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Useful Pesticide Resources 3 

Pesticide application is a highly skilled 
occupation requiring specialized training. 
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ANDLING PESTlCIDES 

requires many special skills and respon­
sibilities. It is an important occupation 
on its own and a necessary part of many 
other jobs. If you handle pesticides, you 
need to recognize their hazards and 
how to avoid these. Furthermore, you 
must be familiar with all local, state, 
and federal Jaws regulating the sale, 
use, storage, transportation, applica­
tion, and disposal of pesticides. If you 
supervise pesticide handlers, you are 
responsible for seeing that these 
employees handle and use pesticides 
properly and safely. 

You may need to become a certified 
pesticide applicator by taking one or 
more of the California Department of 
Pesticide Regulation's (DPR) Qualified 
Applicator Certificate (QAC), Qualified 
Applicator License (QAt), or appren­
tice or journeyman Pest Control Air­
craft Pilot's Certificate examinations. lf 
you apply restricted-use pesticides only 
on property under your control, you 
will need to take the Certified Private 
Applicacor examination administered 
by local ag1icultural commissioner 
or.fices. While regulations may not 
require an applicator -to possess one of 
these credentials, employers frequently 
require this certification as a condition 
of continued employment for employ­
ees handling pesticides. 

This book is Volume 1 in the Pesti:.. 
cide Application Compendium series. 
The original version was published in 
1988. This revised and updated version 
reflects changes in laws and application 
technology. [ts purpose is to help you 
learn safe and effective ways of using 
pesticides. It describes how to prevent 

accidents and how to avoid injury and 
environmental problems. 

How to Use This Book 

Use this book as a srudy guide if you 
are preparing for any of the QAC, QAL, 
or Pest Control Aircraft Pilot's Certi{i­
cateexaminations. The DPR uses these 
tests to certify individuals, pest control 
businesses, commercial applicators, 
landscape maintenance personnel, 
researchers, designated agents, and any­
one else applying pesticides as part of 
their work. 

What You Need to Know 

The DPR exams assess your compe­
tence in handling and/or supervising 
handling of restricted-use pesticides. 
Questions on these tests are similar to the 
review questions at the end of each chap­
ter of this book. These tests cover several 
areas of skill or knowledge expectations that 
you are required by law to demonsttate 
in order to handle restricted-use pesti­
cides. The following sections describe 
what you need to lmow and where to 
find that information in this book. 

Pests and Pest Management. As a cer­
tified pesticide bandier, you must recog­
nize common pests and the damage 
caused by them. You should also under­
stand the concepts of pest management, 
including principles of integrated pesl 
management. See Chapters 1, 2, and 8. 

The Pesticide Label. You must 
demonstrate that you can read and 
understand pesticide labels and associ­
ated labeling information. This includes 
recognizing restrictions on use of cer-



lain pesticides, understanding worker 
safety and protection requirements, and 
recognizing and understanding how to 
protect environmentally sensitive areas. 
See Chapters 3, 4, and 6. 

Mixing and Applying Pesticides. You 
need to know how ro prepare proper 

concentrations of pesticide for use 
under particular circumstances. You 

also must be able to select application 
equipment and correctly calibrate this 
equipment. You need to demonstrate 
your ability to avoid offsite movement 
of pesticides during application. See 
Chapters 6, 8, 9, and 10. 

Laws and Regulations Affecting Pes­
ticide Use. You must recognize envi­
ronmentally sensitive areas and protect 

these from pesticide exposure. You have 
to show that you know how to protect 
groundwater and endangered species. 
You need to be familiar with current 
regulatory changes and know how to 

locate regulatory information. See 
Chapters 4, 5, 6, and 8-also see the 
Laws and Regulations Study Guide from 
the Department of Pesticide Regulation. 

Recognizing and Preventing Pesti­
cide Poisoning. You must recognize 
common symptoms of pesticide poison­
ing and demonstrate that you know 
how to protect yourself and others from 
exposure by using personal protective 
equipment. You also need to under­

stand the first aid procedures for pesti­
cide exposure. See Chapters 5, 6, and 7. 

Protecting the EnvironrrtenL You 
must recognize the negative impact of 
pesticides on nontarget organisms. You 
need to understand how environmental 
contamination occurs and how to pre­
vent it. You must be familiar with endan­
gered species and how to prolecl them 
when making pesticide applications. You 
need to know how to properly handle, 
store, and dispose of leftover pesticides, 

pesticide mixtures, and empty contain­
ers. See Chapters 5, 6, and 8. 
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Pesticide Emergencies. You need to 
know where to get first aid information 
for pesticide exposure and how to 

administer first aid to an exposure vic­
tim. You must understand the proce­
dures for dealing With pesticide spills 
and £ires. You have to recognize prob­
lems associated with misapplication of 
pesticides and what lo do in case it hap­

pens. See Chapters 5, 6, and 7. 

Using the Review Questions 

At the end of each chapter are several 
review questions to test your grasp of 
the information presented in that chap­
ter. These questions-are the same for­
mat as the questions on the DPR exami­
nations. If you have had experience 
with handling pesticides, you will prob­
ably be able to answer many of the 

questions without smdying the infor­
mation in the chapter. 

Begin your study of each chapter by 
reading through the review questions. 
Make notes of the subject material you 
do not fully understand. Then, review 
the chapter to locate the sectio.ns that 
deal with that information. Read those 
sections carefully before you review the 
rest of the chapter. 

When you finish studying the chap­
ter, answer each of the review ques­
tions. Check your answers with the cor­
rect answers on page 314. If you missed 
any of the questions, go back and 
reread the appropriate sections of the 
chapter thaL cover tl1at information. 

Useful Pesticide Resources 

This and the other volumes in the 
Pesticide. Application Compendium 
series are useful references for growers, 
structural pest control operators, pest 
control advisers, pest management stu­
dents, homeowners, or anyone involved 
in pesticide use decisions. Books in this 

series are also helpful instructional 
guides for training people to use pesti­
cides properly and safely. 

Other volumes of the Pesticide Appli­
cation Compendium cover the many 
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TABLE I. 

differem occupational areas in wl,ich 
people use pesLicides (Table 1). Appli­

cants for a Qualified Applicator Certifi­
cate or Qualified Applicator License 
must take an examination in one or 
more of these specialized areas. 

Besides this text, there are two impor­
cam sources you should rely on for 
information regarding pesticides and 
pest management: 

• C unty agricullUra l ommission­

ers (CACs) are reg,1latory officials 
of the DPR. Their offices through­
out the state have th responsibili­
ty, among other functions , for issu­

ing permits for restricted-use pcsli· 
cides; monitoring pesticide use, 
storage, and disposal; and enforc­
ing pesticide laws and regulations. 
Agricultural commission rs' offices 

provide local information on pesti­
cide use, storage, transportation, 

disposal, and hazards. Contact 
your local CAC office if there is 
any peslicide emergency. 

• The University or California, 
through its Cooperative Extension 
program, maintains offices in most 

counties of the state. Specialists 
who staff Lhese offices are able to 

provide pest identificaLion, pest 

managemenL, and pesticide u.se 
informalion for home, sm1ctural, 
agricultural, livestock and poultry, 
rangeland, wildlife, nrrf and land­
scape, forest, and aquatic areas. 
Fann advisors work closely with 

other Universily of CaJifornia 
researchers a nd specialists. 

Specialized Areas of Pesticide Application, 

SPECIALIZED AREA 

Reside11tia/, htd~stria/, 
cmd /11stlwtional Pest 
Ca11trol 

la11dscapa Mainte11a11ce 
Pest Control 

Right-of-Woy Pest 
Control 

DESCRIPTION OF PESTICIDE 
APPLICATOR'S WORK 

Performs pest control in apartmencs, re.sraurants, hos­
pitals, offices, warehouses, grocery stores, and ocher 
similar buildings as part of employment by owner or 
operator of che building. Se leas pest control methods 
and pesticides to use. Performs poscharve.sr fumiga­
~ion and insecticide and fungicide applicacions to agri· 
culcural produces. Applies pest,cide.s to scored agricul­
tural produas. Controls weeds around commercial 
and industrial scruaure.s. Work is often closely associ­
ated w,th people and their pers. Special subsections of 
this category, which require separate examinations, 
relate co the application of. 11) pe.st,ddes for preseiva• 
c,on of wood products such as lumber, posts, and 
ocher structural wood; (2) antifouling paints ro boat 
hulls; and (3) pesticides ro control roocs in sewer I ne.s. 

Controls pescs on or around omamencal and fruit 
trees, shrubs, small fruits and berries, rurf, and flow­
ers: works around homes, businesses, cemeteries, 
rheme parks, public parks, indoor malls, and house 
plants , Pesticide application is ofren part of a land· 
scape maintenance business. Applicator makes deci• 
sions regarding pest control methods, irrigation, and 
plane nutrition. Work is closely associated with human 
activities. 

Performs pest cide appl ications along roads, rail lines, 
utility accesses, and drainage ditches ro keep these 
areas free of undesirable weeds and to prevent fire 
hazards and obstruc:cion of access or view. Applies 
pesticides for control of vertebrates and insects chal 
interfere with desirable foliage or water drainage. A 
special subsection of this category, which requires a 
separate examination, relates to rhe application of 
pe~ticides for che preservation of wood produces and 
utility poles. 

TYPE OF PESTS 

lnvertebmtes: cockroaches, bugs, scored product pests, flies, 
fleas, mosquitoes , termites, ants, and ocher inseci:s; spiders 
and mites; marine organisms. 

Vertebrares: rats, mice, bats, and birds. 

Weeds.• weeds and unwanted vegetation; tree roots ,n sewer 
lines. 

Microo'§111isms: wood•decaymg fungi. 

/m1ertebra1ts: aphids, scales, mes, bees, wasps, earwigs, 
moths, beetles, and bugs; spiders, mites, and centipedes; 
snails and slugs. 

Vertebrates: rats, m,ce, gophers, moles, squirrels, rabbits, 
b irds, snakes, and lizards. 

Mleroorganisms: rungi, bacteria, and virus.es. 

Wesds; various types of terrestrial weeds. 

l11vertebn11es: pests of foliage and wood products. 

Verubmces: squirrels, mice, gophers, moles, rabbi cs, and 
birds. 

Weeds: various cypes ofcerrestrial weeds. 



SPECIALIZED AREA 

Fore!t Pest Co11trol 

Aquatic Pest Control 

Plont Agricc,/turt Pest 
Control 

Animal Agrirnlturt Pest 
Control 

Seed Trtatment 

Reg,1/oto,y Pest Control 

D11111onstmtion and 
Research Pest Control 

Public Health Pest 
Control 

DESCRIPTION OF PESTICIDE 
APPLICATOR'S WORK 

Applies pesticides in forest locations and commercial 
Chriscmas tree plantations. Is responsible for protect­
ing wildlife, wacersheds, and lakes and screams. 

Applies pesticides for control of aquatic weeds, pest 
fish, arthropods, and mollusks. Requires special skills 
to protect aquatic environmencs and noncargec 
organisms. Familiarity with aquatic ecosystems and 
the ultimate use of water is very important to protect 
people, crops, and the environment. 

Applies pesticides in and around agricultural crops. 
Often employed by a commercial applicator. Usually 
supervises pest control applicator. Responsible for 
protecting fieldworkers, groundwater, and environ· 
menc. May work with highly toxic materials. 

Applies pescicides for control of livestock and poultry 
pests. Requires familiarity with livestock and poultry 
and unique pest control techniques. Pesticide use is 
closely associated with animals. 

Performs or supervises the application ofinseccicides 
and fungicides to seeds used to produce agricultural 
crops. Requires familiarity with different methods of 
protecting seeds. Usually employed by a seed treat· 
menc company. 

Involved in detecting and eradicating imported pests 
that pose threats of economic harm co agriculture, 
livestock and poultry, or other segments of society. 
Must be familiar with suppression and eradication 
methods. Requires understanding of how pests enter 
and disperse through an area. Usually works for a 
public agency. 

Evaluates pesticides for efficacy. Studies interactions 
between pests, nonpests, and environmental factors 
when pesticides are applied. Demonstrates proper 
and effective methods of using pesticides. May be 
pesticide chemical company field representative, farm 
advisor, university researcher, independent consul­
tant, or contract researcher. 

Involved in applying pesticides to control pests that 
transmit disease organisms co people. Usually 
employed by public agencies. Pesticide use is often 
closely associated with homes and workplaces or 
public areas. 
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TYPE OF PESTS 

Invertebrates: boring and defoliating insects of forest trees; 
mites. 

Vertebmtes: squirrels, voles, gophers, rabbits, deer, and 
others. 

Weeds: mostly undesirable plant species compecing with for­
est trees; parasitic: plants. 

Microorganisms: plane disease agents affecting forest trees. 

Invertebrates: snails, clams, mussels, and crabs. 

Vertebrotes: pest fish, rodents, beavers, and ochers. 

WBeds: aquatic weeds; algae. 

lnvertBbmtes: many different agricultural pest insects, mites, 
snails, and nematodes. 

Vertebrotes: squirrels, gophers, rabbits, and birds. 

Weeds: many types of agricultural weeds and poisonous 
plants. 

Micraorga11isms: fungi, bacteria, vin.ises, and other micro­
organisms that cause crop diseases. 

lnvertebmtes: mosquitoes, I ice, Aies, and bugs; ticks and 
mites. 

Vertebrates: livestock and poultry predators. 

Weeds: poisonous plants and undesirable range weeds. 

lnverttbmtes: seed-feeding or damaging insects. 

Mi,roorgonisms: fungi and bacteria. 

lnllflrtebmtes: exotic insects and mices that threaten to cause 
economic or health damage. Nemacodes, snails, clams, 
mussels, and crabs-damaging species that might be intro· 
duced from ocher areas. 

Weeds: aquatic, terrestria l, and e,cotic weeds. 

Vertebmtes: reptiles, birds, and rodents and other mammals. 

Microorganisms: uocic plane disease organisms. 

Alf types of agricultural and nonagricultural pests may be 
involved. 

Invertebrates: Ries, fleas, cockroaches, mosquitoes, lice, and 
bugs; ticks, mites, and spiders. 

Vertebrt1tes: rats, mice, bats, and birds. 
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Close examination may be necessary to identi[ 
pests that are causing damage. 
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P.STS ARI: ORGANISMS Lhat 
cause problems in various ways. Some 

compele with people for food or fiber. 
Others inLerfere with raising crops, live­
stock, or poultry. Certain types of pests 
damage property and personal belong­
ings or disfigure ornamental plan lings. 
A few Lransmil or cause plant, animal, 
or human diseases. 

Before trying Lo control a pest, you 
need to idenl.ify it. Be certain any injury 
or observed damage is acLually due to 
the identified pesL and not some other 
cause. Once you have identified the 
pesl and confirmed that it is causing 
damage, become familiar wit.h its life 
cycle, growth, and reproducrive habits. 
Then, use this information to form your 
pest control plans. Misidentification 
and lack of information abouL a pest 
could cause you LO choose Lhe wrong 

control method or apply the control at 
the wrong titne. These are the most fre­
quent causes of pest conu·ol failure. 

This chapter reviews some of the 
ways lo identify pests. Four main 
groups of pests include 

• weeds (undesired plants) 
• invertebrates (insects and their 

relatives, nematodes, snails, and 
slugs) 

• vertebrates (birds, reptiles, 

amphibians, fish, and rodents and 
other mammals) 

• disease agents Cbacrelia, viruses, 
fungi , mycoplasmas, other 
microorganisms, and nonliving 
facLOrs) 

HOW PLANTS AND 
ANIMALS ARE NAMED 

Names of plants-and animals are your 
doorways to information about them. 
Once you know the name of a pest, you 
can more easily select control methods. 
Control methods include specific pesti­
cides that prevent this pest from caus­
ing injury. 

Scientific Names 

Classification systems are selS of rules 
used for organizing and naming Uving 
Lhings. An elegant, standardized classifi­
cation system used throughout the 
world is the basis for the scientific. names 
given to plants and animals. This syscem 
reveals relationships among different 
species of plan ts or animals. Sciemific 
names are very useful when trying Lo 
Locate information abouc organisms. 

Living organisms belong co one of 
two major groups-che plant hi11gdo111 
or the animal ltingdom. Usually it is easy 
to distinguish between Uving organisms 
and nonliving objects and between 
plants and animals. However, microor­

ganisms and algae are more.difficull to 
classify because. of characteristics t11al 
make them intermediate between 
plan LS and animals. 

The.re are six subcategories within a 
kingdom in the standardized classifica­
tion system-phylum, class, order.fami­
ly, genus, and species. Unique physical 
characteristics set some organisms apart 
from others. For example, in the phy­
lum Arthropoda all organisms have 
jointed appendages and external skele­

tons. Animals in the phylum Cbordai.a 
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FIGURE J.1 

Common names are often not a dependable way to identifj pests because some pests may have more 
than one common name. The Helicoverpa zea shown here, for example, becomes the com carworm, 
bol/wom1, or tomato fruitworm, depe11ding on w/1i,h crop it is infesting. 

have backbones, spinal nerve cords, 
and internal skeletons. Within a phy­
lum I here are several orders, each con­

laining one or more families. A family is 
a group of related genera (the plural of 
genus), and a genus is a collection of 
species. A species is unique from all 
other organisms. The genus and species 
names make up an organism's scientific 
name. There may be variations among 
individuals of the same species. These 
include color and size differences and 
ability to attack a specific type of crop 
or planL. There may even be differences 
in the ability to resist certain pesticides. 

Common Names 

Besides a scientific name, most plams 
and animals have one or more common 
names. Pesticide labels refer to most 
pests by their common names. These 
names are usually descriptive, such as 
housefly, American cockroach, roof rat, 

field bindweed, yellow foxtail, apple 
scab, and fire blight. The disadvantage 
of using common names is that they do 
not provide any information about the 
relationship of one organism to another. 
For e.xample, johJ1Songrass (So1ghum 
lwlepense) is a weed, while Sudan grass, 
grain sorghum, and milo (all Sorghum 
bicolor) are grains. All three belong Lo 
the genus So,;glmm, but their common 
names do not indicate any relationship. 
However, their scientific names show 
they all belong to the genus Sorghum , 
indicating a close relationship. 

Because common names vary wilh 
locality or host, an organism wi ll. often 

have more than one common name. 
The insect Helicove,vo zea, for example, 
is Lhe corn earworm, bollworm, and 
tomato fruit worm, depending on which 
crop it is auac.king (Figure 1-1). Orga­
nizations such as the Weed Science 
Society or America and the Entomologi­
cal Society of America have developed 
lists of accepted common names. 

WAYS TO 1DENTlFY PESTS 

Identify pests by using the guidelines 
included in this chapter and then con­
sulting identification books. Or. have 
the pest examined and identified by 
specialists. When having pests identi­
fied, always collect several specimens. 

The difficulty in identifying certain 
insects and most mites, nematodes, and 
plant pathogens in the field is their 
small size. Accurate identification 
requires the use of a hand lens or 
microscope, special tests, or careful 
analysis of damage. Often the pest's 
host association and location are iropor­
tanL to making positive identificalions. 
Information on the environmental con­
ditions where you collect pests and the 
time of year of colleclion provides clues 
to the pest's identity. 

Pest species may have different physi­
cal forms depending on their life cycles 
or the Lime of year. Weed seeds, for 
·xample, do not resembl seedlings or 
mature weeds. Many insect species 
undergo extreme changes in appear­
ance as they develop from eggs through 
larval, pupal, and adult stages. 
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Identification Experts 

Only trained experts, using special 
Lechniques and equipment, can posi­
tively identify some pests such as nema­
todes and most pathogens. Private labo­
ratories exist that can identify nema­
todes, mites, insects, plant pathogens, 
and other pests. Farm advisors in each 
county have expertise in pest identifica­
tion. Also, they are in dose contact with 
other University of California experts. 
County agricultural commissioners and 
their staff are helpful resources. In addi­
tion, the California Department of Food 
and Agriculture maintains a pest identi­
fication laboratory. Many pest comrol 
companies have licensed pest control 
advisers on their staffs. These experts 
can identify some types of pests. 

When sending samples for identifica­
tion, be sure Lo keep the material fresh 
and undamaged. Provide complete 
information on where you found the 
pest and, if appropriate, include exam­
ples of pest damage. Weeds, pathogens, 
and arthropods all requite different 
types of sampling and handling. Side­
bars in the following sections provide 
suggesLions on how co collect and pre­
pare specimens for shipmem to an 
expen or identification laboratory. 

Identification Keys 

Identification keys are useful tools. 
They provide descriptive clues to the 

FIGURE 1-2 

identity of living organisms. Unless you 
are familiar with the terms used to 
describe the pest's physical structures, 
many keys are difficult to use. This is 
because experts develop these keys for 
use by other experts. However, simple 
keys are usually available for common 
pests. A dichotomous hey consists of a 
series of sequentially paired statements. 
To use a key, begin by selecting the 
descriptive statement from the first pair 
that best £its the pest you are trying to 
identify. Tpe statement you select will 
lead you to another pair of statements. 
Continue working through the paired 
statements in this manner until the.key 
leads you to the pest's identity. Dichoto­
mous keys mainly use structural fea­
tures, but they sometimes rely on the 
organisms color or size, especially with 
weeds. Many keys include photographs 
or drawings to help illustrate features 
referred to in the key. Table 1-1 is an 
example of a dichotomous key. 

Photographs and Drawings 

Whenever possible, use photographs 
and dra"vings for identification because 
they provide good visual descriptions of 
the pest (Figure 1-2) and its damage. 
They help you locate the pests unique 
or distinguishing features. Use publica­
tions such as the California Department 
of Food and Agriculture Vertebrate Pest 
Control Handbooh and the University of 

Ph~tographs sud~ as these of~ cabbage l ooper egg and larva show the unique physical characte~ 
coloration patterns that are vseful identification aids. 
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TAIILE 1-1. 

Example of a Dichotomous Key. 

l<EY TO COMMON ADULT COCKROACHES" 

CHARACTERISTICS SPECIES 

1 a. Small, ab our ~ in or shorrer go co line 2 

1 b. Medium co large, longer than ~~ in go to line4 

2a. Pronotum without longitudinal black bars go to line 3 

2b. Pronotum with 2 longitudinal black bars German cockroach 
(Blattel/a gumanica) 

3a. Wings covering about half of abdomen wood roach 
Pronotum narrower (Parcoblotta spp.) 

3b. Wings covering nearly all of abdomen or exrending brownbanded cockroach 
beyond; pronotum narrower (Supella suplonr)palpa) 

' 4a. Wings covering abdomen, often extending beyond go to line S 

4b. Wl ngs absent or shorter than abdomen Oriental cockroach (BlattfJ orientalis) 

Sa. Pronocum more than 1/4 in wide go to line 6 

Sb. Pronotum about 1/., in wide with pale border wood roach (Parrob/11tt:o spp.J 

6a. Front wing without pale streak; pronotum solid go to line 7 
color, or with pale design only moderately conspicuous 

6b. Fro11t wing with outer pale streak at base; pronotum Austral ian cockroach 
strikingly marked (Pcriplanela ,mstmlosiae) 

7a. Pronotum usua lly with some pale area; go co line 8 
general color seldom darker than reddish chestnut 

7b. Pronotum solid dark color; general color smokybrown cockroach 
very dark brown to black (Periplaneta (ulifjnosa) 

Sa. Lase segment of cercus not twice as long brown cockroach 
as wide (Periplaneta bmn11~a) 

Sb. Last segment of cercus twice as long as wide American cockroach 
(Peripl,meta americano) 

• Adapted from "Pictorial Key co Some Common Adule Cockroaches" by H. D. Place, Deparcmenc of 
Health, Edvcalion, and Welfare , Public Health Service Communicable Disease Center, Atlanta, GA, 
October 1953. 

California Grower's Weed Identification 
Handbooh , Pests of La11dscape Trees and 
Shntbs, Pests of t/Je Garden and Small 
Fann, Wildlife Pest Control Around Gar­
dens a11cl Homes, and the various lnte­
gra ted Pest Management Manuals. 
Other pest management publications, 
textbooks, and field guides also contain 
useful photographs and drawings. 

Preserved Specimens 

Experts preserve identified plants. 
insects and other arthropods, reptiles, 
and mammals for study and compari­
son (Figure 1-3). Museums and 
berbaria at universities or other institu­
tions are the most common locations 
for large collections of preserved speci-

mens. You can also buy individual spec­
imens and small collections of more 
common household and structural 
peslS. Collections of weed seeds are 
available as helpful identification aids. 
Most preserved material is Cragile, so 
handle it carefully. Store specimens in a 
cool and dry place to prevent damage 
and deterioration. 

Characteristic Signs 

PeslS may leave signs of their presence 
that help you determine what they are. 
Birds and rodents build nests that are 
of ten characteristic to each species. The 
type of feeding damage helps you identi­
fy many insects. Rodents and some 
other mammals dig unique burrows in 
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FIGURE 1-3 

Preserved specimens, suc/1 as these mounted insects, aid in pest identification. These are the adults of 
(a) the variegated cutworm, (b) the beetarmyworm, (c) the cabbage looper, (d) the tomato fmitworm, 
(e) t/1e tobacco budworm, and (f) the western yellowstriped am!}'\vorm. 

the ground and often leave identifying 
gnaw marks on tree trunks or other 
objects. Sometimes trails in grass or 
tracks in din are helpful clues Lo rodent 
identification. Rodent fecal pellets and 
insect Crass also are disLincLive and 
important identification aids. Weeds 
may have unique nowers, seeds, fruits , 
or unusual growLh habits. Also look for 
remains of weed plants from the previ­
ous season . Fungi and other pathogens 
sometimes cause specific Lypes of dam­
age, defomrntion, or color changes to 
host tissues. 

Weeds 

Weeds are plants that interfere with 
the growing of crops or ornamental 
plants or cause other types of problems. 
Some weeds are noxious and endanger 
livestock. Others affect the health of 
people or interfere with the safety or 
use of roads, utilities. and waterways. 
Many weeds are visual or physical nui­
sances due LO their growth habits and 
size. Grasses. broadleaved herbaceous 

plants, shrubs, and even trees are 
"weeds" if they interfere with the activi­
ties of people (Figure 1-4). 

lmponant weeds, however, possess 
special characteristics that distinguish 
them from the occasional out-of-place 
plane True weeds adapt well to local 
climates, soils, and other external con­
ditions. They compete successfully 
with cullivated plants for available 
resources. Most weeds produce large 
quanLities of seeds, even under adverse 
conditions. Seeds of some weeds 
remain dormant in the soil for extend­
ed periods, someLimes 20 )'ears or 
more, before germinating. Some weed 
seeds or fruits have special aclaptalions 
lo promote dispersal. (Figure 1-5). 
Because many weeds are capable of 
reproducing through vegetative struc­
LUres, such as st0lons, rhizomes, and 
tubers (see page 18), cullural activities 
that break up these structures, such as 
hoeing, mowing, or discing, produce 
new planis (Figure 1-6) . Consequently, 
many weeds are persistent and difficult 

to eliminate. 
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Some weeds are native plants. while 
most are exoltc species imported inad­
vertently or intentionally from other 
parts of the world. In their new loca­
tion, many imported weeds become 
serious pests. This is because natural 

enemies or diseases are not present ro 
suppress them. The weeds thrive if local 
environments are ideal for their growth. 

Weed experts consider only about 3% 
of the identified plant species found in 
the world to be weeds. Usually. there 
are no more than 25 to 35 weed species 
at any one crop or landscape site. It is 
common for specific settings co have 

certain groups of weed species associat­
ed with them. Weeds found in crops or 

other cultivated areas are usually the 
most difficult ones to comrol with her­
bicides. This is because they are often 
similar Lo the cultivated plants. At the 
end of this section are discussions and 

illustrations of some of the major weed 
families. 

How Weeds Are Pests 

Weeds compete with agricultural 
crops for winer, nutrients, light, and 
space, and they may also interfere with 
farming operations. Some weed species 
are LOxic to livestock. Others release 
toxins into the soil. and these toxins 
inhibit the growth o[ other plants. 

Weeds clog irrigation canals and 
drainage ditches. Uncontrolled weeds 
contaminate products at harvest and 
harbor insects and pathogens. 

Around homes, businesses, and 
industry, heavy populations of weeds 
often infest lawns, groundcovers, and 

ornamental plantings. Weeds some­
times harbor insect or vertebrate pests 
and detract from the appearance of 
landscaping. Dry weeds are fire hazards. 
Various weed pollens cause allergies in 

soJ1Je people, and certain weeds pro­
duce skin irritation. Some weeds are 

poisonous to people and animals. 
Along roadsides and rights-of-way, 

large weeds interfere with travel and 

maintenance operations. Tall roadside 

weeds obscure signs, while creeping 
species dog road dratns or erode pave­
ment edges. h.1 commercially operated 
forests, weeds compete with [ree 

seedlings and become fire hazards. 
They interfere with nonnal cultural 
activities . .Some. weeds, such as mistle­
toe, parasiti.ze trees, Overgrown aquatic 
weeds clog irrigation canals, ditches, 
streams, rivers, and lakes. These cause. 
harm to native aquatic life and make 
the use. of waterways difficult for people 

and animals. Large infestations of 
aquatic y.reeds also hinder fish growth 
and reprodttction. Aqua[ic weeds pro­

mote mosquito problems by decr~asing 
normal water now and wave action. 

Identifying Weeds 

A simple way to identify common 

weeds is ro compare specimens with 
color phoLOgraphs and drawings. If you 
are unable to determine the species 
from these sources, refer to identifica­
tion keys or compare the weeds to pre­
served specimens. You may need to 
send some weed p lants to an expert for 
identification (see Sidebar l). 

Specialists identify plants, including 
weecls, by recognizing differences and 
similarities among Dowers, leaves, 
stems, and roots. Fruits, seeds, apd 

special struclures such as tubers or 
rhizomes are also useful identification 
characteristics, as are the plant's 
growth habits. 

Weed Classification. Most weeds fall 

v.ri.thin nvo major land-plant groups, 
the dicots and tne. monocols. Dicocs. also 
called hroadleaves,.are plants that pro­
duce two seedling-Leaves (cOLyledons). 
Leaves of dicots usually have netlike 
veins. Dicots generally grow .as herba­
ceous plants (leafy and herblike) or as 
woody plants (shrub- or treelil<e). 

Monocots produce only a single 

grasslike leaf in the seedling. Leaves of 
these plants typically have veins that 
run parallel 10 their length. Grasses, 
sedges. and rushes are monocots, 



Mosses (and liverworts) belong to a 
unique group of plants known as 
bryopltytes. Mosses are different from 
land plants because they lack a vascular 
system. They are occasional pests in 
aquatic settings and sometimes cause 
problems in greenhouses or on build­
ings or ornamental plants. 

Algae are nonflowering primitive 
aqua lie plants that of ten clog streams, 
lakes, drainage ditches, and rice fields. 
Pest managers usually include algae 
among weed pests. Like more highly 
developed plants, algae carry out pho­
tosynthesis to convenlight into energy. 
However, algae lack true stems, leaves, 
and flowers that are characteristic of 
higher p·lants. They reproduce through 
cell d\vision, or they produce spores. 

Jt is usually easy to determine if the 
weed is a land plant, moss, or alga. 
However; when identifying land weeds, 
you must distinguish between a woody 
or herbaceous dicot (broadleaO or a 
monocot (grass, rush, or sedge) . 

Weed Developmen t. Most weeds 
pass through several stages of develop­
ment, beginning with the seed. Sprout­
ed seeds, known as seedlings, are usual­
ly Lender and vulnerable to environ­
mental extremes and are often quite· 
susceptible to herbicides. Seedlings dif­
fer in appearance from mature plants 
and so may be difficult to identify. 
Because they are the stage most readily 
controlled, learn to identify the 
seedlings. 

From seedlings, weeds continue their 
vegetative growlh stage marked by 
rapid foliage development as they attain 
their maximum size. Plants then epter a 
reproductive period in which Lhey 
divert most of their energy to flowering 
and seed production. Once they form 
seeds, weeds reach maturity, a postre­
productive period. Perennial plants 
continue to repeat vegetative growth 
and reproductive cycles each year. 

For identification, learn to recognize 
the different growth stages of weeds .. 
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Understanding the growth stages is also 
imponam when selecting herbicides or 
other methods of weed control. 

Weed Life Cycles. Weed li(e cycles 
are either annual, biennial, or perennial. 
Occasionally, some weed species with 
one type of life cycle may behave as if 
they have a different life cycle. This 
may be due to favorable weather or 
abnormal or unusual changes in envi­
r.onmental influences. Milder tempera­
tures, for example, promote longer life 
cycles. Once you are familiar with the 
life cycle of a weed, y.ou can properly 
time herbicide applications. For 
instance, most perennial weeds are not 
susceptible to herbicides during early 
bloom stages. 

Annual weeds live one year or less. 
They sprout from seeds, mature, and 
produce seeds for the next generation 
during this period. Annual weeds are 
either summer annuals or winter an.nuals 
(Figure 1-7). Seeds of summer annuals 
sprout in the spring, and the plants pro­
duce seeds and die during the summer 
or fall. Some common summer annual 
weeds include pigweed, puncturevine, 
barnyardgrass, Russian thistle, common 
purslane, and yellow fo,uaiL Seeds of 
winter annuals sprout in the fall, then 
grow over the winter. These plants pro­
duce seeds in the spring and usually die 
before summer. Mustard, wild oat.. 
annual bluegrass, burclover, and filaree 
are examples of winter annual weeds. 

Biennial p lants live for two growing 
seasons. TI1ey sprout and undergo vege­
tative growth during the first season, 
then Oower, produce seed, and die- the. 
following season. BriStl}' oxtongue, poi­
son hemlock, wild carrot, mullein, and 
Scotch Lhistle are biennials. 

Perennial weeds live3 or more years; 
some species live indefinitely. Many 
perennials lose their leaves or die back 
entirely during the winter (herbaceous 
perennials). These plants regrow each 
spring from roots or underground stor­
age organs such as tubers, bulbs, or 



16 • PEST IDENTIFICAT ION 

lDEBAR l 

Sampling and Sending Weeds for Identification 

SAMPLING 

1. Choose several planes chat represent the 
species. 

2. Include stems, leaves, flowers (if present) , 
and roots. 

3 . Dig up weeds to prevent damage to roots. 

4. Shake plants lightly after digging to remove 
excess soil. 

PREPARATION 

1. Keep plants in an ice chest while you are in 
the field. If they cannot be shipped immedi­
ately, store them in a refrigerator. 

2. Place plants in plastic bags without 
moisture, or press them between sheets 
of absorbent paper and encase in heavy 
cardboard for procection. 

LABELING 
Attach a label to the outside of each sample. 
Include the following information on labels: 

1. Location where samples were taken, 
including names of nearby crossroads. 

fJGURf: 1-7 

11,is ilf11stn1 tio11 shows tlte 
d,'fference in the growth 
periods of winter and 
summer annual weeds. 

Summer 
Annual b O 00 

wimcr 

2. Description of specific characteristics of 
the site where the weeds were growing. 

3. Whether plants are annuals or perennials. 

4. Your name, address, and telephone 
number. 

5. Date samples were taken . 

6. Any ocher information that would help in 
the identification of the weeds. 

SHIPPING 

1. Contact the person or laboratory who will 
receive samples to determine the best 
method of shipping and to inform them 
that samples will be arriving. 

2 . Pack samples in a sturdy, well-insulated 
container co prevent crushing or heat 
damage. 

3. Mark package clearly and request shipper 
to keep it in a cool location . 

4 . Ship packages early in the week so they will 
arrive before a weekend. 

spring summer foll 

~69 il~=--. ---------, 
at\1~ 
(;?w(S) Wimer 

Anmml 

winter spring 

0 O 

summer foll 
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FIGURE 1-8 

Weed flowers hove importont ports that an: !lseful in identifying them. 

spike raceme pnniclc implc umbel compound umbel 

FIGURE 1-9 

As shown here, there are several types of infloresce11ces. Use these characteristics in weed identification. 

rhizomes. These storage organs pro­
vide the chief means of dispersal for a 
number of major perennial weeds as 
well. Examples of perennial weeds 
include curly dock, silverleaf night­
shade, field bindweed, alkali sida, dan­
delion, yellow nutsedge, Pacific poison 
oak, johnsongrass, and bennudagrass. 
Woody plants such as trees and shrubs 
are perennials and can be weeds under 
certain circumstances. Perennial weeds 
are the most difficult type of weed to 
control with herbicides, cultural con­
trols , or mechanical methods. 

Physical Features of Weeds. Weeds 
(and most other plams) have unique 
physical features that experts use for 
identification. These include Dowers, 
leaves, stems and special rooting struc­
tures, roots, and fruits and seeds. 

Flowers. Flowers contain sexual 
reproductive organs and differ widely 
among species. These differences help 
in weed identification. To use flowers as 

an identification aid, become familiar 
with the different flower parts (Figure 
1-8). Flowers occur singly or as com­
pound inflorescences, groups of flowers 
arising from a common main Slem. Var­
ious names, such as panicle, raceme, 
spilie, /1ead, umbel , and catliin, describe 
the arrangemenL of flowers in an inflo­
rescence (Figure 1-9). 

Leaves. The arrangement and shape of 
leaves, vein patlerns, and presence of 
spines or hairs are helpful identifying 
characteristics. When idenlifying 
seedlings, leaves are Lhe only easily visi­
ble structures. Cotyledons and occasion­
ally the first true leaves of broadleaved 
plants differ from lhe plant's mature 
foliage. For grasses, experts rely on the 
collar region of the plant, where leaves 
separate from the main stem. 

Stems. Stems form the weed's basic 
framework or skeleton. They connect 
roots to other structures, providing 
support for leaves and Dowers as we.JI as 
channels for transport of nutrients and 
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FIGURE 1-10 

Many weeds reproduce by several types of 
underground and abovegrmmd rooting 
stmr:tures s11ch as those illustrated here. 

JOHNSONGRASS RHIZOME BERMUDAGRASS STOLO, 
CANADA THlSTLE 
CREEPING ROOT 

water. Specialized s1em modifications 
enable some weeds to reproduce vege­
tatively (Figure 1-10). Rliizames are 
elongated underground stems that grow 
horizontally from the plant, Titbersalso 
grow underground and are enlarged 
fleshy growths arising from stems or 
roots. A stolon is a s1em 1hat grows hoii­
i:ontally above the ground surface and 
roots at nodes. 

Roots. Roots absorb water and nutri­
ents frorn the soil and store food. The 
creeping roots of some planrs give rise 
to sterns. Some weeds have thick, elon­
gated taproots from which shorl lateral 
rooLlets grow (dandelions, for exam­
ple). Other weeds have networks of fine 
branchingfibrous roots, as seen in 
grasses. Roots provide helpful clues in 
weed identification. 

Fmlts and Seeds. A fmit is the ripened 
ova1y of a plant's flower. Seeds are the 
primary way weeds reproduce. Fruits 

and seeds are useful structures for iden­
tifying weeds, because they are Uftique 
in their shape, size, markings, and color. 

Algae 

Important Characleristics. Algae are 
primitive plan Ls closely related to some 
fungi and protozoans. They reproduce 
by means of spores, cell division, or 
fragmentation. There are more than 
17,000 identified species of algae. PesL 
algae fall within three general groups: 
planktonic or microscopic, filamen­
tous, and attached-erect (Figure 1-11) . 
Microscopic algae impart greenish or 
reddish colors to .valer. They often 
Ooat on the water surface as scums. Fil­
amentous algae form dense free-float­
ing mats or mats attached to aquatic 
plants or rocks. Attached-erect algae, 
known as Cliara and Nicella, resemble 
Oowering plants with JeaOike and 
stemlike structures. 

nuachcd-crecL nlgae 

FlGURE 1-11 
- ----- - ~ ---

There are three types of algae: planktonic, filamentoas, and attached-erect. (Drawings are great/y enlarged.) Algae often dog waterways, as seen in 
the photograph. 



FIGUR~ 1-12 
-·· - ----· 
Sedges are grasslike plants with fibrous 
root systems. They are usually found in 
marshy or poorly drained areas. 

Algae clog irrigation channels, irriga­
tion equipment, waterways, and ponds, 
and render swimming pools unsightly. 
Large algal buildup may deplete oxygen 
within a body ofwater and kill fish. 
Some forms release toxins into water as 
they decompose, which may poison 
people or li.vestock. 

Where Found. Algae occur in swim­
ming pools, ponds, lakes, streams, 
rivers, and other bodies of water. They 
also become pests in irrigation canals. 
Some forms of algae are problems in 
flooded rice fields. 
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Sedge Family 

Important Characteristics. Many 
sedges (Figure 1-12) are perennial 
plants. They are grasslike and have 
fibrous rool systems, and their perenni­
al species produce rhizomes or tubers. 
Elongated leaves are V shaped and arise 
from 3-sided stems. This unique stem 
shape distinguishes them from grasses. 

Where Found. Sedges are pests in 
orchards, vineyards, irrigated crops, 
and home gardens. They cause severe 
problems in rice fields. Sedges usually 
occur in marshy or poorly drained areas 
and along edges of ditches and ponds.· 

Examples. Yellow nutsedge or "nut­
grass" (Cyperus esculentus), purple 
nutsedge (C. rotundus), blunt spikerush 
(Eleoc/iads obtusa), hardstem bulrush 
(Scirpus acutu.s), and river bulrush (5. 
jluviatili.s) are examples of sedges. 

Grass Family 

Important Characteristics. Grasses 
(Figure 1-13) are a large family of annu­
al or perennial plants. They include 
many notable weeds as well as impor­
tant cultivaled crops such as grains. 
Some species provide substantial food 
sources for grazing livestock. Roots of 
grasses are dense and fibrous; several 
species reproduce by rhizomes. A major 
feature used in grass identification is 
the collar region (Figure 1-14). A 
unique structure known as the ligule 
occurs at the collar region in many 
species of grasses. 

Several important grassy weeds are 
winter annuals. Wild oat, for example, 
is one of the most widely distributed, 
troublesome winter annual weeds in 
California. 

Where Found. Most cultivated and 
natural areas contain grassy weeds. 
They are of ten pests in fields, pastures, 
rangelands, orchards, vineyards, land­
scaped areas, turf, along roadsides and 
ditchbanks, and in other locations. 
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FIGURE 1-13 

Grasses, like the wild oat shown here, are one of the largest families of 
important weeds. 

Examples. Grass weeds include wild 
oat (Avenafatua), foxtail brome (Bro111us 
111be11s), bermudagrass (Cy11odo11 dacty-
1011) , smooth crabgrass (Digitmia 
ischaemu111), bamyardgrass (Echinochloa 
crns-ga!li), deergrass (M11h!e11be1gia 
1ige11s) , dallisgrass (Paspalum dilata­
tttm), annual bluegrass (Paa a1111ua), yel-

FIGURE 1-H 

low foxtail (Setaria glauca), and john­
songrass (So,g/111111 halepe11se). 

Mallow Family 

Important Characteristics. Mallows 
are annual or perennial broadleaved 
weeds, depending on the species (Fig­
ure 1-15). Most are resistant to many of 
the widely used herbicides, making 
them persistent pests. Most species are 
herbaceous plants that grow from 1/1 to 
7 feel tall. They produce capsule or 
disclike fruits that enclose several 
seeds. Their leaves are usually round 
with serrated edges and have a charac­
teristic palmate vein structure (the 
veins radiate from a common center) . 
The cotyledons are roundish to heart 
shaped or pear shaped . 

Where Found. Weeds in the mallow 
family are pests in annual crops, 
orchards, vineyards, and along road­
sides, ditch banks, and in waste areas. 

Examples. Venice mallow (Hibiscus 
trionum) , velvetleaf (Abwilon 

tlieophrasli) , little mallow (Malva parvi­

jlora), and alkali sida (Malva le/Jl'Osa) 
are representative weeds of this family. 

Mustard Family 

Important Characteristics. Mustards 
are usually upright broadleaved weeds 
that grow from 1 to 5 feet tall, depend­
ing on the species (Figure 1-16). Many 
have yellow nowers. Seedlings usually 

leaf blade 

Tiie collar region of a grass leaf contains unique structures that are very important in identi(yinggmss 
species. 



LITTLE MALLOW 

FIGURE J.15 

Malva parviAora- mal/ow family. 

BIRDSRAPE MUSTARD 

FlGURE 1-16 

Brassica rapa- mustard family. 

have broad cotyledons, which in some 
species are kidney shaped or indented 
at the tip . They have annual or biennial 
life cycles. 
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Where Found. Mustards occur in 
fields, orchards, vineyards, pastures, 
along roadsides and ditchbanks, and in 
vacant lots and waste areas. 
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1~ 
cotyledon 

COMMON LAMBSQUARTERS 

FIGURE 1-17 

Chenopodium album-goosefoot 
family. 

Examples. Common weedy mustards 
include black mustard (Brassica 11igra), 

birdsrape mustard (Brassica rapa) , 
shepherdspurse (Capsella bursa­
pastoris), hoary cress (Ca1rlar-ia draba), 
wild radish (Rap1zanus raphanistnun), 
and London rocket (Sisymbrium irio). 

Goosefoot Family 

lmponant Characteristics. Weeds of 
the goosefoot family include annuals, 
biennials, and perennials (Figure 1-17). 
Plants are variable in size depending on 
the species and where they are growing. 
Some reach heights of 6 feet; other 
species range in height from 8 to 24 

inches. Mature leaves often have notch­
es and usually are tinged with purple. 
Many species have elongated cotyledon 
leaves that are 4 to 6 times longer than 
their width. 

Where Found. Weeds in Lhe goose­
foot family are widespread and are 
found in agronomic, horticultural, and 
vegetable crops. They grow abundantly 
in waste places, along roadsides, and 
along inigation and drainage ditches. 

Examples. Weeds in the goosefoot 
family include Australian saltbush 
(Alriplex se1nibaccata) , common 



cotyledon 

REOROOT PIGWEED 

FIGURE 1-18 

Amaranchus rerroAexus-amaronth 

family. 

lambsquarters (Chenopoc!'ium albt1m ), 
nettleleaf goosefoot (C. murale) , and 
Russian thistle (Salsola iberica) , 

Amaranth Family 

Important Characteristics. Ama­
ranths are mostly upright herbaceous 
p lants. Some species reach 8 fee t in 
height (Figure 1-18), but there is also a 
low-growing prostrate species. Ama­
ranths have small , inconspicuous 
greenish Oowers. The cotyledons are 
narrow and elongate, and 4 to 5 times 
as long as they are wide. Seedling leaves 
are dull green to reddish on upper sur­
faces and magenta to bright red under­
neath. Some amaranths can cause 
nitrate poisoning in livestock under 
certain environmental conditions. 
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Where Found. Amaranths are pests 
in most cultivated crops, orchards, and 
vineyards. They often grow along ditch 
banks and roadsides and in waste areas. 

Examples. Amaramhs include tum­
ble pigweed (Amarantlws albt1s), pros­
trate pigweed (A. blitoides), and reclroot 
pigweed (A . retroflexus). 

Morningglory Family 

Important Characteristics. Weeds in 
Lhe momingglory family include annu­
als and perennials. These are low-grow­
ing vines (Figure 1-19). One species, 
field bindweed, is one of the most dHfi­
cult perennial broad leaf weeds to con­
trol in Cali fornia. Cotyledons of plan ts 
in this family are large and roundish 
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FIELD BINDWEED 

FIGURE l -19 

Convolvulus arvensis- morningglo,y 

fami~. 

and notched on Lhe end . The first Lrue 
leaves are triangular. 

Where Found. Weeds of the mom­
ingglory family occur in all agronomic 
and vegetable crops as well as along 
roadsides and ditchbanks. 

Examples. Field bindweed (Co11volvu­
lus anrensis), ivy leaf momingglory (/po­
moea l1ederacea), and tall momingglory 
(L purpttrea) are examples of important 
weeds in the momingglory family. 

Potato Family 

Importanl Characleristics. Tbe pota­
to family contains a large number of 
pest weeds. Most are low-growing, 
busby plants reaching heights of abouL 3 
feet (Figure 1-20). Tree tobacco grows 
to 12 feet. Cotyledons are longer than 
they are wide, sometimes by as much as 
8 to 10 times. This leaf gently tapers to a 

point at the end. Some species produce 
thorny seedpods, while others produce 
rounded berries with many seeds. Seve1 
al species are poisonous to people and 
livestock because seeds and young 
leaves contain high levels of alkaloids. 

Where Found . Weeds in the potato 
family occur in agronomic crops and 
along roadsides, ditch banks, and 
fencerows. They are also pests in vine­
yards and orchards. 

Examples. This large family includes 
Chinese thornapple (Datttraferox) , jim­
sonweed (D. strn111011ium), Indian 
tobacco (Nicotiana quad,ivalvis) . tree 
tobacco (N. glauca), Wright ground­
cherry, lanceleaf groundcherry, and 
tomatillo groundcherry (Pl1ysalis spp.) . 
It also includes silverleaf nightshade, 
black nightshade, and hairy nightshade 
(Solanum spp.). 



BLACK NIGHTSHADE 

FIGURE l -20 

Solan um nigrum- pototo family. 

Asler Family 

Important Characteristics. The very 
large aster family contains many 
important annual and perennial weeds. 
Many weeds in this family are "thistles" 
(Figure 1-21), character ized by spines 
on their leaves, stems, or flowers. 
These weeds are usua lly erect plants; 
many grow to heights of 1 to 3 feet 
while others are much taller. Most have 
showy flowers . 

Where Found. Weed species in 
this fami ly grow in almost all open 
or cultivated areas. These include 
rangelands, along roadsides and ditch 
banks, along fencerows, and in vacant 
lots, cultivated crops, orchards, vine­
yards, and lawns. 
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Examples. Weeds in the aster family 
include common yarrow (Achillea 
millefolium) , Cali fornia mugwort 
(Artemisia douglasia.na), Russian knap­
weed (Acroptilon repens) , yellow 
starthistle (Centaurea solstitialis), 
Canada thistle (Cirsi11111 arvense) , bull 
thistle (C. vulgare) , common sun­
flower (Helianthus a1111uus) ,Jerusalem 
artichoke (H. tuberos11s), telegraph­
plant (Heterotheca grandiflora), prickly 
lettuce (Lactuca serriola) , pineapple 
weed (Matricaria natl'icarioides), 
Scotch thistle ( Onopordum acanthium), 
bristly oxtongue (Picris echioides) , 
common groundseJ (Senecio vulga.ris) , 
California goldenrod (Solidago califor­
nica), annual sowthistle (So11chus oler­
aceus), dandelion (Taraxacum 
officinale), and common cocklebur 
(Xanthiwn stncmariwn). 
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YELLO W STARTHISTLE 

FIGURE 1-21 

Centaurea - I- :·. --so stmalis- --aster family.-----------



TA BLE L-2. 

l n veneb rates 

Invertebrates are animals without 
backbones (vertebrae). These include 
nematodes and all other worms, snails 
and slugs, and also the arthropods 
(insects, spiders, mites, and their rela. 
ti.ves). Pesl invertebrales affect people 
in many different ways. Some are para­
Siles oflivestock, poultry. or human 
beings; they feed on skin, hair, and 
blood or invade internal tissues. Many 
invenebrates transmit disease organ­
isms to people, pets, livesLock, pouluy. 
or planlS. A large nwnber of inverte­
brate peslS feed on growing plants. 
Invertebrates also consume or contami­
nate stored food products. Some even 
damage buildings and other structures, 
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as well as books, fabrics , furnimre. 
equipment, and other items. 

ArLhropods 

Arthropods are one of the largest 
groups in the animal kingdom. The 
word arthropod means "jointed foot" 
and refers to organisms , ith an external 
skeleton and jointed body parts. Insects, 
spiders, ticks, and mites are part of this 
group, as are crabs, crayfish, shrirnp, 
and lobsters. Centipedes, millipedes, 
scorpions. and. sowbugs are also arthro­
pod . Only abou L 3% of the a n.hropod 
species lhat occur in the United Stales 
are pests, however. Table 1-2 lists some 
of the ways chat arthropods interrere 
with human activities. Many arLhropod 

Ways in Which Arthropods Are Pests. 

TYPE OF PEST 

PLANT PESTS 

PESTS OF ANIMAt5 
AND PEOPLE 

STORED 
PRODUCT PEST5 

STRUCTURAL PESTS 

PESTS OF HUMAN 
BELONGINGS 

"TYPE OF DAMAGE 

chewing on leaves 

boring or cunneling into leaves, stems, or fruic 

sucking plant JU ices 

feeding on roots 

feeding 011 fruics, n1..1ts, berries 

causing malformations such as galls 

transmitting diseases 

have venomous bite or sting 

feed on flesh or blood 

transmit diseases 

cause allergic reactions 

have offensive odors 

cause fear or are nuisances 

cause loss in livestock weight gain or reduction of milk 
or egg production 

damage and devalue hides and pelts; cause loss of 
carcasses used for meat 

cause reduction in livestock's worth and reproduction 
efficiency 

eat or damage grains and other sco1't!d produces 

damage buildings and other wood structures 

reed on clothing, carpeting, 
and paper produces 

feed on furniture and ocher wood products 

EXAMPLE OF ARTHROPOD PEST 

caterpillars, beecles, grasshoppers 

twig borers, leafminers, beetles 

aphids, m,tes, scales, thrips, plant bugs 

bcecles, aphids, flies 

moth larvae, beetles, earwigs 

flies, wasps, mites 

aphids, mites, feafhoppers 

bees, wasps, ants, spiders, scorpions 

flies, mosqu,tos, bugs, acks, fleas , lice, m,ces 

mosquitos, bugs, flies, fleas, ticks, cockroaches 

bugs, bees, wasps, mites 

beetles, lacewings, bugs 

lnseccs, spiders, scorpions, centipedes 

fleas, ticks, mites 

sheep ked, lice, ticks , m,ces, cattle grubs 

Aies, mites 

beetles, cockroaches, mochs, cnckccs 

cermices, beetles, ancs, bees 

moths, beetles, cockroaches, crickets 

termires, beetles 
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TAUL!:. 1-3. 

Beneficial Arthropods. 

TYPE OF BENEFIT 

USEFUL PRODUCTS 
silk 
beeswax, honey 
shellac 
pigments and dyes 

POWNATION 
figs 
many fruits and vegetables 

FOOD 
fo, fish 
for birds 

PARASITES AND PREDATORS OF 
HARMFUL INSECTS AND MITES 
parasites 
predators 

NATURAL CONTROL OF WEEDS 
feeding damage 
introducing disease agents 

IMPROVED SOIL CONDITIONS 

SCAVENGERS OF DEAD PLANT 
AND ANIMAL MATTER 

USE IN SCIENTIFIC STUDIES 

MEDICINAL USES 

species are beneficial to people, plants. 
or livestock (Table 1-3). 

Sometimes an anhropod may be a 
pest in one situation but beneficial in 
another. For example, poisonous spi­
ders are pests when they disturb or 
endanger people or animals. However, 
in gardens and agricultural situations 
they help control harmful insec ts and 
other arthropod pests. 

ARTHROPOD 

silkworm moths 
honeybees 
scale insects 
scale a nd gall insectS 

wasps 
honey bees, w Id bees, bumble bees1 Aies, 
other insects 

mosquitoes, flies, many others 
butterflies, moths, beetles, many more 

wasps, mes 
beecles1 lacewings, flies, bugs, spiders, wasps , mites 

mochs, beetles, others 
beetles 

beetles, other soil-inhabiting insects 

beedes, mes, many others 

fruit flies, cockroaches, others 

bees, wasps, flies 

easy to identify anhropods, you may 
need the help of a trained specialise. 
Sidebar 2 explains how to prepare 
arthropods for shipment to identifica­
tion specialists. 

How Lo identify Arthropods. Anhro­
pods may range from several inches in 
length 10 microscopic in size. Identify 
most important arthropod pests by 
comparing them to photographs or 
drawings. Use a microscope or hand 
lens LO examine small specimens. lden­
Li(ication keys help you identify some 
arthropods. Since these usually require 
a knowledge of body parts andstruc­
Lures, identification keys ar more diffi­
cult to use. Because it is noL always 

ldenLi[y pest arthropods by distin­
guishing between the various types of 
body strucLUres that are unique Lo dif­
ferent groups. Some insects undergo 
changes in their body form during their 
life (for example, caterpillars turn into 
moths or buuerflies). Also learn to rec­
ognize developmental stages because 
the immature forms are of ten the ones 
that damage plants or products. Adults 
of many pest insects possess wings that 
can be used for identification. Insect 
mouthpan types are also helpful char­
acteristics for idenLification: insects 
usually have specialized mouthparts for 
sucking, biting, and chewing, or a com­
bination of these. 



Arthropod Body Structure 

Insects, The body of an adult insect 
has three distinct parts- the bead, tho­
rax, and abdomen (Figure 1-22). Eyes 
and one pair of antennae arise from the 
head. Also on che head are usually sev­

eral pairs of appendages that make up 
the mouthpans. The thorax has three 

pairs of legs and often one or two pairs 
of wings. lnseclS have segmented 
abdomens. Sometimes the folded wings 
partially or entirely cover the abdomen. 
Some insects have appendages extend­
ing from the tip of the abdomen, such 
as pinchers, a sting, or other structures. 

Spiders. Spiders have rwo major 
body parts (Figure 1-23). The head and 
thorax combine into one section called 
a cep1ialot1iorax. The cephalothorax 
gives rise to four pairs of legs, eyes, and 

mouthparts including a pair of fangs 
(chelicerae). The remaining body part 
is a nonsegmented abdomen that termi­
nates ·with several pairs of spinnerets, 
the spiders web-spinning organs. 

Ticks and Mites. Ticks and mites 
have only two body segments, but these 
are different from spiders (Figure 1-24). 
A small head (called a gnathosoma) 
with a few mouth appendages is 

attached to a large, combined thorax 
and abdomen called an idiosoma. Adult 
mites and ticks have four pairs of legs 
arising from the idiosoma. Immature 

forms usually have only three pairs. 

Other Arthropods. Other arthropod 
groups have varying arrangements of 
body parts and legs. For example, cen­
tipedes and millipedes have many body 
segments with large numbers of legs 
(Figure 1-25). Scorpions have a long, 

segmented tail. 

Arthropod Developmental Stages 

Arthropods hatch from eggs and 
increase- in size by shedding their outer 

body covering and growing a new, larg­
er one. This is the process o( molting. 
The period between one- moll and the 
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next is an instat. lmmacure anhropods 
pass through several instars before 

becoming adults. 
The developmental changes from egg 

to adult that take place in most insects 
are unique among the arthropods. In 

many insect orders, the young have a 
different form than the adults. lmma­
ture insects in these orders undergo a 
change in form kno·wn as metamorpho­
sis. These insects pass through a larval 
(usually wonnlike) stage, a pupal stage, 
and an adult stage. However, in a few 

orders the young resemble adults but 
are wingless. As they gro\v, they pass 
through a gradual metamorphosis. If 
the insects are winged as adults, the 
young insects develop wing buds exter­

nally and these gradually grow until 
they reach the adult stage. 

SPIDERS: Class Arachnida­
Order Araneae 

Impor tant Characteristics. Spiders 
have four pairs oflegs and an unseg­

mented abdomen. The abdomen attach­
es to the other main body pan (the 
cephalothorax) by a narrow waist. AL 

the Lip of the abdomen are spinnerets, 
special organs used for producing dif­
ferent types or webbing. 

Life Cycle. Immature spiders batch 
from eggs and pass through several 

instars before becoming adults. Each 
instar begins by molting. This is a 
process in which the spider sheds its 
outer body covering, allowing it to grow 
larger. Most spiders live for 2 or 3 years, 
although some species may live as long 
as 20 to 30 years. Females generally live 
longer than males. Spiders feed on 

insects and other small arthropods. 

W here Found. In buildings, spiders 
congregate in corners of ceilings, 
behind and underneath furniture., and 

in basements, attics, and crawl spaces. 
Outdoors, spiders appear in most types 
of environments. They frequently live 
among agricultural crops and landscape 
plants. 
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SIDEn,,n 2 

Sampling and Sending Arthropods for Identification 

SAMPLING 

1. Collect plant-feeding insects and mi.tes by 
snipping off portions of foliage or stems 
containing the pest and placing these into a 
plastic bag. 

2. Use an insect net to collect Aying insects. 

3. For other insects, shake plant foliage onto 
a light-colored cloth sheet and funnel 
arthropods into a plastic bag or glass 
or plastic jar. 

4. Keep all collected specimens cool by plac­
ing them inco an ice chest or refrigerator. 

PREPARATION 

1. Place insects, mites, and other arthropods 
into a glass vial with 70% isopropyl alcohol 
("rubbing" alcohol also may be used). Vials 
must be sealed so thaL alcohol cannot leak 
out. 

2 . I ndude more than one individual of each 
species whenever possible. If ocher life 

i\bdom n Thorax Hcnd 

FIGURE 1·21 

n,e body parts of this grasshopper represent the geneml stni,tures 
that you usually see 011 most adult insects, Some od11/t insects ore 
wingless, however. 

stages are present ( eggs, larvae, pupae, 
adults), include representative samples 
of these. 

3. If the pest is associated with planes, send 
samples that show pest damage. Do not 
put plane material in the alcohol. Keep 
plants as fresh as possible by keeping them 
cool. 

LABELING 
Attach a label to the outside of each vial and 
plant sample bag. Include the following informa­
tion on labels: 

1. Your name, address, and telephone 
number. 

2. Name and variety of host plane, if 
applicable. 

3. Dace specimens were collected. 

4 . Whether pest is in commercial, agricultural, 
residential, nursery, or other setting. If the 
pest is not associated with plants, describe 
the site where it was collected. 

flGUltE 1-23 - -

pcdipalp 

chcliccra 
(fong) 

~~:~~~~"'\ eyes 
CcpbaloLhorax 

Abdomen 

spinncrclS 

Spiders have Llvo main body reyjons ratl,er tl,011 the three found in 
insects. ThfJ)' have four pmrs of /elf, a pair of pedipalps, and a pair 
of che/icerae. The d1elicerr,e terminate i11 fi,11gs that spiders use to 
inject ve11om. At the end of the abdomen ,s a cluster of spinnerets. 
port of the spider's web-producing mecho11ism. 



5. Location of area where spet::imens were 
collecced, including names of nearest cross­
roads. 

SHIPPING 

1. Contact the person or laboratory who wil I 
receive samples to determine the best 
method of shipping and to inform them 
that samples will be arriving. 

2. Pack samples in a sturdy, well-insulated 
container to prevent crushing or heat 
damage. 
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FIGURE 1-24 3. Mark package clearly and request shipper 
to keep it in a cool location . 

4. If plant material is included, ship packages 
early in the week so they will arrive before a 
weekend. 

Tlie body arrangement of mites and ticks is different from insects 
or spiders. Adults generally have fimr pairs of ley;; immahire 
forms usually have three pairs. 

FIGURE l -25 
-----·---

Centipedes have many body segments, 
most of which give rise to pairs of fey;. 
Centipedes have a pair of poisonous (any; 
that arise from the head segment 

Damage. ln California, black widow, 
brown recluse, hobo spiders, and a few 
other species can inflict painful bites. 
These bites may require prompt med­
ical attention. Other large spiders may 
bite occasionally. Spiders leave unat­
tractive webbing on inside and outside 
surfaces of buildings. Their presence in 
shipped produce has caused concern. 

Beneficial Aspects . Spiders are gener­
al predators of arthropods, including 
insects, and contribute to the natural 
control of many pest species. 

TICKS A D MlTES: Class 
Arachnida-Order Acari 

Important Characteristics. Miles and 
Licks have their abdomen broadly 
joined to the head and thorax (Figure 
1-26). Adults usually have four pairs of 
legs, while immature mites and ticks 
most often have three or fewer pairs. 
Some species of mites produce fine 
webbing from silk glands located near 
their mouth. Most mites are very small 

and difficult to see without the aid of a 
hand lens or microscope. 

Life Cycle. Ticks and mites hatch 
from eggs and pass through several 
immature stages before becoming 
adults. 1mmature ticks and mites 
resemble adults. Mites usually develop 
quickly from eggs to adults;some over­
winter as adults, while other species 
overwinter as eggs. Ticks generally live 
much longer. Some require 1 to 2 years 
to reach maturity and may live an addi­
tional 2 or 3 years as adults. 

Where Found. Depending on the 
species, mites are parasites on plants 
or animals. Certain species are preda­
tory on other mites. Ticks are blood­
feeding parasites of vertebrates and 
require blood meals to develop and 
reproduce. They commonly occur on 
animal hosts or in or near their nests. 
Plant-feeding mites live on upper or 
lower leaf surfaces. 
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SIZE RELATIONSHIPS 

The actual body /e;gths (not inci';;ding 
lep, antennae, or winp) of arthropods in 
drawings such as the tick at the right ore 
indicated b_y a size bar. 1-------1 

This mognifj,inggloss symbol indicates 
arthropods whose body length is 0. 1 inch 
or smaller, such as the mite shown at 

theright .. ~ 

COMMON SILVERFISH 

FIGURE 1-27 

s;i;e;fish-Order Thysa,; ,,.a. 

I 

DIFFERENTIAL GRASSHOPPER 

FIGURE 1-28 - ~-~-- -----Grasshopper- Order Orthoptera. 

FIGURE 1-26 
---------------
Ticks and mites ore dosely related, d/though ticks ore m,ich larger. Ticks ore parasites of vertebrates on 
feed 011 blood. Some mites ore pamsites of vertebrates, although many are serious plant pes/5. 

Damage. Plant-feeding mites often 
produce serious economic or visual 
damage, including leaf discoloration and 
defoliation. Some plant-feeding mites 
transmit disease-causing microorgan­
isms. Feeding injuries produced by 
mites that infest animals and people may 
itch severely. Toxins injected by ticks 
during feeding sometimes cause paraly­
sis of hosts; some tick species transmit 
disease-causing microorganisms. 

Beneficial Aspects . Several species 
of mites are predatory on pest mites . 
These serve as an important compo­
nent of natural and biological control 
programs. 

BRISTLETAJLS: Class lnsecta­
Order Thysanura (Silverfish 
and Firebrats) 

lmponanc Characteristics. Silverfish 
and firebrats have no wings. They usu­
ally have two or three long tailHke 
structures (Figure 1-27). Mouthparts 
are of the chewing l)'pe. Most are 
brownish or silver in color. They are 
often nocturnal. 

Life Cycle. Thysanurans undergo 
simple metamorphosis, so the young 
resemble adults, but are smaller. Individ­
uals of some species live for 2 to 3 years. 

Where Found. Silverfish and firebrats 
occur in homes, businesses, and 

libraries. They hide in cracks and 
crevices and other dark places. Silver­
fish prefer areas of high humidity and 
often may become trapped in sinks and 
tubs. Firebrats prefer drier habitats . 

Damage. These insects infest paper, 
cereals, and fabrics (including synthet­
ics). They also feed on resins and glue 
used in books and picture mountings. 

