on their 
agricultural establishment, and 
  
(2) a pesticide is about to be applied or has been 
recently applied. When agricultural establishments 
employ their own handlers, handler employers of 
such establishments must make sure that certain 
information, described below, is displayed at a 
central location whenever  
 
(1) any handler whom they employ is on their 
agricultural establishment, and  
 
(2) a pesticide has been recently applied. However, this information does not need to be 
displayed if only commercial (custom) pesticide handlers will be on the agricultural 
establishment. 
 
Specific Duties 
What Information Must Be Displayed? 
The following three types of information must be displayed at a central location before a 
pesticide is applied: 
 
1. Pesticide-specific application information, which must include: the location and 
description of the area to be treated, product name, EPA registration number, and active 
ingredient(s) of the pesticide, time and date the pesticide is scheduled to be applied, and 
restricted-entry interval for the pesticide. 
 
2. Emergency information, which must include the name, telephone number and address of 
the nearest emergency medical facility. 
 
3. A pesticide safety poster, which must be either the WPS safety poster developed by EPA 
or an equivalent poster that contains the concepts listed in Criteria for Pesticide Safety Poster. 
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Where Must the Information Be Displayed? 
Display the required information together in a central location on your agricultural 
establishment where it is readily accessible and can be easily seen and read by workers and 
handlers. 
 
Exception 
If the workplace is a forest, you may display the information near the forest. It must be in a 
location where workers and handlers can easily see and read it and where they are likely to 
gather or pass by. For example, you might display the information with the decontamination 
supplies or at an equipment storage site. 
 
Other Responsibilities 
1.  Inform workers and handlers where the information is located. 
2.  Allow workers and handlers free, unhampered access to the information. 
3.   Be sure that the poster, emergency information, and application information remain 
legible during the time they are posted. 
4.  Promptly inform workers if there is any change in the information on emergency medical 
facilities and update the emergency information listed with the poster. 
 
§170.315   Prohibited Actions. 
No agricultural employer, commercial pesticide handler employer, or other person involved in 
the use of a pesticide to which this part applies, shall intimidate, threaten, coerce, or 
discriminate against any worker or handler for complying with or attempting to comply with this 
part, or because the worker or handler provided, caused to be provided or is about to provide 
information to the employer or the EPA or any duly authorized representative of a Federal, 
State or Tribal government regarding conduct that the worker or handler reasonably believes 
violates this part, has made a complaint, testified, assisted, or participated in any manner in 
an investigation, proceeding, or hearing concerning compliance with this part, or has objected 
to, or refused to participate in, any activity, policy, practice, or assigned task that the worker or 
handler reasonably believed to be in violation of this part. Any such intimidation, threat, 
coercion, or discrimination violates FIFRA section 12(a)(2)(G), 7 U.S.C. 136j(a)(2)(G). 
 
§170.317   Violations of this part. 
(a) Under FIFRA section 12(a)(2)(G), it is unlawful for any person “to use any registered 
pesticide in a manner inconsistent with its labeling.” When this part is referenced on a label, 
users must comply with all of its requirements, except those that are inconsistent with product-
specific instructions on the pesticide product labeling, except as provided for in §§170.601, 
170.603 and 170.607. 

(b) A person who has a duty under this part, as referenced on the pesticide product 
labeling, and who fails to perform that duty, violates FIFRA section 12(a)(2)(G) and is subject 
to a civil penalty under section 14. A person who knowingly violates section 12(a)(2)(G) is 
subject to section 14 criminal sanctions. 

(c) FIFRA section 14(b)(4) provides that a person is liable for a penalty under FIFRA if 
another person employed by or acting for that person violates any provision of FIFRA. The 
term “acting for” includes both employment and contractual relationships, including, but not 
limited to, labor contractors. 

(d) The requirements of this part, including the decontamination requirements, must not, 
for the purposes of section 653(b)(1) of Title 29 of the U.S. Code, be deemed to be the exercise 
of statutory authority to prescribe or enforce standards or regulations affecting the general 
sanitary hazards addressed by the OSHA Field Sanitation Standard, 29 CFR 1928.110, or 
other agricultural non-pesticide hazards. 
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Pesticide Safety, Application and Hazard Information     Citation 1.b. 
 
That the employer must provide all the pesticide safety and application and hazard 
information. 
 
Assure that each employee assigned to handle pesticides is adequately trained in general 
pesticide safety and about correct pesticide-handling procedures BEFORE they are allowed 
to handle pesticides.  
 
Cover the following subject areas, in a manner the handler-employees can understand, for 
each pesticide or chemically similar group of pesticides, to be used by your handler-
employees.  
 
Pesticide product labeling format and meaning of information, such as precautionary 
statements about human health hazards.  
 
Hazards of pesticides (acute, chronic, delayed, and sensitization effects) identified in 
pesticide product labeling, Safety Data Sheets (SDS), or PSIS leaflets.  
 
Pesticide safety requirements and procedures in regulation, PSIS leaflets, SDS, including 
engineering controls (closed systems, enclosed cabs) for handling, transporting, storing, and 
disposing of pesticides.  
 
Environmental concerns (drift, runoff, and wildlife hazards). 
 
Purposes and requirements of medical supervision, if organophosphate or carbamate 
pesticides with the signal word “DANGER” or “WARNING” are mixed, loaded, or applied.  
 
Routes by which pesticides can enter the body.  
 
Common signs and symptoms of exposure.  
 
Emergency first aid for pesticide exposure.  
 
How to obtain emergency medical care.  
 
Routine and emergency decontamination procedures, including spill cleanup and the 
need to thoroughly shower with soap and warm water after the exposure period.  
 
Use and care of any required personal protective equipment.  
 
Prevention, recognition, and first aid for heat-related illness.  
 
Warnings about taking pesticides or pesticide containers home.  
 
Location of written WPS Standard and Safety information, PSIS and MSDS information. 
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§170.505   Requirements during Applications to Protect Handlers, 
Workers, and other Persons 
(a) Prohibition from contacting workers and other persons with pesticides during application. 
The handler employer and the handler must ensure that no pesticide is applied so as to 
contact, directly or through drift, any worker or other person, other than an appropriately trained 
and equipped handler involved in the application. 
(b) Suspending applications. After January 1, 2018, the handler performing the application 
must immediately suspend a pesticide application if any worker or other person, other than an 
appropriately trained and equipped handler involved in the application, is in the application 
exclusion zone described in §170.405(a)(1) or the area specified in column B of the Table in 
§170.405(b)(4). 
(c) Handlers using highly toxic pesticides. The handler employer must ensure that any handler 
who is performing any handler activity with a pesticide product that has the skull-and-
crossbones symbol on the front panel of the pesticide product label is monitored visually or by 
voice communication at least every two hours. 
(d) Fumigant applications in enclosed space production. The handler employer must ensure 
all of the following: 
(1) Any handler in an enclosed space production area during a fumigant application maintains 
continuous visual or voice contact with another handler stationed immediately outside of the 
enclosed space. 
(2) The handler stationed outside the enclosed space has immediate access to and uses the 
personal protective equipment required by the fumigant labeling for applicators in the event 
that entry becomes necessary for rescue. 

 
Which Pesticides Uses are Covered? 
Most pesticide uses involved in the production of agricultural plants on a farm, forest, nursery, 
or greenhouse are covered by the WPS. This includes pesticides used on plants, and 
pesticides used on the soil or planting medium the plants are (or will be) grown in.  
 
Both general-use and restricted-use pesticides are covered by the WPS.  
 
You will know that the product is covered by the WPS if you see the following statement in the 
Directions for Use section of the pesticide labeling. 
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Decontamination Supplies and Requirements    Citation 1.c. & 33.b. 
 

 
 

The revised rule will have many concerns that must be specifically 
addressed, like providing specific amounts of water for workers, 1 gallon 
per worker and 3 gallons per Handlers.    
 
Workers, handlers and early-entry workers must have adequate water for routine washing, 
soap and sufficient paper towels. Where there is no running water, early-entry workers and 
handlers must have at least 10 gallons of water for one employee and 20 gallons of water for 
two or more employees. The water must be of a “quality and temperature” that will not cause 
illness or injury. 
 
Beginning January, 2017 the water quantity requirements for routine washing and 
decontamination will change. Where running water is not available you must provide at least 
one gallon for each worker and three gallons for each handler and early-entry worker as 
measured at the beginning of the work period. 
 
Also, handlers must have a clean change of clothes -- such as coveralls -- to put on in case 
their clothes become contaminated. 
 
More permanent decontamination stations with plumbed, running water are appropriate 
where handlers and workers decontaminate at the end of the day. 
 
Handlers and early-entry workers must also carry a pint of water with them (or it must be 
“immediately” nearby on their vehicle) for emergency eyeflushing when the pesticide label 
requires protective eyewear (goggles or faceshield). 
 
A plumbed or portable emergency eyewash station must be provided at: 
• All mixing/loading sites and handler decontamination stations when the pesticide requires 
protective eyewear (goggles or faceshield). 
• All permanent mixing/loading sites regardless of whether or not the label requires protective 
eyewear. 
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§170.411   Decontamination Supplies for Workers 
(a) Requirement. The agricultural employer must provide decontamination supplies for 

routine washing and emergency decontamination in accordance with this section for any 
worker on an agricultural establishment who is performing an activity in an area where a 
pesticide was applied and who contacts anything that has been treated with the pesticide, 
including, but not limited to, soil, water, and plants. 

(b) Materials and quantities. The decontamination supplies required in paragraph (a) of 
this section must include at least 1 gallon of water per worker at the beginning of each worker's 
work period for routine washing and emergency decontamination, soap, and single-use towels. 
The supplies must meet all of the following requirements: 

(1) Water. At all times when this part requires agricultural employers to make water 
available to workers, the agricultural employer must ensure that it is of a quality and 
temperature that will not cause illness or injury when it contacts the skin or eyes or if it is 
swallowed. If a water source is used for mixing pesticides, it must not be used for 
decontamination, unless equipped with properly functioning valves or other mechanisms that 
prevent contamination of the water with pesticides, such as anti-backflow siphons, one-way or 
check valves, or an air gap sufficient to prevent contamination. 

(2) Soap and single-use towels. The agricultural employer must provide soap and single-
use towels for drying in quantities sufficient to meet the workers' reasonable needs. Hand 
sanitizing gels and liquids or wet towelettes do not meet the requirement for soap. Wet 
towelettes do not meet the requirement for single-use towels. 

(c) Timing. (1) If any pesticide with a restricted-entry interval greater than four hours was 
applied, the decontamination supplies must be provided from the time workers first enter the 
treated area until at least 30 days after the restricted-entry interval expires. 

(2) If the only pesticides applied in the treated area are products with restricted-entry 
intervals of four hours or less, the decontamination supplies must be provided from the time 
workers first enter the treated area until at least seven days after the restricted-entry interval 
expires. 

(d) Location. The decontamination supplies must be located together outside any treated 
area or area subject to a restricted-entry interval, and must be reasonably accessible to the 
workers. The decontamination supplies must not be more than 1⁄4 mile from where workers are 
working, except that where workers are working more than 1⁄4 mile from the nearest place of 
vehicular access or more than 1⁄4 mile from any non-treated area, the decontamination supplies 
may be at the nearest place of vehicular access outside any treated area or area subject to a 
restricted-entry interval. 
 

§170.509   Decontamination and Eye Flushing Supplies for Handlers 
(a) Requirement. The handler employer must provide decontamination and eye flushing 

supplies in accordance with this section for any handler that is performing any handler activity 
or removing personal protective equipment at the place for changing required by 
§170.507(d)(9). 

(b) General conditions. The decontamination supplies required in paragraph (a) of this 
section must include: at least three gallons of water per handler at the beginning of each 
handler's work period for routine washing and potential emergency decontamination; soap; 
single-use towels; and clean clothing for use in an emergency. The decontamination and eye 
flushing supplies required in paragraph (a) of this section must meet all of the following 
requirements: 

(1) Water. At all times when this section requires handler employers to make water 
available to handlers for routine washing, emergency decontamination or eye flushing, the 
handler employer must ensure that it is of a quality and temperature that will not cause illness 
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or injury when it contacts the skin or eyes or if it is swallowed. If a water source is used for 
mixing pesticides, it must not be used for decontamination or eye flushing supplies, unless 
equipped with properly functioning valves or other mechanisms that prevent contamination of 
the water with pesticides, such as anti-backflow siphons, one-way or check valves, or an air 
gap sufficient to prevent contamination. 

(2) Soap and single-use towels. The handler employer must provide soap and single-use 
towels for drying in quantities sufficient to meet the handlers' needs. Hand sanitizing gels and 
liquids or wet towelettes do not meet the requirement for soap. Wet towelettes do not meet the 
requirement for single-use towels. 

(3) Clean change of clothing. The handler employer must provide one clean change of 
clothing, such as coveralls, for use in an emergency. 

(c) Location. The decontamination supplies must be located together outside any treated 
area or area subject to a restricted-entry interval, and must be reasonably accessible to each 
handler during the handler activity. The decontamination supplies must not be more than 1/4 
mile from the handler, except that where the handler activity is more than 1/4 mile from the 
nearest place of vehicular access or more than 1/4 mile from any non-treated area, the 
decontamination supplies may be at the nearest place of vehicular access outside any treated 
area or area subject to a restricted-entry interval. 

(1) Mixing sites. Decontamination supplies must be provided at any mixing site. 
(2) Exception for pilots. Decontamination supplies for a pilot who is applying pesticides 

aerially must be in the aircraft or at the aircraft loading site. 
(3) Exception for treated areas. The decontamination supplies must be outside any 

treated area or area subject to a restricted-entry interval, unless the soap, single-use towels, 
water and clean change of clothing are protected from pesticide contamination in closed 
containers. 

(d) Emergency eye-flushing. (1) Whenever a handler is mixing or loading a pesticide 
product whose labeling requires protective eyewear for handlers, or is mixing or loading any 
pesticide using a closed system operating under pressure, the handler employer must provide 
at each mixing/loading site immediately available to the handler, at least one system that is 
capable of delivering gently running water at a rate of least 0.4 gallons per minute for at least 
15 minutes, or at least six gallons of water in containers suitable for providing a gentle eye-
flush for about 15 minutes. 

(2) Whenever a handler is applying a pesticide product whose labeling requires protective 
eyewear for handlers, the handler employer must provide at least one pint of water per handler 
in portable containers that are immediately available to each handler. 
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WPS Requires Providing Decontamination Sites 
 
Employers must establish a decontamination site for all workers and handlers for washing off 
pesticides and pesticide residues. A decontamination site must be within a quarter (1/4) mile 
of the employees’ work site.  
 
Employers must provide a site where workers and handlers can wash pesticide residue from 
their hands and body. A decontamination site should supply:  

 Enough water for routine and emergency whole body washing and for eye flushing.  
 Plenty of soap and single use towels.  
 Employers also must provide water that is safe and cool enough for washing, eye 

flushing, and drinking. Employers may not use tank stored water that also is used for 
mixing or diluting pesticides.  

 
Specific requirements differ depending whether employees are doing worker or handler tasks. 
Worker decontamination site requirements:  

 Decontamination sites must be provided for workers from application to 30 days after 
expiration of the REI.  

 Worker decontamination sites may not be in areas being treated or under an REI.  
 

 
 

No-contact early-entry workers do not have to be provided the special protections required 
in Early Entry.  
 
However, they must be provided the following protections offered to other agricultural workers: 
information at a central location, pesticide safety training for workers, notification, restrictions 
during applications and during restricted-entry intervals, and emergency assistance. 
Decontamination supplies, however, need not be provided to no-contact early-entry workers. 
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In addition, the WPS requires handlers to: 
● Apply pesticides in a way that will not expose workers or other persons. 
● Suspend applications if anyone, other than a trained and equipped handler 
involved with the application, is in the AEZ during a pesticide application 
(which may be outside the establishment’s property boundary). 
● Wear PPE specified on the pesticide product labeling. 

 
Mitigation 
To address pesticide exposures that employees may experience, the WPS requires 
employers to provide: 

● Decontamination supplies — specific amounts of water for workers and handlers 
along with soap and towels for routine washing and emergency decontamination. 
● Eyewash water — for handlers using pesticides requiring protective eyewear. 
● Emergency assistance — making transportation available to a medical care 
facility if an agricultural worker or handler may have been poisoned or injured 
by a pesticide, and providing information about the pesticide(s) to which the 
person may have been exposed to. 

 
 

The new revision will require the Pesticide Application, nearest Medical Facility and 
SDSs.  Many of these concerns can be addressed in the Informational Poster at the 
Central Posting Location.    
 
A few of the primary violations according to State Pesticide Inspectors, includes no 
safety poster, untrained workers and handlers, and no nearby medical facility posting.  
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Decontamination Supply Requirements 
 
Employers must make sure to provide handlers with decontamination supplies for washing off 
pesticides and pesticide residues while they are performing handling tasks and to workers who 
are in a pesticide-treated area and are performing tasks that involve contact with anything that 
has been treated with pesticides, including soil, water, or plant surfaces. 
 
The WPS requires that decontamination supplies be provided regardless of the number of 
employees.  
 
Whenever provided to workers or handlers, decontamination and emergency eye-flush water 
must, at all times, be of a quality and temperature that will not cause illness or injury if it comes 
in contact with the skin or eyes or if it is swallowed. 
 
Worker Decontamination Supplies 
Supplies must be located within ¼ mile of the work area if a WPS-labeled pesticide has been 
used within 30 days, except in those cases where low-risk pesticides (those with REIs of four 
hours or less) are used.  
 
When pesticides with an REI of four hours or less are used, decontamination supplies only 
need to be available for seven days.  
 
Supplies must be located in an area free of spray residues. Existing facilities, such as 
restrooms, will qualify as decontamination sites if they meet the minimum requirements for 
decontamination supplies, which include the following: 

1. Water—a minimum of one gallon of water per worker or a source of potable tap water 
2. Soap—for use in washing prior to eating, drinking, smoking, chewing tobacco or gum, 

or using the bathroom 
3. Single-use, disposable towels—for drying hands (multiple-use towels are not 

acceptable) 
 
Handler Decontamination Supplies 
Supplies must be provided at the mixing site and within ¼ mile of the application area. 
Supplies may be in the application area if protected from drift and spray residues.  
 
Supplies must include the following: 

1. Water—a minimum of three gallons per handler or a potable source of tap water 
2. Soap and single-use towels 
3. A whole-body wash—a means of rinsing the handler if a spill occurs 
4. Clean clothes or coveralls and a towel for after a whole-body wash 
5. Emergency eyewash if the pesticides used require protective eyewear as stated on 

the label; potable water may be used as eyewash 
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More on Decontamination Supplies 
 

 
 
Basic Responsibilities 
(See Also Specific Duties Section Below) 
Handler employers must make sure that decontamination supplies (described below) for 
washing off pesticides and pesticide residues are provided to handlers while they are doing 
handling tasks.  
 
Worker employers must make sure that decontamination supplies (described below) for 
washing off pesticide residues are provided to workers who are working in a pesticide-treated 
area and are doing tasks that involve contact with anything that has been treated with the 
pesticide, including soil, water, or surfaces of plants. 
 
Specific Duties 
When Must the Supplies Be Provided? 
 For handlers, for the duration of the handling task. 
 For workers, until 30 days after the end of any restricted-entry interval for that area. If 

there is no restricted-entry interval, until 30 days after the end of any application in that 
area. 
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Exception 
When the only pesticides used in the treated area are products with a restricted-entry interval 
of 4 hours or less, the decontamination supplies must be provided until 7 days after the end of 
the restricted-entry interval. Note: When products have no restricted-entry interval listed on 
the label, the decontamination supplies must be provided until 30 days after the end of any 
application in that area. 
 
For early-entry workers who will contact anything that has been treated with the pesticide, 
the decontamination supply requirements are different.  
 
Supplies 
Provide workers and handlers with: 
1. Water — enough for: 

• routine washing, and 
• emergency eyeflushing. 

If the water is stored in a tank, the water must not be used for mixing pesticides, unless the 
tank is equipped with correctly functioning anti-backsiphoning or check valves or other 
mechanisms (such as air gaps) that prevent pesticides from moving into the tank. 
2. Soap and single use towels — enough for workers’ or handlers’ needs. 
3. For handlers, also provide: 

• enough water for washing the entire body in case of emergency, and 
• clean change of clothes, such as one-size-fits-all coveralls, to put on if the handlers’ 
garments are contaminated and need to be removed right away. 

 
Recommendation: How Much Water Should Be Provided? 
Obviously, running water meets the requirement. However, if it is not available, 
use the following guidelines. 
 
• Workers: At least 1 gallon of water is recommended for each worker using the supplies. If 
you find that 1 gallon per worker is inadequate to last for the entire work period, provide more 
water or replenish the water as needed during the work period. 
 
•Handlers: At least 3 gallons of water is recommended for each handler using the supplies. If 
you find that 3 gallons per handler is inadequate to last for the entire work period, provide more 
water or replenish the water as needed during the work period. 
 
Location 
1. All decontamination supplies for workers must be located together and all decontamination 
supplies for handlers must be located together. Decontamination supplies must be reasonably 
accessible to the workers and handlers. Handlers mixing pesticides must have 
decontamination supplies at the mixing area. 
 
Exceptions: 

• For a pilot who is applying pesticides aerially, the decontamination supplies must be 
at the aircraft’s loading site or in the aircraft. 
• For tasks performed more than 1/4 mile from the nearest point reachable by vehicles 
(cars, trucks, or tractors), the decontamination supplies may be at the access point. In 
this circumstance, clean water from springs, streams, lakes, or other sources may be 
used for decontamination if such water is more readily available than the water at the 
access point. 
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Worker decontamination supplies must not be in an area being treated with pesticides or in 
an area under a restricted-entry interval. 
 
Handler decontamination supplies may be located in an area being treated with pesticides (or 
an area that has a restricted-entry interval in effect), only if: 

• They are in the area where the handler is doing handling tasks, 
and 
• The soap, single-use towels, and clean change of clothing are in closed containers, 
and 
• The water is running tap water or is in a closed container. 

 
Emergency Eyeflushing 
Provide each handler with at least 1 pint of emergency eyeflush water when the pesticide 
labeling requires protective eyewear for the handling task being performed. The emergency 
eyeflush water must be immediately accessible at the mix/load site.  
 
For example, it could be carried by the handler or be on a vehicle the handler is using. The 
water that is supplied for general decontamination may also be used as eyeflush water, if it is 
immediately accessible. 
 
Decontamination After Handling Tasks 
At the site where handlers remove their personal protective equipment (PPE), provide: 

• soap, 
• clean towels, and 
• enough water to allow handlers to wash thoroughly after removing PPE. 

 
If the pesticide is not applied as scheduled, you must display the corrected time and date 
before the application takes place.  
 
If you are unable to make the correction before the application takes place, make it as 
soon as possible thereafter. 
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Decontamination Solutions 
 
(1)  Decontamination solutions can be used for decontaminating surfaces and materials where 
spills of dust, granular, wettable powders, or liquid pesticides have occurred.  The bulk of the 
spilled pesticide should be cleaned up or removed prior to applying any decontaminant.  
  
(2)  Several materials may be used to decontaminate pesticides.  Due to the many different 
pesticides available and the necessity to use the correct decontamination material, all 
decontamination activities must be carried out only after appropriate decontamination methods 
have been determined by the Environmental Coordinator and/or Spill Response Team.  Many 
pesticides, especially the organophosphates, decompose when treated with lye. 
 
Fewer pesticides are decomposed by bleach.  Other pesticides cannot be effectively 
decontaminated and should only be treated with detergent and water to assist in removal.  The 
following table is a guide for decontaminating certain pesticides:  
  
Use Lye or            Use Chlorine           Do not use any decontamination  
Lime for:               Bleach for:               Chemicals for these Pesticides:  
  
acephate             calcium cyanide           alachlor  
atrazine               chlorpyrifos                  chloramben  
captan                 fonophos                      chlorinated hydrocarbons   
carbaryl                                              diuron  
dalapon                                               methoxychlor  
diazinon                                              pentachlorophenol  
dichlorvos                                            picloram  
dimethoate                                            2,4-D  
malathion                                             bromacil  
naled                                                 glyphosate  
propoxur                                              simazine             
 
WARNING:  There is a slight potential for creating toxic by-products when using these 
procedures.  In critical situations, samples of affected soil, sediment, water, etc. should be sent 
to a laboratory for analysis to determine if decontamination was successful.  
 
Pesticides amenable to treatment using lye or lime may be decontaminated when mixed with 
an excess quantity of either of these materials.  Lye or lime can be used in either the dry form 
or as a 10% solution in water.  Caution:  caustic soda (lye) can cause severe eye damage to 
personnel not properly protected.   
 
Protect against contact by wearing unventilated goggles, long-sleeved work clothes with 
coveralls, neoprene gloves, and a chemical-resistant apron.  An approved respirator should 
also be worn.  Do not use lye on aluminum surfaces.  
 
Bleach 
For pesticides that can be degraded by treatment with bleach, in general use one gallon of 
household bleach (which contains approximately 5% sodium hypochlorite) per pound or gallon 
of pesticide spilled.  If bleaching powder is used, first mix it with water (one gallon of water per 
pound of bleach) and add a small amount of liquid detergent.   
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For safety reasons, a preliminary test must be run using small amounts of bleach and the 
spilled pesticide.  The reaction resulting from this test must be observed to make sure the 
reaction is not too vigorous.   
 
Do not store in close proximity to, or mix chlorine bleach with, amine-containing pesticides.  
Mingling of these materials can cause a violent reaction resulting in fire.   
 
Calcium hypochlorite is not recommended as a decontaminating agent because of the fire 
hazard.  
 
Spilled granular/bait materials need only to be swept up.  When there is doubt concerning 
which decontaminant is appropriate, only water and detergent should be used.  
 
Nonporous surfaces should be washed with detergent and water.  The decontamination 
solution determined to be correct should be thoroughly worked into the surface.  The 
decontamination solution should then be soaked up using absorbent material.  The spent 
absorbent material is then placed into a labeled leakproof container for disposal.  
  
Porous materials such as wood may not be adequately decontaminated.  If contamination is 
great enough to warrant, these materials should be replaced. Tools, vehicles, aircraft, 
equipment and any contaminated metal or other nonporous objects can be readily 
decontaminated using detergent and the appropriate decontamination solution.  
 
Disposal 
All contaminated materials that cannot be effectively decontaminated as described above must 
be placed in properly labeled, sealed, leakproof containers.  Disposal of these containers shall 
be in accordance with instructions determined by the U.S. Environmental Protection 
Agency/State Pesticide Agency and the Spill Response Team. 
 
 

 
 
Common and unnecessary sight at several aerial applicators in the U.S. several empty 
pesticide cans. 
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Emergency Assistance                                                       Citation 1.d.   
 

 
 
§170.160   Emergency Assistance 
If there is reason to believe that a person who is or has been employed on an agricultural 
establishment to perform tasks related to the production of agricultural plants has been 
poisoned or injured by exposure to pesticides used on the agricultural establishment, including, 
but not limited to, exposures from application, splash, spill, drift, or pesticide residues, the 
agricultural employer shall: 

(a) Make available to that person prompt transportation from the agricultural 
establishment, including any labor camp on the agricultural establishment, to an 
appropriate emergency medical facility. 
(b) Provide to that person or to treating medical personnel, promptly upon request, any 
obtainable information on: 

(1) Product name, EPA registration number, and active ingredients of any product to which 
that person might have been exposed. 
(2) Antidote, first aid, and other medical information from the product labeling. 
(3) The circumstances of application or use of the pesticide on the agricultural establishment. 
(4) The circumstances of exposure of that person to the pesticide. 
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Pesticide Safety Training 
A handler employer must assure that each handler is properly trained in pesticide safety by a 
qualified trainer.  The minimum pesticide training required, as well as the criteria for qualified 
trainers, is specified in the standard.  
 
Certified handlers and handlers who have been trained under 40 Code of Federal Regulations, 
Part 171 are exempt from this requirement. 
 
If there is reason to believe that an employee has been poisoned or injured by a pesticide 
exposure, you must provide prompt transportation to an emergency medical facility.  
 
You must provide information about the circumstances of the exposure and the pesticide(s) 
involved. Bring product labels with you. 
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§170.313   Commercial Pesticide Handler Employer Duties 
(k) Provide emergency assistance in accordance with this paragraph. If there is reason to 
believe that a handler employed by the commercial pesticide handling establishment has 
experienced a potential pesticide exposure during his or her employment by the commercial 
pesticide handling establishment or shows symptoms similar to those associated with acute 
exposure to pesticides during or within 72 hours after his or her employment by the commercial 
pesticide handling establishment, and needs emergency medical treatment, the commercial 
pesticide handler employer must do all of the following promptly after learning of the possible 
poisoning or injury: 

(1) Make available to that person transportation from the commercial pesticide handling 
establishment, or any agricultural establishment on which that handler may be working on 
behalf of the commercial pesticide handling establishment, to an operating medical care facility 
capable of providing emergency medical treatment to a person exposed to pesticides. 

(2) Provide all of the following information to the treating medical personnel: 
(i) Copies of the applicable safety data sheet(s) and the product name(s), EPA registration 

number(s) and active ingredient(s) for each pesticide product to which the person may have 
been exposed. 

(ii) The circumstances of application or use of the pesticide. 
(iii) The circumstances that could have resulted in exposure to the pesticide. 
(l) Ensure that persons directly employed by the commercial pesticide handling 

establishment do not clean, repair, or adjust pesticide application equipment, unless trained 
as a handler under §170.501. Before allowing any person not directly employed by the 
commercial pesticide handling establishment to clean, repair, or adjust equipment that has 
been used to mix, load, transfer, or apply pesticides, the commercial pesticide handler 
employer must provide all of the following information to such persons: 

(1) Notice that the pesticide application equipment may be contaminated with pesticides. 
(2) The potentially harmful effects of exposure to pesticides. 
(3) Procedures for handling pesticide application equipment and for limiting exposure to 

pesticide residues. 
(4) Personal hygiene practices and decontamination procedures for preventing pesticide 

exposures and removing pesticide residues. 
(m) Provide any records or other information required by this part for inspection and 

copying upon request by an employee of EPA or any duly authorized representative of a 
Federal, State or Tribal government agency responsible for pesticide enforcement. 

 
Worker employers must provide emergency assistance, described below, to anyone who is 
or has been employed as a worker on their farm, forest, nursery, or greenhouse if there is 
reason to believe that the worker has been poisoned or injured by a pesticide used on the 
agricultural establishment — for example, through application, spills, splashes, drift, or contact 
with pesticide residues.  
 
Pesticide handler employers must provide emergency assistance, described below, to 
anyone who is or has been employed as a handler on their farm, forest, nursery, or 
greenhouse or on their commercial pesticide handling establishment, if there is reason to 
believe that the handler has been poisoned or injured by a pesticide as a result of that 
employment — for example, through application, spills, splashes, drift, handling tasks, or 
contact with pesticide residues. 
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Specific Duties - Emergency Transportation 
1. Promptly make emergency transportation available to take the worker to an emergency 
medical facility able to provide treatment and bring the SDS: 

 
•  from the agricultural establishment, or Employers can “make transportation taking 
the employee to the emergency medical facility, or calling an such as an ambulance, 
or making sure the employee has a ride to the medical and facility with someone else. 
•  from a labor camp located on the establishment.  

 
2. Promptly make emergency transportation available to take the handler to an available” by: 
emergency medical facility able to provide treatment and provide a copy of the SDS: 

 
• from the agricultural establishment, or  
 
• from another handling site, such as a commercial handling establishment or an airport 
hangar.  

 
Emergency Information  
Provide to the worker or handler or to treating medical personnel the SDS, promptly upon 
emergency vehicle, request, any obtainable information on:  
 

• product name, EPA registration number, and active ingredients for any product(s) to 
which the person may have been exposed,  

 
• antidote, first aid, statement of practical treatment and other medical or emergency 
information from the product labeling, 

 
• description of the way the pesticide was being used,  

 
• circumstances of the worker’s or handler’s exposure to the pesticide.  

 
If there is reason to believe that a worker has been poisoned or injured by pesticides, the 
employer must make prompt transportation to a medical facility available to the worker.  On 
request the employer must provide, to either the worker or medical personnel providing 
treatment, information about the product including the EPA registration number, active 
ingredients in any product the worker might have been exposed to in the past 30 days, antidote 
and other first aid information from the product labeling, and information about the application 
and the exposure of workers to the pesticide. 
 
Requirements for Handlers 
The general applicability, exceptions and exemptions in the requirements for handlers and 
workers are the same.  However, the requirements for handlers have specific differences. 
 
Restrictions During Application 
The handler employer must assure that: 
 
 No pesticide is applied so as to contact any worker (directly or through drift) other than 

an appropriately trained and equipped handler. 
 
 Workers handling highly toxic pesticides are monitored visually or by voice 

communication at least every 2 hours. 
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 Any worker who handles a fumigant in an enclosed space production, (greenhouse) 
including a handler entering before acceptable safe entry criteria have been met, 
maintains continuous visual or voice contact with another handler who has immediate 
access to the required PPE if rescuing the handler in the greenhouse becomes 
necessary. 

 
Notice of Application to Agricultural Employers 
Prior to applying any pesticide on an agricultural establishment, a handler employer must 
provide the following information to an agricultural employer or be assured that the agricultural 
employer is aware of the specific time, date, location, and description of the pesticide-treated 
area, labeling requirements relating to protection of workers during or after application, product 
name, the EPA registration number, active ingredients, REI, and notification requirements. 
 
Pesticide Safety Training 
A handler employer must assure that each handler is properly trained in pesticide safety by a 
qualified trainer.   
 
The minimum pesticide training required, as well as the criteria for qualified trainers, is 
specified in the standard. Certified handlers and handlers who have been trained under 40 
Code of Federal Regulations, Part 171 are exempt from this requirement. 
 
The following are key requirements for training workers and handlers: 
There is no grace period for WPS training! The agricultural employer must ensure that 
WPS training is completed within the last 12 months before: 
 Any worker enters a treated area on an agricultural establishment where, within the 

last 30 days, a WPS-labeled pesticide product has been used or a REI for such 
pesticide has been in effect. 

 Any handler conducts any handling task. 
 
● Workers and handlers are exempt from WPS training if they are currently: 
 Certified as an applicator of restricted-use pesticides. 
 Certified as a crop advisor by a program acknowledged as appropriate in writing by 

EPA, or a State or Tribal agency responsible for pesticide enforcement. 170.401(b) 
 
● Additionally, a worker is exempt from WPS worker training if they have been trained as a 
WPS handler within the last 12 months. 
● Only qualified trainers may provide WPS training. 
● Train workers and handlers annually. 
● Provide training in a manner that the workers or handlers can understand, using a 
translator if necessary. 
● Present training using EPA-approved materials either orally from written materials or audio-
visually. 
● Keep records of worker or handler training for 2 years. 
● Make training records available to employees upon request. 
● All training requirements are effective January 2, 2017 EXCEPT the expanded training 
content which is effective January 2, 2018. 
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Worker Notification of Restrictions During Applications   
 
The employer shall notify to workers of restrictions during applications.  

§170.405   Entry Restrictions Associated with Pesticide Applications. 
(a) Outdoor production pesticide applications. (1) The application exclusion zone is defined as 
follows: 

(i) The application exclusion zone is the area that extends 100 feet horizontally from the 
application equipment in all directions during application when the pesticide is applied by any 
of the following methods: 

(A) Aerially. 
(B) Air blast application. 
(C) As a spray using a spray quality (droplet spectrum) of smaller than medium (volume 
median diameter of less than 294 microns). 
(D) As a fumigant, smoke, mist, or fog. 
(ii) The application exclusion zone is the area that extends 25 feet horizontally from the 

application equipment in all directions during application when the pesticide is applied not as 
in §170.405(a)(1)(i)(A)-(D) and is sprayed from a height of greater than 12 inches from the 
planting medium using a spray quality (droplet spectrum) of medium or larger (volume median 
diameter of 294 microns or greater). 

(iii) There is no application exclusion zone when the pesticide is applied in a manner other 
than those covered in paragraphs (a)(1)(i) and (a)(1)(ii) of this section. 

(2) During any outdoor production pesticide application, the agricultural employer must 
not allow or direct any worker or other person, other than an appropriately trained and equipped 
handler involved in the application, to enter or to remain in the treated area or an application 
exclusion zone that is within the boundaries of the establishment until the application is 
complete. 

(3) After the application is complete, the area subject to the labeling-specified restricted-
entry interval and the post-application entry restrictions specified in §170.407 is the treated 
area. 

(b) Enclosed space production pesticide applications. (1) During any enclosed space 
production pesticide application described in column A of the Table under paragraph (b)(4) of 
this section, the agricultural employer must not allow or direct any worker or other person, 
other than an appropriately trained and equipped handler involved in the application, to enter 
or to remain in the area specified in column B of the Table under paragraph (b)(4) of this section 
during the application and until the time specified in column C of the Table under paragraph 
(b)(4) of this section has expired. 

(2) After the time specified in column C of the Table under paragraph (b)(4) of this section 
has expired, the area subject to the labeling-specified restricted-entry interval and the post-
application entry restrictions specified in §170.407 is the area specified in column D of the 
Table under paragraph (b)(4) of this section. 

(3) When column C of the Table under paragraph (b)(4) of this section specifies that 
ventilation criteria must be met, ventilation must continue until the air concentration is 
measured to be equal to or less than the inhalation exposure level required by the labeling. If 
no inhalation exposure level is listed on the labeling, ventilation must continue until after one 
of the following conditions is met: 

(i) Ten air exchanges are completed. 
(ii) Two hours of ventilation using fans or other mechanical ventilating systems. 
(iii) Four hours of ventilation using vents, windows, or other passive ventilation. 
(iv) Eleven hours with no ventilation followed by one hour of mechanical ventilation. 
(v) Eleven hours with no ventilation followed by two hours of passive ventilation. 
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(vi) Twenty-four hours with no ventilation. 
(4) The following Table applies to paragraphs (b)(1), (2), and (3) of this section. 

 
§170.505   Requirements during Applications to Protect Handlers, 
Workers, and other Persons 
(a) Prohibition from contacting workers and other persons with pesticides during application. 
The handler employer and the handler must ensure that no pesticide is applied so as to 
contact, directly or through drift, any worker or other person, other than an appropriately trained 
and equipped handler involved in the application. 
(b) Suspending applications. After January 1, 2018, the handler performing the application 
must immediately suspend a pesticide application if any worker or other person, other than an 
appropriately trained and equipped handler involved in the application, is in the application 
exclusion zone described in §170.405(a)(1) or the area specified in column B of the Table in 
§170.405(b)(4). 
(c) Handlers using highly toxic pesticides. The handler employer must ensure that any handler 
who is performing any handler activity with a pesticide product that has the skull-and-
crossbones symbol on the front panel of the pesticide product label is monitored visually or by 
voice communication at least every two hours. 
(d) Fumigant applications in enclosed space production. The handler employer must ensure 
all of the following: 
(1) Any handler in an enclosed space production area during a fumigant application maintains 
continuous visual or voice contact with another handler stationed immediately outside of the 
enclosed space. 
(2) The handler stationed outside the enclosed space has immediate access to and uses the 
personal protective equipment required by the fumigant labeling for applicators in the event 
that entry becomes necessary for rescue. 
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Worker Notification of Restrictions to Treated Areas        Citation 1.f.   
 
§170.224   Notice of Applications to Agricultural Employers. 
Before the application of any pesticide on or in an agricultural establishment, the handler 
employer shall provide the following information to any agricultural employer for the 
establishment or shall assure that any agricultural employer is aware of: 

(a) Specific location and description of the treated area. 
(b) Time and date of application. 
(c) Product name, EPA registration number, and active ingredient(s). 
(d) Restricted-entry interval. 
(e) Whether posting and oral notification are required. 
(f) Any other product-specific requirements on the product labeling concerning protection 

of workers or other persons during or after application. 

 
§170.110   Restrictions Associated with Pesticide Applications. 
(a) Farms and forests. During the application of any pesticide on a farm or in a forest, the 
agricultural employer shall not allow or direct any person, other than an appropriately trained 
and equipped handler, to enter or to remain in the treated area. 
(b) Nurseries. In a nursery, during any pesticide application described in column A of Table 1 
of this paragraph, the agricultural employer shall not allow or direct any person, other than an 
appropriately trained and equipped handler, to enter or to remain in the area specified in 
column B of Table 1 of this paragraph. After the application is completed, until the end of any 
restricted-entry interval, the entry-restricted area is the treated area. 

 
TABLE 1—ENTRY-RESTRICTED AREAS IN NURSERIES DURING PESTICIDE APPLICATIONS 

A. During Application of a Pesticide: B. Workers are Prohibited in: 

(1)(a) Applied: Treated area plus 100 feet in all 
directions on the nursery 

(i) Aerially, or 
 

(ii) In an upward direction, or 
 

(iii) Using a spray pressure greater than 150 psi, or 
 

(b) Applied as a: 
 

(i) Fumigant, or 
 

(ii) Smoke, or 
 

(iii) Mist, or 
 

(iv) Fog, or 
 

(v) Aerosol. 
 

(2)(a) Applied downward using: Treated are plus 25 feet in all 
directions on the nursery 

(i) A height of greater than 12 inches from the planting 
medium, or 

 

(ii) A fine spray, or 
 

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

174

(iii) A spray pressure greater than 40 psi and less than 150 
psi. 

 

(b) Not as in 1 or 2(a) above but for which a respiratory 
protection device is required for application by the product 
labeling. 

 

(3) Applied otherwise. Treated area 
 
(c) Greenhouses. (1) When a pesticide application described in column A of Table 2 under 
paragraph (c)(4) of this section takes place in a greenhouse, the agricultural employer shall 
not allow or direct any person, other than an appropriately trained and equipped handler, to 
enter or to remain in the area specified in column B of Table 2 until the time specified in column 
C of Table 2 has expired. 
 
(2) After the time specified in column C of Table 2 under paragraph (c)(4) of this section has 
expired, until the expiration of any restricted-entry interval, the agricultural employer shall not 
allow or direct any worker to enter or to remain in the treated area as specified in column D of 
Table 2 under paragraph (c)(4) of this section, except as provided in §170.112. 
 
(3) When column C of Table 2 under paragraph (c)(4) of this section specifies that ventilation 
criteria must be met, ventilation shall continue until the air concentration is measured to be 
equal to or less than the inhalation exposure level the labeling requires to be achieved. If no 
inhalation exposure level is listed on the labeling, ventilation shall continue until after: 

(i) Ten air exchanges are completed; or 
(ii) Two hours of ventilation using fans or other mechanical ventilating systems; or 
(iii) Four hours of ventilation using vents, windows or other passive ventilation; or 
(iv) Eleven hours with no ventilation followed by 1 hour of mechanical ventilation; or 
(v) Eleven hours with no ventilation followed by 2 hours of passive ventilation; or 
(vi) Twenty-four hours with no ventilation. 
(4) The following Table 2 applies to paragraphs (c) (1), (2), and (3) of this section. 
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TABLE 2—GREENHOUSE ENTRY RESTRICTIONS ASSOCIATED WITH PESTICIDE 

APPLICATIONS 

A. When a Pesticide is 
Applied: 

B. Workers are 
Prohibited in: C. Until: 

D. After the Expiration of 
Time in Column C Until 
the Restricted-Entry 
Interval Expires, the 
Entry-Restricted Area is: 

(1) As a fumigant Entire greenhouse plus 
any adjacent structure 
that cannot be sealed 
off from the treated 
area 

The ventilation 
criteria of 
paragraph (c)(3) of 
this section are 
met 

No entry restrictions after 
criteria in column C are met 

(2) As a Entire enclosed area The ventilation 
criteria of 
paragraph (c)(3) of 
this section are 
met 

Entire enclosed area is the 
treated area 

(i) Smoke, or 
   

(ii) Mist, or 
   

(iii) Fog, or 
   

(iv) Aerosol 
   

(3) Not in 1 or 2 above, and 
for which a respiratory 
protection device is required 
for application by the product 
labeling 

Entire enclosed area The ventilation 
criteria of 
paragraph (c)(3) of 
this section are 
met 

Treated area 

(4) Not in 1, 2, or 3 above, 
and: 

Treated area plus 25 
feet in all directions in 
the enclosed area 

Application is 
complete 

Treated area 

(i) From a height of 
greater than 12 in. from 
the planting medium, or 

   

(ii) As a fine spray, or 
   

(iii) Using a spray 
pressure greater than 
40 psi 

   

(5) Otherwise Treated area Application is 
complete 

Treated area 
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Further Requirements for Employers of Workers  
Notice about Applications 
 
Basic Responsibilities 
(See Also Specific Duties Section Below) 
Under most circumstances, worker employers must make sure that workers are notified 
about areas where pesticide applications are taking place or where restricted-entry intervals 
are in effect. 
 
Specific Duties - Both Oral Warnings and Posted Signs 
Some pesticide labels require you to notify workers both orally and with signs posted at 
entrances to the treated area. If both types of notification are required, the following statement 
will be in the “Directions for Use” section of the pesticide labeling under the heading 
“Agricultural Use Requirements”: 
 
“Notify workers of the application by warning them orally and by posting warning signs 
at entrances to treated areas.” 
 
Notification on Farms, Forests, and Nurseries 
Unless the pesticide labeling requires both types of notification, notify workers either orally or 
by the posting of warning signs at entrances to treated areas. You must inform workers which 
method of notification is being used. 
 
Notification in Greenhouses 
In greenhouses, you must post all treated areas, except as described below. If the pesticide 
labeling requires both types of notification, you must also notify workers orally. 
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Exceptions to Worker Notification 
1. Oral warnings need not be given to: 

• any worker on your farm, forest, or nursery who will not be in the treated area, or walk 
within 1/4 mile of a treated area, during the pesticide application or while the restricted-
entry interval is in effect, 
• any worker who will not be in your greenhouse during a pesticide application or while 
a restricted-entry interval is in effect there, or 
• any worker who applied (or supervised the application of) the pesticide and is aware 
of all of the information required to be given in the oral warning. 

 
2. Treated area posting is not required if: 

• no workers on your farm, forest, or nursery will be in the treated area, or walk within 
1/4 mile of the treated area, during the pesticide application or while the restricted-entry 
interval is in effect, 
• no workers will be in the greenhouse during the pesticide application or while the 
restricted-entry interval is in effect there, or 
• the only workers for whom you need to post applied (or supervised the application 
of) the pesticide and are aware of all of the information required to be given in the oral 
warning. 

 
Posted Warning Signs  
Signs meeting these Use WPS-design signs when you post warnings at entrances to treated 
areas. For all requirements should be detailed description, see Requirements for Warning 
Signs.  
 
1. Location: 
• On farms, forests, and nurseries, post the signs so they can be seen from all points where 
workers usually enter the treated area, including at least: – each access road, – each border 
with any labor camp adjacent to the treated area, and – each established walking route that 
enters the treated area. 
When there are no usual points of worker entry, post the signs in the corners of the treated 
area or in places where they will be most easily seen. 
• In greenhouses, post the signs so they can be seen from all points where workers usually 
enter the treated area, including doorways, aisles, and other walking routes. When there are 
no usual points of worker entry to the treated area, post the signs in the corners of the treated 
area or in places where they will be easily seen. 
 
2. Timing and Visibility of Warning Signs: 

• Post signs 24 hours or less before the scheduled application of the pesticide. 
• Keep signs posted during application and throughout the restricted-entry interval (if 
any), 
• Remove the signs within 3 days after the end of the restricted-entry interval. If there 
is no restricted-entry interval for that application, remove the signs within 3 days after 
the end of the application. 
• Keep workers out during the entire time the signs are posted, (except for trained and 
equipped early-entry workers entering as permitted under WPS). 
• Keep signs visible and legible while they are posted. 

 
3. Posting Adjoining Areas When several adjoining areas are to be treated with pesticides 
on a rotating or sequential Requirements for Warning Signs, you may post the entire area at 
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the same time. Worker entry, except for early entry description, see permitted by the WPS, is 
prohibited for the entire area while the signs are posted. 
 
4. Design and Size 
• Each warning sign must look like this: 
 
Exception: 
As an option, you may use warning signs that replace the Spanish words with the same words 
in Red another language (other than English) that is read by the largest number of your workers 
who do not read English. The replacement sign must meet all other requirements for the WPS 
warning sign. 

 
• You may put additional information on the warning sign, such as the name of the 
pesticide or the date of application, if it does not lessen the impact of the sign or change 
the meaning of the required information. If you add the required information in other 
languages, the words must be translated correctly. 
• The signs must be at least 14 inches by 16 inches, and the letters must be at least 1 
inch high. 

 
Exception: 
On farms and forests, you may use smaller signs if the treated area is too small to 
accommodate 14- by 16-inch signs. For example, when a single plant needs to be posted, a 
smaller sign would be appropriate. In nurseries and greenhouses, you may, at any time, use a 
sign smaller than the standard size.  
 
Whenever a small sign is used, there are specific posting distances depending on the size of 
the lettering and symbol on the sign (see table below). 
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Sign Size 
Signs with the words “DANGER” and “PELIGRO” in letters less than 7/16 inch in height or with 
any words in letters less than 1/4 inch in height or with the circle graphic containing an upraised 
hand and a stern face less than 1½ inches in diameter do not meet WPS sign requirements. 
* This distance requirement is for places where multiple signs are used to post a single treated 
area, such as a field or a greenhouse section. It does not apply where individual signs are used 
for separate small treatment areas (such as single potted plants in a greenhouse). 
 
Oral Warnings to Workers 
1. Content: 
Oral warnings must include: 

• the location and description of the treated area, 
• the time during which entry is restricted, and 
• instructions not to enter the treated area until the restricted-entry interval has expired. 

 
2. Communication: 
Provide oral warnings to workers in a manner that they can understand. 
 
3. Timing: 

• Workers who are on your establishment at the start of an application must be orally 
warned before the application takes place. 
• Workers who are not on your establishment at the start of an application must be 
orally warned at the beginning of their first work period if (1) the application is still 
taking place or (2) the restricted-entry interval for the pesticide is in effect. 

 
Entering either enclosed or outdoor fumigated areas to ventilate, remove tarps or other 
coverings used in the fumigation, or to measure air concentration levels are handling tasks, 
not early entry. Only appropriately trained and equipped handlers can do these tasks. 
 
Restrictions During and After Applications 
Basic Responsibilities 
Worker employers must take actions, described below, to protect workers and other 
persons during pesticide applications on agricultural establishments. Worker employers also 
must take actions, described below, to protect workers during restricted-entry intervals. 
 
Specific Duties -  During Applications 
1. Keep everyone except appropriately trained and equipped handlers out of areas being 
treated with pesticides. 
 
2. In nurseries and greenhouses, during some applications, also keep workers and other 
persons out of the area immediately around the area being treated. The size of this “keep-
out zone” depends on the pesticide used and the application method. In some greenhouse 
situations, the greenhouse must be adequately ventilated before workers are allowed to enter. 
 
During Restricted-Entry Intervals 
In general, keep workers out of a treated area during the restricted-entry interval. This 
restriction has only two types of exceptions:  
(1) early entry with no contact, described below, and  
(2) early entry with contact for short-term, emergency, or specially excepted tasks.  
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Note, however, that entry into treated areas during a restricted-entry interval is also allowed to 
perform handling (including crop advisor) tasks as long as the persons entering such areas 
are trained and equipped as pesticide handlers and receive all other applicable WPS handler 
protections. 
 
 

 
 

Restricted–Entry Interval (REI) 
The restricted-entry interval is the time immediately after a pesticide application when entry 
into the treated area is limited. Some pesticides have one REI, such as 12 hours, for all crops 
and uses. Other products have different REIs depending on the crop or method of application. 
When two (or more) pesticides are applied at the same time, and have different REIs, you must 
follow the longer interval. 
 
Location of REIs on Labeling 
The restricted-entry interval is listed on the pesticide labeling: 

•under the heading “Agricultural Use Requirements” in the “Directions for Use” section 
of the pesticide labeling, or 
•next to the crop or application method to which it applies. 

 
Arid Area REIs 
Some pesticide labeling require a different REI for arid areas. Labeling might say, for example, 
“72 hours in outdoor areas where average annual rainfall is less than 25 inches a year.” You 
can get information on average annual rainfall for your area from any nearby weather bureau, 
such as one located at a local airport or one affiliated with the National Oceanographic and 
Atmospheric Administration. 
 
 

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

182

No Contact Early Entry 
If workers will have no contact with anything that has been treated with the pesticide to 
which the restricted-entry interval applies, you may permit them to enter pesticide-treated 
areas when the application is finished. 

1. After any inhalation exposure level listed on the product labeling has been reached or 
any WPS ventilation criteria have been met, you may permit workers into a treated area  

 
Avoiding contact by during an REI if they will not touch or be touched by any pesticide 
residues, including: using personal protective equipment does not qualify as no contact early 
entry. 
 

• on plants, including both agricultural plants and weeds,  
• on or in soil or planting medium,  
• in water, such as irrigation water or water standing in drainage ditches or puddles, 
• in air, if pesticide remains suspended after application, such as after fumigation 
or after a smoke, mist, fog, or aerosol application. 

 
Employers must provide current and specific information about the pesticides being applied 
for the benefit of their employees (handlers and workers). Employees must be informed of 
the central location and allowed access.  
 
Employers (owner/operator of agricultural establishments) must post the following information 
just prior to applications and for 30 days after the REI has expired whenever pesticide handlers 
or workers are on the agricultural establishment:  

 an approved EPA safety poster or an equivalent  
 emergency medical information, including the name, address and telephone number 

of the nearest emergency medical care facility  
 a list of dates and times that pesticides have been applied within the last 30 days, 

including a description of each treated area, and the product name, EPA registration 
number, active ingredient(s) and REI for each pesticide on that list 

 
The information at the central location must be easily seen and read. Workers and handlers 
must be informed where it is and given access. By “access,” the EPA wants the workers to be 
able to view the information without having to ask anyone to let them see it.  
 
Some examples of a central location include: field or forest entrance; parking area; common 
areas; break areas; port-a-pots. The central location cannot be in a treated area. The EPA 
safety poster or an equivalent need to show how to keep pesticides from getting on or entering 
the body and information about how to clean up if an individual comes in contact with 
pesticides.  
 
If the emergency medical information changes, update the posted information in the central 
location and ensure that it remains legible. Pesticide applications must remain on the list from 
before each application begins and remain posted through 30 days after the REI has expired. 
The list must remain accessible by the workers for the entire required posting period at the 
designated central location. 
 
Handlers and workers must be informed of pesticide label requirements and information. A 
grower must have all the safety data sheets (SDS) of the labeled pesticides he/she is using on 
file and available upon request. 
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Workers May Designate a Representative                         Citation 1.g. 
 

§170.305   Definitions 
Designated representative means any persons designated in writing by a worker or handler to 
exercise a right of access on behalf of the worker or handler to request and obtain a copy of 
the pesticide application and hazard information required by §170.309(h) in accordance with 
§170.311(b) of this part. 
 

§170.311   Display requirements for pesticide safety information and 
pesticide application and hazard information 
(i) Any worker's or handler's designated representative may request access to or a copy of any 
information required to be retained for two years by §170.311(b)(6) on behalf of a worker or 
handler employed on the establishment during the period that the information was required to 
be displayed. The agricultural employer must provide access to or a copy of the requested 
information applicable to the worker's or handler's time of employment on the establishment 
within 15 days after receiving any such request, provided the request meets the requirements 
specified in §170.311(b)(9)(ii). 

(ii) A request by a designated representative for access to or a copy of any pesticide 
application and/or hazard information must be in writing and must contain all of the 
following: 
(A) The name of the worker or handler being represented. 
(B) A description of the specific information being requested. The description should 
include the dates of employment of the worker or handler, the date or dates for which the 
records are requested, type of work conducted by the worker or handler (e.g., planting, 
harvesting, applying pesticides, mixing or loading pesticides) during the period for which 
the records are requested, and the specific application and/or hazard information 
requested. 
(C) A written statement clearly designating the representative to request pesticide 
application and hazard information on the worker's or handler's behalf, bearing the 
worker's or handler's printed name and signature, the date of the designation, and the 
printed name and contact information for the designated representative. 
(D) If the worker or handler requests that the pesticide application and/or the hazard 
information be sent, direction for where to send the information (e.g., mailing address or 
email address). 

(iii) If the written request from a designated representative contains all of the necessary 
information specified in §170.313(b)(9)(ii), the employer must provide a copy of or access to 
all of the requested information applicable to the worker's or handler's time of employment on 
the establishment to the designated representative within 15 days of receiving the request. 
(iv) Whenever a record has been previously provided without cost to a worker or handler or 
their designated representative, the agricultural employer may charge reasonable, non-
discriminatory administrative costs (i.e., search and copying expenses but not including 
overhead expenses) for a request by the designated representative for additional copies of the 
record. 
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Minimum Protection 
Farmworkers labor in one of the nation’s most dangerous industries and suffer the highest 
rates of chemical injuries and skin disorders. They have historically been among the least 
protected from on-the-job dangers.  
 
A minimum protection in the standards is the ability of farmworkers across the country to obtain 
information they need for medical treatment, workers’ compensation or to exercise their legal 
rights by having designated representatives request information on their behalf about the 
pesticides to which they are exposed while working.  
 
These representatives can be co-workers, spouses, health care providers, union 
representatives, social workers or attorneys. In other industrial sectors, workers exposed to 
toxic substances or harmful physical agents have the right of access to relevant exposure 
records through their designated representatives. 
 
Employee Rights:  
A worker may designate a representative to request, on their behalf, pesticide application 
and hazard information. 
 
To personally receive information about pesticides to which he or she may be exposed.  
 
For his or her physician or employee representative to receive information about pesticides 
to which he or she may be exposed.  
 
To be protected against retaliatory action due to the exercise of any of these rights.  
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Notification of Pesticide Applications                                    Citation 2 
 
How to recognize and understand the meaning of the posted warning signs used for notifying 
workers of restrictions on entering pesticide treated areas on the establishment. 
 
§170.409   Oral and posted notification of worker entry restrictions. 

(a) General Requirement. The agricultural employer must notify workers of all entry 
restrictions required by §§170.405 and 170.407 in accordance with this section. 

(1) Type of notification required—(i) Double notification. If the pesticide product labeling 
has a statement requiring both the posting of treated areas and oral notification to workers, the 
agricultural employer must post signs in accordance with paragraph (b) of this section and 
must also provide oral notification of the application to workers in accordance with paragraph 
(c) of this section. 

(ii) Outdoor production areas subject to restricted-entry intervals greater than 48 hours. If 
a pesticide with product labeling that requires a restricted-entry interval greater than 48 hours 
is applied to an outdoor production area, the agricultural employer must notify workers of the 
application by posting warning signs in accordance with paragraph (b) of this section. 

(iii) Outdoor production areas subject to restricted-entry intervals equal to or less than 48 
hours. If a pesticide with product labeling that requires a restricted-entry interval equal to or 
less than 48 hours is applied to an outdoor production area, the agricultural employer must 
notify workers of the application either by posting warning signs in accordance with paragraph 
(b) of this section or by providing workers with an oral warning in accordance with paragraph 
(c) of this section. 

(iv) Enclosed space production areas subject to restricted-entry intervals greater than four 
hours. If a pesticide with product labeling that requires a restricted-entry interval greater than 
four hours is applied to an enclosed space production area, the agricultural employer must 
notify workers of the application by posting warning signs in accordance with paragraph (b) of 
this section. 

(v) Enclosed space production areas subject to restricted-entry intervals equal to or less 
than four hours. If a pesticide with product labeling that requires a restricted-entry interval equal 
to or less than four hours is applied to an enclosed space production area, the agricultural 
employer must notify workers of the application either by posting warning signs in accordance 
with paragraph (b) of this section or by providing workers with an oral warning in accordance 
with paragraph (c) of this section. 

(2) Exceptions. Notification does not need to be given to a worker if the agricultural 
employer can ensure that one of the following is met: 

(i) From the start of the application in an enclosed space production area until the end of 
any restricted-entry interval, the worker will not enter any part of the entire enclosed structure 
or space. 

(ii) From the start of the application to an outdoor production area until the end of any 
restricted-entry interval, the worker will not enter, work in, remain in, or pass on foot through 
the treated area or any area within 1⁄4 mile of the treated area on the agricultural establishment. 

(iii) The worker was involved in the application of the pesticide as a handler, and is aware 
of all information required by paragraph (c)(1) of this section. 

(b) Requirements for posted warning signs. If notification by posted warning signs is 
required pursuant to paragraph (a) of this section, the agricultural employer must, unless 
otherwise prescribed by the label, ensure that all warning signs meet the requirements of this 
paragraph. When several contiguous areas are to be treated with pesticides on a rotating or 
sequential basis, the entire area may be posted. Worker entry is prohibited for the entire area 
while the signs are posted, except for entry permitted by §170.603 of this part. 
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(1) General. The warning signs must meet all of the following requirements: 
(i) Be one of the three sizes specified in paragraph (b)(3) of this section and comply with 
the posting placement and spacing requirements applicable to that sign size. 
(ii) Be posted prior to but no earlier than 24 hours before the scheduled application of the 
pesticide. 
(iii) Remain posted throughout the application and any restricted-entry interval. 
(iv) Be removed or covered within three days after the end of the application or any 
restricted-entry interval, whichever is later, except that signs may remain posted after the 
restricted-entry interval has expired as long as all of the following conditions are met: 
(A) The agricultural employer instructs any workers on the establishment that may come 
within 1⁄4 mile of the treated area not to enter that treated area while the signs are posted. 
(B) The agricultural employer ensures that workers do not enter the treated area while the 
signs remain posted, other than entry permitted by §170.603 of this part. 
(v) Remain visible and legible during the time they are required to be posted. 
(2) Content. (i) The warning sign must have a white background. The words “DANGER” 

and “PELIGRO,” plus “PESTICIDES” and “PESTICIDAS,” must be at the top of the sign, and 
the words “KEEP OUT” and “NO ENTRE” must be at the bottom of the sign. Letters for all 
words must be clearly legible. A circle containing an upraised hand on the left and a stern face 
on the right must be near the center of the sign. The inside of the circle must be red, except 
that the hand and a large portion of the face must be in white. The length of the hand must be 
at least twice the height of the smallest letters. The length of the face must be only slightly 
smaller than the hand. Additional information such as the name of the pesticide and the date 
of application may appear on the warning sign if it does not detract from the size and 
appearance of the sign or change the meaning of the required information. An example of a 
warning sign meeting these requirements, other than the size and color requirements, follows: 

 

 
(ii) The agricultural employer may replace the Spanish language portion of the warning 

sign with equivalent terms in an alternative non-English language if that alternative language 
is the language read by the largest group of workers at that agricultural establishment who do 
not read English. The alternative language sign must be in the same format as the original sign 
and conform to all other requirements of paragraph (b)(2)(i) of this section. 

(3) Size and posting. (i) The standard sign must be at least 14 inches by 16 inches with 
letters at least one inch in height. 

(ii) When posting an outdoor production area using the standard sign, the signs must be 
visible from all reasonably expected points of worker entry to the treated area, including at 
least each access road, each border with any worker housing area within 100 feet of the treated 
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area and each footpath and other walking route that enters the treated area. Where there are 
no reasonably expected points of worker entry, signs must be posted in the corners of the 
treated area or in any other location affording maximum visibility. 

(iii) When posting an enclosed space production area using the standard sign and the 
entire structure or space is subject to the labeling-specified restricted-entry interval and the 
post-application entry restrictions specified in §170.407, the signs must be posted so they are 
visible from all reasonably expected points of worker entry to the structure or space. When 
posting treated areas in enclosed space production using the standard sign and the treated 
area only comprises a subsection of the structure or space, the signs must be posted so they 
are visible from all reasonably expected points of worker entry to the treated area including 
each aisle or other walking route that enters the treated area. Where there are no reasonably 
expected points of worker entry to the treated area, signs must be posted in the corners of the 
treated area or in any other location affording maximum visibility. 

(iv) If a smaller warning sign is used with “DANGER” and “PELIGRO” in letters at least 
7/8 inch in height and the remaining letters at least 1/2 inch in height and a red circle at least 
three inches in diameter containing an upraised hand and a stern face, the signs must be 
posted no farther than 50 feet apart around the perimeter of the treated area in addition to the 
locations specified in paragraphs (b)(3)(ii) or (b)(3)(iii) of this section. 

(v) If a smaller sign is used with “DANGER” and “PELIGRO” in letters at least 7/16 inch 
in height and the remaining letters at least 1/4 inch in height and a red circle at least one and 
a half inches in diameter containing an upraised hand and a stern face, the signs must be 
posted no farther than 25 feet apart around the perimeter of the treated area in addition to the 
locations specified in paragraphs (b)(3)(ii) or (b)(3)(iii) of this section. 

(vi) A sign with “DANGER” and “PELIGRO” in letters less than 7/16 inch in height or with 
any words in letters less than 1/4 inch in height or a red circle smaller than one and a half 
inches in diameter containing an upraised hand and a stern face will not satisfy the 
requirements of the rule. 

(c) Oral warnings—Requirement. If oral notification is required pursuant to paragraph (a) 
of this section, the agricultural employer must provide oral warnings to workers in a manner 
that the workers can understand. If a worker will be on the establishment when an application 
begins, the warning must be given before the application begins. If a worker arrives on the 
establishment while an application is taking place or a restricted-entry interval for a pesticide 
application is in effect, the warning must be given at the beginning of the worker's work period. 
The warning must include all of the following: 

(1) The location(s) and description of any treated area(s) subject to the entry restrictions 
during and after application specified in §§170.405 and 170.407. 

(2) The dates and times during which entry is restricted in any treated area(s) subject to 
the entry restrictions during and after application specified in §§170.405 and 170.407. 

(3) Instructions not to enter the treated area or an application exclusion zone during 
application, and that entry to the treated area is not allowed until the restricted-entry interval 
has expired and all treated area warning signs have been removed or covered, except for entry 
permitted by §170.603 of this part. 
 
Greenhouses (Some States have modified this to Enclosed Growing Facilities) 
All greenhouse applications must be posted with warning signs. The standard 14-by-16- inch 
sign may be used or you can use smaller signs. If you use smaller signs, you may have to use 
more of them. 
 
With smaller signs, follow the specific posting distance requirements, depending on the size of 
the lettering and symbol on the sign. 
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In greenhouses, the signs must be posted to be visible from all usual points where workers 
enter including each aisle or other walking route. When the treated area has no usual points 
of worker entry, signs must be posted in the corners of the treated area or in any other location 
with maximum visibility. 
 
Outdoor Grow Operations 
Whether a pesticide application in an outdoor grow area must be posted with warning signs 
depends on what the label requires: 

• If the pesticide label requires both posting and oral notification, then you need to do both. 
• For all other pesticides that require a warning, you have the option of either posting or 
providing oral notification. 

 
Applications to outdoor plants must use the standard 14” by 16” sign. The signs must be visible 
from all usual points of worker entry, including at least each access road, footpath or other 
walking route that enters the treated area. When there are no usual points of worker entry, 
signs must be posted in the corners of the treated area or in any other location affording 
maximum visibility. 
 
Whether for a greenhouse application or an outdoor grow application, signs must: 

• Be posted no sooner than twenty-four hours before the scheduled application of the 
pesticide. 
• Remain posted throughout the application and any restricted-entry interval. 
• Be removed within three days after the end of the application and any restricted-entry 
interval. 

 
Oral warnings must provide: 

• Location and description of the treated area. 
• Time during which entry is restricted. 
• Instructions to not enter the treated area until the restricted-entry interval has expired. 

 

This course contains EPA’s federal rule requirements.  Please be aware 
that each state implements pesticide regulations that may be more 
stringent than EPA’s regulations and these frequently are 
changed.  Check with your state environmental/pesticide agency for more 
information.  
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Entry Restrictions in the Treated Area              Citation 3 
 
Only properly trained pesticide handlers who are wearing the required PPE may be in the 
treated area (“entry restricted area” for greenhouses) while the pesticide is being applied. In 
most cases, the “entry-restricted area” and the “treated area” are the same thing. For 
applications to greenhouses, however, the entry-restricted area may be larger than the treated 
area.  
 
The restricted-entry interval (REI) begins immediately after the pesticide application is 
complete. During the REI, no worker is allowed to enter the entry-restricted area except under 
very limited conditions: 
1. No early-entry by any worker is allowed until: 

a. At least four hours after the application is complete. 
b. All applicable ventilation criteria in WAC 16-233-115(3)(c) have been met. 
c. Any inhalation exposure level listed in the labeling has been reached. 

 
2. Once the above three criteria have been met, early-entry workers are allowed into the entry-
restricted area for “no-contact” activities and “short-term” activities as described below. No 
hand labor is allowed by early-entry workers in either case. 
• No-Contact Activities: Workers will have no contact with anything that has been treated with 
the pesticide, including but not limited to, soil, water, air, or surfaces of plants. Early-entry 
workers under the no-contact exception do not need to wear the label-specified PPE for early-
entry and they do not need decontamination supplies as do other early-entry workers. 
• Short-term Activities: A worker can spend no more than one hour in a 24-hour period 
conducting short-term activities.  
 
Workers must wear all of the PPE specified on the label for early-entry and the 
decontamination supplies for early-entry workers must be readily available nearby. Before an 
early-entry worker enters the treated area under an REI, the employer must make sure they 
have either read the pesticide label, or that all hazards, precautions, poisoning symptoms, first-
aid, and required personal protective equipment have been explained to them.  
 
Beginning in January 2017, they also must be informed about the specifics of the 
pesticide application and the conditions of early-entry. 
 
Once the REI has expired, workers are free to enter the entry-restricted/treated area. Workers 
may do hand labor or other tasks and they do not need to wear PPE. However, if workers will 
have contact with any treated surface, decontamination supplies must be readily available 
nearby -- for either seven days or 30 days, depending on the REI. 
 
Application Exclusion Zone (AEZ) 
The AEZ is an exclusion zone that surrounds the application equipment in a 360-degree radius. 
High drift applications such as air blast sprayers, aerial applications, fumigants, mist and 
fogging will need a 100 foot “bubble” where everyone is excluded except for handlers that have 
the proper PPE and training to work inside that bubble.  
 
Low drift applications will need a 25-foot bubble. If someone is in that AEZ the handler must 
suspend application in that area until they leave that area. 
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NOTE: As of January 2017, all outdoor applications will have an “application exclusion zone” 
of 0 – 100 feet. The size of the zone depends on the type of application equipment used. The 
application exclusion zone extends beyond the treatment area. Applicators will be required to 
stop the application if anyone enters the exclusion zone. 

 
Entry Restrictions 
• Only properly trained pesticide handlers who are wearing the required PPE may be in the 
entry restricted/treated area during the application. 
• After the application is complete, no worker may enter until: 
 At least four hours. 
 The ventilation criteria in rule has been met. 
 Any inhalation exposure level listed in the labeling has been reached. 

 
• Once the above three criteria are met, early-entry is allowed. Workers who are properly 
trained and equipped with the required PPE may enter the restricted entry/treated area to 
perform “no contact” and “short-term” activities. No PPE is required for no-contact activities. 
No hand labor is allowed in either case. 

• Decontamination supplies must be provided and readily accessible nearby for early-entry 
workers, except those workers entering under the “no contact” exception. 
• After the REI has expired, workers have unlimited access to the treated area and no PPE 
is required. 

 
Decontamination supplies must still be provided for either seven days or 30 days, depending 
on the label requirements.  
 
Decontamination Supplies Summary 
Pesticide handlers still need three gallons of water, soap and paper towels at the mix and load 
site, within a quarter mile of the application area and where PPE is taken off. If they are working 
with a product requiring eye protection they must have “immediate “access to at least a pint of 
eye wash or fresh water.  
 
Handlers need an eye wash system at the mix and load site capable of delivering .4 gallons of 
water for 15 minutes or 6 gallons of water able to flow gently for 15 minutes. This does Not 
have to be a fancy system; it can be a hose attached to a faucet. A change of clothes for 
handlers is also required. 
 
Although handlers and workers need to have access to the required decontamination supplies 
they can in emergency situations make use of natural waters that are close by in addition to 
the required decontamination supplies.  
 
Workers need to have access to at least a gallon of wash water, soap and paper towels within 
a quarter of a mile of the crop area that they are working in. 
 
 

Workers need 1 gallon and Handlers need 3 gallons of water.  This is 
a big change from the older standard. 
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§170.110   Restrictions Associated with Pesticide Applications 
(a) Farms and forests. During the application of any pesticide on a farm or in a forest, the 
agricultural employer shall not allow or direct any person, other than an appropriately trained 
and equipped handler, to enter or to remain in the treated area. 
(b) Nurseries. In a nursery, during any pesticide application described in column A of Table 1 
of this paragraph, the agricultural employer shall not allow or direct any person, other than an 
appropriately trained and equipped handler, to enter or to remain in the area specified in 
column B of Table 1 of this paragraph. After the application is completed, until the end of any 
restricted-entry interval, the entry-restricted area is the treated area. 

 
 
TABLE 1—ENTRY-RESTRICTED AREAS IN NURSERIES DURING PESTICIDE APPLICATIONS 

A. During Application of a Pesticide: B. Workers are Prohibited in: 

(1)(a) Applied: Treated area plus 100 feet in all 
directions on the nursery 

(i) Aerially, or 
 

(ii) In an upward direction, or 
 

(iii) Using a spray pressure greater than 150 psi, or 
 

(b) Applied as a: 
 

(i) Fumigant, or 
 

(ii) Smoke, or 
 

(iii) Mist, or 
 

(iv) Fog, or 
 

(v) Aerosol. 
 

(2)(a) Applied downward using: Treated are plus 25 feet in all 
directions on the nursery 

(i) A height of greater than 12 inches from the planting 
medium, or 

 

(ii) A fine spray, or 
 

(iii) A spray pressure greater than 40 psi and less than 150 
psi. 

 

(b) Not as in 1 or 2(a) above but for which a respiratory 
protection device is required for application by the product 
labeling. 

 

(3) Applied otherwise. Treated area 
 
(c) Greenhouses. (1) When a pesticide application described in column A of Table 2 under 
paragraph (c)(4) of this section takes place in a greenhouse, the agricultural employer shall 
not allow or direct any person, other than an appropriately trained and equipped handler, to 
enter or to remain in the area specified in column B of Table 2 until the time specified in column 
C of Table 2 has expired. 
(2) After the time specified in column C of Table 2 under paragraph (c)(4) of this section has 
expired, until the expiration of any restricted-entry interval, the agricultural employer shall not 
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allow or direct any worker to enter or to remain in the treated area as specified in column D of 
Table 2 under paragraph (c)(4) of this section, except as provided in §170.112. 
(3) When column C of Table 2 under paragraph (c)(4) of this section specifies that ventilation 
criteria must be met, ventilation shall continue until the air concentration is measured to be 
equal to or less than the inhalation exposure level the labeling requires to be achieved. If no 
inhalation exposure level is listed on the labeling, ventilation shall continue until after: 

(i) Ten air exchanges are completed; or 
(ii) Two hours of ventilation using fans or other mechanical ventilating systems; or 
(iii) Four hours of ventilation using vents, windows or other passive ventilation; or 
(iv) Eleven hours with no ventilation followed by 1 hour of mechanical ventilation; or 
(v) Eleven hours with no ventilation followed by 2 hours of passive ventilation; or 
(vi) Twenty-four hours with no ventilation. 
(4) The following Table 2 applies to paragraphs (c) (1), (2), and (3) of this section. 
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TABLE 2—GREENHOUSE ENTRY RESTRICTIONS ASSOCIATED WITH PESTICIDE 

APPLICATIONS  (ENCLOSED PRODUCTION SPACES) 
 

A. When a Pesticide is 
Applied: 

B. Workers are 
Prohibited in: C. Until: 

D. After the Expiration of 
Time in Column C Until 
the Restricted-Entry 
Interval Expires, the 
Entry-Restricted Area is: 

(1) As a fumigant Entire greenhouse plus 
any adjacent structure 
that cannot be sealed 
off from the treated 
area 

The ventilation 
criteria of 
paragraph (c)(3) of 
this section are 
met 

No entry restrictions after 
criteria in column C are met 

(2) As a Entire enclosed area The ventilation 
criteria of 
paragraph (c)(3) of 
this section are 
met 

Entire enclosed area is the 
treated area 

(i) Smoke, or 
   

(ii) Mist, or 
   

(iii) Fog, or 
   

(iv) Aerosol 
   

(3) Not in 1 or 2 above, and 
for which a respiratory 
protection device is required 
for application by the product 
labeling 

Entire enclosed area The ventilation 
criteria of 
paragraph (c)(3) of 
this section are 
met 

Treated area 

(4) Not in 1, 2, or 3 above, 
and: 

Treated area plus 25 
feet in all directions in 
the enclosed area 

Application is 
complete 

Treated area 

(i) From a height of 
greater than 12 in. from 
the planting medium, or 

   

(ii) As a fine spray, or 
   

(iii) Using a spray 
pressure greater than 
40 psi 

   

(5) Otherwise Treated area Application is 
complete 

Treated area 
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§170.112   Entry Restrictions 
(a) General restrictions. (1) After the application of any pesticide on an agricultural 
establishment, the agricultural employer shall not allow or direct any worker to enter or to 
remain in the treated area before the restricted-entry interval specified on the pesticide labeling 
has expired, except as provided in this section. 
(2) Entry-restricted areas in greenhouses are specified in column D in table 2 under 
§170.110(c)(4). 
(3) When two or more pesticides are applied at the same time, the restricted-entry interval shall 
be the longest of the applicable intervals. 
(4) The agricultural employer shall assure that any worker who enters a treated area under a 
restricted-entry interval as permitted by paragraphs (c), (d), and (e) of this section uses the 
personal protective equipment specified in the product labeling for early-entry workers and 
follows any other requirements on the pesticide labeling regarding early entry. 
(b) Exception for activities with no contact. A worker may enter a treated area during a 
restricted-entry interval if the agricultural employer assures that both of the following are met: 
(1) The worker will have no contact with anything that has been treated with the pesticide to 
which the restricted-entry interval applies, including, but not limited to, soil, water, air, or 
surfaces of plants; and 
(2) No such entry is allowed until any inhalation exposure level listed in the labeling has been 
reached or any ventilation criteria established by §170.110(c)(3) or in the labeling have been 
met. 
(c) Exception for short-term activities. A worker may enter a treated area during a restricted-
entry interval for short-term activities if the agricultural employer assures that the following 
requirements are met: 
(1) No hand labor activity is performed. 
(2) The time in treated areas under a restricted-entry interval for any worker does not exceed 
1 hour in any 24-hour period. 
(3) No such entry is allowed for the first 4 hours following the end of the application, and no 
such entry is allowed thereafter until any inhalation exposure level listed in the labeling has 
been reached or any ventilation criteria established by §170.110(c)(3) or in the labeling have 
been met. 
(4) The personal protective equipment specified on the product labeling for early entry is 
provided to the worker. Such personal protective equipment shall conform to the following 
standards: 
(i) Personal protective equipment (PPE) means devices and apparel that are worn to protect 
the body from contact with pesticides or pesticide residues, including, but not limited to, 
coveralls, chemical-resistant suits, chemical-resistant gloves, chemical-resistant footwear, 
respiratory protection devices, chemical-resistant aprons, chemical-resistant headgear, and 
protective eyewear. 
(ii) Long-sleeved shirts, short-sleeved shirts, long pants, short pants, shoes, socks, and other 
items of work clothing are not considered personal protective equipment for the purposes of 
this section and are not subject to the requirements of this section, although pesticide labeling 
may require that such work clothing be worn during some activities. 
(iii) When “chemical-resistant” personal protective equipment is specified by the product 
labeling, it shall be made of material that allows no measurable movement of the pesticide 
being used through the material during use. 
(iv) When “waterproof” personal protective equipment is specified by the product labeling, it 
shall be made of material that allows no measurable movement of water or aqueous solutions 
through the material during use. 
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(v) When a “chemical-resistant suit” is specified by the product labeling, it shall be a loose-
fitting, one- or two-piece, chemical-resistant garment that covers, at a minimum, the entire 
body except head, hands, and feet. 
(vi) When “coveralls” are specified by the product labeling, they shall be a loose-fitting, one- or 
two-piece garment, such as a cotton or cotton and polyester coverall, that covers, at a 
minimum, the entire body except head, hands, and feet. The pesticide product labeling may 
specify that the coveralls be worn over a layer of clothing. If a chemical-resistant suit is 
substituted for coveralls, it need not be worn over a layer of clothing. 
(vii)(A) Gloves shall be of the type specified on the pesticide product labeling. Gloves made of 
leather, cotton, or other absorbent materials must not be worn for early-entry activities, unless 
gloves made of these materials are listed as acceptable for such use on the product labeling. 
If chemical-resistant gloves with sufficient durability and suppleness are not obtainable, leather 
gloves may be worn on top of chemical-resistant gloves. However, once leather gloves have 
been worn for this use, they shall not be worn thereafter for any other purpose, and they shall 
only be worn over chemical-resistant gloves. 
(B) Separable glove liners may be worn beneath chemical-resistant gloves, unless the 
pesticide product labeling specifically prohibits their use. Separable glove liners are defined as 
separate glove-like hand coverings made of lightweight material, with or without fingers. Work 
gloves made from lightweight cotton or poly-type material are considered to be glove liners if 
worn beneath chemical-resistant gloves. Separable glove liners may not extend outside the 
chemical-resistant gloves under which they are worn. Chemical-resistant gloves with non-
separable absorbent lining materials are prohibited. 
(C) If used, separable glove liners must be discarded immediately after a total of no more than 
10 hours of use or within 24 hours of when first put on, whichever comes first. The liners must 
be replaced immediately if directly contacted by pesticide. Used glove liners shall not be 
reused. Contaminated liners must be disposed of in accordance with any Federal, State, or 
local regulations. 
(viii) When “chemical-resistant footwear” is specified by the product labeling, it shall be one of 
the following types of footwear: chemical-resistant shoes, chemical-resistant boots, or 
chemical-resistant shoe coverings worn over shoes or boots. If chemical-resistant footwear 
with sufficient durability and a tread appropriate for wear in rough terrain is not obtainable for 
workers, then leather boots may be worn in such terrain. 
(ix) When “protective eyewear” is specified by the product labeling, it shall be one of the 
following types of eyewear: goggles; face shield; safety glasses with front, brow, and temple 
protection; or a full-face respirator. 
(x) When “chemical-resistant headgear” is specified by the product labeling, it shall be either a 
chemical-resistant hood or a chemical-resistant hat with a wide brim. 
(5) The agricultural employer shall assure that the worker, before entering the treated area, 
either has read the product labeling or has been informed, in a manner that the worker can 
understand, of all labeling requirements related to human hazards or precautions, first aid, 
symptoms of poisoning, personal protective equipment specified for early entry, and any other 
labeling requirements related to safe use. 
(6) The agricultural employer shall assure that: 

(i) Workers wear the personal protective equipment correctly for its intended purpose and 
use personal protective equipment according to manufacturer's instructions. 
(ii) Before each day of use, all personal protective equipment is inspected for leaks, holes, 
tears, or worn places, and any damaged equipment is repaired or discarded. 
(iii) Personal protective equipment that cannot be cleaned properly is disposed of in 
accordance with any applicable Federal, State, and local regulations. 
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(iv) All personal protective equipment is cleaned according to manufacturer's instructions 
or pesticide product labeling instructions before each day of reuse. In the absence of any 
such instructions, it shall be washed thoroughly in detergent and hot water. 
(v) Before being stored, all clean personal protective equipment is dried thoroughly or is 
put in a well-ventilated place to dry. 
(vi) Personal protective equipment contaminated with pesticides is kept separately and 
washed separately from any other clothing or laundry. 
(vii) Any person who cleans or launders personal protective equipment is informed that 
such equipment may be contaminated with pesticides, of the potentially harmful effects 
of exposure to pesticides, and of the correct way(s) to handle and clean personal 
protective equipment and to protect themselves when handling equipment contaminated 
with pesticides. 
(viii) All clean personal protective equipment is stored separately from personal clothing 
and apart from pesticide-contaminated areas. 
(ix) Each worker is instructed how to put on, use, and remove the personal protective 
equipment and is informed about the importance of washing thoroughly after removing 
personal protective equipment. 
(x) Each worker is instructed in the prevention, recognition, and first aid treatment of heat-
related illness. 
(xi) Workers have a clean place(s) away from pesticide-storage and pesticide-use areas 
for storing personal clothing not in use; putting on personal protective equipment at the 
start of any exposure period; and removing personal protective equipment at the end of 
any exposure period. 
(7) When personal protective equipment is required by the labeling of any pesticide for 
early entry, the agricultural employer shall assure that no worker is allowed or directed to 
perform the early-entry activity without implementing, when appropriate, measures to 
prevent heat-related illness. 
(8) During any early-entry activity, the agricultural employer shall provide a 
decontamination site in accordance with §170.150. 
(9) The agricultural employer shall not allow or direct any worker to wear home or to take 
home personal protective equipment contaminated with pesticides. 

(d) Exception for an agricultural emergency. (1) An “agricultural emergency” means a sudden 
occurrence or set of circumstances which the agricultural employer could not have anticipated 
and over which the agricultural employer has no control, and which requires entry into a treated 
area during a restricted-entry interval, when no alternative practices would prevent or mitigate 
a substantial economic loss. A substantial economic loss means a loss in profitability greater 
than that which would be expected based on the experience and fluctuations of crop yields in 
previous years. Only losses caused by the agricultural emergency specific to the affected site 
and geographic area are considered. The contribution of mismanagement cannot be 
considered in determining the loss. 

(2) A worker may enter a treated area under a restricted-entry interval in an agricultural 
emergency to perform tasks, including hand labor tasks, necessary to mitigate the effects of 
the agricultural emergency, if the agricultural employer assures that all the following criteria 
are met: 

(i) A State, Tribal, or Federal Agency having jurisdiction declares the existence of 
circumstances that could cause an agricultural emergency on that agricultural 
establishment. 
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(ii) The agricultural employer determines the agricultural establishment is subject to the 
circumstances declared under paragraph (d)(2)(i) of this section that result in an 
agricultural emergency meeting the criteria of paragraph (d)(1) of this section. 
(iii) The requirements of paragraphs (c) (3) through (9) of this section are met. 
(e) Exception requiring Agency approval. The Agency may, in accordance with 
paragraphs (e) (1) through (3) of this section, grant an exception from the requirements 
of this section. An exception may be withdrawn in accordance with paragraph (e)(6) of 
this section. 
(1) Exception requiring agency approval. A request for an exception must be submitted 
to the Office of Pesticide Programs' Document Processing Desk at the appropriate 
address as set forth in 40 CFR 150.17(a) or (b) and must be accompanied by two copies 
of the following information: 
(i) The name, address, and telephone number of the submitter. 
(ii) The time period for which the exception is requested. 
(iii) A description of the crop(s) and specific crop production task(s) for which the 
exception is requested. Such a description must include an explanation as to the 
necessity of applying pesticides of a type and at a frequency such that the restricted-entry 
interval would interfere with necessary and time-sensitive hand labor tasks for the period 
for which the exception is sought. 
(iv) A description of the geographic area for which the exception is requested. If the 
exception request is for a limited geographic area, the explanation must include a 
description as to why the circumstances of exposure or economic impact resulting from 
the prohibition of routine hand labor tasks during the restricted-entry interval are unique 
to the geographic area named in the exception. 
(v) An explanation as to why, for each requested crop-task combination, alternative 
practices would not be technically or financially viable. Such alternative practices might 
include: rescheduling the pesticide application or hand labor activity; using a non-
chemical pest control alternative; using an alternative to the hand labor tasks, such as 
machine cultivation; or substituting a pesticide with a shorter restricted-entry interval. This 
information should include estimates or data on per acre revenue and cost of production 
for the crop and area for which the exception is requested. These estimates or data should 
include: the situation prior to implementation of this final rule, the situation after 
implementation of this final rule if the exception is not granted, the situation after 
implementation of this final rule if the exception is granted, and specific information on 
individual factors which cause differences in revenues and costs among the three 
situations. 
(vi) A description or documentation of the safety and feasibility of such an exception, 
including, but not limited to, the feasibility of performing the necessary hand labor activity 
while wearing the personal protective equipment required for early entry for the 
pesticide(s) expected to be applied, the means of mitigating heat-related illness concerns, 
the period of time required daily per worker to perform the hand labor activity, any 
suggested methods of reducing the worker's exposure, and any other mitigating factors, 
such as the availability of running water for routine and emergency decontamination and 
mechanical devices that would reduce the workers' contact with the treated surfaces. The 
information should include the costs associated with early-entry, such as decontamination 
facilities, special information and training for the workers, heat stress avoidance 
procedures, and provision, inspection, cleaning, and maintenance of personal protective 
equipment. EPA will not grant exceptions where the costs of early entry equal or exceed 
the expected loss in value of crop yield or quality. 
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(2) Notice of receipt. (i) When a request for an exception is submitted to the Agency along with 
all of the information required in paragraph (e)(1) of this section, the Agency shall issue a notice 
in the FEDERAL REGISTER stating that an exception is being considered, describing the nature 
of the exception, and allowing at least 30 days for interested parties to comment. 

(ii) If a request for an exception is submitted to the Agency without all of the information 
required in paragraph (e)(1) of this section, the Agency shall return the request to the 
submitter. 

(3) Exception decision. EPA will publish in the FEDERAL REGISTER its decision whether to grant 
the request for exception. EPA will base its decision on whether the benefits of the exception 
outweigh the costs, including the value of the health risks attributable to the exception. If the 
exception is granted, the notice will state the nature of and reasons for the exception. 
(4) Presumptive denial. (i) Except as provided in paragraph (e)(4)(ii) of this section, persons 
requesting an exception may assume that the exception has been denied if EPA has not issued 
its decision whether to grant the exception within 9 months from the comment-closure date 
specified in the FEDERAL REGISTER notice in which the Agency announced, in accordance with 
paragraph (e)(2) of this section, that it would consider the exception. 

(ii) Persons requesting an exception may not assume that the request has been denied 
as provided by paragraph (e)(4)(i) of this section if the Agency has taken action to extend 
its review period for a specified time interval due to the complexity of the exception request 
or to the number of exception requests concurrently under Agency review. EPA shall state 
the reason(s) for the delay in issuing a decision on the exception request. A notice of such 
an action may be published in the FEDERAL REGISTER or persons who requested the 
exception may be directly notified of the action. 

(5) Agricultural employer duties. When a worker enters a treated area during a restricted-entry 
interval under an exception granted under paragraph (e) of this section, the agricultural 
employer shall assure that the requirements of paragraphs (c) (3) through (9) of this section 
are met, unless the notice granting the exception specifically indicates otherwise. 
(6) Withdrawing an exception. An exception may be withdrawn by the Agency at any time if 
the Agency receives poisoning information or other data that indicate that the health risks 
imposed by this early-entry exception are unacceptable or if the Agency receives other 
information that indicates that the exception is no longer necessary or prudent. If the Agency 
determines that an exception should be withdrawn, it will publish a notice in the FEDERAL 

REGISTER, stating the basis for its determination. Affected parties would then have 30 days to 
request a hearing on the Agency's determination. The exception, however, would be 
discontinued as of the date specified by EPA in the notice, which may include any of the 30-
day period and the time required for any subsequent hearing process. Thereafter the Agency 
will decide whether to withdraw the exception and will publish a notice in the FEDERAL 

REGISTER stating its decision. 
(7) List of exceptions granted by EPA. The following administrative exceptions from the 
requirements of this section have been granted by EPA. Each exception listed in paragraph 
(e)(7) of this section contains a reference to the FEDERAL REGISTER notice in which EPA has 
granted the exception and the effective dates of the exception. The terms and conditions of 
the exception appear in the referenced FEDERAL REGISTER notice. 

(i) Exception to perform irrigation tasks under specified conditions published in the 
FEDERAL REGISTER of May 3, 1995. 
(ii) Exceptions to perform limited contact tasks under specified conditions published in the 
FEDERAL REGISTER of May 3, 1995. 
[57 FR 38151, Aug. 21, 1992, as amended at 59 FR 30264, June 10, 1994; 60 FR 21954, 
May 3, 1995; 62 FR 52003, Oct. 3, 1997; 69 FR 53346, Sept. 1, 2004; 71 FR 35546, June 
21, 2006; 73 FR 75598, Dec. 12, 2008] 
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Topic 4 - EPA Required Training Citation Section Post Quiz          
Answers in rear near References 
 
Information for Agricultural Establishment Operators 
1.  Commercial pesticide applicators must inform the operator of a farm, forest, nursery, 
or greenhouse about the following information: The __________and description of the 
areas on the agricultural establishment that are to be treated with the pesticide(s) 
 
 
Which Pesticides Uses are Covered? 
2.  Most pesticide uses involved in the production of agricultural plants on a farm, 
forest, nursery, or greenhouse are covered by the WPS. This includes pesticides used 
on plants, and pesticides used on the soil or planting medium the plants are (or will be) 
grown in. Both general-use and restricted-use pesticides are covered by 
the_______________ . You will know that the product is covered by the WPS if you 
see the following statement in the Directions for Use section of the pesticide labeling. 
 
 
Decontamination Supplies and Requirements   
3.  ________________ must have adequate water for routine washing, soap and 
sufficient paper towels. Where there is no running water, early-entry workers and 
handlers must have at least 10 gallons of water for one employee and 20 gallons of 
water for two or more employees. The water must be of a “quality and temperature” 
that will not cause illness or injury. 
 
 
WPS Requires Providing Decontamination Sites 
4.  ____________ must establish a decontamination site for all workers and handlers 
for washing off pesticides and pesticide residues. A decontamination site must be 
within a quarter (1/4) mile of the employees’ work site.  
   
 
5.  No-contact early-entry workers do not have to be provided the special protections 
required in Early Entry. However, they must be provided the following protections 
offered to other agricultural workers: information at a central location, pesticide safety 
training for workers, notification, restrictions during applications and during restricted-
entry intervals, and emergency assistance. Decontamination supplies, however, need 
not be provided to ____________ workers. 
 
 
Handler Decontamination Supplies 
6.  Supplies must be provided at the mixing site and within ¼ mile of the application 
area. Supplies may be in the application area if protected from drift and spray 
residues. Supplies must include the following: Water—a minimum of 
____________gallons per handler or a potable source of tap water 
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Emergency Information  
7.  Provide to the worker or handler or to treating medical personnel, promptly upon 
emergency vehicle, request, any obtainable information on: product name, EPA 
registration number, and active ingredients for any product(s) to which the person may 
have been exposed, antidote, first aid, _________________and other medical or 
emergency information from the product labeling, description of the way the pesticide 
was being used, circumstances of the worker’s or handler’s exposure to the pesticide.  
 
 
Entry Restrictions in the Treated Area      
8.  Only properly trained pesticide handlers who are wearing the ____________may 
be in the treated area (“entry restricted area” for greenhouses) while the pesticide is 
being applied. In most cases, the “entry-restricted area” and the “treated area” are the 
same thing. For applications to greenhouses, however, the entry-restricted area may 
be larger than the treated area.  
 
 
Application Exclusion Zone (AEZ) 
9.  The AEZ is an exclusion zone that surrounds the application equipment in a 360-
degree radius. High drift applications such as air blast sprayers, aerial applications, 
fumigants, mist and fogging will need a ______________ foot “bubble” where 
everyone is excluded except for handlers that have the proper PPE and training to 
work inside that bubble.  
 
 
10.  An “agricultural emergency” means a sudden occurrence or set of circumstances 
which the agricultural employer could not have anticipated and over which the 
agricultural employer has no control, and which requires entry into a treated area 
during a restricted-entry interval, when ____________would prevent or mitigate a 
substantial economic loss.  
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Topic 5- PPE, Safety and Health Section 
 
Section Focus: The student will be able to understand and describe general early and entry 
worker responsibilities as pertaining to the WPS and the need or purpose of personal 
protection equipment. At the end of this section, you will be able to understand and describe 
the WPS personal protection equipment and related safety section. There is a post quiz at the 
end of this section to review your comprehension and a final examination in the Assignment 
for your contact hours.   
 
Scope/Background: To ensure the greatest possible protection for employees in the 
workplace, the cooperative efforts of both employers and employees will help in establishing 
and maintaining a safe and healthful work environment. In general, employers are responsible 
for:  

 Performing a “hazard assessment” of the workplace to identify and control physical 
and health hazards. n Identifying and providing appropriate PPE for employees. 

 Training employees in the use and care of the PPE.  
 Maintaining PPE, including replacing worn or damaged PPE.  
 Periodically reviewing, updating and evaluating the effectiveness of the PPE program.  

In general, employees should: Properly wear PPE, Attend training sessions on PPE, Care 
for, clean and maintain PPE, and Inform a supervisor of the need to repair or replace PPE. 
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§170.240   Personal Protective Equipment 
(a) Requirement. Any person who performs tasks as a pesticide handler shall use the clothing 
and personal protective equipment specified on the labeling for use of the product. 
 
(b) Definition.  
(1) Personal protective equipment (PPE) means devices and apparel that are worn to protect 
the body from contact with pesticides or pesticide residues, including, but not limited to, 
coveralls, chemical-resistant suits, chemical-resistant gloves, chemical-resistant footwear, 
respiratory protection devices, chemical-resistant aprons, chemical-resistant headgear, and 
protective eyewear. 
 
(2) Long-sleeved shirts, short-sleeved shirts, long pants, short pants, shoes, socks, and other 
items of work clothing are not considered personal protective equipment for the purposes of 
this section and are not subject to the requirements of this section, although pesticide labeling 
may require that such work clothing be worn during some activities. 
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Personal Protective Equipment (PPE) Definitions 
 
Personal Protective Equipment 
Apparel and devices worn to protect the body from contact with pesticides or pesticide 
residues, including: coveralls, chemical-resistant suits, gloves, footwear, aprons, and 
headgear, protective eyewear, and respirators. While the following attire is not defined as PPE, 
the labeling may require pesticide handlers or early-entry workers to wear it for some tasks: 
long- and short-sleeved shirts, long and short pants, shoes and socks, other items of regular 
work clothing. If such non-PPE attire is required, the employer must make sure that it is worn. 
 
Chemical-resistant 
Allows no measurable amount of the pesticide being used to move through the material during 
use. 
 
Waterproof 
Allows no measurable movement of water (or water-based solutions) through the material 
during use. 
 
Chemical-resistant footwear 
Chemical-resistant shoes; chemical-resistant boots; or chemical-resistant shoe coverings 
worn over shoes or boots. Substitution: Leather boots may be worn in rough terrain, if 
chemical-resistant footwear with sufficient durability and a tread appropriate for wear in such 
terrain is not obtainable. 
 
Protective eyewear 
Goggles, a face shield, or safety glasses with front, brow, and temple protection. Substitution: 
A full-face respirator may be worn instead of protective eyewear. 
 
Chemical-resistant suit 
A loose-fitting, one- or two-piece, chemical-resistant garment that covers, at a minimum, the 
entire body except head, hands, and feet. 
 
Coverall 
A loose-fitting one- or two-piece garment that covers, at a minimum, the entire body except 
head, hands, and feet. Coveralls are made of fabric such as cotton or a cotton-polyester blend, 
and are not chemical-resistant. The pesticide labeling may specify that the coveralls be worn 
over a layer of clothing. Substitution: A chemical-resistant suit may be worn instead of coveralls 
and any required inner layer of clothing. 
 
Chemical-resistant apron 
An apron that is made of chemical-resistant material and that covers the front of the body from 
mid-chest to the knees. Substitution: If a chemical-resistant suit is worn, no apron is required. 
 
Respirator 
A device that protects the respiratory system. It must be the type listed on the pesticide label 
(or one that is more protective) and must be appropriate for the pesticide product being used 
and for the activity being performed.  
Substitutions: A respirator with a canister approved for pesticides or with an organic-vapor 
cartridge equipped with a pesticide pre-filter may be worn instead of a dust/mist filtering 
respirator. 
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Chemical-resistant headgear 
A chemical-resistant hood or a chemical-resistant hat with a wide brim. 
 
Gloves 
Hand-coverings that are the type listed on the pesticide label. 

• Gloves made of leather, cotton, or other absorbent materials must not be 
worn for handling or early-entry activities unless these materials are listed on 
the pesticide labeling as acceptable for such use. 
• Chemical-resistant gloves with non-separable absorbent lining materials must 
not be worn for handling or early-entry activities.  
• Substitution: Leather gloves may be worn over chemical-resistant liners, if 
chemical-resistant gloves with sufficient durability and suppleness are not 
obtainable. However, after leather gloves have been worn for protection from 
pesticide exposure, they may only be worn with chemical-resistant liners and 
may not be worn for any other use. 

 
Separable glove liners 
Separable glove liners are separate glove-like hand coverings, made of lightweight 
material, with or without fingers. 

• Work gloves made from lightweight cotton or poly-type material are considered to be 
glove liners, if worn beneath chemical-resistant gloves. 
• Unless the pesticide product labeling specifically prohibits their use, separable 
glove liners may be worn beneath chemical-resistant gloves, provided the 
liners do not extend outside the chemical-resistant gloves that are worn over 
them. 
• Once used for handling or early-entry activities, separable glove liners must be 
discarded immediately after a total of 10 hours of use or within 24 hours of first use, 
whichever occurs first. The liners must be replaced immediately if they come into 
direct contact with pesticides. Pesticide- contaminated liners must be disposed of in 
accordance with any federal, state, or local regulations. 

 
These exceptions to PPE are allowed unless expressly prohibited by product labeling. 
 
Even when reduced PPE is permitted to be worn during a task, handlers must be provided all 
PPE required by the pesticide labeling for that task and have it immediately available for use 
in an emergency. 
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Personal Protective Equipment (PPE) 
 
One of the changes that happened as a direct result of implementing the WPS regulation is 
that protective clothing requirements are more clearly and completely listed on product labels. 
Each product label should list the specific PPE to be worn when the product is being used or 
when the potential for exposure to the product exists. Most labels now include the protective 
clothing requirements outside of the “Agricultural Use Requirements” section. As a result, even 
those who are exempt from the WPS must wear the protective clothing listed. 

 
Employers must supply handlers 
with personal protective 
equipment (PPE) as required by 
the pesticide label. All PPE should 
be stored in an area separate 
from pesticides.  
 
PPE should be well maintained, 
frequently cleaned, and checked 
for wear. Employers are 
responsible for making sure 
handlers wear the proper PPE. 
 
When the PPE requirement falls 
under the WPS, the employer has 
the following responsibilities: 
 
1. Provide PPE to each early entry 
worker or handler. 
2. Clean and maintain PPE. 
3. Make sure that each person 
wears and uses PPE correctly. 
4. Provide each person with a 
clean place to put on, take off, and 
store PPE. 
5. Take action, if necessary, to 
prevent heat-related illness while 
PPE is being worn. 
6. Provide soap, single-use towels, 
and water to each person at the 
end of any handling activity when PPE is removed. 
7. Prevent any person from wearing or taking home contaminated PPE, unless proper 
instructions have been given regarding the washing and care of PPE. 
The type of PPE needed depends on the specific application and the type equipment being 
used. Although every pesticide is different and the label should be consulted to determine the 
PPE requirements for each chemical, some general rules apply for choosing PPE according 
to the different pesticide toxicity levels found in Table 1. 
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Table 1. Minimum PPE and work clothing for pesticide-handling activities. 
Toxicity Category of End-Use Product 

Route of 
Exposure 

1 2 3 4 

Dermal toxicity or  
skin irritation 
potential 

Coveralls worn 
over  
long-sleeved 
shirts  
and long pants 

Coveralls work 
over  
short-sleeved 
shirts  
and short pants 

Long-sleeved 
shirt  
and long pants 

Long-sleeved 
shirt  
and long pants 

  Socks Socks Socks Socks 

  
Chemical-
resistant 
footwear 

Chemical-
resistant  
footwear 

Shoes Shoes 

  
Chemical-
resistant 
gloves 

Chemical-
resistant 
gloves 

No minimum No minimum 

Inhalation Toxicity 
Respiratory  
protection device 

Respiratory  
protection device 

No minimum No minimum 

Eye Irritation 
Potential 

Protective 
eyewear 

Protective 
eyewear 

No minimum No minimum 

Proper cleaning and maintenance of PPE is just as important as making it available to early 
entry workers and handlers. Employers must instruct persons who clean or launder PPE to 
keep pesticide-contaminated PPE away from other clothing or laundry and to wash it 
separately. In addition, employers are required to perform the following tasks: 
1. If PPE will be reused, clean it before each day of reuse according to the PPE 
manufacturer’s instructions. If instructions are unavailable, wash PPE with detergent in hot 
water. 
2. Thoroughly wash and dry all PPE before it is reused or stored. 
3. Store clean PPE separate from personal clothing and away from pesticide-contaminated 
areas. PPE that has been soaked or otherwise heavily contaminated should be discarded. 
In regard to the proper care of respiratory PPE, employers must take the following actions: 
1. Replace dust/mist respirator filters at the following times: 
a. When breathing becomes difficult 
b. If the filter is damaged or torn 
c. Whenever the respirator manufacturer or pesticide label says to replace them 
d. At the end of each day’s work period if no other instructions regarding service life are 
available 
2. Replace gas-and-vapor-removing respirators or canisters at the following times: 
a. At the first sign of odor, taste, or irritation 
b. When the respirator manufacturer or pesticide label says to replace them 
c. At the end of each day’s work period if no other instructions regarding service life are 
available 
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The Central Notification Board 
Safety Poster with Emergency Medical Care Facility Information 
 
Provide establishment-specific information to workers. 
 
Provide pesticide application and hazard information upon request of worker, medical 
personnel or designated representative. 
 
Notify workers of applications – posting, oral warning, or both. 
 
Provide information (Information Exchange) to Commercial Pesticide Handler Employer 
(CPHE) (i.e., custom application or crop advisor). 
 
Provide tasks and instructions to worker supervisors to ensure compliance 
with WPS requirements. 
 
Ensure supervisors give directions to workers for WPS compliance. 
The EPA provides a safety poster containing all of the required information. It has a section at 
the bottom where you can fill in the name, address and phone number of the nearest 
emergency medical care facility.  
 
Posting Information About Pesticide Applications 
You must post the following information about pesticide applications on the Central 
Notification Board: 
• Location and description of the treated area. 
• Product name, EPA Registration Number, and Active Ingredients; all found on the pesticide 
label. 
•  Start time, end and date pesticide will be applied. 
• Restricted entry interval for the pesticide; found on the pesticide label. 
 
Post the information before you make the application and keep it posted for 30-days after 
the REI has expired. 
 
IMPORTANT: Starting in January 2017, the safety poster must also be posted at all permanent 
decontamination supply locations. A safety data sheet (SDS), formerly known as an MSDS, 
must also be posted for each product that is applied. The SDS and the pesticide application 
information must be kept on record for two years and must be made available to workers, 
handlers or their authorized representatives. 
 
Starting in January 2018, posting of additional safety information will be required. The 
information can be posted in any format. A poster will not be required, but EPA will likely 
provide an updated poster with the required additional information. 
 
Emergency Assistance 
If there is reason to believe that an employee has been poisoned or injured by a pesticide 
exposure, you must provide prompt transportation to an emergency medical facility and 
provide the SDS.  You must provide information about the circumstances of the exposure and 
the pesticide(s) involved. Bring SDS and product labels with you. 
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Personal Protective Equipment Requirements      Citation 28 &33.a. 
 
Personal protective equipment (PPE) is worn to protect the body from contact with pesticides, 
for example respirator, chemical resistant gloves, and protective eyewear. The pesticide label 
indicates what PPE must be worn. PPE must be provided in clean and operating condition, 
and employers must make sure it is worn correctly. 
 
PPE must be inspected before each day of use and any damaged PPE either repaired or 
discarded. PPE must be cleaned at the end of the day or before reuse. Any contaminated PPE 
must be kept separate and washed separately from any other clothing or laundry. PPE is 
considered contaminated with any use around pesticides or in a treated area. 
 
All clean PPE must be either dried thoroughly before being stored or must be put in a well 
ventilated place to dry. 
 
It must be stored separately from personal clothing and apart from pesticide contaminated 
areas.  
 
Do not store PPE in the pesticide storage area. 
 
Early-entry workers and pesticide handlers must have a clean place away from pesticide 
storage and pesticide use areas where they can put on, remove and store their PPE. They are 
not allowed to wear home or to take home PPE they have used.  
 
Any person who cleans or launders PPE at the establishment must be told: 
• That it may be contaminated with pesticides. 
• About the potentially harmful effects of exposure to pesticides. 
• The correct way(s) to handle and clean it to protect themselves from exposure. 
Take appropriate measures to prevent heat-related illness when PPE is required. 
 

Summary of PPE Requirements 
• Provide handlers and early-entry workers with all label-required PPE in clean and operating 
condition. PPE is not required for acceptable no contact, early-entry worker activities. 
• Make sure employees are wearing the PPE correctly.  
• Inspect PPE for damage each day and discard any that cannot be repaired. 
• Clean and dry the PPE at the end of the day. 
• Store PPE separately from personal clothing and other personal items. Do not store PPE in 
a 
pesticide-contaminated area and never store PPE in the pesticide storage room. 
• Do not allow handlers or early-entry workers to wear home or to take home PPE that has 
been used. 
• Keep contaminated PPE separate and wash it separately from other laundry. 
• Make sure the person who cleans or launders PPE knows that it might be contaminated with 
pesticides. Inform them of the potentially harmful effects of exposure to pesticides. Show them 
the correct way(s)to handle and clean PPE to avoid exposure. 
• Take appropriate measures to prevent heat-related illness when PPE is worn. It is acceptable 
to wear a higher level or more PPE than is required by the label, but never to wear less. When 
considering whether to require handlers to wear more PPE than required by the label, 
employers must consider how the extra PPE might cause over-heating and potential heat-
related illness. 
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PPE Cleaning Information     
 
1. The clothing and protective equipment items you will be cleaning may have pesticides on 
them. 
 
2. Although you may not be able to see or smell the pesticides, they can rub off on you when 
you touch the clothing and equipment. 
 
3. If pesticides get on you, they can hurt you. They can: 
• cause skin rashes or burns, 
• go through your skin and into your body and make you ill, 
• burn your eyes, 
• make you ill if you breathe them or get them in your mouth. 
 
4. To avoid harm from the pesticide, you should: 
• Pour the clothes from their container into the washer without touching them. 
• Handle only the inner surfaces, such as the inside of boots, aprons, or coveralls. 
• Do not breathe the steam from the washer and dryer. 
 
5. Pesticides should not be allowed to stay on your hands: 
• When you wash clothing or equipment by hand, use plenty of water and rinse 
your hands often. 
• Wash your hands before eating, drinking, chewing gum, using tobacco, or using 
the toilet. 
• Wash your hands as soon as you finish handling the clothing or equipment. 
 
6. You should not allow clothing and equipment with pesticides on them to be washed with 
regular laundry. The pesticides can rub off on other items. 
 
Cleaning Eyewear and Respirators 
Hand-wash reusable respirator facepieces, goggles, face shields, and shielded safety glasses, 
following manufacturer’s instructions. In general, use mild detergent and warm water to wash 
the items thoroughly. Rinse well. Wipe dry, or hang in a clean area to air dry. 
 
Cleaning Other PPE 
1. Follow the manufacturer’s cleaning instructions. If the instructions say only to wash the item, 
or if there are no cleaning instructions, follow the procedure below. 
 
2. Recommended procedure for washing most PPE: 
a. Rinse in a washing machine or by hand. 
b. Wash in a washing machine, using a heavy-duty detergent and hot water for the wash 
cycle. 
c. Wash only a few items at a time to allow plenty of agitation and water for dilution. Use the 
highest water-level setting. 
d. Rinse twice using two rinse cycles and warm water. 
e. Use two entire machine cycles to wash items that are moderately to heavily contaminated. 
f. Run the washer through at least one more entire cycle without clothing, using detergent 
and hot water, to clean the machine. 
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3. Some plastic or rubber items that are not flat, such as gloves, footwear, and coveralls, must 
be washed twice — once to clean the outside and a second time after turning the item inside 
out. 
4. Some items, such as heavy-duty boots and rigid hats or helmets, should be washed by hand 
using hot water and heavy-duty detergent. 
5. Hang the items to dry, if possible. Let them hang for at least 24 hours in an area with plenty 
of fresh air — preferably outdoors. Do not hang items in enclosed living areas. 
6. You may use a clothes dryer for fabric items if it is not possible to hang them to dry. But 
after repeated use, the dryer may become contaminated with pesticides. 
 
Note to Employers: 
This fact sheet will help you comply with the section of the WPS that requires you to provide 
information to people (other than your own handlers) who clean or maintain your pesticide 
equipment. You are not required to give them this information in written form, but you may find 
that photocopying this fact sheet is an easy way to pass along the necessary information. 
 
WORKING SAFELY WITH PESTICIDE EQUIPMENT 
 
1. The equipment you will be cleaning, adjusting, or repairing may have pesticides on it. 
Although you may not be able to see or smell the pesticides, they can rub off on you when you 
touch the equipment. 

 
2. If pesticides get on you, they can hurt you. They can: 
• cause skin rashes or burns, 
• go through your skin and into your body and make you ill, 
• burn your eyes, 
• make you ill if you get them in your mouth. 
 
3. You should wear work clothing that protects your body from pesticide residues, such as 
long-sleeved shirts, long pants, shoes, and socks. If possible, avoid touching the parts of the 
equipment where the pesticide is most likely to be. Or, if practical for the job that you will be 
doing, consider wearing rubber or plastic gloves and an apron. 
4. You should not let pesticides stay on your hands: 
• Wash your hands as soon as you finish handling the equipment. 
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• Wash your hands before eating, drinking, chewing gum, using tobacco, or using the toilet. 
• Wash or shower with soap and water, shampoo your hair, and put on clean clothes after 
work. 
• Wash work clothes that may have pesticides on them separately from other clothes before 
wearing them again. 
 

 
 
Equipment Safety 
1. Inspect pesticide handling equipment before each day of use, and repair or replace as 
needed. 170.309 (j) and 170.313 (g) 
2. Allow only appropriately trained and equipped handlers to repair, clean, or adjust pesticide 
equipment that contains pesticides or residues, unless they are not employed on the 
establishment. 
170.309 (g) and 170.507 (a) See Additional Agricultural Employer 
 
  

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

214

 
 
 

 

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

215

Personal Protective Equipment (PPE) Handlers                                    
Citations 36.a-c.      
 
Must Use 
1. Provide handlers with the PPE required by the pesticide labeling, and be sure it is: 
170.507 (b) 
 Clean and in operating condition, 170.507 (b) 
 Worn and used according to the manufacturer’s instructions,170.507 (c) 
 Inspected before each day of use, 170.507 (c)(2) 
 Repaired or replaced as needed. 170.507 (c)(2) 
2. When a respirator is required by product labeling, provide handlers with: 
 A medical evaluation to ensure the handler is physically able to safely wear the 
respirator, 
 Training in respirator use, and 
 A fit test to ensure the respirator fits correctly. 
 Keep records on the establishment of these items for two years. 170.507 (b)(10) 
3. Take steps to avoid heat-related illness when labeling requires the use of PPE for a 
handler activity. 170.507 (e) 
4. Provide handlers a pesticide-free area for: 
 Storing personal clothing not in use, 
 Putting on PPE at start of task, 
 Taking off PPE at end of task. 170.507 (d)(9) 
5. Do not allow used PPE to be taken home. 170.507 (d)(10) 
 
Care of PPE 
1. Store and wash used PPE separately from other clothing and laundry. 170.507 (d)(3) 
2. If PPE will be reused, clean it before each day of reuse, according to the instructions from 
the PPE manufacturer unless the pesticide labeling specifies other requirements. If there are 
no other instructions, wash in detergent and hot water. 170.507 (d)(1) 
3. Dry the clean PPE before storing. 170.507 (d)(4) 
4. Store clean PPE away from personal clothing and apart from pesticide-contaminated 
areas. 170.507 (d)(5) 
 
Replacing Respirator Purifying Elements 
1. Replace particulate filters or filtering facepiece respirators when any following condition is 
met: 
 When breathing becomes difficult, 
 When the filter is damaged or torn, 
 When the respirator label or pesticide label requires it, 
 After 8 total hours of use, in the absence of any other instructions or indications of 
service life. 170.507 (d)(6) 
 
2. Replace vapor-removing cartridges/canisters when any following condition is met: 
 When odor/taste/irritation is noticed, 
 When the respirator label or pesticide label requires it (whichever is shorter), 
 When breathing resistance becomes excessive, 
 After 8 total hours of use, in the absence of any other instructions or indications of 
service life. 170.507 (d)(7) 
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Disposal of PPE 
1. Discard, do not clean, coveralls and other absorbent materials that are heavily 
contaminated with pesticide having a signal word 
“DANGER” or “WARNING.” When discarding PPE, ensure that it is unusable as apparel or 
made unavailable for further use. 
2. Follow federal, state, and local laws when disposing of PPE that cannot be cleaned 
correctly. 170.507 (d)(2) 
 
Instructions for People Who Clean PPE 170.507 (d)(8) 
The handler employer must inform people who clean or launder PPE: 
 That PPE may be contaminated with pesticides, 
 Of the potential for harmful effects of exposure to pesticides, 
 How to protect themselves when handling PPE, 
 How to clean PPE correctly, and 
 Decontamination procedures to follow after handling contaminated PPE. 

 
Protect Yourself from Pesticides  
 
§170.503   Knowledge of Labeling, Application-Specific, and Establishment-Specific 
Information for Handlers 

(a) Knowledge of labeling and application-specific information.  
(1) The handler employer must ensure that before any handler performs any handler activity 
involving a pesticide product, the handler either has read the portions of the labeling applicable 
to the safe use of the pesticide or has been informed in a manner the handler can understand 
of all labeling requirements and use directions applicable to the safe use of the pesticide. 
(2) The handler employer must ensure that the handler has access to the applicable product 
labeling at all times during handler activities. 
(3) The handler employer must ensure that the handler is aware of requirements for any entry 
restrictions, application exclusion zones and restricted-entry intervals as described in 
§§170.405 and 170.407 that may apply based on the handler's activity. 

(b) Knowledge of establishment-specific information. Before any handler performs any 
handler activity on an agricultural establishment where within the last 30 days a pesticide 
product has been used, or a restricted-entry interval for such pesticide has been in effect, the 
handler employer must ensure that the handler has been informed, in a manner the handler 
can understand, all of the following establishment-specific information: 

(1) The location of pesticide safety information required by §170.311(a). 
(2) The location of pesticide application and hazard information required by §170.311(b). 
(3) The location of decontamination supplies required by §170.509. 

 
§170.505   Requirements during Applications to Protect Handlers, Workers, and other 
Persons 

(a) Prohibition from contacting workers and other persons with pesticides during 
application. The handler employer and the handler must ensure that no pesticide is applied so 
as to contact, directly or through drift, any worker or other person, other than an appropriately 
trained and equipped handler involved in the application. 

(b) Suspending applications. After January 1, 2018, the handler performing the application 
must immediately suspend a pesticide application if any worker or other person, other than an 
appropriately trained and equipped handler involved in the application, is in the application 
exclusion zone described in §170.405(a)(1) or the area specified in column B of the Table in 
§170.405(b)(4). 
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Application Exclusion Zone” or AEZ          Citation 34. 
 

 
 
 
The “Application Exclusion Zone” or AEZ is a new term used in the WPS rule and refers to the 
area surrounding the pesticide application equipment that must be free of all persons other 
than appropriately trained and equipped handlers during pesticide applications.  
 
This area of the new standard is a difficult one to properly understand and poses great trouble 
for orchard owners and farm housing.   
 
How is the AEZ measured and the size of the AEZ determined? 
The AEZ is measured from the application equipment. The AEZ also moves with the 
application equipment like a halo around the application equipment.  
 
The size of an AEZ varies depending on the type of application and other factors, including 
droplet size, and height of nozzles above the planting medium. The AEZ is 100 feet for aerial, 
air blast, fumigant, smoke, mist and fog applications, as well as spray applications using very 
fine or fine droplet sizes (a volume median droplet diameter (VMD) size of less than 294 
microns).  
 
An AEZ of 25 feet is required when the pesticide is sprayed using droplet sizes of medium or 
larger and from more than 12 inches above the plant medium. An application that does not fall 
into one of these categories does not require an AEZ.  
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Does the new WPS requirements related to the AEZ apply to the agricultural employer 
or the handler making the application? Please clarify.  
There are several different requirements regarding the AEZ in the revised WPS. First, the WPS 
provision at 170.405(a)(1) establishes the applicable AEZ distances. This is a generic 
description of the AEZ and is independent of the location (on or off the establishment).  
 
Second, the WPS provision at 170.405(a)(2) establishes a requirement for the agricultural 
employer to not allow any workers or other persons in the AEZ within the boundaries of the 
establishment until the application is complete. Compliance is required with this requirement 
beginning January 2, 2017.  
 
Third, the provision at 170.505(b) establishes a requirement for the handler to suspend the 
application if any workers or other persons are anywhere in the AEZ. This requirement is NOT 
limited to the boundaries of the establishment. This applies to any area on or off the 
establishment within the AEZ while the application is ongoing. Please note that this is one of 
the WPS provisions that is delayed in implementation until January 2, 2018, to allow time for 
the handlers to receive training on the new requirement.  
 
The requirement for the agricultural employer to keep persons out of the AEZ only applies 
within the boundaries of the establishment because the agricultural employer cannot be 
expected to control persons off the establishment. The “suspend application” provision does 
apply beyond the boundaries of the establishment because the handler (applicator) and 
handler employer DO have control over the pesticide application and are subject to a WPS 
requirement to apply the pesticide in a way that will not contact workers or other persons on or 
off the establishment.  
 
What are the agricultural employer’s responsibilities related to the pesticide 
applications and the new AEZ requirements, and when does this requirement go into 
effect?  
The agricultural employer has two responsibilities related to the pesticide applications and the 
new AEZ requirements:  
• During any WPS-covered pesticide application, the agricultural employer must keep workers 
and all other persons (other than appropriately trained and equipped handlers involved in the 
application) out of the treated area and the AEZ within the boundary of the agricultural 
establishment. This includes people occupying migrant labor camps or other housing or 
buildings that are located on the agricultural establishment.  
• The agricultural employer may not allow a pesticide to be applied while any worker or other 
person on the establishment is in the treated area or within the AEZ.  
 
(Note that if the agricultural employer is also the handler making the pesticide application, he 
or she must suspend a pesticide application if any worker or other person is within the AEZ 
beyond the boundary of the agricultural establishment.) The requirements related to the AEZ 
will go into effect January 2, 2017.  
 
Does the agricultural employer have WPS responsibilities related to the new AEZ 
requirements if workers or other persons are off his/her establishment?  
The AEZ requirement at §170.405(a) imposes no responsibilities on an agricultural employer 
in regard to workers or other persons who are not on the agricultural establishment as long as 
the agricultural employer is not the pesticide applicator.  
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If the agricultural employer is also the handler making the pesticide application, then §170.505 
would require him/her to suspend a pesticide application if any worker or other person is within 
the AEZ beyond the boundary of the agricultural establishment.  
 
What are the applicator’s/pesticide handler’s responsibilities related to the pesticide 
applications and the new AEZ requirements, and when does this requirement go into 
effect?  
Starting January 2, 2018, the handler performing the application must immediately suspend 
the pesticide application if any worker or other person, other than an appropriately trained and 
equipped handler involved in the application, is in the AEZ, regardless of whether such persons 
are on or off the establishment.  
 
Why is the implementation date for the handler’s requirement to suspend a pesticide 
application if workers or other persons are in the AEZ delayed until January 2, 2018?  
The implementation date for this requirement is delayed until January 2, 2018, to allow time 
for pesticide handlers to receive training on the new requirement.  
 
As noted above, the pesticide handler performing the application must immediately 
suspend the pesticide application if any worker or other person, other than an 
appropriately trained and equipped handler involved in the application, is in the AEZ, 
regardless of whether such persons are on or off the establishment. When and under 
what circumstances can a handler resume a pesticide application?  
If the AEZ stretches beyond the property of the agricultural establishment being treated, and a 
worker or other person is in this portion of the AEZ, the applicator must temporarily suspend 
the application, and may not proceed until the applicator can ensure that the pesticide will not 
contact any persons that are in the AEZ area that extends beyond the boundary of the 
establishment. This is explained in more detail in EPA’s Interpretive Policy below.  
 
The agricultural employer may not allow a pesticide to be applied, or a suspended application 
to be resumed, while any worker or other person on the establishment is in the treated area or 
within the AEZ. Note that both the handler employer and the handler are required to ensure 
that no workers or other persons, other than appropriately trained and equipped handlers 
involved in the application, are ever contacted by a pesticide, either directly or through drift, 
regardless of whether such persons are on or off the establishment or beyond the boundary of 
the AEZ.  
 
Interpretive Policy on when a handler may resume a suspended application when a 
person is in the AEZ  
The final WPS rule contains a provision at 170.505(b) that says: After January 2, 2018, the 
handler performing the application must immediately suspend a pesticide application if any 
worker or other person, other than an appropriately trained and equipped handler involved in 
the application, is in the application exclusion zone (AEZ) described in § 170.405(a)(1) or the 
area specified in column B of the Table in § 170.405(b)(4). We understand this requirement 
for the handler to suspend the application if workers or other persons are in the AEZ applies 
even when the workers or other persons are not on the agricultural establishment. However, 
the rule does not state when the handler may resume a pesticide application if the application 
was suspended because workers or other persons were in the AEZ but off the establishment 
property. In this situation, the employer does not have WPS responsibility to keep those other 
persons out of the AEZ, but also does not have control over those other persons and cannot 
make them move. Please clarify when the handler may resume the application.  
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If workers or other persons are within the AEZ, the handler must suspend the application 
whether the workers and other persons are located on or off the agricultural establishment. 
Before resuming the application when workers and other persons are in the AEZ but located 
off the establishment, the handler must take measures to ensure that such workers and other 
persons will not be contacted by the pesticide application either directly or through drift.  

 
 
Examples of such measures include assessing the wind and other weather conditions to 
confirm they will prevent workers or other persons from being contacted by the pesticide either 
directly or through drift; adjusting the application method or employing drift reduction measures 
in such a way to ensure that resuming the application will not result in workers or other persons 
off the establishment being contacted by the pesticide; asking the workers or other persons to 
move out of the AEZ until the application is complete; or adjusting the treated area or the path 
of the application equipment away from the workers or other persons so they would not be in 
the AEZ.  
 
The handler may resume the pesticide application when a worker or other person is in the AEZ 
only if the handler can ensure that it can be carried out in compliance with all of the pesticide’s 
applicable labeling requirements and restrictions, and that workers and other persons on and 
off the establishment will not be contacted by the pesticide as a result of the application except 
as may be permitted by the pesticide’s labeling.  
 
It is important to note that this answer only applies in regard to workers and other persons 
beyond the boundaries of the establishment; if a handler were to resume an application while 
workers or other persons on the establishment are still within the AEZ, that would give rise to 
a violation of § 170.405.  
 

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

221

Prevention, Recognition, First Aid Treatment of Heat-Related Illness  
 

 
 

HEAT RELATED ILLNESSES CHART 
 
 

Heat-Related Illnesses and First Aid                                    Citation 29. 
Heat stroke, the most serious form of heat-related illness, happens when the body becomes 
unable to regulate its core temperature. Sweating stops and the body can no longer rid itself 
of excess heat. Signs include confusion, loss of consciousness, and seizures.  
 
Heat stroke is a medical emergency that may result in death! Call 911 immediately. 
 
Heat exhaustion is the body's response to loss of water and salt from heavy sweating. Signs 
include headache, nausea, dizziness, weakness, irritability, thirst, and heavy sweating. 
 
Heat cramps are caused by the loss of body salts and fluid during sweating. Low salt levels in 
muscles cause painful cramps.  
 
Tired muscles—those used for performing the work—are usually the ones most affected by 
cramps. Cramps may occur during or after working hours. 
 
Heat rash, also known as prickly heat, is skin irritation caused by sweat that does not evaporate 
from the skin. Heat rash is the most common problem in hot work environments. 
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The chart below shows symptoms and first aid measures to take if a worker shows signs of a 
heat-related illness. 
Illness Symptoms First Aid* 

Heat stroke 

 Confusion 

 Fainting  

 Seizures 

 Excessive sweating or 

red, hot, dry skin  

 Very high body 

temperature 

 Call 911  

While waiting for help:  

 Place worker in shady, cool area 

 Loosen clothing, remove outer clothing 

 Fan air on worker; cold packs in armpits 

 Wet worker with cool water; apply ice packs, cool 

compresses, or ice if available 

 Provide fluids (preferably water) as soon as possible  

 Stay with worker until help arrives 

Heat 

exhaustion 

 Cool, moist skin 

 Heavy sweating 

 Headache 

 Nausea or vomiting 

 Dizziness 

 Light headedness 

 Weakness 

 Thirst 

 Irritability 

 Fast heart beat 

 Have worker sit or lie down in a cool, shady area 

 Give worker plenty of water or other cool beverages to 

drink 

 Cool worker with cold compresses/ice packs  

 Take to clinic or emergency room for medical 

evaluation or treatment if signs or symptoms worsen 

or do not improve within 60 minutes. 

 Do not return to work that day 

Heat cramps 

 Muscle spasms 

 Pain 

 Usually in abdomen, 

arms, or legs 

 Have worker rest in shady, cool area  

 Worker should drink water or other cool beverages 

 Wait a few hours before allowing worker to return to 

strenuous work 

 Have worker seek medical attention if cramps don't go 

away  

Heat rash 

 Clusters of red bumps 

on skin  

 Often appears on neck, 

upper chest, folds of 

skin 

 Try to work in a cooler, less humid environment when 

possible 

 Keep the affected area dry  
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Warnings about taking Pesticides or Pesticide Containers Home 
 
Pesticide Container Regulations 
The pesticide container regulations establish standards for pesticide containers and 
repackaging as well as label instructions to ensure the safe use, reuse, disposal and adequate 
cleaning of the containers. Pesticide registrants and refillers (who are often distributors or 
retailers) must comply with the regulations, and pesticide users must follow the label 
instructions for cleaning and handling empty containers.  Never give or take empty pesticide 
containers home. 
 
Applicability of Container Requirements  

 Label requirements. All pesticides are potentially covered by the container-related 
label requirements. Certain types of pesticides or containers may be exempt from 
specific statements. 

 Container and repackaging requirements. Certain pesticides are exempt from the 
container and repackaging requirements:  

o Manufacturing-use products. 
o Plant-incorporated protectants. 
o Certain antimicrobial pesticides. 

 
Refillable Containers and Repackaging 
Refillable containers are containers that are intended to be refilled and reused more than 
once to sell or distribute pesticides. Pesticide registrants and refillers must comply with the 
refillable container and repackaging regulations. 

 Refillable Container Summary. For a description of the refillable container 
requirements, see Table 4: Refillable Container Requirements.  

 Repackaging Summary. For a description of the repackaging requirements see 
Table 5: Requirements for Repackaging Pesticide Products into Refillable 
Containers.   

 Flow Charts. These flow charts are based on the scenario that a refiller has a 
portable refillable container to be filled with a specific pesticide and is trying to 
determine how to comply with the refillable container and repackaging regulations. 
The scenario assumes that: 

o the facility complies with all of the repackaging regulations in 40 CFR 165.60 – 
165.70 (such as having entered into a contract with the pesticide’s registrant 
and being a registered producing establishment);  

o the pesticide is subject to the refillable container and repackaging regulations 
(e.g., it is not a manufacturing use product or an antimicrobial product that 
meets all of the exemption criteria); and 

o the container is subject to the refillable container and repackaging regulations 
because it is being used to sell or distribute the pesticide. 

 Service container flow chart. Determine whether a container is a refillable container 
subject to the regulations or a service container, which is not subject to the 
requirements. 

 Large container flow chart. Steps for a portable refillable container larger than 119 
gallons to comply with the refillable container and repackaging requirements. 

 Small container flow chart. Steps for a portable refillable container 119 gallons or 
smaller to comply with the refillable container and repackaging requirements. 

 
 

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

224

Nonrefillable Containers 
Pesticide registrants must comply with these regulations for pesticides that are sold or 
distributed in “one-way” or disposable containers. 

 Nonrefillable Container Summary. For a description of the nonrefillable container 
requirements,  EPA’s test procedure for rinsing containers for the residue removal 
standard in 40 CFR 165.25(f). 

 
Container Handling Instructions on Pesticide Labels 
The pesticide container regulations require pesticide labels to include statements identifying 
the container as nonrefillable or refillable and providing instructions on how to handle and 
clean it. Pesticide registrants must ensure that labels have the required information. 
Pesticide users must comply with the instructions on the label.   

 Label Summary. For a description of the requirements for container handling 
instructions on pesticide labels, see Table 6: Container Labeling. 

 
Secondary Containers and Service Containers for Pesticides 
Secondary containers and service containers are often used by pesticide applicators when 
they are applying a pesticide. EPA does not require secondary containers or service containers 
to be labeled or to meet particular construction standards. However, for both types of 
containers, the applicator is responsible for following the requirements on the pesticide 
product’s labeling and complying with other relevant requirements in the Federal Insecticide, 
Fungicide and Rodenticide Act (FIFRA) and other statutes. 
 
Given that both secondary and service containers are widely used, however, EPA has some 
recommendations for users who choose to label these containers. These recommendations 
for labeling are intended to help ensure the safe use of pesticides. Any labeling on secondary 
or service containers should not conflict with the product labeling. 
 
What are Secondary and Service Containers? 
Secondary containers and service containers are similar, but there are some minor differences, 
and different terms are used in different settings. A secondary container is used to apply and/or 
store an EPA-registered pesticide and, when it holds the pesticide, is neither sold nor 
distributed. Secondary containers are most commonly used in institutional settings for 
concentrated products that are diluted prior to use, or to hold pesticides filled from a larger 
container to be used or stored prior to application. Often secondary containers are filled by end 
users at the site where the product will be used. 
 
Service containers are containers that are filled with an EPA-registered pesticide by an 
applicator and usually transported to a use site where the pesticide will be applied by the 
applicator. Although a product may be temporarily stored in a service container, the container 
is not intended for long-term storage. The term "service container" is often used in the 
agricultural setting and by pest control operators. Service containers also are not used to sell 
or distribute the pesticide. 
 
EPA Recommendations for Labeling Secondary and Service Containers 
Although the Agency does not require labels on secondary and service containers, the 
Department of Transportation (DOT) and Occupational Safety and Health Administration 
(OSHA) requirements may apply. EPA recommends that the applicator identify the material in 
the secondary or service container in the event of a spill to ensure that adequate information 
regarding the pesticide can be obtained in case of medical or environmental emergency. EPA 
recommends that such labels include the following information: 
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 The name, address and telephone number of the applicator/pest control firm [if 
applicable]. 

 Product name. 
 EPA registration number. 
 Name and percentage of active ingredient. 
 If the product in the container is diluted, it should be followed by the phrase: 

“The product in this container is diluted as directed on the pesticide product label.” 
 Signal word and precautionary statements from the registered label unless the 

registrant has acute toxicity data supporting lesser precautionary statements for the 
diluted product and alternate directions for the diluted product are indicated on the 
product label; and 

 The statement: 
“Follow the directions for use on the pesticide label when applying this product.” 

 
It is a good management practice to ensure that the label for the pesticide product that has 
been put into a secondary or service container is available to any person transporting, handling 
and/or applying the pesticide. 
 

Why Rinse Pesticide Containers?  
 
Proper rinsing of pesticide containers is easy to do, saves money, and helps protect people 
and the environment. It also helps prevent potential problems with un-rinsed containers, rinsate 
storage, and pesticide wastes.  
 
Even during a busy season, the few extra minutes it takes to properly rinse empty pesticide 
containers is time well spent.  
 

 Rinsate from the containers, when added directly into the sprayer tank, efficiently and 
economically uses all pesticide in the container. This eliminates the need to store and 
later dispose of the rinsate.  

 Unless rinsed from the container immediately, some pesticides will solidify and become 
difficult to remove.  

 Rinsing containers removes a potential source of pesticide exposure to people, 
animals, and wildlife.  

 Proper rinsing is required by federal and state regulations and is a good, sound 
agricultural and environmental practice.  

 
Rinsing Helps Protect the Environment  
Proper rinsing of pesticide containers reduces a potential source of contamination of soil, 
surface, and ground water. When contamination occurs, plants and animals may be harmed 
and water supplies affected.  
 
Prevention of environmental contamination is always better than cleanup. Rinsing also helps 
in reducing the problem of handling pesticide wastes.  
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No matter how an empty pesticide container is disposed of, it must be properly rinsed and 
triple punched.  
 
Both federal and state laws require rinsing. Landfill operators and recyclers can only accept 
properly rinsed containers. Pesticide containers should only be offered to recycling projects 
designed for pesticide containers and not general plastic and metal recycling programs. 
Pesticide container recycling project personnel will inspect containers to determine if they have 
been properly rinsed.  
 
Rinsing is Effective  
Pesticide residues measured in selected containers that passed visual inspection in the test 
project show rinsing at the time of use is effective:  

Percent of pesticide residue removed with proper rinsing 

Pesticide  Container  % Removal  

2, 4-D  2.5 gallon plastic  99.9999  

pendimethalin  2.5 gallon plastic  99.9969  

alachlor  5.0 gallon metal  99.9998  

glyphosate  1.0 gallon plastic  99.9989  

metolachlor  2.5 gallon plastic  99.9999  

carbofuran  2.5 gallon plastic  99.9993  

 
Types of Pesticide Containers  
Currently the most common agricultural pesticide container is a 2.5-gallon plastic jug. 
Agricultural, animal, household, and other pesticide products also come packaged in glass, 
paper, metal and aerosol cans. Many liquid agricultural pesticides are also sold in returnable 
bulk containers and mini-bulk containers. Only plastic, glass and un-pressurized metal 
containers can be rinsed. Ease of handling and proper disposal should be considered when 
purchasing pesticides.  
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How to Triple-Rinse 
  

1. Remove cover from the container.  
2. Empty the pesticide into the sprayer tank and let the container drain for 30 seconds.  
3. Fill the container 10% to 20% full of water or rinse solution.  
4. Secure the cover on the container.  
5. Swirl the container to rinse all inside surfaces.  
6. Remove cover from the container. Add the rinsate from the container to sprayer tank 

and let drain for 30 seconds or more.  
7. Repeat steps 2 through 5 two more times.  
8. Let container dry and then put cover back on container. Triple punch the bottom. 

 
Remember  

 To read and to follow all label instructions.  
 To wear appropriate protective gear when working with pesticides.  
 Never reuse a pesticide container for any purpose.  
 To dispose of all pesticide containers properly.  
 When not using a water nurse tank, always use a back-flow prevention device when 

filling sprayer tanks or rinsing pesticide containers.  
 Mixing and loading sites should be at least 150 feet away from all wells.  
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Residual Effects of Pesticide Contamination 

  
 

 
 
This course contains EPA’s federal rule requirements.  Please be aware 
that each state implements pesticide regulations that may be more 
stringent than EPA’s regulations and these frequently are 
changed.  Check with your state environmental/pesticide agency for more 
information. 
 

In late 2015 the Environmental Protection Agency issued the long awaited 
revision to the Worker Protection Standard (WPS). This law it is now 
technically active and it will be enforced. Please keep in mind that the WPS 
covers both restricted use AND general use pesticides.  This course is not 
for worker and/or handler training. 
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Topic 5- PPE, Safety and Health Section Post Quiz           
Answers in rear near References 
 
Personal Protective Equipment (PPE) 
1.  One of the changes that happened as a direct result of implementing the WPS 
regulation is that protective clothing requirements are more clearly and completely 
listed on product labels. Each product label should list the ___________ to be worn 
when the product is being used or when the potential for exposure to the product exists.  
 
 
Application Exclusion Zone” or AEZ  
2. The “Application Exclusion Zone” or AEZ is a new term used in the ____________ 
rule and refers to the area surrounding the pesticide application equipment that must 
be free of all persons other than appropriately trained and equipped handlers during 
pesticide applications.  
 
 
How is the AEZ measured and the size of the AEZ determined? 
3.  The AEZ is measured from the application equipment. The AEZ also moves with 
the application equipment like a halo around the_____________.  
 
 
Prevention, Recognition, First Aid Treatment of Heat-Related Illness  
Heat-Related Illnesses and First Aid 
4.  _________________, the most serious form of heat-related illness, happens when 
the body becomes unable to regulate its core temperature. Sweating stops and the 
body can no longer rid itself of excess heat. Signs include confusion, loss of 
consciousness, and seizures.  
  
 
5.  _____________ is a medical emergency that may result in death! Call 911 
immediately. 
 
 
6.  _________________—those used for performing the work—are usually the ones 
most affected by cramps. Cramps may occur during or after working hours. 
 
 
Why Rinse Pesticide Containers?  
7.  Proper rinsing of pesticide containers is easy to do, saves money, and helps protect 
people and the environment. It also helps prevent potential problems with un-rinsed 
containers, rinsate storage, and pesticide wastes. Even during a busy season, the few 
extra minutes it takes to properly ___________is time well spent.  
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8.  Rinsate from the containers, when added directly into the sprayer tank, efficiently 
and economically uses all pesticide in the container. This eliminates the need to store 
and later dispose of the ________________________.  
  
 
Rinsing Helps Protect the Environment  
9.  Proper rinsing of pesticide containers reduces a potential source of contamination 
of soil, surface, and ground water. When contamination occurs, plants and animals 
may be harmed and water supplies affected. _________________is always better 
than cleanup. Rinsing also helps in reducing the problem of handling pesticide wastes.  
  
 
10.  Both federal and state laws require rinsing. Landfill operators and recyclers can 
only accept properly_____________. Pesticide containers should only be offered to 
recycling projects designed for pesticide containers and not general plastic and metal 
recycling programs. Pesticide container recycling project personnel will inspect 
containers to determine if they have been properly rinsed.  
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Topic 6 - WPS Required Training Section  
 
Section Focus: The student will be able to understand and describe various Worker Protection 
Standard related issues pertaining to pesticide application, primarily the differences between 
the 2017 and 2018 rule changes and label requirements. At the end of this section, you will be 
able to understand and describe WPS required training. There is a post quiz at the end of this 
section to review your comprehension and a final examination in the Assignment for your 
contact hours.   
 
Scope/Background: Worker Protection Standard (WPS) training is required by an EPA 
regulation. The training is designed to protect agricultural workers and pesticide handlers from 
the risks of exposure to pesticide residues. An agricultural worker is anyone who does tasks, 
such as harvesting, weeding, or watering, related to the production of agricultural plants on 
farms, forests, nurseries, and in greenhouses. A pesticide handler is anyone who does tasks 
such as mixing, loading, transferring or applying pesticides, handling open pesticide 
containers, acting as a flagger or crop advisor, assisting with a pesticide application, cleaning 
or repairing application equipment, etc. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

REQUIRED PESTICIDE USE TRAINING 
Training Changes 
This is the area with the most changes. Under the revision, growers subject to the WPS must 
now train their employees every year and they must be trained on Day 1 before they do any 
work in the crop areas if it has been less than 30 days since the last restricted entry interval 
expired. Make sure the employees sign off on their training and keep those on file. If the 
employee requests a copy of the sign off employers are now responsible to give them one 
copy. 

 

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

232

 
 
 
This course contains EPA’s federal rule requirements.  Please be aware 
that each state implements pesticide regulations that may be more 
stringent than EPA’s regulations and these frequently are 
changed.  Check with your state environmental/pesticide agency for more 
information. 
 
In late 2015, the Environmental Protection Agency issued the long awaited 
revision to the Worker Protection Standard (WPS). This law it is now 
technically active and it will be enforced. Please keep in mind that the WPS 
covers both restricted use AND general use pesticides.  This course is not 
for worker and/or handler training. 
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Subpart E—Requirements for Protection of Agricultural Workers 
SOURCE: 80 FR 67562, Nov. 2, 2015, unless otherwise noted.  

 
§170.401   Training Requirements for Workers 

(a) General requirement. Before any worker performs any task in a treated area on an 
agricultural establishment where within the last 30 days a pesticide product has been used or 
a restricted-entry interval for such pesticide has been in effect, the agricultural employer must 
ensure that each worker has been trained in accordance with this section within the last 12 
months, except as provided in paragraph (b) of this section. 

(b) Exceptions. The following workers need not be trained under this section: 
(1) A worker who is currently certified as an applicator of restricted use pesticides under 
part 171 of this chapter. 
(2) A worker who has satisfied the handler training requirements in §170.501. 
(3) A worker who is certified or licensed as a crop advisor by a program acknowledged as 

appropriate in writing by EPA or the State or Tribal agency responsible for pesticide 
enforcement, provided that such certification or licensing requires pesticide safety training that 
includes all the topics in §170.501(c)(2) or §170.501(c)(3) as applicable depending on the date 
of training. 

(c) Training programs. (1) Pesticide safety training must be presented to workers either 
orally from written materials or audio-visually, at a location that is reasonably free from 
distraction and conducive to training. All training materials must be EPA-approved. The training 
must be presented in a manner that the workers can understand, such as through a translator. 
The training must be conducted by a person who meets the worker trainer requirements of 
paragraph (c)(4) of this section, and who must be present during the entire training program 
and must respond to workers' questions. 

(2) The training must include, at a minimum, all of the following topics: 
(i) Where and in what form pesticides may be encountered during work activities. 
(ii) Hazards of pesticides resulting from toxicity and exposure, including acute and chronic 
effects, delayed effects, and sensitization. 
(iii) Routes through which pesticides can enter the body. 
(iv) Signs and symptoms of common types of pesticide poisoning. 
(v) Emergency first aid for pesticide injuries or poisonings. 
(vi) How to obtain emergency medical care. 
(vii) Routine and emergency decontamination procedures, including emergency eye 
flushing techniques. 
(viii) Hazards from chemigation and drift. 
(ix) Hazards from pesticide residues on clothing. 
(x) Warnings about taking pesticides or pesticide containers home. 
(xi) Requirements of this subpart designed to reduce the risks of illness or injury resulting 

from workers' occupational exposure to pesticides, including application and entry restrictions, 
the design of the warning sign, posting of warning signs, oral warnings, the availability of 
specific information about applications, and the protection against retaliatory acts. 

(3) EPA intends to make available to the public training materials that may be used to 
conduct training conforming to the requirements of this section. Within 180 days after a notice 
of availability of such training materials appears in the FEDERAL REGISTER, but no earlier than 
January 1, 2018, training programs required under this section must include, at a minimum, all 
of the topics listed in §170.401(c)(3)(i)-(xxiii) instead of the topics listed in §170.401(c)(2)(i)-
(xi). 

(i) The responsibility of agricultural employers to provide workers and handlers with 
information and protections designed to reduce work-related pesticide exposures and 
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illnesses. This includes ensuring workers and handlers have been trained on pesticide safety, 
providing pesticide safety and application and hazard information, decontamination supplies 
and emergency medical assistance, and notifying workers of restrictions during applications 
and on entering pesticide treated areas. A worker or handler may designate in writing a 
representative to request access to pesticide application and hazard information. 

(ii) How to recognize and understand the meaning of the posted warning signs used for 
notifying workers of restrictions on entering pesticide treated areas on the establishment. 

(iii) How to follow directions and/or signs about keeping out of pesticide treated areas 
subject to a restricted-entry interval and application exclusion zones. 

(iv) Where and in what forms pesticides may be encountered during work activities, and 
potential sources of pesticide exposure on the agricultural establishment. This includes 
exposure to pesticide residues that may be on or in plants, soil, tractors, application and 
chemigation equipment, or used personal protective equipment, and that pesticides may drift 
through the air from nearby applications or be in irrigation water. 

(v) Potential hazards from toxicity and exposure that pesticides present to workers and 
their families, including acute and chronic effects, delayed effects, and sensitization. 
(vi) Routes through which pesticides can enter the body. 
(vii) Signs and symptoms of common types of pesticide poisoning. 
(viii) Emergency first aid for pesticide injuries or poisonings. 
(ix) Routine and emergency decontamination procedures, including emergency eye 

flushing techniques, and if pesticides are spilled or sprayed on the body to use 
decontamination supplies to wash immediately or rinse off in the nearest clean water, including 
springs, streams, lakes or other sources if more readily available than decontamination 
supplies, and as soon as possible, wash or shower with soap and water, shampoo hair, and 
change into clean clothes. 

(x) How and when to obtain emergency medical care. 
(xi) When working in pesticide treated areas, wear work clothing that protects the body 
from pesticide residues and wash hands before eating, drinking, using chewing gum or 
tobacco, or using the toilet. 
(xii) Wash or shower with soap and water, shampoo hair, and change into clean clothes 
as soon as possible after working in pesticide treated areas. 
(xiii) Potential hazards from pesticide residues on clothing. 
(xiv) Wash work clothes before wearing them again and wash them separately from other 
clothes. 
(xv) Do not take pesticides or pesticide containers used at work to your home. 
(xvi) Safety data sheets provide hazard, emergency medical treatment and other 
information about the pesticides used on the establishment they may come in contact 
with. The responsibility of agricultural employers to do all of the following: 
(A) Display safety data sheets for all pesticides used on the establishment. 
(B) Provide workers and handlers information about the location of the safety data sheets 
on the establishment. 
(C) Provide workers and handlers unimpeded access to safety data sheets during normal 
work hours. 
(xvii) The rule prohibits agricultural employers from allowing or directing any worker to 
mix, load or apply pesticides or assist in the application of pesticides unless the worker 
has been trained as a handler. 
(xviii) The responsibility of agricultural employers to provide specific information to 
workers before directing them to perform early-entry activities. Workers must be 18 years 
old to perform early-entry activities. 
(xix) Potential hazards to children and pregnant women from pesticide exposure. 
(xx) Keep children and nonworking family members away from pesticide treated areas. 
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(xxi) After working in pesticide treated areas, remove work boots or shoes before entering 
your home, and remove work clothes and wash or shower before physical contact with 
children or family members. 
(xxii) How to report suspected pesticide use violations to the State or Tribal agency 
responsible for pesticide enforcement. 
(xxiii) The rule prohibits agricultural employers from intimidating, threatening, coercing, or 
discriminating against any worker or handler for complying with or attempting to comply 
with the requirements of this rule, or because the worker or handler provided, caused to 
be provided or is about to provide information to the employer or the EPA or its agents 
regarding conduct that the employee reasonably believes violates this part, and/or made 
a complaint, testified, assisted, or participated in any manner in an investigation, 
proceeding, or hearing concerning compliance with this rule. 
(4) The person who conducts the training must meet one of the following criteria: 
(i) Be designated as a trainer of certified applicators, handlers or workers by EPA or the 
State or Tribal agency responsible for pesticide enforcement. 
(ii) Have completed an EPA-approved pesticide safety train-the-trainer program for 
trainers of workers. 
(iii) Be currently certified as an applicator of restricted use pesticides under part 171 of 
this chapter. 
(d) Recordkeeping. (1) For each worker required to be trained under paragraph (a), the 
agricultural employer must maintain on the agricultural establishment, for two years from 
the date of the training, a record documenting each worker's training including all of the 
following: 
(i) The trained worker's printed name and signature. 
(ii) The date of the training. 
(iii) Information identifying which EPA-approved training materials were used. 
(iv) The trainer's name and documentation showing that the trainer met the requirements 
of §170.401(c)(4) at the time of training. 
(v) The agricultural employer's name. 
(2) An agricultural employer who provides, directly or indirectly, training required under 

paragraph (a) must provide to the worker upon request a copy of the record of the training that 
contains the information required under §170.401(d)(1). 
 
§170.403   Establishment-Specific Information for Workers 

Before any worker performs any activity in a treated area on an agricultural establishment 
where within the last 30 days a pesticide product has been used, or a restricted-entry interval 
for such pesticide has been in effect, the agricultural employer must ensure that the worker 
has been informed of, in a manner the worker can understand, all of the following 
establishment-specific information: 

(a) The location of pesticide safety information required by §170.311(a). 
(b) The location of pesticide application and hazard information required by §170.311(b). 
(c) The location of decontamination supplies required by §170.411. 

 
§170.405   Entry Restrictions Associated with Pesticide Applications 

(a) Outdoor production pesticide applications. (1) The application exclusion zone is 
defined as follows: 

(i) The application exclusion zone is the area that extends 100 feet horizontally from the 
application equipment in all directions during application when the pesticide is applied by any 
of the following methods: 

(A) Aerially. 
(B) Air blast application. 
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(C) As a spray using a spray quality (droplet spectrum) of smaller than medium (volume 
median diameter of less than 294 microns). 
(D) As a fumigant, smoke, mist, or fog. 
(ii) The application exclusion zone is the area that extends 25 feet horizontally from the 

application equipment in all directions during application when the pesticide is applied not as 
in §170.405(a)(1)(i)(A)-(D) and is sprayed from a height of greater than 12 inches from the 
planting medium using a spray quality (droplet spectrum) of medium or larger (volume median 
diameter of 294 microns or greater). 

(iii) There is no application exclusion zone when the pesticide is applied in a manner other 
than those covered in paragraphs (a)(1)(i) and (a)(1)(ii) of this section. 

(2) During any outdoor production pesticide application, the agricultural employer must 
not allow or direct any worker or other person, other than an appropriately trained and equipped 
handler involved in the application, to enter or to remain in the treated area or an application 
exclusion zone that is within the boundaries of the establishment until the application is 
complete. 

(3) After the application is complete, the area subject to the labeling-specified restricted-
entry interval and the post-application entry restrictions specified in §170.407 is the treated 
area. 

(b) Enclosed space production pesticide applications. (1) During any enclosed space 
production pesticide application described in column A of the Table under paragraph (b)(4) of 
this section, the agricultural employer must not allow or direct any worker or other person, 
other than an appropriately trained and equipped handler involved in the application, to enter 
or to remain in the area specified in column B of the Table under paragraph (b)(4) of this section 
during the application and until the time specified in column C of the Table under paragraph 
(b)(4) of this section has expired. 

(2) After the time specified in column C of the Table under paragraph (b)(4) of this section 
has expired, the area subject to the labeling-specified restricted-entry interval and the post-
application entry restrictions specified in §170.407 is the area specified in column D of the 
Table under paragraph (b)(4) of this section. 

(3) When column C of the Table under paragraph (b)(4) of this section specifies that 
ventilation criteria must be met, ventilation must continue until the air concentration is 
measured to be equal to or less than the inhalation exposure level required by the labeling. If 
no inhalation exposure level is listed on the labeling, ventilation must continue until after one 
of the following conditions is met: 

(i) Ten air exchanges are completed. 
(ii) Two hours of ventilation using fans or other mechanical ventilating systems. 
(iii) Four hours of ventilation using vents, windows, or other passive ventilation. 
(iv) Eleven hours with no ventilation followed by one hour of mechanical ventilation. 
(v) Eleven hours with no ventilation followed by two hours of passive ventilation. 
(vi) Twenty-four hours with no ventilation. 
(4) The following Table applies to paragraphs (b)(1), (2), and (3) of this section. 
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2017 Training Requirements and Resources 
 
ALL of the WPS requirements in the revised final rule (Subparts D, E, F and G of 40 CFR 
Part 170) will become enforceable on January 2, 2017, EXCEPT:  
 Including new content on pesticide safety information display (170.311(a)(3))  
 Covering new content in worker and handler training (170.401(c)(3) 
and  170.501(c)(3))  
 Suspension of applications by handlers if anyone is in the application exclusion zone 
(170.505(b)    
 
The existing WPS regulations (subparts A, B and C of 40 CFR Part 170) will expire on and 
will no longer be effective after January 2, 2017.  
 
Training Requirements 
Beginning January 2, 2017, all workers and handlers are required to be trained on a yearly-
basis. Before any worker or handler enters a pesticide-treated area on an agricultural 
establishment for any length of time, they need to receive the pesticide safety training (no 
grace period).  
 
Under the revised WPS there will be no grandfathering of training that was acquired in 2016 
or before. 
  If a worker or handler was trained in 2016, they will need to receive WPS training 
within 1 year of the 2016 training. This training will not need to include the 2018 training 
content. For example, a worker trained on April 14, 2016 will need to be retrained prior to 
April 14, 2017. 
 If a worker or handler was not trained in 2016, they would have to be trained before 
they do any worker or handler tasks.  
 
To conduct safety training, you must be a certified applicator of restricted use pesticides, have 
completed a Train-the-Trainer program approved by EPA, or be an IDALS designated trainer. 
NOTE: After January 2, 2017, persons who have only been trained as WPS pesticide handlers 
will no longer be qualified to train workers. 
 
Yearly training records for each handler and each worker must now be kept for 2 years. If a 
worker or handler requests those training records, you must provide it to them upon request.  
 
The pesticide safety training for workers under the revised WPS (subparts D, E, F and G of 40 
CFR Part 170) must be presented either orally from written materials or audio-visually, at a 
location that is reasonably free from distraction and conducive to training. All training materials 
must be EPA-approved. The training must be presented in a manner that the workers can 
understand, such as through a translator. The worker trainer must be present during the entire 
training program and must respond to workers' questions.  
 
The training must include, at a minimum, all of the following after January 2, 2017:  

 Where and in what form pesticides may be encountered during work activities. 
 Hazards of pesticides resulting from toxicity and exposure, including acute and chronic 
effects, delayed effects, and sensitization. 
 Routes through which pesticides can enter the body. 
 Signs and symptoms of common types of pesticide poisoning. 
 Emergency first aid for pesticide injuries or poisonings. 
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 How to obtain emergency medical care. 
 Routine and emergency decontamination procedures, including emergency eye flushing 
techniques. 
 Hazards from chemigation and drift. 
 Hazards from pesticide residues on clothing. 
 Warnings about taking pesticides or pesticide containers home. 
 Requirements designed to reduce the risks of illness or injury resulting from workers' 
occupational exposure to pesticides, including application and entry restrictions, the design 
of the warning sign, posting of warning signs, oral warnings, the availability of specific 
information about applications, and the protection against retaliatory acts 

 
Handler Training 
The pesticide safety training for handlers under the revised WPS (subparts D, E, F and G of 
40 CFR Part 170) must be presented either orally from written materials or audio-visually, at a 
location that is reasonably free from distraction and conducive to training. All training materials 
must be EPA-approved.  
 
The training must be presented in a manner that the handlers can understand, such as through 
a translator. The handler trainer must be present during the entire training program and must 
respond to handlers' questions.  
 
The training must include, at a minimum, all of the following after January 2, 2017: 

 Format and meaning of information contained on pesticide labels and in labeling, 
including safety information such as precautionary statements about human health hazards. 
 Hazards of pesticides resulting from toxicity and exposure, including acute and chronic 
effects, delayed effects, and sensitization. 
 Routes by which pesticides can enter the body. 
 Signs and symptoms of common types of pesticide poisoning. 
 Emergency first aid for pesticide injuries or poisonings. 
 How to obtain emergency medical care. 
 Routine and emergency decontamination procedures. 
 Need for and appropriate use of personal protective equipment. 
 Prevention, recognition, and first aid treatment of heat-related illness. 
 Safety requirements for handling, transporting, storing, and disposing of pesticides, 
including general procedures for spill cleanup. 
 Environmental concerns such as drift, runoff, and wildlife hazards. 
 Warnings about taking pesticides or pesticide containers home. 
 Requirements that must be followed by handler employers for the protection of handlers 
and other persons, including the prohibition against applying pesticides in a manner that will 
cause contact with workers or other persons, the requirement to use personal protective 
equipment, the provisions for training and decontamination, and the protection against 
retaliatory acts.  
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2018 Training Requirements and Resources and Beyond 
 
The following requirements are enforceable January 2, 2018:  

 Including new content on pesticide safety information display (170.311(a)(3)) 
 Covering new content in worker and handler training (170.401(c)(3) 

and  170.501(c)(3)) 
 Suspension of applications by handlers if anyone is in the application exclusion zone 

(170.505(b)      
All other training requirements (Subparts D, E, F and G of 40 CFR Part 170) are the same as 
2017.  
 
Training Requirements 
Starting January 2, 2018, workers and handlers will not be considered “trained” unless they 
have been trained according to the new training content requirements of the revised WPS rule 
(subparts D, E, F and G of 40 CFR Part 170). 
 
Worker Training 2018 
The pesticide safety training for workers under the revised WPS (subparts D, E, F and G of 40 
CFR Part 170) must be presented either orally from written materials or audio-visually, at a 
location that is reasonably free from distraction and conducive to training. All training materials 
must be EPA-approved. The training must be presented in a manner that the workers can 
understand, such as through a translator. The worker trainer must be present during the entire 
training program and must respond to workers' questions.  
 
The training must include, at a minimum, all of the following after January 2, 2018:  
 The responsibility of agricultural employers to provide workers and handlers with 
information and protections designed to reduce work-related pesticide exposures and 
illnesses. This includes ensuring workers and handlers have been trained on pesticide 
safety, providing pesticide safety and application and hazard information, decontamination 
supplies and emergency medical assistance, and notifying workers of restrictions during 
applications and on entering pesticide treated areas. A worker or handler may designate in 
writing a representative to request access to pesticide application and hazard information.  
 How to recognize and understand the meaning of the posted warning signs used for 
notifying workers of restrictions on entering pesticide treated areas on the establishment.  
 How to follow directions and/or signs about keeping out of pesticide treated areas subject 
to a restricted-entry interval and application exclusion zones.  
 Where and in what forms pesticides may be encountered during work activities, and 
potential sources of pesticide exposure on the agricultural establishment. This includes 
exposure to pesticide residues that may be on or in plants, soil, tractors, application and 
chemigation equipment, or used personal protective equipment, and that pesticides may drift 
through the air from nearby applications or be in irrigation water.  
 Potential hazards from toxicity and exposure that pesticides present to workers and their 
families, including acute and chronic effects, delayed effects, and sensitization.  
 Routes through which pesticides can enter the body.  
 Signs and symptoms of common types of pesticide poisoning.  
 Emergency first aid for pesticide injuries or poisonings.  
 Routine and emergency decontamination procedures, including emergency eye flushing 
techniques, and if pesticides are spilled or sprayed on the body to use decontamination 
supplies to wash immediately or rinse off in the nearest clean water, including springs, 
streams, lakes or other sources if more readily available than decontamination supplies, and 
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as soon as possible, wash or shower with soap and water, shampoo hair, and change into 
clean clothes.  
 How and when to obtain emergency medical care.  
 When working in pesticide treated areas, wear work clothing that protects the body from 
pesticide residues and wash hands before eating, drinking, using chewing gum or tobacco, 
or using the toilet.  
 Wash or shower with soap and water, shampoo hair, and change into clean clothes as 
soon as possible after working in pesticide treated areas.  
 Potential hazards from pesticide residues on clothing.  
 Wash work clothes before wearing them again and wash them separately from other 
clothes.  
 Do not take pesticides or pesticide containers used at work to your home.  
 Safety data sheets provide hazard, emergency medical treatment and other information 
about the pesticides used on the establishment they may come in contact with. The 
responsibility of agricultural employers to do all of the following:  

o Display safety data sheets for all pesticides used on the establishment.  
o Provide workers and handlers information about the location of the safety data 
sheets on the establishment.  
o Provide workers and handlers unimpeded access to safety data sheets during 
normal work hours.  

 The rule prohibits agricultural employers from allowing or directing any worker to mix, 
load or apply pesticides or assist in the application of pesticides unless the worker has been 
trained as a handler.  
 The responsibility of agricultural employers to provide specific information to workers 
before directing them to perform early-entry activities. Workers must be 18 years old to 
perform early-entry activities.  
 Potential hazards to children and pregnant women from pesticide exposure.  
 Keep children and nonworking family members away from pesticide treated areas.  
 After working in pesticide treated areas, remove work boots or shoes before entering 
your home, and remove work clothes and wash or shower before physical contact with 
children or family members.  
 How to report suspected pesticide use violations to the State or Tribal agency 
responsible for pesticide enforcement. 
 The rule prohibits agricultural employers from intimidating, threatening, coercing, or 
discriminating against any worker or handler for complying with or attempting to comply with 
the requirements of this rule, or because the worker or handler provided, caused to be provided 
or is about to provide information to the employer or the EPA or its agents regarding conduct 
that the employee reasonably believes violates this part, and/or made a complaint, testified, 
assisted, or participated in any manner in an investigation, proceeding, or hearing concerning 
compliance with this rule.  
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2018 Handler Training        Citations. 27-37. 
 
We will examine these citations in detail later. 
 
The pesticide safety training for handlers under the revised WPS (subparts D, E, F and G of 
40 CFR Part 170) must be presented either orally from written materials or audio-visually, at a 
location that is reasonably free from distraction and conducive to training.  
 
All training materials must be EPA-approved. The training must be presented in a manner that 
the handlers can understand, such as through a translator.  
 
The handler trainer must be present during the entire training program and must respond to 
handlers' questions. 
 
The training must include all of the training points/topics for workers PLUS the following after 
January 2, 2018:  
 Information on proper application and use of pesticides.  
 Handlers must follow the portions of the labeling applicable to the safe use of the 
pesticide.  
 Format and meaning of information contained on pesticide labels and in labeling 
applicable to the safe use of the pesticide.  
 Need for and appropriate use and removal of all personal protective equipment.  
 How to recognize, prevent, and provide first aid treatment for heat-related illness.  
 Safety requirements for handling, transporting, storing, and disposing of pesticides, 
including general procedures for spill cleanup.  
 Environmental concerns, such as drift, runoff, and wildlife hazards.  
 Handlers must not apply pesticides in a manner that results in contact with workers or 
other persons.  
 The responsibility of handler employers to provide handlers with information and 
protections designed to reduce work-related pesticide exposures and illnesses. This includes 
providing, cleaning, maintaining, storing, and ensuring proper use of all required personal 
protective equipment; providing decontamination supplies; and providing specific information 
about pesticide use and labeling information.  
 Handlers must suspend a pesticide application if workers or other persons are in the 
application exclusion zone.  
 Handlers must be at least 18 years old.  
 The responsibility of handler employers to ensure handlers have received respirator fit-
testing, training and medical evaluation if they are required to wear a respirator by the 
product labeling.  
 The responsibility of agricultural employers to post treated areas as required by this rule.  
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Handler Checklist 
 
☐ Ensure handlers are a minimum of 18 years old. 
☐ Complete WPS handler training before conducting handler tasks. 
☐ Keep records of WPS handler training and provide record to handlers if requested. 
☐ Display pesticide safety information at the central location and, if applicable, 
decontamination 
locations. 
☐ Display pesticide application and hazard information at the central location. 
☐ Keep records of the pesticide application information and SDSs for 2 yrs. 
☐ Provide establishment-specific information to handlers. 
☐ Provide pesticide application information and SDSs on request of handler, medical 
personnel or designated representative. 
☐ Provide handler with training/instruction on safe operation of pesticide equipment and all 
application equipment is inspected daily for leaks, etc. and repaired if necessary. 
☐ Read to, or inform, handlers of pesticide label statements related to human hazards, first 
aid & safety, in a manner they can understand. 
☐ Have pesticide label available to handler at all times during application. 
☐ Provide tasks and instructions to handler supervisors to ensure compliance with WPS 
requirements. 
☐ Ensure supervisors give directions to handlers for WPS compliance. 
☐ Provide information (Information Exchange) to Commercial Pesticide Handler Employer 
(CPHE) (i.e., custom application or crop advisor). 
☐ Ensure handlers do not work on pesticide equipment without receiving handler training. 
Ensure any individual not directly employed receives information on pesticides before using, 
cleaning, repairing, etc. pesticide equipment. 
☐ Provide clean PPE in operating condition to handlers. 
☐ Only exceptions to handler PPE are those allowed by WPS. 
☐ Follow restrictions DURING applications to keep workers and other persons out of certain 
areas (treated area and AEZ or enclosed space production area). 
☐ Follow other restrictions DURING applications (Do not contact workers or other persons 
directly or through drift; and applicator temporarily suspends the application if workers or 
other persons are in the AEZ or enclosed space production area). 
☐ Monitor handler every 2 hours visually or by voice communication for applications of 
pesticides with skull & crossbones on label. 
☐ Fumigant applications in enclosed space production facilities – have a second handler 
outside of the enclosed space to continuously monitor (voice or visual), or rescue the 
applicator if necessary. Must have second set of required PPE outside of application space. 
☐ If a respirator is required, follow respirator requirements (i.e., medical evaluation, fit 
testing, 
respirator training) and ensure that all records of completion of these tasks kept for 2 years. 
☐ Provide decontamination supplies (and eye flushing supplies, if required) at required 
locations. 
☐ Make emergency assistance available (information and transportation).   
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2017 Pesticide Safety Training Review  
 
Ensure that workers are trained before performing tasks in a pesticide treated area (REI in 
effect within the last 30 days). 170.401 (a) Ensure that handlers are trained before performing 
any handler activity. 170.501 (a) There is no grace period for worker or handler training. 
1. Train workers and handlers annually. 170.401 (a) and 170.501 (a) 
2. Present training using EPA-approved materials either orally from written materials or audio-
visually. After January 2, 2018, the training must cover additional topics. 170.401 (c) and 
170.501 (c) 
3. Trainers must be certified applicators or have completed an EPA-approved train-the-trainer 
program or be designated by the State or Tribal pesticide enforcement agency. 170.401 (c)(4) 
and 170.501 (c)(4) 
4. Training must be delivered in a manner the employees can understand, and the trainer must 
be present and respond to questions. 170.401 (c)(1) and 170.501 (c)(1) 
5. Maintain training records on the establishment for two years from the training date for each 
worker and handler required to be trained on the agricultural establishment. 170.401 (d) and 
170.501 (d) 
Separate from the pesticide safety training, employers must tell workers and handlers where 
to find the following on the worksite: EPA WPS safety poster (or equivalent), application 
information, SDSs and decontamination supplies. 170.403 and 170.503 (b) 

 
 
 

Decontamination Supplies 
1. Establish accessible decontamination supplies located together within 1/4 mile of all 
workers 
(when required 170.411 (c)) and handlers. 170.411 and 170.509 
 1 gallon of water per worker and 3 gallons of water per handler at the beginning of each 
work period for routine and emergency decontamination, 
 Plenty of soap and single-use towels, Note: hand sanitizers and wet towelettes are 
insufficient. 170.411 (b)(2) and 170.509 (b)(2) 
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 A clean coverall (or other clean change of clothes) for handlers 
2. Provide water that is safe and cool enough for washing, eye-flushing, and drinking. Do not 
use water that is also used for mixing pesticides unless steps are taken to ensure safety. 
170.411 (b)(1) 
3. Provide handlers with decontamination supplies where personal protective equipment 
(PPE) 
is removed at the end of a task. 170.509 (a) 
4. Provide handlers with decontamination supplies at each mixing and loading site. 170.509 
(c)(1) 
5. When a product requires protective eyewear for handlers, and/or when using a closed 
system under pressure, provide the following in mixing and loading areas: a system that can 
deliver gently running water at 0.4 gallons per minute for at least 15 minutes or 6 gallons of 
water in containers suitable for providing a gentle eye-flush for about 15 minutes. 170.509 
(d)(1) 
6. When applying a product that requires protective eyewear, provide 1 pint of water per 
handler in portable containers that are immediately available to each handler. 170.509 (d)(2) 
7. Do not put worker decontamination supplies in areas being treated or under an REI. 
170.411 (d) 
8. For handlers, decontamination supplies must be kept outside the treated area, or any area 
under an REI, unless they are protected from contamination in closed containers. 170.509 
(c)(1)&(3) 
 
Employer Information Exchange 
1. Before any application, commercial pesticide handler employers must make sure the 
owner/ 
operator of an agricultural establishment where a pesticide will be applied, is aware of: 
 Location and description of area to be treated, 
 Date of application, estimated start time and estimated end time of the application, 
 Product name, EPA registration number, active ingredient(s), and REI, 
 Whether the product label requires both oral warnings and treated area posting, 
 All other safety requirements on labeling for workers or other people. 170.313 (i) 
2. Owners/operators of agricultural establishments must make sure any commercial pesticide 
 handler employer they hire is aware of: Specific location and description of any treated 
areas where an REI is in effect that the commercial handler may be in or walk within 1/4 mile 
of, and, 
 Restrictions on entering those areas. 170.309 (k) 
 The commercial pesticide employer must pass this information along to the handler doing 
the work. 170.313 (h) 
 
Emergency Assistance 
If there is reason to believe a worker or handler has been exposed to pesticides, during or 
within 72 hours of employment, and needs emergency medical treatment, employers must do 
the following: 
1. Promptly make transportation available to an appropriate emergency medical facility. 
2. Promptly provide to the treating medical personnel, information related to each pesticide 
product to which the person may have been exposed: 
 Safety Data Sheet 
 Product name, EPA registration number, and active ingredient(s). 
 Description of how the pesticide was used on the agricultural establishment. 
 Circumstances that could have resulted in exposure to the pesticide. 170.309 (f) 
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Additional Duties for Worker Employees 
These requirements apply to agricultural employers who employ workers. 
 
Restrictions During Applications 170.405 (a)-(b) 
During pesticide applications, keep workers and everyone other than appropriately trained 
and equipped handlers out of the treated area (for all types of applications) and out of: 
 The application exclusion zone (AEZ) for outdoor production, or 
 A specified area that varies by the type of application until the ventilation criteria are 
met for enclosed space production. 
 

 
 
 
 
Restricted-Entry Intervals (REIs) 170.309 (l) and 170.407 
Do not direct or allow any worker to enter or remain in the treated area until the REI has 
expired and all posted warning signs are removed or covered. Read the exceptions in 
170.603. 
 
Notice About Applications 170.409 (a) 
1. Orally warn workers and post treated areas if required by the pesticide labeling. 
2. If not, post warning signs if the REI is greater than: 
 48 hours for outdoor production or 
 4 hours for enclosed space production. 
3. For all other applications, either orally warn workers or post warning signs. 
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The responsibility of agricultural employers to post treated areas as required by this rule.  
 
Posted Warning Signs 170.409 (b) 
1. Post legible 14” x 16” WPS-design warning signs no more than 24 hours prior to an 
application; keep posted during REI; remove or cover before workers enter and within 3 days 
after the end of the REI. 170.409 (b)(1)-(3) 
2. Post signs so they can be seen at all reasonably expected entrances to treated areas. 
170.409 (b)(3)(ii) 
3. Warning signs can be smaller than 14” x 16” under certain conditions. All warning signs 
must meet specific requirements. 170.409 (b) 
 
Oral Warnings 170.409 (c) 
1. Before each application, tell workers who are on the establishment (in a manner they can 
understand): 
 Location and description of treated area, 
 Date and times entry is restricted 
 AEZ, REI, and not to enter during REI. 
2. Workers who enter the establishment after application starts must receive the 
same warning at the start of their work period. 
 
Additional Duties for Agricultural Employers Duties 
Before allowing persons not directly employed by the establishment to clean, repair, or adjust 
pesticide application equipment, provide the following information: 
 The equipment may be contaminated with pesticides. 
 The potentially harmful effects of pesticide exposure. 
 How to handle equipment to limit exposure to pesticides. 
 How to wash themselves and/or their clothes to remove and prevent exposure to pesticide 
residues. 170.309 (g) and 170.313 (l) 
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Application Restrictions and Monitoring 170.505 
1. Do not allow handlers to apply a pesticide so that it contacts, directly or through drift, anyone 
other than appropriately trained and equipped handlers. 
2. Handlers must suspend applications when anyone other than appropriately trained and 
equipped handlers enter the application exclusion zone (AEZ). This goes into effect on January 
2, 2018. 170.505 (b) 
3. When anyone is handling a highly toxic pesticide with a skull and crossbones, maintain sight 
or voice contact every two hours. 
4. Make sure a trained handler equipped with labeling-specific PPE maintains constant voice 
or visual contact with any handler in an enclosed-space production site (e.g., greenhouses, 
high tunnels, indoor grow houses) while applying a fumigant. 
 
Specific Instructions for Handlers 
1. Before handlers do any handling task, inform them, in a manner they can understand, of 
all pesticide labeling instructions for safe use. 170.503 (a)(1) 
2. Ensure that the handler has access to product labeling during the entire handling task. 
170.503 (a)(2) 
 
Equipment Safety 
1. Inspect pesticide handling equipment before each day of use, and repair or replace as 
needed. 170.309 (j) and 170.313 (g) 
2. Allow only appropriately trained and equipped handlers to repair, clean, or adjust pesticide 
equipment that contains pesticides or residues, unless they are not employed on the 
establishment. 
170.309 (g) and 170.507 (a) See Additional Agricultural Employer 
 
Personal Protective Equipment (PPE) Handlers 
Must Use 
1. Provide handlers with the PPE required by the pesticide labeling, and be sure it is: 
170.507 (b) 
 Clean and in operating condition, 170.507 (b) 
 Worn and used according to the manufacturer’s instructions,170.507 (c) 
 Inspected before each day of use, 170.507 (c)(2) 
 Repaired or replaced as needed. 170.507 (c)(2) 
2. When a respirator is required by product labeling, provide handlers with: 
 A medical evaluation to ensure the handler is physically able to safely wear the 
respirator, 
 Training in respirator use, and 
 A fit test to ensure the respirator fits correctly. 
 Keep records on the establishment of these items for two years. 170.507 (b)(10) 
3. Take steps to avoid heat-related illness when labeling requires the use of PPE for a 
handler activity. 170.507 (e) 
4. Provide handlers a pesticide-free area for: 
 Storing personal clothing not in use, 
 Putting on PPE at start of task, 
 Taking off PPE at end of task. 170.507 (d)(9) 
5. Do not allow used PPE to be taken home. 170.507 (d)(10) 
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Care of PPE 
1. Store and wash used PPE separately from other clothing and laundry. 170.507 (d)(3) 
2. If PPE will be reused, clean it before each day of reuse, according to the instructions from 
the PPE manufacturer unless the pesticide labeling specifies other requirements. If there are 
no other instructions, wash in detergent and hot water. 170.507 (d)(1) 
3. Dry the clean PPE before storing. 170.507 (d)(4) 
4. Store clean PPE away from personal clothing and apart from pesticide-contaminated 
areas. 170.507 (d)(5) 
 

 
 
 
Replacing Respirator Purifying Elements 
1. Replace particulate filters or filtering facepiece respirators when any following condition is 
met: 
 When breathing becomes difficult, 
 When the filter is damaged or torn, 
 When the respirator label or pesticide label requires it, 
 After 8 total hours of use, in the absence of any other instructions or indications of 
service life. 170.507 (d)(6) 
 
2. Replace vapor-removing cartridges/canisters when any following condition is met: 
 When odor/taste/irritation is noticed, 
 When the respirator label or pesticide label requires it (whichever is shorter), 
 When breathing resistance becomes excessive, 
 After 8 total hours of use, in the absence of any other instructions or indications of 
service life. 170.507 (d)(7) 
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Disposal of PPE 
1. Discard, do not clean, coveralls and other absorbent materials that are heavily contaminated 
with pesticide having a signal word “DANGER” or “WARNING.” When discarding PPE, ensure 
that it is unusable as apparel or made unavailable for further use. 
2. Follow federal, state, and local laws when disposing of PPE that cannot be cleaned correctly. 
170.507 (d)(2) 
 
Instructions for People Who Clean PPE 170.507 (d)(8) 
The handler employer must inform people who clean or launder PPE: 
 That PPE may be contaminated with pesticides, 
 Of the potential for harmful effects of exposure to pesticides, 
 How to protect themselves when handling PPE, 
 How to clean PPE correctly, and 
 Decontamination procedures to follow after handling contaminated PPE. 

 
 

This course contains EPA’s federal rule requirements.  Please be aware 
that each state implements pesticide regulations that may be more 
stringent than EPA’s regulations and these frequently are 
changed.  Check with your state environmental/pesticide agency for more 
information. 
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Quick Reference Guide WPS 2017-2018 Section 
More information on Chart in rear of manual 
 
The WPS is a federal regulation designed to protect agricultural workers (people employed in 
the production of agricultural plants) and pesticide handlers (people mixing, loading, or 
applying pesticides or doing certain tasks involving direct contact with pesticides).  
 
Each section links to the Code of Federal Regulations (40 CFR Part 170) for more information 
on the revised WPS. (www.ecfr.gov) 
 
The section summarizes the maximum requirements under the revised WPS. It does not 
include exemptions and exceptions that may allow you to do less.  
 
See the referenced sections below. 
Exemptions (general) 170.303 (b) and170.601 
Exceptions for workers 170.401 (b) and 170.409 (a)(2) 
Exceptions for early-entry workers during a restricted-entry interval 170.603 
Exceptions for handlers 170.501 (b) 
Exceptions to PPE required on pesticide labels 170.607 
 
Employer Responsibilities for Supervisors and Labor Contractors 
Employers must provide sufficient information to supervisors and/or labor contractors to 
ensure compliance with the revised WPS.  
 
Specify: 
 The tasks supervisors / labor contractors must do, and 
  The information they must provide to workers/handlers. 

 
Employers are liable for a penalty under FIFRA if a supervisor or labor contractor acting for 
them fails to comply with the revised WPS requirements. 170.309 (d), 170.313 (d), 170.317 
(c) 
 
Duties of All Employees 
These requirements apply to agricultural employers and commercial pesticide handler 
employers except the pesticide safety, application and hazard information requirements apply 
only to agricultural employers.  
 
Anti-Retaliation 
Employers must not retaliate against a worker or handler who attempts to comply with the 
WPS, files a complaint, or provides information in an investigation of alleged WPS 
noncompliance. 170.315 
 
Minimum Age Requirements 
1. Ensure that early-entry workers and all handlers are at least 18 years old. 170.309 (c) and 
170.313 (c) 
 
  

http://www.ecfr.gov
http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

252

Pesticide Safety, Application and Hazard Information 
An agricultural employer must display or make certain information available on the 
establishment.  
 
Commercial pesticide handler employers do not have to comply with information display 
requirements. 
1. Display or make available all of the information listed in #2 together in an easily accessible 
(“central”) location on the agricultural establishment. 170.311 (a)(5) and 170.311 (b)(2) 
2. The information includes: 
 EPA WPS safety poster or equivalent information, which must include some additional 
information by January 2, 2018, and must be kept current. 170.311 (a)  
 Application information that includes: 

 Product name, EPA registration number, and active ingredient 
 Crop or site treated, location and description of the treated area 
 Date, start and end times of the application, and duration of restricted-entry 

interval (REI). 170.311 (b)(1) 
 A copy of the safety data sheet (SDS) for the formulated product for each WPS-labeled 
pesticide applied. 170.309 and 170.311 
3. In addition, display the EPA WPS safety poster (or equivalent) where decontamination 
supplies are located at permanent sites and where decontamination supplies are provided for 
11 or more workers. 170.311 (a)(5) 
4. Allow workers and handlers unrestricted access to all of the information and keep all of the 
displayed information current and legible. 170.311 (a)(6)-(7) and 170.311 (b)(3)-(4) 
5. Display the EPA WPS safety poster or equivalent information before an application takes 
place and for 30 days after the REI expires. 170.309 (h) 
6. Display the SDS and application information within 24 hours of the application and before 
workers enter treated areas. This information must be displayed for 30 days after the REI 
expires and kept in records on the agricultural establishment until 2 years after the REI expires. 
170.309 (h)&(l) and 170.311 (b)(5)-(6) 
7. Provide the SDS and application information upon request of a worker, handler, designated 
representative or medical personnel, within 15 days. 170.311 (b)(7)-(9) 
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Labeling Information Sub-Section 
 

 
 
A handler employer must assure that handlers understand all of the labeling requirements 
related to safe use of pesticides before any handling activity takes place.  The handler must 
also have access to the product labeling information during handling activities. 
 
Safe Operation of Equipment 
A handler employer must assure that handlers are instructed in the safe operation of all 
equipment they will be using.  It is the handler-employer's responsibility to assure that the 
equipment is working properly and to inform employees, when appropriate, that the equipment 
may be contaminated with pesticides and to explain the correct way to handle such equipment. 
 
Personal Protective Equipment 
Any person handling a pesticide must use the clothing and PPE specified on the label for 
product use.  Characteristics of protective clothing and PPE are specified in the standard, as 
are exceptions to PPE specified on product labeling.  The handler employer must take 
appropriate measures to prevent heat-related illnesses. 
 
Decontamination 
A handler employer must provide a decontamination site (as specified in the standard) for 
washing off pesticides and pesticide residues during any handling activity. 
 
Emergency Assistance 
A handler employer must provide the same emergency assistance to handlers as discussed 
for workers. 
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Label Requirements 
 
When these requirements appear on pesticide labels, all end-users must meet them unless 
exempt.  Exempt end-users should voluntarily obey the requirements because of the dangers 
of pesticide exposure. These require employers to make sure that employees are provided 
with: 
 
 A display of information at a central location (WPS safety poster, the location of 

emergency medical facilities, and a list of recent pesticide applications). 
 
 A decontamination facility. 

 
 Pesticide safety training. 

 
 Details of information exchanges between employers of agricultural workers and 

employers of commercial (for-hire) pesticide applicators. 
 
 Notice about pesticide applications and information about pesticides used. 

 
 Monitoring of handlers who are using highly toxic pesticides. 

 
 Instruction on equipment safety, including inspection and maintenance. 

 
 Instruction on the cleaning, inspection, and maintenance of PPE. 

 
 Special instructions for handlers, including labeling information and safe operation of 

application equipment. 
 
 Special application restrictions in nurseries and greenhouses. 

 
 Emergency assistance when required (EPA, 1992a and EPA, 1993b). 

 

Enforcement 
 
States have primary enforcement responsibility for pesticide use violations if the Administrator 
of the EPA determines the State:  
  
 (1) has adopted adequate pesticide use laws and regulations;  

(2) has adopted or is implementing adequate procedures for the enforcement of its 
laws and regulations; and 
(3) has kept records and made reports showing compliance with (1) and (2) above, 
as the Administrator may require by regulation. 

 
The Administrator of the EPA may also enter into cooperative agreements with States and 
Indian tribes to delegate the authority to cooperate in the enforcement of FIFRA. 
 
Violations of the WPS carry both civil and criminal penalties. 
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Appendix A Criteria for WPS Pesticide Safety Poster 
 
Each WPS safety poster must convey to workers and handlers 
1. That there are federal rules to protect them, including a requirement for safety training. 
2. How to help keep pesticides from getting on or into their bodies. The poster must include 
the following instructions: 

• Avoid getting on your skin or into your body any pesticides that may be on plants and 
soil, in irrigation water, or drifting from nearby applications. 
• Wash before eating, drinking, chewing gum, using tobacco, or using the toilet. 
• Wear work clothing that protects your body from pesticide residues, such as long-
sleeved shirts, long pants, shoes, socks, and hats or scarves. 
• Wash or shower with soap and water, shampoo your hair, and put on clean clothes 
after work. 
• Wash work clothes separately from other clothes before wearing them again. 
• Wash immediately in the nearest clean water if pesticides are spilled or sprayed on 
your body. As soon as possible, shower, shampoo, and change into clean clothes. 
• Follow directions about keeping out of treated or restricted areas. 

 
Appendix A Criteria for WPS Materials 
Requirements for Warning Signs 
1. Required Words 
• The words “DANGER — PELIGRO” and “PESTICIDES — PESTICIDAS” must be located 
at the top of the sign and “KEEP OUT—NO ENTRE” at the bottom. 
 
Exception 
As an option, you may use warning signs that replace the Spanish words with the same 
words in another language (other than English) that is read by the largest number of your 
workers who do not read English. The replacement sign must meet all of the other 
requirements for the WPS warning sign. 

• The words must be clearly legible. 
 
2. Required Design 
•  A circle containing an upraised hand on the left and a stern face on the right must be near 
the center of the sign. 
• The background outside the circle must contrast with the inside of the circle. 
• The hand and a large portion of the face must contrast with the inside of the circle. 
• The remainder of the inside of the circle must be red. 
• The length of the hand must be at least twice the height of the smallest letters. 
• The length of the face must be only slightly smaller than the hand. 
 
3. Additional Information 
You may put additional information on the warning sign, such as the name of the pesticide and 
the date of application, if it does not detract from the appearance of the sign or change the 
meaning of the required information. 
 
4. Size 
The signs must be at least 14 inches by 16 inches, and the letters must be at least 1 inch high. 
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Exception 
On farms and in forests, you may use smaller signs if the treated area is too small to 
accommodate 14- by 16-inch signs. For example, when a single plant needs to be posted, a 
smaller sign would be appropriate. In nurseries and greenhouses, you may use a sign smaller 
than the standard size. Whenever a small sign is used, there are specific posting distances 
depending on the size of the lettering and symbol on the sign.  
 
Signs with the words “DANGER” and “PELIGRO” in letters less than 7/16 inch in height or with 
any words in letters less than 1/4 inch in height or with the circle graphic containing an upraised 
hand and a stern face less than 1½ inches in diameter do not meet. 
 
WPS sign requirements. * This distance requirement is for places where multiple signs are 
used to post a single treated area, such as a nursery or a greenhouse section. It does not 
apply where individual signs are used for separate small treatment areas (such as single potted 
plants in a greenhouse). 
 
Appendix A Criteria for WPS Materials 
Criteria for Worker Training 
1. WPS training for workers must include at least the following information: 

• Where and in what form pesticides may be encountered during work activities. 
• Hazards of pesticides resulting from toxicity and exposure, including acute effects, 
chronic effects, delayed effects, and sensitization. 
• Routes through which pesticides can enter the body. 
• Signs and symptoms of common types of pesticide poisoning. 
• Emergency first aid for pesticide injuries or poisonings. 
• How to obtain emergency medical care. 
• Routine and emergency decontamination procedures, including emergency 
eyeflushing techniques. 
• Hazards from chemigation and drift. 
• Hazards from pesticide residues on clothing. 
• Warnings about taking pesticides or pesticide containers home. 
• An explanation of the WPS requirements designed to protect workers, including 
application and entry restrictions, design of the warning sign, posting of warning signs, 
oral warnings, availability of specific information about applications, and protection 
against retaliatory acts. 

2. WPS worker training materials must use terms that the worker can understand. 
 
Appendix A Criteria for WPS Materials 
Criteria for Handler Training 
WPS training for handlers must include at least the following information: 

• Format and meaning of information on pesticide labels and in labeling, including 
safety information such as precautionary statements about human health hazards. 
• Hazards of pesticides resulting from toxicity and exposure, including acute effects, 
chronic effects, delayed effects, and sensitization. 
• Routes through which pesticides can enter the body. 
• Signs and symptoms of common types of pesticide poisoning. 
• Emergency first aid for pesticide injuries or poisonings. 
• How to obtain emergency medical care. 
• Routine and emergency decontamination procedures, including emergency 
eyeflushing techniques. 
• Need for and appropriate use of personal protective equipment. 

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

257

• Prevention, recognition, and first aid treatment of heat-related illness. 
• Safety requirements for handling, transporting, storing, and disposing of pesticides, 
including general procedures for spill cleanup. 
• Environmental concerns such as drift, runoff, and wildlife hazards. 
• Warnings about taking pesticides or pesticide containers home. 

 
An explanation of WPS requirements that handler employers must follow for the protection of 
handlers and others, including the prohibition against applying pesticides in a manner that will 
cause contact with workers or other persons, the requirement to use personal protective 
equipment, the provisions for training and decontamination, and the protection against 
retaliatory acts. 
 
Restricted Use Products (RUP) Report 
The Restricted Use Products Report is a compilation of both active and cancelled pesticide 
products classified as "Restricted Use". The "Restricted Use" classification restricts a 
product, or its uses, to use by a certified pesticide applicator or under the direct supervision of 
a certified applicator. (For detailed information on the "Restricted Use" Classification, consult 
40 CFR Subpart I, 152.160) 
 
In the RUP Report, the criteria on which the restricted use classification is based, uses, 
formulations, EPA Registration Numbers, product names, product status and revision date are 
organized by pesticide active ingredient (AI). The Product Manager (PM) Number is also 
provided for each AI.  

 
Pesticide  
Though often misunderstood to refer only to insecticides, the term pesticide also applies to 
herbicides, fungicides, and various other substances used to control pests. Under United 
States law, a pesticide is also any substance or mixture of substances intended for use as a 
plant regulator, defoliant, or desiccant.  
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Appendix B    More information in rear of Manual 
Sample Forms, Fact Sheets and Checklists 
 
Appendix B includes a sample Pesticide Application Information form with space for the 
pesticide application information the WPS requires to 
be listed at a central location on each agricultural 
establishment.  
 
The WPS does not specify a format for presenting 
the information — you may copy this form or design 
another that meets your needs. Appendix B also 
includes several fact sheets to help you comply with 
sections of the WPS that require you to provide 
information to others.  
 
Although the WPS does not require you to provide this 
information in written form, you may find that using photocopies of these fact sheets is a 
convenient way to make sure you convey the necessary information. 
 
Finally, Appendix B includes some checklists and charts you can use as reminders of your 
WPS duties. 
 
Agricultural Establishment Owners and Operators 
The use of this form is optional, but if the information about an application is entered, it will 
help you comply with the federal Worker Protection Standard including all revisions through 
2004 for information that must be displayed at a central place to inform workers and handlers 
about specific pesticide applications. For complete information, see the EPA manual “The 
Worker Protection Standard for Agricultural Pesticides: How To Comply.” 
 
Application #1 Application #2 
Area Treated: Location & Description 
Product Name 
EPA Registration Number 
Active Ingredient: Common or Chemical Name 
Application: Month/Day/Time 
Restricted-Entry Interval 
Do Not Enter Until: Month/Day/Time 
 
Similar data is required by the Federal Recordkeeping Requirements for Certified Applicators 
of Federally Restricted Use Pesticides (RUP). For more information on the RUP recordkeeping 
requirements, contact Agricultural Marketing Service, USDA, 8609 Sudley Road, Suite 203, 
Manassas, VA 20110, (703) 330-7826. Please consult the “USDA Recordkeeping Manual” at 
the following Web site for a complete list of all USDA record keeping requirements: 
http://www.ams.usda.gov/science/prb/Prbforms.htm 
 
Some states, tribes, or local governments with jurisdiction over pesticide enforcement may 
have additional worker protection requirements beyond these requirements. Check with these 
agencies to obtain the information you need to comply with all applicable state, tribal, or local 
requirements. 
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§170.3   WPS Definitions 2015-2018 
Terms used in this part have the same meanings they have in the Federal Insecticide, 

Fungicide, and Rodenticide Act, as amended. In addition, the following terms, when used in 
this part, shall have the following meanings: 

Agricultural employer means any person who hires or contracts for the services of 
workers, for any type of compensation, to perform activities related to the production of 
agricultural plants, or any person who is an owner of or is responsible for the management or 
condition of an agricultural establishment that uses such workers. 

Agricultural establishment means any farm, forest, nursery, or greenhouse. 
Agricultural plant means any plant grown or maintained for commercial or research 

purposes and includes, but is not limited to, food, feed, and fiber plants; trees; turfgrass; 
flowers, shrubs; ornamentals; and seedlings. 

Chemigation means the application of pesticides through irrigation systems. 
Commercial pesticide handling establishment means any establishment, other than an 

agricultural establishment, that: 
(1) Employs any person, including a self-employed person, to apply on an agricultural 

establishment, pesticides used in the production of agricultural plants. 
(2) Employs any person, including a self-employed person, to perform on an agricultural 

establishment, tasks as a crop advisor. 
Crop advisor means any person who is assessing pest numbers or damage, pesticide 

distribution, or the status or requirements of agricultural plants. The term does not include any 
person who is performing hand labor tasks. 

Early entry means entry by a worker into a treated area on the agricultural establishment 
after a pesticide application is complete, but before any restricted-entry interval for the 
pesticide has expired. 

Farm means any operation, other than a nursery or forest, engaged in the outdoor 
production of agricultural plants. 

Forest means any operation engaged in the outdoor production of any agricultural plant 
to produce wood fiber or timber products. 

Fumigant means any pesticide product that is a vapor or gas, or forms a vapor or gas on 
application, and whose method of pesticidal action is through the gaseous state. 

Greenhouse means any operation engaged in the production of agricultural plants inside 
any structure or space that is enclosed with nonporous covering and that is of sufficient size 
to permit worker entry. This term includes, but is not limited to, polyhouses, mushroom houses, 
rhubarb houses, and similar structures. It does not include such structures as malls, atriums, 
conservatories, arboretums, or office buildings where agricultural plants are present primarily 
for aesthetic or climatic modification. 

Hand labor means any agricultural activity performed by hand or with hand tools that 
causes a worker to have substantial contact with surfaces (such as plants, plant parts, or soil) 
that may contain pesticide residues. These activities include, but are not limited to, harvesting, 
detasseling, thinning, weeding, topping, planting, sucker removal, pruning, disbudding, 
roguing, and packing produce into containers in the field. Hand labor does not include 
operating, moving, or repairing irrigation or watering equipment or performing the tasks of crop 
advisors. 

Handler means any person, including a self-employed person:  
(1) Who is employed for any type of compensation by an agricultural establishment or 
commercial pesticide handling establishment to which subpart C of this part applies and 
who is: 
(i) Mixing, loading, transferring, or applying pesticides. 
(ii) Disposing of pesticides or pesticide containers. 
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(iii) Handling opened containers of pesticides. 
(iv) Acting as a flagger. 
(v) Cleaning, adjusting, handling, or repairing the parts of mixing, loading, or application 
equipment that may contain pesticide residues. 
(vi) Assisting with the application of pesticides. 
(vii) Entering a greenhouse or other enclosed area after the application and before the 
inhalation exposure level listed in the labeling has been reached or one of the ventilation 
criteria established by this part (§170.110(c)(3)) or in the labeling has been met: 
(A) To operate ventilation equipment. 
(B) To adjust or remove coverings used in fumigation. 
(C) To monitor air levels. 
(viii) Entering a treated area outdoors after application of any soil fumigant to adjust or 
remove soil coverings such as tarpaulins. 
(ix) Performing tasks as a crop advisor: 
(A) During any pesticide application. 
(B) Before the inhalation exposure level listed in the labeling has been reached or one of 
the ventilation criteria established by this part (§170.110(c)(3)) or in the labeling has been 
met. 
(C) During any restricted-entry interval. 
(2) The term does not include any person who is only handling pesticide containers that 
have been emptied or cleaned according to pesticide product labeling instructions or, in 
the absence of such instructions, have been subjected to triple-rinsing or its equivalent. 
Handler employer means any person who is self-employed as a handler or who employs 
any handler, for any type of compensation. 
Immediate family includes only spouse, children, stepchildren, foster children, parents, 
stepparents, foster parents, brothers, and sisters. 
Nursery means any operation engaged in the outdoor production of any agricultural plant 
to produce cut flowers and ferns or plants that will be used in their entirety in another 
location. Such plants include, but are not limited to, flowering and foliage plants or trees; 
tree seedlings; live Christmas trees; vegetable, fruit, and ornamental transplants; and 
turfgrass produced for sod. 
Owner means any person who has a present possessory interest (fee, leasehold, rental, 
or other) in an agricultural establishment covered by this part. A person who has both 
leased such agricultural establishment to another person and granted that same person 
the right and full authority to manage and govern the use of such agricultural 
establishment is not an owner for purposes of this part. 
Restricted-entry interval means the time after the end of a pesticide application during 
which entry into the treated area is restricted. 
Treated area means any area to which a pesticide is being directed or has been directed. 
Worker means any person, including a self-employed person, who is employed for any 
type of compensation and who is performing activities relating to the production of 
agricultural plants on an agricultural establishment to which subpart B of this part applies. 
While persons employed by a commercial pesticide handling establishment are 
performing tasks as crop advisors, they are not workers covered by the requirements of 
subpart B of this part. 
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§170.309   Agricultural Employer Duties 2015-2018 Rule 
Agricultural employers must: 

(a) Ensure that any pesticide is used in a manner consistent with the pesticide product 
labeling, including the requirements of this part, when applied on the agricultural 
establishment. 

(b) Ensure that each worker and handler subject to this part receives the protections 
required by this part. 

(c) Ensure that any handler and any early entry worker is at least 18 years old. 
(d) Provide to each person, including labor contractors, who supervises any workers or 

handlers’ information and directions sufficient to ensure that each worker and handler receives 
the protections required by this part. Such information and directions must specify the tasks 
for which the supervisor is responsible in order to comply with the provisions of this part. 

(e) Require each person, including labor contractors, who supervises any workers or 
handlers to provide sufficient information and directions to each worker and handler to ensure 
that they can comply with the provisions of this part. 

(f) Provide emergency assistance in accordance with this paragraph. If there is reason to 
believe that a worker or handler has experienced a potential pesticide exposure during his or 
her employment on the agricultural establishment or shows symptoms similar to those 
associated with acute exposure to pesticides during or within 72 hours after his or her 
employment on the agricultural establishment, and needs emergency medical treatment, the 
agricultural employer must do all of the following promptly after learning of the possible 
poisoning or injury: 
(1) Make available to that person transportation from the agricultural establishment, including 
any worker housing area on the establishment, to an operating medical care facility capable of 
providing emergency medical treatment to a person exposed to pesticides. 
(2) Provide all of the following information to the treating medical personnel: 

(i) Copies of the applicable safety data sheet(s) and the product name(s), EPA registration 
number(s) and active ingredient(s) for each pesticide product to which the person may 
have been exposed. 
(ii) The circumstances of application or use of the pesticide on the agricultural 

establishment. 
(iii) The circumstances that could have resulted in exposure to the pesticide. 
(g) Ensure that workers or other persons employed by the agricultural establishment do 
not clean, repair, or adjust pesticide application equipment, unless trained as a handler 
under §170.501. Before allowing any person not directly employed by the agricultural 
establishment to clean, repair, or adjust equipment that has been used to mix, load, 
transfer, or apply pesticides, the agricultural employer must provide all of the following 
information to such person: 
(1) Pesticide application equipment may be contaminated with pesticides. 
(2) The potentially harmful effects of exposure to pesticides. 
(3) Procedures for handling pesticide application equipment and for limiting exposure to 
pesticide residues. 
(4) Personal hygiene practices and decontamination procedures for preventing pesticide 
exposures and removing pesticide residues. 
(h) Display, maintain, and provide access to pesticide safety information and pesticide 

application and hazard information in accordance with §170.311 if workers or handlers are on 
the establishment and within the last 30 days a pesticide product has been used or a restricted-
entry interval for such pesticide has been in effect on the establishment. 

(i) Ensure that before a handler uses any equipment for mixing, loading, transferring, or 
applying pesticides, the handler is instructed in the safe operation of such equipment. 
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Which Pesticides Uses are Not Covered? 
 
Some pesticide uses are not covered by the WPS, even when the “Agricultural Use 
Requirements” section is on the labeling.  
 
For example, if the pesticide labeling bears an “Agricultural Use Requirements” section, but 
the product also can be applied to rights-of-way, the rights-of-way use is not covered by the 
WPS.  
 
The WPS does not cover pesticides applied: 

• on pastures or rangelands, 
• for control of vertebrate pests such as rodents,  
• as attractants or repellents in traps,  
• on the portions of agricultural plants that have been harvested, such as in WPS 
packing houses or on cut timber, 
• for mosquito abatement, Mediterranean fruit fly eradication, or similar government-
sponsored wide-area public pest control programs, 
• on livestock or other animals, or in or around animal premises, 
• on plants grown for other than commercial or research purposes, which may include 
plants in habitations, home fruit and vegetable gardens, and home greenhouses, 
•on plants that are in ornamental gardens, parks, golf courses, and public or private 
lawns and grounds and that are intended only for decorative or environmental benefit, 
• in a manner not directly related to the production of agricultural plants, including, for 
example, control of vegetation along rights of way and in other non-crop areas and 
structural pest control, such as termite control and wood preservation, 
•for research uses of unregistered pesticides. 

 
The WPS does not cover workers who are working in an area where a pesticide has been 
injected directly into the plants. However, people who handle pesticides that are to be Direct 
injection does not applied by direct injection are covered by the WPS and must receive handler 
protections.  
 
Compensation includes pay or wages, payment through services or goods, or barter of 
services or goods. If only one person receives payment for the joint work of several people, all 
are considered to be compensated, and are employees under the WPS.  
 
For example, under a piece-rate payment system for harvesting crops, even if payment is 
issued to the head of the family only, all of the family members who harvest crops are 
considered employees under the WPS. 
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Workers and Handlers Subsection 
 

Who Must Protect Workers and Handlers? 
Employers are responsible for making sure that workers and handlers receive the protections 
required by the pesticide labeling and the WPS. The term “employer” has a special meaning 
in the WPS — you are an employer even though you are self-employed or use only members 
of your own family to do the work on your establishment. 
 
The WPS has very specific definitions for two types of employers. WPS requirements apply 
only to employers who meet those definitions. 
 

WPS Employer Definitions 
Worker Employers:  
Worker employers are people who: 
• employ or contract for the services of workers (including themselves and members of 
their family) for any type of compensation to perform tasks related to the production of 
agricultural plants, or 
•own or operate an agricultural establishment that uses such workers. (See definition of 
“owner,”.) (See definition of “worker,”.) 
 
If you are a worker employer, you are responsible for providing your agricultural worker 
employees with the protections that the WPS requires for workers. (In the WPS itself, “worker 
employers” are called “agricultural employers.”) 
 
Handler Employers: 
Handler employers are people who: 

• employ pesticide handlers (including members of their family), for any type of 
compensation, or 
• are self-employed as pesticide handlers. 
(See definition of “pesticide handler,”.) 

 
If you are a handler employer, you are responsible for providing the pesticide handlers you 
employ with the protections that the WPS requires for handlers. 
 
If You Employ Supervisors 
You must:  
 

• require them to make sure the workers and handlers they supervise comply with the 
WPS and receive its protections, 

 
• give them enough information and directions about the WPS requirements to make 
sure that the workers and handlers they supervise receive the protections required by 
the WPS, and 

 
• tell them who is responsible for all actions necessary for compliance with the WPS. 
Even if you assign an employee to carry out the duties required by the WPS, you are 
responsible for making sure that all those duties are performed. 

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

264

Retaliation Prohibited 
You and your supervisors must not prevent or discourage any worker or handler from 
complying or attempting to comply with the WPS, and you must not fire or otherwise retaliate 
against any worker or handler who attempts to comply. 
 
Labeling Overrides WPS 
If the pesticide product labeling contains specific instructions or requirements that conflict with 
the requirements of the Worker Protection Standard, follow the instructions or 
requirements on the labeling.  
 
For example, some pesticide labeling may: 

• prohibit any early-entry activity, including short-term and emergency tasks, 
• allow an early-entry activity that the WPS does not allow, 
• require the use of personal protective equipment even if closed systems are used for 
mixing and loading. 

 
Exceptions to Labeling Statements 
The WPS allows certain exceptions to three specific pesticide labeling requirements: personal 
protective equipment, restricted-entry intervals, and double notification (the requirement 
on some labeling for both oral warnings and posting treated areas). The WPS statements in 
the Agricultural Use Requirements box on the product labeling will tell you that the WPS 
contains these exceptions. 
 
§170.607   Exceptions to personal protective equipment requirements specified on 
pesticide product labeling. 

(a) Body protection. (1) A chemical-resistant suit may be substituted for coveralls. If a 
chemical-resistant suit is substituted for coveralls, any labeling requirement for an additional 
layer of clothing beneath the coveralls is waived. 

(2) A chemical-resistant suit may be substituted for coveralls and a chemical-resistant 
apron. 

(b) Boots. If chemical-resistant footwear with sufficient durability and a tread appropriate 
for wear in rough terrain is not obtainable, then leather boots may be worn in such terrain. 

(c) Gloves. If chemical-resistant gloves with sufficient durability and suppleness are not 
obtainable, then during activities with plants with sharp thorns, leather gloves may be worn 
over chemical-resistant glove liners. However, once leather gloves are worn for this use, 
thereafter they must be worn only with chemical-resistant liners and they must not be worn for 
any other use. 

(d) Closed systems. (1) When pesticides are being mixed or loaded using a closed system 
that meets all of the requirements in paragraph (d)(2) of this section, and the handler employer 
meets the requirements of paragraph (d)(3) of this section, the following exceptions to labeling-
specified personal protective equipment are permitted: 

(i) Handlers using a closed system to mix or load pesticides with a signal word of 
“DANGER” or “WARNING” may substitute a long-sleeved shirt, long pants, shoes and socks, 
chemical-resistant apron, protective eyewear, and any protective gloves specified on the 
labeling for handlers for the labeling-specified personal protective equipment. 

(ii) Handlers using a closed system to mix or load pesticides other than those specified in 
paragraph (d)(1)(i) of this section may substitute protective eyewear, long-sleeved shirt, long 
pants, and shoes and socks for the labeling-specified personal protective equipment. 

(2) The exceptions of paragraph (d)(1) of this section apply only in the following situations: 
(i) Where the closed system removes the pesticide from its original container and 

transfers the pesticide product through connecting hoses, pipes and couplings that are 
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sufficiently tight to prevent exposure of handlers to the pesticide product, except for the 
negligible escape associated with normal operation of the system. 

(ii) When loading intact, sealed, water soluble packaging into a mixing tank or system. If 
the integrity of a water soluble packaging is compromised (for example, if the packaging is 
dissolved, broken, punctured, torn, or in any way allows its contents to escape), it is no longer 
a closed system and the labeling-specified personal protective equipment must be worn. 

(3) The exceptions of paragraph (d)(1) of this section apply only where the handler 
employer has satisfied the requirements of §170.313 and all of the following conditions: 

(i) Each closed system must have written operating instructions that are clearly legible 
and include: Operating procedures for use, including the safe removal of a probe; 
maintenance, cleaning and repair; known restrictions or limitations relating to the system, such 
as incompatible pesticides, sizes (or types) of containers or closures that cannot be handled 
by the system; any limits on the ability to measure a pesticide; and special procedures or 
limitations regarding partially-filled containers. 

(ii) The written operating instructions for the closed system must be available at the mixing 
or loading site and must be made available to any handlers who use the system. 

(iii) Any handler operating the closed system must be trained in its use and operate the 
closed system in accordance with its written operating instructions. 

(iv) The closed system must be cleaned and maintained as specified in the written 
operating instructions and as needed to make sure the system functions properly. 

(v) All personal protective equipment specified in the pesticide product labeling is 
immediately available to the handler for use in an emergency. 

(vi) Protective eyewear must be worn when using closed systems operating under 
pressure. 

(e) Enclosed cabs. (1) If a handler applies a pesticide from inside a vehicle's enclosed 
cab, and if the conditions listed in paragraph (e)(2) of this section are met, exceptions to the 
personal protective equipment requirements specified on the product labeling for applicators 
are permitted as provided in paragraph (e)(3) of this section. 

(2) All of the personal protective equipment required by the pesticide product labeling for 
applicators must be immediately available and stored in a sealed container to prevent 
contamination. Handlers must wear the applicator personal protective equipment required by 
the pesticide product labeling if they exit the cab within a treated area during application or 
when a restricted-entry interval is in effect. Once personal protective equipment is worn in a 
treated area, it must be removed before reentering the cab to prevent contamination of the 
cab. 

(3) Handlers may substitute a long-sleeved shirt, long pants, shoes and socks for the 
labeling-specified personal protective equipment for skin and eye protection. If a filtering 
facepiece respirator (NIOSH approval number prefix TC-84A) or dust/mist filtering respirator is 
required by the pesticide product labeling for applicators, then that respirator need not be worn 
inside the enclosed cab if the enclosed cab has a properly functioning air ventilation system 
which is used and maintained in accordance with the manufacture's written operating 
instructions. If any other type of respirator is required by the pesticide labeling for applicators, 
then that respirator must be worn. 

(f) Aerial applications— (1) Use of gloves. The wearing of chemical-resistant gloves when 
entering or leaving an aircraft used to apply pesticides is optional, unless such gloves are 
required on the pesticide product labeling. If gloves are brought into the cockpit of an aircraft 
that has been used to apply pesticides, the gloves shall be kept in an enclosed container to 
prevent contamination of the inside of the cockpit. 

(2) Open cockpit. Handlers applying pesticides from an open cockpit aircraft must use the 
personal protective equipment specified in the pesticide product labeling for use during 
application, except that chemical-resistant footwear need not be worn. A helmet may be 
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substituted for chemical-resistant headgear. A helmet with a face shield lowered to cover the 
face may be substituted for protective eyewear. 

(3) Enclosed cockpit. Persons occupying an enclosed cockpit may substitute a long-
sleeved shirt, long pants, shoes, and socks for labeling-specified personal protective 
equipment. 

(g) Crop advisors. (1) Provided the conditions of paragraphs (g)(2) through (g)(4) of this 
section are met, crop advisors and their employees entering treated areas to perform crop 
advising tasks while a restricted-entry interval is in effect may substitute either of the following 
sets of personal protective equipment for the personal protective equipment specified on the 
pesticide labeling for handler activities: 

(i) The personal protective equipment specified on the pesticide product labeling for early 
entry. 

(ii) Coveralls, shoes plus socks and chemical-resistant gloves made of any waterproof 
material, and eye protection if the pesticide product labeling applied requires protective 
eyewear for handlers. 

(2) The application has been complete for at least four hours. 
(3) No such entry is allowed until any inhalation exposure level listed in the pesticide 

product labeling has been reached or any ventilation criteria required by §170.405(b)(3) or the 
pesticide product labeling have been met. 

(4) The crop advisor or crop advisor employee who enters a treated area during a 
restricted-entry interval only performs crop advising tasks while in the treated area. 
 
 
Most states and tribes enforce under their own laws and regulations and have their own 
penalties, which may differ from federal penalties. Pesticide-related ordinances and associated 
penalties may also be imposed by local governments. 
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Employers of Commercial Pesticide Handlers 
 
Must make sure that their customer — the operator of the farm, forest, nursery, or greenhouse 
— knows certain information, described below, about the pesticide before it is applied on the 
establishment. Operators of farms, forests, nurseries, and greenhouses (agricultural 
employers) must make sure that, whenever a commercial handler will be doing pesticide 
handling tasks (including tasks as a crop advisor) on their establishment, the commercial 
handler’s employer knows specific information, described below, concerning treated areas 
on the agricultural establishment.  
 
Specific Duties - Information for Establishment Operators 
Commercial handler employers must inform their customer — the operator of the farm, 
forest, nursery, or greenhouse — about: 
 
• the specific location and description of the area(s) 
on the agricultural 
establishment that are to be treated with a pesticide, 
 
• time and date the pesticide is scheduled to be 
applied, 
 
• product name, EPA registration number, and 
active ingredient(s), 
 
• restricted-entry interval for the pesticide, 
 
• whether the pesticide labeling requires both 
treated-area posting and oral notification, and 
 
• any other specific requirements on the pesticide 
labeling concerning protection 
of workers and other persons during or after application. Operators of agricultural 
establishments must have this information to protect their employees. 
 
Information for Commercial Handler Employers 
Operators of agricultural establishments must provide the following information to the 
commercial pesticide handler employer that they hire: 
 
• Specific location and description of any areas on the agricultural establishment: – that may 
be treated with a pesticide or be under a restricted-entry interval while the commercial handler 
will be there, and – that the commercial handlers may be in (or walk within 1/4 mile of). 
 
• Restrictions on entering those areas. Operators of commercial pesticide handling 
establishments must have this information to protect their employees.  
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Early –Entry Work Situations 
Basic Responsibilities  
 
(See Also Specific Duties Section Below) 
Worker employers must not allow their workers to enter treated areas where they will contact 
treated surfaces, except in a few very limited work situations. 
Worker employers must provide special protections to any of their workers who do early-
entry tasks involving contact with anything that has been treated with a pesticide, including 
soil, water, air, and surfaces of plants. 
 
Specific Duties 
Early entry involving contact with treated surfaces is permitted in only four work situations: 
•  short-term tasks that last less than 1 hour and do not involve hand labor, 
•  limited-contact tasks that could not have been foreseen, cannot be delayed, and do not 
involve hand labor, 
•  emergency tasks that take place because of an agricultural emergency, and 
• specific tasks approved by EPA through a formal exception process. 
 
Short-term Tasks With No Hand Labor 
Workers may enter treated areas before the restricted-entry interval is over to do short-
term jobs that do not involve hand labor, if provided with the protections and PPE required 
for early entry. Each worker must: 
• Wait at least 4 hours after the pesticide application is completed before entering the treated 
area, and 
• Wait at least until any inhalation exposure level listed on the product labeling has been 
reached or any WPS ventilation criteria have been met, and 
• Spend no more than 1 hour in a 24-hour period on short-term early-entry tasks. 
 
Hand Labor 
Any agricultural activity performed by hand, or with hand tools, that might cause a worker to 
have substantial contact with surfaces (such as plants, plant parts, or soil) that may contain 
pesticide residues. 
 
Examples of hand labor tasks include: harvesting, detasseling, thinning, weeding, topping, 
planting, girdling, caning, sucker removal, pruning, disbudding, roguing, and packing produce 
into containers in the field. 
 
Limited-Contact Tasks 
Tasks where early-entry workers’ only contact with treated surfaces — including soil, water, 
surfaces of plants, crops, and irrigation equipment — is minimal and is limited to their feet, 
lower legs, hands, and forearms. Hand labor tasks are not limited-contact tasks. 
 
Examples of limited-contact tasks include operating, moving, or repairing irrigation or watering 
equipment; operating or repairing weather monitoring and frost protection equipment; repairing 
greenhouse heating, air conditioning, and ventilation equipment; repairing non-application field 
equipment; maintaining and moving beehives. 
 
Only appropriately trained and equipped pesticide handlers may operate, move, or repair the 
parts of chemigation equipment that may contain pesticide residues. Chemigation equipment 
is equipment used to apply pesticides with irrigation water. 

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

269

Employers should make every effort to schedule pesticide applications and worker tasks in a 
way that will avoid the necessity of early entry of workers into treated areas. 
 
Could not have been foreseen means that when you made the pesticide application, you 
could not have anticipated the circumstances that led to the need to perform limited-contact 
tasks. For example, you do not qualify if you knew that you would need to enter the treated 
area to perform routine watering during the restricted-entry interval. 
 
Limited-Contact Tasks That Could Not Have Been Foreseen, Cannot Be Delayed, and 
Involve No Hand Labor 
Early-entry workers may enter treated areas to do limited-contact tasks before the restricted-
entry interval is over, provided all the following conditions are met: 

• the early-entry tasks do not involve hand labor, and 
• the early-entry tasks will not cause workers to have more than minimal contact with 
treated surfaces, and 
• contact with treated surfaces will be limited to the workers’ feet, lower legs, hands, 
and forearms, and 
• the need for the early-entry could not have been foreseen, and 
• if the early-entry tasks are delayed, the delay would cause significant economic loss, 
and there are no alternative practices that would prevent the loss, and 
• the pesticide product’s Agricultural Use Requirement box does not contain the 
following “double notification” statement: “Notify workers of the application by warning 
them orally and by posting warning signs at entrances to treated area,” and 
• the pesticide product does not contain a restriction prohibiting any person, other than 
an appropriately trained and equipped handler, from entering during the restricted-entry 
interval. 

 
You must provide each limited-contact early-entry worker with: 

• either the personal protective equipment required on the pesticide labeling for early 
entry into treated areas or a standard set of PPE consisting of coveralls, chemical-
resistant gloves, chemical-resistant footwear, and protective eyewear (and make sure 
the worker wears socks) and 

 
Note: You may eliminate the protective eyewear from the standard set of PPE in any 
treated area where the pesticide label does not require it for early entry. 

• all the protections required for early-entry workers, and 
• oral or written notification, in a language that the workers can understand, that: 

– the establishment is relying on this exception to allow workers to enter treated 
areas to complete limited-contact tasks, 
– no entry is allowed for the first 4 hours after an application, and until applicable 
ventilation criteria have been met, and until any label-specified inhalation 
exposure level has been reached, 
– the time the worker spends in any treated area where a restricted-entry 
interval is in effect cannot exceed 8 hours in any 24-hour period. You must make 
sure that each limited-contact early-entry worker: 

• waits at least 4 hours after the pesticide application is completed before entering the 
treated area, and 
• waits at least until any inhalation exposure level listed on the product labeling has 
been reached or any WPS ventilation criteria have been met, and 
• spends no more than 8 hours in a 24-hour period on limited-contact early-entry tasks. 
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Further Requirements for Employers of Workers 
 
Tasks During An Agricultural Emergency 
Early-entry workers may enter treated areas before the restricted-entry interval is over to do 
tasks that are necessary because of an agricultural emergency, if provided with the protections 
and PPE required for early entry.  
 
Each worker must: 

• do only those tasks relating to mitigating the emergency, and 
• wait at least 4 hours after the pesticide application is completed before entering 
the treated area, and 
• wait at least until any inhalation exposure level listed on the product labeling has 
been reached or any WPS ventilation criteria have been met. 

 
1. Declaring a Potential Agricultural Emergency 
A state, tribal, or federal agency having jurisdiction must declare that circumstances exist, have 
occurred, or are forecast that might cause an agricultural emergency where your establishment 
is located. Such circumstances may include, for example, flooding, hail, high winds, hurricane, 
tornado, freeze, or frost. 
 
2. Agricultural Emergency on Your Establishment 
Once such an agency has declared that circumstances might cause (or might already have 
caused) an agricultural emergency in your area, you must decide if an agricultural emergency 
actually exists for any treated areas on your establishment that remain under a restricted-entry 
interval.  
 
All of the following conditions must be met before you may let workers go into a treated 
area where a restricted-entry interval is in effect: 

• You could not have anticipated the circumstances that led to the emergency when 
you made the pesticide application. For example, you do not qualify if weather forecasts 
before the application warned you that the emergency was imminent. 
• You had no control over the circumstances that led to the emergency. For example, 
you do not qualify if you forgot to heat your greenhouse or over- watered with an 
irrigation system. 
• Early entry is the only practice that will prevent or reduce a substantial economic 
loss involving the crop in that treated area. For example, you do not qualify if you have 
access to mechanical harvesting equipment that could harvest your crop in lieu of hand-
harvesting. 
• If early entry does not occur, the loss of profit will be greater than the loss that would 
be expected on the basis of experience and the variation in crop yields in previous 
years. The contribution of mismanagement cannot be considered in determining the 
loss. 

 
EPA-Approved Exceptions 
EPA has established a formal regulatory process for considering additional exceptions to the 
restrictions on entering treated areas during an REI. If any such exceptions are approved, EPA 
will publish them in the Federal Register and intends to inform state and tribal pesticide 
agencies, the Cooperative Extension Service, affected commodity, industry, and worker 
associations, and other interested parties. Check with them or the EPA office in your region 
for an updated list of approved exceptions and for information about the requirements and 
limitations of those exceptions. 
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General Protections for Early-Entry Workers 
 
EARLY-ENTRY WORKERS 170.603 
Early-entry workers must be a minimum of 18 years old. 
The agricultural employer may direct workers to enter treated areas when a REI is in effect to 
perform certain activities (e.g., moving irrigation equipment, driving a tractor in the treated area, 
responding to agricultural emergencies, performing short-term or limited contact tasks, etc.) 
provided that all of the conditions for the specific exception are met.  
 
In addition to meeting the WPS requirements for worker training and being provided the 
protections of a worker under the WPS, this section explains what additional conditions must 
be 
met to allow workers to be “early-entry” workers. 
 
An early-entry worker may only enter a treated area during a REI under the following limited 
situations and must meet all applicable conditions for each “exception.” 
 
Exception for Early Entry Work 
Exception for activities with no-contact 170.603(a) 
● The early-entry worker must not touch anything treated by the pesticide to which the REI 
applies. This means no contact with things like soil, water, air, or surfaces of plants. There 
must be no contact with anything that may have pesticide residues on it even if the worker 
wears PPE. 
● No early-entry worker is allowed in the treated area under the “no-contact” exception until 
any inhalation exposure level listed on the pesticide product labeling has been reached or any 
ventilation criteria established by WPS (Chapter 3, Table 1. Entry Restrictions During Enclosed 
Space Production Pesticide Applications) or on the pesticide product labeling has been met. 
 
Exception for short-term activities 170.603(b) 
Early-entry workers may enter into a treated area where a REI is in effect for short-term 
activities if all of the following requirements are met: 
● No hand labor activity is performed. 
● The time in treated areas, where a REI is in effect, does not exceed one hour in any 24-hour 
period for any early-entry worker. 
● No early-entry worker is allowed in the treated area during the first 4 hours after the 
application ends. 
● No early-entry worker is allowed in the treated area until any inhalation exposure level listed 
on the pesticide product labeling has been reached or any ventilation criteria established by 
WPS (Chapter 3, Table 1. Entry Restrictions During Enclosed Space Production Pesticide 
Applications) or on the pesticide product labeling has been met. 
 
Employers should make every effort to schedule pesticide applications and worker tasks in a 
way that will avoid the necessity of early entry of workers into treated areas. 
 
Anyone doing crop advisor tasks during an REI, such as assessing pest pressure or the status 
of plants, is a handler under WPS and must receive the protections for handlers.  
 
The definition of hand labor does NOT include operating, moving or repairing irrigation or 
watering equipment. 
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Respirator Storage   
Respirators are to be stored as follows:  
 All respirators shall be stored to protect them from damage, contamination, dust, sunlight, 

extreme temperatures, excessive moisture, and damaging chemicals, and they shall be 
packed or stored to prevent deformation of the face piece and exhalation valve.   

 Emergency Respirators shall be:   
 Kept accessible to the work area;   
 Stored in compartments or in covers that are clearly marked as containing emergency 

respirators; and 
 Stored in accordance with any applicable manufacturer instructions.   
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Exception for an Agricultural Emergency 170.603(c) 
● An agricultural emergency is a sudden occurrence or set of circumstances that the 
agricultural employer could not have anticipated and could not have had any control over. This 
emergency requires entry into a treated area during a REI when no alternative practices would 
prevent or mitigate a substantial economic loss. A substantial economic loss means a loss in 
profitability greater than would be expected based on the experience and fluctuations of crop 
yields in previous years. Only losses caused by the agricultural emergency specific to the 
affected site and geographic area are considered. Losses from mismanagement are not 
included when determining whether a loss is substantial. 
● An agricultural emergency must be declared by the state department of agriculture, or the 
state or tribal agency responsible for pesticide enforcement that applies to the treated area. 
The agricultural employer determines if the emergency will result in a substantial economic 
loss to the agricultural establishment. 
● If the labeling of any pesticide product applied to the treated area affected by the emergency 
requires double notification to workers, no early-entry worker is allowed to spend more than 4 
hours out of any 24-hour period in treated areas. 
● No early-entry worker is allowed in the treated area during the first 4 hours after the 
application ends. 
● No early-entry worker is allowed in the treated area until any inhalation exposure level listed 
on the pesticide product labeling has been reached or any ventilation criteria established by 
WPS (Chapter 3, Table 1. Entry Restrictions During Enclosed Space Production Pesticide 
Applications) or on the pesticide product labeling has been met. 
 
Hand labor means any agricultural activity performed by hand or with any hand tool that 
causes a worker to have substantial contact with plants, plant parts, or soil and other surfaces 
that may contain pesticide residues, except that hand labor does not include operating, moving, 
or repairing irrigation or watering equipment or performing crop advisor tasks. 
 
Examples of hand labor tasks include: harvesting, detasseling, thinning, weeding, topping, 
planting, girdling, caning, sucker removal, pruning, disbudding, roguing, and packing product 
into containers in the field. 
 
State/Tribal pesticide authorities may declare, through regulation or policy, conditions that 
constitute an agricultural emergency in your state or area of Indian country rather than 
identifying an agricultural emergency on a case-by-case basis.  
 
Check with the appropriate pesticide regulatory authority to find out if there are general 
conditions or scenarios that are considered to be agricultural emergencies that could apply to 
your agricultural establishment. 
 
Exception for limited contact and irrigation activities 170.603(d) 
For early entry into a treated area where a REI is in effect to conduct irrigation activities or 
unforeseen activities that have limited contact with treated materials (plants or soil), all of the 
following requirements must be met: 
● No hand labor activity is performed. 
● The time in treated areas, where a REI is in effect, does not exceed 8 hours in any 24-hour 
period for any early-entry worker. 
● No early-entry worker is allowed in the treated area during the first 4 hours after the 
application ends. 
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● No early-entry worker is allowed in the treated area until any inhalation exposure level listed 
on the pesticide product labeling has been reached or any ventilation criteria established by 
WPS (Chapter 3, Table 1. Entry Restrictions During Enclosed Space Production Pesticide 
Applications) or on the pesticide product labeling has been met. 
● The task to be performed must be one that if not performed before the REI expires, would 
cause substantial economic loss and there are no alternative tasks that would prevent the loss. 
● Except for irrigation tasks, the need for the task could not have been foreseen. 
● The early-entry worker has no contact with pesticide-treated surfaces other than minimal 
contact with feet, lower legs, hands and forearms. The labeling of the pesticide product applied 
does not require double notification. 
 
Only appropriately trained and equipped pesticide handlers may operate, move, or repair the 
parts of chemigation equipment that may contain pesticide residues. Chemigation equipment 
is equipment used to apply pesticides with irrigation water. 
 
Limited-Contact Tasks 
Tasks where early-entry workers’ only contact with treated surfaces—including soil, water, 
surfaces of plants, crops—is minimal and is limited to their feet, lower legs, hands, and 
forearms. Hand labor tasks are not limited-contact tasks. 
 
Examples of limited-contact tasks include operating or repairing weather monitoring and frost 
protection equipment; repairing greenhouse heating, air conditioning, and ventilation 
equipment; repairing non-application field equipment; maintaining and moving beehives. 
Limited-contact activities are those tasks that are not anticipated. Irrigation related activities 
are generally anticipated and are not included in the limited-contact definition; however, they 
have the same requirements for early entry. 
 

Agricultural employer responsibilities to protect early-entry workers 
170.605(a) & (b) 
For an agricultural employer to direct a worker to perform activities in a treated area where a 
REI is in effect, they must: 
● Ensure that any early-entry worker is at least 18 years old. 170.605(a) 
● Give instructions to early-entry workers. Prior to early entry, give each early-entry worker 
all of the following information orally and in a manner that the worker can understand: 
170.605(b) 
 Location of early-entry area where work activities are to be performed. 
 Pesticide(s) applied. 
 Dates and times that the REI begins and ends. 
 Which exception is the basis for the early entry, and a description of tasks that may be 

performed under that exception. 
 Whether contact with treated surfaces is permitted under the exception. 
 Amount of time the worker is allowed to remain in the treated area. 
 PPE required by the pesticide product labeling for early entry. 
 Location of the pesticide safety information (poster). 
 Location of the decontamination supplies required for early-entry workers. 

 
Read the pesticide label. Ensure that each early-entry worker either has read the applicable 
pesticide product labeling or has been informed, in a manner that the worker can understand, 
of all labeling requirements and statements related to human hazards or precautions, first aid 
and user safety. 
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PPE FOR EARLY-ENTRY WORKERS 170.605(d) & (e) 
It is the agricultural employer’s responsibility to provide each early-entry worker with the PPE 
specified in the pesticide product labeling for early entry and ensure that the early-entry worker 
uses the PPE as intended according to manufacturer’s instructions and follow any other 
applicable requirements on the pesticide product labeling. 
 
PPE for early entry must meet the standards required for handlers and be maintained as such.  
The agricultural employer must: 

● Not allow or direct any early-entry worker to wear PPE unless they have received 
instruction in the prevention, recognition, and first aid treatment of heat-related illness. The 
worker must know and understand how to implement measures sufficient to prevent heat-
related illness. 170.605(f) 
● Provide each early-entry worker with instruction on the proper use and removal of the 
PPE, and as appropriate, on its cleaning, maintenance and disposal. 
● Not allow or direct any early-entry worker to wear home or to take home employer-
provided PPE contaminated with pesticides. 170.605(g) 

 
PPE for early-entry activities is listed on the pesticide label in the “Directions for Use” section 
in the “Agricultural Use Requirements” box. 
 
DECONTAMINATION SUPPLIES FOR EARLY-ENTRY WORKERS 170.509 and 
170.605(h)-(j) 
During any early-entry activity, the agricultural employer must provide all of the following 
decontamination supplies: 

● At least three gallons of water per early-entry worker at the beginning of each early-entry 
work period for routine washing and potential emergency decontamination, 
● Soap, 
● Single-use towels, and 
● Clean change of clothing, such as coveralls, for use in an emergency. 

 
Additionally, if the pesticide product applied requires protective eyewear, 1 pint of water in a 
portable container must be immediately available to each early-entry worker (i.e., be on the 
worker’s person or within immediate reach). 
 
Where should the decontamination supplies for early-entry workers be located? 
170.605(h) 
Decontamination supplies for early-entry workers: 

● Must not be in an area being treated with pesticides. 
● Must not be in an area under a REI, unless that location is necessary for the supplies 
to be reasonably accessible to early-entry workers. 
● Must be reasonably accessible to and generally not more than 1/4 mile from early-entry 
workers. 
● May be located at the nearest vehicular access point if tasks being performed are more 
than 1/4 mile from the nearest point reachable by vehicle (car, truck, or tractor). 

 
Decontamination at the end of early-entry period 170.605(j) 
Provide at the site where the early-entry workers remove their PPE: 

● Soap, 
● Single-use towels, and 
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● At least three gallons of water per early-entry worker so that the worker may wash thoroughly 
after removing PPE. 
Hand sanitizers or wet towelettes do not meet the requirement for soap or towels. 
 

Personal Protective Equipment for Early-Entry Workers 
 
Basic Responsibilities 
Worker employers must provide their early-entry workers with the early-entry PPE required 
by the pesticide labeling, make sure they wear the PPE, and make sure they use the PPE 
correctly. 
 
Specific Duties - Duties Related to Personal Protective Equipment 
1.  Provide the appropriate PPE in clean and operating condition to each early-entry worker. 
2.  Make sure early-entry workers wear PPE correctly for its intended purpose and use it 
according to the manufacturer’s instructions. 
3.  Inspect all PPE before each day of use for leaks, holes, tears, or worn places. Repair or 
discard any damaged equipment. 
4.  Provide early-entry workers clean places away from pesticide storage and pesticide use 
areas to: 

•  store personal clothing not in use, 
•  put on PPE at the start of any exposure period, and 
•  take off PPE at the end of any exposure period. 

 
5. Take necessary steps to prevent heat illness (too much heat stress) while PPE is being 
worn. 
6. Do not allow early-entry workers to wear home or take home PPE contaminated with 
pesticides. 
 
Cleaning and Maintaining PPE 
1. Keep pesticide-contaminated PPE separate from other clothing or laundry, and wash it 
separately. 
2. If PPE will be reused, clean it before each day of reuse according to the instructions from 
the PPE manufacturer, unless the pesticide labeling specifies different requirements. If there 
are no such instructions or requirements, wash the PPE thoroughly in detergent and hot water. 
3. Thoroughly dry the clean PPE before it is stored, or put it in a well-ventilated place to dry. 
4. Store clean PPE separately from personal clothing and away from pesticide-contaminated 
areas. 
 
Disposal of PPE 
Comply with any applicable federal, state, tribal, and local regulations when you dispose of 
PPE that cannot be cleaned correctly. 
 
Instructions for Persons Who Clean PPE 
Inform anyone who cleans or launders PPE: 

• that PPE may be contaminated with pesticides, 
• of the potentially harmful effects of pesticides, 
• how to protect themselves when handling contaminated PPE, and 
• how to clean PPE correctly.  
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§170.230   Pesticide Safety Training for Handlers 
(a) Requirement. Before any handler performs any handling task, the handler employer 
shall assure that the handler has been trained in accordance with this section during 
the last 5 years, counting from the end of the month in which the training was 
completed. 
(b) Exceptions. The following persons need not be trained under this section: 

(1) A handler who is currently certified as an applicator of restricted-use pesticides 
under part 171 of this chapter. 
(2) A handler who satisfies the training requirements of part 171 of this chapter. 
(3) A handler who is certified or licensed as a crop advisor by a program 
acknowledged as appropriate in writing by EPA or a State or Tribal lead agency 
for pesticide enforcement, provided that a requirement for such certification or 
licensing is pesticide safety training that includes all the information set out in 
§170.230(c)(4). 

(c) Training programs. (1) General pesticide safety information shall be presented to 
handlers either orally from written materials or audiovisually. The information must be 
presented in a manner that the handlers can understand (such as through a translator). 
The presenter also shall respond to handlers' questions. 
(2) The person who conducts the training shall meet at least one of the following 
criteria: 

(i) Be currently certified as an applicator of restricted-use pesticides under part 
171 of this chapter; or 
(ii) Be currently designated as a trainer of certified applicators or pesticide 
handlers by a State, Federal, or Tribal agency having jurisdiction; or 
(iii) Have completed a pesticide safety train-the-trainer program approved by a 
State, Federal, or Tribal agency having jurisdiction. 

(3) Any person who issues an EPA-approved Worker Protection Standard handler 
training certificate must assure that the handler who receives the training certificate 
has been trained in accordance with paragraph (c)(4) of this section. 
(4) The pesticide safety training materials must convey, at a minimum, the following 
information: 

(i) Format and meaning of information contained on pesticide labels and in 
labeling, including safety information such as precautionary statements about 
human health hazards. 
(ii) Hazards of pesticides resulting from toxicity and exposure, including acute and 
chronic effects, delayed effects, and sensitization. 
(iii) Routes by which pesticides can enter the body. 
(iv) Signs and symptoms of common types of pesticide poisoning. 
(v) Emergency first aid for pesticide injuries or poisonings. 
(vi) How to obtain emergency medical care. 
(vii) Routine and emergency decontamination procedures. 
(viii) Need for and appropriate use of personal protective equipment. 
(ix) Prevention, recognition, and first aid treatment of heat-related illness. 
(x) Safety requirements for handling, transporting, storing, and disposing of 
pesticides, including general procedures for spill cleanup. 
(xi) Environmental concerns such as drift, runoff, and wildlife hazards. 
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(xii) Warnings about taking pesticides or pesticide containers home. 
(xiii) Requirements of this subpart that must be followed by handler employers for 
the protection of handlers and other persons, including the prohibition against 
applying pesticides in a manner that will cause contact with workers or other 
persons, the requirement to use personal protective equipment, the provisions for 
training and decontamination, and the protection against retaliatory acts. 

(d) Verification of training. (1) Except as provided in paragraph (d)(2) of this section, if 
the handler employer assures that a handler possesses an EPA-approved Worker 
Protection Standard handler training certificate, then the requirements of paragraph (a) 
of this section will have been met. 
(2) If the handler employer is aware or has reason to know that an EPA-approved 
Worker Protection Standard handler training certificate has not been issued in 
accordance with this section, or has not been issued to the handler bearing the 
certificate, or the handler training was completed more than 5 years before the 
beginning of the current month, a handler's possession of that certificate does not meet 
the requirements of paragraph (a) of this section. 
[57 FR 38151, Aug. 21, 1992, as amended at 60 FR 21953, May 3, 1995] 
 
§170.210   Restrictions During Applications 

(a) Contact with workers and other persons. The handler employer and the handler 
shall assure that no pesticide is applied so as to contact, either directly or through 
drift, any worker or other person, other than an appropriately trained and equipped 
handler. 
(b) Handlers handling highly toxic pesticides. The handler employer shall assure 
that any handler who is performing any handling activity with a product that has 
the skull and crossbones symbol on the front panel of the label is monitored 
visually or by voice communication at least every 2 hours. 
(c) Fumigant applications in greenhouses. The handler employer shall assure: 

(1) That any handler who handles a fumigant in a greenhouse, including a handler who 
enters the greenhouse before the acceptable inhalation exposure level or ventilation 
criteria have been met to monitor air levels or to initiate ventilation, maintains 
continuous visual or voice contact with another handler. 
(2) That the other handler has immediate access to the personal protective equipment 
required by the fumigant labeling for handlers in the event entry into the fumigated 
greenhouse becomes necessary for rescue. 
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§170.222   Providing Specific Information about Applications 
When handlers (except those employed by a commercial pesticide handling 
establishment) are on an agricultural establishment and, within the last 30 days, a 
pesticide covered by this subpart has been applied on the establishment or a restricted-
entry interval has been in effect, the handler employer shall display, in accordance with 
this section, specific information about the pesticide. 

(a) Location, accessibility, and legibility. The information shall be displayed in the 
same location specified for the pesticide safety poster in §170.235(d) of this part 
and shall be accessible and legible, as specified in §170.235(e) and (f) of this part. 
(b) Timing. (1) If warning signs are posted for the treated area before an 
application, the specific application information for that application shall be posted 
at the same time or earlier. 

(2) The information shall be posted before the application takes place, if handlers 
(except those employed by a commercial pesticide handling establishment) will be on 
the establishment during application. Otherwise, the information shall be posted at the 
beginning of any such handler's first work period. 
(3) The information shall continue to be displayed for at least 30 days after the end of 
the restricted-entry interval (or, if there is no restricted-entry interval, for at least 30 
days after the end of the application) or at least until the handlers are no longer on the 
establishment, whichever is earlier. 

(c) Required information. The information shall include: 
(1) The location and description of the treated area. 
(2) The product name, EPA registration number, and active ingredient(s) of the 

pesticide. 
(3) The time and date the pesticide is to be applied. 
(4) The restricted-entry interval for the pesticide. 

 
§170.224   Notice of Applications to Agricultural Employers 

Before the application of any pesticide on or in an agricultural establishment, the 
handler employer shall provide the following information to any agricultural employer 
for the establishment or shall assure that any agricultural employer is aware of: 

(a) Specific location and description of the treated area. 
(b) Time and date of application. 
(c) Product name, EPA registration number, and active ingredient(s). 
(d) Restricted-entry interval. 
(e) Whether posting and oral notification are required. 
(f) Any other product-specific requirements on the product labeling concerning 

protection of workers or other persons during or after application. 
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Further Requirements for Employers of Handlers       Citation 32. -37 
Restrictions during Applications and Monitoring Handlers 
 
Basic Requirements 
Handler employers must make sure that: 

• pesticides do not touch people, other than appropriately trained and equipped 
handlers, during pesticide applications, and 
 
• pesticide handlers are monitored, as described below, when handling certain types 
of pesticides. Pesticide handlers must make sure that pesticides do not touch people, 
other than appropriately trained and equipped handlers, during pesticide applications. 

 
Specific Duties - Restrictions During Applications 
Both handler employers and pesticide handlers must make sure that each pesticide is applied 
so that it does not contact, either directly or through drift, anyone except appropriately trained 
and equipped handlers. 
 
 Handlers must not apply pesticides in a manner that results in contact with workers or 
other persons.  
 The responsibility of handler employers to provide handlers with information and 
protections designed to reduce work-related pesticide exposures and illnesses. This includes 
providing, cleaning, maintaining, storing, and ensuring proper use of all required personal 
protective equipment; providing decontamination supplies; and providing specific information 
about pesticide use and labeling information.  
 Handlers must suspend a pesticide application if workers or other persons are in the 
application exclusion zone.  
 Handlers must be at least 18 years old.  
 The responsibility of handler employers to ensure handlers have received respirator fit-
testing, training and medical evaluation if they are required to wear a respirator by the 
product labeling.  
 The responsibility of agricultural employers to post treated areas as required by this rule.  
 
Monitoring Handlers 
1. Pesticides with skull and crossbones 
At least once every 2 hours, someone must check on — by sight or by voice communication 
— any handler who is handling a pesticide that has a skull and crossbones symbol on its label. 
(For monitoring the handling of fumigants in greenhouses, see immediately below.) 
 
2. Fumigants handled in greenhouses 
Someone must maintain constant visual or voice contact with any handler who is applying or 
otherwise handling a fumigant in a greenhouse.  
 
This includes handlers who enter the greenhouse during fumigation to operate ventilation 
systems, adjust tarps or other coverings used in the fumigation, or check air concentration 
levels.  
 
The person monitoring the fumigant handler must: 

• be trained as a pesticide handler, and 
 
• have immediate access to the PPE that the fumigant labeling requires for applicators. 
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Fumigant 
Any pesticide product that is a vapor or gas, or forms a vapor or gas on application, and whose 
method of pesticidal action is through the gaseous state. 
 
Option: You may allow handlers to read the labeling themselves, if they are able to read and 
understand it. 
 
Operators of agricultural establishments are required to make sure that commercial handler 
employers have this information. 
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Handling, Transporting, Storing and Disposing of Pesticides 
  Citation  30.-32 

The handling of very toxic pesticides, sometimes in concentrated forms, necessitates the 
wearing of proper protective clothing. Puddles of pesticide spilled in the mixing or loading area 
can penetrate improper footwear. Only liquid-proof or rubber boots should be worn. 
 
Product Transport and Storage 
Transporting pesticides by road is usually controlled within respective State or federal 
regulations for the movement of dangerous goods, where emergency procedures in the event 
of a road accident are already in place. All pesticide manufacturers issue “Transport 
Emergency Cards (“Labels or Placards”), to vehicle drivers transporting hazardous goods, 
which may include pesticides.  
 
As well as the journey from the retailer to the end user, pesticide containers will also be moved 
in and out of store and to the airstrip on the farm. Containers must be checked for leaks and 
damage and must always remain fully and clearly labeled. This is particularly important for 
aircraft spraying where large drums are stored outside and are exposed to the vagaries of the 
weather.  
 
PESTICIDES MUST ONLY BE TRANSPORTED AND STORED IN THEIR ORIGINAL 
TRANSPORT CONTAINERS AND PACKAGES 
 
It is usual for large quantities of pesticide to be stored and handled at permanent airstrips. 
Such stores must be secure, as they may be remote and not always attended. Shade must be 
provided for chemical stocks, particularly when they are packed in 55 gallon drums.  Ground 
support staff must be fully conversant with procedures in the event of accidental spillage or 
applicator, worker or handler contamination at airstrips, which must have fully maintained first-
aid kits, an emergency shower unit and adequate quantities of absorbent materials to deal with 
spillage. 
 
Pesticide Storage Areas 
Pesticide storage areas must be accessible in the case of an emergency. Storing pesticides 
on the farm may be covered by local legislation. Correct and safe storage is essential to 
maintain a safe working environment, to maximize product shelf life and to minimize the risk 
of fire and spillage.  Pesticides must be kept in a dedicated store, which is accessible in case 
of emergency and can be locked when not in use. When considering erecting a pesticide store, 
guidelines relating to construction materials, design, location, emergency procedures etc. can 
usually be obtained from national regulatory authorities. Under no circumstances must 
pesticides be stored near foodstuffs.  
 
Product Handling 
The product label is usually the first reference for guidance on handling formulated pesticide 
products. It will usually describe the requirements for the use of Personal Protective Equipment 
(PPE) both for handling the undiluted (concentrate) product and for diluted spray solution. 
Applicator, worker or handler exposure and environmental contamination can be substantially 
reduced when closed filling systems are used to extract the product from its shipping container 
and deliver it either directly to the spray tank or via a metering system to a separate mixing 
tank. This avoids contact with the loading crew and accidental spillage.  
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PESTICIDE STORING AND MIXING AREA DIAGRAM 

 
Pesticide Storage          
Unused pesticide must be returned to store. Distressed or damaged containers must be 
emptied into clean replacement containers, which are fully labeled. Store stock control must 
ensure that existing chemicals are used first before recently purchased similar new products. 
Good stock control and accurate planning will mean that waste concentrate and diluted spray 
are kept to a minimum.  
 
However, where old or obsolete chemical products have to be disposed of, an approved 
contractor must be used. Chemicals for disposal must be secure in their original containers 
wherever possible and fully labeled. The responsible use of pesticides in agriculture must 
include a properly designed pesticide storage shed, which in turn will help prevent injury to 
people and livestock. A storage shed that is properly constructed will also prevent unauthorized 
and perhaps unqualified persons from handling and removing pesticides. Pesticides should be 
shielded from direct exposure to the environment, e.g., light, temperature extremes, and 
humidity. Such conditions may cause chemical decomposition and thus decrease the 
effectiveness of the pesticide. Improperly stored pesticides are more hazardous to handle and 
may violate federal regulations. Another concern of the applicator is the possibility of being 
sued or held liable for pesticide contamination of surface or groundwater due to improper 
storage. 
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PESTICIDE STORAGE BUILDING DIAGRAM EXAMPLE 
 
Handler’s Personal Protective Equipment 
More information in the PPE Section. 
PPE is only as good as its use and maintenance and must be provided and used on a strictly 
individual basis. To make sure that safety equipment gives maximum protection, applicator, 
worker or handler training is important.  
 
Wearing protective clothing does not guarantee applicator, worker or handler protection. When 
chemical loading or handling equipment becomes defective through wear or damage regular 
visual checks must be carried out.  
 
Specialist equipment such as respirators must be checked according to the manufacturer’s 
recommendation. Checks must be more frequent when working conditions are severe. Faults 
must be recorded and corrected before further use.  
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Spill Procedures 
If spillage occurs during transport or handling a pesticide, this may result in a fire, injury to 
humans, property damage or environmental contamination. Rapid action must follow the 
accident to contain and minimize any adverse effects. Pesticide transporters and users must 
be familiar with label recommendations and procedures to be followed. In the event of an 
accident, the appropriate authorities (Environment, Water, Police etc.) must be notified. 
Records must be kept of all incidents and remedial action taken.  Only vehicles correctly 
equipped to carry pesticides must be used to transport product to the airstrip.  
 
Handling the Pesticide Wastes 
Incorporate a waste system to collect all materials from the interior sink, the floor drains and 
the exterior wash area. A waste system collection tank (of up to 1000 gallons’ capacity) is used 
to store pesticide solutions generated as a result of washing application and safety equipment. 
However, it should not be used for storing excess pesticide tank mix will be left. At present, 
there are no legal means permitting the disposal of the diluted liquid waste pesticides collected 
in the storage tank. 
 
The Federal Resource Conservation and Recovery Act (RCRA) addresses the problem related 
to storage and disposal of hazardous wastes including pesticides. Special anti-leak 
precautions for storage tanks must be followed if more than 10% of their volume is buried.  
 
Keeping pesticide storage tanks and pipes above ground is a simple way to allow constant 
inspection of the tank for leaks and eliminates the regulation of FCRA requirements. It is highly 
recommended to install a cement slab to collect leakage that might occur from or above the 
ground tank. The Hazardous Waste Program should be contacted for any questions dealing 
with pesticide waste storage tanks.  
 
Farmers and other pesticide applicators who have unused pesticides in their spray tanks, 
unusable pesticides in their storage shed, or who in other ways generate hazardous waste 
must consider how they are to manage and legally dispose of them.  
 
Some Final Thoughts 
Proper rinsing of pesticide containers is easy to do, saves money and reduces the risk of 
contaminating the environment. It takes a few minutes to properly triple rinse a container while 
it takes less than a minute to pressure rinse. The amount of rinsate generated is generally 
reduced by the pressure rinsing method.  
 
Several manufacturers are selling pressure rinse nozzles. Contact your county Extension office 
for the most up-to-date list. It is always a good idea to check with your local recycling center 
for any specific preparation requirements.  Remember to read and follow all label instructions.  
 
Wear appropriate protective gear when working with pesticides. Dispose of all pesticide 
containers properly. Do all mixing and loading of pesticides and rinsing of pesticide containers 
at least 150 feet away from all wells, preferably on specially constructed concrete pads.  
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Specific Instructions for Handlers        Citation 26 
 
Basic Responsibilities (See Also Specific Duties Section Below) 
Handler employers must make sure that, before handlers do any handling task, the handlers: 

• are given information from the pesticide labeling and have access to the labeling itself, 
and 
• are instructed in the safe operation of the equipment they will be using. Commercial 
(custom) handler employers must make sure that, whenever one of their handlers 
will be doing pesticide handling tasks (including tasks as a crop advisor) on an 
agricultural establishment, he or she is aware of specific information, described below, 
concerning pesticide-treated areas on the agricultural establishment. 

 

Specific Duties - Labeling Access and Information             Citation 26 
1. Inform handlers, in a manner they can understand, about all labeling requirements related 
to safe use of the pesticide, including at least: 

• the signal word, 
• human hazard statements and precautions, 
• personal protective equipment requirements, 
• first aid instructions, 
• environmental precautions, and 
• any additional precautions about the handling task to be performed. 