ORTHOPTERANS: Class lnsecta­
Order Orthoptera (Crickets, 
Grasshoppers, Locusts, and 
Katydids) 

Important Characteristics. Immature 
orthopterans resemble adults. They 
have chewing mouth parts and many 
species have wings, although most are 
not good fliers (Figure 1-28) . Wingless 
species also exist. They have powerful 
hind legs that they use for jumping. 
Crickets, locusts, and katydids make 
distinguishing chirping or buzzing 
sounds . Many grasshopper species 
make clicking or buzzing sounds when 
they Oy. 

Life Cycle. Orthopterans hatch from 
eggs that adult females glue to plant 
surfaces, insert into plant tissues, lay in 
soil, or lay freely on the ground. Imma­
ture forms do not have wings; they pass 
through a series o( instars before reach­
ing the adult stage. Most orthopterans 
live 1 or more years. 



EUROPEAN EARWIG 

FIGURE 1-30 

Earwig-Order Dermaptera. 

I 

FIGURE 1-29 

Cockroach-Order Blottodea. 

Where Found. Orthopteraos occur in 
most agricultural crops, landscaped 
areas and gardens. Many live in the 
soil , while others live in trees or shrubs. 

Damage. Grasshoppers, locusts, and 
katydids feed on plants and cause seri­
ous injury or defoliation. Crickets 
sometimes inf est residences and stain 
or damage fabrics and paper products. 

COCKROACHES: Class Insecta­
Order Blauodea 

l mportant Characteristics. Most 
cockroaches are poor fliers. Immature 
cockroaches resemble adults. They have 
chewing mouthparts. A great range of 
size differences exists among species. 
Although there are more than 50 de­
scribed species of cocluoaches in the 
United States and more that 3,500 
worldwide, only 5 species are major 
pests in California (Figure 1-29). 
Cockroaches are nocturnal. They hide 
in dark, warm areas, especially narrow 
spaces where surfaces touch them on 
both sides. Cockroaches tend to con­
gregate in corners and generally travel 
along the edges of wails or other 
surfaces. 

life Cycle. Cockroaches hatch from 
eggs that are usually laid in capsules 
made by the adult fema le. Females of 
some species carry their egg capsules 
about with them. Young pass through a 
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series of instars before reaching che 
adult stage. Adults usually Jive from 
one to two years. 

Damage. Several species o[ cock­
roaches inhabit buildings and may 
become persistent and u·oublesorne 
pests. They are capable of transmining 
bacteria responsible for food poisoning, 
such as Salmonella and Shigclla, and 
viral hepatitis organisms. German cock­
roaches are aJso believed capable o[ 
transmitting staphylococcus, strepto­
coccus, and coliform bacteria and are 
known to be responsible for allergy and 
asthma problems. ln addition, German 
cockroaches have been implicated in 
the spread of typhoid, dysentery, and 
leprosy organisms. 

EARWLGS: Class Insecta­
Order Dermaptera 

Important Characteristics. Earwigs 
are elongated, sometimes wingless 
insects having characteristic forceplike 
pinchers (cerci) extending from the end 
of the abdomen (Figure 1-30). They use 
these pinchers for defense and for 
catching prey. The pinchers of females 
of the European earwig are straight, 
while those of males are curved. Ear­
wigs have chewing mouthpans. 

Li fe Cycle. Earwigs hatch from eggs 
deposited in a nest in the soil. Adult 
females protect their eggs and newly 
hatched young. Earwigs pass through 
gradual metamorphosis. They develop 
from egg to adult in 2 to 3 months. 
They hibernate as adults. 

Where Found. Earwigs usually nest 
in the ground and hide under boards, 
stones, and ground litter. Earwigs are 
very common in ects in some parts of 
California. 

Damage. Earwigs feed on vegetables , 
ripe frui t, garden flowers, and garbage; 
some are predaceous. They are occa­
sional nuisances in buildings when they 
wander in from outdoors. 
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PAClFIC DAMPWOOD TERMITE 
(SOLDIER) 

FLGURE 1~31 

Termite-Order /soptera , 

cm<;:KEN HEAD LOUSE 

FIGURE 1-32 

Chewing lice-Order Mallophaga. 

I 

TERMITES: Class lnsecla­
Order Isoptera 

Important Characteristics. Ten11i.tes 
superficially resemble .ants but have an 
abdomen broadly joined to the thorax. 
When compared to ants, there also are 
diflerences in body coloration and the 
shape and size- of wi ags and antennae 
(Figure 1-31). Some Lermites have 
wings but lose them after dispersing 
[rom the colonies where they hatched. 
Termites' wings are much longer than 
the body and both pairs o[ wings are of 
equal length. The wings of ants are 
shorter-no Longer than the body; with 
the front pair of wings being longest 
Termices live in colonies having differ­
ent subgroups of individuals, called 
castes. Each caste performs specific 
func1ions in the colony. Many soldiers 
have en.larged heads with powerful pin­
cerlike jaws. Queens have greatly 
enlarged abdomens. Termites have 
chewing-type mouthparts. 

Life Cycle. Adull termites feed and 
tend to newly batched termites. The 
nymphal stage lasts 3 to 4 momhs or 
longer. Adult workers may live 3 Lo 5 

years, while queens live much longer. 
Termite colonies survive for many 
years as younger individuals replace 
older ones. 

Where Found. Some species ofter­
mites live in the soil , but others con­
struct nests in trees and wooden struc­
tures. Soil-nesting species usua lly con­
struct tunnels or tubes to the wood 
sources they use as food. 

Damage. Termites cause serious dam­
age to wood structures by feeding and 
constructing tunnels or galleries. 

CHEWING LICE: Class fnsecta­
Order Mallophaga 

Important Characteristics. Chewing 
lice (Figure 1-32) are very small oval or 
elongated wingless insects with chew­
ing mouthparts. They have flattened 
bodies, sometimes with dark brown or 

black spots or bands. Chewing lice have 
a head that is wider than their thorax. 
You need a hand lens or microscope to 
examine these tiny inseccs. 

Life Cycle. Chewing lice lay their 
eggs on hosts, usually attached to hair 
or feathers . They may pass through 
three or more nymphal stages before 
developing in to adults. Most chewing 
lice develop inw adults within 2 or 3 
weeks after hatching. 

Where Found. Chewing lice are para­
sites of birds, fowl, and a few mammals. 
Species are host-specific-each species 
occurs only on one type of animal. 

Damage. These parasites feed on 
feathers and the outer skin and skin 
debris of birds, and on hair, blood, and 
skin of mammals. Poultry infested with 

chewing lice usually become restless and 
uncomfortable, have decreased weight 
gain , and have lowered egg production. 

SUCKING LICE: Class Insecta­
Order Anoplura 

Important Characteristics. Sucking 
lice (Figure 1-33) are Oat-bodied , wing­
less insects with piercing-sucking 
mouth parts. The head is narrower than 
the thorax. A hand lens or microscope 
is necessary to examine these. insects. 

Life Cycle. Females cement their 
eggs to hairs of the host. After hatching, 
sucking lice pass through several 
instars and become adults within 1 to 2 
weeks. Sucking lice pierce. the skin o[ 
their hosts to feed on blood. 

Where Found. Sucking lice are all 
host-specific parasites of mammals, 
including people. The human body 
louse remains on clothing when 
removed and can survive off i ts host for 
short periods of time. Other species 
must always remain on their hosts. 

Damage. Feeding by sucking lice 
causes irritation and Hching. Some lice 



HEAD LOUSE. 

FIGURE 1-33 

Sucking lice-Order Anopl11ra. 

PUBIC LOUSE 

are capable of transmitting disease­
causing organisms. 

THRIPS: Class Insecta­
Order Thysanoptera 

Important Characteristics. Thrips 
are tiny, elongated insects with two 
pairs of wings (Figure 1-34). Their 
wings have a fringelike appearance. 
Thrips have modified sucking-rasping 
mouthparts. 

Life Cycle . Thrips hatch from eggs, 
and most species pass through four 
instars . Thrips actively feed during 
their first two instars. The final instars 
are more of a resting stage, which often 
takes place in lhe soil. Wings are pre­
sent a(ter the thrips' final molt. 

Where Found. Thrips commonly 
infest plants, often in flowers and on ten­
der, developing parts o[ leaves and fruits. 

Damage. Thrips puncture plant cells 
and then suck up the fluid that escapes . 
This type of feeding damages cells , 
resulting in deformed fruit and other 
plant structures. Some thrips are seri­
ous pests in greenhouses, gardens, and 
agricultural areas .. 

Beneficial Aspects. A few species of 
thrips are predatory. Predatory rhrips 
play an important role in the natural 
control of several plant pests, including 
aphids and mites. 
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WESTERN FLOWEll THRIPS 

FIGURE 1-3+ ---------
Thrips-Order Thysanoptera. 

TRUE BUGS: Class lnsecta-Order 
H.eteroptera (Bed Bugs, Plant Bugs, 
Damsel Bugs, Assassin Bugs) 

Important Characteristics. You can 
recognize most true bugs (Figure 1-35) 
by the triangular-shaped plate or scale 
on the thorax (sculellwn) seen from 
above. They a,lso have a long, needle­
like beak (piercing-sucking mouth­
parts) that folds under their bodies. 
True bugs are various sizes depending 
on che species; some are nearly 2 inch­
es long. They have two pairs of wings 
and most fly well. The second pair of 
wings are not visible while the insect is 
at rest. They sometimes have brightly 
colored wings. 

Life Cycle. True bugs undergo grad­
ual metamorphosis after hatching from 
eggs. Young resemble adults but with­
out wings. Life cycles vary among the 
many species of true bugs. 

Where Found. True bugs feed on 
plants and animals, depending on the. 
species. Most are free-living, searching 
out appropriate hosts for food. There 
are several aquatic species. 

Damage. Some species feed on blood 
oflivestock, birds, rodents, and people. 
Feeding sites may become inflamed or 
infected and usually are very tender. A 
few species of true bugs transmit dis­
ease-causing organisms. Plant-feeding 
bugs damage plant cells. This causes 
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CONSPERSE STINK BUG LYGUS BUG LIED BUG 

FIGURE 1-J6 

Leafhopper, whitefly, scale, and aphid­
Order Homoptera. 111e photograph 
shows frosted scale insects on an English 
walnut tree. 11,e round holes on some of 
the scales' outer body covering, are exit 
holes made by pamsitic wasps. 

f lGURE 1-35 

True bug-Order Heteroptera. 

GREENHOUSE 
WHITEFLY 

GRAPE 
LEA Fl-lOPPER. 

deformilies of fru.it:sancl other plant 
parts. Some bugs also inject chemicals 
into 1..he plant that prevent or alter the 
plant's normal growth. Bugs are often 
serious plant pests in agricultural , 
home garden, and landscaped settings. 

Beneficial Aspects. Some species of 
heleropterans are predators of other 
i nsect:s including many insect pests. 
Examples of these are assassin. bugs, 
bigeyed bt1gs, and minute pirate bugs. 

ROSY APPLE APHm 

HOMOPTERANS: Class fnseci.a­
Order Homoptera (Aphids, 
Leafhoppers, Cicadas, Psyllids 
WhiteOies, Mealybugs, Scales, 
Phylloxerans, Spiulebugs, and 
Tree boppers) 

lmportanl CharacLeristics. 
Homopterans are a diverse group of 
somewhat soft-bodied insects. Most are 
winged or have some winged forms. 
They all have piercing-sucking mourh­
parts. Figure 1-36 shows some of the 
different homopterans. 
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CONFUSED FLOUR BEETLE 
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larva 
CARPET BEETLE GRANARY WEcVll 

FIGURE 1-37 -·---· 
Beetles (left, middle), and weevil (right)-Order Coleopterci. 

Life Cycle. Because this group is so 
diverse, it is not possible to describe a 
typical life cycle. Some, such as the 
periodical cicada, have life cycles as 
long as 17 years. However, many 
homopterans live less 111.m 1 year. 

Where Found. Romopterans are 
plant [eeders, so they are usually found 
on or near plants. Some occur in green­
houses and indoors on houseplants. 
Phylloxerans often occur beneath the 
soil surface, where they feed on 
plant roots. 

Damage. Homopterans pierce plant 
tissues and suck out liquids. Feeding 
usually causes deformed leaves and 
fruic, loss of plant vigor, stumed 
growth, and dieback of plant parts. 
Most homopterans excrete a sticky sub­
stance called honeydew chat supports 
the growth of black sooty mold fungi . 
Many species transmit disease-causing 
pathogens to host plants. 

COLEOPTERANS: Class lnsecla­
Order Coleoptera (Beetles and 
Weevils) 

Important Characteristics. Adult 
beetles and weevils range from "pin­
head" size to several inches in length, 
depending on the species (Figure 1-37). 
Most adults have a pair of hardened and 

often black wings (elytra) . These com­
pletely cover the abdomen and rude the 
insect's second pair of \.vings when it is 
not flying. Larvae are very diverse in 
appearance. Both larv.ae and adults have 
chewing mouthpans. 

Life Cycle.. Coleopterans undergo 
complete metamorphosis. larvae pass 
through several instars before pupat­
ing; pupation usually takes place in the 
soil. Some adults survive adverse 
weather by going into a resling or dor­
mant phase-liibematio11 during cold 
winter periods or aestivation during hot 
or dry periods. 

Where Found. Beetle and weevil 
pests infest plants, stored food prod­
ucts, wood, furniture, fabrics, and ani­
mal products; some even. bore into 
metal. Many species actively bore into 
items they use for food. 

Damage. Beetles and weevils damage 
or destroy agricultural products , forest 
trees, stored foods, fabrics, furs, car­
pets, wood items, and landscape plants. 

Beneficial Aspects. Several species of 
beetles are predatory on other insects. 
These contribute to the control of 
plant-feeding pests such as aphids 
and mites. 
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l'ICURE 1-38 
"----

Moths- Order Lepidoptem. 

1 

HOUSE FL 
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WESTERN MALAR IAL MOSQUITO 

FIGURE 1'39 

Fly ( top) and mosqwto (bottom) ­
Order Diptera 

LEPIDOPTE RANS: Class In ecLa­
Ord r Lepidoptera (Butter flies , 
Moths, and Skipper ) 

Importa nt Characteristics. Adult 
burterOies, moths, and skippers (Figure 

1-38) are distinguishable from other 

insects by their large. scale-covered and 

often brightly colored wings. Larvae are 

worm like with chewing roouthpans, 

Adults have modified mouthpans in the 

form of coiled tUbe 1.hat 1.hey extend 

1.0 suck up liquids. Bu1.te:r0ies and skip­

pers differ from moths by their anien­

nae. Moths have tapering hairlike or 

feathery antennae while those of buuer­

flies and skipper are clubbed. (Some 

exc ptions e ist. where motlt amen nae 

resemble bult.erflies'-these are rare, 
however.) Skippers have shorter, thick­

er bodies and smaller wings, etting 

them apart. from butterflies. Moths are 

primarily noctumal, while butterrues 

and skippers fly mostly during tl1e day. 

Life Cycle. Lepidopterans undergo 

complete metamorphosis. After hatch­

ing from eggs, larvae pass rhrough sev­

eral instars then enter the pupal stage 

and change nLo winged adults. Pupa­

l on sometimes takes place m the soi l. 

Many pest lepidopterans overwinter as 
pupae. Life cycle from egg through 

a.duh vary according to the species. 

Many or the pes t. species produce Lhree 

or four generations per year. 

FAU ARM VORM 

W here Found , Lepidopteran pests 

occu r on or in planL pans (including 

fruilS ), in scored food products, and m 

fabrics. Adult moLllS are commonly 

attracted to lights. 

Damage. Moth larvae are one of the 

most serious agricultural pesLS. They 

cause considerable damage to fruits and 

vegetables, nuts, grains, couon , and for­

age crop Moths are also prominem 

pests in stored foods and cause exten­

sive damage lo fabrics . 

DlPTERA 5: Class Tnsectc1-0rder 
Dip cera (Flies, Mosquitoes, Gnats, 

and Midge) 

Important Characteris tics. AdulL 

d ipteTans (Figure 1-39) have only one 

pair of wings. ln place of Lhe second 

pair of wings are small clublike organs 

(lialtel'l!s) believed to assist in balance.. 

Larvae, known as maggots, are usually 

wormlike. Most adults have modified 

mouLh structures for sucking, lapping, 

or piercing. Some adults have: biting 

mouthparts. 

Life Cycle. Dipteran undergo com­

p lere metamorphosis. Most species 
deposi t eggs onto surfaces or into ti -

sues of hosts. ln a few species th eggs 

hatch inside the female's body, and 

these females deposi t larvae raiher than 

eggs. Many species undergo rapid 



CAT FLEA 

FIGURE L- 'lO 

Flea-Order Siphon,:1ptera. 

FIGURE 1.-fl 

Bee (left), wasp (center), and ant 
(right)-Order Hyme11optera. 

~!ONEY BEE 

development from eggs through Lhe 
adulL stages. This development may 
take as little a 3 or 4 days. Others have 
extended life cycles taking 2 or more 
years to complete. Many species survive 
periods of adverse environmental con­
ditions as resting pupae in the soil. 

Where Found. Flies, mosquitoes, 
gna!S, and midges occur in most outr­
door areas and inside buildings. Some 
larvae are internal parasites of animals: 
others invade plant tissues. larvae of 
mosquit<:>es hve in aquatic: habit-ats. 
Housefly larvae congregate in garbage 
and on animal feces . 

Damage. M oy dipleran species ar 
serious pests. Larvae ot' some invade liv­
ing animal tissues. Adull mosquitoes 
and the adults of some species ofllies. 
midges, and gnats are blood-feeding. 
Many of these insects transmit several 
serious disease-causing pathogens. 
Some species of rues are pests in agricul, 
rural crops and landscape settings. Oth­
ers are nuisances in and around build­
ings and livestock or poultry areas. 

Beneficial Aspects. A few fly species 
are parasitic on pest insects, and others 
are predators. These are. of ten important 
natural and biological control agencs. 

FLEAS: Class lnsecta­
Order Siphonapte.ra 

Important Characteristics. Adult 
fleas are tlny dark-brown or black wing­
less insects with laterally compressed 

YELLOWJACI<r·r 

ARGENTINE ANT 
(WORKEJO 
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bodies (Figure 1-40). Fleas are capable 
of hopping great distances for their 
small size. Cat fleas have been observed 
to ju mp 8 inches vertically and 15 inch­
es horizontally. Larvae are. wonnlike. 
Fleas have piercing-sucking mouth­
parts. 

life Cycle. Fleas undergo comple.te 
metamorphosis. They usually pass 
through one complete cycle, from eggs 
to adults, in 30 to 40 days. 

Where Found . Females lay their eggs 
on the host , although the eggs usually 
drop off before hatching. Larvae are 
rree-living, usually on Lhe ground, They 
feed on skin debris and hair of their 
host. Adults musL feed on Lhe blood of 
warm-blooded animals. Therefore, they 
live on their hosts or in their hosl's nesL. 
They are usually host-specific. 

Damage. Flea bi1es are uncomfortable 
antl may cause av allergic reaction in 

some people and animals. Some species 
of Oeas can uansmil pat.hogens of dis­
eases such as bubonic plague and 
murine typhus. Certain fleas serve as 
lhe intermediate bosts oftapewom,s. 

HYMENOPTERANS: Cla s 
Ins eta-Order Hymenoptera 
(Bees, Wasps, Ants, Sawflies, 
and Horntai ls) 

Important Characleri ·tics. Adul 
hymenoplerans differ from other orders 
of insects by usually having their 
abdomen joined to 1he thorax: by a very 
narrow j,waisl" (Figure 1-41}. Winged 
forms have two pairs of rransparenl, 
sometimes colored wings. Larvae are 
grublike. Certain species of bees, wasps, 
and ams are venomous; they have a 
sting al the tip of their abdomen_ Sever­
al species are social rather than solitary. 
Large numbers of individuals live 
together in a colony and members of 
th colony perform different tasks, 
depending on their caste. Larvae artcl 
some adult hymenopterans have chew­
ing rnouthpans. 
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Life Cycle. Hymenopterans undergo 
complete metamorphosis. Their larvae 
may be internal or external parasites of 
insects, spiders, and other arthropods; 
some species are plam parasiles. Species 
that live in colonies forage for food for 
their larvae. Colonies o( social hyme· 
nopterans live for many years, although 
individuals survive for only a few 
months Lo 1 or 2 years. Some species 
produce several generations per year. 

Where Found. Adult hymenopterans 
forage for food on flowers and other 
plant parts. Many congregate on sweets 
and meat Social species live in n .ests in 

the ground or in buildings. trees, and 
other structures. 

Damage. Many species of 
hymenoptera are venomous and inflict 
painful stings that, in some people, may 
be fatal. Certain species of sawflies are 
serious agricultural and forest pests. 
Many bees and wasps are nuisances 
around homes and outdoor areas. Ants 
are persistent pests in food preparation 
areas and in agriculturaJ crops. Some 
bees and an ts damage wood structures. 

Beneficial Aspects. Bees and other 
species of hymenoptera are important 
pollinators of agricultural and horticul­
tural plants. Parasitic wasps play an 
extremely importanL role in the control 
of pest insects. Some are egg parasites 
and others attack the larval or adult 
stages of their hosts. 

Nematodes 

Nematodes (Figure.1-42) are a large 
group of unsegmented worms. Most 
stages are eellike in shape, pointed at 
both ends, and quite distinct from seg­
mented worms such as earthworms. 
Mature females of some species have 
various rounded shapes. Most species 
are microscopic. Some are plant para­
sites and others are animal parasites, 
but most species are nonparasitic. Bene-

ficial nematodes attack insects, plants, 
and other nematodes, 

Most plant-parasitic nematodes are 
internal or external parasites of plant 
roots. Some species inject tissues with 
salivary secretions. These secretions 
cause root cells to enlarge and form 
knots or galls in which the nematodes 
live and feed. Others feed on root tips 
or in inconspicuous lesions on the root 
surface. Root damage caused by nema­
tode feeding or migration prevents the 
plant from getting water and nutrients 
required for nonnal growth. Symptoms 
include stunting, loss of vigor, yellow 
ing, and general decline. Although 
nematodes seldom cause the death of · 
plants, nematode-infested plants are 
highly susceptible to injury Crom other 
pests or environmental stresses. Some 
nematodes transmit viruses to plants. 
Grapevine fanleaf virus, tobacco rattle 
virus, arabis mosaic virus, and tomato 
black ring virus are examples. A few 
nematode species attack aboveground 
parts of plants. Thjs causes scunting or 
production of galls in the place of seeds. 

Nematodes are common parasites of 
many animals. such as insects, snails, 
toads, frogs , birds, and most vertebrates 
(including human beings, poultry, and 
livestock). Hookworms and intestinal 
pinwonns, for example, are nematodes. 
The canine heanworm, transmitted to 
dogs by a mosquito , is a nematode. 

You can control plant-damaging 
nematodes through soil-applied pesti­
cides, although control is difficult 
Physicians or veterinarians, rather than 
certified pesticide applicators, control 
human and animal internal parasites. 

Nematodes are difficult to identify 
because of the large number of species, 
their morphological complexity, and 
their generally microscopic size. Table 
1-'t lists important genera and species. 
Many species of nematodes feed on 
fungi, insects, bacteria. and other 
nematodes. Some of these nematodes 
are biological control agents for insect 
pests. 
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TABLE 1-4, -
Important Genera and Species of Nematodes. 

COM MON NAME SCIENTIFIC NAME 

PLANT PESTS 
cirrus nematode 
cyst nematode 
dagger nematode 
folfar nematode 
lesion nematode 
needle nemacode 
pin nematode 
potato rot nematode 
rice root nematode 
ring nematode 
root-knot nematode 
seed•gall nematode 
stem nematode 
)ltubby root nematode 
st1int nematode 

Tylencl,11/us semfpenerrons 
Hererodem spp. 
Xiphinema spp. 
Apl1elenchoirJes s pp. 
Pr,:,g,lenc/1115 spp. 
Lo,idoros africanus 
Pmt.y/e11cJ,11s spp. 
Dityle11d111s distructor 
Hirsd,,,.am,iello spp. 
Cricomm,oides spp. 
Meloidogy11e spp. 
AngUi!1110 spp. 
Rog,le11c/111s spp., Hclioa,g,lc11elws spp. 
Tn·d,odorus spp., Parotridiodoms spp. 
Ty/e11,horhynd111s spp. 

ANIMAL PESTS 
canine hearcworm 
filariasis nematode 
hookworm 
pig l1ingworm 
pinworm 

Diro{ilaria immitis 
Wucheria bancro{ti 
Ar,cy/ostoma duoder,a/e 
Mataslrongylus apri 
Enterobius ver,nimlaris 

To identify plant pest m:matodes, col­
lect samples of soil, roots, and other 
affected plant parts. Send these samples 
to a laboratory for identifica1ion (see 
Sidebar 3). In agricultural situations, 
take samples randornly from several 
locations to provide information on dis­
uibution. Take samples Crom infected 
areas as well as those that appear nor­
mal. Place roots in the same bag with 
the soil to prevent the roots from dry­
ing. Keep aboveground planl parts sep­
arate from roots and so.il. After working 
in areas infested with nematodes, 
always dean your boots, tools, and 
equipment thoroughly with hot water. 
This prevents spreading the organisms 
to other areas. 

Plant Parasites. Most of the impor­

tant nematode plant pests damage roots 
or other underground parts such as 
tubers or rhizomes. However, a few feed 
aboveground and damage stems, leaves, 
flowers, or seeds. 

Root feeders impair the root ystem 
and prevent t.he plant Crom obtaining 
water and nttCrients. Infected plants 
wilt under temperature and water 

.stress, may become stunted or yellow, 
and are susceptible. to infections by sec­
ondary pathogens such as fungi . The 
root-knot nematodes (Meloidogyne 

spp.) are pests of vegetable., field , and 
fruit and nut tree crops. These usually 
cause the formation of characteristic 
galls on roots of infested plants. Eggs 
and larvae of cyst nematodes (Hetero­
dera spp.) develop within cysts that are 
the bodies of female parents. These 
nematodes survive inside these cysts for 
several years. Other root-feeding 
species do not cattse characteristic 
growths on roots. Careful examinacion 
with a microscope reveals their damage. 

Only a few California crops are sub­
ject to attack by nematodes that infest 
aboveground plant parts. Stem- and 
leaf-feeding species can cause leaf 
spots, deformities. and decay of plant 
parts and may kill growing buds. Some 
cause the formation of galls on stems, 
leaves, seeds, or in place of flowers. 
Their larvae may live many years 

inside galls. 

Animal Parasites. rilaria are nema­
todes that are interoal parasit.es of peo-
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SlDEBAR 3 

Sampling and Sending Plants for Identification of Plant-Infesting Nematodes 

SAMPLING 

1. Take random samples, but sample in a 
consistent manner. Mark off area to be 
sampled into grids. Randomly select areas 
to be sampled . 

2. Keep samples from suspected diseased 
areas separated from samples taken in 
healthy areas. 

3. Dig up and include roots and soil of dis­
eased and healthy plants. Take root sam­
ples from below the level of surface feeder 
roots, because temperature and moisture 
fluctuations at the surface will affect the 
nematode species living there. 

4. Include partially rotted or decayed roots. 

5. Include aboveground plant pares ifit is 
suspected that the nematodes are infesting 
these areas. Keep aboveground pares 
separate from root and soil samples. 

l' IGURE l-42 

PREPARATION 

1. Place samples in clean plastic bags and 
keep chem out of the sun light. Keep sam­
ples in an insulated ice chest or refrigerator 
until they can be shipped. Do not freeze. 

2. Pack samples in a well-insulated carton 
or d isposable foam ice chest. Be sure con­

tainer is sturdy enough to prevent damage 
co its contents. 

LABELING 

Attach a label co the outside of each sample bag. 
Include the following information on labels: 

1. Name and address of grower or property 
owner. 

2. Crop or plant types, including variety. 

3. Location of field or property (names of 
nearby crossroads). 

Nematode- Phylum Nemathelminthes, Cla5S Nematoda. The photograph shows nematode galls on the 
roots of a plant. 
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4. Portion of planted area that sample 
represents. Include a map if necessary. 

SHIPPING 

S. Brief description of the field's crop history 
(previous crops) . 

6. Observations by you and the owner or 
operator of previous problems and of when 
present problem was first detected. 

1. Contact the person or laboratory who 
will receive samples to determine the best 
method of shipping and co inform them 
that samples will be arriving. 

2. Mark package clearly and request shipper 
to keep it in a cool location . 

7. Date samples were taken. 3. Ship packages early in the week so they will 
arrive before a weekend. 

pie and other vertebrates. Certain mos­
quilo, Lick, mite, fly, and flea species 
spread filaria from one infected animal 
to anoLher. Elephantiasis and dog 
heanworm are nematode-caused dis­
eases. Trichinosis, often transmitted to 
people through undercooked pork, is 
caused by the nematode Tiid1inella spi­
ralis. The larvae of this nematode live 
in cysts in the muscle tissues of hosts, 
where they can survive for Jong periods 
of time . 

Snails and Slugs 

Snails and slugs belong to the phy­
lum Motlusca. They are related to 
clams, scallops, abalone, octopi, and 

squid (Figure 1-43). Other pescs thal 
belong to this group are the shipworms 
and the pholads. Shipwonns bore into 
wood that is in contact with salt or 
brackish water. Pho lads are clamlike 
marine organisms that auack and 
destroy submerged wood. Snails have 
shells, which distinguishes them from 
slugs. Generally, identification of a snail 
or a slug species is nol necessary for 
successful control. However, confirm 
that these pests are the actual cause of 
observed damage before starting concrol 
measures. In southern California, a 
predatory snail controls pest snails in 

citrus. Effective control of the pest 
includes identifying the predator. 

Important Characteristics. Snails 
prefer cool, moist surroundings. How­
ever, their shells afford them protection 
from heat and dryness. This enables 
them to exploit many different environ­
menLS. They seal themselves into their 
shells and become dormant for up to 4 
years during dry periods. Slugs do not 
have shells and so are vulnerable to 

high temperatures and dry weather; 
they prefer cool, damp locations. 

FIGURE 1·43 

Snail- Phylum Mollusca. 
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Life Cycle. Snails and slugs lay 
between 10 and 200 eggs beneath the 
surface of the soil. They lay egg masses 
several times each year from spring 
through fall. ln cooler areas, egg-laying 
activity stops during Lhe winter. It takes 
from 1 to 3 years for newly hatched 
snails or slugs to reach maturity 

Where Found. Snails and slugs 
inhabit damp areas, soil litter, and 
foliage of plants. They are usually noc­
turnal and hide during the day under 
boards or stones, or among ivy, dense 
shrubbery, or damp refuse. At night and 
early in the morning, or during cool, 
damp periods, they forage for food. 
They often return to the same resting 
area each day unless the area becomes 
too dry or disturbed. 

Damage. Snails and slugs feed on 
landscape plants, fruits, berries, and 
vegetables. Snails can be serious pests 
in citTus, where they feed on develop­
ing fruit. They are also pests in green­
houses. Besides feeding damage, both 
snails and slugs leave slime trails that 
detTact from the appearance of produce 
and foliage . Some aquatic snails carry 
disease-causing organisms that can be 
transmitted to people. 

Beneficial Aspects. Some species of 
snails are predaceous, making them 
useful in programs of biological control 
of pest snails. 

Vertebrates 

Vertebrates belong to the phylum 
Chordata and are animals with internal 
skeletons and backbones. They include 
fish, amphibians (frogs, toads, and sala­
manders), reptiles (turtles, lizards, and 
snakes), birds, and mammals. They 
become pests if they 

• are reservoirs of pathogens that 
cause disease (such as plague 
and rabies) 

• damage crops or stored products 
• prey on livestock 

• interfere with the activities or 
needs of people 

Some of the most important vertebrate 
pests are rats and mice. These animals 
inhabit buildings and damage or soil 
furnishings and other items. They also 
consume and destroy stored food. They 
sometimes harbor d:sease organisms. 

Identification of vertebrates is often 
easier Lhan microorganisms, invene­
brates, and weeds because there are 
fewer species involved. Endangered 
species, migrant species, or other 
wildlife laws protect many vertebrates. 
Therefore, it is important for you to 
know the species' identity before begin­
ning any control program. Identify ver­
tebrates by comparing them to pho­
tographs and drawings, such as those in 
the CDFA Vertebrate Pest Control Hand­
booll. For help in identifying verte­
brates, contacL the U.S. Fish and 
Wildlife Service or Lhe California 
Department of Fish and Game. These 
agencies require permits for control of 
some vertebrate species. 

Besides observing the animals, anoth­
er useful way to identify venebrates is 
by recognizing certain characteristics. 
These include burrows, nests, Lracks, 
and fecal droppings. 

Fish 

Some fish are pests because they eat 
other fish that are more important to 
people. Some also compete with impor­
tant fish for limited food and space. 
Others occur in places where they are 
unwanted. Certain fish species may be 
undesirable because they serve as inter­
mediate hosts for parasites, such as 
nematodes, that infect animals and 
people. 

Amphibians and Reptiles 

A few species of toads, frogs, snakes, 
lizards, and their relatives are poison­
ous to people and livestock. These 
species are pests if they occur in areas 
where people or livestock live. In addi­
tion, some people cannot tolerate the 
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Birds con be pests when they damage 
agricultural crops, nest on buildiny;, or 
interfere with aircraft operation. 

FIGURE 1-45 

Gro1,1nd squirrels are often pests because 
they compete with people for agricultural 
prod1,1cts. Squirrels also damage levees 
and bridge foundations through their 
burrowing activities. Some vector diseases 
that fleas or other insects transmit to 
people and livestock. 

presence of certain nonpoisonous 
species, requiring their control. 
Amphibians occasionally dog water 
outlets , filters, pipes, hoses, and other 
equipment associated with irrigation 
sysLems and drains. 

Birds 

People a'ppreciate birds because of 
their song, beamy, or predaceous 
habits. Many birds catch insects and 
some kill snakes, rats, mice, and other 
pests. However, some pest birds. harbor 
pathogens th.al insects or other organ­
isms transmiL Lo commercial poultry. 
Also, they eat or damage crops (Figure 
1-44) and roost in massive numbers in 
trees or on window ledges. Some birds 
interfere with aircraft, cause damage co 
buildings, or make too much noise. 
Bird lice and mites associated with nest­
ing areas can infest homes, hospitals, 
and offices. 

Mammals 

Pest mammals interfere with the 
activities of people or cause harm to 
their crops, livestock, or possessions 
(Figure 1-45). Rodents such as rats, 
mice, and squirrels compete with peo­
ple and livestock for food. These ani­
mals often carry certain fleas and mites 

that harbor and rransmit disease-caus­
ing organisms. lufected skunks and bats 
transmit rabies. larger mammals, like 
foxes, coyotes, mountain lions, and 
bears, are occasional pests when they 
endanger people.and their possessions 
or prey ou pets or livestock. Foraging 
deer can be serious pests of agricuJmral 
crops and residential landscaping. Sea 
otters, seals, and sea lions are pests 
when they interfere with human activi­
ties or compete with people for food . 

Disease-Causing Agents 

Another important gr0up of pests 
includes plant and animal disease-caus­
ing agents. Nonliving (abiotic) factors 
and living (biotic) pathogenic microor­
ganisms cause diseases in plants and 

PE5T IDENTIFICATION • 45 

animals. Biotic and abiolic facwrs alter 
or interfere with Lhe chemical processes 
that take place within an organism;s 
cells. This produces disease symptoms 
or disorders. To avoid unnecessary pest 
management treatments, recognize abi­
otic factors that produce diseaselike 
symptoms in plants and animals. 

Imporlalll Characteristics. Different 

plant or animal organisms have differ­
eat susceptibilities to che effects of abi­
otic facLors. An organisms susceptibili­
ty often depends on a combination of 
factors including its genetic makeup, 
nutritional state, and climatic condi­
tions. Familiar signs o[ abiotic disorders 
in plants include 

• poor growth 
• yellow foliage 
• de.formed leaves 
• poor [ruiL or seed production 
• deformed or rotten fruit 
Plants and animals exhibit symptoms 

resembling diseases as a result of physi­
cal factors. These include water stress 
or excess, nu trient deficiency or toxici­

ty, and sall buildup. In addition, pro­
longed wind and other weather 
extremes., or exposure. to toxic materials 
such as air pollutants or certain pesti­
cides, produce disease symptoms (Table. 
1-5). Disorders caused byabioticfac­
tors are a result of an organisms 
response to the conclitions in its envi­
ronment. ihese. cannot be ~nsmitted 
from one plant or animal to another. 
Pesticides do not correct or prevent abi­
otic diseases. 

Biotic disease-causing factors are 
pathogens capable of spreading from 
one host to another and producing dis­
ease symptoms. The ability of the 
organism to spread and infect may 
depend on cllmatic factors. The host's 
genetic makeup or nutritional state also 
influence this ability. Several different 
types of m icroorganisms produce dis­
eases in plants and animals. The most 
imporrant are bacteria , fungi , viruses, 
viroids, and mycoplasmas. 
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TABLE 1-5. --------
Soil, Climatic, and Other Factors Contributing to Plant Growth Problems. 

FACTOR 

TEMPERATURE 
freezing 

cool temperatures 

cool soil 
temperatures 

inadequate chilling 

high cemperarures 

WATER 
too little water 

coo much water 

LIGHT 
coo little light 

coo much llghc 

NUTRIENTS 
nuoient deficiencies 

nutrient excess 

OTHER PHYSICAL 
FACTORS 
air pollution 

pesticide injury 

hail and rain 

wind 

fire damage 

soil compaction 

potbound root system 

improper agricultural 
practices 

PROBLEM 

May cause dieback, leaf scorch , frost nip, or bark split. Often causes 
separation ofche epidermis from underlying tissues; use hand lens 
to see chis. 

May reduce pollination or fercilizaclon and lower crop productioh. 

Slows or shuts down water and nutrient uptake, resulting in wilting or 
nutrient deficiency symptoms even when soil contains adequate amounts. 

Delays or interferes with normal breaking of dormancy; produces 
irregular bloom resulting in poor crop produnion. 

Kills pollen, resulting in poor crop production. Causes sunburn of 
fruit and foliage. Results in sun scald, heat cankers, sunken lesions, 
pit burn, blossom end rot, and water core. May delay maturity of crops 
or reduce quality. 

Results in water stress, wilting, poor plant growth, leaf or fruit drop, 
leaf scorch, and nutrient deficiencies. Leaves may have dull coloration 
and may roll ac edges. 

Lowers oxygen available co roots; may cause flower, fruit, or leaf drop; 
lowers soil temperature; may kill roots. Plants may be more susceptible 
co soil fungi. 

Causes yellowing of leaves and elongation of seems. Planes become 
spindly. May cause twig or shoot dieback. Reduces fruit size and 
s lows maturity. 

Causes scalding or russeting of fruit or leaves; sunbtJrn. 

Causes leaf discoloration, leaf spotting, deformities of leaves and fruit; 
reduces growth, production, and shortens life of plant; makes plant 
unable to tolerate other stresses; causes leaf and fruit drop. 

Causes reduced fruit production, improper ripening, leaf bum or scald, 
fruit drop. 

Causes spotting and damaged foliage and fruit, discoloration, reduced 
growth and yield, and dieback. 

Causes leaf and fruit spotting, burning, or scorching; russeting of fruit; 
fruit and leaf drop; delayed maturity; and leaf deformity. 

Causes physical !njury to leaves and fruit, resulcing in spotting arid yield 
reduction; leaf and fruit drop, lodging of plants. 

Desiccates leaves. Results in spotting, bu ming, or scorching; Improper 
pollination; and destruction of blossoms. 

Injures bark and nulrient transport system of plant; results in stunting 
and poor production and growth. 

Llmks root growth and nutrient availability, resulting in problems 
associated with water stress or excess and nutrient deficiencies. 

Causes problems similar to soil compaction; plant exhibits weak growth, 
yellowed foliage, and may undergo leaf drop and twig die back. 

Cause physical injury co roots or trunks of plants and reduces water 
and nutrient: uprake; provides an en cry point for disease infection and 
insect infestation. 

ldentirying Disease-Causing 
Pathogens. Many pathogens are submi­
croscopic, making identification diffi­
cult. Often only the use of electron 
microscopes or complex biochemical 

tests confirms the identity of a 
pathogen. It may even be necessary lo 
grow the organism in the laboratory or 
iaject plants or laboratory animals with 
the pathogen to make a positive identi-



fication. These types of tests require 
trained technicians and specialized lab­
oratory equipment. Sidebar 4 contains 
information on using laboratory identi­
fication services and how to send mate­
rial for analysis. 

Another way to identify disease-caus­
ing microorganisms in plants and ani­
mals is by studying the observed symp­
toms. Each host plant or animal usually 
has specific diseases to which it is sus­
ceptible. These plants or animals pro­
duce specific symprnms or groups of 
symptoms. Learning to recognize dis­
ease symptoms helps you sort through 
and reject some pathogens as causes of 
the observed symptoms. ln some cases, 
specific disease-causing pathogens are 
more prevalent in particular locations 
or under certain conditions. Knowing 
these limitations helps you to narrow 
the choices. 

Fungi produce distinctive structures 
such as molds or spore-producing bod­
ies that aid in identifying the organism. 
Also, lesions or rotted areas of infected 
plants may provide clues to the type of 
organism causing the damage. Inspect 
the plant's vascular system for damage. 
Be sure to dig up some infected plants 
and examine their root systems. 

Check the disease symptom distribu­
tion throughout a population of plants 
or animals. Do rnany individuals show 
signs of infection, or only a few? Are 
the diseased plants distributed evenly, 
or are they confined to specific loca­
tions? Try to associate the distribution 
of infection with conditions that would 
favor specific diseases. This may pro­
vide valuable clues to the 'identity of 
the pathogen. 

Bacteria 

Disease-causing bacteria are smaU, 
usually single-celled organisms, 
although the Streptomyces species are 
many cells attached end-to-end. You 
cannot see bacteria without a micro­
scope. Plant-infecting bacteria are rod 
shaped and most have threadlike struc­
tures called flagellae that propel them 
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through liquids. Most bacteria require 
warmth and moisture to multiply. Some 
bacteria cause illness or death in ani· 
mals and people. Only a few bacterial 
diseases are serious problems on plants 
in California. This is because of the 
semiarid climate and lack of significant 
summer rainfall 

Types of Bacteria. There are six gen­
era of bacteria that have species capable 
of infecting plants and causing disease 
symptoms. These are Pseudomonas, 
Xanthomonas, Agrobacteliwn, Erwinia, 

Corynebacterium, and Streptomyces. 

How Bacteria Are Spread. Anything 
that moves and comes in contact with 
bacteria may spread them to other 
areas. This includes farm equipment, 
rain or irrigation water, plant material, 
seeds, birds, insects, nematodes, and 
people. 

Bacterial Infections. Bacteria invade 
plant tissues through natural openings 
and through wounds. They must .enter 
tissues to infect the plant Bacterial 
diseases show up as galls, leaf spots, 
soft rots, scabs, and systemic disor­
ders. Table 1-6 lists examples of these 
diseases. 

Fungi 

Fungi ar~ a diverse group of micro­
scopic primitive plants. They must 
obtain their nutrients from some organ­
ic source such as living or dead plant 
material. Most fungi live off dead organ­
ic matter. These are called saprophytes. 
They are generally beneficial because 
they help break down organic matedals 
and build up soil fertility. However, 
some fungi invade structural wood and 
other building materials. Certain 
species live off both dead and living 
plants, and some of these fungi cause 
plant diseases. A few fungi require liv­
ing hosL plants to grow and reproduce. 
This group includes the major plant 
pest species. 
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SIDEBAR 4 

Sampling and Sending Plants for Identification of Disease-Causing Pathogens 

SAMPLING 

1. Select plants that are most representative 
of the observed disease symptoms. Collect 
several plants. 

2. Include roots by digging up plant and shak­
ing off soil. 

3. Place plants in plastic or paper bags. Keep 
plant materials cool. Put them in an ice 
chest while you are in the field. Store sam­
ples in a refrigerator until they can be 
shipped. 

LABELING 

Attach a label to the outside of each sample bag. 
Include the following information on labels: 

1. Your name, address, and telephone 
nutnber. 

2. Crop or plant type, including variety. 

3. Location of field or property (names of 
nearby crossroads). 

4. Portion of planted area that sample repre­
sents. Include a map if necessary. 

TABLE 1-6. 

Examples of Bacterial Diseases in Plants. 

SYMPTOM 

galls 

leaf spots 

systemic infections 

soft roe 

scab 

DISEASE 

q'OWn gall 

leaf spec of cucurbics 
halo blighr of beans 
bacterial spot of tomato 
baccerial blight of walnuts 

fire blighc of apple, pear, and 
quince 
bacterial wilt of cucurbics 

blackleg of potato 
vegetable sofc rots 

common potato scab 
gladiolus scab 

5. Brief description of the field's crop history 
(previous crops) or any information on 
what was pf anted in the area before dis­
eased plants were grown there. 

6. Observations by you and the owner or 
operator of the property of previous prob­
lems and of when present problem was first 
detected. 

7. Date samples were taken. 

SHIPPING 

1. Con tact the person or laboratory who wi 11 

receive samples to determine the best 
method of shipping and to inform them 
that samples will be arriving. 

2. Pack samples in a sturdy, well-insulated 
container co prevent crushing or heat 
damage. 

3. Mark package clearly and request shipper 
to keep it in a cool location. 

4. Ship packages early in the week so they will 
arrive before a weekend. 

PATHOGEN 

Agobocterium spp. 

Pseudomo11t1s spp. 
Pse11domonas spp, 
Xanthomonas spp. 
Xanthomm1os spp. 

Envi11ia spp. 

Erwimo spp. 

Erwinil/ spp. 
Pseudomonos spp. 

Strepromya.s ssp. 
Pse11do111011os spp, 



Important Characteristics. Most pest 
fungi have a vegetative body (mycelium) 

that consists of tiny filamentous strands 
(hyphae). The mycelium grows through 
the tissues of an infected host. You can 
usually see this structure without mag­
nification. Reproduction in fungi is 

primarily by means of spores. Many 
species of fungi produce more than one 
type of spore. One of these types of 
spores acts as a resting struc'ture to 

carry the fungus through adverse con­
ditions. Other spore types are responsi­
ble for the ongoing secondary spread of 
the organism. 

Fungal identification usually depends 
on characteristics of the mycelium and 
structures known as fruiting bodies 
(because they produce spores). Diagno­
sis of a fungal infection involves look­
ing for these structures on or in plant 
tissues or infected wood. 

Disease Symptoms. Plants infected 
by fungi exhibit many different types of 
symptoms. Such symptoms are helpful 
in identifying the fungal organism. 
Powdery mildew, downy mildew, root 
and stem rot, sooty mold, and slime 
molds are types of fungi. Symptoms 
include 

• soft, watery rots off ruits 
• severe stunting of the plant 
• profuse gumming 
• smuts 
• rusts 
• leaf spots 
• wilting 
• malformation of pl,wt parts, such 

as thickening and curling of leaves 

How Fungi Spread . Spores of fungi 
spread by wind, rain, irrigation water, 
insects, and cultural practices. Any 
practice that moves infected plant 
material from one location to another 
can also spread fungal spores. Roots of 
noninfected plants may grow into areas 
where fungal organisms are present and 
become infected in this manner. 
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Fungal lnf ections. Fungi enter plant 
tissues through wounds and natural 
openings and by penetrating the outer 
surface of the host. Usually certain 
environmental conditions promote or 
accelerate fungal organism growth and 
infection These include high humidity 
or presence of water and wann temper­
atures. 

Viruses 

Viruses are very small organisms that 
multiply in living cells to produce dis­
ease symptoms in plants and animals. 
Most can survive for only short periods 
of time outside host plant or animal 
cells. Viruses alter chemical activity 
(metabolism) within bostcells, and 
these metabolic changes cause disease. 

Important Characteristics. Viruses 
are very small and can only be seen 
with an electron microscope. They have 
diff erenr shapes depending on the type. 
Structurally, viruses are very simple 
compared with other living organisms. 
Viruses invade-cells of plants or ani­
mals, then, using their own genetic 
information, alter these cells. Infected 
cells produce more viruses rather than 
the usual proteins or nucleic acid. 

Symptoms of Virus Diseases. Almost 
all viruses reduce plant growth, result­
ing in stunting. Another common 
symptom is a change in coloration. This 
is most noticeable in the leaves and is 
often expressed as a mosaic pattern of 
light and dark blotches. Flowers also 
exhibit color vnriation. Sometimes the 
veins of leaves become lighter, produc~ 
ing a netlike appearance. Russeting is a 
color change that appears on fruit. 
Viruses also produce malformations or 
abnormal growth in various parts of 
affected plants, ihduding leaves, fruits, 
stems, or roots. Some viruses cause 
parts of infected plants to die, a concli­
tion called necrosis. Severe necrosis' 
results in complete death of the plant. 
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REVIEW QU EST IONS 

Identifying Viruses. Virus identifica­
Lion involves three different methods. 
The simplesl is to compare the infected 
plant and ilS symploms with pho­
tographs and ,,vrillen descriptions. A 
method called indexing involves inocu­
lating a series of indicalor plants wilh 
extracts from the diseased plant. 
Research rs compare disease symptoms 
with the results obtained from similar 
plants inoculated with known viruses. 
Lf symptoms from the unknown 
pathogen match any of the plants inoc­
ulaled with a known virus you can 
assume the unknown pathogen is that 
virus. A third method, known as sero­
logical testing, involves testing plant 
extracts for the presence of virus pro­
teins. The tests use antibodies specific 
to known viruses. 

How Viruses Are Spread. Mites and 
several plant-feeding insects, such as 
aphids, leafhoppers, and whiteflies , 
move viruses from p lant to plant. 
NemalOdes and fungi, cultivation prac­
tices, pollination , and pruning and 
grafting are also ways of transmiuing 
disease-producing viruses. The seeds of 
infected plants transmit some viruses. 
Each virus usually is transmitted in 
only one or a few of these ways. 

Viro ids 

Although viroids differ from viruses 
in seve.ral ways, they are mosl distin-

guishable microscopically. 1roids are 
much smaller and do not have a pro­
tein coat. So far, researchers have iden­
tified only a few viroid-caused plant 
diseases. However, researchers suspect 
that vLroids cause many other plam and 
animal disorders. Potato spindle tuber, 
citrus exocortis, chrysanthemum stunt, 
and chrysanthemum chlorotic mottle 
are viroid diseases. Viroids spread pri­
marily through infected stock. [nfei::ted 
plant sap can be carried on hands or 
cools during propagation and cuhura:\ 
practices. Some viroids rransmit 
through pollen and seeds· insect trans­
mission is unknown. 

Mycoplasmas 

Mycoplasmas are intermediate in size 
between viruses and bacteria. The}' sur­
vive for extended periods outside plant 
cells and are the smallest known inde"... 
pendently living organisms. Mycoplas­
mas are responsible for several insect­
transmitted plant diseases. These 
include pear decline, aster yellows, 

X disease of peach, and stubborn dis­
ease of cilrus. lnsecrs (usually leafhop­
pers) transmiL most mycopla ma­
caused diseases. Mites may also trans­
mit mycoplasmas. Grafting woody crop 
plants also accounts for mycoplasma 
transmission. 

1. A disadvantage of using common names for identify­
ing organisms is: 

2. W hich of the following is not a characteristic of 
weeds? 

D a. Often, they do not provide any information 
about the relationship of one organism to 
another 

D b. Common names usually describe some char­
acteristic of the pest 

O c. Pesticide labels list common names of pests 
D d. Pesticide use reports require scientific names 

of pests 

D a. Some weeds are noxious and endanger live­
stock 

D b. Weeds interfere with the safety or use of 
roads utilities, and waterways 

O c. Most weeds produce large quantities of 
seeds, even under adverse conditions 

D d. Weeds enhance the growth of agricultural 
crops 



3. Plants that are capable of reproducing from overwin­
tering storage organs such as bulbs, tubers , and rhi­
zomes are called: 
D a. Monocots 
D b. Biennials 
D c. Perennials 
D d. Dicots 

4. Perennial weeds are generally the most difficult to 

control because: 
D a. They produce more seeds than other types of 

plants 
D b. They can reproduce and spread from slorage 

organs such as rhizomes and ruber·s 
D c. Their seeds remain viable for more years than 

those of annual and biennial plants 
D d. They produce deep taproots that resist 

mechanical con1.rol as well as herbicides 

5. Which of the following insect orders includes species 
known to transmit diseases in humans? 
D a. Orthoptera (crickets and grnsshoppers) 
D b. Thysanura (firebrats and silverfish) 
D c. Blauodea (cockroaches) 
D d. Thysanoptera (thrips) 

6. Which organism is not an invertebrate pest? 
D a. Snail 
D b. Caterpillar 
D c. House mouse 
D d. Garden spider 

7. Which of the following orders of insects includes sev­
eral species of agricultural pests? 
D a. lsoptera (termites) 
D b. Thysanura (firebrats and silverfish) 
D c. Blauodea (cockroaches) 
D d. Heteroptera (true bugs) 

8. The various immature stages of an insect 
are known as: 
D a. lnstars 
D b. Metamorphoses 
D c. Juveniles 
D d. Pre-adults 

9. Which of the following groups of insect orders 
includes both pests and beneticials that attack pest 
insect species? 
D a. Hymenoprera (wasps and bees), thysanoptera 

(thrips), and heteroptera (true bugs) 
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D b. Thysanura (firebrats and silverfish) , blauodea 
(cockroaches), and dermaptera (earwigs) 

D c. lsoptera {termiles), mallophaga (chewing 
lice), and anoplura (sucking lice) 

D d. Homoptera (aphids and whiteflies), 
lepidoptera (moths and butcerflies), and 
siphonaptera (fleas) 

10. Which of the following insect orders includes 
important livestock pests? 
D a. Dermaptera (earwigs) 
D b. Homoptera (aphids and whiteflies) 
D c. Heteroptera (true bugs) 
D d. Onhoptera (crickeLs and locust) 

11. Which part of a plant do nematodes most commonly 
attack? 
D a. Tender young foliage 
D b. Roots and underground plane parts 
D c. Germinating seeds 
D d. Flowers 

) 2. Pest nematode species damage plants by: 
D a. Sucking plane sap 
D b . Preventing flower and fruit formation 
o c. [mpaiting water and nutrient uptake capacity 
D d . Transmitting several bacterial diseases 

13. Which one of the following types of plant disorders 
cannot be transmitted? 
D a. Bacterial diseases such as Pseudomonas 
D b. Fungal diseases such as downy mildew 
D c. Diseases caused by viruses, viroids. and 

mycoplasmas 
D d. Water stress and other abiolic problems 

14. Which one of the following types of disease-causing 
organisms is easily seen without a microscope? 
D a. Bacteria 
D b. Viruses 
D c. Fungi 
D d. Mycoplasmas 

1 S. Honey bees belong to the insect order: 
D a. Coleoptera 
D b. Diptera 
D c. Hyrnenoptera 
D d. Lepidoptera 
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Pest managers use pheromone traps to monitor 
the activities of some insects. 
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EST MANAGEMENT is Lhe sci­
ence of safely preventing, suppressing, 
or eliniioating unwanted organisms. 
Carrying out a successful pesL manage­
ment program involves choosing the 
righL prevention or control methods. 11 
also involves knowing how LO use these 
techniques to reduce pest populations 
Lo ncceptable levels. 

Besides knowing the identity of a 
pest, you must learn iLS importance. 
There are key pests, occasional pests, 
and secondary pests: 

Key pests are those thaL cause major 
damage on a regular basis unless you 

. successfully control them. Many weeds 
are key pests because they compete 
with crop or ornamental plants for 
resources. These weeds require regular 
control efforts to prevent damage. 

Occasional pests are those that 
become pests once in a while. This 
may be due to their life cycles, envi­
ronmental conditions, or as a result of 
peoples activities. For instance, ants 
become pests when sanitaLion prac­
tices change, providing them with food 
where none previously existed. They 
also move into buildings after a rainfall 
or another event destroys their out­
door food source 

Seco11da1y pests become problems 
after controlling a key pest Some weed 
species become pests only after key 
weeds have been controlled. Particular 
species of Oeas, licks, and blood-feed­
ing bugs attack people only after their 
natural hosts are eliminated. Certain 
secondary plant-feeding pests begin to 
cause damage when the key plant pests 
are under control. 

APPROACHES TO PEST 
MANAGEMENT 

A pest management program ptevrnts, 
suppresses, or eradicates pest popula­
tions. Often pest management pro­
grams combine prevenuon and sup­
pression techniques. 

Prevention 

Usually there are economical and 
environmentally sound ways lo prevent 
pest infestation or buildup. Such tech­
niques include planting weed- and dis­
ease-free seed and growing varieties of 
plantS that resist diseases or insects . 
Other control options include using 
cultural methods to pre\lent weedy 
plants from seeding or choosing plant­
ing and harvesting times that minimize 
pest problems. Often, sanitation prac­
tices reduce pest buildup. Some preven­
tive methods involve excluding pests 
from the target area or host. An impor­
tant preventive measure uses pest man­
agement practices that conserve natural 
enemies. In addition, plants, pouluy, 
and livestock that receive adequate 
water and nutrientS are less susceptible 
to diseases or pests. 

There are also preventive practices 
that use pesticides. These include 

• using preplant or preemergence 
herbicides on areas where weed 
seeds are present 

• using fungicides lo protect plants 
from disease when environmental 
conditions favor infection 

• applying preservatives to structural 
lumber before construction to pro­
tect it from insects, fungi, or 
marine borers 



Suppression 

Common pest control methods sup­
press pest populations but usually do 
not eliminate them. These methods 
reduce pest numbers below an economic 
inj1uy threshold or to a tolerable level. 
Suppressicm sometimes lowers pest 
populations so that nan,1ral enemies are 
able to maintain control. Suppression is 
the goal of most pesticide applications 
used to manage weeds, insects and 
mites, and microorganisms. Examples 
of other suppression techniques include 
cultivating or mowing weeds and 
releasing biological control agents. 

Eradication 

Eradication is the total elimination of 
a pest from a designated area. This is a 
common objective of pest control 
efforts in buildings or olher small, con­
fined spaces. Over larger areas, howev­
er, eradication is a radical approach to 
pest conn·ol. Eradication can be very 
expensive and often has limited suc­
cess. Government agencies conduct 
large-scale eradication programs to 
eliminate exotic or introduced pests 
that pose area-wide public health or 
economic threats. Meditenanean fruit 
fly and l1ydrilla eradication efforts in 
California and Florida are examples of 
this type of pest management approach. 

Which pest control strategy you 
c.hnosP. r!P.pends on the nature of the 
pest, the environmem of the pest. and 
economic considerations. Combining 
prevention and suppression techniques 
usually enhances a pest management 
program. Objectives might differ, how­
ever, for the same pest in different situa­
tions. For example, the Mediterranean 
fruit fly is an established pest in Hawaii, 
so the emphasis there is both preven­
tion and suppression to reduce crop 
damage. Regulatory agencies in Califor. 
nia and Florida, however, use eradica­
tion measures to keep the Mediter­
ranean fruit fly from becoming perma­
nently established. The states' goal is to 
prevent severe economic losses to their 
agricultural industries. 
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SETTING UP A PEST 
MANAGEMENT PROGRAM 

To begin a management program that 
controls an identified pest you must 

• know what control methods are 
available 

• evaluate the benefits and risks of 
each method 

• select methods that areinost effec­
tive and least harmful co people 
and the environment 

• use several methods whenever 
possible 

• use each method correctly 
• observe local, state, and federal 

regulatiou!; 
• evaluate the success of your pest 

management efforts 

Pest Management Methods 

Once you anticipate or identify a 
pest, begin planning your management 
program. Learn what management 
techniques are available and evaluate 
the benefits and limitations of each. 
Select methods that are most effective 
but least harmful to -people and the 
environment. There are usually several 
ways to manage pests or pest complex­
es. Whenever possible, combine severnl 
compatible methods into an integrated 
pest management program. 

Biological Control 

Most arthropod pests have one or 
more natural enemies, and biological 
control pest management programs 
depend on these natural enemies. Pest 
managers successfully use natural ene­
mies and pathogens as biological con­
trol agents to manage certain insect. 
mite, fish, and weed p~ts. 

Classical Biological Control. 
Researchers and pest managers use clas­
sical biological control to manage pests 
that are not native to -a geographical 
area. These introduced pests are often 
problems in their new location because 
there are no natural enemies to help 
control th.em. Classical biological con-
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FIGURE 2-1. 

Classical biolofical control involves locat· 
ing the native home of a pest (11sually 
outside of the United States), finding and 
rearing one or more of its nat,1ral ene· 
mies, and releasing these natural enemies 
into the pe5t·infested area. J,, this photo 
the parositic wasp Hyposocer exiguae is 
laying an egg inside a beet armywonn 
la,va. 

trol involves locating the native home 
o( an introduced pest and finding suit­
able natural enemies Lhere. After exten­
sive testing and evaluation , researchers 
select cenain natural enemies and 
import, rear, and release them (Figure 
2-1). I( successful , the introduced nat­
ural enemies become established within 
large areas and effecuvely lower carget 
pes1 populations. The comrol lasts for 
long periods of Lime withou1 funher 
imer emion. This is a difficult process 
because lhe native homes of some pests 
are hard to locate. Also, researchers 
must prove that the natural enemies 
will not become pests. Laws strictly 
control importalion of all organisms, 
including biological control agents, into 
the United States. Other countries have 
similar restrictions. 

Augmentat ion. Augmentation 
involves rearing and releasing large 
numbers of certain nacuTal enemies. 
These are organism that probably 
already occur in an area. However, their 
natural populations are LOO low to be 
effeclive in controlling the larget pest. 
Augmentalion usually does not have 
long-term results because environmen­
tal or other conditions do not favor 
these natural enemies. Therefore, pest 
managers must make periodic releases 
to maimain sufficient population levels. 

Commercial insectarie.s raise many 
differem natural enemies. These 
include predatory mites lo control 

plant-infesting spider mites, and para­
sitic wasps and lacewings to control 
various insect pests. Researchers are 
studying nematodes as biological con­
trol agents for certain weeds and some 
insects. A spray-on rust pathogen is 
under development as an early 
nutsedge control. Some companies sell 
general predators wich claims made for 
biological control. These include 
insects such as praying mantids and 
lady beetles. In many cases, however, 
researchers have not established lhe 
effectiveness of these predators. 

alUrally Occurring Comrol. Many 
factors influence pests, including natu­
ral enemies, environmental and geo­
graphical features, and climatic condi­
tions. Maintaining populations of nat­
mal enemies can be one of the most 
economical means of contTol. Do this 
by avoiding damaging cultural practices 
or indiscriminate pesticide use. If pesti­
cides are pan of your control program, 
select types that are less toxic to natuTal 
enemies. Otherwise, consider applying 
pesticides at lower-than-label rates so as 
not to lower natural enemy popula­
tions. Sometimes it is possible to modi­
fy certain parts of the environment to 
maintain or enhance natural enemies. 
Examples include planting nowering 
plants that produce nectar for parasitic 
wasps or planting groundcovers to 
compete with weeds. 



FIGURE 2-2. 

Pesticides provide an effective way to 
control pests. Usually pe.st damage stops 
within a few hours to a few days afrer a 
pesticide application. This photo shows 
a fungicide being applied to carnation 
plants in a greenhouse. 

Pesticides 

Pesticides often have a key role in 
pest management and occasionally may 
be the only control method available. 
Major benefits associated with Lhe use 
of pesticides are 

• their effectiveness 
• the speed and ease of controlling 

pests 
• their reasonable cost compared to 

oLher control options (in many 
instances) 

Pest damage usually stops within a 
few hours (for arthropods) to a few 
days (for weeds) after applying a pesti­
cide. Fungicides provide plants with 
immediate, short-term protection 
against microorganisms (Figure 2-2). 

According to the Federal Insecticide, 
Fungicide, and Rodenticide Act 
(FIFRA), a pesticide is "any material 
applied to plants, the soil, water, har­
vested crops, structures, clothing and 
furnishings , or animals to kill, attract, 
repe.l, or regulate or intem1pt growth 
and mating of pests." Some pesticides 
also regulate plant growth. Herbicides, 
insecticides, fungicides, rodenticides, 
nematicides, and miticides are common 
types of pesticides. Chapter 3 describes 
pesticide types and classification. 
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Mechanical and Cultural Control 

An important way LO control pests or 
protect crops, livestock and poultry, 
people, and manufactured products is 
by using mechanica1 and cultural con­
trol methods. Use mechanical devices 
and cultural techniques separately or 
together to 

• exclude or trap pests 
• destroy pests 
• alter pest life cycles 
• encourage natural enemies 
• change the environment so that it 

is not suitable for pest survival 

Exclusion. Exclusion consists of 
using barriers to prevent pests from get­
ting into an area. Window screens, for 
example, exclude flies , mosquitoes, and 
other flying insects (Figure 2-3). Patch­
ing or sealing cracks, crevices, and 
small openings in buildings excludes 
insects, rodents, bats, birds, and other 
pests. Fences and ditches make effec­
tive barriers against many vertebrate 
pests. Wire or doth mesh excludes 
birds from fruit trees. Sticky material 
painted onto tree trunks, posts, wires, 
and other objects prevents crawling 
insects from crossing. 
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FtGLJRE 2-3. 

Window screens and paper tree protec­
tors are mechanical devices that exclude 
certain pests. 

Trapping. Traps physically caLc.b 
pests within an area or bui1ding. There 
are several types of traps. Some, such 
as gopher traps, kill the animals. Oth­
ers snare animals for relocation. Traps 
are either mechanical devices or sticky 
surfaces. 

Cu ltivation. Cultivation is one of the 
most important methods of contrornng 
weeds. It also controls some insects and 
other soil-inhabiting pests. Mechanical 
devices such as plows, discs, mowers, 
cultivators, and bed condilioners physi­
cally desLroy weeds or control their 
growth. They disrupt conditions suit­
able for the survival of some microor­
ganisms and insects. 

OLher CulLural Practices. Many dif­
ferent cultural practices influence the 
survival of pesls. ln turf, mowing, irri­
gaLion , aeration, and fertilization are all 
important ways to prevent pest buildup 
and damage. ln agricultural crops, you 
can reduce populations of weeds, 
microorganisms, insects, mites, and 
other pests by 

" selecting pest-resistant crop planL 
varieties 

0 timing planting and harvesting LO 

avoid pests 
0 managing the amount and timing 

of irrigation water 
• using crop rotations 
• using trap crops 
Mulching (using plastic, straw, or 

other materials), £loading, solarization, 

and flaming (a process of exposing 
weeds to high-tempei:ature llame.s) are 
effective weed management methods. 

Modifying lhe Environment Alter­
ing environmental conditions, such as 
temperature, light, and humidity, some­
times suppresses pests in enclosed 
areas. Refrigeration, [or example, pro­
tects stored food products, furs, and 
other items from insect pests. Lowered 
temperatures either kill the insects, 
cause them co stop feeding, or prevent 
egg hatch or development. Installing 
bright lights in attics sometimes dis­
courages bats from roosting there. Low­
ering the humidity of stored gtains and 
other food products reduces damage 
from molds and some insects. 