 
2. Provide handlers access to the pesticide labeling information during handling tasks. 
 
Safe Operation of Equipment 
Make sure that handlers know how to safely and correctly use all equipment they are assigned 
to use for handling pesticides, including, if applicable, how to avoid drift and how to use 
chemigation equipment safely. 
 
Instructions for Commercial Pesticide Handlers 
Commercial (custom) pesticide handler employers must make sure that their handler 
employees are informed about: 
 
1. Specific location and description of any areas on the agricultural establishment: 

• that may be treated with a pesticide or be under a restricted-entry interval while the 
commercial handler will be there, and 
• that the commercial handler may be in (or walk within 1/4 mile of). 

 
2. Restrictions on entering those areas. 
 
For example, if custom applicators are scheduled to use ground equipment to apply a pesticide 
on a farm, they need to be informed of any nearby areas on the farm that they should stay out 
of because the area has an REI in effect.  
 
Or if commercial crop advisors are scheduled to scout in an area on a farm that remains under 
an REI, they need to be told what personal protective equipment they must wear while in that 
area. 
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Further Requirements for Employers of Handlers          Citation 33.c. 
Equipment Safety 
 
Basic Responsibilities 
(See Also Specific Duties Section Below) 
 
Handler employers must make sure that equipment used for mixing, loading, transferring, or 
applying pesticides (pesticide handling equipment) is inspected and repaired and that persons 
repairing, cleaning, or adjusting such equipment are protected or informed, as described 
below. 
 
Specific Duties - Equipment Inspection 
Inspect pesticide handling equipment before each day of use for leaks, clogging, and worn or 
damaged parts. Repair or replace any damaged equipment. 
 
Protections for Persons Maintaining Equipment 
Remove pesticide residues from pesticide handling equipment before anyone other than an 
appropriately trained and equipped handler is allowed to repair, clean, or adjust it. 
 
Exception 
If it is not feasible to remove pesticide residues from pesticide handling equipment, 
and the people who will be repairing, cleaning, or adjusting the equipment are not 
your employees (and, therefore, are not handlers for whom you are responsible under 
the WPS), you must inform them: 

•  that the equipment may be contaminated with pesticides, 
• of the potentially harmful effects of exposure to pesticides, and 
• how to correctly handle such equipment. 

 
Notice of Application to Agricultural Employers 
Prior to applying any pesticide on an agricultural establishment, a handler employer must 
provide the following information to an agricultural employer or be assured that the agricultural 
employer is aware of the specific time, date, location, and description of the pesticide-treated 
area, labeling requirements relating to protection of workers during or after application, product 
name, the EPA registration number, active ingredients, REI, and notification requirements. 
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Personal Protection Equipment (PPE)                               
Citation 33.a 
 
Basic Responsibilities 
(See Also Specific Duties Section Below) 
Handler employers must make sure that pesticide 
handlers: 

• are provided with the PPE the pesticide 
labeling requires for the task, 

• wear the PPE for the entire handling task, and 
• use the PPE correctly. Each pesticide 
handler is responsible for wearing the 
required personal protective equipment during 
the entire handling task. 

 
Specific Duties - Duties Related to Personal Protective Equipment 
Employers must: 
1.  Provide handlers with the appropriate PPE in clean and operating condition. 
2. Make sure the handlers wear the PPE correctly and use it according to the manufacturer’s 
instructions. If a handler wears a respirator, make sure that it fits the wearer correctly. 
3. Inspect all PPE before each day of use for leaks, holes, tears, or worn places, and repair or 
discard any damaged equipment. 
4. Provide handlers with clean places away from pesticide storage and pesticide use areas to: 

• store personal clothing not in use, 
• put on PPE at the start of any exposure period, 
• take off PPE at the end of any exposure period. 

5. Take any necessary steps to prevent heat illness (too much heat stress) while PPE is 
being worn. 
6. Do not allow any handler to wear home or take home PPE contaminated with pesticides. 
 
Cleaning and Maintaining PPE 
Employers must do the following: 
 
1. Keep pesticide-contaminated PPE away from other clothing or laundry, and wash it 
separately. 
 
2. If PPE will be reused, clean it before each day of reuse according to the instructions from 
the PPE manufacturer unless the pesticide labeling specifies other requirements. If there are 
no such instructions or requirements, wash PPE thoroughly in detergent and hot water. 
 
3. Thoroughly dry the clean PPE before it is stored, or put it in a well-ventilated place to dry. 
 
4. Store clean PPE separately from personal clothing and away from pesticide-contaminated 
areas. 
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Further Requirements for Employers of Handlers 
 
Replacing Respirator Filters, Cartridges, or Canisters 
Employers must: 
1. Replace dust/mist respirator filters: 

 
• when breathing resistance becomes excessive, 
 
• if the filter is damaged or torn, 
 
• whenever the respirator manufacturer or pesticide labeling says to replace them 
(if the instructions differ, change the filter at the shorter interval), 
 
• at the end of each day’s work period, if no other instructions or indications of 
service life are available. 

 
2. Replace gas- and vapor-removing respirator cartridges or canisters: 

 
• at the first indication of odor, taste, or irritation, 
 
• when the respirator manufacturer or pesticide labeling says to replace them (if 
instructions differ, change the cartridge or canisters at the shorter interval), 
 
• at the end of each day’s work period, if no other instruction or indications of 
service life are available. 

 
Disposal of PPE 
Employers must: 
1. Discard coveralls or other absorbent materials that have been drenched or heavily 
contaminated with an undiluted pesticide that has the signal word “DANGER” or “WARNING” 
on the labeling. They must not be reused. 
 
2. Comply with any applicable Federal, State, Tribal, and local regulations when disposing of 
PPE that cannot be cleaned correctly. 
 
Instructions for Persons Who Clean PPE 
Employers must inform people who clean or launder PPE: 

 
• that the PPE may be contaminated with pesticides, 
 
• of the potentially harmful effects of exposure to pesticides, 
 
• how to protect themselves when handling contaminated PPE, and 
 
• how to clean PPE correctly.  
 
For more information about laundering pesticide-contaminated clothing, please visit the 
Worker Protection Standard topic page on the Ag Center’s Web site at: 
http://www.epa.gov/agriculture/twor.html 

 

http://www.epa.gov/agriculture/twor.html
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POSITIVE AND NEGATIVE PRESSURE FIT CHECKS 
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Protections for Crop Advisors 
 
The commercial pesticide handling establishment is the business or enterprise that is hired to 
make pesticide applications on an agricultural establishment. The commercial pesticide 
handling employer is the person responsible for providing WPS protections to the handlers or 
crop advisors they employ. 
 
A crop advisor is considered a “handler” under WPS only if they are conducting handler tasks, 
which include entering into a treated area that is under a REI to do crop advisor tasks. Crop 
advisors are NOT allowed to be early-entry workers. 
 
What is a Crop Advisor? 
A crop advisor may be a worker or handler under the WPS depending on when the crop 
advising task is done. A crop advisor is defined as any person who is assessing pest numbers, 
damage, pesticide distribution, or the status or requirements of agricultural plants. 
● If crop advising tasks are done during a pesticide application or while the REI is in effect, the 
crop advisor is a handler under WPS. 
● If crop advising tasks are done after the REI has expired, but is within the 30 
 
Whenever a handler, including crop advisors, of a commercial pesticide handler employer 
(CPHE) conducts pesticide handling tasks on an agricultural establishment, the agricultural 
employer must provide the CPHE with specific information about treated areas on the 
establishment they will be working on. 
 
Conversely, the CPHE (employer of the for-hire/custom applicators or crop advisors) must 
provide the agricultural employer, as their customer and the operator of the agricultural 
establishment, with certain information about a pesticide product before applying it on the 
establishment. 
 
Information provided to the commercial pesticide handler employer 
(CPHE) from an agricultural employer 170.309(k) 
The operator of an agricultural establishment must inform the hired CPHE of the following: 
● The specific location and description of any treated areas on the agricultural establishment 
under a REI that the handler may be in (or walk within 1/4 mile of), and 
● Any restrictions on entering those areas. The CPHE must inform their handler of the 
information provided by the agricultural employer. 170.313(h) 
 
Information provided to an agricultural employer from a commercial pesticide handler 
employer (CPHE) 170.313(i) & (j) 
To allow an agricultural employer to inform workers on the establishment about a pesticide 
application that is, or will be performed, the CPHE must inform the agricultural employer of the 
following: 
● Specific location and description of the area(s) on the agricultural establishment that are to 
be treated with a pesticide, 
● Date and start and estimated end times of the application, 
● Pesticide product name, EPA registration number, and active ingredient(s), 
● REI for the pesticide product, 
● Whether the pesticide product labeling requires posting, oral notification or both, and 
● Any other specific requirements on the pesticide product labeling concerning protection of 
workers and other persons during or after application. 
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WPS Exemptions and Exceptions for Crop Advisors 
 
Under the WPS, a “crop advisor” is a person who assesses pest numbers, damage, pesticide 
distribution or the status or requirements of agricultural plants. 
 
The WPS does not require a “crop advisor” to have any specific certification or training to be 
recognized as a crop advisor. However, certain WPS exemptions apply only to certified crop 
advisors. 
 
Important Definitions that Apply to Crop Advisors 
Commercial pesticide handling establishment means any enterprise, other than an 
agricultural establishment, that provides pesticide handler or crop advising services to 
agricultural establishments. 
 
Certified Crop Advisor for the purposes of the WPS includes crop advisors certified as a 
Professional Crop Consultant by the National Alliance of Independent Crop Consultants 
(NAICC), or certified or licensed as a crop advisor by a program approved and recognized in 
writing by the EPA, or a State or Tribal agency responsible for pesticide enforcement. The 
approved program must cover all of the WPS handler pesticide safety training content listed in 
Appendix B: Worker Protection Standard Criteria. 170.601(b) 
 
Handler means any person, including a self-employed person, who is employed by an 
agricultural employer or commercial pesticide handler employer and ...performs tasks as a 
crop advisor during any pesticide application or restricted-entry interval, or before the 
inhalation exposure level listed in the pesticide product labeling has been reached or one of 
the ventilation criteria established by WPS or the pesticide product labeling has been met. 
 
Worker means any person, including a self-employed person, who is employed and 
performs activities directly relating to the production of agricultural plants on an agricultural 
establishment. 
 
Hand labor means any agricultural activity performed by hand or with hand tools that causes 
a worker to have substantial contact with plants, plant parts, or soil and other surfaces that 
may contain pesticide residues, except hand labor does not include operating, moving, or 
repairing irrigation or watering equipment or performing crop advisor tasks.  
 
Certified Crop Advisor Exemptions 170.601 & 170.607(g) 
Certified crop advisors are exempt from certain responsibilities under the WPS if the 
pesticide application is completed and all of the following conditions are met: 
● The crop advisor is certified or licensed as a crop advisor by a program acknowledged as 
appropriate in writing by the EPA, or a State or Tribal agency responsible for pesticide 
enforcement. 
● The certification or licensing program must include pesticide safety training that has all the 
information required of WPS handlers as applicable depending on the date of training (i.e., 
WPS handler pesticide safety training content required before January 2, 2018 is different 
from training content required after January 2, 2018 or 6 months from the date EPA 
announces the availability of training materials but not before January 2, 2018). See 
Appendix B: Worker Protection Standard Criteria. 
● Only crop advising tasks are performed in the treated area. 
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Certified crop advisors who meet the requirements listed above can determine the 
appropriate PPE to wear when doing crop advising tasks during the REI. In addition, the 
employer of the certified crop advisor does not have to provide: 
● The routine decontamination supplies and eye-flushing supplies for handlers. 170.509 
● Emergency assistance, including providing transportation to a medical care facility and 
providing certain information to the treating medical personnel. 170.309(f) & 170.313(k) 
● Access to the labeling or inform the certified crop advisor about the labeling and 
application-specific information regarding the safe use of the pesticide. 170.503(a) 
● Sufficient information and directions to the certified crop advisor to ensure that they can 
comply with the WPS. 170.309(e) & 170.313(e) 
Employers of crop advisors must provide all required WPS protections to any crop advisor 
employees who are not certified crop advisors.  
 
The following table summarizes some of the WPS exemptions for certified crop advisors and 
the corresponding requirements for non-certified crop advisors. 
 
There are other WPS requirements that apply to all crop advisors. 
 
Table 5. WPS Exemptions for Crop Advisors 
Certified crop advisor* Non-certified crop advisor 

* A certified crop advisor organization must have written approval from EPA, State or Tribal 
agency to qualify for WPS exemptions 
 
Employers of non-certified crop advisors must provide: 
● Decontamination supplies: 
 1 gal water/worker for routine washing. 
 3 gal water/handler for routine washing. 

 
● Pesticide safety training for workers or handlers, depending on whether the crop advisor 
will enter a treated area during a REI. 
● Labeling and application-specific information regarding the safe use of the pesticide before 
performing any handler activities and access to the labeling. 

Certified crop advisor* Non-certified crop advisor 
Exempt from some provisions of WPS No exemption 
Self-determine PPE for entry during a 

REI 
Is considered a handler for entry 

during an REI 

Must wear PPE required for non- 
certified crop advisors 

Exempt from WPS pesticide safety 
training 

Must have/receive pesticide safety 
training 

Exempt from emergency assistance Must be provided emergency 
assistance 

Exempt from decontamination supply 
requirement 

Must have/receive decontamination 
supplies 
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Topic 6 - WPS Required Training Section Post Quiz          
Answers in rear near References 
 
Training Requirements 
1.  If a worker or handler was trained in ____________, they will need to receive WPS 
training within 1 year of the 2016 training. This training will not need to include the 2018 
training content. For example, a worker trained on April 14, 2016 will need to be 
retrained prior to April 14, 2017. 
 
 
Worker Training 2018 
2.  The responsibility of agricultural employers to provide workers and handlers with 
information and protections designed to reduce work-related pesticide exposures and 
illnesses. This includes ensuring workers and handlers have been trained on pesticide 
safety, providing pesticide safety and application and hazard information, 
decontamination supplies and emergency medical assistance, and notifying workers 
of restrictions during applications and on entering pesticide treated areas. A worker or 
handler may designate in writing a representative to request access to pesticide 
application and_______________.  
 
 
Decontamination Supplies 
3.  1 gallon of water per worker and ___________ gallons of water per handler at the 
beginning of each work period for routine and emergency decontamination, 
 
 
Emergency Assistance 
4.  If there is reason to believe a worker or handler has been exposed to pesticides, 
during or within ____________ hours of employment, and needs emergency medical 
treatment, employers must do the following: Promptly make transportation available to 
an appropriate emergency medical facility. 
 
 
Safe Operation of Equipment 
5.  A handler employer must assure that handlers are instructed in the safe operation 
of all equipment they will be using.  It is the handler-employer's responsibility to assure 
that the equipment is working properly and to inform employees, when appropriate, 
that the equipment may be contaminated with pesticides and to explain the correct way 
to handle such____________. 
   
 
Decontamination 
6.  A handler employer must provide a decontamination site (as specified in the 
standard) for washing off pesticides and pesticide residues during any_____________ 
activity. 
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Emergency Assistance 
7.  A handler employer must provide the ________________ to handlers as discussed 
for workers. 
 
 
Label Requirements 
8.  When these requirements appear on pesticide labels, all end-users must meet them 
unless exempt.  Exempt end-users should voluntarily obey the __________ because 
of the dangers of pesticide exposure.  
  
 
Workers and Handlers Section 
Who Must Protect Workers and Handlers? 
9.  Employers are responsible for making sure that workers and handlers receive the 
protections required by the pesticide labeling and the WPS. The term “employer” has 
a special meaning in the WPS — you are an employer even though you are 
___________ or use only members of your own family to do the work on your 
establishment. 
  
 
WPS Employer Definitions 
Worker Employers:  
10.  Worker employers are people who: ________________ for the services of workers 
(including themselves and members of their family) for any type of compensation to 
perform tasks related to the production of agricultural plants, or own or operate an 
agricultural establishment that uses such workers. (See definition of “owner,”.) (See 
definition of “worker,”.) 
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Topic 7 - Beneficial Insect Identification Section 
 
Section Focus: The student will be able to understand and describe various beneficial insects, 
proper identification and promote their usage. At the end of this section, you will be able to 
understand and describe beneficial insects. There is a post quiz at the end of this section to 
review your comprehension and a final examination in the Assignment for your contact hours.   
 
Scope/Background: Beneficial insects provide regulating ecosystem services to agriculture 
such as Pollination and the natural regulation of plant pests. It aims to enhance insect-derived 
ecosystem services from a conservation perspective (i.e. enhancing beneficial insects in 
agricultural landscapes that provide ecosystem services to crops. Human cultures and 
civilizations have been maintained in countless ways through these beneficial insects, they 
regulate the pest population of many harmful pest species, produce natural products, and they 
dispose the waste and recycle the organic nutrients. It should be consider in Thought that how 
much we depend on them for our survival and what kind of life would be without insects. 
 
 

 
 
Beneficial insects (sometimes called beneficial bugs) are any of a number of species of insects 
that perform valued services like pollination and pest control. The concept of beneficial is 
subjective and only arises in light of desired outcomes from a human perspective. In farming 
and agriculture, where the goal is to raise selected crops, insects that hinder the production 
process are classified as pests, while insects that assist production are considered beneficial. 
In horticulture and gardening; pest control, habitat integration, and 'natural vitality' aesthetics 
are the desired outcome with beneficial insects. Encouraging beneficial insects, by providing 
suitable living conditions, is a pest control strategy, often used in organic farming, organic 
gardening or Integrated Pest Management. Companies specializing in biological pest control 
sell many types of beneficial insects, particularly for use in enclosed areas, like greenhouses. 
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MEALYBUG EXAMPLE 
 
Mealybug Destroyers  
Both the larvae and adults of this lady beetle feed on mealybugs. They may also feed on aphids 
and immature scale insects. Each adult female lays hundreds of eggs in mealybug egg 
masses. When the beetle larvae hatch, they feed on immature mealybugs. Cryptolaemus 
montrouzieri, common name.  
 
Unlike many of the often brightly-colored Coccinellidae, it is predominantly brown and has no 
spots. It has been used as a biological control agent against Mealybugs and other Scale 
insects.  As a larva it apparently looks like the mealybugs they prey on, a case of aggressive 
mimicry. Mealybug destroyers need warm temperatures and high humidity, so are better suited 
for greenhouses. If you purchase them, they are shipped as adults and should be released as 
soon as possible.  
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GROUND BEETLE EXAMPLE 
 
Ground Beetles  
These very common garden insects feed on many soil-inhabiting pests such as cutworms and 
root maggots. Some types eat slugs and snails. Ground beetles are a large, cosmopolitan 
family of beetles, Carabidae, with more than 40,000 species worldwide, approximately 2,000 
of which are found in North America. While shapes and colors may vary widely, they are usually 
shiny.  
 
Black is a common color, sometimes with a metallic sheen of another color on their wing 
covers. Most ground beetles feed at night and hide in the soil or under debris during the day. 
Common habitats are under the bark of trees, under logs, or among rocks or sand by the edge 
of ponds and rivers. Most species are carnivorous and actively hunt for any invertebrate prey 
they can overpower.  
 
Some will run swiftly to catch their prey; tiger beetles (Cicindelinae) can sustain speeds of 5 
mph – in relation to their body length they are among the very fastest land animals on Earth. 
Unlike most Carabidae which are nocturnal, the tiger beetles are active diurnal hunters and 
often brightly colored; they have large eyes and hunt by sight.  
 
Ground beetles of the species Promecognathus laevissimus are specialized predators of the 
cyanide millipede Harpaphe haydeniana, countering the hydrogen cyanide which makes these 
millipedes poisonous to most carnivores. 
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LADY BEETLE EXAMPLE 

 
Lady Beetles 
Convergent lady beetles are the most popular natural enemies sold, although their value is 
doubtful: they have a natural tendency to disperse when freed. To keep them around, try 
wetting plants first, and releasing beetles on the ground and under plants in the late evening 
(the beetles don't fly at night). Lady beetles feed on aphids, mealybugs, scale insects, or spider 
mites. One lady beetle female may eat 2,400 aphids during her life span. Overwhelmingly, 
habits of lady beetles are highly beneficial to human interests. Both the adult lady beetles and 
the grub-stage larvae have chewing mouthparts and are voracious predators of other insects. 
Although each type of lady beetle has preferences for what they will eat (e.g., aphids, scales, 
spider mites, mealybugs, etc.), they tend to have fairly broad tastes and feed on almost any 
small arthropods (insects, mites) or insect eggs that they can successfully attack and ingest. 
 
In general, most commonly observed lady beetles (the genera Hippodamia, Coccinella, 
Harmonia, Coleomegilla, Hyperaspis) feed primarily on aphids. Very small lady beetles in the 
genus Stethorus are important predators of spider mites, although they are not commonly 
observed. The genera Exochomus, Coccidophilus and Chilocorus specialize in scale insects. 
Although lady beetle larvae are strictly predators, adult lady beetles may occasionally 
supplement this diet by feeding on pollen, nectar, or honeydew. One species of lady beetle, 
known as the Mexican bean beetle (Epilachna varivestis), feeds solely on plants and is an 
important pest of beans.  
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Most adult lady beetles are easily identified, broadly oval in shape and often brightly colored. 
Most species are spotted, and the amount of spotting usually is characteristic of the different 
species. However, there are some important exceptions. For example, the smaller lady beetles 
that feed on mites (Stethorus) or scales (Coccidophilus, Scymnus) usually are uniformly black 
or dark brown. A few lady beetle species are even striped. 
 
Complete Metamorphosis 
Lady beetles, as all beetles, develop in a pattern known as ‘complete metamorphosis’. This 
involves eggs, mobile feeding-stage larvae that molt four times as they develop, transition-
stage pupae that undergo changes to the final form, and ultimately the familiar adults. 
 
Most lady beetle eggs typically are spindle-shaped and yellowish or orange-red in color. They 
are laid in clusters on leaves or other surfaces near aphids and other prey. Lady beetle eggs 
are distinctive and easily separated from most other insect eggs.  
 
However, a few species of leaf beetles produce egg masses of generally similar form--such as 
the Colorado potato beetle, cottonwood leaf beetle and elm leaf beetle. Small differences in 
size and color differentiate these from lady beetle eggs. In addition, these leaf-feeding insects 
restrict their egg laying to the few plants on which they develop; whereas lady beetle eggs can 
be laid wherever there is nearby insect prey.  
 
As with all insects, the development rate depends on temperature and the lady beetle egg 
stage typically lasts five to seven days. Shortly before eggs hatch, the color changes to more 
greyish. 
 
Lady beetles that feed on scale insects or spider mites do not lay their eggs in masses. Instead, 
eggs are laid singly on leaves or under the cover of the scale insect. Most lady beetle larvae 
are elongated in form and slightly pointed at the rear. Their legs stick out prominently from the 
sides, giving the appearance of being somewhat bow-legged. Overall color is gray or black, 
but most have some distinct spotting of yellow, orange or blue.  
 
Fleshy projections extend from the bodies of some lady beetles, notably the twice-stabbed lady 
beetle and multi-colored Asian lady beetle. The larvae of lady beetles that feed on aphids found 
in dense colonies of curled leaves, and those that feed on mealybugs, often are covered with 
waxy strands and appear similar to mealybugs.  
 
Larvae complete their development in three stages (instars), each separated by molting that 
typically occurs over the course of 10 to 14 days. After lady beetle larvae finish feeding, they 
attach themselves to a solid surface by the hind end, head down. They remain motionless and 
shrink in form, appearing more compact. This stage, called the pre-pupa, lasts for a couple of 
days before the insect molts to the pupal stage. 
 
Lady beetle pupae usually are round in shape, attached to a surface by their hind end. The old 
split skin of the previous larval stage may still partially cover the pupa or, more often, slough 
off around the base of the pupa. Lady beetle pupae usually are dark orange or red, often with 
spots. Although the pupa is fixed to the surface at its base and does not crawl or feed, it is not 
completely immobile and often reacts with a jerk if disturbed. During summer, development of 
the pupa typically may take about five to eight days. 
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ROVE BEETLE EXAMPLE 

 
Rove Beetles 
These fascinating insects may resemble a tiny scorpion when they hold the tip of their 
abdomen up in the air. They are fast moving and measure 1/10 to one inch long. Depending 
upon species, rove beetles prey upon aphids, springtails, mites, nematodes, slugs, snails, fly 
eggs and maggots. They also eat and help break down decaying organic material.  
 

 
SOLDIER BEETLE EXAMPLE 
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Soldier Beetle 
Approximately 1/3 to 1/2 inch in length, the adult soldier beetle has a narrow, black abdomen 
and bright red head or thorax. It is a commonly seen beneficial insect that preys upon aphids, 
caterpillars, grasshopper eggs and beetle larvae, among other insects around the garden and 
farm.  
 
The soldier beetles, Cantharidae, are relatively soft-bodied, straight-sided beetles, related to 
the Lampyridae or firefly family, but being unable to produce light. They are cosmopolitan in 
distribution. One common species is bright red, reminding people of the red coats of soldiers, 
hence the common name.  
 
A secondary common name is leatherwing, obtained from the texture of the wing covers. 
Historically, these beetles were placed in a superfamily "Cantharoidea", which has been 
subsumed by the superfamily Elateroidea; the name is still sometimes used as a rankless 
grouping, including the families Cantharidae, Drilidae, Lampyridae, Lycidae, Omalisidae, 
Omethidae, Phengodidae (which includes Telegeusidae), and Rhagophthalmidae. 
 
Soldier beetles are highly desired by gardeners as biological control agents of a number of 
pest insects. The larvae tend to be dark brown or gray, slender and wormlike with a rippled 
appearance due to pronounced segmentation. They consume grasshopper eggs, aphids, 
caterpillars and other soft bodied insects, most of which are pests. 
 
The adults are especially important predators of aphids. They supplement their diet with nectar 
and pollen and can be minor pollinators. Soldier beetle populations can be increased by 
planting good nectar- or pollen-producing plants such as Asclepias or Solidago. 
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ASSASSIN BUG EXAMPLE 

Assassin Bug  
This aptly-named, vicious-looking bug is a voracious predator of many garden pests including 
flies, mosquitoes, beetles and large caterpillars. Adults measure ½ to one inch long and have 
a cone-shaped head and wide curving beak. They can cause a painful bite to a human if 
captured. Some species are known to squeak if caught. Reduviidae (from the contained genus, 
Reduvius which comes from the Latin reduvia meaning hangnail or remnant) is a large, 
cosmopolitan family of predatory insects in the suborder Heteroptera.  
 
It includes assassin bugs (genera include Melanolestes, Platymeris, Pselliopus, Rasahus, 
Reduvius, Rhiginia, Sinea, Triatoma, and Zelus), wheel bugs (Arilus cristatus), and thread-
legged bugs (the subfamily Emesinae, including the genus Emesaya). There is about 7000 
species altogether, making it one of the largest families in the Hemiptera. Females lay single 
eggs in cracks, under rocks or in other sheltered spots in summer, and new adults emerge 
around the following June. There is only one generation per year.  
 
They use the long rostrum to inject lethal saliva that liquefies the insides of the prey, which are 
then sucked out. The legs of some of these bugs are covered in tiny hairs that serve to make 
them sticky to hold onto their prey while they feed.  
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The saliva is commonly effective at killing substantially larger prey than the bug itself. As 
nymphs, some species will cover and camouflage themselves with debris, or the remains of 
dead prey insects. Some species have been known to feed on cockroaches or bedbugs (in the 
case of the masked hunter) and are regarded in many locations as beneficial. Some people 
breed them as pets and for insect control. 
 
Some assassin bug groups specialize on certain prey groups, such as ants (feather-legged 
bugs - Holoptilinae), termites, or diplopods (Ectrichodiinae). 
 
Some blood-sucking species, particularly Triatoma spp. and other members of the subfamily 
Triatominae (e.g., Paratriatoma hirsuta), are also known as kissing bugs due to their habit of 
biting humans in their sleep on the soft tissue of the lips and eyes; a number of these 
haematophagous species, located in Central and South America, are able to transmit a 
potentially fatal trypanosome disease known as Chagas disease (American trypanosomiasis). 
 
 
 
 

 
 

MINUTE PIRATE BUG EXAMPLE 
 
Minute Pirate Bug 
So small (1/4-inch) they are often unnoticed but these little black-and-white checkered insects 
are fast-moving and prey upon thrips, spider mites and small caterpillars. The genus Orius 
(commonly called minute pirate bug) consists of omnivorous bugs in the family Anthocoridae 
(pirate bugs).  
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Adults are 2–5 mm long and feed mostly on spider mites, thrips, and their eggs, but will also 
feed on pollen and vascular sap. These predators are common in gardens and landscapes. 
They have a fairly painful bite, but are not poisonous. Some species are raised commercially 
and sold to growers as a form of biological control. Grow goldenrod, daisies, yarrow and alfalfa 
to attract minute pirate bugs to your garden.  
 
 

 
 

GREEN LACEWING EXAMPLE 
 
Green Lacewings 
Lacewing larvae are voracious feeders upon aphids and other small insects, insect eggs, and 
spider mites. Attract them by planting pollen and nectar producing flowers. Green lacewings 
are delicate insects with a wingspan of 6 to over 65 mm, though the largest forms are tropical. 
They are characterized by a wide costal field in their wing venation, which includes the cross-
veins. The bodies are usually bright green to greenish-brown, and the compound eyes are 
conspicuously golden in many species.  
 
The wings are usually translucent with a slight iridescence; some have green wing veins or a 
cloudy brownish wing pattern. The vernacular name "stinkflies", used chiefly for Chrysopa 
species but also for others (e.g. Cunctochrysa) refers to their ability to release a vile smell from 
paired prothoracal glands when handled. 
 
Adults have tympanal organs at the forewings' base, enabling them to hear well. Some 
Chrysopa show evasive behavior when they hear a bat's ultrasound calls: when in flight, they 
close their wings (making their echolocational signature smaller) and drop down to the ground. 
Green lacewings also use substrate or body vibrations as a form of communication between 
themselves, especially during courtship.  
 
Species which are nearly identical morphologically may sometimes be separated more easily 
based on their mating signals. For example the southern European Chrysoperla mediterranea 
looks almost identical to its northern relative C. carnea (Common Green Lacewing), but their 
courtship "songs" are very different; individuals of one species will not react to the other's 
vibrations. 
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Adults are crepuscular or nocturnal. They feed on pollen, nectar and honeydew supplemented 
with mites, aphids and other small arthropods, and some, namely Chrysopa, are mainly 
predatory. Others feed almost exclusively on nectar and similar substances, and have 
symbiotic yeasts in their digestive tract to help break down the food into nutrients.   
 
 
Larvae have either a more slender "humpbacked" shape with a prominent bulge on the thorax, 
or are plumper, with long bristles jutting out from the sides. These bristles will collect debris 
and food remains – the empty integuments of aphids, most notably – that provide camouflage 
from birds. 
 
Eggs are deposited at night, singly or in small groups; one female produces some 100–200 
eggs. Eggs are placed on plants, usually where aphids are present nearby in numbers. Each 
egg is hung on a slender stalk about 1 cm long, usually on the underside of a leaf. Immediately 
after hatching, the larvae molt, then ascend the egg stalk to feed.  
 
They are voracious predators, attacking most insects of suitable size, especially soft-bodied 
ones (aphids, caterpillars and other insect larvae, insect eggs, and at high population densities 
also each other). Therefore, the larvae are colloquially known as "aphid lions" (also spelled 
"aphidlions") or "aphid wolves", similar to the related antlions. Their senses are weakly 
developed, except that they are very sensitive to touch.  
 
Walking around in a haphazard fashion, the larvae sway their heads from one side to the other, 
and when they strike a potential prey object, the larva grasps it. Their maxillae are hollow, 
allowing a digestive secretion to be injected in the prey; the organs of an aphid can for example 
be dissolved by this in 90 seconds. The maxilla (plural: maxillae) is a fusion of two bones along 
the palatal fissure that form the upper jaw.  
 
This is similar to the mandible (lower jaw), which is also a fusion of two halves at the mental 
symphysis. Sometimes (e.g. in bony fish), the maxilla is sometimes called "upper maxilla," with 
the mandible being the "lower maxilla." 
 
Conversely, in birds the upper jaw is often called "upper mandible." Depending on 
environmental conditions, larvae need about 1–3 weeks to pupation which takes place in a 
cocoon; species from temperate regions usually overwinter as a pre-pupa, though C. carnea 
overwinters as newly-hatched adults. 
 
Lacewing eggs or larvae may be purchased, but success may require practice. Holding eggs 
at room temperature until the larvae begin hatching, then sprinkling them on plants (about one 
to five per square foot of garden space), may be most effective.  
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SYRPHID FLY- AKA HOVERFLIES EXAMPLE 
 
Syrphid flies -Hoverflies 
Syrphid fly larvae prey on aphids, mealybugs, and other small insects. The adults, called 
"hover flies" because they fly like helicopters, have bodies with black and yellow stripes. While 
they look like bees or wasps, they don't sting. Adults must feed on pollen nectar before they 
reproduce, so are good pollinators. Both adults and larvae are about one-half inch long.  
 
Hoverflies, sometimes called flower flies or syrphid flies, make up the insect family Syrphidae. 
As their common name suggests, they are often seen hovering or nectaring at flowers; the 
adults of many species feed mainly on nectar and pollen, while the larvae (maggots) eat a wide 
range of foods. In some species, the larvae are saprotrophs, eating decaying plant and animal 
matter in the soil or in ponds and streams. In other species, the larvae are insectivores and 
prey on aphids, thrips, and other plant-sucking insects. 
 
Aphids alone cause tens of millions of dollars of damage to crops worldwide every year; 
because of this, aphidophagous hoverflies are being recognized as important natural enemies 
of pests, and potential agents for use in biological control. Some adult syrphid flies are 
important pollinators. 
 
About 6,000 species in 200 genera have been described. Hoverflies are common throughout 
the world and can be found on most continents except Antarctica. Hoverflies are harmless to 
most other animals despite their mimicry of the black and yellow stripes of wasps, which serves 
to ward off predators. 
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First Steps in Pest Management 
 
Identify the pest problem 
Some pests (or signs of them) are unmistakable—most people recognize a cockroach or a 
mouse. Other signs that make you think “pest” can be misleading. For example, what may 
look like a plant “disease” may be, in fact, a sign of poor soil or lack of water. 
 
Use free sources to help identify your pest and to learn the most effective methods to 
control it. These sources include library reference books (such as insect field guides or 
gardening books) and pest specialists at your County Cooperative Extension Service or local 
plant nurseries. These resources are usually listed on Web sites. 
 
Once a pest control method has been chosen and implemented, always allow time for it to 
work and then evaluate its effectiveness by taking the following steps: 

 Compare pre-treatment and post-treatment conditions. Is there evidence of a clear 
reduction in the number of pests? 

 Weigh the benefits of short-term chemical pesticide control against the benefits of 
long-term control using a variety of other treatments, including nonchemical methods. 

 It’s easier to prevent pests than to control them. 
 
You may not need to worry about the four pest control steps just mentioned IF you make the 
effort to prevent pests in the first place. 
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PARASITIC WASP EXAMPLE 
 
Parasitic Wasps 
Too small to be noticeable, these mini-wasps don't bother people or pets. These parasites 
reproduce by laying their eggs in a pest host (adult or egg). The immature wasp feeds inside 
and kills its host, causing the insect or egg to turn dark. A round hole can be often seen where 
the adult parasite has chewed its way out. Adults of many species are very small (ranging from 
1/100 to 3/4 inch long) and often go unnoticed. They vary in shape and coloration but usually 
have long, thread-like (filiform) antennae or they may appear elbowed, clear or colored wings 
with characteristic venation and a narrow "waist" between the thorax and abdomen.  
 
Females of many species have a spine-like egg-laying structure (ovipositor) at the tip of the 
abdomen. Larval stages are usually not observed unless they are dissected from hosts 
(internal parasites) or detected on the host (external parasites). They are usually cream 
colored, legless and tapered at both ends. Occasionally, caterpillars are observed with white 
silken cocoons of parasites (Braconidae) attached to their bodies.  
 
Stages of immature whiteflies parasitized with Encarsia formosa (Gahan) (Chalcidoidea, 
Encyrtidae) are darker or black when late in the parasite development compared to yellowish 
to creamy healthy ones. Aphids are hosts for species in the subfamily Aphidiinae (Braconidae) 
such as Aphidius spp. and others in the family Aphelinidae (Chalcidoidea). Parasitized aphids, 
called "aphid mummies", appear puffed up, brown and hardened. The adult parasitic wasps 
chew a round hole in the abdomen to emerge.  
 
Not all species in these groups are parasitic. For instance, the tiny (1/32 inch) fig wasp, 
Blastophaga psenes Linnaeus (Chalcidoidea, Agaonidae) and related species are essential 
pollinators of certain fig varieties, with larvae that develop only inside a gall in wild Caprifig 
flowers.  
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Parasitoids  
Technically speaking, 'Parasitic Wasps' are not actually parasites - they are parasitoids. This 
is because a true parasite is something that lives at the expense of its host but doesn't actually 
kill it, whereas parasitoids nearly always kill their host. In general though most people still use 
the term 'Parasitic Wasps'.  
 
Parasitoid larvae usually develop by feeding on a single host - different species develop on 
anything from tiny aphids and insect eggs right up to large butterfly and moth larvae. They can 
live and feed inside the host's body cavity (endoparasitoids) or outside the host's body 
(ectoparasitoids). They can be solitary or gregarious - with anything from 1 to many 1000's of 
larvae consuming the same host.  
 
Mouthparts of larvae and adults are for chewing. Larval stages of parasitic wasps develop 
inside or outside of a single host during one or more of the host’s developmental stages (egg, 
larvae, pupae or adult). Those that kill their hosts are called parasitoids. Most insect groups 
(including aphids, beetles, caterpillars, flies, sawflies, scale insects and true bugs) are attacked 
by parasitic wasps.  
 
Many species are host specific, developing in one or a limited number of related host species. 
For example, the species of Trichogramma (Chalcidoidea, Trichogrammatidae) primarily 
parasitize the eggs of caterpillars.  
 
Adults of some parasitic wasps feed on other insects to obtain energy to seek other suitable 
hosts into or on which to lay eggs. This behavior is called host feeding and also helps reduce 
populations of host insects. Parasitic wasps may emerge from host insects if they are reared.  
 
A number of parasitic wasp species are commercially available from insectaries and are 
purchased and released in augmentative biological control programs.  
 
Other species have been imported from other countries from which pests have been 
accidentally introduced without their natural enemies and released to reintroduce the natural 
enemy with its host, a practice called importation, or "classical" biological control and which 
occasionally results in sustained suppression. 
 
Different species may attack aphids, whiteflies, and butterflies or moths, such as cabbage 
loopers and hornworms. Many are available for sale to home gardeners. Numerous tiny wasps 
parasitize various stages of other insects; many are beneficial parasites (parasitoids) that kill 
other insect pests, while some are considered harmful because they parasitize parasites (a 
condition called hyperparasitism) or other beneficial insects; all are medically harmless.  
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BALD-FACED HORNET EXAMPLE 

 
Bald-faced Hornet 
These insects resemble a yellow-jacket but are larger, up to 3/4 inch in length. They have large 
heads with black and white markings and long wings that extend to the end of their abdomen. 
These "insect hawks" are fascinating to watch as they pounce upon many pests including 
crane flies and other flies. Bald faced hornets may also act as pollinators of some plants. 
Dolichovespula maculata is a North American insect commonly called the bald-faced hornet 
(or white-faced hornet or white-tailed hornet). Its well-known features include its hanging paper 
nests and the females' habit of defending them with repeated stings. These insects build large 
paper nests that can measure up to 14 inches in diameter and 24 inches long! If disturbed 
these hornets will sting humans.  
 
Every year, queens that were born and fertilized at the end of the previous season begin a 
new colony. The queen selects a location for its nest, begins building it, lays a first batch of 
eggs and feeds this first group of larvae. These become workers and will assume the chore of 
expanding the nest — done by chewing up wood which is mixed with a starch in their saliva. 
This mixture is then spread with their mandibles and legs, drying into the paper-like substance 
that makes up the nest. The workers also guard the nest and feed on nectar, tree sap and fruit 
pulp. They also capture insects and arthropods, which are chewed up to be fed to the larvae.  
 
In addition, Bald-Faced Hornets have been observed scavenging raw meat. This continues 
through summer and into fall. Near the end of summer, or early in the fall, the queen begins to 
lay eggs which will become drones and new queens. After pupation, these fertile males and 
females will mate, setting up next year's cycle of growth. 
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Hibernate Underground 
As winter approaches, the wasps die – except any just-fertilized queens. These hibernate 
underground, under logs or in hollow trees until spring. The nest itself is generally abandoned 
by winter, and will not be reused. When spring arrives, the young queens emerge and the cycle 
begins again. Bald-faced hornets visit flowers, especially in late summer, and can be minor 
pollinators.  
 
Like other social wasps, bald-faced hornets have a caste system made up, in one nest, 
of the following: 
1. Queen – the fertile female which starts the colony and lays eggs. 
2. Workers – infertile females which do all work except laying eggs. 
3. Drones – males, which have no stingers, and are born from unfertilized eggs. 
4. New queens – fertile females, each of which, once fertilized, may start its own nest in the 
spring. 
 
Bald-face hornets will sting repeatedly if the nest is disturbed. Like other stinging wasps, they 
can sting repeatedly because the stinger does not become stuck in the skin. Some suggest 
putting baking soda or meat tenderizer on the area of the sting, but others say such treatments 
do not work.  
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Honeybees   Apidae Family of Insects 
 
 

 
The Apidae are a large family of bees, comprising the common honey bees, stingless bees 
(which are also cultured for honey), carpenter bees, orchid bees, cuckoo bees, bumblebees, 
and various other less well-known groups. The family Apidae presently includes all the genera 
that were previously classified in the families’ Anthophoridae and Ctenoplectridae, and most 
of these are solitary species, though a few are also cleptoparasites. The four groups that were 
subfamilies in the old family Apidae are presently ranked as tribes within the subfamily Apinae. 
This trend has been taken to its extreme in a few recent classifications that place all the existing 
bee families together under the name "Apidae" (or, alternatively, the non-Linnaean clade 
"Anthophila"), but this is not a widely-accepted practice. 
 
The subfamily Apinae contains a diversity of lineages, the majority of which are solitary, and 
whose nests are simple burrows in the soil. However, honey bees, stingless bees, and 
bumblebees are colonial (eusocial), though they are sometimes believed to have each 
developed this independently, and show notable differences in such things as communication 
between workers and methods of nest construction. Xylocopines (the subfamily which includes 
carpenter bees) are mostly solitary, though they tend to be gregarious, and some lineages 
such as the Allodapini contain eusocial species; most members of this subfamily make nests 
in plant stems or wood. The nomadines are all cleptoparasites in the nests of other bees. 
 
Adults measure ¾-inch long and are fuzzy, with gold and black stripes and transparent wings. 
Honey bees can often be identified by the balls of yellow pollen they carry on the backs of their 
legs. Honey bees are an important pollinator of many plants.  
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Genus Apis  
Honey bees (or honeybees) are a subset of bees in the genus Apis, primarily distinguished by 
the production and storage of honey and the construction of perennial, colonial nests out of 
wax. Honey bees are the only extant members of the tribe Apini, all in the genus Apis.  
 
Currently, there are only seven recognized species of honey bee with a total of 44 subspecies, 
though historically, anywhere from six to eleven species have been recognized. Honey bees 
represent only a small fraction of the approximately 20,000 known species of bees. Some other 
types of related bees produce and store honey, but only members of the genus Apis are true 
honey bees. As in a few other types of eusocial bees, a colony generally contains one queen 
bee, a fertile female; seasonally up to a few thousand drone bees or fertile males; and a large 
seasonally variable population of sterile female worker bees.  
 
Details vary among the different species of honey bees, but common features include: 
1. Eggs are laid singly in a cell in a wax honeycomb, produced and shaped by the worker bees. 
Using her spermatheca, the queen actually can choose to fertilize the egg she is laying, usually 
depending on what cell she is laying in. Drones develop from unfertilized eggs and are haploid, 
while females (queens and worker bees) develop from fertilized eggs and are diploid. Larvae 
are initially fed with royal jelly produced by worker bees, later switching to honey and pollen. 
The exception is a larva fed solely on royal jelly, which will develop into a queen bee. The larva 
undergoes several moltings before spinning a cocoon within the cell, and pupating. 
2. Young worker bees clean the hive and feed the larvae. When their royal jelly producing 
glands begin to atrophy, they begin building comb cells. They progress to other within-colony 
tasks as they become older, such as receiving nectar 
and pollen from foragers, and guarding the hive. 
Later still, a worker takes her first orientation flights 
and finally leaves the hive and typically spends the 
remainder of her life as a forager. 
3. Worker bees cooperate to find food and use a 
pattern of "dancing" (known as the bee dance or 
waggle dance) to communicate information regarding 
resources with each other; this dance varies from 
species to species, but all living species of Apis 
exhibit some form of the behavior. If the resources 
are very close to the hive, they may also exhibit a 
less specific dance commonly known as the "Round 
Dance". 
4. Honey bees also perform tremble dances which 
recruit receiver bees to collect nectar from returning 
foragers. 
5. Virgin queens go on mating flights away from their home colony, and mate with multiple 
drones before returning. The drones die in the act of mating. 
6. Colonies are established not by solitary queens, as in most bees, but by groups known as 
"swarms", which consist of a mated queen and a large contingent of worker bees. This group 
moves en masse to a nest site that has been scouted by worker bees beforehand. Once they 
arrive, they immediately construct a new wax comb and begin to raise new worker brood. This 
type of nest founding is not seen in any other living bee genus, though there are several groups 
of Vespid wasps which also found new nests via swarming (sometimes including multiple 
queens). Also, stingless bees will start new nests with large numbers of worker bees, but the 
nest is constructed before a queen is escorted to the site, and this worker force is not a true 
"swarm". 
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Honeybees constitute three clades.  
Micrapis, Megapis and Apis 
Africanized honeybee belongs to Apis. Scientific name: Apis mellifera scutellata Lepeletier   
 
Micrapis 
Apis florea and Apis andreniformis are small honey bees of southern and southeastern Asia. 
They make very small, exposed nests in trees and shrubs. Their stings are often incapable of 
penetrating human skin, so the hive and swarms can be handled with minimal protection. Given 
that A. florea is more widely distributed and A. andreniformis is considerably more aggressive, 
honey is –- if at all –- usually harvested from the former only.  
 
Both the bees were generally identified as Apis florae, and most information still relates to this 
species prior to the 1990s. However, the distinctiveness of the two species Apis florea and 
Apis andreniformis was established unequivocally in the 1990s. Apis florea is redder and the 
first abdomen is always red in an old worker (younger workers are paler in color, as is the case 
in giant honey bees); Apis andreniformis is in general darker and the first abdomen segment 
is totally black in old bees. 
 
Megapis 
There is one recognized species in subgenus Megapis. It usually builds single or a few 
exposed combs on high tree limbs, on cliffs, and sometimes on buildings. They can be very 
fierce. Periodically robbed of their honey by human "honey hunters", colonies are easily 
capable of stinging a human being to death when provoked. 
 
 Apis dorsata, the giant honey bee, is native and widespread across most of South and 

Southeast Asia. 
 Apis dorsata binghami, the Indonesian honey bee, is classified as the Indonesian 

subspecies of the giant honey bee or a distinct species; in the latter case, A. d. 
breviligula and/or other lineages would probably also have to be considered species.  

 Apis dorsata laboriosa, the Himalayan honey bee, was initially described as a distinct 
species. Later, it was included in A. dorsata as a subspecies based on the biological 
species concept, though authors applying a genetic species concept have suggested 
it should be considered a species.  

 Essentially restricted to the Himalayas, it differs little from the giant honey bee in 
appearance, but has extensive behavioral adaptations which enable it to nest in the 
open at high altitudes despite low ambient temperatures. It is the largest living honey 
bee. 
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Apis 
Eastern Species 
These are three or four species. The reddish Koschevnikov's bee (Apis koschevnikovi) from 
Borneo is well distinct; it probably derives from the first colonization of the island by cave-
nesting honey bees. Apis cerana, the Eastern honey bee proper, is the traditional honey bee 
of southern and eastern Asia, kept in hives in a similar fashion to Apis mellifera, though on a 
much smaller and regionalized scale. It has not been possible yet to resolve its relationship to 
the Bornean Apis cerana nuluensis and Apis nigrocincta from the Philippines to satisfaction; 
the most recent hypothesis is that these are indeed distinct species but that A. cerana is still 
paraphyletic, consisting of several good species.  
 
European/Western/Common Honey Bee 
Apis mellifera, the most commonly domesticated species, was the third insect to have its 
genome mapped. It seems to have originated in eastern tropical Africa and spread from there 
to Northern Europe and eastwards into Asia to the Tien Shan range.  
 
It is variously called the European, Western or Common honey bee in different parts of the 
world. There are many subspecies that have adapted to the local geographic and climatic 
environment, and in addition, hybrid strains such as the Buckfast bee have been bred. 
Behavior, color and anatomy can be quite different from one subspecies or even strain to 
another.  
 
Regarding phylogeny, this is the most enigmatic honey bee species. It seems to have diverged 
from its Eastern relatives only during the Late Miocene.  
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This would fit the hypothesis that the ancestral stock of cave-nesting honey bees was 
separated into the Western group of E Africa and the Eastern group of tropical Asia by 
desertification in the Middle East and adjacent regions, which caused declines of foodplants 
and trees which provided nest sites, eventually causing gene flow to cease. The diversity of 
subspecies is probably the product of a largely Early Pleistocene radiation aided by climate 
and habitat changes during the last ice age.  
 
That the Western honey bee has been intensively managed by humans since many millennia 
– including hybridization and introductions – has apparently increased the speed of its 
evolution and confounded the DNA sequence data to a point where little of substance can be 
said about the exact relationships of many A. mellifera subspecies.  
 
There are no honey bees native to the Americas. In 1622, European colonists brought the dark 
bee (A. m. mellifera) to the Americas, followed later by Italian bees (A. m. ligustica) and others. 
Many of the crops that depend on honey bees for pollination have also been imported since 
colonial times.  
 
Escaped swarms (known as "wild" bees, but actually feral) spread rapidly as far as the Great 
Plains, usually preceding the colonists. Honey bees did not naturally cross the Rocky 
Mountains; they were carried by ship to California in the early 1850s. 

 

ORCHID BEE EXAMPLE 

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

320

 
 
 
Protection: The applicator’s responsibility 
 
Responsibility for protecting the environment from the possible bad effects of pesticide use 
rests on the applicator.  
 
Preserving the natural variety of our planet by protecting the environment contributes to the 
quality of life. Each plant and animal is part of a complex food chain. If you break one of the 
links then others are badly affected. One vanishing plant can affect up to 30 other species that 
depend on it. This includes insects, higher animals and even other plants.  
 
Applicators may see their normal work as unlikely to affect the environment, but spills and 
leaks while mixing, loading, and transporting, or incorrect disposal can lead to pesticides in 
ground or surface water or in the home of non-target organisms. 
 
Applicators often service parks, schools and other sensitive areas. Applicators have an even 
greater responsibility toward the public because of the indoor use of pesticides. There is a 
greater risk of exposing people to pesticides in these enclosed spaces.  
 
Minimal use of pesticides is the goal in these areas. You need to apply pesticides in a manner 
that will prevent contact with humans and other non-target sites. 
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Bumble bee 

 
BUMBLE BEE EXAMPLE 

 
Bumble Bee 
Large and lumbering, black and yellow bumble bee adults are important pollinators of a variety 
of plants. Measuring up to one inch in length, these fuzzy insects make a loud droning buzz as 
they fly somewhat awkwardly from flower to flower.  Bumble bees nest in soil or leaf litter where 
a single queen lays 8 to 12 eggs in spring.  
 
Emerging workers are able to fly in very cool weather, making them a very valuable pollinator. 
A bumble bee (also spelled as bumblebee) is any member of the bee genus Bombus, in the 
family Apidae. There are over 250 known species, existing primarily in the Northern 
Hemisphere 
 
Habitat 
Bumblebees are typically found in higher latitudes and/or high altitudes; though exceptions 
exist, (there are a few lowland tropical species). A few species (Bombus polaris and B. alpinus) 
range into very cold climates where other bees might not be found; B. polaris can be found in 
northern Ellesmere Island—the northernmost occurrence of any eusocial insect—along with 
its parasite, B. hyperboreus. One reason for this is that bumble bees can regulate their body 
temperature, via solar radiation, internal mechanisms of "shivering" and radiative cooling from 
the abdomen (called heterothermy). Other bees have similar physiology, but the mechanisms 
have been best studied in bumble bees.  
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Nests 
Bumble bees form colonies. These colonies are usually much less extensive than those of 
honey bees. This is due to a number of factors including the small physical size of the nest 
cavity, the responsibility of a single female for the initial construction and reproduction that 
happens within the nest, and the restriction of the colony to a single season (in most species). 
Often, mature bumble bee nests will hold fewer than 50 individuals. Bumble bee nests may be 
found within tunnels in the ground made by other animals, or in tussock grass. Bumble bees 
sometimes construct a wax canopy ("involucrum") over the top of their nest for protection and 
insulation. Bumble bees do not often preserve their nests through the winter, though some 
tropical species live in their nests for several years (and their colonies can grow quite large, 
depending on the size of the nest cavity). In temperate species, the last generation of summer 
includes a number of queens who overwinter separately in protected spots. The queens can 
live up to one year, possibly longer in tropical species. 
 
Colony cycle 
Bumble bee nests are first constructed by over-wintered queens in the spring (in temperate 
areas). Upon emerging from hibernation, the queen collects pollen and nectar from flowers 
and searches for a suitable nest site. The characteristics of the nest site vary among bumble 
bee species, with some species preferring to nest in underground holes and others in tussock 
grass or directly on the ground. Once the queen has found a site, she prepares wax pots to 
store food, and wax cells into which eggs are laid. These eggs then hatch into larvae, which 
cause the wax cells to expand isometrically into a clump of brood cells. 
 
These larvae need to be fed both nectar for carbohydrates and pollen for protein in order to 
develop. Bumble bees feed nectar to the larvae by chewing a small hole in the brood cell into 
which nectar is regurgitated. Larvae are fed pollen in one of two ways, depending on the 
bumble bee species. So called "pocket-maker" bumble bees create pockets of pollen at the 
base of the brood cell clump from which the larvae can feed themselves. Conversely, "pollen-
storers" store pollen in separate wax pots and feed it to the larvae in the same fashion as 
nectar. Bumble bees are incapable of trophallaxis (direct transfer of food from one bee to 
another). 
 
With proper care, the larvae progress through four instars, becoming successively larger with 
each molt. At the end of the fourth instar, the larvae spin silk cocoons under the wax covering 
the brood cells, changing them into pupal cells. The larvae then undergo an intense period of 
cellular growth and differentiation and become pupae. These pupae then develop into adult 
bees, and chew their way out of the silk cocoon. When adult bumble bees first emerge from 
their cocoons, the hairs on their body are not yet fully pigmented and are a greyish-white color. 
The bees are referred to as "callow" during this time, and they will not leave the colony for at 
least 24 hours. The entire process from egg to adult bee can take as long as five weeks, 
depending on the species and the environmental conditions. 
 
After the emergence of the first or second group of workers, workers take over the task of 
foraging and the queen spends most of her time laying eggs and caring for larvae. The colony 
grows progressively larger and at some point will begin to produce males and new queens. 
The point at which this occurs varies among species and is heavily dependent on resource 
availability and environmental factors. Unlike the workers of more advanced social insects, 
bumble bee workers are not physically reproductively sterile and are able to lay haploid eggs 
that develop into viable male bumble bees. Only fertilized queens can lay diploid eggs that 
mature into workers and new queens. 
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Early in the colony cycle, the queen bumblebee compensates for potential reproductive 
competition from workers by suppressing their egg laying by way of physical aggression and 
pheromonal signals. Thus, the queen will usually be the mother of all of the first males laid. 
Workers eventually begin to lay males later in the season when the queen's ability to suppress 
their reproduction diminishes. The reproductive competition between workers and the queen 
is one reason that bumble bees are considered "primitively eusocial". 
 
New queens and males leave the colony after maturation. Males in particular are forcibly driven 
out by the workers. Away from the colony, the new queens and males live off nectar and pollen 
and spend the night on flowers or in holes. The queens are eventually mated (often more than 
once) and search for a suitable location for diapause (dormancy). 

 
MASON BEE EXAMPLE 

 
Mason Bee  
Smaller than a honeybee, mason bees resemble houseflies more than honeybees. They are 
deep blue-black in color and have no stripes. Mason bees are native to North America. They 
are active pollinators between cherry blossom and apple blossom season, and then die out by 
summer. Attract mason bees by providing them a home. Drill holes exactly 5/16-inch in 
diameter into wooden blocks and mount the blocks by cherry blossom season facing morning 
sun.  
 
Species of the genus include the orchard mason bee, Osmia lignaria, the blueberry bee, O. 
ribifloris, and the hornfaced bee, O. cornifrons. The former two are native to the Americas and 
the latter to Japan, although O. lignaria and O. cornifrons have been moved from their native 
ranges for commercial purposes.  
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The Red mason bee, Osmia rufa, is found across the European continent. There are over 300 
species across the Northern Hemisphere, and more than 130 species of mason bees in North 
America; most occur in the temperate regions, and are active from spring through late summer. 
 
Osmia species are usually metallic green or blue, though many are blackish. Most have black 
ventral scopae which are difficult to notice unless laden with pollen. They have arolia between 
their claws unlike Megachile or Anthidium species. 
  
 

 
 
Orchard Bee Not to be confused with Orchid Bee  See Mason Bee 
Osmia lignaria, commonly known as the orchard mason bee or blue orchard bee, is a 
megachilid bee that makes nests in reeds and natural holes, creating individual cells for their 
brood that are separated by mud dividers.  
 
They are unlike carpenter bees in that they cannot drill holes in wood. O. lignaria is a common 
species used for early spring fruit bloom in Japan, Canada, and the United States, though a 
number of species of other Osmia are cultured for use in pollination.  
 
Orchard mason bees, like all mason bees, are very shy and will only sting if the bee believes 
it is in serious danger. It will not attack to defend itself. The stinger itself is actually an egg 
guide. 
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ORCHID BEE EXAMPLE 

 
Orchid Bee Not to be confused with Orchard Bee 
Male orchid bees have uniquely modified legs which are used to collect and store different 
volatile compounds (often esters) throughout their lives, primarily from orchids in the subtribes 
Stanhopeinae and Catasetinae, where all species are exclusively pollinated by euglossine 
males. These orchids do not produce nectar, and hide the pollen on a single anther under an 
anther cap; they are not visited by females. The whole pollinarium becomes attached to the 
male as it leaves the flower. Several flowers from other plant families are also visited by the 
bees: Spathiphyllum and Anthurium (Araceae), Drymonia and Gloxinia (Gesneriaceae), 
Cyphomandra (Solanaceae), and Dalechampia (Euphorbiaceae) contain one or more species 
that attract male euglossines.  
 
The chemicals are picked up using special brushes on the forelegs, transferred from there by 
rubbing the brushes against combs on the middle legs, and finally these combs are pressed 
into grooves on the dorsal edge of the hind legs, squeezing the chemicals past the waxy hairs 
which block the opening of the groove, and into a sponge-like cavity inside the hind tibia. 
 
The accumulated "fragrances" are evidently released by the males at their display sites in the 
forest understory, where matings are known to take place. Although the accumulated volatiles 
have long been believed to serve as a signal to females, female attraction to male odors has 
never been demonstrated in behavioral experiments. The behavior of volatile collection is 
essentially unique in the animal kingdom.  
Single synthetic compounds are commonly used as bait to attract and collect males for study, 
and include many familiar flavorings and odors considered appealing to humans (e.g., methyl 
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salicylate, eugenol, cineole, benzyl acetate, methyl benzoate, methyl cinnamate), and others 
which are not (e.g., skatole).  
 
Neotropical orchids themselves often exhibit elaborate adaptations involving highly specific 
placement of pollen packets (pollinia) on the bodies of the male orchid bees; the specificity of 
their placement ensures that cross-pollination only occurs between orchids of the same 
species.  
 
Different orchid bee males are attracted to different chemicals, so there is also some specificity 
regarding which orchid bees visit which types of orchid. Not all orchids utilize euglossines as 
pollen vectors, of course; among the other types of insects exploited are other types of bees, 
wasps, flies, ants, and moths. The male Eufriesea purpurata is highly unusual in actively 
collecting the insecticide DDT in huge amounts from houses in Brazil, without suffering any 
harm from it. 
  

 

BLUE ORCHID BEE EXAMPLE 
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Cuckoo Bee 
Cuckoo Bees are parasites, in that the female cuckoo bee lays her eggs in the nest of other 
bees, primarily digger bees and Andrenids. Cuckoos are also said to be kleptoparasites, 
stealing honey and pollen collected by others. Cuckoo bees lack any pollen-transporting 
apparatus (the scopa). Look for cuckoo bees flying low over the ground and foliage, hunting 
for foraging and nesting potential victims. 
 
There is also a family of cuckoo wasps which lay their eggs in the nests of potter and mud 
dauber wasps; many types of wasps in various families have evolved similar habits. These 
insects are normally referred to as "kleptoparasites," rather than "brood parasites." The 
distinction is that the term "brood parasite" is generally restricted to cases where the immature 
parasite is fed directly by the adult of the host, and raised as the host's offspring (as is common 
in cuckoo birds). Such cases are virtually unknown in bees and wasps, which tend to provide 
all of the food for the larva before the egg is laid; in only a few exceptional cases (such as 
parasitic bumblebees) will a bee or wasp female actively feed a larva that is not her own 
species.  
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The difference is only in the nature of 
the interaction by which the transfer of 
resources occurs (tricking a host into 
handing over food rather than stealing 
it by force or stealth), which is why 
brood parasitism is considered a 
special form of kleptoparasitism.  
 
The term cuckoo bee is used for a 
variety of different bee lineages which 
have evolved the kleptoparasitic habit 
of laying their eggs in the nests of 
other bees, reminiscent of the 
behavior of cuckoo birds. The name is 
technically best applied to the apid 
subfamily Nomadinae.  
 
Females of cuckoo bees can be easily recognized in almost all cases, as they lack pollen 
collecting structures (the scopa) and do not construct their own nests. They often have 
reduced body hair, abnormally thick and/or heavily sculptured exoskeleton, and saber-like 
mandibles, though this is not universally true, and other less visible changes are common, as 
well. 
 
They typically enter the nests of pollen-collecting species, and lay their eggs in cells 
provisioned by the host bee. When the cuckoo bee larva hatches, it consumes the host larva's 
pollen ball, and, if the female cleptoparasite has not already done so, kills and eats the host 
larva.  
 
In a few cases where the hosts are social species (e.g., the subgenus Psithyrus of the genus 
Bombus, which are parasitic bumble bees that infiltrate nests of non-parasitic species of 
Bombus), the cleptoparasite remains in the host nest and lays many eggs, sometimes even 
killing the host queen and replacing her - such species are often called social parasites, 
though a few of them are also what are referred to as "brood parasites." 
 
Many cuckoo bees are closely related to their hosts, and may bear similarities in appearance 
reflecting this relationship. This common pattern gave rise to the ecological principle known as 
"Emery's Rule". Others parasitize bees in different families, like Townsendiella, a nomadine 
apid, one species of which is a cleptoparasite of the melittid genus Hesperapis, while the other 
species in the same genus attack halictid bees. 
 
The number of times cleptoparasitic behavior has independently evolved within the bees is 
remarkable; C. D. Michener (2000) lists 16 lineages in which parasitism of social species has 
evolved (mostly in the family Apidae), and 31 lineages parasitizing solitary hosts (mostly in 
Apidae, Megachilidae, and Halictidae), collectively representing several thousand species, and 
therefore a very large proportion of overall bee diversity.  
 
There are no cuckoo bees in the families’ Andrenidae, Melittidae, or Stenotritidae, and possibly 
the Colletidae (there are only unconfirmed suspicions that one group of Hawaiian hylaeine 
species may be parasitic).  
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Predatory Mites 
Adult mites are tiny, about half a millimeter in length, and are beige to reddish tan. They 
resemble pest mites but are faster moving and have fewer hairs. Predatory mites are valuable 
predators of pest mites such as spider and citrus mites, and are sold commercially for use on 
house plants, in greenhouses and on orchards and farms.  
 
Predatory mites can provide consistent biological control of pest mites such as the European 
red mite (Panonychus ulmi), (ERM), and two-spotted spider mite (Tetranychus urticae), 
(TSSM). Pure or mixed populations of several predatory mites occur in New York tree and 
small fruit plantings. The most important of these predators are the phytoseiids Typhlodromus 
pyri and Amblyseius fallacis, Metaseiulus occidentalis, another phytoseiid, is capable of 
controlling pest mites, but it occurs only sporadically in New York orchards. Its behavior as a 
predator is similar to A fallacis. Zetzellia mali, a Stigmaeid or yellow mite, can be found in 
almost any orchard in the state, but provides biological control by itself only when ERM 
numbers are relatively low. 
 
The predaceous mites discussed here pass through 
five stages: egg, larva, protonymph, deutonymph, and 
adult. Larvae are six-legged; nymphal stages and 
adults are eight-legged. When on leaves, these mites 
are typically found on the underside near the midrib. 
Eggs are usually laid along or under the midrib or 
other large veins, and quiescent forms are most often 
found there. 
 
Typhlodromus pyri (TP) is common in commercial 
apple orchards. Found primarily on trees, it 
overwinters as a mated adult female in crevices on the 
trunk, branches, and spurs. Adult females emerge 
from overwintering sites on warm, early spring days, 
sometimes before bud break. They can survive and 
reproduce on a diet of pollen, fungi, and plant fluids 
during the early season when animal prey are absent.  
Adults are pear-shaped, minute (slightly smaller than 
an ERM adult), and generally a creamy white color, but because their guts take on color from 
prey, they may appear red or brown. TP move actively over plant surfaces in search of prey. 
 
TP females live approximately 20 days and lay an average of 20-30 eggs. Eggs are pear-
shaped, almost transparent and slightly larger than ERM eggs. TP may begin laying eggs in 
or on flower buds, or inside unopened flowers, as early as tight cluster or pink through bloom. 
After flowers open, TP eggs are laid on the undersides of leaves, hatching in 1-3 days, 
depending on temperature. Larvae are nearly transparent and almost impossible to find without 
the aid of a microscope. As they molt into nymphs, their appearance becomes milky. 
 
Amblyseius fallacis (AF) is virtually identical to TP, so a compound microscope is needed to 
distinguish between them. AF overwinters in trees if prey are available in the fall. It can be 
found in trees as early as bloom, but numbers are often very low until July or August because 
of high winter mortality (greater than TP). AF is also found in orchard ground cover (especially 
broadleaves), but during a single growing season this population has little effect on numbers 
in the trees. 
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AF live nearly as long as TP, but lay twice as many eggs, which are indistinguishable from 
those of TP. Immatures develop in one-third of the time required by TP. AF populations can 
increase rapidly and may overtake and deplete prey populations. In such cases it readily 
migrates to sites with more prey.  
 
Zetzellia mali (ZM) overwinters as a mated female in crevices and under bark. It prefers to feed 
on rust mites, but will prey on eggs and immature stages of ERM and TSSM. It also feeds on 
phytoseiid eggs and is cannibalistic. ZM can survive on pollen, sap, and fungal spores, but will 
not reproduce on this diet. It is slow to explore a tree in search of new prey, so as pest mites 
such as ERM move from older leaves to new feeding sites on younger leaves, they often 
escape ZM predation. 
 
ZM is smaller and less active than the phytoseiids. It is bright yellow, although its gut can take 
on a reddish hue after feeding. ZM eggs are round, bright yellow, and about half the size of 
ERM eggs (ZM usually completes four generations per year. It cannot build up as rapidly as 
the phytoseiids, but its persistence allows it to eventually reach high numbers. 
 
Effective" Predator 
In general, an "effective" predator (1) prefers to feed on the pest species, (2) actively searches 
for its preferred prey, (3) has the reproductive potential to increase its numbers more quickly 
than its prey, and (4) has the ability to persist when prey numbers are low. A predator's 
effectiveness is determined by which traits it exhibits either alone or in combination with 
another species. 
 
Both phytoseiid species prefer to feed on tetranychid mites and actively search for them. Short-
term, AF can better control a large pest mite population than TP. It is voracious and its 
population increases quickly in relation to its prey. When the pest mite population is high, AF 
numbers can overtake the pest population. If it reduces its prey to very low numbers, AF will 
leave in search of more prey. TP does not reproduce as quickly as AF and cannot overtake 
and control an expanding pest mite population, but it can thrive at low prey density. 
  
It remains in trees, surviving on a variety of alternative foods. Once the pest mite population 
has been reduced to a low density, TP will prevent its buildup unless disrupted by the use of a 
pesticide to which it is susceptible. A mixed population of AF and TP is desirable, but alone TP 
provides more consistent pest mite control for a longer time. 
 
ZM by itself is the least likely mite to provide effective biological control. Its preferred prey is 
the apple rust mite and when it does feed on tetranychids, it does not consume many prey. ZM 
does not have AF's potential for rapid population growth and may compete with TP and AF by 
consuming their eggs and competing for common prey.  
 
ZM has many attributes that contribute to biological mite control. It can survive on a variety of 
alternative foods, so while not as efficient a predator as the phytoseiids, ZM can persist for 
long periods without prey and eventually reach densities capable of controlling pest mites. ZM 
can also complement biological control by phytoseiids by feeding on stationary forms of pest 
mites (phytoseiids prefer motile forms), such as overwintering eggs and quiescent immature 
mites. They can also serve as another source of prey. 
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Centipede 
 

 
CENTIPEDE EXAMPLE 

This long (1/2 to three inches) many-legged creature is light brown to black in color and moves 
quickly. Centipedes have only one leg per segment. Millipedes, on the other hand, have two 
per segment. Centipedes prey on pests and insects in the soil including slugs, worms and fly 
pupae. They prefer moist areas in the garden and compost piles.  
 
Centipedes have a rounded or flattened head, bearing a pair of antennae at the forward 
margin. They have a pair of elongated mandibles, and two pairs of maxillae. The first pair of 
maxillae form the lower lip, and bear short palps. The first pair of limbs stretch forward from 
the body to cover the remainder of the mouth. These limbs, or maxillipeds, end in sharp claws 
and include venom glands that help the animal to kill or paralyze its prey.  
 
Centipedes possess a variable number of ocelli, which are sometimes clustered together to 
form true compound eyes. Even so, it appears that centipedes are only capable of discerning 
light and dark, and not of true vision. Indeed, many species lack eyes altogether. In some 
species the final pair of legs act as sense organs similar to antennae, but facing backwards. 
An unusual sense organ found in some groups are the organs of Tömösvary. These are 
located at the base of the antennae, and consist of a disc-like structure with a central pore 
surrounded by sensory cells. They are probably used for sensing vibrations, and may even 
provide a sense of hearing.  
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Forcipules are a unique feature found only in centipedes and in no other arthropods. The 
forcipules are modifications of the first pair of legs, forming a pincer-like appendage always 
found just behind the head.  
 
Forcipules are not true mouthparts, although they are used in the capture of prey items, 
injecting venom and holding onto captured prey. Venom glands run through a tube almost to 
the tip of each forcipule.  
 
Behind the head, the body consists of fifteen or more segments. Most of the segments bear a 
single pair of legs, with the maxillipeds projecting forward from the first body segment, and the 
final two segments being small and legless. Each pair of legs is slightly longer than the pair 
immediately in front of it, ensuring that they do not overlap, and therefore reducing the chance 
that they will collide with each other while moving swiftly. In extreme cases, the last pair of legs 
may be twice the length of the first pair. The final segment bears a telson and includes the 
openings of the reproductive organs.  
 
Centipedes are predators, and mainly use their antennae to seek out their prey. The digestive 
tract forms a simple tube, with digestive glands attached to the mouthparts. Like insects, 
centipedes breathe through a tracheal system, typically with a single opening, or spiracle on 
each body segment. They excrete waste through a single pair of malpighian tubules.  
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TACHNID FLY EXAMPLE 

Tachnid Flies  
Resembling house flies, Tachnid flies are 1/3 to 1/2 inch in length and may be brown, gray or 
black in color. There are many species, many of which are predators of pest caterpillars 
including cutworms, codling moths, tent caterpillars, cabbage loopers and gypsy moth larvae. 
Tachinidae is a large and rather variable family of true flies within the insect order Diptera, with 
more than 8,200 known species and many more to be discovered. There are over 1300 species 
in North America. Insects in this family are commonly called tachina flies or simply tachinids. 
As far as is known, they all are Protelean parasitoids, or occasionally parasites, of Arthropoda. 
Attract these valuable flies by planting flowers and herbs in the Umbelliferae family such as 
dill, parsley and Queen Anne's Lace.  
 
Tachnid flies are extremely varied in appearance. Some adult flies may be brilliantly colored 
and then resemble blow-flies (family Calliphoridae). Most however are rather drab, some 
resembling house flies. However, Tachnid flies commonly are more bristly and more robust. 
Also, they usually have a characteristic appearance. They have three-segmented antennae, a 
diagnostically prominent postscutellum bulging beneath the scutellum (a segment of the 
mesonotum). They are aristate flies, and the arista usually is bare, though sometimes plumose. 
The calypters (small flaps above the halteres) are usually very large. Their fourth long vein 
bends away sharply. 
 
Adult flies feed on flowers and nectar from aphids and scale insects. As many species typically 
feed on pollen, they can be important pollinators of some plants, especially at higher elevations 
in mountains where bees are relatively few. The taxonomy of this family presents many 
difficulties. It is largely based on morphological characters of the adult flies, but also on 
reproductive habits and on the immature stage. 
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Topic 7 - Post Quiz 
Answers at the rear of Glossary 
 
Identify the missing term or word 
 
1.  _____________need warm temperatures and high humidity, so are better suited 
for greenhouses.  
 
 
2.  _______________are a large, cosmopolitan family of beetles, Carabidae, with 
more than 40,000 species worldwide, approximately 2,000 of which are found in 
North America.  
 
 
3.  _____________feed on aphids, mealybugs, scale insects, or spider mites. One 
lady beetle female may eat 2,400 aphids during her life span. 
 
 
4.  ______________These fascinating insects may resemble a tiny scorpion when 
they hold the tip of their abdomen up in the air. They are fast moving and measure 
1/10 to one inch long. 
 
 
5.  The______________, Cantharidae, are relatively soft-bodied, straight-sided 
beetles, related to the Lampyridae or firefly family, but being unable to produce light. 
 
 
6.  _________________This aptly-named, vicious-looking bug is a voracious 
predator of many garden pests including flies, mosquitoes, beetles and large 
caterpillars. 
 
 
7.  _______________  larvae are voracious feeders upon aphids and other small 
insects, insect eggs, and spider mites. Attract them by planting pollen and nectar 
producing flowers 
 
 
8.  ___________________, sometimes called flower flies or syrphid flies, make up 
the insect family Syrphidae. 
 
 
9.  Honey bees (or honeybees) are a subset of bees in the genus________, primarily 
distinguished by the production and storage of honey and the construction of perennial, 
colonial nests out of wax. Honey bees are the only extant members of the tribe Apini, 
all in the genus Apis.  
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10.  One reason for this is that __________ can regulate their body temperature, via 
solar radiation, internal mechanisms of "shivering" and radiative cooling from the 
abdomen (called heterothermy). 
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Topic 8 – Protecting Pollinators Section 
Honeybee Detailed Subsection 
 
Section Focus: The student will be able to understand and describe the common pollinators 
(honeybees) and related subjects. At the end of this section, you will be able to understand 
and describe pollinator protection. There is a post quiz at the end of this section to review your 
comprehension and a final examination in the Assignment for your contact hours.   
 
Scope/Background: Insect pollinators are flower visiting Insects that forage on flowering 
plants to obtain plant-provided food (nectar, pollen). Flower-visiting insects have the potential 
to transfer male gametes (contained in pollen) to the female gametes while foraging, resulting 
in pollination. Insect-mediated pollination is an essential step in reproduction for the majority 
of the world’s flowering plants, including numerous cultivated plant species i.e. Sunflower, 
Cucurbitaceous vegetables, Alfalfa, Coriander, Cardmom, Gingelly, Apple etc. Many crops 
depend on pollination for seed production and fruit set to achieve good yield. Globally, an 
estimated 35% of crop production is a result of insect pollination. 
 

 
 
 
 
In order to adequately protect honey bees from pesticides, there must be a good deal of 
cooperation between applicators, growers, beekeepers, extension workers and government 
officials. The key to this cooperation is constant communication fostered by trust on the part of 
all involved. 
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It should be realized that protecting honey bees from pesticides is often extremely difficult in 
spite of the fact that most of these chemicals are not considered hazardous to bees. There are 
many variables which must be pondered in the decision-making process leading to pesticide 
use. If those which contribute to honey bee safety are given due consideration, application of 
pesticides and protection of honey bees are not mutually exclusive.  
 
Generally it is only when decisions are based on insufficient information and/or made without 
regard to the safety of honey bees that they result in damaging bee colonies. 
 
Since their introduction into the Americas in the late 1950s, Africanized honey bees have 
received a great deal of attention concerning their impact on human welfare.  More often than 
not, Africanized or "killer" bees have been depicted as bloodthirsty beasts out to sterilize their 
expanding habitat of nearly anything that moves.  In reality, research and experience have 
taught us that Africanized honey bees (AHBs) warrant concern but certainly not hysteria, which 
may lead to unwise management decisions. 
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Honeybees  - Apidae Family of Insects 
 
The Apidae are a large family of bees, comprising the common honey bees, stingless bees 
(which are also cultured for honey), carpenter bees, orchid bees, cuckoo bees, bumblebees, 
and various other less well-known groups. The family Apidae presently includes all the genera 
that were previously classified in the families’ Anthophoridae and Ctenoplectridae, and most 
of these are solitary species, though a few are also cleptoparasites. The four groups that were 
subfamilies in the old family Apidae are presently ranked as tribes within the subfamily Apinae. 
This trend has been taken to its extreme in a few recent classifications that place all the existing 
bee families together under the name "Apidae" (or, alternatively, the non-Linnaean clade 
"Anthophila"), but this is not a widely-accepted practice. 
 
The subfamily Apinae contains a diversity of lineages, the majority of which are solitary, and 
whose nests are simple burrows in the soil. However, honey bees, stingless bees, and 
bumblebees are colonial (eusocial), though they are sometimes believed to have each 
developed this independently, and show notable differences in such things as communication 
between workers and methods of nest construction. Xylocopines (the subfamily which includes 
carpenter bees) are mostly solitary, though they tend to be gregarious, and some lineages 
such as the Allodapini contain eusocial species; most members of this subfamily make nests 
in plant stems or wood. The nomadines are all cleptoparasites in the nests of other bees. 
 
Adults measure ¾-inch long and are fuzzy, with gold and black stripes and transparent wings. 
Honey bees can often be identified by the balls of yellow pollen they carry on the backs of their 
legs. Honey bees are an important pollinator of many plants.  
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Genus Apis  
Honey bees (or honeybees) are a subset of bees in the genus Apis, primarily distinguished by 
the production and storage of honey and the construction of perennial, colonial nests out of 
wax. Honey bees are the only extant members of the tribe Apini, all in the genus Apis. 
Currently, there are only seven recognized species of honey bee with a total of 44 subspecies, 
though historically, anywhere from six to eleven species have been recognized. Honey bees 
represent only a small fraction of the approximately 20,000 known species of bees. Some other 
types of related bees produce and store honey, but only members of the genus Apis are true 
honey bees. 
 
As in a few other types of eusocial bees, a colony generally contains one queen bee, a fertile 
female; seasonally up to a few thousand drone bees or fertile males; and a large seasonally 
variable population of sterile female worker bees.  
 
Details vary among the different species of honey bees, but common features include: 
1. Eggs are laid singly in a cell in a wax honeycomb, produced and shaped by the worker bees. 
Using her spermatheca, the queen actually can choose to fertilize the egg she is laying, usually 
depending on what cell she is laying in. Drones develop from unfertilized eggs and are haploid, 
while females (queens and worker bees) develop from fertilized eggs and are diploid. Larvae 
are initially fed with royal jelly produced by worker bees, later switching to honey and pollen. 
The exception is a larva fed solely on royal jelly, which will develop into a queen bee. The larva 
undergoes several moltings before spinning a cocoon within the cell, and pupating. 
 
2. Young worker bees clean the hive and feed the larvae. When their royal jelly producing 
glands begin to atrophy, they begin building comb cells. They progress to other within-colony 
tasks as they become older, such as receiving nectar and pollen from foragers, and guarding 
the hive. Later still, a worker takes her first orientation flights and finally leaves the hive and 
typically spends the remainder of her life as a forager. 
 
3. Worker bees cooperate to find food and use a pattern of "dancing" (known as the bee dance 
or waggle dance) to communicate information regarding resources with each other; this dance 
varies from species to species, but all living species of Apis exhibit some form of the behavior. 
If the resources are very close to the hive, they may also exhibit a less specific dance 
commonly known as the "Round Dance". 
 
4. Honey bees also perform tremble dances which recruit receiver bees to collect nectar from 
returning foragers. 
 
5. Virgin queens go on mating flights away from their home colony, and mate with multiple 
drones before returning. The drones die in the act of mating. 
 
6. Colonies are established not by solitary queens, as in most bees, but by groups known as 
"swarms", which consist of a mated queen and a large contingent of worker bees. This group 
moves en masse to a nest site that has been scouted by worker bees beforehand. Once they 
arrive, they immediately construct a new wax comb and begin to raise new worker brood. This 
type of nest founding is not seen in any other living bee genus, though there are several groups 
of Vespid wasps which also found new nests via swarming (sometimes including multiple 
queens). Also, stingless bees will start new nests with large numbers of worker bees, but the 
nest is constructed before a queen is escorted to the site, and this worker force is not a true 
"swarm". 
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Honey Bees Constitute Three Clades  
 
Micrapis, Megapis and Apis 
Africanized honeybee belongs to Apis. Scientific name: Apis mellifera scutellata Lepeletier.   
 
Africanized honey bees, known colloquially as "killer bees," are hybrids of the African honey 
bee, A. m. scutellata, with various European honey bees such as the Italian bee A. m. ligustica 
and A. m. iberiensis. These bees are far more aggressive than the European subspecies. 
Small swarms of Africanized bees are capable of taking over European honey beehives by 
invading the hive and establishing their own queen after killing the European queen. 
 
Micrapis 
Apis florea and Apis andreniformis are small honey bees of southern and southeastern Asia. 
They make very small, exposed nests in trees and shrubs. Their stings are often incapable of 
penetrating human skin, so the hive and swarms can be handled with minimal protection. Given 
that A. florea is more widely distributed and A. andreniformis is considerably more aggressive, 
honey is –- if at all –- usually harvested from the former only. Both the bees were generally 
identified as Apis florae, and most information still relates to this species prior to the 1990s. 
However, the distinctiveness of the two species Apis florea and Apis andreniformis was 
established unequivocally in the 1990s. Apis florea is redder and the first abdomen is always 
red in an old worker (younger workers are paler in color, as is the case in giant honey bees); 
Apis andreniformis is in general darker and the first abdomen segment is totally black in old 
bees. 
 
Megapis 
There is one recognized species in subgenus Megapis. It usually builds single or a few 
exposed combs on high tree limbs, on cliffs, and sometimes on buildings. They can be very 
fierce. Periodically robbed of their honey by human "honey hunters", colonies are easily 
capable of stinging a human being to death when provoked. 
 
 Apis dorsata, the giant honey bee, is native and widespread across most of South and 

Southeast Asia. 
 

 Apis dorsata binghami, the Indonesian honey bee, is classified as the Indonesian 
subspecies of the giant honey bee or a distinct species; in the latter case, A. d. 
breviligula and/or other lineages would probably also have to be considered species.  
 

 Apis dorsata laboriosa, the Himalayan honey bee, was initially described as a distinct 
species. Later, it was included in A. dorsata as a subspecies based on the biological 
species concept, though authors applying a genetic species concept have suggested 
it should be considered a species. Essentially restricted to the Himalayas, it differs little 
from the giant honey bee in appearance, but has extensive behavioral adaptations 
which enable it to nest in the open at high altitudes despite low ambient temperatures. 
It is the largest living honey bee. 

 
Apis 
Africanized honeybee belongs to Apis. Scientific name: Apis mellifera scutellata Lepeletier.  
Africanized honey bees, known colloquially as "killer bees," are hybrids of the African honey 
bee, A. m. scutellata, with various European honey bees such as the Italian bee A. m. ligustica 
and A. m. iberiensis. These bees are far more aggressive than the European subspecies.  
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Small swarms of Africanized bees are capable of taking over European honey beehives by 
invading the hive and establishing their own queen after killing the European queen. The 
Africanized honey bee is simply a hybrid honey bee, a result of breeding the European honey 
bee, Apis mellifera mellifera, with the African honey bee, Apis mellifera scutellata.  The genetic 
differences in the hybrid Africanized bee make its habits different from those of the domestic 
European honey bee cultured in the United States. 
 
Africanization  
The AHB is the same species of honey bee commonly cultured for honey and wax production 
and for pollination services.  It is a hybrid resulting from crossing a tropical (African) strain and 
a temperate (European) strain of honey bee.  These two strains have been isolated genetically 
for more than 2,000 years.  They have been separated environmentally by more than 70 
degrees of latitude and geographically by the Sahara Desert.  Each strain has developed its 
own particular habits. 
 
 

 
 

Anatomy of a Bee 
Eastern Species 
These are three or four species. The reddish Koschevnikov's bee (Apis koschevnikovi) from 
Borneo is well distinct; it probably derives from the first colonization of the island by cave-
nesting honey bees. Apis cerana, the Eastern honey bee proper, is the traditional honey bee 
of southern and eastern Asia, kept in hives in a similar fashion to Apis mellifera, though on a 
much smaller and regionalized scale. It has not been possible yet to resolve its relationship to 
the Bornean Apis cerana nuluensis and Apis nigrocincta from the Philippines to satisfaction; 
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the most recent hypothesis is that these are indeed distinct species but that A. cerana is still 
paraphyletic, consisting of several good species.  
 
European/Western/Common Honey Bee 
Apis mellifera, the most commonly domesticated species, was the third insect to have its 
genome mapped. It seems to have originated in eastern tropical Africa and spread from there 
to Northern Europe and eastwards into Asia to the Tien Shan range. It is variously called the 
European, Western or Common honey bee in different parts of the world. There are many 
subspecies that have adapted to the local geographic and climatic environment, and in 
addition, hybrid strains such as the Buckfast bee have been bred. Behavior, color and anatomy 
can be quite different from one subspecies or even strain to another. Regarding phylogeny, 
this is the most enigmatic honey bee species. It seems to have diverged from its Eastern 
relatives only during the Late Miocene.  
 
This would fit the hypothesis that the ancestral stock of cave-nesting honey bees was 
separated into the Western group of E Africa and the Eastern group of tropical Asia by 
desertification in the Middle East and adjacent regions, which caused declines of foodplants 
and trees which provided nest sites, eventually causing gene flow to cease. The diversity of 
subspecies is probably the product of a largely Early Pleistocene radiation aided by climate 
and habitat changes during the last ice age.  
 
That the Western honey bee has been intensively managed by humans since many millennia 
– including hybridization and introductions – has apparently increased the speed of its 
evolution and confounded the DNA sequence data to a point where little of substance can be 
said about the exact relationships of many A. mellifera subspecies.  
 
There are no honey bees native to the Americas. In 1622, European colonists brought the dark 
bee (A. m. mellifera) to the Americas, followed later by Italian bees (A. m. ligustica) and others. 
Many of the crops that depend on honey bees for pollination have also been imported since 
colonial times. Escaped swarms (known as "wild" bees, but actually feral) spread rapidly as far 
as the Great Plains, usually preceding the colonists. Honey bees did not naturally cross the 
Rocky Mountains; they were carried by ship to California in the early 1850s. 
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Adult bees measure ¾-inch long and are fuzzy, with gold and black stripes and transparent 
wings. Honey bees can often be identified by the balls of yellow pollen they carry on the backs 
of their legs. Bees are an important pollinator of many plants.  
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Understanding Both AHB and EHB Bee Colony 
 
To understand the threat of Africanized honey bees, it is necessary to know something in 
general about honey bees and their behavior. Honey bees are important beneficial insects and 
we would be in big trouble if they were all suddenly destroyed. Unless a honey bee colony is 
in a location that is close to people, pets or farm animals, it should be left alone.  
 
An additional requirement of a colony is a social pattern or organization, probably associated 
with a “social pheromone.” It causes the bees to collect and store food for later use by other 
individuals. It causes them to maintain temperature control for community survival when 
individually all would perish. Individuals within the colony communicate with each other but not 
with bees of another colony. Certain bees in the colony will sting to repel an intruder, even 
though the act causes their death. All of these, and perhaps many other organizational 
activities, probably are caused by pheromones. 
 
There is no known governmental hierarchy giving orders for work to be done, but a definite 
effect on the colony is observed when the queen disappears. This effect seems to be 
associated with a complex material produced by the queen that we refer to as “queen 
substance.” There also is evidence that the worker bees from 10 to 15 days old, who have 
largely completed their nursing and household duties but have not begun to forage, control the 
“governmental” structure. Just what controls them has not been determined. These and many 
other factors make an organized colony out of the many thousands of individuals. 
 
Biology and Habits of the Honey Bee 
The honey bee undergoes complete metamorphosis, passing through four stages: egg, larva, 
pupa, and adult.  Bees develop into three different castes: workers, queens, and drones.  
 

 
 

Developmental time and longevity vary with each caste and among races.    When honeybees 
emerge as adults, they continue to develop.  At first, their body is soft, but the cuticle hardens 
in about 12-24 hours.  During the next few days, glands and reproductive organs (in the queens 
and drones) develop and mature.   
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Drones produce semen in about 12 days and queens begin to lay eggs about three days after 
mating.  In a typical colony there will be only one laying queen, about 100 – 300 drones, and 
about 20,000 - 60,000 workers. 
 
Virgin Queens  
When mature, virgin queens take a mating flight and mate with 10-15 drones.  In about three 
days, the queen begins to lay eggs.  A queen may lay as many as 1,500 eggs in a single day 
and around 200,000 eggs in a year.  The queen controls whether or not the eggs are fertilized, 
using sperm stored in her spermatheca.  Fertilized eggs develop into females (workers) and 
unfertilized eggs develop into males (drones).  About 99 percent of the eggs laid by a queen 
are fertilized and develop into workers. 
 
The Domicile 
The AHB swarms much more frequently than other honeybees. A colony is a group of bees 
with comb and brood. The colony may either be managed (white hive boxes maintained by 
professional beekeepers) or wild (feral).  A group of bees that are in the process of leaving 
their parent colony and starting a nest in a new location is called a "swarm." Usually a new 
queen is reared to stay with the parent colony and the old queen flies off with the swarm. Scout 
bees often locate potential nest sites prior to swarming, but the swarm may spend a day or two 
clustered in impressive, hanging clumps on branches or in other temporary locations until the 
bees settle on a new nesting site. If they can't find a suitable location, the bees may fly several 
miles and cluster again. 
 
When the swarm emerges from its domicile and settles in a cluster on a tree, certain “scout 
bees” communicate to it the availability of other domiciles. At least some of these domiciles 
may have been located by the scout bees before the swarm emerged. The various scouts 
perform their dances on the cluster to indicate the direction, distance, and desirability of the 
domiciles. Eventually, the cluster becomes united in its approval of a particular site. Then the 
swarm moves in a swirling mass of flying bees to it. Agreement always is unanimous. 
 
When a swarm or combless package is placed in a box, allowed to fly, and supplied with 
abundant food, it builds comb. With a laying queen present, the first comb is “worker” in design, 
with about 25 cells per square inch. As the population of bees grows larger, and after there is 
a considerable amount of worker comb built, comb containing larger cells is constructed. This 
comb, termed storage comb by Langstroth, is used for rearing drones. We have found that 
bees store their first honey all across the top of the combs, utilizing both drone and worker 
cells. 
 
The space between honey storage combs is much more uniform than between brood combs. 
The space left between capped honey cells is usually one-fourth inch or even less – room 
enough for one layer of bees to move. 
 
As the colony ages, the combs that were first used for rearing worker bees may be converted 
to honey storage comb; areas damaged in any way are rebuilt. These changes usually affect 
the bee space and result in combs being joined together with “brace” comb. Strains of bees 
show genetic variation in building these brace combs. All these cells are horizontal or nearly 
so; vertical cells are used for rearing queens.  
 
Why horizontal cells are used for the rearing of brood and for honey and pollen storage, 
whereas vertical cells are built only for queen production, is unknown. 
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As Africanized bees expand into temperate areas, their tropical adaptations are less 
advantageous. Cold weather seems to limit both their defensiveness and overwintering 
capacity. Africanized bees are more defensive in warm tropical regions and less so in cooler 
zones. In South America the bees do not overwinter south of 34 degrees S latitude, which 
corresponds roughly to Atlanta, Georgia. (Please note, however, that Africanized bees are 
found north of this latitude in the American West.) 
 
In areas where their ranges overlap, African- and European-derived bees interbreed, causing 
“hybrid zones” where bees share African and European traits. In Argentina, Africanized bees 
dominate in the northern semitropical regions but European bees dominate in the southern 
temperate areas; the area in between (ca. 32-34 degrees latitude) is a hybrid zone where bees 
have varying degrees of African or European traits. A similar pattern may occur in the United 
States, with African traits dominating in southern regions. 
  

Flight Behavior 
 
When several thousand bees and a queen are placed in new surroundings – which happens 
when the swarm enters its new domicile or a package of bees is installed, or a colony is moved 
to a new location – normal flight of some workers from the entrance may occur within minutes. 
If flowering plants are available, bees may be returning to the hive with pollen within an hour. 
Bees transferred by air from Hawaii to Louisiana and released at 11:30 a.m. were returning to 
the new location with pollen loads within an hour. Package bee buyers in the Northern States 
have noticed similar patterns in bees shipped from the South. 
 
Bee Housecleaning 
Certain waste material accumulates in a normal colony. Adult bees and immature forms may 
die. Wax scales, cappings from the cells of emerging bees, particles of pollen, and crystallized 
bits of honey drop to the floor of the hive. Intruders, such as wax moths, bees from other 
colonies, and predators, are killed and fall to the floor. Worker bees remove this debris from 
the hive. 
 
The cleaning behavior of some strains of bees, associated with removal of larvae and pupae 
that have died of American foulbrood, is genetically controlled by two genes. This discovery is 
important not only because it might help in developing bees resistant to diseases, but also in 
indicating that other behavior characteristics of bees can be genetically modified to suit special 
needs. 
 
Known Pheromone Activity 
Chemicals that bees and other insects produce that influence, or direct, behavior of other bees 
are broadly called pheromones. In honey bees these chemicals are produced by the queen, 
workers, and probably drones. This is an interesting and new area for bee research, as this list 
represents just a beginning. Research has indicated the existence of many other pheromones, 
which are as yet undocumented. If interested in this topic, consult the technical work listed in 
Gary (1974). 
 
Pheromonal bee behavior activity patterns are easily observable. Nassanoff or scent gland 
activity is best seen when a swarm is hived. When the bees first enter the new domicile, some 
bees stand near the entrance and fan. At the same time, they turn the abdominal tip downward 
to expose a small, wet, white material on top of the end of the abdomen. This seems to affect 
the other bees, for within several minutes all will have entered the new hive. When bees find a 
new source of food, they also mark it with the same chemical. 
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Colony Odor 
Colony odor refers to the odor of one colony. Because each colony odor is different, colonies 
cannot be combined into one hive without the bees fighting and killing one another. This odor 
probably results from a combination of endogenous (pheromone or pheromone-like) materials 
and exogenous (food) materials in each hive and seems to be recognizably different for every 
colony. When colonies are to be combined, the beekeeper usually places a newspaper 
between the two sets of bees. By the time the bees have eaten through and disposed of the 
newspaper, their odors have intermingled and become indistinguishable. During heavy honey 
flows, differences between colonies seem to disappear, or be submerged by the scent of 
nectar, and colonies can be united without difficulty. 
 
One of the most interesting and complex pheromones, originally termed “queen substance,” is 
now believed to be a complex of different chemical pheromone compounds which stimulate a 
large number of complex behavior responses. Its presence in virgin queens in flight attracts 
the drone for mating from an unknown distance. Its presence in virgin and mated queens 
prevents the ovaries of the worker bee within the hive from developing and the worker bees 
from building queen cells. It keeps swarming bees near the queen. Its decrease is a cause of 
swarm preparation or supersedure. Queen substance is produced in glands in the queen’s 
head. The alarm or sting pheromone also may be a complex of pheromones. When a bee 
stings, other bees in the immediate vicinity also try to sting in the same place. Smoke blown 
onto the area seems to neutralize this effect. 
 
Colony Morale 
“Colony morale” generally refers to the well-being of the colony. If the morale is good, the bees 
are doing what is desired of them, including increasing the colony population, making honey, 
and pollinating flowers. Many factors affect colony morale. For example, if the queen is 
removed from a colony during a honey flow, the daily weight gains immediately decrease, 
although the bee population for the next 3 weeks is unaltered. Also, when a colony is preparing 
to swarm, the bees practically stop gathering pollen and nectar. Improper manipulations or 
external environment also affects colony morale. A colony has good morale when the 
maximum number of bees are making the maximum number of flights to gather nectar and 
pollen. 
 
The Performance of Colonies 
Genetically, we found that some bees produce more honey than others, but we do not know 
why. The individual bee may collect more because of its own genetic inheritance. The colony 
may store more honey because of the queen’s inherited ability to lay more eggs, resulting in a 
greater total population of bees in the hive, or because the bees are inherently longer lived. 
 
We can affect the bee’s environment in conjunction with its inheritance, and our aim is to have 
good-quality bees and maintain the best colony morale possible. A beekeeper’s disturbance 
of the colony during the honey flow results in a marked decrease in the amount of honey stored 
for that day and even the following day. Colonies of bees should not be needlessly disturbed; 
however, some manipulation associated with many aspects of management is necessary. 
 
Bee behavior toward different plants varies greatly. Some plants are particularly attractive for 
nectar or pollen; others are not. Strains of bees can be genetically selected to visit certain 
plants, and plants can be selected to be more attractive to bees. Attractive nectar or pollen, or 
both, can be important in ensuring pollination of bee-pollinated crops. Nectar and pollen 
availability in plants can be accidentally eliminated by breeding.  
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When this occurs, there is a loss of a potential honey crop, but more important can be the loss 
of a seed or fruit crop because the plant no longer attracts pollinators. If plants such as 
soybeans, which cover enormous acreages, could be made more attractive to bees, honey 
and possibly soybean yields could be greatly increased. 
 
A behavior characteristic of honey bees limits their effectiveness in pollinating some crops. 
Individual bees usually confine their foraging area in a series of trips to the field to a relatively 
small area such as a single fruit tree. On the other hand, the foraging area of a colony may 
comprise several square miles; honey bees flying 2.5 miles in all directions from a single hive 
have access to 12,500 acres. This characteristic and the fact that honey bees distribute 
themselves well over the area within flight range are important in locating and harvesting 
available nectar and pollen. 
 
Control of Foraging 
A major crop pollination goal is to control foraging bees and get them to more effectively visit 
and pollinate crops; conversely, we would like to repel them from areas where there is danger 
from insecticides or where they endanger people. Work with other insects – both social and 
nonsocial – indicates that this might be accomplished someday by chemical and physical 
means. There is considerable evidence that different plant species produce varying attractant 
compounds associated with their nectar and pollen. Bees are highly attracted to the scent of 
recently extracted honeycomb and to the scent of honey being extracted or heated. Obviously, 
chemical scents of certain flowers and to some extent scents incorporated in the collected 
honey are attractive to bees or associated with available food.  
 
Some pollens also contain chemical compounds that stimulate collection response in bees. 
Isolation and identification of these bee-attractive compounds and the application of the 
attractant to plant areas or altering attractants through plant breeding are an area of research 
of potential importance to crop pollination. 
 
Research should not be confined to chemicals alone, but should be shared equally with various 
physical factors that can possibly attract or repel bees. In other entomological fields, research 
on physical methods of controlling insects is receiving intensive investigation. Different insects 
respond in differing ways; they are attracted to certain light wavelengths and repelled by others. 
Night-flying moths are repelled or go into defensive maneuvers because of bat sonar signals, 
whereas crickets and other members of their insect group can be collected by reproducing 
certain stridulations. 
 
Other Methods of Bee Communication 
There are other methods of bee communication besides the one involving chemical 
pheromones. The best known is the “dance” of the returned forager bee so well elucidated by 
von Frisch and his many students, particularly M. Lindaner. 
 
This dance is so precise that it tells other bees not only in which direction to go but also how 
far to fly in search of food. This was the first non-human language to be interpreted. The 
experiments on bee communication by dances were done with dishes of sugar water and not 
under true foraging conditions of bees collecting nectar from plants.  
 
When a returning forager comes back to the hive after finding a highly attractive 100-acre field 
of sweet clover, does she direct bees to the spot she was working or to the whole field? The 
last word in dance communication of bees certainly has not yet been written. 
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Even the most uninitiated are familiar with the soft quiet hum of bees collecting nectar and 
pollen on their foraging trips. In the hive itself, there are many more bee noises or sounds 
which are much more subtle. Experienced beekeepers recognize a difference in sound 
between a colony with a queen and one without. Individual queens and even worker bees emit 
squeaky sounds called “piping” and “quacking.” The bee literature is full of many explanations 
of the causes and meanings of these sounds.  
 
Since these sounds and other hive sounds are now under careful scientific scrutiny, it is really 
premature to say definitely that they have certain defined meanings. This field of interest may 
produce useful information in the future. 
 
According to von Frisch, when a bee returns from a foraging trip and dances, she also 
communicates the kind of “plant” or “flower” on which she was foraging by releasing the 
perfume of the flower through nectar regurgitation or from nectar aroma on body hairs. Again, 
most of these experiments were done with dishes of sugar water impregnated with essential 
oils or plant extracts. These experiments have prompted other experiments that were designed 
to train bees to work desired crops for pollination. These experiments were unsuccessful. The 
reason for the failures may well be that the bee language code has not been completely 
translated. We are still unable to “talk” effectively to the bees and “tell” them what we want 
done. 
 
Von Frisch also discovered that bees recognize and are guided to flowers by different colors 
but are unable to communicate these colors. He also showed that the bee’s eyes are receptive 
to polarized light and that polarization of the light from the sky aids the bee’s navigation. How 
light of different wave lengths or intensity affects what goes on inside a hive is being studied. 
 
Age Levels of Bees Correlated With Work Habits 
The honey bee is adaptable to many environments. Honey bees that were native only to 
Europe, Asia, and Africa have adapted well to all but the polar regions of the world. Part of this 
adaptability lies in the capacity of the individual bee to “sense” what must be done, then to 
perform the necessary duty. Typically an EHB hive will swarm once every 12 months. However, 
the AHB may swarm as often as every six weeks and can produce a couple of separate swarms 
each time. This is important for you to know, because if the AHB swarms more often, the 
likelihood of your encountering an AHB swarm increases significantly.   
 
Regardless of myths to the contrary, Africanized honey bees do not fly out in angry swarms to 
randomly attack unlucky victims. However, the AHB can become highly defensive in order to 
protect their hive, or home. Again, it is now better to consistently exercise caution with respect 
to all bee activity. So keep your distance from any swarm of bees. 
 
The AHB is far less selective about what it calls home. The AHB will occupy a much smaller 
space than the EHB. Known AHB nesting locations include water meter boxes, metal utility 
poles, cement blocks, junk piles, and house eaves. Other potential nesting sites include 
overturned flower pots, old tires, mobile home skirts, and abandoned structures. Holes in the 
ground and tree limbs, mail boxes, even an empty soda pop, could be viewed as "home" to 
the AHB.  
 
The Africanized honey bee is extremely protective of their hive and brood. The AHB's definition 
of their "home turf" is also much larger than the European honey bee. So, try to allow ample 
physical distance between the hive. At least 100 feet, or the width of a four-lane highway, is a 
good distance. The best advice is that if you see a bee hive, start moving away immediately. 
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Under normal conditions, all ages of bees are in the hive and, in general, the bee’s age 
determines its daily activity. In response to special needs of the colony, however, bees are 
capable of altering the division of labor according to age. Young bees feed larvae, build comb, 
and ripen nectar into honey in a rather definite sequence. After about 3 weeks, they become 
field bees. If many field bees are killed by pesticides, young bees go to the field at a younger 
age to get necessary chores accomplished. 
 
Africanized and European Honey Bees 
• Look the same. 
• Protect their nest and sting in defense. 
• Can sting only once. 
• Have the same venom. 
• Pollinate flowers. 
• Produce honey and wax. 
 
Africanized honey bees are less predictable and more 
defensive than European honey bees. They are more 
likely to defend a greater area around their nest. They 
respond faster in greater numbers, although each bee 
can sting only once. 
 
Africanized Honey Bees 
• Respond quickly and sting in large numbers. 
• Can sense a threat from people or animals 50 feet or more from nest. 
• Sense vibrations from power equipment 100 feet or more from nest. 
• Will pursue an enemy 1/4 mile or more. 
• Swarm frequently to establish new nests. 
• Nest in small cavities and sheltered areas. 
 
AHB nest in many locations where people may encounter them. Nesting sites include: empty 
boxes, cans, buckets or other containers; old tires; infrequently used vehicles; lumber piles; 
holes and cavities in fences, trees, or the ground; sheds, garages, and other outbuildings; and 
low decks or spaces under buildings. Remove potential nest sites around buildings. 
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Karl Ritter von Frisch 
 
Karl Ritter von Frisch (20 November 1886 – 12 June 1982) was an Austrian ethologist who 
received the Nobel Prize in Physiology or Medicine in 1973, along with Nikolaas Tinbergen 
and Konrad Lorenz. His work centered on investigations of the sensory perceptions of the 
honey bee and he was one of the first to translate the meaning of the waggle dance. His theory 
was disputed by other scientists and greeted with skepticism at the time. Only recently was it 
definitively proved to be an accurate theoretical analysis.  
 
Bee Perception 
Sense of smell: Frisch discovered that bees can distinguish various blossoming plants by their 
scent, and that each bee is “flower constant”. Surprisingly, their sensitivity to a “sweet” taste is 
only slightly stronger than in humans. He thought it possible that a bee’s spatial sense of smell 
arises from the firm coupling of its olfactory sense with its tactile sense. 
 
Optical perception  
Frisch was to first to demonstrate that honey bees had color vision, which he accomplished by 
using classical conditioning. He trained bees to feed on a dish of sugar water set on a colored 
card. He then set the colored card in the middle of a set of gray-toned cards. If the bees see 
the colored card as a shade of gray, then they will confuse the blue card with at least one of 
the gray-toned cards; bees arriving to feed will visit more than one card in the array.  
 
On the other hand, if they have color vision, then the bees visit only the blue card, as it is 
visually distinct from the other cards. A bee’s color perception is comparable to that of humans, 
but with a shift away from the red toward the ultraviolet part of the spectrum. For that reason 
bees cannot distinguish red from black (colorless), but they can distinguish the colors white, 
yellow, blue and violet. Color pigments which reflect UV radiation expand the spectrum of 
colors which can be differentiated. For example, several blossoms which may appear to 
humans to be of the same yellow color will appear to bees as having different colors 
(multicolored patterns) because of their different proportions of ultraviolet. 
 
Powers of orientation  
Frisch’s investigation of a bee’s powers of orientation were significant. He discovered that bees 
can recognize the desired compass direction in three different ways: by the sun, by the 
polarization pattern of the blue sky, and by the earth’s magnetic field, whereby the sun is used 
as the main compass, with the alternatives reserved for the conditions arising under cloudy 
skies or within a dark beehive.  
 
Polarization pattern  
Light scattered in a blue sky forms a characteristic pattern of partially polarized light which is 
dependent on the position of the sun and invisible to human eyes. With a UV receptor in each 
of the lens units of a compound eye, and a UV filter oriented differently in each of these units, 
a bee is able to detect this polarization pattern. A small piece of blue sky is enough for a bee 
to recognize the pattern changes occurring over the course of a day. This provides not only 
directional but also temporal information. 
 
Variations in the daytime position of the sun: Karl von Frisch proved that variations in the 
position of the sun over the course of a day provided bees with an orientation tool. They use 
this capability to obtain information about the progression of the day deep inside a dark beehive 
comparable to what is known from the position of the sun. This makes it possible for the bees 
to convey always up-to-date directional information during their waggle dance, without having 
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to make a comparison with the sun during long dance phases. This provides them not only 
with alternative directional information, but also with additional temporal information. 
 
Internal clock  
Bees have an internal clock with three different synchronization or timekeeping mechanisms. 
If a bee knows the direction to a feeding place found during a morning excursion, it can also 
find the same location, as well as the precise time at which this source provides food, in the 
afternoon, based on the position of the sun.  
 
Horizontal orientation of the honeycomb: Based on the magnetic field, the alignment of the 
plane of a honeycomb under construction (e.g., the new honeycomb of a swarm) will be the 
same as that of the home hive of the swarm, according to Karl von Frisch. By experiment, even 
deformed combs bent into a circle can be produced. 
 
Sensing the vertical  
The vertical alignment of the honeycomb is attributed by Karl von Frisch to the ability of bees 
to identify what is vertical with the help of their head used as a pendulum together with a ring 
of sensory cells in the neck. 
 
"Dialects" 
The linguistic findings described above were based on Karl von Frisch’s work primarily with 
the Carnica variety of bees. Investigations with other varieties led to the discovery that 
language elements were variety-specific, so that how distance and direction information is 
relayed varies greatly 
 
Dances as language 
Knowledge about feeding places can be relayed from bee to bee. The means of 
communication is a special dance of which there are two forms: 
Round dance 
 
The “round dance” provides the information that there is a feeding place in the vicinity of the 
beehive at a distance between 50 and 100 meters, without the particular direction being given. 
By means of close contact among the bees it also supplies information about the type of food 
(blossom scent). 
 
The foraging bee...begins to perform a kind of “round dance”. On the part of the comb where 
she is sitting she starts whirling around in a narrow circle, constantly changing her direction, 
turning now right, now left, dancing clockwise and anti-clockwise, in quick succession, 
describing between one and two circles in each direction. This dance is performed among the 
thickest bustle of the hive. What makes it so particularly striking and attractive is the way it 
infects the surrounding bees; those sitting next to the dancer start tripping after her, always 
trying to keep their outstretched feelers on close contact with the tip of her abdomen....They 
take part in each of her maneuverings so that the dancer herself, in her mad wheeling 
movements, appears to carry behind her a perpetual comet’s tail of bees.  
 
The Waggle Dance 
The "waggle dance" is used to relay information about more distant food sources. In order to 
do this, the dancing bee moves forward a certain distance on the vertically hanging honeycomb 
in the hive, then traces a half circle to return to her starting point, whereupon the dance begins 
again. On the straight stretch, the bee “waggles” with her posterior. The direction of the straight 
stretch contains the information about the direction of the food source, the angle between the 
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straight stretch and the vertical being precisely the angle which the direction of flight has to the 
position of the sun. The distance to the food source is relayed by the speed of the dance, in 
other words, by the number of times the straight stretch is traversed per unit of time.  
 
The other bees take in the information by keeping in close contact with the dancing bee and 
reconstructing its movements. They also receive information via their sense of smell about 
what is to be found at the food source (type of food, pollen, propolis, water) as well as its 
specific characteristics. The orientation functions so well that the bees can find a food source 
with the help of the waggle dance even if there are hindrances they must detour around like 
an intervening mountain. 
 
As to a sense of hearing, Karl von Frisch could not identify this perceptive faculty, but it was 
assumed that vibrations could be sensed and used for communication during the waggle 
dance. Confirmation was later provided by Dr. Jürgen Tautz, a bee researcher at Würzburg 
University’s Biocenter. Dr. Tautz co-authored a paper on "Immune-Related Proteins Induced 
in the Hemolymph After Aseptic and Septic Injury Differ in Honey Bee Worker Larvae and 
Adults" in Insect Biochemstry and Physiology 69:155–167 (2008). 
 

Prof. Dr. Jürgen Tautz Information 
 
Research interests:  
Our group has its research focus on fundamentals of honeybee biology and specifically onto 
principles of disease resistance in honeybees. Honeybees are ecologically and economically 
most relevant insects. In order to understand how honeybees prevent and fight diseases we 
use a wide scope of technologies. We have introduced a new technology (RFID=Radio 
frequency identification) into the behavioral biology of insects, which now allows a lifelong-
recoding of behavioral data for individual bees  
 
This technology will allow in future to link a complete data set on identified honeybee 
individuals with biochemical and genetics details on the same animals aiming at an 
understanding how the bee-controlled environmental conditions inside the nest may be used 
by the bees to fight diseases. We use methods from animal physiology and behavioral biology 
and to study physical and cognitive abilities in healthy and infected bees. Histological and 
biochemical methods help to survey the hemolymph (“blood”) of healthy and infected 
individuals. PC modeling of colony efficiency is an important tool for the integration of detailed 
experimental results.  
 
"Dialects" 
The linguistic findings described above were based on Karl von Frisch’s work primarily with 
the Carnica variety of bees. Investigations with other varieties led to the discovery that 
language elements were variety-specific, so that how distance and direction information is 
relayed varies greatly. 
 
Other work 
Frisch's honey bee work included the study of the pheromones that are emitted by the queen 
bee and her daughters, which maintain the hive's very complex social order. Outside the hive, 
the pheromones cause the male bees, or drones, to become attracted to a queen and mate 
with it. Inside the hive, the drones are not affected by the odor. 
  

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

358

 
 

Commonly found public notice. 
 
Africanized honey bees (Apis mellifera scutellata) and European honey bees (Apis m. 
mellifera) are the same species - they look the same, sting in defense of themselves or their 
nest, can only sting once, and have the same venom. Africanized honey bees are slightly 
smaller (but because the bees look so much alike only a laboratory analysis can tell them 
apart).  
 
They also differ in that they respond more quickly and more bees sting, can sense a threat 
from people or animals 50 feet or more from their nest, sense vibrations from power equipment 
100 feet or more from their nest, may pursue a victim 1/4 to 1/2 mile, remain agitated for an 
hour or more after an attack, swarm frequently to establish new nests, nest in smaller cavities 
and sheltered areas, and move their entire colony readily (abscond) if food is scarce.  
 
Away from the hive, however, they are no more defensive than other bees or wasps. They will 
not form large swarms and hunt for you. 
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Behavior Activities of Bees Topic 
 
The Drones 
The time of day that drones fly in search of a mate depends on many factors, such as the 
geographic location, day length, and temperature. Drones usually fly from the hive in large 
numbers between 11 a.m. and 4:30 p.m. Morning or early afternoon flights may last 2 or 3 
hours. Later flights are shorter. When out of the hive, drones congregate in “mating areas,” 
which may serve to attract virgin queens. These areas usually are less than 100 feet from the 
ground and seem to be associated with land terrain. 
 
The Queen 
The virgin queen becomes sexually mature about 5 days after emergence. She is relatively 
quiet in the morning and most active in the afternoon. She may begin her mating flights 5 or 6 
days after emergence and go on a number of flights over several days. Mating with 8 to 12 
drones will stock her spermatheca with 6 million to 7 million sperm. She will begin to lay eggs 
in 2 to 5 days and may continue for years.  A young, fully mated queen rarely lays drone eggs 
before she is several months old. After that time, she controls the sex of the offspring by laying 
either fertilized or non-fertilized eggs. 
 
Worker bees occasionally kill their queen. More frequently, they will kill a newly introduced or 
virgin queen. To do this, 15 or 20 worker bees collect about her in a tight ball until she starves. 
Generally, it has been thought that bees “balled” strange or introduced queens because they 
did not have the proper “colony” odor. The reason for balling is probably more complicated 
than that, because bees occasionally will ball their own queen. Even if the ball is broken up, 
the queen seldom survives and the stimulus is powerful enough that the bees taking part in 
the queen balling are sometimes subsequently balled by other bees. 
 
The first bee laws in the United States were enacted in 1883 to establish methods for control 
of bee diseases. Today, 49 States provide apiary inspection services for disease abatement. 
Bee diseases cause considerable expense to the States for the cost of maintaining apiary 
inspection service, as well as considerable losses to the beekeepers for the cost of colonies 
damaged or destroyed and for the drugs fed to prevent bee diseases. In addition, far greater 
losses result from reduction in honey and beeswax production and insufficient bees for 
pollination. It is apparent, therefore, that both beginning and advanced beekeepers should 
learn to recognize and control bee diseases. 
 
Cause of Stinging Bees or Temper 
The term “temper” of bees refers to their inclination to sting. Many factors influence the temper 
of bees, and it is a difficult subject to study. Environment of the hive and manipulation by an 
individual beekeeper certainly influence temper responses of bees. Temper is probably 
influenced tremendously by the genetics or inheritance of the bee as well as the environment. 
The Brazilian or Africanized bee is thought to be more genetically prone to sting than bees in 
the United States. 
 
Temper of bees commonly has been controlled with smoke. Just why and how smoke affects 
bees is unknown, even though it has been used by beekeepers worldwide for hundreds of 
years. Furthermore, instructing beginners and novices exactly when and how to use smoke on 
bees is almost impossible. It is something that is learned from experience. 
 

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

360

The following brief instruction might help beekeepers with limited experience: Smoke the 
entrance gently enough to force guard bees inside, raise cover, smoke gently. Smoke bees 
only when they fly up from combs toward hands and face. Move slowly and deliberately. Break 
propolis seals between hive bodies and frames slowly and evenly. 
 
Don’t jar or bump combs and bees. During cold weather, propolis joints snap when pried apart 
unless care is taken. If combs are kept clean of propolis and burr and brace comb and if care 
is taken not to crush bees when moving combs and supers, they can be kept quite gentle. 
 
Great care should be exercised in the placement of colonies of bees so that they cannot 
become a nuisance to friends and neighbors. Bees visiting nearby fishponds, swimming pools, 
and stock-watering troughs can be a real nuisance as well as dangerous to people and 
animals. Springtime flight of bees voiding feces and spotting laundry hanging on a line or a 
new car is irritating. Good public relations are important for beekeepers. Talk to your neighbors 
about the importance of bees in the community and country at large. Help them to understand 
that your bees and others are responsible for important pollination and share some honey with 
them occasionally. 
 

 
 

A Worker bee with a collection of pollen. 

 
What is Killing Honeybees? 
 
The honeybees may have been especially vulnerable to the varroa epidemic. When the honeybee 
genome was sequenced a few years ago, researchers discovered fewer immune-system genes 
than you'd find in other insects. This is despite the fact that the honeybee lives in tenement like 
conditions, anywhere between 15,000 and 30,000 of them crammed into a hive the size of a filing 
cabinet. To make matters worse, a weakened hive often becomes the target of honey-raiders 
from healthier colonies, which only helps the parasites to spread. It's possible that if the American 
honeybees had been left to their own devices, they would have died off in epic numbers and then 
evolved natural defenses against varroa (like more effective grooming), as they did in Asia. But 
crops had to be pollinated and no one had the time to sit around and wait.  
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Habit Summary                 
 
The honey bee undergoes complete metamorphosis, passing through four stages: egg, larva, 
pupa, and adult.  Bees develop into three different castes: workers, queens, and drones.  

 
Developmental time and longevity vary with each caste and among races.   When honey bees 
emerge as adults, they continue to develop.  At first their body is soft, but the cuticle hardens in 
about 12-24 hours.  During the next few days, glands and reproductive organs (in the queens and 
drones) develop and mature.   
 
Drones produce semen in about 12 days and queens begin to lay eggs about three days after 
mating.  In a typical colony there will be only one laying queen, about 100 – 300 drones, and 
about 20,000 - 60,000 workers. 
 
Virgin Queens  
When mature, virgin queens take a mating flight and mate with 10-15 drones.  In about three 
days, the queen begins to lay eggs.  A queen may lay as many as 1,500 eggs in a single day and 
around 200,000 eggs in a year.  The queen controls whether or not the eggs are fertilized, using 
sperm stored in her spermatheca.  Fertilized eggs develop into females (workers) and unfertilized 
eggs develop into males (drones).  About 99 percent of the eggs laid by a queen are fertilized and 
develop into workers. 
              
Swarming  
Swarming is the natural means of honey bee dispersion.  A new honey bee colony is established 
after a swarm leaves an established colony to seek a new location.  A swarm consists of the old 
queen and about half the bees from the old colony.  The swarm flies from a few to several hundred 
yards and lands on a low-hanging tree limb or other structure.   
 
From there, scout bees seek out a suitable area to establish a new colony.  Swarms may stay in 
their temporary location from a few hours to a few days.  It is during this time that bee swarms 
may be hived by beekeepers and managed for honey and wax production. 
 
Absconding  
Absconding is a behavioral trait of all honey bees.  It is much more common in the AHB than in 
the EHB.  Absconding occurs when all the adult bees, including the queen, workers and drones, 
leave the old nest and relocate to a new site.  Absconding is usually the result of a severe 
disturbance, such as predator activity, flooding, starvation, or other major stress.  Absconding 
bees may travel 30-50 miles before finding a suitable nest site.  Long flights may have to be 
interrupted several times to forage for food. 
 
Food Gathering  
Worker bees forage for nectar, pollen, propolis, and water.  They bring these raw materials back 
to the colony for use or storage.  Nectar is converted from sucrose, a complex sugar, into fructose 
and glucose, simple sugars, by enzyme activity in the bee's "honey stomach."  Then it is 
dehydrated from 60 to 65 percent water to the 17 to 20 percent water found in ripe honey.  
 
Worker bees also forage for propolis, often called "bee glue."  Propolis is a mixture of tree resins 
and bee wax.  It is used to secure and seal cracks and crevices within the colony. Water is 
collected by foragers and has three important functions in the colony: to dilute thick honey, to 
maintain the desired humidity in the hive, and to maintain the proper temperature. 
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Defensive Behavior  
Stinging is a defensive behavior.  Virtually all defensive behavior is in the immediate vicinity of 
the hive.  Away from the hive, bees literally have to be forced to sting.  Swarming bees are rarely 
defensive and do not sting unless provoked.  However, "hunger swarms" or absconding bees are 
usually very defensive and are frequently the cause of stinging incidents.   
 
A bee's stinger is barbed so that when it stings, the stinger, poison sac, surrounding muscles and 
nerves are torn from its body.  Thus, a bee can sting only once, after which it soon dies.   
 
After the bee has departed, the stinger will continue to pump venom until it dries up.  An alarm 
pheromone (odor) is also released that will attract other bees to the area and prompt an 
aggressive response, thus increasing the chances of additional stinging.  The alarm pheromone 
response is one of the biggest factors in the AHB's excessive stinging characteristic.  
 
Stimuli that have a tendency to increase the defensive behavior of bees include sudden and rapid 
movements, jarring or bumping hives or frames, vibrations and noise such as operating lawn 
mowers or tractors, odors (both good and bad), and dark colors.  Bees are also more defensive 
in cooler, cloudy weather. 
 
Several basic differences exist between the activities and habits of temperate honey bees 
(European strains) and tropical honey bees (the Africanized strain).   
 
The Africanization of the Honey Bee  
The Africanized honey bee is simply a hybrid honey bee, a result of breeding the European honey 
bee, Apis mellifera mellifera, with the African honey bee, Apis mellifera scutellata.  The genetic 
differences in the hybrid Africanized bee make its habits different from those of the domestic 
European honey bee cultured in the United States. 
 
Africanization  
The AHB is the same species of honey bee commonly cultured for honey and wax production and 
for pollination services.  It is a hybrid resulting from crossing a tropical (African) strain and a 
temperate (European) strain of honey bee.  These two strains have been isolated genetically for 
more than 2,000 years.  They have been separated environmentally by more than 70 degrees of 
latitude and geographically by the Sahara Desert.  Each strain has developed its own particular 
habits. 
 
Honey Bee Breeding  
For more than 300 years honey bees have been bred in the Americas.  Honey bee breeding 
programs have used genetic material from all over the world, including Africa, but have 
concentrated mostly on European strains.  Desired characteristics include winter hardiness, 
tendency not to swarm, gentleness, low drone production, and other valuable traits.  
 
The African strain of the honey bee is a tropical bee and has been selected by nature more than 
by man.  African bee strains tend to be more defensive, swarm more often, and don't conform as 
well to our "American" bee management practices. 
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Brazilian Bee Breeding Program  
 
In 1956, a Brazilian researcher went to Africa in search of new genetic material for the Brazilian 
bee breeding program.  Temperate bees do not adapt well to conditions in Brazil, so researchers 
were looking for a bee that would survive and be more productive in Brazil's tropical climate.  A 
total of 170 African queens were collected and sent to Brazil.  Of these, 48 survived the trip and 
were introduced into colonies at the research station in São Paulo.   
 
In 1957, queen excluders were accidentally removed from the entrances of 26 colonies.  These 
colonies soon swarmed and established feral colonies in the area. The breeding program 
continued into the 1970s, with African bees and hybrid queens being widely distributed among 
beekeepers in southern Brazil.  Brazilian scientists recognized the problems with the AHB and 
proposed management practices that would alleviate them.  A survey of beekeepers showed that 
some had quit the business due to difficulties in managing these bees.  Among beekeepers 
remaining in business, there was a preference for the AHB because of its high productivity. 
 
Once released into nature, the AHB spread throughout Brazil by swarming and absconding.  It 
moved south to about 32 degrees latitude.  It continued its spread northward, through Central 
America and Mexico at 200-300 miles a year, reaching Panama in 1980, Mexico in 1985, and the 
United States in 1990 (Figure 1). 

 
 
In advance of the natural spread of the AHB, numerous "man-assisted" swarms were detected 
in the United States.  The man-assisted AHB swarms occurred as early as 1979 and as far north 
as Baltimore, MD, and Strong Point, NY.  Upon detection, these swarms were eliminated, thus 
preventing the establishment of the AHB in the United States at that time.  
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Use, Handling, and Storage: The applicator’s responsibility — 
 
It is the applicator’s job when applying or handling pesticides to follow all label instructions and 
requirements. The applicator must apply without causing harm to the environment, human life, 
non-target animal life or plant life. 
 
The applicator should READ THE LABEL. They must understand what personal protective 
equipment (PPE) is, how and why it is used in order to perform a safe application. Remember 
THE LABEL IS THE LAW! 
 
An example of PPE would be long pants. Long pants protect the legs of an applicator from 
dermal (skin) exposure.  
 
Storage requirements for pesticides are on the label as well as additional requirements by the 
USEPA and the State. 
 
The ability of applicators to correctly use and maintain their application equipment is a very 
important process. A variety of baits, applicators, sprayers, dusters and other devices are used. 
Choosing the proper equipment is very important.  
 
Knowing both when and how to apply pesticides requires a high level of competency 
(knowledge). 
 
High quality and dependable equipment is a necessity for pest control. Equipment used on a 
regular basis requires cleaning, calibration, and repair. Applicators are responsible for keeping 
their equipment in working order. 
 
For an applicator to perform high quality and effective applications, he must seek uniform 
coverage as much as possible. An applicator loses control of the pesticide once released from 
the equipment. The pesticide becomes part of the environment into which it has been released. 
 
It may both alter or be altered by the environment. In spite of how careful and exact the applicator 
is in the placement of the pesticide, some of it may not reach the target. The amount of pesticide 
lost could depend on the application situation and the pesticide. 
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Mechanical Control: Removing bees without bee poison 
 
Killing bees with bee traps.  
One of the most common traps used to kill bees with is the bottle trap. To make one, get an empty 
two liter soda bottle, remove the lid, cut the top off the bottle at the point where the neck starts to 
slant inward, turn the top upside down and place it into the bottle so that the two cut surfaces are 
flush, and secure it there with staples, tape, or both. Once the bee trap is made, pour in a couple 
inches of something sweet like fruit juice or Mountain Dew, add a couple drops of liquid dish 
detergent, set your trap out, and watch as bees fly in and die because they're too stupid to get 
back out. 
 
Remove bees from the house with a vacuum cleaner.  
Unless you have a thousand bees swarming your face, the vacuum cleaner is a great way to get 
rid of bee pests that are in the house. Simply use the hose attachment and suck them into oblivion. 
 
Use a cardboard box for bee swarm removal.  
Bee swarms are often found at rest on the ends of tree branches. In order to take care of this 
problem, some people, who are far braver than I, will take a large cardboard box out to the swarm 
site in the early morning when the bees are sluggish, open the box and set it below the swarm, 
quickly jerk the bees' branch up and down a few times to shake them into the box, and quickly 
close the lid. After checking the branch over really well to make sure the queen is not still on it, 
the bees are then relocated. 
 
Biological Control: Natural ways to relocate or exterminate bees 
Contact a local beekeeper. If you have a colony of honeybees and you want it gone, put some 
effort into finding someone to come and take them off your hands before killing bees or calling 
the bee exterminators to do it for you. These days, considering the severity of Colony Collapse 
Disorder, there's a good chance that some local beekeeper will be more than happy to come and 
supply you with free bee removal services. 
 
Get rid of ground bees with a sprinkler. Quite often ground bees can be gotten rid of simply by 
spraying them with water. Connect a sprinkler to your garden hose, set it up next to where the 
bees are living, and let the fun begin.  
 
Repel carpenter bees with almond oil. During the day, when the bees are out and about, plug 
their holes and spray the structure they're drilling into with almond oil. Almond oil is a natural bee 
repellent. 
 
Soap and water kills bees. To exterminate bees nesting in the ground, all you need is some 
buckets, some warm water, and some liquid dish detergent. Fill a few buckets with some nice, 
warm, soapy water (exact measurements aren't really needed; just be generous with the soap), 
and dump the soap water down their holes. If you want to dispatch a bee swarm, exact 
measurements are a little more important but only because you will be using a sprayer and 
wanting it to spray properly. Mix a 2% water to soap solution (about 1/3 cup soap to 1 gallon 
water), and spray away. 
 
Boric acid is a natural bee insecticide. This effective bee killer is a dust that sticks to the legs 
and bodies of bees. Once on their legs and bodies, bees unwittingly carry it into their hives or 
nests and poison the rest of the colony. Sprinkle boric acid on the ground around ground nesting 
sites, at the entrances of hives and nests, or, when dealing with honeybees in the walls, directly 
into hives via holes drilled through the wall and into the side of the hive. 
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Pyrethrins are another natural bee pesticide. Pyrethrins, bee killers derived from the flowers 
of the chrysanthemum, work quite well as a spray for controlling bee populations. Pyrethrins are 
not generally used to destroy entire bee colonies. Instead, as they only kill the bees that get 
sprayed directly, pyrethrins are usually just used to keep populations from getting too out of hand. 
Microcare Aerosol is a good brand. 
 
There are ways to avoid a bumble bee problem: 

 Clean up yard of unwanted mulch or other such organic debris.  
 When working in flower beds, gardens, etc. or when cleaning up other such areas 

around the home, be cautious when dealing with any flat board, stone, bricks, etc. as 
these are the most likely sites for a nest.  

 Remove flat items that could provide a nesting site for bees: boards, plywood, other 
loose building materials, tarps or other junk.  (This will not only reduce the chances of 
bumble bees nesting too close to house, children or pets but will also make your garden 
look nicer.)  

 Flat rocks, stones or bricks should be removed unless they are part of a pathway or 
other decoration.  Examine the ground beneath stones or brick for possible mouse holes 
which need to be filled in.  Check these items to make sure that they are packed down to 
make good contact with the ground.  

 If you find a nest, it is best to leave it alone and let the drones and workers die off during 
the winter.  Use this option only when you are positive that children, pets or workers in 
the area are not at risk of being stung by the bees. 
Foraging bees are extremely beneficial and want nothing to do with people or pets; 
encounters with bees in and around their nest can be harmful to people and pets.  

 
When people come into contact with an active nest there are only two alternatives: 

1. Leave the nest alone and let nature run its course.  
2. Eliminate the bumble bee nest when its location is potentially harmful to people or pets.  

As beneficial as bumble bees are, they are indeed a pest when the location of their nest causes 
stings to people. 
 
Eliminate Bumble Bee Nests 
When the location of a bumble bee nest dictates elimination for safety's sake, certain products, 
techniques and timing are essential.  Using the wrong pest control products or using any control 
products during the peak of bee activity are major mistakes you want to avoid.  For instructions 
on how to get rid of bumble bees that have become a hazard, see Bumble Bee Control; How to 
Kill Bumble Bees If They Become a Pest.  The control article will give you choices of products for 
different locations of bumble bee nests. 
 

 
  

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

367

Bumble Bee Control 
 
How to Kill Bumble Bees If They Become a Pest 
These flying, stinging insects are usually considered beneficial and should be left alone.  In most 
cases, their benefits far outweigh the dangers they may present.  This article addresses problems 
where the bees have become pests, usually due to the location of their nests. 
 
Chemical and non-chemical controls should both be considered.  Non-chemical control mainly 
consists of prevention methods.  Pesticide-free control of bumble bees is discussed on the 
bumble bee information page. 
 
When the location of a bumble bee nest dictates elimination for safety's sake, certain products, 
techniques and timing are essential.  Using the wrong pest control products or using any control 
products during the peak of bee activity usually results in failure to control the pests and (very 
often) being stung by angry bees. 
 
First, there is timing to consider.  Stinging insects such as bees, wasps, hornets or yellow jackets 
tend to be very active in daylight hours and rest (in their nests) after sundown.  If you treat an 
active nest in daylight hours there are two possible bad results: you are at much greater risk of 
being stung and will not kill as many bees with initial application.  Once you have located the nest, 
make note or mark the area so that you can find the nesting area at dusk or in the darker hours. 
 
During daylight hours, bees are busy foraging for all of the colony's needs.  Treating the nest 
during these hours will kill a few bees.  Workers returning to the nest are exposed to the treatment 
but the treatment will not be as fast or as effective.  Early evening treatment will catch the majority 
of the workers in the nest, trapped and unable to escape safely. 
 
Nests located beneath loose objects (mulch, grass clippings) or covered by over-grown grass and 
weeds are treated differently than those that simply lie beneath a brick, stone or other similar 
object. 
 
If a bumble bee nest is located in an over-grown area, do not use lawn mowers or other motorized 
grass and weed trimmers before the bumble bee nest has been neutralized!   
The sound of such machinery will stir up and agitate the colony into attack mode. First eliminate 
the nest, and then finish your landscaping chores.  There are two basic methods for treating 
bumble bee nests.  Read this entire section before deciding on methods and products 
needed.  Most people will need only one type of bee control; others may have such a severe 
problem that a combination of these two methods might be needed. 
 
Treating Nests beneath Grass, Mulch     
Treating nests in covered or over-grown areas is best done by first broadcasting an insecticide 
over the area.  This is especially important when the entrance hole is not visible due to loose 
materials.  The area should be fairly well drenched both on and around the suspected entrance 
to the nest.  Products containing Cypermethrin work well for this job.  Cypermethrin is available 
in both liquid and wettable powder concentrates.   
 
Either formulation can be used; Demon EC, Cynoff EC are professional liquid concentrates and 
Demon WP, Cynoff WP are professional wettable powder concentrates. 
 
Once you have sprayed the area (or areas), make note of the bumble bee population over the 
next 10 to 14 days.  A repeat application might be necessary.  If you think that you are dealing 
with multiple nests, pushing an insecticide dust into the entrance holes might also be necessary.   
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This is especially important during the time of year when there could be many bee grubs or larvae 
that will soon be hatching out, producing even more worker bees.  Dusting bee colonies is 
discussed in the section where elimination of underground bee nests is explained. 
 
Dust and wettable powder pesticides tend to be more hazardous to bees than solutions or 
emulsifiable concentrates for contact pesticides. Actual damage to bee populations is a function 
of toxicity and exposure of the compound, in combination with the mode of application.  
 
A systemic pesticide, which is incorporated into the soil or coated on seeds, may kill soil-dwelling 
insects, such as grubs or mole crickets as well as other insects, including bees that are exposed 
to the leaves, fruits, pollen, and nectar of the treated plants 
 
Pesticides 
Pesticides can affect honey bees in different ways. Some kill bees on contact in the field; others 
may cause brood damage or contaminate pollen, thus killing house bees. Before dying, poisoned 
bees can become irritable (likely to sting), paralyzed or stupefied, appear to be 'chilled' or exhibit 
other abnormal behavior. Queens are likely to be superseded when a colony is being poisoned. 
Sometimes solitary queens, banished as if they were somehow "blamed" for poisoning, may be 
found near a colony. These symptoms are not always distinct and they cannot be taken as definite 
signs of pesticide poisoning. Many chronic management problems such as starvation, winter kill, 
chilled brood or disease may result in the same symptoms. Often these problems may be caused 
by pesticides in an indirect manner. So it is difficult in many instances to categorically state that 
bees have been poisoned. 
 
Only one readily recognized symptom is good evidence of pesticide damage; the presence of 
many dead or dying bees near a colony's entrance. In a short period of time, however, these dead 
bees may dry up and the remains be blown away and eaten by ants or other scavengers. A 
beekeeper, therefore, who visits his yards only occasionally may not see these dead bees and 
thus not be aware that his colonies have been poisoned.  
 
Most major bee poisoning incidents occur when plants are in bloom. However, bees can be 
affected in other circumstances as well. Keep the following suggestions in mind when applying 
pesticides. Use pesticides only when needed: Foraging honey bees, other pollinators, and insect 
predators are a natural resource and their intrinsic value must be taken into consideration. 
Vegetable, fruit, and seed crop yields in nearby fields can be adversely affected by reducing the 
population of pollinating insects and beneficial insect predators. It is always a good idea to check 
the field to be treated for populations of both harmful and beneficial insects. 
 
Do not apply pesticides while crops are in bloom: Insecticide should be applied only while target 
plants are in the bud stage or just after the petals have dropped.  
 
Apply pesticide when bees are not flying: Bees fly when the air temperature is above 55-60°F 
and are most active from 8 a.m. to 5 p.m. Always check a field for bee activity immediately before 
application. Pesticides hazardous to honey bees must be applied to blooming plants when bees 
are not working, preferably in the early evening. Evening application allows time for these 
chemicals to partially or totally decompose during the night. 
 
Do not contaminate water: Bees require water to cool the hive and feed the brood. Never 
contaminate standing water with pesticides or drain spray tank contents onto the ground, creating 
puddles. 
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Use less toxic compounds: Some pest control situations allow the grower-applicator a choice 
of compounds to use. Those hazardous to honey bees must state so on the label. Select other 
materials or vary dosages, based on the honey bee mortality predictor model to be discussed in 
a later section of this publication. When in doubt, consult your County Agricultural Extension Agent 
for details, recommendations and further information about the toxicity of specific compounds to 
honey bees. Use less toxic formulations:  
 
Notify beekeepers: If beekeepers are notified in advance of application, colonies can be moved 
or loosely covered with burlap or coarse cloth to confine the bees and yet allow them to cluster 
outside the hive under the cloth. Repeated sprinkling each hour with water prevents overheating.  
Never screen or seal up colonies and do not cover with plastic sheeting. This can result in 
overheating, leading to bee suffocation and death. Law requires every apiary or bee yard to be 
plainly marked with the owner's name, address and telephone number.  
 
Besides bumble bees, any of these products can be used for general purpose pest control in and 
around the home.   
 
Liquid concentrates are more cost effective for this particular job.  If you are positive that you are 
dealing with only one nest, a 4-ounce bottle of Cypermethrin concentrate may be all that you will 
need, especially if you have no other pest control needs. Pump type sprayers can be used for this 
type of pest control job but most people feel safer using a hose end sprayer.  A hose end sprayer 
will give you the ability to treat the targeted area from a better distance and will also provide a 
more thorough soaking of the nest area.  When using a hose end sprayer, liquid concentrate 
insecticides work better than wettable powder concentrates.  The type and amount of loose 
materials covering the entrance to the nest will dictate the amount of spray needed.  If cover is 
heavy, more than one application is often called for. Always follow the label instructions. 
 
There are three different sizes of liquid concentrate Cypermethrin: 4 ounces, 16 ounces, and 32 
ounces.  If you do not intend on doing your own general household pest control, you will usually 
not need the larger containers.  Only when there is a great deal of landscape area to deal with 
will you need larger volumes of liquid insecticides.  In this case, Demon Max (Demon EC) is your 
best bet.  For smaller jobs, buy one or two 4 ounce bottles of Cypermethrin. Always follow the 
label instructions. 
 
Keep pets and children off of any treated area until the area has been allowed to dry 
thoroughly.  Once dry, the area will be safe for re-entry - unless bumble bees are still noted flying 
in the area.  Bumble bees do not always die as quickly as we would like; they are tough and 
stubborn. Always follow the label instructions. 
 
Treating Nests beneath Rocks, Tarps, Decks 
When the entrance to a bumble bee nest is easy to locate and is not covered with tall grass or 
mulch, the best control method is dusting.  A professional grade insecticide dust is formulated 
with tiny particles that will float through the targeted area, almost like smoke.  When properly 
applied into the nest entrance hole with a good hand bellows duster, the dust will travel deep into 
the nest. 
 
Choosing Pest Products 
There are two different dusts that will work: Drione Dust and Delta Dust.  The advantage of Drione 
Dust is that it has a very fast knock-down or kill of targeted pests.  Delta Dust has the advantage 
of being water-proof, an asset that is very attractive when treating soil that might contain any type 
of moisture.  Delta Dust is the more popular of the two insecticides.  Pest control technicians who 
have more products at their disposal have reported great results when combining the two dusts 
for a single application.   
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This combination gives them a quick knock-down of existing bees and fewer call-backs when 
young bees can emerge. Always follow the label instructions. Apply insecticide dust with a hand 
bellows duster.  There are two good hand bellows dusters to choose from: 360 DustWand and 
Crusader Duster.  Either of these dusters will do a good job.  The advantage of the Dust Wand is 
that the extensions provide a longer reach. Always follow the label instructions. 
 
Application of Pest Products 
When applying pesticide dusts into cracks, crevices or entry points, proper filling of the dusting 
device is of utmost importance.  When a hand bellows duster is completely filled to its capacity, 
or when dust is packed down inside the duster, dust does not come out in proper form.  Never 
overfill a hand-bellows type insecticide duster.  Fill duster 1/2 to 2/3 from top.  After replacing the 
fill plug, gently shake the duster just prior to application.  The small area inside the duster (created 
by NOT over-filling the duster) creates a space that is sorely needed.  When the duster is shaken, 
a small "cloud" of insecticide dust is formed in the empty space. 
 
By gently shaking a properly filled duster, the dust particles will exit the duster nozzle in a thin, 
smoke-like cloud as the hand bellows duster is squeezed.  This thin cloud of dust will travel further 
through the targeted area (in this case, an underground bumblebee nest), reaching far more 
adults, eggs and larvae.   
 
The next effect of proper application is overall coverage. If large amounts of Deltamethrin (Delta 
Dust or Drione Dust) are merely "dumped" into the nest entrance, the majority of the dust will 
merely pile up in one place.  Properly applied dust will "float" through the chambers and most of 
the particles will tend to stick to top, bottom and sides of the tunnel as well as the nest itself.   
 
Treatment of a bumble bee nest involves coating the nest entrance, nest, eggs, grubs and 
adults.  For most nests, you will need to apply two applications: partially fill your duster, shake 
thoroughly, empty contents into nest; repeat.  This double application will assure better control 
over all stages of the bee and will contaminate the nest and void, which will kill bees returning to 
the nest area. As mentioned previously, the best time to kill bumble bees is when they are at rest 
or as they sleep.   
 
Avoid treatment during daylight hours; treat the bumble bee nest at dusk or when it is dark enough 
for the bees to cease their activity but just light enough for you to see what you are doing. You 
can kill bees at night (using a flashlight) but there are a couple of possible hazards that you might 
run into:  stumbling over unseen objects and actually attracting angry bees.   
 
The first possible hazard listed is mainly common sense.  If you trip and fall over any unseen 
object in the area, you not only risk possible harm from the fall but also risk waking up the resting 
bees.   
 
Using a flashlight to navigate to the sight or while treating the nest can be a problem. 
 
If the bees are disturbed and exit the nest, they could very well be attracted to light emitted from 
your flashlight.  (If light is needed, try setting your flashlight in one area before you approach the 
nest from another area.)    
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Not all insecticides have the same effects when prepared in different formulations. 
Research and experience indicate:  

 New microencapsulated insecticides are much more toxic to honey bees than any 
formulation so far developed. Because of their size, these capsules are carried back to 
the colony and there can remain poisonous for long periods. These insecticides should 
never be used if there is any chance bees might collect the microcapsules. Always 
consider using another formulation first. 
 

 Dusts are more hazardous than liquid formulations. 
 

 Emulsifiable concentrates are less hazardous than wettable powders. 
 

 Ultra-low-volume (ULV) formulations are usually more hazardous than other liquid 
formulations. 
 

 Identify attractive blooms: Before treating a field with pesticides, it is a good idea to check 
for the presence of other blooming plants and weeds which might attract bees. In many 
instances bees have been killed even though the crop being sprayed was not in bloom. 
Many times these attractive blooms can be mowed or otherwise removed, although 
mowing can result in destroying other beneficial insect habitat or force destructive insects 
into the crop being cultivated. 

 
Always follow label instructions and take steps to avoid exposure. If any exposures occur, be sure 
to follow the First Aid instructions on the product label carefully. For additional treatment advice, 
contact the Poison Control Center at 1-800-222-1222. If you wish to report a pesticide problem, 
please call 1-800-858-7378. 
 
NOTE: When pesticides are used, it is the applicator’s legal responsibility to read and follow 
directions on the product label. Not following label directions, even if they conflict with 
information provided herein, is a violation of federal law. 
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Bee Venom 
 
The venoms of the AHB and the EHB are almost identical.  Medical literature provides no evidence 
suggesting that AHB stings are more toxic than EHB stings.  The amount of venom per sting does 
vary between the AHB and the EHB, with the AHB having approximately 27 percent less venom 
per sting.  The smaller size of the AHB is the primary reason for the smaller amount of venom.  
 
In the United States, deaths from all hymenopteran insects (bees, wasps, yellow jackets, fire ants) 
average between 40 and 50 per year.  The arrival of the AHB in the United States has created a 
public awareness of the health risks associated with the bee.  This awareness has provided an 
opportunity to educate the public on medical aspects of the AHB and the risks associated with all 
honey bees and other stinging hymenopterans. 
 
The impact of the AHB on public health and on the health of domestic animals will depend on 
three factors:  
 
First, and probably most important, is the amount of contact between the AHB and the public, or 
their domestic animals.   
 
Second, the degree of knowledge the public has about encounters with the AHB, with stinging 
incidents, and how to deal with them.   
 
Third, the availability and quality of medical assistance available.  As the AHB progressed through 
South and Central America and into Mexico, adequate and timely medical assistance was often 
absent.  In the United States, medical assistance from knowledgeable personnel is practically 
taken for granted.  This factor alone will lessen the seriousness of multiple stinging incidents.  
 
Feral Bee Colonies  
Because of increases in numbers of feral bee colonies when the AHB becomes established in an 
area, and the possible increased interaction with people and animals, the number of stinging 
incidents should increase, as will the number of people requiring medical treatment.  Some 
predictions estimate stinging incidents increasing to four or five times present levels.   
 
The number of serious incidents can be reduced significantly through an intense educational 
program to inform the general public on how to deal with bees and potential bee problems. 
 
Medical Aspect of Bees 
Although serious reactions from bee venom occur in only a very small percentage of the 
population, all persons should be aware of the possibility that medical complications may result 
from stings to themselves, children, and others. 
 
This section addresses the medical aspect of bee stings.  It provides information on the venom 
itself and reactions to the venom.  Also included is information on symptoms, first aid, and 
diagnosis of stings. Specific at-risk groups are discussed as well as what may be done to reduce 
the risk of interaction with bees.   
 
A review of the problems associated with the AHB in Central America and Mexico shows that 
AHB should not become a significant public health threat anywhere in the United States.  Bee 
venom is toxic; the lethal dose of bee venom for humans is about 10 stings per pound of body 
weight, assuming that all of the bee's venom is injected by the sting.   
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Deaths due to the toxic effects of venom received in multiple stings are extremely rare.  However, 
somewhere between 1 and 4 percent of the population is hypersensitive to honey bee venom.  
Some people are so hypersensitive that one sting can be fatal.  
 
Reactions to Honey Bee Stings  
Reactions to honey bee stings range from slight pain and swelling to much more serious 
symptoms, including anaphylaxis.  Doctors, Emergency Medical Services, and other health care 
personnel are well educated in the diagnosis and treatment of bee stings and anaphylaxis. 
 

 Anaphylactic reactions almost always involve the skin. More than 90% of patients have 
some combination of urticaria, erythema, and pruritus. 

 
 The upper respiratory tract commonly is involved, with complaints of nasal congestion, 

sneezing, or coryza. Cough, hoarseness, or a sensation of tightness in the throat may 
present a significant airway obstruction. 

 
 Eyes may itch and tearing may be noted. Conjunctival injection may occur. 
 
 Dyspnea is present when patients have bronchospasm or upper airway edema. Hypoxia 

and hypotension may cause weakness, dizziness, or syncope. Chest pain may occur due 
to bronchospasm or myocardial ischemia (secondary to hypotension and hypoxia). 

 
 GI symptoms of cramp-like abdominal pain with nausea, vomiting, or diarrhea also occur 

but are less common, except in the case of food allergy. 
 
 In a classic case of anaphylaxis, the patient or a bystander provides a history of possible 

exposures that may have caused the rapid onset of skin and other manifestations. This 
history often is partial; exposure may not be recalled, or it may not be considered 
significant by the patient or physician. For example, when queried about medications, a 
patient may not mention over-the-counter (OTC) products. The clinician may not realize 
that, while reactions are usually rapid in onset, they also may be delayed. 
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Handling Medical Problems 
 
All persons should know whether or not they are hypersensitive to bee and wasp stings.   
 
Persons who do not know should see their doctor and be tested.  Hypersensitive persons should 
carry medication when frequenting an area where interaction with bees and wasps may occur.  
Parents of hypersensitive children should alert school nurses, day care facilities, or babysitters 
concerning their children's condition, and provide medications where necessary.  Hypersensitive 
persons should inform fellow students, business associates, coworkers, or fellow sports 
enthusiasts of their condition. All persons should be familiar with the symptoms of hypersensitivity 
and, if symptoms occur after being stung, should seek medical attention immediately.  
 
Allergic Reactions  
A single bee sting is seldom fatal unless one has a severe allergic reaction.  Swelling of the 
affected area is a normal reaction to bee stings and does not indicate a systemic allergy.  Early 
symptoms of an allergic reaction include a tingling sensation on the palms, bottoms of the feet, 
tongue and lips, tightening of the throat, dizziness, and nausea.  Allergy tests are available but 
can be expensive.  If their normal routine does not bring them in contact with insects, people 
should not have to take the test.   
 
However, beekeepers or other persons who work where bees are present should take the test.  
As well, fire fighters or police officers who may be answering emergency calls for insect stings 
should be tested.  Allergy testing will determine how sensitive a person is, and will build up the 
person's immunity with small, regularly scheduled injections of the bee venom.  Kits are available 
as a prescription item for people who are allergic to bee stings.  Such kits are equipped with 
syringes and epinephrine for emergency treatment. 
 
First Aid for Stinging Victims  
If the victim is showing no signs of dizziness or difficulty in breathing, or has been stung only once, 
practical first aid measures are:  

A. Remove sting with a sideways scraping movement of a fingernail, credit card, or dull knife 
to prevent more venom from being pumped in by the venom sac.  Do not use tweezers or 
squeeze the sting, as this will inject more venom into the victim.  The venom from an AHB 
sting is no more toxic than that of other bees. 
 
B. Apply a paste of baking soda and cold cream, or of wet salt.  To be most effective, do this 
within five minutes after the sting. 
 
C. Apply an ice pack to relieve pain and calamine lotion to relieve itching.  
 
D. Watch for any unusual reaction, such as the appearance of red blotches anywhere on the 
body within 2 to 20 minutes, or breathing difficulties.  People who experience difficulty in 
breathing after having been stung by any insect must seek medical attention within 15-20 
minutes.  Administer artificial respiration or CPR if the victim stops breathing. 
 Keep the victim calm. 
 Give the victim an antihistamine tablet, if available.  First aid kits for treating localized bee 

stings are available at some sporting and camping stores.  
 Take people who have been stung repeatedly to a medical facility for a complete 

examination.  Remove stings as described earlier.  
 Seek medical attention immediately if a person with health problems is stung by an insect. 
 Stay with the victim until medical care is obtained.  

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

376

 

 
  

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

377

Stinging Incidents 
 
Accurate records of stinging incidents seldom exist.  Even records of serious, multiple stinging 
incidents often are at best sketchy.  If AHB has become established in your area, then appropriate 
reporting should be set up as well.                                    
            Close up view of Bee Stinger 
At-Risk Groups  
Certain groups in the population may be considered "at-risk" 
for incidents involving bees.  These groups fall into two 
categories: those who are more likely to interact with bees, 
and those who are incapable of handling an interaction with 
bees. 
 
Children 
Children may fall into either of the above categories.  Playing 
outdoors, children are exposed to habitats that increase the 
chances of interaction with bees.  Upon encountering bee 
swarms or colonies, children have a tendency to disturb them.  This can bring about a defensive 
reaction from the insects, resulting in a serious incident.  Younger children encountering bees in 
a defensive behavior may not know what to do, or may not be able to seek cover.  Therefore, 
they can be extremely vulnerable. Children should be taught what bees look like.  They should 
be instructed to avoid possible problems.  The following instructions may be used even with 
very young children:  

1. Keep your distance (Stay away).  
 
2. Don't disturb (Bug a Killer Bee NOT!). 
 
3. Leave the area (Do not bug a bee). 
 
4. Report the incident (Tell parents, teachers, or other adults about the bees). 

 
Elderly 
Elderly people who can't move out of an area rapidly can be vulnerable to multiple stings if bees 
are encountered.  The physical condition and health of an elderly person may also place them in 
the at-risk group.  The elderly need not give up picnics or outings, or such recreational pursuits 
as hiking, fishing, hunting, or other outdoor activities.  However, they should consider the 
possibility of encountering bees and prepare for such an encounter.  Suggestions for those 
wishing to frequent habitats favorable to bees and wasps are listed below:  

1. If possible, have the area "checked out" in advance.  
 
2. If possible, always have "cover" nearby, such as a vehicle, house, or barn.  
 
3. Always bring a companion along (two are even better).  
 
4. If bees are encountered, do not disturb them.  
 
5. Carry some type of protection, such as a blanket in a boat or tarp in a vehicle. 

 
Handicapped 
Handicapped persons placed in a situation where bees are in a defensive action may not be able 
to leave the area or seek cover fast enough to prevent multiple stings.  Those requiring assistance 
walking could be especially vulnerable.  Handicapped persons should avoid habitats that may 
contain bees.  
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If they wish to frequent such areas, the following suggestions may help prevent problems: 
1. Have the area scouted for stinging insects prior to use.  
2. Avoid use of perfumes, shaving lotions, hair sprays, and other sweet-smelling 
cosmetics.  
3. If encountered, do not disturb bees.  
4. Carry a blanket, jacket, or other protective covering to use if bees attack.  
5. Arrange for emergency assistance beforehand. 

 
Outdoor Workers 
Persons working outdoors could be considered at risk if their work involves exposure to habitats 
likely to be occupied by bees.  The risk is greater when operating mowers, weed eaters, heavy 
equipment, chainsaws, or other tools that may provoke defensive behavior from bees.  Workers 
unable to flee, such as those on poles or scaffolding, are at higher risk.   
 
Personnel should be instructed in the possibility of 
encountering bees and other venomous pests.  If a few 
common sense steps are followed, work should not be 
hampered, even in areas that most likely contain bees: 

1. Check out areas where workers' mobility may be 
restricted (poles, towers, manholes, scaffolding, under 
buildings).  
2. If bees are encountered, do not disturb them.  
3. Contact an authorized and experienced person to eliminate the bees before work 
continues.  
4. If risks are great and encounters frequent, protective equipment, such as a veil and 
full bee suit or coveralls, should be available for use. 

 
Sports Enthusiasts 
Hunters, fishermen, hikers, and other sports enthusiasts can be at-risk due to their increased 
chances of entering bee habitats.   
 
Sports enthusiasts may reduce the risk of bee stings by following a few common sense 
suggestions: 

1. Always be on the alert for potential problems.  
2. Check out cabins, deer stands, and boats before use.  
3. Seek help or advice from an experienced person before attempting to eliminate bee 
colonies.  
4. Do not attempt to "burn-out" bee colonies by pouring gasoline or other flammable 
liquids on them.  
5. KNOW if you are hypersensitive to bee venom and carry necessary medication.  
6. If you are hypersensitive, always participate with a companion. 
 

  
 

Bee Hive 
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Topic 8 - Protecting Pollinators 
Honeybee Detailed Section Post Quiz  
 
Answers at the rear of Glossary 
Fill in the blank 
 
1.  The honey bee undergoes complete metamorphosis, passing through four stages: egg, larva, 
pupa, and adult.  Bees develop into three different castes: workers, queens, and ____________.  

 
 

2.  Developmental time and longevity vary with____________.    When honey bees emerge as 
adults, they continue to develop.  At first their body is soft, but the cuticle hardens in about 12-24 
hours.  During the next few days, glands and reproductive organs (in the queens and drones) 
develop and mature.   
 
 
3.  Drones produce semen in about 12 days and __________begin to lay eggs about three days 
after mating.  In a typical colony there will be only one laying queen, about 100 – 300 drones, and 
about 20,000 - 60,000 workers. 
 
 
Virgin Queens  
4.  When mature, ____________take a mating flight and mate with 10-15 drones.  In about three 
days, the queen begins to lay eggs.  A queen may lay as many as 1,500 eggs in a single day and 
around 200,000 eggs in a year.  The queen controls whether or not the eggs are fertilized, using 
sperm stored in her spermatheca.   
 
 
The Domicile 
5.  ____________much more frequently than other honey bees. A colony is a group of bees with 
comb and brood. The colony may either be managed (white hive boxes maintained by 
professional beekeepers) or wild (feral).   
 
 
6.  A group of bees that are in the process of leaving their parent colony and starting a nest in a 
new location is called a "___________." Usually a new queen is reared to stay with the parent 
colony and the old queen flies off with the swarm.  
 
 
7.  ______________often locate potential nest sites prior to swarming, but the swarm may spend 
a day or two clustered in impressive, hanging clumps on branches or in other temporary locations 
until the bees settle on a new nesting site. If they can't find a suitable location, the bees may fly 
several miles and cluster again. 
 
 
8.  When the swarm emerges from its domicile and settles in a cluster on a tree, certain 
“__________” communicate to it the availability of other domiciles. At least some of these 
domiciles may have been located by the scout bees before the swarm emerged.  
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9.  The various scouts perform their dances on the cluster to indicate the direction, distance, and 
desirability of the domiciles. Eventually, the cluster becomes united in its approval of a particular 
site. Then the swarm moves in a _______________to it. Agreement always is unanimous. 
 
 
10.  The space between honey storage combs is much more uniform than 
between____________. The space left between capped honey cells is usually one-fourth inch or 
even less – room enough for one layer of bees to move. 

 

 
 
Mayan bee hives with religious sacrifices and drinking water set especially for the bees.  
Mayans are master bee keepers.  
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Topic 9 - Africanized Honeybee Section 
 
Section Focus: The student will be able to understand and describe the differences between 
Africanized and European Bees. At the end of this section, you will be able to understand and 
describe various honeybees. There is a post quiz at the end of this section to review your 
comprehension and a final examination in the Assignment for your contact hours.   
 
Scope/Background: The Apis meliffera L. (European honey bee) is responsible for the 
pollination servicesin majority of crops. Non-Apis bees also are important pollinators of crops, 
especially for crops in which honey bees are inefficient pollinators (e.g. alfalfa, squash). A few 
non-Apis species are managed for crop pollination. Examples of managed non-Apis species 
include bumble bees, Bombus impatiens Cresson (Hymenoptera: Apidae) managed for cranberry 
(Vaccinium spp.) and greenhouse tomato (Solanum lycopersicum L.) pollination. Although bees 
are considered the most effective insect-pollinator of most plant species, other insects have been 
recognized for their contributions to pollination. 
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Apis mellifera  
What are Africanized bees and their significance?  
 
Africanized bees are simply a strain of Apis mellifera, the same species introduced from Europe 
that produces our honey and pollinates many of our plants. An African strain was introduced to 
South America in an effort to produce a bee better suited to the tropics.   
 
Honeybees aren't native to the Americas, and the European bees introduced up to that point were 
poorly adapted to tropical environments.   
 
African bees were brought to Brazil in 1956 by biologists wanting to create an African/European 
hybrid that would perform well in the South American climate. But in 1957, measures to contain 
the colonies were accidentally removed and several swarmed into the countryside. 
 
South America  
The newly released AHBs survived exceptionally well in South America--so well, in fact, that they 
quickly displaced existing European strains, even those maintained by commercial beekeepers.  
But as they spread, problems arose and the differences between the domesticated European 
bees and AHBs soon became apparent: 
 

 Africanized bees are extremely sensitive to the slightest disturbance, and the hive 
responds with massive and persistent stinging attacks.  

 Africanized bees are difficult to manage and have a strong tendency to leave existing 
hives (abscond) and settle elsewhere.  

 Africanized bees, although better at surviving in the tropics, are poor producers of 
surplus honey.  

 
By the time these negative aspects were understood, the Africanized strain had already 
established a permanent presence in the Americas and soon spread north to Central America, 
Mexico and, recently, the southern United States. 
 
First Swarm Detected  
The first swarm of Africanized bees was detected in the U.S. in October, 1990 when they were 
captured in a baited trap at the border town of Hidalgo, Texas. AHB colonies were first reported 
in Arizona and New Mexico in 1993 and in California in October, 1994. Within a year, more than 
8,000 square miles of Imperial, Riverside and northeastern San Diego counties were declared 
officially colonized by Africanized Bees.  
 
To date, more than 100 counties in Texas, 6 in New Mexico, 14 in Arizona, 1 in Nevada, and 3 
counties in California have reported Africanized honey bees. AHB continue the northward 
expansion of their territories by swarming, the process by which bee colonies replicate. 
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Winter Survival 
European honey bees are adapted to winter survival, largely because of their ability to collect 
large honey supplies. Africanized bees, on the other hand, do not overwinter well and respond 
to food shortages by migrating. European bees make large, permanent colonies whereas 
Africanized bees make small to large colonies that reproduce (swarm) often.  
 
Fatalities  
In May of 1991, Jesus Diaz became the first person to be attacked by AHB in the U.S. while 
mowing a lawn in the border city of Brownsville, Texas. Diaz suffered 18 stings and was treated 
at a local hospital. 
 
On July 15, 1993, 82-year-old Lino Lopez became the first person to die in the U.S. from 
Africanized honeybee stings. He was stung more than 40 times while trying to remove a colony 
from a wall in an abandoned building on his ranch near Harlingen, Texas. 
 
Arizona's first human fatality from Africanized Bees occurred in October, 1993 when an 88-
year-old Apache Junction woman disturbed a large Africanized honey bee colony in an 
abandoned building on her property and was stung numerous times. 
 
Although such fatalities are alarming, Africanized Bees probably present the greatest danger 
in the U.S. to American beekeeping and American agriculture in general. AHBs often enter 
European colonies to mingle and mate with them. Such mating results in more hybrid bees 
having African genes and tendencies dominating over European ones. An entire colony may 
suddenly take on aggressive and short-tempered behavior. 
 
Venezuelans  
Although AHBs weren't the monsters seen in popular fiction, their aggressive response, 
coupled with our lack of experience, led to the deaths of hundreds of people and animals.  
South Americans soon learned to live with the bees.   
 
For example, the highest recorded number of fatalities due to AHB attacks in Venezuela was 
nearly a hundred people in 1978, but those numbers dropped to twenty by 1985. Beekeepers 
learned to take proper precautions and Venezuelans became familiar with potential dangers. 
AHBs are a real and significant threat for those who must live with them, but they can be dealt 
with as long as the appropriate precautions and control measures are taken.   
 
Summary 
Africanized honey bees (Apis mellifera scutellata) and European honey bees (Apis m. 
mellifera) are the same species - they look the same, sting in defense of themselves or their 
nest, can only sting once, and have the same venom. Africanized honeybees are slightly 
smaller (but because the bees look so much alike only a laboratory analysis can tell them 
apart).  
 
They also differ in that they respond more quickly and more bees sting, can sense a threat 
from people or animals 50 feet or more from their nest, sense vibrations from power equipment 
100 feet or more from their nest, may pursue a victim 1/4 to 1/2 mile, remain agitated for an 
hour or more after an attack, swarm frequently to establish new nests, nest in smaller cavities 
and sheltered areas, and move their entire colony readily (abscond) if food is scarce. Away 
from the hive, however, they are no more defensive than other bees or wasps. They will not 
form large swarms and hunt for you.   
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Killer Bee  
 
The name "Killer Bee" evolved in a unique way.  It was first used in 1965 by Time Magazine 
when recapping a press release from the Brazilian military, which at the time was trying to 
discredit certain scientists by reporting all stinging incidents, including those from wasps, as 
due to the AHB.  The name caught on and has been used in at least four movies in the United 
States, including one called "The Swarm."  Newspapers, television, and radio have used the 
name in headlines and in bold print.   
 
This has created not only an awareness of the bee but in some instances near hysteria.  Mike 
Allsopp, with the Agricultural Research Council in South Africa, wrote "In my opinion the entire 
AHB saga is one dominated by paranoia and misinformation."  Mark Winston, Professor of 
Biological Sciences at Simon Fraser University and author of Killer Bees, The Africanized 
Honey Bee in the Americas, in referring to the printed media, books and movies, has written 
"There is no pretense of accuracy, and imagination has taken over to bring us wildly 
exaggerated horror stories that play on our innate fear of stinging insects." 
 
Ironically, the paranoia created by misinformation and exaggeration could mask some real 
problems associated not only with the AHB but also with the EHB, wasps, and other stinging 
insects.  

 

 
GUARD BEES  
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What to do if Attacked by Africanized Honey Bees  
 
Remember these important steps:  
1. RUN away quickly. Do not stop to help others. However, small children and the disabled 
may need some assistance.  
2. As you are running, pull your shirt up over your head to protect your face, but make sure it 
does not slow your progress. This will help keep the bees from targeting the sensitive areas 
around your head and eyes.  
3. Continue to RUN. Do not stop running until you reach shelter, such as a vehicle or building. 
A few bees may follow you indoors. However, if you run to a well-lit area, the bees will tend to 
become confused and fly to windows. Do not jump into water! The bees will wait for you to 
come up for air. If you are trapped for some reason, cover up with blankets, sleeping bags, 
clothes, or whatever else is immediately available.  
4. Do not swat at the bees or flail your arms. Bees are attracted to movement and crushed 
bees emit a smell that will attract more bees.  
5. Once you have reached shelter or have outrun the bees, remove all stingers. When a honey 
bees stings, it leaves its stinger in the skin. This kills the honey bee so it can't sting again, but 
it also means that venom continues to enter into the wound for a short time.  
6. Do not pull stingers out with tweezers or your fingers. This will only squeeze more venom 
into the wound. Instead, scrape the stinger out sideways using your fingernail, the edge of a 
credit card, a dull knife blade or other straight-edged object.  
7. If you see someone being attacked by bees, encourage them to run away or seek shelter. 
Do not attempt to rescue them yourself. Call 911 to report a serious stinging attack. The 
emergency response personnel in your area have probably been trained to handle bee attacks.  
8. If you have been stung more than 15 times, or are feeling ill, or if you have any reason to 
believe you may be allergic to bee stings, seek medical attention immediately. The average 
person can safely tolerate 10 stings per pound of body weight. This means that although 500 
stings can kill a child, the average adult could withstand more than 1100 stings. 
 
Wetting Agents 
Bees are easily immobilized and killed by wetting agents (surfactants) - including commercial 
liquid dishwashing detergent. Non-foaming fire control chemicals and fire-fighting foams with 
surfactant characteristics such as the aqueous film-foams (AFFF) also work.  
 
Not all commercially available products have been tested, but most such wetting agents should 
be equally effective. Chemicals tested so far include: original Palmolive dishwashing liquid, 9-
55 R fire control chemical, Silvex R foam concentrate and FC-600 Light Water brand 
ATC/AFFF. All had a light but distinctive odor. A one percent solution was sufficient to 
immediately immobilize honey bees and apparently kill them within 60 seconds.  
 
If there is doubt whether a particular chemical will work, rescue personnel should enlist the aid 
of a local beekeeper. Clearly, human and animal safety must be the most important 
consideration. The U.S. Environmental Protection Agency has conditionally approved 
detergents for use against AHB¹s.  
 
Victim Rescue 
After arriving at a site, rescue personnel first should assess the situation from within their 
vehicles. Then they should retreat several hundred yards, put on protective clothing and move 
any onlookers to a safe distance.  
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Each situation is unique, but to rescue a victim, two things must be done as quickly as possible: 
establish an adequate insect barrier, and neutralize the insects¹ alarm odor - which consists of 
chemical components of venom that enable more bees to find and attack the victim.  
 
Fire and rescue units responding with standard fire-fighting equipment can quickly accomplish 
both objectives by using water plus a non-toxic wetting agent.  
 
Using standard fire-fighting procedures, set up a line with an educator capable of delivering a 
one to three percent spray of one of the foaming/wetting agents and a nozzle capable of 
delivering a wide fan patter. A light initial application to the victim will stop the attack by most 
of the insects on or near the victim within 60 seconds. These insects, unable to fly, will begin 
to suffocate and can be quickly brushed aside.  
 
If an obvious line of insect flight can be determined, a vertical wall of spray 20 to 30 feet in the 
air should intercept further flight activity. Or, the nozzle can be inverted near the victim to 
provide a curtain of safety.  
 
Rescuers wearing proper protective gear then can carry a victim into a house, van or 
ambulance for treatment and transport. Many bees, however, will follow to continue their 
attack.  In a house, vacuum up bees attracted to windows by light. In a rescue vehicle, drive 
away and then roll down the windows and chase the insects out.  
 
Sting Removal 
Once the victim is protected, remove stings as quickly as possible. Otherwise, the white, 
translucent, venom sac - with its nerves and muscles attached - will continue to pump venom 
into the wound for a minute or more. Removing the victim¹s outer layer of garments may help 
because stings embedded through the fabric will be dislodged in the process.  
 
The best way to remove stings is to simply scrape them away with a fingernail, credit card or 
similar instrument. Never pinch, tweeze or otherwise attempt to pull stings out, as this will 
simply inject the remaining contents of the venom sacs. After sting victims have been cared 
for, rescuers should launder the bees¹ alarm-odor chemical from suits, veils and equipment.  
 
Training 
Fire and rescue personnel should familiarize themselves with normal activities of stinging 
social insects in their area. Local bee experts or beekeepers can provide extremely valuable 
advice and assistance, particularly when unusual situations arise. All states have active 
beekeeper organizations, as do many local communities, and they usually welcome requests 
for assistance.  
 
Most beekeeper groups would welcome an invitation to help develop training exercises, where 
bees would be used to simulate an actual attack and allow rescuers an opportunity to practice 
their skills. 
 
Typically, an EHB hive will swarm once every 12 months. However, the AHB may swarm as 
often as every six weeks and can produce a couple of separate swarms each time. This is 
important for you to know, because if the AHB swarms more often, the likelihood of your 
encountering an AHB swarm increases significantly. 
 
Regardless of myths to the contrary, Africanized honey bees do not fly out in angry swarms to 
randomly attack unlucky victims.  
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However, the AHB can become highly defensive in order to protect their hive, or home. Again, 
it is now better to consistently exercise caution with respect to all bee activity. So keep your 
distance from any swarm of bees. 
 
The AHB is far less selective about what it calls home. The AHB will occupy a much smaller 
space than the EHB. Known AHB nesting locations include water meter boxes, metal utility 
poles, cement blocks, junk piles, and house eaves. Other potential nesting sites include 
overturned flower pots, old tires, mobile home skirts, and abandoned structures. Holes in the 
ground and tree limbs, mail boxes, even an empty soda pop, could be viewed as "home" to 
the AHB.  
 
The Africanized honey bee is extremely protective of their hive and brood. The AHB's definition 
of their "home turf" is also much larger than the European honey bee. So, try to allow ample 
physical distance between the hive. At least 100 feet, or the width of a four-lane highway, is a 
good distance. The best advice is that if you see a bee hive, start moving away immediately. 
 
Bee behavior refers to what bees do – as individuals and as a colony. By studying their 
behavior, we may learn how to change it to our benefit. Two practical discoveries of bee 
behavior made our beekeeping of today possible. One was the discovery by Langstroth of bee 
space. The other was the discovery by G. M. Doolittle that large numbers of queens could be 
reared by transferring larvae to artificial queen cups. The discovery of the “language” of bees 
and of their use of polarized light for navigation has attracted considerable interest all over the 
world. 
 
Much has been learned about the behavior of insects, including bees, in recent years. As an 
example, the term “pheromone” had not been coined in 1953, when Ribbands summarized the 
subject of bee behavior in his book, The Behavior and Social Life of Honeybees.  
 
A pheromone is a substance secreted by an animal that causes a specific reaction by another 
individual of the same species. Now many bee behavior activities can be explained as the 
effect of various pheromones. 
 
Recently, we have learned how certain bee behavior activities are inherited, and this 
information gives us a vast new tool to tailor-make the honey bee of our choice. Further studies 
should reveal other ways to change bees to produce specific strains for specific uses 
 
The sophisticated social organization that enables the efficient collection and storage of both 
nectar and pollen in times of plenty which allows then to survive during times of dearth is a key 
feature of the honey bees' biology. Tropical bees have slightly more flexible patterns of survival 
during dearth periods. They will probably store an excess of honey and pollen.  
 
However, they also have the potential to migrate or abscond to a place where nectar and pollen 
may be more easily available. Beekeepers should be sure not to rob the bees of ALL their 
honey stores. The bees will need some of the honey they have stored to maintain their own 
life or they will either die or abscond. 
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Differences between Africanized and European Bees 
 
European honey bees are adapted to seasonal availability of food; Africanized bees are 
adapted to the tropics, where food is more available year-round. European honey bees make 
large, fairly permanent colonies; Africanized bees make smaller colonies that reproduce 
(swarm) often. The table outlines some differences between the two bee types.  
 
European bees usually nest in hollow trees or in wall voids of houses. Africanized bees nest 
in these places and in unusual places, such as old tires, tin cans, other trash and old 
underground mouse nests. These types of nest sites increase the chance of human encounters 
with Africanized bees, especially in urban settings.  
 

Trait Africanized European 

open, exposed nests common rare 

colony population smaller larger 

colony honey supplies smaller larger 

tendency to abandon nest often rarely 

swarming rate greater lesser 

stinging behavior intense moderate 

body size smaller larger 

development time for young shorter longer 

adult life span shorter longer 

commercial honey production poorer better 

commercial pollination poorer better 

 
Potential Range of Africanized Bees in the United States 
As Africanized bees expand into temperate areas, their tropical adaptations are less 
advantageous.  
 
For example, experimental Africanized colonies in Germany had higher winter death rates than 
did European colonies or European X Africanized hybrid colonies. In temperate zones, African- 
and European-derived bees interbreed with higher frequency, causing "hybrid zones," where 
bees share African and European traits.  
 
In Argentina, Africanized bees dominate in the northern semitropical regions, but European 
bees dominate in the southern temperate area; in-between, there are hybrid zones where bees 
have varying degrees of African or European traits.  
 
A similar pattern may occur in the United States, with African traits dominating in extreme 
southern regions.  
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Understanding Africanized Honeybees  
 
To understand the threat of Africanized honey bees, it is necessary to know something in 
general about honey bees and their behavior. Honey bees are important beneficial insects and 
we would be in big trouble if they were all suddenly destroyed. Unless a honey bee colony is 
in a location that is close to people, pets or farm animals, it should be left alone.  
 
AHBs were brought to Brazil in the 1950’s for testing as possible alternative pollinators and 
honey producers because of their reputation of being hardy in tropical environments. At the 
time, their defensive nature and ability to reproduce in greater numbers was not well 
understood. Some were accidentally released and have spread throughout South and Central 
America, Mexico and the southern US. Both European and Africanized queens are responsible 
for reproduction in their colonies. Their drones mate with the queens, while the workers, which 
are sterile females, collect nectar and pollen and defend the colony. The Africanized honey 
bee is simply a hybrid honey bee, a result of breeding the European honey bee, Apis mellifera 
mellifera, with the African honey bee, Apis mellifera scutellata.  The genetic differences in the 
hybrid Africanized bee make its habits different from those of the domestic European honey 
bee cultured in the United States. 
 
Barbed Stingers 
European and Africanized workers have barbed stingers. When either type of bee stings a 
human, it leaves both the stinger and tiny, attached venom sac. This causes the bee to die 
soon after. If you are stung, simply scrape the stinger out to remove it.  
 
AHB Venom 
The venom of an AHB is no more poisonous than that of their European counterparts. 
However, they are more defensive if provoked. The stinging response of AHBs is 10 times 
greater than that of European honey bees. Vibrations from motors, such as a power lawn 
mower or weed whacker, particularly seem to disturb them. When provoked, the bees will 
wander as far as a quarter mile from their nest to chase an intruder. However, individual AHBs 
on foraging trips for nectar and pollen are no more likely to sting than our European honey 
bees - they are not wanton killers.  
 
Africanized honey bees tend to colonize large areas and swarm excessively. Also, the bees 
will leave the colony completely and move to a new location when conditions in the 
environment do not suit them - a special trait known as "absconding." Africanized honey bees 
may abscond on flights of several miles.  
 
The behavior- not the appearance - of the AHB is different from the EHB in four major 
ways:  
 The AHB swarms much more frequently than other honey bees. A colony is a group of 

bees with comb and brood. The colony may either be managed (white hive boxes 
maintained by professional beekeepers) or wild (feral).  

 A group of bees that are in the process of leaving their parent colony and starting a 
nest in a new location is called a "swarm." Usually a new queen is reared to stay with 
the parent colony and the old queen flies off with the swarm. Scout bees often locate 
potential nest sites prior to swarming, but the swarm may spend a day or two clustered 
in impressive, hanging clumps on branches or in other temporary locations until the 
bees settle on a new nesting site. If they can't find a suitable location, the bees may fly 
several miles and cluster again. 
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EHB Hive will Swarm  
Typically an EHB hive will swarm once every 12 months. However, the AHB may swarm as 
often as every six weeks and can produce a couple of separate swarms each time. This is 
important for you to know, because if the AHB swarms more often, the likelihood of your 
encountering an AHB swarm increases significantly. Regardless of myths to the contrary, 
Africanized honey bees do not fly out in angry swarms to randomly attack unlucky victims.  
 
However, the AHB can become highly defensive in order to protect their hive, or home. Again, 
it is now better to consistently exercise caution with respect to all bee activity. So keep your 
distance from any swarm of bees. 
 
The AHB is far less selective about what it calls home. The AHB will occupy a much smaller 
space than the EHB. Known AHB nesting locations include water meter boxes, metal utility 
poles, cement blocks, junk piles, and house eaves. Other potential nesting sites include 
overturned flower pots, old tires, mobile home skirts, and abandoned structures. Holes in the 
ground and tree limbs, mail boxes, even an empty soda pop, can could be viewed as "home" 
to the AHB.  
 
Home Turf 
The Africanized honey bee is extremely protective of their hive and brood. The AHB's definition 
of their "home turf" is also much larger than the European honey bee. So, try to allow ample 
physical distance between the hive. At least 100 feet, or the width of a four-lane highway, is a 
good distance. The best advice is that if you see a bee hive, start moving away immediately.  
 
Impact on Pollination and Honey 
European honey bees that interbreed with AHBs may become harder to manage as pollinators 
and may produce less honey. This is an important consideration when each year honey bees 
add at least $10 billion to the value of more than 90 crops in this country. They also produce 
about $150 million worth of honey each year.  
 
The African bee issue and the disappearance of managed honey bees are unrelated as far as 
most experts are concerned. This means that eradicating one wild honey bee nest in Florida 
does nothing to hurt honey bee populations overall. In fact, there can be as many as 100-200 
bee colonies per square mile in areas where African bees occur. Removing 1 colony does very 
little to the overall population of wild bees. It's simply a public safety issue. 
 
What is a Honey Bee? 
 Honey bees are not native to the North America. 
 Honey bees currently pollinate about 90 agricultural crops (accounting for 80% of the 

 pollination in the US): ~ $10 billion pollination business, $150 million honey industry. 
 Bees forage over large expanses of area: 8,000-25,000 acres. 
 US honey bees originated in Europe (European honey bees = EHB) and were brought 

to 
 the US to pollinate insect-pollinated crops originating in Old World countries. 
 EHB (Apis mellifera mellifera) were also imported in the 1660-1700s to make candles 

 used by emerging churches. 
 Honey bees are not likely to sting when foraging for nectar and pollen in the back yard. 
 Honey bees are not likely to sting when swarming (looking for a new home). 
 Honey bees are most docile when carrying out their daily chores. 
 Honey bees are most likely to sting when their home (the hive) is threatened or they 

are 
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 accidentally crushed. 
 Honey bees swarm (move in large numbers to establish new hives) in spring and fall 

and are most likely to be aggressive in those seasons. 
 Honey bees sting to protect their hive but each bee can sting only once, and then it 

dies. 
 Stings are usually not serious unless there are an large number of them or you are 

 systemically allergic to the venom. 
 
 

What is an Africanized Honeybee? 
 
 In 1957, honey bees (Apis mellifera scutellata) were imported from Africa to Brazil 

African bees escaped and became feral (wild). 
 As feral African bees mated with EHBs they produced a hybrid called an “Africanized 

honey bee” (AHB). 
 AHBs look like European bees to the eye. 
 They are, on average, slightly smaller than EHBs, but can only be separated by 

molecular techniques or morphometric computer analysis. 
 Since 1990, only 8 fatalities in the US have been caused by honey bees, as compared 

to 78 killed by dogs. The chances of being killed by honey bees are less than the 
chances of being hit by lightning. 

 Africanized honey bees are less fussy in their choice of nesting sites: building nests in 
the ground, in tree cavities, in the walls of a home, and where ever they find a small 
hole through which to enter. 

 Africanized honey bees will “abscond” (leave a location when conditions are not 
suitable) more often than European honey bees. 

 The impulse to sting in AHBs is 10 X greater than that of European honey bees, and 
attacks last longer and involve more bees. 

 AHBs have been known to follow victims as much as a 1/4 of a mile from the hive 
whereas EHBs will pursue only about 50 yards. 

 AHB venom is same chemical found in EHBs. 
 AHB have been moving north from S. Am at a rate of 100-300 mi/yr. 
 Once disturbed AHBs may remain aggressive for as long as 24 hours. 
 The “killer bee” reputation of AHBs is highly exaggerated, AHB do not hunt for people 

to attack and they do not attack unless they feel threatened. 
 
What Causes an AHB Stinging Incident? 
 Load noise. 
 Vibrations of equipment, lawn mowers, moving vehicles etc., even up to 100’ or more 

from a hive. 
 Pedestrian activity up to 50’ from the hive: the hive does not have to be touched to 

provoke AHBs. 
 Animal breath attracts bees to the face. Animals (e.g. horses) that cannot breath 

through their mouths are vulnerable to suffocation if stings cause swelling of the nasal 
passages. 

 Smaller pets and small children are more impacted. On average, 8-10stings/# body 
weight can be lethal. (80# child =800 stings; 200# adult = 2000 stings). 100 stings is 
considered to be potentially life threatening. 

 AHBs are attracted to hair, dark colors, new mown grass, citrus-scented candles and 
perfume 
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How to Prevent a Stinging Incident? 
Bees need two basic things to colonize your property: water and a place to build a hive. Prevent 
access to these where possible. 
 Repair dripping leaks in and around the yard and in irrigation systems. 
 Be alert for the presence of colonizing bees around the home. 
 Listen for bees in walls and abandoned building before approaching. 
 Patrol yards periodically to look for signs of bee colonies. Colonies can set up residence 

in as little as 24-48 hours.  
 Prevent bees from colonizing the yard or home: fill cracks in the house, remove refuse 

(bees can establish in discarded cans), discard used tires, plug holes in open pipes 
and swing sets, move abandoned vehicles, check stock tanks and irrigation pump 
housings. 

 Properly cover chimney openings. 
 Place screens over drains, attic vents, irrigation control boxes etc. 
 Close and lock doors to sheds and out buildings. 
 Education is central to the issue. South Americans have lived with AHB for decades 

with a minimum of impact. Teach children and others respect for, and avoidance of, 
honeybees. 

 
Who is Most Vulnerable? 
Those that are allergic to bee stings. Only about ~1% of the population has a systemic allergy 
to bee stings. Symptoms: within 20 min tongue or throat swell, hives may develop, dizziness 
may occur and there may be difficulty breathing or loss of consciousness. 
 Pets which are tied so they cannot exit the area. 

 
What to Do When a Stinging Incident Occurs? 
Remember that “ACE” is the best action (Alert, Cover, Exit) 
 
Alert = Warn others in the area to flee 
 
Cover = cover your head, pull a shirt over your face. Stings to the head and neck are more 
dangerous than those to the body. 
 
Exit the area. Get into a car or a house immediately. If bees follow, tolerating those stings is 
preferable to trying to swat bees away from an open doorway. 
 
 Stingers are left in the skin by the bees after an attack and continue to deliver venom 

(for up to 10 min.) due to attached pulsating muscles of the stinger. When the situation 
has stabilized, remove the stingers as quickly as possible by scraping, do not remove 
with forceps. 

 Above all, stay calm. Fear can cause accidents if bees get in cars or clothing. 
 If you observe a serious stinging incident call 911. 
 Bee attacks can disorient and if you attempt to aid an attack victim protect yourself first 

then shout them toward you and lead them to safety. 
 If a pet is involved seek veterinary attention for your pet. 
 If you are seriously stung seek medical attention. 
 If you are allergic carry a bee sting kit prescribed by your personal physician. 

 
What not to do 
 Don’t tie or pen animals near bee hives as they will have nowhere to go if stung. 
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 Do not try to remove bee hives yourself if you find them. Fire departments, bee keepers 
and pest management operators are best equipped to remove bee colonies. 

 Do not try to fog or spray colonies with insects bombs or sprays. 
 Do not swat at bees. Swatting bees causes the release of an alarm signal and only 

increases the intensity of an attack by stimulating other bees to attack. 
 Do not count on insect repellents and sprayed on the skin to deter bees. 
 Do not provoke bees by spraying the hive with a garden hose. 
 Don’t place certain veterinary salves and creams on your pet. Some are made with 

bees wax and can increase the severity of AHB attacks to pets and livestock. Check 
with your vet before using salves and creams. 

 Don’t use meat tenderizer on bee-sting wounds, as this could lead to a secondary 
infection. 

 Do not hike with your dog off-leash, if the dog encounters a hive and provoke the bees 
it may bring the attackers back to you. 
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Carl Hayden Bee Research Center 
 
The Carl Hayden Bee Research Center is the USDA-ARS laboratory for the identification of 
African honey bee samples. Identifications are made using morphometrics - a system of 
measuring morphological characteristics to determine honey bee type. The CHBRC 
laboratory analyzes samples nationwide in an effort to provide vital information on the 
migration of Africanized honey bees. 
 
Sending honey bee samples for Morphometric analysis: 
1. Samples will first be analyzed using FABIS (Fast Africanized Bee Identification System). 
This is a preliminary procedure to determine honey bee type. If the sample has been 
identified as African using the FABIS method, a full morphometrics analysis may be 
performed. 
 
2. Please send a sample of 30 to 50 bees in a tightly sealed jar or vial with enough alcohol 
(ethanol) to cover all of the bees. 
 
3. If you have questions, please contact Mona Chambers by phone at the number given 
below or from our email contact page. Otherwise, send your samples to: 
Mona Chambers 
Carl Hayden Bee Research Center 
2000 E. Allen Rd. 
Tucson, AZ 85719 
Phone: (520) 670-6380 ext. 105 
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Characteristics of the AHB Summary 
A number of specific behavioral characteristics have been identified in the AHB. 
 
Aggressive Hive Defense and Stinging  
Although the AHB does not attack unprovoked, it is very defensive of its colony.  When 
compared to the EHB, it is much easier to provoke.  The AHB responds quicker and in larger 
numbers when its colony is threatened.  Also, once provoked, the AHB remains agitated for a 
longer period of time than does the EHB.  Disturbing an AHB colony may result in 6-10 times 
as many stings as European bees inflict.  This phenomenon is attributed to the AHB's more 
acute sensitivity and response to the "alarm pheromone," a chemical odor that is released after 
stinging is initiated.  
 
Excessive Swarming  
The AHB will swarm more frequently than the EHB.  Typically, an EHB colony swarms once 
every year or two; an AHB colony may swarm 4-8 times a year.  Generally, an AHB swarm is 
much smaller than an EHB swarm; some aren't much larger than a coffee cup.  
 

 
 
Swarming reduces the number of bees in a colony, thus reducing the work force, resulting in 
diminished honey production.  Management practices directed at reducing swarming, such as 
dividing large colonies into smaller colonies and frequent harvesting of honey, add costs for 
beekeepers. 
 
Excessive Absconding  
While absconding is rare in the EHB, it's rather common with the AHB.  Absconding not only 
results in loss of a managed colony but adds to the feral population competing with managed 
bees for nectar and pollen. 
 
Selection of Nesting Site  
EHBs are very particular in selecting nesting sites.  They prefer hollow trees, wall voids or 
other cavities (about 10 gallons in size) well above the ground that are clean and dry.  The 
AHB will nest almost anyplace that is protected from the weather.  Selected sites are often 
much smaller, closer to the ground, and may not be as protected from the elements.  This lack 
of selectivity is thought by some to be due to greater competition resulting from the larger 
number of AHB swarms. 
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Reproductive Capacity  
Compared with the EHB, the AHB devotes a greater percentage of its nest to brood production 
and less to honey storage.  Because the developmental period of the AHB is shorter than that 
of the EHB, it's able to produce more bees in less time. 
 
Number of Feral Colonies  
In areas where the AHB has become established, a noticeable increase in the number of feral 
honey bee colonies occurs.  This is generally thought to be the result of higher reproductive 
capacity, increased swarming rate, and tendency to abscond.  However, in much of the area 
where the AHB is now established, feral colonies were extremely rare, probably because the 
EHBs were not adapted to the tropical climate.  This marked increase of feral colonies may not 
be as great in an area where feral bees are common. 
 
Robbing  
Robbing is a type of foraging behavior where bees take honey from other bee colonies.  This 
often occurs when nectar is scarce or unavailable, or when some colonies are weak and others 
are strong. Robbing weakens colonies and may spread diseases and parasites. 
 
Winter Survival  
Since the AHB is tropical in nature, it may not be able to regulate its body temperature as 
efficiently as the EHB.  Studies indicate that the AHB does not form as efficient a cluster during 
cold weather as the EHB. 
 
Colony Takeover  
Many researchers have reported that AHB swarms often take over EHB colonies, particularly 
colonies which do not have functional queens.  However, EHB swarms will do the same.  The 
importance of such takeovers is questionable.  Work by researchers at the University of 
Georgia suggests that hive takeovers are a minor problem. 
 
Mating Advantage 
An AHB colony produces more drones than an EHB colony of equal size.  In areas where the 
AHB has become established, the EHB queens appear to mate with AHB drones at a much 
higher frequency than with EHB drones.  Similar behavior in areas where large numbers of 
EHB colonies are maintained is being studied.  
 
Identification  
Identifying the different races of honey bees and their hybrids is very difficult.  The 
characteristics used for identification differ only slightly and overlap considerably among 
individuals.  Accurate identification is not only difficult but time-consuming and expensive. 
 
Rapid and accurate identification of AHB and EHB strains is very important for monitoring the 
presence and spread of bees through an area.  This element is essential in implementing 
regulatory and management actions involving AHBs.  Several techniques have been used to 
identify AHB, though none are 100 percent effective.   
 
They include: 

 
1. Morphometrics: This technique utilizes precise measurements of specific body 
parts.  Computer-assisted measurements are made of 25 characters on 10 bees.  An 
average is determined and used to distinguish the EHB from the AHB.  Variations of 
this technique include the Fast Africanized Bee Identification System (FABIS), in which 
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only three characters are measured.  The FABIS II technique uses seven 
measurements.  
 
2. ELISA Procedure for AHB Proteins: The ELISA procedure for identifying the AHB 
uses electrophoresis and isoelectric focusing to identify specific proteins unique to the 
AHB.  About 90 percent of all AHB contain at least one of these proteins.  A sample of 
three bees can provide an accuracy of 99.9 percent.  
 
3. DNA Analysis: DNA contains the molecular code for genetically inherited 
characters.  Bee DNA can be extracted and used to identify the AHB.  
 
4. Other Sources: Other techniques for identifying different strains of the honey bee 
include cuticular hydrocarbons, flow cytometry, and the use of a portable audiometer. 

 
Monitoring the Natural Dispersion of the AHB with Pheromone Traps  
The northward movement of the AHB has been monitored through South and Central America 
and through Mexico, into Texas and other areas of the U.S.  By examining samples of bees 
taken from pheromone traps, from feral swarms, and from feral colonies, scientists have been 
able to trace the movement of the AHB.  At present, two national agencies monitor AHB 
populations in the U.S.:  

 
1. The Animal and Plant Health Inspection Service (APHIS), of the USDA. 
 
2. The Agricultural Research Service (ARS), of the USDA. 

 

 
 
Social insects: Insects that live in a family society, with parents and offspring sharing a 
common dwelling place and exhibiting some degree of mutual cooperation; e.g., honey bees, 
ants, termites. 
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Mayan Indian Bee Hive 
 
The African Bee has almost destroyed the stingless honey bees in Central America. Here and 
there in the countryside, a more harmonious relationship still exists between man and melliferous 
insects--harmonious because the native bees of Central America are stingless. One of these is 
the Royal Mayan bee. These stingless bees are Melipona beecheii, known by common names 
according to region: la abeja de la miel virgen (the bee of the virgin honey), el blanco del pais (the 
white countryman), and el jicote (the indigenous name). Most frequently it is called la blanca 
estrella (the white star) or simply la estrella (the star). It is slightly smaller than the Africanized 
honey bee, with a darker abdomen and a fuzzier thorax. Melipona beecheii colonies establish 
themselves in protected enclosures, usually hollow logs. Man has not changed this system; the 
logs are cut to a manageable size, then carried with the colony still inside to the "bee haver's" 
house.  
 
The open ends of the trunk are plugged, usually with a wooden block or a piece of pottery, and 
then sealed with mud. They are then hung from nearby trees or the eaves of buildings. Often 
houses are completely encircled by these strange, mud-daubed trunks, some long and regular 
shaped, others bulging like beer barrels, others misshapen like crudely-hacked Congo drums. 
 
The Mayan Honey Bee is about the size of a horsefly and much smaller than the 
European honey bee. 
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Topic 9 - Africanized Honey Bee Section Post Quiz 
 
Answers at the rear of Glossary 
Fill in the blank 
 
1.  Africanized bees are simply a strain of Apis mellifera, the same species introduced from Europe 
that produces our honey and pollinates many of our plants. _____________was introduced to 
South America in an effort to produce a bee better suited to the tropics.  
 
 
2.  African bees were brought to ________in 1956 by biologists wanting to create an 
African/European hybrid that would perform well in the South American climate. But in 1957, 
measures to contain the colonies were accidentally removed and several swarmed into the 
countryside. 
 

 
3. European honey bees are adapted to winter survival, largely because of their ability to collect 
large honey supplies. Africanized bees, on the other hand, do not overwinter well and respond to 
food shortages by migrating. ___________make large, permanent colonies whereas Africanized 
bees make small to large colonies that reproduce (swarm) often.  
 
 
4.  Although such fatalities are alarming, Africanized Bees probably present the greatest danger 
in the U.S. to American beekeeping and American agriculture in general. ____________ often 
enter European colonies to mingle and mate with them. Such mating results in more hybrid bees 
having African genes and tendencies dominating over European ones. An entire colony may 
suddenly take on aggressive and short-tempered behavior. 
 
 
5.  Africanized honey bees (Apis mellifera scutellata) and European honey bees (Apis m. 
mellifera) are the same species - they look the same, sting in defense of themselves or their nest, 
can only sting once, and have___________. Africanized honey bees are slightly smaller (but 
because the bees look so much alike only a laboratory analysis can tell them apart).  
 
 
6.  Once the victim is protected, remove stings as quickly as possible. Otherwise, the white, 
translucent, venom sac - with its nerves and muscles attached - will continue to pump 
____________into the wound for a minute or more.  
 
 
7.  The Africanized honey bee is simply_________, a result of breeding the European honey bee, 
Apis mellifera mellifera, with the African honey bee, Apis mellifera scutellata.  The genetic 
differences in the hybrid Africanized bee make its habits different from those of the domestic 
European honey bee cultured in the United States. 
 
 
8.  European and Africanized workers have___________. When either type of bee stings a 
human, it leaves both the stinger and tiny, attached venom sac. This causes the bee to die soon 
after. If you are stung, simply scrape the stinger out to remove it.  
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9.  Africanized honey bees tend to colonize large areas and swarm excessively. Also, the bees 
will leave the colony completely and move to a new location when conditions in the environment 
do not suit them - a special trait known as "absconding." Africanized honey bees may 
___________on flights of several miles.  
 
 
10.  Identifying the different races of honey bees and their hybrids is very difficult.  The 
characteristics used for identification differ only slightly and overlap considerably among 
individuals.  Accurate identification is not only difficult but_______________. 
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Topic 10- Modern European Bee Hive Section 
 
Section Focus:  The student will be able to understand and describe honey production, 
beekeeping and related information. At the end of this section, you will be able to understand and 
describe bee hives/ beekeeping. There is a post quiz at the end of this section to review your 
comprehension and a final examination in the Assignment for your contact hours.   
 
Scope/Background: From thousands of year Apis meliffera L. (Honey bees) are important for 
gaining honey and bee wax. Bee honey was the only sweetener, viscous fluid, produced by 
honeybees. It is collected from nectar from nectories at base flowers. Also collected from nectar 
secreted by plant parts other than flowers known as extra floral nectories. It is also collected from 
fruit juice, cane juice etc. In present, the developing markets are available for the other two 
products (Bee pollen and royal jelly) from honey. The bee pollen collect by pollen trap from ingoing 
pollen foragers. It is rich protein source. Bee pollen is a "complete" and good supplement in diet. 
It is available in health food stores. The royal jelly is secreted by gland of nurse bees when the 
glands are fully active. It is very nutritious food and is fed to the young workers larvae and queen 
larvae and adult. Royal jelly is milky and light pale in color.  
 

 
 

Foulbrood   
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Sacbrood 
 
Sacbrood virus (SBV), or Morator aetatulas, is an infectious virus affecting honeybee larvae in 
many areas of the world. Larvae die off before fully transforming into pupae, leaving a distinct 
sac-like appearance in the affected brood. The infection typically presents in the colony growth 
phase — often in the spring. Once SBV infiltrates honeybee larvae, the larvae fail to pupate and 
ultimately die off. 
 
While sacbrood is often only a minor issue, this affliction causes significant damage within a 
colony if it is stressed or weak. Infection can lead to large areas of affected comb where the queen 
will refuse to lay more eggs. Additionally, infected adult bees will also have a shorter overall 
lifespan. As a result, the overall strength and function of a colony is compromised. 
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Langstroth Hive  
 
There are two basic types of modern or movable hive in common use, the "Langstroth hive" 
(including all the size variants) which has enclosed frames to hold the comb and the top-bar or 
Kenya-hives which, as the name implies, have only a top-bar to support the comb. These hives 
are typified by removable frames which allow the apiarist to inspect for diseases and parasites. 
Movable frames also allow the beekeeper to more easily split the hive to make new colonies. 
 

 
 
Langstroth hives 
Langstroth frame of honeycomb with honey in the upper left and pollen in most of the rest of the 
cells named for their inventor, Rev. Lorenzo Langstroth, these hives are not the only hives of this 
style, but they are the most common. Langstroth presented his design in 1860 and it has become 
the standard style hive for 75% of the world's beekeeping. This class of hives includes other styles 
differing mainly in size and number of frames used. Types include Smith, Segeberger Beute 
(German), Frankenbeute (German), Normalmass (German), Langstroth hive, Modified 
Commercial and Modified Dadant, \plus regional variations such as the British Modified National 
Hive. 
 
Langstroth hive make use of the discovery of bee space, a characteristic of Western honey bees 
which causes them to propolize small spaces (less than 1/4 inch), gluing wooden parts together 
and to fill larger spaces (more than about 3/8 inch) with wax comb but to hold the intermediate 
space open for traffic channels for the bees.  
 
His cleverly designed hive makes use of this bee space so that frames are neither glued together 
nor jammed up with burr comb - comb joining adjacent frames. Langstroth hives make use of 
standardized sizes of hive bodies (rectangular boxes without tops or bottoms placed one on top 
of another) and frames to ensure that parts are interchangeable and that the frames will remain 
relatively easy to remove, inspect, and replace without killing the bees. Langstroth hive bodies 
are rectangular wooden or Styrofoam boxes that can be stacked to expand the usable space for 
the bees. Inside the boxes, frames are hung in parallel. The minimum size of the hive is dependent 
on outside air temperature and potential food sources in the winter months.  
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The colder the winter, the larger the winter cluster and food stores need to be. In the regions with 
severe winter weather, a basketball shaped cluster typically survives in a "double-deep" box. In 
temperate and equatorial regions, a winter cluster will survive in a single box or in a nuc (short for 
nucleus colony). 
 
Langstroth frames are thin rectangular structures made of wood or plastic and which have a wax 
or plastic foundation on which the bees draw out the comb. The frames hold the beeswax 
honeycomb formed by the bees. Ten frames side-to-side will fill the hive body and leave the right 
amount of bee space between each frame and between the end frames and the hive body. 
 
Langstroth frames are often reinforced with wire which makes it possible to extract honey in 
centrifuges which spin the honey out of the frames. The empty frames can be returned to the 
beehive for use next season. Since bees are estimated to use as much food to make one kilogram 
of beeswax as they would to make eight kilograms of honey, the ability to reuse comb can 
significantly increase honey production. 
 
The top-bar or Kenya-hives were developed as a lower-cost alternative to the standard Langstroth 
hives and equipment. They are used by some devotees in the US, but are much more popular, 
due to their simplicity and low cost, in developing countries. Top-bar hives also have movable 
frames and make use of the concept of bee space. 
 
The top-bar hive gets its name because the frames of the hive have only a top bar, not sides or a 
bottom bar. The beekeeper does not provide a foundation (or provides only a fractional 
foundation) for the bees to build from. The bees build the comb so it hangs down from the top 
bar. The hive body is often shaped as an inverted trapezoid in order to reduce the tendency of 
bees to attach the comb to the hive-body walls. Unlike the Langstroth design, a top-bar hive is 
generally expanded horizontally, not vertically. The top-bar design is a single, much longer box 
with all the frames hanging in parallel. 
 
Unlike the Langstroth hive, the honey cannot be extracted by centrifuging because a top-bar 
frame does not have reinforced foundation or a full frame. Because the bees have to rebuild the 
comb after each harvest, a top-bar hive will yield more beeswax but less honey. 
 
However, like the Langstroth hive, the bees can be induced to store the honey separately from 
the areas where they are raising the brood so that bees are less likely to be killed when harvesting 
from a top-bar hive than when harvesting from a skep or other traditional hive design. 
 
Bee Pollen  
Bee pollen is the male seed of a flower blossom which has been gathered by the bees and to 
which special elements from the bees has been added. The honeybee collects pollen and mixes 
it with its own digestive enzymes. One pollen granule contains from one hundred thousand to five 
million pollen spores each capable of reproducing its entire species.  
 
Bee pollen is often referred to as nature's most complete food. Human consumption of bee pollen 
is praised in the Bible, other religious books, and ancient Chinese and Egyptian texts. Research 
studies document the therapeutic efficacy and safety of bee pollen. Clinical tests show that orally 
ingested bee pollen particles are rapidly and easily absorbed--they pass directly from the stomach 
into the blood stream. Within two hours after ingestion, bee pollen is found in the blood, in cerebral 
spinal fluids, and in the urine.  
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Propolis is a wax-like, resinous substance that bees collect from tree buds, or other botanical 
sources, and use as a sealant for unwanted open spaces in the hive.  
 
Propolis is used for small gaps (approximately 1/4"/6.35 mm or less), while larger spaces are 
usually filled with beeswax. Its color varies from green to reddish brown depending of its botanical 
source; the most common being dark brown.  
 
For centuries, beekeepers assumed that bees sealed the beehive with propolis to protect the 
colony from the elements, such as rain and cold winter drafts. However, 20th Century research 
has revealed that bees not only survive, but also thrive, with increased ventilation during the winter 
months throughout most temperate regions of the world. 
 
Propolis is now believed to: 
1. reinforce the structural stability of the hive  
2. reduce vibration  
3. make the hive more defensible by sealing alternate entrances  
4. prevent diseases and parasites from entering the hive  
5. prevent putrefaction within the hive.  
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Waste 
Bees usually carry waste out of and away from the hive. However if a small lizard or mouse, for 
example, found its way into the hive and died there, bees could be unable to carry it out through 
the hive entrance. In that case, they would attempt instead to seal the carcass in propolis, 
essentially mummifying it and making it odorless and harmless.  
 
Composition of Propolis 
The composition of propolis will vary from hive to hive, district to district, and from season to 
season. Normally it is dark brown in color, but it can be found in green, red, black and white hues, 
depending on the sources of resin found in the particular hive area. Bees are opportunists, and 
will gather what they need from available sources. Occasionally bees will even gather various 
caulking compounds of human manufacture, when the usual sources are more difficult to obtain. 
Therefore, various potential medicinal properties may be present in one hive's propolis and absent 
from another. The properties of the propolis depend on the exact plant sources used by an 
individual hive, and the distributors of propolis products cannot control such factors. This may 
account for the many and varied claims regarding its potential medicinal properties and the 
difficulty in replicating previous scientific studies investigating these claims). Even propolis 
samples taken from within a single colony can vary, making controlled clinical tests virtually 
impossible. 
 
The source of propolis varies in a major way with latitude. In temperate climates, bees collect 
resins from trees, mostly poplars and to lesser extent conifers. The biological role of propolis in 
trees is to seal wounds and defend against bacteria, fungi and insects. In tropical regions, bees 
gather propolis from flowers, especially Clusia, that have adapted propolis to attract pollinators. 
The chemical composition of temperate propolis and tropical propolis are different. Poplar propolis 
is rich in flavanoids. Clusia propolis contains polyprenylated benzophenones.  
 
"Typical" propolis has approximately 50 constituents, primarily resins and vegetable balsams 
(50%), waxes (30%), essential oils (10%), and pollen (5%). Propolis is sticky at and above room 
temperature. At lower temperatures, it becomes hard and very brittle. "Sinapic acid, isoferulic 
acid, caffeic acid and chrysin were isolated from the alcoholic extraction of propolis and identified 
by spectrometric methods. The first three compounds were shown with inhibitive effect of against 
Staphylococcus aureus, while chrysin was ineffective."  
 
How Bees Make Honey  
Honeybees use nectar to make honey. Nectar is almost 80% water with some complex sugars. 
In fact, if you have ever pulled a honeysuckle blossom out of its stem, nectar is the clear liquid 
that drops from the end of the blossom. In North America, bees get nectar from flowers like 
clovers, dandelions, berry bushes and fruit tree blossoms. They use their long, tube-like tongues 
like straws to suck the nectar out of the flowers and they store it in their "honey stomachs".  
 
Bees actually have two stomachs, their honey stomach which they use like a nectar backpack 
and their regular stomach. The honey stomach holds almost 70 mg of nectar and when full, it 
weighs almost as much as the bee does. Honeybees must visit between 100 and 1500 flowers in 
order to fill their honey stomachs. 
 
The honeybees return to the hive and pass the nectar onto other worker bees. These bees suck 
the nectar from the honeybee's stomach through their mouths. These "house bees" "chew" the 
nectar for about half an hour. During this time, enzymes are breaking the complex sugars in the 
nectar into simple sugars so that it is both more digestible for the bees and less likely to be 
attacked by bacteria while it is stored within the hive. The bees then spread the nectar throughout 
the honeycombs where water evaporates from it, making it a thicker syrup. The bees make the 
nectar dry even faster by fanning it with their wings.  
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Once the honey is gooey enough, the bees seal off the cell of the honeycomb with a plug of wax. 
The honey is stored until it is eaten. In one year, a colony of bees eats between 120 and 200 
pounds of honey. 
 
Carbohydrate Element 
Nectar and honey form the energy (or carbohydrate) element of the bees' diet while pollen forms 
the proteinaceous part of their diet. Both pollen and nectar are essential to normal colony growth. 
Without nectar, the colony has no energy with which to perform its normal tasks and without 
pollen, young bees cannot be reared. 
 
Honeybee Behaviors 
Absconding is another of those honey bee behaviors that isn’t completely understood, but we can 
draw some conclusions based on repeated observations. Usually at least one of the following 
conditions exists in a hive before a colony absconds in the fall: 

 There is a severe nectar dearth resulting in a shortage of stored food. 
 The hive has been heavily invaded by predators such as ants, yellow jackets, wax moths, 

or small hive beetles. 
 There has been excessive disturbance from interlopers such as skunks or beekeepers. 
 The hive is extremely hot due to the weather or severe overcrowding  

 
In general, the environmental conditions in the hive became too stressful for the bees. Somehow 
they sensed they had little chance of surviving in the present circumstances and decided to leave. 
 
Much like swarming, absconding is a process. Preparations are made well in advance of “moving 
day.” Usually the queen ceases to lay eggs and slims down in preparation for flying, foraging 
stops, scouts begin searching for a new home, and honey stores are used up. By the time a 
beekeeper discovers an empty hive there is usually nothing left but wax comb. Comb left clean 
and neat usually indicates the bees left due to a nectar dearth and impending starvation. Comb 
that is shredded and irregular may have been damaged by robbing bees or yellow jackets. Comb 
ruined by small hive beetles or wax moths is often completely destroyed and full off feces and 
cocoons. 
 
A fall absconding honey bee colony has virtually no chance of surviving the winter. The bees have 
no comb, no honey, no nectar source, no pollen source, and no time. They left their home because 
they didn’t know what else to do. 
 
If you can catch such a colony, you may be able to save them by heavy feeding of honey, syrup, 
and pollen. But don’t put them back where they came from unless you can determine what was 
wrong and correct it. Otherwise, they will simply abscond again. 
 
Colony Collapse Disorder:  
Adult bees are gone, but honey, pollen and some brood remain behind. The difference in 
absconding and CCD is that the honey, pollen and brood are left behind. Sometimes the queen 
and a handful of bees are left in the hive. Opportunists (SHB and wax moths) seem slower to take 
over when CCD is the cause of the dead hive. 
 
Prevention of Absconding  
Where bees abscond frequently it is an indication that food, probably nectar is limited within the 
environment. Feeding bees is common in temperate bees; perhaps where the bees have 
collected insufficient honey or perhaps where too much honey has been harvested from a colony. 
In these cases the feeding of refined white sugar (sucrose) will enable to bees to survive a long 
period of dearth. Raw, unrefined brown sugar or molasses is NOT suitable for feeding bees as 
they lack the enzymes to deal with the complex sugars that remain in the unrefined sugar and will 
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die of dysentery. The writer has however, tried pulping the sugar from sugar cane and feeding 
the resulting jelly like substance. This appeared to be acceptable to the bees.  
 
However, it went moldy very quickly so needed replenishing frequently. There was no long term 
experimentation or feedback from this method to indicate how it affected honey bee survival. 
 
Feeding Pollen 
Feeding pollen is also practiced in areas where pollen is limited. This is most likely to be in the 
monoculture agricultural landscapes that are associated with large-scale industrialized farming. 
There are many places in the world where there is plenty of forage, both nectar and pollen. The 
level of bee absconding and ease of colonization is probably an indicator of the richness and 
health of the environment (for the people who live there as well as the bees). Feeding pollen is 
normally practiced at the start of the colony build up period. This is the time when protein demands 
will be highest as the bees are rearing large numbers of young brood. If the colony build up seems 
unusual and there are no signs of pollen in the colony then it is possible that supplementary pollen 
feeding may be helpful. If beekeepers believe either pollen or nectar shortage is affecting the 
bees, the first line of investigation should be the availability of enough suitable tree species and 
the implementation of a planting program if possible. 
 
It is possible, but usually not feasible to feed bees sugar to reduce their propensity to abscond. 
However, in most places where beekeeping is being used as a poverty alleviation tool it is not an 
affordable technique. It is probably better that the beekeepers use the sugar for their household 
needs rather than for the bees. It is not practical in fixed comb hives. Feeding must be done within 
the confines of the hive if it is not to cause a frenzy of bees robbing and possibly killing the smaller 
colonies and taking their food. Sugar feeding, where it is practiced, is usually done in the evening 
when there is less chance of disrupting other colonies in the area. Special feeding equipment is 
also needed. 
 
New Colonies 
New colonies which settle too late in the season will not make it, and are best combined with 
others. Colonies should always be kept as big as possible. Colonies should be harvested 
modestly, according to the expected season after the harvesting, and smaller colonies should not 
be harvested at all. In a decreasing season, empty combs should be removed when the colony is 
still strong. Hives should have a volume, according to vegetational nectar flow, between 80 and 
150 liters. Traditional hives should have an opening at the back side, for inspection and 
harvesting, far from the brood, which is positioned near the bee entrance. Hives should be set in 
a good vegetation. Weighing of colonies can be a help to know the seasons and different weather 
types in one to a few years.  Honeybee husbandry is meant to have a higher production than from 
the wild. Understanding and reduction of absconding leads to increased production.  
 
Swarming 
When honey bees swarm they will settle on a tree limb, bush, or other convenient site. The 
cohesiveness of the swarm is due to their attraction to a pheromone produced by the queen. The 
swarm will send out scout bees to seek a cavity to nest in and will move on when a suitable 
nesting site is found. Rarely, swarms may initiate comb construction in the open if a suitable cavity 
cannot be found. You may want to call a local beekeeper to see if he would like to collect the 
swarm. Contact your county extension office for a list of beekeepers in your area. Late season 
swarms are of little value to beekeepers.  
 
A traditional poem advises: 
A swarm in May - is worth a load of hay. 
A swarm in June - is worth a silver spoon. 
A swarm in July - isn't worth a fly. 
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The bee swarm is looking for a new nesting site. A beekeeper can capture a swarm by placing a 
suitable container, such as an empty beehive, on the ground below the swarm and dislodging the 
bees at the entrance to the hive. The bees will begin to move into the hive which can be removed 
after dark to the beekeeper's apiary. You can observe the bees scent-fanning at the entrance to 
signal the entrance to the new nest as the bees march into their new home. If for some reason 
the queen does not go into the new hive, the bees will abandon it and form a cluster where she 
lands. 
 
Honey bees are cavity nesters and will seek a cavity of at least 15 liters of storage space. Hollow 
trees are preferred nesting sites. Occasionally, bees will nest in the hollow walls of buildings, 
under porches, and in other "man-made" sites if they can find an entrance to a suitable cavity.  
 
Honey Bee Swarm in an Undesirable Place 
Honey bees are beneficial pollinators and should be left alone and appreciated unless their nest 
are in conflict with human activity. If honey bees nest in the walls of a home, they can be removed 
or killed if necessary; however, it is advisable to open the area and remove the honey and combs 
or rodents and insects will be attracted. Also, without bees to control the temperature, the wax 
may melt and honey drip from the combs. After removal, the cavity should be filled with foam 
insulation as the nest odor will be attractive to future swarms. You may want to seek the 
assistance of a professional beekeeper or exterminator. Nests should be removed promptly from 
problem sites. After several months, they may have stored a considerable amount of honey. You 
can prevent swarms from nesting in walls by preventive maintenance. Honey bees will not make 
an entrance to a nest. They look for an existing entrance, so periodic inspection and caulking is 
all that is necessary to prevent them from occupying spaces in walls. 
 
Why are we observing fewer swarms than in previous years? 
In the 1980's, two mites that parasitize honey bees were introduced into the U.S. They have 
spread throughout the state and have eliminated many wild or feral colonies. In addition, the 
number of colonies managed by beekeepers has declined during the past decade. Farmers and 
gardeners producing tree fruits, small fruits, forage legumes, oil seed crops, and vegetable crops 
requiring bee pollination need to consider pollination requirements as once abundant honey bee 
pollinators are no longer something they can take for granted. Managed honey bee colonies may 
be needed to assure adequate pollination of these crops. 
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Bee Facts 
 
 Bees from the same hive visit about 225,000 flowers per day. One single bee usually 

visits between 50-1000 flowers a day, but can visit up to several thousand. 
  
 Queens will lay almost 2000 eggs a day at a rate of 5 or 6 a minute. Between 175,000-

200,000 eggs are laid per year.  
 
 The average hive temperature is 93.5 

degrees.  
 
 Beeswax production in most hives is 

about 1 1/2% to 2% of the total honey 
yield.  

 
 About 8 pounds of honey is eaten by 

bees to produce 1 pound of beeswax.  
 
 Honeybees are the only insects that 

produce food for humans.  
 
 Just a single hive contains approximately 

40-45,000 bees!  
 
 During honey production periods, a bee's 

life span is about 6 weeks.  
 
 Honeybees visit about 2 million flowers to 

make one pound of honey.  
 
 A bee travels an average of 1600 round 

trips in order to produce one ounce of 
honey; up to 6 miles per trip. To produce 
2 pounds of honey, bees travel a 
distance equal to 4 times around the 
earth.  

 
 Bees fly an average of 13-15 mph.  

 
Locating Wild Bees 
The first step in eliminating the pest problem is locating the nest and getting rid of the adult bees.  
It may be difficult to locate the comb, as it may be some distance from the entrance/exit used by 
the bees.  Some of the most common methods of locating comb are: 

 
1. If bees are inside a wall with sheetrock on one side, feel the sheetrock for warmth; tap the 
sheetrock and listen for a solid sound vs. a hollow sound.  Listen also for buzzing when tapping. 
 
2. If bees are in a wood, brick, or sheetrock wall, when you think you have located the nest, drill 
a hole (1/16") large enough for a coat hanger wire.  Straighten out a coat hanger and stick it in 
the hole.  You should have honey or wax on the hanger when you withdraw it.  Work close to the 
top of the wall with holes and coat hanger because bees always hang the honeycomb down from 
an overhead support. 
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Topic 10 - Modern European Bee Hive Section Post Quiz  
Answers at the rear of Glossary 
 
Fill in the blank 
 
1.  Bee pollen is the male seed of a flower blossom which has been gathered by the bees and to 
which special elements from the bees has been added. The honeybee collects pollen and mixes 
it with its own___________.  
 
 
2.  ________________contains from one hundred thousand to five million pollen spores each 
capable of reproducing its entire species.  
 
 
3.  __________is a wax-like, resinous substance that bees collect from tree buds, or other 
botanical sources, and use as a sealant for unwanted open spaces in the hive.  
 
 
4.  Bees usually carry waste out of and away from the hive. However if a small lizard or mouse, 
for example, found its way into the hive and died there, bees could be unable to carry it out through 
the hive entrance. In that case, they would attempt instead to seal the carcass in propolis, 
essentially mummifying it and making it_______________.  
 
 
5.  The composition of propolis will vary from hive to hive, district to district, and from season to 
season. Normally it is ________________in color, but it can be found in green, red, black and 
white hues, depending on the sources of resin found in the particular hive area. Bees are 
opportunists, and will gather what they need from available sources.  
 
 
6.  The source of propolis varies in a major way with latitude. In temperate climates, bees collect 
resins from trees, mostly poplars and to lesser extent conifers. The biological role of propolis in 
trees is to seal wounds and defend against bacteria, fungi and insects. In tropical regions, bees 
gather propolis from flowers, especially Clusia, that have adapted ____________ to attract 
pollinators.  
 
 
7.  The honeybees return to the hive and pass the nectar onto other worker bees. These bees 
suck the nectar from the honeybee's stomach through their mouths. These "______________" 
"chew" the nectar for about half an hour.  
 
 
8.  ______________is another of those honey bee behaviors that isn’t completely understood, 
but we can draw some conclusions based on repeated observations.  
 
 
9.  Adult bees are gone, but honey, pollen and some brood remain behind. The difference in 
absconding and CCD is that the honey, pollen and brood are left behind Sometimes the queen 
and a handful of bees are left in the hive. __________seem slower to take over when CCD is the 
cause of the dead hive. 
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10. The swarm will send out scout bees to seek a cavity to nest in and will move on when a 
suitable nesting site is found. Rarely, swarms may initiate _________in the open if a suitable 
cavity cannot be found.  
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Topic 11 - Bee Control Section  
 
Section Focus: The student will be able to understand and describe general and advanced bee 
controls (American foulbrood) and treatments. At the end of this section, you will be able to 
understand and describe various bee controls measures. There is a post quiz at the end of this 
section to review your comprehension and a final examination in the Assignment for your contact 
hours.   
 
Scope/Background: The traditional control measure for American foulbrood is to kill all bees in 
an infected colony and then burn the dead bees and hive materials belonging to the colony. 
Destroying the wax comb is critical because, apart from the bees, combs are the main carriers 
of P. larvae spores. Burning entire honeybee colonies and their hive materials is expensive, 
especially considering the high cost of beekeeping equipment. Instead of killing and burning their 
bee colonies, beekeepers can turn to their veterinarian for help to control American foulbrood with 
antibiotics. While the antibiotics don’t kill the spores, they do prevent the bacteria from multiplying. 
A veterinarian’s supervision is required for administering antibiotics to bee colonies infected with 
AFB. 

 
 

Drenching a beehive is the last resort for controlling problem bees. 
 
Honeybees play an important role in agriculture.  For decades, entomologists have included a 
strong statement about the protection of honey bees in their insect control guides and pest 
management programs.  However, when honey bees become a threat to public health or the 
welfare of domestic animals, they must be dealt with differently.  When bees colonize an area 
frequented by humans or domestic animals, they become a pest or health risk.  At such times 
they must be removed or eliminated. Bees that need to be removed fall into two categories: 
swarms and established colonies.  
 
Bee Swarms 
Capturing swarms is a common method of obtaining bees by hobbyists and commercial 
beekeepers.  Swarms are captured and introduced into hives with removable frames, where they 
can be managed properly for honey production or pollination services. 
 
Capturing a swarm is a relatively easy procedure because bees are not defensive when 
swarming.  However, it is not recommended for those who aren't familiar with the habits of bees 
or who don't have the proper protective equipment. 
 
Once the AHB is established in an area, it is more difficult to get beekeepers to capture swarms 
for their own use.  They will not wish to risk capturing a swarm that may be Africanized.  
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Swarms seldom remain long before scout bees find a suitable site to colonize.  However, it may 
be desirable, in an area where the AHB is established, to eliminate swarms in an effort to prevent 
colonization of certain sites, such as in or near dwellings. Swarms may be eliminated with 
approved insecticides.  They may also be eliminated by spraying with soapy water.  Liquid 
dishwashing soap in a 5% solution is recommended (1 cup of soap/gal).  A high volume spray 
achieves the best effect.  Avoid fine mists. 
 
A swarm of honey bees is a temporary inconvenience that may last a few hours or days.  Honey 
bees in a swarm are usually gentle because they have stomachs full of honey.  If left undisturbed, 
a swarm will locate new quarters and often disappear as quickly as it appeared.  In the past, local 
beekeepers collected swarms to put into their unused hives.  They would at times charge a 
nominal fee for their time and effort. 
 
Remember: A swarm is only temporary and will move away as soon as the bees find a new 
home.  Only in unusual situations will a swarm remain to build comb and not move from a cluster 
site. 
 
Bee Colonies 
Although feral colonies seldom cause problems unless provoked, if they are established in an 
area where interaction with man or domestic animals may occur, they should be eliminated.  Once 
a colony is established it will defend its nest.  Only experienced persons with protective equipment 
should attempt to remove or eliminate bee colonies.  
 
Insecticides  
Numerous insecticides are approved for use on bees.  These chemicals are very effective when 
used properly.  Soapy water doesn't work effectively on a colony because honeycomb prevents 
adequate coverage. Bee colonies may be removed physically by hand or by vacuuming with 
special types of vacuums.  Once collected, the bees can be placed in a hive, released at a different 
location, or killed with insecticide. 
 
Removing Bees  
Occasionally, even honey bees are considered pests and must be dealt with like any other 
unwanted insect.  Because of the attention recently focused on AHBs, it is important to provide 
homeowners, pest control operators, and others with sound information on how to deal with honey 
bees when they are pests. Bee colonies may nest in tree hollows or in structures, such as attics, 
between the wall studs of houses or garages, within porch roofs, or in similar areas. 
 
Bees in Buildings 
Bees nesting in buildings, unlike swarms, are a great problem.  There is no easy, convenient 
method of removing the bees.  However, every effort should be made to determine the extent of 
the nest and to give priority to removing and relocating the bees, brood, and honey stores.   
 
Simply killing the bees will only make for more complex problems in the future.  For instance, an 
unattended nest of beeswax, honey, brood, and pollen will attract other insects and animals. Wax 
moths will enter to consume the wax, cockroaches and ants will find the brood and honey.   
 
Decaying brood and fermenting honey will cause undesirable odors.  Melting wax and honey can 
soak into walls, making them impossible to paint or wallpaper.  Walls will also remain moist to the 
touch for a considerable period of time. If removing the bees and their nest is not practical, then 
other methods of dealing with them can be considered.  The following steps are appropriate 
guidelines.  
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Removal of the Comb 
 
In some instances, it will be quite expensive to attempt removal of the nest.  The homeowner may 
be willing to put up with the smell and take his/her chances with damage from honey-soaked 
walls.  Several materials can then be used to poison honey bees: 

1. Aerosol sprays.  Aerosol sprays may be very effective if sprayed through the holes 
drilled for the coat hanger probe.  It may be necessary to drill a number of holes to inject 
an aerosol spray. 
2. Spray concentrates or dusts.  Some insecticide liquids or dusts are also very effective 
for controlling bees and wasps.  Equipment to mix and apply such formulations is 
necessary. 

 
Insecticide  
Insecticide should be applied at the entry/exit area of the nest and, if feasible, directly onto the 
nest (drilling small holes to the nest may be necessary).  The nest itself may be some distance 
upwards, left or right from the entry/exit area and is almost always suspended from some 
overhead support.  Several repeat applications are usually necessary to kill the bees.  Whenever 
using an insecticide, check the container label for proper concentration, safe use, and area 
requirements.  For nests in trees or garages, removal usually is not necessary. 
 
Other Problems Associated With Bee Control  
 
Only qualified, experienced personnel should be allowed to remove or destroy bee colonies.   
 
The following must be considered: 

1. Effective, approved pesticides.  
2. Safety of the applicator and onlookers.  
3. Possible damage, such as staining of wallpaper or wood trim.  
4. Pesticide residue that may be harmful to foraging domestic bees.  
5. Problems associated with dead bees, honey, and comb after bees are killed.  
6. Possibility of re-infestation if structure is not modified. 

 
Publications that elaborate on bee removal and control are:  

1. “Disposing of Africanized Swarms or Feral Colonies” by Dr. James E. Tew & A.M. 
Collins  
2. “How to Remove Bees from Buildings” by Ward Stanger  
3. “Control of Honey Bees in and around Homes” by Drs. Alton Sparks and Philip 
Hammon. 

 
Handling Bee Problems  
It is better to prevent bee stings than treat them.  This section includes information that may be 
used to make an area safer by reducing interactions between people and bees.  Tips are given 
that will help prevent interactions with bees. 
 
Safening an Area  
"Safening" is a term we can use for action taken to modify a habitat, structure, or other factor that 
will result in a safe environment for people or domestic animals.  With respect to bees, this is 
usually action taken to reduce or eliminate a population.  It could also be action taken to prevent 
or discourage bees from colonizing an area. 
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Safening the Home 
Homes may be made safer by locating and removing bee colonies.  Desirable nesting sites may 
be reduced by discarding barrels, old appliances, abandoned cars, piles of debris, and other 
materials.  Hollow trees and logs should be removed.  Cavities in landscape trees may be filled 
with foam insulation.  Loose insulation beneath mobile homes, and open vents beneath homes 
or attics should be repaired.  Vents should be screened with wire mesh small enough to prevent 
bee entry. Knot holes and cracks in houses, barns, and storage structures need to be repaired or 
filled.  Holes made for utilities and plumbing should be inspected, and any openings should be 
closed or filled to prevent entry of bees. 
 
Safening the School 
Safening a school is much like safening a home.  Inspections should be made periodically, such 
as just prior to the beginning of each school year.  All colonies should be removed and 
modifications made to prevent re-colonization.  Students should be informed about bees and 
instructed to report any swarm or colony immediately. 
 
Safening Recreation Areas and Training Sites 
All inside and outside facilities of parks and recreational areas should be thoroughly inspected.  
All bee colonies should be eliminated and modifications made to prevent future colonization.  
High-use areas, such as campsites, boat launches and picnic grounds, should be re-inspected 
periodically to remove any new colonies of bees.   
 
In large wooded areas used for recreational purposes or training sites, signs can be posted 
informing people that bee swarms may be encountered, requesting that such swarms not be 
disturbed, and directing that swarms be reported to appropriate authorities. 
 
Avoiding Bee Problems  
Most serious incidents involving bees can be avoided with a little effort.  In areas where the AHB 
has become established, people should learn the basics about bees and their habits.  When 
activities increase the possibility of interaction with bees, care should be taken to reduce incidents. 
 
Lawnmowers, Weed eaters, and Chain Saws  
Bees dislike the noise, vibrations, and air movement created by lawnmowers.  Quick inspection 
of an area to be mowed or shredded can often reveal bee or wasp colonies that would be 
disturbed by such actions.  Removal of bee colonies prior to mowing dramatically reduces the 
likelihood of multiple stings. 
 
Domestic Animals 
Dogs and other domestic animals have been killed by bee stings.  Wherever the AHB becomes 
established, the number of animal deaths due to bee stings is predicted to increase four to five 
times.  Animals that are not confined, seldom receive many stings because they usually flee the 
area defended by the bees. Animals in pens or that are tied cannot run away and may receive a 
lethal dose of venom.  Animals should not be confined or tied unless the area has first been 
checked to make sure that no bee colonies are established nearby. 
 
Large Motorized Equipment 
Large equipment can incite an AHB attack through disturbance by engine noise and exhaust, or 
simply by hitting the colony.  Persons most susceptible to attack are those who operate vehicles 
with open cabs, such as jeeps, bulldozers, backhoes, and tractors.   In the event of an AHB attack, 
exposure can be minimized if the cab can be quickly closed. 
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General Bee Control and Treatments 
 
The most important element of wasp and bee control is to destroy the nest. Aerosol “wasp and 
hornet” sprays can be used to knock down bees/wasps around the nest. Small amounts of 
pesticides (dust and wettable powder formulations work well) applied into the nests of carpenter 
bees and cicada killers provide good control. Nests of mud daubers also can be treated this way 
or by simply scraping them off structures. To prevent re-infestation, finishes (paint, etc.) can be 
applied to unfinished wood to discourage carpenter bees.  
 
In some cases, attempting to destroy a nest becomes a greater health risk than simply tolerating 
and avoiding it. Nevertheless nests, especially those of social species, should be destroyed if they 
are close enough to humans to pose a stinging threat. The nests of honey bees, bumble bees, 
yellowjackets and hornets should always be approached with caution, preferably at night when 
most of the workers are present but reluctant to fly.  
 
Try not to carry a light, as wasps and bees may fly toward it. Instead, set the light aside or cover 
it with red cellophane (insects cannot see red light). If there is direct access to the nest, a fast-
acting dust or wettable powder formulation can be applied. If possible, inject the material into the 
nest. If you must approach these nests during daytime, a quick knockdown aerosol can be used 
to keep the bees/wasps at bay, while you treat the nest as above. Heavy clothing or a “bee suit” 
can be worn for added protection.  
 
Sometimes, yellowjacket and honey bee nests occur in voids such as vents, attics, crawlspaces 
or hollow walls. Destroying nests in these locations can be difficult, often requiring the services of 
pest management professionals. Honey bee nests contain honey that must be removed after the 
bees are eliminated because it will rot and attract secondary pests. Also, be mindful that nests 
may be located several feet away from the point at which the bees/wasps are entering the 
structure.  
 
Simply applying pesticides into the entrance holes may not be sufficient. It may be necessary to 
drill into the structure to enable injection of pesticides directly into the nest. Entrance holes should 
never be plugged, even after treatment, because the bees/wasps will look for other ways to get 
out of the nest and have been known to chew their way into living quarters, endangering persons 
inside. Also, use extreme caution when performing bee/wasp control from a ladder. 
 
Another special case occurs when large numbers of yellowjackets forage in public areas such as 
parks, schools and zoos. Attracted to human food, especially meats and sweet liquids, wherever 
it is being prepared, eaten or discarded, yellowjackets pose an increased threat to humans. 
Control is often difficult.  When located in wooded areas, the nests can be difficult if not impossible 
to find and treat. Yellowjacket baits and traps can kill large numbers, but there can be a lot more 
where they came from and the problem may continue.  
 
Other types of pesticide applications for control of yellowjackets in outdoor recreation areas are 
rarely effective. Consequently, management of yellowjackets should focus on prevention, such 
as keeping food enclosed. Tight-fitting lids should be kept on outdoor trash containers and they 
should be moved away from people. In the end, not eating in infested outdoor areas may be the 
only sure way to avoid being stung.  
 
NOTE: When pesticides are used, it is the applicator’s legal responsibility to read and follow 
directions on the product label. Not following label directions, even if they conflict with information 
provided herein, is a violation of federal law. 
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Mechanical Control: Removing bees without bee poison 
 
Killing bees with bee traps.  
One of the most common traps used to kill bees with is the bottle trap. To make one, get an empty 
two liter soda bottle, remove the lid, cut the top off the bottle at the point where the neck starts to 
slant inward, turn the top upside down and place it into the bottle so that the two cut surfaces are 
flush, and secure it there with staples, tape, or both. Once the bee trap is made, pour in a couple 
inches of something sweet like fruit juice or Mountain Dew, add a couple drops of liquid dish 
detergent, set your trap out, and watch as bees fly in and die because they're too stupid to get 
back out. 
 
Remove bees from the house with a vacuum cleaner.  
Unless you have a thousand bees swarming your face, the vacuum cleaner is a great way to get 
rid of bee pests that are in the house. Simply use the hose attachment and suck them into oblivion. 
 
Use a cardboard box for bee swarm removal.  
Bee swarms are often found at rest on the ends of tree branches. In order to take care of this 
problem, some people, who are far braver than I, will take a large cardboard box out to the swarm 
site in the early morning when the bees are sluggish, open the box and set it below the swarm, 
quickly jerk the bees' branch up and down a few times to shake them into the box, and quickly 
close the lid. After checking the branch over really well to make sure the queen is not still on it, 
the bees are then relocated. 
 
Biological Control: Natural ways to relocate or exterminate bees 
Contact a local beekeeper. If you have a colony of honeybees and you want it gone, put some 
effort into finding someone to come and take them off your hands before killing bees or calling 
the bee exterminators to do it for you. These days, considering the severity of Colony Collapse 
Disorder, there's a good chance that some local beekeeper will be more than happy to come and 
supply you with free bee removal services. 
 
Get rid of ground bees with a sprinkler. Quite often ground bees can be gotten rid of simply by 
spraying them with water. Connect a sprinkler to your garden hose, set it up next to where the 
bees are living, and let the fun begin.  
 
Repel carpenter bees with almond oil. During the day, when the bees are out and about, plug 
their holes and spray the structure they're drilling into with almond oil. Almond oil is a natural bee 
repellent. 
 
Soap and water kills bees. To exterminate bees nesting in the ground, all you need is some 
buckets, some warm water, and some liquid dish detergent. Fill a few buckets with some nice, 
warm, soapy water (exact measurements aren't really needed; just be generous with the soap), 
and dump the soap water down their holes. If you want to dispatch a bee swarm, exact 
measurements are a little more important but only because you will be using a sprayer and 
wanting it to spray properly. Mix a 2% water to soap solution (about 1/3 cup soap to 1 gallon 
water), and spray away. 
 
Boric acid is a natural bee insecticide. This effective bee killer is a dust that sticks to the legs 
and bodies of bees. Once on their legs and bodies, bees unwittingly carry it into their hives or 
nests and poison the rest of the colony. Sprinkle boric acid on the ground around ground nesting 
sites, at the entrances of hives and nests, or, when dealing with honeybees in the walls, directly 
into hives via holes drilled through the wall and into the side of the hive. 
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Specific Bee Treatments  
 
Certain pesticides are harmful to bees. That’s why we require instructions for protecting bees on 
the labels of pesticides that are known to be particularly harmful to bees. This is one of many 
reasons why everyone must read and follow pesticide label instructions. When most or all of the 
bees in a hive are killed by overexposure to a pesticide, we call that a bee kill incident resulting 
from acute pesticide poisoning. But acute pesticide poisoning of a hive is very different from 
Colony Collapse Disorder and is almost always avoidable. 
 
There have been several incidents of acute poisoning of honeybees covered in the popular media 
in recent years, but sometimes these incidents are mistakenly associated with CCD. A common 
element of acute pesticide poisoning of bees is, literally, a pile of dead bees outside the hive 
entrance. With CCD, there are very few if any dead bees near the hive. Piles of dead bees are an 
indication that the incident is not colony collapse disorder. Indeed, heavily diseased colonies can 
also exhibit large numbers of dead bees near the hive. 
 
Pyrethrins are another natural bee pesticide  
Pyrethrins, bee killers derived from the flowers of the chrysanthemum, work quite well as a spray 
for controlling bee populations. Pyrethrins are not generally used to destroy entire bee colonies. 
Instead, as they only kill the bees that get sprayed directly, pyrethrins are usually just used to 
keep populations from getting too out of hand. Microcare Aerosol is a good brand. 
 
Pesticides vary in their effects on bees. Worker bees are those primarily affected by pesticides. 
The symptoms of poisoning can vary depending on the developmental stage of the individual bee 
and kind of chemical employed .  Contact pesticides are usually sprayed on plants and can kill 
bees when they crawl over sprayed surfaces of plants or other media. Systemic pesticides, on 
the other hand, are usually incorporated into the soil or onto seeds and move up into the stem, 
leaves, nectar, and pollen of plants.  
 
Dust and wettable powder pesticides tend to be more hazardous to bees than solutions or 
emulsifiable concentrates for contact pesticides. Actual damage to bee populations is a function 
of toxicity and exposure of the compound, in combination with the mode of application. A systemic 
pesticide, which is incorporated into the soil or coated on seeds, may kill soil-dwelling insects, 
such as grubs or mole crickets as well as other insects, including bees that are exposed to the 
leaves, fruits, pollen, and nectar of the treated plants 
 
Pesticides can affect honey bees in different ways. Some kill bees on contact in the field; others 
may cause brood damage or contaminate pollen, thus killing house bees. Before dying, poisoned 
bees can become irritable (likely to sting), paralyzed or stupefied, appear to be 'chilled' or exhibit 
other abnormal behavior. Queens are likely to be superseded when a colony is being poisoned. 
Sometimes solitary queens, banished as if they were somehow "blamed" for poisoning, may be 
found near a colony. These symptoms are not always distinct and they cannot be taken as definite 
signs of pesticide poisoning. Many chronic management problems such as starvation, winter kill, 
chilled brood or disease may result in the same symptoms. Often these problems may be caused 
by pesticides in an indirect manner. So it is difficult in many instances to categorically state that 
bees have been poisoned. 
 
Only one readily recognized symptom is good evidence of pesticide damage; the presence of 
many dead or dying bees near a colony's entrance. In a short period of time, however, these dead 
bees may dry up and the remains be blown away and eaten by ants or other scavengers. A 
beekeeper, therefore, who visits his yards only occasionally may not see these dead bees and 
thus not be aware that his colonies have been poisoned.  
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Most major bee poisoning incidents occur when plants are in bloom. However, bees can be 
affected in other circumstances as well. Keep the following suggestions in mind when applying 
pesticides. Use pesticides only when needed: Foraging honey bees, other pollinators, and insect 
predators are a natural resource and their intrinsic value must be taken into consideration. 
Vegetable, fruit, and seed crop yields in nearby fields can be adversely affected by reducing the 
population of pollinating insects and beneficial insect predators. It is always a good idea to check 
the field to be treated for populations of both harmful and beneficial insects. 
 
Do not apply pesticides while crops are in bloom: Insecticide should be applied only while target 
plants are in the bud stage or just after the petals have dropped.  
 
Apply pesticide when bees are not flying: Bees fly when the air temperature is above 55-60°F 
and are most active from 8 a.m. to 5 p.m. Always check a field for bee activity immediately before 
application. Pesticides hazardous to honey bees must be applied to blooming plants when bees 
are not working, preferably in the early evening. Evening application allows time for these 
chemicals to partially or totally decompose during the night. 
 
Do not contaminate water: Bees require water to cool the hive and feed the brood. Never 
contaminate standing water with pesticides or drain spray tank contents onto the ground, creating 
puddles. 
 
Use less toxic compounds: Some pest control situations allow the grower-applicator a choice 
of compounds to use. Those hazardous to honey bees must state so on the label. Select other 
materials or vary dosages, based on the honey bee mortality predictor model to be discussed in 
a later section of this publication. When in doubt, consult your County Agricultural Extension Agent 
for details, recommendations and further information about the toxicity of specific compounds to 
honey bees. 
 
Not all insecticides have the same effects when prepared in different formulations. 
Research and experience indicate:  

 New microencapsulated insecticides are much more toxic to honey bees than any 
formulation so far developed. Because of their size, these capsules are carried back to 
the colony and there can remain poisonous for long periods. These insecticides should 
never be used if there is any chance bees might collect the microcapsules. Always 
consider using another formulation first. 

 Dusts are more hazardous than liquid formulations. 
 Emulsifiable concentrates are less hazardous than wettable powders. 
 Ultra-low-volume (ULV) formulations are usually more hazardous than other liquid 

formulations. 
 Identify attractive blooms: Before treating a field with pesticides, it is a good idea to check 

for the presence of other blooming plants and weeds which might attract bees. In many 
instances bees have been killed even though the crop being sprayed was not in bloom. 
Many times these attractive blooms can be mowed or otherwise removed, although 
mowing can result in destroying other beneficial insect habitat or force destructive insects 
into the crop being cultivated. 

 
Notify beekeepers: If beekeepers are notified in advance of application, colonies can be moved 
or loosely covered with burlap or coarse cloth to confine the bees and yet allow them to cluster 
outside the hive under the cloth. Repeated sprinkling each hour with water prevents overheating.  
Never screen or seal up colonies and do not cover with plastic sheeting. This can result in 
overheating, leading to bee suffocation and death. Some states require every apiary or bee yard 
to be plainly marked with the owner's name, address and telephone number.  
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Application of Pest Products 
When applying pesticide dusts into cracks, crevices or entry points, proper filling of the dusting 
device is of utmost importance.  When a hand bellows duster is completely filled to its capacity, 
or when dust is packed down inside the duster, dust does not come out in proper form.  Never 
overfill a hand-bellows type insecticide duster.  Fill duster 1/2 to 2/3 from top.  After replacing the 
fill plug, gently shake the duster just prior to application.  The small area inside the duster (created 
by NOT over-filling the duster) creates a space that is sorely needed.  When the duster is shaken, 
a small "cloud" of insecticide dust is formed in the empty space. 
 
By gently shaking a properly filled duster, the dust particles will exit the duster nozzle in a thin, 
smoke-like cloud as the hand bellows duster is squeezed.  This thin cloud of dust will travel further 
through the targeted area (in this case, an underground bumble bee nest), reaching far more 
adults, eggs and larvae.  The next effect of proper application is overall coverage. 
 
If large amounts of Deltamethrin(Delta Dust or Drione Dust) are merely "dumped" into the nest 
entrance, the majority of the dust will merely pile up in one place.  Properly applied dust will "float" 
through the chambers and most of the particles will tend to stick to top, bottom and sides of the 
tunnel as well as the nest itself.  Treatment of a bumble bee nest involves coating the nest 
entrance, nest, eggs, grubs and adults.  For most nests, you will need to apply two applications: 
partially fill your duster, shake thoroughly, empty contents into nest; repeat.  This double 
application will assure better control over all stages of the bee and will contaminate the nest and 
void, which will kill bees returning to the nest area. 
 
As mentioned previously, the best time to kill bumble bees is when they are at rest or as they 
sleep.  Avoid treatment during daylight hours; treat the bumble bee nest at dusk or when it is dark 
enough for the bees to cease their activity but just light enough for you to see what you are doing. 
You can kill bees at night (using a flashlight) but there are a couple of possible hazards that you 
might run into:  stumbling over unseen objects and actually attracting angry bees.   
 
The first possible hazard listed is mainly common sense.  If you trip and fall over any unseen 
object in the area, you not only risk possible harm from the fall but also risk waking up the resting 
bees.  Using a flashlight to navigate to the sight or while treating the nest can be a problem. 
 
If the bees are disturbed and exit the nest, they could very well be attracted to light emitted from 
your flashlight.  (If light is needed, try setting your flashlight in one area before you approach the 
nest from another area.)    
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Insecticides that Kill Bees Intentionally and otherwise  
 
Kill bees with insecticidal dusts. Dusts make great bee insecticides because they stick to the 
legs of bees and get dragged inside the bee hive where they can start affecting even more bees. 
Sprinkle dusts directly into the entrances of ground bee nests in the early morning and/or in the 
late evening when everyone is back home. If a bee hive is located in your walls, find its exact 
location. If it's a small hive, you might be able to get away with only dusting at the bees' entrances. 
If it's a larger hive, drill several holes through the wall and into the hive, and shoot dust in with a 
hand duster. Hand dusters are made and designed specifically for the administration of 
insecticidal dusts. In cases of bees in walls, it's important to know whether or not you're dealing 
with honey bees. If it is honey bees, not only will you need to drill a few extra holes into the hive 
for applying dust, you will also need to make damn sure to remove the bee hive once bee 
extermination is complete. If you don't, honey can seep into walls, sheet rock, wood, insulation, 
etc., and cause serious damage to your home. Use dust brands like Sevin, Apicide, Drione, 
Dursban, and Delta Dust. 
 
Use sprays for bee killing. Anyone who decides to be their own bee exterminator should know 
that dusts aren't the only option. While they do work great, there are a number of sprays available 
that do a pretty bang up job as well. Many of them (Cyper WP, Sevin, Cynoff WP, Cyonara, 
Demon WP, and Demon WP, just to name a few) are available as concentrates that you mix in a 
hand sprayer with water. Once they're mixed, wait until evening and spray the piss out of nests, 
hives, and their entrances. If you don't feel like mixing your own, there are a number of aerosols 
available as well. Look for brands like Baygon, Propoxur Aerosol, and Tri-Die. 
 

 
Other examples of various types of fugitive pesticide absorption paths. 
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Chemical Control Trade Names 
 
2,4-Dichlorophenoxyacetic acid 
2,4-Dichlorophenoxyacetic acid (2,4-D) is a common systemic pesticide / herbicide used in the 
control of broadleaf weeds. It is the most widely used herbicide in the world, and the third most 
commonly used in North America. 2,4-D is a synthetic auxin (plant hormone), and as such it is 
often used in laboratories for plant research and as a supplement in plant cell culture media such 
as MS medium. 
 
2,4-D is a synthetic auxin, which is a class of plant hormones. It is absorbed through the leaves 
and is translocated to the meristems of the plant. Uncontrolled, unsustainable growth ensues, 
causing stem curl-over, leaf withering, and eventual plant death. 2,4-D is typically applied as an 
amine salt, but more potent ester versions exist as well. 
 
Acephate 
Acephate is an organophosphate foliar insecticide of moderate persistence with residual systemic 
activity of about 10-15 days at the recommended use rate. It is used primarily for control of aphids, 
including resistant species, in vegetables (e.g. potatoes, carrots, greenhouse tomatoes, and 
lettuce) and in horticulture (e.g. on roses and greenhouse ornamentals). It also controls leaf 
miners, caterpillars, sawflies and thrips in the previously stated crops as well as turf, and forestry. 
By direct application to mounds, it is effective in destroying imported fire ants. 
 
Acephate is sold as a soluble powder, as emulsifiable concentrates, as pressurized aerosol, and 
in tree injection systems and granular formulations. 
 
NOTE: When pesticides are used, it is the applicator’s legal responsibility to read and follow 
directions on the product label. Not following label directions, even if they conflict with information 
provided herein, is a violation of federal law. 
 
Aldicarb 
Aldicarb is a carbamate insecticide which is the active substance in the pesticide Temik. It is 
effective against thrips, aphids, spider mites, lygus, fleahoppers, and leafminers, but is primarily 
used as a nematicide. Aldicarb is a cholinesterase inhibitor which prevents the breakdown of 
acetylcholine in the synapse. In case of severe poisoning, the victim dies of respiratory failure. 
Aldicarb is effective where resistance to organophosphate insecticides has developed, and is 
extremely important in potato production, where it is used for the control of soil-borne nematodes 
and some foliar pests.  
 
Its weakness is its high level of solubility, which restricts its use in certain areas where the water 
table is close to the surface. Aldicarb is a fast-acting cholinesterase inhibitor, causing rapid 
accumulation of acetylcholine at the synaptic cleft. It is widely used to study cholinergic 
neurotransmission in simple systems such as the nematode C. elegans. 
 
Exposure to high amounts of aldicarb can cause weakness, blurred vision, headache, nausea, 
tearing, sweating, and tremors in humans. Very high doses can be fatal to humans because it can 
paralyze the respiratory system. 
 
Always follow label instructions and take steps to avoid exposure. If any exposures occur, be sure 
to follow the First Aid instructions on the product label carefully. For additional treatment advice, 
contact the Poison Control Center at 1-800-222-1222. If you wish to report a pesticide problem, 
please call 1-800-858-7378. 
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NOTE: When pesticides are used, it is the applicator’s legal responsibility to read and follow 
directions on the product label. Not following label directions, even if they conflict with information 
provided herein, is a violation of federal law. 
 
Borates 
“Borate” is a generic term for compounds containing the elements boron and oxygen. Boron never 
occurs alone naturally but as calcium and sodium borate ores in several places in the world. Borax 
and other sodium borates are used in numerous products such as laundry additives, eye drops, 
fertilizers, and insecticides. Though the mechanisms of toxicity are not fully understood, boron is 
very toxic to insects and decay fungi that commonly damage wood in structures. At low levels, 
however, boron is only minimally toxic, and perhaps beneficial, to humans, other mammals, and 
growing plants. Use of borate-treated wood for construction of homes and their wood-based 
contents appears to offer many advantages to today’s environmentally sensitive world. 
 
Unlike most other wood preservatives and organic insecticides that penetrate best in dry wood, 
borates are diffusible chemicals—they penetrate unseasoned wood by diffusion, a natural 
process. Wood moisture content and method and length of storage are the primary factors 
affecting penetration by diffusion. Properly done, diffusion treatments permit deep penetration of 
large timbers and refractory (difficult-to-treat) wood species that cannot be treated well by 
pressure. The diffusible property of borates can be manipulated in many ways; suitable 
application methods range from complex automated industrial processes to simple brush or 
injection treatments.  
 