Sanitation. Sanitation practices con­
LTol pests in many locations. Sanitation, 
or soune reduGtion, involves eliminating 
food , water, shelter, or other necessities 
important to the pest's survival. In agri­
culture, sanitation includes removing 
weeds [hat harbor pest insects or 
rodents and re.moving weed plants 
before they produce seed. Sanitation 
also involves destroying diseased planL 
material and removing and destroying 
unharvested produce and crop residues. 
It includes keeping field borders or sur­
rounding areas free of pests and pest 
breeding sites. 

Animal manure management is an 
effective sanitation practice used for 
preventing or reducing fly problems in 



FIGURE 2-4. 

Draining standing water is an important 
cultural practice that reduces mosq11ito 
populations. 

FIGURE 2-5. 

Sanitation around homes, restaumnts, 
and businesses reduces populations of 
cockroaches, ants, and rodents. Garbage 
and trash containers must have tight lids 
to keep 011t pests. 

poultry and livestock operations. Prop­
erly storing feeds and preventing feed 
waste reduces rodent problems in these 
locations. In nonagricultural areas, 
draining standing water (Figure 2-4) 
and managing wastes controls certain 
pests. Waste management is very 
important-closed garbage containers 
and frequent garbage pickup eliminate 
food sources for Uies, cockroaches, and 
rodents (Figure 2-5). Removing soil, 
trash, and other debris from around and 
under buildings reduces termite and 
fungal rot damage. It also prevents 
rodent nesting. 
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Host Resistance 

Breeding or selecting plants and ani­
mals to resist specific pest problems is 
another method of pest control. For 
example, breeders select livestock for 
physical characteristics that prevent 
attack by some pests. They also select 
for physiological resistance to disease 
or parasitic organisms. The host's health 
and nutritional needs also influence 
resistance. Certain plant varieties are 
naturally resistant to insects, 
pathogens, or nematodes. All plants 
actually repel different types of pests 
and some contain toxic substances. 
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FIGURE 2-6. 

When using on integrated pest management approach, use pesticides on!r in situations when decision­
making g11idelines aitd field-collected data indicate that pesticides are economically and environmentally 
justified. 

Pests, however, often adapt to the t0x­
ins or repellents. This enables them to 
feed on these plants. 

Inoculating growing plants with cer­
tain microorganisms sometimes 
induces resistance. Genetic engineering 
research demonstrates that it is possible 
to build pest resistance into the genetic 
makeup of some plants. Flllure genera­

tions then have this resistance. 

In tegrated Pest Managemem 

Integrated pest management (1PM) 

is an ecological approach Lo managing 
pests that often provides economical, 

long-term protection from pest damage 
or competition. Before control deci­

sions are made, pest managers consider 
• prior pest history 
0 crop growth and development 
• weather 
• vi;;ual observations 
0 pest monitoring information 
• cultural practices 

Integrated pest management pro­
grams emphasize preventing weed com­

petition and other t}rpes of 1Jest damage 
by anticipating these problems whenev-

er possible. Goals include conserving 
natural enemies and avoiding sec­

ondary pest problems. You ca11 accom­
plish this by using nondisruptive and 

mtuually compatible biological, cullur­
al, and chemical methods. Decision­

making guidelines and field-collected 
data must indicate that using a pesti­

cide is economically and environmen­
tally justified (Figure 2-6). 

Concern about pesticides in the envi­
ronrnelll and their potential harm to 

users and consumers continues to 
increase. Integrated pest management 
addresses many of the problems associ­
ated with chemical pest control because 
1PM relies on cardul and continual pest 

monitoring. Sometimes pesticide appli­
cations are not needed or can be ti1ned 
more accurately. Generally, growers use 
less pesticide, resulting in a lower risk 
to people and to elements of the envi­

ronment. Ongoing programs in many 
locations have proven lPM techniques 

to be economical and effective. 

Through 1PM, long-term pest control 
reduces reliance on more expensive, 

shorl-lerm pest treatments. 



FIGURE 2-7 . 

This border inspection station located in Truckee is port of the effort to control the movement of pests 
into California. Inspection stations are in operation on all major highways into the state from Oregon, 
Nevada, Arizona, and Mexico. 

Regulatory Pest Conuol 

Individuals cannot comrol some 
types of pests at the local level. These 
pests include those that seriously 
endanger or harm the health of the 
public. These pests are also likely to 
cause widespread damage ro agricultur­
al crops or animals, forests, or orna­
mental plants. State and federal quaran­
tine, eradication, and abatement pro­
grams prevent the introduction and 
spread of such pests. 

Quarantine. Quarantine is a pest con­
trol process designed to prevent entry 
o[ pests into area free of that pesL. The 
state of California maintains inspection 
stations at all major entry points into 
the state. The goal of the inspection sta­
tions is co intercept pests or materials 
that migh t harbor pests. There are 16 
border stations for inspecting vehicles 
entering the state from Oregon, Neva­
da, Arizona, and Mexico (Figure 2-7). 
The California Department of Pesticide 
Regulation , in cooperation with the 
U.S. Department of Agriculture and 

local offices of county agricultural com­
missioners, also monitors airporlS and 
ocean ports. 

Quarantine is also used to prevent 
movement of designated pests within 
the state. Fumigation of produce and 
other identified items to destroy pests is 
required by law before these items leave 
a quarantine area. 

Nursery stock, plant cuuings, and 
budding and gra(cing material are regu­
lated Lo prevenL spreading pests. As part 
of this program the State of California 
maintains a registry of certified pest­
free plant material that can be shipped 
throughout the state. 

Eradication. For pests that are unac­
ceptable at any level , eradication is gen­
erally the only option. These pests are 
usually also under quaranLine restric­
tions. Scace or federal agencies super­
vise eradication programs. Once moni­
toring information confirms the need 
for eradication, state agencies deter­
mine the geographical extent of pest 
infestation. They then begin control 
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measures to eliminate this pest from the 
defined area. Procedures may include 

• an area-wide spray program 
0 releasing sterile insects 
0 using mechanical and cultural 

practices 
0 intensively monitoring for pests 

within and around the borders of 
the infested area 

Regula1ions prohibiting planting or 
growing certain host plants (host-free 
areas) or prohibiting the planting and 
growing of these plants during certain 
periods (host-free periods) may also be 
part of eradication programs. 

Abatement. Weedy areas and neglect­
ed or abandoned crops create fire haz­
ards and may harbor vertebrate, inver­
tebrate, or microorganism pests. They 
also provide a reservoir of weed seeds 
that threaten adjoining areas or crops. 
Specific host plants attract or promote 
the buildup of certain pest invertebrates 
or disease-causing organisms. Some 
weedy plants arc noxious to people or 
livestock. Government agenr.ies destroy 
weeds and plants that cause fire haz­
ards, harbor harmful pathogens or ani­
mals, or are noxious to people or live­
stock in and around agricultural areas. 
Similar authority applies to diseased or 
infected livestock or poultry and also 
extends to weeds and nuisance plants 
in residential, commercial, and indus­
trial areas. 

Mosquito abatement is an important 
pest control function undertaken to 

protect public health. Under the 
authority of mosquito abatement laws, 
state agencies drain or treat standing 
water that serves as breeding sites for 
mosquitoes. 

Other. Certain other activities can 
spread pest organisms to areas where 
they do not presently exist. These pests 
may cause injury or disease in people, 
high-value crops, or livestock and poul­
try. As a result, regulatory activities pla.y 
a role in 

• protecting native plants and pre­
venting them from being trans-· 
ported out of their native habitat 

• regulating and protecting the 
honey bee industry 

• regulating the production and sale 
of seeds within California 

• regulating predatory animals that 
damage livestock, agricultural 
crops, or standing timber 

• regulating the disposal of vessel 
and aircraft garbage 

Due to the migratory or dispersal 
nature of some pests and the suscepti­
bility of California to infestations of 
pests from other areas, the Slate of Cali­
fornia has entered into a pest control 
compact. This is an agreement with 
other participating states to share in 
managing mutual pest problems. Coop­
erating states contribute money to help 
finance pest control programs included 
within the compact. 



REVIEW QUESTIONS 

1. Efforts to completely eliminate a pes t species such as 
the Mediterranean fruit fly are known as: 
0 a. Eradication 
0 b. Suppression 
D c. Sanitation 
D d. Biological control 

2. A key pest is one that: 
D a. Causes damage only after other pests have 

been eliminated 
D b. Hardly ever needs Lo be controlled by pesti­

cides 
0 c. Causes damage on a regular basis unless you 

successfully control it 
0 d. Becomes a pest once in a while 

3. Applying a preemergence herbicide to an area where 
weed seeds are present is an example of what kind of 
pesticide use? 
D a. Preventative 
D b. Suppressive 
D c. Augmentative 
D d . Casual 

4. Suppressing a pest population involves: 
D a. Completely eliminating the pest 
D b. Treating Lo control a pest before it appears 
O c. Keeping a pest population below a certain 

level 
D d. Using only nonchemical control techniques 

5. Which of the following is not an example of biological 
control? 

D a. Predatory wasps on spider mites 
D b. Parasitic wasps on certain insects 
D c. Disease-carrying fleas on rodems 
D d. Nematodes for weed control 

6. The effectiveness of augmentation (the release of nat­
ural enemies) as a biological control technique is lim­
ited because the released organisms: 

D a. Are quickly demoyed by the pest population 
D b. Soon become a pest species 
D c. Upset the eco'logical balance by killing the 

pest population 
D d. Tend to leave the area soon after release 

7. Which of the following is an example of cultural 
control? 

D a. ·Discing weeds 
D b. Applying an herbicide 
D c. Releasing imported namral enemies 
D d . Fumigating a field prior to plaming 
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8. The use of ba.rriers such as screens, fences, and cloth 
mesh is known as: 
D a. Eradication 
D b. Elimination 
D c. Ecolog}' 
D d . Exclusion 

9. Sanitation is important in order to control: 
D a. Insects and rodems only 
D b. All lypes of pesL and disease organisms 
D c. Upsurges in natural enemy populations 
D d. Beneficial insects 

10. Integrated pest management is an important pest 
control strategy because it strives to : 
D a. Control pests without disrupting the ecologi-

cal balance 
D b. Complete!}' eliminate pest species 
D c. Control pests without the use of pesticides 
D d . Eliminate the need for constant pest moni-

toring 

11. One of the primary goals of integrated pest manage­
ment is to: 
D a. Eliminate all uses of pesticides 
D b. Change the ecological balance 
D c. Conserve natural enemies 
D d. Eradicate all pest species 

1 2. Quarantine is a pest management practice that is 
used to: 
D a. Maintain a population of a pest species 
D b. Prevent lhe encry of pests into new areas 
D c. Assure the un iform establishment of pest 

species in all parts of the state 
D d. Eliminale pests in areas where they have 

become established 

13. One of the main purposes of government abatement 
programs is to: 
D a. Eliminate areas where pests may breed and 

seek shelter 
D b. Prevem exotic pests from entering the state 
D c. Maimain mosquito breeding areas 
D d. Provide areas where endangered pest species 

can seek shelter and breed 
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HE FEDERAL INSECTICIDE, 

Fungicide, and Rodenticide Act 
(FIFRA) defines a pesticide as "any 
substance or mixture of substances 
intended for preventing, destroying, 
repelling, or mitigating any insects, 
rodents, nematodes, fungi, or weeds, or 
any other forms of life declared to be 
pests; and any substance or mixture of 
substances intended for use as a plant 
regulator, defoliant, or desiccant." 

Certain pesticides are synthetically 
produced organic chemicals. Others 
include naturally occurring organic 
chemicals, naturally occurring inorganic 
chemicals, or microbial agents. An 
organic chemical is one that contains 
carbon and hydrogen in its basic struc­
ture. Do not confuse organic chemicals 
with the pesticides approved for use in 
organic agriwlture. Microbial agents 
include naturally occurring organisms 
and those made through genetic manip­
ulation. A few pesticides are chemicals 
not commonly thought of as pest con­
trol agents. For instance, chlorine 
added to swimming pools for algae con­
tTol is a pesticide. So are household dis­
infectants, insect repellents, and plant 
growth regulators. 

Pesticides represent a broad range of 
hazardous and unique chemical com­
pounds. Many are toxic and present 
risks to users as well as the environ­
ment. As a result, selecting, using, and 
handling pesticides requires that you 
have special skills and training. You 
must understand the different ways in 
which pes~icides control pests. Also, 
you need to recognize how different 

pesticide formulations react with target 
pests, nontarget organisms, and the 
environment. 

To help you learn more about them, 
this chapter describes various types of 
pesticides and their formulations. lt 
explains pesticide toxicity and how cer­
tain factors alter toxicity. It shows you 
ways to prevent and resolve problems 
with pesticide incompatibility. The final 
section summarizes the types of pesti­
cides suitable for organic agriculture. 

PESTICIDE TOXICITY 

Toxicity, just like color or boiling 
point, is one of the characteristics 
used to describe chemicals. Toxicity is 
the capacity of a chemical to cause 
injury, sometimes referred to as poten­
cy. Most pesticides, by their nature, 
are toxic in order to destroy pests. 
Like other tox:ic chemicals, pesticides 
are hazardous because they have a 
potential for causing injury. Not all 
pesticides present the same hazard­
some are more toxic or potent than 
others. The highly toxic pesticides 
cause injury at smaller doses and 
therefore are more hazardous. 

Plant and Animal Tes ting 

One way to measure the toxicity of 
pesticides is to give known doses to lab­
oratory animals and observe the results. 
This is the way researchers find out the 
lethal dose or lethal concentration of 
each pesticide. Through animal testing, 
researchers also decide the maximum 
dose to which organisms can be 



FIGURE 3-J. 
----

The amo11nt of pesticide that will kill half 
of the group is the LDs,i , The smaller the 
LD10 the more toxic or hozordo11s a pesti­
cide is. LDs• 'Values are estab/isl1ed for 
both orol and dermal (skin) exposure. 
/11 this illustration the LD,0 is 7 0 mg o( 
pestldde per kg of body IVBight of test 
animQ{, 

exposed ,vithoul causing injury. They 
use the results from these types of tests 
lo predkl hazards lo people and non­
target organisms. 

Animal testing establishes exposure 
risks and provides information on mode 
of action (see page 80). Researcher con• 
duct different types of tests depending 
.on whal kind of infom1ation they need. 
In some cases, they feed th laboratory 
animals small subletltal doses of a pesti­
cide on a daily basis. Such studies E'Stab­
li.sh 110 observabl · elfcct levels (NOEL) 

and give information on the long-term, 
or chronic, eO"ects of pesticides. An array 
of special s tudies assesses the potential 
for causing sterilit.y. birth defects, cancer, 
or other problems in people. 

Short-tenn toxicity le.sting predicts 
the .acute (or immediate) heallh effect.s 
of pesticides. During a tudy, researchers 
give groups or laboratory animals single, 
high doses of a certain pesticide. They 
measure immediate responses and srudy 
the pesticide's mode of action. Exposing 
animals for short periods to large doses 
or a pesticide predicts hwnan hazards 
from exposure to small doses over 
longer periods. 
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Research workers test pesticides on 
mice, rats, rabbits, and dogs. They also 
perform toxicity lests on nontarget 
plants and animals when these organ­
i.sms a.re at risk from peslicide exposure. 
Nomarget animals may include insects 
( uch as bees), £ish, amphibians (frogs. 
toads, salamanders), deer, birds, and 
other wildlife. Researchers also test the 
pesticides on target pests Lo set the 
dosag rates listed on pesticide labels. 
These tests also tell how well the pesti­
cide works under different condi tions. 
The elTectiveness of a pesticide on its 

target pest is its efficacy. 

Lethal Dose and Lethal Concentra· 
tion. Researchers divide laboratory ani­
mals into several groups and lest differ­
ent routes of exposure. They rate a pesti­
cide's tQ>.icity by determining the 
amount, or /etlwT close (LD,o), that kills 
SO% of a tesl popula,tion (Figure 3-1). 
LDso is expressed as the mi11igrams 
(mg) of pesticide per kilogram (kg) of 
bodyweight of tesc animal (mg/kg). 
Research workers also determine how 
much pesticide vapor or dust in the air 
or what amount 0£ pesticide diluted in 
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rivers, slreams, or lake water causes 

dealh in 50% oflesl animal popula­

tions. This is the /ellwl conce11cra1io11 or 
LC,0 , wl1ich i.s e>..'J)ressed as micrograms 

(l/1.000,000g) per liter of air or water 

(µg/1). 

Different animals react differently to 

the same toxic chemicals, however. 

Even animals of the same species 

sometimes respond differently. Thi 

may b due 10 their age, life stage, 

health, or influences of enviromn ntal 

surroundings. 

The more toxic pesticides present 

higher hazards, or risks of injury, 10 

people and the environment (Table 3-

1). Besides tOxicil)', pesticide hazards 

also vary according to che way they 

emer the body. Normal routes of entry 

include the mouth, skin, eyes, and 

lungs. Researchers usually dete.rmine 

the LD,o of~ pesticide for exposures Lo 
skin (dermal exposure) and by swal­

lowing (oral exposure). 

Lethal dose or letlwl co,1ce11Cl'<1Cio11 
clrusificmions do not provide informm/011 
abow cltronic, /011g-tcr111 toxic effects. A 

T'AOLE 3-1. 

Om/ LO,. Values for Some Pesticides• 

BRAND 
CHEMICAL NAME 

aldkarb Temik 
methyl para th I on Pen11cap·M 
a;:inphos·mcchyl Guthion 

paraquat Gramoxone Extra 
diazinon D•zen diazinon 
2,4-0 Weedone 
carbaryl Sevin 

copper hydro~ide C·O·C·S 
pendimechalin Prowl 
malathion Cythron 
ziram Ziram 
propargi1e Omirc 
iprodione Rovral 
trifluralin Treflan 
glyphosate Roundup 
simaline Princep 
caparafol Oifolacan 
benomyl Benlate 
chlorothalonol Bravo 
oryr.ilin Surflan 
8. t/,1,ri11giei1si; Dipel 
mcthoprenc Precor 

pesticide that has a high LDso (relatively 

noOloxic) may not necessarily be harm­

less. Low exposure to some pesticides 

may cause health problems that onl y 

appear months or even years later. 

No Observabl Effect level. The no 

observable effect level (NOEL) is the 

maximum dose or exposure level of a 

pesticide that produces no noticeable 

toll..'ic eITecL on test animals. NOEL is a 

guide for establishing maximum expo­

sure levels for people and residue toler­

ance levels on pe ticide-,reated pro­

duce. Usually, the U.S. Environmental 

Protection Agency (EPA) sets exposure 

levels and residue tolen111ces at 100 to 

1,000 times less than che NOEL. This 

pr vides a wide margin of sarety. 

Threshold Limit Value . The 1/iresltold 
limit value (TLV) for a chemical is its 

airborne concentration in pans per mil­

lion that produces no adver e effects 

over time. Th TLV applies t pesticides 

used as Jimliganrs . The most common 

T V protects workers who are exposed 

TYPE OF 
LO,,. PESTICIDE 

0.79 insecticide 
insecticide 

ll insecticide 

150 herbicide 
300 Insecticide 
375 herbicide 
500 insecticide 

1,000 fungicide 
1.2SO herbicide 
1,37S inseccic,de 
1.400 fungicide 
2,200 acaricide 
3,500 fungicidl' 
3,700 herbicide 
4,300 herbicide 
S,000 herbicide 
6,200 fungicide 

>10,000 fungic,de 
>10,000 fungicide 
>10,000 herbicide 

15,000 i 11 secc,cide 
34,600 insect growch 

rcgularo1 

LO,. values rnay vary due to formulation types. These values are shown for comparative purposes only. 
Some chemicals listed may no longer be in use as pesticides. 



Lo low-level concentrations of toxic 
chemical for 8 hours per day for 5 con­

secutive days. Sometimes regulations 
set a TLV for short-term exposure Lo 

protect workers who must briefly enter 
recently treated areas. Although this 

concentration of airborne chemical is 
higher than the long-term TLV. injury 
will not resuh because of the limited 
exposure period. Researchers est.ablish 

safe TLVs by exposing laboratory ani­
mals to different airborne concentra­
tions and analyzing the resul15. 

Factors that influence 

Pesticide Toxicity 

Certain conditions increase or 

decrease the ability of a pesticide to 
control a pesL Some of these are tem­

perature, humidity, and e..'<Posure to 

sunlighL, wind. or rain . Even genetic 
variations cause some plants or animals 
to respond differemly. Also. the age and 
general health of a pest often control 
how well pesticides work. For instance, 
weeds chat are watet stressed or not 

growing vigorously may be more toler­
ant to some herbicides. 

Once applied, pesticides usually 
break dmvn into different chemicals or 

chemical compounds after a while. 
These new chemicals may be less toxi 

u\OLE 3-l . 

Sig,ol Words of Pesticide Toxid~ Categories. 

PESTlCIDE WI.BEL SIGNAL WORDS 

HAZARD 
INDICATORS: DANGER 

oral LO up to and inehiding 
50 mg,/kg 

inhalation LC10 • up co and including 
0.2 mg/Iker 
(0- 2,000 ppm) 

dem,al LO • up co and including 
200 mg/kg 

eye effects corrosive; corneal 
o)iacicy not reversible 
wthin 7 d.i.y~ 

skin effecu corrosive 
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or more toxic than the original pesti­
cide. The rime it takes for a chemical LO 

break down in the environment or 
change from its original form is ils lialj­
life. Soil microbes, ultraviolet light, 
temperature, quality of the water used 

in mixing, or impurities combined with 
Lhe pesticide iucrease or decrease the 

half-life. Sometimes impurities contam­
inate pesticides during manufacture, 
formulation, storage. or while you are 
mixing them. Besides the environment, 
the chemical nature of the pesticide and 
ilS formulation affect ilS half-life. 

Combining pesticides with other pes­
ticides can also change toxicity or alter 
the half-life. Persistent pesticides are 
those that remain in their active state in 
the environment for long periods. Chap· 

ter 5 discusses pesticide persistence.. 

Pesticide Toxicity Classification 

Federal regulations group pesticides 
into three categories according to their 
tmdcity and potential 10 injure people 
or the environment (Table 3-2). Pesti­
cide labels indicate these categories by 
the following signal words: 

• Danger 
• Warning 

• Caution 

WARNING CALmON 

fi-om SO to SOO greater than 
m!!Jkg soo mg,/kg 

&om 0 .2 to greater than 
2 mg/liter 2 mg/liter 
(2,000-20,000 ppm) (greater than 

20,000 ppm) 

fi-om 200 ro 2 ,000 greater than 
mg/kg 2,000 mg/kg 

corneal opacity no corneal opacity; 
reversible within irritation reversible 
7 days; irritation within 7 days 
persisting for 7 days 

severe i rrita tio n moderate irntacion 
at72 hours a 72 hours 

• LD .. values represent milligrams (mg) of rhe pestic de per kilogram (kg) of body weight of the test 
animals. LC;o valuc.s represent the milligrams of pesticide per liter of air inhaled by the test animals . 
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FI GURE 3-2 . 

The most hazardom pesticides are rec:og· 
nized by the signal word Danger a11d 
o skull and crossbones with the word 
"Poison " 011 the label. A few drops W 

a teaspoonful of these pesticides, taken 
internally, would probably cause death. 
These pesticides have an oral LO,. of 
50 mg/kg or less and dermal LO,. of 
200 mg/kg or less. 

FIGURE 3-3. 

Moderately hazardous pesticides have the 
signal word Warning 011 their labels. 
One teaspoonful to 1 ounce of pesticide 
in this category would probably kill o per­
son if taken internally. These pesticides 
hove on oral LO,. in the range of 50 to 
500 mgkg and o dermal LDs• in the 
range of200 to 2,000 mg/kg. 

Danger pesticides are the most toxic 
or hazardous, and regulations normally 
restrict their use. Cmaion pesticides are 
the least toxic to people and are gener­
ally less hazardous. Dillerem label and 
regularory requirements apply to each 
category. For example, you must use a 

closed mixing system and other safety 
equipment when mixi ng liquid Da11ger 
pesticides. ln California you need pe1·­
mits to buy, possess, and use most Dan­

ger pesticides. To gel a permit you must 
be a certified applic.-ator. 

Danger Pes ticides 

Danger pesticides have an oral LD511 

up to 50 mg/kg or a dennal LD,0 up to 
200 mg/kg. Some of these also have the 
word Poison and a skull and crossbones 
on their labels (Figure 3-2). Danger pes­

ticides wiLh the skull and crossbones 
are the most hazardous because they are 

the most toxic. A few drops to a tea­
spoonful of some of these pesticides 
could possibly cause death if swal­
lowed. Less toxic pesticides may still 
have the signal word Danger on their 
labels if they cause specHic hazards . 
These hazards include severe skin or 
eye injury or a particular hazard to rhe 
environment. For those, the signal 
word Danger appears on the label , but 
not the word Poison or the skull and 

crossbones. 

~•~n;n 

ding So d 
·at Turf 
y 

I 

Warning Pesticides 

Warning pesticides have an oral LD,0 

between 50 and 500 mg/kg or a dermal 

LD~ between 200 and 2,000 mg/kg. 
These are moderately hazardous (Fig­
ure 3-3). 1f swallowed, from l tea­

spoonful to 1 ounce (6 teaspoons) of 
many pesticides in this group would 

probably kill an adult. 

Caution Pesticides 

Caution pesticides have an oral LDJu 
over 500 mg/kg and a dermal LDw 
greater than 2,000 mg/kg (Figure3-4). 

he signal word Caution indicates they 

may be slightly hazardous. An aduJt 
would probably need to swallow over 1 
ounce of these types of pesticides to 
cause death or serious injury. 

HO'vV PESTICIDES 
ARE CLASSIFIED 

E.-xperts classify pesticides according 
to their function (Table 3-3) , For exam­

ple, insecticides control insects and her· 
bicides control weeds. Many plant 
growth regulators enhance growth or 
fruiting of cultivated plants . Attractan ts 

and repellents are pesticides because of 

their use in pest control. 
Some specific pesticides control more 

than one group of pests and are there­

fore in more than one pesticide class. 

FOR EXPERIMENTAL USE ONLY' 
EPA Expenme-ntat Use Parniit No . .8340-EUP-9 
NOT FOR SALE ID ANY OTHER PERSON 
OTHE~ THAN A PARTICIPANT OR COOPERA· 
10A OF THE !?PA-APPROVED EXPERIMENTAL 
USE PROGRAM, FOR use ONLY A1' AN APPLI· 
CATfON SITE OF A COOPERA10R ANO IN 
i\CCOROANCE WfTH THI:' 11:FIMS ANO COcl, 
OJTIONS O F THE E)(F'a'lf ~5t-If,\L use PEA· 
MIT, THIS U18ELfNG MUS'l' Bf; IN Tt1E 
POSSESSION OF THE 1JS£A AT Tl E:: TIME 
OF i>cSTICIOE APPUCATlON 



FIGURE 3·4 . 

The least hazardous pesticides are recog­
nized by the signal word Caution on 
their labels. It would probably take more 
than 1 ounce of material in this category, 
taken internally, to kill an adult. These 
pesticides have an oral LD10 greater than 
500 mg/kg and a dermal LD,0 greater 
than 2,000 mg!kg. 

PESTICIDES • 7l 

TABLE 3-3. 

Pesticide Classification Based on Target Pests and Pesticide Functions. 

PESTICIDE TYPE 

acaricide 

algaecide 

attractant 

avicide 

bactericide 

defoliant 

desiccant 

fungicide 

growth regulator 

herbicide 

FUNCTION 

kills mites 

kills algae 

a ttraccs p escs 

kills birds 

kills bacteria 

removes plant foliage 

removes water from 
arthropod pescs 

kills (or suppresses) 
fungi 

regulates plant or 
animal growth 

kills weeds 

PESTICIDE CHEMICAL• 
(BRAND NAME) 

propargite (Omice) 
fenbucatin-oxide (Vendeic) 

copper sulfate 
dichlone 
endothall (Hydrothol 191) 

pheromones 
baits 
miscellane.ous chemicals 

aminopyridine (Avitrol) 
starlicide 
Omitrol 

oxytetracycline ( Mycoshield) 
copper compounds 

endotha!I (Accelerate) 
th idiawran (Dropp) 
rribucyl phosphorotrithioice 
(Folex) 

boric acid powder 
silica gel 
diatomaceous earth 

benomyl (Benlate) 
copper sulfate 
chlorothalonil (Bravo) 

gibberellic acid (Pro-Gibb) 
chlorocarbanilace (Sprout Nip) 
mechoprene (Precor) 

atra.zine 
bromoxynil (Buctril) 
triAuralin (TreAan) 
paraquat (Gramoxone) 
petroleum oil 

•some chemicals listed here may not be currently registered as pesticides. 
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(continued) 

PESTICIDE TYPE FUNCTION 

insecticide ki lls insects 

molluscicide kills snails or slugs 

nemacicide kills nematodes 

piscicide kills fish 

PESTICIDE CHEMICAL• 
(BRAND NAME) 

diazinon 
permethrin (Ambush) 
azinphos-methyl (Guchion) 
methyl parathion 
petroleum oils 

Snarol 
mesurol 
triphenmorph (Frescon) 
clonitralid (Bayluscide) 

carbofuran (Furadan) 
phosphoramidate (Nemacur) 
didoropropene (Telone) 

rocenone 
Lamprecide 
ancimycin (Fincrol) 

predacide kills mammal predators strychnine 

repellent 

rodencicide 

silv1cid e 

repels animals or 
invercebrace.s 

kills rodents 

kills trees and woody 
shrubs 

zinc phosphide 
compound 1080 

DEET 
methiocarb (Mesurol) 
avitro l 
thiram 

chlorophacinone 
strychnine 
hydroxycoumarin (Warfariri) 
diphacinone (Diphacin) 
brodifacoum (Talon) 
bromadiolone (Maki) 

cebuthiuron (Spike) 
petroleum oils 

'Some chemicals listed here may not be currently registered as pesticides. 

The compound 2,4-D, for instance, 
when used al low rates, regulates plant 
growth. However, it is an effective 
broadleaf herbicide when applied at 
higher concentrations. Oll..-ythioquinox 
(Morestan) works as an acmicide.Jungi­
cide, and insecticide. 

Pesticide Chemical Groups 

ExperLS also group pesticides accord­
ing to chemical origin. This type of 
classification often reveals common 
characteristics such as mode of action, 
chemical structure, and types of formu­
lations possible. There may also be sim­
ilarities in environmental persistence 
and how· related pesticides break down 
through biological processes. Table 3-4 
lists the chemical groups for most com-

monly used pesticides and their modes 
of action. 

Insecticides 

Materials used as insecticides come 
from various chemical groups, such as 

those listed in Table 3-4. Three of the 
most common insecticide groups are 
the organochlorines, organophos­
phates, and N-methyl carbamates. 

Organochlorines. Organochlorines 
(also known as chlorinated hydrocar­
bons) were one of the original types of 
synthetic chemicals used as pesticides. 
They became the mainstay for control· 
ling insects and mites in the early years 
of chemical pest management. Some of 
these materials are highly poisonous to 
mammals, including people, while 



TABLE 3-4 . 

Pesticide Chemical Groups. 

CHEMICAL TYPE 

INSECTICIDES 
petroleum oils 

organochlorines 

organophosphaces 
aliphatic derivatives 

phenyl derivatives 

hererocydic 
derivatives 

organosulfurs 

carbamates 

formamidines 

thiocyanate., 

dinitrophenols 

organotins 

bocanicals 

pyrechroids 

inorganics 

fumigants 

supreme oil , superior oil 

DDT, mechoxychlor 
hexachlorocyclohexanes 
cyclodienes ( chlordane, 

thiodan) 
polychloroterpenes {toxaphene)· 

malathion, dimechoate, 
disulfoton (Di-Syscon) 

ethyl parathion, methyl parathion, 
sulprofos (Bolstar) 

diazinon, a:zinphos-methyl 
(Guchion), chlorpyrifos 
(Lorsban, Dursban), 
phosmec (lmidan) 

propargice {Omice) 

carbaryl (Sevin), methomyl 
(Lannate), aldicarb (Temik), 
propoxur (Baygon), 
bendiocarb (Ficam) 

chlordimeform (Galecron), 
amicra:z (Baam) 

thanite 

dinoseb, dinocap (Karathane) 

cyhexatin (Plictran ), 
fenbutatin-oxide (Vendex) 

nicotine 
rotenone 
sabadi/la 
ryania 
pyrechrum 

permechrin (Ambush and 
Pounce), fenvalerate (Pydrin), 
allethrin (Pynamin), 
resmechrin (Synchrin) 

silica gel, boric acid 
sulfur 

arsenic 

mechyl bromide 
ethylene dibromide 
hydrogen cyanide 

chloropicrin, vapam, 
telone, naphthalene 
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MODE OF ACTON .. 

physical coxicants 

axonic poisons 
axonic poisons 
central nervous system 

synaptic poisons 
axonic poisons 

cencral nervous system 
synapcic poisons 

cencral nervous system 
synaptic poisons 

central nervous system 
synaptic poisons 

axonic poisons (also 
inhibit metabolism 
and respiration) 

central nervous system 
synaptic poisons 

adrenergic inseccicides 

incerferes with cellular 
respiration and 
metabolism 

metabolic inhibitors 

metabolic inhibitors 

poscsynaptic poison 
metabolic inhibitor 
muscle poison 
muscle poison 
axonic poison (also inhibits 

mixed function oxidase 
when mixed with 
a synergist) 

axonic poisons (also inhibit 
mixed function oxidase 
when mixed with 
a synergist) 

physical toxicants 
interferes with electron 

transport, also a cellular 
poison 

inhibits respiration 

narcotic and alkylating agenr 
narcotic 
narcotic and alkylating 

agent 
narcotic 

Some ofche materials listed on chis cable may no longer be registered for use as pesticides in the 
United States. 
See the Glossary for definitions of the modes of action. 
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(amtinued) 

CHEMICAL iYPE 

INSECTICIDES (continued) 

microbials 

insect growth 
regula tors 

HERBICIDES 
inorganics 

petroleum oils 

o rganic arsenicals 

phenoxyaliphatic acid 

amides 

substituted anilines 

substituted ureas 

carbamares 

chiocarbamates 

criazines 

aliphatic acids 

subscirured benzoic 
acids 

phenol derivatives 

nirriles 

b ipyridyliums 

microbia ls 

uracils 

EXAMPLE" 

Bodi/us thun·n,Jensis 
viruses 
fungi 

methoprene, difl uben2.uron 
(Dimilin) , ocher chitin 
synthesis inhibitors 

sodium chlorate 

summer oil , dormant oil 

MSMA, OSMA, cacodylic acid 

2,4-D, 2,4,S-T, diclofob 
methyl (Hoelon) 

propanil (Kerb) , 
napropamide (Devrinol), 
alachlor (Lasso), 
metolachlor (Dual ) 

trifluralin (Treflan), oryzalin 
(Surflan) , pendimechalin 
(Prowl) 

cebuthiuron (Spike), diuron 
(Karrnex), fenuron (Dybar) 

propham (Chem Hoe), 
barban, asu lam (Asulo)() 

molinate (Ordram), 
cydoace {Ro-Neet) , 
butylate (Sutan) 

atrazine {Aatrex), simazine 
(Princep ), mecribuzin 
( Lexone) , cyanazine (Blad ex) 

TCA, dalapon 

dicamba (Ba nvel), OCPA, 
chloramben (Amiben) 

dinoseb 

d ichlobenil (Casoro n), 
bromoxynil (Bucrril) 

d iquac, paraquat 

Phytophthora palmivora 
(Devine) 

bromacil (Hyvar-X), 
cerbacil (Sinbar) 

MODE OF ACTON• • 

various 
various 
various 

influence growth and 
development 

desiccant 

physical toxicants 

interfere with cellular 
respiracion and 
mecabolism and ocher 
functions 

multiple actions 

inhibir rooc and shoot 
growth 

inhibit root and shoot 
growth 

block photosynthesis 

block photosynthesis and 
interfere with cell divis ion 

interfere with cellular 
respiration and merabolism, 
block photosynthesis, and 
inhibit root and shoot 
growth 

block photosynthesis 

unknown 

unknown 

destroy cell membranes, 
also a desiccant 

interfere wich cellular 
respiration and metabolism 
and inhibit carbon 
d io~ide fixation 

destroy cell membranes, 
desiccant, and block 
phorosynthesls 

destroy plant cells 

block photosynthesis 

Some of the materials listed on this rable may no longer be registered for use as pesticides in the 
United States. 
See che Glossary for definitions of the modes of action. 
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CHEMICAL TYPE 

HERBICIDES (continued) 

sulfonylureas 

miscellaneous 
herbicides 

Pu\NT GROWTH 
REGUu\TORS 

auxins 

gibberellins 

cytokinins 

ethylene generators 

AJNGICIOES 
inorganic fungicides 

dithiocarbamates 

rhiazoles 

triazines 

substituted aromadcs 

dicarboximides 

oxarhiins 

benzimidazoles 

acylalanines 

criazole 

piperazine 

imide.s 

quinones 

aliphatic nitrogen 
compounds 

fumigants 

antibiotics 

EXAMPLE~ 

chlorsulfuron (Glean), 
sulfomethuron-methyl (Oust) 

endothall, glyphosace (Roundup), 
oxyfluorfen (Goal) 

IAA, 2,4-D, VAR 

ProGibb, Release 

zearin, kineon 

ethephon (Ethrel) 

copper 
sulfur 

thiram, maneb, ferbam, 
ziram, Vapam, zineb 

erhazol (Terrai:ole) 

anilazine 

hexachlorobeniene, 
<:hlorothalonil (Bravo), 
chloroneb 

eapran, folpet, caprafol 
(Difolatan) 

carboxin, oxyc:arboxin 

benomyl (Benlate), 
thiabendazol, 
chiophantate {Topsin) 

metalaxyl (Dual) 

mdimefon (Bayleton) 

mforine 

iprodione (Rovral), 
vindow!in (Ronilan) 

ch!orani!, dichlone 

dodine 

chloropicrin, methyl 
bromide 

streptomycin, 
cycloheximide 
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MOOE OF ACTON•• 

interfere with cell division 

inhibit merabolism and 
protein synthesis 

ace on DNA-RNA prorein 
system to increase or retard 
growth rate 

1mporcant in shoot elongation 
control of dormancy, and 
fruit maturation 

promote cell division, bud 
growth; used to prolong 
smrage of fi-esh produce 

stimulate seed germination and 
sprouting; regulate Oo,ver, 
le.af, and ITuit drop 

enzyme inhibitor 
metabolic inhibitor 

enzyme inhibitors 

enzyme inhibitors 

inhibits metabolism and 
protein synthesis 

enzyme inhibitors 

enzyme inhibitors 

metabolic inhibitors 

inhibit metabolism and 
protein synthesis 

enzyme inhibitors 

inhibit merabolism and 
protein syn thesis 

Some of the materials listed on this table may no longer be registered for use as pesticides in che 
Unfred Stares. 

• • See the Glossary for definicions of the modes of action. 
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others are reasonably harmless. Many 
are fat-soluble, so traces of organochlo­
rine pesticides frequently appear in 
animal tissues. Mosl organochlorines 
do not break down mpidly in the envi­
ronment. This made them attractive for 
structural pest control and public 
health applications. 

The U.S. EPA has now banned most 
of the early organochlorines due to 
environmental persistence, impact on . 
wildlife, or other concerns. DDT, chlor­
dane, toxaphene, and dieldrin are some 
.of these earlier organochlorine insecti­
cides. Newer, less persistent types of 
organochlorines are used today for con­
rrolf ing certain insects and rodents. 

Organophosphates. Organophos­
phates are an important group of pesti­
cides widely used to manage insect and 
mite pests. These pesticides.are deriva­
tives of phosphorous compounds and 
some are among the most acutely toxic 
chemicals known. Many organophos­
phates are absorbed through the skfn, 
lungs, or digestive tract. They interfere 
,vith animal and human nervous sys­
tems, effects that are shared by some of 
the carbamates. Organophosphate pesti­
cides usually breakdown rapidly in the 
environment. Well-known organophos­
phate insecticides include parathion, 
malathion, phosdrin, diazinon, chlor­
pyrifos, and azinphos-methyl. 

Carbamates. Carbamates area widely 
used group of synthetic organic pesti­
cides. They are highly effective, moder­
ately priced, and, under normal condi­
tions, short-lived in the environment. 
Derivatives of carbamic acid, they 
include the sulfur-containing sub­
groups of diLhiocarbamates and tltiocar­
bamates. Besides being used as insecti­
cides, some types o( carbamates have 
uses as fungicides, herbicides, mollusci­
cides, and nematicides. ln animals, one 
group, then-methyl carbamate insecti­
cides, impairs nerve function and is 
highly toxic to mammals, including 

human beings. N-methyl carbamate 
insecticides do not build up in animal 
tissue, so their toxic effects are often 
short-Hved and reversible. Examples of 
n-methyl carbamate insecticides 
include carbaryl (Sevin), aldicarb 
(Temik), and methomyl (Lannatc). 

Herbicides 

Table 3-4 lists many of the chemical 
groups that have compounds used to 
control weeds. Early herbicides were 
generally broad-spectrum contact mate­
rials. These are now being replaced by 
more unique chemicals that destroy 
weeds through many varied and specif­
ic modes of action. 

Fungicides 

Fungicides include compounds such 
as inorganic metals and sulfur and a 
wide range of synthetic organic chemi­
cals. Table 3-4 lists these various chem­
ical groups. 

Special Types of Pesticides 

A few pesticides do not belong to spe­
cific chemical groups. Some occur natu­
rally, some are produced by living 
organisms, and others are manufac­
tured. These special types o( pesticides 
include antibiotics, anticoagulants, 
botanicals, insect growth regulators, 
inert dusts, microbials, petroleum oils, 
pheromones, plant hormones, and 
soaps. The following sections describe 
these unique materials. 

Antibiotics 

An antibiotic is a substance produced 
by one organism that kills or inhibits 
another organism. The antibiotic peni­
cillin, used to control bacterial infec­
tions in people and animals, comes 
from a fungus. Streptomycin, used to 
treat bacterial diseases in people, ani­
mals, and plants, occurs naturally and 
is also a synthelically produced antibi­
otic. Te1Tamyci11 and other similar syn­
thetic antibiotics resemble naturally 



78 • PESTICIDES 

TABLE 3-5 . 

Insecticidal Chemicals Derived from Plants. 

INSECTICIDE SOURCE 

pyrethrum Extraet from drred flowers of 
cercairi chrysanthemum species. 

pyrechrins 

rocenone 

nicotine 

sabadill a 

hellebore 

Chemical excracts of nacurall y 
occurring pyrechrum. 

Derived by grinding roots of 
of certain legume planes 
(68 different species). The 
United States supplies come 
primarily fiom roots of the 
cube plane. 

An extract from several species 
of tobacco, usually used as 
the su lfate. 

Obtained from the dried 
,ipe seed of a South American 
lily plant. 

Made from che dried rhiwmes 
of several species of lily planes, 
many of which occur naturally 
in the United States. 

USES/COMMENTS 

Has contact, sromach, and fi,migant 
poisoning action on insects. Is also 
t.o~ic co cold-blooded animals. Kills 
aphids, mosquitoes, mes, fleas, 
mPalybugs, cabbageworms, chrips, 
beetles, leafhoppers, lice, loopers, 
and many ochers. lnse.cticidal action 
is degraded rapidly by sun light. 
Action is often enhanced by add ition 
of piperonyl butoxide, a synergisr. 

Similar uses as for pyrethrum. Many 
different pyrethrins are derived from 
pyrerhrum. Some may have more 
specific action to certain insect pests 
and are safer to nontarget insects. 

Contact and scomad1 poison , Used 
co control beetles weevils, slugs, 
loopers, mosquitoes, chrips, fleas, 
lice, and flies . Also used co control 
unwanted fish. Acts as a repellent 
and acaricide-nontoxic co honey 
bees. Rotenone is slow acting and 
has a short residual . 

Registered for use on many types 
of crops. Used in greenhouses and 
household applications for control 
of aphids, th rips, leafhoppers, and 
ocher sucking insects . Kills by contact 
and fumigation poison activity. Toxic 
co people and domestic animals if 
used improperly. Used also to repel 
dogs and rabbics. 

Has contac:c and stomach poison 
action against cockroaches, several 
species of bugs, potato leafhopper, 
imported cabbageworm, house fly, 
th rips, and the cattle louse. Is oorjc 
to honey bees but not highly toxic ro 
mammals. Used on many types of 
tree and vine fruits, forage crops, 
and vegetables. 

Controls several cypes ofinseccs buc 
does not have high insecticidal 
activity. Hellebore is rapid ly broken 
down by sunl ight. 

ryania Made from the powdered roots, 
leaves, and stems of a native 
South American plant. A synergisc 
is often used to enhance its 
activity. 

This compound is effective against 
com earworm, codling moth , 
German cockroac~. house fly, 
mosquitoes, European corn borer, 
oriental fi-uit moth, and the 
imported cabbage worm. Ryania 
has low toxicity co mammals. 

ern joint vetch weed in rice and soy­
beans. Some viruses effectively control 
several moth pests, including the 
codling moth. The plant disease caused 
by Phytophtltora r,almivora controls 
milkweed vine in citrus. 

The use of microbial pesticides is 

growing in popularity. This is due to 
their extremely low hazards lo people 
and nontarget organisms and their 
specificity to target pests. Besrdes natu· 
rally occurring microbial organisms, 
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Insect Growth Regulators. 

COMPOUND BRAND NAME(S) USES 

Gencor hydroprene 

methoprene Altosid, Diacon, Pharoid, Precor 

Used for control of cockroaches. 

Controls ants, cigarett:e beede.s, 
fleas, nies, !eafhopper-s, lice, 
mosquitoes, moths, stored product 
pests, and others. 

TABLE 3-L 

Characteristics of Petroleum Oils Used os Insecticides and Acariddes. 

CLASSIFI ED Oll5 
Pen:ent Distilled 

Minimum SO% Point at 636° Fand 
Grade UR• '°F•• Atmospheric Pressure 

heavy 94 671 10-25 
heavy-me.di um 92 656 28-37 
medium 92 645 40-49 
light-medium 92 628 52-61 
light 90 617 64-79 

UNClASSIAED OILS 
Minimum 50% Point 10-90% Minimum 

Type UR• Of•• Range••• %Cp .. •• 

supreme 92 490 100-110 60 
NR 440 92 440 + 8 80 60 
NR41S 92 415 + 3 60 60 

• UR • Unsulf"onated Residue. 
• •The temperature at ,11hich half of the oil dinills under a vacuum of 10 mm of mercury. 
'• Distillation temperature range. 
• • ' • The percent of paraffin-based molecules in the oil . 

manufacturers are researching uses for 
genetically altered organisms as pesl 
control producLS. 

Petroleum Oils 

Some highly refined petroleum oils 
are lethal to cenain invertebrates. Pest 
managers use them to control aphids, 
scales, mealybugs, eggs of these insects, 
and mites and mite eggs. Petroleum oils 
destroy these plant-feeding pests 
through suffocation. Lesser-refined 
petroleum oils have uses as nonselec­
tive herbicides. The.y destroy weeds by 
injuring cell membranes. 

Refined oils used as insecticides and 
acaricides consist of five grades of clas­
sified oil: light, light-medium, medium. 
heavy-medium, and heavy. They also 
include two types of unclassified oils: 
supreme and narrow-range. Oils in 
these groups include types commonly 

referred LO as dormant oils, summer 
oils, supreme oils, superior oils, and 
narrow-range oils. Each type has cer­
tain features imporlant for comrolling 
pests and reducing injury to treated 
plants (Table3-7). Materials that injure 
plants are plzytocoxic. 

Characteristics that influence the 
safety and effectiveness of insecticidal 
oils are the 

• unsulfonated residue (UR) rating 
• distillation lemperature and range 
• hydrncarbon composition 

Pheromones 

Pheromones are unique chemicals 

produced by animals that stimulate 
behavior in other animals of the same 
species. Many insects depend on 
pheromones to locate mates. Synthetic 
insect pheromones are useful tools for 
monitoring insect activity, Liming insec-
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flGURE 3-7_ 

Pheromones are unique chemicals that 
attract certain species of insects. Use 
them in your pest management program 
to monitor pest insect activity. This allows 
you to know when to make an insecticide 
application. This photograph shows 
codling moths being monitored in a 
walnut orchard. 

ticide applications, and attracting 
insects to poisoned sprays. For moni­
toring, pest managers use synthetic 
pheromones with sticky insect traps 
(Figure 3-7). Pest managers use certain 
pheromones Lo disrupt mating activity 
of some insects and reduce these pest 
populations. 

Plant Growth Regulators 
and Plant Hormones 

In nature, hormones and growth reg­
ulators produced by plants control 
fonctions such as flowering, fruit 
development, nutrient storage, and 
dormancy. Manufacturers either de1ive 
plant growth regulators and plant hor­
mones from plants or synthesize them. 
These synthesized materials mimic nat­
urally occurring plant chemicals or 
induce abnormal growth changes in 
plants. They regulate plant growth, 
enhance fruit production, remove 
foliage for ease in harvesting a crop, or 
destroy undesirable plants. Table 3-8 
lists some of the chemicals that have 
hormonelike action. 

Soaps 

Pesticide soaps control insects, 
mites, mosses, liverworts, algae, and 

lichens by interfering with cellular 
metabolism of the target pest Insectici­
dal soaps are most effective on soft­
bodied insects such as aphids, scales, 
psyllids, and some larval stages of 
other insects. Pesticide soaps have the 
ad vantage of being nearly nontoxic to 
vertebrates, including people. Soap 
sprays might damage some non target 
plants, so before using them, check the 
label for any resnictions. Use only 
soaps labeled for pest control. 

MODE OF ACTION 

The way a pesticide destroys or con­
trols a target organism is its mode of 
action. Table 3-4 (page 73) lists differ­
ent modes of action. Understanding 
modes of action makes it easier to select 
the right pesticide. lt also helps you 
predict which pesticide works best in a 
particular situation. If pests show resis­
tance to one pesticide, select a material 
With a different mode of action. 

Usually, pesticides within a chemical 
class have the same mode of action on 
specific types of pests. They may also 
have similar characteristics such as 
chemical structure, persistence in the 
environment, and types of fonnula­
tions possible. 

The type of injury caused by a pesti­
cide may be local, systemic, or both. 
Local injury usually involves damage 
to tissues that initially contact the pes­
ticide, such as leaves. Pesticides with 
systemic action move, after applica­
tion, to other tissues where damage 
occurs. For instance, some 1ea(-appUed 
herbicides move through the plant to 
growing points (roots and shoots). 
Ingested anticoagulant rodenticides 
move from the intestines into the blood 
o( rodents where they interrupt the 
normal clotting mechanism. 
Organophosphate and n-methyl carba­
mate insecticides interfere with nerve 
transmission at specific sites within the 
insects' central nervous system_. 
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TA OLE 3-8. 

Materials Hoving Plant Crowt/i Regulator 011d Plant Hormone Activi~. 

COMPOUND 

carbaryl 

chlorpropham 

cytokinlri 

damlnoz1de 

dimethip1n 

ethephon 

gibberellic acid 

gibberellic acid and 
N-[ pheny!mechyl~ 
1 H-p1.1rine, 6-amine 

menuidide 

mepiquat-chloride 

nephthaleneacetic 
acid (NM) 

N-(phe.nylmechyl]-
1 H-purine-6•amine 

N-(phenylmechyl)· 
9-[ tetnhydro-21'1· 
pyran-2-yl]-9H­
purine-6-amine 

pyridazinedione 

2,4· 0 

BRAND NAME 

Sevin 

Sprout Nip 

Cytei1 

Alar 

Harvade 

Ethrel, Florel , Prep 

Pro-Gib, Gibrel 

Promalin 

Embark 

Pi~ 

Fru tone N, NM-800, 
Srik, Tre-Hold 

Pro-Shear 

Accel 

Royal MH-30, Royal 
Slo-Gro, Sprout Stop, 
Sucker-Scuff 

2,4-0 

A thinning agent on apples, (Also used as an 
insecticide.) 

Inhibits poraco sprouting, 

lncreai;es cell elongation, i,riproves fi-uit sec, 
and enhances color. 

Controls height, retards growth, promotes early 
budding of omamencals. Hai;rens ripening 'lnd 
concentrates macuricy of cherries, peaches, 
and nectarines. Controls premature ripening 
and prevents drop in pears. Many other uses. 

A desiccant, defoliant, and abscission agenc 
for improving cotton harvest. 

Hascens yellowing of cobacco. Promotes and 
concentrates maturity of berries, cre.e. fi-uits, 
grapes, tomatoes, and other crops. Loosens 
walnuts to improve harvesr. Used to eliminare 
unwanted fruir and leaves. Promotes flowering 
in cenain ornamentals. Accelerates opening 
of mature unopened cotton bolls and 
enhances defoliation to improve early harv'esr. 

Increases fruit set, size, and yield. Controls 
lemon marurity, Breaks dormancy in potatoes. 
Produces larger and mo~ profuse flowers in 
omamenrals. M2ny ocher uses in \ll!getable1 

grain, and fruit crops. 

Improves shape, size, firmness, color, and yield 
in apples, 

Regulares growth of wrfgrass, broad leaf vege.ta· 
tion, and omamencals in landsc.iped areas. 

lmpro\le.5 yield, shortens plant height, 
accelerates maturity, and opens canopy or 
cotton plarits. 

Controls drop in apples and pears, Used as 
apple chinning agent. As wound dressing, 
suppresses sprouting from pruning cuts. 

Improves growth and fullness of white pine. 
grown for Chrlstmai; O'e~. 

Increases number of lateral branches ofroses, 
carnations, and other oma111entat flowers . 

Controls sprou~ing of potatoes and onion:;. 

Increases fi-u ic size and reduces drop in cimis. 
Intensifies color and improves sllin appearance 
in potatoes. (Also used as an herbicide.) 

• Some mace rials listed here may not be registere.d for use as plant growth regulators or plant 
hormones. Check current labels before use. 
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Applying systemic insecticides lo 
host plants or animals sometimes pro­
tects them from damage by pest organ­
fsms. For example1 growing plants pick 
up soil-applied systemic insecticides 
and transport them to the leaves. This 
makes the plants toxic LO foliage-feed­
ing insects. Veterinarians give pets and 
livestock low doses of systemic insecti­
cides to control internal and external 
parasites. Pest managers inject trees 
with insecticides or antibiotics to pro­
tect them from pest organisms. 

The mode of action of certain herbi­
cides destroys weeds by damaging leaf 
cells and causing plants to dry out. Oth­
ers alter the uptake of nutrients or 
interfere ·with the plant's ability to grow 
normally or convert light into food. The 
mode of action often dictates when and 
how to use an herbicide. Apply those 
that inhibit seed germination or 
seedling growth as preemergent herbi­
cides. Incorporate them into the soil to 
control weed seedlings before they 
break through the soil surface. Apply 
postemergenl herbicides to the foliage or 
soil of growing weeds. Some postemer­
gents have contact activity, meanirtg 
they kill the plant by destroying leaf 
and stem tissues. Other postemergents 
are moved within the. tissues of the 
plant (translocated) from leaves and 
other green parts to growing points. 

Various insecticides act as nerve poi­
sons, muscle poisons, desiccants, growth 
regulators, or sterilants. Others have 
purely physical effects such as clogging 
air passages. Often an insecticide will 
have more than one mode of action. 

Some fungicides are eradicants 
because they destroy fungi that have 
already invaded and begun to damage 
plant tissues. Their mode of action is to 
inhibit the metabolic processes of the 
growing fungal organisms. Others are 
protectants that prevent fungal infec­
tions. Their mode of action retards fun­
gal growth or prevents the organisms 
from entering treated plants. 

Factors Influencing Reactions 
to Pesticides 

Several factors influence how a pest 
reacts to a pesticide, and two of these 
factors are very important. First, the 
target pest must be in a susceptible life 
stage. Second, the pesticide must be 
able to reach the active site within the 
organism (pesticide uptake). 

Life Stage 

The life stage of a target organism 
influences its response to a pesticide. 
For instance, young plants are generally 
more susceptible. to herbicides than 
older ones. Some herbicides are most 
effective on perennial plants just begin­
ning to flower. These same herbicides 
are less effective on plants that have not 
yet begun to flower or have completed 
their flowering stage. Perennial weeds 
are more difficult to control once they 
have developed rhizomes or nutlets. 
Insects go through several Life stages 
including eggs, nymphs or larvae, 
pupae (in some orders), and finally 
adults. Each insect life stage has differ­
ent susceptibilities co insecticides. Dif­
ferences are. due to biological and phys­
ical characteristics, feeding habits, and 
the physical location of the organism. 
Similarly, the success of rodent control 
with toxic baits depends on the rodent's 
life stage. Food preference at different 
times of year influences the acceptabili­
ty of the baits. 

Pesticide Uptake 

Most pesticides have specific sites of 
action. Before they can act they must 
move into the tissues o[ intended target 
organisms and reach these sites. Struc­
tural differences, protective coatings, 
and l1abits of the pest influence pesti­
cide uptake. Types of pesticide formula­
tions as well as environmental condi­
tions also influence uptake. 

Various terms describe methods and 
routes of pesticide uptake. Pesticides 
with contact activity pass through the 



target organism's outer covering (for 

example, plant cuticle, arthropod cuti­
cle, or vertebrate skin). Some insecti­
cides and rodenticides aresLomad1 poi­
sons-the target organism must ingest 
the LOxin. The LO>.in absorbs through 
linings of the pest's mouth or imescinal 
tract. Other pesticides have fumiganL 
activity and pass as vapors into the tis­
sues of the target planl or animal. The 
fumigant enters through respiration or 
breathing channels, or by passing 
through skin or cuticle. Certain pesti­
cides exhibit all these types or uptake. 

PESTICIDE FORMULAI10NS 

Pesticide chemicals in their 11 raw" cir 

unformulated state are not usually suit­
able for pest conLrol. These concentrat­
ed chemicals (active Ingredients) may 
not mix well with water-and may be 
chemically imstabJe.. For these reasons, 
manufacturers add substances to 

improve application effectiveness, safe­
ty, handltrtg, and storage. The final 
product is a pesticide formulation. This 
formulation consists of 

• the pesticide active ingredient 
• the carrier, such as an organic sol­

vent or mineral clay 
• surface-active ingredients, often 

tncluding s tickers and spreaders 
• other ingredients, such as stabiliz­

ers. dyes. and chemicals that 
improve or enhance pesticida1 
activity 

Some liquid pesticides have anti­
freeze added to protect them against 
freezing. Inert i11gredie11ts are all the 
additives that manufacturers add to 
the active ingreclient in th,e pesticide 

formulation. 
Usually you need to mix a formulation 

with water or oil for final application. 
However, baits, granules, and dusts are 
ready for use without additional dilu­
tion. Manufacturers package specialized 
pesticides, such as products for house­

holds, in ready-to-use fommlations. 
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The label lists the amount of actual 
pesticide in a dry formuhuion as per­
centage of active i11gredie11t (a.i.). For 
instance, a 50-W wettable powder con­

tains 50% by weight of actual pesticide. 
Ten pounds of ''D•z•n diazinon 50W" 

coucains 5 pounds of cliazinon and 5 
pounds of inert ingredients. With liquid 
formulations , the label lists the pounds 
of active ingredient in 1 gallon of for­
mulated pesticide. For example, in 

"Lorsban 4E," the "4" indicates that 
there are 4 pounds per gallon of the 
active ingredient ch1orpyrifos. 

Labels usually indicate formulation 

type by letters that follow or are a pan 
of the brand name of the pesticide 
(Table 3-9). ln the examples above., the 

"W" represents a wettable powder. The 
"E'' indicates that che pesticide is an 
emulsifiable concentrate. Sometin;ies 
these codes describe. what the pesticide 
is used for or how it is used (for exam­
ple. "SD" indicates the pesticide is used 
as a side dressing). They may describe. 
some special characteristics of the for­
mulalion, such as "LO'' for low odor. In 
some cases, they indicate a use for a 
specific location, sud1 as "PNW" for 

Pacific Northwest. 

Selecting a Formulation 

.S0metimes you nrnst choose bet.ween 
two or more formulations of the same 
pesticide to control a target pest. When 
possible, make your selection based on 
the type 0£ control desired, safety, cost, 
and other factors such as those listed in 
Table 3-10. For example, enmlsifiable 
fonnulacions of insectit;ides usuall)' 
provide quick control but have shorter 

residual action compared to wettable 
powders. Whenever you have a choice, 
consider the safety of pesticide applica­
tors and helpers . Sele.cl;. the formulation 
that is less hazardous to people working 

or living in the application area. Con­
sider the potemial impact on petS, live­
stock, and poultry. 
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TADLE 3-9. 

Suffixes of Chemical Brand Namt:5. 

SUFFIX 

TYPE OF FORMULATION 
AF 
AS 
D 
DF 
E 

EC 
ES 
F 

FL 
G 

OL 
p 

PS 
5 

SG 
SL 
SP 

ULV 
w 

WDG 
WP 

HOW A PESTICIDE IS USED 
GS 
LSR 
PM 
RP 

RTU 
SD 
TC 

TGF 
WK 

MEANING 

aqueous Aowable 
aqueous suspension 
dust 
dry Aowable 
emulsifiable concentrate 
emulsifiable concentrate 
emulsifiable solution 
Aowable 
Aowable 
granular 
oil-soluble liquid 
pelleted 
pelleted 
soluble powder 
sand granules 
slurry 
soluble powder 
ultra-low-volume concentrate 
wettable powder 
water-dispersible granules 
wettable powder 

for treatment of grass seed 
for leaf spot and rust 
for powdery mildew 
for range and pasture 
ready to use 
for use as a side dressing 
termiticide concentrate 
turf grass fungicide 
to be used with weed killers 

CHARACTERISTICS OF THE FORMULATION 

BE the butyl ester of2,4-D 
D an ester of2,4-D 
K a potassium sale of the active ingredient 

LO low odor 
LV low volatility 
MF modified formulation 
T a triawle 
2X double strength 

LABEL FOR USE IN SPECIAL LOCATIONS 

PNW 
TVA 

for use in the Pacific Northwest (i.e., Benlate PNW) 
for use in the waterways of the Tennessee Valley 

Authority {i.e., Aqua-Kleen TVA) 

Evaluate the habits and growth pat­
terns of each pest. Be sure the formula­
tion is suitable for the pest's life stage. 
Pick a formulation that causes the least 
impact on the environment. Consider 
drift, runoff, wind, and rainfall along 
with soil type and characteristics of the 
surrounding area. Cost also influences 
your selection. Finally, choose a formu­
lation that is compatible with available 
application equipment. 

Common Pesticide 
Formulations 

A few pesticides consist of undiluted, 
technical-grade liquids that pest man­
agers apply in small quantities as 
aerosol sprays. These are primarily 
used for residential, industrial, and 
institutional pest control situations. 
They are safer to use around open 
flames, electric motors, and electrical 
outlets than formulations containing 



TABLE 3-10. 
-

Comparisons of Pesticide Formulations. 

M IXING/ 
LOADING 

FORMULATION HAZARDS 

wettable powders dust 
inhalation 

dry flowables/ 
water-dispersible 

safe 

granules 

soluble powders dust 
. inhalation 

emulsifiable spills and 
concentrates splashes 

flowables spills and 
splashes 

solutions spills and 
splashes 

dusts severe 
inhalation 
hazards 

granules and pellets safe 

m icroencapsu lated 
formulations 

spills and 
splashes 
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EFFECT ON COMPATIBLE 
PHYTO- APPLICATION AGITATION VISIBLE WITH OTHER 
TOXICITY EQUIPMENT REQUIRED RESIDUES FORMULATIONS 

safe abrasive yes 

safe abrasive yes 

usually safe nonabrasive no 

maybe may affect yes 
rubber pump 
parts 

maybe may affect yes 
rubber pump 
parts; also 
abrasive 

safe nonabrasive no 

safe yes 

safe no 

safe yes 

petroleum solvents or water. This is 
because these undiluted pesticides are 
usually not flammable and will not 
conduct electricity. 

You cannot use most pesticides in 
their pure, undiluted form. Except for 
dusts and granules and the special uses 
described above, you must dilute and 
mix almost all pesticides with water or 
oil before applying them as liquid sprays. 

Occasionally, pest control problems 
lend themselves better to dry pesticide 
formulations. Three dry formula­
tions-dusts , granules, and pellets­
are available. Manufacturers package 
some pesticide formulations in ways 
that increase their safety or make them 
easier to use. Water-soluble bags are an 

example of packaging that increases 
the safety to the handler. The follow­
ing section describes dry and liquid 
formulations. 

yes highly 

yes good 

some fair 

no fair 

yes fa ir 

no fair 

yes 

no 

fair 

Wettable Powders (W or WP) 

Wenable powder formulations do nol 
dissolve in water. Lnstead, they form a 
milky suspension similar Lo mixing 
chocolate drink mix with water. Wet­
table powder formulations consist of the 
pesticide and a finely ground dry carrier, 
usually mineral clay. Manufacturers 
combine these with other ingredients 
that enhance the ability of the powder to 
remain suspended in water_ Most wet­
table powder formulations contain 
between 15% and 75% active ingredient. 

Choose formulations with the high­
est percentage of active ingredient if 
visible residues are a concern . Carriers 
and other inert ingredients are the most 
common source of unsightly residues 
on sprayed surfaces. Also , the cost per 
unit of active ingredient is usually less 
in formulations with a high percentage 
of active ingredient. However, a higher 
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percentage ofactive ingredient in the 
formulation makes the wettable pow­
der more hazardous, These require 
more care in handling and mixing and 
often require special personal protec­
tive equipment. 

Wettable powders are among the 
safest formulations to use if plant injury 
(phytotoxicity) is a concern. This is 

because the carriers are inert minerals. 
These formulations are compatible with 
many other pesticides (especially other 
wettable powders) and fertilizers. A dis­
advantage is the abrasiveness of the: 
inert carrier, which contributes to 

pump and nozzle wear. Wettable pow­
ders always require agitation during 

application to keep the mixture sus­
pended. When you apply wettable pow­
ders to porous materials, water in the 
mixture penetrates, but the pesticide 
remains on the surface. On nonporous 
surfaces, water evapor<1tes and leaves 
the pesticide as a residue. 

A serious problem with wettable 
powders is the potential haza-rd of 
inhaling dust during handling and mix­
ing. Dust particles usually contain high 
concentrations of pesticide active ingre­
dient. These particles are very fine and 
can remain suspended in the atmos­
phere for several hours. To overcome 
this hazard, some manufacturers pack­

age wettable powders in water-soluble 
bags. If you choose a formulation pack­
aged in water-soluble bags, do not open 
the bags during mixing. Calibrate your 
equipment so you can use one or more 
whole bags. Drop these pre.measured 
unopened bags into a filled spray tank. 

With agitation, the bags dissolve and 
release the wettable powder into the 
tank's water. 

Dry Flowables or Water-Dispersible 
Granules (DF or WDG) 

Dry flowables (also called watef-dis­
persil11e granules) are similar to wettable 

powders. However, rather than being a 
powder, the formulated pesticide con­
sists of small granules. These require 

mixing with water before use. The 

gr~nules have a higher percentage of 
active ingredient per unit of weight 
because manufacturers use less car.rier. 

Dry flowables do not have the dust 
problems associated with wettable pow­

ders, so they are safer to handle .. Mea­
suring and mixing granules is simple 
because manufacturers package them in 
e-45y-to-pour plastic containers. Measure 
these out by volume, similar to liquids, 
rather than by weight. Like wettable 
powders, dry flowables require constant 

agitation during application and are 
abrasive to application equipment. 

Soluble Powders (S or SP) 

A soluble powder formulation is sim­
ilar to a wettable powder. However, the 
pesticide, its carrier, and all other for­
mulation ingredients completely dis­
solve in water to form a true solution. In 

this manner, they are similar to dissolv­
ing sugar or salt in water. Once dis­
solved, soluble powders require no 
additional miXing or agitation. They are 
not abrasive to spray nozzles or pumps. 
Only a few pesticides are available in 

this formulation because most pesticide 
active ingredients do not dissolve in 

water. While mixing, inhalation of solu­
ble powders is a potential hazard. 

Emulsifiable Concentrates 
(E or EC) 

Many pesticides are not soluble in 
water but dissolve completely in petro­
leum solvents. Emulsifiable concen­
trates are petroleum-soluble pesticides 

formulated with emulsifying agents 
(soaplike materials) and other 
enhancers. When you add emulsifiable 

concent.Tates LO water, they form an 
emulsion (milky liquid), similar to 
mbdng certain household disinfectants 
in water . After mixing, the emulsified 
pesticide disperses evenly in the water. 
Agilati.on during application i.s impor­

tant to keep this emulsion uniform. 
Emulsifiable concentrates are among 

the most versatile of all formulations 



and have many applications. They pen­
etrate porous materials such as soil, fab­
rics, paper, and wood better than wet­
rable powders. Since they are liquid, 
they pour easily for mixing. However, 
using emulsifiable concentrates intro­
duces several handler hazards: 

• lf spilled they spread easily and are 
difficult to dean up. 

• Porous protective clothing and 
leather boots readily absorb them. 

• They pass through the skin more 
readily than powders. 

• They may cause serious injury if 
splashed inw the eyes. 

Emulsifiable concentrates are more 
risky to use (potentially phytotoxic) on 
sensitive plants than wettable powders 
because they contain petroleum sol­
vents. These solvents also contribute to 
the deterioration of rubber and plastic 
hoses and gaskets. The solvems may 
damage some pump parts and corrode 
painted surfaces. 

Flowables (F) 

A flowable formulation combines 
many of the characteristics o( emulsifi­
able concentrates and wettable pow­
ders. Manufacturers use this fonnula­
tion when the active ingredient is an 
insoluble solid and will not dissolve in 

either water or oil. They combine finely 
ground pesticide particles with a liquid 
carrier and emulsifiers lO form a con­
centrated emulsion (similar to liquid 
antacids). flowables share the features 
of liquid emulsifiable concentrates, and 
they have similar disadvantages. They 
require agitation to keep them in sus­
pension and leave visible residues, simi­
lar to wettable powders. 

Flowables are easy to handle and 
apply. Because they are liquids, they are 
subject to spilling and splashing like 
emulsiuable. concentrates. They contain 
solid particles, so they contribute to 
abrasive wear of nozzles and pumps. 
Flowable suspensions settle out in their 
containers, so always shake them thor­
oughly before mixing. Because flow-
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ables tend to settle, manufaaurers 
package them in containers of 5 gallons 
or less to make remixing easier_ 

Water-Soluble Concentrates or 
Solutions (S) 

Water-soluble concentrates or so1u­
Lions are formulations that dissolve in 
water, similar to sugar-based syrups. 
Once dissolved, they require no fun.her 
mixing or agitation. The same handler 
hazards are present with water-soluble 
concentrates as with other liquids, but 
they are nonabrasive to application 
equipment. Only a limited number of 
pesticide liquids dissolve in water. 

Low-Concentrate Solutions (S) 

Low-concentrate formulations are 
ready to use and require no dilution. 
They consist of a small amount of active 
ingredient dissolved in an organic sol­
vent. They usually do not stain fabrics 
or have. unpleasant odors. They are 
especially useful for structural and 
institutional pests as well as for house­
hold use. Major disadvantages to low­
conce.ntrate formulations include limit­
ed availability and high cost per unit of 
active ingredient. Many organic sol­
vents are harmful co foliage , so they 
cannot be used as plant sprays. 

Ultra-low-Volume Concentrates 
(ULV) 

Ultra-low-volume concentrates have 
high concentrations (be.tween 80% and 
100%) of active ingredient. These for­
mulations require little or no dilution. 
However, the1 require application 
equipment suited to applying very small 
quantities of pesticide over a large area. 
This results in less frequent refilling of 
spraying equipment, a major advantage 
when treating large areas. You usually 
dilute ULV formulations with vegetable 
oil r;nher than water when dilution is 
needed. Droplets of ULV formulations 
do not ev3,porate as rapidly as those 
from emulsions. Because of the high 
concentration of active ingredient, you 
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\Valer droplelS 
.suspended in 

oil 

INVERT 
EM LSIO 1 

FIGURE 3•8. 

oil droplets 
suspended 

in WMCr 

• • • • • • • ••• • • • 
REGULAR, 

EMULSIO 

An invert emulsion consists nf sma/1 wawr 
drop/ell suspended in oil. Compare this 
to the regular em11/sion where oil droplets 
suspend in water. 

must be extremely a curate with your 
equipment calibration. 

Slurry (SL) 

A slurry is a thin, wate.ry, pasre-Uke 
mLxture or finely ground dusts. Because 
they are dusts before mixing, slurries 
have similar respiratory bazards to the 
handler as other powdered formula­

tions. Usually, a slurry is first mixed in a 
small container. Combine water with 

the powder and stir Lo form a paste. 
Slowly add this mixlure LO water in a 

partially filled spray cank. Be sure t 

agilate the mixture constantly to pre­
vent settling. After adding the paste, fill 
the tank with water. Allow it to mix 
Lhoroughly be.fore applying. Pest man-

gers apply slurries 10 seeds and plants 
to pr tecL them against insecLS or fongi . 
Aft r application, slurrie dry and leave 
lhick residues on treated urfaces, sio,i­
lar lO paint. Usually these residues are 
highly visible. Slurries are abrasive and 
contribute to pump and nozzle wear. 

A common slurry formulation is the 

Bordeaux mixture applied to planLS as a 
fungicide. People who use a Bordeaux 
mixture combin hydrated lime and 
copper sulfate in various proportions 
with water to produc- a slurry. They 

usually combine the dry materials just 
before application, although some pre­

mixed dry formulations are commer­
ciall available. 

Fumigants 

Fumigants have many uses because 

they penecratr hard-to-reach areas . 
They control insect pests of stored 

produclS as well as soil pests such as 
weeds, insects nematodes, and 

microorganisms. Some fumigants con­
trol vertebrates such as ground squirrels 
and gophers. Fumigants are used in 
ships, boxcars, aircraft, trucks, 
dwellings, warehouses, greenhouses 

and commercial buildings. Fumigants 

may be eilher solid, liquid, or gas. 
Solids and liquids evaporate ( volatilize) 

into a gas after or during applicarion. 

Many fumiganLS are gases at r om tem• 
perature. Manufacturers package these 
in steel cylinders for metering into 
Lreatmem areas. 

FumiganlS intToduce a serious 
inhalation hazard to applicators and 

other people in or near the treated area. 
Applicators of ten musL wear supplied-
11ir breathing equipmenc and prote tive 

clothing. When applying, they use 
aonosphere-monitoring equiprnem co 
detect fumigam concenrration. Atmos­
phere monitoring enables Lhem to 

determine when people can safely enter 
lhe area without protective equipment. 

Pest managers apply many soil furni­
ganLS through in-igation sLems or 
inject them directly into the soil. Usual­
ly soil moist1.1re needs to be high Lo pre­
vent rumigants Crom volatilizing into 

h atmosphere. For example, high soU 
moisture conLnoutes to the effeclive­

ness of rodent bun·ow fumigation. 
Tarping the soil witl1 plastic sheeting 
also confines t.he fumigant and main­
tains its concentration. Texture, soil 
type, amount of organic marerial, and 
soil condition affect how well soil fumi­
gants work. Soil temperature and 

weather during and after application 
also influence th effectiveness o( soil 
umigaots. 

People who rumigate structures seal 

the structures with tarps or make them 
airtight in some other way. They often 
t.lse fans to circulate the air io the area 
and mix the fumigant uniformly. T1·eat· 
ed areas must be thoroughly ventilated 
after fomigation and before. they are. 
reoccupied. Stored products are fumi­
gated in airtight containers or special! 
designed rooms or buildings. 

lnverl Emulsions 

Invert emulsions are liquid formula­
lions of small water dropleLS suspended 
tn oil. Pesticides dissolve in either oil or 

water (Figure 3-8). Invert emulsion 
concentrates have the consistency o( 

mayonnaise and usually require contin­

uous agitation. Uses or invert emulsions 



FIGURE 3-9. 

One type of pesticide (omwlation coo· 
sists of a finely ground powder contain­
ing active and inert ingredients. This is 
applied dry os a dust. A common use of 
dust formulations Is to control external 
parasites on livestock and pets. For 
example, this dog is being dusted with 
an insecticide to control fleas ond ticks. 

are limited, and regulations prohibit 
some uses. 

Lnvert emulsions aid in reducing drift. 
With other formulations, some drift 
results when water droplets begin to 
evaporate before reaching target sur­
faces. As a result, they become very 
small and light. Because oil evaporates 
more slowly than water, invert emulsion 
droplets shrink less, therefore more pes­
ticide reaches the target. The oil helps to 
reduce runoff and improves rain resis­
tance. It also serves as a sticker-spreader 
by improving surface coverage and 
absorption. Since droplets are larger and 
heavier, it is difficult to get thorough 
coverage on the undersides of foliage. 

Dusts (D) 

Dust formulations consist o( finely 
ground pesticide combined with an 
inert dry carrier (Figure 3-9). Most dust 
formulations contain between l and 
10% active ingredient. Some, such as 
sulfur dust, may be pure active ingredi­
ent. Dusts are more appropriate in situ­
ations where moisture from liquid 
sprays would damage crops, foliage , or 
sprayed surfaces. You can apply dusts to 
many surfaces without harm, although 
they do leave visible residues. Depend­
ing on the pesticide being used, dus t 
formulations often provide long-term 
protection of treated surfaces. 
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Because of drift hazards, most pest 
managers prefer liquid sprays to dusts 
in agricultural applications. However, 
they work well in hard-to-reach indoor 
areas and for treating pests in home gar­
dens. Pesticidal dusts control parasites 
on pets, livestock, and poultry. They 
also protect seeds. Fungicides, herbi­
cides, insecticides, and rodenticides are 
available in dust fonnularions. 

Other problems associated with dust 
applications include 

• Dusts present serious inhalation 
hazards to applicators-to prevent 
poisoning, wear respirators when­
ever using dust formulations. 

• Regulations restrict outdoor appli­
cations of dusts to periods when 
the air is still. 

• Application equipment is difficult 
to calibrate, and dusts require agi­
tation during application to prevent 
settling and caking in the hopper. 

Tracking Powders. Special dusts 
lmown as traching powders are used for 
rodent and insect monitoring and con­
trol. For rodent control, the tracking 
powder consists of finely ground dust 
combined 1,vith a stomach poison 
rodenticide. Rodents walk through the 
dust, pick it up on their feet and fur, 
and ingest it when they clean them­
selves. Tracking powders are useful 
when bait acceptance is poor due to an 
abundant, readily available food supply. 
Use nonpoisonous powders, such as 
talc or flour, to monitor and track the 
activity of rodents in buildings. 

You can control some insects, such as 
cockroaches, by using poisoned track­
ing powders. The insects ingest the poi­
sonous dusts during grooming or 
absorb the dusts through their outer 
body covering. Desiccants or sorptive 
dusts remove or disrupt the waxy pro­
tective coatings of insects. This causes 
death by loss of water (desiccation) 
rather than by a toxic reaction. Desic­
cants include boric acid powder, 
diatomaceous earth, and silica gel. 
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6 mC5h t2 mesh 

FIGURE 3-10. 

The size of d1,st 011d gro11ule particles is 
meon,red by passing the material 
through screens with different sizes of 
mesh. Mesh is the number of1vires per 
inch of screen. As seen here, the larger 
the mesh n11mber, the finer the screen. 
Gmm1/es range in size between 4 and 80 
mesh, while d11sts ore BO mes/, and finer. 

pesticide 
droplc1 

FIG URE 3-ll. 

polymer 
shell 

Microe11caps11/ated formulations consist 
of pesticides enclosed in tiny plastic cop­
s11/es. This often makes them safer to 11se 
and increases their effectiveness. 

Granules {G) 

Granules consist of a pesticide and 
carrier combined with a binding agent. 
They range in size between 4 and 80 
mesh. The mosl common formulations 
are i.n the range of 15 to 30 mesh. Mesh 
is the term used to describe the number 
of wires in an inch of screen (Figure 3-

10). Larger numbers indicate more 
wires, therefore a finer screen. (Dusts 

pass through 80 mesh and finer 
screens.) The larger size and weight of 

granules helps eliminate drift. You can 
minimize dust and spray mist hazards 

to the applicator and environment by 
using granular formulations. Granular 

formulations are more persistent in lhe 
environment than other formulations 
because rhe pesticide active ingredient 

releases slowly. 
Some granular pesticide formulations 

that dissolve in water control aquatic 
pests such as algae, aquatic weeds or 
fish. These have advantages over liquids 
in aquatic siLUations because liquids are 
hard to disperse. When sprayed, liquids 
may dry on plants or floating debris. 

Also, liquids may not pass through the 
surface film of the water. Granules 

bounce off vegetation and easily pene­
trate the surface film. Some aquatic 
granular formulations offer sustained, 

controlled release of the pesticide 
because they dissolve slowly. However, 

slow-dissolving granules may be haz­
ardous to waterfowl because they mis­

take them for food. 
Pesl managers apply granules to soil 

to control weeds, nematodes, and soil 
insects. Manufacturers formulate some 
systemic insecticides as granules. The 
granules dissolve in the soil, and plants 

absorb the. active ingredients through 
their roots. These materials control leaf­
and stem-feeding insects. Some granu­
lar formulations require mechanical 

incorporation into the soil and often 

need moisture for activation. Granules 
are not suitable for conventional foliar 

application since they do not stick to 
leaves. However, when applied to plants 

like corn, the granules lodge in the leaf 
whorls. This provides effective control 
for some corn insect pests. For this type 
of application , manufaclUrers weight 

granules with sand. 

Pellets (P or PS) 

Pellets are identical to granules, 
except manufacturers mold them into 
specific uniform weights and shapes. 

Pest managers apply pellets with equip­
ment such as precision planters to 
achieve uniformity that is normally dif­
ficult to accomplish with granules. 

Microencapsulated Materials 

Manufacturers cover liquid or dry 
pesticide particles in a plastic coating, 
producing a microencapsulated formu­
lation (Figure 3-11) . You mix microen­

capsulated pesticides with water and 
spray them in the same manner as other 
sprayable formulations. Afler spraying, 
the plastic coating breaks down and 
slowly releases the active ingredient. 

There are several advantages to 
microencapsulated formulations: 

• Highly toxic materials are safer for 

applicators to mix and apply. 
• Delayed or slow release of the. 

active ingredient prolongs its effec­
tiveness, allowing for [ewer and 

less-precisely-limed applications. 
• The pesticide volatilizes more 

slowly, so less drifts away from the 

application site. 
• These formulations reduce phyt0-

toxicity problems. 
In residential, industrial, and institu­

tional applications, microencapsulated 
formulacions offer several advantages. 

These include reduced odor, release of 
small quantilies of pesticide over a 
long Lime, and greater safery. Microcap­
sules offer less hazard to the skin than 

do ordinary formulations. Microcap­
sules pose a special hazard to bees, 
however. Because microcapsules are. 

about the same size as pollen grains, 
bees may carry them back to their 
hives. As the capsules break down, 



FIGURE 3-12. 

Water-soluble bags protect handlers dur­
ing the mixing of some types of highly 
toxic or hazardous pesticides. A 
preweighed amount of formulated pesti­
cide powder is in a plastic bag inside this 
paper envelope. Remove the bag from the 
envelope and drop it into your water-filled 
spray tank. The plastic bag dissolves in 
the water and releases the powder. 

flGURE 3-13. 

This aerosol container offers greater con­
venience without waste. It contains a low­
concentration insecticide solution. 

Lhey release the pesticide, poisoning 
the adults and brood. 

Breakdown of the microcapsules lo 
release the pesticide sometimes 
depends on weather conditions. Under 
certain conditions, the microcapsules 
may break down more s lowly than 
expected. This could leave higher 
residues of pesticide active ingredient 
in treated areas beyond nom1al restrict­
ed-entry or harvest intervals with the 
potential to injure fieldworkers. For 
this reason, regulations require long 
restricted-emry intervals for some 
microencapsulated formulations . 

Water-Soluble Packets 

Water-soluble packets reduce the 
mixing and handling hazards of some 
highly toxic pesticides (Figure 3-12). 
Manufacturers package preweighed 
amounts of wettable powder or soluble 
powder formulations in a special type 
of plastic bag. As you drop these bags 
into a filled spray tank, they dissolve 
and release their contents to mix with 
the water. There are no risl<s of inhaling 
or contacting the undiluted pesticide as 
long as you do not open the packets. 
Once mixed with water, pesticides 
packaged in water-soluble packets are 
no safer than other mixtures. 

Baits 

Baits are pesticides combined with 
food, attractants, or feeding stimulants. 
Because baits attract target pests to a 
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pesticide, they eliminate t.he need for 
widespread pesticide application. 
Sometimes target pests, such as ants, 
carry baits back to their nestbound 
young. Use baits indoors to control 
rodents, ants, roaches, and fiies. Use 
them outdoors to control slugs, snails, 
insects, and vertebrates such as birds, 
rodents, and larger mammals. Dangers 
associated with baits include their 
attractiveness to nontarget animals and 
to children. When children or pets are 
present, place baits in special pet- or 
child-proof bait stations. Manufacturers 
color some baits to distinguish them as 
being poisonous and to make them less 
attractive to birds. 

Attractants 

Attractants include pheromones, 
sugar and protein hydrolysate syrups, 
yeasts, and rotting meat. Pest managers 
use these attractants in sticky traps. You 
can also combine them with pesticides 
and spray them onto foliage or other 
items in the treatment area. 

Aerosol Containers 

Manufacturers package some insecti­
cides and other pesticides in small 
aerosol cans (Figure 3-13). The pesti­
cide combines under pressure wi th a 
chemical propellant in the can. Some 
aerosol containers emit pesticides as a 
fine airborne mist or fog (aerosol fog­
gers). Usually, you use the aerosol fog­
gers as one-time, total release units. 
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FIGURE 3-14. 

Mo1111{octurers impregnate flea collars 
with an lnsecti,1de that kills fleas. A low 
level of this insecticide is slowly released 
by the col/a r. 

Other aerosol containers produce a 
coarse spray of liquid or powder (pres­
sure spray applicators). With pressure 
spray applicators, you apply a peslicide. 
film directly omo surfaces. 

Residential, industrial, and instilu­
lional pest concrol operators frequentl}' 
use refillable. aerosol applicators. In 
strucrural pest control, aerosol comain­
ers are convenient because they require 
no mixing or special application equip­
me.nt. They are handy for situations 
when you apply only small amounts of 
pesticide at any one time. The remain­
ing pesticide in the container does not 
lose iLS potency during storage, 

Hazards from aerosol containers 
include risks of inhalation injury from 
breathing the spray or dusL Also, it is 
difficult to confine the spray, fog, or 
dust emitted from aerosol containers. 
Because of the Oammable petroleum oil 
carriers, do no use pressure spray 
applicators around open flames or other 
sources of ignition_ 

rmpregnales 

M nufacturer impregnac pct collars, 
livestock ear tags, adhesive lapes, plas­
lic pest strips, and ocher producLS with 
pesticides (Figure 3-! 4). These pesti ­
cides evaporate over lime, and the 
vapors provide control of nearby pe.sls. 
Some paints and wood finishes have 
pesticides incorporated into them to 
kill insects or retard fungus growth. 
Special paim formulations control 
cockroaches in residences and commer­
cial buildings. These consist of cenain 
insecticides incorporated into clear 
plastic or lacquer paint. Surfaces paint­
ed with this material provide 6 to 12 
months of residual control Sometimes 
manufacturers impregnate carpeting, 
furniture, bedding, fabrics, and clothing 
with pesticides to prevent damage from 
insecLS and fttngi. Adhesive-backed 
impregnated strips provide Jong-term 
protection against insect damage whe11 
placed inside electrical boxes, electron­
ic equipment, and appliances, 

Repellents 

Various types of insect repellents are 
available jn aerosol and lotion formula­
tions. People apply these to their skin, 
clothing, or to plant foliage to repel bit­
ing and nuisance insects. You can mix 
oLheT types of repellents witb water 
and spray these onto ornamental plants 
and agricultural crops. Use these to 
prevent damage from deer, dogs, and 
other animals. 

Animal Systemics 

Systemic pesticides protect animals 
against fleas and other external blood­
feeding insects as well as agaiost worms 
and other internal parasites. These pes­
ticides enter the animals' Lissues after 
being applied orally or externally. Oral 
applications include food additives and 
pre.measured cap ules and liquids. 
External applications involve pour-on 
liquids, liquid sprays, and dusLS. Mosl 
animal systemics are used under the 
supervision of veterinarians. 

FerLilizer Combinations 

Pest managers frequently combine 
inseclicidc.s, fungi ides, and herbicid 
with fertilizers. This provides a conve­
nienL way of comrolling pesLS while fer­
tilizing crops or ornamental plants. 
Homeowners commonly use these 
combinations, although the unit cost of 
pesticide in these preparations is usual­
ly high. In commercial applications, 
dealers or growers custom-mix pesti­
cides with fertilizers to meet specifi 
crop requirements. 

PESTICIDE MIXTURES 

Combining two or more pesticides 
and applying them at the same Lime is 
convenient and cost effective. Only a 
few pesticide manufactures sell their 
product as premixed combinations. 
Usually you must combine the pesti­
cides at the Lime of application . When 
you combine mixtures of two or more 
pesticides or pesticides and fortilizers 



at Lhe time: of application, you create a 
tank mi.x. A common tank mix involves 
combining fungicides with insecticides 
as a dormant spray in deciduous tree 
crops. Another involves combining 
two or more herbicides to increase the 
number of species of weeds controlled. 

Some people mix pesLicide.s with 

micronutrients or fertilizers. This 
saves money by reducing the time, 

labor, and fuel required for multiple 
applications. Tank mixes reduce: 
equipment wear and decrease labo1· 
costs. They lessen the mechanical 

dama,ge done to crops and soil by 
heavy !lpplication equipment. 

If you mLx Danger pesticides with 
Warning or Caution pesticides, treat the 
mixture as a Danger pesticide. ReqQired 
safety equipment and all other label 

restrictions must comply with the label 
having rhe greater restrictions. 

Incompatibility 

Incompatibility is a physical cendi­
lion that pteventS pesticides from mix­
ing properly to form a. unifomi solution 

or suspension. Precipitation of flakes, 
crystals, or oily clumps-or severe sep~ 
aration-are unacceptable (Figure 3-
15). Such incompatiblemixrures dog 

application equipment and limit even 
clistribution of the active ingredienL in 
the spray tank. This prevents good pes­
ticide coverage. However, if you can 
mix the incompatible mixture thor­

oughly and keep it in that condition 
with agitation, lhe mixture is probably 
suit:able to use. 

The cause of incompatibility may 
relate to the chemical nature of the 
materials you are mixi.ng. Impurities in 
the spray tank or water may also affect 

compatibility. Even the order in which 
you mix pesticides in the spray tank is 
important Sometimes the types of for­
mulations being mixed inlluence com­
patipi1ity. Pesticide formulations of the 

same type are rarely incompatible with 
each other because they usually contain 
the same inert ingredients and solvents. 
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Before preparing a tank mix, be sure 
the spray tank is thoroughly dean and 
cont.;iins no sediments or residues. Eval­
uace the tank mixture by perfonning lhe 
compatibility test described below. 

Testing for Incompatibility. Before 

preparing a full tank, mix small quanti­
ties of the same pesticides to test for 

incompatibility problems. Sidebar 5 
provides instructions for a simple com­
patibility test thatrequires only a small 
investment of time. This test will nol 
help you determine if the mixture has 
changed the chemical effectiveness of 
any or all the pesticides, however. 

When combining chemicals for either 

I.he comparibilicy test or for mixing in 
the spray tank, add formulations in the 
following order: 

(1) wettable powders 
(2) Oowables 
(J) water-soluble concentrates 

(4} ernulsifiable concentrat~ 
For example, when combining a 

water-soluble concentrate with a wet­
table powder, always add the wettable 
powder first. When mixing an emulsifi­
able concentrate with a flowable, add 
the Oowable first. 

Field·lncompatibility. Sometimes 
rank mixes seem compatible during tesl­
ing and after mixing in I.he spray tank, 
but problems arise during application. 
This is field incompatibility. The temper­
ature of the water in the tank can cause 
this problem. IL could also be due to 

water impurities. Sometimes the amount 
of time the spray mixture has been in the 

tank causes field incompatibility. Occa­
sionaUy there are variations among dif­
ferem lots of pestici,de chemicals that are 
great enough to cause an inc:om1>.atibility. 
[n this case, increased agitati0n is usual­

ly sufficient to recombine the mixture. 

Resolving Compatibility Problems in 

the Spray 'rank. There are several things 

you should cry if pestidde inc0mpatibil­
ity develops in the spray lank. First, 
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SIDEBAR 5 

Compatibility Test for Pesticide Mixtures 

WARNING: Always wear the label-required per­
sonal protective equipment when pouring or 
mixing pesticides. Perform this test in a safe area 
away from food and sources of ignition. Pesti­
cides used in chis test should be put into the 
spray tank when completed. Rinse all utensils 
and jars and pour rinsace into the spray tank. 
Do not use utensils or jars for any other purpose 
after they have contacted pesticides. 

1. Measure one pint of the intended spray 
water into a clear quart glass jar. 

2. Acljust pH if necessary (see Sidebar 6) . 

3. Add ingredients in the following order. Stir 
well each time an ingredient has been added. 

D Surfactancs, compacibilicy agents, and activa­
tors: add 1 teaspoon for each pint per 100 gal-
lons of planned final spray mixture. 

D Wettab le powders and dry flowable formula­
tions: add 1 tablespoon for each pound per 
100 gallons of planned final spray miKture. 

0 Water-soluble concentrates or solutions: add 
1 teaspoon for each pint per 100 gallons of 
planned final spray mixrure. 

0 Emulsifiable concentrate and flowable formu­
lations: add 1 teaspoon for each pint per 1 00 
gallons of planned final spray mixture. 

0 Soluble powder formulations: add 1 teaspoon 
for each pint per 100 gallons of planned final 
spray mixture. 

D Remaining adjuvants: add 1 teaspoon for each 
pint per 100 gallons o f planned final spray 
mixture. 

4. After mixing, lee the solution stand for 15 
minutes. Stir well and observe che resulcs. 

COMPATIBLE 

Smooth mixture, combines well a fter stirring. 
Chemicals can be used together in the spray tank. 

FIGURE 3-15. 

Sometimes mixt,,res of pestic,des ore incompatible and may separate or 
curdle. This clogs spray equipment a11d wastes the pesticide material. 

INCOMPATIBLE 

Separation, clumps, grainy appearance. Settles 
out quickly after stirring. Follow instructions 
below co try to resolve incompatibility, otherwise 
do not mix this combination in the spray tank. 

RESOLVING INCOMPATIBILITY 

1. Add 6 drops of compatibility agent and stir 
well. If m ixcure appears compatible, allow it 
to stand for 1 hour, stir well , and check it 
again. lf the mixture appears incompatible, 
repeat one or two more times, using 6 
drops of compatibility agent each time. 

2. lfincompatibilicy still persists, dispose of 
this mixture, clean the jar, and repeat the 
above steps, but add 6 drops of compati­
bility agent to the water before anything 
else is added. 

3. If the mixture is still incompatible, do not 
mix the chemicals in the spray tank. To 
overcome this problem you might consider 
the following alternatives: 

D Use a d ifferent water supply. 

D Change brands or formulations of 
chemicals. 

D Change the order of mixing. 

4. Make only one change at a time, and per­
form a complete test, as described above, 
before making another change. Do not mix 
the chemicals in the spray tank ifincompat­
ibilitycannor be resolved. 

clumping 
and separation 

I COMPATIBLE 

smooth , 
uniform mi,cturc 

-.....____ 
•••• ••• •• • • • • 
COMPATIBLE 



POTENCY 

no cffcc1 

I slightly toxic 

modera1ely toKic 

highly toxic 

increase agitation and ny to break up 

the aggregates wilh a water stream l get 
the mixture recirculating. lf the material 

stilJ separates, coniact your pest control 

dealer for an appropriate. compatibility 

extender. Add the extender to I.be tank 
and continue agitation. 

Changing l'ilter screens to a larger size 
and deaning them frequently may help 

eliminate some of the clumping. When 

these steps do not resolve the problem 

dilute the mixture with additional water 

and filter off larger particles. lf you can­

not spray the mixture onto an applica­
tion site, place ir into an appropriate 
container for disposal. Follow the same 

procedures you would use to dispose of 
any other unused pesticide. 

Chemical Changes wilh 
Pesticides and Pesticide 
Combinations 

In some taok mixes, pesticides may 
mix properly in solution but the effec­

tivenes or toxicity of the pesticides in 
the mixture. changes. These changes are 
due to chemical, rather than physical, 

reactions between combined pesticides, 
impurities, or lhe water used for mix­

ing. Such changes are difficult LO recog­

nize because you cannot see them. 

Additive Effect 

Combining two or more pesticides 
may result in an additive effect.: the 

i\DDITIVE EFFECT 

FIGURE J-16. 
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toxicity of the combination i no 

greater than if you used an equal 
amount of only one of the materials. 

For example, you apply two insecti­

cides-Compound A and Compound 

B-at the rate or 1/2 pound or each per 
acre. The result on 1he targec insect is 

no differenl than if you applied l 
pound o( Compound A or 1 pound of 

Compound B. The results are greater, 
however, than if you applied just l/,._ 
pound of Compound A or 1/! pound 
Compound B (Figure 3-16) . 

Greater than Additive Effect 

Sometimes the toxicity of pesticides 

being mixed increases above what you 
expected through an addiLive effect. 
You may notice three types of changes: 

pole11tiatio11 or syne,;gism, illustrated in 
Figure 3-17, or a coalescent effect. 

PotenLiation. POlentiation increases 

the toxicity of a pesticide because 

something mixed with it lowers the 
pe.sls tolerance: to that chemical. lm.pu­

rilie.s in malathion, for example, can 

make malathion more toxic because th 

impurities inactivate enzymes produced 
by che pest that normally decoxif y 
malalh1on. ln mixtures o( two or more 

pesticides , one compound may potenti­
ate another in the same way. The result 
is an e[ecc greater than the e.xpected 

additive effect 

- - - --- -
/(you combine two or more pesticides ond toxicity increoses proportio11f1llj to the total omo1111tof pesi1-
cide bemg used, lhe effect is additive. 
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FIGURE 3•17, 

Whim combmed pesticides produce a 
response geacer than what would be 
e:q1ccted by the additive effect, the 
response mC1y be dve to pocenciacion or 
synergism, as illustrated here. 

POTENTIATION 

SYNERGISM 

Synergism. Synergism is another way 
peslicides increase in toxicity. The 
chemical you mix with the pesticide 
may or may not have peslicidal proper­
ties bUl is a synergist. The synergistic 
chemical may slow the breakdown of 
the pesLicide or increase iLs uptake by 
the pesL For example, piperonyl butox­
ide has no insecticidal properties, but it 
is commonly used to increase Lhe toxic­
icy of pyrelhrum insecticides. Sy using 
this synergist, less of the expensive 
active ingredient is needed. 

Coalescent Eff e.ct . A coalescent 
effect occurs when the toxic response 
from a pes1icide mixrnre is unlike the 
expected response from either pesticide 
alone. The combined materials have. 
formed a chemical with a different 
mode of action. 

Antagonistic Effect 

Antagonjsm occurs when a mbaure 

reduces the toxic effect of one or more 
of the pesticides. For example, if you 
combine two pes1icides1 one pest.icicle. 

(1011.icity o f "D" increased) 

(toxicil)' of "F" increased) 

may allow the target organism to resis1~ 
slow down, or degrade Lhe toxic action 
of the other (Figure 3-18). 

Deactivation 

Deactivation may take place before a 
spray reaches lhe intended destination. 
This usually happens in rhe. spray tank 
when you mix the pesticides. The qu11Ii­
ty of the water being used in the spray 
mixture may cause breakdown, or 
hydrolysis, of some pesticides. Water 
wi th a high pH (alkaline water) com­
monly shortens pesticide half-life. 
Sometimes one of the pesticide com­
pounds changes the pH of the spray 
mixture. Also, one compound may alter 
or neutralize an electrical charge of the 
other to reduce ilS effectiveness. This 
problem is especially important when 
using herbicides. 

Delayed Mixtures 

If two pesticides are interactive, 
problems can occur even when you 
apply one of them several wee.ks after 
the o~her. An earlier spray may cause 



FIGURE 3-18. 
" 

Sometfmes combinfngpest/cides cancels or 
red1.1ces the toxic effect of one or both of 
the components. This is known as an 
antagonistic effect. 

ANTAGONISTIC EFFECT 

deactivation of the second spray. The 
combination of the two sprays may 
injure treated plants (phytotoxic). 
Check pesticide labels for this type. 
of incompatibility. 

Damage to Treated Plants 
or Surfaces 

Pesticide combinations may work 
well to control target organisms bill 
stiJI create problems_ The in.teraqion 
between the chemicals may cause spot­
ting or staining of sprayed surfaces. 
They may even damage plant foliage or 
produce. To avoid this problem, test 
the mixture on a small area flrst and 
observe the results. Chemicals affect 
some surfaces less than others. Similar­
ly, some species of plants are more sen­
sitive than others. Plant phytotoxicity, 
however, may not be apparent until 

several weeks after application. 

Sources of Information 
on Compatibility 

Although there are many good rea­
sons to use tank mixes, it is important 
to avoid combinations that could dam­
age sprayed surfaces or cause problems 
with the application equipment. There 
are several ways to get information on 
pesticide mixtures. 

Labels 

Pesticide labels provide compatibility 
information on tank mixes. For 
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(toxicity of uH" decreased) 

instance, tank-mixing herbicides is a 
common practice. Many herbicide 
labels list other herbicides that can be 
mixed with them. Labels sometimes list 
pesticides or materials that are incom­
patible with one of the pesticides being 
used. These may be specific compounds 
or general classes of chemicals, such as 
sulfur containing compounds or alka­
line materials. When making tank 
mixes, be sure to follow all the instruc­
tions on all labels. 

Pesticide Manufacturers 

You can get specific information on 
compatibility by calling or writing to 
the main office, district office, or field 
representative of a pesticide manufac­
turer. Pesticide labels provide manu­
facturers' addresses. Chemical dealers 
usually have the names and telephone 
numbers of local field representatives. 
Most public libraries can also assist 
you in locating the nearest district 
office or corporate headquarters of a 
particular company. 

ADJUVANTS 

Adjuvants are materials you can add 
lo the spray tank to improve mixing 
and application or enhance pesticide 
performance. Manufacmrers formulate 
pesticides to be suitable to many types 
of application conditions. However, 
they cannot formulate them for all pos­
sible situations. Use adjuvants to cus­
tomize the formulation to specific 
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TABLE 3-11. 

Comparisons of Adj11vants. 

FUNCTION Surfacranr Sticker 

reduce surface • 
tension 

improve ability to • 
get into small cracks 

increase upcake by II 

target 

improve sticking • • 
protect against II • 
wash-off/abrasion 

reduce sunlight • 
degradation 

reduce volatilii.icion • • 
increase persistence 

improve mixing 

lower pH 

slow breakdown 

reduce drift 

eliminate foam 

increase viscosity 

increase droplet 
size 

attract pests co 
pesticide 

needs and compensate for local condi­
tions. Adjuvants are used to 

• improve the wetting ability of 
spray solutions 

0 control evaporation of spray 
droplets 

• improve weatherability of 
pesticides 

• increase the penetration of pesti­
cides through plant or insect 
cuticles 

• adjust the pH of spray solutions 
• improve spray droplet deposition 
• increase safety to target plants 
• correct incompatibility problems 
• reduce spray drift 
Familiarize yourself with adjuvant 

types to understand where and how to 
use them (Table 3-11). When selecting 
adjuvants, outline the effect you wish 
the adjuvam to have. ext, check pes­
ticide and adjuvam labels to make sure 
these materials are suitable to the 
application site, target pest, and appli­
cation equipment. 

TYPE O F ADJUVANT 

Spreader- Compatibility 
Sticker Exrender Accivacor Agent Buffor 

• • 
• 
• a 

a 

• • 
• • 
• 
• a 

• a 

• 
• 

Often a single chemical will accom­
plish two or more separate adjuvant 
functions . Examples of these are spread­
er-stickers, spreader-activators, or 
spreader-sticker-drift retardants. Some 
manufacturers also produce blends of 
chemicals to accomplish multiple func­
tions. The effectiveness of most adju­
vants is proportional to their concentra­
Lion in the spray tank mixture, however. 
Therefore, ready-mixed blends may 
limi t your ability to achieve the proper 
concentration of some component for 
your application requirements unless 
the requirements are identical to the 
ratio of components in the adjuvanc 
mixture. It is of ten better to use several 
single-active-ingredient adjuvants rather 
than one multiple-function adjuvant. 
Add these at the appropriate concentra­
tions for your specific needs. 

Surfactants 

Surfactants are swf ace active agents , 
also known as wetting agents or spread-

Deposition 
Acidifier Aid Defoamer Thickener Amactant 

• 

• • 
• 
• 
• 

• • • 
• 

• • 
• • 

• 



FIGURE 3-19. 

pesticide 

WiUtOU l 

surfnc:tanL 

Spray droplets will not spread out over 
wa.'91 ar hairy leaf or insect surfaces 
because of surfa,e tension: Adding a sur­
factant, however, lowers surface tenjion. 
This causes droplets to spread out and 
come in cont4ct with the Ci/tide of the 
leaf or insect. 

ers. They enhance spray coverage by 
reducing the surface. Lens ion of spray 
droplets. Some.times vegetable. oils such 
as cottonseed oil and soy oil are used as 
surfactants. Surfactams allow better 
coverage on waxy or hairy surfaces, 
such as leaves of many plants or the 
outer coverings of insects and mites 
(figure 3-19). They also help to get 
sprays into small cracks or openings. 

The amount of surface tension reduc­
tion is proportional, to an extent, to the. 
amount of surfactant used. Surface ten­
sion is measured in dynes/cm. Water 
has a normal surface tension of about 
72 dynes/cm. Optimal spreading occurs 
by lowering this to about 30 dynes/cm. 
At this poin.t, spray drop1ets are able to 

penelTate the small openings in leaf sur­
faces or insect cu tides . Increasing sur­
factant concentration any more than 
this usually causes spray materials to 
run off treated surfaces. This results in 
reduced eCfectiveness and a waste o[ 
mate.rials. Mix surfactants according Lo 
directions on their labels Lo achieve the 
appropriace surface tension reduction. 

Three ypes of surfactants are avail­
able. Nonionic surfactants do not re.act 
in water. Anionic surfactants ionize into 
negatively charged ions in water. 
Cationic surfactanlS ionize into posi­
tively charged ions in water. The surfac­
tants charge or lack of charge is irnpor­
tanl to pesticide applications. The 
charge affects how the spray material 
will react after application, drying, and 
exposure to environmental conditions. 
Emulsifiers used in the formulation of 
many pesticides are usually a blend of 
anionic and nonionic surfactants. This 
enables petroleum or other solvent­
based chemicals to break up into 
droplets and suspend in water. 

Anionic surfactants (negative electri­
cal charge) help prevent pesticides from 
washing off sprayed plants due to rain, 
dew, or irrigation. They prevent pesti­
cides from being readily absorbed 
through plant cuticle. because p1anr sur­
faces have a negative charge, and like 
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charges repel each other. Use anionic 
surfactants when it is important for the 
pesticide to remain on the oULer surface. 
of plants, even during adverse weather 
or environmental. conditions. Also use 
them to increase the effectiveness of 
insecticides and miticides that are 
stomach or contact poisons. These sur­
factants keep more active ingredient on 
leaf surfaces rather than allowing them. 
to be absorbed by the plant. 

Nonio1tic suifattants (no electrical 
charge) increase pesticide penetration 
through p1ant cuticles. Labels recom­
mend their use with systemic herbi­
cides such as glyphosate and oxyfluor~ 
[en to improve targel plant upt~ke. 
They also work with insecticides and 
fungicides that have systemic action. 
They improve rhe absorption of Lranslo­
cated pesticides into plant tissues. Rain­
fall, dew, or irrigation may wash pesti­
cides mixed with nonionic surfactants 
off treated surfaces_ 

Cationic stufactants (positively 
charged) are strongly attracted to plant 
surfaces. Although they aid in getting 
pesticides through cuticles, they are 
highly phytotmdc when not blended 
with other types of surfactants. Pure 
cationic.surfactants are not used as pes­
ticide adjuvants. 

Some surfactants are a blend of 
anionic and nonionic surfactants and 
may also contain cationic surfactants. 
Blends are. general-purpose surfactants 
and usually have a wider range of 
appli.cation. 

Selecting Surfactants. When select­
ing surfactants for pesticide application, 
consider several factors: 

• the nature of the target surface 
(waxy layers or fine, hairlike struc­
tures are difficult. to penetrate) 

• the physical and chemical nature 
of the pesticide (some pesticides 
dissolve in water while others are 
not soluble) 

• the site of action of the pesticide 
(some must be absorbed by the 
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target and translocated, while 

other types must remain on the 

surface) 

• weather conditions and cultural

practices, such as irrigation, that

may wash pesticides off treated

surfaces or influence application

methods and timing

• the biology or habits of the pest

Consider also the cost of the surfac­

tant compared to the cost per unit area 

of treatment. Surfactants are not always 

pure active ingredient; most contain an 

alcohol solvent. The percentage of alco­

hol varies from one brand of surfactant 

to another. You will need to use more 

surfactant if it contains a high percent­

age of alcohol. 

:Stickers 

Stichers are substances such as latex 

or other adhesives that improve pesti­

cide attachment to sprayed surfaces. 

They protect pesticides from washing 

off due to rainfall, heavy dew, or irriga­

tion. They also help prevent pesticide 

loss from wind or leaf abrasion. Many 

stickers incorporate ultraviolet 

inhibitors to slow pesticide breakdown 

by sunlight. Follow label directions 

carefully to avoid using too much 

sticker. Excess sticker binds the pesti­

cide so well that it may be unavailable 

to react with target organisms. If the 

pesticide formulation already contains 

stickers, do not use additional 

amounts. Always read the pesticide 

label in case there are recommenda­

tions against using a sticker. 

Spreader-Stickers 

Spreader-stichers are mixtures of sur­

factants and latex or other adhesive 

stickers. These are general-purpose 

adjuvants used for many types of pesti­

cide applications. When using a 

spreader-sticker, be certain that the 

surfactant is compatible with the type 

of pesticide being used. Also, check the 

pesticide formulation to see if it already 

contains a sticker. 

Extenders 

Extenders are chemicals that 

enhance the effectiveness or effective 

life of a pesticide. Some extenders 

function by screening out ultraviolet 

light that decomposes many pesti­

cides; others slow down pesticide 

volatilization. Use stickers as exten­

ders to slow down the loss of pesticide 

from surfaces due to irrigation, rain­

fall, and abrasion. Remember that 

extenders may make sprayed areas 

toxic longer than expected. This is 

because they slow the pesticide break­

down or natural degradation process. 

Activators 

Activators increase the activity of a 

pesticide. Some surfactants are activa­

tors because they reduce surface ten­

sion and allow greater pesticide contact. 

Activators also include chemicals that 

speed up pesticide penetration through 

insect or plant cuticles. Use activators 

carefully because they may increase risk 

to nontarget organisms by making pes­

ticides more toxic. 

Compatibility Agents 

When physical incompatibility 

occurs among pesticides, compatibility 

agents may reduce or eliminate separat­

ing or clumping. For example, one type 

of compatibility agent, an emulsifier, is 

a soaplike material that combines with 

oil to make the oil disperse in a water 

solution. When trying to correct an 

incompatibility problem with a compat­

ibility agent, mix small quantities of the 

pesticides and compatibility agent in a 

jar. Add all components in your test in 

the same order that you mix them in 

the spray tank. Unless pesticide or com­

patibility labels specify the mixing 

order, follow the technique described in 

Sidebar 5 on page 94. 

Buffers and Acidifiers 

The term pH is a measure of the acid­

ity or alkalinity of a solution. A neutral 

solution has a pH of 7. A solution with 



a pH of 6 is slightly acid, while one 
with a pH of 8 is slightly alka1ine. 
Many pesticides are unstable in alka­
line solutions but quite stable if the 
solution is slightly acid. The optimal 
pH for most pesticides is about 6, 
although solutions in the range of pH 6 
to 7 are usually satisfactory. Some pes­
ticides are most effective when the 
solution is acidified co a pH of3 to 3.5. 
High pH (alkalinity) often causes 
accelerated pesticide breakdown. Table 
3-12 shows some of the effects that 
water pH has on the activity of pesti­
cides. Sidebar 6 describes how to mea­
sure and alter the pH of the spray solu­
tion should this be necessary. 

Buffers. Buffers are substances capa­
ble of changing the pH of a water solu­
tion to a prescribed level. They keep 
this level relatively constant, even 
though conditions such as water alka­
linity may change. 

Acidifiers. Acidifiers (also called 
acidulators) are acids that neutralize 
alkaline solutions and lower the pH. 
Acidifiers do not have a buffering 
action like buffers. Therefore alkaline 
or acid compounds added to the spray 
solution after the acidifier may change 
the pH of the solution. 

Deposition Aids 

Deposition aids are adjuvants that 
improve the ability of pesticide sprays 
to reach surfaces in a treatment area. 
Different types of products work as 
deposition aids. Inverting agents, for 
instance, encapsulate the pesticide, 
forming oil droplets of uniform size. 
These suspend in larger water droplets 
to form an invert suspension. Encapsu­
lation prevents evaporation or 
volatilization of the pesticide before it 
reaches the target surface. Drift control 
agents increase droplet size by altering 
shear forces of the liquid spray emitted 
from a nozzle. Because larger droplets 
have more momentum, they travel far-
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ther and are influenced less by wind. 
The result is that more pesticide reaches 
target surfaces in the treatment area. 
Surfactants that alter the surface ten­
sion of the spray solution also improve 
deposition. They do this because they 
influence droplet size as well as distri~ 
bution on sprayed surfaces. 

Defoaming Agents 

Many pesticide mixtures produce 
copious amounts of foam as a result of 
the action of hydraulic or mechanical 
agitators. Foaming in the spray tank 
introduces air into the pressure system. 
This makes it difficult to maintain the 
even pressure required for proper mix­
ing and uniform pesticide application. 
Defoaming agents eliminate foam in the 
spray tank. 

Thickeners 

Tlticheners increase the viscosity of 
spray mixtures. Although thickeners 
work as drift retardants, they also assist 
in keeping spray mixtures in suspen­
s ion. 1n addition , they slow the separa­
tion process once these materials reach 
the target. They help to slow the water 
evaporation, therefore extending pesti­
cide activity and reducing drift. Some­
times regulations require the use of a 
thickener as a drift control agent when 
applying phenoxy herbicides such as 
2,4-D. 

Attractants 

Attractants are food or bait, such as 
sugar, molasses, protein hydrolysates, 
or insect pheromones, that attract spe~ 
cific pests, usually insects. These com­
bine with a pesticide to form a lethal 
mixture. Attractams allow spot applica­
tions of pesticides to localized areas 
within the treatment site rather than 
the entire site. They of ten enhance pes­
ticide specificity to target pests. 

Spray Colorants 

Spray colorants are dyes you add to 
the spray tank to be able to see areas 
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SIDEBAR 6 

Testing and Adjusting pH of Water 
Used for Mixing Pesticides 

You can measure pH with an 
electronic pH meter, a pH test 
kit such as those used for testing 
swimming pool water, or pH 
test paper available from a 
chemical supply dealer. 

TEST WATER 

1. Using a clean container, 

obtain a sample 
of water from the same 
source that will be used to 

fill the spray tank. 

2. Measure exactly 1 pint of 
this water into a clean 
quart jar. 

3. Check the pH of the water 
using a pH meter, test kit, 

or test paper. 

pH level 

3.5-6.0 

6.1-7.0 

Above 7.0 

Satisfactory for 
spraying and 
short-term ( 12 
to 24 hours) 
storage of most 
spray mixtures in 
the spray tank. 

Adequate for 
immediate 
spraying of most 
pesticides. Do 
not leave the 
spray mixture in 
the tank for over 
1 to 2 hours to 
prevent loss of 
effectiveness. 

Add buffer or 

acidifier. 

ADJUST pH 

1. Using a standard eyedrop­
per, add 3 drops of buffer 
or acidifier to the mea­
sured pint of water. 

2. Stir well with a clean glass 
rod or other clean, non­
porous utensil. 

3. Check pH as above. 

4. lffurther adjustment is 
needed, add 3 drops of 
buffer or acidifier, stir well, 
then recheck pH. Repeat 
until pH is satisfactory. 
Remember how many times 
3 drops were added to 

bring the solution to the 

proper pH. 

CORRECT pH IN 
SPRAY TANK 

1. Before adding pesticides to 
the sprayer, fill the tank 
with water. 

2. For every 100 gallons of 
water in the spray tank, 
add 2 ounces of buffer or 
acidifier for each time 3 
drops were used in the jar 
test above. Add buffer or 
acidifier to water while agi­
tators are running. If tank 
is not equipped with an 
agitator, stir or mix well. 

3. Check pH of the water in 
the spray tank to be cer­
tain it is correct. Adjust if 

necessary. 

4. Add pesticides to spray 
tank. 
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TABLE 3-I2. ---·---------------------------
Effect of Water pH on the Chemical Stability of Pesticidfl5. 

BRAND HALF-LIFE AT 
COMPOUND NAME DIFFERENT pH VALUES" 

azinphosmethyl Guthion 12 hours at pH 9.0, 17.3 days at pH 5.0. 

benomyl Benlate Very stable in mildly acid to slightly alkaline solutions. 

carbaryl Sevin 24 hours at pH 9.0, 2.5 days at pH 8.01 

24 days at pH 7.0. 

chlorothalonil Bravo 38.1 days at pH 9.0. Stable below pH 7.0. 

chlorpyrifos Dursban 1.5 days at pH 8.0. 
Lorsban 35 days at pH 7.0. 

diazinon Knox-Out 3 7 hours at pH 6.0. Hydrolysis is very rapid in strong 
acid or strong alkaline solutions. 

dimethoate Cygon 12 hours at pH 6.0. Maximum stabi lity is between 
pH 4.0 and pH 7.0. Unstable in a lka line water. 

EPN EPN 8.2 hours at pH 9.0, 10 years at pH 6.0. 

echoprop Mocap Stable in acid solutions, buc hydrolyzes rapid ly in 
alkaline solutions. 

formetanate Carzo/ 3 hours at pH 9.0, 14 hours at pH 7.0, 
4 days at pH 5.0. 

malathion Cythion Stable in neutral or moderately acid solutions, but 
Carbophos undergoes hydrolysis rapid ly at pH va lues above 7.0 
others or below 3.0. 

mechomyl Lannate Stable in slighcly acid water. Slight hyd rolysis after 
6 hours in pH 9.1 solution. 

monocrocophos Azodrin 22-23 days at pH below 7.0. Hydrolysis increases 
rapid ly at pH above 7.0. 

naled Dibrom Undergoes 90 co 10096 hydrolysis in 48 hours in 
alkaline water. 

phosmct lmidan 4 hours at pH 8.0, 12 hours at pH 7.0, 
13 days at pH 4.5. 

phosphamidon Dimecron 30 hours at pH 10.0, 13.5 days at pH 7.0, 
74 days at pH 4.0 . 

trich f o rfo n Dy/ox Rap id hydrolysis under conditions greater than 
pH 8.5. Most stable at pH 5 .0. 

*These figures are generalized estimates and renccc trends, but half-life periods may vary considerably. 
Hydrolysis depends on ocher facto rs besides che pH ofche solution, including temperature, other pesti· 
cides and adjuvants in the spray ca n k, and formulation of che pesticide. 

you have sprayed. Use colorants in 
backpack sprayers when applying her­
bicides to turf or a landscaped area. 
Also use them in rangeland areas and 
when spraying fencerows. Spray col­
orants are not suitable for use on food 
crops. The dyes may remain on produce 
and there may not be an established 
residue tolerance. 

ORGANIC PEST 
CONTROL MATERIALS 

In 1979, the Organic Foods Act 
became part of the California Health 
and Safety Code. (A proposed federal 
law similar to this is going through the 
legislative process.) This law specifies 
the types of pesticides people can use in 
agriculture. It covers crops, livestock, 
poultry, and dairy products sold as 
organic. The law applies to any labeling 
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using the rerms organically grown, nat­
urally grown, wild, ecologically grown, 
or biologically grown (Figure 3-20) . !n 
the case of perennial crops, it requires 
that in fields where commodities are 
grown no synthetically compounded 
fertilizers, pesticides, or growth regula­
tors be applied for 12 months before the 
appearance of fiower buds. In addition, 
none can be applied throughout the 
growing and harvest season. In the case 
of annual and two-year crops, no syn­
thetically compounded fertilizers, pesti­
cides, or growth regulators can be 
applied for 12 months before seed 
planting and throughout the entire 
growing and harvest season. 

Organically grown animals used for 
food (including poulny and fish) may 
not receive pesticides in any form except 
for treatment of a specific disease or mal­
ady. Animal growers cannot under any 

FIGURE 3-20. 

circumstances administer or introduce 
pesticides within 90 days of slaughter. 
Feed given to livestock or poultry must 
be produced using only approved pesti­
cides. The law imposes similar restric­
tions on milk-producing animals. 

Pesticides allowed for use on organi­
cally produced foods include microor­
ganisms, microbiological products, and 
materials derived or extracted from 
plant, animal, or mineral-bearing rock 
substances. Permitted pesticides 
include Bordeaux mixes, trace ele­
ments, soluble aquatic plant products, 
botanical lime sulfur, naturally mined 
gypsum, dormant oils, summer oils, 
fish emulsion, and insecticidal soaps. 
All materials used as pesticides must 
have current labels for such use. Table 
3-13 lists many of the materials that 
currently are allowable or have been 
used as organic pesticides. 

-- -- -- ·- . --------
Organic produce must be grown without the i1se of synthetic pesticides or synthetic soil amendments. 
On(y microorganisms, microbiological products, and materials derived or extracted from plants, animals, 
or mineral-bearing rock substances may be 11sed to control the pests. 
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TABLE 3-13. --------------Pesticides Accepted for Use on or around Some Types o(Orgonicolly Grown Prodt1ce. * 

COMPOUND 

INSECTICIDES 
Bacillus thuringiensis 

boric acid 

cryollte 

diatomaceous earth 

granu losis virus 

lime 

lime sulfur 

nicotine sulfate 

petroleum oils 

pheromones 

pyrechrum 

rocenone 

ryania 

sabadilla 

soaps 

sulfur 

vegetable oils 

TYPE 

microbial 

inorganic 

inorganic 

inorganic 

microbial 

inorganic 

inorganic 

plane derivative 

hydrocarbon 

attractants 

p lant derivative 

plant derivative 

plane derivative 

plant derivative 

soap 

inorganic 

plant derivative 

USE/CO MMENTS 

Controls many species of lepidopceran larvae and 
mosquito larvae ( depending on the variety of the 
B. tlwringiensis used) . 

A sorpcive dust having a desiccant action. 
Controls cockroaches, ants, ocher household 
pests. Ineffective if dust gees wee. 

Controls mites, moth larvae, beetles, weevils, 
and chrips. 

A sorptive dust derived from the skeletons of 
microscopic marine organisms. As a desiccant, 
controls household pests such as cockroaches 
and ants. Also controls some plane pests. 

Controls codling moth. 

Controls mites, some plant-sucking insects. 

Controls mites and psylla. 

Controls aphids, thrips, leafhoppers, ocher 
sucking insects. Toi<ic to mammals. 

Controls aphids, psylla, scale Insects, mites, 
aphid and mice eggs. May provide some control 
of ocher overwinteri ng insects. 

Used mainly for monitoring to time other control 
measures. Sometimes used co confuse insects in 
localized area to disru pc macing. Occasionally 
used to catch large numbers of specific insects co 
reduce future generations. 

Broad spectrum of pests is controlled, including 
mosquitoes, flies, aphids, beetles, moth larvae, 
thrips, and mealybugs. Provides rapid knockdown 
of flying pests. 

Contact and stomach poison. Controls beetles, 
weevils, slugs, loopers, mosquitoes, thrips, fleas, 
lice, and flies. Also used for control of unwanted 
fish. Aces as a repellent and acaricide. Rocenone 
is slow acting and has a shore residual. le is 
nontoxic to honey bees. 

Controls cod ling moth, thrips, and the European 
corn borer. 

Has contact and stomach poison accion against 
cockroaches, several species of bugs, potato 
leafhopper, imported cabbage worm, house fly, 
citrus thrips, and the cattle louse. Is toxic to 
honey bees. Not highly toxic to mammals. 

Controls mites, aphids, and ocher plant-sucking 
arthropods. Can be phytotoxic under certain 
conditions. Soap must be specifically labeled 
for use as an insecticide. 

Controls mites. 

As a contact spray, controls scale insects, aphids, 
and mites. 

"Some pest icides on this list may not be currently approved for use on organically grown produce. 
Many materia ls listed in this table may no longer be registered as pesticides or their labels may re.strict 
their use to specific pests, crops, or sites. Use all pesticides only in accordance with current federal and 
state labels. 
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(continued) 

COMPOUND 

FUNGICIDES 
basic copper sulfate 

Bordeaux mi~ 

copper ammonium 
carbonate 

copper hydroxide 

copper oxychloride 
sulfate 

copper sulfate 

lime sulfur 

sulfur 

terramycin 

TYPE 

inorganic 

inorganic 

inorganic 

inorganic 

inorganic 

inorganic 

inorganic 

inorganic 

antibiotic derived 
from a fungus 

USE/COMMENTS 

Controls early and late blight, srab, b lotch, 
bitter roe, fire blight, downy mildew, black roe, 
leaf spot, melanose, greasy spot, brown rot, 
anthracnose, angular leaf spot, and others. 

A slurry made of hydrated li me and copper 
sulfate. Controls brown rot and shot hole 
diseases in rree fruits . Controls some grape 
diseases. Also controls apple scab, blotch, apple 
black rot, melanose, anthracnose, early and late 
blight of pocatoes and comacoes downy mildew, 
fire blight, leaf spot, peach leaf curl , and many 
ocher funga l diseases. 

Controls angular leaf spot, alternaria leaf spot, 
cercospora leaf spot, early and late blight, 
bacterial b light, common blight, anchracnose, 
melanose, powdery mildew, downy mildew, · 
and others. 

Controls cercospora leaf spot, bacterial bl ight, 
septoria, leaf blotch, anthracnose, halo blight, 
helminthosporum, downy mi ldew, leaf curl, early 
and late b light, a ngular leaf spot, melanose. scab, 
walnut plight, and others. 

Controls peach blight, peach leaf curl, damp-off, 
anchracnose, fire blight, shot hole fungus, pear 
blight, bacterial spot, walnut blight, brown rot, 
celery blight, downy mildew, early and late blight 
of vegetables, cherry leaf spot, septoria leaf spot, 
powdery mildew, melanose, scab, and others. 

Suppresses development of fungal and bacterial 
organisms such as fire blight, cercospora leaf spot, 
early and lace blight, bacterial blight, and ochers. 

Controls powdery mildew, anthracnose, app le 
scab, brown roe , peach leaf curl, and 
others. 

Controls brown rot, peach scab, apple scab, 
powdery mildew, downy mildew, rose black spot, 
and others. 

Controls certain bacterial diseases in plants. 

~some pesticides on chis list may not be current ly approved for use on organically grown produce. 
Many materia ls listed in this table may no longer be registered as pesticides or their labels may restrict 
their use to specific pests, crops, or sites. Use all pesticides only in accordance with current federal and 
state labels. 

In general, pesticides approved for 
use on organically grown produce break 
down rapidly. These materials are of ten 
less disruptive to natural enemies and 
other organisms in the environment. 
However, the modes of action of many 
chemicals acceptable under the Organic 
Foods Act are similar to some syntheti­
cally manufactured pesticides. For 
example, copper materials and 

rotenone interfere with cell respiration, 
and pyrethrins interfere with nerve 
transmission, similar to DDT. Nicotine 
blocks nerve and nerve-muscle connec­
tions; petroleum oils interfere with cell 
membrane activity; and ryania affects 
the nervous system. These pesticides 
have LD50 values similar to Wanting and 
Caution organophosphate and carba­
mate pesticides (Table 3-14) . 
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TADLE J-H. 

Oro/ LO,, Values for Some Pesticide.s Used to Control Pests 011 Orgonicolly Crown Produce. 

CHEMICAL* 

nicotine 

rotenone 

Bordeau~ mi~ 

copper. hydroxide 

copper O)(}'chloride sulfate 

ryania 

pyrechrurn 

silica aerogel 

sabadilla 

cryolite 

BRAND NAME 

Black Leaf 40 

l<ocide 

C-0-C·S 

Ori-Die 

Kryocide 

LD,, TYPE OF PESTICIDE 

55 insecticide 

132 insecticide 

300 fungicide 

1,000 fungicide 

1,000 fungidde 

1,200 insecticide 

1,500 insecticide 

3,160 insecticide 

4,000 insecticide 

10,000 insecticide 

Some of the materials on this list may not curremly be registered as pesticides or be acceptable for use 
on organically grown produce, 

REVIEW QUESTIONS 

1. Which part of the label gives you an indication of the 
toxicity of the pesticide? 
D a. The Statement of Use Classification 
D b. The Signal Ward 
D c. The Dil'ections for Use 
D d. The EPA Registration Number 

2. The LD,0 of a pesticide tells you: 
D a. The toxicity of the pesticide 
O b. The level or possibility for long-term health 

effecls 
D c. Its effectiveness as a pest control agent 
D d. The likelihood of it causing plant injury 

3. The toxicity of a pesticide is usually measured by its: 
0 a. No observable effect level (NOEL) 
0 b. long-term health effects 
D c. LD,0 

D d. Half-life 

4. Which signal word indicates the least hazardous 
pesticide? 
O a. Poison 
0 b. Danger 
0 c. Warning 
0 cl .Caution 

5. The toxicity of a pesticide is: 
D a. The length of Lime it remains active in the 

environment 
D b. The potential for reaching groundwater 
D c. Its boiling point 
D d. lLs capacity to cause injury 

6. Which of the following chemical families contains 
pesticides that are typically persistent in the 
environment? 
D a. Organophosphates 
D b. Carbamates 
D c. Botanicals 
D d. Organochlorines 

7 . A postemergent contact herbicide: 
D a. ls applied before weeds germinate 
D b. Must be translocated in the plant to be 

effective 
O c. Causes injury to any part of the plant il 

touches 
D d . Provides a crop with systemic weed 

protection 

8. How much active ingredient would be found in a 20· 
pound bag of a 25W formulation? 
D a. 4 pounds 
D b.5 pounds 
D c. 10 pounds 
D d. 20 pounds 

9. How much active ingredient would there be in a 
5-gallon bottle of a 4E formulation? 
D a. 4 pounds 
0 b. 20 pounds 
D c. 4 quarts 
D d. 20 gallons 
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1 0. Which of the following formulation is least likely to 
cause plant injury? 
D a. Emulsifiable concentrate (EC) 
D b. Soluble powder (SP) 
D c. Wettable powder 0N or WP) 
D d. Fumigant 

1 1. Which of the following formulations requires no fur­
ther agitation once it is fully mixed with water? 
D a. Emulsifiable concentrate (EC) 
D b. Soluble powder (SP) 
D c. Wettable powder (W or WP) 
D d. Flowable (F) 

12. The tendency of ants to take poisoned bait back to 
the nest: 
D a. Makes ant bait too dangerous for home use 
D b. Contributes Lo the effectiveness of ant baits 
D c. Can cause ant populations to grow rapidly 
D d. Makes ant baits illegal for agricultural use 

1 3. The way a pesticide destroys or controls a target 
organism is its: 
D a. Hal[-life 
D b. Toxicity 
D c. Mode of action 
D d. PhytotoxiciLy 

14. When combining a wettable powder, a water soluble 
concentrate, and an emulsifiable concentrate in a 
tank mix: 
D a. The emulsifiable concentrate should go in 

firs t 
D b. The order in which the formulations are 

added does not matter 
D c. The wettable powder should go in last 
D d . the emulsi.fiable concentrate should go in 

last 

15. If a mixture of two pesticides in the spray tank results 
in clumping and the spray nozzles clog up, the mix­
ture is: 

D a. Synergistic 
D b. Antagonistic 
D c. Surface active 
D d. lncompatible 
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TATE ANO FEDERAL laws 
regulate the manufacture, sale, trans­
portation, and use of pesticides. At the 
national level, the U.S. EPA is the pesti­
cide regulatory agency. In California the 
Department of Pesticide Regulation 
(DPR) assumes this role. EPA'.$ authori­
ty is a mandate from the Federal Insec­
ticide, Fungicide, and Rodenticide Act 
(FIFRA). Originally passed in 1947, 
this law has undergone several amend­
ments and updates, including the 1992 
Worher Protection Standard. Based on 
this federal law, EPA establishes regula­
tions for pesticide registration and. 
labeling and pesticide residue tolerance 
levels on or in foods. These regulations 
also ,set standards for using restricted~ 
use pesticides and certifying pesticide 
applicators. Other federal agencies, 
including the Department of Agricul­
ture (USDA), the National Institute of 
Occupational Safety and Health 
(NIOSH), and the Fish and Wildlife 
Service (FWS), monitor and regulate 
some types of pesticide uses, 

Pesticide applicators in all states 
must comply with federal laws. Califor­
nia has enacted additional laws that 
strive to make pesticide use safer under 
the special conditions existing here (see 
Sidebar 7). California laws are some­
times more restrictive than federal laws 
but cannot permit uses or activities pro­
hibited by the federal laws. California 
laws require reporting the uses of all 
pesticides in many application loca­
tions, such as production agriculture. 
Each year, managers of agricultural 
operations and certain other nonagri­
cultural operations must obtain site and 

operation identification numbers before 
buying or using pesticides. This chapter 
describes the requirements for obtain­
ing identification numbers and report­
ing pesticide uses. 