Application methods include momentary immersion by bulk dipping; pressure or combination 
pressure/diffusion treatment; treatment of composite boards and laminated products by treatment 
of the wood finish; hot and cold dip treatments and long soaking periods; spray or brush-on 
treatments with borate slurries or pastes; and placement of fused borate rods in holes drilled in 
wood already in use. This publication contains pesticide recommendations that are subject to 
change at any time. These recommendations are provided only as a guide. It is always the 
pesticide applicator's responsibility, by law, to read and follow all current label directions for the 
specific pesticide being used. Due to constantly changing labels and product registration, some 
of the recommendations given in this writing may no longer be legal by the time you read them. If 
any information in these recommendations disagrees with the label, the recommendation must 
be disregarded. No endorsement is intended for products mentioned, nor is criticism meant for 
products not mentioned. The author and Technical Learning College (TLC) assume no liability 
resulting from the use of these recommendations.  
 
Always follow label instructions and take steps to avoid exposure. If any exposures occur, be sure 
to follow the First Aid instructions on the product label carefully. For additional treatment advice, 
contact the Poison Control Center at 1-800-222-1222. If you wish to report a pesticide problem, 
please call 1-800-858-7378. 
 
Carbaryl 
Carbaryl (1-naphthyl methylcarbamate) is a chemical in the carbamate family used chiefly as an 
insecticide. It is a white crystalline solid commonly sold under the brand name Sevin, a trademark 
of the Bayer Company. Union Carbide discovered carbaryl and introduced it commercially in 
1958. Bayer purchased Aventis CropScience in 2002, a company that included Union Carbide 
pesticide operations. It remains the third most-used insecticide in the United States for home 
gardens, commercial agriculture, and forestry and rangeland protection. Approximately 11 million 
kilograms were applied to U.S. farm crops in 1976 
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Carbofuran 
Carbofuran is one of the most toxic carbamate pesticides. It is marketed under the trade names 
Furadan, by FMC Corporation and Curater, among several others. It is used to control insects in 
a wide variety of field crops, including potatoes, corn and soybeans. It is a systemic insecticide, 
which means that the plant absorbs it through the roots, and from here the plant distributes it 
throughout its organs where insecticidal concentrations are attained. Carbofuran also has contact 
activity against pests. 
 
Carbofuran usage has increased in recent years because it is one of the few insecticides effective 
on soybean aphids, which have expanded their range since 2002 to include most soybean-
growing regions of the U.S. The main global producer is the FMC Corporation. Carbofuran is 
banned in Canada and the European Union. In 2008, the United States Environmental Protection 
Agency (EPA) announced that it intends to ban carbofuran.  
 
In December of that year, FMC Corp., the sole US manufacturer of carbofuran, announced that it 
had voluntarily requested that the United States Environmental Protection Agency cancel all but 
6 of the previously allowed uses of that chemical as a pesticide. With this change, carbofuran 
usage in the US would be allowed only on maize, potatoes, pumpkins, sunflowers, pine seedlings 
and spinach grown for seed. However, in May 2009 EPA cancelled all food tolerances, an action 
which amounts to a de facto ban on its use on all crops grown for human consumption.  
 
Coumaphos 
Coumaphos is a non-volatile, fat-soluble phosphorothioate with ectoparasiticide properties: it kills 
insects and mites. It is well known under manufacturer brand-names as a dip or wash, used on 
farm and domestic animals to control ticks, mites, flies and fleas. It is also used to control varroa 
mites in honey bee colonies, though in many areas it is falling out of favor as the varroa develop 
resistance and as the residual toxicity effects are becoming better understood.   
 
This publication contains pesticide recommendations that are subject to change at any time. 
These recommendations are provided only as a guide. It is always the pesticide applicator's 
responsibility, by law, to read and follow all current label directions for the specific pesticide being 
used. Due to constantly changing labels and product registration, some of the recommendations 
given in this writing may no longer be legal by the time you read them. If any information in these 
recommendations disagrees with the label, the recommendation must be disregarded. No 
endorsement is intended for products mentioned, nor is criticism meant for products not 
mentioned. The author and Technical Learning College (TLC) assume no liability resulting from 
the use of these recommendations.  
 
Cypermethrin (Common Bee Control Treatment Chemical) 
Cypermethrin is a synthetic pyrethroid used as an insecticide in large-scale commercial 
agricultural applications as well as in consumer products for domestic purposes. It behaves as a 
fast-acting neurotoxin in insects. It is easily degraded on soil and plants but can be effective for 
weeks when applied to indoor inert surfaces. Exposure to sunlight, water and oxygen will 
accelerate its decomposition. Cypermethrin is highly toxic to fish, bees and aquatic insects, 
according to the National Pesticides Telecommunications Network (NPTN). It is found in many 
household ant and cockroach killers, including Raid and ant chalk. 
 
How does Cypermethrin Work? 
Cypermethrin kills insects that eat or come into contact with it. Cypermethrin works by quickly 
affecting the insect’s central nervous system. 
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What are some products that contain cypermethrin? 
 Termiticides 
 household insecticides 
 outdoor insecticides 
 AmmoTM 
 CybushR 
 Cynoff TM 
 Cyperkill 
 DemonR 

 
How Toxic is Cypermethrin? 
Animals 

 Cockroach brain cells exposed to very small doses (up to 0.02 micrograms per gram of 
brain weight or cg/g) of cypermethrin exhibited a nervous system response, which in 
cockroaches, would result in restlessness, incoordination, prostration, and paralysis. 

 Mice exposed to small doses (0.3 to 4.3 cg/g) of cypermethrin displayed symptoms 
including writhing, convulsions, and salivation. 

 Rats exposed to cypermethrin exhibited similar symptoms including tremors, seizures, 
writhing, and salivation as well as burrowing behavior. 

 Cypermethrin may be a weak skin sensitizer in guinea pigs. 
 Newborn rats were more sensitive to cypermethrin than adult rats. The liver enzymes that 

break down cypermethrin in the body are not completely developed in the newborn rats. 
Humans 
People handling or working with pyrethrins and pyrethroids (including cypermethrin) sometimes 
developed tingling, burning, dizziness, and itching. 
 
NOTE: When pesticides are used, it is the applicator’s legal responsibility to read and follow 
directions on the product label. Not following label directions, even if they conflict with information 
provided herein, is a violation of federal law.  
 
Deltamethrin (Delta Dust or Drione Dust) 
Deltamethrin is an insecticide belonging to the pyrethroid family. Pyrethroids are the man-made 
versions of pyrethrins, natural insecticides from chrysanthemum flowers. Deltamethrin is used 
outdoors on lawns, 
ornamental gardens, golf courses, and indoors as a spot or crack and crevice treatment. In its 
purest form, deltamethrin is colorless or white to light beige crystals that have no odor. 
 
Deltamethrin is in a variety of products used to kill a wide range of insects. Deltamethrin can be 
formulated in insecticide products as aerosols, sprays, dusts, granules and wettable powders. 
The illegal, unregistered product known as “Chinese Chalk” or “Miraculous Chalk” often contains 
deltamethrin as the active ingredient. “Chinese Chalk”, “Miraculous Chalk”, and products like them 
are not registered for use in the United States and illegal products such as these should be 
avoided at all times. 
 
Always follow label instructions and take steps to avoid exposure. If any exposures occur, be sure 
to follow the First Aid instructions on the product label carefully. For additional treatment advice, 
contact the Poison Control Center at 1-800-222-1222. If you wish to report a pesticide problem, 
please call 1-800-858-7378. 
 
How does Deltamethrin work? 
Deltamethrin can kill insects by direct contact or if they eat it. It disrupts their normal nervous 
system function. It is less toxic to mammals due to their higher body temperature, larger body 
size, and decreased sensitivity to the chemical. 
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How might I be exposed to Deltamethrin? 
You can be exposed to deltamethrin if you touch, eat, or breathe it in. As an example, it could be 
breathed in if a fine mist or dust containing deltamethrin gets in the air you breathe. Exposure to 
deltamethrin can be limited by reading and following label directions. 
 
Demeton 
Demeton is a phosphorothioate insecticide with the chemical formula C8H19O3PS2. 
 
Demeton-S-methyl 
Demeton-S-methyl is an organic compound with the molecular formula C6H15O3PS2. It is used as 
an acaricide and insecticide; more specifically it is an organothiophosphate acaricide and an 
aliphatic organothiophosphate insecticide, respectively. It is flammable. 
 
Diazinon 
Diazinon (IUPAC name: O,O-Diethyl O-[4-methyl-6-(propan-2-yl)pyrimidin-2-yl] 
phosphorothioate), a colorless to dark brown liquid, is a thiophosphoric acid ester developed in 
1952 by Ciba-Geigy, a Swiss chemical company (later Novartis and then Syngenta). It is a non-
systemic organophosphate insecticide formerly used to control cockroaches, silverfish, ants, and 
fleas in residential, non-food buildings. Diazinon was heavily used during the 1970s and early 
1980s for general-purpose gardening use and indoor pest control. A bait form was used to control 
scavenger wasps in the western U.S. Residential uses of diazinon were outlawed in the U.S. in 
2004 but it is still approved for agricultural uses. 
 
Diazinon kills insects by inhibiting acetylcholinesterase, an enzyme necessary for proper nervous 
system function. Diazinon has a low persistence in soil. The half-life is 2 to 6 weeks. The 
symptoms associated with diazinon poisoning in humans include weakness, headaches, 
tightness in the chest, blurred vision, nonreactive pinpoint pupils, excessive salivation, sweating, 
nausea, vomiting, diarrhea, abdominal cramps, and slurred speech. 
 
In 1988, the Environmental Protection Agency prohibited the use of Diazinon on golf courses and 
sod farms because of decimation of bird flocks that congregated in these areas. In the United 
States as of December 31, 2004, it became unlawful to sell outdoor, non-agricultural products 
containing diazinon. It is still legal for consumers to use diazinon products purchased before this 
date, provided that they follow all label directions and precautions 
 
Dicrotophos 
Dicrotophos is an organophosphate acetylcholinesterase inhibitor used as an insecticide. Some 
common brand names for dicrotophos include Bidrin, Carbicron, Diapadrin, Dicron and Ektafos.  
 
Dimethoate 
Dimethoate is a widely used organophosphate insecticide used to kill insects on contact. It was 
patented and introduced in the 1950s by American Cyanamid. Like other organophosphates, 
dimethoate is an anticholinesterase which disables cholinesterase, an enzyme essential for 
central nervous system function. 
 
Endosulfan 
Endosulfan is an off-patent organochlorine insecticide and acaricide that is being phased out 
globally. Endosulfan became a highly controversial agrichemical due to its acute toxicity, potential 
for bioaccumulation, and role as an endocrine disruptor. Because of its threats to human health 
and the environment, a global ban on the manufacture and use of endosulfan was negotiated 
under the Stockholm Convention in April 2011. The ban took effect in mid-2012, with certain uses 
exempted for 5 additional years. More than 80 countries, including the European Union, Australia 
and New Zealand, several West African nations, the United States, Brazil and Canada had 
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already banned it or announced phase outs by the time the Stockholm Convention ban was 
agreed upon. It is still used extensively in India, China, and few other countries. It is produced by 
Makhteshim Agan and several manufacturers in India and China. 
 
NOTE: When pesticides are used, it is the applicator’s legal responsibility to read and follow 
directions on the product label. Not following label directions, even if they conflict with information 
provided herein, is a violation of federal law. 
 
Fenthion 
Fenthion is an organothiophosphate insecticide, avicide, and acaricide. Like most other 
organophosphates, its mode of action is via cholinesterase inhibition. Due to its relatively low 
toxicity towards humans and mammals, fenthion is listed as moderately toxic compound in U.S. 
Environmental Protection Agency and World Health Organization toxicity class 
 
Fenthion is a contact and stomach insecticide used against many sucking, biting pests. It is 
particularly effective against fruit flies, leaf hoppers, cereal bugs, stem borers, mosquitoes, animal 
parasites, mites, aphids, codling moths, and weaver birds. It has been widely used in sugar cane, 
rice, field corn, beets, pome and stone fruit, citrus fruits, pistachio, cotton, olives, coffee, cocoa, 
vegetables, and vines. Based on its high toxicity on birds, fenthion has been used to control 
weaver birds and other pest-birds in many parts of the world. Fenthion is also used in cattle, 
swine, and dogs to control lice, fleas, ticks, flies, and other external parasites.  
 
Amid concerns of harmful effects on environment, especially birds, Food and Drug Administration 
no longer approves uses of fenthion. However, fenthion has been extensively used to control 
adult mosquitoes. After preliminary risk assessments on human health and environment in 1998 
and its revision in 1999, USEPA issued an Interim Reregistration Eligibility Decision (IRED) for 
fenthion in January 2001. The EPA has classified fenthion as Restricted Use Pesticide (RUP), 
and warrants special handling because of its toxicity.  
 
Some common trade names for fenthion are Avigel, Avigrease, Entex, Baytex, Baycid, Dalf, 
DMPT, Mercaptophos, Prentox, Fenthion 4E, Queletox, and Lebaycid. Fenthion is available in 
dust, emulsifiable concentrate, granular, liquid concentrate, spray concentrate, ULV, and wettable 
powder formulations. 
 
Fenitrothion 
Fenitrothion (IUPAC name: O,O-Dimethyl O-(3-methyl-4-nitrophenyl) phosphorothioate) is a 
phosphorothioate (organophosphate) insecticide. In experiments fenitrothion at sublethal doses 
affected the motor movement of marsupials, and at acute dose levels it reduced the energy of 
birds.  
 
In chronic (low) dose tests, unexpectedly only the lowest concentration (0.011 microgram/liter) of 
fenitrothion depressed the growth of an algae, though all of the chronic dose levels used were 
toxic in other ways to the algae. Just half of fenitrothion's minimally effective dose altered the 
thyroid structure of a freshwater murrel (the snakehead fish).  
 
Fenvalerate 
Fenvalerate is an insecticide. It is a mixture of four optical isomers which have different insecticidal 
activities. The 2-S alpha (or SS) configuration is the most insecticidally active isomer. Fenvalerate 
consists of about 23% of this isomer. 
 
Fenvalerate is an insecticide of moderate mammalian toxicity. In laboratory animals, central 
nervous system toxicity is observed following acute or long-term exposure. Fenvalerate has 
applications against a wide range of pests.  
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Residue levels are minimized by low application rates. Fenvalerate is most toxic to bees and fish. 
It is found in some emulsifiable concentrates, ULV, wettable powders, slow release formulations, 
insecticidal fogs, and granules. It is most commonly used to control insects in food, feed, and 
cotton products, and for the control of flies and ticks in barns and stables. Fenvalerate does not 
affect plants, but is active for an extended period of time. Fenvalerate may irritate the skin and 
eyes on contact, and is also harmful if swallowed 
 
NOTE: When pesticides are used, it is the applicator’s legal responsibility to read and follow 
directions on the product label. Not following label directions, even if they conflict with information 
provided herein, is a violation of federal law. 
 
Imidacloprid 
Imidacloprid is a nicotine-based, systemic insecticide, which acts as a neurotoxin and belongs to 
a class of chemicals called the neonicotinoids. Although it is now off patent, the primary 
manufacturer of this chemical is Bayer CropScience, (part of Bayer AG). It is sold under the trade 
names Kohinor, Admire, Advantage (Advocate) (flea killer for pets), Gaucho, Mallet, Merit, Nuprid, 
Prothor, Turfthor, Confidor, Conguard, Hachikusan, Premise, Prothor, Provado, and Winner. 
Imidacloprid is one of the most widely used insecticides and can be applied by soil injection, tree 
injection, application to the skin, or broadcast foliar or ground application as a granular or liquid 
formulation or as a pesticide-coated seed treatment.  
 
In France, beekeepers reported a significant loss of honeybees in the 1990s, which they attributed 
to the use of imidacloprid (Gaucho). See Imidacloprid effects on bee population. In response to 
this loss of bees called "mad bee disease," the French Minister of Agriculture convened a panel 
of expert scientists (Comite Scientifique et Technique) to examine the impact of imidacloprid on 
bees. After reviewing dozens of laboratory and field studies conducted by Bayer CropScience 
and by independent scientists, the panel concluded that there was a significant risk to bees from 
exposure to imidacloprid on sunflowers and maize (corn), the only crops for which they had 
exposure data. Following the release of this report, the French Agricultural Ministry suspended 
the use of imidacloprid on maize and sunflowers. Italy, Germany, and Slovenia have also 
suspended certain uses of the neonicotinoids based on concerns for bees 
 
NOTE: When pesticides are used, it is the applicator’s legal responsibility to read and follow 
directions on the product label. Not following label directions, even if they conflict with information 
provided herein, is a violation of federal law. 
 
Malathion 
Malathion is an organophosphate parasympathomimetic which binds irreversibly to 
cholinesterase. Malathion is an insecticide of relatively low human toxicity; however recent studies 
have shown that children with higher levels of malathion in their urine seem to be at an increased 
risk of attention deficit hyperactivity disorder.  
 
Malathion is a pesticide that is widely used in agriculture, residential landscaping, public 
recreation areas, and in public health pest control programs such as mosquito eradication. In the 
US, it is the most commonly used organophosphate insecticide.  
 
Malathion was used in the 1980s in California to combat the Mediterranean Fruit Fly. This was 
accomplished on a wide scale by the near weekly aerial spraying of suburban communities for a 
period of several months. Formations of three or four agricultural helicopters would overfly 
suburban portions of Alameda County, San Bernardino County, San Mateo County, Santa Clara 
County, San Joaquin County, Stanislaus County, and Merced County releasing a mixture of 
malathion and corn syrup, the corn syrup being a bait for the fruit flies. Malathion has also been 
used to combat the Mediterranean fruit fly in Australia.  
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Malathion was sprayed in many cities to combat West Nile virus. In the Fall of 1999 and the Spring 
of 2000, Long Island and the five boroughs of New York City were sprayed with several pesticides, 
one of which was malathion. While it was claimed by some anti-pesticide groups that use of these 
pesticides caused a lobster die-off in Long Island Sound, there is as of yet no conclusive evidence 
to support this. Malathion is also used in conjunction with diesel fuel to fog an area where there 
is an infestation of mosquitoes. By diluting the mixture, it becomes much weaker. It is possible to 
dilute the mixture to the point where mosquitoes are not killed, but become more resistant to the 
mixture, making it less effective in subsequent foggings. 
 
Malathion itself is of low toxicity; however, absorption or ingestion into the human body readily 
results in its metabolism to malaoxon, which is substantially more toxic. Chronic exposure to low 
levels of malathion have been hypothesized to impair memory, but this is disputed. According to 
the United States Environmental Protection Agency there is currently no reliable information on 
adverse health effects of chronic exposure to malathion. Acute exposure to extremely high levels 
of malathion will cause body-wide symptoms whose intensity will be dependent on the severity of 
exposure. Possible symptoms include skin and eye irritation, cramps, nausea, diarrhea, excessive 
sweating, seizures and even death.  
 
Most symptoms tend to resolve within several weeks. Malathion present in untreated water is 
converted to malaoxon during the chlorination phase of water treatment, so malathion should not 
be used in waters that may be used as a source for drinking water, or any upstream waters. 
 
In 1981, B. T. Collins, Director of the California Conservation Corps, publicly swallowed and 
survived a mouthful of dilute Malathion solution. This was an attempt to demonstrate Malathion's 
safety following an outbreak of Mediterranean fruit flies in California. Malathion was sprayed over 
a 1,400 sq. miles area to control the flies.  
 
In 1976, numerous malaria workers in Pakistan were poisoned by isomalathion, a contaminant 
that may be present in some preparations of malathion. It is capable of inhibiting carboxyesterase 
enzymes in those exposed to it. It was discovered that poor work practices had resulted in 
excessive direct skin contact with isomalathion contained in the malathion solutions. 
Implementation of good work practices, and the cessation of use of malathion contaminated with 
isomalathion led to the cessation of poisoning cases. 
 
Malathion breaks down into Malaoxon. In studies of the effects of long-term exposure to oral 
ingestion of malaoxon in rats, malaoxon has been shown to be 61 times more toxic than 
malathion.  If malathion is used in an indoor, or other poorly ventilated environment, it can 
seriously poison the occupants living or working in this environment. A possible concern is that 
malathion being used in an outdoor environment, could enter a house or other building; however, 
studies by the EPA have conservatively estimated that possible exposure by this route is well 
below the toxic dose of malathion.  
 
Regardless of this fact, in jurisdictions which spray malathion for pest control, it is often 
recommended to keep windows closed and air conditioners turned off while spraying is taking 
place, in an attempt to minimize entry of malathion into the closed environment of residential 
homes. 
 
Although current EPA regulations do not require amphibian testing, a 2008 study done by the 
University of Pittsburgh found that "cocktails of contaminants", which are frequently found in 
nature, were lethal to leopard frog tadpoles. They found that a combination of five widely used 
insecticides (carbaryl, chlorpyrifos, diazinon, endosulfan, and malathion) in concentrations far 
below the limits set by the EPA killed 99% of leopard frog tadpoles.   A May 2010 study found that 
in a representative sample of US children, those with higher levels of organophosphate pesticide 
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metabolites in their urine were more likely to have attention-deficit/hyperactivity disorder. Each 
10-fold increase in urinary concentration of organophosphate metabolites was associated with a 
55% to 72% increase in the odds of ADHD. The study was the first investigation on children's 
neurodevelopment to be conducted in a group with no particular pesticide exposure 
 
Methiocarb 
Methiocarb is a chemical mainly used as a bird repellent, as an insecticide and as molluscicide. 
It is toxic to humans, not listed as a carcinogen, is toxic to reproductive organs, and a potent 
neurotoxin. Methiocarb can also cause acute toxicity in humans if anyone is exposed to it for long 
periods of time. Methiocarb is also a known poison to water organisms.  
 
Methidathion 
Methidathion is an organophosphate insecticide. 
 
Methoxychlor 
Methoxychlor is used to protect crops, ornamentals, livestock, and pets against fleas, mosquitoes, 
cockroaches, and other insects. It was intended to be a replacement for DDT, but has since been 
banned based on its acute toxicity, bioaccumulation, and endocrine disruption activity. The 
amount of methoxychlor in the environment changes seasonally due to its use in farming and 
foresting. It does not dissolve readily in water, so it is mixed with a petroleum-based fluid and 
sprayed, or used as a dust. Sprayed methoxychlor settles on the ground or in aquatic ecosystems, 
where it can be found in sediments. Its degradation may take many months. Methoxychlor is 
ingested and absorbed by living organisms, and it accumulates in the food chain. Some 
metabolites may have unwanted side effects. The use of methoxychlor as a pesticide was banned 
in the United States in 2003 and in the European Union in 2002.  
 
Methomyl 
Methomyl is a carbamate insecticide. It was introduced in 1966, but its use is restricted because 
of its high toxicity to humans. Its current primary use is on alfalfa for forage.  
 
Parathion 
Parathion, also called parathion-ethyl or diethyl parathion, is an organophosphate compound. It 
is a potent insecticide and acaricide. It was originally developed by IG Farben in the 1940s. It is 
highly toxic to non-target organisms, including humans. Its use is banned or restricted in many 
countries, and there are proposals to ban it from all use. Closely related is "methyl parathion". 
 
Pirimicarb 
Pirimicarb is a carbamate insecticide used to control aphids on vegetable, cereal and orchard 
crops by inhibiting acetylcholinesterase activity. It was originally developed by Imperial Chemical 
Industries Ltd., now Syngenta, in 1970.  
 
Permethrin 
General Information  
Permethrin is a broad-spectrum pyrethroid insecticide. It is available in dusts, emulsifiable 
concentrates, smokes, ULV concentrates, and wettable-powder formulations.  The historical 
development of the synthetic pesticides called pyrethroids is based on the pyrethrins, which are 
derived from chrysanthemums. Pyrethrins are a "natural" environmental product that is of low 
toxicity to mammals. They are highly photolabile and degrade quickly in sunlight, and the cost of 
reapplying them has limited their widespread agricultural use. Pyrethroids have been synthesized 
to be similar to pyrethrins yet more stable in the environment. Evidence suggests that they have 
a very large margin of safety when used as directed by the label (Aldridge, 1990; Chen et al., 
1991; Snodgrass, 1992).  
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Commercial pyrethroid products commonly use petroleum distillates as carriers. Some 
commercial products also contain OP or carbamate insecticides because the rapid paralytic effect 
of pyrethrins on insects ("quick knockdown") is not always lethal (Cheremisinoff and King, 1994). 
Pyrethroids are formulated as emulsifiable concentrates, wettable powders, granules, and 
concentrates for ULV application.  
 
Always follow label instructions and take steps to avoid exposure. If any exposures occur, be sure 
to follow the First Aid instructions on the product label carefully. For additional treatment advice, 
contact the Poison Control Center at 1-800-222-1222. If you wish to report a pesticide problem, 
please call 1-800-858-7378. 
 
NOTE: When pesticides are used, it is the applicator’s legal responsibility to read and follow 
directions on the product label. Not following label directions, even if they conflict with information 
provided herein, is a violation of federal law. 
 
Phosmet 
Phosmet is a phthalimide-derived, non-systemic, organophosphate insecticide used on plants 
and animals. It is mainly used on apple trees for control of coddling moth, though it is also used 
on a wide range of fruit crops, ornamentals, and vines for the control of aphids, suckers, mites, 
and fruit flies.Not to be confused with phosphoramidon. 
 
Phosphamidon 
Phosphamidon is an organophosphate insecticide first reported in 1960. It acts as a 
cholinesterase inhibitor. 
 
Propoxur 
Propoxur (Baygon®) is a carbamate insecticide and was introduced in 1959. Propoxur is a non-
systemic insecticide with a fast knockdown and long residual effect used against turf, forestry, 
and household pests and fleas. It is also used in pest control for other domestic animals, 
Anopheles mosquitoes, ants, gypsy moths, and other agricultural pests. It can also be used as a 
molluscicide.  
 
Several US states have petitioned the Environmental Protection Agency (EPA) to use propoxur 
against bedbug infestations, but EPA been reluctant to approve indoor use because of its potential 
toxicity to children after chronic exposure.  
 
Always follow label instructions and take steps to avoid exposure. If any exposures occur, be sure 
to follow the First Aid instructions on the product label carefully. For additional treatment advice, 
contact the Poison Control Center at 1-800-222-1222. If you wish to report a pesticide problem, 
please call 1-800-858-7378. 
 
Pyrethroids 
To mimic the insecticidal activity of the natural compound pyrethrum another class of pesticides, 
pyrethroid pesticides, has been developed. These are non-persistent, which is a sodium channel 
modulators, and are much less acutely toxic than organophosphates and carbamates. 
Compounds in this group are often applied against household pests. 
 
The pyrethroids are a large family of modern synthetic insecticides similar to the naturally derived 
botanical pyrethrins. They are highly repellent to MOST INSECTS AND ESPECIALLY termites, 
which may contribute to the effectiveness of the termiticide barrier. They have been modified to 
increase their stability in the natural environment. They are widely used in agriculture, homes, 
and gardens. Some examples are bifenthrin, cyfluthrin, cypermethrin, deltamethrin, and 
permethrin. They may be applied alone or in combination with other insecticides.  
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Pyrethroids are formulated as emusifiable concentrates (EC), wettable powders (WP), granulars 
(G), and aerosols. Certain pyrethroids exhibit striking neurotoxicity in laboratory animals when 
administered by intravenous injection, and some are toxic by the oral route. Systemic toxicity by 
inhalation and dermal absorption are low, however—there have been very few systemic 
poisonings of humans by pyrethroids. Though limited absorption may account for the low toxicity 
of some pyrethroids, rapid biodegradation by mammalian liver enzymes (ester hydrolysis and 
oxidation) is probably the major factor responsible.  
 
This course contains pesticide recommendations that are subject to change at any time. These 
recommendations are provided only as a guide. It is always the pesticide applicator's 
responsibility, by law, to read and follow all current label directions for the specific pesticide being 
used. Due to constantly changing labels and product registration, some of the recommendations 
given in this writing may no longer be legal by the time you read them. If any information in these 
recommendations disagrees with the label, the recommendation must be disregarded. No 
endorsement is intended for products mentioned, nor is criticism meant for products not 
mentioned. The author and Technical Learning College (TLC) assume no liability resulting from 
the use of these recommendations.  
 
Most pyrethroid metabolites are promptly excreted, at least in part, by the kidney. In response to 
dermal exposure, some persons may experience a skin sensitivity called paresthesia. The 
symptoms are similar to sunburn sensation of the face and especially the eyelids. Sweating, 
exposure to sun or heat, and application of water aggravate the disagreeable sensations.  
 
This is a temporary effect that dissipates within 24 hours. For first aid, wash with soap and water 
to remove as much residue as possible, and then apply a vitamin E oil preparation or cream to 
the affected area. Paresthesia is caused more by pyrethroids whose chemical makeup includes 
cyano- groups: fenvalerate, cypermethrin, and fluvalinate. In addition to protecting themselves 
from future exposure, persons who have experienced paresthesia should choose a pyrethroid 
with a different active ingredient, as well as a wettable powder or microencapsulated formulation. 
 
About These Pesticides 
Pyrethrins and pyrethroids are insecticides included in over 3,500 registered products, many of 
which are used widely in and around households, including on pets, in mosquito control, and in 
agriculture. The use of pyrethrins and pyrethroids has increased during the past decade with the 
declining use of organophosphate pesticides, which are more acutely toxic to birds and mammals 
than the pyrethroids. This change to less acutely toxic pesticides, while generally beneficial, has 
introduced certain new issues. For example, residential uses of pyrethrins and pyrethroids may 
result in urban runoff, potentially exposing aquatic life to harmful levels in water and sediment. 
 
Pyrethrins are botanical insecticides derived from chrysanthemum flowers most commonly found 
in Australia and Africa. They work by altering nerve function, which causes paralysis in target 
insect pests, eventually resulting in death.  Pyrethroids are synthetic chemical insecticides whose 
chemical structures are adapted from the chemical structures of the pyrethrins and act in a similar 
manner to pyrethrins. Pyrethroids are modified to increase their stability in sunlight. Most 
pyrethrins and some pyrethroid products are formulated with synergists, such as piperonyl 
butoxide and MGK-264, to enhance the pesticidal properties of the product. These synergists 
have no pesticidal effects of their own but enhance the effectiveness of other chemicals. 
 
Pyrethrins, a single pesticide active ingredient, contain six components that have insecticidal 
activity:  
 
pyrethrin 1, pyrethrin 2, cinerin 1, cinerin 2, jasmolin 1, and jasmolin 2 
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Pyrethroids include:  
Allethrin stereoisomers, Bifenthrin, Beta-Cyfluthrin, Cyfluthrin, Cypermethrin, Cyphenothrin, 
Deltamethrin, Esfenvalerate, Fenpropathrin, Tau-Fluvalinate, Lambda-Cyhalothrin, Gamma 
Cyhalothrin, Imiprothrin, 1RS cis-Permethrin, Permethrin, Prallethrin, Resmethrin, Sumithrin (d-
phenothrin), Tefluthrin, Tetramethrin, Tralomethrin, and Zeta-Cypermethrin  
 
Synergists include: 
MGK-264 and Piperonyl butoxide  
 
Always follow label instructions and take steps to avoid exposure. If any exposures occur, be sure 
to follow the First Aid instructions on the product label carefully. For additional treatment advice, 
contact the Poison Control Center at 1-800-222-1222. If you wish to report a pesticide problem, 
please call 1-800-858-7378. 
 
NOTE: When pesticides are used, it is the applicator’s legal responsibility to read and follow 
directions on the product label. Not following label directions, even if they conflict with information 
provided herein, is a violation of federal law. 
 
Resmethrin 
Resmethrin is a pyrethroid insecticide with many uses, including control of the adult mosquito 
population. The resmethrin molecule has four stereoisomers determined by cis-trans orientation 
around a carbon triangle and chirality. Technical resmethrin is a mixture of (1R,trans)-, (1R,cis)-, 
(1S,trans)-, (1S,cis)- isomers, typically in a ratio of 4:1:4:1. The 1R isomers (both trans and cis) 
show strong insecticidal activity, while the 1S isomers do not. The (1R,trans)- isomer is also 
known as Bioresmethrin,(+)-trans-Resmethrin, or d-trans-Resmethrin; although bioresmethrin 
has been used alone as a pesticide active ingredient, it is not now registered as a separate Active 
Ingredient (AI) by the U.S. EPA. The (1R,cis)- isomer is known as Cismethrin, but this is also not 
registered in the U.S. for use alone as a pesticide AI. Commercial trade names for products that 
contain resmethrin are Chrysron, Crossfire, Pynosect, Raid Flying Insect Killer, Scourge, Sun-
Bugger #4, SPB-1382, Synthrin, Syntox, Vectrin and Whitmire PT-110 
 
Always follow label instructions and take steps to avoid exposure. If any exposures occur, be sure 
to follow the First Aid instructions on the product label carefully. For additional treatment advice, 
contact the Poison Control Center at 1-800-222-1222. If you wish to report a pesticide problem, 
please call 1-800-858-7378. 
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IPM Resistance 
 
Some insects become resistant to a pesticide, and the most complete application cannot achieve 
acceptable control. Of structure-infesting pests, the housefly and the German cockroach 
demonstrate the most significant resistance to pesticides. 
 
How Pests Become Resistant to Pesticides  
Physiological resistance  
Most pesticides are put together by combining chemical elements. Large pest populations have 
some individuals whose internal systems can reduce (break down) the pesticide compound to 
harmless elements. When the pesticide is applied, these pests survive. They produce some 
offspring that can also break down the pesticide. 
 
Behavioral resistance  
This form of resistance describes the ability of some members of a pest population, and their 
offspring to avoid lethal exposure to pesticides. With each generation, more and more offspring 
inherit resistance. If applicators continue to apply that pesticide, more and more will be able to 
survive a pesticide application.  
 
Once present, genes for resistance are always carried by some members of the population. 
 
How to Recognize Resistance  
First, eliminate reasons that lead to failure of population suppression. If the questions below are 
answered positively and the pests still exists, it may be a resistance problem. You may need to 
test for resistance: 

 Are clients doing their job by improving sanitation, reducing clutter, etc.? 
 Have inspections been complete? 
 Have pests been correctly identified? 
 Has habitat alteration been complete? 
 Have pesticides been applied accurately? 

 
The Way to Prevent Resistance  
Using the same class or same pesticide to control pests can lead to resistance. Use pesticides 
from different classes and groups. Use alternating pesticides with different modes of action. This 
type of action can also reduce the development of resistance. 
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Bumble Bee in above photograph. 
 
Horny Bees 
Honeybee queens have sex with harems of males apparently to give birth to much better dancers, 
research reveals.  
 
Taking lots of male consorts is a dicey proposition for bee queens. For one thing, it increases their 
risk of catching sexually transmitted diseases. Also, if a queen's children have several fathers, 
they don't have as much in common with each other genetically speaking, which in theory could 
threaten how well they all get along.  
 
Still, polyandry — where females each mate with several males — does happen among 
honeybees. Indeed, North American honeybee queens each have sex with an average of seven 
to 20 males; with the giant honeybee in Asia know to demand up to 104 mates. To see why 
honeybee queens might prefer a life of promiscuity, researchers compared a trio of queens each 
inseminated by just one male drone with a trio of queens inseminated by 15 drones.  
 
The genetically diverse colonies of queens inseminated by 15 males turned out better dancers — 
they performed more waggle dances and longer dances. Worker bees use waggle dances to 
reveal where food is to nest mates, and genetically diverse colonies dispatched more foragers to 
look for food.  
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Bumble Bee 
Large and lumbering, black and yellow bumble bee adults are important pollinators of a variety of 
plants. Measuring up to one inch in length, these fuzzy insects make a loud droning buzz as they 
fly somewhat awkwardly from flower to flower.  Bumble bees nest in soil or leaf litter where a 
single queen lays 8 to 12 eggs in spring. Emerging workers are able to fly in very cool weather, 
making them a very valuable pollinator. A bumble bee (also spelled as bumblebee) is any member 
of the bee genus Bombus, in the family Apidae. There are over 250 known species, existing 
primarily in the Northern Hemisphere 
 
Habitat 
Bumblebees are typically found in higher latitudes and/or high altitudes; though exceptions exist, 
(there are a few lowland tropical species). A few species (Bombus polaris and B. alpinus) range 
into very cold climates where other bees might not be found; B. polaris can be found in northern 
Ellesmere Island—the northernmost occurrence of any eusocial insect—along with its parasite, 
B. hyperboreus. One reason for this is that bumble bees can regulate their body temperature, via 
solar radiation, internal mechanisms of "shivering" and radiative cooling from the abdomen (called 
heterothermy). Other bees have similar physiology, but the mechanisms have been best studied 
in bumble bees.  
 
Nests 
Bumble bees form colonies. These colonies are usually much less extensive than those of honey 
bees. This is due to a number of factors including the small physical size of the nest cavity, the 
responsibility of a single female for the initial construction and reproduction that happens within 
the nest, and the restriction of the colony to a single season (in most species). Often, mature 
bumble bee nests will hold fewer than 50 individuals. Bumble bee nests may be found within 
tunnels in the ground made by other animals, or in tussock grass.  
 
Bumble bees sometimes construct a wax canopy ("involucrum") over the top of their nest for 
protection and insulation. Bumble bees do not often preserve their nests through the winter, 
though some tropical species live in their nests for several years (and their colonies can grow 
quite large, depending on the size of the nest cavity). In temperate species, the last generation of 
summer includes a number of queens who overwinter separately in protected spots. The queens 
can live up to one year, possibly longer in tropical species. 
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Colony cycle 
Bumble bee nests are first constructed by over-wintered queens in the spring (in temperate 
areas). Upon emerging from hibernation, the queen collects pollen and nectar from flowers and 
searches for a suitable nest site. The characteristics of the nest site vary among bumble bee 
species, with some species preferring to nest in underground holes and others in tussock grass 
or directly on the ground. Once the queen has found a site, she prepares wax pots to store food, 
and wax cells into which eggs are laid. These eggs then hatch into larvae, which cause the wax 
cells to expand isometrically into a clump of brood cells. 
 
These larvae need to be fed both nectar for carbohydrates and pollen for protein in order to 
develop. Bumble bees feed nectar to the larvae by chewing a small hole in the brood cell into 
which nectar is regurgitated. Larvae are fed pollen in one of two ways, depending on the bumble 
bee species. So called "pocket-maker" bumble bees create pockets of pollen at the base of the 
brood cell clump from which the larvae can feed themselves. Conversely, "pollen-storers" store 
pollen in separate wax pots and feed it to the larvae in the same fashion as nectar. Bumble bees 
are incapable of trophallaxis (direct transfer of food from one bee to another). 
 
With proper care, the larvae progress through four instars, becoming successively larger with 
each molt. At the end of the fourth instar, the larvae spin silk cocoons under the wax covering the 
brood cells, changing them into pupal cells.  
 
The larvae then undergo an intense period of cellular growth and differentiation and become 
pupae.  
 
These pupae then develop into adult bees, and chew their way out of the silk cocoon. When adult 
bumble bees first emerge from their cocoons, the hairs on their body are not yet fully pigmented 
and are a greyish-white color. The bees are referred to as "callow" during this time, and they will 
not leave the colony for at least 24 hours. The entire process from egg to adult bee can take as 
long as five weeks, depending on the species and the environmental conditions. 
 
After the emergence of the first or second group of workers, workers take over the task of foraging 
and the queen spends most of her time laying eggs and caring for larvae. The colony grows 
progressively larger and at some point will begin to produce males and new queens. The point at 
which this occurs varies among species and is heavily dependent on resource availability and 
environmental factors. Unlike the workers of more advanced social insects, bumble bee workers 
are not physically reproductively sterile and are able to lay haploid eggs that develop into viable 
male bumble bees. Only fertilized queens can lay diploid eggs that mature into workers and new 
queens. 
 
Early in the colony cycle, the queen bumblebee compensates for potential reproductive 
competition from workers by suppressing their egg-laying by way of physical aggression and 
pheromonal signals. Thus, the queen will usually be the mother of all of the first males laid.  
 
Workers eventually begin to lay males later in the season when the queen's ability to suppress 
their reproduction diminishes. The reproductive competition between workers and the queen is 
one reason that bumble bees are considered "primitively eusocial". 
 
New queens and males leave the colony after maturation. Males in particular are forcibly driven 
out by the workers. Away from the colony, the new queens and males live off nectar and pollen 
and spend the night on flowers or in holes. The queens are eventually mated (often more than 
once) and search for a suitable location for diapause (dormancy). 
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Topic 11 - Bee Control Section Post Quiz 
 
Answers at the rear of Glossary 
 
Fill in the blank 
1.  In some cases, attempting to destroy a nest becomes a _______than simply tolerating and 
avoiding it. But nests, especially those of social species, should be destroyed if they are close 
enough to humans to pose a stinging threat.  
 
 
2.  The nests of honey bees, bumble bees, yellowjackets and hornets should always be 
approached with caution, preferably at night when most of the workers are present but reluctant 
to fly. Try not to carry a light, as wasps and bees may fly toward it. Instead, set the light aside or 
cover it with red cellophane (insects cannot see red light). If there is direct access to the nest, 
___________or wettable powder formulation can be applied. If possible, inject the material into 
the nest.  
 
 
3.  If you must approach these nests during daytime, a quick knockdown aerosol can be used to 
keep the bees/wasps at bay, while you treat the nest as above. __________can be worn for 
added protection.  
 
4.  Unless you have a thousand bees swarming your face, the __________is a great way to get 
rid of bee pests that are in the house. Simply use the hose attachment and suck them into oblivion. 
 
 
5.  Certain pesticides are harmful to bees. That’s why we require instructions for protecting bees 
on the labels of pesticides that are known to be particularly harmful to bees. This is one of many 
reasons why everyone must read and__________.  
 
 
6.  When applying ________into cracks, crevices or entry points, proper filling of the dusting 
device is of utmost importance.  When a hand bellows duster is completely filled to its capacity, 
or when dust is packed down inside the duster, dust does not come out in proper form.   
 
 
7.  Diazinon kills insects by inhibiting acetylcholinesterase, ___________necessary for proper 
nervous system function. Diazinon has a low persistence in soil. The half-life is 2 to 6 weeks. The 
symptoms associated with diazinon poisoning in humans include weakness, headaches, 
tightness in the chest, blurred vision, nonreactive pinpoint pupils, excessive salivation, sweating, 
nausea, vomiting, diarrhea, abdominal cramps, and slurred speech. 
 
 
8.  Imidacloprid is a nicotine-based, systemic insecticide, which acts as a neurotoxin and belongs 
to a class of chemicals called the______________________.  
 
 
9.  Malathion is a pesticide that is widely used in agriculture, residential landscaping, public 
recreation areas, and in public health pest control programs such as mosquito eradication. In the 
US, it is the most commonly used______________________.  
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10.  Early in the colony cycle, the queen bumblebee compensates for potential reproductive 
competition from workers by suppressing their egg-laying by way of physical aggression 
and____________. Thus, the queen will usually be the mother of all of the first males laid.  
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Topic 12 - Bee-Related Inspections Section 
 
Section Focus: The student will be able to understand and describe bee inspection and related 
bee deaths/inspections techniques. At the end of this section, you will be able to understand and 
describe bee related inspections. There is a post quiz at the end of this section to review your 
comprehension and a final examination in the Assignment for your contact hours.   
 
Scope/Background: When conducting an inspection as a result of the death of bees, the 
inspector should act promptly and follow a regimented plan that focuses on the circumstances of 
the incident as well as the collection of evidence that will be needed to prove any violations. All 
standard inspection and sampling protocols should be followed, including but not limited to issuing 
Notices of Use Inspection, creating and maintaining chains of custody for any samples collected 
for analysis, and issuing Receipts for Samples, as outlined in the FIFRA Inspection Manual. State 
or tribal pesticide inspectors should follow any agency or organization-specific use inspection and 
sampling protocols. Bee-related inspections must focus on the immediate location of the incident 
as well as any surrounding areas in which pesticide applications may have occurred which may 
have influenced the incident.  
 

 
 

Chalkbrood Disease  
 
Three basic phases of determining the role of illegal pesticide use in an incident involving bee 
deaths are as follows:  
(1) The inspector should collect any additional information about the incident itself and plan and 
prepare for the inspection(s).  
(2) The inspector should then inspect the affected hive(s) to collect observations and evidence 
related to the site of the bee deaths.  
(3) Finally, the inspector should identify and inspect sites of possible pesticide use in the areas 
surrounding or adjacent to the site. Upon completion of the inspection(s), the inspector should 
prepare and complete an inspection report, as outlined in the FIFRA Inspection Manual. 
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Chalkbrood disease 
 
Cause: Ascosphaera apis, a fungus. 
 
Effect: Chalkbrood disease affects only the brood. The diseased larvae are usually found on the 
outer edges of the brood nest. Workers, drones, and queens are all susceptible to the disease. 
 
Symptoms: The affected larvae are usually found on the outer fringes of the brood area. Brood 
cells can either be sealed or unsealed. Diseased larvae are stretched out in their cells in an upright 
condition. Typically, larvae dead from chalkbrood disease are chalk white, hence the name 
chalkbrood. Sometimes the diseased larvae can be mottled with brown or black spots, especially 
on the ventral sides. The color variation is from the brown to black color of the fruiting bodies 
(spore cysts). 
 
Transmission: The spores of Ascosphaera apis are ingested with the brood food provided by the 
nurse bees. The germination of the spores and proliferation of the fungus covers the larva with a 
white mycelium. Spores of Ascosphaera apis remain viable for years. Consequently, the infection 
source could be present in the cells used to rear brood. Chalkbrood appears to be most prevalent 
in the spring when the brood area is increasing. Chalkbrood normally does not destroy a colony. 
However, it can prevent normal population build-up when the disease is serious. No treatment is 
presently available for the control of chalkbrood. The disease usually disappears or is reduced as 
the air temperature increases in the summer. 
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Bee Death Inspection 
 
When conducting an inspection as a result of the death of bees, the inspector should act promptly 
and follow a regimented plan that focuses on the circumstances of the incident as well as the 
collection of evidence that will be needed to prove any violations. All standard inspection and 
sampling protocols should be followed, including but not limited to issuing Notices of Use 
Inspection, creating and maintaining chains of custody for any samples collected for analysis, and 
issuing Receipts for Samples, as outlined in the FIFRA Inspection Manual. State or tribal pesticide 
inspectors should follow any agency or organization-specific use inspection and sampling 
protocols. 
 
Bee-related inspections must focus on the immediate location of the incident as well as any 
surrounding areas in which pesticide applications may have occurred which may have influenced 
the incident. Three basic phases of determining the role of illegal pesticide use in an incident 
involving bee deaths are as follows: 

(1) The inspector should collect any additional information about the incident itself and 
plan and prepare for the inspection(s). 
(2) The inspector should then inspect the affected hive(s) to collect observations and 
evidence related to the site of the bee deaths. 
(3) Finally, the inspector should identify and inspect sites of possible pesticide use in the 
areas surrounding or adjacent to the site. 

 
These “phases” of a bee-related inspection are discussed in more detail below. Upon completion 
of the inspection(s), the inspector should prepare and complete an inspection report, as outlined 
in the FIFRA Inspection Manual. 
 
Inspectors should be aware that the conduct of a particular bee-related inspection will be based 
on the specific facts of the incident itself. The phases described in this guidance are provided as 
a general inspection procedure; these phases may vary according to the specific circumstances 
of an individual incident. An example Bee Incident Inspection Outline and an example On-Site 
Hive Inspection Checklist are attached in Attachments I and V, respectively, to aid inspectors in 
planning and conducting bee related inspections. Inspectors are encouraged to tailor the 
inspection to the specific facts and circumstances of the incident. 
 
Collection of Preliminary Information and Planning 
Report of the Incident -- Interviewing the Complainant 
Incidents of bee deaths are typically reported to EPA, state or tribal pesticide program offices 
through a tip or complaint filed with the respective agency/program. Prior to initiating an 
inspection, the inspector should interview the complainant to obtain pertinent incident-related 
information. In cases where the complainant does not have all of the information outlined below, 
the inspector should collect this information from the beekeeper during the on-site inspection of 
the apiary. During the interview, the inspector should ascertain: 

• The nature of the incident; 
• Where the incident occurred; 
• When the incident occurred; 
• The identity of any persons who may have been involved; 
• Why the complainant believes it happened; and 
• Why the complainant believes it was pesticide related. 

 
The inspector should record the name of the person who reported the incident, with address, 
phone number and email address, and the date the incident was reported. If the complainant does 
not self-identify for fear of retaliation or privacy concerns, this should be noted. The inspector 
should also determine if the complainant is the beekeeper of the affected hive(s). 
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The inspector should also record the date, time and nature (if known) of pesticide application(s) 
suspected by the complainant or otherwise potentially involved with the incident (e.g., chemical 
name, product name, registration number, application rate, time of application, method of 
application, and targeted crop or site). If this information is not available, it should be noted in the 
report. 
 
When possible, the exact location and nature of the incident should be described, including street 
addresses, Global Positioning System (GPS) coordinates and/or brief descriptions that provide 
an understanding of the area or location where the incident occurred. The inspector should 
describe whether and where dead bees are observed (either by the complainant or by the 
inspector if the interview occurs during the on-site hive inspection) to document the claim that a 
bee deaths occurred. 
 
An apiary is a location where bees are kept and can include more than one colony; also known 
as a “bee yard.” 
 
For a bee incident involving multiple colonies, the number and location of all affected colonies 
should be documented. 
 
The inspector should also record, where possible, the actual or suspected date of the incident 
and/or dates over which adverse effects were observed. Given the large area over which colonies 
may be dispersed, it is possible that an inspector will not learn of a bee incident immediately. The 
inspector should interview the complainant to obtain a detailed description of how and when the 
incident was discovered. If the complainant cannot provide an estimate of when the event was 
initiated, it may be possible to gather information during the on-site inspection to provide better 
insight into the event (see On-Site Hive Inspection, below). 
 
Pre-Inspection Planning 
The following information should be collected (if available) prior to any physical inspection(s): 
 
Location: If the exact location or an approximate address of the incident has been provided, the 
inspector should search for any publicly available information on the surrounding areas. Aerial 
photographs of the surrounding area may be available from an online source, such as Google© 
maps, to provide any possible locations of pesticide application in close proximity to affected 
colonies. 
 
Weather Data: Information on weather data at or near the incident site, such as wind direction, 
at the time of pesticide application(s) and/or the bee incident may help determine where to begin 
looking for a suspected pesticide application. Use the closest and most accurate available source 
of weather data for determining weather conditions at the time of the incident or pesticide 
application. Recording information from three surrounding weather stations or collecting three 
National Weather Service station records would be most beneficial to analyze discrepancies. 
 
Incident Reports: Section 6(a)(2) of FIFRA requires pesticide registrants to report known 
adverse effects associated with their chemical(s) (including incidents such as the death of bees) 
to the EPA. Although non-registrants are not required under FIFRA to report ecological incident 
data, they have the ability to do so directly to EPA or through the National Pesticide Information 
Center (NPIC)7 via the Ecological Pesticide Incident Reporting web portal or via telephone, FAX, 
or e-mail. All ecological incidents reported through NPIC, including incidents involving bee toxicity, 
are supplied to the Office of Pesticide Programs (OPP), EPA Headquarters, on a regular basis 
and by request. Upon receipt of a report on an ecological incident, OPP creates an Ecological 
Incident Report which is verified, if possible, with final inspection reports. 
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This information is used to help support risk conclusions and help flag chemicals of ecological 
concern. If a bee incident has been reported to EPA, the inspector may obtain a copy of the 
Ecological Incident Report. This can be done by submitting a request for an Ecological Incident 
Information System report to EPA. The inspector should collect and inspect all needed personal 
protective equipment (PPE) to ensure his/her safety during the inspection. Refer to the FIFRA 
Inspection Manual for general guidelines for inspector safety and PPE. The inspector should also 
determine if any bee hive inspection-specific PPE is needed. This may include, but is not limited 
to: 

• Protective clothing (long sleeve shirt, long pants, protective shoes, elastic gathers to 
secure pant legs, hat, bee veil, bee suit, gloves, etc.); 
• First Aid kit, including any necessary emergency allergy medicine such as an EpiPen®. 
Additionally, the inspector should have a sampling plan in place and determine the 
sampling equipment needed to ensure proper collection of physical samples throughout 
the inspection.  

 
The FIFRA Inspection Manual provides general recommendations on sampling equipment; the 
inspector should consult the analyzing laboratory with any specific questions regarding the type 
of sampling equipment needed for a specific sample to be collected (e.g., the sample jar or bag 
size needed for a specific sample) as well as guidelines for size or quantity of sample to be 
collected. Any samples should be collected in accordance with the FIFRA Inspection Manual. 
(See also Attachment II for a discussion of sampling.) If a state or tribal apiary inspector is 
available, make arrangements to have them assist in the inspection and sample collection. 
 

On-Site Hive Inspection 
Interviewing the Beekeeper 
Prior to inspecting the hive(s) involved in the incident, the inspector should interview the 
beekeeper to determine whether the colony (or colonies) was (or were) completely dead or only 
partially affected and is recovering. The inspector should document the date and time of the last 
inspection of the hive(s) by the beekeeper or other knowledgeable persons and collect a copy of 
the hive inspection report, if available. The inspector should also record any feeding done by the 
beekeeper including information on the timing and frequency of feeding and watering and 
identification of the type of food provided by the beekeeper. If the incident occurred in a research 
apiary, the inspector should describe whether the incident was associated with any ongoing 
studies or research. 
 
The inspector should obtain all information on pesticide applications to the hives in question made 
by the beekeeper or other person(s) in the last year, documenting the date, time and nature (if 
known) of pesticide application(s) to the hives (e.g., chemical name, product name, application 
rate, time of application, method of application, name of the applicator and, if a restricted use 
pesticide (RUP), the name of the certified applicator). The following information should be 
collected, for each pesticide which was applied to the hive: 

• Product name; 
• EPA Registration Number; 
• Active ingredient(s); 
• EPA Establishment Number; 
• Distributor name(s) and address(es); 
• Date of application; 
• Method of application; and 
• Target pest. 

 
If this information is not available, it should be so noted in the inspection report. The inspector 
should also collect labels or copies of labels for all products used by the beekeeper for pest control 
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within the last three (3) months at minimum, ideally including labels for pesticides applied within 
the last year. 
 
(Follow the FIFRA Inspection Manual protocol for documentary sample collection.) If there does 
not appear to be misuse of a pesticide(s) and instead, there are concerns about the formulation 
of the product, the inspector should collect information including the name, address, and phone 
number of the distributor where the product(s) were purchased and collect a copy of the receipt 
documenting that purchase, if available. If the product of concern is a registered pesticide, it may 
be necessary to collect a physical sample of the product to determine if that product was 
formulated properly. Collection of physical samples of pesticides should be completed in 
accordance with the protocol outlined in the FIFRA Inspection Manual. 
 
The inspector should follow inspection protocols described in the FIFRA Inspection Manual to 
gain consent from the beekeeper to conduct the interview and subsequent inspection of the hive 
or bee site of the bee deaths. If consent is denied or withdrawn, the inspector should leave and 
seek advice as to next steps. 
 
Inspecting the Hive and Site of Bee Deaths 
For the safety of the inspector and the hive, in-hive inspections should NOT be attempted by an 
inspector if the inspector does not have experience with handling bee colonies. Bees, hives, 
frames, etc., must be handled by the beekeeper, an accompanying state apiarist, or an inspector 
with knowledge of bee colonies and/or beekeeping training. Inspectors should be properly 
dressed with bee protective clothing/attire to minimize the risk of bee stings regardless of whether 
they personally handle a hive. 
 
The inspector should collect samples12 of dead and dying bees from outside the hive entrance. 
If the bee deaths occurred away from the hives, the inspector should visit and inspect this area 
as well, collecting any samples (e.g., dead bees, vegetation, soil, or water) as needed and 
available. Ideally, samples of bees should include bees that appear to be dying or to have died 
recently and are not in advanced stage of decay. Evidence or stages of decay may provide an 
estimation of when the bees died, if it is unknown to the beekeeper. The inspector should 
document any signs of decay by photographs and by noting any observations. (See Attachment 
III for signs of bee decay and a timeline of their occurrence). Bees that appear to be acting 
abnormally (e.g., ataxia, lethargy, jerking movements) should also be sampled. If drift or a direct 
overspray of pesticides is suspected or if the source of exposure is uncertain, then swab/wipe 
samples should be collected from the exterior surface of the hive.  
 
Follow standard pesticide residue sampling procedures when collecting surface samples. The 
size (quantity) of the samples needed depends on the analytical method that will be used for 
analysis.  
 
Depending upon the facts of the incident, it may be appropriate to collect additional samples from 
the interior of the hive. These might include samples of stored pollen, wax, honey, or other items 
from inside the hive. Samples of syrup, water or other substances used to nourish the bees may 
also be collected. See Attachment III for additional information on hive dynamics and possible 
samples to be collected within hives. 
 
Note: If the inspector is not trained to handle bees, the beekeeper may take samples on the 
inspector’s behalf, ideally in the presence and under the direction of the inspector. The identity of 
any third party collecting samples must be documented in the inspection report. Photographs 
should be collected to document inspection activities and observations made during the 
inspection of the apiaries. The inspector should assure that third party collectors collect samples 
within the appropriate sampling procedures and protocol to protect the integrity of the sample. 
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If, due to timing or other limitations, the inspector has no other opportunity to obtain certain 
samples (e.g., the beekeeper gathered all the dead bees at the hive entrance as soon as the 
incident was identified), an inspector may accept samples previously obtained by a third party 
such as a beekeeper or the landowner where the bee hives are located. Under these 
circumstances, the inspector must obtain documentation detailing how the sample was originally 
taken and if possible, obtain a signed statement from the individual who took the sample 
describing how and when the sample was taken.  
 
The inspector must document the transfer and receipt of the sample and then use standard chain 
of custody procedures once the sample is in his/her possession. While samples obtained in this 
way are not the “best evidence,” in comparison to samples collected directly by the inspector, they 
may provide valuable, unique information especially when corroborated by or used in combination 
with other samples and evidence. The use and possible benefit of such samples should be 
carefully considered and not be rejected solely because they were not collected by the inspector. 
 
When inspecting the impacted bee hives, the inspector should be observant and note anything 
that might suggest the involvement of a pesticide. Include observations concerning the general 
condition of the impacted hive(s) and other nearby hives. Note any anomalies of the hives or the 
bees inside the hives.  
 
Attachment III can provide some insight as to other abnormal conditions that may affect a bee 
colony. The inspection report should document if any such conditions exist so that these factors 
can be considered in determining if a pesticide was involved in the incident. 
 
Identifying and Inspecting Potential Pesticide Sources 
To evaluate the potential role of a pesticide in a reported bee incident, the inspector should focus 
first on sites at or immediately adjacent to the incident location at a distance within sight range 
and sites where information provided suggests the source of pesticides may be. If no potential 
sources of pesticide are identified through the inspector’s observations at the site or through 
interview of the complainant and/or the beekeeper, the inspector should first evaluate the 
locations closest to the incident for the likelihood of concurrent pesticide presence. The inspector 
should note sites in which prior pesticide exposure to bees was possible, including, but not limited 
to: 
• Sites where crops are frequently sprayed or have been known to have received a recent 
application; 
• Sites where pesticide treated seeds have recently been planted; 
• Areas or sites with flowering plants (crops, weeds, ornamentals) or other plants which bees 
might consider desirable for foraging; 
• Rights-of-way such as utility lines or roadside drainage ditches. 
 
Knowledge of the surrounding area, including any influencing weather patterns, will aid the 
inspector in identifying sites to inspect. (For example, if the incident occurred on a windy day, the 
inspector may want to first focus on areas which were upwind of the site.) Additionally, the 
inspector may take crop or site descriptions into account to identify potential sources or sites of 
the affected colony’s exposure to pesticides. Inspectors may also take into account any locations 
of treated seed planting when identifying locations of potential pesticide sources.  
 
Note: Treated seed (and any resulting dust-off from treated seed) may be exempted from 
registration under FIFRA as a treated article and as such its planting is not considered a “pesticide 
use.” However, if the inspector suspects or has reason to believe a treated seed is subject to 
registration (i.e., the seed is not in compliance with the treated article exemption), plantings of 
that treated seed may nonetheless be investigated. (See the FIFRA Inspection Manual for further 
considerations.) 
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If no obvious source is apparent from the inspector’s observation, it may be necessary to expand 
the search area for a source. In particular, vector control activity (such as application of a mosquito 
adulticide) in the area could be a factor and such use may not be apparent to the inspector without 
checking with the local or state vector control office. If mosquito control activity has occurred, it 
may also be necessary to determine if a public health emergency had been declared due to 
detection of mosquito-borne diseases or pathogen-carrying mosquitoes in the area as that may 
affect the applicable label directions. 
 
Once possible sources have been identified, it may be necessary to enter upon that property to 
conduct man inspection to determine if use of a pesticide(s) at that site was responsible for the 
death of the bees. 
 
Conducting Pesticide Inspections of Possible Sources 
Inspectors should follow the inspection protocols detailed in the FIFRA Inspection Manual when 
investigating possible sources of pesticides related to the incident. For any pesticide applications 
made in the area at the time of the incident, include all of the information listed in the Inspecting 
the Hive and the Site of Bee Deaths section, above, for each pesticide application as well as the 
application method and rate of application. 
 
Documentary evidence should include pesticide application records for suspect treated areas. 
Documentary samples of the labels for products used along with a statement from the applicator 
that the label is a true and accurate representation of the pesticide used should be obtained. 
Follow the Inspection Manual protocol to properly obtain a documentary sample. If product 
contamination or improper formulation is suspected, a physical formulation sample of the 
pesticide should be collected. 
 
In cases where drift or direct overspray is suspected, it may be necessary to collect vegetation 
samples or other residue samples to document off-site movement of the pesticide. Refer to the 
Inspection Manual for the proper protocol for sampling different types of residue media. Inspectors 
should ensure that all samples obtained are properly collected and documented, and that a 
Receipt for Samples is properly signed by the owner of the property where the sample was 
collected. 
 
Identifying and Inspecting Potential Pesticide Sources: 
5) Identify Potential Pesticide Sources: 
a) Identify pesticide application sites, including plantings of treated seed, adjacent to or near 
affected hive(s) or incident site(s). 
b) If pesticide source unknown, identify probable locations of pesticide application in the 
surrounding area, including: 
i) Sites suspected by the complainant and/or beekeeper. 
ii) Sites containing crops, orchards, fields, etc., which may have been attractive to the affected 
colony prior to their death. 
6) Conduct Inspection(s): 
a) Follow all pesticide inspection protocol(s) including presentation of credentials, issuance of 
Notices of Inspection, etc. 
b) For any pesticide applications made at the time of the incident, collect or document: 
i) Date and time of pesticide application(s). 
ii) Distance from the treatment site where dead or adversely affected bees were found, or from 
the location of the affected hive(s) to the nearest site were pesticides were applied. 
iii) Pesticide information: 
(1) Product name(s), 
(2) EPA registration numbers, 
(3) Active ingredient(s), 
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(4) EPA producing establishment registration number(s), 
(5) Distributor name(s) and address(es), and 
(6) Copies or photographs of pesticide labels and labeling. 
iv) Application method used by the applicator (e.g., aerial, ground, chemigation). 
v) Document type of application equipment used (e.g., brand, model) used for the pesticide 
application and where possible the last calibration, nozzle type, nozzle spacing, screens, filters 
and pressure (functioning gauge). 
vi) For planting of treated seed, document: 
 
(1) Whether the seeding equipment was pneumatic, 
(2) The identity of the product, including product name and EPA Reg. No., used to treat the 
seed, if available, 
(3) A copy of any label for the treated seed, if applicable, and 
(4) If the treated seed is suspected not to meet the exemption at 40 C.F.R. § 152.25(a), 
document the date of purchase and the identity of the distributor of the treated seed, collecting 
any copies of sale or distribution records as available. 
vii) Provide the amount of pesticide applied (in pounds of active ingredient (lb a.i.)/acre or 
amount of product/acre). 
viii) Information on the crop treated (name of crop, information on whether or not the crop was in 
bloom during application, etc.). 
ix) Certification credentials of the pesticide applicator. 
x) If appropriate, collect physical samples (formulation samples, vegetation, residue, etc.). 
 

Attachment II: Sampling and Sample Analysis 
Sample Collection 
Inspectors should follow the guidelines for sample collection in the FIFRA Inspection Manual. This 
document provides additional sampling considerations to incorporate when planning an 
inspection related to the death of bees. 
 
Sampling plans developed for bee-related inspections should consider the need to both 
demonstrate whether a pesticide is present in affected colonies, and determine how it got there 
and from where it originated. This can be accomplished through the collection of physical samples 
at the incident site, at the location of the affected hive and in areas adjacent to those locations. 
The sample plan should consider all potential samples (e.g., vegetation, soil, water) which may 
be necessary to determine a pesticide use and its relation to the bee deaths. 
 
Inspectors should consult the analyzing laboratory prior to sample collection to determine the 
needed sample size. If additional factors discovered in the field affect the planned sample 
collection, the inspector should contact the laboratory during the inspection to seek guidance 
and/or clarification. 
 
Samples may be split with the beekeeper, if requested and feasible. Consideration must be given 
to whether there is a sufficient sample to enable analysis; splitting samples can result in an 
insufficient sample size where no analysis may be possible. 
 
Note: If, due to timing or other limitations, the inspector has no other opportunity to obtain certain 
samples (e.g., the beekeeper gathered all the dead bees at the hive entrance as soon as the 
incident was identified), an inspector may accept samples previously obtained by a third party 
such as a beekeeper or the landowner where the bee hives are located. Under these 
circumstances, the inspector must obtain documentation detailing how the sample was originally 
taken and if possible, obtain a signed statement from the individual who took the sample 
describing how and when the sample was taken.  
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The inspector must document the transfer and receipt of the sample and then use standard chain 
of custody procedures once the sample is in his/her possession. While samples obtained in this 
way are not the “best evidence,” in comparison to samples collected directly by the inspector, they 
may provide valuable, unique information especially when corroborated by or used in combination 
with other samples and evidence. The use and possible benefit of such samples should be 
carefully considered and not be rejected solely because they were not collected by the inspector. 
 
Bees 
Analysis of bees is typically done by grinding a composite sample of bees. This type of sample 
may be collected to determine a possible pesticide exposure. Inspectors should be aware that 
due to this process, the results of this analysis will not provide an indication of the route of 
exposure (e.g., ingestionor dermal exposure) which resulted in a pesticide residue. To determine 
how a bee hive or colony was exposed to a particular pesticide, the inspector must rely on 
additional observations or sample collection from the hive, the site where the bees died, areas 
adjacent to the bee hive, etc. 
 
To aid in determining whether bee deaths occurred as a result of pesticide use, it is important to 
collect samples of bees from the affected hive(s). Dead and dying bees from outside the hive 
entrance should be collected. Ideally, samples of dead bees should include bees that appear to 
have died recently and are not in advanced stage of decay (see Attachment III for signs of bee 
decay).  
 
Bees that appear to be acting abnormally (e.g., ataxia, lethargy, jerking movements) should be 
sampled as well. Samples of dead bees and impaired bees may be composited in a 250-ml glass 
jar. 
 
Live bees which appear to be acting “normally” may also be sampled to ensure a proper sample 
size is collected and to determine whether a pesticide residue is present. Inspectors should take 
care not to combine samples of live and dead/dying bees unless otherwise directed by the 
analyzing laboratory. For the safety of the inspector and the hive, the beekeeper may be consulted 
for direction or assistance in collecting samples of live bees. Bees that are still alive should be 
quickly frozen. Some pesticides can degrade quickly in the environment; therefore, it is imperative 
that all samples, including bees, be collected as quickly after the incident as possible. 
 
The size (quantity) of the samples needed depends on the analytical method that will be used for 
analysis. The FIFRA Inspection Manual recommends collecting a minimum of four ounces of 
honeybees per sample; however, the inspector should consult with the analyzing laboratory for a 
specific sample size when collecting bees. Bees may lose more than 90% of their body weight 
once they have died; accordingly, samples of dead bees may require the collection of a larger 
number of carcasses compared to samples of live, dying, or recently deceased bees. When 
determining the number of bees required for an individual sample, inspectors may find the 
following estimations (based on a 10-gram sample size) helpful: 

• 100 live, dying, or newly dead bees; 
• 1,000 dead and desiccated bees. 

 
Residue 
If drift or a direct overspray of pesticides into the apiary is suspected or if the source of exposure 
is uncertain, then swab (wipe) samples should be collected from the exterior surface of the hive(s). 
Follow standard pesticide residue sampling procedures found in the FIFRA Inspection Manual 
when collecting surface samples. If there are a large number of colonies that appear to have been 
affected in an apiary, a systematic sampling scheme may be necessary. If resources are limited, 
the inspector should select the colony with the largest number of dead bees either in front of or 
within the colony. 
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Vegetation 
Blossoms (including pollen and nectar) may be sampled as a source of exposure to a pesticide 
applied approximately at or before the time of the bee deaths. Sampling foliage where a bee might 
land is less valuable in determining a source of pesticide exposure to the bee than sampling a 
plant bloom where bees are likely to land.  
 
Collect samples from sites that are attractive to bees, where possible. One means of doing this is 
for the inspector to look for pollen and nectar sources in the area and then look at areas where 
pesticides may have been applied, such as flowering weeds along or within treated fields. 
 
Vegetation samples may include a progressive set of samples from the apiary or site of possible 
pesticide exposure (i.e., a location or flowering plant(s) attractive to bees) to the point of 
application to document drift. Refer to the FIFRA Inspection Manual for information on progressive 
or gradient sampling. 
 
If drift of pesticides is suspected, vegetation samples should be collected from plants growing in 
the suspected treated area, as well as other plants between the treated area, areas of 
attractiveness to bees, and the impacted hive(s). In this case, samples may consist of whatever 
plant surface may have been exposed to the pesticide application or the drift from that treatment. 
Vegetation in each different sampled area should be kept separate and not composited so that 
the analytical results can track the movement of spray material off-site towards the hive(s). 
 
Samples within a Hive or Colony 
Some knowledge of hive dynamics is important in order to take a proper sample. Inspectors not 
trained in hive dynamics, or unsure of the proper location within a hive for sample collection, 
should consult the beekeeper, state/tribal apiarist, or other knowledgeable person with any 
specific questions about the sampled hive. 
 
It is preferable to collect separate samples from individual hives, but it may be necessary to collect 
composite samples from multiple hives in order to achieve sufficient sample size or prevent further 
stress to colony health. 
 
Colony matrices that may be sampled include wax, pollen, honey and brood, as needed. 
Depending on the colony age, wax and comb pollen samples may contain a number of pesticide 
residues.  
 
Surveys of managed migratory bee colonies indicate that a broad range of pesticides have been 
detected in hive products (e.g., honey, stored pollen, wax). The most frequently detected 
pesticides and the two that occur in the highest quantity are those used by beekeepers to control 
varroa mite (i.e., coumaphos and fluvalinate). Typically, a combination of pesticides is detected 
in the same hive matrices.  
 
Honey samples should be collected from fresh honey in the top of the hive and pollen samples 
should be collected from uncapped (i.e., recently collected) pollen chamber near the brood 
chamber. Brood chamber, wax and other areas of the hive may contain residues collected over 
time.  
 
When sampling pollen and/or honey from comb, care should be taken not to include wax since 
wax can contain a different spectrum of pesticides than what may actually be present in pollen or 
honey. Brood wax is generally dark brown to black. Honey wax is pale and light colored. 
 
Keep in mind that when sampling pollen from the comb, bees do not typically store pollen in 
unique batches.  
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Pollen collected from a number of floral sources over time may be stored in the same cell of the 
comb. The comb area sampled across colonies should be relatively consistent (e.g., from frames 
outside of the brood areas (area without larvae) since the inspection should not impact remaining 
brood survival if at all possible). 
 
Honey and honeycomb should be sampled if the inspector suspects that a pesticide has affected 
the hive(s). In-hive materials that might be used as applicators for miticides and/or other 
pesticides used within the hive etc., should also be sampled. If the hives are being fed dietary 
supplements such as sugar syrup, such materials should be sampled. 
 
Soil 
Soil samples should be taken if a soil-applied insecticide has been used or treated seed has been 
planted in the field alleged to have caused the death of the bees. If it is suspected that illegal use 
of treated seed is a causal factor where soil became contaminated through dust-off or excessive 
leaching of treated seed coatings, information related to seed treatment should be obtained, 
where possible. If custom seed treatment has occurred, it may be possible to obtain information 
related to specific pesticides applied to the seed. 
 
Water Samples 
Water samples may be collected in connection with bee deaths and are especially relevant when 
the potential pesticide source is a mosquito larvicide. Water samples taken are usually from 
roadside ditches, irrigation ditches, or other small bodies of standing or stagnant water where 
vector control applications may have been made. Refer to the FIFRA Inspection Manual for 
appropriate sampling protocol and quantities needed for an adequate analysis. Collection of water 
from chemigation devices should also be considered. 
 
Sample Handling 
When handling pollen, honey or bee samples, it is important to slow decay of the samples caused 
by bacteria and/or fungi as quickly as possible. Immediately cool the sample using ice or storage 
in a freezer and transport to laboratory for analysis as quickly as possible. If longer-term storage 
(i.e., longer than 1 – 2 days) is necessary, samples should be kept at or below freezing (0 degrees 
C). 
 
If soil or water samples are collected, they should be handled, stored, and shipped per the FIFRA 
Inspection Manual or according to the guidance of the analyzing laboratory. 
 
Sample Storage 
In order to ensure the stability of pesticide residues in biological samples collected during an 
inspection, the samples should be protected from light to the extent possible and should be placed 
either on ice or dry ice once they have been properly labeled. See the FIFRA Inspection Manual 
for specific guidelines on sample storage, preparation, and shipping. 
 
Analysis 
Depending on the extent to which the suspected cause of the incident may be known, residue 
analysis may be broad spectrum (multi-residue) or relatively focused examining specific active 
ingredients and their degradates (transformation products). Although most state lead agencies 
have established protocols for conducting residue analysis, an approach has been identified by 
the U.S. Department of Agriculture Agricultural Research Service that provides a relatively 
inexpensive process for multi-residue analyses of biological samples. This approach goes by the 
acronym QuEChERS (standing for “Quick, Easy, Cheap, Effective, Rugged, and Safe”) and as 
the name suggests, it provides a rapid means of conducting multi-residue analyses. 
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It may be possible to ascertain where bees have been foraging through an analysis of the pollen. 
Referred to as a palynology (i.e., the study of dusts or of things that are strewn), pollen from 
forage bees or within the comb can be examined microscopically. Pollens from different plants 
have different colors, textures and shapes that can be used to determine their floral origin. 
 
In addition to the wide variety of residue samples to be analyzed, samples can be analyzed to 
verify formulation to determine possible product contamination or to verify the contents of a tank 
mix. These samples will be analyzed by a formulation chemistry laboratory. 
 
Coordination with the Laboratory 
Prior to conducting an inspection related to bee deaths, the inspector should contact the 
laboratory that will analyze any physical samples collected. The inspector should ensure that the 
sample collection planned for the inspection as well as any sample collection and preservation 
supplies/equipment planned to be used are consistent with the laboratory’s standard operating 
procedures. Although the FIFRA Inspection  
 
Manual provide guidelines for the methods of sampling and types of sampling equipment that may 
be used in the collection of pesticide and environmental and residue samples, the inspector 
should defer to the laboratory for any specific sample size, equipment, or collection methods 
needed for obtaining samples. 
 
The inspector and laboratory should also discuss what pesticide(s) or active ingredient(s), if 
known or suspected by the complainant or inspector, was involved with the death of the bees. 
Inspectors should discuss whether the laboratory will be able to complete the analysis of any 
samples collected for that particular pesticide or active ingredient with their available equipment, 
standards, and methods.  
 
The QuEChERS approach, and variations upon that approach, can be used by laboratories 
when: 

• A particular pesticide(s) is/are suspected; 
• Selecting a method for pesticide analysis in an atypical matrix (e.g., wax, pollen, nectar 
or honey); 
• Sample weight is limited; 
• The laboratory’s equipment is limited; and 
• When a laboratory cannot achieve the method detection levels pertinent to the data 
quality objectives of investigation with their own methods. 

 
If a specific pesticide product(s), active ingredient(s), pesticide degradate(s) or products 
containing pesticides (e.g., treated seeds) is not known or suspected to be related to the death of 
the bees, then the inspector should discuss this with the laboratory as well. A general screen can 
be performed on samples collected from the hive or colony (honey, wax, bees, etc.) to help 
determine whether the hive has been exposed to a particular pesticide or pesticides.  
 
The inspector should be aware of the laboratory’s ability or limitations in performing such an 
analysis and should discuss which analytes are available to the laboratory for inclusion in any 
analysis. 
 
Attachment III: Bee Basics for Pesticide Inspectors 
This attachment discusses attributes of bees and their colonies that should be considered when 
investigating incidents of bee deaths. Familiarity with bees and their biology and patterns of 
behavior, as well as apicultural practices, can provide important insight into understanding 
situations an inspector might observe during a bee investigation. 
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Beekeeping 
It is not the intent of this guidance to provide inspectors with expertise in beekeeping; rather, the 
intent is to provide inspectors with an understanding of things to consider when investigating the 
loss or impairment of bees or bee colonies that has been or may be linked to the use of a pesticide. 
If inspectors are interested in learning more about beekeeping, there are opportunities to do so 
through local beekeeping organizations, through university extension services and through on-
line resources as well as working with and instruction from a state apiary inspector. Such sources 
of information are not substitutes for actual hands-on experience with bee colonies. Inspectors 
should NOT attempt to manipulate a honey bee colony without sufficient practical experience. 
 
The size of beekeeping operations can vary considerably. The size of the beekeeping operation 
will dictate whether colonies are permanently located in a particular spot (fixed) or whether they 
are moved around (migratory) to support pollination services and/or honey production. 
 
The number of colonies positioned in a particular area will be dictated by available forage; 
however, some of the larger beekeepers may place their colonies in temporary locations (i.e., 
holding yards) when colonies are moved to differing locations.  
 
Migratory colonies may be located on wooden pallets to facilitate transport or to ready colonies 
for deployment to pollination locations; these colonies also tend to be of relatively uniform 
dimensions in order to facilitate stacking during transport. For colonies involved in honey 
production, the number of “supers” on the colony is based on the ability of that colony to produce 
honey. 
 
Bee Incidents 
Bee incidents typically focus on honey bees (Apis mellifera) for a variety of reasons (e.g., they 
are social insects and exposure to pesticides can result in the loss of large number of adult bees; 
colonies are monitored and managed by beekeepers, which increases the likelihood of detecting 
adverse effects; and honey bees are a valuable commodity which increases the motivation to 
report suspected pesticide incidents). Given that honey bees can forage for up to 7 kilometers 
(4.3 miles), the potential routes of exposure can encompass a relatively broad area.  
 
Additionally, the death of bees can result from other factors in addition to pesticides and these 
potential factors should be evaluated and accounted for during any bee investigation. Therefore, 
inspections of bee incidents require some knowledge of bee colonies6 and the factors that can 
influence the survival of both individual bees and the colony on which they depend. 
 
Colony Collapse Disorder 
Because colony losses can be attributed to a variety of causes, it is important to be able to 
differentiate whether the loss is a result of illegal pesticide use or whether it may be due to other 
causes. In 2006 beekeepers in the United States began discovering colonies characterized by 
the disappearance of adult worker bees with few or no dead bees in the colony, the presence of 
capped brood with a small cluster of nurse bees, the queen, and the presence of intact honey and 
pollen stores. This syndrome has been termed Colony Collapse Disorder (CCD) (since the 
absence of the colony’s forage bees coupled with a very limited number of in-hive bees to care 
for developing brood results in the death, i.e., collapse, of the remainder of the colony).  Colonies 
suffering from CCD did not exhibit any evidence of large numbers of dead bees in the vicinity of 
the colony that could account for the relatively sudden loss of the colony’s forage bees.  
 
Although a number of factors have been associated with CCD including honey bee pests (e.g., 
varroa mite), diseases (e.g., the fungal disease Nosema), poor nutrition due to inadequate forage, 
and pesticides, none of these factors have in and of themselves been identified as a cause. The 
available information indicates that CCD results from a combination of factors; however, the 
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nature of that combination remains uncertain.  For purposes of this guidance, incidents of CCD 
are not included in the term “bee incident,” although inspectors should be aware of its existence. 
 
Bee Diseases and Other Factors 
Bee deaths may result from a number of factors besides pesticides. These can include sudden 
changes in temperature (e.g., brood chill), opportunistic predators (e.g., European hornets, yellow 
jackets, small hive beetle, skunks) and disease. In some cases, losses associated with disease 
can be misinterpreted as pesticide exposure related losses and it can be difficult for inspectors to 
distinguish whether disease is a factor. Even experienced beekeepers may not notice that a 
particular disease is a factor, especially if their initial observations focused on the dead/dying bees 
outside of the colony entrance. (It is common bee behavior to remove all dead bees from inside 
the hive, regardless of what caused their death, and discard them outside the hive’s entrance.) It 
is not possible to provide an in-depth account of all the possible bacterial, fungal and viral 
diseases to which bees may be subject in this guidance. However, inspectors must be aware that 
diseased colonies can result in the loss of large numbers of both adult bees and their developing 
brood. Where disease is suspected, samples of colony matrices can be collected for diagnosis. 
 
Death and Stages of Decay 
The inspector may be able to observe or document signs of decay which depend to some extent 
on whether the dead bees are dry or wet. In general, these signs are as follows: 

• loss of the fine hairs that typically cover the bodies of honey bee; 
• loss of wings; 
• putrid odor; 
• darkening color; 
• insect body becomes more amorphous (difficult to distinguish individual bees, body is 
desiccated and/or dismembered). 
 

Within 3 days of the death, the loss of hairs and the stench would likely be apparent. Within 14 
days, wing/leg loss would be observed and by 30 days, the inspector will likely observe bee 
body parts with few to no intact bodies. 
 
Pesticide Exposure 
Bee death may also be caused by exposure to pesticides. Colony exposure may occur through 
drift of pesticides from aerial or ground applications immediately adjacent to where colonies are 
located and/or to areas where bees may be foraging for food and/or water. In some cases, 
exposure may occur through a direct overspray event.  
 
While direct exposure to a pesticide through drift can result in acute mortality and the loss of large 
numbers of forage bees in the field or at the entrance to colonies, pesticides can also be brought 
back to the colony by forage bees either through contaminated nectar and/or pollen, or through 
residues on the surface of the bee (e.g., dusts). 
 
Effects of Pesticide Exposure 
Once inside the colony, pesticide residues may result in effects to hive bees (e.g., nurse bees, 
the queen) and/or developing larvae and pupae (collectively referred to as “brood”). These effects 
may not be expressed as the sudden loss of large numbers of bees in close proximity to the 
outside of the colony but can also result in the diminished overall strength of the colony as 
reflected by the size of the cluster of adult bees on the comb or in terms of the general pattern of 
brood, i.e., spotty as opposed to uniform brood areas. These incidents that are not associated 
with an acute mortality event as indicated by large piles of dead adult bees at the entrances to 
colonies, may be the result of chronic pesticide exposure and may require the assistance of 
individuals skilled in assessing bee health. 
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Challenges for Inspecting Bee Incidents 
There is a broad range in the number of bee hives maintained by beekeepers. The American 
Beekeeping Federation has defined the following categories: small scale (<25 colonies), 
sideliners (25 –  300 colonies) and commercial (>300 colonies).  
 
For large-scale commercial beekeepers which provide pollination services and/or honey 
production, the number of colonies may extend into the tens of thousands and these colonies can 
be distributed over considerable distances. While small scale beekeepers may have colonies in 
close proximity to their residences, many of the sideliners and commercial beekeepers are not in 
close proximity to their colonies and may not routinely check the status of each colony. Therefore, 
the ability of a beekeeper to immediately detect the death of bees depends on the frequency at 
which they monitor their colonies and it is possible that they discover the loss at a time that is well 
after the incident occurred.  
 
The inspector should take this elapsed time into account when making observations or collecting 
samples and pesticide use information at the site. Also, given that many bee yards (apiaries)16 
where colonies may be positioned are located away from where the beekeeper resides, the 
events surrounding the loss may not be readily apparent. Ideally, the death of bees should be 
reported as soon as it occurs. The reality may be that such incidents are reported several days 
or longer after the initiating event occurred. The timeliness of such reports can affect the ability of 
either the beekeeper or an inspector to determine the cause. 
 
Bee deaths suspected or known to be related to pesticide exposures are reported through 
a variety of mechanisms. When tips and complaints alleging pesticide related bee incidents are 
quickly submitted directly to state lead agency or tribal representatives by members of the public 
such as beekeepers, states/tribes can respond in a timely manner to investigate the incident. 
However, incident reports are often made to other regulatory agencies such as EPA’s Office of 
Pesticide Programs (OPP) (e.g., beekill@epa.gov), through data collection centers (e.g., National 
Pesticide Information Center; http://pi.ace.orst.edu/erep/), to pesticide registrants (typically listed 
as contacts on pesticide labels) and to the press. Incidents reported to these other entities may 
not get reported to the appropriate state lead agency for proper and timely inspection follow-up. 
 
Pesticides can affect both target and non-target organisms in different ways depending on 
the mode of action of the compound. Depending on the mode of action and level/duration of 
exposure to a pesticide, the effects exhibited by bees can differ and can extend over a broad 
range of signs including behavioral changes (walking instead of flying, inactivity, excessive 
grooming, extended tongue (proboscis), jerky movements), as well as death.  
 
Bees that appear to be writhing and or walking on the ground should be noted by the inspector. 
As with most non-target incidents, bee deaths are typically acute mortality events. The inspector 
should be aware that the deaths may have occurred as a result of either an acute or a chronic 
exposure to a pesticide or pesticides. 
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Bees can die on their way to and from the colony, at the entrance to the colony and 
within the colony. 
The inspector should attempt to estimate the number of dead bees wherever they are observed. 
Minimally, bees at the base of the outside hive entrance should be examined. Acute mortality 
events from pesticide exposure are typically expressed as a pile of dead bees at this location. 
Field force knockdown18 can also be observed within 25 feet of the colony for workers that are 
unable to return. Beyond this, the area may be obscured by ground cover which will block 
observation. In reporting the nature (condition) of the dead and disabled bees, the inspector 
should attempt to discern whether different aged (larvae, pupae, young adult) bees or castes 
(workers, drones, and queen) appear affected.  
 
Age and caste may be relevant to determining if the bee death is a result of pesticides or other 
causes. For example, late season death of drones alone may be attributed to the nature of the 
hive where drones are expelled from the colony as it prepares for overwintering. Larvae may be 
affected by pollen collected and fed to the developing bee. In order to assess overall hive health 
and understand whether factors other than pesticide exposure may be affecting the hive, it may 
be necessary to examine the interior of the colony. If the hive is opened, it can be examined for 
the extent of dead/disabled bees on the bottom board of the colony, the extent to which individual 
frames are covered by bees (cluster size), whether the brood pattern is relatively consistent as 
opposed to spotty, and in some cases identify disease and parasite damage. For example, a large 
infestation of wax moths would indicate that the colony was lost at least one month before. While 
the inspector may not have sufficient knowledge of bees to approach and disassemble a colony 
and/or to discriminate this level of detail, the beekeeper should be able to assist in this effort. 
 
Because bees can forage over considerable distances, their survival can be impacted by 
a broad range of environments (e.g., agricultural, nonagricultural, residential, forests) that 
may be within their flight range.  
While bees will forage to meet the nutritional and energy needs of the colony and typically select 
forage that represents a preferred source of both pollen and nectar, they may also forage on less 
preferred sources of nutrition and water based on availability. While it is not possible to state a 
specific distance that must be considered in terms of the location of affected colonies to potential 
sources of pesticide exposure, there are practical limitations to how much effort can be expended 
by an inspector. In some cases, the beekeeper may be able to provide information on the 
suspected pesticide use. 
 
However, in the absence of such information, the inspection may have to be limited to a specific 
perimeter that should be noted in the report. A general observation of the area surrounding the 
apiary, whether orchard, field crop, vineyard, or other possible pesticide use site should be 
considered along with time of year to determine a likely source of pesticide exposure.  
 
Based on the inspector’s knowledge of pesticide application practices, crops and application 
timing, it may be possible to determine a likely source of pesticide exposure. In addition to crops 
and practices, inspectors will need to be observant for blooming crops, wildflowers and other 
plants in the area of the affected apiary within the selected inspection perimeter. 
 
It may be difficult to determine if bee deaths are related to treatment of adjacent fields 
because there is no easy way to know where bees have been foraging. Dead bees near a 
treated field would be important to investigate. Initially, the inspector should try to determine where 
bee deaths are occurring and then determine where pesticide use has recently occurred or is 
occurring in the general area. To the extent possible, it is important to consider the timing of 
applications relative to the mortality events. If there are other apiaries in the area, the inspector 
should attempt to contact the beekeepers to determine if others in the area have experienced bee 
losses.  
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Apiary locations are typically well hidden to limit the chance of vandalism. If other apiaries are 
similarly affected, it may provide additional insight into the location of pesticide exposure. Note 
that bees forage based on the identification of a nectar source. All apiaries in an area may not 
identify the same source, so the pattern of damage in a geographical area can be inconsistent. 
When trying to locate a source of pesticide exposure, the inspector should work his/her way from 
the affected hive(s) outward. 

 
Why Calibrate Spray Equipment 
 
Calibration is a process of measurement. You measure the solution that comes out of the 
equipment during a certain period. A pest control applicator should know that the proper dosage 
of pesticide is applied. Without accurate calibration of sprayers, the amount of pesticide delivered 
will be incorrect. 
 
Over dosage will contaminate the spray area. Less than recommended dosage might fail to 
control the pest. 
 
Applicators need to look regularly at the output of their equipment. Flow meters are very helpful 
to let the applicator know the output of the sprayer over time.  
 
 The estimated number of sprayers that have a 10% calibration error is 60 percent. 
 A large percentage of sprayers have greater than 10 percent variation in discharge from 

individual nozzles or tips. 
 
How to Calibrate Equipment 
Calibration does not have to be a difficult process. It can be as simple as reading a pesticide label 
for the mixing instructions. It can be as simple as the time it takes to spray an amount of liquid 
and then measure that amount. This will determine how much liquid is expelled from the sprayer 
during a period. 
 
The nozzle flow rate determines the spray applied per unit area. The flow rate through a nozzle 
varies because of pressure in and size of nozzle. Using a nozzle with a larger opening will 
increase the flow rate. 
 
Increasing the pressure will not increase the flow rate. You cannot use pressure to make major 
changes in spray rate. It can however, make minor changes. 
 
The most effective way to make a large change in flow rate is to change the size of the nozzle tip.  
 
Depending on the pressure, small changes in nozzle size can change the sprayer output. You 
can use nozzle catalogs to select the proper tip size. 
 
Nozzles with multiple different nozzle sizes on one tip should be calibrated. Calibrate each tip if 
the nozzle has four different tips then calibrate each tip separately. 
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Topic 12 Bee-Related Inspections Section Post Quiz 
 
Answers at the rear of Glossary 
 
Fill in the blank 
1.  For the safety of the inspector and the hive, in-hive inspections should NOT be attempted by 
an inspector if the inspector does not have experience with_________. Bees, hives, frames, etc., 
must be handled by the beekeeper, an accompanying state apiarist, or an inspector with 
knowledge of bee colonies and/or beekeeping training. Inspectors should be properly dressed 
with bee protective clothing/attire to minimize the risk of bee stings regardless of whether they 
personally handle a hive. 
 
 
2.  To determine how a bee hive or colony was exposed to a particular pesticide, the inspector 
must rely on additional observations or sample collection from the hive, the site where the bees 
died, _________to the bee hive, etc. 
 
 
3.  Honey samples should be collected from fresh honey in the top of the hive and pollen samples 
should be collected from uncapped (i.e., recently collected) pollen chamber near the brood 
chamber. Brood chamber, wax and other areas of the hive may contain ____________collected 
over time.  
 
 
4.  When sampling pollen and/or honey from comb, care should be taken not to include wax since 
wax can contain a different spectrum of pesticides than what may actually be present in pollen or 
honey. Brood wax is generally dark brown to black. ____________is pale and light colored. 
 
 
5.  Keep in mind that when sampling pollen from the comb, bees do not typically store pollen in 
unique batches. Pollen collected from a number of ___________over time may be stored in the 
same cell of the comb.  
 
 
6.  Prior to conducting an inspection related to_____________, the inspector should contact the 
laboratory that will analyze any physical samples collected.  
 
 
7.  ______________may be located on wooden pallets to facilitate transport or to ready colonies 
for deployment to pollination locations; these colonies also tend to be of relatively uniform 
dimensions in order to facilitate stacking during transport. For colonies involved in honey 
production, the number of “_____________” on the colony is based on the ability of that colony 
to produce honey. 
 
 
8.  Bee death may also be caused by exposure to pesticides. Colony exposure may occur through 
drift of pesticides from aerial or ground applications immediately adjacent to where colonies are 
located and/or to areas where bees may be foraging for food and/or water.  
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9.  While bees will forage to meet the nutritional and energy needs of the colony and typically 
select forage that represents a preferred source of___________, they may also forage on less 
preferred sources of nutrition and water based on availability.  
 
 
 
10.  _______________ are typically well hidden to limit the chance of vandalism. 
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Topic 13  - Wasp Identification Section 
 
Section Focus: You will learn the basics of wasps and similar insects.  At the end of this section, 
you will be able to understand and describe various wasps and hornets. You will learn about the 
wasp family class, genera, life cycle and related subjects. There is a post quiz at the end of this 
section to review your comprehension and a final examination in the Assignment for your contact 
hours.   
 
Scope/Background: A Wasp (Vespula vulgaris) is any insect of the order Hymenoptera and 
suborder Apocrita that is not a bee or an ant. Less familiar, the suborder Symphyta includes the 
sawflies and wood wasps, which differ from the Apocrita by having a broad connection between 
the thorax and abdomen. There are several species of wasp and some of these measure up to 
30 millimeters in length. There are two types of wasps: Social Wasps such as Common wasps, 
Paper wasps, Yellowjackets and hornets.  Solitary wasps such as Potter wasps, Cicada Killer 
wasps, and Mud Dauber wasps. It is critical that pesticide applicators master control of this pest 
target in that we do not destroy other wildlife during treatment operations.     
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WASP’S GROUND NEST DIAGRAM 
 
Nest predators include skinks, raccoons, and foxes. These mammals rip open bald-faced hornet 
nests to feast on the larvae and pupae. Humans, usually inadvertently, may also disturb bald-
faced hornet nests and can receive a vigorously aggressive response by venom rich Workers. 
Many birds consume bald-faced hornets as do spiders, frogs and large, predaceous insects like 
praying mantises. 
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Yellowjacket Introduction 
 
The solitary wasps rarely become a problem. Solitary means they do not colonize or form nests 
where many wasps live together. Although they may look threatening, most of them do not 
defend their nests and rarely sting people. Mud Daubers build a hard nest out of mud, usually 
on ceilings, walls or eaves of buildings. The nests are attended by a single female wasp. The 
mud dauber's favorite food is a spider meal. The Blue Mud Wasp is another solitary wasp less 
common but present in our area. This wasp seems incapable of building her own mud nest, but 
is able to repair and use abandoned nests. The Black Widow spider is at the top of her menu. 
 
The social wasps can be fractured into 2 groups, the Yellowjackets / Hornets and Paper wasps. 
Most of these wasps feed on insect pests eliminating large numbers of them. Paper wasps feed 
abundantly on armyworms, corn earworms and other ag pests. Hornets will take house flies, 
blow flies and caterpillars. Other Yellowjacket species are exclusively scavengers. Unless they 
nest or are active near human activities, it's best to leave them alone. But unlike the solitary 
wasps, these wasps can become very defensive when their nests are disturbed. Loud noises 
such as a lawnmower, vibration from even footsteps or just coming too close to a nest can elicit 
a defensive response.  
 
Yellowjackets, hornets and paper wasps are attracted to some types of odors and sources of 
water. Swimming pools, ornamental ponds and other sources of standing water will be attractive 
to nest building workers. Foraging and scavenging workers may be attracted in differing degrees 
to clover, ripe or rotting fruit, pet food, garbage, soft drinks and a variety of cooked meats. Also 
perfumes, hair sprays, suntan lotion and other cosmetics may less frequently attract wasps, 
bees and yellowjackets.  
 
Adult wasps are ½ to 3/4 inch long, with characteristic yellow and black stripes and transparent 
wings. Yellow jackets are often feared for their sting, which is a hazard to people who are allergic. 
However, they are beneficial as predators of caterpillars, flies and beetle grubs. Nests need not 
be removed if they are not interfering with the lives of people in the area.  
 
There are two distinct types of social wasps—yellowjackets and paper wasps. Yellowjackets are 
by far the most troublesome group, especially ground- and cavity-nesting ones such as the 
western yellowjacket, which tend to defend their nests vigorously when disturbed. Defensive 
behavior increases as the season progresses and colony populations become larger while food 
becomes scarcer. In fall, foraging yellowjackets are primarily scavengers, and they start to show 
up at picnics and barbecues, around garbage cans, at dishes of dog or cat food placed outside, 
and where ripe or overripe fruit are accessible. At certain times and places, the number of 
scavenger wasps can be quite large. 
 
Paper wasps are much less defensive and rarely sting humans. They tend to shy away from 
human activity except when their nests are located near doors, windows, or other high-traffic 
areas. Nests of both yellowjacket and paper wasps typically are begun in spring by a single queen, 
who overwinters and becomes active when the weather warms.  
 
She emerges in late winter to early spring to feed and start a new nest. From spring to midsummer 
nests are in the growth phase, and the larvae require large amounts of protein. Workers forage 
mainly for protein at this time—usually in the form of other insects—and for some sugars. By late 
summer, however, the colonies grow more slowly or cease growth and require large amounts of 
sugar to maintain the queen and workers, so foraging wasps are particularly interested in sweet 
things at this time. 
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Yellowjackets 
The term yellowjacket refers to a number of different species of wasps in the genera Vespula and 
Dolichovespula (family Vespidae). Included in this group of ground-nesting species are the 
western yellowjacket, V. pensylvanica, which is the most commonly encountered species and is 
sometimes called the “meat bee,” and seven other species of Vespula. V. vulgaris is common in 
rotted tree stumps at higher elevations, and V. germanica, the German yellowjacket, is becoming 
more common in many urban areas of California, where it frequently nests in houses. 
 
These wasps tend to be medium sized and black with jagged bands of bright yellow—or white in 
the case of the aerial-nesting D. (formerly known as V.) maculata—on the abdomen and have a 
very short, narrow “waist,” the area where the thorax attaches to the abdomen. V. vulgaris ranges 
across Canada and the northeastern United States. Common in higher elevations, it nests in 
shady evergreen forests around parks and camps in the western mountains and the eastern 
Appalachians. This species also is one of the most important stinging insects in Europe. 

 
Eastern Yellowjacket (Vespula maculifrons) 
This common ground nesting yellowjacket is distributed over the eastern half of the United States. 
Its western border is from eastern Texas north to eastern North Dakota. Workers are slightly 
smaller than most yellowjackets, but colony size can number around 5,000 or more individuals. 
The nest of V. maculifrons is dark tan, made of partially decomposed wood and is quite brittle. 
The Eastern yellowjacket sometimes nests in building wall voids.  
 
Most yellowjackets have very slightly barbed stingers but the sting will not set in the victim's tissue 
like the barbed stinger of the honeybee. The stinger of V. maculifrons, however, often sticks and 
when the insect is slapped off, the stinger may remain. 
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German yellowjacket (Vespula germanica) 
In Europe, German yellowjacket nests are subterranean, but in North America the vast majority 
of reported nests are in structures. This yellowjacket is distributed throughout the northeastern 
quarter of the United States. Nests in attics and wall voids are large, and workers can chew 
through ceilings and walls into adjacent rooms. The nest and nest envelope of this yellowjacket 
is made of strong light gray paper. Colonies of this yellowjacket may be active in protected voids 
into November and December when outside temperatures are not severe. 
 

 
 
 
Nests 
Yellowjackets commonly build nests in rodent burrows, but they sometimes select other protected 
cavities, such as voids in walls and ceilings of houses, as nesting sites. Colonies, which are begun 
each spring by a single reproductive female, can reach populations of between 1,500 and 15,000 
individuals, depending on the species. 
 
The wasps build a nest of paper made from fibers scraped from wood mixed with saliva. It is built 
as multiple tiers of vertical cells, similar to nests of paper wasps, but enclosed by a paper envelope 
around the outside that usually contains a single entrance hole. If the rodent hole isn’t spacious 
enough, yellowjackets will increase the size by moistening the soil and digging. Similar behavior 
inside a house sometimes leads to a wet patch that develops into a hole in a wall or ceiling. 
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Immature Yellowjackets 
Immature yellowjackets are white, grub-like larvae that become white pupae. The pupae develop 
adult coloring just before they emerge as adult wasps. Immatures normally aren’t seen unless the 
nest is torn open or a sudden loss of adult caretakers leads to an exodus of starving larvae. 
 
Aerial-nesting yellowjackets, D. arenaria and D. maculata, build paper nests that they attach to 
the eaves of a building or that hang from the limb of a tree. The entrance normally is a hole at the 
bottom of the nest. These aerial nesters don’t become scavengers at the end of the season, but 
they are extremely defensive when their nests are disturbed. Defending D. arenaria sometimes 
bite and/or sting, simultaneously. Wasp stingers have no barbs and can be used repeatedly, 
especially when the wasp gets inside clothing. As with any stinging incident, it is best to leave the 
area of the nest site as quickly as possible if wasps start stinging. 
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Paper Wasp 
 
The paper wasp is made up of mostly the Polistes genus. They are easy to distinguish from 
other bees, hornets and yellowjackets as they are less aggressive and they build a hexagonal, 
open paper nest. Markings and colors vary but include yellows, browns and blacks. The nest is 
constructed in protected areas above the ground. Common areas their nests can be found 
include on walls or under eaves of homes and other buildings. Nest construction begins in the 
Spring and construction and maintenance continues as long as the colony continues to grow. 
Wasps gather fibers form old decaying wood or dead, dry plants, chew them up and mix the 
debris with water to make their grey paper nest. Populations in these nests rarely ever exceed 
200.  
 

 
 
Aerial Nesters 
Several yellowjackets make the aerial football- shaped paper nests, commonly called hornets’ 
nests. Two of these yellowjackets are common: the Aerial yellowjacket, Dolichovespula arenaria, 
and the Bald Faced hornet, Dolichovespula maculata.  The Aerial yellowjacket is found in the 
west, Canada, and east (but not in the central and southern states). This species begins its nest 
in March or April and is finished and no longer active by the end of July. Their nests, usually 
attached to building overhangs are smaller and more round than those of other species. The Bald 
Faced hornet is larger than the other yellowjackets and is black and white -- not black and yellow. 
It lives along the west coast, across Canada, and in all of the states in the eastern half of the 
country.  
 
On warm spring days, the large Aerial nesting queen develops a small comb, like the Paper wasp 
with a dozen or so cells, but she encloses it in a round gray paper envelope. The daughter workers 
later take over the nest duties, and by mid-summer, when the worker population is growing and 
food is plentiful, the nest is expanded to full size.  
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A full-sized Bald Faced hornet nest consists not of a single umbrella comb like the Paper wasp, 
but four to six wide circular combs -- one hanging below the other and all enclosed with an oval 
paper envelope consisting of several insulating layers.  
 
Bald faced hornets not only gather flies, but are large enough to kill and use other species of 
yellowjackets for larval food. They attach their nests to low shrubs or high in trees or on buildings. 
Although Aerial colonies can have four to seven hundred workers at one time, their food gathering 
habits do not routinely bring them in contact with humans. Large nests are often discovered only 
after leaves have fallen and the nests are exposed -- both to view and to nature's elements that 
finally bring about their disintegration. 
 
Underground Nesters 
The stinging wasp, often identified as a yellowjacket, is black and yellow. Primarily yellow bands 
cover a dark abdomen. These species are in the genus Vespula.  They begin their nests like the 
aerial nesters -- with an enveloped small comb made of wood fiber paper. Only these nests are 
started in soil depressions, rodent burrows, or in any small hole in the ground that will give 
protection until workers can develop. Once workers begin nest care, they enlarge the entrance 
hole and expand the nest. Combs are placed in tiers, one below the other. They can be very large; 
they have firm support from the soil surrounding the external envelope. Several species of 
Vespula make their nests in building wall voids, attics; hollow trees and other enclosed spaces as 
well as the ground. 
 
Both Aerial and Ground Nesters 

Of the thirteen species in North America, only a few require pest management. These few 
species have certain characteristics and habits that put them on a collision course with people: 
 
•They can live in what might be called disturbed environments (areas that have been changed 
to suit human activities in urban settings) such as yards, golf courses, parks, and other 
recreation areas.  
•They have large colonies -- some will develop thousands of workers.  
•Their habits do not restrict them to a specific kind of prey. Foraging workers capture insects 
for their larvae and nectar and other sweet carbohydrates for themselves where they can find 
it.  

 
Essentially, they are scavengers and work over garbage cans and dumpsters. They especially 
enjoy picnics and football games.  
 
One can easily see that these habits put a large number of foraging stinging insects into close 
association with large populations of humans. 
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Yellowjacket Management Sub-Section 
 

 
 
 
Problems with yellowjackets occur mainly when: 

•Humans step on or jar a colony entrance.  
•A colony has infested a wall void or attic and has either chewed through the wall into the 
house or the entrance hole is located in a place that threatens occupants as they enter or 
leave the building.  
•Worker yellowjackets are no longer driven to feed larvae in the late summer months, and 
they wander, searching for nectar and juices -- finding ripe, fallen back yard fruit, beer, soft 
drinks and sweets at picnics, weddings, recreation areas, sporting events and other human 
gatherings.  
 
Yellowjackets are sometimes responsible for injections of anaerobic bacteria (organisms that 
cause blood poisoning). When yellowjackets frequent wet manure and sewage they pick up 
the bacteria on their abdomens and stingers. In essence, the stinger becomes a hypodermic 
needle. A contaminated stinger can inject the bacteria beneath the victim's skin. Blood 
poisoning should be kept in mind when yellowjacket stings are encountered. 

 
Inspection 
Sting victims often can identify the location of yellowjacket nests. Where the nest has not been 
located look in shrubbery, hedges, and low tree limbs for the Bald Faced hornet. Soil nests are 
often located under shrubs, logs, piles of rocks and other protected sites.  
 
Entrance holes sometimes have bare earth around them. Entrance holes in structures are usually 
marked by fast flying workers entering and leaving. Nests high in trees should not be problems. 
Be sure to wear a bee suit or tape trouser cuffs tight to shoes. 
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Habitat Alteration 
Management of outdoor food is very important.  

•Clean garbage cans regularly and fit them with tight lids.  
•Empty cans and dumpsters daily prior to periods of heavy human traffic at zoos, 
amusement parks, fairs and sporting events.  
•Remove attractive refuse, such as bakery sweets, soft drink cans, and candy wrappers, 
several times a day during periods of wasp and yellowjacket activity.  
•Locate food facilities strategically at late summer activities so that yellowjackets are not 
lured to dense crowds and events. [The National Park Service in their IPM programs 
found that stings were dramatically reduced when drinks are served in cups with lids.]  
•Clean drink dispensing machines; screen food dispensing stations, and locate trash 
cans away from food dispensing windows.  
•To limit yellowjacket infestations in wall voids and attics, keep holes and entry spaces in 
siding caulked; screen ventilation openings. 

 
Pesticide Application 
When possible, treat ground and aerial nests after dark [Workers are in the nest at that time]. 
More often than not, because of traditional work schedules, treatment will be scheduled for the 
daytime.  
 
Begin with the entrance hole in view and a good plan in mind. 
Wear a protective bee suit. Unless these insects can hold on with their tarsal claws, they cannot 
get the leverage to sting. Bee suits are made with smooth rip-stop nylon which does not allow 
wasps and bees to hold on. A bee veil and gloves are part of the uniform. Wrist and ankle cuffs 
must be taped or tied to keep the insects out of sleeves and pant legs.  

•Move slowly and with caution. Quick movements will be met with aggressive behavior. 
Move cautiously to prevent stumbling or falling onto the colony.  
 
•Have equipment handy so one trip will suffice. 

 
Application 
•Insert the plastic extension tube from a pressurized liquid spray or aerosol generator in the 
entrance hole; release the pesticide for 10 to 30 seconds. Resmethrin is most effective.  
 
•If the pressurized liquid spray includes chemicals that rapidly lower nest temperature (freeze 
products), be aware that it will damage shrubbery.  
 
•Plug the entrance hole with dusted steel wool or copper gauze. Dust the plug and area 
immediately around the entrance. [Returning yellowjackets cue on entrance holes using 
surrounding landmarks and seeing the shadowed opening. They will land at the entrance and pull 
at the plug picking up toxic dust. Any still alive inside will also work at the dusted plug.  
 
Aerial Nests 
•Cut aerial nests down and seal them in a plastic bag. [The queen and workers inside will be 
dead, and larvae will fall out of their cells and die from either insecticide poisoning or starvation. 
Pupae in capped cells may escape the treatment, however, and emerge later.]  
 
•Be especially cautious when using ladders to get at aerial nests or wall void nests. Set the ladder 
carefully and move slowly. 
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Wall Voids 
•Approach the entrance hole cautiously; stay out of the normal flight pattern.  
•Watch first. Observe whether yellowjackets entering the nest go straight in or to one side or 
the other.  
•Insert the narrow diameter plastic tube in the hole in the observed direction of entrance and 
release pesticide for 10-30 seconds.  
•Dust inside the entrance and plug it as with underground nests.  
•Remember, German yellowjacket nests may remain active into December.  
•Use care not to contaminate food surfaces.  

 
Spraying trash cans and the outside of food stands will reduce or repel yellowjackets at sporting 
events; the treatment will not last more than one day. Honey bees are also killed with this control 
measure. Remember, do not contaminate food surfaces. 
 

Liquid Application  
 
The amount of active ingredient (a.i.) for structural insect control recommendations is usually in 
percentages. The pesticide manufacturer normally provides a spray dilution chart on the label. 
This chart lists the amount of formulated product that needs to be mixed with various quantities 
of diluent (usually water). This mixture provides the desired spray mixture. Thus, insecticide 
mixtures can be prepared directly from label directions without the need for calculations. 
 
Liquid Application and Calculations  
You should conduct sprayer calibration using tap water or base oil. Calibration depends on the 
formulation applied and equipment used. After you have properly calibrated your equipment, it is 
ready to use. The next step is to read the label and find the site and pest which you are treating. 
 
Then mix the pesticide and the diluent together in the sprayer tank. Put the lid on the sprayer and 
tighten it. Get a large bucket and spray the pesticide liquid into the bucket. Keep the time on how 
long you sprayed the liquid into the bucket. Measure the liquid in the bucket. 

 
EXAMPLE: (Time of spray = 10 minutes) 

 
(Area sprayed = 600 sq. ft) 

 
(Accumulation of pesticide =1 pt.) 

R 
FORMULA: (Timed spray x Area sprayed x Accumulation of Pesticide) 
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Category of Liquid Applications 
 
Coarse sprays contain droplets 400 microns or more from coarse disc nozzles or solid-stream 
gun nozzles. 
 
Fine sprays have droplets from 100 to 400 microns, produced with high pressure through hollow-
cone and fan-spray nozzles. 
 
Mists droplet size is from 50 to 100 microns in diameter. High-pressure pumps, high-speed 
mechanical rotors, and atomizers produce them. 
 
Aerosols and ULV fogs are defined as assemblages of solid particles or liquid droplets 
suspended in air and ranging in size from 0.1 to 50 microns. By spraying the pesticides into a 
blast of hot air as with the thermal aerosol generator, or by mixing them with a liquefied gas they 
release through small orifices, as with the household total release aerosol or "bug bomb”. They 
are also produced by atomization from specialized nozzles, or by being thrown off the rim of high-
speed rotors. 
 
Smokes and fumes, particles range from 0.001 to 0.1 microns in diameter. They commonly 
produce by output of thermal fog generators. The generators use the exhaust of an internal 
combustion engine to vaporize the oil carrier or to partially combust the pesticide formulation. 
 
Vapors consist of airborne insecticide in droplet sizes less than 0.001 micron. 
 
Insecticidal dusts occur in three sizes: 
Coarse about 175 microns or larger, this size is to avoid excessive drift. 
 
Medium from 45 to 175 microns. 
 
Fine 44 microns or less, these droplets will pass through a 325-mesh screen. 
 
Dusters 
Dusters apply a dry layer of powder mixture with a small amount of pesticide. Dust applied on 
porous surfaces is not absorbed as liquids are. The powder mixture lays where insects can pick 
it up on their hairs, legs, mouthparts, etc. The pests absorb the pesticide through the cuticle the 
same way as liquids. The pest can ingest particles when grooming which causes stomach 
poisoning. Dusts may also be inhaled through insect spiracles. 
 
Foot Pump  
This is a hand-operated plunger type blower with a container for insecticide dust. A stirrup is 
provided so you can hold the pump down with one foot. The operator pumps air and insecticide 
through a hose to the treatment area. You use this tool to apply dust to rodent burrows and other 
enclosed shelters. 
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Other Wasps  

 
 

BLUE MUD WASP EXAMPLE 
 
Blue Mud Wasp (Chalybion californicum) 
This wasp is a “poor relative” of the Mud Dauber. The females use vacant mud wasp nests. They hunt 
on the ground, preying mainly on Black Widow spiders. Adults are metallic blue, blue green or bluish 
black. 
 
 
 

 
 

CRICKET WASP EXAMPLE 
 
Cricket Wasps (Chlorion sp.) 
This species harvests crickets from their hiding places and buries them in a simple nest in the ground. 
These adults are usually slender, metallic bright blue-green or blue with dark violet-tinged wings. 
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DIGGER WASP EXAMPLE 
 
Digger Wasps (Ammophila sp.) 
These wasps have a wide range of prey. They build simple, one cell vertical burrows and will use a 
rock to cover the entrance. The adults are very slender, have a long thread-waist, a black thorax 
marked with silver, and a gray or silvery abdomen with an orange or reddish tip. 
 

 
 

MUD DAUBER EXAMPLE 
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Mud Dauber (Sceliphron caementarium) 
This is a common wasp. Females build a mud nest of cells laid side by side usually in a series of two 
to six, on the sides and eaves of buildings. The adults are mostly black with a yellow waist and legs. 
Many solitary wasps fall into the group of ‘Mud daubers’ and what distinguishes them is that they 
build nesting sites out of mud. There is the black and yellow dauber, blue, potters’ wasp, organ 
pipe and many more. Usually their name depicts the shape of the nest they build but sometimes 
it simply refers to their colors or marking. 
 
The dauber may carry its construction material quite a distance in the form of a wet mud ball and 
then use her mandibles to shape the nest. This mud nest will be a chamber where she will lay her 
eggs and place paralyzed insects inside for food when the egg hatches.  
 
Most are single cell nests so only one egg is laid but she may pack in as many as 15 spiders for 
the newly emerged larva to eat. Daubers can be quite selective in the insects they gather but their 
main prey of choice is spiders and it may depend on size or kind. The blue dauber is keen on 
black or brown widows that are not full size yet. When a dauber finds its prey she does not kill 
them but her sting paralyses the insect so that it is fresh when the eggs hatch. 
 
Other daubers such as the blue may not build a nest at all rather they will invade another nest in 
which to lay their egg. Daubers also will rebuild or reshape old abandoned nests at times which 
may be for convenience or perhaps particularly dry weather may mean a shortage of mud. 
 
It’s very rare for a dauber to sting a person even if it’s present while you are removing the nest. 
Stings usually occur when you handle the wasp or accidently put your hand on one. The nest 
itself is easily removed by hand or with a trowel but may leave a distinctive outline. In hard 
surfaces water and a brush will remove this but if it is on your drywall ceiling this might create 
more of a mess.  
 
You may wish to use a small putty knife to scrape away the mud outline being careful to cause 
as little excess marring of the drywall. 
 
Very little can be done to prevent or control a mud dauber. They are known to build their nests 
just about anywhere. Tail pipes of cars, under patio furniture, porches, lamps, doorways, storage 
items in garages or sheds and even in airplane instruments on stored planes. The best you can 
hope for is to catch them early in the process and remove the nest while treating the area with an 
aerosol or spray that will chase them away to hopefully a less intrusive spot.  
 
Sand Wasps (Bembix sp.) 
Can usually be found in sandy areas as their name suggests. The females build large tunnels and feed 
on flies. The adults are stout-bodied; gray or black with pale to bright yellow markings. Sand hornets, 
or cicada killers, are the most common species of sand wasp. They make nests in the ground, in 
dirt or sand, and hunt cicadas.  
 
Sand hornets are frequently found in the Rocky Mountains and Mexico, but are an uncommon 
wasp. Most other wasps have nests in trees or against a structure. If they are threatened, sand 
hornets are very aggressive, but rarely sting otherwise. Because their nests are in the ground, it 
is easy to step in a nest, aggravating the wasps. 
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Spider Wasps (Pepsis sp., Priocnemis sp.) 
As their name suggests these species feed on spiders. In California there are approximately 130 
species that are mostly small and black or steel blue, with slender long legs and antennae. The 
tarantula hawk is just one spider wasp; it is a large, hard-bodied wasp that actually attacks a kills 
tarantulas (Aphonopelma) in southern California and Arizona.  
 
The female wasp stings the tarantula on the underside between the legs, in a vulnerable 
unprotected area. With her powerful mandibles, she drags the paralyzed tarantula to her burrow 
and lays a single egg on its body. The egg hatches into a larva which feeds on the tarantula. At 
maturity, the larva spins a cocoon and undergoes metamorphosis. The adult wasp may emerge 
from the burrow during the same year or the following spring, depending on when the cocoon was 
spun. The sting of a female tarantula hawk is described as "excruciating." 
 

 
 

 
Umbrella Wasps (Polistes spp. and Mischocyttarus flavitarsis) 
Umbrella wasps are also commonly referred to as paper wasps. These wasps have been named 
umbrella wasps because their nests are the shape of an inverted umbrella. They usually have small 
nests and are usually inhabited by about 250 wasps.  
 
Unlike many other wasps and yellowjackets, Umbrella wasps do not have a worker caste. All female 
wasps are capable of becoming the queen.  
 
Umbrella wasp nests do not have a paper envelope around them and are only a single comb. Umbrella 
wasps usually hang their nests in eaves, attics, and sheds. Knocking down the nest is a waste of time 
because the wasps will rebuild it. Therefore, the wasps themselves must be destroyed. 
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Topic 13 - Post Quiz 

Answers at the rear of Glossary 
 
Identify the missing term or word 
 

1.  _______________ are attracted to some types of odors and sources of water.  
 
 
2.  The term ___________refers to a number of different species of wasps in the genera 
Vespula and Dolichovespula (family Vespidae).  
 
 
3.  In Europe, German yellowjacket nests are____________, but in North America the 
vast majority of reported nests are in structures.  
 
 
4.  The _________is found in the west, Canada, and east (but not in the central and 
southern states).  
 
 
5.  Both Aerial and Ground Nesters of the ___________in North America, only a few 
require pest management. These few species have certain characteristics and habits 
that put them on a collision course with people:  They can live in what might be called 
disturbed environments (areas that have been changed to suit human activities in urban 
settings) such as yards, golf courses, parks, and other recreation areas.  
 
 
6.  _______________should be kept in mind when yellowjacket stings are encountered. 
 
 
7.  Digger Wasps (Ammophila sp.)These wasps have a____________. They build simple, 
one cell vertical burrows and will use a rock to cover the entrance. 
 
 
8.  Mud Dauber (Sceliphron caementarium) This is a common wasp. 
_______________build a mud nest of cells laid side by side usually in a series of two to six, 
on the sides and eaves of buildings. The adults are mostly black with a yellow waist and legs. 
 
 
9.  __________ also will rebuild or reshape old abandoned nests at times which may be 
for convenience or perhaps particularly dry weather may mean a shortage of mud. 
 
 
10.  ______________are frequently found in the Rocky Mountains and Mexico, but are 
an uncommon wasp. Most other wasps have nests in trees or against a structure. If they 
are threatened, sand hornets are very aggressive, but rarely sting otherwise. 
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Topic 14 - Common Crop Insects and Pesticide Controls  
Credit to Mississippi State University Extension 
 
Section Focus: The student will be able to understand and describe various commonly found 
crop destroying insects and various pesticide/product controls. At the end of this section, you will 
be able to understand and common crop insects and pesticide control methods. There is a post 
quiz at the end of this section to review your comprehension and a final examination in the 
Assignment for your contact hours.   
 
Scope/Background: Major pests include helicoverpa, spider mites, mirids, aphids and whiteflies. 
Minor pests include thrips, green vegetable bug, pale cotton stainer bug, cotton harlequin bug, 
soil insects (true and false wireworm), red-shouldered leaf beetle, leafhoppers/jassids, and 
mealybugs. 
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Control of these insects is important in the early infestation of the plant. Often, the insect 
after hatching may bore into the fruit or stem and be hidden from pesticide applications.  
 
These insects often become numerous because producers do not begin treatment early 
enough. It is vital that fields be watched and these insects controlled at the earliest 
possible moment. 
 
 

 
 
Sometimes a single application timed properly will control a generation. However, 
repeated applications are needed to control others like the corn earworm in sweet corn. 
 
Many chewing insects have a complete life cycle. Therefore, depending on species, there 
may be one or two damaging stages.  
 
Grasshoppers have a chewing-type mouthpart but have an incomplete life cycle. Chewing 
insects include all species of beetles, grasshoppers and moths and butterfly larvae (most 
often called worms).  We will cover grasshopper in their own section. 
 
As of August 1, 2020, pesticides containing the active ingredient carbaryl are restricted 
use materials in California. A valid pesticide applicator’s license is required for their 
possession and use. For more information see the California Department of Pesticide 
Regulation website. 
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Aphid  
 
Aphids feed on most vegetables. They damage plants by sucking plant sap, spreading viruses, 
and excreting a sticky 'honeydew' that coats the plant. Sooty molds grow in this honeydew, 
reducing photosynthesis and making produce unattractive. The complicated aphid life cycle 
involves many forms. Green peach aphids overwinter as tiny black eggs deposited near dormant 
buds of peach, plum, cherry and other Prunus species. In the spring, wingless females hatch, 
feed on the new tree leaves, and give birth to live female nymphs.  
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After two or three generations of nymphs, a winged 'spring migrant' form emerges and flies to 
potatoes and other summer hosts. Spring migrants produce more colonies of wingless females. 
When population densities get high, winged female 'summer dispersal forms' appear.  
 
These forms are most important in the spread of viruses. Even if no viruses are present, heavy 
feeding causes young leaves to crinkle cup and curl downward and older leaves to wilt and die. 
Aphids most frequently feed on older leaves which are hard to reach with foliar sprays.  
 
With cooler temperatures in the fall, migrant females are produced that fly to Prunus trees and 
produce egg-laying females that mate with males and deposit overwintering eggs.  
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Cotton Aphid 
 
Cotton aphid, Aphis gossypii Glover 
Cowpea aphid, Aphis craccivora (Koch) 
Aphididae, HEMIPTERA 
 
Aphis gossypii is a tiny insect or greenfly in the superfamily Aphidoidea in the order Hemiptera. It 
is a true bug and sucks sap from plants. It is a widely distributed pest of a variety of agricultural 
crops in the families’ Cucurbitaceae, Rutaceae and Malvaceae.  Common names include cotton 
aphid, melon aphid and melon and cotton aphid.  
 
Cotton aphid is the most common aphid on cotton in California and it can be present at any time 
during the growing season. Cotton aphid is highly variable in body size and color, and adults may 
be winged or wingless. Nymphs and adults of wingless cotton aphids vary in color from yellow to 
green to nearly black. The darker forms tend to be substantially larger. Nymphs that are 
developing into winged adults look very different from the nymphs developing into wingless adults: 
they bear small welts or protuberances on their bodies and may be covered with a coat of dusty-
appearing whitish wax. Their body color is often greenish blue, or amber and blue. 
 
The different forms of the cotton aphid differ in their ability to cause population outbreaks and 
plant damage so it is important to be aware not only of the number of aphids present, but also of 
their color form.  
 
The small yellow aphids develop slowly from newborn nymph to adult and do not produce many 
offspring; thus, their populations rarely increase rapidly. The larger, darker aphids (green and 
black) are quite different; they develop more rapidly, produce many more offspring in a rapid burst, 
and can generate rapid population growth rates.  
 
Damage 
The nature of damage caused by cotton aphid varies seasonally with the growth stage of the 
plant. 
 
Pre-squaring (Early Season) 
Heavy populations on seedling cotton can cause crinkling and cupping of leaves, a failure of 
leaves to expand, defoliation, and a severe stunting of seedling growth. In addition, honeydew 
contamination on leaves may make the leaves appear wet and shiny. Cotton appears to be able 
to compensate fully for early season damage as long as the aphid feeding ceases. 
 
Squaring and Boll Production (Mid-season) 
Light aphid populations (20/leaf) on mid-season cotton often do not generate any obvious damage 
symptoms. Heavy aphid populations create the same symptoms as observed on seedling cotton 
(cupped, crinkled leaves, honeydew accumulations, sooty mold, and in extreme cases, limited 
defoliation). Heavy aphid populations at this time can decrease the size of bolls, stunt plant 
growth, and may increase square and boll shedding. 
 
From the Opening of the First Boll until Harvest (Late Season) 
The cotton crop is most sensitive to cotton aphid damage at this time because honeydew can 
contaminate the exposed cotton lint. Aphid populations as low as 5/leaf can result in honeydew 
deposition on lint. 
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Management 
Generally, cotton aphid populations on seedling cotton plants (pre-square) in most regions of the 
western United States are not considered a pest problem. However, some areas have 
consistently severe and prolonged problems with early season aphids. Growers in these areas 
may need to adopt a more aggressive approach to monitoring and controlling these pests, 
especially when their fields have a history of early season aphids persisting into the period when 
squares are produced and yield losses can occur. 
 
Particle Size and the Pesticide Application  
It is very important to understand the relationship between application and particle size. How 
well a pesticide works depends on the size of the droplets or particles. (For example, a liquid 
residual application: totally wet the surface and leave a lasting deposit of pesticide when dry for 
control after the initial application.) 
 
Liquid sprays range from rain-like drops to mists and fogs. These droplets are characterized by 
the mass median diameter (mmd) of spray. The droplets are measured in microns. This 
measurement is 1/1000 of a millimeter or about 1/25,000 of an inch. The average diameter of a 
human hair is about 100 microns. 
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Green Peach Aphid 
 
 

 
GREEN PEACH APHID EXAMPLE 

 

 
 
 
Green peach aphid feeds on hundreds of host plants in over 40 plant families. However, it is only 
the viviparous (giving birth to living young) summer stages that feed so widely; the oviparous (egg 
producing) winter stages are much more restrictive in their diet choice.  
 
In temperate latitudes the primary or overwintering hosts are trees of the genus Prunus, 
particularly peach and peach hybrids, but also apricot and plum. During the summer months the 
aphids abandon their woody hosts for secondary or herbaceous hosts, including vegetable crops 
in the families’ Solanaceae, Chenopodiaceae, Compositae, Cruciferae, and Cucurbitaceae. 
Vegetables that are reported to support green peach aphid include artichoke, asparagus, bean, 
beets, broccoli, Brussels sprouts, cabbage, carrot, cauliflower, cantaloupe, celery, corn, 
cucumber, fennel, kale, kohlrabi, turnip, eggplant, lettuce, mustard, okra, parsley, parsnip, pea, 
pepper, potato, radish, spinach, squash, tomato, turnip, watercress, and watermelon.  
 
Field crops such as tobacco, sugar beet, and sunflower also are attacked. Numerous flower crops 
and other ornamental plants are suitable for green peach aphid development. Stone fruit crops 
such as peach are sometimes damaged before the aphids leave for summer hosts. Crops differ 
in their susceptibility to green peach aphid, but it is actively growing plants, or the youngest plant 
tissue, that most often harbors large aphid populations (Heathcote 1962). In warmer climates 
such as Florida the aphids do not seek out overwintering hosts, but persist as active nymphs and 
adults on hardy crops and weeds throughout the winter months.  
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Host Plants 
Broadleaf weeds can be very suitable host plants for green peach aphid, thereby creating pest 
problems in nearby crops. Tamaki (1975), for example, estimated that three to16 million aphids 
per acre were produced on weeds growing on the floor of peach orchards in Washington, and up 
to one-third of the aphids feeding on weed species were carrying beet western yellows virus 
(BWYV) (Tamaki and Fox 1982). Peach trees are not a host of BWYV, so weeds are obviously 
good reservoirs for plant virus. Common and widespread weeds such as field bindweed, 
Convolvulus arvensis; lambsquarters, Chenopodium album; and redroot pigweed, Amaranthus 
retroflexus, are often cited as important aphid hosts (Annis et al. 1981).  
 
Life Cycle 
Nymphs initially are greenish, but soon turn yellowish, greatly resembling viviparous 
(parthenogenetic, nymph-producing) adults. Horsfall (1924) studied the developmental biology of 
viviparous aphids on radish in Pennsylvania. He reported four instars in this aphid, with the 
duration of each averaging 2.0, 2.1, 2.3, and 2.0 days, respectively. Females gave birth to 
offspring six to 17 days after birth, with an average age of 10.8 days at first birth. The length of 
reproduction varied considerably, but averaged 14.8 days. The average length of life was about 
23 days, but this was under caged conditions where predators were excluded. The daily rate of 
reproduction averaged 1.6 nymphs per female. The maximum number of generations observed 
annually during these studies was determined to be 20 to 21, depending on the year. In contrast, 
MacGillivray and Anderson (1958) reported five instars with a mean development time of 2.4, 1.8, 
2.0, 2.1, and 0.7 days, respectively. Further, they reported a mean reproductive period of 20 days, 
mean total longevity of 41 days, and mean fecundity of 75 offspring. 

 
Management 
Adults pass the winter on greens and wild hosts such as spinach, collards, turnip, wild mustard, 
and dock. Winged forms migrate to other hosts in late spring. During these migratory flights, 
aphids may spread virus diseases from infected volunteer plants and weeds to healthy crop 
plants. Movement between host plants continues through summer and fall. Successive 
generations of females, mainly wingless, are produced throughout the year. Winged migrants 
develop whenever overcrowding occurs or food becomes scarce. Outdoor infestations are most 
common during the spring and fall and decline during the hottest months of the summer. This 
aphid is also a very common pest in greenhouses, where it breeds continuously. Many 
generations are produced each year.  Management options for green peach aphid are very similar 
to procedures discussed for melon aphid, Aphis gossypii Glover.  
 
Sampling 
Day-degree models using a developmental threshold of 4°C can be used to predict various 
phenological events such as egg hatch and immigration of alate aphids. Yellow traps, particularly 
water pan traps, are commonly used for population monitoring. Sequential sampling plans for 
green peach aphid on potato were developed by Hollingsworth and Gatsonis (1990). Sampling of 
aphid natural enemies in this crop were studied by Mack and Smilowitz (1980).  
 
Insecticides  
Despite the numerous options potentially available, many producers are dependent on 
insecticides for suppression of green peach aphid abundance. Systemic insecticide applications 
are especially popular at planting time, most of which provide long-lasting protection against aphid 
population buildup during the critical and susceptible early stages of plant growth (Powell 1980) 
and some of which provide protection for 3 months (Palumbo and Kerns 1994).  
 
  

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

491

Cold-Weather Crop Pest 
Green peach aphid is often a pest of cold-weather crops such as spinach. Aphids are inherently 
difficult to kill with contact insecticides because they are often under the leaves or on new, 
sheltered growth. Cold weather (less than about 20°C) exacerbates the problem because there 
is less volatilization (fumigation) by the insecticide (Wolfenbarger 1972). Even systemic 
insecticides, which will kill aphids feeding under the leaf when the insecticide is applied to the 
upper surface, are much less effective at cool temperatures (McLeod 1991).  
 
Excessive and unnecessary use of insecticides should be avoided. Early in the season, aphid 
infestations are often spotty, and if such plants or areas are treated in a timely manner, great 
damage can be prevented later in the season. In some cases, use of insecticides for other, more 
damaging insects sometimes leads to outbreaks of green peach aphid. Inadvertent destruction of 
beneficial insects is purported to explain this phenomenon, but aphid resistance to some types of 
insecticide may also be involved.  
 
Cultural manipulations may benefit predators and parasitoids. In Washington, bands placed 
around the trunks of peach trees provided good harborage for predators that may suppress the 
aphids in the spring, thereby reducing the number dispersing to vegetables (Tamaki and Halfhill 
1968). In California, a brown lacewing (Neuroptera: Hemerobiidae) consistently reduces green 
peach aphid populations in asparagus, but benefits from application of supplemental food sprays 
(Neuenschwander and Hagen 1980). In New Zealand, pollen levels were supplemented by 
interplanting flowering plants with cabbage, increasing predation of aphids by flower flies (Diptera: 
Syrphidae) (White et al. 1995).  
 
Cultural Practices 
The overwintering behavior of green peach aphid, which in many areas is restricted to Prunus or 
other relatively restricted sites, has fostered research on techniques to reduce aphid abundance 
and disease transmission to vegetables, by either removing the overwintering site or by 
eliminating the aphids before they disperse to vegetables. Destruction of peach and apricot trees 
(often found in association with houses), and treatment of trees with dormant oil and insecticide, 
have been used in western states to disrupt aphid population increase and disease transmission 
(Powell and Mondor 1976). Similarly, vegetable and flower plants grown in greenhouses during 
the winter months have been shown to be an excellent source of infestation during the following 
spring (Bishop and Guthrie 1964), and incidence of leafroll in potatoes grown in Idaho is directly 
related to the abundance of aphids in home gardens.  
 
In Colorado, inspection of garden centers and treatment of seedlings found infested with aphids 
are important elements of the overall potato leafroll reduction effort. As is usually the case with 
aphids, green peach aphid populations tend to be higher when plants are fertilized liberally with 
nitrogen fertilizers (Jansson and Smilowitz 1986).  
 
The wide host range of green peach aphid makes crop rotation a difficult tactic to implement 
successfully. Also, crops grown down-wind from infested fields are especially susceptible 
because aphids are weak fliers and tend to be blown about. Infested crops should be destroyed 
immediately after harvest to prevent excessive dispersal, and it may be possible to destroy 
overwintering hosts if they are weeds. If continuous cropping is implicated in retention of aphid 
populations then a crop-free period is needed. Row covers can be used to inhibit development of 
aphid populations  
 
Small arthropods such as green peach aphid are susceptible to injury by secretions of glandular 
leaf hairs found on some plants, including wild potato (Tingey and Laubengayer 1981). Younger 
aphids are particularly susceptible. Although this is a promising source of plant resistance, this 
valuable trait has yet to be incorporated into popular commercial cultivars.  
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Disease Transmission  
Because some of the virus diseases transmitted by green peach aphid are persistent viruses, 
which typically require considerable time for acquisition and transmission, insecticides can be 
effective in preventing disease spread in some crops. Research in Minnesota (Flanders et al. 
1991) showed that potato leafroll virus was transmitted within the potato crop principally by 
wingless aphids moving from plant to plant. Infected seed potatoes are the principal source of 
leafroll in most potato crops, so planting disease-free seed is obviously an important step in 
minimizing the incidence of the disease.  
 
Growers commonly inspect fields for signs of disease, and remove and destroy infected and 
nearby plants, a process called "roguing." This procedure reduces the ability of aphids to spread 
disease from plant to plant. Insecticides may not keep winged aphids from alighting in a crop and 
quickly transmitting nonpersistent virus, but they can certainly prevent the secondary spread of 
virus within a crop by colonizing aphids. As is the case with other aphids, however, insecticide 
resistance is a severe problem in many areas. Application of mineral oil (Ferro et al. 1980, Lowery 
et al. 1990) and use of aluminum or white plastic mulch (Wyman et al. 1979) reduce virus 
transmission. Aphids that are not effectively repelled by reflective mulch seem to thrive on 
mulched crops (Zalom 1981) and exhibit high rates of reproduction. Therefore, even in mulched 
crops some aphid control is necessary.  
 
Transmission of nonpersistent viruses such as cucumber mosaic virus can sometimes be reduced 
by coating the foliage with vegetable or mineral oil. Oil is postulated to inhibit virus acquisition and 
transmission by preventing virus attachment to the aphid's mouthparts, or to reduce probing 
behavior (Loebenstein and Raccah 1980). Oil seems to be most effective when the amount of 
disease in an area that is available to be transmitted to a crop is at a low level. When disease 
inoculum or aphid densities are at high levels, oils may be inadequate protection (Umesh et al. 
1995). Also, some plants may be damaged by oil applications, especially during hot weather 
(Marco 1993).  
 
Green peach aphid is quite responsive to alarm pheromone, which is normally produced when 
aphids are disturbed (Phelan et al. 1976). Application of alarm pheromone has shown the 
potential to disrupt virus transmission (Gibson et al. 1984), but 
this has yet to become an operational technology. A sex 
pheromone is also known from this aphid, but it functions only at 
short distances, and has not yet proved to be useful in aphid 
management (Dawson et al. 1990).  
 
Green Peach Aphid Control  
The following guidelines are suggested for monitoring green 
peach aphid populations on potatoes. One leaf should be 
picked from the lower third of a plant every 6 feet for 300 feet or 
halfway into a field. In southwestern Idaho, treatment is 
recommended when more than 40 wingless aphids are found in 
a 50-leaf sample for two consecutive weeks of sampling. In 
central and eastern Idaho, treatment is recommended at 
populations of 10 or more wingless aphids. Thresholds apply 
only to fields that are not near peach orchards, unsprayed 
peach trees, or in fields with many volunteer potato plants. In 
these fields, it may be necessary to use systemic insecticides 
early to control aphids, followed by foliar sprays. Systemic 
materials are broken down in the plant. If applied pre-plant on a 
slow emerging crop, they may be broken down before the 
plants emerge.  
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Thus when delayed shoot emergence is anticipated, systemics can be side-dressed after 75 
percent of the plants have emerged but before the plants are 6 to 8 inches tall. Planting virus-free 
seed potatoes also reduces viruses present and their potential to be spread by aphids. The 
following procedures have been developed to scout for aphids on staked tomatoes.  
 
The third leaf from the top of the plant on 10 consecutive plants in five locations per field is 
inspected to determine whether any non-winged aphids are present. Treatment thresholds 
depend on the type of insecticide to be used.  
 
Narrow spectrum insecticides, such as insecticidal soap, are applied when 25 percent of the 
leaves are infested. Broad spectrum insecticides are applied when 50 percent of the leaves are 
infested.  
 
Aphids are also an important pest of cole crops. In broccoli and cauliflower, the presence of aphids 
in the heads makes the crop unmarketable. Early damage to the growing point of a cabbage plant 
distorts the head. Aphids can also be a problem on older cabbage plants. Aphids appear first on 
borders of the field and will generally be found there if they are present in the field at all. Scouting 
should take place at least twice a week and should cover all quadrants of the field.  
 
Cole Crops  
For all cole crops, aphid infestations should be treated when 1 to 2 percent of the plants are 
infested, and treatments should be repeated whenever aphids reappear on the crop. Small 
colonies can sometimes be destroyed by natural or introduced predators and parasites, especially 
in the spring. While both insecticidal soap and predators sometimes control aphids, neither is 
always effective. Credit to Mississippi State University Extension. 
 
Experiments in Texas tested the use of insecticidal soap and inundative releases of Chrysoperla 
carnea to control aphids on broccoli. Plots were treated when aphid populations reached 10 
aphids per plant. Release rates for the C. carnea were 100,000 eggs per acre. Insecticidal soap 
was sprayed four times during the season.  
 
Neither the C. carnea nor the insecticidal soap reduced aphid levels below those in untreated 
plots. Several natural parasites and predators of aphids offer a degree of control unless killed by 
insecticides.  
 
Secondary outbreaks of spider mites may occur when their natural enemies are destroyed by 
insecticides applied to control aphids. Applying carbaryl to control chewing insects can also result 
in increased aphid populations.  
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Various Methods of Pest Control 
 
Pest management means the reduction of pest populations to tolerable numbers by changing 
practices, making habitat or structural alterations, and carefully using pesticides to kill pests only 
when indicated. Many variations and combinations of methods are used to control pests, but the 
sequence of these methods follows a pattern: inspection, habitat alteration, pesticide application, 
and follow-up. 
 
Inspection  
Pests do not infest uniformly—they focus on specific areas. These pest-preferred sites must be 
understood and located. Training and experience in conducting inspections are important for 
successful 
location of infested areas. 
 
Habitat Alteration  
Infested areas provide harborage, (i.e., a place that provides an organism’s food, water, and 
shelter requirements) for pests, so changing or eliminating some of these favorable elements will 
make survival less successful. Such changes commonly include increased sanitation, moisture 
reduction, and the elimination of clutter. 
CHAPT 
Pesticide Application  
Though successful habitat alteration can reduce or eliminate populations, it will often be less than 
complete and pesticide application may be necessary. The key to pest control is the successful 
combination of these methods. 
 
Follow-up  
Follow-up practices such as detailed record keeping, supervisor oversight, and a quality control 
program can make the difference between the success and failure of a pest management 
program. 
 
Routine Pest Control  
In routine pest control, a technician follows a pre-established schedule or route to: 

 Make expected appearances 
 Make inspections 
 Apply appropriate controls 
 Talk with the tenant or manager 
 Record information required by law 

 
Though the inspection can indicate where pests occur, with this approach, pesticides are usually 
applied regardless of whether pests are observed or not. Those who practice this approach are 
satisfied that pests will be killed as they contact the pesticide residue. 
 
Disadvantages 
 Time alone governs the schedule 
 Inspections are brief 
 Boredom from repetition can affect the technician 
 Pesticide use regardless of whether there is an infestation 
 There is no evaluation 
 Records are brief 
 Long-term solutions are not provided 
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Cabbage Maggot  
 

 
 

CABBAGE MAGGOT FLY EXAMPLE 
 
Cabbage maggots destroy the roots, particularly of seedlings, causing the plant to become 
stunted and wilt. In addition to the root damage, the plants may become more susceptible to 
diseases as pathogens enter through lesions left by the maggots. Cabbage maggots are more 
likely to be a problem in cool areas and in winter or spring crops. Because maggot populations 
are often clumped in the field, many samples are necessary. Digging up the top 1 inch of the soil 
in a 5-inch diameter circle around a plant and mixing the soil with water in a jar is the best way to 
detect maggots. The small white maggot eggs will float to the surface.  
 
Rove beetles (ground beetles) are an important natural enemy of cabbage maggots. They eat 
eggs and parasitize pupae. Two nematode species ('Hb' and 'Hc') reportedly attack maggot 
populations in the soil, but their effectiveness has not been tested in controlled experiments.  
 
Life Cycle 
Adults: The adult is a two-winged, grey-black fly slightly smaller than a housefly. The adult is the 
dispersal stage, and can fly up to two kilometers to find suitable hosts on which to lay eggs. 
 
Eggs: Eggs are white, elliptical, and tiny (less than 1 millimeter). They are laid on the stems or in 
the soil around the base of host plants.  
 
Larvae (maggots): Maggots are soft, white and have no legs. They emerge from the eggs and 
move down into the soil to feed on the roots. Maggots range from 1/ 8 to 1/ 4 inch (3-6 mm) long 
depending on their age. This stage can last 3 to 4 weeks depending on the soil temperature.  
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CABBAGEWORM EXAMPLE 

 
Pupae: The mature maggot becomes a pupa in the soil. This is a resting stage during which the 
maggot changes to an adult. Pupae are brown, hard, oval shaped and cannot move; they are 
usually located in the soil close to the roots or occasionally inside the vegetable. CRM overwinter 
in this stage and emerge in the spring to begin the cycle again. 
 
The complete cycle from adult egg larvae pupa is called a 'generation'. 
 
Cabbageworm Complex  
There are three types of cabbage worms: cabbage loopers, diamondback moth larvae, and 
imported cabbageworm. The most critical worm-free periods are young seedlings and heading 
plants. Insect damage to the growing point can cause multiple heading. In Cole crops sold for the 
fresh market, insects or insect damage make the produce unmarketable unless occurring only on 
outer (wrapper) leaves which can be trimmed off. In cabbage for processing, minor damage may 
not significantly reduce marketable yield.  
 
In California, up to nine small caterpillar larvae per plant can be tolerated when the plants are 
midway between thinning and heading, but only one larvae per 25 plants can be tolerated during 
heading. In young plants, 25 individual plants chosen randomly should be examined per a field of 
up to 80 acres.  
 
When the crop is heading, five plants from five different locations in each quadrant of the field 
should be examined. For plants with holes in the outer leaves, heading leaves must also be 
checked for worms. The outside edges of the field should be checked separately for invading 
species. Although the same scouting procedures are recommended for all three types of 
cabbageworms, it is also important to identify the species of caterpillar since insecticides are not 
equally effective on all types.  
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Diamondback Moth Larvae  
 
These small larvae wiggle actively in response to touching. They may hang from a leaf by a silk 
thread. They are highly destructive, feeding on all crucifer plant parts, but preferring the underside 
of leaves. The adult can be monitored with pheromone traps. Pheromone-impregnated strips are 
also being tested that disrupt diamondback mating. Control measures include use of resistant 
cultivars, chemical insecticides, and destruction of crop debris. Bt is effective on diamondback 
moth larvae but resistance has been found in several places, including Texas and Florida.  
 
All chemical controls, including Bt, should be rotated to decrease the opportunity for resistance to 
develop. With all insecticides, thorough coverage is required for best results. A spreader-sticker 
may be useful on cabbage.  
 
Diamondback populations are also sensitive to the weather. Dry weather necessitates higher 
insecticide rates and scheduling of sprays every 4 days, while heavy downpours can reduce 
diamond-back moth and larvae populations, decreasing the need to apply insecticides. Several 
Bt formulations can be used on diamondback moths.  
 
'Dipel', 'Javelin' and 'Biobit' can be used on populations which have not developed resistances to 
other insecticides. If growers have used non-Bt insecticides before with limited success, the insect 
population may be resistant. If regional entomologists confirm that resistance has developed, Bt 
formulations such as 'MVP', 'Xentari' and 'Agree' should be substituted.  
 
Trap cropping with white mustard or 
rape strips has been an important 
method of controlling diamondback 
moth in some areas. In India, strips of 
mustard are planted every 15 to 20 
rows of cabbage to attract 
diamondback moths. The larvae on the 
trap crop became heavily parasitized 
while the cabbage is only lightly 
infested. In order to trap new 
populations of diamondback moths as 
they enter the field, however, the 
mustard must be grown throughout the 
cabbage season.  
 

Imported Cabbageworm  
White butterflies lay rocket-shaped, white to yellow-orange eggs singly on leaf surfaces of cole 
crops. These develop into large, velvety green larvae which lie along leaf veins for camouflage. 
Damage is easy to see, however; leaves are eaten from the margins inwards. Scouting and 
control are similar to that for cabbage looper, as discussed above.  
 
Although not as effective as Bt, extracts of tansy have been shown to reduce egg-laying by two-
thirds and slow the development of the imported cabbageworm. The tansy extract was made by 
grinding 5 g of fresh tansy leaves in a blender with 100 ml of distilled water and filtering the mixture 
through two layers of cheesecloth.  
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CABBAGE LOOPER MOTH EXAMPLE 
 
 

Cabbage Looper  
Cabbage loopers are the most destructive of the cabbageworms. One looper larvae does 
approximately three times the damage of one imported cabbageworm larvae and can consume 
almost 20 times as much foliage as a diamondback moth larvae. The larval stage of a green moth, 
cabbage loopers move in a doubling motion and eat holes in leaves. As loopers mature, they 
move deeper into the cabbage heads. In their overwintering sites in the southern-most tier of the 
southern states, pupae can be destroyed by plowing under crop residues.  
 
In applying the techniques described above to loopers, studies suggest beginning control 
procedures for fresh market crops when an average of 1 to 5 larvae are found per 10 plants or 
when 1 or 2 feeding holes per plant are found. In addition to the field scouting methods described 
above for all types of worms, adult looper stages can be monitored with pheromone traps or black 
light traps. Bt is most likely to be effective on young, active looper larvae exposed during time of 
application.  
 
The forewings (1 1/2 in. wingspan) of the cabbage looper moth are dark grayish brown with 
connected silvery markings that resemble a figure eight. Their hind wings are light brown at the 
base and become progressively darker toward the wing margins. Eggs are roundish with a flat 
bottom, yellowish white to greenish and are marked by ridges running down the sides from the 
top.  
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Young Cabbage Loopers 
Young cabbage loopers are dirty white and become light to medium green. Their skin is smooth 
with numerous short hairs that become less dense as the larvae advance through five instars. 
They are marked with a narrow, white stripe along each side above the spiracles and several fine 
lines running down the center of the back. The body gradually increases in size from the narrow 
head end to a broader end of the abdomen. Looper larvae walk with the characteristic "inch worm" 
looping or arching of their bodies along the plant surface.  
 
This is facilitated by the arrangement of 3 pairs of true legs and only three pairs of prolegs. Larvae 
spin a thin white cocoon under leaves or other protected locations in which they pupate. The 3/4 
to 1 in. long pupae are initially green, but become dark as the adult develops within.  
 
Corrective Pest Control  
In corrective pest control, a technician responds to special, unscheduled calls and: 
 Talks with clients 
 Makes an inspection 
 Identifies infested sites 
 Harborage modification 
 Methods to reduce pest food, water, and harborage, such as sanitation, maintenance 
improvements, habitat alteration, etc. 
 Applies pesticides to pests or sites 
 Records necessary information required by law 

 
Advantages 
 Response is relatively quick 
 The occupant is satisfied by the fast response and immediate pest suppression 
 The interaction with technicians is positive 
 Minor recommendations by the technician to clients are often accepted because the 
client requested them.  
 Such recommendations make pest control more effective 
Situations are more interesting for technicians, and it reduces boredom 

 
Disadvantages 
 Clients often mistakenly assume complete extermination 
 Clients are quick to anger if the problem reoccurs 
 Without a detailed inspection, failure is likely 
 If pests are not found then pesticides are often used as barriers 
 This approach is less economical than scheduled, route-type responses 
 Records are brief 

 
Discussion  
A higher level of technical expertise and a better ability to interact with clients are needed for 
reactive than for preventive pest control. A quality control program will reinforce technician 
recommendations. 
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Colorado Potato Beetle  
 

 
COLORADO POTATO BEETLE EXAMPLE 

 
The voracious appetite and impressive reproductive capacity of the Colorado potato beetle (CPB) 
make it an important pest of vegetable crops. Both adults and larvae feed on the leaves. Potato, 
tomato and related weeds are quickly reduced to stems and skeletonized leaves. In potato, the 
CPB also transmits spindle tuber disease and bacterial ring rot. In tomatoes, defoliation increases 
the incidence of sunscald on exposed fruit. A serious and longtime pest elsewhere in the United 
States, CPB populations have recently increased in the southern states. In North Carolina, for 
example, potato fields are now scouted for this pest beginning in April.  
 
Over a 4-week period, a female CPB can lay over 300 bright orange, oval eggs in orderly rows of 
10 to 30 on leaf undersides. Eggs hatch into larvae in 4 to 9 days. Larvae molt 4 times. About 3 
weeks later, larvae go through a final molt and enter the soil to pupate. They emerge as adults in 
only 5 to 10 days. Two to three generations can be produced in one year, and adults overwinter 
in the soil. Mulches, trenches, and no-till are promising techniques for reducing beetle immigration 
from neighboring fields.  
 
In Virginia, a 2-to-4-inch-deep straw mulch around the field margins at the time potato shoots 
emerged lowered CPB populations because it prevented newly emerged beetles from walking 
into the field. No-till planting into killed rye also lowered Colorado potato beetle populations in 
Virginia tomato fields. Acting as a physical barrier, the rye lowered the speed at which invading 
beetles established themselves. Migrating Colorado potato beetles can also be trapped by lining 
a 1-foot trench between the crop and the overwintering site with black plastic. Rotation is also 
helpful in reducing CPB levels.  
 
Rotation to non-susceptible crops delayed the arrival of the first generation of adults by 7 to 10 
days in New Jersey. Research in Massachusetts showed that rotating fields out of potatoes for a 
year slowed colonization by several weeks and lowered Colorado potato beetle densities. In 
planning rotations it appears to be important to rotate to fields some distance away.  
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Fields further than 750 feet from fields planted to potatoes the previous year had lower densities 
of potato beetles than closer fields. Since the beetles walk to the field, the field edges should be 
monitored closely. The first sprays can be applied only to the edges of the fields.  Monitoring 
should begin early both to detect immigration from neighboring fields and because a Virginia study 
showed potatoes to be most sensitive to defoliation by beetles in the early, pre-bloom period. 
Yield was significantly reduced when 20% of the foliage was removed before blooming. Up to 
30% of the foliage could be removed during the bloom period without serious effects on yield.  
 
After bloom, potatoes were much less sensitive to beetle damage and up to 50% of the foliage 
could be lost in dry weather or up to 60% in normal weather without loss of yield. The authors of 
the Virginia study suggest a monitoring sample of at least 5 potato plants from each of 10 sites, 
following a V shaped path through the field. If treating with Bt, fields should be resampled after 
two sprays.  

 
In California, monitoring in potatoes consists of tagging 10 egg masses and beginning to spray 
when 50 percent have hatched. In tomato, an action threshold for Colorado potato beetle is an 
average of two larvae or overwintering adults or three summer adults per plant when sampling 20 
plants in each of 10 locations.  
 
In potatoes, chemical controls include soil-applied systemic insecticides early in the season to kill 
overwintering adults and foliar treatments later in the season to kill emerged adults and larvae. 
The CPB continues to develop resistance to most insecticides, making it important to monitor for 
resistance, use labeled rates, and rotate classes of insecticides.  
 
If pyrethroids are to be used as part of a rotation, they should be applied early in the season since 
pyrethroids work best in cool weather.  
 
Two types of Bt are effective against the larval stage of the Colorado potato beetle: Bt var. 
tennebrionis and Bt var. san diego. Both are more effective on small larvae and should be applied 
no later than 6 days after peak egg hatch. Peak egg hatch is determined either by collecting eggs 
from the field and monitoring them in a shaded, ventilated, outdoor container or by determining 
when 190 degree days have passed from appearance of the first egg mass.  
 
Another method is to treat with Bt if 10 percent of the plants in the field have at least one egg 
mass. Bt is more effective at higher temperatures. Temperatures over 80°F caused mortalities of 
second instar larvae of 98% or more while treating at 65°F caused only a 45% mortality. Since 
complete coverage of Bt is essential for it to be effective, drop nozzles are often used. Spray 
additives have no effect, however.  
 
Propane flamers have also been used to 'toast' overwintering CPB adults, in hope of destroying 
them before they lay eggs. The flamer is used after shoot emergence but before shoots are 6 to 
8 inches tall. In experiments on Long Island, New York, best control was obtained on warm, sunny, 
calm days when the beetles were actively feeding on top of the plants.  
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Corn Earworm 
 

 
CORN EARWOOD EXAMPLE 

 
Corn earworm has a wide host range; hence, it is also known as "tomato fruitworm," "sorghum 
headworm," "vetchworm," and "cotton bollworm." In addition to corn and tomato, perhaps its most 
favored vegetable hosts, corn earworm also attacks artichoke, asparagus, cabbage, cantaloupe, 
collard, cowpea, cucumber, eggplant, lettuce, lima bean, melon, okra, pea, pepper, potato, 
pumpkin, snap bean, spinach, squash, sweet potato, and watermelon. Not all are good hosts, 
however. Harding (1976a), for example, studied relative suitability of crops and weeds in Texas, 
and reported that although corn and lettuce were excellent larval hosts, tomato was merely a good 
host, and broccoli and cantaloupe were poor. Other crops injured by corn earworm include alfalfa, 
clover, cotton, flax, oat, millet, rice, sorghum, soybean, sugarcane, sunflower, tobacco, vetch, and 
wheat.  
 
Among field crops, sorghum is particularly favored. Cotton is frequently reported to be injured, but 
this generally occurs only after more preferred crops have matured. Fruit and ornamental plants 
may be attacked, including ripening avocado, grape, peaches, pear, plum, raspberry, strawberry, 
carnation, geranium, gladiolus, nasturtium, rose, snapdragon, and zinnia. In studies conducted in 
Florida, Martin et al. (1976a) found corn earworm larvae on all 17 vegetable and field crops 
studied, but corn and sorghum were most favored. In cage tests earworm moths preferred to 
oviposit on tomato over a selection of several other vegetables that did not include corn.  
 
Such weeds as common mallow, crown vetch, fall panicum, hemp, horsenettle, lambsquarters, 
lupine, morningglory, pigweed, prickly sida, purslane, ragweed, Spanish needles, sunflower, 
toadflax, and velvetleaf, have been reported to serve as larval. However, Harding (1976a) rated 
only sunflower as a good weed host relative to 10 other species in a study conducted in Texas. 
Stadelbacher (1981) indicated that crimson clover and winter vetch, which may be both crops and 
weeds, were important early season hosts in Mississippi.  
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He also indicated that cranesbill species were particularly important weed hosts in this area. In 
North Carolina, especially important wild hosts were toadflax and deergrass (Neunzig 1963).  
 
Adults collect nectar or other plant exudates from a large number of plants. Trees and shrub 
species are especially frequented. Among the hosts are Citrus, Salix, Pithecellobium, Quercus, 
Betula, Prunus, Pyrus and other trees, but also alfalfa; red and white clover; milkweed, and Joe- 
Pye weed and other flowering plants.  
 
Wide Spread in USA 
Corn earworm is found throughout North America except for northern Canada and Alaska. In the 
eastern United States, corn earworm does not normally overwinter successfully in the northern 
states. It is known to survive as far north as about 40 degrees north latitude, or about Kansas, 
Ohio, Virginia, and southern New Jersey, depending on the severity of winter weather. However, 
it is highly dispersive, and routinely spreads from southern states into northern states and 
Canada. Thus, areas have overwintering, both overwintering and immigrant, or immigrant 
populations, depending on location and weather. In the relatively mild Pacific Northwest, corn 
earworm can overwinter at least as far north as southern Washington. 
 
Corn earworm is considered by some to be the most costly crop pest in North America. It is more 
damaging in areas where it successfully overwinters, however, because in northern areas it may 
arrive too late to inflict extensive damage. It often attacks valuable crops, and the harvested 
portion of the crop. Thus, larvae often are found associated with such plant structures as 
blossoms, buds, and fruits.  
 
When feeding on lettuce, larvae may burrow into the head. On corn, its most common host, young 
larvae tend to feed on silks initially, and interfere with pollination, but eventually they usually gain 
access to the kernels. They may feed only at the tip, or injury may extend half the length of the 
ear before larval development is completed. Such feeding also enhances development of plant 
pathogenic fungi. If the ears have not yet produced silk, larvae may burrow directly into the ear. 
They usually remain feeding within a single ear of corn, but occasionally abandon the feeding site 
and search for another.  
 
Larvae also can damage whorl- stage corn by feeding on the young, developing leaf tissue. 
Survival is better on more advanced stages of development, however. On tomato, larvae may 
feed on foliage and burrow in the stem, but most feeding occurs on the tomato fruit. Larvae 
commonly begin to burrow into a fruit, feed only for a short time, and then move on to attack 
another fruit. Tomato is more susceptible to injury when corn is not silking; in the presence of 
corn, moths will preferentially oviposit on fresh corn silk. Other crops such as bean, cantaloupe, 
cucumber, squash, and pumpkin may be injured in a manner similar to tomato, and also are less 
likely to be injured if silking corn is nearby. 
 
Management 
Corn earworm is primarily a problem in sweet corn where treatments should be timed to coincide 
with egg hatch. 
 
Biological Control 
Many predators and parasites attack corn earworm eggs, including several species of 
Trichogramma. Most parasitized eggs turn black, but there may be a lag period before they do 
so. General predators such as lacewings, minute pirate bugs, and damsel bugs feed on corn 
earworm eggs and small larvae. 
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Cultural Control 
In sweet corn, very early plantings require fewer treatments than late-season corn because 
earworm population densities increase as the season progresses. 
 
Organically Acceptable Methods 
Biological and cultural controls and sprays of Bacillus thuringiensis and the Entrust formulation of 
spinosad are acceptable for use on an organically grown crop. 
 
Monitoring and Treatment Decisions  
Insecticidal control of corn earworm is difficult and depends on proper timing and thorough 
coverage. Begin sampling soon after corn emergence but pay particular attention to corn that is 
silking in late summer/early fall. The presence of large numbers of eggs on fresh corn silks 
indicates the potential for damaging populations. Eggs hatch in 5 to 7 days following oviposition. 
Once larvae enter the corn ears, control with insecticides is difficult. Direct insecticidal control 
towards young larvae that are feeding on the exposed ear tips. Treatments are usually not needed 
on field or silage corn. In sweet corn, where tolerance for worm damage is low, timing of 
insecticide treatments is critical: begin treatments during silking stage, at the start of egg hatch. 
Apply additional treatments if they are necessary. 
 
Summary 
Corn earworms are pests of many crops including corn, beans, soybean, cotton, and tomato. In 
corn, the night-flying, light-brown or buff colored adult moth typically lays its eggs on the silks. 
The corn earworm feeds on over 100 different plants with corn being the preferred host. This 
insect is not capable of overwintering in the northern corn belt, but reestablishes itself each spring 
when moths migrate to northern areas. In appearance, corn earworms are multi-colored, with 
variations of green, yellow, black, brown or even pink. 
 
The tiny, dome-shaped eggs hatch in 2 days in warm weather but take up to 10 days to hatch in 
cool weather. The young larvae work their way down the silk to feed on the ear. Sometimes eggs 
are laid on the tassels and the larvae migrate to the ears. After 12 or 13 days, larvae leave the 
ears by boring out the side or by crawling out the tip. They fall to the ground and pupate 3 to 5 
inches deep in the soil.  
 
Except for the overwintering forms, pupation requires only 12 days for a total life cycle of about 
30 days. The adult form, or moth, can emerge as early as late March, and be present as late as 
mid-November, producing at least three generations each year in most states. Earworms may be 
abundant on any planting, but are usually more serious late in the season. The following treatment 
schedules were developed in Ohio and are presented in Table 4.4 as an example of an IPM 
strategy to monitor corn earworm with pheromones. Spray frequency depends on temperature 
and moth counts from a mesh trap with a pheromone lure. Lures should be replaced every two 
weeks and old lures removed from the field.  
 
Days between sprays based on corn earworm moth counts and air temperatures  

Days between sprays 

# of moths in 22-inch 
trap 

at temperatures above 80 
degrees F 

at temperatures below 80 
degrees F 

90+/week 2-3 4 

6-90 4 5  

<6 5-7 5-7* 

*(if other pests are present)  
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In applying insecticides to control the corn earworm in corn, a boom-type sprayer with drop 
nozzles is much more effective than a mistblower (airblast sprayer) because boom sprayers direct 
the spray to the ears while the mist blowers sprayed the entire crop canopy. In a Massachusetts 
study, crop losses to earworms were 1% using boom sprayers compared to 10% using mist 
blowers.  
 
One-time, per-acre treatment cost for oil on corn (compare with $80/acre for sprays over 
13 weeks for conventional treatment)  

Labor, 8 hrs @ 5.00/hour 40.00 

Oil, 2 gal @ 6.00/gallon  12.00 

Total 52.00 

Possible additional expenses:  

Pyrethrum, 8 oz @ 78.00/gallon 4.88 

Bt, 1 oz @ 10.00/pint 0.65 

 
Prior to the development of synthetic insecticides after World War II, oils were sometimes used 
for earworm control. Experiments in Oklahoma tested the conditions under which oils and oil-
pesticide blends could be used to control corn earworm on small acreages. Injecting oil into the 
neck of the ear (where the silk emerges from the husk), with a standard oiling can was more 
effective than simply depositing it on top of the silks.  
 
Time of application was also critical. Oil had to be applied 2 or 3 days past the full-brush stage 
(when silks are at maximum extension from the ear tip).  
 
Oil applied too early inhibited pollination, but oil applied too late was ineffective. In this experiment, 
mineral or vegetable oils applied to sweet corn ears reduced corn earworm damage to the ear tip 
but not below the ear tip.  
 
Although oil suppressed pollination of the kernels at the tip of the ear, this did not appear to affect 
marketability. Addition of Bacillus thuringiensis (Bt) or pyrethrum was more effective than the oils 
alone in some but not all trials. Costs were about the same or less than those for the conventional 
treatment.   
 
Problems with this method are identifying the proper time of oil application, loss of developing and 
therefore untreated secondary ears and the difficulty of applying oil to ears of very short cultivars. 
Costs from the Oklahoma study are similar to those reported by a Florida grower.  
 
Tomatoes 
When the corn earworm attacks fresh market and processing tomatoes, it is called the tomato 
fruitworm. In fresh market tomatoes, affected fruit can be removed in the grading line, but canners 
often reject even lightly infected loads of processing tomatoes because it is difficult to prevent 
insect contamination in canned goods. Fruitworms also feed on leaves where they can cause 
distortion. They also bore into stems.  
 

Flamer  
The flamer was used repeatedly on the field edges during the time the overwintering beetles 
migrate from the edge of the field. One or two passes in the field during that time also controlled 
overwintering beetles. In addition to killing larvae, the flamer reduced egg hatch by 35%.  
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Cowpea Curculio  
 

 
COWPEA CURCULIO 

 
The cowpea curculio, the most damaging pest of southern peas, punctures the pod, leaving a 
small scar on the pod and a speck on the peas. They attack later plantings more than earlier ones. 
Crop rotation and destroying crop residue will lower curculio populations.  
 
Hosts: cowpeas, peas, various beans and other legumes.  
 
Distribution - In the U.S., the cowpea curculio is most common throughout the South Atlantic and 
Gulf Coast States. It has been reported as far north as Maryland and Iowa, as far west as Texas 
and Oklahoma, and as far south as Mexico and parts of South America.  
 
Host Plants  
The cowpea curculio infests field peas, stringbeans, soybean, lima bean, cotton, and strawberry. 
Black-eyed pea and crowder pea are most commonly attacked. Several leguminous weeds, 
including vetch, are also hosts.  
 
Life History  
Cowpea curculio adults pass the winter in crop refuse or weeds, particularly brown sedge, around 
previously infested plants. The black humpbacked snout beetles, or weevils, leave their 
overwintering sites from April through July.  
 
Weevils puncture developing pods with their snouts as they feed. Females lay a single egg in 
some of the feeding wounds. About 4 days later, brown-headed grubs emerge and infest the 
seeds of beans and peas.  
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After feeding for 2 or 3 weeks, grubs chew exit holes through the pods, drop to the ground, bore 
into the soil and pupate.  
 
All grubs usually leave the pods within 7 days of each other. Approximately 10 days later, a new 
generation of adults emerge. There are generally two overlapping generations each year.  
 
Late peas or beans isolated from earlier plantings are not likely to be severely infested by the 
cowpea curculio. Periods of hot, dry weather also reduce the level of damage by this pest. Since 
this weevil migrates by crawling or flying, crop rotation and sanitation measures are valuable in 
controlling this pest. 
 
The adult is an oval hump-backed, bronze-tinged, black "snout" beetle that has small dents on 
the wing covers and on the upper side of the body.  It is about 1/4 inch long.   Small, brown, wart-
like or blister-like spots are found on pods damaged by curculios.  These are produced when the 
adult punctures the pod to feed or lay eggs.  Damaged peas have small, dark indented spots and 
often contain grubs.   
 
They overwinter as adults in crop refuse or grass in the field or on the field borders.  Tufts of 
broomsedge, particularly at edges of woods, are favorite hiding places for overwintering 
adults.  Adults begin to leave their winter quarters from March through July in Georgia.  The 
overwintering adults are long-lived and may survive through the summer.   
 
Eggs are laid as soon as peas are formed in the pods.  The weevil punctures the pod, chews a 
small hole in the surface of the pea and lays a single egg.  A legless, pale yellow, brown-headed 
grub feeds on one or more peas before it reaches its full size of slightly more than 1/4 inch.  It 
then chews an exit hole through the pod, drops to the ground, and pupates about 1 inch deep in 
the soil. 
 
Approximately seven or eight days elapse from the time that the eggs are laid until they emerge 
from the pod.  The pupal stage lasts about six days.  About 21 to 50 days are required to complete 
the life cycle with two generations each year.   Generations overlap and all stages can be present 
on southern peas at the same time.   
 
The only feasible approach to control of cowpea curculio is a preventive spray program.  Curculios 
will be a serious pest of peas from first bloom until harvest.  The current recommended spray 
schedule begins with a spray at first bloom and repeat treatments made on a five-day schedule 
until five applications have been made.  
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European Corn Borer  
 
 
 

 
EUROPEAN CORN BORER MOTH EXAMPLE 

 
European corn borer (ECB) is a pest of many crops including corn, peppers, potato, and snap 
bean. In corn, mature European corn borer larvae overwinter in stalks, ears, stubble and other 
plant residue left in the field. Adults emerge and lay eggs in masses on leaf undersides. In 3 to 
10 days, larvae hatch and feed on the leaf surface. This is the only time they are susceptible to 
chemical control. Within 2 to 5 days they enter the midribs of leaves and bore into the stalk or ear.  
 
The European corn borer (Ostrinia nubilalis), also known as the European high-flyer, is a pest of 
grain, particularly maize. The insect is native to Europe, originally infesting varieties of millet, 
including broom corn. The European corn borer was first reported in North America in 1917 in 
Massachusetts, but was probably introduced from Europe several years earlier. Since its initial 
discovery in the Americas, the insect has spread into Canada and westward across the United 
States to the Rocky Mountains. 
 
European corn borer caterpillars damage the ears of corn, as well as the stalks, by chewing 
tunnels, which cause the plants to fall over. Biological control agents of corn borers include the 
hymenopteran parasitoid Trichogramma spp., the fungus Beauveria bassiana and the protozoa 
Nosema pyrausta. 
 
Bt corn, a variety of transgenic maize, has had its genome modified to include a gene from the 
Bacillus thuringiensis ssp. kurstaki.  
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As a result, the corn variety produces a toxin which affects the corn borer. As critics have pointed 
out, beneficial predatory insects may be affected, as well, though further study is needed. 
Immature maize shoots accumulate a powerful antibiotic substance, DIMBOA that serves as a 
natural defense against a wide range of pests and is also responsible for the relative resistance 
of immature maize to the European corn borer. 
 
Life Cycle 
The number of generations varies from one to four, with only one generation occurring in northern 
New England and Minnesota and in northern areas of Canada, whereas three to four generations 
occur in Virginia and other southern locations. In many areas generation number varies 
depending on weather, and there is considerable adaptation for local climate conditions even 
within strains. European corn borer overwinters in the larval stage, with pupation and emergence 
of adults in early spring.  
 
Diapause apparently is induced by exposure of last instar larvae to long days, but there also is a 
genetic component. Moth flights and oviposition usually occur during June-July and August-
September in areas with one to two generations annually. In southern locations with three 
generations, moth flights and oviposition typically occur in May, late June, and August. In locations 
with four generations, adults are active in April, June, July, and August-September.  
 
Egg: Eggs are deposited in irregular clusters of about 15 to 20. The eggs are oval, flattened, and 
creamy white in color, usually with an iridescent appearance. The eggs darken to a beige or 
orangish tan color with age. Eggs normally are deposited on the underside of leaves, and overlap 
like shingles on a roof or fish scales. Eggs measure about 1.0 mm in length and 0.75 m in width. 
The developmental threshold for eggs is about 15°C. Eggs hatch in four to nine days.  
 
Host Plants  
European corn borer has a very wide host range, attacking practically all robust herbaceous plants 
with a stem large enough for the larvae to enter. However, the eastern strain accounts for most 
of the wide host range, the western strain feeding primarily on corn. Vegetables other than corn 
tend to be infested if they are abundant before corn is available, or late in the season when 
senescent corn becomes unattractive for oviposition; snap and lima beans, pepper, and potato 
are especially damaged. For example, potato is more attractive than corn at peak emergence of 
the first moth flight, and more heavily damaged.  
 
Other crops sometimes attacked include buckwheat, grain corn, hop, oat, millet, and soybean, 
and such flowers as aster, cosmos, dahlia, gladiolus, hollyhock, and zinnia. Some of the common 
weeds infested include barnyardgrass, Echinochoa crus-galli; beggarticks, Bidens spp.; 
cocklebur, Xanthium spp.; dock, Rumex spp.; jimsonweed, Datura spp.; panic grass, Panicum 
spp.; pigweed, Amaranthus spp.; smartweed, Polygonum spp.; and others. A good list of host 
plants is given by Caffrey and Worthley (1927).  
 
Natural Enemies  
Native predators and parasites exert some effect on European corn borer populations, but 
imported parasitoids seem to be more important. Among the native predators that affect the eggs 
and young larvae are the insidious flower bug, Orius insidious (Say) (Hemiptera: Anthocoridae); 
green lacewings, Chrysoperla spp. (Neuroptera: Chrysopidae); and several ladybird beetles 
(Coleoptera: Coccinellidae). Insect predators often eliminate 10 to 20% of corn borer eggs.  
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Avian predators such as downy woodpecker, Dendrocopos pubescent (Linnaeus); hairy 
woodpecker, D. villosus (Linnaeus); and yellow shafted flicker, Colaptes auratus (Linnaeus) have 
been known to eliminate 20 to 30% of overwintering larvae.  
 
Exotic parasitoids numbering about 24 species have been imported and released to augment 
native parasitoids. About six species have successfully established. Among the potentially 
important species is Lydella thompsoni Herting (Diptera: Tachinidae), which may kill up to 30 % 
of second generation borers in some areas, but has disappeared or gone into periods of low 
abundance in other areas. Other exotic parasitoids that sometimes account for more than trivial 
levels of parasitism are Eriborus terebrans Gravenhorst (Hymenoptera: Ichneumonidae), 
Simpiesis viridula (Hymenoptera: Eulophidae), and Macrocentris grandii Goidanich 
(Hymenoptera: Braconidae). A comprehensive review of biological control agents imported in the 
first half of the 1900s was published by Baker et al. (1949).  
 
Management 
Management of ECB has changed significantly over the past few years, shifting to the use of Bt-
corn hybrids, which provide virtually 100% protection against ECB infestation. These products are 
used as preventive measures against ECB. Transgenic corn hybrids are available containing a Bt 
corn borer gene alone or more commonly in combination with a Bt gene for control of corn 
rootworm larval root feeding. Currently, there are three transgenic families from different 
companies with the Bt-corn borer gene: Agrisure, Herculex, and YieldGard. Hybrids from these 
families with the Bt-corn borer gene provide excellent control of ECB. When using any of these 
transgenic corn hybrids whether with the transgenic CB trait alone or in combination, growers 
need to follow certain EPA regulations that include the use of a 20% refuge. Growers should see 
their seed dealers for all the requirements and guidelines to follow when planting transgenic 
hybrids. 
 
If not using a transgenic hybrid containing a Bt gene for ECB control, growers should scout their 
fields as described above and use a rescue treatment if necessary.  
 
If a rescue treatment is under consideration, a foliar treatment should be applied before larvae 
begin tunneling into the stalk. Applications of granular foliar treatments tend to be more effective 
than liquid treatments. Treatments are not effective once larvae have bored deep into plants and 
become out of reach from chemical treatment. 
 
Borer-weakened stalks frequently fall over, and in standing stalks the movement of plant nutrients 
is disrupted, reducing yields. The 2 to 5 days during which larvae feed on the leaf surface is the 
only time they are susceptible to chemical control, so early season scouting for egg masses on 
the leaf underside or using black lights to monitor adult moth populations is critical. In Ohio, adults 
appear after 450 degree days (base of 50°F).  Chemical control must begin 7 to 10 days after a 
moth flight or 5 days after eggs are found. Bt shows some promise for ECB control and natural 
parasites also exist in corn-growing areas.  
 
Peppers 
In peppers, European corn borer is particularly destructive because it is a season-long pest, 
especially in corn production areas and is not easily detected in the grading line. In pickled 
peppers, worms may not be noticed until the consumer opens the jar to find a worm floating on 
top. For this reason, processors may reject a whole load based on evidence of borer feeding.  
 
In pepper fields in the south, up to 4 or 5 European corn borer generations occur each year.  
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Eggs are laid in masses of 20 to 30 on the underside of pepper leaves. The small larvae feed 
externally 2 or 3 days and then bore a small hole into the fruit where they feed for several weeks 
before exiting to pupate in the soil. Population increase is most rapid after mild winters and in wet 
summers. During the period when eggs hatch, however, dry conditions favor survival.  
 
The first generation ECB moths are usually not a serious problem on peppers but second and 
third generation moth activity may necessitate weekly sprays to protect developing fruit, especially 
in processing peppers.  
 
Scouting for egg masses is difficult because the plants are packed together tightly and egg 
masses can be anywhere on the undersides of the leaves. For this reason, adult populations are 
usually monitored, rather than the eggs or larvae. In New Jersey, the action threshold is when an 
average of 5 moths per night are caught in black light traps. The recommendation is to begin 
treatments 7 to 10 days after finding 25 moths in a black light trap over a 5-day period or about 5 
days after egg masses are found.  
 
Potatoes 
The larvae of European corn borer damage potatoes by feeding in the stems, on exposed tubers, 
and occasionally on tubers still in the soil. In the fall, potato residue and weeds should be removed 
or destroyed by plowing or shredding to reduce overwintering sites.  
 
Three monitoring strategies have been developed: tag 10 egg masses and spray when 50 percent 
have hatched, as indicated by a black head; spray when 5 out of 25 potato stems show entry 
points; or spray when 25 or more adult moths are caught in black light traps in a 5-day period. In 
most years, even high levels of European corn borers do not cause significant yield losses of 
potatoes.  
 
Snap Beans 
ECB larvae bore directly into the pod, making feeding damage difficult to detect. As with peppers 
for processing, entire loads of beans for canning may be rejected at the plant. Beans are 
susceptible to borers from the bud stage until one week before harvest. Monitoring must begin 
when beans are in the late bud to early bloom stage, followed by insecticide application if black 
light traps capture an average of 5 moths/ night.  
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Fall Armyworm  
 
Unlike the true armyworm, which feeds primarily on corn and other grasses, the fall armyworm 
will feed on just about any plant. Damage is especially severe to late sweet corn and field corn, 
but the fall armyworm will eat kale, collards, turnip greens, cabbage, broccoli, spinach, snap 
beans, tomatoes, soybeans, potatoes, sweet potatoes, cucumbers, and many ornamentals. Fall 
armyworm larvae somewhat resemble corn earworm, but fall armyworm have a white, inverted 
"Y" on the front of a dark head, and four dark spots on the top of the eighth abdominal segment. 
 
Each female moth deposits approximately 1000 pinkish-white eggs in clumps of 100-200 on corn 
leaves. In warm weather, these eggs hatch in three to four days and the armyworms reach 
maturity in two to three weeks. Full-grown armyworms are about 1.5 inches long and vary in color 
from light tan or green to almost black. Generally speaking, the critical time to prevent damage to 
corn is before the tassels and ear appear.  
 
Unfortunately, however, by this time, the worms are feeding deep within the leaf whorls where 
they are difficult to detect. As the tassels emerge and ear shoots are formed, the armyworms 
move in back of the ear shoots and may completely destroy the young ear before silks are formed.  
Once in back of the ear shoot or inside the ear, they cannot be controlled and the crop will be 
heavily damaged. Potential yields of well over 100 bushels per acre of field corn can be reduced 
to 10 to 15 bushels or less by fall armyworms.  In Florida, insecticides are applied by air every 
day from tassel until harvest for fall armyworm control. In North Carolina, the most effective 
method to prevent armyworm damage is harvesting before August. In Virginia, sweet corn should 
be harvested before army worms reach uncontrollable levels the second week in August.  
 

 
 

FLEA BEETLE                                      MEXICAN BEAN BEETLE 
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Flea Beetles 
 
These small, black, jumping beetles are a common problem for eggplant, but they can also feed 
on many other vegetable crops, including tomatoes and young cole crops, leaving small, round 
'shotholes' on the leaves. Flea beetles are especially damaging to Chinese cabbage, which is 
sometimes used as a trap crop to keep flea beetles off other crucifers. Planting after soil warms 
up allows the crop to outgrow flea beetle damage. Good sanitation practices and elimination of 
weed hosts will lessen damage. New Bt formulations are also available.  
 
Flea beetle attack is sudden and can destroy young plants, so fields should be scouted daily. 
Three to four generations can be produced annually. Sometimes just treating the outside rows 
of a field is effective, since flea beetles migrate in from weedy areas.  
 
Flea beetle larvae also damage plant roots. Flea beetle larvae leave holes and ragged tunnels in 
sweetpotato storage roots, especially in weedy fields. In Virginia, populations high enough to yield 
3 to 4 adult flea beetles in 100 sweeps of a net through the field produced enough larvae to cause 
severe economic damage to a sweetpotato crop. Larvae also feed on the roots of tomatoes and 
other crops but generally do not cause significant damage.  
 

 
 

MEXICAN BEAN BEETLE (LARVAE)  
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Vegetable Leafminers  

 
VEGETABLE LEAF MINER FLY EXAMPLE 

 
The vegetable leafminer, Liriomyza sativae Blanchard, is found commonly in the southern United 
States from Florida to California and Hawaii, and in most of Central and South America. 
Occasionally it is reported in more northern areas because it is transported with plant material. It 
cannot survive cold areas except in greenhouses.  
 
Description and Life Cycle 
Leafminers are insects that feed on the tissue between the upper and lower epidermal layers of 
leaves. Leafminers can be serious problem on vegetables that are harvested for their foliage (e.g., 
spinach or chard). Leafminers can be the larval stages of flies, moths, sawflies or beetles, but 
those that feed on vegetables are all fly larvae and belong to the order diptera.  
 
Common leafminer species include the serpentine leafminer (Liriomyza brassicae), vegetable 
leafminer (Liriomyza sativae) and the spinach leafminer (Pergomya hyoscyami).  The 
developmental thresholds for eggs, larvae, and pupae are estimated at 9 to 12°C. The combined 
development time required by the egg and larval stages is about seven to nine days at warm 
temperatures (25 to 30°C). Another seven to nine days is required for pupal development at these 
temperatures. Both egg-larval and pupal development times lengthen to about 25 days at 15°C. 
At optimal temperatures (30°C), the vegetable leaf miner completes development from the egg to 
adult stage in about 15 days.  
 
Egg: The white, elliptical eggs measure about 0.23 mm in length and 0.13 mm in width. Eggs are 
inserted into plant tissue just beneath the leaf surface and hatch in about three days. Flies feed 
on the plant secretions caused by oviposition, and also on natural exudates. Females often make 
feeding punctures, particularly along the margins or tips of leaves, without depositing eggs.  
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Females can produce 600 to 700 eggs over their life span, although some estimates of egg 
production suggest that 200 to 300 is more typical. Initially, females may deposit eggs at a rate of 
30 to 40 per day, but egg deposition decreases as flies grow older.  
 
Larva: There are three active instars, and larvae attain a length of about 2.25 mm. Initially the 
larvae are nearly colorless, becoming greenish and then yellowish as they mature. Black 
mouthparts are apparent in all instars, and can be used to differentiate the larvae. The average 
length and range of the mouthparts (cephalopharyngeal skeleton) in the three larval feeding 
instars is 0.09 (0.6-0.11), 0.15 (0.12-0.17), and 0.23 (0.19-0.25) mm, respectively. The mature 
larva cuts a semicircular slit in the mined leaf just prior to formation of the puparium. Almost 
invariably, the slit is cut in the upper surface of the leaf. The larva usually emerges from the mine, 
drops from the leaf, and burrows into the soil to a depth of only a few cm to form a puparium. A 
fourth larval instar occurs between puparium formation and pupation, but this is generally ignored 
by authors (Parrella 1987).  
 
Pupa: The reddish brown puparium measures about 1.5 mm in length and 0.75 mm in width. After 
about nine days the adult emerges from the puparium, principally in the early morning hours, and 
both sexes emerge simultaneously. Mating initially occurs the day following adult emergence, but 
multiple matings by both sexes have been observed, and up to a month post- emergence.  
 
Adult: The adults are principally yellow and black in color. The shiny black mesonotum of L. 
sativae is used to distinguish this fly from the closely related American serpentine leafminer, 
Liriomyza trifolii which has a grayish black mesonotum. Also, the black hind margin of the eyes 
serves to distinguish this insect from L. trifolii, which has eyes with yellow hind margins.  
 
Females are larger and more robust than males, and have an elongated abdomen. The wing 
length of this species is 1.25 to 1.7 mm, with the males averaging about 1.3 mm and the females 
about 1.5 mm. The small size of these flies serves to distinguish them from pea leafminer, 
Liriomyza huidobrensis (Blanchard), which has a wing length of 1.7 to 2.25 mm. The yellow 
femora of vegetable leafminer also help to distinguish these species, as the femora of pea 
leafminer are dark.  
 
Flies normally live only about a month. Flies are uncommon during the cool months of the year, 
but often attain high, damaging levels by mid-summer. In warm climates they may breed 
continuously, with many overlapping generations per year.  
 
Summary 
Vegetable leafminers feed on squash, okra, pea, radish, tomato, bean, cabbage, turnip, potato, 
spinach, watermelon and pepper. Leafminer larvae tunnel inside leaves to feed. The 
photosynthate area is reduced, and tunnels offer entryway for diseases.  Early infestations reduce 
yield and fruit size, and expose tomato and pepper fruit to sunscald if leaves drop off. Mature 
larvae emerge from leaf tunnels and drop to the soil.  
 
Except for Southern Florida and Texas where they breed and feed year-round, they overwinter 
as pupae. They emerge from pupation as small black and yellow flies.  
 
The entire life cycle can take place in just two weeks in warm weather. At least five generations 
can occur each summer.  
 
Tomato cultivars with curled leaves, such as the VF145s, are less susceptible to leafminer 
damage, as are Butternut 23 and Cozella squash.  Leafminers are often controlled by naturally 
occurring parasitic wasps.  

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

517

In fields treated for pinworms or other insects with insecticides such as methomyl, parathion and 
azinphosmethyl, however, the natural wasp predators are often destroyed, leaving the field 
vulnerable to infestation by leafminers, which are not controlled by these insecticides.  
 
These parasitic wasps are also killed by weekly carbaryl applications. To monitor pole tomatoes 
for leafminers, 12-to-15-inch trays should be placed randomly in the field. Mature larvae will drop 
off plants and pupate in the trays.   
 
In California, recommended treatment threshold is when an average of 10 pupae per tray per day 
accumulate over 3 to 4 days. In Florida, the recommended threshold on 2 acre plots was a total 
of 25 mines after checking the terminal 3 leaflets of 6 plants, with at least 6 containing live larvae. 
In east coast states, the leafminer is not considered a major pest of tomatoes, so no threshold 
levels have been developed.  

 
 

EUROPEAN CORN BORER EXAMPLE  
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Tomato Fruitworm 
 
Tomato fruitworm losses ranged from 5 to 25% in Florida and were approximately 4% in Georgia 
in 1987. In North Carolina, fruitworms are considered the most common and potentially the most 
damaging insect pest of tomatoes.  
 
Within 1 to 6 days after hatching from eggs laid on the leaves and fruit, fruitworm larvae bore into 
the stem end of green fruit. Normally, ripe fruit are not attacked. The deep, watery fruitworm holes 
contaminated with their feces are easily distinguished from the shallower and drier holes made 
by armyworms. A single larvae can injure several fruit before pupating.  
 
While overwintering pupae can be destroyed by disking tomato plants and destroying infected 
fruit, adults move in from corn fields the next season and lay eggs on tomato leaves and fruit. The 
moths actually prefer corn to tomatoes for egg-laying but will visit tomatoes early in the season 
before silking and after the corn silks have all dried up.  
 
Sprays are not effective once larvae penetrate the fruit, so weekly monitoring for the small, white 
fruitworm eggs is necessary. Scouting recommendations for fields of less than 5 acres are to 
examine leaves from the top of the plant down to the most recent fully expanded leaf in up to 10 
consecutive plants on up to five locations.  
 
For larger fields, one sample site should be added for each additional 3 acres. If any eggs are 
present, the field should be treated. Pheromone traps placed on the border of the field can be 
used as a check on egg sampling.  
 
Vegetation within 3 feet of the trap should be removed. Trap catches of more than 20 moths per 
week indicate potential for egg laying on tomato, but treatments should be based on visual 
inspection for eggs rather than solely on trap counts. Synthetic chemicals called for by egg mass 
monitoring should be applied every 7-to-10 days.  
 
Biological controls for the tomato fruitworm include Bt and Trichogramma wasps. Bt must be 
reapplied after 5 to 7 days. Trichogramma is a parasitic wasp which lays its eggs in the eggs of a 
number of insects, including fruitworms. Trichogramma must be released when fruitworm eggs 
are first found and then twice weekly for the next five weeks. In southern California, control of 
tomato caterpillar pests was achieved by releasing 15,000 wasps/acre twice a week for 10 weeks.  
 
Beans  
Corn earworm can also be a problem on processing snap beans. In Arkansas, Oklahoma and 
Missouri, earworm is the major insect pest of the spring snap bean crop. Suggested monitoring 
practices for larvae were 300 sweeps of a standard insect net. Sampling began at first bloom, and 
continued every 3 to 4 days. Sprays were recommended if any corn earworm larvae were 
detected.  
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Mexican Bean Beetle 
 

 
MEXICAN BEAN BEETLE 

 
Adult Mexican bean beetles look like lady beetles but have 16 black spots on their back. Adults 
and larvae feed on snap bean leaves, leaving a bronzed lacey leaf. The adults overwinter in 
weeds, hedges and in crop residue. Although variable, damage is generally most severe in July 
and August. In the mid-Atlantic region, the treatment threshold is one beetle per plant. 
Alternatively, thresholds are 20% defoliation on pre-bloom plants or 10% defoliation at bloom.  
 
Mexican bean beetle adults and larvae feed on the undersides of leaves of several plants, 
including garden beans, cowpeas and soybeans, leaving the leaves skeletonized with a lace-like 
appearance. Although feeding occurs mainly on the leaves, young pods and even the stems may 
be attacked and destroyed. Severely affected leaves often dry up and drop off the plant, reducing 
photosynthetic efficiency and yield. Serious infestations may result in the death of young plants. 
 
The Mexican bean beetle is believed to be a native of the plateau region of southern Mexico. The 
actual area inhabited by this insect includes a large section in the United States (in most states 
east of the Rocky Mountains) and Mexico.  
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The eastern infestations are almost continuous, the pest being present wherever beans are 
grown, while the western infestation is composed of isolated areas, depending upon the local 
environment.  
 
The insect is not a serious pest over much of Guatemala and Mexico, but is very abundant in 
several localities in the western United States. The southern limit of the known distribution is in 
Guatemala and the northern limit is southern Canada and New England. It was reported and 
apparently eradicated from Florida in 1933, but was found in that State in 1938 and by 1942 was 
firmly established. The native habitat of the Mexican bean beetle has a very wet climate during 
the summer months, and the insect is a severe pest in the eastern United States, where 
precipitation is heavy. The western infestation is largely confined to areas where moisture is 
added to the field by irrigation.  
 
Description 
Eggs: Eggs are approximately 1.3 mm in length and 0.6 mm in width, and are pale yellow to 
orange-yellow in color. They are typically found in clusters of 40 to 75 on the undersides of bean 
leaves. 
 
Economic Injury Level 
The Mexican bean beetle, formerly called the bean ladybird. The beetle feeds on the leaves of 
almost all types of beans, including snap, lima, pinto, navy, kidney, and soybeans. With snap 
beans, bush varieties seem to be attacked more readily than pole varieties. Most of the damage 
from the Mexican bean beetle occurs during July and August. Both the adult and the larval stages 
feed on the foliage, chewing out holes in the leaves. They usually feed on the undersides of the 
leaves, and sometimes will attack young pods and stems. As a result of feeding, only the veins 
are left, giving the leaves a lacy appearance. Yield may be greatly reduced and the entire planting 
may be destroyed in severe infestations. 
 
Prior to the development of economic injury levels for soybean insects, applications of insecticides 
were often made at the mere sight of a pest population. With the calculation of economic injury 
levels in the early 1970s based on knowledge of insect feeding and development, the plant's 
response to defoliation, economic costs associated with insecticide application and price of 
soybean, growers gained the knowledge that moderate insect populations could be tolerated 
without insecticides being needed. The most important aspect of the relationship between insect 
injury and crop response is that soybean has a tremendous ability to compensate for low levels 
of defoliation. This natural tolerance allows growers to accept some injury knowing that yield 
losses will not occur.  
 
When assessing bean beetle population in soybean, a sampling technique is used that is 
appropriate for the stage of the plant. Direct observation on the plant during early stages of growth 
in the spring is considered the best option due to the plant's small size. As the plant attains a large 
size, most IPM programs suggest to use a ground or shake cloth, or a sweep net. A ground or 
shake cloth, while more cumbersome than a sweep net often gives near absolute counts of 
Mexican bean beetle. A sweep net can also be used, wherein a net is swept through the plant 
canopy a given number of times and then the insects are counted.  
 
Sweep net sampling provides insect counts that vary with the size of the plants and person doing 
the sweeping, which can be a disadvantage, but sweep net sampling is usually considered the 
most appropriate insect-sampling technique in IPM programs because of the economy of use. 
Recommendations often advise at least weekly sampling during the growing season. 
Examinations of plant injury combined with insect sampling will allow for the identification of a 
potential pest population.  
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Economic Threshold 
In estimating the economic threshold for this insect, the following criteria must be determined 1) 
the dollar loss associated with a specific number of Mexican bean beetle larvae per unit area; and 
2) the cost of the control (insecticide and application costs) on the same unit area. When criterion 
1 equals criterion 2, control becomes economically feasible and the economic threshold has been 
reached. Various yield loss-treatment cost analyses have determined the threshold level to range 
from 1 to 1.5 larvae/plant on beans. This varies depending upon the bean variety and growing 
conditions.  
 
Current pest management guidelines for control of Mexican bean beetle on soybean suggest 
applying controls when 30 to 35 percent defoliation is observed prior to full bloom and 15 percent 
during pod-set and podfill. Economic levels of infestation usually do not appear until the onset of 
the second generation in late July or August, when soybeans are most susceptible to insect 
feeding.  
 
Rescue treatment with an insecticide is warranted when defoliation is greater than 40 percent at 
pre-bloom, greater than 15 percent from blooming to pod-fill, and greater than 25 percent from 
full pod to harvest. Treatments should be applied only when the observed level of defoliation and 
number of Mexican bean beetles both indicate that damage will increase.  
 
Management 
Because immigration of beetles can occur while soybeans are still susceptible to insect 
defoliation, the inability of an insecticide to suppress a continuing influx of adults can result in 
further economic losses to the grower. To provide crop protection in these situations, a pesticide 
should have a high initial efficacy against Mexican bean beetle adults and larvae, and residual 
activity sufficient to suppress any migrating adults. Climatic conditions such as intense rainfall or 
extended drought with high temperatures have been shown to reduce significantly larval and adult 
populations. In addition, several control tactics have been evaluated for their potential to reduce 
Mexican bean beetle populations in soybeans.  
 
Cultural Control 
Cultural control efforts may include destruction of overwintering locations and late planting of the 
soybean crop. The destruction of overwintering locations increases exposure to inclement 
weather conditions and can greatly reduce adult numbers the following spring. Under certain 
conditions, a combination of a trap crop with delayed planting of a portion of the field might be 
used to advantage. Since overwintering beetles actively forage upon emergence in the spring, 
beans planted early will attract a disproportionate number of beetles feeding during their pre-
oviposition period.  
 
Biological Control 
Natural control organisms include at least 17 species of predators. They feed on bean beetle 
eggs, larvae and pupae. The beetles are protected by hard wing covers and by an offensive, 
yellow liquid which is secreted in small drops from the leg joints when the insects are disturbed.  
 
Chemical Control Measures 
Insecticide – Foliar Application 
acephate (Orthene 97 PE) 
1.  carbaryl (Sevin 50WP, Sevin 80WP, Sevin XLR) 
2.  encapsulated methyl parathion (Penncap-M) 
3.  esfenvalerate (Asana XL) 
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Pepper Maggot 

 
PEPPER MAGGOT FLY EXAMPLE 

 
The pepper maggot overwinters in the soil in the pupal form. Larvae feed inside the pepper fruit 
causing the fruit to turn red prematurely, and decay, or drop off. Pepper maggots are detected by 
checking for dropped or deformed fruit, and using yellow sticky cards to trap adult flies. As with 
many disease problems of peppers, sanitation and rotation are used to control pepper maggot.  
 
Adult flies are attracted to rotting peppers, so removal of rotting fruit from fields reduces the 
attractiveness of fields to egg laying flies.  
 
Destroy infested fruit and cull piles as they serve as reservoirs for future infestations. Another 
cultural control is rotation. When possible, do not plant peppers in or near fields with a history of 
pepper maggot.  
 
Horsenettle is an alternate host for pepper maggot, so destruction of horsenettle near pepper 
fields aids pepper maggot control.  
 
Yellow sticky cards can be used to monitor for pepper maggot adult activity. Traps should be 
placed around the margins of fields and observed weekly. In other states where pepper maggot 
has been a problem, sprays are applied when the flies are detected on the traps and reapplied 
weekly while the flies remain active. Mustang 1.5 and Thiodan are labeled for control of pepper 
maggot flies. These must be applied prior to egg laying to be effective.  
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Pickleworm  
 
Pickleworms migrate north from Florida and other tropical areas each year, becoming a severe 
late-season problem in many cucurbit production areas of the South. The larvae burrow into 
flowers, and then migrate into the developing fruit. Once they are in the fruit, they are hard to 
detect until they emerge, leaving ragged frass-filled tunnels behind.  
 
Pickleworm populations can be lowered by planting early, plowing deeply before planting and 
rotating crops. Chemical control measures must be started as soon as pickleworm adults appear, 
since insecticides cannot reach larvae inside the flower and developing fruit.  

 
Pheromone lures for adult pickleworms and monitoring guidelines are under development. 
Researchers in South Carolina found that in 42 cucumber fields over 2 years, where moths and 
larvae were present the adults were trapped before or during the same week that larvae were first 
detected in the crop.  
 
Withholding of spray treatments until moths were caught saved an average of one treatment per 
field with no loss of control. Resistant cultivars of cucumber and squash are listed in the 
respective pages. 

 
 
Seed Corn Maggots  
These tiny, white, legless maggots reduce stands of beans, corn, melons, cabbage and cucumber 
by attacking seeds and seedlings. Maggots hatch from fly eggs laid in decomposing plant material 
including organic amendments and cover crop residues (if less than 30 days has elapsed since 
the residues were incorporated).  
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Squash Vine Borer 

 
SQUASH VINE BORER MOTH EXAMPLE 

 
Squash vine borer is a pest of cucurbits, particularly squashes. Small, flattened brown eggs are 
deposited singly on leaf petioles, stems, and fruit. Soon after they enter the stem or fruit to feed, 
the larvae extrude sawdust-like frass from bore- holes in the stem or fruit. Damaged stems wilt 
and die and fruit are unmarketable.  
 
The larvae burrow into the soil to pupate and can overwinter in the soil as either larvae or pupae. 
There can be two generations per year.  
 
Because they feed inside the plant, squash vine borers are very difficult to control. Injecting Bt or 
other insecticides in the stem, placing collars on the stems, and crushing the eggs are too time 
consuming on large acreages. Once vine borers become established in a field, growers unwilling 
to use chemical insecticides may find it necessary to switch to other crops.  
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Squash Bug  

 
 
Hosts: Squash and pumpkin  
 
Squash bugs are 'true bugs' which utilize their piercing sucking mouthparts to remove plant juices. 
Squash bugs generally occur on well-established plants (as opposed to being a pest of seedling 
plants).  
 
Adult squash bugs move to plants from various adjacent (and sometimes within field) protected 
overwintering sites. Adult females deposit brownish-red eggs in clusters on a lower leaf surfaces. 
Newly emerged nymphs are small and greenish with black legs.  
 
Studies have shown that first generation adults deposit eggs for a second generation, the adults 
of which overwinter.  High squash bug populations can literally drain plants causing them to wilt 
and die. Reduced yields and poor quality fruit may result from squash bug feeding activities.  
 
Squash varieties resistant to squash bugs include Butternut, Royal Acorn, and Sweet Cheese.  
Effective control of squash bugs is contingent upon timely insecticide sprays coupled with 
thorough coverage.  
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Observe plantings for the presence of adult bugs and scout fields for egg masses on the 
undersides of leaves. Eggs get darker in color just before hatching. Treat when most eggs have 
hatched and when nymphs are still small to medium in size. Placing pieces of board or shingles 
on the ground near the plants concentrates these insects in a small area that is more easily 
treated. Adult squash bugs have a hard, protective shell which is impervious to insecticide 
treatments.  
 
Squash bug adults overwinter in crop debris. After emerging, adults lay orange-yellow eggs in 
rows on the undersides of leaves. After they hatch, larvae feed on the fruit and undersides of 
leaves of most cucurbits. A severe infestation causes rapid wilt. Usually there are one to one and 
a half generations per year.  
 
Since the presence of egg masses is highly correlated with the presence of larvae, monitoring for 
egg masses has been found to be an effective means of timing insecticide applications. The few 
chemical controls available for squash bugs are most effective if applied to newly hatched larvae.  
 
Sixteen to twenty plants were sampled twice weekly, and the first insecticide was applied when 
an average of one egg mass was found per plant. This was followed up with treatments every 
208 degree days (base of 56°F). Yields were equivalent to those from plots receiving weekly 
sprays. Other control measures include rotation and destroying crop residues.  

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

527

Tomato Pinworm  
 
The tomato pinworm is a serious pest in warm-winter areas such as Florida and California 
because populations are already established in the field. The pinworm does not overwinter further 
north than Florida, but populations brought in on transplants can increase rapidly.  
 
The adult moth lays eggs on the leaf underside. The first two larval instars tunnel within the leaves, 
creating a blotchy mined area. The third instar larvae emerge from within the leaves to feed on 
the leaf surface, protecting themselves in a leaf which they hold together with webbing. The larvae 
which crawl into the fruit near the stem attachment and tunnel through the fruit walls cause the 
most economic damage.  
 
The small pinholes left as they exit the fruit act as entry points for decay organisms, especially 
when overhead irrigation is used. Fourth instar larvae mature and drop into the soil to pupate. 
Adults cannot emerge from pupae buried more than 2 inches deep, so crop rotation and disking 
after harvest offer some control.  
 
In California, pheromone traps are used to monitor populations of tomato pinworm moths, but in 
North Carolina and Florida, pinworm larvae populations are monitored by inspecting the leaves. 
Florida recommendations are to sample the lower leaves of 6 to 12 plants on every 2 acres. If the 
number of larvae per plant average more than 0.67, pre-treatment of the field is recommended.  
 
In North Carolina, recommendations are to inspect foliage, particularly the lower leaves, and treat 
when the larval population averages 0.5 per plant.  
 
Established populations must be treated weekly to protect the fruit once threshold levels are 
reached. Mating disruption with pheromones has shown promise as a control strategy in areas 
with established populations.  
 
In areas such as North Carolina and Virginia where pinworms come in on transplants and 
occurrence is sporadic, fewer applications may be necessary and pheromone control strategies 
are not recommended.  
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PINK BOLLWORM MOTH EXAMPLE 

 
 

 
 

PICKLEWORM MOTH EXAMPLE 
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Striped and Spotted Cucumber Beetle 
 
Striped and spotted cucumber beetles are closely related species which appear in late April. Adult 
cucumber beetles feed on the leaves and stems of young cucumber and squash plants while 
larvae burrow into the roots. If conditions are such that plants become established quickly, 
cucumber beetles do less damage. Even where direct feeding damage is minimal, however, adult 
beetles can transmit bacterial wilt or mosaic virus as they feed. This is a particular problem in fall 
crops where the populations of infected plants and insects have built up over the summer.  
 
When larvae of the spotted cucumber beetle scar sweetpotato roots, they are referred to as the 
southern corn rootworm.  In fall cucurbit crops in North Carolina, the threshold population for 
control is 5 beetles in 10 feet of seedlings. Seedlings are often sprayed with carbaryl or Thiodan 
at emergence, however, to prevent damage.  
 
Cucumber beetles can be trapped with sticky adhesives such as Tanglefoot. The traps should be 
6-by-8-inch yellow boards attached to stakes 2 feet above ground level. To attract beetles to the 
adhesive-covered surface, some type of attractant is needed. Eugenol, a compound found in 
allspice oil, bay oil, and clove oil, is an effective bait and can be purchased commercially in small 
quantities.  
 
A new bait product, AdiosTM, is also available. This product uses cucurbitacin, a secondary 
compound found naturally in cucumbers, to attract adult beetles, which are then killed by the 
carbaryl in the bait. The bait can be diluted with water but should not be mixed with other products. 
Bait products may have an advantage over other insecticides in preventing the spread of bacterial 
wilt since beetles presumably die before feeding on and infecting the plant. Baits are also less 
damaging to beneficials. Growers may soon be able to use bioengineered cucurbits with 
resistances to the most common mosaic and yellows viruses, which will make it less vital to control 
fall cucumber beetles.  

 
Spotted Cucumber Beetle 
The spotted cucumber beetle (Diabrotica undecimpunctata) is a major agricultural pest insect 
(see also cucumber beetle). In the adult form it eats and damages leaves of many crops, including 
cucumbers, soybeans, cotton, beans and many others. In the larval form, which is known as the 
southern corn rootworm, it tunnels through the roots of young plants, stunting or killing them.  
 
These native pests have a wide range of host plants, but will readily infest a field of crop plants, 
most notoriously corn. 
 
Adult beetles are greenish-yellow with six large black spots on each elytron. They are about half 
a centimeter long. The larvae are yellowish and wormlike. 
 
The spotted cucumber beetle has three subspecies, each with a different common name; 

 the Spotted cucumber beetle (a.k.a. Southern corn rootworm) is Diabrotica 
undecimpunctata howardi 

 the Western cucumber beetle is Diabrotica undecimpunctata tenella 
 the Western spotted cucumber beetle is Diabrotica undecimpunctata 

undecimpunctata. 

   

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

530

 
SPOTTED CUCUMBER BEETLE 

 
 
 

 
STRIPPED CUCUMBER BEETLE EXAMPLE 
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Thrips  
 

 
THRIP EXAMPLE 

Thrips are a problem in eggplants as well as in onions, beans, crucifers, and cucurbits. They will 
also feed on almost any flowering plant and often are brought to the field from infected 
greenhouses. Western flower thrips transmit tomato spotted wilt virus, a serious disease in 
tomatoes.  
 
Almost invisible, these tiny narrow-bodied yellowish insects feed out of sight in the flower but the 
damage caused can blemish the tomato fruit sufficiently to reduce it in grade. The entire life cycle 
takes 12 days in hot weather or up to 44 days in cool weather. Eggs are hidden within plant tissue, 
usually near the flower or buds. Several generations of larvae feed on the developing tissues, and 
then move down the plant to pupate in the soil.  
 
The pupal stages do not feed and develops in the soil, in plant litter, or on protected places on 
the plant. Thrips also feed on eggplant. As with tomato, superficial scars on the eggplant fruit may 
make it unmarketable. Thrips can be monitored by examining flowers or leaves, using sticky traps 
or by shaking the flowers over a white cloth or card. Affected plants appear stunted and distorted 
with silvery to black spots on the leaves. Nearby small grains and some weeds are alternate 
hosts, and should also be monitored. Thrips are especially likely to invade vegetables when 
adjacent grain fields are harvested.  
 
Thrips are difficult to control because pesticides do not reach their feeding places deep in the 
flower or bud. Soaps and oils have been used with varying success to control thrips. Insecticidal 
soap has reduced thrips feeding damage by as much as 49% in experiments in Canada.  
 
However, it had no effect on transmission of tomato spotted wilt virus. The type of feeding that 
transmits the virus is apparently not the same as the feeding that causes visible damage.  
 
Oil, Wilt-Pruf and Dow Corning 36 (polydimethyl siloxane emulsion) significantly reduced 
transmission of tomato spotted wilt virus by thrips, although oil had no effect on feeding activity. 
Dow Corning 36 was the only product that also reduced the number of thrips nymphs.  
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Any insecticides used should be applied every other day for 10 days and materials should be 
rotated to avoid buildup of resistance by thrips. In greenhouses, biological control programs using 
insidious plant bugs and predaceous mites have been used effectively and fine-mesh screening 
will also exclude thrips.  
 
 

 
 

SWEET POTATO WEEVIL 
 
Sweetpotato Weevil  
Adult weevils are antlike and very small with dark metallic blue heads and wings and reddish 
orange bodies and legs. Adults and larvae feed on storage roots both before and after harvest.  
 
Deep-rooted cultivars such as Porto Rico show less damage. The sweetpotato weevil is present 
in some Louisiana production areas but has not yet become established in other production areas 
in the South. Use of seed stock from non-infested locations is critical.  
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Wireworms  
 

 
 

WIREWORM EXAMPLE 
 
Wireworms are the larval form of a dark-brown click beetle. After a short pupation, adults emerge 
and females lay about 175 eggs. To escape the hot, dry summer and cold winter, wireworms 
burrow deep into the soil.  
 
The orange-brown larvae, which take 4 to 5 years to mature, are very destructive when they feed 
on developing potato tubers, seed pieces, and roots. Young potato tubers injured by wireworms 
often become misshapen.  
 
Wireworms also feed on sweetpotato roots. They pose the greatest threat in dry years, in heavy 
soils, and in fields that were previously grassy and undisturbed. Wireworm larvae leave irregular 
dark and fibrous holes 1/4-inch deep in the roots.  
 
Susceptible cultivars planted in the same field with resistant cultivars have less damage than 
when only susceptible cultivars were planted. Small roots, such as found with higher plant 
populations, received less damage than large roots.  
 
Controls include use of granular insecticides applied at planting time. Insecticides should be 
applied when the population level at the 6-inch depth reaches one larvae per square foot of soil. 
Once wireworm populations have been reduced, they usually remain low.  
 
Crop rotation will help prevent high populations. In fields that already have high wireworm 
populations, grain rotations are recommended.  
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Grasshoppers  
 

 
 
 
Although 600 species of grasshoppers occur in the United States, common pest types are the 
differential, the red legged and the two-striped. They are general feeders and occur annually in 
forages and some vegetables such as asparagus, but infestations are not usually serious enough 
to require control.  
 
Grasshopper eggs, about the size of rice kernels, occur in oval, elongate or curved pods made 
out of soil particles. Eggs may be white, yellow green, tan or brown. Nymphs are white 
immediately after hatching, but develop adult coloration. These three grasshopper species 
overwinter in the soil as eggs and hatch from April to June.  
 
Nymphs feed and grow for 35 to 50 days, molting five or six times during this period before 
becoming adults and mating. Development is most rapid when the weather is warm and not too 
wet. Adults feed after mating and in about 2 weeks females lay eggs in pods containing 25-250 
eggs, depending the species. Except for the red legged grasshoppers, which have two 
generations per year, the economically important species generally only have one generation 
annually.  
 
Management 
Scouting/Thresholds  
Because grasshoppers move into crop production fields from hatching beds around field borders, 
grasshopper surveys should be conducted in adjacent untilled areas early in the season (late May 
and June) to determine the potential for problems. If grasshoppers have already invaded the field, 
it also can be sampled to determine if control is warranted. If timely rains keep the vegetation in 
and around hatching beds green, the grasshoppers may not move to adjacent crops until later in 
the season.  
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Sweep net sampling is useful in determining the stage (instar) and species makeup of 
grasshopper populations. A standard 15-inch diameter sweep net, equipped with a heavy cloth 
net, should be used. Information from sweep net samples is particularly valuable early in the 
season for determining the stage of grasshopper development to optimize treatment timing and 
to assess the potential for damaging infestations. The best method for determining grasshopper 
density in field borders or hatching areas is to count the number of grasshoppers by using the 
square-foot method. With practice, this approach can provide good estimates of hopper density.  
 
To use this method, randomly select an area several feet away and visualize a one-square-foot 
area around that spot. When first learning this method, practice with a measured square-foot area 
to improve your ability to visualize the counting area. Walk toward this spot while watching this 
square-foot area and count the number of grasshoppers in or jumping out of the area.  
 
Repeat this procedure 18 times and divide the total number of grasshoppers by two. This will give 
you the number of grasshoppers per square yard (9 square feet). Counting sites should be 50-75 
feet apart and randomly chosen. Just after egg hatch, when grasshoppers are small, they will be 
difficult to see and underestimating the true hopper density is common. When sampling, try to 
vary the vegetation in the count area and sample both north- and south-facing slopes.  
 
Within fields, both grasshopper densities and treatment thresholds are lower; therefore, the area 
visualized while sampling can be increased to one square yard. Because of the difficulty of seeing 
hoppers in this larger area, counts will be somewhat less accurate. Eighteen samples should still 
be taken. Averaging these estimates will give the number of grasshoppers per square yard.  
 
When the number of grasshoppers per square yard has been estimated, use Table II to determine 
if treatment is necessary. While sampling, it is important to determine the species present and the 
approximate nymphal stage of the grasshoppers. If the grasshoppers are rangeland species 
(bandwinged or slant-faced species), they are unlikely to move into the adjacent crops. The best 
time to control grasshoppers is during the third and fourth nymphal stages, when most of the eggs 
will have hatched. This generally occurs from mid-June through early July. While in this stage, 
young hoppers will be concentrated in and around hatching beds and will be more susceptible to 
insecticides.  
 
Table II. Treatment guidelines based on number of grasshoppers (nymphs and adults) per 
square yard. 

Grasshopper 
Population Field 

Field 
Margin 

Treatment 
necessary? 

Non-economic 0-2 5-10 No 

Light 3-7 11-20 Questionable, depends on size, species, type of crop 

Moderate 8-14 20-40 Probably 

Abundant 15 or more 41 or more Yes 

 
Cultural Control  
Tillage operations can reduce (but not eliminate) grasshopper numbers, but often are not practical 
in potential grasshopper hatching areas. Tillage destroys grasshopper egg pods by direct 
mechanical damage and by exposing them to predators, parasites, and adverse weather 
conditions. Fall tillage is undesirable in most situations because winter cover is essential to protect 
soil from wind erosion and to conserve moisture. Spring tillage will accomplish the objective with 
fewer undesirable side effects.   
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A longer term solution to reduce grasshopper potential is to reduce the attractiveness of 
abandoned or weedy areas to cropland grasshoppers by establishing a dense grass cover that 
includes few broad-leaf plants. Another cultural control method would be to plant a grasshopper-
resistant crop, such as sorghum, in highly susceptible areas.  Delaying winter wheat seeding in 
high risk fields also can reduce the potential for grasshopper damage, but may not be practical, 
especially during a warm fall when grasshopper survival is extended.  
 
Chemical Control  
Grasshoppers are easiest to control before they become adults. If a range of rates is listed for a 
given insecticide, the higher rates generally should be used once adults are present. 
Grasshoppers can be controlled by using sprays or baits. Read the label thoroughly before any 
insecticide application, and follow safety instructions and precautions. When spraying borders 
adjoining cropland, be sure to read and follow label restrictions on grazing. Check with your State 
Pesticide Agency and Cooperative Extension for specific information. 
 
Baits 
One option for grasshopper control is a bait formulation. Carbaryl-impregnated bran bait is 
available as a 2 percent or 5 percent formulation. This method can provide good control when 
applied just before winter wheat emergence, when crops are only a few inches tall, or in areas 
with short, dry vegetation. Success depends on uniform distribution of the bait and reapplication 
if the bait is no longer attractive to grasshoppers. Moisture (rain or heavy dew) will substantially 
reduce the bait's attractiveness.  
 
Border Treatments 
In most years, treating either the crop margin or the border area surrounding the crop is adequate 
for control. A border treatment of 150 feet beyond the crop edge should be adequate in most 
situations, depending on the size of the grasshopper source area, but season long control may 
require up to a 1/4 mile border treatment when the population source is large. Under extreme 
pressure, control may be difficult and multiple border treatments may be required. Using 
insecticides with the longest residual activity would be most effective. The residual activity of the 
treatments will vary with the chemical and environmental conditions. It is important to monitor the 
border areas and crop margins after treatment to make sure grasshoppers do not re-enter the 
field.  
 
Growers with large grass areas surrounding field crops should consider using the Reduced 
Agent/Area Treatment (RAATs) program for control around field margins early in the season when 
grasshoppers are small. Recent research at the University of Wyoming has demonstrated the 
effectiveness of the RAATs grasshopper control strategy in range and pasture. This strategy 
reduces the amount of insecticide applied by using lower rates and alternating treated and 
untreated strips in the target area.  
 
These treatment tactics have been very effective in grasshopper management. Control costs are 
greatly reduced (50-75 percent lower) with only a limited reduction in overall grasshopper control 
(5-15 percent reduction control). Techniques have been worked out for both aerial and all-terrain 
vehicle (ATV) application when using this program.  
 
The effectiveness of the program relies heavily on proper application techniques and optimum 
timing (apply during 3rd-4th instars). South Dakota studies also have demonstrated this program 
to be effective at controlling grasshoppers in alfalfa fields.  
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Alfalfa 
Border treatments should provide grasshopper control in newly infested alfalfa fields. When an 
entire alfalfa field is infested, it is better to remove the cutting and apply an insecticide to protect 
new growth. Also, the RAATs strategy can be used as described above to reduce costs. Another 
method is to leave a few small, uncut strips, and then spray the hoppers when they congregate 
in those strips. This will help assure regrowth of the next alfalfa crop and reduce pesticide amounts 
and costs.  
 
Winter Wheat 
The thresholds in Table II need to be lowered for fall grasshopper control in winter wheat. Adult 
grasshoppers can consume a great deal of plant material in a short time. Due to the small amount 
of vegetation available in emerging wheat and the life stage of the grasshoppers, light to moderate 
infestations in the field and borders can cause stand loss along borders. Timing of border 
treatments is critical for optimum grasshopper control.  
 
The best time to spray the borders is just before the wheat emerges. If the application is made 
too early, there will be no residual insecticide activity in the borders when the wheat emerges and 
grasshopper populations may build back too quickly. If it is applied too late, some of the earliest 
emerging wheat may already be damaged.  
 
Another option for controlling grasshoppers in winter wheat is to apply a systemic insecticide at 
planting around the field borders with one or two drill passes. This option will reduce the need to 
monitor wheat fields but requires specialized application equipment. Some granular materials are 
registered for use during winter wheat planting.  
 
An important consideration with these products is metering the insecticide at the proper rate. 
Adding products to the planter box is not acceptable because of safety concerns to the applicator 
and because the small granules rapidly sift to the bottom, making application erratic. Also, this 
method will increase the possibility of phytotoxicity to the seed from the insecticide. Grass seeder 
attachments can be used to meter the granules, but this application method also can be quite 
variable.  
 
The use of a granular metering system (e.g., Gandy boxes) is the best method for applying 
granules at planting; however, erratic results have been seen with granular applications during 
dry conditions. The wheat seed may be placed in enough moisture to germinate and grow, but 
there may be insufficient moisture to activate the insecticide on the granules to allow uptake by 
the plants.  
 
Planting insecticide-treated seed can help control grasshoppers in emerging wheat. Imidacloprid 
(Gaucho) seed treatment can be effective when hoppers are present at moderate levels. Gaucho 
seed treatment can only be purchased on pretreated seed. Once in the soil, the chemical is taken 
up by the germinating seed and seedling and is ingested by feeding grasshoppers.  
 
Grasshoppers can still damage the wheat, but damage will be slowed considerably as they are 
affected by the insecticide. As with all control methods at this time of year, this method will not be 
totally effective if grasshopper infestations are high.  
 

  

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

539

Silverleaf Whitefly  
 
The silverleaf whitefly is a worldwide pest in tropical and subtropical areas and in greenhouses. 
It is becoming an increasingly important pest in vegetable production in the southern states and 
has been reported in most families of vegetables.  
 
Tomato is the most frequently reported host, however. Like aphids, whitefly damage is threefold. 
Sap-feeding by the adult and nymph stages weakens the plant, rains honeydew on the plants so 
that sooty mold develops, and introduces viral diseases. In southwestern states, the silverleaf 
whitefly is a vector for several important viral diseases of lettuce and melons.  
 

 
 
 
Chlorotic spots sometimes appear at the feeding sites on leaves and heavy infestation causes 
leaf wilting. In relation to its economic impact, relatively little is known about economic thresholds 
or physiological aspects of damage.  
 
When silverleaf whitefly feeds on certain curcurbits, it induces a disorder called squash silverleaf. 
This disorder includes a yellowing of leaves followed by a progressive silvering of the leaf tissues 
between the veins. Finally the whole leaf surface can be bleached, and fruit quality and yields 
decrease. This disorder is not well understood but is not caused by feeding of the sweetpotato 
whitefly, which is otherwise closely related.  
 
What is now called the silverleaf whitefly (Bemisia argentifolii) was previously called Bemisia 
tabaci, biotype B. The sweetpotato whitefly is now known as Bemisia tabaci Biotype A. Feeding 
by the sweetpotato whitefly causes some chlorosis, but not the characteristic silvering. The time 
required for the light-colored eggs, which are attached to the undersides of new leaves, to develop 
into adults varies from 16 to 38 days, depending on temperature, humidity, and host plant.  
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Generally females lay 80 to 100 eggs, but there are reports from Israel that repeated insecticide 
application produced a super-female strain which lays up to 300 eggs. Forms that hatch, called 
crawlers, feed on the leaf underside, then molt into scalelike, sucking nymphs. The nymphs are 
glassy to opaque yellowish with a flattened scalelike body.  
 
After several molts, the nymph becomes a nonfeeding, plump, light-colored pupa, within which an 
adult whitefly develops. Adults are slightly yellower and smaller than other whiteflies, and appear 
more slender. Several factors make control of silverleaf whiteflies difficult. The eggs and older 
immature forms are resistant to many aerosol and insecticide sprays. Adults are extremely 
resistant to dry pesticide residue.  
 
Pesticides will not be effective unless applied to leaf undersides and re-applied regularly so that 
all the immatures are exposed as they develop into adults. The cycle cannot be broken if any of 
the immature stages escape exposure after turning into adults. Some of the pyrethroid pesticides 
are somewhat more effective and need not be applied as often. Neem seed extract is not as 
acutely toxic as some of the synthetic pesticides, but has the advantage of being toxic to young 
nymphs, inhibiting growth and development of older nymphs, and reducing oviposition by adults.  
 
One study showed that Sunspray oil and a broad-spectrum pyrethroid product were effective at 
killing adults both when wet and after drying. Both repelled adults for 5 to 7 days, preventing 
feeding and reducing numbers of whitefly eggs.  
 
Other materials tested, Ultra-Fine Spray Oil, an insecticidal soap, a plant-derived surfactant 
(sucrose ester extract of Nicotiana gossei), and garlic-based repellent, were less effective, and 
the garlic barrier product was no more effective than water. Credit to Mississippi State University 
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Whitefringed Beetles  
 
 

 
WHITE FRINGED BEETLE EXAMPLE 

 
Female (males are unknown) light to dark gray or brown, with a lighter band along the outer 
margins of the wing covers, and two paler longitudinal lines on each side of the thorax and head, 
one above and one below the eye; length ca. 12 mm. Flightless; underwings rudimentary, inner 
margins of outer wings fused together. 
Adult - About 11 mm long, these black beetles are covered with dark gray and grayish- brown 
scales. They have two longitudinal stripes and a marginal band of white hairs. All whitefringed 
beetles are females and are incapable of flight.  
Egg - The white, oval eggs are slightly less than 1 mm long and become pale yellow before 
hatching. They are covered with a sticky secretion which soon hardens.  
Larva - The slightly curved, yellowish-white larvae are legless, have a light brown head, and 
measure up to 13 mm long.  
Pupa - Approximately 13 mm long, the white pupae gradually darken as they mature. 
 
Whitefringed beetles have been associated with over 385 plant species. The most common hosts 
are cotton, peanuts, okra, velvetbeans, soybeans, cowpeas, sweet potatoes, beans, and peas 
(Young et al. 1950, Johnson and Tappan 1987).  
 
Adults seem to prefer plants with large, broad, smooth leaves; larvae feed on agricrop plant roots, 
newly germinated acorns and nuts, and the roots of woody plants (e.g., peach, pecan, tung, 
willow) (Young et al. 1950) and pines. 
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Adult beetles (univoltine = one generation per year) emerge from the soil from May to October 
and feed on foliage.  
 
Oviposition (parthenogenetic reproduction) occurs five to 25 days after emergence. Egg masses 
(11 to 14 eggs) are laid on plant stems, roots, soil, and where they contact the soil onto hay, 
firewood, lumber, and farm tools and machinery. Eggs hatch 11 to 100+ days after oviposition 
(summer eggs average 17 days; winter eggs average 100 days). Larvae feed on roots, tubers, 
and underground stems as well as dead plant material and complete their development in the 
soil. Whitefringed beetles overwinter as larvae.  
 
Pupation occurs from late April to late July in cells constructed by the larvae; however, some 
larvae spend a second year feeding on plants in the soil before they pupate. Most pupal cells are 
5 to 15 cm below the soil surface; however, cells have been found at a depth of 36 cm. In the 
summer months, the pupal stage lasts ca. 13 days; in cooler months it is longer (Young et al. 
1950).  
 
Summary  
Whitefringed Beetles feed on at least 385 plant species, but are most likely to damage plants with 
taproots (rather than fibrous roots) and smooth, broad, leaves, such as corn, potato, velvet bean, 
okra, cowpea, sweetpotato, melons, bean, cauliflower, and cabbage. As foliage feeders, damage 
is relatively inconspicuous, consisting of sawtooth cuts on the leaf margins. 
 
On sweetpotatoes, however, beetle feeding results in roughened holes and characteristic surface 
channels with rough ridges. The beetles usually overwinter as larvae (called grubs), although 
eggs may survive the winter in protected locations. The 1 mm-long oval white eggs turn pale 
yellow before hatching. Larvae are slightly curved and yellowish-white with a light-brown head. 
Legless, they can measure up to 1/2 inch in length.  
 
Larvae feed on sweetpotato roots until mature, then burrow 2 to 6 inches into the soil. After a 
pupation period of 13 days, typically ending in July and early August, adults emerge.  
 
The adults are flightless black beetles about 1/2 inch long which have two lengthwise stripes and 
a marginal fringe of white hairs. Females deposit eggs in clusters of 15 to 20 in the soil around 
the base of host plants.  
 
Eggs hatch 17 days later, unless temperatures are too low and larvae feed until slowed by cold 
weather. There are no males. Only one generation occurs each year.  
 
Populations increase in areas of summer legumes, but grasses, including corn and small grains 
provide little food for adults, and thus make a good rotation crop for sweetpotatoes. Other cultural 
control practices include avoiding infested fields, using tolerant cultivars, and incorporating crop 
debris. Few chemical options are available for control.  
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Topic 14- Post Quiz 

Answers at the rear of Glossary 
 
Identify the missing term or word 
 
1.  ______________overwinter as tiny black eggs deposited near dormant buds of 
peach, plum, cherry and other Prunus species. 
 
 
2.  Nymphs and adults of ____________vary in color from yellow to green to nearly 
black. The darker forms tend to be substantially larger. 
 
 
3.  ___________feeds on hundreds of host plants in over 40 plant families. However, it 
is only the viviparous (giving birth to living young) summer stages that feed so widely; 
the oviparous (egg producing) winter stages are much more restrictive in their diet 
choice.  
 
 
4.  For all cole crops, aphid infestations should be treated when 1 to 2 percent of the 
plants are infested, and treatments should be repeated whenever _________reappear 
on the crop.  
 
 
5.  ____________destroy the roots, particularly of seedlings, causing the plant to 
become stunted and wilt. In addition to the root damage, the plants may become more 
susceptible to diseases as pathogens enter through lesions left by the maggots.   
 
 
6.  Cabbage loopers are the most destructive of the cabbageworms. One looper larvae 
does approximately three times the damage of one imported cabbageworm larvae and 
can consume almost 20 times as much foliage as a_____________.  
 
 
7.  _______________lay rocket-shaped, white to yellow-orange eggs singly on leaf 
surfaces of cole crops. These develop into large, velvety green larvae which lie along 
leaf veins for camouflage.  
 
 
8.  The voracious appetite and impressive reproductive capacity of the 
__________________make it an important pest of vegetable crops. Both adults and 
larvae feed on the leaves.  
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9.  ______________are pests of many crops including corn, beans, soybean, cotton, 
and tomato. In corn, the night-flying, light-brown or buff colored adult moth typically lays 
its eggs on the silks.  
 

10.  The____________, the most damaging pest of southern peas, punctures the pod, 
leaving a small scar on the pod and a speck on the peas. They attack later plantings more 
than earlier ones. Crop rotation and destroying crop residue will lower curculio 
populations.  
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Topic 15 - Cotton Insect and Related Pest Identification  
Credit to Mississippi State University 
 
Section Focus: The student will be able to understand and describe various commonly found 
cotton destroying insects and various pesticide/product controls. At the end of this section, you 
will be able to understand and describe various cotton insects/pests. There is a post quiz at the 
end of this section to review your comprehension and a final examination in the Assignment for 
your contact hours.   
 
Scope/Background: The main or major insect pests of cotton that cause economic loss to this 
crop are given below with their scientific names, order and family name. 1. Cotton jassid Cotton 
jassid is a major sucking insect pest of cotton with scientific name Amrasca biguttula (Ishida). It 
belongs to family Cicadellidae and order Homoptera. 2. Cotton whitefly Cotton whitefly is another 
important sucking insect pest of cotton with scientific name Bemisia tabaci (Gennadius). It belongs 
to family Aleyrodidae and order Homoptera. 
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Boll Weevil 
 
 

 
 

BOLL WEEVIL EXAMPLE 
 
Proper identification of boll weevils is especially important in areas where this pest has been 
eradicated or in the later years of an active eradication effort. The elongated snout is one of the 
best known characters of the boll weevil. However, all of the members of the family Curculionidae, 
the large family of beetles which includes the boll weevil, share this character. A more 
distinguishing character of boll weevils is the presence of two sharp spurs on the enlarged, club-
shaped segment of the front leg.  
 
Development of the immature stages occurs inside squares or bolls, providing protection from 
both insecticides and most predators and parasites. Detection of boll weevils or squares with boll 
weevil egg-laying punctures, indicated by the raised area over the puncture site, is cause for 
alarm in areas where the boll weevil has been eradicated. 
 
The boll weevil is considered the key pest in cotton production because the insecticides that cotton 
growers traditionally use early in the season to control weevils also eliminates many beneficial 
insects.  
 
As the need for early season boll weevil sprays is eliminated through the eradication effort, these 
beneficial insects can increase in number and become effective in controlling other cotton pests, 
like bollworms, budworms, plant bugs, and aphids.  
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Growers in eradicated areas can now delay or even eliminate their initial spray operations, reduce 
pesticide rates, use alternative pesticides or genetically engineered cotton varieties, or lengthen 
the intervals between sprays to reduce their operating costs while controlling any remaining cotton 
pests. 
 
New Pesticides 
Following World War II the development of new pesticides such as DDT enabled U.S. farmers 
again to grow cotton as an economic crop. DDT was initially extremely effective, but US weevil 
populations developed resistance by the mid-1950s. Methyl parathion, malathion, and pyrethroids 
were subsequently used, but environmental and resistance concerns arose as they had with DDT 
and control strategies changed. In 1978 a test was conducted in North Carolina to determine 
feasibility of eradicating the weevil from the growing areas.  
 
Based on the success of this, area-wide programs were begun in the 1980s to eradicate the insect 
from whole regions. These are based on cooperative effort by all growers together with the 
assistance of the Animal and Plant Health Inspection Service (APHIS) of the United States 
Department of Agriculture (USDA). The program has been successful in eradicating weevils from 
Virginia and the Carolinas, Georgia, Florida, south Alabama, California, Arizona, and Louisiana. 
Efforts are ongoing to eradicate the weevil from the rest of the United States. Continued success 
is also based on prohibition of unauthorized cotton growing, outside of the program, and constant 
monitoring for any recurring outbreaks. In the 1980s, entomologists at Texas A&M have pointed 
to the spread of another invasive pest, fire ants, as a factor in the weevils' population decline.  
 
Control  
Other avenues of control that have been explored include weevil-resistant strains of cotton, the 
parasitic wasp Catolaccus grandis, the fungus Beauveria bassiana, and the Chilo iridescent virus. 
Genetically engineered Bt cotton is not protected from the boll weevil.  
 
Malathion 
Malathion is the primary pesticide used to eradicate the boll weevil. It is applied to cotton fields at 
ultra-low-volume rates of 10 to 16 oz/acre (43,560 ft2) from contract aircraft. That’s like taking a 
can of soda and evenly distributing its contents over a football field. High-clearance tractors and 
truck-mounted sprayers are also used to treat fields that cannot be treated with aircraft. The 
application rate for ground equipment is approximately 16 oz/acre. 
 
The eradication program applies insecticide only in infested cotton fields. In most new program 
areas, treatments begin in the late summer or early fall. Infested fields will generally receive an 
average of seven applications during this initial treatment period. Applications are monitored, 
especially around environmentally sensitive areas such as schools, hospitals, churches, and 
housing developments, to guard against exposure.  
 
After the initial fall applications, treatments in subsequent seasons are applied only where weevils 
are detected, from before the cotton blooms until harvest. Based on continuous trapping surveys, 
the number of fields requiring treatment in subsequent years usually goes down dramatically until 
eradication is accomplished. 
 
You may contact the following offices for more information about the program: 
Arizona Cotton Research and Protection Council: (602) 438–0059 
Arkansas Boll Weevil Eradication Foundation: (501) 223–2763 
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Bollworm/Tobacco Budworm 
 
 

 
BUDWORM MOTH EXAMPLE 

 
Heliothis larvae damage bolls and squares. Larvae chew holes into the base of bolls and may 
hollow out locks. Moist frass usually accumulates around the base of the boll. Larvae may also 
chew shallow gouges in the boll surface, which can become infected with rot organisms. Bracts 
of young squares flare outward and the squares become yellow and abort from the plant. Older 
squares may remain but usually have a round hole and frass near the base. Fifth-instar larvae 
are the most destructive; they not only damage more fruit than do earlier instars, but they damage 
larger fruit that are harder for the plant to replace. 
 
To monitor for budworm and detect early stages of an infestation, check buds and flowers for 
small holes. In small plantings, the most practical control is hand picking the caterpillars. Tobacco 
budworm larvae are most active during dusk and best discovered at this time. During daylight 
hours, they often hide around the base of the plant. The tobacco budworm is a difficult insect to 
control with insecticides.  
 
Synthetic pyrethrins, also known as pyrethoid insecticides, can provide best control of tobacco 
budworm. These recently have become much more commonly available at garden centers and 
nurseries. They go under a wide variety of trade names but include as the active ingredient 
permethrin, esfenvalerate, cyfluthrin, bifenthrin or related compounds.  
 
Natural pyrethrins, also a commonly sold garden insecticide, have not been effective against 
tobacco budworm in Colorado State University trials, possbily due to its very short persistence. 
Spinosad-containing products should also be effective. The impact of a budworm infestation 
depends on the number of larvae present, the age of the larvae, and the timing of damage relative 
to the crop's fruiting cycle.  Although large larvae do most of the damage, it is not possible to kill 
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a significant proportion of them once they are older than the third instar. Monitoring and control 
must therefore be aimed at the eggs and small larvae. 
 
Natural Enemies 
Natural enemies are very important in managing populations of budworms. Damaging populations 
usually do not appear until late in the season, after treatments for other pests have disrupted 
natural controls. Insecticides are needed only if the population exceeds the treatment threshold 
while the crop has a significant number of squares or green bolls that will have time to develop 
into mature bolls by season's end. There is no need to treat once bolls begin cracking, because 
most bolls are too mature by that time to be susceptible and squares still present will not have 
time to mature. In the low desert valleys, there are two periods when injury can occur—one in 
each fruiting cycle. 
 
Biological Controls 
Many predators and parasites combine to substantially maintain Heliothis populations at low 
levels. Insecticide sprays for other pests will disrupt this natural control. 
 
Cultural Control 
Heliothis are attracted to succulent, rank-growing cotton plants; keep water, fertilizer, and plant 
density at recommended levels to avoid rank growth. Because populations seldom reach 
damaging levels before late summer, manage the crop for early maturing and plan to defoliate by 
late September.  The use of Bt cotton will help prevent damage by this pest. A recently developed 
transgenic cotton, Bollguard II, offers suppression of cotton bollworm, along with beet armyworms, 
pink bollworm, and tobacco budworm. 
 
Bacillus thuringiensis/Bt 
Insecticides containing Bacillus thuringiensis/Bt (Thuricide, Dipel, etc.) are effective biological 
controls when used on some plants. However, the insect must eat the Bt in order for it to be 
effective. On plants such as geranium, where the caterpillars drill into the buds and eat little of the 
outside surface, Bt is not effective. On petunia, where caterpillars eat a great deal of the blossom, 
Bt can provide a marginal amount of control.   
 
Developing varieties of bedding plants resistant to tobacco budworm may provide a long-term 
means of managing tobacco budworm. For example, some variation in susceptibility to this insect 
has been observed among petunia cultivars. Also, ivy geraniums (Pelargonium peltatum) are 
much less frequently damaged than standard types (Pelargonium x hortorum). Maintaining potted 
plants in protected areas, such as garages, between seasons can allow tobacco budworm pupae 
to survive in the soil. If potted geraniums or other tender perennial host plants are kept between 
seasons, remove the soil to eliminate pupae and repot the plants before overwintering. 
 
Summary 
Although bollworm and tobacco budworm are two distinct species, the larvae can be difficult to 
distinguish. Both are robust, variously colored caterpillars that feed on cotton fruit. One of the best 
ways to distinguish between these two species of caterpillars is to check for the presence of an 
extra tooth on the inner surface of the mandible, a character that is present in tobacco budworm 
but absent in bollworm.  
 
However, this method is difficult to use with small caterpillars. The moths, on the other hand, are 
easy to distinguish.  The tobacco budworm moth has three distinct diagonal strips on each wing, 
while the bollworm moth is larger, buff tan in color, and usually has a distinct dark spot in the 
center of each front wing.  
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Cotton Aphids 
 

 
COTTON APHID EXAMPLE 

 
Cotton aphid, Aphis gossypii Glover 
Cowpea aphid, Aphis craccivora (Koch) 
Aphididae, HEMIPTERA 
 
Aphis gossypii is a tiny insect or greenfly in the superfamily Aphidoidea in the order Hemiptera. It 
is a true bug and sucks sap from plants. It is a widely distributed pest of a variety of agricultural 
crops in the families Cucurbitaceae, Rutaceae and Malvaceae.  Common names include cotton 
aphid, melon aphid and melon and cotton aphid.  
 
Cotton aphid is the most common aphid on cotton in California and it can be present at any time 
during the growing season. Cotton aphid is highly variable in body size and color, and adults may 
be winged or wingless. Nymphs and adults of wingless cotton aphids vary in color from yellow to 
green to nearly black. The darker forms tend to be substantially larger. Nymphs that are 
developing into winged adults look very different from the nymphs developing into wingless adults: 
they bear small welts or protuberances on their bodies and may be covered with a coat of dusty-
appearing whitish wax.  
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Their body color is often greenish blue, or amber and blue. The different forms of the cotton aphid 
differ in their ability to cause population outbreaks and plant damage so it is important to be aware 
not only of the number of aphids present, but also of their color form. The small yellow aphids 
develop slowly from newborn nymph to adult and do not produce many offspring; thus, their 
populations rarely increase rapidly. The larger, darker aphids (green and black) are quite different; 
they develop more rapidly, produce many more offspring in a rapid burst, and can generate rapid 
population growth rates.  
 
Damage 
The nature of damage caused by cotton aphid varies seasonally with the growth stage of the 
plant. 
 
Pre-squaring (Early Season) 
Heavy populations on seedling cotton can cause crinkling and cupping of leaves, a failure of 
leaves to expand, defoliation, and a severe stunting of seedling growth. In addition, honeydew 
contamination on leaves may make the leaves appear wet and shiny. Cotton appears to be able 
to compensate fully for early season damage as long as the aphid feeding ceases. 
 
Squaring and Boll Production (Mid-season) 
Light aphid populations (20/leaf) on mid-season cotton often do not generate any obvious damage 
symptoms. Heavy aphid populations create the same symptoms as observed on seedling cotton 
(cupped, crinkled leaves, honeydew accumulations, sooty mold, and in extreme cases, limited 
defoliation). Heavy aphid populations at this time can decrease the size of bolls, stunt plant 
growth, and may increase square and boll shedding. 
 
From the Opening of the First Boll until Harvest (Late Season) 
The cotton crop is most sensitive to cotton aphid damage at this time because honeydew can 
contaminate the exposed cotton lint. Aphid populations as low as 5/leaf can result in honeydew 
deposition on lint. 
 
Management 
Generally, cotton aphid populations on seedling cotton plants (pre-square) in most regions of the 
western United States are not considered a pest problem. However, some areas have 
consistently severe and prolonged problems with early season aphids. Growers in these areas 
may need to adopt a more aggressive approach to monitoring and controlling these pests, 
especially when their fields have a history of early season aphids persisting into the period when 
squares are produced and yield losses can occur. 
 
Summary 
Cotton aphids are small, slow moving, highly prolific insects that feed primarily on the underside 
of cotton leaves. Both winged and wingless forms of adult aphids can be seen in this photo, along 
with nymphs and the white shed skins that are cast as aphids grow.  The two black tail-pipe like 
structures protruding from the back of the abdomen of cotton aphids are known as cornicles, and 
are a useful character in aphid identification.  
 
"Cupped leaves" can result when high numbers of aphids feed on young developing leaves. 
Heavy, prolonged infestations of aphids are capable of causing severe stunting. Aphids also 
excrete honeydew, which under arid late season conditions can result in a condition known as 
"sticky cotton" that can cause problems at spinning mills. 
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European Corn Borer 
 

 
 

EUROPEAN CORN BORER MOTH EXAMPLE 
 

European corn borer is primarily a pest of corn, but is occasionally found in Mississippi cotton 
fields, particularly fields that have received few insecticide treatments. European corn borers 
damage cotton by boring in the stem or by boring into bolls.  
 
During the later portion of the season, European corn borer moths are frequently seen in cotton 
fields that are located near corn. The moth of the European corn borer is readily distinguished 
from moths of most cotton pests by its characteristic wing shape (note how the margin of the 
forewing curves near the tip). 
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Beet Armyworm 
A complete absence of body hairs is one of the most notable traits of beet armyworm caterpillars, 
a trait that they share with yellow striped armyworms.  
 
The presence of a small dark spot directly over the middle pair of true legs is also helpful in 
identifying the lighter color phases of beet armyworm (this dot is obscured or difficult to see in the 
darker color phases, and is barely distinguishable in this caterpillar).  
 
The beet armyworm moth is about 1/2 inch in length and has grey forewings with a distinct light 
colored spot near the center.  
 
The hind wings are white, making moths that are flying appear lighter in color. Eggs are deposited 
in masses containing many dozen eggs, usually on the underside of the leaf, and covered with 
scales from the body of the female moth. 
 
Larvae feed gregariously for several days after hatching. Initially larvae feed from the underside 
of the leaf but leave the upper clear epidermis of the leaf intact, which results in windowpane-like 
damaged areas that are often referred to as "hits".  
 
These "hits" are easily seen from the top side of the leaf and are often used in scouting for beet 
armyworms. Beet armyworm larvae are primarily foliage feeders, and therefore, defoliation is the 
primary type of damage. However, during heavy outbreaks, larvae will also feed on blooms and 
other fruit forms. Beet armyworms pupate in the soil. 
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Plant Bugs 
 

 
 
The large and diverse insect family Miridae contains the plant bugs, leaf bugs, and grass bugs, 
and may also be known as capsid bugs. It is the largest family of true bugs belonging to the 
suborder Heteroptera, with over 10,000 known species and new ones constantly being described. 
They are small, terrestrial insects, usually oval-shaped or elongate and measuring less than 12 
millimeters (0.5 in) in length. Some are brightly colored, others drab or dark. Some genera are 
ant mimics at certain stages of life. Most of the more well-known mirids have received attention 
because they are agricultural pests. They pierce plant tissues and feed on the juices. 
 
Some mirid species: 

 Lygus bugs (Lygus spp.), including the tarnished and western tarnished plant bugs, are 
serious pests in the cotton, strawberry, and alfalfa industries. 

 Stenotus binotatus, a minor pest of cereal crops, especially wheat. 

 Apple dimpling bug (Campylomma liebknechti) damages apple blossoms and small 
growing fruits. 

 Mosquito bugs Helopeltis spp. - that infest various crops including tea, cacao and cotton. 

 Honeylocust plant bug (Diaphnocoris chlorionis) damages foliage on honeylocust trees. 

 Green mirid (Creontiades dilutus) damages many types of field crops. 

 Potato mirid (Calocoris norvegicus) is a noted pest of potato and clover plants in New 
Zealand. 

 Deraeocoris nebulosus prefers other insects to plants in its diet, and has been used as a 
biocontrol agent against mites and scale insects. 
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Summary 
Adult tarnished plant bugs are approximately 1/4 of an inch in length and tarnished brown in color. 
The small inverted triangle located in the center of the back is typical of plant bugs and other 
insects in this group. The sharp downward bend in the wings is a useful character in identifying 
tarnished plant bug adults. The five distinct spots on the back of the nymph of the tarnished plant 
bug are useful characters to look for in identifying this fast moving insect. Plant bugs cause 
damage by feeding on small squares with their piercing/sucking mouthparts.  
 
These blasted squares turn black and are soon shed from the plant resulting in an abscission 
scar. Many factors other than injury by plant bugs also can cause fruit to shed. Plant bugs also 
can cause damage by feeding on young bolls, resulting in small, dark sunken lesions on the 
surface of the boll.  
 
Slicing bolls that are damaged in this manner will often reveal local "jellied" areas where the 
salivary enzymes injected by the plant bug have destroyed developing tissue. Other plant bugs 
include cotton fleahoppers, which are much smaller than tarnished plant bugs and cause damage 
primarily by blasting small squares, and clouded plant bugs which primarily occur during late 
season and damage bolls similarly to tarnished plant bugs.  

 
 
Spider Mites 
Two-spotted spider mite is one of the more common of several species of mites that attack cotton. 
Mites are not insects, but are closely related. Spider mites are very small, but when high numbers 
occur they can cause damage to the leaves known as "stippling," which is a readily observed 
symptom of heavy mite infestation. 
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Stink bugs 
 

 
 
Several species of stink bugs are capable of attacking cotton. These include the southern green 
stink bug, green stink bug, and the brown stink bug. Note that the nymph of the brown stink bug 
looks much different than the adult. The nymph of the green stink bug differs greatly from the 
adult stage.  
 
The Species 
Pentatomidae, Greek pente meaning five and tomos meaning section, is a family of insects 
belonging to order Hemiptera including some of the stink bugs and shield bugs. The scutellum 
body is usually trapezoidal in shape, giving this family the name 'shield bug'. The tarsi are 3-
segmented.  
 
The forewings of stink bugs are called hemelytra, with the basal half thickened while the apex is 
membranous (as are the hindwings). The name stink bug derives from their tendency to eject a 
foul smelling glandular substance secreted from pores in the thorax when disturbed; in some 
species the liquid contains cyanide compounds with a rancid almond scent. This is a form of 
antipredator adaptation. 
 
Agricultural Pest Insects 
The idiomatic term "stink bug" is also applied to distantly related species such as Boisea trivittata, 
the "boxelder bug", and entirely different types of insects such as beetles in the genus Eleodes 
("pinacate beetles"). In its native range, it feeds on a wide variety of host plants. Fruits attacked 
include apples, peaches, figs, mulberries, citrus fruits and persimmons.  
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This true bug has also been reported on many ornamental plants, weeds, soybeans and beans 
for human consumption. Feeding on tree fruits such as apple results in a characteristic distortion 
referred to as “cat facing,” that renders the fruit unmarketable as a fresh product. 
 
Many stink bugs and shield bugs are considered agricultural pest insects, because they can 
create large populations, they suck plant juices and damage crop production, and they are 
resistant to many pesticides.  
 
However, some genera of Pentatomidae are considered highly beneficial: the anchor bug, which 
can be distinguished by the red-orange anchor shape on the adult, is one example. It is a predator 
of other insects, especially Mexican bean beetles, Japanese beetles, and other pest insects. They 
are also commonly eaten in Laos, and are regarded as delicious due to their extremely strong 
odor. The insects are sometimes pounded together with spices and a seasoning to prepare cheo, 
a paste mixed with chilies and herbs. 
 
Life Cycle 
Adults are approximately 17 mm long (25 mm = one inch) and are shades of brown on both the 
upper and lower body surfaces. They are the typical “shield” shape of other stink bugs, almost as 
wide as they are long.  
 
To distinguish them from other stink bugs, look for lighter bands on the antennae and darker 
bands on the membranous, overlapping part at the rear of the front pair of wings. They have 
patches of coppery or bluish-metallic colored puntures (small rounded depressions) on the head 
and pronotum.  
 
The name “stink bug” refers to the scent glands located on the dorsal surface of the abdomen 
and the underside of the thorax. 
 
The eggs are elliptical (1.6 x 1.3 mm), light yellow to yellow-red with minute spines forming fine 
lines. They are attached, side-by-side, to the underside of leaves in masses of 20 to 30 eggs. 
 
There are five nymphal instars (immature stages). They range in size from the first instar at 2.4 
mm to the fifth instar that is 12 mm in length. The eyes are a deep red. The abdomen is a yellowish 
red in the first instar and progresses to off-white with reddish spots in the fifth instar. 
Protuberances are found before each of the abdominal scent glands on the dorsal surface. The 
legs, head and thorax are black.  
 
Spines are located on the femur, before each eye, and several on the lateral margins of the thorax. 
 
For more on Stink bugs, see also 
 Acrosternum hilare, green stink bug 
 Halyomorpha halys, brown marmorated stink bug 
 Nezara viridula, southern green stink bug 
 Pentatoma rufipes, forest bug 
 Rhaphigaster nebulosa 
 Troilus luridus 
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Thrips 
 

 
THRIP EXAMPLE 

 
Seedling cotton is attacked by several species of thrips. Adult thrips are less than 1/16th of an 
inch in length and have fringed wings which are usually folded along the back. Immature thrips 
are wingless and are often a pale yellow or straw colored.  
 
Damage is caused by feeding on very young developing plant parts, resulting in leaves that are 
crinkled and distorted once they expand. 
 

Yellowstriped Armyworms 
Yellowstriped armyworms are common in Southern cotton fields throughout the growing season, 
but seldom occur in damaging numbers. They are easily identified by the absence of body hairs 
and the distinct yellow stripe that runs along either side of the body.  
 
Yellowstriped armyworms can be easily distinguished from beet armyworms by the white inverted 
"Y" that appears on the head capsule, similar to that found on fall armyworms.  
 
Southern armyworm is another armyworm that occasionally occurs in cotton, though rarely at 
treatable levels. This armyworm, which because of its large egg masses is often found in large 
clusters, is highly variable in color and markings. 
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Fall Armyworm 
Fall armyworms attack both corn and cotton, as well as a variety of other crops. They are 
distinguished from the other armyworms found in cotton by the presence of stiff body hairs, but 
beginning scouts often confuse them with bollworm/tobacco budworm.  
 