California's pesticide laws are part of 
the California Food and Agricultural 
Code. The California legislature passes 
these laws in response to needs arising 
within the state or from federal man­
dates. Regulations are the working rules 
needed to interpret and carry out these 
laws. Regulations pertaining to pest 
control and pesticide use are part o( the 
California Code of Regulations. The 
California DPR develops and proposes 
pesticide regulations. After receiving 
comments by mail and from public 
hearings concerning a proposed regula­
tion, the DPR writes its final Statement 
of Reasons and forwards it to the Office 
of Administrative Law for approval. lf 
approved, it is forwarded to the Secre­
tary of State's office to be filed. At this 
point the new regulation is implement­
ed by the DPR. 

Several other state agencies in Cali­
fornia monitor and regulate pesticide 
use. These include the Department of 
Health Services, Air Resources Board, 
Department of Fish and Game, Depart­
ment of Forestry, Occupational Safety 
and Health Administration, Waste Man­
agement Board, Depanmen.t of Water 
Resources, Water Resources Control 
Board and Regional Water Control 
Board, and Structural Pest Control 
Board. In addition, agricultural com­
missioners in each county develop pes­
ticide use policies or conditions. These 
are specific to the needs of their coun-
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SIDEBAR 7 

ties. The DPR director musl approve 
county agricultural commissioner poli­
cies before they become operative, how­
ever. Counries and local governments 
also may create ordinances governing 
the use and storage of pesticides within 
their jurisdictions. 

Laws or regulations change when 
new situations arise that are not cov­
ered by existing laws and regulations. 
For example, pesticides and pesticide 
application equipment are constantly 
being improved or modified. These 
improvements often require people to 
use pesticides differently. ln addition , 

Reasons for Pesticide Laws and Regulations 

pest problems and pest management 
techniques usually differ from year to 
year. This also affects how people use 
pesticides. Also, as regulators idenrif}' 
new health and environmental prob­
lems, they create or modify laws to deal 
with them. For instance, the Worker 
Protection Standard was a change in 
FIFRA that strengthened requirements 
to protect people who work in pesti­
cide-treated areas. 

For currem pesticide laws and regula­
tions information , obtain a copy of the 
publication Laws and Regulations Study 
Guide for Agrirnltural Pest Control 

1. To provide for the proper, safe, and effi­
cient use of pesticides essential for the pro­
duction of food and fiber and for protec­
tion of public health and safety. 

pesticides when necessary to achieve 
acceptable levels of control with the least 
possible harm to nontarget organisms and 
the environment. 

2. To protect the environment from environ­
mentally harmful pesticides by prohibiting, 
regulating, or controlling uses of these pes­
ticides. 

3. To assure the agricultural and pest control 
workers of safe working conditions where 
pesticides are present. 

4. To permit agricultural pest control by com­
petent and responsible licensees and per­
mittees under strict control of the Director 
of the California Department of Pesticide 
Regulation and local agricultural commis­
sioners. 

5. To assure the users that economic poisons 
are properly labeled and are appropriate 
for the use designated by the label. 

6. To encourage the development and imple­
mentation of pest management systems, 
stressing application of biological and cul­
tural pest control techniques with selective 

U,illff SIIIIIQ 
EnYLro 11me:nteJ Plal~n 

7!0LD7D0 l 
M•rd'l 1Ht 

&EPA The Federal Insecticide, 
Fungicide, and Rodenticide 

Act (FIFRA) and Federal 
Food, Drug, and Cosmetic 
Act (FFDCA) As Amended 

by the Food Quality 

Protection Act (FQPA) of 

August 3, 1996 
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Adviser, Pest Control Business, Pest Con­
trol Dealer; Pest Control Aircraft Pilot 
Examinations. Order this booklet from 
the California Department of Pesticide 
Regulation, Pesticide Enforcement 
Branch, 830 K Street, Sacramento, Cali­
fornia 95814. 

ENFORCEMENT 

The DPR director and county agricul­
tural commissioners enforce state pesti­
cide laws and regulations. Applicators 
who fail to comply with federal and 
state pesticide laws and regulations are 
subject to fines and/or imprisonment. 
They also face the possible loss or sus­
pension of their DPR-issued licenses or 
certificates. The offices of the state 
attorney general or local district attor­
neys prosecute violators. In addition, 
county agricultural commissioners may 
issue citations and levy fines on viola­
tors of certain pesticide-use regulations. 
Table 4-1 summarizes the responsibili­
ries of the DPR, county agricultural 
commissioners, and other state and fed­
eral government agencies. 

PESTICIDE REGISTRATION 
AND LABELING 

Manufacturers must register pesti­
cides with the U.S. EPA and DPR before 
anyone can buy or use them in Califor­
nia. These agencies register individual 
pesticide products, not generic pesti­
cides. The registration procedure pro­
tects people and the environment from 
ineffective or harmful chemicals. Side­
bar 8 lists the information that a manu­
facturer provides to register a pesticide. 

The registration procedure includes 
an evaluation of each chemical. This 
evaluation establishes how EPA classi­
fies the material at the federal level. 
Pesticides are either general-use or 
restricted-use. A general-use pesticide is 
one that can be sold without a permit 
and can be used by the general public. 
However, only certified pesticide appli-

cators can buy, use, or supervise the use 
of a federal restricled-use pesticide. Cal­
ifornia designates certain general-use 
pesticides as restricted-use due to local 
hazards or specific health concerns. 
With few exceptions, you must obtain a 
permit from the county agricultural 
commissioner to buy any California 
restricted-use pesticide. The last section 
of this chapter contains information on 
permits for buying and t1Sing restricted­
use pesticides. 

As part of California's pesticide regis­
tration procedure, several state agencies 
review registration information. These 
include the California Departments ~f 
Food and Agriculture, Fish and Game, 
Health Services, and Industrial Rela­
tions. The Air Resources Board and 
Water Resources Control Board also 
review this information. In addition, 
there is a 45-day public review and 
comment period. This takes place 
before DPR makes-a decision to register, 
renew, or reevaluate a pesticide. The 
public review provides opportunities 
for interested or concerned people to 
contribute to registration decisions. 

To complete registration, manufacrur­
ers supply labels meeting all federal and 
state requirements. These labels become 
legal documents and contain important 
information for users. Some labels refer 
to other documents, such as endan­
gered species range maps. Agricultural­
use pesticide labels also ref er to the 
Worker Protection Standard provisions 
of the Code of Federal Regulations ( 40 
CFR part 170). These and other docu­
ments ref erred to on pesticide labels 
become part of the pesticide labeling. 

Emergency Exemptions and 
Special Local Need 

Occasionally pest problems arise that 
you cannot control with currently regis­
tered pesticides. Sometimes the com­
modity, target, or site are not on the reg­
istered pesticide label. In some situa­
tions, you can request an emergency 



Abbreviations: 

ARB: California Air Resources Board 

CAC: County Agricu ltural 
Commissioner 

DPR: California Department of 
Pesticide Regulation 

DFG: . California Department ofFish 
and Game 

OHS: California Department of Health 
Services 

EPA: U.S. Environmenta l Protection 
Agency 

FWS: U.S. Fish and Wildlife Service 

SPCB: Structural Pest Concrol Board, 
California Department of 
Consumer Affairs 

USDA: U.S. Department of Agriculture 

WRCB: California Water Resources 
Control Board 

WQCB: California Water Quality Control 
Board 
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TABLE 4-1. 

Responsibilities of Government Agencies in California's Pesticide Regulatory Program. 

REGULATORY 
PROGRAM 

registering pesticides 

classifying pesticides 

permitting 

licensing commercial 
applicators, advisers, 
pest control businesses, 
pesticide dealers, and 
maintenance gardeners 

registering applicators 
and advisers, certifying 
private applicators 

monitoring pesticide 
residues on food and 
feed 

regulating pesticide use 
and worker safety 

pesticide illness 
investigation 

pesticide disposal and 
storage 

protecting wildlife 

citing or prosecuting 
violators 

WHO 
ADMINISTERS IT 

EPA, DPR 

EPA, DPR 

CAC,DPR 

DPR" 

CAC 

EPA, USDA, 
DPR, CAC** 

EPA, DPR, 
CAC,DHS 

DPR, CAC, 
OHS 

DPR, OHS, WRCB, 
WQCB, ARB, CAC 

EPA, FWS, DFG, 
CAC,DPR 

EPA, DPR, CAC, 
SPCB, state attorney 
general, local district 
attorneys 

WHAT IT DOES 

Refuse or accept registration; suspend, 
cancel, or reregister pesticides. 

EPA classifies pesticides as restricted-use or 
general-use in the United Scates; DPR may 
impose more stringent restrictions for 
California, based on special conditions 
existing in the state. 

Issue, revoke, or refuse restricted-use pesticide 
permits (with use conditions) to growers, 
other private applicators, or certified 
applicat.ors. 

Issue licenses and administer tests co 
commercial applicator license applicants; 
revoke, suspend, or refuse licenses upon 
violation of pesticide laws. 

Register pest control businesses, aerial pest 
control operators, licensed pest control 
advisers, and maintenance gardeners. 
Through written examination, certify private 
applicators. Provide applicators and advisers 
with informacion on local pesticide use 
conditions. Inspect pesticide use records and 
pest control recommendations to verify 
proper pesticide use. 

Test food and feed for pesticide residues; 
quarantine or destroy illegally contaminated 
commodities; bring cases of violation to 
county district attorney or state attorney 
general for prosecution. 

General authority to regulate pest control 
operacions, including restrictions on the time, 
place, and manner of application; inspect 
training programs and records; various 
warning and enforcement pciwers. 

Participate in pesticide illness investigations 
and in development of worker safety 
regulations; confirmation of compliance 
with worker training requirements. 

Regulate hazardous waste storage and 
disposal , pesticide container disposal sites, 
and water quality standards. 

Investigate fish and wildlife losses. Identify 
and monitor endangered species. Restrict 
pesticide use to protect endangered species 
and other wildlife. 

Agricultural commissioner may levy civil 
penalties with fines. DPR may request 
attorney general to cake civil action . Attorney 
general may file accusation . DPR may 
suspend or revoke applicator's certificate. 
CAC may suspend, revoke, or refuse permits 
and county registration. 

"In California, Structural Pest Control Operators are licensed by the Structural Pest Control Board, 
California Department of Consumer Affairs. Vector Control Certificates are issued by the Department 
of Health Services. 

·~13 other scate and 5 federal agencies monitor various pares ofche environment for pesticides 
and other substances. 
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SIDEBAR 8 

Information Manufacturers Must Provide to DPR to Register 
a Pesticide in California 

1. Exposure information: data on risks of 

exposure and how people can be protected 

8. Inert ingredient hazard 

D Safety related to exposure 
9. Volatile organic compounds: their relation­

ship to air quality 
D Mixer, loader, app licator exposure 

D Management of poisoning 

D Toxicology of adjuvants and other compo­
nents of the formulation 

10. Other data as requested by the director of 

DPR, such as 

D Indoor exposure information 
D If material is a rodenticide, metabolic path­

way and mode of action 

D Information on drin potential 

D Phytotoxicity 

D Foliar residue and field restricted-entry data 

D Contaminants or impurities in the product 

D Analytical and environmental chemistry 
D Effects of tank mixes on the product 

2. Residue test method ( compatibility) 

3. Residue data 

4. Efficacy 

5. Hazard to bees 

6. Closed-system compatibili~ 

7. Effects on pest management 

exemption or a special local need (SLN) 
regislralion. 

Emergency Exemptions from Regis­
tration. Emergency exemptions from 
registration address pest problems for 
which the re are no pesticides registered. 
The U.S. EPA can issue an emergency 
exemption from registra tion at the 
request of the DPR. Firsl, DPR must 
acknowledge the need and consider it 
appropriate. Usually these needs are 
based on speci(ic public health quaran­
tine or crisis emergencies that require 
the 1.1se of an unregistered pesticide. 
There must be no feasible alternative to 
the exemption. Known as Seclion 18 

Exemptions, they allow the sale and use 
of a certain pesticide product for a spe­
cific nonregistered purpose during a 
specified period of time. 

Regulations impose strict controls 
and require recordkeeping for all emer-

gency uses. You must understand the 
special requirements and responsibili­
ties involved whenever you use pesti­
cides with emergency exemptions. The 
Department of Pesticide Regulation 
prescribes application rates, safety pre­
cautions, and other vital application 
information. 

Special local Need Registrations. 
Special Local Need (SLN) registrations 
are categorized as 24(c) registrations. 
They allow states tO expand or limit 
the uses of certain registered pesti­
cides within thei r ju1isclictions. For 
instance some SLNs allow uses of pes­
ticides for crops or sites not listed on 

· the label. Others add limitations to the 
uses of a federally registered pesticlde 
to accommodate area-specHic condl.­
tions. Manufacturers must provide 
sttpplemental labeling for each SLN 
registration. 



FIGURE 4-1. ---------
Supplemental labels are often attached to 
pesticide packages. Before purchasing a 
pesticide, make sure you have a complete 
set of labels. 

FIGURE 4-2. 

The pesticide label is a complex legal doc­
ument that you must read and under­
stand before making a pesticide applica­
tion. Mdke pesticide applications in strict 
accordance with the label instructions. 
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You must have the SLN labeling in 
your possession to use the pesticide for 
t.hat purpose. The registration numbers 
of Special Local Need labeling include 
SLN and the code for the state issuing 
the registration (CA) . These registra­
tions are legal only in the region, state, 
or local area specified in the labeling. 
Applying a pesticide having an SLN 
from another state or region subjects 
you to civil and criminal penalties. 

To find out which SLN registrations 
pertain to your area, contact any of the 
following: 

• the local county agricultural com­
missioner's office 

• a UC Cooperative Extension farm 
advisor 

• a pest control dealer 

Pesticide Labels 

Regulations set the format for pesti­
cide labels and prescribe the informa­
tion they must contain. Some packages 
are too small, however, to have all this 
information printed on them. In these 
cases, EPA requires manufacturers to 
attach supplemental labels (Figure 4-1) . 
On metal and plastic containers, manu­
facturers put supplemental labels in 

plastic pouches glued to the side of the 
containers. Paper packages usually have 
supplemental labels inserted under the 
bottom flaps. 

When to Read the Pesticide Label 

Read the pesticide label (Figure 4-2) 
1. Before buying the pesticide. Make 

sure the pesticide is registered for 
your intended use. Confirm that 
there are no restrictions or other 
conditions that prohibit using this 
pesticide at the application site. Be 
certain its use is suitable under 
current weather conditions. Also, 
be sure it controls the life stage of 
your pest. Find out what protective 
equipment and special application 
equipment you need. 

2. Before mixing and applying the pesti­
cide. Learn how to mix and safely 
apply the material. Find out what 
precautions to take to prevent 
exposure to people and nontarget 
organisms. Learn what first aid and 
medical treatments are necessary 
should an accident occur. 

3. When storing pesticides. Find out 
how to properly store the pesticide. 
Understand the special precautions 
to prevent fire hazards. 
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4. Before disposi11g of unused pesticide 
and empty containers. Learn how 
to prevent environmental contam­
ination and hazards to people. 
(Before disposal, check with the 
agricultural commissioner in your 
area for local restrictions and 
requirements.) 

What Pesticide Labels Contain 

Refer to the corresponding numbers 
on the sample pesticide label (Figure. 4-
5) for examples of the following pesti­
cide label sections: 

Brand Name. A brand name is the 
r;J name the manufacturer gives to 
L:'.:_J the product. This is the name 
used for all advertising and promoting. 

Chemical Name. Chemical names 
l,l describe the chemical structure 
LJ of a pesticide. Chemists follow 
international rules for naming 
chemicals. 

Common Name. Chemical names of 
r-;l pesticide active ingredients are 
LJ often complicated. Therefore, 
manufactures give most pesticides 
common or generic names. For example, 
0,0-diethyl 0(2-isopropyl-6-methyl-4-
pyrimidinyl) has the common name 
diazinon. Common names and brand 
names are not the same, and not all 
labels list common names for the 
pesticide. 

Formulation. Labels usually list the 
~ formulation type, such as 
L..:.J emulsifiable concentrate, wet­
table powder, or soluble powder. Man­
ufacturers may include this informa­
tion as a suffix in the brand name of 
the pesticide. For example, in the name 
Princep SOW, the "W" indicates a wet­
table powder formulation. Table 3-9 on 
page 84 lists definitions for many suf­
fixes \lSed with brand names. 

Ingredients. Pesticide labels list the 
IZl percentage of active and inerL 
LJ ingredients by weight. Inert 
ingredients are all components of the 
formulation that do not have pesticidal 
action. However, these may be toxic, 
flammable , or pose other safety or envi­
ronmental problems. Some, however, 
are totally harmless, such as clay. If a 
pesticide contains more than one active 
ingredient, the label may state the per­
centage of each. Sometimes manufac­
turers group all inert ingredients 
together and their labels do not show 
the percentage of each one. 

In the example given above, the nai:ne 
Princep SOW indicates that there is 80% 
by weight of the active ingredient 2-
chloro-4 ,6-bis( ethylamino )-s-triazine. 
If this were a liquid formulation, the 
label would also indicate how many 
pounds of active ingredient there are in 

1 gallon. 

Contents. labels list the net 
~ contents, by weight or liquid 
LJ volume, contained in the 
package. 

Manufacturer. Pesticide labels 
171 always contain the name and 
LJ address of the manufacturer of 
the product. Use this address if you 
need to contact the manufacturer for 
any reason. 

Registration and Establishment 
~ Numbers. The U.S. EPA assigns 
LJ registration numbers to each 
pesticide. You need this EPA number if 
you are reporting the use of the pesti­
cide. In addition, an establishment num­
ber identifies the site of manufacture or 
repackaging. 

Signal Word. An important part of 
!al every label is th.e signal word 
L.::.J (Figure 4-3) . The words Danger 
and Poison ( with a skull and cross­
bones) indicate that the pesticide is 
highly toxic. The word Danger used 
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FIGURE 4-3 . 

Tl;~ signal word Warning o~ this label 
indicates that the pesticide has a moder­
ate toxicity and should be handled 

with care. 

PRECAUTIONAllY STATEMENTS 
HAZARDS TO HUMANS AND DOMESTIC ANIMALS 
WARNING 
Causes eye irritation. Harmful if swallowed, inhaled or absorbed through 
the skin. Do not swallow, get in eyes, on skin or breathe spray mist 

PERSONAL PROTECTIVE EQUIPMENT (PPE} 
Applicators and other handlers must wear: 
• Long-sleeved shirt and long pants 
o Waterproof gloves 
o Shoes plus socks 
o Protective eyewear 
~ Chemica~resistant headgear for overhead exposure 
Discard clothing and other absorbent materials that have been drenched 
or heavily contaminated with this product's concentrate. Do not reuse 
them. Follow manufacturer's instructions for cleaning/maintaining PPE. 
If no such instructions for washables, use detergent and hot water. 
Keep and wash PPE separately from other laundry. 
When handlers use closed systems, enclosed cabs, or aircraft in a manner 
that meets the requirements listed in the Worker Protection Standards 
(WPS) for agricultural pesticides [40 CFR l 70.240(d) (4-6)J, the handler 
PPE requirements may be reduced or modified as specified in the WPS. 

FIGURE •H. 

The "Precautionary Statements," 
"Statement of Practical Treatment, " and 
"Statement of Use" on pesticide labels 
provide important information on haz· 
ards yoi1 must be aware of Read these 
statements thoroughly before using the 
material. 

alone indicates that the pesticide poses 
a dangerous health or environmental 
hazard. Warning indicates moderate 
toxicity, and Caution means low toxicity. 
(The section "Pesticide Toxicity Classifi­
cation' in Chapter 3 explains these dif­
ferent toxicity categories.) Part of the 
registration process assigns each pesti­
cide to a toxicity category. The level of 
hazard is a guide for the signal word 
manufacturers must use on their labels. 

Precautionary Statements. 
~ Precautionary statements 
LJ describe the pesticide hazards 
(Figure 4-4) . Read and follow the 
instructions given in a precautionary 
statement-this section includes as 

many as three areas of hazard. Most 
important are the hazards to people and 
domestic animals. This part tells why the 
pesticide is hazardous. It lists adverse 
eITects that may occur if people become 
exposed. It describes the type of protec­
tive equipment to wear while handling 
packages and while mixing and apply­
ing. 

The second part of a precautionary 
statement describes environmental haz­
ards. It tells you if the pesticide is toxic 
to nontarget organisms such as honey 
bees, fi sh , birds, and other wildlife. 
Here is where you learn how to avoid 
environmental contamination. 

The third part of the precautionary 
statement explains special physical 
and chemical hazards. These include 
risks of fire or explosion and hazards 
from fumes . 

Statement of Practical Treatment. 

Q The state1~ent of practical _trea t· 
L:'.:...:'.:J ment proVldes emergency infor­
mation. It tells what to do to decontam­
inate someone who becomes exposed to 
the pesticide. It describes the emer· 
gency Cirst aid procedures for swallow· 
ing, skin and eye exposure, and inhala­
tion of dust or vapors . This section tells 
you when to seek medical attention. 

Statement of Use Classification. As 
r;:;-i described above, the U.S. EPA 
LJ classifies pesticides as either 
general-use or restricted-use. U.S. EPA 
restricted-use pesticides have a special 
statement printed on the label in a 
prominent place. Pesticides that do not 
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RESTRICTED USE PESTICIDE 
12 Due to High Acute Toxicity to Humans 

For retail sale and use only by Certified Applicators or persons under their direct supervision and only for those uses covered by the 
Certified Applicator's certificaUon. Direct supervision for lhis product requires the certified applicator ta review federal and supplemental label 
lnstructions with all personnel prior to application, mixing, loading, or repair or cleaning or appllcaHon equipment. 

1 -Reckon® LV 
5 

3 

2 

4 

8 

6 

9 

11 

insecticide bY Toxco® 
- Active Ingredient: By Weight 
-- Methomyl 
~ (S-methyl-N-[(methylcarbamoyl) 

- oxy)tbioacetimidate) ...... . ... ... ..... ............... .29% 
Inert Ingredients .. . .. ... ....... .............. .. ...... . .. 71 % 
TOTAL ....... . ........ . .. . . .. .. . .. . .. . ........... .. ... . ......... 100°/o 

Water Soluble Liquid 
Contains 2.4 lbs active ingredient per gallon. 

-----EPA Reg. No. 000-000 
EPA EST. No. 0000-XX-O 

-------Net 5 gallons 

KEEP OUT OF REACH OF CHILDREN 

---DANGER * POISON . ,.. 
PELIGRO VEN ENO 
Si usled no entiende la etlqueta, busque a alguien para que se 
la explique a usled en delalle. (If you do not understand this 
label, find someone to explain Jt lo you in detail.) 

STATEMENT OF 
PRACTICAL TREATMENT 

Thia Product is an N-Methyl Carbamate insecticide. 
If swallowed: Call a physician or Poison Control Center. 
Drink l or 2 glasses of water and induce vomiting by 
touching the back of throat with ftnge.r. Do not induce 
vomiting or give anything by mouth to an unconscious 
or convulsing person. 
If inhaled: Remove victim to fresh air. If no! breathing, 
give artificial respiration, preferably mouth-to-mouth. 
Get medical attention . 
If in eyea: Hold eyelids open and flush with a steady 
gentle stream of water for 15 minutes. Get medical atten­
tion . 
If on skin: Wash with plenty of soap and water. Get 
medical attention . 
ATROPINE IS AN ANTIDOTE-SEEK MEDICAL 
ATTENTION AT ONCE ffl' ALL CASES OF SUSPECTED 
POISONING. 
1C warning symptoms appear (see WARNING SYMP­
TOMS), get medical attention. 
For medical emergencies involving thls product, call 
toll free l'-000-000-0000. 

10---- PRECAUTIONARY STATEMENTS 
HAZARDS TO HUMANS 

AND DOMESTIC ANIMALS 
DANGER! CONTAINS M81'HANOL. FATAL IF SWAL­
LOWE:D . MAY CAUSE BLINDNESS IF SWALLOWED. 
MAY BE FATAL IF INHALED OR ABSORBED THROUGH 
EYES. CAUSES IRREVERSIBLE EY& DAMAGE. 

(Precautionan; Statements contirmed In next column./ 

7 --©1999 ToxCo, Inc., ViUageton, Yourstate, 01234 

FIGURE 4-5. ----- ----------- --
This example of a pesticide label illustrates the important sections. 
These sections are descr,bed m the text. 

Do not get in eyes , on skin, or on clothing. Do not 
breathe vapors or spray mist. Pilot should not ass ist in 
the mixing and loading operation . 
WARNING SYMPTOMS-Methomyl poisoning produces 
effects associated with anticholinesterase activity which 
may include weakness, blurred vision. headache, nau­
sea, abdominal cramps, discomfort in the cbesl, con­
strictfon of pupils, sweating, slow pulse, muscle tremors" 
lf warning symptoms appear, refer to Statement of 
Practical Treatment on front panel of Reckon® LV label 
and seek medical attention at once. 

PERSONAL PROTECTIVE EQUIPMENT 
Some materia ls that are chemical-resistant to this prod­
uct are listed below. If you want more options, follow the 
instructions for category B on an E:PA chemical-resis· 
tance category selection chart. 
Applicators and other handlers must wear: 

Long-sleeved shirt and long pants. 
Chemical-resistant gloves, such as barrier laminate or 

butyl rubber. 
Shoes plus socks. 
Protective eyewear. 
For exposure in enclosed areas, a respirator with 
either an organic vapor-removing cartridge with a pre· 
fitter approved for pesticides (MSHA/NIOSH approval 
number prefix TC-23C or a NiOSH-approved respira­
tor with any R, P, or HE fitter !a lso N if product docs 
not contain oil and bears no instructions that will 
allow application with an oil-containing material I), or 
a canister a pproved for pesticides (MSHA/NIOSH 
approval number prefix TC-14G) . 
For exposures outdoors, dust/ mist filtering respira­
tor (MSHA/NIOSH approval number prefix TC-2 lC or 
a NfOSH-approved respirator with any R, P, or HE: fil­
ter !also N if product does not contain oil and bears 
no instructions that will allow application with an oil· 
containing materiall) . 

Cleaners and repairers of application equipment 
must wear: 

Long-sleeved shirt and long pants. 
Chemical resistant gloves. 
Chemical resistant footwear. 
Protective cyewear. 
Respirator as outlined above, 
Chemical resistant apron. 

Discard clothing or other absorbent materials that have 
been drenched or heavily contaminated with this prod· 
uct 's concentrate. Do not reuse them . Follow manufac­
turer's instructions for cleaning/maintaining PPE. If no 
such instructions for washa bles, use detergent and hot 
water. Keep and wash PPE separately from other laundry. 

ENGINEERING CONTROL STATEMENTS 
Human flaggers must be in enclosed cabs. 
When handlers use closed sys tems, enclosed cabs, or air­
craft in a manner tha t meets the requirements lis ted in 
the Worker Protection Standard (WPS) for agricultural . 
pesticides (40 CFR part 170.240 (dl(4-6)1, the handler 
PPE requirements may be reduced or modified as speci­
fied in the WPS. The enclosed cabs must be used in a 
manner that meets the requirements listed in the WPS 
for agricultural pesticides. The handler PPE requirements 
may be reduced or moc!ilied as specified in the WPS. 

ENVIRONMENTAL HAZARDS 
Tbis pes ticide is toxic to fish and wildlife. Drift and runoff 
from treated areas may be hazardous to aquatic organ­
Isms in neighboring areas. Do not apply directly to water, 
or to areas where surface water is present, or to intertidal 
areas below the mean hJgh water mark. Do not contami­
nate water when disposing of equipment washwaters. 
This product is highly toxic to bees exposed to direct 
treatment on blooming crops or weeds. Do not apply this 
product or allow it to drift to blooming crops or weeds 
white bees are actively visiting the treatment area. 

PHYSICAL AND CHEMICAL HAZARDS 
Combustible. Do nol use or store near heat or open 
name. Keep container closed . Use with adequate 
ventilation. 



DIRECTIONS FOR USE 
It is a violation of federal law to use this product 1 

manner inconsistent with its labeling. 
... 

Do not apply this product in a way that will contact work-
ers or other persons, either directly or through drift. Only 
rotected hai:idlers may be.in the area during application, 

or any requrrements SJ?ecific to your State or Tribe, con-
suit the agency responsible for pesticide regulation. 
Do not apply this product through any type of irrigation 
system, 
Do not fonnulale this product into other end-use prod-
ucts without written permission. 
ToxCo RECKON® LV Insecticide should be used oniy in 
accordance with recommendations available through 
local dealers. 
ToxCo will not be responsible for losses or damages 
resulting from use of this product in any manner not 
specifically recommended by ToxCo. User assumes all 
risks associated with such non-recommended use. 
RECKON® LV is a water soluble liquid to be diluted witb 
water for application by mechanical ground or a.lr equip-
ment only. Use only Jn commercial and farm plantings. 
Not for use in home plantinJ:s nor on any commercial 
crop that is turned into a" -Pick," "Pick Your own• or 
similar operation. Pilot should not assist in the mixing 
and loading operation. 

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 fteenhouses, and handlers of 
agricultural pesticides. t contains requirements for 
training, decontamination, notification, and emer-
gency assistance. It also contains specific instruc-
Lions and exceptions pertaining to the statements on 
this label.about pcrs~nal protective equipment (PPE) 
and restnoted-entry interval. 'the requirements in 
this box only aW,IY to uses of this product that arc 
covered by the orker Protection Standard . 
Do not enter or allow worker entry lnto treated lll'cas 
during th_e restricted entry interval (REI). 
PPE reqwred for early entry to treated areas that is 
permitted under the Worker Protection Standard and 
that involves contact with anything tha t has been 
treated, such as plants, soil, or water, is: 

Coveralls. 
Chemical-resistant gloves, such as barrier laminate 

or butyl rubber. 
Shoes plus socks. 
Protective eyewear. 

GENERAL INFORMATION 
Scoutlng-Monfror insect populations to determine 
whether or not there Is a need for application of RECK-
ON~ LV based on locally determined economic thresh-
olds. More than one treatment of RECKON® LV may be 
requlred to control a population of pests. · -
Insect Predators-RECKON® LV at rates of 1' to % pt. 
~er acre helps conserve certain benefioials, including 

lg-eyed bugs, damsel b~s, flower bugs and spiders in 
cotton and soybeans. W · e these beneficials cannot be 
relied upon to control pests, they are of potential value 
and should be monitored along with pests in pest man-
agement programs on these crops. 
Resistance-Some insects are known to develop resis -
tance to Jroducts used repeatedly for control. When this 
occurs, c recommended dosages fail to supgress the 
pest population below the economic thresbol . Because 
the development of resistance cannot be predicted , the 

Rate 

Reckon®LV 
Crops Insects ptg, Per Acre 

Aidse Cabbage Looper 3 

(fennel) Beet Armyworm l lHo3 

Do not apply .more than 4.5 lbs a .i./acre/crop. 
Do not make more than 10 applications/crop. 
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use of this product should conform to resistance man-
""ement strategics established for the use area.These . 
strategies :. ··-'- ' ">comoration of cultural and b10-
logical control practices, aJterauon Ol ac..: '" ·-- ~r 
insecticides on succeeding generations and targeting1~ 
most susceptible life stage. Consult your local agricul -
al authorities for details . 
Compatibility-Since formulations may be changed and 
"~" inhnduced, it is recommended that users pre-
mix a small quantity o · · .,, m;x and observe for 
possible adverse changes (settling out, noccura-um • ~·=· . 
Avoid mixtures of several materials and very concentrat-
eel spray mbctures. 
Do not use RECKON® LV with Bordeaux mixture, "Du 
Ter" (triphenyltin hydroXide), lime sulfur, ''Rayplex~ iro_n 
nor in highly aklaline solutions. Use mildly alkaline mix-
tures immediately after mixing to prevent loss of inscctl-
cidal activity. 

SPRAY PREPARATION 
Spray equipment must be clean and free ofJ'.rcvious pes-
ticide deposits before applylng RECKON® L . 
Fill spray tank 14 to J/.i full of water. Add RECKON® LV 
directly to spray tank. Mix thoroughly. Use mechanical 
or hydraulic means; do not use air agitation. Spray mix 
should not be stored overnight in spray tan.k. 

(DIN!ctlon.s far Use continued an supplemen tal labeling,} 

STORAGE AND DISPOSAL 
STORAGE: Do not subject to temperatures below 32" F. 
- roduct in original container only. Do not contami-
nate wa,~,, _.,,d. esticides, fertilizer, food or feed in 
storage. Not for use or " in or around the borne. 
PRODUCT DISPOSAL: Do not contamm- food, 
or feed by disposal. Pesticide wastes are acutely~ 
ardous. Improper disposal of excess pesticide, sJ;ray mL'<'-
ture, or rinsate is a violation of Federal Law. If ese 
wastes cannot be disposed of by use according to label 
instructions, contaot your State Pesticide or 
Environmental Control Agency, or the Hazardous Waste 
representative at the nearest EPA Regional Office for 
guidance. 
CONTAINER DISPOSAL: Triple rinse (or equivalen t) , 
then offer for recycling or rtconditiooing ir container . 
reuse is permitted, or puncture and dispose of in a sam-
twy landfiU, or~ incineration, or, if allowed by state 
and local autho ties, by burning. If burned, stay out of 
smoke. Return empty stainless steel containers for refill-
ing and reuse. 

LIMITATION OF WARRANTY AND 
LIABILITY 
NOTICE: Read This Limitation of Warrnoty and Liabilitv 
Before Buyin~ or Using This Pro" · - " .. - OZ! ms Are 
Not Acee-·- ~ .. ,ue !'roduct at Once, Unopened, 
=•u r1 e Purchase Price Will Be Refunded. 
It is im~ssible to eliminat': all ris!<s associated with the_ 
use oft ·s product. Such risks anse from weather concli-
tions, soil fac tors, off target movement, unconventional 
farming techniques, presence of other materials , the 
manner of use or application, or other unknown factors , 
all of which are beyond the control of ToxCo. These risks 
can cause: ineffectiveness of the product; crop injury; or 
injwy to nontarget crops or plants. 
ToxCo does not aigee to be an insurer of these risks . 
WHEN YOU BUY R USE THlS PRODUCT, YOU AGREE 
TO ACCEPT THESE RISKS. 

(Warranty lnfonnatlall continued on supplemental labeling.} 

p 13 

- 16 

17 

- 14 

18 
13 

Last Application-Days ,__ 15 
To Livestock 

Grazing/ 
To Harvest Feeding REI 

7 48 hrs 

(Restncted-entry lt\(annatlo,t contlrzued on supplemerztal labeling.) 
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contain th.is statement are genernl-use 
pesticides, except where special state 
restrictions apply. For information, 
check the DPR list, State Restricted-Use 
Pesticides, available from county agri­
cultural commissioners. Some labels 
have restrictive statements indicating 
that they are for agricultural or com­
mercial use only. A restrictive state­
ment is different from a statement of 
use classification. 

Directions for Use. The directions 
Q for use are an important part of 
LJ the pesticide label. It is a viola­
tion of the law if you do not follow 
these instructions. The only exceptions 
are cases where federal or state laws 
specify acceptable deviations from label 
instructions (see the following section). 

The directions for use list all the tar­
get pests that manufacturers claim their 
pesticides control. IL also includes the 
crops, plant species, animals, or other 
sites where you can use the pesticides 
(Figure 4-6). Here is where you find 
special restrictions that you must 
observe. These include crops that you 
may or may not plant in the treated area 
(plantbach restrictions). They also 
include restrictions on feeding crop 
residues to livestock or grazing live­
stock on treated plants. 

These instructions tell you how to 
apply the pesticide. They specify how 
much to use, where to use the material, 
and when to apply it. The directions 
also include the harvest intervals (or 
preliarvesl intervals) for all crops when­
ever appropriate. A harvest interval is 
the time, in days, required after applica­
tion before you may harvest an agricul­
tural crop. 

Agricultural Use Requirements. 
~ This special statement appears 
LJ in the Directions for Use section 
on labels of pesticides approved for use 
in production agriculture, commercial 
greenhouses and nurseries, and forests. 
It refers to the Worker Protection Stan-

dard (40 CFR part 170). You must use 
the pesticide according to this standard 
as well as the requirements on the pesti­
cide label. It provides information on 
the personal protective equipment 
(PPE) required for early-entry worllers. 
Lt also gives the restricted-e11t1y interval 
(REI) for workers (see below). 

Res tricted-Entry Statement. Usually 
l1'sl a period of time must elapse 
L.:'.:.:J before anyone can enter a treat­
ed area unless they are wearing person­
al protective equipment. This period is 
the restricted-ent1y interval. Restricted­
entry intervals may vary accordipg to 
the toxicity and special hazards associ­
ated with the pesticide. The crop or site 
being treated and its geographic loca­
tion also influence the length of this 
interval. Some pesticide uses in Califor­
nia require longer restricted-entry inter­
vals than those listed on the pesticide 
label. Check with the local agricultural 
commissioner for this information.. 

Misuse Statem ent. The misuse state­
~ ment reminds users to apply 
LJ pesticides according to label 

directions. 

Storage and Disposal Directions. 
Q Directions for properly storing 
LJ and disposing of the pesticide 
and empty pesticide containers are 
another important part of the label. 
Proper disposal of 1.inused pesticides 
and pesticide containers reduces 
human and environmental hazards. 
Some pesticides have special storage 
requirements because improper storage 
causes them to lose their effectiveness. 
lmproper storage may even cause 

explosions or fires. 

Warranty. Manufacturers usually 
r,-;;-J include a warranty and dis­
LJ claimer on their pesticide labels. 

This information informs you of your 
rights as a purchaser and limits the lia­
bility of the manufacturer. 
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Pesticides must be applied only in the 
manner described in the ''Directions for 

Use" section. 
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DIRECTIONS FOR USE 
It is a violation of Federal law to use this product in a manner 
inconsistent with its labeling. This label must be in the possession 
of the user at the time of pesticide application. 
Observe all cautions and limitations in this label and the labels of 
products used in combination with PROWL 3.3 EC. The use of 
PROWL 3.3 EC not consistent with this label can result in injury to 
crops, animals, or persons. Keep containers closed to avoid spills 
and contamination. 
DO NOT apply this product in a way that will contact workers or 
other persons, either directly or through drift. Only protected han­
dlers may be in the area during application. For any requirements 
specific to your State or Tribe, consult the agency responsible for 
pesticide protection_ 

DEVlATlONS FROM LABEL 
DIRECTIONS 

Sometimes regulations allow you to 
use pesticides in a manner that varies 
from label directions. These methods 
gene.rally involve safer or less disruptive 
uses of the pesticide_ For instance., Uni­
versity of California Pest Management 
Guiddi11es sometimes recommend pes­
ticide rates that are lower than label 
instructions. Researchers recommend 
these rates to protect beneficial organ­
isms. 

Following are the only label devia­
tions allowed by California law. These 
exceptions may change at any time or 
may not apply in certain instances. 
Always check with DPR or your local 
agricultural commissioner before using 
a pesticide in any manner that varies 
from label directions. 

Decrease in rate per unit treated_ Some 
guidelines call for less pesticide than 
the amount listea on the label. This is 
usually be.cause a lower rate is Jess dis­
ruptive. to natural enemies. Consider, 
for example, the guidelines for control­
ling spider mites in almonds. If there 
are adequate levels of beneficials, they 
recommend as little as 1/10 of the label 
rate of specific acaricides. The lower 
rate reduces pest numbers to a level 

where predators can maintain control. 
However, be cautious about using 

lower rates. Sometimes using lower 
rates speeds up the development of pes­
ticide resistance in the target organism. 
To avoid possible problems when using 
lower rates, check first with the local 
farm advisor. 

Under no circumstances can you legal­
ly increase the amount of pesticide you 
apply beyond the maximum label rates. 

Decrease in tile concenl ration of the 
mixture applied. Label instructions usu­
ally state the volume of water to use 
when preparing a spray mixture. IL is 
always possible to use more water than 
this, however too much water may cause 
excessive dilution and runoff. This 
results in not enough of the pesticide 
getting to the target pest. In most cases, 
use only as much water as necessary to 
obtain thorough coverage_ Be sure this is 
not Jess than what the label states. 

Increase in concentration as long as it 
con-esponds wit1i published recommenda­
tions of the University of California. There 
are times when it would be convenient 
to use a more concentrated mixture than 
the dilution race specified on the label. 
Although you would apply no more 
than the labeled rate of pesticide, you 
would prefer using less carrier ( waler or 
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oil). If Lhere are current, published UC 

guidelines for doing this, you can 
increase the concentration . However, 
these guidelines are pesticide-specific. 
Coinplywith all other label instructions. 
Remember, verbal recommendations of 
any type are not acceptable. 

Application al a frequency less titan 
specified. Label instructions often pre­
scribe how often to apply a pesticide. 
Manufacturers recommend this frequen­
cy to maintain adequate control of the 
pest being created. It is permissible, 

under the law to make applications less 
frequently than the label recommends. 
If your monitoling confirms that less 
frequent applications adequately control 
pests, there is no need to make addition­
al treatments. Additional applications 
sometimes increase olher pest problems 
by disrupting beneficials. Besides, it is 

expensive to use llnneeded pesticides. 
However, reducing the frequency of a 

pesticide application below label rec­
ommendations may result in inade­

quate control. Before reducing applica­
tion frequency, carefully monitor the 
pest population. 

lt is never permissible to apply apes­
ticide more frequently than the interval 
listed on the label. You may apply the 
pesticide repeatedly if the label does not 
limit the number of applications or it 
states ''apply as needed. " Monitor the 
pest to be sure that repeated applica­
tions are necessary. 

Use to control a target pest 110L on the 
label when tl1e commodity or site is on ihe 
label and use against an unnamed pest is 
not expressly prohibited. You may Wish 

to use a pesticide on a commodity or 
site listed on the label, but the label 
does not list the target pest. As long as 
the label does not forbid use of this pes­
ticide against the pest on the commodi­
ty or site, you may use it. Be certain the 
label lists the commodity or target site 
(for other pests). Follow all other label 
instructions. 

Use of any method of application not 
prohibited, provided other label directions 

are followed . Most label recommenda­
tions do not specify exactly how to 
apply the pesticide. Should this be the 
case, it is possible to use any practical 
method. However, be sure the method 
you choose allows you to follow all 
other labei directions. 

Applying a pesticide by ground or by 
air is an example . .If there is no prohibi­
tion against aerial application on the 

label, you may use either method. How­
ever, you must comply with all label 
directions. (It may not be possible to 
apply a pesticide by air when the label 
prohibits the lower dilution rate 
required for aerial application.) 

Mixing with another pesticide or fertil­
izer, unless prohibited. You may want to 
combine one pesticide with one or sev­
eral others or with fertilizers. This type 

of application saves ti~e and reduces 
application costs. Unless specifically 

prohibited by directions on any of the 
labels, it is permissible to apply pesti­
cides in combination. 

Even though the label does not pro­
hibit mb,tures, you may e.xperience 

incompatibility problems with certain 
combinations of pesticides or pesticides 
and fertilizers. Check for incompatibili­
ty before mixing large ,,olumes. Refer to 

Chapter 3 for ways to determine incom­
patibility and resolve incompatibility 
problems. 

Never mix a pesticide with another 
pesticide or fertilizer if the label pro­

hibits such a mixture. Label restrictions 
may specify general classes of chemicals 
such as sulfur-containing materials, 
alkaline chemicals, or oils. 

Exceptio11S to or substitutions for per­
sonal protective equipment (PPE) require­
ments. State regulations provide for the 
following exceptions to some pesticide 
label PPE requirements: 

• U you are using a closed system to 
handle pesticide products with the 

signal word Danger or Warning, 
you may substitute coveralls, 
chemical resistant gloves, and a 
chemical resistant apron for per-
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sonal protective equipment 
required by the pesticide label.* 
Properly mixing pesticides pack­
aged in water-soluble packets is 
considered to be using a closed 
system. 

• If you use ~ closed system to han­
dle pesticide products with the sig­
nal word Caution, you may substi­
tute worh c1otliing for the personal 
protective equipment required by 
the pesticide label.* Properly mix­
ing pesticides packaged in water­
soluble packets is considered to be 
using a closed system. 

• lf you are applying pesticides from 
an enclosed cab (including the 
cockpit of an aircraft), you may 
substitute work clothing for per­
sonal protective equipment 
required by the pesticide product 
labeling. 1f respiratory protection 
is required, you must wear this 
while applying pesticides from 
ground application equipment 
unless the cab is approved for res­
piratory protection ."'* 

• You may substitute a chemical­
resistant suit for coveralls and/or a 
chemical resistant apron. 

• If you are applying pesticides from 
an aircraft, you are not required to 
wear gloves during operation of 
the aircraft. However, wear gloves 
when entering or exiting if the air­
craft is contaminated with pesti­
cide residues. While in the cock­
pit. keep your gloves in a chemi­
cal-resistant container, such as a 
plastic bag. 

PESTICIDE USE RECORDS 

If you apply pesticides for hire or 
meet any of the following criteria you 
must maintain records of pesticide use. 
You must keep these records for 2 years. 
Make them available to the director of 
the DPR or the local agricultural com­
missioner upon request. Keep pesticide 
use records if you use any pesticide 

• designated for agricultural use, as 
defined in the Food and 
Agricultural Code Section 11408 
(pesticides designated for use- only 
on livestock are exempted) 

• designated by the DPR as rest,icted 
(listed in Section 6400 of Lhe 
California Code of Regulations) 

• designated for industrial use as a 
postharvest commodity treatment 

• listed on the Grom1dwater 
Protection List found in Section 
6800(b) of the California Code of 
Regulations and used for any out­
door institutional or outdoor 
industrial use 

Include the following information in 
your pesticide use records: 

• date o[ application 
• name of the operator of the prop-

erty treated 
• location of property Lreated 
• crop commodity or site treated 
• total acreage or units treated at the 

site 
• pesticide, including the U.S. EPA 

or state registration number on the 
pesticide label 

• amount used 
Besides the information required 

above, if you are the operator of property 
that produces an agricultural commodity 

• lf the closed system yo~ use o~crates under positive pressure, you must use protective c ewear. Also 
have all personal pro1ec11ve equipment required by pesticide product labeling immedintelyy available fo

0

r 
use man emergency. • 
.,. ff y~u arc \~orking in an enclosed cab, other than an aircmfl, you must have with ou all ersonal 
prote~ll.ve equ1p".'cnl required by pesticide product labeling. Keep this PPE immedi:iely av~lablc and 
store II m a chemical-resistant container, such as a plastic bag Wear 1his label r · d I · · ·r · . · - eqmrc persona pro-
tec11ve eqmpmcnt 1 111s necessary 10 work outside the cab and contact pesticide Lrea1cd 5 ~ 
Remove and store this PPE in a plastic bng before reentering the cab. ur aces. 
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You must report the use of all pesticides applied to ;grimlturol commodities to the local ;gricultural 
commissioner by the 10th of the month following the month of application. Pesticides used in other 
locations may also need to be reported, as described in the text. 

or are a pest contrnl business applying 
pesticides to such property, you must 
include in the records the following 
information for each pesticide applied: 

• location or the property treated, by 
county, section, township, range, 
base and meridian 

• hour the Lreaunent was completed 
• the operator identification number 

issued to the operator of the prop­
erty treated 

• the site identification number 
issued to the operator of the prop­
erty treated 

• total acreage (planted) or units ar 
the site 

• names of people who made and 
supervised the application, if the 

pesticide application was made by 
a pest control business 

lf you are the operator of property that 
produces an agricultural commodity, 
you must maintain records of pesticides 
applied by the pest control business to 

this property. These records must specify 
the sites where pesticides were applied 
by the pest control business. 

PESTICIDE USE REPORTING 
REQUIREMENTS 

If you are involved in the production 
of agricultural commodities or apply 
pesticides in certain other areas, follow 
the procedures described below before 
buying or using pesticides. However, if 
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you perform pest control for hire, you 
are exempt from these requirements. 
(In this context, performing pest con­
trol "for hire" means that you are a self­
employed pest control operator or an 
employee of a firm that contracts to 
apply pesticides for others, and you or 
your employer do not own, manage, or 
operate the site where you apply the 
pesticides.) 

Operator and Site 
Identification Numbers 

Production Agriculture. If you are the 
operator of agricultural property, you 
must obtain an operator identification 
number before buying or using any pes­
ticides in the production of agricultural 
commodities. Obtain operator identifi­
cation numbers from agricultural com­
missioners in each county where you 
perform pest control work. If pesticides 
are applied by a commercial applicator 
(pest con trol business), provide the 
company making the application with 
this operator identification number. 

Before using pesticides for the pro­
duction of an agricultural commodity, 
the operator of the property must 
obtain site identification numbers from 
the local agricultural commissioner for 
each site where pest control work will 
be performed. These site identification 
numbers are valid for the same concur­
rent period as the operator identifica­
tion number. 

Nonagricultural Sites. You must 
obtain an operator identification 1111,nber 

if you apply any of the pesticides listed 
below to cemeteries, golf courses, 
parks, rights-of-way, postharvest agri­
cultural commodities, and certain other 
nonagricultural sites. Obtain operator 
identification numbers From the agri­
cultural commissioners of each county 
in which you perform pest control. As 
the operator of the property, you are not 
required to obtain an operator identifi­
cation number when a person perform-

ing pest control for hire purchases and 
applies these pesticides. 

Following are the pesticides for 
which you must have an operator iden­
tification number if they are applied on 
nonagricultural sites: 

• any pesticide designated for agri­
cult11ral use, as defined in the 
Food and Agricultural Code 
Section 11408 (pesticides desig­
nated for use only on livestock 
are exempted) 

• any pesticide designated by the 
DPR.as rest,icted {listed in Section 
6400 of the California Code of 
Regulations) 

• any pesticide designated for indus­
trial use as a postharvest commod­
ity treatment 

• any pesticide listed on the Grou11d­
wate1· Protection List found in 
Section 6800(b) of the California 
Code of Regulations and used for 
any outdoor institutional or out­
door industrial use 

Pesticide Use Reports for 
Production Agiiculture 

Agricultural Property Operator. The 
operator of property that is producing an 
agricultural commodity must report the 
use of all pesticides applied to the crop, 
commodity, or site (Figure 4-7). Send or 
deliver these reports to the commission­
er of the county in which the pest con­
trol was perfonned. These reports are 
due by the 10th day of the month fol­
lowing the month in which the pesticide 
was applied. Reports are not required 
from the operator of the property if a 
pest control business reports the pesti­
cide use to the commissioner. 

Pest Control Business. Pest control 
businesses must report the use of pesti­
cides applied by them for the produc­
tion of agricultural commodities. Deliv­
er these by hand or mail to the commis­
sioner of the county in which the pest 
control was perfonned within 7 days of 
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completion of the pesticide application. 
Also, within 30 days of completion of 
the pesticide application, send a copy of 
this report to the operator of the prop­

erty where the pesticide was applied. 

Monthly Summary 
Pesticide Use Reports 
(Nonagricultural Sites) 

Anyone. meeting the criteria listed 
below and who applies pesticides 'to 

nonagricultural sites must re.port a 
summary of the monthly use of pesti­
cides to the commissioner of the county 
in which the work was performed. Mail 
or hand-deliver the report co the com­

missioner by the 10th day of the month 
follo·wing the month in which the work 

was performed. Include the following 
information on this report: 

• name and address of the person 
(or business) who applied the 

pesticides 
• county where the pest control was 

performed 
• month and year of pesticide use 
• crop, commodity, or site treated, 

except when using a designated 
use code as specified on the 
Monthly Summary Pesticide Use 
Report form 

• pesticide names, including the U.S. 
EPA or state registration numbers 
on the pesticide labels 

• amount of each pesticide used 
• number of applications made with 

each pesticide and the total num­
ber of applications made durihg 
the month 

• total acres or units treated with 
each pesticide, except when using 
a designated use code, as speci­
fied on the Monthly Summary 

Pesticide Use Report form 
Monthly summary pesticide use 

reports are required if you 
• apply any pesticide designated for 

agricultural use, as defined in the 
Food and Agricultural Code 
Section 11408 (pesticides desig-

nated for use only on livestock 
are exempted) 

• apply pesticides for hire 
• use a pesticide for industrial 

postharvest commodity treatment 

• use any pesticide listed on the 
Groundwater Protection List found 
in Section 6800(b) of the 

California Code of Regulations, for 
any outdoor institutional or out­

door industrial purpose 

Negative Pesticide Use Reports 

During any month, if a licensed 
agricultural pest control business per­
forms no pest control work in a coun­
ty where the business is registered 
with the commissioner, it must submit 

a report stating this fact. File this 
report with the county agricultural 
commissioner by the 10th day of the 
following month. 

RESTRICTED-USE PESTICIDES 

State and federal laws restrict Danger 
materials so that only certified commer­
cial or private pesticide <\pplicators can 
buy or use them. These laws similarly 
restrict other pesticides that meet spe­
ciCic hazard criteria. Counties may also 

place local restrictions on particular 
pesticides. Crite1ia for restricting the 
use of certain pesticides in California 
include 

• danger to public health 
• hazard to applicators and farm­

workers 
• hazard to domestic animals, honey 

bees, and crops from direct appli­
cation or drift 

• hazard to the environment from 
drift onto streams, lakes, or 
wildlife estuaries 

• hazards related to persistent 
residues in the soil resulting in 
contamination of the air, water­

ways, estuaries, or lakes, causing 
damage to fish, wild birds, and 
other wildlife 
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• hazards to subsequent crops due 
to persistent soil residues 

• use of a federal restricted-use 

pesticide 
Get information on federal, state, and 

county use restrictions from the county 
agricultural commissioners' offices in 
counties where you make applications. 

Applicator Certification 

You must be a certified pesticide appli­
cator before you can be issued a restrict­

ed-use permit. Obtain your certification 
by one of the following means: 

Certified Private Applicator 

This category applies to operators of 
agricultural and other properties or 
their designees. You must successfully 

pass the p1ivate applicator certification 
examination administered by the coun­

ty agricultural commissioner in the 
county where the property is located. 
Certification must be renewed every 3 
years by reexamination or by attending 
the required 6 hours of approved con­
tinuing education. 

Certified Commercial Applicator 

This classification applies to people 
performing pest control for hire and 
others who apply or supervise the 
application of restricted-use pesticides 

as part of their employment in nonagri­
cultural and/or agricultural areas. 
Growers who use or supervise the use 
of minima1 exposure pesticides in agri­
cultural areas must also be qualified 
commercial applicators. You must suc­
cessfully pass one of the following 
examinations, depending on the nature 

of your work: 
0 Mc1intenance Gardener Pest 

Control Business 
• Qualified Applicator Certificate 

(QAC) 

• Qualified Applicator License (QAL) 
0 Pest Control Operator Business 

• Pest Control Aircraft Pilot 
Certificate 

These examinations are adminis­
tered by the Department of Pesticide 

Regulation throughout California on a 
regular basis. Obtain application mate­
rials for these examinations from the 
local agricultural commissioners office 
or from DPR. The qualified applicator 
certificate and license classifications 
contain the following 11 categories in 
whic.h individuals can be tested and 
certified. You must hold a current cer­

tification in the appropriate category 
or categories in order to apply or 
supervise the application of restricted­
use pesticides in those areas. The cate­
gories include 

(a) Residential, Industrial, and 
Institutional Pest Control 

(b) landscape Maintenance Pest 
Control 

(c) Right-of-Way Pest Control 
(d) Agricultural Pest Conu·ol (plant) 
(e) Forest Pest Control 

(f) Aquatic Pest Control 
(g) Regulatory Pest Control 
(b) Seed Treaone.nt 

(i) Agricultural Pest Control (animal) 
(j) Demonstration and Research 
(k) Health-Related Pest Control 

Continuing Education. All commer­
cial applicators, as defined above, must 
renew their certification every 2 years by 

attending approved continuing educa­
tion courses. Maintenance Gardener 
Pest Control Business license holders 
who possess only the landscape mainte­
nance category must attend 8 hours of 
approved continuing education, includ­
ing 2 hours of laws and regulations. 
QAC and QAL holders possessing only 

the Seed Treatment category must attend 
4 hours of approved continuing educa­
tion, including 2 hours of laws and regu­
lations. QAC and QAL holders in all 
other categories must have 20 hours of 
approved continuing education, includ­
ing 4 hours of laws and regulations, to 
renew their certification. Pest Control 

Aircraft Pilots must have 4 hours or aeri­
al application and 4 hours oflaws and 
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regulations as part of their 20 hours of 
conlinuing education every 2 years. 

Restricted-Use Permits 

Agricultural commissioners issue 
restricted-use pennies (Figure 4-8) for 
specific agricultural sites and crops. 
California law does not require permits 
to use federally restricted pesticides in 
nonagricultural areas. However, in 
nonagricultural applications only certi­
fied applicators can buy and use these 
pesticides. For some materials, the state 
imposes additional restrictions. For 
instance, materials classified as restrict­
ed in California require a permit for any 
use other than use by structural pest 

YOLO COUNTY DE!'ARTIAENT OF AGI\IOULT\JRE 
70 COTIONWOOO STREET, WOODlNID, OAl5<1D5 

control operators. For nonagricultural 
uses, these permits are not site-specific. 

You must present a valid pesticide 
applicator license, certHicate, or private 
applicator certificate to the agricultural 
commi5sioner when you apply for a 
restricted-use permit. Before issuing 
site-specific permits, commissioners 
consider local conditions. These 
include the proximity of the application 
to dwellings, schools, hospitals, recre­
ational areas, and animals. They also 
evaluate the potential for injury to adja­
cent crops or plantings. The commis­
sioners consider how weather might 
affect the pesticide application. They­
evaluate how you plan to protect honey 
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FIGURE 4-8. 

The county agricultural commiss;oner must issue a restricted-use permit before many federal restrict­
ed and all California restricted pesticides can be applied to agricult11ral areas. Permit holders must 
comply with all cond;tions of the permit, including notifying the commissioner at least 24 hollrs before 
beginning an application. 
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SIDEBAR 9 

bees, if these are present. They also 
assess your storage and comainer dis­
posal procedures. 

Sidebar 9 describes how to obtain a 
restricted-use permit. Commissioners 
usually issue permits each year for an 
entire season. However, for certain 
perennial crops and nonagricultural 
uses, they have the discretion to issue 
permits for longer than one year. Grow­
ers may designate authorized represema­
tives, such as employees or licensed pest 
control advisers, to become certified pri­
vate applicators for their operations. To 
become certified applicators, growers or 
their representatives must pass the Pri­
vate Applicator Certification examina­
tion. Local agricultural commissioners' 
offices administer these e..xaminations. 

Regulations require that before you 
apply a restricted material on an agri­
cultural crop, you must notify the agri­
cultural commissioner who issued the 
permit. You must give this notice at 
least 24 hours in advance by filing a 
Notice of Intent. 

Licensed pest control businesses and 
certified private applicators may buy 
and apply some federal restricted-use 

How to Obtain a Restricted-Use Permit 

pesticides without a permit if there are 
no additional state restrictions. Howev­
er, if a permit is required, a pest control 
business must have a WTitten recom­
mendation from a licensed pest control 
adviser. They also need a copy of the 
restricted-use permit issued to the grow­
er or person responsible for the crop. 

Exceptions. Usually, you do not need 
permits for the agricultural use of pesti­
cides that are not designated as federal 
or state restricted. However, if local 
agricultural corrunissioners determine 
that a certain pesticide presents an 
undue hazard under local conditions, 
they can restrict its use. Structural pest 
control operators, licensed pest control 
dealers , and commercial warehouses do 
not need permits to possess restricted 
pesticides. 

Exempl Pesticides. DPR exempts 
some restricted-use pesticides from per­
mit requirements. These are pesticides 
that DPR determines require no further 
restrictions beyond those imposed by 
federal regulations and the label. OPR 
maintains a list of exempt materials. 

TO OBTAIN A RESTRICTED-USE 
PERMIT 

Ohce you have become qu_alified as a certified 
applicator, follow the steps below to obtain a 
restricted-use permit: 

4. (For agricultural use only.) Prepare a r:nap 
of each location where restricted-use pesti· 
cides will be used. Include the following 
information: 

1. Telephone the agricultural commissioner's 
office in the county where the restricted 
material will be used. Make an appoint­
ment for issuance of a restricted-use 
pesticide permit. 

2. Prepare a list of the restricted materials that 
will be used during the calendar year. 

3. Prepare a list of pests to be controlled by 
the restricted materials. 

0 Legal location of property (section, township, 
range). 

0 Physical location of property ( nearest cross-
roads) and nature of surrounding properties. 

0 Number of acres to be treated. 

0 Location and types of adjoining crops. 

0 Location of residences, roads, schools, hospi­
tals, recreation areas, farm labor housing, feed 
lots, bee colonies, game preserves, and water­
ways within }2 mile. 
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5. If applicable, the name, address, and tele­
phone number of pest control operators 
who will be applying these pesticides. 

6. Take all this information to the agricultural 
commissioner's office when applying for a 
restricted-use pesticide permit. 

WHAT WILL HAPPEN 

1. You will be asked to fill out an application 
and to verify that you hold a valid pesticide 
applicator's license or certificate ( certified 
private applicator or certified commercial 
applicator). 

2. The com missioner or a biologist will review 
the following information with you: 

D Pesticide use requirements. 

D Methods of transporting, storing, and dis-
posing of pesticides. 

D Bee protection, if applicable. 

D Environmental precautions. 

D Equipment care and calibration. 

D Posting requirements, if needed. 

D Mixing and loading. 

0 Employee training and supervision . 

D Protective clothing and equipment. 

D Emergency medical requirements . 

D Record keeping and reports. 

D County policies and requirements. 

AFfER THE PERMIT IS ISSUED 

1. File a Notice of Intent with the commission­
er's office at least 24 hours before making 
a restricted-use pesticide application. 
(This may be done in writing, in person, or 
by telephone. Some offices have 24-hour 
telephones with an answering device to 
receive messages.) Provide the following 
information: 

D Your name, date, and time. 

D Name on permit if different from your 
name. 

D Your telephone number. 

D Permit number. 

0 Location of application, including field 
number if applicable. 

0 The pesticide to be used, its formulation, 
amount to be applied, and dilution . 

0 Method ofapplication (ground sprayer, 
air, etc.). 

D Legal location ofapplication, if applicable. 

D Pests to be controlled. 

D Commodity and acreage (if agricultural 
application) or what pesticide will be 
used on. 

D Name of applicator of pesticide. 

D Beginning date and time of application . 

0 Location of any hazards that were not list~d 
on the permit (livestock, poultry, crops, resi­
dences, etc., adjacent co treatment area). 

2. When applicable, notify beekeepers at least 
48 hours before applying the pesticide. 

3. If necessary, notify all people living near the 
treatment area. In agricultural situations, 
notify workers within 14 mile of the area to be 
treated if they are working on property under 
your control. Make sure they are informed of 
symptoms of pesticide poisoning and under­
stand not to enter treated areas until the end 
of the restricted-entry interval. 

4. Post treated area if necessary. 

AFTER PESTICIDE IS APPLIED 

1. Dispose of pesticide containers according 
to instructions from county agricultural 
commissioner's office. 

2. Fi le Pesticide Use Report by the 10th of the 
month following the month ofapplication 
(Pest Control Businesses must file a use 
report within 7 days of application). 

3 . Record pertinent information about the 
application ( see text, pages 123-124 ), and 
keep this information on file for two years. 

4. Remove posted signs, if used, at the appro­
priate time. 



REVIEW QUESTIONS 

1. The federal laws regulating the manufacture, 
sale, transporting, and use of pesticides are 
administered by: 
D a. USDA 
D b.NLOSH 
D c. DPR 
D d.U.S. EPA 

2. Regulations pertaining to pest control and pesticide 
use in California are part of: 
D a. The Federal Insecticide, Fungicide, and 

Rodenticide Act (FIFRA) 
D b . EPA Worker Protection Standard 
D c. The California Code of Regulations 
0 d. Fish and Wildlife Service Regulations 

3, The laws and regulations controlling pesticide use 
in California: 
D a. Are optional as long as federal regulations 

are followed 
D b, Allow some pesticide handling practices 

prohibiled at the federal level 
0 c. May be more restriclive than federal laws 
D d. Are exactly the same as the federal laws and 

regulations 

4. The Worker Protection Standard (WPS) provides 
additional protection to agricultural workers by: 
D a. Replacing FIFRA with a stricter worker 

safety law 
D b. Requiring that pesticide manufacturers 

perform additional testing prior to product 
registration 

0 c. Strengthening FlFRA requirements for 
protection of workers 

D d. Eliminating the requirement for use of 
restrictive protective equipment 

S. A general-use pesticide is a product that can be 
purchased and used by: 
0 a.Anyone 
D b. Certified applicators only 
0 c. Licensed applicators only 
D d. General-use pesticide permit holders 

6. You can only use a nonregistered pesticide if you 
have obtained: 

D a. A Special local Need (SLN) registralion 
D b. Permission from the county agricultural 

commissioner 
D c. Approval from the DPR 
D d. An emergency exemption Erom registration 

7 · Section ·18 exemptions are issued by the: 
D a. DPR 
D b. U.S. E.PA 
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D c. Cal-EPA 
D cl.USDA 

8. Which of the following pieces of information is not 
always included on the pesticide product label? 

D a. Signal word 
D b. Common name 
D c. Chemical name 
0 d. Precautionary statements 

9. What does the "Statement of Practical Treatment" 
on the pesticide label tell you? 
D a. FirsL aid instructions 
D b. PPE requirements 
D c. Application instructions 
0 d. Mixing and loading instructions 

10. Which of the following deviations from label 
directions is legal in California? 
D a. Applying less than the label rate 
D b. Applying more Lhan the label rate 
D c. Treating a crop or site not on the label 
D d. Making more frequent applications Lhan 

Lhe label allows 

11. Why must you seek expert advice before using an 
application rate or pesticide concentration lower 
than what is specified on the product label? 
D a. Using less than label rates is usually illegal 
D b. Reduced application rates can cause illegal 

residues on treated crops 
D c. Lowering the application race increases 

e.xposure risk to workers 
D d. Using less than label rates may promote 

pesticide resistance 

12. How long must you keep pesticide use records? 
D a. 6 months 
0 b . l year 
D c. 2 years 
D cl . 5 years 

13. When making a nonagricultural application, which of 
the following pesticides could be used legally without 
an operator identification number? 
D a. A pesticide that is restricted in California 

but not federally 
D b. A general-use pesticide approved for agricul­

tural use 
D c. A pesticide approved for use only on 

nonagricultural sites 
D d. An industrial use pesticide for postharvest 

commodity treatment 
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14. A restricted-entry interval (REI) refers to the amount 
of time that must pass after a pesticide application 
before: 
D a. Workers may enter the treated area without 

wearing protective clothing 
0 b.A crop may be harvested 
D c. A crop may be irrigated 
D cl.Another pesticide can be applied 

1 5. Growers must have valid Grower Identification 
Numbers before they can purchase: 
O a. Federal restricted-use pesticides only 
O b. Pesticides having Special Local Need (SLN) 

registrations only 
O c. Pesticides used only on nonagricultural sites 
O cl .All pesticides used in the production of 

agricultural commodities 
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AN\' PESTICIDES are 
hazardous chemicals that have the 
potential to injure people or upset the 
environment. Residues of specific pesti­
cides have led to water quality loss in 
various locations. Occasionally, the 
improper use of pesticides has injured 
nontarget vegetation, honey bees, birds, 
or other wildlife. 

If you apply pesticides carelessly, 
some may damage treated surfaces or, 
through drift, surfaces near the treat­
ment area. In addition, indiscriminate 
use of pesticides may result in pesticide 
resistance. Many pesticides, if not used 
wisely, also have the potential to dis­
rupt biological control by destroying 
natural enemies. 

POTENTIAL FOR 
HUMAN INJURY 

Pesticides, like other poisonous 
chemicals, injure people by interfering 
with biological functions. The nature 
and extent of injury depends on the 
pesticide's toxicity and the amount 
entering the tissues. Some pesticides are 
very toxic and produce injury at low 
doses. A few drops of these might cause 
severe illness or death. Other pesticides 
are so mildly toxic that a person would 
have to consume several pounds before 
experiencing any effect. 

However, because potential hazards 
exist with most pesticides, anyone 
working with these chemicals must 
avoid ex-posure. Treat all pesticides with 
respect. It is impossible to accurately 
predict what effects can result from 

· long-term repeated exposures to even 
the least toxic pesticides. 

How People Get Exposed 
to Pesticides 

There are several ways people can 
come in contact with pesticides. How­
ever, the most serious exposure poten­
tial occurs during mixing and applica­
tion. To greatly reduce exposure risks, 
wear proper work clothing and use 
other protective equipment during mix­
ing and application. 1n addition, follow­
ing label guidelines for restricted-entry 
and harvest intervals protects workers 
and consumers. 

Poisoning symptoms or injuries can 
result from a single exposure to a large 
quantity of pesticide. In other cases, 
illness might occur after exposure to 
repeated small doses over time. It is 

common for different individuals to 
vary in their sensitivity to the level of 
pesticide exposure. Some people show 
no reaction to a dose that might cause 
severe illness in others. A person's age 
and body size often influence his or her 
response to a given dose. Thus, smaller 
doses might have more impact on 
infants and young children than they 
do on adults. Also, adult females can be 
more sensitive to lower doses than 
adult males. 

Accidents 

The most harmful pesticide exposure 
risks occur during accidents that 
involve spills, splashes, or equipment 
failure . Usually these accidents happen 



FIGURE 5-1. 

The agricultural industry has the highest 
number of pesticide-related accidents. 
Accidents that result in pesticide injury or 
poisoning occur mainly during mixing and 
application. These accidents are often the 
result of carelessness or improper tech­
niques. This person is wearing special 
equipment that protects against injury 
or poisoning in case of an accident. 

FIGURE 5-2. 

Restricted-entry intervals following agri­
cultural pesticide applications have helped 
to reduce farmworker injury. Growers 
often post treated fields, like the one 
shown here, to warn workers not to enter 
during the restricted-entry interval. 
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while mixing or making an application 
(Figure 5-1). Carelessness is some­
times the cause. Although accidents 
can happen anywhere pesticides are 
used, each year the agricultural indus­
try has the highest number of pesti­
cide-related incidents. 

Spills, explosions, or similar acci­
dents during manufacturing and pack­
aging of pesticides are also major con­
cerns. These incidents have the poten­
tial to seriously injure plant employees 
or people living or working near the 
plants. In addition, spills, fires, or 
explosions in pesticide warehouses may 
jeopardize employees, emergency 
workers, and others. Even people 
involved in transporting pesticides risk 
possible injury should pesticide con­
tainers rupture, spill, or catch fire. Acci­
dents during pesticide transport seri­
ously endanger the public. 

Work-Related Exposure 

Pesticide applicators and handlers 
are most at risk from pesticide expo­
sure because they work closely and fre­
quently with these materials. However, 
laborers, tractor drivers, irrigators, and 
other employees risk exposure if they 
work in recently treated areas. Restrict­
ed-entry intervals are important pesti-

cide use restrictions designed to pro­
tect agricultural workers from expo­
sure (Figure 5-2). Techniques such as 
reducing drift and making spray appli­
cations when workers or the public are 
not present nearby also help. Another 
important step involves training 
employees on how to avoid contact 
with pesticide residues. 

People who maintain or repair appli­
cation equipment may contact pesticide 
residues on that equipment. Oil-soluble 
pesticides are a major concern. These 
accumulate in grease deposits and on 
oily surfaces and may be difficult to 
remove. Frequent cleaning of the appli­
cation equipment lowers risks to main­
tenance workers and operators because 
cleaning removes grease and pesticide 
residue. If equipment cleaning is 
impossible before repairs or mainte­
nance, mechanics must wear label-pre­
scribed personal protective equipment 
to avoid unnecessary exposure. People 
who clean or repair pesticide contami­
nated equipment are also considered 
pesticide handlers and must receive 
pesticide handler training. 

Workers in packing sheds and food 
processing plants may also contact pes­
ticide residues. These residues may be 
on produce if growers used persistent 
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F IGURE 5-3. 

Children are the major group of nonagri­
cultural pesticide poisoning victims. 
Improper storage of pesticides in the 
home is the prime reason why children 
find and ingest pesticides. 

pesticide materials. Regulations estab­
lish harvest intervals for treated pro­
duce to protect consumers from pesti­
cide residues. These intervals also help 
reduce exposure to field , packing shed, 
and processing plant workers because 
the intervals provide more time for pes­
ticide breakdown. 

It is difficult for greenhouse and 
nursery workers to avoid close contact 
with treated foliage. This is due to the 
density of plants and narrow aisles 
found in greenhouses. Also, most 
greenhouses have limited ventilation, 
which can increase the potential for 
breathing spray mists or vapors. It also 
increases the risk of getting dusts or 
mists onto the skin or into the eyes 
during applications. Similar conditions 
exist for pest control operators work­
ing in enclosed areas of dwellings, 
warehouses, factories , and offices. 

Potential for Exposure in 
Residences 

Excessive or improper use or storage 
of pesticides in and around residences 
subjects inhabitants to possible expo­
sure. Accidental ingestion of pesticide 
products by children accounts for the 
major portion of nonagricultural pesticide 
poisoning cases (Figure 5-3). 

Possible Food Contamination 

Illegal pesticide residues found on 
food are a rare but possible source of 
pesticide exposure. Incidents in which 
people have become poisoned by 
residues on food are few and have 
always been the result of pesticide mis­
use. Labels of pesticides registered for 
use in food production, storage, and 
handling areas specify how to avoid 
contaminating food products. To allow 
agencies to monitor for illegal pesticide 
residues on foodstuffs, health codes and 
other regulations provide for product 
testing. Regulations also allow inspec­
tions of processing, storage, and retail 
food establishments. 

Traces of some types of pesticides 
used during crop production can 
remain on produce for varying periods 
of time. Also, it is possible for plants to 
pick up soil residues of some pesti­
cides-even some pesticides used on 
previous crops. Hence, government 
agencies establish residue tolerance 
standards. These regulations limit the 
amounts and types of pesticides allow­
able on human and animal food. They 
sometimes require preharvest intervals 
to allow time for breakdown between 
pesticide application and harvest. 

Traces of pesticides may also get onto 
food products after harvest. Warehouse 



FIGURE 5-4. 

The most common ways for pesticide 
exposw:e to occur are through the skin 
(dermal), thro11gh the mouth (oral), 
through the lungs (respiratory), and 
through the eyes (ocular). 
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operators use certain pesticides to pre­
vent damage to foodstuffs during stor­
age. Food processors of ten must use 
some types of pesticides to protect pro­
duce and prevent pest problems in and 
around processing plants. Retail food 
store managers occasionally have pesti­
cides applied to control pests that infest 
these facilities. Restaurants may need to 
control rodent or insect pests with pes­
ticides to comply with health codes. 

Pesticides used in residences provide 
another possible source of food contam­
ination. However, regulations strictly 
prohibit pesticide applications to foods 
or to food preparation surfaces, dishes, 
or utensils. 

Drinking water contamination offers 
another potential way for people to 
ingest pesticides. Improper use or dis­
posal of pesticides has resulted in cases 
of groundwater contamination. Refer to 
the "Groundwater Contamination" sec­
tion of this chapter for ways you can 
protect groundwater from pesticide 
contamination. 

Pesticide Exposure Through 
Other Sources 

Contact with nonfood items may also 
expose people to pesticide residues. 
Entering treated residences or work 

dennal 
(skin) 

oml 
(mouth) 

areas too soon after application could 
result in exposure. Some manufactur­
ers treat clothing, furniture, carpeting, 
and even some children's toys with cer­
tain pesticides. The pesticides protect 
these items from insect damage or 
reduce the buildup of fungi or bacteria. 
Another low-level source of exposure 
occurs if people come in close contact 
with pets that have been treated for 
fleas or ticks. Lawns, shrubs, and other 
areas of residential, industrial, and 
public landscape can also be sources of 
pesticide exposure. 

How Pesticides Enter the Body 

The tissues of an exposed person can 
absorb certain types of pesticides. These 
pesticides enter the body through the 
skin, eyes, lungs, or mouth (Figure 5-4). 

Skin fa .. 'Posure 

Skin (or dermal) contact is the most 
frequent route of pesticide exposure. If 
certain pesticides contact the skin they 
may cause a skin rash or mild skin irri­
tation (known as dermatitis). Other 
types of pesticides cause more severe 
skin injury, such as bums. Internal poi­
soning may also result if a pesticide 
absorbs through the. skin: the. blood 

respimlory 
(lungs) 

ocular 
(eyes) 
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carries Lhese pesticides to other organs 
wjthin tbe body. 

The ability of a pesticide to penetrate 
the skin depends on chemical charac­
teristics of the pesticide and its fonnu­
lation. Oil-soluble pesticides pass 
through skin more easily than those 
that are soluble in water. To prevent 
skin exposure, always wear work cloth­
ing and the label-prescribed personal 
protective equipment when working 
with pesticides. Also, avoid contact 
with recently tTeated plants, animals, 
and commodities. Wash thoroughly if 
you accidentally get a pesticide on your 
skin. However, washing is not an alter­

native to preventing exposure. 

Eye Exposure 

The active or inert ingredients of 
some pesticide formulations are caustic 
to the eyes. Besides their vulnerability 
to injury, the eyes provide another route 
for entry of certain pesticides into your 
body. Protect your eyes by wearing a 
faceshield, goggles, or safety glasses. 
California law requires that protective 
eyewear be worn 

• during all mixing and loading 
activities 

• while adjusting, cleaning, or 
repairing contaminated mixing, 
loading, or application equipment 

• during most types of ground 
application 

lf pesticides get into your eyes, llush 
them with a gentle stream of clean water 
for 15 minutes. Hold the eyelids open 
during flushing. Seek immediate med­
ical attention if any irritation develops. 

Respiratory Exposure 

The lungs quickly absorb certain pes­
ticides, and the blood transports these 
pesticides to other parts of the body. 
Some pesticides cause serious lung 
injury. Breathing dusts or vapors during 
mixing or application is difficult Lo 
avoid unless one uses appropriate respi­
ratory equipment. Always wear label­
recommended respirators during mix-

ing and application. Make sure any res­
pirator you use fits properly and is in 
good condition. 

fa.1JOSure Through the Mouth 
(Oral) 

lt is extremely rare for someone to 

accidentally drink a pesticide. The 
exceptions are when pesticides are 
improperly stored or negligently put 
into food containers and these are 
found by children. 

Exposure through the mouth occurs 
more commonly if spray materials or 
pesticide dusts splash or blow into your 
lnouth during mixing or application. 
Ingestion occasionally happens by eat­
ing or drinking contaminated foods or 
drinks. Smoking while handling pesti­
cides increases your risk of ingesting 
pesticides. 

Linings of your mouth, stomach, and 
intestines readily absorb some pesti­
cides. 1f you swallow sufficient quanti­
ties, sometimes even small amounts, 
you may get sick. Protective equipment, 
such as a respirator or faceshield, mini­
mizes this risk of pesticides getting into 
your mouth. 

Before eating, drinking, or smoking, 
be sure to wash your hands thoroughly. 
Keep food and drinks away from areas 
where pesticides are being applied or 
mixed. Never put pesticides into food or 
drlnh containers. Keep all pesticfdes in 

their original packages. Do not mix or 
measure pesticides Wit.h utensils that 
someone could use later for food prepa­
ration or serving. 

Effects of Exposure 

The type and seventy of injury or 
poisoning from pesticide exposure 
depends on the toxicity and mode of 
action of the pesticide. Also, the 
amount absorbed and the speed of 
absorption influences the severity of the 
injury. ln many cases, your body's speed 
in breaking down and excreting the 
pesticide affects the extent of injury. 
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Prompt first aid and medical treatmem 
may reduce potential injury. 

Very small doses of most pesticides 
usuaJJy cause no injury or poisoning 
symptoms. Depending on the lOxicity 
of the pesticide, larger doses may cause 
severe illnesses. Effects of exposure may 
be localized, such as irritation of the 
eyes, skin, or throat. Some effects may 
also be generalized if the pesticide 
absorbs through the skin. Once expo­
sure occurs, certain pesticides may 
affect several different internal systems 
at the same time. The type and charac­
teristics of the pesticide and the amount 
of exposure determine the.extent of 
involvement and damage. 

Many things produce symptoms that 
are similar to those of pesticide poison­
ing. Certain plants cause skin irritation, 
for example. Heat stress or excessive 
alcohol consumption can give you a 
headache or make you nauseous. Nev­
enheless, seek medical attention if you 
have been in a situation where pesticide 
exposure could have occurred and you 
are not feeling well. If your symptoms 
are caused by pesticide exposure, make 
every effort to locate the source of 
exposure and Lake steps necessary to 
prevent it from happenfog again. 

TABLE 5-1. 

Symptoms 

Symptoms are any abnormal condi­
tions that a person sees or feels. They 
also are conditions detected by exami­
na tion or laboratory tests that indicate 
the presence of an injury, disease, or 
disorder. When the dose is large 
enough to produce injury, there may be 
either immedia te or delayed appearance 
of symptoms (Table 5-1). Immediate 
sympt0ms are those observed soon afler 
exposure. However, sympt0ms from 
pesticide exposure may not show up for 
wee1<s, months, or even years. These 
delayed symptoms may either come on 
gradually or appear suddenly. They may 
be difficult to associate with their cause 
because of the lapse o( time between 
exposure and observable effect. 

"Poisoning symptoms vary among 
classes of pesticides and pesticides 
within a class. The presence and severi­
ty of symptoms are usually proportional 
to the amount o( pesticide (dos,1ge) 
entering the tissues. Common symp­
toms for many pesticides include sldn 
rashes, headaches, or irritation of the 
eyes, nose, and throat These types of 
symptoms may go away quickly and are 
sometimes difficult Lo distinguish from 
symptoms of allergies, colds, or flu . 

Common Pesticide Poisoning Symptoms Related to Contact with Pesticide Dust, Liquid, or Vapors.* 

TYPE OF CONTACT 

skin 

eye 

inhaling or swallowing 

SYMPTOMS 

staining of the sk,n 
reddening of skin in area of concacc 
mild burning or itching sensation 
painful burning sensation 
blistering of che skin 
cracking and damage to nails 

discomfort , Including watering and slight burning 
severe, painful burn ing (permanent eye damage may occur) 

sneezing 
irritation of nose and throat 
nasal stuffiness 
swelling of mouth or throat 
coughing 
breathing difficulties 
shortness of breath 
chest pains 

*Note: Many of the symptoms listed in chis table may also be caused by ocher factors such as irritating 
plants, allergies, colds, or Au. Usually, a medical e~amination is needed to determine the actual cause of 
such symptoms. 
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Other symptoms indicate exposure to 
more toxic pesticides. These include 
blurred vision, dizziness, heavy sweat­
ing, weakness, nausea, stomach pain, 
vomiting, diarrhea, extreme thirst, and 
blistered skin. 

Exposure to some materials may also 
result in apprehension, restlessness, 
anxiety, unusual behavior, shaking, 
convulsions, or unconsciousness. 
Although some types of pesticide poi­
soning produce these symptoms, they 
may indicate.other physical disorders 
or diseases, including heat stress. Usu­
ally diagnosis requires careful medical 
examination, laboratory tests, and 
observation. 

Heat StTess. Heat-related illness may 
mimic certain types of pesticide poi­
soning. Symptoms of heat illness 
include tiredness, weakness, headache, 
sweating, nausea, dizziness, and faint­
ing. Severe heat illness can cause a per­
son to act confused, get angry easily, or 
behave strangely. California regulations 
require that pesticide handlers receive 
training on recogn~ing, avoiding, and 
treating heat stress along with training 
on recognizing pesticide illness. 

Types of Injuries 

A single massive dose absorbed dur­
ing one pesticide exposure incident 
may cause an injury. An injury may 
also result from smaller doses absorbed 
during repeated exposures over time. 
The illness or damage may have a sud­
den onset and last a short while. It also 
may continue for a long time. Injuries 
caused by pesticides usually are 
reversible. Either the body repairs itseir 
or medical treatment cures the condi­
tion . Accidental exposure to a few 
types of pesticides, however, may cause 
irreversible or permanent damage.. 
Sometimes this leads to chronic illness, 
disability, or death. 

OTHER EFFECTS ON PEOPLE 

Allergies 

Certain individuals occasionally 
exhibit allergic reactions when 
exposed to some types of pesticides. 
The material causing the reaction may 
be the pesticide or one of the compo­
nents of the pesticide formulation. 
Allergic symptoms often include 
breathing difficulties, sneezing, eye 
watering and itching, skin rashes, 
apprehension, and general discomfort. 
Sensitive people should avoid expo­
sure to pesticides that produce allergic 
reactions. Try different types of pesti­
cides or formulations or switch to non­
chemical control methods. 

Anxieties 

Some people have serious concerns 
about the possible dangers of pesticides 
to their health. Symptoms of illness 
appear if they suspect or know they 
were exposed. The illness is real, 
although there may be no actual pesti­
cide injury. Sometimes odors trigger 
Lhis reaction. People often mistakenly 
associate pesticide odors with toxicity, 
believing that the stronger or more 
offensive the odor, che more toxic the 
pesticide. (Obviously this is not true. 
For example, methyl bromide is 
extremely toxic but usually has no 
detectable odor. Other pesticides that 
have strong, objectionable odors may 
be far less hazardous.) 

Insufficient or inaccurate information 
regarding hazards of pesticides con­
tributes to people's anxieties over pesti­
cide exposure. Accidents, poisonings, 
and pesticide residues in food usually 
receive much media attention. Howev­
er, the public rarely hears about the reg­
ulations and restrictions designed to 
protect them from harmful exposure. 
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GROUNDWATER 
CONTAMINATION 

Potential contamination of groundwa­
ter with pesticides is a serious concern. 
About 97% of the total water in the. 
world is salt water in the oceans. This 
water is unsuitable for most uses. Less 
than 1% of all the water on the planet is 
fresh water in an available form. People 
use this water for drinking, irrigation, 
and household and manufacturing pur­
poses. Two-thirds of the fresh water (or 
about 2 million cubic miles) is ground­
water trapped beneath the soil. The rest 
is surface water in lakes, ponds, streams, 
and rivers. Frozen water in polar ice 
caps and glaciers is also fresh water but 
is unavailable for use. Groundwater pro­
vides 40% of California's water needs. 
Cities obtain almost half of their water, 
including drinking water, from these 
groundwater sources. Most of the water 
used in rural areas is groundwater. 
Groundwater, therefore, is our most 
important fresh. water source. 

Researchers and regulators recognize 
that the potential for grotmdwater con­
tamination from pesticides is very great. 
Originally people thought pesticides 
did not threaten groundwater. However, 
this was only because available testing 
techniques were unable to detect con­
tamination. At the time, studies suggest­
ed that microorganisms, environmental 
factors, and soil degraded or adsorbed 
most pesticides before they reached 
groundwater. Researchers suspected 
that the pesticides that did enter 
groundwater decomposed rapidly. More 
recently, however, newer detection 
methods bave proved earlier assump­
tions to be inaccurate. The new equip­
ment shows that small amounts of 
chemicals, including certain pesticides, 
exist in some groundwater localions. 
Now, regulators fear that hazardous lev­
els of toxic chemicals in groundwater 
could affect much of the state's popula­
tion. This concern has prompted Jaw-

makers to develop stringent laws to 
protect this resource. These laws regu­
late pesticide use and disposal. 

How Groundwater Accumulates 

Water applied to the soil surface 
slowly filters through soil particles until 
it reaches groundwater basins. This is a 
process known as percolMion. Common 
water sources are rainfall, surface irriga­
tion, and melting of ice, snow, and glac­
iers. Some lake, pond, river, and stream 
water also percolates into groundwater 
basins, although much also flows out to 
the oceans. The amount and rate of per­
colation depend on the size of soil par­
ticles. Fine particles, such as clay and 
loam, retain more water than coarse, 
sandy soil Therefore percolation is 
slower as soil texture becomes finer. 

Groundwater becomes trapped in 
large underground masses known as 
aquifers. Aquifers are usually areas of 
water-saturated sand and gravel having 
one or more impermeable layers. These 
rock or clay and silt layers confine the 
wc1ter. Aquifers may be hundreds of 
miles in length and width. They may 
range in depth to as much as several 
thousand feel (Figure 5-5). In Califor­
nia, n early half of the landmass overlies 
groundwater basins. It is common to 

find several layers of aquifers in the 
same area. lmpenneable barriers sepa­
rate an aquifer from ones above or 
below it. Interruptions in the barriers 
allow some aquifers to interconnect. 

Water trapped in aquifers nows 
toward the sea, but it flows much more 
slowly than surface water. Water in a 
stream or river has a flow rate measured 
in feet per second. However, under­
ground water may only flow a few feet 
per year. 

Groundwater in California is espe­
cially vulnerable to contamination. 
This is because this groundwater is 
directly below so much of the cultivat­
ed, industrial, and residential land area. 
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FIGURE 5 -5. 

Water is present m undergroimd reser­
voirs called aquifers, diagrammed here. 
Sand and gravel formations cont<'lin this 
water. Impermeable layers of clay and 
silt or solid rock prevent w<'/ter from leav­
ing the aquifer. 
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flGUltE 5-6. 

Water enters aquifers by percolation 
through the soil. As water passes down 
throi1gh the soil it may dissolve some pes­
ticides <'Ind carry them into the aquifer. 
This process is called leaching. 

recharge by precipitation 
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Contamination, when it occurs, may be 
difficult or impossible to contain. 
Because the water flows so s lowly. il 
takes hundreds of years Lo remove con­
laminanlS from the system. 

Ways -Pesticides Enter Groundwater 

Pesticides enter groundwater in two 
ways. One is by leaching out of the soil. 
The other is by direct entry Lhrough 
wells or ocher su-uctures that are in 
contact with aquifers. Leaching occurs 
as rainwater or irrigation water perco­
lales through the soil, dissolving water­
soluble chemicals including some pesti­
cides (Figure 5-6). 

3. 
.... ,._ 

~-~ 

Sever-al types of pesticides can leach 
and percolate into groundwater. These 
usually require incorporation into the 
soil by mechanical means or by irriga­
tion or rainfall. Pesticides applied to 
crop surfaces are subject to being 
washed off by water or abrnded by wind. 
When Lhis happens, they may enter the 
soil and leach into groundwater. 

Nonpoint Pollution. Pesticides 
enlering groundwater from normal 
application practices are 11onpoi11t polltt­
tion sources. In these cases, application 
practices distribute the pesticide over 
large areas. Only extremely small 



FIGURE 5-7. 

Point poll11tion sources ate areas where 
large quantities of pesticide or other pol­
lutants are discharged into the environ­
ment. Nonpoint pollution sources are 
those arising from normal application 
where. the pesticide or other m4teria/ is 
applied over a large area. 

FIGURI: 5-8. - -
., Water wells are direct channels into an 

aquifer and may provide connections 
between several aquifers. Pesticides and 
other contaminants can enter groundwa­
ter directly through wells. 
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NONPOl T POLLUTION SOURCE l'OINT POLLUTION SOURCE 

Entry by 
reverse siphoning 
through pump 

Movement of 
pesticides 
between aquifers 

Entry through 
or beneath 
the pump base 

amounts, i£ any at all, enter the 
groundwater from any one location. 

Point Pollution. larger quanlities of 
contaminants that enter groundwater at 
small, defined locations are point pollu­
tion sources (Figure 5-7). These sources 
usually result from manufacturing acci­
dents , sLOrage and handling, tTansporta­
tion, or improperly constructed dispos­
al sites or holding facilities . 

Direct Channels. Wells are direct 
channels into an aquifer and may pro­
vide a connection between several 
aquifers (Figure 5-8). Careless or 
improper pesticide handling near wells 
has a high risk of contaminating 
groundwater. 

Examples include 
• spilling pesticides near a well 

while filling a spray Lank 
0 filling pesticide application equip­

menL from a well without using 
an air gap 

• injecting pesticides into an irriga­
tion system without any backflow 
protection 

• disposing of surplus pesticides or 
_washing contaminated equipment 
near a well 

Improperly sealed, abandoned wells 
provide possible routes for pesticides 
and other contaminants into the under­
ground system. Occasionally pesticide 
waste or runoff may enter groundwater 
through direct channels such as sink­
holes or exposed shallow aquifers. 
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Factors Influencing Groundwater 
Contamination 

Many factors influence the potential 
for groundwater contamination. An 
important factor is the nature of the 
pesticide itself. For instance, pesticides 
used in years past included many chlo­
rinated hydrocarbon compounds. 
These are often highly persistent in the 
environment but immobile-the chem­
ical structure of these compounds 
causes them to bind tightly to soil par­
ticles. Such pesticides do not move 
down through the soil profile but 
remain concentrated near the soil sur­
face . Therefore, they usually do not 
pollute groundwater. 

Recently, however, pesticide use 
trends have been toward less persistent 
chemicals, but many of these are highly 
mobile in the soil. These include some 
of the phenoxy, urea, and carbamate 
compounds that do not bind tightly 
with soil particles. Some are soluble in 
water, so they leach more easily Table 
5-2 compares the soil mobility of several 
different pesticides. 

Soil type affects the potential co con­
taminate groundwater. ln addition, geo­
logical formations beneath the applica­
tion site affect percolation. Liquids per­
colate faster through sand or gravel 
soils than they do through denser silt, 
loam, and clay. The amount of organic 
material in the soil controls pesticide 
retention and may speed up its break­
down. The following soil factors alter 
the stability of pesticides and affect 
their ability to reach groundwater: 

• temperature 
• pH 
• moisture content 
• dissolved salts 
• quantity and type of soil organisms 
There is less risk if no aquifer lies 

beneath the treatment area or if the 
aquifer is very deep. Shallow water 
tables beneath treated areas are more 
susceptible to contamination. This is 
because pesticides pass through less soil 

and are therefore not subject to as much 
breakdown. Some locations have layers 
of impermeable subsoil that prevent pes­
ticides from leaching into the groundwa­
ter. The slope of the treated land often 
detem1ines whether contaminated water 
runs off or leaches. Table 5-3 summa­
rizes factors that influence groundwater 
contamination by pesticides. 

Pesticides th.at decompose quickly are 
less apt to cause groundwater contami­
nation. Recent research, however, sug~ 
gests that groundwater environments 
may slow the breakdown of some pesti­
cides. Groundwater is not exposed to air 
or ultraviolet light. Also, it is cooler . 
than soil surfaces and lacks much of the 
biological activity found in soil. 

How to Keep Pesticides from 
Contaminating Groundwater 

The following techniques will help 
you to prevent pesticides from contami­
nating groundwater. 

Storage. Store pesticides in e.ndosed 
areas, on an impermeable (concrete) 
surface, and protected from rain. In 
case of fire or rupture of storage con~ 
tainers, be sure to contain runoff and 
remove contaminated soil, 

Mixing and Loading, Avoid spilling 
pesticides. lf a spill occurs, clean up 
and dispose of wastes as described in 
Chapter 7. Remove contaminated soil. 
Triple rinse liquid containers and pour 
rinse water into the spray tank for 
application to the target site. Take 
rinsed containers to a designated dis­
posal site or a pesticide container recy­
cling center. Do not overfill spray tanks. 
Use an air gap on filling pipes to pre­
vent backflow of contaminated water 
into water supplies. 

Application. Whenever possible, 
select pesticides with low soil mobility 
and use materials that degrade rapidly 
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TABLE 5-2. 

Mobility of Different Pesticides, 11/ustrating Ability to Leach through the Soil. * 

M OBILITY CLASS 

Class 1 
very unlikely to leach through soi l 

Class 2 
slightly able to leach through soil 

Class 3 
moderately able to leach through soil 

Class 4 
leache.s readily through soil 

Class S 
very mobi le in the soil 

PESTICID E 

aldrin 
benomyl (Benlate) 
chlordane 
dacthal (DCPA) 
DDT 
die ldrin 
d iquat 
disulfoton (Disyston) 
endrin 
ethion 
heptachlor 
lindane 
morestan 
paraquat (Gramoxone) 
parathion 
phorate (Thimet) 
triAuralin (TreAan) 

azinphos-methyl (Guthion) 
bensulide (Betasan) 
carbaryl (Sevin) 
chlorpropham 
diazinon 
diuron 
linuron 
molinate (Ordram) 
prometryn (Caparol) 
propani l 
pyrazon (Pyramin) 

alachlor 
atrazine 
diphenamid 
endothall 
fenuron 
prometone 
propham (IPC) 
simazine 
terbacil 
2,4,S-T 

amitrole 
bromacil 
2,4-D 
fenac 
MCPA 
picloram (Tordon) 

chloramben 
dalapon 
dicamba 
TCA 

*Some chemicals listed here are no longer used as pesticides . 

in the soil. Avoid pesticide drift off the 
target site through application tech­
niques and by making applications dur­
ing optimal weather. In areas where 
high risks to groundwater exist 

• reduce pesticide use by integrating 
chemical control with qther meth­
ods of control 

• use pesticides only when necessary 
• apply only the amounts that will 

adequately control pests 
• reduce the frequency of applica­

tion whenever possible 

Disposal. Never dump excess pesti­
cide or pesticide mixtures onto the soil 
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TABLE 5-3 . 

Factors lnf/11encing Pesticide Leaching. 

CATEGORY FACTORS 

cultural practices amount and type of pesticide used 
method oF pesticide application 
irrigation practices at treatment site: 

frequency of irrigation 
timing of irrigation in relarion ro pesticide application 

slope geologic conditions 
of crearmenc area underlying formations 

proximity of surface wacer channels such as ponds, 
lakes, rivers 

interaction of pesticides 
in soils 

properties of pesticides: 
water solubility 
volatility 
soil adsorption 
decomposition 

soil influence on pesticides: 
soi I texture 
soil organic matter content 
soil water content 

or into sewers, drains, or septic sys­
tems. Send unused pesticide waste to a 
Class I disposal site. 

Cultural Practices. Avoid excessive 
irrigation after a pesticide application 
and prevent irrigati"on water runoff. 

Records. Maintain records of the 
quantity and type of pesticides applied 
to an area. Use the records when plan­
ning future pest control measures to 
prevent pesticide accumulation. 

IMPACT ON NONTARGET 
ORGANISMS 

Some types of pesticide you use may 
be harmful to nontarget organisms at 
the application site and in the sur­
rounding environment. Before making 
a pesticide application, become famil­
iar with the treatment area and its sur­
roundings. Avoid using pesticides that 
disrupt natural enemies and other ben­
eficial organisms or harm wildlife or 
nontarget plants. 

Natural Enemies and Other 
Beneficials 

Some beneficials feed on or parasitize 
pest insects and mites and help keep 
their populations low. These are natural 

enemies and include well-known and 
many lesser known species. In addition, 
honey bees, wild bees, certain wasps, 
and other insects are important polleniz­
ers for crops. Beneficials such as beetles, 
flies, and soil insects and mites help 
decompose dead plant and animal mate­
rial. Beneficial fungi and nematodes play 
an important part in this decomposition. 
They also contribute to the long-term 
natural control of pests. Fumigation and 
other pesticide applications destroy 
these beneficial soil organisms. 

Disrupting the natural control of 
pests of ten promotes an increased 
dependency on the use of pesticides 
and may cause pest resurgence or sec­
ondary pest outbreaks. To reduce dam­
age to beneficials 

• choose pesticides that are less 
toxic to beneficial species 

• apply pesticides at times when nat­
ural enemies are least likely to be 
harmed, such as during dormant 
periods 

• lower dosages (when possible) 
• use spot treatments when possible 

to minimize harmful effects 

Pest Resurgence and Secondary Pest 
Outbreaks. A complex of natural ene­
mies usually lives among insect and 
mite pest populations. These natural 



FIGURE 5-9. 

Certain pesticides may poison honey bees 
if applied while the bees are foraging for 
nectar or pollen. Avoid using materials 
toxic to bees when crops or weeds are in 
bloom. Apply sprays early in the morning, 
late iti the afternoon, or at night to 
reduce chances of killing foraging bees. 
Also, use pesticides that have a low 
toxicio/ to bees. 
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enemies help control the size of the pest 
population. This natural control is a 
type of biological control. 

Unless a pesticide is highly selective, 
it will kill not only the pest but many of 
the pest's natural enemies. lf pesticides 
do not destroy natural enemies, they 
die off anyway because the pesticides 
destroy their food supply-the pest. 
Since natural enemies depend on pest 
species for food, they require more time 
than pests to increase their population 
size. Therefore, after a pesticide appli­
cation, pests can move back into the 
treated area where there will be fewer 
natural enemies. This enables the pest 
population to grow rapidly and some­
times become bigger than it was before 
the pesticide treatment. This phenome­
non is known as pest resurgence. 

Another problem associated with pes­
ticide use is that of secondmy pest out­
breali. Secondary pests are those that 
natural enemies normalJy control. Also, 
competition for food from the primary 
pest keeps their numbers low. Eliminat­
ing natural enemies or primary pests 
of ten results in an increase in secondary 
pest populations. Secondary pests may 
then grow and cause economic damage. 

Honey Bees. Some insecticides and 
fungicides are harmful to honey bees 
and can cause severe economic hard­
ship to beekeepers and loss of certain 
crops due to poor pollination. Pesti­
cides harmful to bees cause more dam­
age if applied while bees are foraging 
for nectar and pollen (Figure 5-9) . 
Therefore, avoid using materials toxic 
to bees when crops or weeds are i.n 
bloom. Sprays applied early in the 
morning, late in the afternoon, or dur­
ing the night cause less harm, because 
bees do not forage at these times. 

There are legal restrictions control­
ling the application of certain pesti­
cides while bees are foraging. Check 
with county agricultural commission­
ers for pesticide application cutoff 
dates. Notify beekeepers 48 hours 

before making a spray application. This 
gives them time to remove hives from 
the area if necessary. 

Wildlife 

Many pesticides can kill wildlife 
through poisoning or cause indirecL 
harm by altering the animals' food 
sources or habitats. Vertebrates, includ­
ing birds, of ten feed or nest in areas 
where people apply pesticides. Some­
times these animals are the unintended 
victims of baits used to control target 
pests. In addition, pesticides present in 
flooded fields or irrigation water may 
poison waterfowl. Although a pesticide 
dose may not directly cause death, the 
effect might weaken a nontarget animal, 
leading to illness or death, because it 
may be unable to get food and water or 
protect itself from natural enemies. 
Some pesticides may have an impact on 
the ability of wildlife to reproduce. 

Fish are susceptible to many pesti­
cides that get into waterways, even at 
low concentrations. Drift and direct 
spraying are obvious way"s pesticides 
get into water. They also move from 
the soil through irrigation and rainwa­
ter runoff. Soil erosion creates potential 
for pesticides to get into waterways. 
Also, accidents and illegal dumping 
can cause serious waterway contamina­
tion. Some persistent pesticides con­
centrate rapidly in aquatic eriviron­
menls through normal food chains. 
This is a process called bioaccum11latio11 
(Figure 5-10). 

Endangered Species. Federal and 
state governments create laws to protect 
and prevent the extinction of certain 
rare or very vulnerable animals and 
plants. Enforcement agencies can 
impose severe fines and imprisonment 
on people who break these laws. 

Enforcement agencies restrict the use 
of certain pesticides in areas where 
endangered species exist. Before using 
any pesticide, check the pesticide label 
for precautions to protect endangered 
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FIGURE 5-10. 

Some pesticides accumulate through 
the biological food chain. Small 
invertebrates and hatchling fish eat 
microorganisms and algae containing 
pesticides. These animals are in turn 
eaten by larger fish and birds. Each 
passes greater amounts of pesticide 
to the larger animal. 
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species and for the location of restricted 
areas. For further information, consult 
your local University of California 
Cooperative Extension office. Farm 
advisors in these offices may also pro­
vide you with information on non­
chemical pest control methods. Try 
using these methods in areas where 
endangered species exist. 

For information on endangered 
species laws and ways to protect these 
plants or animals, check with the near­
est Endangered Species Office of the 
U.S. Fish and Wildlife Service or the 
local or regional office of the California 
Deparunent of Fish and Game. 

Nontarget Plants 

Pest managers use herbicides to con­
trol weeds and undesirable plants in 
forests, along roadsides, and on range­
lands. However, some of these herbi­
cides may have detrimental effects on 
nontarget plants. Many plant species 
are important in natural and undevel-

oped areas. They protect the watershed, 
reduce erosion, provide food and shel­
ter for wildlife, and are part of the 
native flora. Plants in natural areas are 
usually part of an ecological balance. 
Disrupting this balance by any means 
favors the increase of undesirable plants 
or plants having minimal benefit. 

Phytotoxicity. Phytotoxtcity may be a 
problem with a given pesticide on cer­
tain crops or ornamental and landscape 
plants. The pesticide active ingredient 
is not always what causes phytotoxicity. 
It may result from solvents in the for­
mulation or impurities (such as sal,ts) 
in the water mixed with the pesticide. 
Excessive application rates, inadequate 
mixing, or improper pesticide dilution 
may also cause plant damage. Environ­
mental conditions, such as temperature 
and humidity at the time of application, 
can often influence phytotoxicity. 
Plants stressed for water or nutrients 
may be more susceptible to injury. 

PESTICIDE RESISTANCE 

Resistance is a condition in which 
pests become tolerant to a pesticide that 
once controlled them. At first , higher 
rates or more applications of a certain 
pesticide are need.ed to achieve tbe 
same amount of control. Finally this 
pesticide has little effect, no·matter how 
much you use. Switching to a different 
pesticide may help. However, some­
times when pests develop resistance to 
one chemical they also become resistant 
to others. This happens even with 
chemicals from different chemical class­
es. This phenomenon is called cross 
resistance. 

Resistance involves a change in the 
genetic characteristics of pest popula­
tions. One generation inherits the char­
acteristic from a previous generation. 
Initially, a pest population tnay possess 
a few individuals that are able to break 
down or chemically modify a pesticide. 



FIGURE 5-11. 

Resistance to pesticides involves changes 
in the genetic chamcteristics of pest popu­
lations that ore inherited from one gener­
ation to the next. Increased or frequent 
use of certain pesticides often hastens 
resist.once. 
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l. 3. 

Some individuals in a pest 
population have genetic trailS 
lhat allow Lhcm to survive a 

pesticide application. 

A proportion or the survivors' 
offspring inherits the resistance 

rraits. AL the next sproying 
r.hese rcsisuint individuals 

will survive. 

Ir pesticides are applied 
frequently, the pest population 

will soon consist mostly or 
resistant individuals. 

If you apply thal pesticide, these indi­
viduals survive. When the resisLant 
individuals reproduce, most of their off­
spring have this trail (Figure 5-11). 

Insect resistance to lime-sulfur was 
first reported in 1914. Resistance to 
arsenicals (arsenic-containing pesti­
cides) began causing problems in the 
1920s. Pest resistance Lo DDT, the first 
synthetic pesticide lo be manufactured, 
developed in the 1950s. Increased uses 
of pesticides during the past 50 years 
have magnified the problem of pesticide 
resistance. Today, every major class of 
pesticide has some pest that is resistant 
to il. Pesticide resistance has developed 
in insect, mite, plant pathogen, weed, 
and rodent pests. 

Pesticide resistance is a manageable 
problem in many cases. How manage­
able it is depends in pan on genetic and 
biological factors that we cannot con­
trol. But resistance management also 
depends on operational. factors that we 
can control. 

Genetic Factors 

Genetic factors that influence the 
development of resistance are how the 
organism inherits resistance and how 
many of the inclividuals in the popula­
tion have the genes for resistance. If 
resistance genes are common, the popu­
lation inherits them easily. Resistance 

will spread quicl<ly and may be difficult 
to manage. 

Biological Factors 

Biological factors that influence the 
development of resistance are the 
unique characteristics of the pest and 
its habits. Biological factors include 

• lifespan of the pest 
• the number of offspring a pest pro­

duces over time 
• the pest's ability co move large 

distances 
• food requirements of the pest 
A population of short-lived, rapidly 

developing, immobile pesls with many 
offspring will develop resistance rapid­
ly. In this type of population, the pesti­
cide quickly eliminates individuals sus­
ceptible to it This leaves only resistant 
individuals to breed with each other 
and rapidly build up in numbers. ln 
addition, if these pests do not move 
around much, very few susceptible 
individuals migrate in to breed with the 
resistant group. Rapidly reproducing 
mites, aphids, fungi, cockroaches, and 
rodents are pests of this type. All of 
these exhibit pesticide resistance. 

Operational Factors 

Operational factors are the unique 
characteristics of the pesticide and lhe 
way it is used that either favor or 
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reduce resistance. You can often use 
these factors to manage resistance. 
They include 

• the type of pesticide used 
• the persistence of pesticide 

residues 
• tl1e pesticide application rate 
• which life stage of the pest you 

treat 
• whether you combine the pesticide 

with other pesticides 
Manufacturers are working to devel­

op new pesticides and new formula­
tions to replace chemicals with resis­
tance problems. Chemicals with new 
modes of action are becoming harder to 

develop, however. In addition, there 
are very high development and regis­
tration costs associated with producing 
new pesticides. 

To prolong the usefulness of existing 
pesticides, place more emphasis on lim­
iting opportunities for resistance to 
develop. Do this by reducing pest popu­
lation exposure to pesticides. Incorpo­
rate other control methods, such as bio­
logical controls, crop rotation, and use 
of resistant plant varieties, into your 
pest management program. 

Resistance Management 

Pests develop resistance to pesti­
cides fastest when pest managers base 
comrol entirely on the use of closely 
related pesticides. On the other hand, 
resistance management uses as many 
different control options as possible. 
Successful pest managers use pesti­
cides to eliminate the susceptible indi­
viduals and one or more of the non­
chemical factors to destroy the resis­
tant individuals. 

The first step· in resistance manage­
ment is to choose a chemical that selec­
tively kills the pest but does not kill its 
natural enemies. This enables the nat­
ural enemies to continue to exert their 
control. Second, choose a nonpersistent 
pesticide that allows the next stage or 
next generation of pest, including some 

susceptible individuals, to survive. 
Third, alternate selective pesticides 
with ones having different modes of 
action, or use pesticides or pesticide 
combinations that bav.e more than one 
mode of action. It is difficult for the 
pest to develop resistance in two cliffer­
ent ways at the same time.. Fourth, 
apply the pesticide when the pest is in 
the life stage that is causing economic 
damage, such as larvae feecling on 
leaves. In this way, the pest cannot use 
the genetic and physiological defenses 
of other Life stages to combat the pesti­
cide. Apply the chemicals over a limited 
area. Use spot treatments or strip treat­
ments so that some susceptible., 
untreated pests survive. Consider treat­
ing only alternating generations. Final­
ly, if resistance develops to the point at 
which the pesticide is no longer effec­
tive, stop using it. 

RESIDUES 

Whenever you apply a pesticide, it 
remains as a residue on treated surfaces 
for a time. The nature of the pesticide 
or the type of formulation (persistence) 
affects the amount o( residue. The fre­
quency and amount of pesticide used 
(accumulation) also determines the 
amount of residue present. Finally, 
residues are subject to interaction with 
the environment (breakdown or recom­
bination). 

Residues are important and necessary 
in some types of pest control. This is 
because they provide continuous expo­
sure to the pest, improving chances of 
control. However, residues are undesir­
able when they expose people, domes­
tic animals, or wildlife to unsafe levels 
of pesticides. Pesticide materials that 
miss the treatment surface can remain 
as residues in soil, water, or on surfaces 
in nontarget areas. Also, empty pesti­
cide containers hold small amounts of 
residues that require proper disposal to 
prevent environmental contamination 
(Figure 5-12). 



FIGURE 5-12. 
-------- -- - - -

Pesticide wastes include partially full con-
tainers of pesticide that are not used, left­
over mixtures in spray tanks, rinse water 
from pesticide containers, rinse water 
from inside and outside of spray equip­
ment, and, as shown here, empty pesti­
cide containers. 
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Government agencies establish 
acceptable pesticide residue tolerances. 
These are the maximum amounts of 
pesticide chemicals that may remain on 
or in raw agricultural commodities. 
Researchers use laboratory and animal 
testing to establish tolerances, amounts 
of pesticide considered harmless to 
consumers. The U.S. EPA always 
includes a generous margin of safety in 
the tolerance level. During registrntion , 
the EPA establishes tolerances for each 
pesticide. Levels vary depending on the 
mode of action, toxicity, and all other 
uses of the pesticide. When establishing 
tolerance levels, regulators consider the 
total diet of the consumer, plus their 
nonfood exposure, over a lifetime of 70 
years. State and federal agencies moni­
tor produce to ensure that growers do 
not exceed pesticide residue tolerances, 
and they usually seize any produce 
found having greater than maximum 
allowable pesticide residues. They may 
require growers to destroy this produce 
if there is no way to reduce residues to 
tolerance levels. 

ln the United States, pesticide misuse 
occasionally causes hazardous pesticide 
residues on produce. Residues exceed­
ing tolerances can occur in the follow­
ing ways during crop production: 

• The crop can accumulate pesticides 
from the soil . 

• A grower may apply a pesticide to 
an unregistered crop. 

• The applicator may apply too 
much of a pesticide to the crop. 

• The grower may apply the pesti­
cide too dose to harvest. 

0 Drift from another area may conta­
mjnate the crop. 

Postharvest use of pesticides also may 
leave residues on produce. Not follow­
ing pesticide label directions or using 
improper fumigation techniques may 
exceed residue tolerances. Improper 
use of pesticides in warehouses, mar­
kets, or restaurants may also cause ille­
gal residues on food. 

Although hazardous pesticide 
residues on produce grown in the Unit­
ed States are rare, they are still an 
important public concern. For instance, 
a 1994 consumer survey conducted by 
the Food Marketing Institute reported 
that 72% of the respondents felt pesti­
cide residues on foods represented a 
very serious health hazard. Although 
food spoilage was a bigger concern than 
pesticides, other lesser concerns listed 
in this survey were antibiotics and hor­
mones, nitrites, irradiated foods, and 
food additives. 

Pesticide Persistence 

The amount of time from app1ication 
until a pesticide breaks down is known 
as its persistence. Chlorinated hydro­
carbon insecticides and certain classes 
of herbicides do not break down rapidly 
in the environment. These are highly 
persistent. Toxic effects against insects 
or weeds remain for as long as several 
years while the pesticide is present in 
the soil. 

Pesticide persistence is a benefit in 
situations in which long-term pest con­
trol is desirable. This includes treating 
building foundations to prevent termite 
entry. It also includes treating soil for 
season-long weed control. A material 
that has a lengthy persistence has some 
drawbacks, however: 

• chances of poisoning are greater 
• labels usually require longer 

restricted-entry intervals 
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• persistence increases chances of 
lhe chemical leaving the treatment 
site through water movemenL, 
soil leaching, and wind and rain 
erosion 

Plantback Restrictions. Persistence 
may, for a specified time, rest1ict the 
crops that a grower may plant in the 
treaLed area. Regulations establish 
plantback restrictions to prevent injury 
or residues in subsequent crops. When 
plantback restrictions apply, the pesti­
cide iabel specifies which crops a grow­
er can plant or those that cannot be 
planted. lt also states how long after 
application a grower must wait before 
planting other types of crops. Plantback 
restrictions are another important rea­
son for keeping accurate pesticide 
application records. 

Accumulation 

Accumulation is the buildup of a per­
sistent pesticide resulting from repeated 
applications or exposures. Accumula­
tion may occur in the soil, in ground­
water, in plant and animal tissues 
(bioaccumulation), or in ponds and 
lakes. An example of pesticide accumu­
lation is illustnted by copper com­
pounds used as fungicides . These pesti­
cides have been used for over 100 years 
in deciduous fruit and nut orchards. 
Because copper degrades very slowly, 
constant use causes it to accumulate in 
the soil over a period of years. In some 
areas the concentration of copper in the 
soil has become toxic to organisms liv­
ing or groWing there. 

Breakdown and Recombination 

Special hazards may exist when pesti­
cides break down in the environment. 
Some break down into different toxic 
compounds before breaking down fur­
ther. Others fail to break down properly 
due to unusual environmental condi­
tions. Occasionally some pesticides 
recombine with other chemicals in the 
environment and produce unforeseen 
compounds. Each location in the envi-

ronmem has unique characteristics that 
may influence the way chemicais break 
down . These factors also influence how 
they react with target and nomarget 
organisms. 

Several variables influence. chemical 
efficacy; breakdown, and recombina­
tion. These.include 

• soil type and moisture 
• soil organic matter content 
• air Ilow, temperature, rainfall 
• the presence of plants and animals 
For e.xample, soil lQ.:ture and organic 

matter content influence the activity 
and breakdown of some herbicides. 
Application rates, therefore;, must be 
adjusted to correspond to each type of 
soil where these herbicides are applied. 

Avoiding Hazardous Residues 

Reduce chances of creating haz­
ardous pesticide residues by taking the 
following steps: 

• Comply with label instructions for 
timing, placement, and rate of 
application. 

• Avoid incompatible mixtures Lhat 
cause peslicide waste. 

• Whenever possible, apply pesti­
cides during dormant or fallow 
periods to prevent spraying edible 
produce. 

• Avoid pesticide spills. 
• Fill application equipment in ways 

that prevent pesticide mixtures 
&om siphoning back into wei!s. 

• Calibrate application equipment 
properly and make an accurate 
measurement of the area you plan 
to spray-this will prevent you 
from mixing too much material. 

• Select pesticides that break down 
rapidly. and use formulations that 
reduce problems of drift. 

for outdoor applications, use cultural 
practices such as managing soil and 
water movement to reduce pesticide 
residues in the environment. Control 
the amount and timing of irrigation 
water to eliminate runoff and slow the 
rate of percolation. In agriculture, use 
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practices such as reduced tillage, con­
tour farming, terracing, grass-lined 
waterways, and subsurface drainage to 
reduce soil erosion. Collect and reuse 
tailwater (the water that runs off the low 
end of a field) from irrigated fields to 
keep residues within the treatment site. 

exposed to pesticide drift. The pesti­
cide, solvents, or salts in the water 'used 
with the spray mixture m.ay be respon ­
sible for this damage. Application rates 

and the concentration of the spray mix­

ture can influence spotting, pitting, or 
s taining. Follow label instructions for 
mixing and application. When in 
doubt, apply a small amount to a Lest 

area to be sure no damage occurs. 
DAMAGE TO TREATED 
SURFACES 

Pesticides may sometimes spot or 
damage treated surfaces or surfaces 

REVIEW QUESTIONS 

1. Which of the following types of worker is considered 
a pesticide handler? 
D a. People who clean application equipment 
D b. Packing shed workers 
D c. Tractor drivers 
D d. lrrigators 

2. Whe.n is it legally allowable for a pesticide handler to 
not wear protective eyewear? 
D a. During mixing or loading of the pesticide 
0 b. While adjusting, cleaning, or repairing con-

taminated equipment 
D c. While repairing cleaned application 

equipment 
D d. While operating an airblast sprayer from an 

open tractor 

3. Pesticide residues on food are: 
D a. A frequent cause of poisoning 
D b. Rarely the cause of poisoning 
O c. Not monitored on the fed·eral level 
D · cl. Illegal at any level 

4 . . Which of the following is the most frequent route of 
pesticide exposure among agricultural workers? 
D a. Oral (through the mouth) 
D b. Dermal (through the skin) 
D c. Inhalalion 
D cl.Eye 

i . Which formulation offers the greatest possibility of 
dermal absorption? 
0 a. Water-soluble liquids 
D b. Powder formulations 
D c. Oil-soluble formulations 
D d. Granulars 

i . The symptoms of pesticide exposure and heat stress: 
0 a. Are noL at all similar 
D b. Require the same treatment 

D c. May be very similar 
D cl .Are impossib1e to tell apart 

7. Pesticide poisoning symptoms: 
D a. Always occur within 15 minutes after 

exposure 
D b . Always continue for several months or even 

years 
D c. Rarely require medical attention 
D d. May be delayed in their appearance 

8. Normal pesticide application practices may produce 
what kind of pollution of groundwater ~ources? 
D a. Nonpoint 
D b. Point 
D c. Direct 
D cl .Channel 

9. Pesticide contamination of wells can cause pesticides 
to enter groundwater through: 
D a. Direct channels 
D b. Percolation 
D c. Leaching 
D d. Nonpoint pollu tion 

10. Which of the following is not a factor in the soil· 
leaching ability of a pesticide? 
D a. Time of application 
D b. The chemical nature of the pesticide 
D c. Soil type 
D d. The pesticides pe.rsistence 

11. Which of the. following is not a signifi cant factor in 
breaking down a pesticide in the soil? 
D a. Soil temperature 
D b. Moisture content of the soil 
D c. Quantity and type of soil organisms 
D d . Growth stage of plants in the tTeated area 



154 • H AZARDS ASSO CIATE D WITH PESTI CI DE US E 

12. Which of the following practices will reduce environ· 
mental contamination by pesticides? 
D a. Make [requem applications of various 

pesticides 
D b. Avoid nonchemical comrol methods when­

ever possible 
D c. Reduce the frequency of applications when­

ever possible 
D d. Use maximum allowable rates of pesticides at 

all times 

13. Failure to use a backflow device when loading spray 
tanks or applying pesticide through irrigation 
systems: 
D a. Has no signi ficant effect on water quality 
D b. ls only allowed in arid parts of the state 
D c . May result in serious contamination of 

groundwater 
D d. Facilitates quick and effective application of 

pesticides 

14. Insect predators and parasites and honey bees are 
all considered: 
D a. Secondary pests 
D b. Natural enemies 
D c. Beneficials 
D d. Pollenizers 

15. A secondary pest is one that: 
D a. Becomes a problem when a pesticide applica­

tion kills its natural enemies and eliminates 
competition from primary pest species 

D b , Holds serious pests in check by parasitizing 
their young and competing for food 

D c. Quickly replaces more serious pests because 
of its ability to resist attack by natural 
enemies 

D d. Is usually eliminated when pesticides are 
used to control primary pest species 

1 6. To reduce the possibility of building up a pest's 
resistance to a pesticide, you can: 
D a. Choose a broad-spectrum pesticide that kills 

the pest and its natural enemies 
D b. Use only pesticides that have very long 

persistence 
D c. Use a pesticide that is selective only 10 the 

pest 
D d. Never use spot or strip treatments 

1 7. Which of the following may produce a pesticide 
residue on a crop that exceeds legal tolerances? 
D a. Avoiding making app lications close to harvest 

times 
D b. Allowing pesticide residue to drift onto the 

crop from a nearby area 
D c. Using the lowest effective rate of pesticide 

active ingredient 
D cl.Avoiding use of highly persistent pesticides 
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HIS CHAPTER DESCRIBES 

how to prevent accidental exposure to 
pesticides. Quite simply, you avoid pes­
ticide-related problems by 

• reading and following the pesticide 
label 

• developing safe work habits 

• wearing the required personal pro­
tective equipment 

• protecting people from pesticide 
exposure 

• avoiding practices that may injure 
plants and animals in the environ­

ment 
• preventing pesticides from drifting 

onto waterways and other nontar­
get areas 

• obeying all laws that apply to pes­
ticide handling, storage, and appli­
cation in your work situation 

PESTICIDE APPLICATOR 
SAFETY 

You are the key to preventing pesti­
cide accidents. By following the pesti­
cide label and obeying the laws and reg­
ulations dealing with pesticides, you 
can avoid most problems. In addition, 
when mixing pesticides together or 
with other materials, confirm that these 

combinations are safe. Also, check your 
equipment to be sure it is functioning 
properly-remember, faulty, broken, or 
wom equipment causes accidents. 
Finally, never take alcohol or drugs 
before, during, or immediately after 

applying pesticides. 

Blood Tests for Exposure 
Monitoring 

California's pesticide worker safety 
regulations require a special blood test 
for employees who handle organophos­
pltate or N-methyl carbamate insecti­
cides. This test is mandatory if employ­
ees handle these materials for more 
than 6 calendar days in any 30 consec­
utive day period. (Handling begins the 

moment you open a pesticide container 
for mixing or application. It continues 
until you have bathed and changed 
clothing after completing handling the 
pesticide. In case of a spill or other 
emergency, exposure begins at the 
onset of the incident. Exposure contin­

ues until you have bathed and changed 
clothing.) 

The blood test is a red cell and plasma 
cholinesterase determination. The test 
establishes a baseline for measuring 
exposure to organophosphate and N­
methyl carbamate insecticides. These 
insecticides interfere with y0ur body's 
nervous system by blocking the pro­

duction of cholinesterase. This is the 
enzyme that helps to regulate nerve 
impulses and muscle activity. It coun­
teracts the effects of another chemical, 
acetylcl101ine, that normally transmits 
nerve signals (Figure 6-1). 

These insecticides have the potential 

to impair your nervous system if you 
should receive a sufficient exposure. 

Each person has a unique baseline level 
of cholinesterase in their blood and in 

their blood plasma. The lowering of a 

person's cholinesterase may indicate 
that exposure to one of these insecti-
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motor neuron 

FlGURE 6-1. 

Organophosphate and N-methyl carbamate insecticides interfere with the transmission of nerve signals 
across a synapse. 

cides has occurred. (There are also 
other factors besides insecticides that 
could lower your cholinesterase.) If . 
your cholinesterase level drops, your 
physician may advise you to stop han­
dling this group of insecticides for a 
while. Your physician may then pre­
scribe additional tests Lo determine 
when your cholinesterase level returns 
Lo normal. 

Training 

California and federal pesticide laws 
establish minimum standards of train­
ing for all employees handling pesti­
cides as part of their work This manda­
tory training includes the following: 

Using Pesticides Safely 
• the importance of wearing clean 

work clothing daily 
• bow to band.le, open, and lift con­

tainers; how to pour; and how to 
operate mixing and application 
equipment 

• procedures for triple-rinsing con­
tainers; disposing of containers 

• how to confine spray to the target 
area; how to avoid contamination 
of people, animals, waterways, and 
sensitive areas 

• how and where to store containers; 
procedures co, follow when con­
tainers cannot be locked up 

• the importance of washing hands 
thoroughly before eating, smoking, 
drinking, or using the bathroom; 
need to shower thoroughly when 
finished working for the day 

• information on reading and under­
standing pesticide labels and 
Material Safety Data Sheets, includ­
ing the signal words, precautionary 
statements, first aid instructions, 
application rate, and mixing and 
application instructions 

• recognizing pesticide poisoning 
symptoms 

• the types of protective equipment 
you should use and how to flt and 
properly wear this equipment and 
inspect it for wear and damage 

• fitting , use, and maintenance of 
respiratory equipment 

• when and how to use enclosed 
cabs, closed mixing systems, and 
other equipment and engineering 
controls 

Emergencies and Health 
• first aid and decontamination pro­

cedures 
• procedures for handling nonrou­

tine tasks or emergency situations 
such as spills, leaks, or fires 

• location of the name, address, and 
telephone number of the clinic, 
physician, or hospital emergency 
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room for lreatment; company poli­
cy for reporting injury or illness 
and obtaining medical treatment 

o information about the symptoms 
and !ong-tenn health effects result­
ing rrom overexposure 

• when medical supervision is 
required and general provisions of 
medical supervision 

• how to recognize and avoid heat 
stress and what to do should it 
occur 

General information 
• the applicable laws and regulations 

and the importance of complying 
with them 

• the rights of the employee to 
receive information regarding pes­
ticides to which they may be 
exposed; protection against dis­
charge or other discrimination due 
to exercising these rights 

• location of and access to docu­
ments pertaining to the company's 
Hazard Communication Program, 
the pesticide labels, Pesticide 
Safety Information Series sheets, 
Material Safety Data Sheets, pesti­
cide use records, medical records, 
and other documents 

Your employer is responsible for p ro­
viding the personal protective equip­
ment and necessary training you need. 
Your employer is also responsible for 
cleaning and maintaining the personal 
protective equipment. If you are self­
employed and require training informa­
tion, contact your local agricultural 
commissioner's office. 

In addition, all agricultural field­
workers entering treated areas within 
30 days of the expiration of any restrict­
ed-entry interval must receive pesti­
cide-related training. Sidebar 10 lists 
the information that fieldworker train­
ing must cover. Qualified trainers must 
train fieldworkers and pesticide han­
dlers in agricultural areas. Qualified 
trainers include 

• pest control advisers (PCAs) 
• certified private or commercial 

applicators 

• registered foresters 
• University of California fann 

advisors 
• -agricultural commissjoners and 

biologists 
• people who have atLended an 

approved train-the-trainer program 

Continuing Education. Being 
employed as a pesticide handler obli­
gates you to keep current on new infor­
mation. This includes issues of pesti­
cide use pesticide safety, and pest man­
agement. Keeping current is necessary 
because 

• lawmakers change or revise p~sti­
cide laws and regulations from 
time to time 

• pesticide chemicals are constantly 
being improved, with several new 
chemicals introduced each year 

• pesticide use changes with 
increased knowledge of pests and 
their habits 

• techniques of pesticide application 
of ten reflect new technologies in 
application equipment and formu­
lation types 

• researchers modify pest manage­
ment techniques as they discover 
new information about pests 

• pest managers discover new pests 
every year, and certain pests show 
resistance to pesticides used previ­
ously for their comrol 

Without continuing education, a pes­
ticide applicator can quickly lose touch 
with modem pest control practices and 
pesticide application techniques. 

A good way to keep yourself current 
is to attend meetings of professional 
organizations affiliated wilh your work. 
Most occupational areas involved in 
pesticide use have one or more profes­
sional organizations. Several of these 
associations publish newsletters that 
contain new pest management and pes­
ticide use information. In addition, the 
UC Cooperative Extension Service 
(county farm advisors' offices) sponsors 
workshops and seminars. These pro­
grams focus on aspects of pest control, 
pest management, and pesticide use. 
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SIDE:BAR 10 

Criteria for Fieldworker Training 

Worker Protection Standard (WPS) training for 
fieldworkers must include at least the following 
information. This training must be provided to 
any workers who enter pesticide-treated areas for 
the 30 days following expiration of a restricted­
entry interval. Training must be provided to 
workers when an area has been treated with any 
type of pesticide, such as herbicides, fungicides, 
and insecticides. Training is not required if work­
ers or employers can verify such training has 
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&EPA Protect Yourself from Pesticides­
Guide for Agricultural Workers 

Protejase de los Pesticidas-
Guia para los Trabajadores Agricolas 

been provided within the past five years. 

INFORMATION THAT MUST 
BE COVERED 

D Where and how workers may come in contact 
with pesticides or pesticide residues during 
work, including hazards from chemigation 
and drift. 

D The routes by which pesticides can enter the 
body (skin, mouth, inhalation, and eyes). 

D Symptoms of acute pesticide poisoning or 
injury; long-term and delayed health effects 
from pesticide exposure, including 
sensitization. 

D First aid for pesticide injury and poisoning; 
emergency decontamination. 

D A~er-work care of contaminated work clothes. 

D Warnings about taking home pesticides or 
pesticide containers. 

D How workers can protect themselves from 
exposure (work clothing; avoiding skin, eye, 
and mouth contact; personal hygiene). 

0 An explanation of the WPS entry restrictions, 
application limitations, posting, oral warn­
ings, access to pesticide use information, and 
protection from employer retaliation. D Obtaining medical help. 

Also, county agricultural commission­
ers' offices regularly conduct meetings 
to update people on pesticide laws and 
regulations. Special courses are also 
available through local community col­
leges, state colleges and universities, 
and the University of California. 

Planning 

Planning for pesticide safety helps to 
prevent accidents . Find out about the 
pesticides you use by studying Material 
Safety Data Sheets and pesticide labels. 
From these you wi11 learn about the 
dangers and what precautions you need 
to take. Inspect areas where you will be 
working to locate potential hazards that 

may affect your safety. Finally, plan 
what you need to do if an accident hap­
pens. Sidebar 11 is a checklist for plan­
ning a pesticide application. 

Material Safety Data Sheet. Material 
Safety Data Sheets (MSDSs) provide 
detailed information about pesticide 
hazards {Figure 6-2). You will find the 
following information on MSDSs: 

• the chemical characteristics of 
active and other hazardous 
ingredients 

• fire and explosion hazards 
• health hazards 
• reactivity and incompatibility 

characteristics 
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FIGURE 6-1 . 

Material Safety Data Sheets provide vdlu­

able information about pesticide hazards. 

MONSANTO MATERIAL SAFEIT DATA ROUNDUP® VLJEA hatblcjdo Pago 1 of§ 

MONSANTO PRODUCT NAME 

II ROUNDUP® ULTRA Herbicide II 
1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION 

Product Nama: 

Synonyms: 

ROUNDUP® ULTRA herbicide 

MON65005 

EPA Reg. No.: 524-475 

Company ID: Monsanto Company 
800 North Lindbergh 
St. Louis, MO 63167, U.SA 

Phone#s: Emergency Phone Number (call collecl): (314) 694-4000 
Non-emergency lnlormaUon: 1-800..332-3111 

Revisions: Sectfons a>ntalnlng a revision or new lnlormaUon are marked with a 4! 

MSDS Number. 500012770 Date: November, 1995 Suporsedos: Non~ 

SIDEBAR 11 

Checklist for Planning a Pesticide Application 

PERSONAL 
D Medical checkup and necessary blood tests? 

D Properly trained for this type of application? 

PESTICIDE 
D Read and thoroughly understood label? 

D Checked to be sure use consistent with target 
pest and application area? 

D Read Material Safety Data Sheet for informa­
tion on hazards? 

D Obtained necessary permits? 

D Know proper rate of pesticide to be applied? 

EQUIPMENT 
D Proper personal protective equipment (boots, 

gloves, respiratory equipment, protective 
clothing, eye protection, headwear)? 

D Necessary measuring and mixing equipment? 

D Suitable application equipment for this job 
(tank capacity, pressure range, volume of out­
put, nozzle size, pump compatible with formu­
lation type)? 

D Application equipment properly calibrated? 

D Emergency water and first aid supplies? 

D Necessary supplies to contain spills or leaks 
(absorbent materials, cleaning supplies, hold­
ing containers)? 

TRANSPORTING 
D Can transport pesticides safely to 

application site? 

D Pesticides and containers secured from theft 
or unauthorized access? 