However, a distinct inverted white "Y" shape on the head capsule of larger fall army-worm larvae 
helps readily distinguish them from bollworm and tobacco budworm (note that this "Y" shaped 
area is present on all caterpillars, but it stands out distinctly on fall armyworm because it is colored 
white).  
 
Fall armyworm moths are dimorphic. Female moths are grey and unmarked, while male moths 
have more distinct markings.  
 
Eggs are deposited in masses. In cotton egg masses are usually deposited on the undersides of 
leaves in the lower portion of the canopy, and larvae disperse from the site soon after hatching.  
 
Small larvae are most commonly found feeding on the insides of the bracts of large bolls and this 
is one of the most important sites to check when scouting for this pest.  
 
Older larvae may be found feeding or resting in open blooms, but the primary damage is inflicted 
by older larvae feeding in large bolls.  
 

Loopers 
Two species of loopers are commonly found in cotton, the cabbage looper and the soybean 
looper. Distinguishing between these two species can be challenging, but in general, loopers are 
easily identified by the fact that they only have two pairs of abdominal prolegs, which causes them 
to move in a "looping" manner (most caterpillars have four pairs of abdominal prolegs).  
 
Eggs are deposited individually on the undersides of leaves and the young looper larvae begins 
feeding at this site soon after hatching.  
 
Loopers are strictly foliage feeders, so defoliation by larger larvae is the type of damage inflicted. 
Loopers pupate on the undersides of leaves after spinning a very thin, transparent cocoon. Looper 
moths are easily identified by the distinct silver spots located on each forewing.  
 

Pink Bollworm 
Larvae of pink bollworm feed in developing and mature bolls, especially on the seed. Full grown 
larvae are about 1/4 inch in length and are pink in color.  
 
Younger larvae of the pink bollworm are white in color, and except for the dark head capsule, 
are difficult to see in the lint of developing bolls.  
 
The small pupa is also commonly found inside mature bolls, or inside the seed of ginned cotton.  
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Topic 15 - Post Quiz 

Answers at the rear of Glossary 
 
Identify the missing term or word 
 
1.  The _________is considered the key pest in cotton production because the 
insecticides that cotton growers traditionally use early in the season to control weevils 
also eliminates many beneficial insects.  
 
 
2.  The tobacco budworm is a difficult insect to control with insecticides._________, also 
known as pyrethoid insecticides, can provide best control of tobacco budworm.  
 
 
3.  ___________is highly variable in body size and color, and adults may be winged or 
wingless.  
 
 
4.  _________________is primarily a pest of corn, but is occasionally found in 
Mississippi cotton fields, particularly fields that have received few insecticide treatments 
 
 
5.  A complete absence of body hairs is one of the most notable traits of beet armyworm 
caterpillars, a trait that they share with_________________. 
 
 
6.  Adult tarnished plant bugs are approximately 1/4 of an inch in length and tarnished 
brown in color. The small inverted triangle located in the center of the back is typical of 
_________ and other insects in this group. 
 
 
7.  Several species of stink bugs are capable of attacking cotton. These include the 
southern green stink bug, green stink bug, and the_______________. 
 
 
8.  Yellowstriped armyworms can be easily distinguished from beet armyworms by the 
white inverted "Y" that appears on the head capsule, similar to that found 
on_____________. 
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9.  Fall armyworms attack both corn and cotton, as well as a variety of other crops. They 
are distinguished from the other armyworms found in cotton by the presence of stiff 
body hairs, but beginning scouts often confuse them with_____________.  
 
 
10.  Larvae of ______________feed in developing and mature bolls, especially on the 
seed. Full grown larvae are about 1/4 inch in length and are pink in color. 
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Topic 16 - 1 node Ant Identification and Control Section 
 
Section Focus: The student will be able to understand and describe various commonly found 1- 
node ants and identify various ant controls. At the end of this section, you will be able to 
understand and describe commonly found ants (1 node ants). There is a post quiz at the end of 
this section to review your comprehension and a final examination in the Assignment for your 
contact hours.   
 
Scope/Background: Twenty-one species of ants are commonly found to be pests in North 
America. They affect a variety of areas, such as indoors, landscapes, ornamental plants, 
sidewalks and slabs, structural soundness, and turf and lawns. Practicing Integrated Pest 
Management by removal of debris, nesting sites, food and moisture are key factors in controlling 
pests in every situation. The addition of baits and residual sprays helps to ensure proper control. 
Some ant species live in colonies that are supported by a single queen while others are supported 
by multiple queens. Although there are 1,000 ant species known in the U.S., there are relatively 
few that we commonly see as pests.  

 
Various 1 node Ants and Identification - Top drawing, Carpenter Ant; below, 
Odorous House Ant or Piss Ant. One node verses two nodes. 
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Ant Introduction 
 
All ants live in colonies, which consist of an egg-laying female (queen), short-lived males, and 
workers (sterile females). The ants you see foraging in your garden or kitchen are workers. 
Workers that find food communicate with other workers by depositing a chemical message on the 
substrate as they crawl back to the nest.  
 

 
 

ANT LIFE CYCLE DIAGRAM 
 
Although we cannot smell it, this “trail pheromone" sticks to the substrate for long periods of time 
and helps other ants find the food at the end of the trail. In the spring, ants develop wings and fly 
to new locations and invade homes to forage for food or to establish a new nest. Ants are a major 
annoyance to homeowners and are difficult to control. You should not underestimate the 
importance of good sanitation to eliminate food sources, although good sanitation may not control 
an ant infestation by itself.   
 
Although we do not like sharing our homes with ants, they are beneficial organisms in the balance 
of nature. In nature, ants greatly reduce the amount of dead and decaying plant and animal 
organic matter. They also aerate the soil with their nests. Many ant species have a fondness for 
honeydew that aphids produce from feeding on plants. Large numbers of ants crawling on a plant 
may be a sign of serious aphid infestation.   
 
Ant infestations are not easy to control and different strategies should be used depending on nest 
location and food preferences of the ants.  
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Ants can be controlled with a combination of good sanitation, removing pheromone trails, caulking 
entry points, and eliminating active nests. Insecticide sprays and baits can be used to kill foraging 
ants and destroy nests, but strategies designed to prevent further infestations should be used in 
conjunction with chemical treatment. 
 
There are 455 different types of ants found in North America and around 8,000 worldwide that 
have been identified. They are black, brown or reddish-brown in color. Size varies from 1/16 of 
an inch long to 1 inch. The queens may from 1 to as long as 15 years! It is the carpenter ants that 
invade decaying areas of lumber in buildings hollowing them out and causing serious structural 
damage.  
 
Stinging ants like the red imported fire ant (reddish color, 1/4 inch in length) and the southern fire 
ant (brownish-red with black of brown abdomen and head, 1/16 to 1/4 inch in length) inflict highly 
painful stings. They can be quite dangerous to babies and young children. All ant ants aside if 
you can tolerate some ants, they are fascinating to watch. They do aerate the soil and destroy 
some caterpillar pests. 
 
Most ants eat a wide variety of foods, although some have specialized tastes. Fire ants feed on 
honeydew, sugars, proteins, oils, seeds, plants and insects. Pharaoh ants feed on sugars, 
proteins, oils and insects. Crazy ants like sugars, protein, and insects; carpenter ants prefer 
sugars and insects. 
 
Ants belong to the insect order Hymenoptera and are close relatives of bees and wasps. They 
are familiar insects that are easily recognized, especially in their common wingless adult forms, 
known as workers. However, winged forms of ants, which leave the nest in large numbers in warm 
weather to mate and establish new colonies, are often mistaken for winged termites, which also 
leave their nests to mate. Ants and termites can be distinguished by three main characteristics:  

 The ant’s body is constricted, giving it the appearance of having a thin waist; the termite’s 
body is not constricted.  

 The ant’s hind wings are smaller than its front wings; the termite’s front and hind wings 
are about the same size. (Shortly after their flights, both ants and termites lose their wings, 
so wings may not always be present.) 

 Winged female and worker ants have elbowed antennae; the termite’s antennae are not 
elbowed. 

Metamorphosis 
Ants undergo complete metamorphosis, passing through egg, larval, pupal, and adult stages. 
Larvae are immobile and wormlike and do not resemble adults. Ants, like many other 
hymenopterans, are social insects with duties divided among different types, or castes, of adult 
individuals. Queens conduct the reproductive functions of a colony and are larger than other ants; 
they lay eggs and sometimes participate in the feeding and grooming of larvae. Female workers, 
who are sterile, gather food, feed and care for the larvae, build tunnels, and defend the colony; 
these workers make up the bulk of the colony. Males do not participate in colony activities; their 
sole purpose is to mate with the queens. Few in number, males are fed and cared for by workers. 
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Ant Control Introduction  
 
There are two categories of ants that will be encountered with an ant problem. The best control 
strategy depends on the type of infestation.  Ants that live outside will travel inside the home to 
search for food. Some species may ultimately reside in houses, discussed later in this section. To 
prevent both of these scenarios, follow these procedures:  
 
First, cracks and crevices should be sealed to eliminate passages into the home. If you do not 
seal entry points, ants will probably find their way into your house at some later time.  
 
Second, scrub around entry points with a detergent (to remove the trail pheromone) and spray a 
residual insecticide around entry points. Bait treatments and insecticides can be used to control 
ants in the outside nest. To be effective, baits must be placed in areas where ants frequent, be 
eaten, and be taken back to the nest. There are several different kinds of baits available, and you 
may have to do a little trial-and-error to find the proper bait.  
 
Because the ants must get back to the nest for satisfactory control, this strategy may be 
incompatible with insecticide sprays, which may kill worker ants before they can get back to the 
nest with the bait. The successful use of a bait may take several weeks or more. Insecticide 
dilutions can be used outside to successfully drench ant nests. Be sure to follow label 
recommendations for correct procedures when applying the insecticide.   
 
There are some types of ants that actually establish a nest inside your home, instead of merely 
entering to forage for food and returning outdoors. Ants in this category may be present year 
round, although they will be more active in the warmer months. Ant species that may live in United 
States homes include crazy ants, odorous house ants, pavement ants, pharaoh ants, thief ants, 
and carpenter ants.  
 
All of these ants may infest food products. Spraying a residual insecticide to control foraging 
workers may provide only short-term control. Even when over 99 percent of foraging workers are 
killed by insecticide sprays, the colony may rebuild to its original numbers. Location and total 
destruction of the nest is the most direct way to eliminate this ant infestation.   
 
Ant baits, described above, can again be a useful tool in eradicating inside-the-home ant nests, 
although baits may not work as well with carpenter ants as with the other species mentioned. 
Again, workers must eat the bait, take it back to the nest, and feed it to the queen and larval ants. 
This type of control is incompatible with treatments that prevent workers from returning to the nest 
with the bait.   
 
IPM Control Program  
An Integrated Pest Management (IPM) approach offers a greater chance for control of ants. An 
IPM approach incorporates all available control methods into a pest management program. IPM 
methods include identification, inspection, sanitation, exclusion, and chemical strategies.  
 
Collection Tip  
One way to collect ants for identification is to place a dab of honey or sugar water in the center of 
an index card. Place the index card covered in ants into a plastic bag, and then place the bag in 
the freezer. The cold temperatures will slow the ants down or kill them. When they are 
immobilized, the ants can be easily tapped into a vial of alcohol and submitted for identification.   
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Termite Introduction  
 
Termites also develop wings and swarm during the spring and look similar to flying ants. Examine 
them closely to make sure that you have the correct pest! Ants are thin-waisted and have elbowed 
antennae. Termites have thicker waists and have antennae that resemble strings of tiny beads. 
You may need a magnifying glass to examine antennal features.  
 
As a group, ants have a wide food range, feeding on sweet foods, greasy materials, starchy 
substances, wood, and all kinds of plant and animal materials. Part of the reason that ants become 
a nuisance in our homes is that they often like the same kinds of food that we do.    
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ANT IDENTIFICATION 

1 NODE ANTS 
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ANT IDENTIFICATION 

2 NODE ANTS 
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Ant Classification Sub-Section 
 
We would like to classify ants as big or small but this is difficult so we will classify as one-node 
verses two-nodes and hidden nodes. Effective management approaches vary with ant species. 
Use behavioral characteristics such as food and nesting preferences along with physical 
characteristics to identify ants. A first step in identifying ants is to use a magnifier to determine if 
they have one or two nodes at the petiole of their abdomen. Locate the petiole, the first portion of 
the abdomen, and count the number of nodes present. 
 

One-Node Ants 

 
 

Argentine ant (Linepithema humile) 
Food: sweets, sometimes proteins. Nest: outdoors in shallow mounds. 1/8 inch, dull brown. 

 

 
Crazy Ants Various species from Yellow to Raspberry 
Crazy ants vary from red-brown to grayish, and even black in color. Crazy ants are very easy to 
identify due to their fast, excited movements. Node is often hidden or difficult to see. 
Range from 1/12-inch to 1/8-inch in length. Various colors. 
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CARPENTER ANT QUEEN 
 

 
 
Carpenter ant (Camponotus spp.) 
Food: sweets. Nest: in tree stumps, firewood, fence posts, hollow doors or window frames; 
deposit sawdust like frass outside of nests. Large, 1/4 to 1/2 inch, black or bicolored red or 
black. 
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ODOROUS ANT (TAPINOMA SESSILE) 

 
 
Odorous house ant (Tapinoma sessile) 
Food: sweets, sometimes proteins. Nest: in shallow mounds in soil or debris, or indoors in wall 
voids, around water pipes or heaters. 1/8 inch, dark brown to shiny black; very strong odor when 
crushed. 
 

 

 
 

VELVETY TREE ANT EXAMPLE 
 
Velvety tree ant (Liometopum occidentale) 
Food: sweets and insects. Nest: in dead wood such as old tree limbs, stumps, and logs. 
1/8 to 1/4 inch, brownish-black head, red thorax, and velvety black abdomen; very distinct odor 
when crushed  
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Acacia Tree Ants, often confused with RIFA– 2 node ant 
 

 
 
 
Bullhorn Acacia is best known for its symbiotic relationship with a species of Pseudomyrmex ant 
(Pseudomyrmex ferruginea) that lives in its hollowed-out thorns. Unlike other acacias, Bullhorn 
acacias are deficient in the bitter alkaloids usually located in the leaves that defend against 
ravaging insects and animals. Bullhorn acacia ants fulfill that role. 
 
The ants act as a defense mechanism for the tree, protecting it against harmful insects, animals 
or humans that may come into contact with it. The ants live in the hollowed-out thorns for which 
the tree is named. In return, the tree supplies the ants with protein-lipid nodules called Beltian 
bodies from its leaflet tips and carbohydrate-rich nectar from glands on its leaf stalk.  
 
These Beltian bodies have no known function other than to provide food for the symbiotic ants. 
The aggressive ants release an alarm pheromone and rush out of their thorn "barracks" in great 
numbers. 
 
According to Daniel Janzen, livestock can apparently smell the pheromone and avoid these 
acacias day and night. Getting stung in the mouth and tongue is an effective deterrent to browsing 
on the tender foliage. In addition to protecting A. conigera from leaf-cutting ants and other 
unwanted herbivores, the ants also clear away invasive seedlings around the base of the tree that 
might overgrow it and block out vital sunlight. 
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Antlions 
 
Antlions are a group of insects in the family Myrmeleontidae (sometimes misspelled as 
"Myrmeleonidae"). The most well-known genus is Myrmeleo. There are about 2,000 species. 
Strictly speaking, the term "antlion" applies to the larval form of the members of this family, but 
while several languages have their own terms for the adult, there is no widely used word for them 
in English. Very rarely, the adults are called "antlion lacewings". 
 
The antlion larva is often called 
"doodlebug" in North America because of 
the odd winding, spiraling trails it leaves in 
the sand while looking for a good location 
to build its trap, as these trails look like 
someone has doodled in the sand 
 
An average-sized larva digs a pit about 2 
inches deep and 3 inches wide at the 
edge. This behavior has also been 
observed in a family of flies, the 
Vermileonidae, whose larvae dig the same sort of pit to feed on ants. Having marked out the 
chosen site by a circular groove, the antlion larva starts to crawl backwards, using its abdomen 
as a plough to shovel up the soil. By the aid of one front leg it places consecutive heaps of 
loosened particles upon its head, then with a smart jerk throws each little pile clear of the scene 
of operations.  
 
Proceeding thus it gradually works its way from the circumference towards the center. As it 
slowly moves round and round, the pit gradually gets deeper and deeper, until the slope angle 
reaches the critical angle of repose (that is, the steepest angle the sand can maintain, where it 
is on the verge of collapse from slight disturbance). When the pit is completed, the larva settles 
down at the bottom, buried in the soil with only the jaws projecting above the surface, often in a 
wide-opened position on either side of the very tip of the cone. 
 
Since the sides of the pit consist of loose sand at its angle of repose, they afford an insecure 
foothold to any small insects that inadvertently venture over the edge, such as ants. Slipping to 
the bottom, the prey is immediately seized by the lurking antlion; or if it attempts to scramble up 
the treacherous walls of the pit, it is speedily checked in its efforts and brought down by showers 
of loose sand which are thrown at it from below by the larva. By throwing up loose sand from the 
bottom of the pit, the larva also undermines the sides of the pit, causing them to collapse and 
bring the prey with them. Thus it does not matter whether the larva actually strikes the prey with 
the sand showers. 
 
Antlion larvae are capable of capturing and killing a variety of insects and other arthropods, and 
can even subdue small spiders. The projections in the jaws of the larva are hollow and through 
this the larva will suck the fluids out of its victim. After the contents are consumed, the dry carcass 
is flicked out of the pit. The larva readies the pit once again by throwing out collapsed material 
from the center, steepening the pit walls to the angle of repose. 
 
Antlions are especially abundant in soft sand beneath trees or under overhanging rocks. 
Apparently the larvae prefer dry places that are protected from the rain. Eventually the larva 
attains its maximum size and undergoes metamorphosis. The entire length of time from egg-
laying to adulthood may take two or three years due to the uncertainty and irregular nature of its 
food supply. When it first hatches, the tiny larva specializes in very small insects, but as it grows 
larger, it constructs larger pits and thus catches larger prey. 
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Argentine Ant  - 1 node ant 
 
 

 
ARGENTINE ANT EXAMPLE 

 
The Argentine Ant, Iridomyrmex humilus (Mayr), workers are light to dark brown and generally 
nest outdoors. It is not common in areas infested by the red imported fire ant. More about this ant 
later in this course.   
 
History 
Since the early 1900s, Argentine ants have spread to almost every corner of the globe by 
hitchhiking on cargo ships. The invaders live in unusually cooperative super colonies that span 
states, as in California, and whole regions, like the entire Mediterranean coast, according to 
Argentine ant specialist Neil Tsutsui of the University of California at Davis. 
 
However, new research is revealing that the impressive expansion of what has become the most 
common household pest in the world has also led to intense inbreeding that's now causing the 
ants to become unnaturally hostile toward their own kind.  
 
"It's sort of an unusual state of affairs," said Tsutsui of the Californian super colony. “Because 
most invading Argentine ants sprang from a few ants that came on ships, they tend to have a 
limited variety of genes in their colonies, like any inbred animals would. That's very different from 
Argentine ants in their native Argentina, however”, said Tsutsui.  
 
“In their native habitat, Argentine ant colonies can hold a wide array of ants with diverse genes. 
That makes the ants remarkably tolerant of Argentine ants that are genetically different, 
something they can detect through odor”, explained biologist David Queller of Rice University.  
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“Because the globe-trotting ants have formed very large colonies in foreign lands with very little 
genetic diversity, they now react unusually aggressively to ants that smell like they are not part of 
their big, inbred family”, said Tsutsui. "Very large colonies have a very narrow spectrum of odors," 
Tsutsui explains. So when a diversity-tolerant Argentine native hops off a ship into a super 
colony's territory, it runs into very hostile ants. In fact, the super colony ants attack preemptively," 
he said.  
 
“The irony of the situation is that the super colonies actually could benefit from the influx of new 
genes”, said Tsutsui. “In large gene pools there are often useful genes hidden in the population 
that help species survive disease outbreaks or changes in their environment. By attacking the 
more genetically diverse ants, the super colonies could be hurting their long-term survival”.  
 
“On a more theoretical level, it's just fascinating to watch a species switch from being unusually 
cooperative to being aggressive”, said Queller, “because those are two fundamental survival 
strategies seen throughout the history of life”. 
 
Characteristics  
Size: About 1/8”-inch long.  
Color: Brown. It is most often confused with the odorous house ant, but the node of the Argentine 
ant has a sharp, pointed peak, while that of the odorous house ant is flat in shape and is hidden 
by the gaster. A major pest for folks in Southern and Northern California.  
 
The Argentine ant is a one node, small, shiny, brown ant with only one size of worker.  Workers 
are usually about 1/12 to 1/8-inch long.  The queen ants are much larger, sometimes reaching 
1/4 inch in length.  This ant is found throughout the Southeastern United States and 
California.  They nest outdoors under logs, concrete slabs, debris, and mulch.  Argentine ants 
build very large colonies and can move rapidly.  During winter months, this ant will move indoors. 
 
Habitat and Behavior  
This species is common in the Southeastern US, and is a major problem in Southern California. 
A 1990 survey of urban pest ants in California showed this ant to comprise 25% of all samples 
collected. This ant nests outdoors under items on the ground, within landscape mulch, beneath 
loose bark on trees, under ground cover, in potted plants, and within piles of items, such as 
lumber, firewood, or under slabs of homes. Like the odorous house ant, the argentine ant may 
nest indoors, in walls, beneath carpeting, and other suitable voids or spaces.  
 
Super Huge Colonies  
Argentine Ants may develop super huge colonies containing thousands of workers and possibly 
thousands of queens. This species may be one of the most difficult to control. One reason these 
ants are so successful is the fact that worker ants of individual colonies are friendly towards one 
another, and colonies will join together to form super colonies. When argentine ant colonies are 
killed or removed from the area, they can be quickly repopulated by ants from colonies on 
neighboring properties.  An Argentine ant colony can suffer the loss of 99% of the colony's 
individuals, and the colony can still survive and rebuild.  No significant natural enemy of this 
species currently exists in the United States. 
  
Control 
This Ant is Successful and Very Hard to Control Because:  

 Different Argentine ant colonies in a same general locale are not enemies.  Even the many 
queens in a single colony or separate colonies are friendly to each other.  

 Argentine ants are not too "picky" when choosing a suitable site to infest or colonize.  They 
readily move their nests during the changing seasons and other conditions.  

 These pests are omnivorous; they seem to never be in short supply of food.  
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 Each colony of Argentine ants contains a multitude of workers.  
 Each worker is more courageous and harder worker than most ants.   Creatures that 

attempt to prey on Argentine ants are confronted with an army of stubborn bugs that never 
run from a fight!  

 The queens of most ant species are usually egg-laying machines.   The queen ant of 
Argentines actually helps in the care, grooming, and feeding of her young.  

 Most species of ant’s mate and reproduce by swarming; the Argentine mates in the colony, 
unexposed to the perils of birds, frogs, lizards, predator insects, and extreme weather 
conditions.  A swarmer reproductive (as seen with fire ants and carpenter ants) has about 
1 chance in 1,000 of surviving and successfully reproducing.  The Argentine ant queen 
always succeeds!  

 This ant pest has no natural enemies (of any importance) in the United States.  
 
.Control of Argentine Ants  
Argentine ants are difficult to control for the following reasons:  

 All ants are holometabolous (complete metamorphosis), having an egg, larval, pupal, and 
adult stage. Foraging adult ants are only a fraction of the total colony. Broadcast spraying 
around the perimeter of the house targets only the foraging adult ants in the colony. 
Control will be temporary since the colony will simply send out more foraging ants when 
others are killed.  

 The colony supports multiple queens if ant populations are large. If a broadcast spray 
around the house is the primary method of control, the Argentine ant workers and queens 
will scatter. When the ants scatter in sufficient numbers, new colonies can be formed. The 
one main colony can split into several smaller ones, all of which have the potential to grow. 
Thus, broadcast spraying alone can make the problem worse.  

 Unlike many other ant species, Argentine ants from different colonies do not fight. 
Therefore, their spread is less limited because they are not territorial.  

 Even with their large colony size, they are quite mobile and can move from one area to 
another quickly. A broadcast spray may temporarily alleviate an Argentine ant infestation. 
But there is a good possibility that the ants will simply move to another area until the 
chemical breaks down. After the chemical breaks down, the ants will return because they 
are constantly scouting and foraging for food, water, and nesting sites.  

 Heavy mulch against the walls of houses creates pockets of moisture that these ants need.  
 Potted plants are a favorite nesting site. Moving infested pots into the house can create 

an indoor infestation.  
 
These characteristics combine to create a pest control nightmare. Argentine ant control is an 
ongoing effort. Due to the large size of colonies and their rapid mobility, even if one colony is 
eliminated, another will move into the area over time.  
 
IPM Control Program  
An Integrated Pest Management (IPM) approach offers a greater chance for control of the 
Argentine ant. An IPM approach incorporates all available control methods into a pest 
management program. IPM methods include identification, inspection, sanitation, exclusion, and 
chemical strategies.  
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Collection Tip  
One way to collect ants for identification is to place a dab of honey or sugar water in the center of 
an index card. Place the index card covered in ants into a plastic bag, and then place the bag in 
the freezer. The cold temperatures will slow the ants down or kill them. When they are 
immobilized, the ants can be easily tapped into a vial of alcohol and submitted for identification.  
         
Inspection  
Find the source of the ants. Place bait or granules where the ants are foraging or nesting. 
Generally, Argentine ant trails will be conspicuous. If trails are not obvious, placing an index card 
with a dab of honey or sugar water where ants have been seen may help locate established trails 
as ants recruit to the sugar source. In general, treatments are not effective if they are not placed 
where ants are found.  
 
Sanitation  

 Eliminate sources of moisture (such as leaky faucets, plumbing, and free-standing water) 
and food because these ants are scavengers.  

 Clean windows of dead insects. These ants will feed on dead insects.  
 Remove the food source if ants are trailing to food. With a mild detergent, wipe ant trails 

after food is removed to erase the trail pheromone. The trail pheromone is a special 
chemical that foraging ants lay down to guide other foraging ants to food or to a new 
nesting place.  

 Spray the ants with soapy water from a spray bottle. This will often temporarily halt ant 
problems if insecticide use is of concern around food or other sensitive areas. Soap breaks 
the surface tension of the water, causing the ants to drown.  

 Check potted plants for ants before bringing the plants indoors. One way to check for ants 
is to water the soil thoroughly to force ants out of the soil.  

 
Physical Exclusion  

 Caulk cracks and crevices in the house.  
 Keep branches from coming in contact with your house (ants will walk on them into the 

house).  
 
Chemical  

 Apply chemicals judiciously. Precision spot treatments at points of entry into the house, 
such as around window sills and door thresholds, may be effective. Broadcast spraying 
for these ants is unwise. A liquid insecticide will make the area repellent to ants. Ants will 
not feed on a bait that is placed in the vicinity of a repellent liquid insecticide.  

 Bait stations designed for outdoor and indoor use have been reported to be effective in 
killing these ants. Look for products with delayed toxicants, such as hydramethylnon and 
sulfluramid. The toxicant must be slow-acting, because if ants die in the immediate area 
of the bait, other ants will avoid the area and not feed on the bait.  

 1 percent boric acid in a 10 percent sugar solution is a homemade remedy for many sweet-
loving ants, such as the Argentine ant. There are several disadvantages to this bait. First, 
it is very slow-acting. Second, because the colonies are so large, they must be given a 
constant supply, which means the homeowner would have to repeatedly check on the bait. 
Even then, control is not guaranteed. The only advantage is that this bait is inexpensive.  

 
Insecticides 
In areas of active colonies, treat walls and ceiling voids through cracks and crevices with non-
repellent boric acid dust and make bait placements. Keep the ants in the area long enough to get 
the slow-acting toxicants to the main colony where the workers, larvae and queens are poisoned. 
(A delayed-action stomach poison is recommended.) Repellent insecticides, such as pyrethrins, 
will move the colonies, spreading them further throughout the building.  
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Research has shown that it is best to use bait placement only where active ant trails are found. 
This ensures feeding, since some ants have not been able to find the bait even when only one 
inch away from the bait stations. Intersect the ant trail with bait on a cotton swab taken from the 
station to ensure instant feeding. Bait preference may change during the season due to changing 
needs of the developing colonies. An effective bait is a 99 percent boric acid formulation mixed at 
a 5 percent concentration by weight in mint apple jelly (about two level tablespoons of powdered 
boric acid per 10 ounces of mint apple jelly). Another bait is 2 percent boric acid and 98 percent 
light corn syrup.  
 
Methoprene  
A commercial bait called methoprene (Pharorid) is marketed for use by pest control operators in 
a bait that consists of liver, honey, and sponge cake. It is often difficult to use the bait ants prefer; 
as ants feed on one compound, another compound placed less than 1/4-inch away will be ignored 
until the ants spill over into the second bait.  
 
Boric Acid  
Boric acid and methoprene baits work slowly, sometimes taking 15 to 40 weeks or more before 
ant eradication. A bait containing hydramethylon (same as in Maxforce roach bait stations) gives 
quicker results, 2 to 35 days, according to certain pest control operators.  
 
Bait stations may include jumbo size plastic drinking straw sections, medicine (pill) dispensing 
cups, plastic vial caps and/or drafting (masking) tape.  
 
Placement can be made on the rear lip of kitchen counters, at plumbing pipe-wall junctions, on 
window sills, behind wall electrical outlets, above door frames, etc., in less accessible areas of 
pets or young children. There may be increased or new ant feeding activity during the early part 
of the baiting program. No other pesticides, heavy-duty cleaners, or paints should be used during 
the baiting periods to discourage ant feeding.  
 
Bendiocarb  
Applications of bendiocarb (Ficam), which is odorless, can give fast eradication of ants if 
treatments are thorough. Ficam 76 percent WP and 91 percent dust is labeled for licensed 
commercial and pest control operators. The bait products most recommended for Pharaoh ant 
control include: (boric acid plus mint apple jelly (Drax), hydramethylnon (Maxforce), methoprene 
(Pharorid), bendiocarb (Ficam), propoxur (Baygon) and sulfluramid (Pro-Control)).  
 
After bait stations are placed, one will see ants trailing to and from these bait stations. Do not 
spray or disturb the ants or bait stations. Ants must be allowed to carry the bait back into their 
nest where the active ingredient in the bait will eliminate the colony. 
 
These recommendations are provided only as a guide. It is always the pesticide applicator's 
responsibility, by law, to read and follow all current label directions for the specific pesticide being 
used. Due to constantly changing labels and product registration, some of the recommendations 
given in this writing may no longer be legal by the time you read them. If any information in these 
recommendations disagrees with the label, the recommendation must be disregarded.  
 
No endorsement is intended for products mentioned, nor is criticism meant for products not 
mentioned. The author and Technical Learning College (TLC) assume no liability resulting from 
the use of these recommendations.  
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ARGENTINE ANT EXAMPLE 
 

 

 
 

PAVEMENT ANT (PHEIDOLE SPP.) 
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Bull or Bull Dog Ant - 1 node ant 
 
 

 
 

BULL ANT EXAMPLE  
 
Myrmecia, often called bulldog ants, bull ants, inch ants, sergeant ants, jumper ants or jack-
jumpers (although jack jumper only applies to members of the M. pilosula species group), is a 
genus of ants. Bull ants can grow to over 40 mm (1.6 in) in length, with the smallest species 15 
mm (0.59 in) long.  
 
Bull ants eat small insects, honeydew (a sweet, sticky liquid found on leaves, deposited from 
various insects), seeds, fruit, fungi, gums, and nectar. The adult ants mainly eat nectar and 
honeydew, but the ant larvae are carnivores that eat small insects brought back to them by hunting 
worker ants. The workers can also regurgitate food back in the nest so other ants can consume 
it. Foes of bull ants are the black ants, which despite being much smaller, use their much greater 
numbers to overwhelm bull ant colonies. 
 
Bull ants are fierce little creatures. The sting of a bull ant is not barbed and does not remain in the 
victim, unlike the sting of a bee. The bull ant can sting again and again repeating its dose. The 
bull ant's stinger is located in the abdomen. The jaws of the bull ant workers are quite gentle 
unlike many other ants. They feed on other insects and things such as honeydew from scale 
insects. The queen bull ant leaves the nest at night to forage and supplement the food supply of 
her progeny, the baby bull ants.  
 
These ants have a red head and thorax but the abdomen are black. They make their nests 
underground and have quite extensive tunnel systems. You can usually identify a bull ant's nest 
by the mound of dirt with rather large opening, sometimes several openings at the top. The dirt is 
loosely scattered around the mound and two or three bull ant guards (soldiers) can often be seen 
in the immediate area keeping a sharp eye out for any possible intruders. 
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Formicidae (order Hymenoptera) 
There are about 8000 species of ants in the insect family Formicidae (order Hymenoptera). Ants 
live just about all over the world but they generally prefer warmer climates. They range from as 
little as 2mm to 25mm in size. Ants live eight to ten weeks passing through a four-stage life cycle, 
- egg - larva - pupa and adult. The workers are the females and do the labor of the nest while the 
larger ones are the soldiers, defending the colony. At certain times of the year many ant species 
produce winged males and queens. These fly into the air where they mate (with the male dying 
soon afterwards). The fertilized queen ant then establishes a new nest and spends the rest of her 
life laying eggs for her colony. 
 
In general, ant baits can be found as: 

 Granules for broadcast 
 Liquids 
 Gels 
 Ready-to-use, tamper resistant containers 

 
Perimeter Insecticide Treatments 
The most commonly used method for controlling carpenter ants is treating the perimeter of a 
home with a dust or spray.  There are several products available for this type of application, 
but Suspend SC, Talstar Concentrate and Cynoff WP are the best.  When used in accordance 
with their labels they work well.  However, these treatments do not keep ants from entering a 
home from overhead trees and power lines.  Also, as a stand-alone treatment, they rarely 
eliminate ants inside voids and walls. 
 
Recommended Products and Treatment 
Baiting is the preferred treatment over typical residual spraying, to eliminate the entire colony. 
The use of residual sprays or dusts will cause stress on the colonies, causing them to split into 
sub-colonies that scatter to other areas in the structure. This is also called budding. After spraying, 
the problem can be worse than at the beginning. When you bait, you will want a slow-acting bait. 
Quick-kill insecticides and baits will only kill the foraging ants, not allowing the foraging ants to 
take the bait back home to feed the queen, nest workers and brood. If the current ant bait that 
you are using is not acceptable to the ants (if they are not visiting the bait), it is recommended 
that you change the baits. Ants require carbohydrates sugars, proteins, and greases.  They find 
a variety of these sources in nature.  Examples are: other insects (proteins and greases), nectar, 
aphid honeydew, and plant products (sugar and carbohydrates).  
 
The Recommended Products for the Protein/Grease Eating Cycle Would Be:  

 Maxforce Ant Bait Stations  
 Flourguard Ant Bait Stations  
 Maxforce Ant Granulars  
 Advance Carpenter Ant Bait 

The Recommended Products for the Sugar Eating Cycle Would Be:  
 Maxforce Ant Killer Bait Gel  
 Uncle Albert’s Gel Bait 
 Revenge Liquid Ant Bait  
 Maxforce Granular Ant Bait is an excellent choice for the outside, feeding all their dietary 

needs.  
 Ant bait stations such as: Ant Cafes small or large plastic cubes (that snap shut) that keep 

the gel or dry granulated bait inside, may serve to keep the baits intact.  
 Dr. Moss Liquid Ant Bait can be applied to areas where ants are foraging. For use of Dr. 

Moss Liquid Ant Bait, you should use the Dr. Moss Liquid Ant Bait Station 
Perimeter Treatment with Good Residual Sprays Such As:  

 Suspend or Demon WP can at times prevent these ants from entering the structures.  

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

585

Carpenter Ants - 1 node ant 

 
CARPENTER ANT EXAMPLE 

 
Carpenter ants are large (about 3/8” to 1/2" long) and black or red.  Carpenter ants are usually 
larger than most other house- infesting ants. They vary in color from a dull black or reddish yellow 
color to a combination of black and dull red or reddish-orange. Worker ants range in size from 
5/16 to 7/16 inches long. Carpenter ants tunnel into wood to form nest galleries. If they go 
unnoticed for several years, they may cause structural damage. Outdoors, the ants use dead 
trees or tree limbs, stumps, logs or areas under stones as nesting sites.  
 
Once the carpenter ant nest has been located, control is relatively easy. Treatment options 
include use of a bait or residual contact insecticide applied as a dust or spray to the nest. Read 
and follow the product label for best results. It may be necessary to drill small holes in the wall 
voids, baseboards, and window and door sills to reach the nest or major part of the colony. Nests 
can also be removed and infested wood replaced, if feasible. 
 
Carpenter ants are most active in the evening hours, foraging for all kinds of food, both inside the 
house and outside. By following the ants, you may be able to tell where the nest is. Because 
carpenter ants keep the tunneled galleries very clean and push the sawdust and dead insect parts 
out small holes in the wood, a small, fresh pile of sawdust under the nest timber is the usual sign 
of an active carpenter ant nest. Once a nest is found, treatment is usually easy with either an 
insecticide dust or spray. Injection of insecticide into wall voids or the nest itself may be necessary 
to reinsure complete control.   
 
To prevent further carpenter ant infestations, trim all trees and bushes so branches do not touch 
the house and correct moisture problems such as leaky roofs and plumbing. Paint and/or seal 
exposed wood construction before it becomes wet. Replace previously ant-infested wood, rotted 
or water-damaged wooden parts of the structure and eliminate wood/soil contacts. Remove dead 
stumps on the property and store firewood off the ground and away from the structure.   
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Unlike other home-inhabiting ants, carpenter ants cause structural damage to wood by tunneling 
and nesting inside wood structures. However, they rarely nest in sound wood, but consistently 
invade wood that has become wet and started to decay.  
 
The best way to control carpenter ants that inhabit a dwelling is to find the nest and destroy it. 
Insecticide sprays inside the home will kill some of the worker ants, but unless the entire nest is 
treated, the queen will continue to produce additional members of the colony. Locating a nest can 
be difficult because nests may be in locations within the walls or roof rafters. At this point, some 
homeowners may prefer to work with a professional pest control company. The most likely places 
to find carpenter ant nests are where wood has been wet and weathered, such as rotting timbers 
about the foundation, window sills, porches, around leaky plumbing, and in rafters under a leaky 
roof.   
 
Carpenter ants nest in moist wood including rotting trees, tree roots, tree stumps, and logs or 
boards lying on or buried in the ground. They can also nest in moist or decayed wood inside 
buildings. Wood decay may be caused by exposure to leaks, condensation, or poor air circulation. 
Nests have been found behind bathroom tiles; around tubs, sinks, showers, and dishwashers; 
under roofing, in attic beams, and under subfloor insulation; and in hollow spaces such as doors, 
curtain rods, and wall voids. Carpenter ants may also nest in foam insulation. 
 
Carpenter Ant Colony 
A parent carpenter ant colony sometimes establishes one or more satellite nests in nearby indoor 
or outdoor sites. Satellite nests are composed of workers, pupae, and mature larvae. A satellite 
nest does not require moisture because the workers do not tend eggs (the eggs would dry out 
without sufficient humidity). For this reason, satellite nests can be found in relatively dry locations, 
such as insulation, hollow doors, and sound wood.  
 
The workers of satellite colonies move readily between their nest and the parent colony. In late 
summer, winged reproductives (i.e. queens and males) may emerge from pupae transported into 
satellite colonies. They may appear in structures in late winter and early spring as they swarm 
from a satellite nest. In order to eliminate carpenter ants nesting indoors, you need to locate and 
destroy their nest. 

 
BLACK CARPENTER ANT EXAMPLE  

The nest may be located by careful and patient observations of worker ants, especially between 
sunset and midnight during spring and summer months when carpenter ants are most active. To 
follow carpenter ants without startling them, use a flashlight with a red film over the lens—ants 
cannot see red light. You can increase your chances of following workers to their nest by setting 
out food that is attractive to carpenter ants. Place food in areas where you find workers. 
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Many foods are attractive to carpenter ants, including honey or other sweet foods. During spring, 
carpenter ants are particularly attracted to protein sources, such as tuna packed in water. 
(Carpenter ants are not attracted to tuna packed in oil.) Set out small pieces of tuna for the ants 
to take back to their nest. It is easier to follow the ants when they are carrying food. With patience 
and perseverance, you can follow the ants back to their nest. 
 
Other signs that indicate an active nest is nearby include small piles of coarse sawdust or wood 
shavings, consistent indoor sightings of large numbers of worker ants, i.e. 20 or more and large 
numbers of winged ants indoors. Carpenter ants typically swarm from late winter through spring. 
Also pay attention to areas where steady moisture is or has been a problem; firewood stored in 
an attached garage, next to the foundation, along an outside wall, or in a basement; areas around 
the plumbing or vent entrances; and trees with branches overhanging the house. These are 
possible sources of carpenter ant nests. 
 
Sound Detection 
Sound detection may be helpful in locating a nest. An active colony may make a dry, rustling 
sound that becomes louder if the colony is disturbed. This sound, thought to be a form of 
communication, is made with the mandibles (jaws) and is not related to wood chewing. When 
trying to detect carpenter ants, tap the suspected area and then press an ear to the surface in 
order to hear any sound. If one nest is found, watch for evidence of additional nests. More than 
one nest may be present in a structure. 
 

Carpenter Ant Control Section 
The best method to control carpenter ants is to locate and destroy the nest, replace damaged or 
decayed wood, and, if they exist, eliminate moisture problems. Eliminating a carpenter ant nest 
is a difficult and challenging task. It is possible for a home dweller to control carpenter ants on 
their own. However, in most cases, control should be performed by an experienced pest control 
applicator. They have the experience and a wider array of products to more effectively control a 
carpenter ant problem. Home dwellers can still play a crucial role in control programs by providing 
information to a pest control provider, such as when, where, and how many ants were seen. 
 
Indoors 
Nests are often concealed in wall voids, ceilings, subfloors, attics, or hollow doors. It is usually 
necessary for a professional pest control applicator to drill small (about 1/8 inch) holes and apply 
an insecticidal dust into the nest area. It is best to determine the nest’s location as specifically as 
possible. Control should not be applied randomly through the home. There are no insecticides 
available to the public that are labeled for this type of application. 
 
If it is difficult to locate the nest, an insecticidal dust can be applied into wall voids through 
electrical outlets. Carpenter ants commonly travel along electrical wiring and are likely to 
encounter the insecticides. This method works more slowly than a direct treatment into the nest. 
Boric acid is available to home dwellers to treat wall voids through electrical outlets. CAUTION: 
Use extreme care around electrical wiring and take all necessary steps to avoid accidental electric 
shocks. 
 
Perimeter Insecticide Treatments 
The most commonly used method for controlling carpenter ants is treating the perimeter of a 
home with a dust or spray.  There are several products available for this type of application, 
but Suspend SC, Talstar Concentrate and Cynoff WP are the best.  When used in accordance 
with their labels they work well.  However, these treatments do not keep ants from entering a 
home from overhead trees and power lines.  Also, as a stand-alone treatment, they rarely 
eliminate ants inside voids and walls. 
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Insecticides 
In areas of active colonies, treat walls and ceiling voids through cracks and crevices with non-
repellent boric acid dust and make bait placements. Keep the ants in the area long enough to get 
the slow-acting toxicants to the main colony where the workers, larvae and queens are poisoned. 
(A delayed-action stomach poison is recommended.) Repellent insecticides, such as pyrethrins, 
will move the colonies, spreading them further throughout the building.  
 
Research has shown that it is best to use bait placement only where active ant trails are found. 
This ensures feeding, since some ants have not been able to find the bait even when only one 
inch away from the bait stations. Intersect the ant trail with bait on a cotton swab taken from the 
station to ensure instant feeding. Bait preference may change during the season due to changing 
needs of the developing colonies. An effective bait is a 99 percent boric acid formulation mixed at 
a 5 percent concentration by weight in mint apple jelly (about two level tablespoons of powdered 
boric acid per 10 ounces of mint apple jelly). Another bait is 2 percent boric acid and 98 percent 
light corn syrup.  
 
Methoprene  
A commercial bait called methoprene (Pharorid) is marketed for use by pest control operators in 
a bait that consists of liver, honey, and sponge cake. It is often difficult to use the bait ants prefer; 
as ants feed on one compound, another compound placed less than 1/4-inch away will be ignored 
until the ants spill over into the second bait.  
 
Boric Acid  
Boric acid and methoprene baits work slowly, sometimes taking 15 to 40 weeks or more before 
ant eradication. A bait containing hydramethylon (same as in Maxforce roach bait stations) gives 
quicker results, 2 to 35 days, according to certain pest control operators.  
 
Bait stations may include jumbo size plastic drinking straw sections, medicine (pill) dispensing 
cups, plastic vial caps and/or drafting (masking) tape.  
 
Placement can be made on the rear lip of kitchen counters, at plumbing pipe-wall junctions, on 
window sills, behind wall electrical outlets, above door frames, etc., in less accessible areas of 
pets or young children. There may be increased or new ant feeding activity during the early part 
of the baiting program. No other pesticides, heavy-duty cleaners, or paints should be used during 
the baiting periods to discourage ant feeding.  
 
Bendiocarb  
Applications of bendiocarb (Ficam), which is odorless, can give fast eradication of ants if 
treatments are thorough. Ficam 76 percent WP and 91 percent dust is labeled for licensed 
commercial and pest control operators. The bait products most recommended for Pharaoh ant 
control include: (boric acid plus mint apple jelly (Drax), hydramethylnon (Maxforce), methoprene 
(Pharorid), bendiocarb (Ficam), propoxur (Baygon) and sulfluramid (Pro-Control)).  
 
After bait stations are placed, one will see ants trailing to and from these bait stations. Do not 
spray or disturb the ants or bait stations. Ants must be allowed to carry the bait back into their 
nest where the active ingredient in the bait will eliminate the colony. 
 
These recommendations are provided only as a guide. It is always the pesticide applicator's 
responsibility, by law, to read and follow all current label directions for the specific pesticide being 
used. Due to constantly changing labels and product registration, some of the recommendations 
given in this writing may no longer be legal by the time you read them. If any information in these 
recommendations disagrees with the label, the recommendation must be disregarded.  
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Crazy Ant - 1 node ant 
 
Workers of the Crazy Ant, Paratrechina longicornis, are fast-running, grayish black ants with long 
legs and antennae. They nest primarily outdoors, but they will forage in homes. Although they are 
omnivorous, they are difficult to attract to ant baits.  

 
 

YELLOW CRAZY ANT 
 
The crazy ant, P. longicornis, may in some cases create massive, but localized numbers. These 
species look similar, but have marked differences. Paratrechina longicornis antennae and legs 
are significantly longer than that of N. sp. nr. pubens. Paratrechina longicornis thorax is extended 
in length considerably, compared to that of the Nylanderia species. Although the use of color as 
an identification tool is not to be relied upon, the crazy ant is often jet black in color, especially 
when compared to the typically reddish-brown of N. sp. nr. pubens. 
 
Colonies of crazy ants are moderate to very populous. The colonies may raise sexuals at any 
time of the year in warmer regions, but in the seasonal climate of north Florida, alate production 
is apparently limited to the warm rainy months of May through September (Trager 1984). On 
warm, humid evenings, large numbers of males gather outside nest entrances and may mill about 
excitedly. Workers patrol vegetation and other structures nearby. Periodically, a dealate 
(wingless) queen emerges. Mating was not observed, but Trager (1984) suggested that it 
occurred in such groupings around the nest entrance. Wings of queens are removed while still 
callow and males were never observed to fly or use their wings in any way. However, in several 
cases it has been observed that males frequently appear at lights (Trager 1984).  
 
Pest Status 
The crazy ant has achieved pest status across the United States. It has been found on top floors 
of large apartment buildings in New York, hotels and flats in Boston and in hotel kitchens in San 
Francisco, California.  Marlatt (1930) observed that the crazy ant is a pest in Florida and the Gulf 
States. As an example, in 1977, modular units were being used as temporary schoolrooms by a 
North Lauderdale elementary school. The principal reported that the units were so inundated by 
the ant that students were constantly in a state of turmoil. The invasion reached such proportions 
that the students' sack lunches were kept in closed plastic bags placed on tables, with each table 
leg sitting in a pan of water as a barrier to the ant.  
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It can be a significant agricultural pest as it assists in the distribution and/or protection of phloem-
feeding Hemiptera, such as mealybugs, scale insects, and plant aphids (Wetterer 2008).  
 
Foraging and Feeding 
Workers are omnivorous, feeding on live and dead insects, seeds, honeydew, fruits, plant 
exudates, and many household foods. The crazy ant thrives in places such as gasoline stations, 
convenience stores, and sidewalk cafes where workers may be seen transporting crumbs and 
insects attracted to lights. They apparently have a seasonal preference for a high-protein diet, 
and during the summer months may refuse honey or sugar baits. They are attracted to honeydew 
producing in the spring and fall. They obtain honeydew by tending aphids, mealybugs, and soft 
scales (Smith 1965). Large prey items are carried by a highly concerted group action (Trager 
1984). 
 
Formic Acid 
Yellow crazy ants have also been recorded in human communities, where they are seen as 
agricultural pests, causing outbreaks of sap-sucking insects. They may also cause blindness in 
humans, especially infants, as people can get formic acid on their hands and then accidentally 
touch their eyes. Ants also have a detrimental effect on tourism by threatening endemic species 
and altering the habitat. This was the case on Bird Island after the ants eliminated the island’s 
main attraction, the sooty terns (Sterna fuscata). More worrying is the fact that a recent study 
indicates that A. gracilipes has the potential to inhabit vast areas of continental Australia. By using 
potential distribution and climate matching researchers concluded that the ant is capable of 
occupying most of northern and north-eastern Australia.  
 
New Exotic Invasive Pest 
A new exotic invasive pest ant species was found around Houston (Harris County), Texas in 2002, 
and has begun to spread with human assistance. The ant has yet to be identified to species and 
is commonly referred to as the Rasberry crazy ant, Nylanderia sp. nr. pubens (LaPolla, et al). 
Currently, little is known regarding the biology of this ant. The Center for Urban and Structural 
Entomology at Texas A&M University is investigating food source attraction, colony growth and 
immature development. 
 
Biology: ID Characteristics & Behavior 
Worker ant body characteristics: 
 
Coloration: Adult colony members, including queens, males and workers, are reddish-brown 
(although lightness or darkness of their body color may vary) 
 
Size: Worker ants are all similar in size (they are monomorphic), with a body length of 1/8 inch. 
There is a small circle of hairs (acidopore) present at tip of the abdomen (as opposed to the typical 
stinger found in most ants), a characteristic of formicine ants found within the Formicinae 
subfamily. 
Worker ants have long legs and antennae, although not as long as the crazy ant, P. longicornis, 
and their bodies have numerous, long, coarse hairs. The antenna has 12-segments with no club. 
 
Colonies: 
Rasberry crazy ants have been found in enormous numbers. They are social insects that live in 
large colonies or groups of colonies that seem to be indistinguishable from one another. 

 Colonies contain many queen ants (they are polygyne colonies), worker ants and brood 
consisting of larval and pupal stages. Pupae are "naked" or without cocoons. They 
periodically produce winged male and female forms called sexuals or reproductives. 
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 The size of the colony infestations can be large and display super colony (unicolonial) 
behavior.  

 
Trailing Behavior 
Rasberry crazy ants foraging trails are quite apparent and individuals forage erratically, hence the 
typical reference to "crazy" ant. Foraging trails will often follow structural guidelines, however, 
large trails can be found in open areas. 
  
The EPA is still working on developing a protocol for dealing with Crazy Ants, but there are a few 
tried and true methods that work on a wide variety of ants. Here are a few steps you can take to 
control Crazy Ants: 
 
Eliminate Food and Water Sources 
This is a good first step because it weakens crazy ant colonies, and weakened ants are 
vulnerable. Eliminating food and water sources will make your other efforts more effective and it 
will also prevent ant colonies from re-establishing themselves later. Crazy ants feed on sugar, 
honeydew from farmed insects (including aphids, cottony scales, mealybugs, soft-type scales, 
and whiteflies), and dead insects. If you have a hummingbird feeder, make sure that it's a model 
that the ants can't get into or consider leaving it empty for a few weeks. If you have a no-kill bug 
trap, make sure to empty it regularly or the crazy ants may be able to feed on the captive bugs. 
Crazy ants can tolerate water shortages, but they breed quickly in moist environments. So, you 
may want to consider watering less often and draining your bird baths while the problem is dealt 
with. 
 
Block Points of Entry into the Home 
Your kitchen and pantry are major attractions for ants. When they find bags of sugar, flour, or 
other packaged foods, it's like finding an open bank vault. They'll rob you blind and then use the 
resources to breed more foragers. It's a vicious cycle, but you can break it up with a little bit of 
caulk and fresh gaskets on your windows and doors. As an added benefit, this weatherproofing 
will also reduce your air conditioning and heating costs!  
 
Find the Nest and Kill the Queen 
It's easy to find the source of ant infestation - just follow the workers home! Even though crazy 
ants are more likely to wander around, they will still form easily traceable lines if they find a good 
source of food. You can use these lines to trace the ants’ path back to a colony and attack them 
at the source. There are several organic treatments that have proven effective. 
 
Digging up the colony with a shovel can also work, but the ants will attack you to defend their 
home. Another option is to pour boiling water or waste cooking oil on the nest - it works best if 
you use a long necked funnel to deliver the liquid deep into the tunnels where the queen and 
vulnerable larvae are found. Crazy ants are unusual because they often form "supercolonies" with 
more than one queen. Make sure you get all of the queens, or the colony can recover. 
 
If you prefer a live-and-let-live approach, you can try putting a barrier along one side of the ant 
colony to redirect the ants away. Pouring a border of dry molasses along 3 sides of the colony 
will be somewhat effective at directing crazy ants away from your house or garden, and can be a 
great option if you don't like one of your neighbors. You can also grow repellent plants around 
your house to keep ants away - they hate Catnip, Pennyroyal, Peppermint, Sage, and Mint. Tansy 
can also work, but Tansy is toxic and should be avoided if you have any pets that like to chew on 
plants (sheep and lambs do this, but so do some dogs and cats). 
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Attraction to Electrical Equipment 
It is unclear why this species, like many varieties of ants, is attracted to electrical equipment, 
including computers and air conditioners and hair dryers. It may be that they sense the magnetic 
field that surrounds wires with electric current flowing through them. Or, they might prefer the heat 
byproduct of resistance in the wires. However, it could simply be that they are searching for food 
or a nesting location that is easy to defend. Their infestation of electrical equipment can cause 
short circuits when they chew through insulation. Overheating and mechanical failures can also 
be caused by high numbers of dead worker ants in electrical devices.  
 
When mounds cannot be located, spraying the window seals and cracks with Cypermethrin 
(Cynoff EC, Cynoff WP, Demon WP or Demon WP) and using a sweet bait or dual bait such as 
Gourmet or Advance Dual Choice in the house is a great combination.  NEVER use an indoor 
spray if you are incorporating the use of an indoor ant bait!  Such tactics will usually contaminate 
your bait, resulting in failure to control the pests. 

 
 

Ant Key Words 
 
Invasive: A species which is spreading its geographic range into niches occupied by other 
species. Documentation of an invasive species requires an ecological study to demonstrate the 
displacement of other ants. 
 
Larval stage (larva, larvae): An immature insect, sometimes used to include all immature stages, 
even eggs. Usually this term refers more specifically to the feeding stages of insects with complete 
metamorphosis like grubs, caterpillars, and maggots.  
 
Microbial Pesticide: Bacteria, viruses, fungi and other microorganisms used to destroy or control 
pests.  
 
Pedipalps: Second pair of appendages of the cephalothorax corresponding to the mandibles of 
insects.  
 
Pseudergates:  Caste found in the lower termites (Isoptera), comprised of individuals having 
regressed from nymphal stages by molts eliminating the wing buds, or being derived from larvae 
having undergone non-differentiating molts, serving as the principle elements of the worker caste, 
but remaining capable of developing into other castes by further molting.  
 
Pupal stage (pupa): The stage in complete metamorphosis between larva and adult like the 
cocoon in moths.  
 
Pesticide: A chemical or other agent used to kill or otherwise control pests.  
 
Protectant:  A pesticide applied to a plant or animal prior to the appearance or occurrence of the 
pest in order to prevent infection or injury by the pest.  
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Ghost Ant  Tapinoma melanocephalum- 1 node ant 
Subfamily Dolichoderinae  
 

 
GHOST ANT 

 
Ghost ants look like tiny, white apparitions who suddenly appear and seem to disappear just as 
quickly. Workers are 1/16 inch (1.5 mm) in length. The legs, pedicel, gaster, and antennae are 
pale, almost translucent, in color and the head and thorax are darker. For this reason, the ghost 
ant is also known in some areas as the black-headed ant. 
 
Reproduction 
Colonies of ghost ants tend to be moderate to large in size and multiple queens are present. New 
colonies are started by "budding" where one or more reproductive females, several workers, and 
possibly some brood (larvae and pupae) migrate to a new nesting site. Their biology is similar to 
the Pharaoh ant. Ghost ants tend to forage in a more random pattern than the pharaoh ant, so 
that feeding trails may be more difficult to recognize.  These ants have a high need for water and 
may be commonly found in or around kitchens, baths, or other moisture sources.  
 
Distribution 
Ghost ants are found in warm climates and can be a big problem in tropical areas of the world.  
Ghost ants are highly adaptable in their nesting habits, nesting in a variety of places. Inside, they 
can be in wall voids, behind baseboards, between cabinets, etc. They also like to nest in the soil 
of potted plants. Ghost ants have been reported in many areas of the United States, as well as in 
Canada, Puerto Rico, and the Caribbean Islands. They are a well-established pest in Florida and 
Hawaii. The introduction to northern states may have occurred via potted plants shipped from 
Florida to northern greenhouses. It is also believed that these pests can hitchhike in the luggage 
of tourists. 
 
Foraging activity indoors is typically concentrated in the kitchen or bathroom, with a high need of 
water, although any room can be affected. The nesting habits are similar to Pharaoh ants.  
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Outside, they can be found nesting in soil of potted plants, under stones, under and inside logs 
and firewood. They also nest in cavities and crevices in trees and shrubs. Ghost ants will enter 
structures, usually by trailing from nests along the foundation or by branches of trees and/or 
shrubs that contact the structure. They tend to forage in a random pattern; feeding trails may be 
difficult to spot. Workers forage from these onto and up the walls of buildings, entering through 
cracks around doors, windows, and soffits. The hollows in pool enclosures also seem to be a 
prime nesting site. In kitchens, they prefer to forage on sweet items such as packages of 
marshmallows, syrup, honey, candy and sugar. Ghost ants will also forage on grease deposits 
although not as readily as they will on sweets. Trails are often very difficult to see due to the tiny 
size and pale coloration of these ants.  
 
Foraging and feeding 
Workers follow scent trails along the edges of structures for protection. They can often be spotted 
trailing under the edge of carpets and up the sides of the building, searching for entry 
points.  Ghost ants prefer sweet foods, particularly honeydew secreted by aphids and mealybugs. 
The ants will herd and protect them from their natural predators, insuring the safety of their living 
food source. They are also predacious, attacking living insects, eggs and larvae of flies and 
butterflies. Indoors, ghost ants will seek sweet food such as candy, fruit and sugar. 
 
Implication  
Due to their predacious nature ghost ants are a particular problem in butterfly houses and other 
facilities that raise or store live insects. They will attack the valued insects and will carry off the 
eggs and larvae of flies and butterflies.   
 
Recommended Products and Treatment 
Baiting is the preferred treatment over typical residual spraying, to eliminate the entire colony. 
The use of residual sprays or dusts will cause stress on the colonies, causing them to split into 
sub-colonies that scatter to other areas in the structure. This is also called budding. After spraying, 
the problem can be worse than at the beginning. When you bait, you will want a slow-acting bait. 
Quick-kill insecticides and baits will only kill the foraging ants, not allowing the foraging ants to 
take the bait back home to feed the queen, nest workers and brood. If the current ant bait that 
you are using is not acceptable to the ants (if they are not visiting the bait), it is recommended 
that you change the baits. Ants require carbohydrates sugars, proteins, and greases.  They find 
a variety of these sources in nature. Examples are: other insects (proteins and greases), nectar, 
aphid honeydew, and plant products (sugar and carbohydrates).  
 
The Recommended Products for the Protein/Grease Eating Cycle Would Be:  

 Maxforce Ant Bait Stations  
 Flourguard Ant Bait Stations  
 Maxforce Ant Granulars  
 Advance Carpenter Ant Bait 

 
The Recommended Products for the Sugar Eating Cycle Would Be:  

 Maxforce Ant Killer Bait Gel  
 Uncle Albert’s Gel Bait 
 Revenge Liquid Ant Bait  
 Maxforce Granular Ant Bait is an excellent choice for the outside, feeding all their dietary 

needs.  
 Ant bait stations such as: Ant Cafes small or large plastic cubes (that snap shut) that keep 

the gel or dry granulated bait inside, may serve to keep the baits intact.  
 Dr. Moss Liquid Ant Bait can be applied to areas where ants are foraging. For use of Dr. 

Moss Liquid Ant Bait, you should use the Dr. Moss Liquid Ant Bait Station 
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Perimeter Treatment with Good Residual Sprays Such As:  
 Suspend or Demon WP can at times prevent these ants from entering the structures.  

 
Key 
The key to using baits is patience. Applied properly and using a fresh bait product, a broadcast 
application will give 80% to 90% control, rarely 100%. For instance, Amdro® is the fastest acting, 
giving maximum control in 3 to 6 weeks. Logic® or Award®, when applied late in the year, may 
take several months to provide maximum control, but will suppress ant colonies for a year or 
more. One approach, for example, for heavy imported fire ant infestations is to treat with Amdro® 
first for fast knockdown, then come back with Logic®/Award® for longer duration of control as 
ants start to re-infest the area some months in the future. Other baits include Siege®, Award®, 
Ascend®, and Raid® Fire Ant Killer. 
 
Regular Inspections  
Regular inspections and service are necessary to find and treat new colonies as they move in 
from neighboring properties. These perimeter treatments can keep your home or business pest 
free. We suggest a regular treatment on the exterior with Demand, Tempo, or Suspend. 
 
Locate and Treat Colonies 
Drench colonies living in the soil or under items on the exterior with Demand, Suspend, or 
Tempo.  With mulch, be sure to rake it back to get good penetration where colonies may be 
thriving.  Follow up with a broadcast application of granule such as Talstar G. If you know with 
some certainty where the colony is living inside, then you can treat them directly by drilling a small 
hole into the wall void at the base (directly above the baseboard) and injecting a dust, such as 
Delta Dust, Drione, or Borid Turbo. 
 
General tips for limiting ant infestations include:  

 Eliminate piles of lumber, bricks, or other debris that could serve as nesting sites for ants.  
 Keep landscape mulch less than 2 inches thick and at least 12 inches away from 

foundations.  
 Ensure the sprinkler system does not spray directly onto the foundation. 
 Seal as many cracks in the building's exterior as possible. 
 Keep tree and shrub branches cut away from touching the building. 
 Consider re-landscaping to avoid using plants that are prone to aphids and similar insects. 

At the very least, treat such plants for aphids regularly.  
 
A thorough inspection both inside and outdoors is crucial to determine ant nest location(s). Inside 
look primarily near moisture sources (sinks, potted plants, etc.) and secondarily near food sources 
(sweets stored in cabinets, etc.). Check carpet edges and shoe moldings. Inspect electrical outlets 
and telephone jacks, especially in the kitchen and bathroom. Check walls around possible 
entryways (window and door frames, utility lines, weep holes, etc.) for trails of ants as well as 
along edges and corners. Follow any trails of ants back to their nest. If the ants are associated 
with an outside/ perimeter wall, then go outside and look for ants trailing along the wall on the 
opposite side. 
 
If the nest(s) cannot be located, it may be necessary to prebait with sweets such as jelly in short 
pieces of soda straw to draw the ants out. Place such prebaits where ants have been seen, in 
electrical outlet boxes, along carpet edges, in food cabinets, etc. Check these prebait placements 
in 24-48 hours for activity. If ants cannot then be found coming in from outdoors, use one of the 
commercial baits for control. Try both protein-based and sweet baits. 
 
Outside, inspect along the foundation wall, patio, and sidewalks by pulling back the grass and/or 
mulch. Then pull back any mulch at the base of trees and shrubs with a rake.  
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Check debris in tree/shrub crotches using a screwdriver because ants also nest here.  Turn over 
any stones, bricks, logs, firewood, and debris on the ground especially near the foundation; as 
much as possible such items should be eliminated. Check any branches of trees/shrubs in contact 
with the structure; these should be trimmed back to eliminate contact. Follow trailing ants back to 
their nest. Treat nests with an appropriately labeled pesticide. If there is continual ghost ant 
invasion from the outside, a perimeter treatment using a microencapsulated or wettable powder 
formulation of pyrethroid should be applied. 
 
Detergent Barrier 
Temporary "moats" of detergent and water may be useful during heavy ant invasions.  

 Containers of food or food waste which must remain open during working hours can be 
placed in large, shallow pans filled with water mixed with a small amount of detergent.  

 Use this technique to protect potted plants from ants that may be attracted to nectar 
produced by the plant or to honeydew produced by plant-feeding insects. Elevate the pot 
above the detergent-and-water mixture by placing it on an overturned saucer. Make sure 
the limbs and leaves of the plant are not in contact with surfaces that ants could use as 
bridges.  

 
Chemical Controls 
At times, non-chemical methods alone prove insufficient to solve the problem. Integrating a 
pesticide into your management program may be necessary to gain control of the ant problem.   
 
Pesticides must be used in accordance with their EPA-approved label directions. Applicators must 
be certified to apply pesticides and should always wear protective equipment during applications. 
All labels and Material Safety Data Sheets (MSDS) for the pesticide products authorized for use 
in the IPM program should be maintained on file. Do not apply these materials when buildings are 
occupied, and never apply them where they might wash into drains or sewers. When treating 
ants, all baits and dusts should be placed in cracks, crevices, and in precise areas where ants 
are active.  
 
Detergent and Water 
When ants invade a classroom or food preparation area, use a mixture of soap and water in a 
spray bottle. This mixture will quickly kill the ants which can then be wiped up with a sponge and 
washed down the drain. Each classroom, cafeteria, and food preparation area should be equipped 
with such a spray bottle so teachers and staff can safely deal with emergencies. 
 
 

 
PHARAOH ANT EXAMPLE 
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Harvester Ant- 1 node ant 
 

 
 

HARVESTER ANT 
 

The cover of the course manual is an excellent photograph of Red Harvester ants.   Red Harvester 
ants range from 3/8-inch to 1/2-inch in length. The color varies from red to reddish brown to black, 
depending on the species. The main food source for red harvester ants usually consists of seeds, 
which they hoard in great numbers, hence their name. As with most ant species, their mating 
castes consist of winged alates (reproductives) that reside in the nest until weather permits them 
to fly away and mate. After that the male usually dies, while the now-fertilized queen returns to 
the ground to search for a suitable nesting site. Once she has chosen a site, she sheds her wings 
and begins to reproduce, creating a new colony. She produces "worker ants" for 1–20 years until 
her death. 
 
Red Harvester Ants can be aggressive and have a painful sting that spreads through the lymph 
nodes, sometimes causing reactions, especially in animals allergic to their venom. They can also 
bite ferociously. 
 
Over the years, their numbers have been declining, and this has often been attributed to 
competition for food with the invasive Red Imported Fire Ant and the argentine ant. Their decline 
has affected many native species, especially those for which the red harvester ant is a chief 
source of food, such as the Texas horned lizard. Red harvester ants are often mistaken for fire 
ants, but are not related to any fire ant species, native or introduced. This class of ants is also 
known to have both male and female genesis. 
 
Red harvester ant nests are characterized by a lack of foliage and small pebbles surrounding a 
hole that is usually at grade. In grassland areas, like ranches, the lack of plant life makes red 
harvester ant colonies very easy to spot. The mounds are typically flat and broad, 0 to 100 mm 
(0 to 3.9 in) high, and 300 to 1,200 mm (12 to 47 in) in diameter. There have been reports of even 
larger denuded areas, on the order of 10 m2 (110 sq. ft). Three to eight trails typically lead away 
from the mound, like "arms". These trails are used by ants to collect and bring food back to the 
mound.  
 
"Scout" ants are the first ones out of the mound every morning. They seek food, and mark their 
path as they return to the mound to alert the worker ants. The worker ants follow the scent trail 
and collect the food. Other ants, called "middens", spend their time cleaning and tending to the 
mound. All worker ants and middens are female. 
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Description 
Adult -- The harvester ants are large ants 5 to 6 mm in length and different species can vary in 
color from reddish-brown to yellow or black. The pedicel (or stalk) between the abdomen and 
thorax has two segments. They have elaborate fringes of hairs underneath the head. As is the 
case with other ants, adults may be winged males or females, or workers (wingless females). 
Winged ants have two pairs of wings, the anterior pair being much larger than the second pair.  
Egg -- The eggs are minute, less than 0.5 mm long, white and elliptical in shape.  
Larvae -- The larvae are white and legless. The body is covered with short hairs and is shaped 
like a crookneck squash or gourd with a small distinct head.  
Pupa -- Found in a cocoon, the pupa resemble the larva except that the body is straight and rigid 
with legs and wings visible. 
 
Key 
The key to using baits is patience. Applied properly and using a fresh bait product, a broadcast 
application will give 80% to 90% control, rarely 100%. For instance, Amdro® is the fastest acting, 
giving maximum control in 3 to 6 weeks. Logic® or Award®, when applied late in the year, may 
take several months to provide maximum control, but will suppress ant colonies for a year or 
more. One approach, for example, for heavy imported fire ant infestations is to treat with Amdro® 
first for fast knockdown, then come back with Logic®/Award® for longer duration of control as 
ants start to re-infest the area some months in the future. Other baits include Siege®, Award®, 
Ascend®, and Raid® Fire Ant Killer. 
 
Regular Inspections  
Regular inspections and service are necessary to find and treat new colonies as they move in 
from neighboring properties. These perimeter treatments can keep your home or business pest 
free. We suggest a regular treatment on the exterior with Demand, Tempo, or Suspend. 
 
Locate and Treat Colonies 
Drench colonies living in the soil or under items on the exterior with Demand, Suspend, or 
Tempo.  With mulch, be sure to rake it back to get good penetration where colonies may be 
thriving.  Follow up with a broadcast application of granule such as Talstar G. If you know with 
some certainty where the colony is living inside, then you can treat them directly by drilling a small 
hole into the wall void at the base (directly above the baseboard) and injecting a dust, such as 
Delta Dust, Drione, or Borid Turbo. 
 
The Recommended Products for the Protein/Grease Eating Cycle Would Be:  

 Maxforce Ant Bait Stations  
 Flourguard Ant Bait Stations  
 Maxforce Ant Granulars  
 Advance Carpenter Ant Bait 

The Recommended Products for the Sugar Eating Cycle Would Be:  
 Maxforce Ant Killer Bait Gel  
 Uncle Albert’s Gel Bait 
 Revenge Liquid Ant Bait  
 Maxforce Granular Ant Bait is an excellent choice for the outside, feeding all their dietary 

needs.  
 Ant bait stations such as: Ant Cafes small or large plastic cubes (that snap shut) that keep 

the gel or dry granulated bait inside, may serve to keep the baits intact.  
 Dr. Moss Liquid Ant Bait can be applied to areas where ants are foraging. For use of Dr. 

Moss Liquid Ant Bait, you should use the Dr. Moss Liquid Ant Bait Station 
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Lasius Neoniger   AKA Cornfield Ant – 1 node ant 
 
Ants can be a real nuisance on golf courses when their nesting and mound-building occur in high-
profile areas. Ant mounds disrupt the smoothness and uniformity of putting surfaces, dull mower 
blades, and can smother closely-mowed turf. 
 

 
 

Close-up view of Lasius Neoniger 
 
Lasius neoniger is found commonly in open areas (prairie, parks, rough lawn, roadside) of eastern 
North America.  Golf superintendents often report problems eliminating these pests with 
conventional insecticides. Further, ant problems in turf seem to be increasing nationwide. One 
theory to explain this is that residues of chlordane and other highly persistent turf insecticides 
used in the past have finally declined.  
 
Another theory is that replacement of diazinon (which is highly active on ants) with more target-
selective soil insecticides has allowed ants to gain a foothold on golf courses. Whatever the 
reason, many superintendents need effective ant controls to reduce mound building. 
 
Lately, research has been testing new approaches to managing nuisance ants using delayed-
action baits and new classes of insecticides. The results have been promising, and some of these 
new products are already catching on with superintendents. We are also studying the beneficial 
aspects of turf-infesting ants, especially their importance as predators on eggs and larvae of other 
insect pests. 
 
The primary nuisance ant pest of turf is Lasius neoniger, a species that is widespread in the United 
States. In many areas, Lasius seems to be responsible for most, if not virtually all, ant hills on 
putting greens. Problems arise when the worker ants excavate underground nest chambers, 
pushing up small mounds of soil. Lasius is also common in roughs, fairways, lawns, and other 
sunny turf sites; although there, the mounds are less conspicuous than on greens and tees. 
 
A mature colony of L. neoniger consists of one queen, whose only function is to produce eggs 
and female workers that perform many functions that maintain and help expand the colony over 
her lifetime which can be four or more years. Males whose only function is to mate once are 
produced once each year and die after mating. 
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Development of a new colony begins with a winged virgin female (10X larger than workers) that 
flies from a mature colony (2,000-10,000 workers). While airborne, she mates with winged males 
(drones) that have flown from nearby colonies. The drone sperm is deposited into a storage organ 
(spermatheca) within the body of the female and is released to fertilize eggs she lays throughout 
her entire lifetime. The queen controls whether or not an egg is fertilized.  
 
If unfertilized, the egg develops into a male. The female mates once and upon landing she chews 
or rubs off her wings, creates a chamber about an inch into the soil and remains there throughout 
the winter. 
 
Research in the laboratory has shown that mated females require a “cool down period” (10 weeks 
at 40ºF) before being able to lay eggs. When soil temperatures rise in the spring, the mated 
“potential” queen, called a foundress, lays a small number of eggs that develop into larvae which 
become small workers. The queen feeds these first larvae with regurgitate from her body or eggs 
she lays. Once these larvae develop into small workers, the foundress can be considered a 
“queen” with “subjects” whose function is to feed and care for her and her progeny. 
 
The small workers tunnel to the surface and begin foraging for food to feed the queen. Mounds 
created by these workers may be too small to see. If adequately fed, the new queen will lay 
many more eggs resulting in normal size workers that forage for food to feed her. Well-fed and 
cared for the queen increases egg production. The workers collect the eggs and carry them off 
to “brood chambers” where they will hatch into larvae that develop into more workers.  
 
Recommended Products and Treatment 
Baiting is the preferred treatment over typical residual spraying, to eliminate the entire colony. 
The use of residual sprays or dusts will cause stress on the colonies, causing them to split into 
sub-colonies that scatter to other areas in the structure. This is also called budding. After spraying, 
the problem can be worse than at the beginning. When you bait, you will want a slow-acting bait. 
Quick-kill insecticides and baits will only kill the foraging ants, not allowing the foraging ants to 
take the bait back home to feed the queen, nest workers and brood. If the current ant bait that 
you are using is not acceptable to the ants (if they are not visiting the bait), it is recommended 
that you change the baits. Ants require carbohydrates sugars, proteins, and greases.  They find 
a variety of these sources in nature. Examples are: other insects (proteins and greases), nectar, 
aphid honeydew, and plant products (sugar and carbohydrates).  
 
The Recommended Products for the Protein/Grease Eating Cycle Would Be:  

 Maxforce Ant Bait Stations  
 Flourguard Ant Bait Stations  
 Maxforce Ant Granulars  
 Advance Carpenter Ant Bait 

 
The Recommended Products for the Sugar Eating Cycle Would Be:  

 Maxforce Ant Killer Bait Gel  
 Uncle Albert’s Gel Bait 
 Revenge Liquid Ant Bait  
 Maxforce Granular Ant Bait is an excellent choice for the outside, feeding all their dietary 

needs.  
 Ant bait stations such as: Ant Cafes small or large plastic cubes (that snap shut) that keep 

the gel or dry granulated bait inside, may serve to keep the baits intact.  
 Dr. Moss Liquid Ant Bait can be applied to areas where ants are foraging. For use of Dr. 

Moss Liquid Ant Bait, you should use the Dr. Moss Liquid Ant Bait Station 
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Perimeter Treatment with Good Residual Sprays Such As:  
 Suspend or Demon WP can at times prevent these ants from entering the structures.  

 
Key 
The key to using baits is patience. Applied properly and using a fresh bait product, a broadcast 
application will give 80% to 90% control, rarely 100%.  
 
For instance, Amdro® is the fastest acting, giving maximum control in 3 to 6 weeks. Logic® or 
Award®, when applied late in the year, may take several months to provide maximum control, but 
will suppress ant colonies for a year or more.  
 
One approach, for example, for heavy imported fire ant infestations is to treat with Amdro® first 
for fast knockdown, then come back with Logic®/Award® for longer duration of control as ants 
start to re-infest the area some months in the future. Other baits include Siege®, Award®, 
Ascend®, and Raid® Fire Ant Killer. 
 
Regular Inspections  
Regular inspections and service are necessary to find and treat new colonies as they move in 
from neighboring properties. These perimeter treatments can keep your home or business pest 
free. We suggest a regular treatment on the exterior with Demand, Tempo, or Suspend. 
 
Locate and Treat Colonies 
Drench colonies living in the soil or under items on the exterior with Demand, Suspend, or 
Tempo.  With mulch, be sure to rake it back to get good penetration where colonies may be 
thriving.  Follow up with a broadcast application of granule such as Talstar G. If you know with 
some certainty where the colony is living inside, then you can treat them directly by drilling a small 
hole into the wall void at the base (directly above the baseboard) and injecting a dust, such as 
Delta Dust, Drione, or Borid Turbo. 
 
General tips for limiting ant infestations include:  

 Eliminate piles of lumber, bricks, or other debris that could serve as nesting sites for ants.  
 Keep landscape mulch less than 2 inches thick and at least 12 inches away from 

foundations.  
 Ensure the sprinkler system does not spray directly onto the foundation. 
 Seal as many cracks in the building's exterior as possible. 
 Keep tree and shrub branches cut away from touching the building. 
 Consider re-landscaping to avoid using plants that are prone to aphids and similar insects. 

At the very least, treat such plants for aphids regularly.  
 
A thorough inspection both inside and outdoors is crucial to determine ant nest location(s). Inside 
look primarily near moisture sources (sinks, potted plants, etc.) and secondarily near food sources 
(sweets stored in cabinets, etc.).  
 
Check carpet edges and shoe moldings. Inspect electrical outlets and telephone jacks, especially 
in the kitchen and bathroom. Check walls around possible entryways (window and door frames, 
utility lines, weep holes, etc.) for trails of ants as well as along edges and corners. Follow any 
trails of ants back to their nest. If the ants are associated with an outside/ perimeter wall, then go 
outside and look for ants trailing along the wall on the opposite side. 
 
If the nest(s) cannot be located, it may be necessary to prebait with sweets such as jelly in short 
pieces of soda straw to draw the ants out. Place such prebaits where ants have been seen, in 
electrical outlet boxes, along carpet edges, in food cabinets, etc.  
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Check these prebait placements in 24-48 hours for activity. If ants cannot then be found coming 
in from outdoors, use one of the commercial baits for control. Try both protein-based and sweet 
baits. 
 
Outside, inspect along the foundation wall, patio, and sidewalks by pulling back the grass and/or 
mulch. Then pull back any mulch at the base of trees and shrubs with a rake. Check debris in 
tree/shrub crotches using a screwdriver because ants also nest here.  
 
Turn over any stones, bricks, logs, firewood, and debris on the ground especially near the 
foundation; as much as possible such items should be eliminated. Check any branches of 
trees/shrubs in contact with the structure; these should be trimmed back to eliminate contact. 
Follow trailing ants back to their nest. Treat nests with an appropriately labeled pesticide. If there 
is continual ghost ant invasion from the outside, a perimeter treatment using a microencapsulated 
or wettable powder formulation of pyrethroid should be applied. 
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Odorous House Ant– 1 node ant   

 
ODOROUS ANT (TAPINOMA SESSILE) 

 
This native species, found throughout the United States, produces a foul odor when crushed. It 
smells like a "rotten coconut". I like to call these nasty little critters “Piss Ants”. The odorous house 
ant has become the most common and difficult ant species to control throughout much of the 
United States. The ant is small (1/8-inch), darkish, and forms distinct trails (shown left) along 
outdoor and indoor surfaces.  
 
It is often mistaken for the pavement ant, which can readily be controlled with most baits. The 
most accurate diagnostic difference, visible under magnification, is the absence of a noticeable 
node or "bump" along the constricted area between thorax and abdomen of the odorous house 
ant. Pavement ants have two obvious nodes, and fine grooves or striations along the head and 
thorax. Pavement ants also are more likely to displace bits of soil from their typical nesting location 
under sidewalks, driveways and other paved areas.  
 
Odorous house ants emit what's been described as a rotten coconut or pine scent when crushed 
with a finger and sniffed.  
 
Odorous house ants will nest in virtually every imaginable location. They commonly nest outdoors 
under pavement, stones, mulch, woodpiles, flower pots, and house siding, foraging indoors for 
food and moisture. Nests also occur indoors within wall cavities, appliances, potted plants, etc., 
especially near sources of moisture. The nests tend to be mobile; colonies relocate fast and often 
in response to changes in weather and disturbance.  
 
Appearance 
The workers are about 1/16 to 1/8" (2.4 to 3.25mm) long, and their bodies are brown to black. 
The antennae have 12 segments.  
 
Reproduction 
Females in the nest lay one egg daily. It takes an average of 24 days for the young to reach 
adulthood. The nest colonies range from 100 to 10,000 ants, but can be driven away by invading 
Argentine ants. Argentine ants generate strong pheromone trails when foraging. They can be 
easily tracked. In many areas, you will see them pathing three and four abreast.  
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Inspection 
They forage day and night, and their nests can occur in a great variety of situations. Inside, these 
ants usually construct their nests in wall voids, especially around hot water pipes and heaters, in 
crevices in sinks, cupboards, etc. Outside, they are found in exposed soil, usually shallow, often 
located beneath a board, brick, stone walk, etc. They are most likely to enter buildings when their 
honeydew supply or sweet supply of food is reduced; such as during rainy weather or with leaf 
fall in the autumn.  
 
Diet 
They can feed on anything from other insects, honeydew, seeds, and plant secretions, but do 
prefer sweets. They are extremely fond of honeydew and attend such honeydew-excreting insects 
as plantlice (aphids), scale insects, mealybugs, etc.  
 
IPM Control Program  
An Integrated Pest Management (IPM) approach offers a greater chance for control of ants. An 
IPM approach incorporates all available control methods into a pest management program. IPM 
methods include identification, inspection, sanitation, exclusion, and chemical strategies.  
 
Recommended Products and Treatment 
Baiting is the preferred treatment over typical residual spraying, to eliminate the entire colony. 
The use of residual sprays or dusts will cause stress on the colonies, causing them to split into 
sub-colonies that scatter to other areas in the structure. This is also called budding. After spraying, 
the problem can be worse than at the beginning. When you bait, you will want a slow-acting bait. 
Quick-kill insecticides and baits will only kill the foraging ants, not allowing the foraging ants to 
take the bait back home to feed the queen, nest workers and brood. If the current ant bait that 
you are using is not acceptable to the ants (if they are not visiting the bait), it is recommended 
that you change the baits. Ants require carbohydrates sugars, proteins, and greases.  They find 
a variety of these sources in nature. Examples are: other insects (proteins and greases), nectar, 
aphid honeydew, and plant products (sugar and carbohydrates).  
 
The Recommended Products for the Protein/Grease Eating Cycle Would Be:  

 Maxforce Ant Bait Stations  
 Flourguard Ant Bait Stations  
 Maxforce Ant Granulars  
 Advance Carpenter Ant Bait 

 
The Recommended Products for the Sugar Eating Cycle Would Be:  

 Maxforce Ant Killer Bait Gel  
 Uncle Albert’s Gel Bait 
 Revenge Liquid Ant Bait  
 Maxforce Granular Ant Bait is an excellent choice for the outside, feeding all their dietary 

needs.  
 Ant bait stations such as: Ant Cafes small or large plastic cubes (that snap shut) that keep 

the gel or dry granulated bait inside, may serve to keep the baits intact.  
 Dr. Moss Liquid Ant Bait can be applied to areas where ants are foraging. For use of Dr. 

Moss Liquid Ant Bait, you should use the Dr. Moss Liquid Ant Bait Station 
 
Perimeter Treatment with Good Residual Sprays Such As:  

 Suspend or Demon WP can at times prevent these ants from entering the structures.  
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Key 
The key to using baits is patience. Applied properly and using a fresh bait product, a broadcast 
application will give 80% to 90% control, rarely 100%. For instance, Amdro® is the fastest acting, 
giving maximum control in 3 to 6 weeks. Logic® or Award®, when applied late in the year, may 
take several months to provide maximum control, but will suppress ant colonies for a year or 
more. One approach, for example, for heavy imported fire ant infestations is to treat with Amdro® 
first for fast knockdown, then come back with Logic®/Award® for longer duration of control as 
ants start to re-infest the area some months in the future. Other baits include Siege®, Award®, 
Ascend®, and Raid® Fire Ant Killer. 
 
Regular Inspections  
Regular inspections and service are necessary to find and treat new colonies as they move in 
from neighboring properties. These perimeter treatments can keep your home or business pest 
free. We suggest a regular treatment on the exterior with Demand, Tempo, or Suspend. 
 
Locate and Treat Colonies 
Drench colonies living in the soil or under items on the exterior with Demand, Suspend, or 
Tempo.  With mulch, be sure to rake it back to get good penetration where colonies may be 
thriving.  Follow up with a broadcast application of granule such as Talstar G. If you know with 
some certainty where the colony is living inside, then you can treat them directly by drilling a small 
hole into the wall void at the base (directly above the baseboard) and injecting a dust, such as 
Delta Dust, Drione, or Borid Turbo. 
 
General tips for limiting ant infestations include:  

 Eliminate piles of lumber, bricks, or other debris that could serve as nesting sites for ants.  
 Keep landscape mulch less than 2 inches thick and at least 12 inches away from 

foundations.  
 Ensure the sprinkler system does not spray directly onto the foundation. 
 Seal as many cracks in the building's exterior as possible. 
 Keep tree and shrub branches cut away from touching the building. 
 Consider re-landscaping to avoid using plants that are prone to aphids and similar insects. 

At the very least, treat such plants for aphids regularly.  
 
A thorough inspection both inside and outdoors is crucial to determine ant nest location(s). Inside 
look primarily near moisture sources (sinks, potted plants, etc.) and secondarily near food sources 
(sweets stored in cabinets, etc.). Check carpet edges and shoe moldings. Inspect electrical outlets 
and telephone jacks, especially in the kitchen and bathroom. Check walls around possible 
entryways (window and door frames, utility lines, weep holes, etc.) for trails of ants as well as 
along edges and corners. Follow any trails of ants back to their nest. If the ants are associated 
with an outside/ perimeter wall, then go outside and look for ants trailing along the wall on the 
opposite side. 
 
If the nest(s) cannot be located, it may be necessary to prebait with sweets such as jelly in short 
pieces of soda straw to draw the ants out. Place such prebaits where ants have been seen, in 
electrical outlet boxes, along carpet edges, in food cabinets, etc. Check these prebait placements 
in 24-48 hours for activity. If ants cannot then be found coming in from outdoors, use one of the 
commercial baits for control. Try both protein-based and sweet baits. 
 
Outside, inspect along the foundation wall, patio, and sidewalks by pulling back the grass and/or 
mulch. Then pull back any mulch at the base of trees and shrubs with a rake. Check debris in 
tree/shrub crotches using a screwdriver because ants also nest here. Turn over any stones, 
bricks, logs, firewood, and debris on the ground especially near the foundation; as much as 
possible such items should be eliminated.  
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Check any branches of trees/shrubs in contact with the structure; these should be trimmed back 
to eliminate contact. Follow trailing ants back to their nest. Treat nests with an appropriately 
labeled pesticide. If there is continual ghost ant invasion from the outside, a perimeter treatment 
using a microencapsulated or wettable powder formulation of pyrethroid should be applied. 
  

Ant Key Words 
 
Tarsi: A foot. Insect feet are made of several segments and may have pads, hairs, or hooks. 
 
Termite: Any wood-eating insect in the order Isoptera.  
 
Tramp: A widespread ant species spread by human commerce with a specific syndrome of life 
history characteristics: extreme polygyny, unicolonial or highly polydomous nest structure and 
colony reproduction by budding. 
 
Transferred: Collected outside native habitat, without knowledge of established nests. 

 

 
 

SILVERFISH EXAMPLE  
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Pyramid Ant – 1 node ant   

 
PYRAMID ANT EXAMPLE 

 
Pyramid ants are pale orange to dark brown in color. They are slender with a pyramid-shaped 
projection on its thorax. Range from 1/12-inch to 1/6-inch in length. Nest in soil, sandy soil 
preferred. Typically, nest has a single entrance surrounded by crater-shaped mound of soil and 
a single queen per nest. One dark colored species, however, is a temporary parasite on the most 
common orange species and occupies a number of nests at a time, with multiple queens. 
 
Pyramid ants move quickly and forage in strong, easily detected trails. They are similar to fire ants 
in that often nest in open, sunny areas, and are rarely found indoors. They can also be found 
around patios, porches and decks. They feed on other insects and honeydew, and are particularly 
fond of sweets. 
 
Pyramid ant colonies are small and nesting chambers are formed just below the surface of the 
soil, providing easy access to the entire colony. Individual colonies can be treated by injecting an 
appropriate insecticide directly into the entrance hole using a compressed air sprayer. The use of 
a crack and crevice tip fitted on the spray nozzle should be inserted directly into the entrance 
hole. Two or three ounces are needed to treat each colony. Colonies found under items on the 
ground can be drenched with a few ounces of insecticide. Baits containing a sweet attractant can 
be effective in areas where workers are active but the colony cannot be located.  
 
General tips for limiting ant infestations include:  

 Eliminate piles of lumber, bricks, or other debris that could serve as nesting sites for ants.  
 Keep landscape mulch less than 2 inches thick and at least 12 inches away from 

foundations.  
 Ensure the sprinkler system does not spray directly onto the foundation. 
 Seal as many cracks in the building's exterior as possible. 
 Keep tree and shrub branches cut away from touching the building. 
 Consider re-landscaping to avoid using plants that are prone to aphids and similar insects. 

At the very least, treat such plants for aphids regularly.  
 
A thorough inspection both inside and outdoors is crucial to determine ant nest location(s). Inside 
look primarily near moisture sources (sinks, potted plants, etc.) and secondarily near food sources 
(sweets stored in cabinets, etc.). Check carpet edges and shoe moldings. Inspect electrical outlets 
and telephone jacks, especially in the kitchen and bathroom.  
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Check walls around possible entryways (window and door frames, utility lines, weep holes, etc.) 
for trails of ants as well as along edges and corners. Follow any trails of ants back to their nest. 
If the ants are associated with an outside/ perimeter wall, then go outside and look for ants 
trailing along the wall on the opposite side. 
 
If the nest(s) cannot be located, it may be necessary to prebait with sweets such as jelly in short 
pieces of soda straw to draw the ants out. Place such prebaits where ants have been seen, in 
electrical outlet boxes, along carpet edges, in food cabinets, etc. Check these prebait placements 
in 24-48 hours for activity. If ants cannot then be found coming in from outdoors, use one of the 
commercial baits for control. Try both protein-based and sweet baits. 
 
Outside, inspect along the foundation wall, patio, and sidewalks by pulling back the grass and/or 
mulch. Then pull back any mulch at the base of trees and shrubs with a rake. Check debris in 
tree/shrub crotches using a screwdriver because ants also nest here.  
 
Turn over any stones, bricks, logs, firewood, and debris on the ground especially near the 
foundation; as much as possible such items should be eliminated. Check any branches of 
trees/shrubs in contact with the structure; these should be trimmed back to eliminate contact. 
Follow trailing ants back to their nest. Treat nests with an appropriately labeled pesticide. If there 
is continual ant invasion from the outside, a perimeter treatment using a microencapsulated or 
wettable powder formulation of pyrethroid should be applied. 
 
Insecticides 
In areas of active colonies, treat walls and ceiling voids through cracks and crevices with non-
repellent boric acid dust and make bait placements. Keep the ants in the area long enough to get 
the slow-acting toxicants to the main colony where the workers, larvae and queens are poisoned. 
(A delayed-action stomach poison is recommended.) Repellent insecticides, such as pyrethrins, 
will move the colonies, spreading them further throughout the building.  
 
Research has shown that it is best to use bait placement only where active ant trails are found. 
This ensures feeding, since some ants have not been able to find the bait even when only one 
inch away from the bait stations. Intersect the ant trail with bait on a cotton swab taken from the 
station to ensure instant feeding. Bait preference may change during the season due to changing 
needs of the developing colonies. An effective bait is a 99 percent boric acid formulation mixed at 
a 5 percent concentration by weight in mint apple jelly (about two level tablespoons of powdered 
boric acid per 10 ounces of mint apple jelly). Another bait is 2 percent boric acid and 98 percent 
light corn syrup.  
 
Step One: Baits 
Fire ant baits consist of pesticides on processed corn grits coated with soybean oil. Worker ants 
take the bait back to the colony, where it is shared with the queen, which then either dies or 
becomes infertile. Baits currently available include Amdro, Siege, Logic, Award, Ascend, or Raid 
Fire Ant Killer. Baits are slow-acting and require weeks or months to achieve 80% to 90% control.  
 
Bait Products  
Bait products can be used to easily treat large areas effectively. They contain extremely low 
amounts of toxins.  
 
For best results: 

 Use fresh bait, preferably from an unopened container.  
 Apply when the ground and grass are dry and no rain is expected for the next 24 to 48 

hours.  
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 Apply when worker ants are actively looking for food, usually in late afternoon or in the 
evening. To test, put a small pile of bait next to a mound and see if the ants have found it 
within 30 minutes.  

 Apply baits with hand-held seed spreaders. Don't apply baits mixed with fertilizer or seed.  
 Baits can be applied anytime during the warm season. When applied in late summer/early 

fall, ants are still foraging, and it's easier to predict weather patterns. Then the bait can 
take effect over the winter while you're indoors. Re-apply baits once or twice a year.  

 
Step Two 
Individual Mound Treatments
Chemical: With dust products, no water is needed and they act fast. However, they leave a 
surface residue. Liquid drenches generally eliminate mounds within a few hours and leave little 
surface residue after application. Granular products are relatively fast acting and usually require 
putting granules on and around the mound and then sprinkling 1 to 2 gallons of water on them 
without disturbing the mound. Closely follow directions on the label. 
 
Organic: Pouring 2 to 3 gallons of very hot or boiling water on the mound will kill ants about 60% 
of the time. Otherwise, the ants will probably just move to another location. Very hot or boiling 
water will kill the grass or surrounding vegetation that it is poured upon. Other natural or organic 
methods include mound drench products containing plant derived ingredients (e.g. botanical 
insecticides) and biological control agents. 
 
Methoprene  
A commercial bait called methoprene (Pharorid) is marketed for use by pest control operators in 
a bait that consists of liver, honey, and sponge cake. It is often difficult to use the bait ants prefer; 
as ants feed on one compound, another compound placed less than 1/4-inch away will be ignored 
until the ants spill over into the second bait.  
 
Boric Acid  
Boric acid and methoprene baits work slowly, sometimes taking 15 to 40 weeks or more before 
ant eradication. A bait containing hydramethylon (same as in Maxforce roach bait stations) gives 
quicker results, 2 to 35 days, according to certain pest control operators.  
 
Bait stations may include jumbo size plastic drinking straw sections, medicine (pill) dispensing 
cups, plastic vial caps and/or drafting (masking) tape. Placement can be made on the rear lip of 
kitchen counters, at plumbing pipe-wall junctions, on window sills, behind wall electrical outlets, 
above door frames, etc., in less accessible areas of pets or young children. There may be 
increased or new ant feeding activity during the early part of the baiting program. No other 
pesticides, heavy-duty cleaners, or paints should be used during the baiting periods to discourage 
ant feeding.  
 
Bendiocarb  
Applications of bendiocarb (Ficam), which is odorless, can give fast eradication of Pharaoh ants 
if treatments are thorough. Ficam 76 percent WP and 91 percent dust is labeled for licensed 
commercial and pest control operators. The bait products most recommended for Pharaoh ant 
control include: (boric acid plus mint apple jelly (Drax), hydramethylnon (Maxforce), methoprene 
(Pharorid), bendiocarb (Ficam), propoxur (Baygon) and sulfluramid (Pro-Control)).  
 
After bait stations are placed, one will see ants trailing to and from these bait stations. Do not 
spray or disturb the ants or bait stations. Ants must be allowed to carry the bait back into their 
nest where the active ingredient in the bait will eliminate the colony. 
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Ant Key Words 
 
Larval stage (larva, larvae): An immature insect, sometimes used to include all immature stages, 
even eggs. Usually this term refers more specifically to the feeding stages of insects with complete 
metamorphosis like grubs, caterpillars, and maggots.  
 
Microbial Pesticide: Bacteria, viruses, fungi and other microorganisms used to destroy or 
control pests.  
 
Pedipalps: Second pair of appendages of the cephalothorax corresponding to the mandibles of 
insects.  
 
Pseudergates:  Caste found in the lower termites (Isoptera), comprised of individuals having 
regressed from nymphal stages by molts eliminating the wing buds, or being derived from larvae 
having undergone non-differentiating molts, serving as the principle elements of the worker caste, 
but remaining capable of developing into other castes by further molting.  
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Rasberry Ant  Also see Crazy Ant for more Information– 1 node ant 

 
 
In Texas, more specifically in the Houston area, the common name being used for Nylanderia sp. 
nr. pubens is the Rasberry crazy ant. The description of the Rasberry crazy ant is very similar to 
the species description for Nylanderia pubens, the Caribbean crazy ant. Research on the correct 
identification of this ant in Texas, including the morphology and phylogenetic characteristics, is 
ongoing. The ants are about 3 millimeters long (equivalent of one-eighth inch) and are covered 
with reddish-brown hairs.  
 
The colonies have multiple queens. They feed on ladybugs, fire ants and Attwater's prairie chicken 
hatchlings, as well as plants. They are able to out-compete fire ants because they reproduce 
faster. The ants are not attracted to ordinary ant baits, are not controlled by over-the-counter 
pesticides, and are harder to fully exterminate because their colonies have multiple queens.  
 
Attraction to Electrical Equipment 
It is unclear why this species, like many varieties of ants, is attracted to electrical equipment, 
including computers and air conditioners and hair dryers. It may be that they sense the magnetic 
field that surrounds wires with electric current flowing through them. Or, they might prefer the heat 
byproduct of resistance in the wires. However, it could simply be that they are searching for food 
or a nesting location that is easy to defend. 
 
Their infestation of electrical equipment can cause short circuits when they chew through 
insulation. Overheating and mechanical failures can also be caused by high numbers of dead 
worker ants in electrical devices. When mounds cannot be located, spraying the window seals 
and cracks with Cypermethrin (Cynoff EC, Cynoff WP, Demon WP or Demon WP) and using a 
sweet bait or dual bait such as Gourmet or Advance Dual Choice in the house is a great 
combination.   
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NEVER use an indoor spray if you are incorporating the use of an indoor ant bait!  Such tactics 
will usually contaminate your bait, resulting in failure to control the pests. Simply picking up rocks 
and debris around the house will also help.  If the ants are nesting in the house, the wall voids will 
need to be dusted with Drione in areas where ant baits are not to be used. Ant infestation are not 
easy to control and different strategies should be used depending on nest location and food 
preferences of the ants. Ants can be controlled with a combination of good sanitation, removing 
pheromone trails, caulking entry points and eliminating active nests. Insecticide sprays and baits 
can be used to kill foraging ants and destroy nests, but strategies designed to prevent further 
infestations should be used in conjunction with chemical treatment. 
 
Recommended Products and Treatment 
Baiting is the preferred treatment over typical residual spraying, to eliminate the entire colony. 
The use of residual sprays or dusts will cause stress on the colonies, causing them to split into 
sub-colonies that scatter to other areas in the structure. This is also called budding. After spraying, 
the problem can be worse than at the beginning. When you bait, you will want a slow-acting bait. 
Quick-kill insecticides and baits will only kill the foraging ants, not allowing the foraging ants to 
take the bait back home to feed the queen, nest workers and brood. If the current ant bait that 
you are using is not acceptable to the ants (if they are not visiting the bait), it is recommended 
that you change the baits. Ants require carbohydrates sugars, proteins, and greases.  They find 
a variety of these sources in nature. Examples are: other insects (proteins and greases), nectar, 
aphid honeydew, and plant products (sugar and carbohydrates).  
 
The Recommended Products for the Protein/Grease Eating Cycle Would Be:  

 Maxforce Ant Bait Stations  
 Flourguard Ant Bait Stations  
 Maxforce Ant Granulars  
 Advance Carpenter Ant Bait 

 
The Recommended Products for the Sugar Eating Cycle Would Be:  

 Maxforce Ant Killer Bait Gel  
 Uncle Albert’s Gel Bait 
 Revenge Liquid Ant Bait  
 Maxforce Granular Ant Bait is an excellent choice for the outside, feeding all their dietary 

needs.  
 Ant bait stations such as: Ant Cafes small or large plastic cubes (that snap shut) that keep 

the gel or dry granulated bait inside, may serve to keep the baits intact.  
 Dr. Moss Liquid Ant Bait can be applied to areas where ants are foraging. For use of Dr. 

Moss Liquid Ant Bait, you should use the Dr. Moss Liquid Ant Bait Station 
 
Perimeter Treatment with Good Residual Sprays Such As:  

 Suspend or Demon WP can at times prevent these ants from entering the structures.  
 
Key 
The key to using baits is patience. Applied properly and using a fresh bait product, a broadcast 
application will give 80% to 90% control, rarely 100%. For instance, Amdro® is the fastest acting, 
giving maximum control in 3 to 6 weeks. Logic® or Award®, when applied late in the year, may 
take several months to provide maximum control, but will suppress ant colonies for a year or 
more.  
 
One approach, for example, for heavy imported fire ant infestations is to treat with Amdro® first 
for fast knockdown, then come back with Logic®/Award® for longer duration of control as ants 
start to re-infest the area some months in the future. Other baits include Siege®, Award®, 
Ascend®, and Raid® Fire Ant Killer. 
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Regular Inspections  
Regular inspections and service are necessary to find and treat new colonies as they move in 
from neighboring properties. These perimeter treatments can keep your home or business pest 
free. We suggest a regular treatment on the exterior with Demand, Tempo, or Suspend. 
 
Locate and Treat Colonies 
Drench colonies living in the soil or under items on the exterior with Demand, Suspend, or 
Tempo.  With mulch, be sure to rake it back to get good penetration where colonies may be 
thriving.  Follow up with a broadcast application of granule such as Talstar G. If you know with 
some certainty where the colony is living inside, then you can treat them directly by drilling a small 
hole into the wall void at the base (directly above the baseboard) and injecting a dust, such as 
Delta Dust, Drione, or Borid Turbo. 
 
General tips for limiting ant infestations include:  

 Eliminate piles of lumber, bricks, or other debris that could serve as nesting sites for ants.  
 Keep landscape mulch less than 2 inches thick and at least 12 inches away from 

foundations.  
 Ensure the sprinkler system does not spray directly onto the foundation. 
 Seal as many cracks in the building's exterior as possible. 
 Keep tree and shrub branches cut away from touching the building. 
 Consider re-landscaping to avoid using plants that are prone to aphids and similar insects. 

At the very least, treat such plants for aphids regularly.  
 
A thorough inspection both inside and outdoors is crucial to determine ant nest location(s). Inside 
look primarily near moisture sources (sinks, potted plants, etc.) and secondarily near food sources 
(sweets stored in cabinets, etc.). Check carpet edges and shoe moldings. Inspect electrical outlets 
and telephone jacks, especially in the kitchen and bathroom.  
 
Check walls around possible entryways (window and door frames, utility lines, weep holes, etc.) 
for trails of ants as well as along edges and corners. Follow any trails of ants back to their nest. If 
the ants are associated with an outside/ perimeter wall, then go outside and look for ants trailing 
along the wall on the opposite side. 
 
If the nest(s) cannot be located, it may be necessary to prebait with sweets such as jelly in short 
pieces of soda straw to draw the ants out. Place such prebaits where ants have been seen, in 
electrical outlet boxes, along carpet edges, in food cabinets, etc. Check these prebait placements 
in 24-48 hours for activity. If ants cannot then be found coming in from outdoors, use one of the 
commercial baits for control. Try both protein-based and sweet baits. 
 
Outside, inspect along the foundation wall, patio, and sidewalks by pulling back the grass and/or 
mulch. Then pull back any mulch at the base of trees and shrubs with a rake. Check debris in 
tree/shrub crotches using a screwdriver because fire ants also nest here.  
 
Turn over any stones, bricks, logs, firewood, and debris on the ground especially near the 
foundation; as much as possible such items should be eliminated. Check any branches of 
trees/shrubs in contact with the structure; these should be trimmed back to eliminate contact. 
Follow trailing ants back to their nest. Treat nests with an appropriately labeled pesticide. If there 
is continual ghost ant invasion from the outside, a perimeter treatment using a microencapsulated 
or wettable powder formulation of pyrethroid should be applied. 
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Sanitation  
 Eliminate sources of moisture (such as leaky faucets, plumbing, and free-standing water) 

and food because these ants are scavengers.  
 Clean windows of dead insects. These ants will feed on dead insects.  
 Remove the food source if ants are trailing to food. With a mild detergent, wipe ant trails 

after food is removed to erase the trail pheromone. The trail pheromone is a special 
chemical that foraging ants lay down to guide other foraging ants to food or to a new 
nesting place.  

 Spray the ants with soapy water from a spray bottle. This will often temporarily halt ant 
problems if insecticide use is of concern around food or other sensitive areas. Soap breaks 
the surface tension of the water, causing the ants to drown.  

 Check potted plants for ants before bringing the plants indoors. One way to check for ants 
is to water the soil thoroughly to force ants out of the soil.  

 
Physical Exclusion  

 Caulk cracks and crevices in the house.  
 Keep branches from coming in contact with your house (ants will walk on them into the 

house).  
 
Chemical  

 Apply chemicals judiciously. Precision spot treatments at points of entry into the house, 
such as around window sills and door thresholds, may be effective. Broadcast spraying 
for these ants is unwise. A liquid insecticide will make the area repellent to ants. Ants will 
not feed on a bait that is placed in the vicinity of a repellent liquid insecticide.  

 
 Bait stations designed for outdoor and indoor use have been reported to be effective in 

killing these ants. Look for products with delayed toxicants, such as hydramethylnon and 
sulfluramid. The toxicant must be slow-acting, because if ants die in the immediate area 
of the bait, other ants will avoid the area and not feed on the bait.  

 
 1 percent boric acid in a 10 percent sugar solution is a homemade remedy for many sweet-

loving ants, such as the Argentine ant. There are several disadvantages to this bait. First, 
it is very slow-acting.  
 

 Second, because the colonies are so large, they must be given a constant supply, which 
means the homeowner would have to repeatedly check on the bait. Even then, control is 
not guaranteed. The only advantage is that this bait is inexpensive.  

 
Insecticides 
In areas of active colonies, treat walls and ceiling voids through cracks and crevices with non-
repellent boric acid dust and make bait placements. Keep the ants in the area long enough to get 
the slow-acting toxicants to the main colony where the workers, larvae and queens are poisoned. 
(A delayed-action stomach poison is recommended.)  
 
Repellent insecticides, such as pyrethrins, will move the colonies, spreading them further 
throughout the building. Research has shown that it is best to use bait placement only where 
active ant trails are found.  
 
This ensures feeding, since some ants have not been able to find the bait even when only one 
inch away from the bait stations. Intersect the ant trail with bait on a cotton swab taken from the 
station to ensure instant feeding. Bait preference may change during the season due to changing 
needs of the developing colonies.  
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An effective bait is a 99 percent boric acid formulation mixed at a 5 percent concentration by 
weight in mint apple jelly (about two level tablespoons of powdered boric acid per 10 ounces of 
mint apple jelly). Another bait is 2 percent boric acid and 98 percent light corn syrup.  
 
Bendiocarb  
Applications of bendiocarb (Ficam), which is odorless, can give fast eradication of ants if 
treatments are thorough. Ficam 76 percent WP and 91 percent dust is labeled for licensed 
commercial and pest control operators. The bait products most recommended for Pharaoh ant 
control include: (boric acid plus mint apple jelly (Drax), hydramethylnon (Maxforce), methoprene 
(Pharorid), bendiocarb (Ficam), propoxur (Baygon) and sulfluramid (Pro-Control)).  
 
After bait stations are placed, one will see ants trailing to and from these bait stations. Do not 
spray or disturb the ants or bait stations. Ants must be allowed to carry the bait back into their 
nest where the active ingredient in the bait will eliminate the colony. 
 
These recommendations are provided only as a guide. It is always the pesticide applicator's 
responsibility, by law, to read and follow all current label directions for the specific pesticide being 
used. Due to constantly changing labels and product registration, some of the recommendations 
given in this writing may no longer be legal by the time you read them.  
 
If any information in these recommendations disagrees with the label, the recommendation must 
be disregarded. No endorsement is intended for products mentioned, nor is criticism meant for 
products not mentioned. The author and Technical Learning College (TLC) assume no liability 
resulting from the use of these recommendations.  
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Rover Ant Information and Control– 1 node ant 
Brachymyrmex spp.  
 

 
ROVER ANT EXAMPLE 

 
Rover Ants were noticed around 30 years ago, but are just now gaining attention, as they have 
become a serious pest problem in many areas of the country.  The Rover ant is often mistaken 
for the little black ant, resulting in failure to control the targeted ant pest.   
 
Unlike the Little Black Ant, the Rover ant has only one queen and can have many colonies in one 
area.  It can be very frustrating to eliminate all of the colonies.  
 
The Rover ant is very small (1/16 to 1/12 of an inch) and can be blonde to dark brown 
in color.  They have one node which has a low peak and is sloped slightly forward of the abdomen 
is generally carried forward and hides the node.  The key to identifying the Rover ant is its 9 
segmented antennae which is not clubbed.  Another physical characteristic of the Rover Ant is 
that it does not have a stinger.  The workers of this ant species are all one size (monomorphic).  
 
Rover Ants are most often found dead in swimming pools or running vigorously up and down 
vertical objects such as a blade of grass or the leg of a patio chair.  In the wilderness they 
nest under stones, in the soil or in rotting wood.   
 
In buildings we are finding them in high moisture areas such as bathrooms, kitchens or rooms 
with past water problems.  They can also form sub slab colonies.  Rover Ants feed on honeydew 
which is produced from aphids and mealy bugs. Female winged ablates are three times larger 
than male workers.   
 
Controlling Rover Ants  
By broadcasting a good residual insecticide such as Talstar over lawns and nearby shrubs to kill 
off the ants, much of their food source (sap sucking insects which provide honeydew) can also be 
controlled.  Exterior surfaces of the home, garage, shed or other structures in infested areas will 
also help control foraging Rover ants.  
 
Indoor control of Rove Ants will be aided by the exterior spray, but if the indoor populations are 
too high in number then other actions can be taken.   
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When indoor sprays are not favorable or practical, use a good bait for sweet feeding 
ants.  Gourmet Ant Bait Gel is an excellent choice for controlling indoor Rover Ant populations, 
whether they are merely scouting for food or have established colonies in the voids found inside 
the average home. 
 
When mounds cannot be located, spraying the window seals and cracks with Cypermethrin 
(Cynoff EC, Cynoff WP, Demon WP or Demon WP) and using a sweet bait or dual bait such as 
Gourmet or Advance Dual Choice in the house is a great combination.  NEVER use an indoor 
spray if you are incorporating the use of an indoor ant bait!  Such tactics will usually contaminate 
your bait, resulting in failure to control the pests. 
 
Simply picking up rocks and debris around the house will also help.  If the ants are nesting in the 
house, the wall voids will need to be dusted with Drione in areas where ant baits are not to be 
used. Ant infestation are not easy to control and different strategies should be used depending 
on nest location and food preferences of the ants. Ants can be controlled with a combination of 
good sanitation, removing pheromone trails, caulking entry points and eliminating active nests. 
Insecticide sprays and baits can be used to kill foraging ants and destroy nests, but strategies 
designed to prevent further infestations should be used in conjunction with chemical treatment. 
 
Insecticides 
In areas of active colonies, treat walls and ceiling voids through cracks and crevices with non-
repellent boric acid dust and make bait placements. Keep the ants in the area long enough to get 
the slow-acting toxicants to the main colony where the workers, larvae and queens are poisoned. 
(A delayed-action stomach poison is recommended.) Repellent insecticides, such as pyrethrins, 
will move the colonies, spreading them further throughout the building.  
 
Research has shown that it is best to use bait placement only where active ant trails are found. 
This ensures feeding, since some ants have not been able to find the bait even when only one 
inch away from the bait stations. Intersect the ant trail with bait on a cotton swab taken from the 
station to ensure instant feeding. Bait preference may change during the season due to changing 
needs of the developing colonies. An effective bait is a 99 percent boric acid formulation mixed at 
a 5 percent concentration by weight in mint apple jelly (about two level tablespoons of powdered 
boric acid per 10 ounces of mint apple jelly). Another bait is 2 percent boric acid and 98 percent 
light corn syrup.  
 
Methoprene  
A commercial bait called methoprene (Pharorid) is marketed for use by pest control operators in 
a bait that consists of liver, honey, and sponge cake. It is often difficult to use the bait ants prefer; 
as ants feed on one compound, another compound placed less than 1/4-inch away will be ignored 
until the ants spill over into the second bait.  
 
Boric Acid  
Boric acid and methoprene baits work slowly, sometimes taking 15 to 40 weeks or more before 
ant eradication. A bait containing hydramethylon (same as in Maxforce roach bait stations) gives 
quicker results, 2 to 35 days, according to certain pest control operators.  
 
Bait stations may include jumbo size plastic drinking straw sections, medicine (pill) dispensing 
cups, plastic vial caps and/or drafting (masking) tape. Placement can be made on the rear lip of 
kitchen counters, at plumbing pipe-wall junctions, on window sills, behind wall electrical outlets, 
above door frames, etc., in less accessible areas of pets or young children. There may be 
increased or new ant feeding activity during the early part of the baiting program. No other 
pesticides, heavy-duty cleaners, or paints should be used during the baiting periods to discourage 
ant feeding.  
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Bendiocarb  
Applications of bendiocarb (Ficam), which is odorless, can give fast eradication of ants if 
treatments are thorough. Ficam 76 percent WP and 91 percent dust is labeled for licensed 
commercial and pest control operators. The bait products most recommended for Pharaoh ant 
control include: (boric acid plus mint apple jelly (Drax), hydramethylnon (Maxforce), methoprene 
(Pharorid), bendiocarb (Ficam), propoxur (Baygon) and sulfluramid (Pro-Control)).  
 
After bait stations are placed, one will see ants trailing to and from these bait stations. Do not 
spray or disturb the ants or bait stations. Ants must be allowed to carry the bait back into their 
nest where the active ingredient in the bait will eliminate the colony. 
 
Recommended Products and Treatment 
Baiting is the preferred treatment over typical residual spraying, to eliminate the entire colony. 
The use of residual sprays or dusts will cause stress on the colonies, causing them to split into 
sub-colonies that scatter to other areas in the structure. This is also called budding. After spraying, 
the problem can be worse than at the beginning.  
 
When you bait, you will want a slow-acting bait. Quick-kill insecticides and baits will only kill the 
foraging ants, not allowing the foraging ants to take the bait back home to feed the queen, nest 
workers and brood. If the current ant bait that you are using is not acceptable to the ants (if they 
are not visiting the bait), it is recommended that you change the baits. Ants require carbohydrates 
sugars, proteins, and greases.  They find a variety of these sources in nature. Examples are: 
other insects (proteins and greases), nectar, aphid honeydew, and plant products (sugar and 
carbohydrates).  
 
The Recommended Products for the Protein/Grease Eating Cycle Would Be:  

 Maxforce Ant Bait Stations  
 Flourguard Ant Bait Stations  
 Maxforce Ant Granulars  
 Advance Carpenter Ant Bait 

 
The Recommended Products for the Sugar Eating Cycle Would Be:  

 Maxforce Ant Killer Bait Gel  
 Uncle Albert’s Gel Bait 
 Revenge Liquid Ant Bait  
 Maxforce Granular Ant Bait is an excellent choice for the outside, feeding all their dietary 

needs.  
 Ant bait stations such as: Ant Cafes small or large plastic cubes (that snap shut) that keep 

the gel or dry granulated bait inside, may serve to keep the baits intact.  
Dr. Moss Liquid Ant Bait can be applied to areas where ants are foraging.  
 
These recommendations are provided only as a guide. It is always the pesticide applicator's 
responsibility, by law, to read and follow all current label directions for the specific pesticide being 
used. Due to constantly changing labels and product registration, some of the recommendations 
given in this writing may no longer be legal by the time you read them.  
 
If any information in these recommendations disagrees with the label, the recommendation must 
be disregarded. No endorsement is intended for products mentioned, nor is criticism meant for 
products not mentioned. The author and Technical Learning College (TLC) assume no liability 
resulting from the use of these recommendations.  
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Types of Common Building Treatment Applications 
 
Spot treatment is application to small areas where insects walk but will not contact food, utensils, 
or workers. Such areas are on floors, walls, or bases or undersides of equipment. Spot treatments 
should not exceed 2 square feet. In many cases, spot treatments are only allowed in non-food 
areas. Check the label to be sure of the proper 
use of spot treatments. 
 
Crack and crevice treatment is the application of small amounts of pesticides into cracks and 
crevices that pests use to enter buildings. These commonly occur at expansion joints. They occur 
between equipment and floors. The openings may lead to hollow walls, equipment legs and 
bases, conduits, motor housings, or junction or switch boxes. You can use liquids, dusts, or baits 
for crack and crevice treatments. These products can be used in food areas if the pesticides are 
placed into cracks and crevices. 
 
Residual pesticides may be applied when food establishments are in operation unless the product 
label prohibits it. 
 
When using non-residual pesticides (effects only during the time of treatment) as space 
treatments (aerosol, ULV and fog), the application should be made when the establishment is not 
in operation and foods are removed or covered. Food handling surfaces should be cleaned before 
use.  
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Hidden Nodes 

 
ODOROUS ANT (PISS ANT) 

Odorous Ant 
Odorous House ants are dark brown to black in color. Technical classified as 1 node but difficult 
to see the node. Typically 1/8-inch long. 
 

 
ROVER ANT EXAMPLE 

 
Rover Ant 
Rover ants are yellow-blonde to dark brown in color, with the abdomen appearing swollen or 
humped at the front end. Technical classified as 1 node but difficult to see the node. Range from 
1/16-inch to 1/12-inch in length 
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WHITE FOOTED ANT EXAMPLE 
 
 
White-Footed Ant 
The white-footed ant is a 1/10 to 1/8 inch (2.5-3 mm) long, black to brownish-black ant. It is called 
the white-footed ant because the "foot" (which actually is the lower part of the leg known as the 
tarsus) is yellowish-white.  
 
The waist has only one knob-like node and each antenna has 12 segments. The white-footed ant 
does not have a sting. Technical classified as 1 node but difficult to see the node  
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Topic 16 - 1 node Ant Identification and Control Section Post Quiz 
 
Answers at the rear of Glossary 
 
Identify the missing term or word 
 
Ant Control  
1.  Ant baits can again be a useful tool in eradicating inside-the-home ant nests, although baits 
may not work as well with carpenter ants as with the other species mentioned. Again, workers 
must eat the bait, take it back to the nest, and feed it to the queen and larval ants. This type of 
control is _____________with treatments that prevent workers from returning to the nest with the 
bait.   
 
Carpenter Ants  
2.  Carpenter ants are most active in the evening hours, foraging for all kinds of food, both inside 
the house and outside. By following the ants, you may be able to tell where the nest is. Because 
carpenter ants keep the tunneled galleries very clean and push the sawdust and dead insect parts 
out small holes in the wood, a small, fresh pile of sawdust under the nest timber is the usual sign 
of an active carpenter ant nest. Once a nest is found, treatment is usually easy with either an 
insecticide dust or spray. ____________into wall voids or the nest itself may be necessary to 
reinsure complete control.   
 
Ghost Ant   
Foraging and feeding 
3.  Workers follow scent trails along the edges of structures for protection. They can often be 
spotted trailing under the edge of carpets and up the sides of the building, searching for entry 
points.  Ghost ants prefer_________, particularly honeydew secreted by aphids and mealybugs. 
The ants will herd and protect them from their natural predators, insuring the safety of their living 
food source. They are also predacious, attacking living insects, eggs and larvae of flies and 
butterflies. Indoors, ghost ants will seek sweet food such as candy, fruit and sugar. 
 
Harvester Ants 
4.  Over the years, their numbers have been declining, and this has often been attributed to 
competition for food with the invasive Red Imported Fire Ant and the argentine ant. Their decline 
has affected many___________, especially those for which the red harvester ant is a chief source 
of food, such as the Texas horned lizard. Red harvester ants are often mistaken for fire ants, but 
are not related to any fire ant species, native or introduced. This class of ants is also known to 
have both male and female genesis. 
 
Regular Inspections  
5.  Regular inspections and service are necessary to find and treat new colonies as they move in 
from neighboring properties. These _____________can keep your home or business pest free. 
We suggest a regular treatment on the exterior with Demand, Tempo, or Suspend. 
 
 
Locate and Treat Colonies 
6.  Drench colonies living in the soil or under items on the exterior with___________.  With mulch, 
be sure to rake it back to get good penetration where colonies may be thriving.  Follow up with a 
broadcast application of granule such as Talstar G. If you know with some certainty where the 
colony is living inside, then you can treat them directly by drilling a small hole into the wall void at 
the base (directly above the baseboard) and injecting a dust, such as Delta Dust, Drione, or Borid 
Turbo. 
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Topic 17 - 2 node Ant Identification and Control Section 
 

 
LITTLE BLACK ANT EXAMPLE 

 
 
Little Black Ant (Monomorium minimum) is a species of ant. Members of the species are tiny 
and shiny black in color. These ants are pests that are usually found outdoors or in wood inside 
a home that causes it to decay. Workers are 1/16 inch in length and the queens are 1/8 inch in 
length. They use recruitment to deal more effectively with large prey. They form colonies with 
multiple queens. Ants give birth to live pupa. Ant pupa laid by the queen can take just 10 days to 
mature. Winged ants may fly away and start a new colony if the current colony is overpopulated. 

 

 
ACROBAT ANT (CREMASTOGASTER LINEOLATA) 

 
Acrobat Ant 
Acrobat ants have very shiny bodies that vary in color from light red to dark brown or black. 
They have a heart-shaped abdomen, and get their name from the unique habit of running with it 
bent up and over their thorax when bothered or agitated, and may sting or bite. They are often 
very shiny. Range from 1/8-inch to more than a ¼-inch in length 
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BIG- HEADED ANT DIAGRAM 
(PHEIDOLE SPP.) 

 
Big Headed Ants 
Big-headed ants are light brown to dark reddish brown in color. They have two different size 
workers: major workers heads are very large in proportion to their bodies. The minor workers do 
not have large heads. Range from 1/16-inch to 1/8-inch in length. 
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PAVEMENT ANT DIAGRAM 

 
 
Pavement Ant (Tetramorium caespitum) 
Food: sweets, proteins, grease.  Nest: in lawns or under stones, boards; build mounds along 
sidewalks, foundations, and near water.  3/16 inch, dark brown to black. 
 

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

628

 
 

 
PHARAOH ANT DIAGRAM 

 
Pharaoh Ant (Monomorium pharaonis) 
Food: fats, proteins, sweets. Nest: in wall or cabinet voids, behind baseboards, or insulation or 
outdoors in debris. 1/16 inch, yellow or honey colored to orange. 
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Red imported fire ant (Solenopsis invicta) 

Food: sweets, proteins. Nest: in mounds with multiple openings in soil or lawns and sometimes 
in buildings behind wall voids. 1/16 to 1/5 inch, reddish with dark brown abdomen 
 
 

 
 

Southern Fire Ant (Solenopsis xyloni) 
Food: proteins and sweets. Nest: in small mounds with flattened irregular craters in wood, under 
rocks. 
 
1/8 to 1/4 inch, amber head and thorax with black abdomen, body covered with golden hairs 
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THIEF ANT EXAMPLE 

 
 
 

Thief ant (Solenopsis molesta) 
Food: greasy and fatty foods, sometimes sweets. Steal food and ant larvae from other ant nests. 
Nest: outdoors in soil, under rocks or decaying wood or indoors behind wallboards or baseboards. 
1/32 inch, yellow to light brown 
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YELLOW ANT                                 CRAZY ANT  
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CLOSE-UP COMPARISON OF FIRE AND BULL ANT 
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Acrobat Ant – 2 node ant  
 

 
 
Acrobat Ants, Crematogaster species (Hymenoptera: Formicidae) 
Acrobat ants get their common name from their habit of raising their abdomen over their head 
and thorax. The workers are known to bite aggressively and to give off a repulsive odor when 
alarmed. In nature, colonies may nest in exposed soil, under stones, stumps and old trees. They 
occasionally become pests by invading homes where they are known to nest in woodwork and 
foam insulation, and infest household foods. They feed on live and dead insects, and they tend 
aphids for their sugary excrement known as "honeydew." In homes, they show a slight preference 
for sweets and meats or other high protein foods.  
 