D Vehicles properly marked and permits 
obtained, if necessary, for transporting haz­
ardous materials and hazardous wastes? 

MIXING AND LOADING 
D Safe mixing and loading site located? 

D Obtained clean water for mixing? 

D Water pH tested? 

D Proper adjuvants obtained for correcting 
pH, preventing foaming, and improving 
deposition? 

D Checked compatibility of pesticide tank mixes 
or fertilizer-pesticide combinations? 

D Liquid containers triple rinsed and rinsate put 
into spray tank? 

TREATMENT SITE 
D Boundaries of treatment site inspected? 

D Environmentally sensitive areas within and 
around treatment area identified? 

D Notified people working or living in or near 
treatment area, including fieldworkers and 
their supervisors in agricultural applications? 

D Treatment site properly posted with required 
signs? 

D Soil types determined and noted, if these are 
factor in pesticide efficacy? 

D Livestock, pets, honey bees, other animals 
properly protected? 

D Aspects of groundwater determined, if 
applicable? 

D Hazards within treatment site identified, 
including electrical wires and outlets, ignition 



sources, obstacles, steep slopes, and other 
dangerous conditions? 

0 Plants in treatment area in proper condition 
for pesticide application ( correct growth 
stage, not under moisture stress, other require­
ments as specified on pesticide label)? 

WEATHER CONDITIONS 
0 Weather is suitable for application (low wind, 

proper temperature, lack of fog or rainfall)? 

APPLICATION 
0 Application pattern established suitable for 

treatment area, hazards, and prevailing weath­
er conditions? 

0 Application rate selected that will give most 
uniform coverage? 

0 Equipment frequently checked during applica­
tion to assure that everything worked properly 
and provided a uniform application? 

CLEANUP 
0 Application equipment properly cleaned and 

decontaminated after application? 

0 Personal protective equipment safely stored 
and then cleaned or laundered according to 
approved methods? 

0 Disposable materials burned or disposed of in 
approved way? 

• storage information 
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DISPOSAL 
0 Paper pesticide containers burned or disposed 

of according to local regulation? 

0 Plastic and metal containers triple rinsed? 

0 Plastic and metal containers properly stored 
until disposed ofin suitable disposal area? 

STORAGE 
0 Unused pesticides returned to supplier or 

stored in locked facillty for later use? 

0 Storage faci lity is suitable for pesticides? 

REPORTS 
0 Necessary reports filed with requesting 

agency? 

FOLLOW-UP 
0 Treatment areas inspected after applicadon to 

assure that pesticide controlled the target 
pests without causing undue damage to non­
target organisms or surfaces ofitems in treat­
ment area? 

DAMAGE 
0 Damage, ifit occurred, promptly reported? 

• emergency spill or leak cleanup 
procedures 

legal document that you must follow for 
any pesticide use. look for signal words 
(Danger; Warning, Caution). Check the 
label for required personal protective 
equipment. Make sure that you have 
and use this equipment and that it is in 
good condition. Review the label for any 
special environmental precautions. 
Always be sure the label lists the intend­
ed application site or commodity. Finai­
ly, consult the label for information on 
how to dispose of unwanted pesticide 
and empty containers. 

• l.D,o and LC,o ratings for various 
test animals 

• emergency telephone numbers of 
the manufacturer 

Manufacturers prepare these sheets 
and make them available to every per­
son selling, storing, or handling pesti­
cides. Ask your employer for them, or, 
if self-employed, obtain them from the 
chemical manufacturer or pesticide 
supplier. You can obtain MSDSs for 
every labeled pesticide. 

Pesticide Label. Thoroughly read and 
understand the entire pesticide label. 
The label gives specific information for 
each type of application. It is also the 

Hazards. To increase your awareness 
of hazards, read the MSDS and the pes­
ticide label. These include important 
information about the dangers to you, 
to people and animals, and to the envi­
ronment. Carefully inspect the treat-
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SIDEBAll 12 

Emergency Numbers for Pesticide Accidents and Spills 

WHEN PEOPLE HAVE BEEN 
EXPOSED TO PESTICIDES 

Dial 9-1-1 for emergency medical assistance. 
Notify the operator that the problem is a pesti­
cide exposure. Provide an accurate location and 
information on the type of pesticide involved. 

After obtaining medical treatment for exposed 

persons, determine if a spill has taken place. 
Follow instructions below for a spill. 

Contact the nearest agricultural commissioner's 
office to report the incident. Find the telephone 
number in the white pages of the local telephone 
book under the county where the accident 
occurred. 

FOR PESTICIDE SPILL ON STATE 
OR FEDERAL HIGHWAYS 

Notify local office of the California Highway 
Patrol and the local fire department (dial 9-1-1 ). 
Inform the emergency operator that a pesticide 

spill has occurred; provide accurate location and 
type of pesticide. 

Contact CHEMTREC at 800-424-9300 for 
assistance in cleaning up a pesticide spill. 

Contact State of California Office of Emergency 
Services. Usually a written report will need to be 
filed . Check wh ite pages of telephone directory 
under "State Government Offices" section or 
contact the main office in Sacramento: 
Governor's Office of Emergency Services, 
2800 Meadowview Road, Sacramento, 
CA 95832, (916) 262- 1843. 

Contact local agricultural commissioner's office. 
Find the telephone number in the white pages of 
the local telephone book under the county where 
the accident occurred. 

FOR PESTICIDE SPILL ON LOCAL 
CITY OR RURAL ROADS OR 
PRIVATE LAND 

Contact local police or sheriff and local fire 
department ( dial 9-1-1 ). Inform the emergency 
operator that a pesticide spill has occurred . 
Provide accurate location and type of pesticide. 

Contact CHEMTREC at 800-424-9300 for 
assistance in cleaning up a pesticide spill. 

Report spill to Office of Emergency Services. 
Contact local agricultural commissioner's office. 
Find the telephone number in the white pages of 
the local telephone book under the county where 
the accident occurred. 

meat area to look for conditions or 
objects that may affect the safety of the 
application: 

applicable, determine soil type 
and variations in soil types. Soil 
type might influence the efficacy 
of herbicides or other soil-applied 
pesticides. It may also influence 
percolation into groundwater. 
Look for environmentally sensi­
tive areas such as streams, irriga­
tion ditches, ponds, lakes, homes 
schools, or parks. 

• Evaluate the weather and make 
sure it is suitable for an applica­
tion. If appropriate , choose a time 
of day when the pesticide applica­
tion will be least disruptive. 

• Become familiar with the bound­
aries of the treatment site. When 
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• Arrange to protect or remove pets, 
livestock, honey bees, or other ani­
mals in the area. 

Special hazards may exist if you apply 
pesticides inside and around homes, 
businesses, offices, and other buildings. 
Be careful around food, food prepara­
tion areas and utensils, bedding, pets, 
and surfaces contacted by people. Find 
out if infants or toddlers live or play in 
the treatment area. 

Planning for Accidents. Plan for the 
possibility of an accidenL This includes 
locating an appropriate medical facility 
before you need emergency care. Also, 
find out where to get assistance with 
spill cleanup. Post in your vehicle the 
telephone number of a medical facility 
close to where you are working. Also, 
write down the telephone numbers of 
the local fire department, sheriff, and 
highway patrol (see Sidebar 12). The 
emergency number "9-1-1" usually 
gives you immediate access to medical 
help, local fire services, and law 
enforcement agencies. 

Plan what to do if there is a pesticide 
spill and be prepared to protect the pub­
lic from danger. Kno.w the proper first 
aid to administer to victims of pesticide 
exposure or heat stress. Understand the 
steps you must take to reduce injury to 
yourself and others in case of an acci­
dent. Be sure you have emergency water 
for washing your eyes and skin. 

Pesticide Combinations 

Often, the toxicity, mode of action, or 
efficacy of a pesticide changes when 
you combine it with another material. 
Combinations can alter the toxicity of 
pesticides to people as well as to target 
pests. For instance, some combinations 
change the amount and speed that cer­
tain pesticides enteryour body. This 
could affect your body's ability to 

quickly deactivate the toxic material. 
Adjuvants that enhance penetration or 
toxic action sometimes increase hazards 
to people. Read the pesticide label for 

important information and restrictions 
on pesticide combinations. 

Avoiding Medications, Alcohol, 
and Drugs 

Alcohol, drugs, and certain medica­
tions cause drowsiness, impair judg­
ment, and often influence your ability 
to apply pesticides safely. These sub­
stances may also alter the toxicity of 
pesticides in case of exposure. For 
ell:ample, a severe illness may result if a 
person consumes alcohol shortly after 
exposure to the fungicide tltiram. 1f you 
are taking any medication, consult a 
physician before handling, mixing, or 
applying pesticides. Do not take alcohol 
or drugs before, during, or immediately 
after a pesticide application. 

SAFETY EQUIPMENT 

Safety equipment helps protect your 
body and clothing from pesticide expo­
sure. Some of this equipment also pro­
tects your eyes and prevents you from 
inhaling pesticide vapors. However, 
safety equipment is effective only if it fits 
correctly and you use it properly. Always 
keep it cleaned and maintained accord­
ing to manufacturers' instructions. 

The greatest risk of pesticide poison­
ing comes from pesticides contacting 
your skin. Oil-soluble pesticides pass 
through skin faster than water-soluble 
pesticides. In addition, some pans of 
your body absorb pesticide more quick­
ly than other areas. In a test using the 
organophosphate insecticide parathion 
(Figure 6-3), for example, researchers 
found the forearm to be the lease sus­
ceptible area for pesticide absorption. 

· The palms of the hands and soles of the 
feet absorb parathion slightly faster 
than the forearm. The top of the hand is 
almost 21/2 times more susceptible to 
absorption than the forearm. The scalp, 
face, and forehead are 4 times more sus­
ceptible. The ear canal absorbs at a rate 
almost 51/z times faster than the fore­
arm. Absorption in the armpit is nearly 



164 • PROTECTING PEOPLE AND T HE ENVIRONMENT 

FIGURE 6-3. 

Different areas of the body may absorb 
pesticides through the skin at different 
rates. This illustration shows the rest1lts of 
an early study where researchers placed 
mint1te amounts of methyl parathion on 
body areas of various volunteers. They 
determined absorption rates by measuring 
the chemical in the volunteers' urine a~er 
a known period of time. (Testing pesti­
cides on human subjects is not allowed in 
the United States.) 

FI GUR E 6-f . 
-----

Pesticide labels tell you what personal 
protective equipment to wear during pesti· 
cide applications. Some applications, such 
as spraying orchards (le~), expose han­
dlers to higher levels of pesticide than do 
low-volume applications (right). 

scalp 

~forehead 

~ear canal 

I behind car 

~jaw_ 

) 
annpn 

~abdomen 

\ 
{ forearm 

\ scrotum 

\ top of hand 

71/2 times greater. In this study, the scro­
tum was the most susceptible area of 
the body to parathion absorption. This 
area was nearly 12 times more absorp­
tive than the forearm. 

The way you apply pesticides also 
influences the exposure you receive. 
For instance, your exposure risk is 
greater with an air blast sprayer than 
with a low-volume boom sprayer 
(Figure 6-4). Applying chemicals in 
enclosed areas is usually more risky 
than applying pesticides outdoors. 

Follow the pesticide label for the 
protective clothing and equipment you 
must use. In most instances, using 
safer equipment than the label-required 
equipment increases your protection. 
The only exception is with the use of 
certain fumigants. Protective clothing 

1 2 3 4 S 6 7 8 9 10 11 12 

and gloves sometimes trap some fumi­
gants close to your skin. This actually 
increases your exposure rather than 
protecting you. Follow label instruc­
tions explicitly for the proper protec­
tive clothing and equipment when 
applying fumigants. 

Personal Protective Equipment 

The following personal protective 
equipment protects you during norm.al 
pesticide handling activities as well as 
when accidents occur. For example, a 
ruptured hose might soak you with pes­
ticide before you can shut off the 
sprayer. Wearing personal protective 
equipment reduces your chances of 
injury if this happens. 



FIGURE 6-5 . 

Minimal work clothing for low-hazard 

pesticides includes one- or two-piece gar· 

ments of closely woven fabric that cover 

the entire body except the head, hands, 

and feet. 

FIGUR~ 6-6 . 

Coveralls ore suitable for many types of 

pesticide applications. They hove the 

advantage of being able to be easily 
removed if contaminated or when work 
is finished. 
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Bodywear 

You have many choices of protective 
clothing. Your personal preference and 
the type of work you perform may influ­
ence the styles or materials of the body­
wear you select. However, this body­
wear must conform to pesticide label 
requirements. Common styles provided 
by employers include coveralls and 
aprons. Manufacturers produce protec­
tive clothing from several types of mate­
rials. Some materials offer more chemi­
cal resistance than others or are more 
suitable for specific types of pesticides. 
Usually you have choices in weight and 
strength of the fabric and fabric resis­
tance to ripping and puncturing. Differ­
ent materials also provide options in 
comfort and durability. No single materi­
al provides everything, so select body­
wear for your most important need­
protection from pesticide exposure. 

If the label requires waterproof or 
chemical resistant bodywear, you must 
observe certain temperature restric­
tions. You cannot apply these pesticides 
if the daytime temperature exceeds 
80°F or the nighttime temperature 
exceeds 85°F. You can ignore these 
requirements if you make the applica­
tion from an air-conditioned cab. You 
can also wear a body cooling device, 
such as an ice vest, underneath your 
protective clothing. 

Minimal Protective Clothing. Never 
handle, mix, or apply pesticides with­
out wearing at least some minimal 
work clothing to prevent chemicals 
from contacting your skin. Minimal 
protection required under low-hazard 
circumstances includes a one or two­
piece garment of closely woven fabric 
(or equivalent) that covers the entire 
body except the head, hands, and feet 
(Figure 6-5). If you wear coveralls 
over your regular clothing you have 
additional protection from pesticides. 
Coveralls have the advantage of being 
easily removed if they become contam­
inated or when you finish working 
(Figure 6-6) . 

Cotton fabric is popular for its com­
fort and coolness. However, never use it 
without additional protective clothing 
if there are chances of contacting wet 
spray or concentrated liquids. Tightly 
woven fabrics act as wicks and efficient­
ly carry liquids to the inside of the gar­
ments. This increases your potential for 
skin exposure (Figure 6-7). 

Disposable Protective Clothing. 
Manufacturers produce disposable pro­
tective clothing from several types of 
materials suitable for pesticide applica­
tion. Disposable fabrics made from 
nonwoven , bonded fiber materials are 
superior to woven fabrics. This is 
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NONWOVEN 
FABRIC 

pesticide saturates 
inside fibers 

FIGURE 6 -7. -------
Woven fabrics promote wicking, as 
shown in the lower figure. It takes longer 
for pesticide droplets to pass through 
nonwoven fabrics, as shown in the top 
drawing. 

FIGURE 6-8. 

Disposable protective clothing is inexpensive and 
lightweight, and it resists puncturing and tearing. 
Throw it away after use. Unless the fabric is spe­

cially coated, it is unsuitable for use when the 
label calls for a waterproof or chemical-resistant 
garment. 

FIGURE 6-9 . 

Chemical-resistant garments provide the maxi­
mum amount of protection from pesticide 
exposure. 

because they do not promote wicking 
and are more resistant to liquid pene­
tration. Uncoated disposable clothing is 
nol suitable if the pesticide label states 
that the clothing be "waterproor· or 
"chemical resistant." However, manu­
facturers laminate or bond some non­
woven fabrics to other materials to 
make them waterproof. Disposables are 
usually lightweight but remarkably 
strong and resistant to tearing or punc­
turing (Figure 6-8). Disposables have 
the major advantage of not requiring 
cleaning or decontamination after use. 
Throw them away when soiled. 

Reuseable Protective Clothing. Most 
reuseable protective clothing consists of 
woven or nonwoven fabrics coated with 
or laminated to waterproof materials. 
The amount of protection offered 
against pesticide exposure depends on 
the type of waterproofing material. 
Neoprene, latex rubber, and polyvinyl 
chloride (PVC) all are very effective 
(Figure 6-9). 

Do not use protective clothing that 
has a woven fabric lining. Although 
woven linings are more comfortable 
and give the garment strength, they can 
become contaminated with pesticides. 
This increases the risk of exposure. Lin­
ings made of nonwoven, nonabsorbent 
materials, such as dacron, are safer 
(Figure 6-10). 

Some waterproofing materials react 
with pesticides and oils to become stiff 
and cracked. This greatly reduces the 
protection they offer. Discard reuseable 
clothing once it loses its ability to repel 
water or if it becomes tom, cracked, 
or punctured. 

Manufacturers produce protective 
clothing for many different purposes, 
often only for protection against rain. 
Select fabrics that are resistant to the 
chemicals you work with, such as 
petroleum oils, orga~ic solvents, and 
abrasive dusts. The clothing must also 
resist tearing, snagging, and abrasion 
and have a nonabsorbent lining. Look 
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FIGUR E 6-10. ---- ------------------Be sure linings of protective clothing are made of nonabsorbent materials to prevent pesticide 

contamination. 

FIGURE 6-11. 

Follow label instructions for use of waterproof aprons. Select a style with a wide bib to provide 
added protection. 

for strong and noncorrosive fasteners. 
One-piece coveralls offer the best pro­
tection. Tf you select two-piece suits, 
pants should be the bib overall style to 
provide sufficient overlap with the jack­
et. Select coveralls or jackets with 
attached hoods for greater protection of 
the neck and head. Garments should 
allow movement without binding. 

Aprons. Aprons protect the front of 
your body during pesticide mixing and 
while handling opened pesticide con­
tainers (Figure 6-11). However, do not 
use aprons instead of other protective 
clothing during pesticide application 
unless the label permits their use. Read 
the pesticide label to determine when to 

wear a protective apron. Select aprons 
made of waterproof materials. Be sure 
they are long enough to protect your 
clothing. Wide bib styles provide splash 
protection to the upper chest. Dispos­
able aprons made for one-time use are 
generally not suitable for pesticide han­
dling. The thin plastic materials tear or 
puncture easily. Reuseable aprons are 
more durable but require regular clean­
ing and decontamination. Discard them 
if they develop tears or holes. 

Head Protection 

Hats made from fabric absorb liquids 
and can become seriously contaminat­
ed. In addition, the fabric and mesh of 
baseball-style caps do not protect you 
from spray droplets. If you wear a hat, 
be sure it is water resistant and wide­
brimmed. Headbands and sweatbands 
must also be waterproof. An alternative 
to a wide-brimmed hat is a hooded, 
waterproof jacket. 

Gloves 

Chemical-resistant gloves are an 
essential part of your safety equipment, 
and you must wear them when han­
dling most pesticides. Never use 
leather or fabric gloves (unless speci­
fied on the pesticide label) because 
they absorb water and pesticides. 
Choose gloves made from natural rub­
ber, latex, butyl , nitri le, or neoprene 
(Figure 6-12) . Select a material that 
offers the best resistance to the types of 
pesticide you are using. Some materials 
are suitable for total immersion in a 
liquid toxicant for extended periods. 
Other materials provide protection 
only against accidental splashes or 
occasional immersion. The thickness of 
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FIGURE 6-12. FIGURE 6-13. 
---- --- ----------

Use only unlined chemical-resistant gloves made of natural nibber, 
latex, butyl, neoprene, or nitrite. 

Chemical-resistant footwear protects your feet from pesticide exposure. 

the glove material also determines the 
amount of protection-thicker materi­
als are better. Choose materials that 
resist puncturing and abrasion. 

Wear unlined gloves since fabrics 
used for linings may absorb pesticides. 
This makes them dangerous to use and 
difficult to dean. If necessary, use 
woven , removable glove liners to insu­
late your hands from the cold or to 
absorb perspiration. Discard or launder 
glove liners after each use. 

Make sure the cuffs of gloves are long 
enough to extend to the mid-forearm. 
Usually, wear the sleeves of your protec­
tive clothing on the outside of your 
gloves to keep out pesticides. Some spe­
cial application situations, however, 
require holding one or both hands over­
head while spraying liquids. ln these 
cases, tuck the sleeve of the elevated 
arm inside the gloves. Be careful when 
lowering your arm to prevent pesticides 
from entering the glove. 

Check pesticide labels for special 
glove recommendations. For instance, 
labels prohibit using waterproof gloves 
with some fumigants, since they 
increase the chances of skin contact. 

Footwear 

labels of some pesticides require the 
use of waterproof boots or boot cover-

ings (Figure 6-13). Select protective 
footwear made from rubber or synthetic 
materials such as PVC, nitrile, neoprene, 
or butyl. Choose the material based on 
its ability to protect you from the pesti­
cides with which you work (Table 6-1). 
Some pesticides, 1,3-dichloropropene 
(Telone 11) for example, penetrate most 
protective waterproof materials. 

Waterproof rubber and synthetic 
materials are poor conductors of electri­
cal current. They therefore offer good 
protection against electrocution when 
working in wet areas where there are 
electrical hazards. 

Waterproof footwear is available in 
conventional boot and overshoe styles 
(Figure 6-14) . Some boots have internal 
steel toe caps to protect your toes 
against falling objects. Select footwear 
that fits well and is comfortable to wear. 
Protective footwear should be calf-high. 
Wear the legs of your protective pants 
on the outside of the footwear to keep 
out any spray or spills. For increased 
protection, use rubber bands to seal 
pant legs tightly around the outside of 
the boots. Choose a sole design that is 
slip-proof on wet surfaces and easy to 

clean (Figure 6-15). 
Waterproof boots do not "breathe" like 

leather or fabric shoes, so wear clean cot­
ton or wool socks to absorb perspiration. 
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TABLE 6-l. 

Guide to Selecting Suitable Chemical-Resistant Materials for Personal Protective Equipment. 

RESISTANT MATERIALS 

CHEMICAL EXPOSURE PVC Nitrife Neoprene Butyl rubber Standard rubber Leather Fabric 

hydrocarbon materials, oils, • •• • • -:- + + 
arid solvents (most pesticides) 

ketones and aldehydes 0 + • •• • + + 
alcohols •• •• • • •• • + + 
organic esters 0 + • •• • + + 
inorganic metals •• •• •• •• •• + + 
•• highly satisfactory 

• often acceptable 
0 occasionally acceptable 

+ do not use 

FIGURE 6-14 . FIGURE 6-lS. 

Protective footwear is also available in overshoe styles to wear over regular 

shoes or boots. 
When choosing chemical-resistant boots, select a sole pattern that 

cleans easily and does not collect mud. 

Eye Protection 

Always wear eye protection while 
handling pesticides. It is essential dur­
ing mixing and loading and while 
adjusting, cleaning, or repairing con­
taminated equipment. In California, 
regulations require protective eyewear 
during most types of pesticide applica­
tion even if the requirement is not on 
the pesticide label. The only situations 
in which eye protection is usually not 
necessary are if 

• Pesticides are being injected or 
incorporated into the soil. 

• Pesticides are being applied 
through vehicle-mounted spray 
nozzles that are located below and 
behind the operator with the noz­
zles directed downward. 

• The operator is working in an 
enclosed cab. 

• The pesticides being applied are 
rodenticides, predacides, or avi­
cides that are not in a liquid or 
gaseous form . 

Eye protection is available as goggles, 
face shields, and face shields combined 
with respirators. Unless the pesticide 
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f- lGURE 6-16 . FIGURE 6-17. 

Unless the label specifies the type of eyewear,you may use safety glass­
es that have a brow piece and side shields when handling pesticides. 

Protective gor,gles protect the eyes during mixing and applying pesti­
cides. Some stJ!es allow the user to wear prescription glasses. 

label specifies the type of eye protec­
tion, you may wear safety glasses if they 
include a brow piece and side shields 
(Figure 6-1 6). 

Goggles. Goggles are the most com­
mon form of eye protection. Wear gog­
gles whenever the pesticide label specifi­
cally mentions their use. To protect the 
eyes adequately, there must be full side 
shields (Figure 6-17). Nonfogging lens­
es are available for most styles, and you 
can buy solutions to reduce or eliminate 
fogging of ordinary lenses. You can wear 
some goggle styles over eyeglasses. 

Elastic or synthetic rubber straps hold 
goggles in place when you wear them. 
Because elastic straps contain fabric, 
they easily absorb pesticide and possibly 
increase exposure to the back of the 
head. Avoid this problem by using a 
hood or protective headwear over the 
strap. Replace or thoroughly wash the 
elastic band if it becomes contaminated. 
Straps made of neoprene or other syn-

thetic materials are safer because they 
are nonabsorbent and easy to clean. 

Goggle lenses may become coated 
with spray droplets during some pesti­
cide applications. If this happens, carry 
cleaning supplies or an extra pair of 
goggles. Check and clean your goggles 
each time you stop to refill the spray 
tank. Use caution, however, to prevent 
scratching plastic lenses. Never wipe 
lenses to remove dirt-clean them with 
soap and water. Scratched lenses make 
the goggles useless, although some 
styles of goggles are available with 
replaceable lenses. 

Faceshields. Faceshields (Figure 6-
18) protect your eyes and prevent liq­
uids from splashing onto your face 
while mixing pesticides. However, do 
not use them without additional eye 
protection during application. This is 
because they do not prevent airborne 
sprays or dust from floating in around 
the edges of the facesh ield. Faceshields 
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FlGURE 6-18. FIGURE 6-19. 
---

Faceshields provide some eye protection and keep pesticides from Some pesticide labels require the use of NIOSH-approved dust/ mist 
filtering respirators. splashing onto your face. Wear these with safety glasses or gor,gles for 

added eye protection. 

are comfortable to wear, allow beuer 
air circulation, and provide a greater 
range of vision than goggles. 

Plastic faceshields require the same 
care as goggles to protect them from 
scratching. When not in use, faceshields 
and goggles should be stored in plastic 
bags to keep them clean and prevent 
scratching. 

Respiratory Equipment 

Respirators protect the lungs and res­
piratory tract from airborne pesticides. 
You can choose from several types and 
styles suitable for mixing and applying 
pesticides. Select respiratory equipment 
based on the requirements listed on the 
pesticide label. 

Disposable Masks. The simplest 
form of respiratory protection is a dis­
posable dust and mist mask (Figure 6-
19). Disposable dust and mist masks are 
lightweight, soft, and fairly comfortable 
to wear. Two elastic straps hold them in 

place. Most have soft metal bands at the 
top edge. Shape this around the bridge 
of your nose for a better seal. A few 
styles include a small activated-charcoal 
cartridge to remove some organic vapor. 
All disposable masks used for pesticide 
handling must bear the NIOSH 
Approval Number "TC-21C" or indi­
cate that it has been approved in accor­
dance with part 84 of the Code of Fed­
eral Regulations (42 CFR part 84). 
NIOSH-approved respirators with any 
"R," "P," or "HE" type filters are suitable 
for products containing oil or products 
that have instructions that would allow 
application with an oil-containing 
material. For products that do not con­
tain oil and whose labels bear no 
instructions that allow application with 
oil-containing materials, NIOSH­
approved respirators with any "N," "R," 
"P," or "HE" filters are suitable. The 
pesticide label refers to these approval 
numbers when it requires you to use 
this type of respiratory protection. 
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FIGURE 6-20. FIGURE 6-21. 

For certain pesticides, labels require that you wear an organic 
vapor-removing cartridge respirator with a prefilter approved for 
pesticides. These must be NIOSH approved. 

Many cartridge respirators have removable filtering cartridges. Be sure the car­
tridges you use are approved for pesticides. 

Cartridge Respirators . Some pesti­
cide labels require the use of cartridge 
respirators with the NIOSH Approval 
Number "TC-23C" or indications that 
it has been approved in accordance 
with part 84 of the Code of Federal 
Regulations (42 CFR part 84)(Figure 6-
20) . NIOSH-approved organic vapor 
(OV) cartridge respirators with any "R," 
"P," or "HE" type prefilters are suitable 
for products containing oil or products 
that have instructions that would allow 
application with an oil-containing 
material. For products that do not con­
tain oil and whose labels bear no 
instructions that allow application with 
oil-containing materials, NIOSH­
approved organic vapor (OV) cartridge 
respirators with any "N," "R," "P,'' or 
"HE" prefilters are suitable. The pesti­
cide label refers to these approval num­
bers when it requires you to use this 
type of respiratory protection. 

Cartridge respirators remove low lev­
els of pesticide vapors, dusts, and mists 
from the air you breathe. Do not use 
these for protection against fumigants 
(gases). Never use cartridge respirators 
in atmospheres that pose an immediate 

threat to life or health. This includes 
situations such as atmospheres contain­
ing carbon monoxide or having an oxy­
gen level below 19.5%. 

Cartridge respiratars have fitted rub­
ber facepieces and two-stage cartridge 
filters (Figure 6-21) . In some models 
the filter cartridges are replaceable, 
while others require replacing the entire 
respirator. Cartridge respirators have a 
one-way exhalation valve. Inhaled air 
must pass through the cartridge filters, 
but the valve permits exhaled air to 
bypass the filters. At least two 
adjustable elastic headbands hold the 
facepieces in place. Cartridges made for 
pesticides include a particulate prefilter 
to trap airborne particles mechanically. 
They also have an activated carbon 
organic vapor cartridge to adsorb gases 
(Figure 6-22). 

Cartridge respirators need to fit prop­
erly to be effective and safe. They 
should be in good working condition 
and be cleaned after each use. Beards 
and long sideburns affect the way car­
tridge respirators seal around the face. 
This prevents them from giving ade­
quate protection (Figure 6-23). Regula-



FILTER RETAINER 

FIGURE 6-23. 

Cartridge respirators must seal aroZ;;1;r 
the face to be effective and to prevent 
unfiltered air from entering. Beards or 
long sideburns prevent proper sealing. 
It is illegal for people with beards or long 
sideburns to use cartridge respirators. 
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DUST FILTER CHEMICAL CARTRIDGE FACE PIECE 

FIGURE 6-22. 

Respir~tor cartridges include a mechanical dust filter that removes dust and droplet particles and an 
activated charcoal chemical cartridge to remove vapors. 

lions prohibit pesticide applicators with 
beards or long sideburns from wearing 
cartridge respirators. 

Californias pesticide regulations 
require that all cartridge respirators be 
fit tested before use (see Sidebar 13). 
Isoamyl acetate is one of the materials 
used to test for proper fit. This chemical 
has a strong banana-like odor. Another 
test uses an irritant smoke. If the wearer 
can detect one of these indicators, the 
facepiece is admitting unfiltered air. 
Adjust the facepiece until the odor is 
absent or try another size, brand, or 

style. You should also perform a fit 
checli each time you use a cartridge res­
pirator. This involves holding your 
hands or small plastic bags over the car­
tridges while wearing the respirator. 
Inhale to check for leaks around the 
facepiece or exhalation valve. Then, 
cover the exhalation valve and exhale 
to check for leaks around the inhalation 
valves. Repair or replace the respirator 
if you find any leaks. 

The cartridges on respirators have a 
limited effective life. Replace the organ­
ic vapor cartridges if you 

• have difficulty breathing 
• begin to smell a pesticide odor 
• detect any taste 
• experience any irritation 
These signs may indicate that the 

organic vapor unit cannot absorb more 
pesticide and has lost its effectiveness. 
Besides the above guidelines, change 
cartridges following pesticide label 
instructions, equipment manufacturer's 
recommendations, or, lacking informa­
tion to the contrary, at the end of each 
daily work period. 

You need eye protection when using 
any respirator. Therefore, be sure you 
can wear the respirator comfortably 
with goggles or a faceshield. Some car­
tridge respirators include a full face­
piece with built-in eye protection (see 
Figure 6-24). 
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SIDEBAR 13 

/soamyl Acetate (Banana Oil) · Test for Properly Fitting Cartridge Respirators 

The chemical isoamyl acetate, commonly 
referred to as "banana oil," is available from 
major chemical suppliers and is widely used to 
check respirator fit. Its odor is easy to detect and 
the chemical can be used with any pesticide res­
pirator equipped with organic vapor cartridges 
or canister. 

When conducting a fit test, it is important to 
know that some brands ofrespirators are avail­
able in small, medium, and large sizes. If possi­
ble, have several different sizes avai lable during 
the test to ensure proper fit. Try respirators from 
different manufacturers since one brand may fit 
better than others. 

If a respirator does not fit properly, the app lica­
tor will not be adequately protected. Therefore, 
be sure to follow the test procedures outlined 
below. 

1. Be sure there is no banana oi l odor in the 
test area that may influence the wearer's 
ability to detect its presence. Once a respi­
rator is selected, have the wearer adjust it 
until there is a good face-to-mask seal. 

2. Saturate a piece of cotton or cloth with 
banana oil. The person performing the test 

f!GURE 6-24. 

Some cartridge respirators have built-in eye protection. 

should wear rubber gloves and avoid skin 
contact with the respirator wearer. 

3. Pass the saturated material close to the res­
pirator in a clockwise and counterclockwise 
motion. Have the wearer stand still and 
breathe normally and then deeply. If the 
wearer smells banana oil, readjust the res­
pirator or select a different size or style 
before starting again . 

4. If the odor cannot be detected while the 
wearer is standing still, have the person per­
form side-to-side and up-and-down head 
movements. Also have the wearer talk loud­
ly enough to be heard by someone standing 
nearby. Then have the person make other 
movements, such as bending over, that may 
occur during spray application. 

5. If the banana oil odor cannot be detected 
during the above movements, it indicates a 
satisfactory fit. Seal the respirator in a plas­
tic bag marked with the wearer's name. 
Keep a record of when the fit test was con­
ducted, along with the size and brand of 
respirator selected for each user. 



FIGURE 6-25. 

A battery-powered fan forces filtered air 
through a flexible hose into a helmet or 

hood in this type of powered-air cartridge 
respirator. This design allows you to wear 
eyeglasses. People with beards and long 
sideburns can use this style of respirator. 
The filters, motor, and battery pack are 
worn on a waist belt. 
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Powered-Air Cartridge Respirator. 
The powered-air cartridge respirator 
forces filtered air through a tube to a 
hood, helmet, or face mask (Figure 6-
25). You usually wear the motor, 
pump, batteries, and filters on a waist 
belt. These devices have large, efficient 
filters, and provide comfortable protec­
tion for lengthy application jobs. Like 
other cartridge respirators, use these 
only when the atmosphere poses no 
immediate threat to life or health. Use 
them only when the oxygen level is 
19.5% or greater. 

These respirators often incorporate 
faceshields for eye protection. They are 
comfortable to wear because the user 
does not actively force air through filters 
or valves. The constant supply of forced 
air around the user's face eliminates the 
need for a mask-to-face seal. Therefore, 
a person with a beard or long sideburns 
can wear this type of respirator. 

Supplied-Air Respirators . You can get 
maximum respiratory protection from a 

FIGURE 6-26. 

This self-contained supplied-air respirator provides 
the wearer with uncontaminated air from a com­
pressed air tank. 

supplied-air respirator. Use this type of 
equipment when working in areas being 
fumigated. These also protect you when 
working with concentrated amounts of 
highly toxic pesticides. Wear this type of 
respirator if the atmosphere contains 
less than 19.5% oxygen. Emergency 
workers wear these when responding to 
toxic spills or fires or when rescuing 
injured people. Several styles and types 
are available. Supplied-air respirators do 
not require filters or cartridges to 
remove toxic matelials. This is because 
they provide an outside source of clean, 
uncontaminated air. 

Self-contained supplied-air respira­
tors (often called a self-contained 
breathing apparatus- SCBA) provide 
clean air from pressurized tanks that 
the user wears , similar to a scuba diver 
(Figure 6-26) . External air models con­
nect the wearer to a distant air pump or 
stationary tank by means of a hose. If 
you are using an external air model, 
locate the air pump where safe, fresh 
air is available. 
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Self-contained units provide a limited 
quantity of air. Once you exhaust the 
air supply, the system cannot provide 
any protection. Therefore manufactur­
ers equip these units with warning 
devices to alert users when the air sup­
ply is getting Low. Air tanks may be 
heavy and bulky, but they give unlimit­
ed mobility. 

Hose-connected supplied-air respira­
tors provide a large or unlimited quan­
tity of fresh air. However, the range of 
available hose restricts the wearer's 
mobility. The maJ....-imum hose length is 
usually 300 feet. Long hoses are cum­
bersome and awkward to handle­
users must take precautions to avoid 
kinking, snagging, or hose damage. 

Supplied-air respirators use either 
half or full facepieces; full facepiece 
models provide eye protection. Other 
models attach to a hood (or helmet) 
that encloses the entire head and have a 
clear plastic faceshield. 

Facepieces use a pressure demand 
regulator that admits fresh air into the 
mask as the wearer begins to inhale. Air 
flow diminishes when the user exhales. 
Self-contained units use this method 
because of the limited air supply. Hoods 
provide a continuous flow of fresh air 
around the entire head, whether inhal­
ing or exhaling. Hoods do not require 
critical sealing around the face and can 
be worn with beards, long sideburns, 
and eyeglasses. Use a hood when the air 
supply comes from an external source 
through a hose. 

Cleaning and maintenance of sup­
plied-air respirators are critical to their 
safe operation. Masks must fit properly 
and exhalation valves have to be in 
good working order. This prevents any 
outside air Crom entering. Keep hoods 
free of holes or tears. Regularly inspect 
air hoses, both from self-contained 
tanks or from air pumps, and replace 
them if cracked or worn. Keep air pres­
sure regulators clean, dry, and protected 
from damage. 

Cleaning and Maintaining 
Personal Protective Equipment 

Always keep protective safety equip-
ment in good working condition. Pro­
tective equipment is effective only as 
long as it is free from pesticide contami­
nation and works properly. Therefore, 
you must frequently clean and inspect 
this equipment. Replace or repair 
equipment when you spot a problem. 

Respirators 

Extend the life of cartridge or sup­
plied-air respirators through regular 
cleaning and safe storage. The ability 9f 
a respirator to protect you from harmful 
pesticides depends in part on how well 
you maintain it. 

Inspection. Before cleaning your res­
pirator at the end of each day, inspect it 
for wear and damage. Check the head­
bands for fraying, tears, or loss of elas­
ticity and replace them if necessary. 
Remove filters and replace the gaskets if 
they are defective (brittle, broken, or 
warped). Never use these types of car­
tridge respirators without gaskets since 
gaskets prevent contaminated air from 
bypassing the filter cartridge. Valve 
assemblies are essential parts of a car­
tridge respirator and must be in good 
working order. Disassemble and inspect 
valve flaps for wear, deformities, or 
punctures. Replace parts if you suspect 
they might leak. Check the threads of 
all valves and cartridge parts to make 
sure they are in good condition. Look 
for cracks and scratches. 

Examine the facepiece for cracks, 
cuts, scratches, and any signs of aging. 
If you find damage, replace the defec­
tive parts. 

When replacing items on a respirator, 
use only approved replacement parts 
for that specific brand and model. If 
you use unapproved parts, the respira­
tor is not in compliance with the law 
and may be ineffective. 
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FIGURE 6-27. 

After use, remove cartridges and wash respirators in warm, soapy 
water. Use a soft brush or cloth to remove pesticide residue. 

FIGURE 6-28. -- -· ·----- -----···--
w~;h boots before removing them. Use a brush and soapy water, then 
rinse with clean water. Do not get the boots wet inside. Let boots air out 
after washing; store them in a clean plastic bag once they dry. 

Cleaning. After removing filters from 
reuseable cartridge respirators, soak the 
facepiece, gaskets, and valve parts in a 
solution of warm water and mild liquid 
detergent. Do not use abrasives or 
cleaning compounds containing alco­
hol or other organic solvents. You must 
use anti-germicidal cleaners if more 
than one worker wears the same respi­
rator. Use a soft brush or cloth to 

remove any pesticide residue (Figure 6-
27). Rinse the respirator and valve parts 
in clean water. Air dry rather than using 
applied heat. 

After it is completely dry, reassemble 
the respirator and store it in a clean 
plastic bag. This protects it from dirt 
and environmental deterioration. Keep 
the cartridges in a separate sealed bag if 
they are still good. 

Boots and Gloves 

Wash rubber boots and gloves under 
running water before you take them off 
to remove pesticide residues. Use a 
detergent solution and soft brush, then 
rinse with clean water (Figure 6-28). 
Do not get the insides of the boots wet. 
At the end of each day, wash rubber 
gloves with soap and warm water. 
Inspect them for holes while washing 
and discard the gloves if you find any. 
You may wash gloves in a washing 
machine by placing them into a cloth 
net bag. Use warm water and wash 
according to the instructions given 
below for protective clothing. Turn 
gloves inside out for drying. Store dry 
boots and gloves in plastic bags to keep 
them clean and prevent deterioration. 
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FIGURE 6-29 . 

Wash safety glasses, goll,les, and 
faceshields in warm, soapy water. Use a 

soft brush or cloth to remove pesticide 
residue. Blot dry and store in a clean 
plastic bag. 

Faceshields and Goggles 

Use care when washing faceshields 
and goggles to avoid scratching Lhe plas­
tic. Submerge them in warm, soapy 
water. If necessary, remove pesticide 
residue with a soft, wet cloth or soft 
brush (Figure 6-29). Do not mb anti­
fogging lenses, since this reduces their 
effectiveness. Rinse well with clear 
water and air dry or blot with a sofl cot­
ton cloth; rubbing increases chances of 
scratching. lnspecl goggles and 
faceshields for excessive scratches and 
for cracks and loss of headband elastici­
ty. You can replace scratched lenses on 
many styles without replacing the entire 
goggle. Store goggles and faceshields in 
paper bags to keep them clean. 

Protective Clothing 

Do not rewear contaminated protec­
tive clothing until you have washed it. 
Wash contaminated garments at the 
end of each work day if possible. 
Immediate washing reduces the 
chances of you or others being exposed 
to any residues. Throw away clothing 
that has had large quantities of pesti­
cides spilled on it. Send this to a site 
approved for pesticide residues. Local 
agencies allow burning in some loca­
tions, but first check with the agricul~ 
tural commissioner's office. Clean 

moderately or lightly contaminated 
clothing by washing. 

Change out of contaminated clothing 
at your work site if possible. Empty 
pockets and cuffs of garments to 
remove excess pesticide residue. Until 
you launder them, place contaminated 
garments into a clean plastic bag. Never 
reuse plastic bags since these may 
acquire a buildup of pesticide residues. 
Do not combine contaminated clothing 
with any other laundry before.., during, 
or after washing. 

Minimal Protective Clothing_ Soak 
minimal protective clothing in hot; 
soapy water for at least 112 hour. This 
includes long-sleeved shirts, full-length 
pants, coveralls, socks, and underwear. 
To improve pesticide removal, apply a 
prewash product, such as a solvent 
soak, prewash spray, or liquid laundry 
detergent. Add extra amounts to heavily 
soi led spots- Launder in a washing 
machine using hot water and liquid 
laundry detergent. liquid detergent 
removes oil-based pesticides better than 
powdered detergent. Use the maximum 
amount recommended in the detergent 
instructions. Set the washing machine 
to its longest cycle (at least 12 minutes) 
and use the highest water leveL Use 
household bleach if necessary but be 
aware that bleach does not contribute 
to the decontamination process. See 
Sidebar 14. 

Wash pesticide-contaminated cloth­
ing separately from all other laundry to 
prevent transferring residues. Separate 
clothing contaminated with different 
types of pesticide. Do not combine 
these into one wash load. When putting 
clothing into the washing machine, 
protect your hands from exposure by 
wearing gloves (Figure 6-30). Check 
for gam1ents that have a pesticide odor 
or visible pesticide spots or stains. 
Rewash these 1 or 2 more times in the 
same manner. 

After washing is completed, run the 
washer through another complete cycle 
using hot water and detergent but with-
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SIDEBAR 14 

Techniques for Washing Pesticide-Contaminated Clothing 

1. l<eep pesticide-contaminated clothing sep­
arate from all other laundry. 

2. Do not handle contaminated clothing with 
bare hands; wear rubber gloves or shake 
clothing from plastic bag into washer. 

3. Wash only small amounts of clothing at a 
time. Do not combine clothing contami­
nated with different pesticides-wash these 
in separate loads. 

4. Before washing, presoak clothing: 

D Soak in tub, automatic washer, or spray 
garments outdoors with a garden hose. 

D Use a commercial solvent to soak prod­
uct, or apply prewash spray or liquid 
laundry detergent to soiled spots. 

5. Wash garments in washing machine, using 
hottest water temperature, full water level, 
and normal {12-minute) wash cycle. Use 
maximum recommended amount of liquid 
laundry detergent. Neither bleach nor 
ammonia seem to affect the removal of 
most pesticides. Never use both. 

6. If garments have pesticide odor, visible 
spots, or stains before washing, rewash one 
or two more times as in step 5. 

7. Clean washing machine before using for 
other laundry by repeating step 5, using full 
amount of hot water, normal wash cycle, 
laundry detergent, but no clothing. 

8. Hang laundry outdoors on clothesline to 
avoid contaminating automatic dryer. 

FIGURE 6-30. 

Avoid touching pesticide-contaminated work clothing with your bare 
hands. Wear rubber gloves or dump the clothing into the washer 
from the plastic bag. Do not combine this clothing with any other 
household clothing. 

Do not attempt to wash heavily contaminated 
clothing; destroy it by burning or by transport­
ing to an approved disposal site. Follow these 
suggestions for reducing chances of contaminat­
ing the family laundry and endangering family 
members: 

1. Whenever possible, wear disposable pro­
tective clothing that can be destroyed after 
use . 

2. Always wear all required protective clothing 
when working with pesticides. 

3. Wear clean protective clothing daily when 
working with pesticides. Wash contaminat­
ed clothing daily. 

4. Remove contaminated clothing at work site 
and empty pockets and cuffs. Place cloth­
ing in clean plasti~ bag until it can be laun­
dered. Keep contaminated clothing sepa­
rated from all other laundry. 

5. Remove clothing immediately if it has had a 
pesticide concentrate spilled on it. 
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out any laundry. This step helps to 
remove pesticide residues left in the 
washer and prevents contaminating 
other loads of laundry. 

Whenever possible, hang washed 
clothing outdoors for drying. The 
ultraviolet light in sunlight breaks 
down many pesticides, and air drying 
avoids contaminating the clothes dryer. 
If you use a clothes dryer, never com­
bine the washed work clothing with 
other laundry. 

Waterproof Protective Clothing. 
Remove as much pesticide residue as 
possible Crom waterproof clothing 
before laundering. Wash these items 
with a hose and scrub brush outdoors. 
Wash them in an area where the runoff 
will not cause contamination and 
before removing these garments, if pos­
sible. After taking it off, store the pro­
tective clothing in a clean plastic bag 
until you can launder it. To decontami­
nate the protective clothing, begin by 
soaking the garments in warm, soapy 
water for l/2 hour. Next, wash the items 
in a washing machine, using warm (not 
hot) water and liquid laundry deter­
gent. Keep these garments separate 
from all other clothing to prevent con­
tamination. Hang waterproof clothing 
up to dry. Do not put it in a clothes 
dryer because the heat of the dryer may 
damage the waterproofing material. lf 
you hang the clothing in direct sun­
light, turn it inside out. This prevents 
deterioration of the waterproofing 
material and helps to deactivate any 
pesticide material remaining on the 
inside lining. 

Storing Personal Protective 
Equipment 

Never use personal protective equip­
ment for any other purpose. When not 
in use, keep it stored in a clean, dry 
place, and protected from temperature 
extremes and bright light. If possible, 
store these items insealable plastic 
bags. Light, heat, dirt, and air pollu-

tauts all contribute to the deterioration 
of rubber, plastic, and synthetic rubber 
products. Never swre any PPE in areas 
where you keep pesticides. 

Problems Associated with 
Personal Protective Equipment 

You may experience problems or 
occasional frustrations with personal 
protective equipment. Sometimes these 
problems cause applicators to become 
careless and stop wearing the required 
protective equipment. Fortunately you 
can overcome most problems. First, 
select the right type of equipmei:it Car 
the job. Make sure equipment fits prop­
erly and is in good working order. 
Finally, if possible, avoid applications 
when the temperature is too warm. 

Fitting 

Accurate sizing helps to improve 
comfort by eliminating binding or slip­
ping. Properly fitted respiratory equip­
ment prevents unsafe air leaks. When 
selecting waterproof pants and jackets 
for the correct size, try them on with 
the same weight of regular clothing you 
would wear during an actual pesticide 
application. 

If weather is cold, wear a long­
sleeved shirt and sweater or coat under 
the waterproof jacket. Be sure you are 
comfortable and can move freely, with­
out binding. During hot weather, wear 
lightweight cotton clothing under the 
protective equipment. This provides an 
absorbent layer and assists in cooling 
your body. 

Discomfor t and Inconvenience 

Discomfort and inconvenience are 
probably the main reasons that some 
applicators dislike wearing protective 
equipment. Eye protectors fog up, 
become covered with spray, and restrict 
the wearers range of vision. Protective 
clothing can be cold during cold weath­
er and very hot in warm or hot weather. 
Heavy, stiff materials can restrict move-



FIGURE 6-31. 

Enclosed cabs protect operators against 
pesticide exposure. This model includes a 
pesticide air filtering system that elimi­
nates the need for the operator to wear a 
respimtor while inside the cab. 
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ment. Gloves impair feeling in the 
hands, promote sweating, and are cold 
or hot, depending on the weather. Res­
pirators are uncomfortable to wear if 
they restrict breathing. 

Despite these problems, you must 
always wear required protective equip­
ment during mixing and application. If 
you become uncomfortable, stop and 
make adjustments or replace the equip­
ment with another style. Whenever 
possible, plan pesticide applications 
during times of day when the tempera­
ture is moderate. Take short breaks and 
get out of the protective equipment for 
a few minutes. If conditions are too 
extreme, trade off jobs with a coworker. 

Limits to Protection 

Personal protective equipment has 
limitations to the amount of protection 
provided-it never completely protects 
you. You still must prevent pesticides 
from being spilled, splashed, or sprayed 
onto your body. The equipment helps 
to reduce exposure, but you must do 
everything possible Lo prevent the 
exposure from happening. Some pesti­
cides can penetrate protective materi­
als-pesticide solvents and adjuvants 
may enhance penetration. 

Pesticides confined next to your skin 
cannot dissipate through air movement 

or volatilization. Therefore, if you get 
pesticides on your skin or clothing 
before putting on protective equipment, 
the equipment may increase the 
amount of pesticide absorbed. You will 
also contaminate the inside of the pro­
tective garment. Always wear clean pro­
tective equipment over clean clothing. 

Other Protective Devices 

Enclosed Cabs. Enclosed cabs 
installed on tractors protect operators 
from exposure to pesticides (Figure 6-
31). Some types provide protection 
from spray droplets and mists while 
providing the operator with a comfort­
able air-conditioned environment. 
These cabs, however, do not replace the 
label respirator requirements. Respira­
tors, if required, must be worn while 
making an application from inside this 
type of cab. Using this type of cab elimi­
nates the temperature restrictions on 
applications when applying pesticides 
that require the use of chemical resis­
tant body wear (above 80°F during the 
day and 85°F at night) . 

0Lher types of enclosed cabs are 
acceptable for respiratory protection. 
Proper1y designed and maintained cabs 
provide a high degree of protection. 
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FIGURE 6-32. 

Closed mixing systems are required when 
mixing more than 1 gallon per day of liq­

uid Danger pesticides for the production 
of an agricultural commodity. They allow 
you to accurately measure the liquid pes­
ticides. Most SJStems rinse the empty 
containers. 

These work well in orchards and vine­
yards or other areas where pesticide 
exposure potential is high. Most models 
offer options of heating and cooling of 
the air forced into the cab for added 
operator comfort. Cab insulation 
reduces noise from the tractor and 
spraying equipment. Many have front 
and rear window washers and wipers. 

Cabs acceptable for respiratory pro­
tection protect you only if you regular­
ly clean and service them. Clean or 
replace pesticide filters whenever they 
exceed their filtering capacity. If you 
mix pesticides or get out of the cab 
during a pesticide application, put on 
protective equipment. However, be 
sure to remove contaminated protec­
tive clothing before getting back inside 
the cab. For maximum convenience. 
and protection, assign another person 
the duties of mixing pesticides and 
refilling the sprayer. 

Select a respiratory-enclosed cab 
based on your needs and expectations. 
For example, consider the power source 
for the blower. Units that connect to the 
tractor hydraulic system move large 
volumes of air but may be noisy. Elec­
tric motor drives are quieter but may 
not have as much power because of lim-

itations of the Lractor electrical system. 
The volume of air that the unit supplies 
influences the amount of protection 
provided. 

Factors that contribute to the filter-
ing ability of these cabs include 

• size of the unit 
0 volume of air being moved 
0 number of filter stages 
• type of filtering material used 
• appropriateness of the filter media 

to the pesticides being used 
Multiple-stage filters that include. a 

pre-filter, a high efficiency particulate 
air filter (HEPA), and an activated car­
bon filter are the safest for reducing 
pesticide exposure. Blowers that move 
large volumes of air must have large­
capacity filters. 

Other features of enclosed cabs that 
might influence their function include 

• the visibility afforded the operator 
• how the height of the cab relates 

lo application sites where it will 
be used 

• the strength of the cab for protect­
ing the operator from tree limbs or 
in case of tractor rollover 

0 the availability of heating and air 
conditioning 

Closed Mixing Systems. Your 
employees must use a closed mixing 
system when mixing, loading, diluting, 
or transferring liquid formulations of 
pesticides with the signal word Danger 
(Figure 6-32) if these pesticides are 
being used for the production of an agri­
cultural commodity. They must also use 
closed systems when loading or trans­
ferring dry formulations of pesticides 
with the signal word Da11ger after mix­
ing these with water or other diluent. 

Closed mixing systems enable accu­
rate and safe measuring of pesticides 
being put into the spray tank. The 
closed-system requirement does not 
apply if employees handle 1 gallon or 
less of liquid formulations with the sig­
nal word Danger per day and the liquid 
pesticide is in an original container of 1 



FIGURE 6-33. 

When working with fumigants, use an 
atmosphere monitoring device before 
entering treated areas. Color changes in 
the glass tubes indicate the concentration 
of a toxicant in the atmosphere. Specific 
types of tubes are used for different 
fumigants. 
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gallon or smaller. See the DPR Pesticide 
Safety Information Series A-3 for legal 
requirements of closed mixing systems. 

Packaging. Special pesticide packag­
ing helps to reduce exposure to concen­
trated pesticide active ingredients. This 
packaging includes preweighed water­
soluble bags for powdered formula­
tions. These dissolve in the spray tank, 
reducing your exposure to the powder 
and dust. 

Atmosphere-Monitoring Equipment. 
Never enter an enclosed fumigated area, 
even after venting, without measuring 
for toxic levels of pesticide vapors (Fig­
ure 6-33). Several different atmosphere­
monitoring devices detect and measure 
vapors. When taking measurements, 
wear required respirators and protective 
clothing or use remote sensing equip­
ment. Take measurements in several 
locations within the confined space, 
since fumigant vapors sometimes 
become trapped in localized pockets. 

Choose atmosphere-monitoring 
equipment that is suitable to the type 
of fumigation work you perform. Be 
certain that the equipment provides 
accurate readings at the concentration 
levels you encounter. Learn about the 
shortcomings of these devices, since 

other contaminants in the atmosphere 
can produce erroneous readings. Get 
proper training on this equipment so 
you can reliably detect dangerous lev­
els of pesticides. 

FIELDWORKER SAFETY 

In agriculture, fieldworkers may be 
working near where you are making a 
pesticide application. You must protect 
these fieldworkers from any type of pes­
ticide exposure. Do not allow workers 
into an area that is being treated with a 
pesticide. Whenever possible, make 
spray applications at times when work­
ers are not present in surrounding 
areas. These times may include very 
early morning, late afternoon, or during 
the night. Preventing drift also lessens 
exposure risks to fieldworkers in adja­
cent areas. 

Notification 

In an agricultural situation, before 
, applying any pesticide you must notify 
all employees of the farming operation 
who are working within 1/t mile of the 
treatment area. Do this orally or by 
posting unless the pesticide label speci­
fies the method you must use. Inform 
workers when you plan to make the 
application so they will not enter the 
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FIGURE 6-34. 

Some pesticide labels require treated 
areas to be posted. Also, an area must be 
posted if the restricted-entry interval is 
more than 7 days. All greenhouse appli­
cations must be posted unless access is 
carefully controlled throughout the 
restricted-entry interval. 

treated area. Tell them what pesticides 
you will apply and describe the hazards 
if they should become exposed. Inform 
them when they can reenter the area. 

Restricted-Entry Interval 

A restricted-entry interval is the time 
that must elapse after a pesticide appli­
cation before anyone can go back into 
the treated area. Pesticide labels list 
restricted-entry intervals. For example, 
almost all pesticides with the signal 
word Danger have a minimum restrict­
ed-entry interval of 48 hours. Most pes­
ticides with the signal word Warning 
have a minimum restricted-entry inter­
val of 24 hours. Most pesticides with 
the signal word Caution have a mini­
mum restricted-entry interval of 12 
hours. However, California regulations 
are sometimes more restrictive than the 
label. Pesticide use recommendations 
written by licensed pest control advis­
ers must indicate the required restrict­
ed-entry interval. The local agricultural 
commissioner is also able to provide 
this information. In all situations where 
the restricted-entry interval on the label 
differs from California requirements, 
the longest restricted-entry interval 
applies. Check with the county agricul­
tural commissioner's office for special 
restricted-entry intervals when you 
apply mixtures of certain pesticides. 

Posting 

Sometimes you must post treated areas 
with warning signs (Figure 6-34). Post­
ing is a way to notify employees about a 
treated area as an alternative to oral noti­
fication. Regulations require posting 
signs to be made of a durable material 
and printed in English and Spanish. 
They must contain a skull and cross­
bones at the center of the sign and the 
word "Danger" in letters large enough to 
be read from a distance of 25 feet. If the 
restricted-entry interval is greater than 7 
days, the sign must also list 

• the date the restricted-entry inter-
val expires 

• the property operator's name 
• any field identification 
Check pesticide labels and current 

federal, state, and local laws to deter­
mine requirements for posting. Local 
offices of county agricultural commis­
sioners have this information. 

To post a treated area, place signs at 
usual points of entry and along 
unfenced areas next to roads and other 
public rights-of-way. Signs should be no 
more than 600 feet apart. Post the area 
before you make an application (but no 
sooner than 24 hours before the appli­
cation). Signs have to remain in place 
throughout the restricted-entry inter­
val. Remove them within 3 days after 
the end of the restricted-entry interval 
and before you allow workers to enter 
the field. 

PUBLIC AND 
ENVIRONMENTAL SAFETY 

Prevent the public from accidentally 
becoming exposed to pesticides during 
an application or from encountering 
treated areas after you make the appli­
cation. Notify people in the area about 
the planned pesticide application. 
Explain the potential hazards and pos­
sible exposure symptoms. Tell them 
what you are doing to reduce these haz­
ards. Explain what they should do to 
avoid exposure. Try to make pesticide 



FIGURE 6-35. 

Pesticides are packaged in a ~u-;;,ber a/ ­
different types of containers. Most pack­
aging is in convenient units of size for ease 
in measuring and mixing. 
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applications at times when people are 
not present. Prevent drift of pesticide 
materials outside the treatment area. 

Check pesticide labels and material 
safety data sheets for environmental 
hazards. These include hazards to 
wildlife, endangered species, honey 
bees, or groundwater. Become familiar 
with wildlife in the area. For informa­
tion and help, contact the California 
Department of Fish and Game. Obtain 
specific information on groundwater 
conditions at the application site. For 
help, consult with the pesticide coordi­
nator at the local agricultural commis­
sioners office. Use selective pesticides 
whenever possible. Also, make pesti­
cide applications at times when honey 
bees and other beneficial insects are not 
present in the treated area. Do not allow 
sprays to drift into waterways, because 
many pesticides are toxic to fish or 
other aquatic life. 

HANDLING PESTICIDES 
SAFELY 

Undiluted pesticides are a greater risk 
to people and the environment than 
diluted spray mixtures. The safe han­
dling and transporting of undiluted 
pesticides can prevent many environ­
mental and human health hazards. 

Along with toxic hazards, pesticides 
have a high dollar value and may be 
subject to theft. Part of your safe han­
dling program should include security 
measures to prevent theft. 

Manufacturer's Packaging 

Manufacturers package pesticides in 
several different ways, depending on 
the formulation. The type of packaging 
and formulation affects the hazards of 
handling, transporting, and storing. 
Pesticides are available in paper bags, 
water-soluble bags, and plastic and 
metal containers (Figure 6-35). Most 
packages are in convenient units of size 
for ease in measuring and mixing. Man­
ufacturers usually pack quantities of 
these units in larger cardboard boxes 
for shipping and handling. The U.S. 
Department of Transportation must 
approve these shipping containers. 

Paper and plastic bags are common 
packages for powder and granule for­
mulations. For safety, manufacturers 
package some highly toxic or otherwise 
hazardous powders in water-soluble 
plastic bags. However, if you do not 
handle them carefully, paper or plastic 
containers may tear or puncture. 
Opened paper and plastic bags may be 
difficult to reseal, presenting possible 
future problems with leaking. Spilled 
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FIGURE 6-36. 

Most gas fumigants are 5t(pplied in large 
steel cylinders. These are capable of with­
standing the high pressures of the gases 
they contain. 

powders scatter easily and are difficult 
to clean up. To prevent tearing and 
reduce the danger of spilling, cut bags 
open with scissors or a sharp knife. 
This also makes the bags easier to close 
after use. 

Manufacturers use plastic bottles and 
pails for packaging liquid and granular 
fonnulations. If improper handling 
results in one of these containers being 
punctured, there will be a pesticide 
spill. Uncapped containers are also 
subject to spilling. Spilled liquids are 
dillicult to contain or clean up because 
they soak into wood, cloth, paper, and 
nearly everything else Lhey contact. 
Granular formulations are easier to 
contain and clean up should a spill 
occur. Also, granules do not soak into 
porous surfaces. 

Manufacturers use metal containers 
for liquid and dust aerosols and many 
liquid formulations. However, metal 
containers are not suitable for some 
corrosive chemicals. Manufacturers 
package fumigants (usually liquids 
under high pressure) in reuseable steel 
cylinders (Figure 6-36). Metal contain­

ers probably are the safest packaging 
materials for pesticides because they 
resist puncturing and do not break. 
They are resealable and you can either 
recycle empty containers or dispose of 
them at an approved disposal site. How­
ever, take special precautions with 
metal aerosol containers. lf you punc­
ture, overheat, or burn them, they may 
explode or cause injury. 

Service Containers 

Service containers are any container, 
other than the original labeled packag­
ing, that holds pesticides. Manufactur­
ers design these for applying, storing, 
or transporting pesticide concentrates 
or use-diluted preparations. If you are 
transporting a service container, label it 
with the following information: 

• common name of the pesticide 
• the signal word 
• name and address of the person 

responsible for the container 

Tunsporting 

Many pesticides are subject to state 
and federal hazardous materials trans­
portation requirements, including 

• incident reporting 
• packaging-including container 

maintenance and retesting 
• labeling 
• marking 
• placarding 
• emergency actions in the event of 

an accident 
• loading 
• vehicle safety equipmenL 
• routing 
There is always a risk of an accident 

while transporting undiluted or diluted 
pesticides in a vehicle.. Spilled materials 
may cause serious human exposure and 
environmental damage. Some pesticides 
are flammable, adding dangers of fire 
and toxic fumes . There is a risk that 
passing vehicles will scatter pesticides 
spilled on public roads. This will further 
endanger people, animals, residential 
areas, or nearby crops. Spilled chemicals 
may wash into ditches, streams, and 
rivers during rainstonns, creating the 
potential for serious damage, including 
groundwater contamination. Spilled 
pesticides may also contaminate the 
vehicle, its occupants, or other cargo. It 
may be impossible to completely 
remove all residue from a vehicle. 

Never carry pesticides in the passen­
ger compartment of any vehicle. The 
safest way to transport pesticide is in 
the back of a LrUck (Figure 6-3 7). 
Secure all pesticide containers in the 
cargo area and protect them from rain 
and other potential damage. Never 
stack pesticide containers higher than 
the sides of the transporting vehicle. 
Secure fumigant cylinders in the vehicle 
in an upright position. Be sure these 
cylinders have screw-on steel bonnets 
to protect the valve mechanisms. When 
transporting any pesticides, never allow 
children, adults, or animals to ride in 

the cargo area. Also, never transport 
food, animal feed , or clothing in the 
same compartment. Do not leavepesti-
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SIDEBAR 15 

Where to Get Information and Regulations on Transporting Pesticides 

FOR INTERSTATE MOVEMENT 
OF PESTICIDES 

U.S. Department of Transportation 
Office of Motor Carrier Safety 
980 9th Street, Suite 450 
Sacramento, CA 95814-2724 
(916) 498-5050 
or 
U.S. Department of Transportation 
Western Resource Center 
201 Mission Street, Suite 2100 
San Francisco, CA 941 05 
(415) 744-3088 

For Southern California: 
U.S. Department of Transportation 
Office of Motor Carrier Safety 
22690 Cactus Avenue, Suite 250 
Moreno Valley, CA 92553 
(909) 653-2299 

FOR TRANSPORTATION OF 
PESTICIDES WITHIN THE STATE 
OF CALIFORNIA 

California Highway Patrol 
Commercial Vehicle Section 
444 N. 3rd Street, Suite 31 0 
Sacramento, CA 95814 
(~16) 445-1865 

FIGURE 6-37. 
------
Transport pesticides on[y in the back of a truck. Secure containers 
in the cargo area and protect them from moistllre and damage. 
Never carry people, animals, food, animal feed, or clothing in the 
same area. 

Contact the California Highway Patrol 
Motor Carrier Safety Unit Supervisor 
at one of the Division Offices listed below: 

Northern Division: 
2485 Sonoma Street 
Redding, CA 96001-3026 
(530) 225-2715 

Valley Division: 
11336 Trade Center Drive 
P.O. Box 640 
Rancho Cordova, CA 95741-0640 
(916) 464-2090 

Golden Gate Division: 
1551 Benicia Road 
Vallejo, CA 94591 -7568 
(707) 648-4180 

Central Division: 
4771 WestJacquelyn Avenue 
Fresno, CA 93722-6406 
(559) 445-6992 
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( continued) 

Southern Division: ~ 
437 North Vermont Avenue 
Los Angeles, CA 90004-3590 
(323) 664-1108 

FLAMMABLE 

Border Division: 
9330 Farnham Street ~ San Diego, CA 92123-1284 

. (858) 637-7158 COMBUSTIBLE 
Coastal Division: 
411 S Broad Street, Suite B-10 
San Luis Obispo, CA 93401-7963 
(805) 549-3261 

Inland Division: 
847 E. Brier Drive 
San Bernardino, CA 92408-2820 
(909) 383-4811 

FIGURE 6-38. 

FOR LOCAL INFORMATI ON 

County Agricultural Commissioner's Office 

Sometimes the transporting vehicle must display specific placards 
when it carries certain quantities .of pesticides. Check with local 
authorities for placarding requirements. 

cides unauended in a vehicle unless 
they are inside a locked compartment. 
To as~ist emergency workers in case of 
an accident, carry a manifest or list of 
the pesticides being transported. 