The Acrobat Ant, Crematogaster sp., nests under stones, in stumps, or dead wood, and 
occasionally invades the home. These ants have a heart-shaped abdomen that is often held up 
over their bodies. They feed primarily on honeydew produced by aphids. Acrobat ants get their 
name from their unique habit of sometimes running while holding their abdomen above their 
thorax when disturbed.  This gives them the appearance of an acrobat who walks on his or her 
hands. 
 
These ants do not build large, above ground mounds.  Instead, they are more likely to be found 
nesting in dead tree limbs, hollow logs, fallen trees, old tree stumps, or even the hollow cavity of 
a tree.  Around a home or business, acrobat ant colonies can be found in any organic litter or 
mulch and beneath stacks of firewood, under stepping stones, landscape timbers, bird baths, 
etc.  They are often found in shrubs or ornamentals, feeding on insects and the honeydew 
produced by aphids.  All of these areas must be taken into consideration when eliminating acrobat 
ant infestations. Worker ants enter a homes or other structure by crawling along electrical and 
phone lines.  They also access homes from shrubs or trees that are too close to or touching the 
building or by simply crawling up the outside walls to enter around windows, doors, cracks, 
crevices, or through vents.  It would be very difficult (if not impossible) to eliminate all access 
points.         
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Like all ants, the acrobat ants may produce winged, reproductive individuals (males and females) 
called swarmers. These sexually developed adults emerge from an established colony, usually in 
the fall, to disperse and start new colonies. The swarmers are harmless, but they may be the first 
indication of an infestation. Special treatment of swarmers beyond vacuuming or sweeping them 
up is not required. 
 
Acrobat ants entering from outdoors can be managed by sealing the exterior cracks through which 
they enter, using a residual insecticide barrier along the foundation, or by treating the ant nest if 
the location can be determined through careful inspection and observation. Ant colonies living 
within the walls should be treated by eliminating any moisture problems (if present) and by 
injecting household insecticide spray or dust into infested wall voids. It may be necessary to drill 
small holes to accomplish this treatment. Insecticides containing pyrethroids are available to 
homeowners for outdoor use. Always follow labeled directs. Please read "Insecticides in the Home 
Landscape and Garden" for more information. Insecticides for use indoors are in ready-to-use 
formulations. Visit your local retailer to find a ready-to-use insecticide labeled for ants. Read and 
follow the directions on the label. 
 
Detailed Description: 2.4 mm (1/10 in) (P. megacephala minors) and 3.8 mm (1/7 in) (P. 
megacephala majors) long. Front half of head sculptured, back half-smooth and shiny. Two-
segmented petiole, where postpetiolar node is distinctly broader than long and subangular on 
each side. Twelve-segmented antennae with three-segmented club. Epinotal spines on 
propodeum. There are some 15 Pheidole species in Florida. The bilobed head of P. megacephala 
majors is characteristic. Subfamily Myrmicinae.  
 
Diet: Living and dead insects. Collect honeydew from sap-sucking insects. Forage for sweets, 
fats, and proteins in homes. 
 
Most Common Complaints: Foragers both inside and outside. Piles of sand and other debris 
indoors. Outdoor colonies are difficult to control because of multiple nests, so restrict access to 
buildings. Management includes locating and appropriately treating colonies. Treating using 
outdoor granular baits may be used, but may not be effective when large colonies are present. 
 
Insecticides 
In areas of active colonies, treat walls and ceiling voids through cracks and crevices with non-
repellent boric acid dust and make bait placements. Keep the ants in the area long enough to get 
the slow-acting toxicants to the main colony where the workers, larvae and queens are poisoned. 
(A delayed-action stomach poison is recommended.) Repellent insecticides, such as pyrethrins, 
will move the colonies, spreading them further throughout the building.  
 
Research has shown that it is best to use bait placement only where active ant trails are found. 
This ensures feeding, since some ants have not been able to find the bait even when only one 
inch away from the bait stations. Intersect the ant trail with bait on a cotton swab taken from the 
station to ensure instant feeding. Bait preference may change during the season due to changing 
needs of the developing colonies. An effective bait is a 99 percent boric acid formulation mixed at 
a 5 percent concentration by weight in mint apple jelly (about two level tablespoons of powdered 
boric acid per 10 ounces of mint apple jelly). Another bait is 2 percent boric acid and 98 percent 
light corn syrup.  
 
Methoprene  
A commercial bait called methoprene (Pharorid) is marketed for use by pest control operators in 
a bait that consists of liver, honey, and sponge cake. It is often difficult to use the bait ants prefer; 
as ants feed on one compound, another compound placed less than 1/4-inch away will be ignored 
until the ants spill over into the second bait.  

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

635

Boric Acid  
Boric acid and methoprene baits work slowly, sometimes taking 15 to 40 weeks or more before 
ant eradication. A bait containing hydramethylon (same as in Maxforce roach bait stations) gives 
quicker results, 2 to 35 days, according to certain pest control operators. Bait stations may include 
jumbo size plastic drinking straw sections, medicine (pill) dispensing cups, plastic vial caps and/or 
drafting (masking) tape. Placement can be made on the rear lip of kitchen counters, at plumbing 
pipe-wall junctions, on window sills, behind wall electrical outlets, above door frames, etc., in less 
accessible areas of pets or young children.  
 
There may be increased or new ant feeding activity during the early part of the baiting program. 
No other pesticides, heavy-duty cleaners, or paints should be used during the baiting periods to 
discourage ant feeding.  
 
Bendiocarb  
Applications of bendiocarb (Ficam), which is odorless, can give fast eradication of ants if 
treatments are thorough. Ficam 76 percent WP and 91 percent dust is labeled for licensed 
commercial and pest control operators. The bait products most recommended for Pharaoh ant 
control include: (boric acid plus mint apple jelly (Drax), hydramethylnon (Maxforce), methoprene 
(Pharorid), bendiocarb (Ficam), propoxur (Baygon) and sulfluramid (Pro-Control)).  
 
After bait stations are placed, one will see ants trailing to and from these bait stations. Do not 
spray or disturb the ants or bait stations. Ants must be allowed to carry the bait back into their 
nest where the active ingredient in the bait will eliminate the colony. 
 
Detergent Barrier 
Temporary "moats" of detergent and water may be useful during heavy ant invasions.  

 Containers of food or food waste which must remain open during working hours can be 
placed in large, shallow pans filled with water mixed with a small amount of detergent.  

 Use this technique to protect potted plants from ants that may be attracted to nectar 
produced by the plant or to honeydew produced by plant-feeding insects. Elevate the pot 
above the detergent-and-water mixture by placing it on an overturned saucer. Make sure 
the limbs and leaves of the plant are not in contact with surfaces that ants could use as 
bridges.  

 
Chemical Controls 
At times, non-chemical methods alone prove insufficient to solve the problem. Integrating a 
pesticide into your management program may be necessary to gain control of the ant problem.  
Pesticides must be used in accordance with their EPA-approved label directions.  
 
Applicators must be certified to apply pesticides and should always wear protective equipment 
during applications. All labels and Safety Data Sheets (SDS) for the pesticide products authorized 
for use in the IPM program should be maintained on file. Do not apply these materials when 
buildings are occupied, and never apply them where they might wash into drains or sewers. When 
treating ants, all baits and dusts should be placed in cracks, crevices, and in precise areas where 
ants are active.  
 
Detergent and Water 
When ants invade a classroom or food preparation area, use a mixture of soap and water in a 
spray bottle. This mixture will quickly kill the ants which can then be wiped up with a sponge and 
washed down the drain. Each classroom, cafeteria, and food preparation area should be equipped 
with such a spray bottle so teachers and staff can safely deal with emergencies. 
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These recommendations are provided only as a guide. It is always the pesticide applicator's 
responsibility, by law, to read and follow all current label directions for the specific pesticide being 
used. Due to constantly changing labels and product registration, some of the recommendations 
given in this writing may no longer be legal by the time you read them.  
 
If any information in these recommendations disagrees with the label, the recommendation must 
be disregarded. No endorsement is intended for products mentioned, nor is criticism meant for 
products not mentioned. The author and Technical Learning College (TLC) assume no liability 
resulting from the use of these recommendations.  
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Bigheaded Ant – 2 nodes 
 

 
BIG-HEADED ANT 
(PHEIDOLE SPP.) 

 
The Bigheaded Ant, Pheidole megacephala (Fabricius). Worker ants have relatively large heads 
compared to their bodies. They have a 12- segmented antenna and 3-segmented clubs. Their 
habits are similar to red imported fire ants, feeding on live and dead insects, seeds, and honeydew 
outdoors, and greasy food sources and sweets indoors.  
 
Foraging Characteristics: Small, light brown to reddish brown to nearly black, dull ants. Often 
foraging in columns. Two worker sizes, although the major (larger, soldier worker) is rare. Majors 
may appear near baits. Major’s head is disproportionately larger than body. No workers 
intermediate in size will be found. Slow moving.  Nest Sites & Characteristics: Nest in soil or under 
stones, logs, wood, or debris. P. megacephala foraging trails are sometimes soil-covered and 
resemble subterranean termite foraging tubes. Multiple queens. P. megacephala colonies can be 
spread out into megacolonies.  
 
Habits 
Big-headed ants are most common in warmer areas of the United States. This ant primarily lives 
outdoors and only occasionally invades structures. 
 
Colonies have multiple queens and can be very large. Nesting is usually in the soil in protected 
locations like under rocks, logs, firewood, patio blocks, landscape timbers and more. The ants will 
also nest in open areas. Big-headed ants will construct mud tubes on foundations, similar to 
termite tunnels. 
 
Detergent Barrier 
Temporary "moats" of detergent and water may be useful during heavy ant invasions.  

 Containers of food or food waste which must remain open during working hours can be 
placed in large, shallow pans filled with water mixed with a small amount of detergent.  

 Use this technique to protect potted plants from ants that may be attracted to nectar 
produced by the plant or to honeydew produced by plant-feeding insects. Elevate the pot 
above the detergent-and-water mixture by placing it on an overturned saucer. Make sure 
the limbs and leaves of the plant are not in contact with surfaces that ants could use as 
bridges.  
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Chemical Controls 
At times, non-chemical methods alone prove insufficient to solve the problem. Integrating a 
pesticide into your management program may be necessary to gain control of the ant problem.  
Pesticides must be used in accordance with their EPA-approved label directions. Applicators must 
be certified to apply pesticides and should always wear protective equipment during applications. 
All labels and Material Safety Data Sheets (MSDS) for the pesticide products authorized for use 
in the IPM program should be maintained on file. Do not apply these materials when buildings are 
occupied, and never apply them where they might wash into drains or sewers. When treating 
ants, all baits and dusts should be placed in cracks, crevices, and in precise areas where ants 
are active.  
 
Detergent and Water 
When ants invade a classroom or food preparation area, use a mixture of soap and water in a 
spray bottle. This mixture will quickly kill the ants which can then be wiped up with a sponge and 
washed down the drain. Each classroom, cafeteria, and food preparation area should be equipped 
with such a spray bottle so teachers and staff can safely deal with emergencies. 
 
Insecticides 
In areas of active colonies, treat walls and ceiling voids through cracks and crevices with non-
repellent boric acid dust and make bait placements. Keep the ants in the area long enough to get 
the slow-acting toxicants to the main colony where the workers, larvae and queens are poisoned. 
(A delayed-action stomach poison is recommended.) Repellent insecticides, such as pyrethrins, 
will move the colonies, spreading them further throughout the building.  
 
Research has shown that it is best to use bait placement only where active ant trails are found. 
This ensures feeding, since some ants have not been able to find the bait even when only one 
inch away from the bait stations. Intersect the ant trail with bait on a cotton swab taken from the 
station to ensure instant feeding. Bait preference may change during the season due to changing 
needs of the developing colonies.  
 
An effective bait is a 99 percent boric acid formulation mixed at a 5 percent concentration by 
weight in mint apple jelly (about two level tablespoons of powdered boric acid per 10 ounces of 
mint apple jelly). Another bait is 2 percent boric acid and 98 percent light corn syrup.  
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Leaf Cutter Ants  Atta texana– 2 node ant 
 

 
 LEAF-CUTTING ANT EXAMPLE 

 
Leafcutter ants, a non-generic name, are any of 47 species of leaf-chewing ants belonging to 
the two genera Atta and Acromyrmex. These species of tropical, fungus-growing ants are all 
endemic to South and Central America and parts of the southern United States.  
 
The Acromyrmex and Atta ants have much in common anatomically; however, the two can be 
identified by their external differences. Atta ants have three pairs of spines and a smooth 
exoskeleton on the upper surface of the thorax, while Acromyrmex ants have four pairs and a 
rough exoskeleton.  
 
Next to humans, leafcutter ants form the largest and most complex animal societies on Earth. In 
a few years, the central mound of their underground nests can grow to more than 98 ft. across, 
with smaller, radiating mounds extending out to a radius of 260 ft., taking up 320 to 6,500 sq. ft. 
and containing eight million individuals.  
 
Appearance 
The worker ants range in size from 1/16"-to 1/2 ". They are red, with two nodes. The winged 
reproductives or swarmers produced by the leaf cutter ant colonies are quite big. The females are 
well over 2 inches long.  The males are much smaller. They are rusty brown. A relatively large 
ant with a spiny body and long legs.  
 
Leaf cutter ants are mounded ants; like fire ants, they establish a mound outside. Found mainly 
in the United States in south central and eastern Texas and into parts of western Louisiana, they 
are also called "cut ants" or "parasol ants."  Leaf cutter ants are mainly a rural, agriculture pest, 
but can be found in subdivisions. Leaf cutter ants usually come to your attention when plants, 
trees or shrubs are being stripped of their leaves. The usually select one type of plant to feed off, 
ignoring others. 
 
Leaf-cutter ants are major agricultural pests in Central and South America. It has been estimated 
they do $1 billion damage per year in crop losses in North and South America.  
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Although primarily an agricultural pest, this insect on occasion may invade the home for cereals. 
In the United States, the Texas leaf-cutting ant occurs in Texas and Louisiana. This ant is believed 
to cause a total yearly loss of $7 million in the United States.  
 
Inspection 
Sometimes, they enter structures, but don't stay long. Look for nest sites that have high moisture, 
such as creek beds, drainage ditches, and streams. Sometimes you can discover their nest by 
following the foraging ants’ home. A nest will have many entrances with craters of loose soil that 
have been deposited above. During the summer, workers forage during the night. They will forage 
in the daytime during the spring and fall, unless it is rainy or overcast. A "trail" of leaves can lead 
you to a nest, as well. Try to discover the entrances to the nest for possible treatment. The 
swarmers often swarm in the night during the months of April or May. They are attracted to lights 
on buildings and can be found crawling, in large quantities, on buildings, following a major swarm. 
They cause no real damage.  
 
Diet 
Using their scissor-like jaws, they completely strip trees and other plants of their foliage,  
carrying back the leaves to their vast underground nests, where millions of ants live.  
It is in these chambers that leaf-cutters do something very unusual with the leaves that they bring 
back to the nest.  
 
The leaves are not eaten; they are chewed into a pulp-like material, which soon sprouts a fungus. 
This special, mushroom-like fungus serves as the colony's only food. Being very selective about 
the species of leaves they collect causes these ants to travel several hundred yards on leaf-
gathering foraging. The ants leave an invisible scent on the trails they use in order to find their 
way home.  
 
Nests 
The nest may cover 3,000 to 4,500 square feet and may be 8 feet or more deep. A nest has many 
chambers containing fungus, perhaps two to three dozen, and many dozens of entrances. In 
addition, the nests of some species of leaf cutter ants may contain 1,000,000 or more workers. 
Their queens are among the largest of ants. 
 
Beneficial Insects 
Leaf-cutter ants help maintain the health of the environment. The by-products from the leaves, 
fungi, and ant wastes fertilize the soil.  
 
Recommended Products and Treatments 
It is recommended that you drench the mounds with a weakened diluted residual insecticide; such 
as Conquer. However, the nest may be deep, and often located near bodies of water,  
so if in doubt, call your local extension agency for their recommendations.  
 
Methoprene  
A commercial bait called methoprene (Pharorid) is marketed for use by pest control operators in 
a bait that consists of liver, honey, and sponge cake. It is often difficult to use the bait ants prefer; 
as ants feed on one compound, another compound placed less than 1/4-inch away will be ignored 
until the ants spill over into the second bait.  
 
These recommendations are provided only as a guide. It is always the pesticide applicator's 
responsibility, by law, to read and follow all current label directions for the specific pesticide being 
used. Due to constantly changing labels and product registration, some of the recommendations 
given in this writing may no longer be legal by the time you read them. If any information in these 
recommendations disagrees with the label, the recommendation must be disregarded.  
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Little Black Ant  
 

 

 
Little Black Ant 
The scientific name of the little black ant is monomorium minimum. Little black ants are small and 
dark brown, black or jet-black in color. Little black ants are a native species found throughout the 
United States, with concentrations in thought-out areas of the US.  Worker little black ants can be 
as small as one millimeter in length, and queens can measure up to four millimeters. Their 
antennae consist of twelve segments and end in a three-segmented club. Their pedicel is two-
segmented. Little black ants have no spines and their bodies are unevenly rounded. Although 
little black ants bear a stinger, it is too small to be effective against most threats. Both males and 
queens have wings before mating season, though males die soon after mating and females shed 
their wings. Little black ants prefer meat, but they are omnivorous and will eat insects, sweets, 
honeydew, vegetables, grease or oily foods, corn meals and plant secretions as well. Little black 
ant workers forage in trails, which are frequently seen along sidewalks and foundation walls. 

 
Proverbs 6:6-8 
A Lesson from the Ant 
6-11 You lazy fool, look at an ant. Watch it closely; let it teach you a thing or two. Nobody has to 
tell it what to do.  All summer it stores up food; at harvest it stockpiles provisions.  
 
So how long are you going to laze around doing nothing?   
 
How long before you get out of bed?  
 
A nap here, a nap there, a day off here, a day off there,  sit back, take it easy—do you know 
what comes next? Just this: You can look forward to a dirt-poor life, poverty your permanent 
houseguest! 
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These little black ants are awesome workers.  These ants carried a small lizard twenty feet to 
their nest within 1 hour.  They worked together and overcame all obstacles.  One obstacle was 
carrying the lizard over gravel.  They waited and gathered more workers and carried the lizard to 
the nest.  They did not bite or tear the flesh but kept the body together.  Incredible work effort. 
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Little Black Ant Identification and Control – 2 node ant   
Monomorium minimum  
 

 
 

LITTLE BLACK ANT EXAMPLE 
Black Ant  
The little Black Ant, Monomorium minimum, is a slow-moving, small black ant that is generally not 
a pest indoors. Workers prey on insects and feed on honeydew produced by sucking-types of 
insects, such as aphids. The little black ant is versatile, nesting both indoors and outdoors. The 
ants prefer decayed woods, but will build nests in any woodwork voids or cracks in cement. 
Outdoor colonies are found under stones/rocks, in rotting logs, in lawns, or in open areas. Nests 
can be located by the small craters of fine soil which are deposited at their entrances. 
 
Foraging and Feeding of the Black Ant 
The workers forage in scent marked trails along the edges of structures such as foundation walls 
and along sidewalks outside. They feed on aphids as a source of honeydew, plant secretions and 
are predaceous on other insects. In the home the little black ant will feed on almost any food items 
it can find, such as grease, oil, meats, sweets, fruits and vegetable materials such as corn meal. 
The little black is native to the United States and can be found throughout the country. They are 
most populous in the eastern half of the U.S., in southern California, and in the bay area of San 
Francisco. 
 
The Little Black Ant is found throughout the US especially the Eastern half of the US and southern 
California. They get their name from their size and jet black color.  The workers are only 1/16 of 
an inch and the queen is twice that size at 1/8 of an inch.  They have a 12 segment antenna with 
a 3 segmented-club.  Little Black Ants have 2 nodes and a small weak stinger.   
 
Swarmers are usually found from June to August when mating and new colonies are 
formed.  The colonies have multiple queens which aids the colonies to grow rapidly. Closely 
related to the Pharaoh ant in identification except the color, the Little Black Ant is also often 
mistaken for another ant pest: the Rover Ant.   
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The Little Black Ant (Monomorium minimum) is a species of ant. Members of the species are tiny 
and shiny black in color. These ants are pests that are usually found outdoors or in wood inside 
a home that causes it to decay. Workers are 1/16 inch in length and the queens are 1/8 inch in 
length. They use recruitment to deal more effectively with large prey. They form colonies with 
multiple queens. 
 
Ants give birth to live pupa. Ant pupa laid by the queen can take just 10 days to mature. Winged 
ants may fly away and start a new colony if the current colony is overpopulated. The little black 
ant nests inside and outside.  Outside they prefer decade wood but will also nest under rocks, 
lawns and also in open areas.  Inside they can be found in wood work voids and cracks in cement 
and under edges of carpet. Their nests can be located by small caters of fine soil deposited at the 
entrance.  Colonies are very mobile and are willing to move if disturbed. 
 
When foraging, little black ants leave a scent mark trail along the edges of structures such as 
walls, sidewalks or baseboards.  These trails can be followed to the nest for baiting or trenching 
the mounds. The ants will feed on honeydew, grease, oil, meats, fruits, vegetables and 
sweets.  Indoor ant infestations are not typically the result of indoor colonies.   
 
Usually the ants are nesting outside and coming in to the house or building to forage for food.  In 
that case, drenching the exterior mounds with an insecticide such as Cypermethrin can often be 
the most important step in achieving control. 
 
When mounds cannot be located, spraying the window seals and cracks with Cypermethrin 
(Cynoff EC, Cynoff WP, Demon WP or Demon WP) and using a sweet bait or dual bait such as 
Gourmet or Advance Dual Choice in the house is a great combination.  NEVER use an indoor 
spray if you are incorporating the use of an indoor ant bait!  Such tactics will usually contaminate 
your bait, resulting in failure to control the pests. 
 
Simply picking up rocks and debris around the house will also help.  If the ants are nesting in the 
house, the wall voids will need to be dusted with Drione in areas where ant baits are not to be 
used. Ant infestation are not easy to control and different strategies should be used depending 
on nest location and food preferences of the ants. Ants can be controlled with a combination of 
good sanitation, removing pheromone trails, caulking entry points and eliminating active nests. 
Insecticide sprays and baits can be used to kill foraging ants and destroy nests, but strategies 
designed to prevent further infestations should be used in conjunction with chemical treatment. 
 
In general, ant baits can be found as: 

 Granules for broadcast 
 Liquids 
 Gels 
 Ready-to-use, tamper resistant containers 

 
Perimeter Insecticide Treatments 
The most commonly used method for controlling carpenter ants is treating the perimeter of a 
home with a dust or spray.  There are several products available for this type of application, 
but Suspend SC, Talstar Concentrate and Cynoff WP are the best.  When used in accordance 
with their labels they work well.  However, these treatments do not keep ants from entering a 
home from overhead trees and power lines.  Also, as a stand-alone treatment, they rarely 
eliminate ants inside voids and walls. 
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Recommended Products and Treatment 
Baiting is the preferred treatment over typical residual spraying, to eliminate the entire colony. 
The use of residual sprays or dusts will cause stress on the colonies, causing them to split into 
sub-colonies that scatter to other areas in the structure. This is also called budding. After spraying, 
the problem can be worse than at the beginning. When you bait, you will want a slow-acting bait.  
 
Quick-kill insecticides and baits will only kill the foraging ants, not allowing the foraging ants to 
take the bait back home to feed the queen, nest workers and brood. If the current ant bait that 
you are using is not acceptable to the ants (if they are not visiting the bait), it is recommended 
that you change the baits.  
 
Ants require carbohydrates sugars, proteins, and greases.  They find a variety of these sources 
in nature. Examples are: other insects (proteins and greases), nectar, aphid honeydew, and plant 
products (sugar and carbohydrates).  
 
The Recommended Products for the Protein/Grease Eating Cycle Would Be:  

 Maxforce Ant Bait Stations  
 Flourguard Ant Bait Stations  
 Maxforce Ant Granulars  
 Advance Carpenter Ant Bait 

 
The Recommended Products for the Sugar Eating Cycle Would Be:  

 Maxforce Ant Killer Bait Gel  
 Uncle Albert’s Gel Bait 
 Revenge Liquid Ant Bait  
 Maxforce Granular Ant Bait is an excellent choice for the outside, feeding all their dietary 

needs.  
 Ant bait stations such as: Ant Cafes small or large plastic cubes (that snap shut) that keep 

the gel or dry granulated bait inside, may serve to keep the baits intact.  
 Dr. Moss Liquid Ant Bait can be applied to areas where ants are foraging. For use of Dr. 

Moss Liquid Ant Bait, you should use the Dr. Moss Liquid Ant Bait Station 
 
Perimeter Treatment with Good Residual Sprays Such As:  

 Suspend or Demon WP can at times prevent these ants from entering the structures.  
 
Key 
The key to using baits is patience. Applied properly and using a fresh bait product, a broadcast 
application will give 80% to 90% control, rarely 100%. For instance, Amdro® is the fastest acting, 
giving maximum control in 3 to 6 weeks. Logic® or Award®, when applied late in the year, may 
take several months to provide maximum control, but will suppress ant colonies for a year or 
more.  
 
One approach, for example, for heavy imported fire ant infestations is to treat with Amdro® first 
for fast knockdown, then come back with Logic®/Award® for longer duration of control as ants 
start to re-infest the area some months in the future. Other baits include Siege®, Award®, 
Ascend®, and Raid® Fire Ant Killer. 
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SWARMER TERMITE AND FLYING ANT COMPARISON DIAGRAM 
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Pavement Ant – 2 node ant   

 
 

PAVEMENT ANT  
Workers of the Pavement Ant, Tetramorium caespitum (Linnaeus), also resemble the fire ant, but 
on close examination, the head and thorax are roughened with parallel grooves, rather than being 
smooth. 
 
Control 
To avoid further infestations indoors, all cracks and gaps in exterior walls should be sealed. To 
limit the nesting of ants surrounding the dwelling, all debris should be removed and firewood 
stored off the ground. Their foraging trails can be followed back from the food source to the nest.  
Infested interior walls and voids in the outside ground-floor walls may be treated by aerosol 
injection of a suitable insecticide (CB-80, CB-Invader, CB-Strikeforce) or by an application of a 
dust formulation (Delta Dust). Baiting, however, may also be necessary. Baits should be 
positioned where ant trails have been established. Sweet baits are generally the most effective; 
however, if acceptance is low, a protein-based bait may be considered. 
 
Detergent Barrier 
Temporary "moats" of detergent and water may be useful during heavy ant invasions.  

 Containers of food or food waste which must remain open during working hours can be 
placed in large, shallow pans filled with water mixed with a small amount of detergent.  

 Use this technique to protect potted plants from ants that may be attracted to nectar 
produced by the plant or to honeydew produced by plant-feeding insects. Elevate the pot 
above the detergent-and-water mixture by placing it on an overturned saucer. Make sure 
the limbs and leaves of the plant are not in contact with surfaces that ants could use as 
bridges.  

 
Chemical Controls 
At times, non-chemical methods alone prove insufficient to solve the problem. Integrating a 
pesticide into your management program may be necessary to gain control of the ant problem.  
Pesticides must be used in accordance with their EPA-approved label directions. Applicators must 
be certified to apply pesticides and should always wear protective equipment during applications. 
All labels and Safety Data Sheets (SDS) for the pesticide products authorized for use in the IPM 
program should be maintained on file. Do not apply these materials when buildings are occupied, 
and never apply them where they might wash into drains or sewers. When treating ants, all baits 
and dusts should be placed in cracks, crevices, and in precise areas where ants are active.  
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Recommended Products and Treatment 
Baiting is the preferred treatment over typical residual spraying, to eliminate the entire colony. 
The use of residual sprays or dusts will cause stress on the colonies, causing them to split into 
sub-colonies that scatter to other areas in the structure. This is also called budding. After spraying, 
the problem can be worse than at the beginning. When you bait, you will want a slow-acting bait. 
Quick-kill insecticides and baits will only kill the foraging ants, not allowing the foraging ants to 
take the bait back home to feed the queen, nest workers and brood. If the current ant bait that 
you are using is not acceptable to the ants (if they are not visiting the bait), it is recommended 
that you change the baits. Ants require carbohydrates sugars, proteins, and greases.  They find 
a variety of these sources in nature. Examples are: other insects (proteins and greases), nectar, 
aphid honeydew, and plant products (sugar and carbohydrates).  
 
The Recommended Products for the Protein/Grease Eating Cycle Would Be:  

 Maxforce Ant Bait Stations  
 Flourguard Ant Bait Stations  
 Maxforce Ant Granulars  
 Advance Carpenter Ant Bait 

 
The Recommended Products for the Sugar Eating Cycle Would Be:  

 Maxforce Ant Killer Bait Gel  
 Uncle Albert’s Gel Bait 
 Revenge Liquid Ant Bait  
 Maxforce Granular Ant Bait is an excellent choice for the outside, feeding all their dietary 

needs.  
 Ant bait stations such as: Ant Cafes small or large plastic cubes (that snap shut) that keep 

the gel or dry granulated bait inside, may serve to keep the baits intact.  
 Dr. Moss Liquid Ant Bait can be applied to areas where ants are foraging. For use of Dr. 

Moss Liquid Ant Bait, you should use the Dr. Moss Liquid Ant Bait Station 
 
Methoprene  
A commercial bait called methoprene (Pharorid) is marketed for use by pest control operators in 
a bait that consists of liver, honey, and sponge cake. It is often difficult to use the bait ants prefer; 
as ants feed on one compound, another compound placed less than 1/4-inch away will be ignored 
until the ants spill over into the second bait.  

 
Boric Acid  
Boric acid and methoprene baits work slowly, sometimes taking 15 to 40 weeks or more before 
ant eradication. A bait containing hydramethylon (same as in Maxforce roach bait stations) gives 
quicker results, 2 to 35 days, according to certain pest control operators. Bait stations may include 
jumbo size plastic drinking straw sections, medicine (pill) dispensing cups, plastic vial caps and/or 
drafting (masking) tape. Placement can be made on the rear lip of kitchen counters, at plumbing 
pipe-wall junctions, on window sills, behind wall electrical outlets, above door frames, etc., in less 
accessible areas of pets or young children. There may be increased or new ant feeding activity 
during the early part of the baiting program. No other pesticides, heavy-duty cleaners, or paints 
should be used during the baiting periods to discourage ant feeding.  

 
Bendiocarb  
Applications of bendiocarb (Ficam), which is odorless, can give fast eradication of ants if 
treatments are thorough. Ficam 76 percent WP and 91 percent dust is labeled for licensed 
commercial and pest control operators. The bait products most recommended for Pharaoh ant 
control include: (boric acid plus mint apple jelly (Drax), hydramethylnon (Maxforce), methoprene 
(Pharorid), bendiocarb (Ficam), propoxur (Baygon) and sulfluramid (Pro-Control)).  
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Pharaoh Ant   Monomorium pharaonis – 2 node ant   
 
  

 
PHARAOH ANT EXAMPLE 

Order: Hymenoptera 
 
Identification 
Pharaoh workers are very small (about 1/16-inch long); light yellow to reddish brown in color, with 
the abdomen (hind portion of body) somewhat darker. There is no stinger. The petiole (narrow 
waist between the thorax and abdomen) has two nodes and the thorax has no spines. Eyes are 
well-developed. The antennal segments end in a distinct club with three progressively longer 
segments. This is in contrast to the thief ant's 2-segmented club.  
 
Pest Status 
Very common throughout the U.S. and the most commonly occurring indoor ant; in hospitals, it 
can be a carrier of more than a dozen pathogenic bacteria, including Staphylococcus, Salmonella, 
Pseudomonas, and Clostridium; these ants do not sting and usually do not bite. 
 
Life Cycle and Habits 
Description: Also called the sugar ant, odorous or piss ant, these are some of the smallest ants, 
the workers are about 1/12-16 inch long, with a light tan to reddish body. Over 200 species of 
ants are known to exist in the U.S.  A number of other ant species are occasionally encountered 
in and around the home.  

 
Life Cycle  
Development of worker ants progresses from eggs (5-6 days), to several larval stages (22-
24  days), pre-pupal stage (2 to 3 days), a pupae (9-12 days), and adult ants, thus taking from 38 
to 45 days from egg to adult (4 days longer for sexual forms). Colonies consist of one to several 
hundred queen ants, sterile female worker ants, periodically produced winged male and female 
reproductive ants (sexuals), and brood (developmental stages). These ants do not swarm. 
Colonies multiply by "budding", whereby a large part of an existing colony migrates, and carrying 
brood to a new nesting site. 
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Female Pharaoh  
A Female Pharaoh ant can lay 400 or more eggs in her lifetime. Most lay 10 to 12 eggs per batch 
in the early days of egg production and only 4 to 7 eggs per batch later. At 80°F and 80 percent 
relative humidity, eggs hatch in 5 to 7 days. The larval period is 18 to 19 days, prepupal period 
three days and pupal period nine days. About four more days are required to produce sexual 
female and male forms. The entire life cycle takes about 38 to 45 days depending on temperature 
and relative humidity. Unlike most ants, they breed continuously throughout the year in heated 
buildings and mating occurs in the nest. A single queen can produce many hundreds of workers 
in a few months. Mature colonies contain several queens, winged males, sterile females or 
workers, eggs, larvae, pre-pupae, and pupae growing to as large as 300,000 or more members.  
 

 
Periodically a queen, together with a few workers carrying immatures (eggs, larvae, and pupae), 
leaves the nest and sets up a new colony elsewhere, quickly spreading an infestation. This 
behavior pattern is known as "satelliting," "fractionating" or "budding" where part of the colony 
migrates to a new location rather than by single females dispersing after a reproductive swarm. 
Budding may occur due to overcrowding, seasonal changes in the building's central heating and 
cooling system, or application of a repellent pesticide.  
 
Nests are often so small they can be contained in a thimble, located between sheets of paper, in 
clothing or laundry, furniture, foods, etc. Nests usually occur in wall voids, under floors, behind 
baseboards, in trash containers, under stones, in cement or stone wall voids, in linens, light 
fixtures, etc.  
 
They prefer dark, warm areas near hot water pipes and heating tapes, in bathrooms, kitchens, 
intensive care units, operating rooms, etc. They are "trail-making" ants and often are found 
foraging in drains, toilets, washbasins, bedpans, and other unsanitary sites, as well as in sealed 
packs of sterile dressing, intravenous drip systems, on surgical wounds, food, and medical 
equipment.  
 
Habitat, Food Source(s), Damage 
Mouthparts are for chewing. Pharaoh ants are omnivorous, feeding on sweets (jelly, particularly 
mint apple jelly, sugar, honey, etc.), cakes and breads, and greasy or fatty foods (pies, butter, 
liver, and bacon). Nests can be found outdoors and almost anywhere indoors (light sockets, 
potted plants, wall voids, attics, in any cracks and crevices) particularly close to sources of warmth 
and water. 
 
Pharaoh Ant Control Measures 
Pharaoh ants are usually much harder to control than other ants because of their ability to 
disperse. There may be dozens or hundreds of colonies in a single building and when a few 
colonies are missed during control, populations will quickly rebound.  
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About 90 percent of the colony remains hidden in the nest, so even if 10 percent of the colony is 
killed by a residual pesticide, the remaining reservoir of ants is enormous. Conventional contact 
pesticide applications, especially repellent products such as pyrethrins, may spread infestations 
to new areas with multiple colonies blossoming within the structure. These ants will avoid certain 
pesticides. Control is difficult and often long term (months to years), depending on the building 
size, wall voids, etc., especially in hospitals and food plants. Complete cooperation from the 
property manager and residents is essential for a successful control program.  
 
Inspection 
Carefully examine the building inside and outside from the roof to the basement, finding the ant 
distribution, population size, and food sources. Locate ant trails, following them to where feeding 
occurs. A single stream of ants moving in one direction may indicate colony movement, not 
foraging. Mark the established feeding trail with a sticker and date. Trails with many ants coming 
and going indicate a large colony. Pre-baiting (dilute honey or peanut butter on three-by-five 
cards) helps to identify "hot spots," but with experience, one will already know where such places 
are located. In the winter, these ants tend to concentrate near and around heat, whereas in the 
spring and summer, they move to the outside walls and distribute themselves throughout the 
building. Carefully check areas with moisture, such as pipes, faucets, air conditioners, 
refrigerators, drains, leaking roofs, etc.  
 
Prevention 
When insecticides are prohibited around high-tech equipment and in health areas, use sticky 
tapes, double-faced adhesive tapes, and masking tape (glue side out) wrapped around objects 
as barriers. Use a ring of petroleum jelly, non-hardening glues, sticky dust mats, or glue boards 
under equipment legs. Seal cracks and voids with caulking compound after applying low residual 
repellent insecticides such as chlorpyrifos (Dursban) or Diazinon.  
 
Insecticides 
In areas of active colonies, treat walls and ceiling voids through cracks and crevices with non-
repellent boric acid dust and make bait placements. Keep the ants in the area long enough to get 
the slow-acting toxicants to the main colony where the workers, larvae and queens are poisoned. 
(A delayed-action stomach poison is recommended.) Repellent insecticides, such as pyrethrins, 
will move the colonies, spreading them further throughout the building.  
 
Research has shown that it is best to use bait placement only where active ant trails are found. 
This ensures feeding, since some ants have not been able to find the bait even when only one 
inch away from the bait stations. Intersect the ant trail with bait on a cotton swab taken from the 
station to ensure instant feeding. Bait preference may change during the season due to changing 
needs of the developing colonies. An effective bait is a 99 percent boric acid formulation mixed at 
a 5 percent concentration by weight in mint apple jelly (about two level tablespoons of powdered 
boric acid per 10 ounces of mint apple jelly). Another bait is 2 percent boric acid and 98 percent 
light corn syrup.  
 
Methoprene  
A commercial bait called methoprene (Pharorid) is marketed for use by pest control operators in 
a bait that consists of liver, honey, and sponge cake. It is often difficult to use the bait ants prefer; 
as ants feed on one compound, another compound placed less than 1/4-inch away will be ignored 
until the ants spill over into the second bait.  
 
Boric Acid  
Boric acid and methoprene baits work slowly, sometimes taking 15 to 40 weeks or more before 
ant eradication. A bait containing hydramethylon (same as in Maxforce roach bait stations) gives 
quicker results, 2 to 35 days, according to certain pest control operators.  
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Bait stations may include jumbo size plastic drinking straw sections, medicine (pill) dispensing 
cups, plastic vial caps and/or drafting (masking) tape. Placement can be made on the rear lip of 
kitchen counters, at plumbing pipe-wall junctions, on window sills, behind wall electrical outlets, 
above door frames, etc., in less accessible areas of pets or young children.  
 
There may be increased or new ant feeding activity during the early part of the baiting program. 
No other pesticides, heavy-duty cleaners, or paints should be used during the baiting periods to 
discourage ant feeding.  
 
Bendiocarb  
Applications of bendiocarb (Ficam), which is odorless, can give fast eradication of Pharaoh ants 
if treatments are thorough. Ficam 76 percent WP and 91 percent dust is labeled for licensed 
commercial and pest control operators. The bait products most recommended for Pharaoh ant 
control include: (boric acid plus mint apple jelly (Drax), hydramethylnon (Maxforce), methoprene 
(Pharorid), bendiocarb (Ficam), propoxur (Baygon) and sulfluramid (Pro-Control)).  
 
After bait stations are placed, one will see ants trailing to and from these bait stations. Do not 
spray or disturb the ants or bait stations. Ants must be allowed to carry the bait back into their 
nest where the active ingredient in the bait will eliminate the colony. 
 
Usually, Pharaoh ant control is best achieved by a licensed pest control operator or applicator 
who is trained, experienced, and has the proper equipment--an Applicator like yourself.  Before 
using an insecticide, always read the label, follow directions and safety precautions.  
 

 
PHARAOH ANT EXAMPLE #2  
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Red Imported Fire Ants RIFA Solenopsis invicta – 2 node ant 
 
Red imported fire ants (RIFA) are medium sized ants that build mounds of soft soil rarely larger 
than 18" in diameter. The ants emerge out aggressively when they are disturbed and sting. Their 
sting usually leaves a white pustule the next day. Harvester ants are much larger and make large 
bare areas with a single entrance hole to the colony. Leaf cutter ants are also much larger and do 
not have a distinctive built-up mound, but do have many entrance holes over a very large area. 
Other small to medium-sized ants that build small mounds will actually run away from 
disturbances and aren't fire ants. 
 
Some confusion comes from the fact that red imported fire ants come in a variety of sizes (1/16 
to almost 1/4 inch long) with the largest workers 2 or 3 times larger than the smallest. Native fire 
ants are less common in imported fire ant infested areas. Solenopsis geminata is the most 
common native fire ant species encountered. To the unaided eye, they are almost identical to red 
imported fire ants. However, geminata will have a few larger workers with large, square-shaped 
heads. These ants specialize in collecting and milling seeds. 

 

 
Queens 
Single queen (monogyne form): only one queen per colony or mound; slightly larger workers; 
members of colonies are territorial; mound densities usually 2080 mounds per acre; fewer ants 
per acre. 
 
Multiple queen (polygyne form): dozens of queens per colony; smaller average worker ants; 
colonies are interconnected; mound densities 100 to 1,000+ per acre; more ants per acre. 
 
Difference between Fire Ants and Termites 
Although most ants are recognizable, some forms of winged ants are often confused with termites, 
especially during the termite swarming season. The front pair of wings on ants is larger than the 
hind pair, while the four wings of termites are approximately the same size. Ants have "elbowed" 
antennae and a "thin waist," being narrow between the thorax and hind abdominal segments. 
Termites have the thorax and abdomen broadly connected and their antennae are straight and 
hair-like. 
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History 
Where are Fire Ants From? 
Fire ants are from South America. They entered the U.S. through Mobile, Alabama, probably in 
soil used for ships' ballast. They were accidentally introduced around the 1930s and have been 
spreading ever since. 
 
We Didn't Used to Have Fire Ants When I Was a Child. Why Do We Have Them Now? 
Red imported fire ants are very aggressive, efficient competitors. Since the 1950s, the ant has 
been spreading northward, westward, and southward from Texas. Their northward spread 
depends on temperature.  Cold winters tend to push them back. Western spread is largely 
dependent on water. They will mostly be found in urban areas, creek bottoms, irrigated land, etc. 
The entire Pacific Coast is fertile ground for infestation. The bad news is that they are probably 
here to stay. The good news is that with relatively little cost and effort, you can prevent most of 
the problems they cause using currently available methods.  
 

 
 

Fire ant mound; right side is Fire ant damage to an electrical transformer. 
 
Medical Importance 
Why Do Fire Ants Appear to Sting at the Same Time? 
Fire ants are sensitive to vibration or movement and tend to sting 
when the object they are on moves. The ants swarm up a person's 
leg, and when one ant stings, that person jerks or moves. This 
triggers many of the other ants to sting in response. Thus, it appears 
they all sting at the same time, and most do. 
 
Is Their Sting Lethal? 
Only to a very small portion of the population who experience severe 
allergic reactions. Fire ants inflict a fiery sting, which causes a small 
blister or pustule to form at the site of each sting after several hours. 
The blisters become itchy while healing and are prone to infection if 
broken.  
 
If You are Stung by a Fire Ant: 
Apply a cold compress to relieve the swelling and pain.  
Gently wash the affected area with soap and water and leave the blister intact. People who are 
allergic to insect stings should seek medical attention immediately. On rare occasions, fire ant 
stings can cause severe acute allergic reaction (anaphylaxis).  
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What Should I do if I Get Stung?
There really isn't much you can do, except watch the area for excessive swelling, itching, or 
redness, or other symptoms like shortness of breath, thickening of the tongue, sweating, etc., that 
could indicate a systemic allergic reaction. Treat stings as you would stings of other insects, and 
keep them clean and intact to avoid getting secondary infections. 
 
What if I Have an Allergic Reaction? 
Seek medical help immediately! 
 
Are They as Lethal as Killer Bees?
They both attack en masse and both can cause fatal allergic reactions, but that's where similarities 
end. Africanized bees can overwhelm and kill even healthy, non-allergic people, but encounters 
are rather rare. Fire ants can't overwhelm a healthy, mobile person and even hundreds of stings 
are rarely fatal. However, fire ant mounds are extremely common. So the chance of being killed 
by bees is higher if you come across them, but the chance of being killed by fire ants is higher 
only if you are highly allergic or cannot quickly get away from them. The chances of either are 
very small. 

 
Impact of Red Imported Fire Ants 
They're killing the Quail, Deer, Lizards, Songbirds, Horny toads, etc. Why Isn't Anything 
Being Done?
There are things being done, but it's not an easy problem to solve. First, imported fire ant control 
using today's methods provides only temporary suppression and costs money on a per- area 
basis. Wildlife occurs over large areas, which means it would make the cost of periodic treatments 
prohibitive. Research is being supported to document the impact of the imported fire ant on wildlife 
and evaluate ant management approaches. While some wildlife species are undoubtedly 
declining due to fire ants, they are also declining due to land use practices and weather extremes, 
for instance. There is great hope that the biological control agents currently under investigation 
will spread into wildlife areas and permanently reduce imported fire ant populations there. 
 
Are the Ants Killing my Trees?
The ants are mainly using the trees as a nesting place. Ants in mounds occurring at the base of 
the trunk are probably not causing any damage to well-established trees and may actually be 
helpful by preying on other insects that are feeding on parts of the tree and reducing compaction 
by tunneling in the soil. 
 
Why Do Fire Ants Get into Laundry?
This is a convenient place that resembles lots of tunnels for the ants. Often reports of ants in 
laundry occur following a flood or severe drought and are observed in utility rooms, bathrooms, 
or near the water heater where ants have access to the area from outside. When it floods they 
move in into any good dark place but in drought conditions, they tend to move to moist areas. 
 
Fire Ant Management Approaches 
Can Fire Ants be Eradicated Completely?
Red imported fire ants cannot be eradicated completely with methods available today. They can 
be eliminated temporarily from small areas, with proper control methods. Their biology and spread 
make it economically, technically, and ecologically impossible to eradicate them from larger areas. 
 
What is the Best Product for Killing Fire Ants?
There probably is no single "best" method for managing RIFA. Technical Learning College does 
not like to endorse any specific products but will mention products, which we have tested in the 
field.  
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How Do I Eliminate Them from My Yard?
There is no single, easy answer for every situation. Most people with more than a handful of 
mounds will be most satisfied with just bait or the Two-Step Method. Remember, no method is 
100% effective all the time, though some come close, and no method is permanent. The ants will 
reinvade, with new colonies probably appearing after the next rain and certainly within a year. 
 
What is the "Two-Step Method" for Controlling Imported Fire Ants?
One proven method of reducing imported fire ant populations in heavily-infested home lawns and 
ornamental turf is called the "Two-Step Method" of fire ant control.  
Briefly, it's the:  
1) once or twice per year broadcast application of a bait product (e.g., Amdro®, Logic®, Award®, 
or Ascend® and others) and waiting several days to a week before;  
2) treating nuisance mounds, using an individual mound treatment, such as a dust, granule, bait 
or drench insecticide. Otherwise, wait for the bait treatment to take effect. This method reduces 
the over-reliance on use of individual mound treatments and is suitable for treating larger areas. 
 
Why Tackle Fire Ants in the Fall? 
An ideal time to apply bait-formulated fire ant insecticides is from late August through October to 
allow the baits to reduce fire ant populations over the winter. 
 
It's been Dry and I Don't See Them. Are they Still Around? Why Should I Treat Them Now? 
The ants are still there, just not making mounds because of the heat and drought. They are deep 
in the ground during the day and come out to forage at night. Ants are often more of an indoor 
problem now, as they come in after food and water. Treating now can be very effective since the 
ants are weakened anyway. Using individual mound treatments during hot, dry conditions is not 
a good idea because mounds are absent and/or ants are deep. Baits can work quite well if the 
ants are out foraging to pick it up. It is best to treat in the late afternoon or evening. You will need 
to know if thunderstorms are a possibility, be sure there is no dew on the grass, and make sure 
the bait will not have to sit in the hot sun all day. Most of the bait will be picked up by morning. 
 
Which Bait do I Use? Baits Take Too Long. Baits Don't Work. The key to using baits is 
patience. Applied properly and using a fresh bait product, a broadcast application will give 80% 
to 90% control, rarely 100%. For instance, Amdro® is the fastest acting, giving maximum control 
in 3 to 6 weeks. Logic® or Award®, when applied late in the year, may take several months to 
provide maximum control, but will suppress ant colonies for a year or more.  
 
One approach, for heavy imported fire ant infestations is to treat with Amdro® first for fast 
knockdown, then come back with Logic®/Award® for longer durations of control as ants start to 
re-infest the area some months in the future. Other baits include Siege®, Award®, Ascend®, and 
Raid® Fire Ant Killer. 
 
We Tried Using Those Baits, But They Don't Seem to Work. I'd Like to Use Something 
Safe. What Do you Recommend? 
The baits do work when used properly. The thing to remember is the ants collect the bait as a 
source of food. Baits will go rancid in a relatively short time, as does other food that contains oil.  
 
Additionally, putting the bait out at the right time of day and at the correct rate (1 to 1 1/2 lb/acre) 
is critical. If the ants are not actively foraging, they will not pick up the bait. The best times to make 
bait applications generally are midmorning after the dew has evaporated, or late afternoon on hot 
days when the air begins to cool. Always read and follow closely the directions provided on the 
product label before using any pesticide. 
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Are There any Biological Controls Out for Fire Ants? I Heard About a Fly that is Supposed 
to Kill Fire Ants, What's the Story on That? 
The United States Department of Agriculture is conducting research on the Phorid fly as one of 
several potential biological control agents for helping to control fire ants. However, this research 
is in the beginning stages. We may be years away from any type of control these flies may provide.  
 
Even in South America, where the imported fire ants and parasitic flies come from, the flies only 
affect about 3% of the ants in a colony. Some biological control agents that have already been 
marketed include predaceous mites, parasitic nematodes, and the fungus called Beuveria 
bassiana. Scientific studies are being conducted to evaluate the effectiveness of some of these 
natural enemies, but others remain untested or have not been shown to be highly effective when 
used as directed. 
 
Why Don't We Use Mirex? 
Mirex was an effective ant killer, but it was one of the most persistent compounds ever made. 
Mirex belongs to a group of chemicals that have mostly been banned from sale or use because 
their ingredients, or their degradation products, accumulated in biological systems. 
 
Over-the-Counter Baits  
Over-the-counter baits at consumer retailers are limited to Amdro and Combat 
(hydramenthylnon); Raid Ant Bait (abamectin) - which is now an old product; Spectracide Ant Bait 
(pyripoxyfen) which is formulated at 1/10th "conventional" formulation concentration and costs 10 
times as much to apply as conventionally formulated products. 
 
Step One: Baits 
Fire ant baits consist of pesticides on processed corn grits coated with soybean oil. Worker ants 
take the bait back to the colony, where it is shared with the queen, which then either dies or 
becomes infertile. Baits currently available include Amdro, Siege, Logic, Award, Ascend, or Raid 
Fire Ant Killer. Baits are slow-acting and require weeks or months to achieve 80% to 90% control.  
 
Bait Products  
Bait products can be used to easily treat large areas effectively. They contain extremely low 
amounts of toxins.  
 
For best results: 
 Use fresh bait, preferably from an unopened container.  
 Apply when the ground and grass are dry and no rain is expected for the next 24 to 48 hours.  
 Apply when worker ants are actively looking for food, usually in late afternoon or in the evening. 
To test, put a small pile of bait next to a mound and see if the ants have found it within 30 minutes.  
 Apply baits with hand-held seed spreaders. Don't apply baits mixed with fertilizer or seed.  
 Baits can be applied anytime during the warm season. When applied in late summer/early fall, 
ants are still foraging, and it's easier to predict weather patterns. Then the bait can take effect 
over the winter while you're indoors. Re-apply baits once or twice a year.  
 
Step Two 
Individual Mound Treatments Chemical: With dust products, no water is needed and they act 
fast. However, they leave a surface residue. Liquid drenches generally eliminate mounds within 
a few hours and leave little surface residue after application. Granular products are relatively fast 
acting and usually require putting granules on and around the mound and then sprinkling 1 to 2 
gallons of water on them without disturbing the mound. Closely follow directions on the label. 
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Organic: Pouring 2 to 3 gallons of very hot or boiling water on the mound will kill ants about 60% 
of the time. Otherwise, the ants will probably just move to another location. Very hot or boiling 
water will kill the grass or surrounding vegetation that it is poured upon. Other natural or organic 
methods include mound drench products containing plant derived ingredients (e.g. botanical 
insecticides) and biological control agents. 
 

Key Words 
 
Protectant:  A pesticide applied to a plant or animal prior to the appearance or occurrence of 
the pest in order to prevent infection or injury by the pest.  
 
Repellant: A compound that keeps or drives away insects, rodents, birds or other pests from 
plants, domestic animals, buildings or other treated areas.  
 
Secondary reproductive:  A caste of subterranean termite; also called supplemental 
reproductives. If these termites develop from nymphs, they are called secondary reproductives 
(primary reproductives are the king and queen).  If they develop from pseudergates, they are 
called tertiary reproductives.   
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Ant Prevention Sub-Section  
 
Prevention is the best line of defense against the establishment of any pest insect. Relatively 
small ants, such as the white-footed ant can fit through extremely small openings to gain access 
into the home. If these entry points can be located, they can be blocked by application of caulk or 
some other exclusion device. This can also help to prevent other insects from gaining access into 
your home. 
 
Control Strategies 
There are two categories of ants that will be encountered with an ant problem. The control strategy 
that you should take depends on your type of infestation.  Ants that live outside and forage in the 
home.   
 
Ants that live outside will travel inside the home to search for food. Some species may ultimately 
reside in houses, discussed later in this fact sheet. To prevent both of these scenarios, follow 
these procedures: 
 
 First, cracks and crevices should be sealed to eliminate passages into the home. If you 
do not seal entry points, ants will probably find their way into your house at some later time.  
 Second, scrub around entry points with a detergent (to remove the trail pheromone) and 
spray a residual insecticide around entry points.  
 
Specific Actions 
If the nest is exposed (e.g. due to remodeling or reroofing) you can use a liquid or aerosol ready-
to-use insecticide, such as bifenthrin, cyfluthrin, deltamethrin, or permethrin. Spray the insecticide 
directly into as much of the nest as possible. The more of the colony that is exposed, the better 
your chance of destroying it. It is necessary to anticipate an ant colony and have a product ready 
at the start of construction.  
 
Once the nest is exposed, that portion of the colony will try to relocate to protect themselves. 
 
Sprays on surfaces where ants travel or congregate, such as along baseboards or in holes or 
cracks in the walls and floors, may reduce the frequency and number of ants you see. However, 
they are not effective in eliminating a nest because 1) the ants carry very little insecticide back to 
their nests and 2) most ants forage outside and do not come in contact with the insecticides. Be 
aware of the potential for more than one nest in a building, but only treat nests that you know 
exist. Do not treat areas of a building if additional nests are not found.  
 
Once a carpenter ant nest is treated, continue to watch for evidence of an active nest until the 
following spring. If no evidence is observed, then further insecticide applications are unnecessary. 
 
What to Do If You Have an Ant Emergency 
Baits take time to work so continue to clean up trails. 
 Determine what the ants are attracted to and remove the food source. 
 Indoor sprays are not usually necessary.  
 Put out bait stations or apply gel bait at entry points. 
 Vacuum trails, wipe them with soapy water, or spray with window cleaner. 
 Locate entry points and caulk openings or plug with petroleum jelly 
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Bait Treatments 
 

Bait treatments and insecticides can be used to control ants in the outside nest. To be effective 
baits must be placed in areas where ants frequent, eaten and be taken back to the nest. There 
are several different kinds of baits available, and you may have to do a little trial-and-error to find 
the proper bait. Because the ants must get back to the nest for satisfactory control this strategy 
may be incompatible with insecticide sprays which may kill worker ants before they can get back 
to the nest with the bait. The successful use of a bait may take several weeks or more. Insecticide 
dilutions can be used outside to successfully drench ant nests. Be sure to follow label 
recommendations for correct procedures when applying the insecticide.  
 
If the nest cannot be located, baits may be an effective alternative. Baits work by combining an 
attractive food source with a slow-acting toxicant. A delayed toxicant is critical because it allows 
the ants to forage normally for days or even weeks. During that time, ants consume the bait and 
return to the nest to share the bait with the rest of the colony. In a process known as trophallaxis, 
one ant regurgitates its stomach contents to another ant. This food sharing behavior enables the 
bait to be spread throughout the colony before the toxicant takes effect. 
 
There are a few baits available to nonprofessionals for carpenter ant control. Most retail products 
are liquid or granular formulations containing hydramethylnon, sulfluramid, abamectin, or boric 
acid. An inexpensive liquid bait of 1% boric acid in a 10% sugar water solution can be mixed at 
home, but it is very slow acting and must be constantly replenished. Baits vary a great deal in 
their effectiveness. Carpenter ants have complex food preferences, and some of the sugar-based 
baits will not be attractive to the ants long enough to be successful. 
 
Outdoors 
Often carpenter ant nests found indoors are satellite nests that can be traced back to a parent 
colony outdoors in trees, stumps, roots, fence posts, landscape timbers, and other wood 
structures. When possible, remove wood that contains carpenter ant nests, or destroy the colony. 
When this is not practical, and carpenter ants have been discovered entering your home from 
outdoor nests, a treatment with a residual insecticide around the building’s exterior helps keep 
them out of your home.  
 
Products, such as bifenthrin, cyfluthrin, or permethrin, are available to home dwellers. Be sure 
the product you intend to use is labeled for use around building exteriors. Professional pest control 
services can also treat your home’s exterior. 
 
Spray the product in a band, covering the foundation and under the lower edge of the siding to 
help keep ants from coming inside. Trim branches that overhang buildings or electrical wiring to 
avoid giving carpenter ants easy access to your home. Note: Be sure the tree or shrub species 
can be pruned at the time you wish, e.g. do not prune oak between April 15 and September 15 
because of the risk of oak wilt. Treating the building’s exterior is a short term control measure. A 
permanent control method is to eliminate or remove the nest. If this cannot be done directly, then 
use baits to eradicate the outdoor colony. 
 
Pesticide Treatments General Applications 
Chemical Control. Ants can be controlled with baits, crack and crevice treatments, indoor space 
and surface treatments, outdoor barrier and broadcast treatments, as well as void and attic 
treatments. However, methods that target individual trails of ants such as crack and crevice 
treatments and indoor space and surface treatments are usually a “quick fix” and ineffective in 
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the long term because they do not significantly reduce the ant population and do not affect the 
queen. Ant baits, however, were developed to exploit the foraging and nest mate feeding 
behaviors of ants. Bait treatments are effective for control of many ant species and are available 
in homeowner and professional product versions.  
 
Since ants rely heavily on trophallaxis (reciprocal feeding), the bait toxicant can be thoroughly 
distributed to the members of the colony, including the queen and brood. Baits are effective 
because they not only kill the foraging members of the colony, but they kill the queen(s) so no 
other ants are produced. The ideal bait contains a slow-acting, non-repellent toxicant that is 
incorporated into a preferred food substrate. There are many types of baits on the market.  
 
Some baits contain: 

 Insect growth regulators that primarily impact brood production and development 
(Extinguish, Award, Distance, etc.) 
 Metabolic inhibitors that primarily kill the foraging workers, the brood and queen (Amdro, 
Combat, etc.)  

 
In general, ant baits can be found as: 

 Granules for broadcast 
 Liquids 
 Gels 
 Ready-to-use, tamper resistant containers 

 
Perimeter Insecticide Treatments 
The most commonly used method for controlling carpenter ants is treating the perimeter of a 
home with a dust or spray.  There are several products available for this type of application, 
but Suspend SC, Talstar Concentrate and Cynoff WP are the best.  When used in accordance 
with their labels they work well.  However, these treatments do not keep ants from entering a 
home from overhead trees and power lines.  Also, as a stand-alone treatment, they rarely 
eliminate ants inside voids and walls. 
 
Recommended Products and Treatment 
Baiting is the preferred treatment over typical residual spraying, to eliminate the entire colony. 
The use of residual sprays or dusts will cause stress on the colonies, causing them to split into 
sub-colonies that scatter to other areas in the structure. This is also called budding. After spraying, 
the problem can be worse than at the beginning. When you bait, you will want a slow-acting bait.  
 
Quick-kill insecticides and baits will only kill the foraging ants, not allowing the foraging ants to 
take the bait back home to feed the queen, nest workers and brood. If the current ant bait that 
you are using is not acceptable to the ants (if they are not visiting the bait), it is recommended 
that you change the baits. Ants require carbohydrates sugars, proteins, and greases.  They find 
a variety of these sources in nature. Examples are: other insects (proteins and greases), nectar, 
aphid honeydew, and plant products (sugar and carbohydrates).  
 
The Recommended Products for the Protein/Grease Eating Cycle Would Be:  

 Maxforce Ant Bait Stations  
 Flourguard Ant Bait Stations  
 Maxforce Ant Granulars  
 Advance Carpenter Ant Bait 
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The Recommended Products for the Sugar Eating Cycle Would Be:  
 Maxforce Ant Killer Bait Gel  
 Uncle Albert’s Gel Bait 
 Revenge Liquid Ant Bait  
 Maxforce Granular Ant Bait is an excellent choice for the outside, feeding all their dietary 
needs.  
 Ant bait stations such as: Ant Cafes small or large plastic cubes (that snap shut) that keep 
the gel or dry granulated bait inside, may serve to keep the baits intact.  
 Dr. Moss Liquid Ant Bait can be applied to areas where ants are foraging. For use of Dr. 
Moss Liquid Ant Bait, you should use the Dr. Moss Liquid Ant Bait Station 

 
Perimeter Treatment with Good Residual Sprays Such As:  

 Suspend or Demon WP can at times prevent these ants from entering the structures.  
 
Key 
The key to using baits is patience. Applied properly and using a fresh bait product, a broadcast 
application will give 80% to 90% control, rarely 100%. For instance, Amdro® is the fastest acting, 
giving maximum control in 3 to 6 weeks. Logic® or Award®, when applied late in the year, may 
take several months to provide maximum control, but will suppress ant colonies for a year or 
more. One approach, for example, for heavy imported fire ant infestations is to treat with Amdro® 
first for fast knockdown, then come back with Logic®/Award® for longer duration of control as 
ants start to re-infest the area some months in the future. Other baits include Siege®, Award®, 
Ascend®, and Raid® Fire Ant Killer. 
 
Regular Inspections  
Regular inspections and service are necessary to find and treat new colonies as they move in 
from neighboring properties. These perimeter treatments can keep your home or business pest 
free. We suggest a regular treatment on the exterior with Demand, Tempo, or Suspend. 
 
Locate and Treat Colonies 
Drench colonies living in the soil or under items on the exterior with Demand, Suspend, or 
Tempo.  With mulch, be sure to rake it back to get good penetration where colonies may be 
thriving.  Follow up with a broadcast application of granule such as Talstar G. If you know with 
some certainty where the colony is living inside, then you can treat them directly by drilling a small 
hole into the wall void at the base (directly above the baseboard) and injecting a dust, such as 
Delta Dust, Drione, or Borid Turbo. 
 
General tips for limiting ant infestations include:  

 Eliminate piles of lumber, bricks, or other debris that could serve as nesting sites for ants.  
 Keep landscape mulch less than 2 inches thick and at least 12 inches away from 
foundations.  
 Ensure the sprinkler system does not spray directly onto the foundation. 
 Seal as many cracks in the building's exterior as possible. 
 Keep tree and shrub branches cut away from touching the building. 
 Consider re-landscaping to avoid using plants that are prone to aphids and similar insects. 
At the very least, treat such plants for aphids regularly.  

 
A thorough inspection both inside and outdoors is crucial to determine ant nest location(s). Inside 
look primarily near moisture sources (sinks, potted plants, etc.) and secondarily near food sources 
(sweets stored in cabinets, etc.).  
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Check carpet edges and shoe moldings. Inspect electrical outlets and telephone jacks, especially 
in the kitchen and bathroom. Check walls around possible entryways (window and door frames, 
utility lines, weep holes, etc.) for trails of ants as well as along edges and corners. Follow any 
trails of ants back to their nest. If the ants are associated with an outside/ perimeter wall, then go 
outside and look for ants trailing along the wall on the opposite side. 
 
If the nest(s) cannot be located, it may be necessary to prebait with sweets such as jelly in short 
pieces of soda straw to draw the ants out. Place such prebaits where ants have been seen, in 
electrical outlet boxes, along carpet edges, in food cabinets, etc. Check these prebait placements 
in 24-48 hours for activity. If ants cannot then be found coming in from outdoors, use one of the 
commercial baits for control. Try both protein-based and sweet baits. 
 
Turn over any stones, bricks, logs, firewood, and debris on the ground especially near the 
foundation; as much as possible such items should be eliminated. Check any branches of 
trees/shrubs in contact with the structure; these should be trimmed back to eliminate contact. 
Follow trailing ants back to their nest. Treat nests with an appropriately labeled pesticide.  
 
Specific and General Ant Treatment Chemicals/Products and Applications 
TERMIDOR is a wonderful pesticide for ant control but is made for ants but for termites. This 
unique formulation is slow acting and as ants travel over surface areas, they'll be picking up a 
dose of active that will eventually spread throughout their nest. Within 4-8 days, it will effectively 
shut down any nests it's carried to making it both effective yet easy to use without knowing where 
the nests are located. But if you can see where the nest is located, a direct treatment with the 
DRIONE will be fast and immediate.  TLC does not like to select trade names or specific products 
but these are commonly found pesticides and we have examined the control effects in our field 
studies.   If you have a pesticide product and would us to list it or modify information on the 
following products, please contact Dr. Bubba Jenkins or Dr. Rusty Randall and we will be glad to 
test, list, or modify your product’s information.  This information does change and we want to 
provide the best possible information.  
 
For the Protein and Grease feeding cycles: 
 Advance375 A Ant Bait (for protein/grease feeding cycles) 
 Maxforce Ant Bait Stations (for protein/grease feeding cycles) 
 Maxforce Bait Granulars (for protein/grease feeding cycles)  

 
Sweet Feeding Cycles: 
 Intice Gelanimo Ant Bait for sweet cycles-not messy, particularly good for Odorous Ants 
 Optigard Ant Bait Gel (for sugar feeding cycles excludes fire, harvester and pharaoh ants) 
The powerful, slow acting non-repellent active ingredient, thiamethoxam in Optigard ant gel 
knocks out workers, brood and queens. Also, Optigard Ant Gel Bait provides a longer window 
of palatability so, as it ages, ants will continue to feed on the bait without any loss of attraction. 
 Maxforce Ant Killer Ant Bait Gel (for sweet feeding cycles) 

 
Nest Treatments 
Unless you can treat the nest directly, spraying is not an effective solution for small ants, unless 
you use a non-repellent insecticides or "undetectable" liquid treatments such as Dominion 2L, 
Termidor or Phantom. Phantom liquid of aerosol are labeled for the inside. Optigard Flex is 
another very good non-repellent labeled for inside for many types of ants.  
 
Dominion 2L and Termidor may not be used inside. Unlike older insecticides, non- repellent 
insecticides can't be smelled, tasted, or even felt by pests. So they crawl through the treated area, 
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not knowing that by ingesting treated materials or merely contacting the insecticide, they'll die. 
Again, workers must eat the bait, take it back to the nest, and feed to the queen and larval ants. 
This type of control is incompatible with treatments (such as repellent sprays) that prevent workers 
from returning to the nest with the bait.  
 
Unlike other home-inhabiting ants, the larger carpenter ants cause structural damage to wood by 
excavating and nesting inside wood structures. Carpenter ants usually do not make nest in 
healthy wood, but tunnel wood that has become wet and started to decay. The larger Carpenter 
ants are about 3/8 to 1/2" long. They may be black or red.  
 
The best way to treat carpenter ants are either by baiting, placing the recommended carpenter 
ant baits listed below one their trails or the use of a non-repellent insecticide inside called Phantom 
Liquid or Phantom Aerosol  
 
Carpenter ants are most active in the evening hours foraging for food, both inside the house and 
outside. By following ants at that time, you may be able to tell where to spray or bait. Treating the 
carpenter ant nest directly would be the last resort for carpenter ants, as there is a tendency to 
scatter the colony if you do not treat the nest entirely. 
 
Ant Baits recommended for the Larger Carpenter Ants:(Sugar and Protein Feeding Cycles)-When 
in doubt of which one to choose, choose one from each category  
 Advance 375 A and Maxforce Carpenter Ant Bait Gel are excellent baits for the larger 

carpenter ants, when used together they feed both the sugar and protein feeding cycles 
of these ants. The Advance 375 A feeds the protein needs while the Maxforce Carpenter 
Ant Bait Gel feeds the sugar requirements of the colony.  

 Advance375 A Ant Bait (for protein/grease feeding cycles)  
 Maxforce Carpenter Ant Gel (for sweet feeding cycles) for carpenter ants are excellent 

baits.  
 
Carpenter Ant Infestations 
To prevent further carpenter ant infestations, trim all trees and bushes so branches do not touch 
the house and correct moisture problems such as leaky roofs and plumbing. Paint and/or seal 
exposed wood construction before it becomes wet. Replace previously ant-infested wood, rotted, 
or water-damaged wooden parts of the structure and eliminate wood/soil contacts. Remove dead 
stumps on the property and store firewood off the ground and away from the structure.  
 
Non-Repellents for Outside Ant Control: Dominion 2L, Termidor and Phantom. 
Since Dominion 2L (Same as Premise 2) is a non-repellents, carpenter ants, Pavement Ants and 
Argentine Ants can't detect it; instead, they come directly in contact with the active ingredient, - 
imidacloprid, without trailing in another area.  
 Dominion 2L is much more economical than Termidor, but is only labeled for Carpenter 
Ants, Argentine and Pavement Ants. Dominion 2L is not labeled for Fire ants, Pharaoh or 
harvester ants.  
 Dominion 2L is labeled for outside use only and will yield- 50 gallons (strongest dilution 
rate) compared to Termidor SC- 12 gallons (strongest dilution rate).  
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Phantom Insecticide and Phantom Aerosol for Inside and Outside Ant Control: 
For Roach and Ant control inside use the non-repellent insecticide product Phantom. Phantom 
will yield 8 gallons for ant control. It is highly suggested that you use a non-repellent such as 
Termidor SC for the outside in conjunction with the Phantom 
 
Phantom is extremely effective when used alone, or in conjunction with other products such as 
ant baits. It will not repel pests, or cause them to avoid bait areas. Phantom treatments only 
require a small amount applied to problem areas to achieve ant control. Phantom is long-lasting, 
and effective at controlling entire ant and roach populations at low doses. Phantom provides 
superior roach and ant control by striking ants inside your home where they cause the most 
trouble. But if you have an ant problem, the ants in your house probably have their nests outside-
they travel back and forth. Phantom Aerosol-Convenient form of Phantom in a ready to use spray 
 
Pyrethroids 
The pyrethroids are a large family of modern synthetic insecticides similar to the naturally derived 
botanical pyrethrins. They are highly repellent to termites, which may contribute to the 
effectiveness of the termiticide barrier. They have been modified to increase their stability in the 
natural environment. They are widely used in agriculture, homes, and gardens. Some examples 
are bifenthrin, cyfluthrin, cypermethrin, deltamethrin, and permethrin. They may be applied alone 
or in combination with other insecticides.  
 
Pyrethroids are formulated as emusifiable concentrates (EC), wettable powders (WP), granulars 
(G), and aerosols. Certain pyrethroids exhibit striking neurotoxicity in laboratory animals when 
administered by intravenous injection, and some are toxic by the oral route. Systemic toxicity by 
inhalation and dermal absorption are low, however—there have been very few systemic 
poisonings of humans by pyrethroids. Though limited absorption may account for the low toxicity 
of some pyrethroids, rapid biodegradation by mammalian liver enzymes (ester hydrolysis and 
oxidation) is probably the major factor responsible. This publication contains pesticide 
recommendations that are subject to change at any time.  
 
These recommendations are provided only as a guide. It is always the pesticide applicator's 
responsibility, by law, to read and follow all current label directions for the specific pesticide being 
used. Due to constantly changing labels and product registration, some of the recommendations 
given in this writing may no longer be legal by the time you read them. If any information in these 
recommendations disagrees with the label, the recommendation must be disregarded. No 
endorsement is intended for products mentioned, nor is criticism meant for products not 
mentioned. The author and Technical Learning College (TLC) assume no liability resulting from 
the use of these recommendations.  
 
Most pyrethroid metabolites are promptly excreted, at least in part, by the kidney. In response to 
dermal exposure, some persons may experience a skin sensitivity called paresthesia. The 
symptoms are similar to sunburn sensation of the face and especially the eyelids. Sweating, 
exposure to sun or heat, and application of water aggravate the disagreeable sensations. This is 
a temporary effect that dissipates within 24 hours. For first aid, wash with soap and water to 
remove as much residue as possible, and then apply a vitamin E oil preparation or cream to the 
affected area. Paresthesia is caused more by pyrethroids whose chemical makeup includes 
cyano- groups: fenvalerate, cypermethrin, and fluvalinate. In addition to protecting themselves 
from future exposure, persons who have experienced paresthesia should choose a pyrethroid 
with a different active ingredient, as well as a wettable powder or microencapsulated formulation. 
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About These Pesticides 
Pyrethrins and pyrethroids are insecticides included in over 3,500 registered products, many of 
which are used widely in and around households, including on pets, in mosquito control, and in 
agriculture. The use of pyrethrins and pyrethroids has increased during the past decade with the 
declining use of organophosphate pesticides, which are more acutely toxic to birds and mammals 
than the pyrethroids. This change to less acutely toxic pesticides, while generally beneficial, has 
introduced certain new issues. For example, residential uses of pyrethrins and pyrethroids may 
result in urban runoff, potentially exposing aquatic life to harmful levels in water and sediment. 
 
Pyrethrins are botanical insecticides derived from chrysanthemum flowers most commonly found 
in Australia and Africa. They work by altering nerve function, which causes paralysis in target 
insect pests, eventually resulting in death.  
 
Pyrethroids are synthetic chemical insecticides whose chemical structures are adapted from the 
chemical structures of the pyrethrins and act in a similar manner to pyrethrins. Pyrethroids are 
modified to increase their stability in sunlight. 
 
Most pyrethrins and some pyrethroid products are formulated with synergists, such as piperonyl 
butoxide and MGK-264, to enhance the pesticidal properties of the product. These synergists 
have no pesticidal effects of their own but enhance the effectiveness of other chemicals. 
 
Pyrethrins, a single pesticide active ingredient, contain six components that have 
insecticidal activity:  
pyrethrin 1, pyrethrin 2, cinerin 1, cinerin 2, jasmolin 1, and jasmolin 2 
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Characteristics of the Ideal Ant Bait 
 
1. Must be a Slow-Acting Toxicant.  
2. Must be a Non-Repellent Toxicant.  
3. It must be based upon an Ant’s Preferred Food Source.  
 
Baits work because they exploit the ants' behavior of sharing food and nutrients with other ants. 
Passing nutrients from one ant to another is called trophallaxis. If food contains a slow-acting 
toxicant and the ant does not detect it, the toxicant is passed throughout the colony by trophallaxis, 
before killing its members, including the queen. Ant baits work only if the ants eat the bait. 
Eliminate any alternate food sources by keeping counters clean and storing food in sealed 
containers.  
 
The Keys to a Successful ant Management Program include the Following Five Steps:  
(1) Correcting any conditions conducive to the infestation (unnecessary harborage, sanitation).  
(2) Locating and treating existing colonies with Demand, Suspend, Tempo, Delta dust, or 
Drione.  
(3)  Servicing the property regularly to detect and eliminate any new colonies.  
(4)  Application of perimeter treatments with Demand, Suspend, Tempo, or Talstar G.  
(5) Application of ant baits inside with Advance Carpenter Ant Bait, Maxforce gradual, Maxforce 
gel, or Uncle Albert’s Gel Bait.  Reliance on just one or two of the above steps will generally result 
in failure to provide any significant relief from interior infestations. 
 
Let’s Go into a Little More Detail on Each of the Above: 
(1) Correcting Conditions  
Eliminate any moisture problems; such as leaks or excessive moisture around the 
foundation.  Eliminate any food sources, including honeydew associated with aphids.  Branches 
of trees and shrubs need to be kept cut away from the structure.  Cracks in the structure need to 
be sealed.  If possible, a vegetation-free border should be created around the base of the 
foundation to make the area less attractive to ants and to allow for easier inspection of the 
foundation.  This zone should be free of bark or mulch, and should consist of gravel or small 
stones.  Remove all harborage, such as leaves, trash, mulch, firewood, bricks or lumber. 
 
(2) Locate and Treat Colonies  
Drench colonies living in the soil or under items on the exterior with Demand, Suspend, or 
Tempo.  With mulch, be sure to rake it back so you can get good penetration where colonies may 
be thriving.  Follow up with a broadcast application of granule such as Talstar G.  
 
If you know with some certainty where the colony is living inside, then you can treat them directly 
by drilling a small hole into the wall void at the base (directly above the baseboard) and injecting 
a dust such as Delta Dust, Drione, or Borid Turbo. 
  
If the colony cannot be located, baits such as Advance Granular, Maxforce Gradual, Maxforce 
Gel, or Uncle Albert's Gel Bait can be applied to areas where ants are foraging.  
   
(3) Service the Property Regularly 
Inspect and service the property regularly to detect and treat any new colonies. 
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(4) Regular Perimeter Treatments 
Treat the outside foundation regularly to establish a barrier that will keep ants away and out of 
the structure.  Note- Always inspect thorough before treatment.  If you note ants entering the 
structure from the outside, you may want to consider baiting in this area, as a pesticide may break 
off or trap the colony inside.   
 
(5) Bait Applications on the Interior  
Baits should be employed when inside colonies cannot be located and/or when combined with 
the strategies already mentioned.  Baits such as: Advance Carpenter Ant Bait, Maxforce Granual, 
Maxforce Gel, Uncle Albert's Gel Bait, or Dr. Moss Liquid Ant Bait can be applied to areas where 
ants are foraging.  
Note:  With Dr. Moss Liquid Ant Bait, use the Dr. Moss Liquid Ant Bait Station.  
 
The use of indoor bait stations such as the Ant Cafes will preserve and protect baits.  
  
Use the Crusader to apply your dusts or baits into those tight spots or hard to reach places.   
 
Note:  Use only one Crusader for each formulation.  You don't want to contaminate your bait with 
an insecticide.   

  
Regular Inspections  
Regular inspections and service are necessary to find and treat new colonies as they move in 
from neighboring properties. These perimeter treatments can keep your home or business pest 
free. We suggest a regular treatment on the exterior with Demand, Tempo, or Suspend. 
 
General tips for limiting ant infestations include:  

 Eliminate piles of lumber, bricks, or other debris that could serve as a nesting site for ants.  
 Keep landscape mulch less than 2 inches thick and at least 12 inches away from 
foundations. 
 Ensure the sprinkler system does not spray directly onto the foundation. 
 Seal as many cracks in the building's exterior as possible. 
 Keep tree and shrub branches cut away from touching the building. 

 
Consider re-landscaping to avoid using plants that are prone to aphids and similar insects. 
At the very least, treat such plants for aphids regularly.  
Insecticides 
In areas of active colonies, treat walls and ceiling voids through cracks and crevices with non-
repellent boric acid dust and make bait placements. Keep the ants in the area long enough to get 
the slow-acting toxicants to the main colony where the workers, larvae and queens are poisoned. 
(A delayed-action stomach poison is recommended.) Repellent insecticides, such as pyrethrins, 
will move the colonies, spreading them further throughout the building.  
 
Research has shown that it is best to use bait placement only where active ant trails are found. 
This ensures feeding, since some ants have not been able to find the bait even when only one 
inch away from the bait stations. Intersect the ant trail with bait on a cotton swab taken from the 
station to ensure instant feeding. Bait preference may change during the season due to changing 
needs of the developing colonies.  
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An effective bait is a 99 percent boric acid formulation mixed at a 5 percent concentration by 
weight in mint apple jelly (about two level tablespoons of powdered boric acid per 10 ounces of 
mint apple jelly). Another bait is 2 percent boric acid and 98 percent light corn syrup.  
 
Methoprene  
A commercial bait called methoprene (Pharorid) is marketed for use by pest control operators in 
a bait that consists of liver, honey, and sponge cake. It is often difficult to use the bait ants prefer; 
as ants feed on one compound, another compound placed less than 1/4-inch away will be ignored 
until the ants spill over into the second bait.  
 
Boric Acid  
Boric acid and methoprene baits work slowly, sometimes taking 15 to 40 weeks or more before 
ant eradication. A bait containing hydramethylon (same as in Maxforce roach bait stations) gives 
quicker results, 2 to 35 days, according to certain pest control operators. Bait stations may include 
jumbo size plastic drinking straw sections, medicine (pill) dispensing cups, and plastic vial caps 
and/or drafting (masking) tape. Placement can be made on the rear lip of kitchen counters, at 
plumbing pipe-wall junctions, on window sills, behind wall electrical outlets, above door frames, 
etc., in less accessible areas of pets or young children.  
 
There may be increased or new ant feeding activity during the early part of the baiting program. 
No other pesticides, heavy-duty cleaners, or paints should be used during the baiting periods to 
discourage ant feeding.  
 
Bendiocarb  
Applications of bendiocarb (Ficam), which is odorless, can give fast eradication of ants if 
treatments are thorough. Ficam 76 percent WP and 91 percent dust is labeled for licensed 
commercial and pest control operators. The bait products most recommended for Pharaoh ant 
control include: (boric acid plus mint apple jelly (Drax), hydramethylnon (Maxforce), methoprene 
(Pharorid), bendiocarb (Ficam), propoxur (Baygon) and sulfluramid (Pro-Control)).  
 
After bait stations are placed, one will see ants trailing to and from these bait stations. Do not 
spray or disturb the ants or bait stations. Ants must be allowed to carry the bait back into their 
nest where the active ingredient in the bait will eliminate the colony. 
 
These recommendations are provided only as a guide. It is always the pesticide applicator's 
responsibility, by law, to read and follow all current label directions for the specific pesticide being 
used. Due to constantly changing labels and product registration, some of the recommendations 
given in this writing may no longer be legal by the time you read them.  
 
If any information in these recommendations disagrees with the label, the recommendation must 
be disregarded. No endorsement is intended for products mentioned, nor is criticism meant for 
products not mentioned. The author and Technical Learning College (TLC) assume no liability 
resulting from the use of these recommendations.  
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Topic 17 - 2 node Ant Identification and Control Section Post Quiz  
 
Answers at the rear of Glossary 
 
Identify the missing term or word 
 
Black Ant  
1.  Simply picking up rocks and debris around the house will also help.  If the ants are nesting 
in the house, the wall voids will need to be dusted with Drione in areas where ant baits are 
not to be used. Ant infestation are _____________and different strategies should be used 
depending on nest location and food preferences of the ants.  
 
2.  Ants can be controlled with a combination of good sanitation, removing pheromone trails, 
caulking entry points and eliminating active nests. Insecticide sprays and baits can be used 
to kill foraging ants and destroy nests, but strategies designed to prevent further infestations 
should be used in conjunction with____________. 
 
Red Imported Fire Ants  
3. Red imported fire ants (RIFA) are medium sized ants that build mounds of soft soil rarely 
larger than 18" in diameter. The ants emerge out aggressively when they are disturbed and 
sting. Their sting usually leaves a _________the next day.  
 
4.  Harvester ants are much larger and make large bare areas with a _________to the colony. 
Leaf cutter ants are also much larger and do not have a distinctive built-up mound, but do 
have many entrance holes over a very large area. Other small to medium-sized ants that 
build small mounds will actually run away from disturbances and aren't fire ants. 
 
Specific Actions 
5.  If the nest is exposed (e.g. due to remodeling or reroofing) you can use a liquid or aerosol 
ready-to-use insecticide, such as bifenthrin, cyfluthrin, deltamethrin, or permethrin. Spray the 
insecticide directly into as much of the nest as possible.____________, the better your 
chance of destroying it. It is necessary to anticipate an ant colony and have a product ready 
at the start of construction. Once the nest is exposed, that portion of the colony will try to 
relocate to protect themselves. 
 
Bait Treatments 
6.  If the nest cannot be located, baits may be an effective alternative. Baits work by 
combining an attractive food source with a_______________. A delayed toxicant is critical 
because it allows the ants to forage normally for days or even weeks. During that time, ants 
consume the bait and return to the nest to share the bait with the rest of the colony.  
 
7.  In a process known as____________, one ant regurgitates its stomach contents to 
another ant. This food sharing behavior enables the bait to be spread throughout the colony 
before the toxicant takes effect. 
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Borates Page 418 
8.  Unlike most other wood preservatives and organic insecticides that penetrate best in dry 
wood, borates are____________—they penetrate unseasoned wood by diffusion, a natural 
process. Wood moisture content and method and length of storage are the primary factors 
affecting penetration by diffusion.  
 
9.  Properly done, diffusion treatments permit deep penetration of large timbers and refractory 
(difficult-to-treat) wood species that cannot be treated well by pressure. The diffusible 
property of __________can be manipulated in many ways; suitable application methods 
range from complex automated industrial processes to simple brush or injection treatments.  
 
10.  Application methods include momentary immersion by bulk dipping; pressure or 
combination pressure/diffusion treatment; treatment of composite boards and laminated 
products by treatment of the wood finish; hot and cold dip treatments and long soaking 
periods; spray or brush-on treatments with borate slurries or pastes; and placement of 
____________in holes drilled in wood already in use.  
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Pesticide/Insect Glossary 
 
Acaricide: A pesticide used to control mites and ticks. Same as miticide.  
Adhesive: A substance which will cause a spray material to stick to the sprayed surface, e.g., 
sticking agent.  
Adjuvant:  Any substance added to pesticide which improves the activity of the active 
ingredient. Examples: Penetrates, spreader-stickers and wetting agents.  
Adventive: Located outside habitat, though an reproductive population may not be established. 
Alates: Winged forms of insects.  
Anthocorids: A true bug in the family Anthocoridae.  
Aphid: An insect in the family Aphididae which is sometimes called plant lice. 
Algaecide (Algicide): A pesticide used to kill or inhibit the growth of algae.  
Alien: Same as non-native. 
Anti-Transpirant: A chemical applied directly to a plant which reduces the rate of transpiration, 
or water loss, by the plant.  
Avicide: A chemical used to kill birds.  
Bactericide: Chemical used to kill bacteria.  
Band Application: The application of a pesticide or other material to a limited area such as in 
or beside a crop row rather than over the entire field area.  
Beneficial insect: Any insect that has a life style that is advantageous to man. Insects that 
preserve the balance of nature by feeding on others, pollinators, and recyclers are examples of 
beneficial insects.  
Cephalothorax: Head (ceph) and chest (thorax) area.  
Cerci: Paired appendages on the end of the abdomen of many insects which are used for 
sensing, defense or mating.  
Chewing (mouth parts): Any mouth part that literally bites to feed; other mouth part types are 
sucking and rasping.  
Clavus: The enlarged terminal antennal segments that form a club  
Collophore: A tube-like structure on the underside of the first abdominal segment (folds under 
the body) of Collembola (e.g. springtails) which is used as a spring action for leaping. 
Broad Spectrum Application: General purpose pesticides which can be used against a large 
number of pests on a wide range of crops.  
Broadcast Application: The application of a pesticide or other material over the entire field or 
area.  
Calibrate: To determine the amount of pesticide that will be applied to the target area.  
Colonizing: An ant species which is successful at creating nests in new areas. While some 
exotic ants are successful colonizers, many colonizing species are not exotic -- and many 
exotics are not colonizers. 
Compound eyes: The large multi-faceted eyes of insects.  
Coreids: A member of the family Coreidae, which are leaf footed bugs. 
Corium: The elongate, thickened basal portion of the fore wing of Hemiptera.  
Cornicles: Tubular structure on each side of abdominal region from which pheromones or 
honeydew is expelled.  
Coxa (pl.=coxae): Basal portion of the leg.  
Crepuscular:  Having activity periods during low light levels at dawn and evening.  
Cursorial: Adapted for running. 
Coverage: Spread of a pesticide chemical over a surface such as the leaves, fruit, stem, etc.  
Dactyl:  Literally, a finger or fingerlike projection on an insect body part.  
Dealates: Winged forms that have shed their wings, like reproductive termites or ants.  
Defoliate, defoliation:  Removal of foliage from plants, often by chewing insects.  
Detritivore: Any organism that eats decaying organic matter.  
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Diapause: An insect resting stage, usually induced by environmental signals or extreme 
conditions like winter or summer.  
Dimorphic: Having two distinct forms. 
Defoliant: A chemical which causes the leaves or foliage to drop from a plant.  
Desiccant: A chemical that promotes drying or loss of moisture.  
Drift: The airborne movement of a pesticide spray or dust from the target area to an area not 
intended to be treated.  
Dust: A finely ground, dry pesticide formulation usually containing a small amount of active 
ingredient and a large amount of inert carrier or dilutent such as clay or talc.  
Emulsifiable Concentrate:  A pesticide formulation produced by dissolving the active 
ingredient and an emulsifying agent in a suitable solvent. When added to water, an emulsion 
(milky mixture) is produced.  
Endosperm: A portion of a seed which contains most of the energy reserves for germination.  
Estivation (aestivation) : A resting stage (quiescence) resulting from continued high 
temperature or xeric conditions; diapause; hibernation.  
Exoskeleton: The outer portion of an insect body which may be relatively soft like a caterpillar 
or hardened like many beetles.  
Femora: A segment of an insect leg; usually the largest segment.  
Filiform: Linear shaped, as the antennae of ground beetles.  
Forbs: Any broadleaf non-woody (herbaceous) plant.  
Frass: Solid larval insect excrement; plant fragments made by wood-boring insects, usually 
mixed with excrement.  
Furculum (plural: furcula): The elongate fork-like appendage on the end of the abdomen. 
Exotic: Same as non-native. 
Eradication: The complete elimination of either weeds, insects, disease organisms, or other 
pests from an area.  
Fumigant: A chemical that forms vapors (gases) which is used to destroy weeds, plant 
pathogens, insects or other pests.  
Fungicide: A chemical that kills or inhibits fungi.  
gpm.: Gallons per minute.  
Genera: Plural of genus; A genus is a group of plants or animals with similar 
characteristics.  Animals (insects) are classified by kingdom, phylum, class, order, family, 
genus, species, and author’s name.  For example, the honey bee is classified as Animal 
(kingdom), Arthropoda (phylum), Insecta or Hexapoda (class), Hymenoptera (order), Apidae 
(family), Apis (genus), mellifera (species), Linnaeus (author's name).  The genus and species 
are always italicized.  
Girdle, girdling: Damage of a plant that circles the stem or branch cutting off the connective 
plant tissue.  
Grigology: The study of crickets, grasshoppers and katydids. 
Hemelytron: The first wing of a true bug (Hemiptera) which has the base more thickened than 
the membranous outer portion.  
Hopperburn: Leaf damage caused by leafhopper feeding, which is a yellowing of the leaves. 
Herbicide A pesticide used for killing or preventing plant growth. A weed or grass liquid.  
Imago: The adult stage of an insect.  
Instar: An insect stage between molts; molting is growth.  
Internode: The part of a plant stem between the nodes.  Nodes mark the point of attachment of 
leaves, flowers, fruits, buds and other stems. 
Insecticide: A pesticide that is used to kill, inhibit, repel or otherwise prevent damage by pests.  
Introduced: Same as non-native. 
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Invasive: A species which is spreading its geographic range into niches occupied by other 
species. Documentation of an invasive species requires an ecological study to demonstrate the 
displacement of other ants. 
Larval stage (larva, larvae): An immature insect, sometimes used to include all immature 
stages, even eggs. Usually this term refers more specifically to the feeding stages of insects 
with complete metamorphosis like grubs, caterpillars, and maggots.  
Maggot: In most Diptera (flies), legless larva lacking a distinct head, with cephalic (head) end 
pointed and caudal (rear) end blunt. 
Mesophyll: Fleshy plant tissue inside a leaf or stem.  
Metamorphosis: - change in form during an insect's growth and development.  
        Incomplete metamorphosis - any metamorphosis type that does not include the 
        pupal stage. Incomplete metamorphosis is present in Orthoptera (grasshoppers), 
        Hemiptera (true bugs), and several other orders. 
        Simple metamorphosis - any metamorphosis that occurs in insect groups  
        where they are not winged and have no pupal stage. Insect groups with simple 
        metamorphosis include the Collembola (springtails) and Thysanura (silverfish).  
Metathorax: The second section of the insect thorax which houses the second pair of legs and 
the first pair of wings.  
Mite: A member of the order Acari (ticks and mites) 
Molt, molting process:  In insects, as in snakes, the process of shedding the exoskeleton. 
Naiad: A term for immature insects that are aquatic from the orders Plecoptera, Odonata, and 
Ephemeroptera. This term is becoming archaic and is now replaced by the more general term 
"immature" insect. 
Necrosis: Death of tissue in plants or animals. 
Nymphs:  An immature stage of hemimetabolous insects (those with incomplete 
metamorphosis). 
Microbial Pesticide: Bacteria, viruses, fungi and other microorganisms used to destroy or 
control pests.  
Miticide: See acaricide.  
Molluscicide: A chemical used to kill or control snails and slugs.  
Native: These definitions do not necessarily define where a species is native. How do I define 
where a species is native? Sometimes the non-native status of a species is clear from previous 
collections and existing knowledge from biogeography and systematics. Other times, 
boundaries are a lot blurrier. Is a species non-native if it has been there for 400 years?  
Nematicide: A pesticide that kills or otherwise controls nematodes.  
Non-indigenous: Same as non-native. 
Non-native: A species which is established outside its native habitat. With respect to ants, ants 
with an established reproducing colony. 
Oothecae:  A bean-like hardened egg capsule produced by female cockroaches.  
Osmeterium (pl.=osmeteria): Scent-producing area behind the tibia.  
Overwinter:  Time spent during the winter months. Insects are often in hibernation or at least 
rather immobile in the colder temperatures.  
Ovipositor: The egg laying apparatus of an insect. The stinger of a bee is actually a modified 
ovipositor.  
Parthenogenesis: Egg development without fertilization.  
Pedipalps: Second pair of appendages of the cephalothorax corresponding to the mandibles of 
insects.  
Petiole: Attachment of a leaf to stem.  
Phloem and xylem:  Vascular tubes that allow fluid transport in plants.  It is the way plants 
receive and distribute nutrients, hormones and water. 
Photosynthesis: The chemical process that plants use to convert carbon dioxide and water to 
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sugars and ultimately to energy. 
Phyto- (prefix): Plant. 
Phytophagous: Plant eating; an insect using plants as a food source. 
Phytotoxemia: A toxic reaction in plants. 
Poikilotherm: A cold-blooded organism. 
Proboscis: A nose, or, in the case of butterflies, the coiled sucking mouthpart. 
Pronotum: The plate on top of the prothorax. 
Prothorax:  The front part of an insect thorax which includes the attachment points for the front 
legs. 
Protozoan: A microorganism in the kingdom Protozoa. 
Pseudergates:  Caste found in the lower termites (Isoptera), comprised of individuals having 
regressed from nymphal stages by molts eliminating the wing buds, or being derived from larvae 
having undergone non-differentiating molts, serving as the principle elements of the worker 
caste, but remaining capable of developing into other castes by further molting.  
Psocids: Any insect in the order Psocoptera, which includes booklice and barklice. 
Psyllid yellows: A virus disease of potatoes, tomatoes, peppers, and eggplant. See purple top.   
Pupal stage (pupa): The stage in complete metamorphosis between larva and adult like the 
cocoon in moths.  
Purple top: A purple discoloration of foliage tips caused by insect transmitted virus. 
Pustulate: Pus-forming, as in spider bites. 
Pesticide: A chemical or other agent used to kill or otherwise control pests.  
Pisicicide: A chemical used to kill undesirable fish.  
Postmergence: After the plants have appeared through the soil.  
Protectant:  A pesticide applied to a plant or animal prior to the appearance or occurrence of 
the pest in order to prevent infection or injury by the pest.  
Repellant: A compound that keeps or drives away insects, rodents, birds or other pests from 
plants, domestic animals, buildings or other treated areas.  
Rhopalid:  An insect in the family Rhopalidae in the order Hemiptera (true bugs). 
Rosetting:  Malformation of a plant resulting in a bunched irregular growth of the leaves. 
Rodenticide: A pesticide, or mixture of pesticides, used to kill or control rodents.  
Scutellum:  A triangular shaped section on the back of Hemiptera and some Coleoptera.  It is 
often the identifying characteristic of Hemipterans or "true bugs".  
Secondary reproductive:  A caste of subterranean termite; also called supplemental 
reproductives. If these termites develop from nymphs, they are called secondary reproductives 
(primary reproductives are the king and queen).  If they develop from pseudergates, they are 
called tertiary reproductives.  Supplementals may be responsible for most of the egg production 
in the colony.  
Spinneret:  A small tubular appendage from which silk threads by spiders and many larval 
insects are excreted.  
Stippling (leaf): A speckled appearance of a leaf, usually yellowish spots on a green leaf.  
Stolon: An underground portion of a plant that grows horizontally, like a grass root.  
Subgroup: A subset of a group with related characters. The term group is a general and non-
specific collection of similar organisms regardless of taxonomic hierarchy.  
Subimago: The first winged stage of a mayfly. This is the only group to have a winged stage 
that molts. The final stage is the imago, or adult. 
Silvicide: A pesticide used to destroy woody shrubs and trees.  
Soluble Powder: A finely ground, solid material which will dissolve in water or some other liquid 
carrier.  
Space Spray: A pesticide which is applied as a fine spray or mist to a confined area either 
indoors or outside.  
Target: The plants, animals, structure, areas or pests to be treated with a pesticide application.  
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Tarsi: A foot. Insect feet are made of several segments and may have pads, hairs, or hooks. 
Tegmina: Plural of tegmen, a hardened covering like the forewing of many Orthoptera and 
Hemiptera. 
Tenaculum: A minute two-pronged structure on the underside of the third abdominal segment 
of Collembola (springtails) which holds the furcula (appendage used for jumping) before it is 
released to jump.  
Termite: Any wood-eating insect in the order Isoptera.  
Tertiary reproductive termite: See secondary reproductive.  
Tettigoniid: A family of Orthoptera, often called long-horned grasshoppers, which includes 
katydids. 
Thorax: The second body segment of an insect. The thorax has all of the wings and legs 
attached to it. 
Tip burn: A yellow or dried tip on a branch or leaf caused by insect feeding or a plant 
physiology disorder. 
True bugs:  Insects in the order Hemiptera.  They are usually characterized by a scutellum, a 
triangular shaped section on the back. 
Tramp: A widespread ant species spread by human commerce with a specific syndrome of life 
history characteristics: extreme polygyny, unicolonial or highly polydomous nest structure and 
colony reproduction by budding (sensu Passera 1994). 
Transferred: Collected outside native habitat, without knowledge of established nests. 
Transported: Same as transferred; often refers to animals found in quarantine inspection. 
ULV: Ultra Low Volume. No water is applied with this pesticide formulation. Spray concentrates 
are frequently used in ULV applications.  
Venation: The pattern of veins in the insect wing. 
Wettable Powder: A solid (powder) pesticide formulation which forms a suspension when 
added to water.  

http://www.abctlc.com


Agricultural Pest Control Training 1/15/2022© TLC www.abctlc.com 

678

 
Agricultural plant means any plant grown or maintained for commercial, research, or 
other purposes.  Included in this definition are food, feed and fiber plants, trees, turf grass, 
flowers, shrubs, ornamentals, and seedlings (40 CFR). 
 
Farm means any operation, other than a nursery or forest, engaged in the outdoor 
production of agricultural plants (40 CFR, Section 170.3). 
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Charts and Forms Section 
 

Requirement New 2015 Provision Current Provision 

Training 

Frequency of full 
training for 
workers and 
handlers 

Annual training. Every 5 years. 

Training grace 
period for worker 
training 

No grace period. Workers must be trained before 
they work in an area where a pesticide has been 
used or a restricted-entry interval has been in effect 
in the past 30 days. 

5-day grace period with abbreviated 
training. 

Qualifications for 
trainers of 
workers 

Certified applicators, State/Tribal/Federal 
approved trainers, and persons who have 
completed an EPA- approved train-the-trainer 
course. 

Handlers, certified applicators, 
State/Tribal/Federal approved trainers, 
and persons completing an approved train-
the-trainer course. 

Expand training 
content for 
workers and 
handlers 

Keep existing and expand content. Final worker 
training topics expanded to 23 items, and handler 
training expanded to 36 items. Training on new 
content not required until 2 years from effective 
date of final rule. 

11 basic training items for workers and 13 
items for handlers. Minimal training on 
reducing take-home exposure, reporting 
use violations, and prohibition from 
employer retaliation. 

Recordkeeping of 
training 

Keep records for 2 years. Give copy of record of 
training to workers and handlers upon their 
request. 

No recordkeeping of training. Voluntary 
verification card system. 

Hazard Communication 

Content and 
availability of 
hazard 
communications 
materials 

Employer must display application information and 
safety data sheets (SDSs) at central location within 
24 hours of end of application and before workers 
enter that treated area. Display both for 30 days 
after REI expires. Keep application information and 
SDS for 2 years from end of REI and make 
available to workers, handlers, designated 
representatives (identified in writing) or treating 
medical personnel upon request. 

Employer must display application-
specific information at a central location 
before application occurs, or, if no 
workers or handlers are on the 
establishment, before next period 
workers/handlers are on establishment. 
Keep posted for 30 days after 
REI expires. No recordkeeping. 

 
Requirement New 2015 Provision Current Provision 

Notification of Treated Areas 

Notification 
of treated 
areas 
under an 
REI 

Post warning sign if REI is greater than 48 hours 
(outdoor applications) or 4 hours (enclosed space 
applications (e.g., greenhouses)), otherwise option for 
posting or oral notification unless label requires both. 

Farms, forests and nurseries: Post warning 
sign or give oral notification for any REI, 
unless label requires both. Greenhouses: 
all applications require signs to be posted. 

Warning sign Same as current sign. Red circle containing stern-faced man 
with upraised hand. At the top: 
“DANGER” and “PELIGRO”, 
“PESTICIDES”, “PESTICIDAS”. At the 
bottom: “KEEP OUT”, “NO ENTRE.” 
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Information 
exchange 
between 
handler 
employer and 
agricultural 
employer 

Agricultural employer must provide application 
information on treated areas the handler may be in (or 
walk within ¼ mile of). Handler employer must notify 
before the application begins for certain changes and 
within 2 hours of end of application for most other 
changes, unless only change was less than 1 hour 
difference in application time. 

Agricultural employer must provide 
application information on treated areas 
the handler may be in (or walk within ¼ 
mile of). Handler employer must notify of 
changes to application plans before 
application begins. 
 
 

 

 
Minimum Age 

Minimum age 
for handlers 
and early-
entry workers 

Handlers and early-entry workers must be at least 18 
years old. 
(Members of owner’s immediate family are exempt 
from this and most other requirements of the WPS.) 

No minimum age. 

Entry Restrictions During Application for Outdoor Production 
Ag 
employers 
must 
prohibit 
entry in 
areas 
during 
application 
for outdoor 
production. 
(Restriction
s for 
greenhouse
s/enclosed 
space 
production 
are 
different.) 

All outdoor production: No entry into treated area or 
the application exclusion zone, which is an area up to 
100 feet area around the application equipment during 
pesticide application on farms, forests and nurseries. 
Size of the application exclusion zone depends on 
type of application. Revised descriptions of application 
methods. 

Farms and forests: No entry into treated 
area. Nurseries: No entry into treated 
area or an area up to 100 feet around the 
treated area, where the size of the 
additional area depends on type of 
application. 

Handler Suspend Application 
Handler 
(applicator) 
must suspend 
application in 
certain 
circumstances 

Handler must apply pesticides so as not to contact 
workers or other persons. Handler must suspend 
application if a worker or other person is in the 
application exclusion zone, an area up to 100 feet 
around the application equipment. 

Handler must apply pesticides so as not 
to contact workers or other persons. No 
specific requirement to suspend 
applications. 

Exemptions and Exceptions 
Exemption 
for certified 
crop 
advisors 
and their 
employees 

Only certified crop advisors are exempt from labeling 
PPE and WPS requirements as specified in exemption. 
Certified crop advisor employees must use label- 
required PPE while working in a field during an REI, 
and employer must provide all required WPS 
protections, or rely on the PPE substitutions allowed 
under the crop advisors. 

Certified crop advisor chooses PPE for 
themselves and their employees working 
under their direct supervision in a field 
during an REI. Also exempted from 
providing decontamination supplies and 
emergency assistance for themselves and 
employees. 

Exceptions to 
REIs for early 
entry workers 
– notification 
requirements 

Notify early-entry workers of application specifics, 
tasks to be performed, conditions of the early-entry 
exception, and hazard information from the pesticide 
label. 

Inform early-entry workers of hazard 
information from the pesticide label. 
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Requirement New 2015 Provision Current Provision 

Basic Pesticide Safety Information 
Display of pesticide 
safety information 

Display pesticide safety information at a central location 
and at sites where decontamination supplies are 
located, if the decontamination supplies are at a 
permanent site or at a location with 11 or more workers 
or handlers. 

Display a safety poster at central location. 

Content of pesticide 
safety information 

Information can be displayed in any format (doesn’t 
have to be a poster); keep the 7 concepts about 
preventing pesticides from entering your body; delete 
the point that there are federal rules to protect workers 
and handlers; add instructions for employees to seek 
medical attention as soon as possible if they have been 
poisoned, injured or made ill by pesticides; add name, 
address and telephone number of state or tribal 
pesticide regulatory authority; revise “emergency 
medical facility” to “a nearby operating medical care 
facility.” New content for safety information display not 
required until 2 years from effective date of final rule. 

The safety poster must include 7 
concepts about preventing pesticides 
from entering your body; the point that 
there are federal rules to protect workers 
and handlers; and the name, address 
and phone number of the nearest 
emergency medical care facility. 

Personal Protective Equipment 

Respirators Employer must provide respirator and fit testing, 
training, and medical evaluation that conforms to OSHA 
standards for any handler required to wear any 
respirator by the labeling. Require recordkeeping of 
completion of fit test, training, and medical evaluation. 

Employer must provide respirator 
listed on label and ensure it fits. No 
recordkeeping required. 

Definition of chemical- 
resistant 

Same as current definition. Made of a material that allows no 
measurable movement of the pesticide 
through the material during use. 

PPE exception for 
closed systems 

Exceptions to the labeling-specified PPE allowed for 
handlers when using closed systems. A closed system 
must meet a broad performance-based standard and 
basic operating standards (written operating 
instructions and training of handlers in use of the 
system) must be provided. 

Exceptions to the labeling-specified PPE 
allowed for handlers when using closed 
systems. No specific criteria for closed 
systems. 

PPE exception for 
crop advisors and their 
employees 

Crop advisors and their employees entering treated 
areas while a REI is in effect to conduct crop-advisor 
tasks may wear a standard set of PPE (coveralls, shoes 
plus socks and chemical-resistant gloves made of any 
waterproof material, and eye protection if the labeling of 
the pesticide product applied requires protective 
eyewear for handlers, as outlined in rule), OR the PPE 
specified on the pesticide labeling for early-entry 
activities instead of the PPE specified on the pesticide 
labeling for handling activities, provided certain 
conditions are met. (See exemption for certified crop 
advisor.) 

Crop advisors and their employees 
entering treated areas while a REI is in 
effect to conduct crop-advisor tasks may 
wear the PPE specified on the pesticide 
labeling for early-entry activities instead 
of the PPE specified on the pesticide 
labeling for handling activities, provided 
certain conditions are met. (See 
exemption for certified crop advisor.) 

PPE exception from 
eyewear for pilots in 
open cockpits 

If product label requires eye protection, pilots in open 
cockpits may wear a helmet with lowered face shield 
instead of label-required eye protection. 

If product label requires eye protection, 
pilots in open cockpits may wear visor 
instead of label-required eye 
protection. 
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Requirement New 2015 Provision Current Provision 

Personal Protective Equipment 

PPE exception from gloves 
for pilots in enclosed 
cockpits 

Same as current requirement. Gloves are optional when entering and 
leaving aircraft unless required by 
product label. 

PPE exception for enclosed 
cabs 

Maintain exception for dermal PPE as in existing 
rule with same conditions, but handlers in 
enclosed cabs must wear the labeling-specified 
respiratory protection except when the only 
labeling-specified respiratory protection is a 
particulate filtering facepiece respirator (NIOSH 
approval number prefix TC-84A), previously 
called a dust/mist filtering respirator. 

Exceptions to the labeling-specified PPE 
are allowed when handling tasks are 
performed from inside an enclosed cab 
that meets the specifications defined in 
the rule and certain conditions are met.  
Exceptions to the labeling-required 
respiratory protection are allowed only if 
the cab has been certified by the 
manufacturer to provide respiratory 
protection equivalent to the respiratory 
protection required by the pesticide 
labeling for handling. 

Decontamination Supplies 

Quantity of water Provide 1 gallon for each worker and 3 gallons for 
each handler and each early entry worker as 
measured at beginning of workers’ or handlers’ 
work period. 

Provide enough water for routine 
washing and emergency eye flushing for 
workers and handlers. For handlers, 
also provide enough to wash entire body 
in emergency. 

Use of natural waters Must provide water for decontamination. There is 
no reference to, or prohibition from, using natural 
waters in addition to decontamination water 
provided. 
Workers and handlers are trained to use any 
nearest clean water source in case of 
emergency. 

Must provide water for decontamination. 
May use natural waters in addition to 
water provided for decontamination. 

Eye wash for handlers Provide a system capable of delivering 0.4 
gallons/minute for 15 minutes, or 6 gallons of 
water able to flow gently for about 15 minutes at 
a mix/load site if handlers use products requiring 
eye protection or use a pressurized closed 
system. One pint of water in a portable container 
must be available to each handler applying 
pesticides if eye protection is required. 

Provide enough water for emergency 
eye flushing. One pint of water in a 
portable container must be available to 
each handler if eye protection is 
required. 

Emergency Assistance 

Emergency Assistance Provide prompt transportation to medical facility. 
Promptly provide the SDS, product information 
(name, EPA Reg. No and active ingredient) and 
circumstances of exposure to treating medical 
personnel. 

Provide prompt transportation to medical 
facility and provide any obtainable 
information about the product, antidote, 
first aid, and circumstances of exposure 
to the worker/handler or treating medical 
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WPS REQUIREMENTS FOR AGRICULTURAL 
EMPLOYERS OF WORKERS  
 
☐ Complete WPS worker training before conducting worker tasks. 

☐ Keep records of WPS worker training and provide record to workers if requested. 

☐ Display pesticide safety information at the central location and, if applicable, 

decontamination locations. 

☐ Display pesticide application and hazard information at the central location. 

☐ Keep records of the pesticide application and hazard information for 2 yrs. 

☐ Provide establishment-specific information to workers. 

☐ Provide pesticide application and hazard information upon request of worker, medical 

personnel or designated representative. 

☐ Notify workers of applications – posting, oral warning, or both. 

☐ Provide information (Information Exchange) to Commercial Pesticide Handler Employer 

(CPHE) (i.e., custom application or crop advisor). 

☐ Provide tasks and instructions to worker supervisors to ensure compliance with WPS 

requirements. 

☐ Ensure supervisors give directions to workers for WPS compliance. 

☐ Ensure workers do not work on pesticide equipment without receiving handler training. 

Ensure any individual not directly employed receives information on pesticides before 

using, cleaning, repairing, etc. pesticide equipment. 

☐ Follow restrictions DURING applications to keep workers and other persons out of 

certain areas (treated area and AEZ, or enclosed space production facility). 

☐ Follow other restrictions DURING applications (do not contact worker or other 

person directly or through drift; and applicator must temporarily suspend the 

application if workers or other persons are in the AEZ or enclosed space 

production facility). 

☐ Follow restrictions AFTER applications (i.e., REI, label restrictions, etc.). 

☐ Provide decontamination supplies at required locations. 

☐ Make emergency assistance available (information and transportation). 

☐ Have EARLY-ENTRY WORKERS? 

☐ Minimum age of 18 years old for early-entry workers. 
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☐ Provide clean PPE in operating condition to early-entry workers. 

☐ Provide information to early-entry workers and comply with applicable early entry 

exception. 
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WPS REQUIREMENTS FOR AGRICULTURAL EMPLOYERS OF 
HANDLERS   
 
☐ Ensure handlers are a minimum of 18 years old. 
☐ Complete WPS handler training before conducting handler tasks. 
☐ Keep records of WPS handler training and provide record to handlers if requested. 
☐ Display pesticide safety information at the central location and, if applicable, 
decontamination locations. 
☐ Display pesticide application and hazard information at the central location. 
☐ Keep records of the pesticide application information and SDSs for 2 yrs. 
☐ Provide establishment-specific information to handlers. 
☐ Provide pesticide application information and SDSs on request of handler, medical 
personnel or designated representative. 
☐ Provide handler with training/instruction on safe operation of pesticide equipment and 
all application equipment is inspected daily for leaks, etc. and repaired if necessary. 
☐ Read to, or inform, handlers of pesticide label statements related to human hazards, 
first aid & safety, in a manner they can understand. 
☐ Have pesticide label available to handler at all times during application. 
☐ Provide tasks and instructions to handler supervisors to ensure compliance with WPS 
requirements. 
☐ Ensure supervisors give directions to handlers for WPS compliance. 
☐ Provide information (Information Exchange) to Commercial Pesticide Handler 
Employer (CPHE) (i.e., custom application or crop advisor). 
☐ Ensure handlers do not work on pesticide equipment without receiving handler 
training. Ensure any individual not directly employed receives information on pesticides 
before using, cleaning, repairing, etc. pesticide equipment. 
☐ Provide clean PPE in operating condition to handlers. 
☐ Only exceptions to handler PPE are those allowed by WPS. 
☐ Follow restrictions DURING applications to keep workers and other persons out of 
certain areas (treated area and AEZ or enclosed space production area). 
☐ Follow other restrictions DURING applications (Do not contact workers or other 
persons directly or through drift; and applicator temporarily suspends the application if 
workers or other persons are in the AEZ or enclosed space production area). 
☐ Monitor handler every 2 hours visually or by voice communication for applications of 
pesticides with skull & crossbones on label. 
☐ Fumigant applications in enclosed space production facilities – have a second handler 
outside of the enclosed space to continuously monitor (voice or visual), or rescue the 
applicator if necessary. 
Must have second set of required PPE outside of application space. 
☐ If a respirator is required, follow respirator requirements (i.e., medical evaluation, fit 
testing, respirator training) and ensure that all records of completion of these tasks kept 
for 2 years. 
☐ Provide decontamination supplies (and eye flushing supplies, if required) at required 
locations. 
☐ Make emergency assistance available (information and transportation). 
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WPS REQUIREMENTS FOR THE USE OF RESPIRATORS  
 
☐   Respirator medical evaluation conducted and a copy of the medical recommendation 
maintained. 
 
☐   Respirator fit test conducted annually and records maintained of results. 
 
☐   Respirator training conducted annually and records maintained. 
 
☐   Respirator seal check conducted prior to using the respirator. 
 
☐   Respirator cleaned and maintained according to manufacturer’s recommendations. 
 
☐   Respirator canisters, cartridges or filters meet change-out schedules. 
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WPS REQUIREMENTS FOR COMMERCIAL 
PESTICIDE HANDLER EMPLOYERS  
 
☐ Ensure handlers are a minimum of 18 years old. 

☐ Complete WPS handler training before conducting handler tasks. 

☐ Keep records of WPS handler training and provide record to handlers if requested. 

☐ Provide handler with training/instruction on safe operation of pesticide equipment and 

all application equipment is inspected daily for leaks, etc. and repaired if necessary. 

☐ Read to, or inform, handlers of pesticide label statements related to human hazards, 

first aid & safety, in a manner they can understand. 

☐ Have pesticide label available to handler at all times during application. 

☐ Provide tasks and instructions to handler supervisors to ensure compliance with WPS 

requirements. 

☐ Ensure supervisors give directions to handlers for WPS compliance. 

☐ Provide information (Information Exchange) to agricultural employer (customer) prior 

to application. 

☐ Give your handler the information about treated areas that the agricultural employer 

(customer) provided to the CPHE (Information exchange). 

☐ Ensure handlers do not work on pesticide equipment without receiving handler 

training (ensure any individual not directly employed receives information on pesticides 

before using, cleaning, repairing, etc. pesticide equipment). 

☐ Provide clean PPE in operating condition to handlers. 

☐ Only exceptions to handler PPE are those allowed by WPS. 

☐ Provide decontamination supplies (and eye flushing supplies if required) at required 

locations. 

☐ Follow restrictions DURING applications to keep workers and other persons out of 

certain areas (treated area and AEZ or enclosed space production area). 

☐ Follow relevant restrictions DURING applications (do not contact workers or other 

persons directly or through drift; and applicator temporarily suspends the application if 

workers or other persons are in the AEZ or enclosed space production area). 

☐ Monitor handler every 2 hours visually or by voice communication for applications of 

pesticides with skull & crossbones on label. 

☐ Fumigant applications in enclosed space production facilities – have a second handler 

outside of the enclosed space to continuously monitor (voice or visual), or rescue the 

applicator if necessary. Must have second set of required PPE outside of application 

space. 
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☐ If a respirator is required, follow respirator requirements (i.e., medical evaluation, fit 

testing, respirator training) and ensure that all records of completion of these tasks kept 

for 2 years. 

☐ Make emergency assistance available (information and transportation). 
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WPS REQUIREMENTS FOR AGRICULTURAL ESTABLISHMENT 
OWNERS AND IMMEDIATE FAMILY MEMBERS   
 
The owner of an agricultural establishment is EXEMPT from some WPS protections for 

the agricultural establishment owner and the owner’s immediate family members. 

Agricultural production must be on their establishment. 

 

Owners of agricultural establishments and their immediate family members MUST 

COMPLY with all of the following WPS requirements when using WPS-labeled 

pesticide products: 

☐ Ensure that any pesticide applied is used in a manner consistent with the product’s 

labeling (i.e., use directions, restrictions, etc.). 

☐ Ensure pesticide is applied so it does not contact anyone, including members of the 

immediate family (requirement on label and in WPS) and temporarily suspend the 

application if workers or other persons are in the AEZ or enclosed space area. 

☐ Use the PPE and other work attire listed on pesticide labeling (and are eligible for the 

allowable exceptions to PPE, such as using a closed system). 

☐ Keep everyone, including members of the immediate family, away from the treated area 

and the application exclusion zone during the application. 

☐ Keep immediate family members out of the treated area until the REI expires. 

☐ When respirators are required on the pesticide labeling, follow WPS requirements for 

training, medical evaluation, fit testing, and recordkeeping. 

After January 2, 2018, any handler must suspend a pesticide application 

if a worker or other person is in the AEZ during the application. 

☐ Minimum age requirement for handlers and early-entry workers. 

☐ Training requirements for workers and handlers and training records. 

☐ Displaying, maintaining, and providing access to pesticide safety, pesticide application 

and hazard information. 

☐ Oral and posted notifications of worker entry restrictions including posting pesticide 

safety, application and safety data sheets at a central location. 

☐ Keeping records of pesticide application and hazard information required by WPS. 

☐ Completing handler training before cleaning, repairing, or adjusting pesticide application 

equipment. 
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☐ Providing instruction in the safe operation of equipment used for mixing, loading, 

transferring or applying pesticide. 

☐ Informing handler of pesticide label statements related to human hazards, first aid and 

safety, in a manner they can understand. 

☐ Inspecting equipment used for mixing, loading, transferring, or applying pesticides for 

leaks, clogging, and worn or damaged parts and makes repairs if needed. 

☐ Cleaning, storing and maintaining PPE including providing heat related illness first aid 

procedures. 

☐ Providing establishment-specific information. 

☐ Providing information before allowing a person not directly employed by the agricultural 

establishment to clean, repair, or adjust equipment that has been used to mix, load, 

transfer, or apply pesticides. 

☐ Visual or voice monitoring of applicator when using a pesticide product that has the 

skull-and-crossbones symbol on the front panel unless required by product label 

directions. 

☐ Continuous visual or voice contact during fumigant applications. 

☐ Early entry provisions including minimum age, pesticide application information, 

labeling information, maintaining PPE, and decontamination supplies. 

☐ Maintaining decontamination sites and supplies. 

☐ Providing emergency assistance.  
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Answer to Quizzes 
 
Topic 1 
1.  Nematicides, 2.  Inorganic insecticides, 3. Organophosphate insecticides, 4. Fipronil, 
5. Pyrethrins, 6.  Neonicotinoids, 7. Rotenone, 8.  EPA, 9.   EPA, 10. Agricultural 
emergency 
 
Topic 2 
1.  2015, 2.  Hand-labor tasks in pesticide-treated crops, 3.  Notifying workers about 
treated areas, 4.   Protections, 5.   Better protection, 6.  Persons, 7.  PPE, 8.  Family 
exemption, 9.  Everyone, 10.  WPS 
 
Topic 3 
1.  Good coverage,  2. Aerial spraying,  3. IGR,  4. Hexaflumuron, 5.  Diflubenzuron,  6.  
Pyriproxyfen,  7.  IPM, 8. Preventive cultural practices,  9.  Augmentative control,  10. 
Penetrating agents    
 
Topic 4   
1.  Specific location, 2.  WPS, 3.  Workers, handlers and early-entry workers,  
4.  Employer(s),  5.  No-contact early-entry, 6.  3, 7.  Statement of practical treatment,  
8.  Required PPE, 9.  100, 10.  No alternative practices 
 
Topic 5 
1.  Specific PPE, 2.  WPS, 3.  Application equipment, 4.  Heat stroke, 5.  Heat stroke,  
6.  Tired muscles, 7.  Rinse empty pesticide containers, 8.  Rinsate, 9.  Prevention of 
environmental contamination, 10.  Rinsed containers 
 
Topic 6 
1.  2016, 2.  Hazard information, 3.  3, 4.  72, 5.  Equipment, 6.  Handling   
7.  Same emergency assistance, 8.  Requirement(s), 9.  Self-employed 
10.  Employ or contract 
 
Topic 7 
1.  Mealybug destroyers,  2.  Ground beetles, 3. Lady beetles,  4.  Rove Beetles, 5.  Soldier 
beetles,  6. Assassin Bug,  7. Lacewing,  8.  Hoverflies,  9. Apis,  10.  Bumble bees   
 
Topic 8  
1. Drones, 2.  Each caste and among races, 3. Queens, 4.  Virgin queens,  5. The AHB 
swarms, 6. Swarm,  7.  Scout bees,  8. Scout bees,  9. Swirling mass of flying bees, 10. 
Brood combs 
 
Topic 9  
1.  An African strain,  2. Brazil, 3.  European bees, 4.  AHBs, 5.  The same venom, 6. 
Venom, 7. A hybrid honey bee, 8.   Barbed stingers , 9.  Abscond, 10. Time-consuming 
and expensive    
 
Topic 10  
1.  Digestive enzymes,2. One pollen granule,  3.  Propolis,  4.  Odorless and harmless, 5.   
Dark brown, 6.  Propolis, 7.  House bees, 8.  Absconding, 9.  Opportunists (SHB and wax 
moths), 10.  Comb construction 
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Topic 11 
1. Greater health risk, 2.  A fast-acting dust, 3.  Heavy clothing or a “bee suit” , 4. Vacuum 
cleaner, 5. follow pesticide label instructions, 6. Pesticide dusts, 7.  An enzyme, 8.  
Neonicotinoids, 9.  Organophosphate insecticide, 10.  Pheromonal signals     
 
Topic 12 
1. Handling bee colonies  2. Areas adjacent  3.  Residues  4. Honey wax  5.  Floral 
sources  6. Bee deaths 7. Migratory colonies 8. Supers 9.  Both pollen and nectar 10. 
Apiary locations  
 
Topic 13 
1.  Yellowjackets, hornets and paper wasps 2. Yellowjacket, 3.  Subterranean, 4. Aerial 
yellowjacket, 5. Thirteen species, 6.  Blood poisoning, 7. Wide range of prey, 8.   Females,  
9. Daubers, 10.  Sand hornets 
 
Topic 14 
1.  Green peach aphids, 2.   Wingless cotton aphids,  3.  Green peach aphid,  4.   
Aphids,  5.  Cabbage maggots , 6.  Diamondback moth larvae,  7.  White butterflies,  8.  
Colorado potato beetle (CPB),   9. Corn earworms, 10. Cowpea curculio   
 
Topic 15 
1.  Boll weevil, 2.  Synthetic pyrethrins, 3.   Cotton aphid,  4. European corn borer,  5.  
Yellow striped armyworms, 6.  Plant bugs, 7. brown stink bug,  8. Fall armyworms,  9. 
bollworm/tobacco budworm,  10. Pink bollworm      

 
Topic 16 
1. Incompatible, 2.  Injection of insecticide, 3.  Sweet foods, 4.  Native species, 5. 
Perimeter treatments    6.  Demand, Suspend, or Tempo 
  
Topic 17 
1.  Not easy to control, 2. Chemical treatment, 3. White pustule,  4.   Single entrance hole, 
5. The more of the colony that is exposed, 6.   Slow-acting toxicant, 7.  Trophallaxis, 8.  
Diffusible chemicals, 9. Borates, 10. Fused borate rods  
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We welcome you to complete the assignment in Microsoft Word.  You 
can find the assignment at www.abctlc.com.   
 
Once complete, just simply fax or e-mail the answer key along with the 
registration page to us and allow two weeks for grading.   
 
Once we grade it, we will email a certificate of completion to you.   
 
Call us if you need any help.   If you need your certificate back within 
48 hours, you may be asked to pay a rush service fee of $50.00. 
 
You can download the assignment in Microsoft Word from TLC’s 
website under the Assignment Page.  www.abctlc.com   
 
You will have 90 days to successfully complete this assignment with a 
score of 70% or better.   
 
If you need any assistance, please contact TLC’s Student Services.  
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