For information on transporting pes­
ticides on public highways, contact the 
following agencies: 

• California Highway Patrol 
• California Public Utilities 

Commission 
These agencies will provide you with 

current regulations and help you deter­
mine whether you need special licenses 
or permits. They will tell you if these 
materials are subject to hazardous 
materials transportation requirements. 
Your vehicle may require placards sig­
nifying the type of hazardous material 
being carried (Figure 6-38). If your 
vehicle requires placards, place them 
on all four sides of the vehicle. Always 

remove placards from vehicles when 
the hazardous material is not being 
transported. Sidebar 15 lists where to 
get information and regulations on 
transporting pesticides. Regulations 
require that some vehicles have devices 
that protect the pesticide cargo in the 
case of a rear-end collision. Secure 
fumigation cylinders so they will not 
rupture or fall out of the vehicle if there 
is an accident. 

Should you have an accident involv­
ing spilled pesticides, alert the highway 
patrol, county sheriff, city police, or 
local fire depanment at once. Keep peo­
ple and vehicles away. Never leave the 
scene of a spill until responsible help 
arrives. For advice on cleaning up 
spills, contact CHEMTREC (Chemical 
Transportation Emergency Center) at 
800-424-9300. Call this number only in 
the case of an actual emergency. There 



FIGURE 6-39. 

Keep pesticides in a lockable area of the 
vehicle to prevent unauthorized access 
while the vehicle is unattended. 
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are times when the person or company 
transporting the material cannot quick­
ly and safely clean up a spill. In these 
cases, municipal agencies provide or 
contract for cleanup of roadways within 
their jurisdiction. These ageneies 
include CalTrans (on state highways) 
and designated city or county agencies, 
including some fire departments. 

Handling 

Handle bulk pesticide containers 
carefully. Do not drop or throw contain­
ers or packages, because this may cause 
damage and leaks. Check for contami­
nation or leaks on all packages being 
handled. Do not let damaged packages 
or spilled pesticides contact your skin 
or clothing. Wear rubber gloves and 
protective clothing, such as an apron, 
when handling pesticide packages. If a 
leak is present, you may also need res­
piratory and eye protection. Check the 
label for all precautions and required 
safety equipment. Never walk through a 
spilled pesticide. If you discover a dam­
aged and leaking container, transfer the 
pesticide to another container. Use a 
container labeled for that pesticide or 
another properly labeled container (see 
Chapter 7 for more information). 

Prevent theft or danger to children 

and animals. Never leave pesticide con­
tainers unattended or stored in 
unlocked areas (Figure 6-39). Always 
keep pesticides away from food and 
water and away from sources of heat 
and fire. Never allow paper containers 
to get wet. 

Do not eat, drink, or smoke w~ile 
handling pesticides or pesticide con­
tainers. Wash thoroughly when finished 
and before eating, drinking, smoking, 
or using the bathroom. 

Storage 

Store pesticides in their original, 
tightly closed containers. Whenever 
possible, wipe or wash pesticide residue 
off outsides of containers. Protect pesti­
cides from extremes in temperature and 
from becoming wet. A pesticide storage 
area should be a separate building, 
away from people, living areas, food, 
animal feed, and animals. The area 
must have good ventilation and light­
ing. Be sure it is dry and secure, with 
lockable doors and windows. Post signs 
near all primary entrances to warn oth­
ers that the building contains pesticides 
(Figure 6-40). 

Keep a record of all pesticides being 
stored. Indicate on this record the date 
of purchase and the date you placed 
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FIGURE 6-40. ---------Store pesticides in a separate building, 
away from people, living areas, food, ani­
mal feed, and animals. Make sure the 
storage area is well ventilated, well light­
ed, dry, and secure. Securely lock doors 
and windows. Post the primary entrances 
with signs that warn that the building 
contains pesticides. 

each chemical in the building. Keep this 
record, or a copy of it, separate from the 
building. To prevent injury during a fire 
or other emergency, give this informa­
tion to emergency workers. Before an 
emergency arises, provide the local fire 
protection agency with an inventory of 
the pesticides being stored. Also provide 
them with Material Safety Data Sheets. 
Update these records periodically and 
whenever you put addi!ional types of 
pesticides in the storage area. 

Check stored pesticides on a regular 
basis. Inspect the condition of contain­
ers and look for leaks or spills. Immedi­
ately clean up any spilled pesticide in 
the storage area (see cleanup proce­
dures in Chapter 7). 

Some pesticides do not store well for 
long periods of time. Pesticides may 
change chemically during extended 
storage, especially if exposed to temper­
ature extremes. These changes may 
cause some products to lose their effec­
tiveness or others to become more 
toxic. Sometimes moisture and air 
picked up during storage alters the 
composition of some pesticides. Pesti­
cides in unsealed containers are most 
susceptible. Solvents and petroleum­
based chemicals deteriorate some types 
of containers after a time. 

Keep packages on shelves or on pal­
lets to reduce exposure to excess mois­
ture. Do not store most chemicals for 
longer than two years. Before pesticides 
exceed their shelf-life, use them in an 
appropriate application or transport 
them to an approved disposal site. 

Never store certain pesticides such as 
2,4-D and other hormonal herbicides 
with other pesticides. Vapors from 
these herbicides may combine with 
other pesticides. These vapors contam­
inate the other pesticides and could 
result in potential damage to treated 
plants. Always check the label for spe­
cial storage precautions to prevent 
such problems. 

Liquids expand when heated or 
frozen. Liquid pesticides in sealed con­
tainers may expand enough to rupture 
the containers under extremely hot or 
cold conditions. Therefore, keep the 
storage area well ventilated to prevent 
overheating. When storing pesticides in 
locations subject to winter freezing, be 
sure to insulate the storage building. 

MIXING PESTICIDES 

Techniques for mixing pesticides are 
the same for large and small volumes­
thoroughly mix the proper amount of 
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pesticide with a measured amount of 
water or other solvent. Before begin­
ning, read the mixing directions on 
labels of all pesticides you will be 
using. Then, choose the proper order 
to add chemica1s to the spray tank (see 
page 94). When the mixture needs 
adjuvants, add these before pesticides 
unless label instructions give a differ­
ent order. 

Determine what protective clothing 
you need for mixing and application. 
Check the spray equipment for cracked 
hoses or leaks. Make sure the filters, 
screens, and nozzles are clean. Have a 
supply of fresh water nearby for wash­
ing in case of an accident. 

The water used for filling a spray 
tank should look dean. Be sure it is free 
of sand, dirt, algae, or other foreign 
matter. Sand or dirt causes excessive 
wear on pumps and nozzles and clogs 
filters, screens, and nozzles. Algae may 
clog filters and nozzles and can react 
with some pesticides to reduce their 
effectiveness. Smell the water to see if 
you can detect any chemical odor. 
Chemicals in the mixing water may 
react unfavorably with some pesticides. 
For example, chlorine (used in domes­
tic water supplies for controlling bacte­
ria) reduces the effectiveness of some 
pesticides. High leve1s of disso1ved salts 
deactivate certain pesticides and may 
even damage treated foliage. If possible, 
check the water's pH as described on 
page 102. High pH (alkaline water) 
causes hydrolysis, or breakdown, of 
many pesticides before you spray them 
onto the target surface. Use a buffer or 
acidifier if the pH is too high. Whenev­
er you have any doubtS about the water 
quality, locate another soqrce. 

Measure pesticides carefully, accu­
rately, and safely. Inaccurate measuring 
can cause serious problems. For 
instance, certain herbicides require 
application rates of 1(6 to 3/4 ounce of for­
mulated material per acre. Small inac­
curacies in measuring produce gross 
errors in application rates. 

California laws require that employ­
ees use a closed mixing system when 
mixing, loading, diluting, or transfer­
ring liquid formula lions of pesticides 
with the signal word Danger being used 
for the production of an agricultural 
commodity. They must also use closed 
systems when loading or transferring 
dry formulations of Danger pesticides 
after mLxing these formulations with 
water or other diluents. 

Closed mixing systems allow you to 
accurately and safely measure the 
amount of pesticide you put into the 
spray tank. (The closed-system require­
ment does not apply if you handle 1 gal­
lon or less of Danger pesticide per day 
and the liquid pesticide is in an original 
container of l gallon or smaller.) 

Measuring. Liquids and some granu­
lar pesticides are measured by volume, 
while dusts, powders, and most dry for­
nmlalions are measured by weight. Pes­
ticide labels use the English system of 
measurement. You use fluid ounces, 
pints, quarts, and gallons for liquids, 
and pounds and ounces for drymateri­
als. You need an assortment of glass or 
plastic measuring utensils, from l cup 
to l gallon, for accurately measuring 
liquids. Some pesticides react with 
metal, especially aluminum and iron, so 
avoid using metal measuring utensils. 
Use an eyedropper to measure small 
quantities of liquids. Use an accurate 
scale and a set of measuring cups and 
spoons for measuring and weighing dry 
pesticides (Figure 6A 1). To avoid mis­
taking some measuring equipment for 
kitchen utensils, identify these in a very 
obvious manner. For instance, paint 
handles with brightly colored water­
proof paint or attach waterproof labels. 
When not being used, keep all measur­
ing and weighing equipment locked in 
the pesticide storage area. This prevents 
these items from being used for other 
purposes. Clean and wash utensils 
before storing them to prevent contami­
nating future mixtures. 
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FIGURE 6-41. 

Meas11ri;g and weighing pesticid-es-­
req11ires a variety of calibrated utensils 
and an accurate scale. 

Pesticide packages are available in 
different units of weight or volume. 
Whenever possible, plan a mixture that 
uses an even, preweighed amount of 
pesticide. The unit cost may be greater 
when you buy pesticides in smaller 
packages. However, this disadvantage 
can be minimal compared to the conve­
nience and added safety of not having 
to weigh or measure. Do not open pesti­
cides packaged in water-soluble pack­
ets, since these contain highly haz­
ardous formulations. Calibrate applica­
tion equipment to use the entire packet 
or a number of whole packets. 

Select a mixing location that you can 
clean easily should an accident occur. 
When not using premeasured packets, 
measure and weigh chemicals in a clear, 
open area. If outdoors, stand upwind to 
reduce chances of exposure. Wear an 
approved dust-mist respirator or car­
tridge respirator while weighing and 
mixing dry pesticides to prevent inhal­
ing dust. Protect your hands and cloth­
ing with appropriate outerwear. 
Because liquids spill and splash easily, 

wear suitable gloves and a rubber 
apron, or a waterproof suit. Refer to the 
pesticide label for specific protective 
clothing and equipment for mixing and 
loading pesticides. However, you must 
wear a faceshield , goggles, or other pro­
tective eyewear, even if the requirement 
is not on the pesticide label. Reduce 
chances of spills or splashes into your 
face and eyes by always measuring and 
pouring pesticides below eye level (Fig­
ure 6-42). 

Begin mixing by filling the spray tank 
at least half full with clean water. To 
allow room for the pesticide, adjuvants, 
and residues from triple rinsing, avoid 
filling the tank more than 3/4 full. Check 
and adjust the pH of the water in the 
spray tank at this time. Start agitators if 
the equipment has them. 

Open pesticide containers carefully to 
prevent spilling and to make resealing 
easier. Cut paper containers open with 
a sharp knife or scissors rather than by 
tearing. Metal and plastic containers all 
have protective seals that you must 
break before use. Most of these contain-



FIGURE 6-42. 

Always pour and measure pesticides 
below eye level. If measuring outdoors, 
stand upwind. Wear the label-mandated 
personal protective clothing for mixers 
when measuring pesticides. 
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ers have screw caps that allow you to 
easily reseal them. 

After measuring or weighing the cor­
rect amount of pesticide, carefully pour 
it into the partially filled spray tank 
(Figure 6-43). Rinse the measuring 
container and pour the rinse solution 
into the spray tank also. Us.e caution 
while rinsing to prevent splashing. 
Many closed mixing systems have con­
tainer rinsing devices that pump the 
rinse solution into the pesticide tank. 
Unless rinsed automatically, drain liq­
uid cqntainers into the spray tank for 
30 seconds after you empty them. 
Rinse and drain the containers three 
more times (triple rinse). After .each 
draining, fill the container about 1/1 full 
of water and put the cap on again. 
Shake the container for several seconds 
to mix the residue with water. Pour 
each rinse solution into the spray tank. 
Sidebar 16 illustrates how much pesti­
cide you can remove from the contain­
er by triple rinsing. You do not have to 
send containers that have been triple 

rinsed to a Class 1 disposal site. 
Instead, take them to a pesticide con­
tainer recycling center or a Class 2 dis­
posal site. 

For bags that hold dry pesticides, fol­
low these emptying guidelines: 

• Open and empty the bag so that 
no pesticide material remains in 
the bag that can be poured, 
drained, or otherwise feasibly 
removed. · 

0 Empty the pesticide bag complete­
ly and hold the bag upside down 
for five seconds after continuous 
flow ceases. 

• Straighten out the seams so that 
the bag is in its original "flat" 
position. 

• Again, hold the bag upside down 
for five seconds after continuous 
particle flow ceases-shake the bag 
twice and hold for five seconds or 
until continuous flow ceases. 

• Follow the guidelines on page 201 
for burning empty pesticide bags. 
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FIGURE 6-43. 

Carefii/fy pour pesticides into the spray 
tank. Rinse measuring containers and 
empg, and triple rinse liquid pesticide 
containers. Pour the rinse solutions into 
the spray tank. 

SIDEBAR 16 

Triple Rinsing Procedures for Pesticide Containers 

PROCEDURE 

1. When container is empty, let it drain 
into spray or mixing tank for at least 
30 seconds. 

2. Add correct amount of water to container 
as follows: 

Container Size 

5 gallons or less 

More than 5 gallons 

28 gallons or more 

3. Close container. 

Rinse 
Solution Needed 

J1,i of the container 
volume 
Ys of the container 
volume 
Do not require triple 
rinsing- return to dealer 

4. Shake container or roll to get solution on 
all interior surfaces . 

5. Drain container into sprayer or mixing tank. 
After empty, let drain for an additional 30 
seconds. 

6. Repeat steps 2 through 5 two additional 
times. 

AMOUNT OF ACTIVE INGREDIENT 
REMOVED FROM A 5-GALLON 
CONTAINER BY TRIPLE RINSING 

Rinse Step 

Drain 
1st Rinse 
2nd Rinse 
3rd Rinse 

Amount of Active 
Ingredient Remaining* 

14.1875 grams a.i. 
0.2183 gram a.i. 
0.0034 gram a .i. 
0.00005 gram a.i. 

*After draining, a 5-gallon container is assum_ed 
to still contain 1 ounce of formulated pesticide. 
This would amount to 14.1875 grams ofa.i. if 
the formulation contained 4 pounds of a.i. per 
gallon. 



FIGURE 6-44. 

When filling o spray tonk, be sure there is 
on air gap between the filler pipe and the 
tap level of the water in the tank. This 
prevents bockflaw of pesticide-contami­
nated water into the water supply. 

FIGURE 6-45. 

Spray that is impraperlj aimed at foliage 
cot1ses leaves ta stick together and pre­
vents proper coverage-a condition 
known as shingling. Air blast and oscil­
lating boom sprayers cause ruffi ing of 
foliage and improve distribution of spray 
droplets. 

shingling 
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After adding the pesticide, fill the 
spray tank to its final volume. Do not 
allow the tank to overflow during fill­
ing. Also, never let the hose, pipe, or 
other filling device come in contact 
with liquid in the tank. If you fill the 
tank through a top opening, leave an 
air gap between the spray tank and fill­
ing device. This space should equal at 
least twice the diameter of the filling 
pipe. It prevents siphoning of the spray 
mixture back into the water supply 
after you stop the water flow (Figure 6-
44). Side or bottom filling systems 
require check valves to prevent back­
flow of pesticides into the water supply. 
Recheck the pH of the tank mixture 
and adjust if necessary. 
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APPLYING PESTICIDES 
EFFECTIVELY 

To use pesticides safely and effective­
ly, confine them.to the treatment area 
and apply them in the proper amounts. 
Pesticide coverage often must be uni­
form to be most effective. For example, 
to control some plant-feeding pests, the 
pesticide spray must coat both sides of 
leaf surfaces. If you improperly aim the 
spray at the foliage it may cause shin­
gling. This is a condition in which 
leaves clump together and prevent 
droplets from reaching some leaf sur­
faces (Figure 6-45) . Using an air blast 
sprayer or oscillating boom sprayer 
produces ruffling of the plant foliage . 
This allows spray droplets to contact 
all surfaces . 

Spills, leaks, and drift waste the pesti- · 
cide and may leave residues in nontar­
get areas. Improper equipment calibra­
tion results in too little or too much 
pesticide reaching the target site. Safe 
pesticide applications require 

• using proper equipment 
• developing good application 

techniques 
• reducing or eliminating drift 
• being aware of all potential 

hazards 
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FIGURE 6-46. ---------
Be sure tank covers fit tight[y to prevent 
pesticide mixtures from splashing out dur­
ing operation or while transporting the 
equipment. If tanks are ever unattended, 
their covers must be lockable. 

Selecting Application Equipment 

Be sure the equipment you use to 
apply pesticides is suited to the location 
and conditions of the treatment area. 
Equipment that is too big or powerful 
may be as much of a problem as equip­
ment that is too small. Most pesticide 
application equipment works efficiently 
only in a limited number of situations. 
Some conditions require that the spray 
be moved to target surfaces with a blast 
of air to improve coverage. 

Choose application equipment that is 
comfortable to work with and easy to 

use. Be sure the equipment is easy to 
repair and parts are readily available. 
Hand-held equipment must be light­
weight so that it is convenient to use. 
Motor-powered units should be quiet 
enough to prevent operator stress yet 
powerful enough to do the job properly. 
Moving parts need shields and guards 
to prevent accidents and injuries. Pow­
ered equipment must have accurate 
gauges so you can monitor spray pres­
sure and other functions. 

Pesticide application equipment has 
to be durable to withstand the long 
hours of operation. Make sure that 
filler covers on spray tanks close prop­
erly, seal well, and are lockable (Figure 
6-46). Hoses and fittings should be 
strong and durable to prevent loss of 
pesticide mixtures and environmental 
contamination. 

Safe Application Techniques 

Safe application techniques require 
• working with the weather 
• controlling droplet size and 

deposition 
• being aware of the application site 

and its hazards 
• developing special application pat­

terns for the· site to accommodate 
hazards and environmemal condi­
tions 

• leaving buffer zones to protect sen­
sitive areas 

Working with the Weather. Weather 
has significant influence on pesticide 
applications in outdoor areas. Its effect 
on pesticide applications in greenhous­
es and other confined spaces is more 
subtle. Temperature affects the phyto­
toxicity of certain pesticides. label 
directions usually warn against using 
these products when temperatures are 
above or below critical limits. High 
temperatures accelerate pesticide degra­
dation and volatilization. Clear, sunny 
weather produces warm temperatures. 
Ultraviolet light, which is most intense 
during these times, rapidly breaks 
down many pesticides. 

Air temperature is responsible for the 
inversion phenomenon that may often 
cause pesticide drift. Inversions occur 
when the air 20 to 100 or more feet 
above the ground is warmer than the air 
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A temperature inversion is caused by a layer of warm air ocmrring above cooler air close to the ground. 
This warm air prevents air near the ground from rising. similar to a lid. 

below it The. warm air forms a cap that 
blocl<s vertical air movement. To detect 
a temperature inversion, observe a col­
umn of smoke rising into the air .. (Black 
smoke from a burning tire or diesel fuel 
is easy to see. However, check with 
local air quality authorities to be sure 
such burning is permissible.) If the 
smoke begins moving sideways or col­
lects in one area a few hundred feet 
above. the ground, an inversion condi­
tion probably exists (Figure 6-47) . 
1nversion conditions are dangerous 
during a pesticide application. The 
inversion layer t-raps fine spray droplets 
and pesticide vapors. These become 
concentrated, similar to rhe smoke col­
umn. Rather than dispersing, the pesti­
cide often moves as a concentrated 
cloud away from the treatment site. 

Honey bees forage only during certain 
temperature ranges. Therefore, make 
applications when temperatures are not 
suitable for bee activity if you are using 
pesticides that might injure bees_ 

Rainfall, fog, and even heavy dew 
affect pesticide applications. This is 
because the moisture dilutes and 
degrades pesticides and may wash the 
material off treated surfaces. Rainwater 
washes pesticides into the soil , produc­
ing possible groundwater and surface 
water contamination. Water movement 
after heavy rains carries pesticides away 

from the application site. Fog plays a 
role in offsite pesticide movement. 

Wind influences pesticide drift and 
affects volatilization. Strong air move­
ments are responsible for uneven pesti­
cide deposition . However, some air 
movement has advantages in gening 
good coverage over treated surfaces. 

Controlling Droplet Size and Depo­
sition. The following factors influence 
how spray droplets cover the treated 
surfaces: 

• droplet size 
• pressure of the spray stream 
• force and volume of the air used to 

distribute spray 
• speed of travel of the application 

equipment 
Droplet size is a factor of nozzle size, 

style, and condition combined with 
spray volume , spray pressure, and 
weather influences. Most application 
equipment emits a spray with a wide 
range of droplet sizes. However, the 
best spray applications result from 
applying uniform-sized droplets evenly 
to all treated surfaces. Increase the uni­
formity of spray droplets by selecting 
nozzles designed for the working pres­
sure and volume of your sprayer. 
Inspect and replace worn or defective 
nozzles. The type of application equip­
ment used must be suitable for the 
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FIGURE 6-48. 

Shut off spray nozzles during turns to 
avoid uneven applications. After spraying 
the main part of the treatment area, 
finish by spraying the edges. 

physical and environmental features of 
the location. Application speed is criti­
cal. Adjust your speed to the type and 
size of the area being treated. You must 
travel more slowly when spraying large 
trees and shrubs. This is because spray 
droplets must travel farther, and larger 
surface areas require more volume for 
adequate coverage. 

Site Characteristics and Environ­
mental Hazards. Before beginning a 
pesticide application, observe the phys­
ical characteristics of the terrain, green­
house, building, or other application 
site. Look for all potemial hazards_ 
Check for organisms or structures that 
the spray mixture might damage. Be 
aware of possible damage caused by the 
physical movement of the equipment 
and operator through the area. In out­
door areas, ditches, embankments, 
steep slopes, electrical wires, and elec­
tric fences are potential hazards. ln con­
fined areas, electrical outlets, motors, 
sources of sparks, and improperly ven­
tilated spaces can be hazardous to oper­
ators or equipment. 
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Application Pattern. An application 
pattern is the route you follow while 
applying a pesticide. The purpose of 
any application pattern is to provide an 
even distribution of pesticide over the 
treated area. To do this, you must avoid 
overlaps or gaps. Pesticide application 
speed usually determines the uniformi­
ty of the application pattern. At higher 
speeds, the equipment bounces more. 
With air blast sprayers, as you increase 
travel speed you reduce the volume of 
displaced air. When establishing an 
application pattern, consider 

• prevailing weather conditions 
• what is being sprayed 
• hazards in or near the application 

site 
Design a pattern that eliminates the 

need to travel through airborne spray or 
walk or drive through freshly treated 
areas. Operating the application equip­
ment (such as boom applicators) dur­
ing turns produces an uneven applica­
tion. Figure 6-48 illustrates how to 
make a uniform application by shutting 
the sprayer off during turns. Watch for 
clogged nozzles that will also produce 
uneven applications. 
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SENSITIVE AREA 

BUFFER AREA 
(DO NOT SPRAY) 

FIGURE 6-49. 

Leave untreated buffer areas when an 
application site adjoins sensitive areas. 
The buffer should be no less than the 
width of one spray swath. 

FIGURE 6-50. 

Pesticide sprays and dusts drift when you 
apply them during windy periods. Drift is 
also the result of small droplet size caused 
by.high pressure and small nozzle orifices. 
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Leave untreated buffer strips when a 
treatment area adjoins sensitive areas. 
These are locations where applications 
might expose organisms, people, or 
structures to pesticides (Figure 6-49). 
As a general rule, the buffer should be 
no less than the width of one spray 
swath. The size of the buffer strip 
depends on the 

• type of application equipment you 
are using 

• prevailing weather conditions 
• nature of pesticide being applied 
• type of pest problem being treated 
• sensitive nature of adjoining areas 

Pesticide Drift 

Pesticide drift refers to the movement 
of pesticides away from the treaunent 
site. Drift is most serious when you 
make applications during windy condi­
tions, especially while using high pres­
sure and small nozzle sizes. Wind car­
ries away spray droplets intended for a 
specific treatment area (Figure 6-50). 
Another form of drift occurs when 
sprayed pesticides partially evaporate 
before reaching the target. The resulting 
vapor can drift away from the treatment 
area through air movement, often trav­
eling several miles. 

Table 6-2 lists some of the factors that 
influence drift. There are many steps 
that you can take to reduce this prob­
lem. Eliminating very small droplets 
significantly reduces drift. Increase 
droplet size by using larger nozzles and 
by lowering the output pressure of the 
sprayer. Certain adjuvants, called depo­
sition aids, assist in increasing spray 
droplet size or reducing evaporation 
potential. Add one of these to the spray 
tank to help avoid drift. 

Do not spray during windy condi­
tions. Usually, winds less than 5 miles 
per hour help provide good pesticide 
distribution in trees and leafy plants. 
Stronger winds, however, increase drift 
potential. In some cases, spraying may 
be illegal if the wind speed is over a des­
ignated rate. Contact the local agricul­
tural commissioner for information on 
pesticide application restrictions during 
windy conditions. 

Other conditions, such as a tempera­
ture inversion, also promote drift of 
small droplets and vapors. High tem­
peratures and low humidity increase 
the evaporation rate, which reduces the 
size of droplets before they reach their 
target. The resulting smaller droplets 
may be highly subject to drift. 
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TABLE 6-2. 

Factors Influencing Pesticide Ori~. 

MATERIAL OR 
CONDmON FACTORS 

pesticide volatility of active ingredient' 
solvent used to dissolve or suspend active ingredient (formulation) 
solvent used to dilute pesticide in spray tank 

adjuvants deposition aids, thickeners, and scickers (reduce drift by making 
droplets larger or less volatile) 

a pplication 
equipment 

operating pressure of spraying system 
nozzle size 
discance from nozzles to target surface 
height from which spray is released 
speed of travel of application equipment 
application pattern and technique 

target surfaces size of target area 
location of target area 
nacure of target surfaces 

weather conditions wind intensity 
wind direction 
air temperature 
humidity 

Special Hazards in Treatment Areas 

Pesticides containing petroleum­
based carriers may be flammable . Never 
use these in areas where open flames or 
other ignition sources are present. Gas­
fired water heaters and electric motors 
may ignite flammable pesticides. When 
applying pesticides in areas where such 
hazards exist, use a nonilammable 
water-based spray. Otherwise, shut off 
all ignition sources. 

The spray from water-based pesti­
cides usually conducts electricity. If the 
spray contacts an electrical source, you 
risk a potentially fatal electric shock. 
Never direct any spray onto power 
transmission lines, electrical cords, out­
lets, or motors or appliances. Discon­
nect motors and appliances and shut off 
electricity in areas where you are apply­
ing pesticides to prevent chances of 
electrocution. 

Disposal of Surplus Diluted Pesti­
cide. To avoid problems associated with 
leftover pesticide mixtures, calculate the 

exact size of the treatment area. Then, 
mix only enough pesticide for the job. lf 
you have some leftover spray mixture, 
use it in another appropriate location. 
Otherwise, you must send the leftover 
material to a Class 1 disposal site. There 
are private companies Lhatspecialize in 
collecting and transporting pesticide 
wastes to Class 1 disposal sites. 

Never indiscriminately dump excess 
pesticide. Such dumping is a potential 
source of environmental and groundwa­
ter contamination. It is also illegal. Peo­
ple convicted of dumping are subject to 
large fines and possible jail terms. 

Pesticide Container Disposal. Regu­
lations concerning the disposal of pesti­
cide containers vary from county to 
county. Obtain specific disposal infor­
mation from local Water Quality Con­
trol Boards, the Depattment of Health 
Services, and local agricultural commis­
sioners. 

Some localities allow you to bum 
paper and plastic containers as part of 
an agricullural bum permit. For burn­
ing pesticide bags, follow the instruc­
tions in Sidebar 17. In nonagricultural 
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SIDEBAR 17 

Guidelines for Emptying and Burning Pesticide Bags 

EMPTYING AND BURNING 
PESTICIDE BAGS 

PESTICIDE BAG BURNING 
GUIDELINES 

Obtain an agricultural burn permit from your 
local air pollution control district. 

0 Burn the pesticide bags only at the location 
specified on the agricultural burn permit. 

EMPTYING GUIDELINES 
D Open and empty the bag so that no pesti­

cide material remains in the bag that can be 
poured, drained, or otherwise feasibly 
removed. 

D Empty the pesticide bag completely and 
hold the bag upside down for five seconds 
after contfnuous Aow ceases. 

D Select a location that will minimize the 
amount of smoke blowing over areas where 
people or domestic animals may be located. 
To select a site, consider distances to 
homes, parks, schools, businesses; wind 
speed and direction; inversions; and length 
of time to burn the bags. 

D Straighten out the seams so that the bag is 
in its original "flat" position. 

D Place a rock, brick, or similar noncom­
bustible weight on top of the stack of bags 
to be burned. 

D Light the bottom-most bag. 

D Again, hold the bag upside down for five 
seconds after continuous particle flow ceas­
es-shake the bag twice and hold for five 
seconds or until continuous flow ceases. 

D Stand upwind of the burn site to avoid 
breathing the smoke. 

D Control the site until burning is completed 
and the fire is extinguished. 

areas, conlact local authorities to work 
out arrangements for disposing of plas­
tic and paper pesticide containers. 
Unrinsed empty containers are haz­
ardous wastes. Dispose of these accord­
ing to provisions of Water Quality Con­
trol Board and Departme.nt of Health 
Services regulations. 

You can recycle triple-rinsed metal 
and plastic containers or take them to 
an approved Class 2 disposal site. If 
these containers have not been triple 
rinsed, you can send them only to a 
Class 1 disposal site. Check with the 
Water Quality Control Board or agricul­
tural commissioner in your area for the 
locations of approved disposal sites. 

Cleaning Application Equipment. 
After each use, you must clean and 
decontaminate application equipment. 
Otherwise, residues remaining in tanks 
may contaminate a subsequent pesti­
cide mixture and alter its toxicity. Pesti­
cide residue on the outside of applica­
tion equipment can be hazardous to 

people who must operate or repair this 
equipment. Therefore, wash the outside 
of spray equipment with water, using a 
small amount of detergent if necessary. 
Clean equipment in an area where you 
can contain runoff. Otherwise, clean 
the equipment at the application site. 

Rinse the inside of the tank with 
water. l f necessary, decontaminate it by 
using an appropriate pesticide tank 
cleaning material (or 1 quart of house­
hold ammonia to each 25 gallons of 
water). Prepare a tank washing solution 
by mixing 1/2 pound of detergent with 
30 gallons of water. Buy commercial 
pesticide tank cleaning and neutralizing 
compounds from chemical suppliers 
and farm equipment dealers. Be sure to 
check the pesticide label for any pre­
cautions regarding the use and disposal 
of cleaning and decontaminating chem­
icals. Follow the directions for the 
amount of cleaner to use for your spray 
tank. Be sure to run pumps and agita­
tors and flush all hoses. 
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Personal Cleanup 

After using pesticides, clean your per­
sonal protective equipment. shower 
thoroughly, and change into clean, 
uncontaminated clothing. When show­
ering, take special care to wash your 
hair and clean your fingernails. Place 
clothing that you wore during the pesti­
cide application into a plastic bag until 
you can launder it. Never eat, drink, 
smoke, or use the bathroom until you 
have thoroughly washed. 

RECORD KEEPING 

Maintain records of every pesticide 
application you make and other activi­
ties associated with your use of pesti­
cides. Keep records of the following 
pertinent information. 

The Pesticide Application 

• name, manufacturer, and EPA 
Registration Number of the 
pesticide 

• total amount of pesticide used 
• amount of water used 
• calibration adjustments 
• adjuvants added to the mixture 
• type of equipment used or method 

of application 
• severity of pest infestation 
• stage of development of the host 

(if applied to crops or animals) 
• restricted-entry interval 
• date and time when the applica-

tion was completed 

Other Records 

• posting requirements 
• pesticides handled by employees 
• handler training specific to classes 

of pesticides handled 
• fieldworker training 
Also note temperature and general 

weather information at the time of 
application. Write down any other con­
ditions that might have an influence on 
the effectiveness of the pesticide. Keep 
a record of the names of people you 
spoke to regarding each pesticide appli­
cation. Include any follow-up informa-

tion and notes of application results. 
See Figure 8-12 on page 23 7 for a pesti­
cide application follow-up checklist. 
Figure 6-51 is an example of a pesticide 
application record. Keep copies of writ­
ten recommendations with your appli­
cation records. 

Application records are helpful as a 
history of pesticide use, especially when 
there are plantbach restrictions. Even 
more important, this information is 
vital in case problems associated with 
the application should develop. Good 
records may also be important to your 
defense in any legal action. 

LIABILITY 

You assume personal responsibility 
for accidents and injuries that arise as a 
result of each pesticide application. You 
may be subject to fines, jail sentences, 
and loss of your applicator certificate or 
license if you are negligent in your 
application of pesticides or have broken 
state or federal laws. Also, courts may 
hold you responsible in lawsuits for 
personal injury or damages. If you are 
working for someone else, your actions 
may result in lawsuits against and fines 
to your employer. Should someone 
bring a claim of negligence against you, 
accurate records of all your pesticide 
applications help in your defense. 

Should the pesticide you are applying 
drift and damage plants, animals, or 
someone's belongings, or cause human 
injury, you may incur personal liability. 
The pesticides you apply can potential­
ly damage the intended crops or sur­
faces. Damage might result from 

• improper mixing 
• using the wrong adjuvants 
• improper application 
• applying the wrong pesticide 
• poor timing 
• using a pesticide that has been 

contaminated with impurities 
Someone may sue you for destroying 

beneficial insects such as honey bees. If 
the bees are essential for pollinating a 
crop, you could be liable for the loss of 
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Date: Applicator: 

APPLICATION SITE Owner/Responsible Party: Location: 

Size of Treatment Area: Plant Age and Condition: 

Description (Turf, Ag Crop, etc.): Soil Conditions: 

Surrounding Sensitive Areas: 

Previous Pesticides Used: 

PEST PROBLEM Primary Pest: Damage Observed: 

Other Pests Present: Location of Damage: 

Beneficials Present: 

Severity of Pest Problem: 

PESTICIDE(S) USED Pesticide(s) : Formulation: Rate: Total Amount Used: 
(1) 

(2) 

(3) 

Adjuvants Total Gallons of 
Type: Amount: Diluted Spray Used: 

APPLICATION Date(s) of Application: Weather Conditions 
Temperature: 

Equipment used: Cloud Cover: 
Wind Speed: 
Wind Direction: 

Equipment Calibrated By: Other: 
Pesticides Mixed By: Travel Speed: 
Pesticides Applied By: Total Hours for Application: 

Persons Notified or Spoken to Regarding Application: 
(1) 

(2) 

(3) 

FOLLOW UP Effectiveness of Application: Beneficials Present: Pest Resurgence Noted: 

Injury to Nontarget Plants or Surfaces: 

COMMENTS 

FIGURE 6-51. 

Pesticide application record. 
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the crop as well. There have been 
instances where applicators were sued 
because they applied pesticides to the 
wrong location. 

with pesticide use. Clients of profes. 
sional applicators may require the 

applicators to have liability insurance. 

Policies cover the costs of damages 
from accidents and improper use. This 
type of insurance of ten is expensive and 
sometimes difficult to obtain due to the 
nature of pesticide injury claims. Insur­
ance companies consider as better risks 
applicators who maintain complete 

records and are conscientious in their 
efforts to use pesticides responsibly. 

Pesticides and pesticide application 
equipment are attractive nuisances. 
Children, fascinated with what you are 

doing, may be injured or even killed by 
chemicals and equipment if you leave 
these unattended. 

Often, taking prompt action greatly 
reduces the extent of damage (and 

therefore liability) from a pesticide acci­

dent or application error. See the fo l­
lowing chapter for information on how 
to deal with pesticide emergencies. 

Some professional organizations rep~ 

resenting pesticide applicators have 
information on insurance companies 
and policies. Some provide opportun~­

ties to participate in group policies. 
Select insurance suitable to your opera­

tion and specialty. Be sure you under­
stand the extent of coverage and policy 
liability limits. 

Liability Insurance 

Commercial pesticide applicators 

usually buy liability insurance to pro­
tect themselves from claims associated 

REVIEW QUESTIONS 

1. How are you able to avoid most pesticide accidents? 
D a. Through carelessness 
D b. By ignoring safe work habits 
D c. By failing to maintain your equipment 
D d. By following the pesticide label and obeying 

the laws and regulations dealing with 
pesticides 

2. Which of the following is not part of the mandatory 
training for employees handling pesticides as part of 
their work? 
D a. How to handle, open, and lift containers 
D b. How to confine spray to the target area 
D c. How to bury pesticide containers 
D d. Recognizing pesticide poisoning symptoms 

3. Why is training on recognizing and avoiding heat 
stress important for pesticide handlers? 
D a. Many heat stress symptoms are similar to 

pesticide poisoning symptoms 
D b . All pesticide poisoning is caused by heat 

stress 
D c. Heat stress is a new type of problem that has 

never before existed 
D d. For information only, because heat scress 

never occurs in California 

4. Which agricultural workers must receive pesticide 
information training under provisions of the federal 
Worker Protection Standard? 
D a. All agricultural workers 
D b. Workers entering Lreated areas within 30 

days of the expiration of any reslricted-emry 
interval 

D c. Workers entering any area treated with pesti­
cides during the current growing season 

D d . Only workers who directly handle or apply 
pesticides 

5. Who is responsible for providing personal protective 
equipment to pesticide handlers? 
D a. The University of California 
D b. County agricultural commissioners 
D c. Pesticide handlers are required to provide 

their own equipment 
D d. The employer of the pesticide handler 

6. Why is it important to keep current on new infonna­
tion about pesticides with which you work? 
D a. To learn how to use more pesticides 
D b. To learn ways to use pesticides more 

frequently 
D c. To keep up-to-date on improvements in pes­

ticides and pesticide application technology 
D d . To learn the best ways of avoiding new laws 

that affect pesticide use 



7. What information will you not find on a Material 
Safety Data Sheet (MSDS)? 
D a. lnfonnation on [ire and explosion hazards of 

the pesticide 
D b. Emergency spill or leak cleanup procedures 
D c. Personal protective equipmem requirements 

for application situations 
D d. Information about health hazards of the 

pesticide 

8. While applying pesticides, which is the most common 
way you might be exposed? 
D a. Breathing the fumes and spray droplets 
D b. Splashing of spray material onto your face 

and in_to your mouth 
D c. Pesticide material getting onto your skin 
D d. Stepping into a puddle of pesticide liquid 

9. What criteria do you use to select the personal pro· 
tective equipment for applying a pesticide? 
D a. Use whatever PPE is available 
D b . Follow the pesticide label requirements 
D c. Avoid using PPE whenever possible 
D d. Follow the guidelines of the Material Safety 

Data Sheet (MSDS) 

10. When applying pesticides, what is the advantage of 
wearing coveralls over your work clothing, even if this 
is not required by the pesticide label? 
D a. Coveralls can be easily removed if they 

become contaminated 
D b. Coveralls keep you cooler 
D c. They are more professional in appearance 
D d. No advantage- they increase your exposure 

potential 

11. What is the disadvantage of leather or fabric gloves 
when handling pesticides? 
D a. They are too expensive 
D b. They absorb pesticides 
D c. They promote uncomfortable sweating of the 

hands 
D cl .They become stained from the pesticides 

12. In which of the following pesticide application 
situations must you wear eye protection? 
D a. While working inside an enclosed cab 
D b. While applying a solid bait form of a 

rodemicide 
D c. injecting pesticides into the soil 
D d. Spraying an orchard from an open cab tractor 

13 . While mixing or applying certain pesticides, you must 
select and use an appropriate respirator based on: 
D a. Recommendations of the county agricultural 

commissioner 
D b. Your personal preferences 
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D c. The current weather conditions 
D d. The pesticide label requirements 

14. Why must the facepiece of a cartridge respirator fit 

tighdy? 

D a. To prevent parts of your face from being 
exposed to pesticide vapors 

D b, To channel the air through the cartridges so 
you breathe only filtered air 

0 c. To avoid irritating the skin on your face 
D d. So straps need nm be tightened too much 

1 S. How often must: you clean personal protective equip· 
ment, including body wear? 
D a. At the end of each work period, before using 

the equipment again 
D b.At least once per week i( the equipment is 

used more than two days 
D c. At least once per week if the equipmenl has 

visible residues on it 
D d. Before the beginning of each spray season 

16. In applying pesticides to an agricultural crop, when 
must you use a closed mixing system? 
D a. While mixing any liquid pesticide 
D b. While using a liquid Danger pesticide from 

an original pint container 
D c. While using a liquid Danger pesticide from 

an original 5-gallon container 
D d. While transferring a 50-gallon tank of a 

Warning pesticide that has been mixed with 
water 

17. Which is not an appropriate way of notifying workers 
on an agricultural property of a pesticide application? 
D a. Posting signs around the treated area 
D b. Verbally telling workers about the application 
D c. Enclosing a notice about the application with 

the workers' next paychecks 
D cl.Posting signs around the treated area and ver­

bally telling workers about the application 

18. When transporting pesticides in a vehicle: 
D a. Secure the packages inside the passenger 

compartment 
D b . Carry them in the cargo area of a truck, but 

have someone ride in that area to keep the 
packages safe 

D c. Secure containers in Lhe cargo area and never 
allow anyone to ride in this pan of the 
vehicle 

D d. Strap the containers to the top of the vehicle 
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FIGURE 7-1. 

Any time you work around pesticides, 
you should be prepared to handle an 
emergency. Pesticide emergencies may 
be the result of leaks, spills, fires, thefts, 
misapplication, or improper storage or 
handling. 
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CCIDENTS MAY OCCUR 

while you are handling or applying pes­
ticides, even if you are working under 
the most careful conditions. Many pes­
ticides diluted with water are haz­
ardous, but undiluted pesticides are 
usually much more dangerous (Figure 
7 -1). Pesticide emergencies may be the 
result of 

• leaks 
0 spills 
• fires 
0 thefts 
• misapplication 
• lack of care in storage or handling 
Whenever you use pesticides, carry 

with you the names and locations of 
nearby medical facilities capable of 
treating pesticide-related injuries. If an 
accident happens and you have been 
exposed, seek medical care. 

Be prepared to offer first aid to acci­
dent victims who get exposed to pesti­
cides. Then, insist they receive prompt 
medical attention. To help employees 
locate medical facilities, post the notice 
shown in Figure 7-2 in a conspicuous 
place at the worksite . 

FIRST AID 

First aid is the help you give a person 
exposed to pesticides before they reach 
professional help. However, first aid is 
not a substitute for professional medical 
care. The precautionary statements sec­
tion of each pesticide label provides 
specilic first aid information. 

Poisoning or exposure can occur if 
pesticides are splashed onto your skin 
or into your eyes, if you accidentally 
swallow them, or if you inhale vapors, 

dusts, or fumes. The type of exposure 
determines what first aid and medical 
treatments are required. Serious pesti­
cide poisoning may stop breathing or 
cause convulsions, paralysis, skin 
burns, or blindness. Applying the prop­
er first aid treatment for pesticide expo­
sure may reduce the extent of injury 
and even save lives. To prepare yourself 
for such emergencies, enroll in an 
American Red Cross first aid course 
that includes cardiopulmonary resusci­
tation (CPR) training. 

Protect yourself when administering 
first aid to a person suffering from pes­
ticide exposure. Avoid getting pesti­
cides onto your skin and do not inhale 
vapors. Do not enter a confined area to 
rescue a person overcome by toxic pes­
ticide fumes unless you have the proper 
respiratory equipment. Remember, the 
pesticide that affected the injured per­
son can also injure you. 

Get professional medical care at once 
for anyone who was exposed to a highly 
toxic pesticide or who shows signs of 
pesticide poisoning. Call an ambulance 
or transport the injured person to a 
medical facility for treatment. In addi­
tion to the first aid measures listed 
below, speed in obtaining medical care 
often controls the extent of injury. Pro­
vide medical personnel with complete 
information about the pesticide sus­
pected of causing the injury. 

Pesticides on Your Skin 
or Clothing 

Concentrated pesticides spilled on 
your skin or clothing can cause serious 
injury {Figure 7-3) . Some pesticides 



FIGURE 7-2. 

Post a notice like this one in a conspicu­
ous place at the worksite. Be sure all 
employees are shown where this notice is 
posted. 

FIGURE 7-3. 

If pesticides spill on you, the first step is to 
remove contaminated clothing and wash 
the affected parts of your body with soap 
and plenty of water. Do this quickly to 
avoid serious injury. 
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Emergency Medical Facility 

Name of facility: 

Location: 

Telephone number: 

Medical Monitoring for Employees 

Name of physician or facility: 

Location: 

Telephone number: 

may cause skin bums or rashes or, 
through skin absorption, produce inter­
nal poisoning. Immediately remove 
contaminated clothing and wash the 
affected areas with clean water and 
soap. Follow the sequence of first aid 
steps listed in the next section. 

First Aid for Skin Exposure 

Follow these steps in case you or 
someone else receives skin exposure to 
pesticides: 

leave the Contaminated Area. Get 
away (or remove the victim) from the 
fumes, spilled pesticide, and further 
contamination. Do this quickly! 

Restore Breathing. lf the victim has 
stopped breathing, begin artificial respi­
ration (rescue breathing) at once and 
continue until breathing resumes or 
until professional help arrives. If the 
person has stopped breathing and has 
no pulse, begin cardiopulmonary resus­
citation (CPR) and continue until pro­
fessional help arrives. 

Prevent Further Exposure. Remove 
the contaminated clothing and thor­
oughly wash the affected skin and hair 
areas. Use soap or detergent and large 
amounts of water. 

Get Medical Attenlion. Call an 
ambulance or have someone transport 
the injured person to the nearest med­
ical facility as quickly as possible. 

Pesticides in Your Eyes 

Many pescicides are caustic and cause 
serious damage if they get into your 
eyes. Prompt first aid, followed by med­
ical care, helps reduce damage. 

First Aid for Eye Exposure 

To LTeat eye exposure, you must 

Flush the Eyes. Immediately flush 
the affected eye or eyes with a gentle 
stream of clean, running water. Hold 
eyelids open to assure thorough flush­
ing (Figure 7-4). Continue flushing for 
at least 15 minutes. When flushing 
your eyes, do not use any chemicals or 
drugs in the water, since this may in­
crease the extent of injury. 

If running water is not available, 
slowly pour clean water from a glass, 
water cooler, or other container onto 
the bridge of your nose, rather than 
directly into your eyes. 

Obtain Medical Care. Always get 
medical attention if irritation persists 
after the flushing. Let medical providers 
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FIGURE 7-4. 

If you get a pesticide into your eyes, wash 

them with dean, running water for 15 

minutes. Then, if irritation persists, seek 

medical care. 

know the name of the pesticide that 
caused the injury. 

Inhaled Pesticides 

Inhaled chemicals, such as fumigants, 
pesticide dusts, vapors from spilled pes­
ticides, and fumes from burning pesti­
cides, can cause serious lung injury and 
may be absorbed into other parts of the 
body through the lungs. Take first aid 
measures immediately to reduce injury 
or prevent death. 

Wear a supplied-air respirator when 
entering an enclosed area to rescue a 
person who has been overcome by pes­
ticide fumes. Cartridge respirators are 
not suitable for high concentrations of 
pesticide vapors or deficient oxygen 
conditions. If you do not have a sup­
plied-air respirator, call for emergency 
help . You will be of more assistance to 
the injured person by seeking proper 
emergency help than if you are over­
come by the pesticide fumes yourself. 

First Aid for Pesticide Inhalation 

Follow these steps if you need to pro­
vide fi rst aid to someone overcome by 
pesticide fumes : 

Leave the Contaminated Area/ 
Remove an Exposed Person from the 
Contaminated Area. Anyone overcome 
by pesticide vapors must get to fresh air 
immediately. Avoid physical exertion 
because this places an extra strain on 
the heart and lungs. 

Loosen Clothing. Loosening clothing 
makes breathing easier and also releases 
pesticide vapors trapped between cloth­
ing and the skin. 

Restore Breathing. If breathing has 
stopped, or is irregular or labored, 
begin artificial respiration (rescue 
breathing). Continue assisting until 
breathing has improved or until med­
ical help arrives. If the person has 
stopped breathing and has no pulse, 
begin cardiopulmonary resuscitation 
(CPR) and continue until help arrives. 

Treat for Shock. Inhalation injury 
often causes a person to go into shock. 
Keep the injured person calm and lying 
down. Prevent chilling by wrapping the 
person in a blanket after removing con­
taminated clothing. Do not administer 
alcoholic beverages. 



Watch for Convulsions. If convul­
sions occur prolect the victim from falls 
or injury and keep air passages clear by 
making sure the head is tilted back. 

Get Immediate Medical Care. Call 
an ambulance or transport the person 
to the nearest medical facility. Provide 
medical personnel with as much infor­
mation as possible about the pesticide. 

Swallowed Pesticides 

Two immediate dangers are associated 
with swallowed pesticides. The first is 
related to the toxicity of the pesticide 
and the poisoning effect it will bave on a 
person's nervous system or other inter­
nal organs. The second involves physi­
cal injury that the swallowed pesticide 
causes to the linings of the mouth and 
throat and to the lungs. Corrosive mate­
rials, those which arestrongly acid or 
alkaline, can seriously bum these sensi­
tive tissues. Petroleum-based pesticides 
can cause lung and respiratory system 
damage, especially during vomiting. 
Never induce vomiting if you suspect 
that the swallowed pesticide is corrosive 
or petroleum-based. 

You can reach regional poison infor­
mation centers., located in Sacramento, 
San Francisco, Fresno, and San Diego, 
by telephone 24 hours a day and 7 days 
a week. In a poisoning emergency, call 
the Poison Control System anywhere in 
California by using a single toll-free 
number: l-800-876-4766 (1-800-8-
POISON) . These centers provide quick, 
lifesaving information on poisoning 
treatment. 

First Aid for Swallowed Pesticides 

Act quickly when a pesticide has 
been swallowed. Follow the pesticide 
label or poison information center 
instructions or these guidelines: 

Dilute the Swallowed Pesticide. If 
the person is conscious and alert, give 
large amounts (1 quart for an adult or a 
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large glass for a child under 7) of water 
or milk. Do not give any liquids to an 
unconscious or convulsing person. 

Induce Vomiting. lf you are certain 
that neither a corrosive nor petroleum­
based pesticide has been swallowed 
(check the pesticide )abet) , induce vom­
iting. Make sure the person is kneeling 
or lying face down or on their right side. 
If in doubt, do not induce vomiting. 

Obtain Medical Care. Call an ambu­
lance or transport the poisoning victim 
to the near.est medical facility. Provide 
medical personnel with as much infor­
mation as possible about the swal­
lowed pesticide. 

PESTICIDE LEAKS 
AND SPILLS 

Treat all pesticide leaks or spills as 
emergencies. Concentrated pesticide 
spills are much more dangerous than 
pesticides diluted with water, but both 
types should be dealt with immediately. 
Leaks or spills can occur during trans­
porting, storing, or while using pesti­
cides. Pesticides may be spilled indoors, 
in enclosed areas, or outside. 

When spills occur on public road­
ways, immediately contact the Califor­
nia Highway Patrol and the State of 
California Office of Emergency Ser­
vices. These agencies will take charge of 
coordinating the cleanup and protect­
ing the public. When pesticides are 
spilled on public roadways , a report is 
required to be filed with the Office of 
Emergency Services. If leaks or spills 
should occur in areas other than public 
roadways, follow the emergency proce­
dures listed below. Report all leaks or 
spills of pesticides, no matter where 
they occur, to the local county agricul­
tural commissioner as soon as possible. 

Put materials that have been cleaned 
up and anything that was contami­
nated by the spill into a sealable drum. 
Label the drum to indicate it contains 
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hazardous waste. include the name of 
the pesticide and the signal word (Da11-

ger, Warning, or Caution). 
Because local regulations vary, con­

tact the county agricultural commis­
sioner or Water Quality ContTOl Board 
for instructions on how to dispose of 
the sealed drum and its contents. Under 
most circumstances, you must send the 
residue from a pesticide spill to a Class 
1 disposal facility. 

Spills on cleanable surfaces such as 
concrete require thorough decontam­
ination. Commercial decontamination 
preparations are available for this pur­
pose, or you can prepare a solution that 
contains 4 tablespoons of detergent and 
1 pound of soda ash dissolved in each 
gallon of water. (Soda ash cannot be 
used for detoxification of a few pesti­
cides, so check the label or MSDS before 
using this solution. Contact the pesticide 
manufacturer if you have any questions.) 

If anyone has been injured or contam­
inated, administer first aid. Send for 
medical help if necessary. 

Barricade. Rope off the area or set up 
barricades to keep everyone away from 
the contaminated site. 

Ven ti.late the Area. If the spill is 
indoors, get out of the building. Open 
doors and windows. Set up a portable 
fan . 

Cleaning up Pesticide Leaks 
or Spills 

Cleaning up major pesticide spills 
requires the help of professionals. It is 
extremely difficult and costly to remove 
contaminated soil or to prevent or clean 
up groundwater contamination. The 
types of pesticide leaks and spills you 
will most likely encounter wil1 be con­
trollable quantities-such 'as when a 
container is damaged or slips to the 
ground or when diluted pesticide leaks 
from application equipment. Proper 
and immediate response to even these 
types of small leaks and spills is neces-

sary to minimize damage to human and 
eovironmental health. 

There are certain basic steps you 
should follow in cleaning up a pesticide 
leak or spill. 

Cleat the Area. Keep people and ani­
mals away from the contaminated area. 
Provide first aid if anyone has been 
injured or contaminated. Send for med­
ical help if necessary. 

Some Liquid pesticides are flammable 
or are formulated in flammable carriers. 
Pesticide powders are potentially explo­
sive, especially if a dust cloud forms in 
an enclosed area. Do not allow any 
smoking near a spill. If the spill occurs 
in an enclosed area, shut off all electri­
cal appliances and motors that could 
produce sparks and ignite a fire or 
explosion. 

Wear Personal Protective Equip­
ment. Before beginning any cleanup, 
put on the personal protective clothing 
listed on the label for handling the con­
centrated material. Check the pesticide 
label for additional precautions. Jf you 
are uncertain what has been spiUed, 
wear the maximum protection. This 
includes chemical-resistant boots and 
gloves, waterproof protective clothing, 
goggles, and a, respirator. 

Contain the Leak Stop the leak by 
transferring the pesticide to another 
container or by patching the leaking 
container (repair paper bags and card­
board boxes wi.th strong tape). Use soil, 
sand, sawdust, or absorbent clay to form 
a containment "dam" around liquid 
leaks. Common cat litter is a good 
absorbent material for pesticide clean­
up. If the wind is blowing pesticide · 
dusts or powders, lightly spray the area 
with water or cover the spill with a plas­
tic tarp to prevent oITsite movement. 

Clean Up the Pesticide. Proceed to 
clean up the spill or leak (Figure 7-5) . 
Brush the containment dam of 
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FIGURE 7-5. -··--------
Cover pesticide spills with an absorbent material and shovel it into a sea/able container. When the 
cleanup is completed, seal and label the container and send it to a Class 1 disposal site. Wear personal 
protective equipment (required by the pesticide label) during the cleanup. 

absorbent material toward the center of 
a liquid spill. Add additional absorbent 
material if necessary. If the spill is on 
soil, shovel out contaminated soil for 
disposal. Place the absorbent or spilled 
dry product and any contaminated soil 
in a sealable container. Containers for 
holding contaminated materials must 
be suitable for transporting. Label the 
container with the pesticide name and 
signal word. 

Clean Non porous Surfaces and Safe­
ty Equipment. If the spill occurred on a 
cleanable surface such as concrete or 
asphalt, use a broom to scrub the con­
taminated surface with a strong deter­
gent solution. Clean this up again with 
absorbent material and place it in the 
container. Equipment such as brooms, 
shovels, and dust pans must be cleaned 
or disposed of. When you finish, clean 
your personal protective equipment. 

Dispose of the Material. Local regu­
lations on disposal of hazardous materi­
als may vary. Check with the local 
county agricultural commissioner or 
Water Quality Control Board for 
instructions on how to dispose of the 
container and its contents. 

PESTICIDE FIRES 

Fighting pesticide fires requires spe­
cial care because smoke and fumes gen­
erated by burning pesticides cannot be 
contained; areas endangered by these 
fumes must be evacuated. Toxic fumes 
hamper fire-fighting efforts and require 
the use of supplied-air respirators and 
protective clothing. Water must be used 
with caution when fighting pesticide 
fires. Use it primarily to cool containers 
and prevent overheated chemicals from 
exploding. Do not splash or spread toxic 
chemicals with high-pressure water. 

Once the fire has been brought under 
control, all hoses and equipment, 
including personal protective clothing, 
must be decontaminated. Residue 
remaining at the fire site must be 
removed and disposed of. 

How to Deal with a Pesticide Fire 

Follow this sequence if a pesticide 
fire breaks out. 

Call the Fire Department. Contact 
the nearest fire department as quickly 
as possible (call 9-1-1). Inform them 
that there is a fire involving pesticides. 
Provide them with the names of the 
chemicals contained in the structure or 
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vehicle. If possible, provide Material Safe­
ty Data Sheets to the arriving fire units. 

Clear the Area. Get people out of the 
immediate area of the fire; there may be 
considerable risk of toxic fumes and 
explosion. 

Evacuate and Isolate the Area 
Around and Downwind of the Fire. 
Protect animals and move equipment 
and vehicles that could be damaged by 
the fire or fumes or that would impair 
fire fighting efforts. Keep spectators 
from being exposed to smoke from the 
fire and runoff from fire fighting. Con­
tact the police or sheriff and have 
downwind residences, schools, and 
buildings evacuated until the danger 
has passed. 

MISAPPLICATION OF 
PESTICIDES 

Another form of emergency may exist 
when pesticides have been misapplied. 

Inte11tio11al misapplication involves 
intentional use of a pesticide on an 
unregistered site or knowingly applying 
pesticides in a manner inconsistent 
with label directions. 

Accidental misapplication involves 
unknowingly applying a pesticide to a 
site not on the label. 

Negligent application involves 
improper calibration of application 
equipment as well as improper use and 
disposal of the pesticide; it also involves 
applying pesticides at the wrong time or 
in any other way inconsistent with label 
requirements. 

Making an application mistake is a 
serious problem; do not compound the 
damage by failing to take responsible 
corrective action once the mistake is 
discovered. You may be financially 
responsible for damages, both physical 
and legal, caused by your misapplica­
tion of a pesticide. You may be able to 
reduce the amount of damage and lia­
bility by taking prompt action once you 

discover the error. Of primary impor­
tance is the protection of people, ani­
mals, and the environment 

Incorrect Amount of Pesticide Used 

Although using insufficient quanti­
ties of pesticides usually does not give 
adequate control of the target pest and 
is a waste time and money, it generally 
presents no immediate problems to 
people or the environment. Using 
excessive amounts of pesticide, howev­
er, can be an environmental threat as 
well as a danger to human health. This 
type of problem occurs as a result of 

• poor calibration of your applica­
tion equipment 

• faulty mixing of chemicals in your 
spray tank 

• not understanding the label state­
ment regarding application rates 

Residues from the pesticide may last 
longer than expected, or a concentrated 
application may cause damage to the 
treated area. 

Correcting the Problem. Once an 
improper application has been discov­
ered, take immediate action. Notify 
the county agriculmral commissioner 
of the problem and seek information 
and advice on what remedies to take. 
Contact the pesticide manufacturer to 
find out what corrective measures they 
suggest. Remember, speed is of the 
utmost importance when trying to 
reduce damage. 

Applying the Wrong Pesticide 

Lack of attention to your mixing 
operation or giving the wrong instruc­
tions to an employee may result in the 
wrong pesticide being applied. Besides 
possible damage to plants or surfaces 
in the treatment area, using the wrong 
pesticide exposes you and your work­
ers to unanticipated hazards. Mixing 
and application might take place with­
out the required personal protective 
equipment, resulting in possible injury 
to the applicator. 



PESTICIDE EMERGENCIES • 215 

Correcting the. Problem. When you 
discover that you have mixed or 
applied the. wrong pesticide, contact the 
county agricultural commissioner for 
help, and then call the pesticide manu­
facturer. Notify people in the applica­
tion area and keep them away until it 
can be made safe again. 

site. This can be a serious problem if 
the site (or crop) is not listed on the 
pesticide label or if there are workers at 
the site who are performing cultural 
operations. 

Correcting the Problem. Contact the 
county agricultural commissioner and 
the pesticide manufacturer for assis­
tance. Keep people and animals out of 
the sprayed area until i t has been deter­
mined that it is safe to return . 

Pesticides Applied to the Wrong 
Site or Crop 

Another form o( accident involves 
pesticides being applied to the wrong 

REVIEW QUESTIONS 

1. The name, address, and location of a medical facility 
capable of treating pesticidesrelated injuries should 
be available: 
D a. ln a prominent file folder at your farm office 
D b. At the pesticide mixing site whenever pesti-

cides are used 
D c. At the local county agricul tural commission­

er's office 
D d. At the pesticide dealers facility 

2. First aid and other emergency information for 
pesticide accidents is found: 
D a. In the front section of the local telephone 

directory 
D b. On the second page of the pesticide manu­

facmrer:S informational brochure 
D c. On the bottom of the pesticide container 
O d. ln the precautionary statements section of the 

pesticide label 

3. First aid for pesticide on the skin includes: 
O a. Removing contaminated clothing and wash­

ing with soap and water 
D b. Changing out of the contaminated clothing at 

the end of the work period 
O c. Lying down for 20 minutes, then removing 

contaminated clothing 
D d. Immediate transport to a medical facility 

for assistance in washing the affected areas 
of skin 

4. If pesticides get into your eyes, you should always: 
0 a. l<eep eyes shut tightly and covered with a 

damp cloth until irritation stops 
D b. Wipe eyes thoroughly with a clean doth 

before returning to work 
0 c. Flush eye.s with clean water for 15 minmes 

before returning to work 
D d. Flush eyes with clean water for 15 minutes 

and seek medical attention 

S. If pesticide vapors are inhaled, first aid procedures 
include: 
D a. Having victim breathe rapidly for 15 minutes 
D b. Send victim home for remainder of the work 

day 
D c. Loosen clothing, restore breathing if neces­

sary; and seek medical care 
0 d. Have victim drink a large quantity of alco­

holic beverage 

6. When someone swallows a pesticide you should: 
0 a. Have victim stop work and rest for at least 

one hour 
O b. Get immediate medical care for victim 
0 c. Have victim eat several pieces of fruit 
D d. Watch for signs of illness and seek medical 

care if symptoms appear and last for more 
than an hour 

7. When cleaning up a spilled pesticide, the absorbent 
and all contaminated materials must be: 
D a. Buried at least 2 feet below the soil surface 
D b. Put into bags or containers and taken to the 

local dump site 
D c. Put into sealed containers and shipped to a 

Class 1 disposal site 
D d. Taken to the local agricultural commissioner's 

office for disposal 

8. Information on deaning up spilled pesticides can be 
found in the: 
D a. Front section of the local telephone book 
D b. Directions For Use section of the pesticide 

label 
0 c. Accidental release measures section of the 

material safety data sheet 
0 d. Leaks and spills section of the pesticide man­

ufacturers brochure 
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9. Dealing with fires involving pesticides requires: 
D a. Large amounts of water Lo disperse the burn­

ing materials 
D b. Professional help , equipped and trained to 

fight pesticide fires 
D c. Seeking immediate help from neighbors and 

family members 
D d. Waiting until the burning has nearly stopped 

before calling the fire depanment 

10. If the wrong pesticide has been accidentally applied 
to a site, you should: 
D a. Notify the county agricultural commissioner 

at once 
D b. Notify the Water Quality Control Board at 

once 
D c. Call the nearest Poison Control Center for 

advice 
D d. Watch for adverse effects and, if any appear, 

notify the county agricultural commissioner 
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OU MUST USE pesticides 
effectively as well as safely. The results 
of a pesticide application should usual­
ly be worth -any financial or labor 
investment by 

• yielding a profit or quality advan­
tage in crops 

• reducing health hazards to people 
and livestock or poultry 

• improving health, appearance, and 
.growth of turf -and ornamental 
plants 

• eliminating annoying pests from 
buildings, workplaces, and homes 

This chapter discusses several ways 
for you to improve pesticide application 
effectiveness. 

PEST DETECTION AND 
MONITORING 

Monitoring, identifying, and timely 
detection of pests are your primary keys 
to effective pest management. Detection 
verifies the presence of pests and helps 
you anticipate when and where pests 
will occur. Correct identification helps 
you get information about a pest's life 
stages and habits. Also, you need this 
information to choose a pesticide and 
to know when, where., and how to 
apply it. Establishing a monitoring pro­
gram not only allows you to detect 
pests, it also lets you 

• observe seasonal changes in pest 
populations 

• properly time control applications 
• assess the effectiveness of control 

measures 

Predicting Problems 

Early detection lets you plan a pro­
gram for following pest development 
and activity. This helps you predict if or 
when treatment is necessary. To h~lp 
you predict pest problems, review the 
pest history of the farm, landscaped 
area, building, right-of-way, or other 
location. This will let you know what 
pests to expect at different times of the 
year. If this information is not available, 
try to ·get pest history information from 
a similar location nearby. 

Look for conditions that favor pest 
buildup. For example, some pest 
insects overwinter in crop residues or 
field borders. 1f you see these pests in 
such areas, there is a strong likelihood 
they will eventually move into the crop. 
Weeds that produce seed provide a seed 
reservoir for the following year. lf this is 
the case, anticipate large populations of 
these weeds in following seasons. 

Vertebrates, such as squirrels, may 
not be problems while other food sup­
plies are adequate. However, if condi­
tions change, they may move into 
cropped or landscaped areas for food. 
Cockroaches, ants, and rodents need 
food sources, water, and often shelter 
before they can seriously infest an area. 

Chapter 1 describes how to identify 
many types of pests. The sidebars in 

Chapter 1 show you how to use pest 
identification services. They also 
describe how to package and ship pests 
to experts or identification laboratories. 

After a while, you will learn to recog­
nize the more common pests found in 
your work situation. When you come 



across pests you do not recognize, col­
lect samples using traps, nets, or other 
appropriate methods. lf weeds are your 
problem, dig up samples so roots are 
included with the rest of the plants. 
Collect seedlings and/or flowering spec­
imens if they are present. 

Be careful when handling birds and 
rodents because they may be diseased. 
For instance, some flea-infested rodents 
can vector the plague organism. Birds 
of ten carry lice, mites, or biting bugs. 
Rabies is prevalent in some skunks, 
bats, and other small mammals. Handle 
these animals with tongs or heavy 
gloves to avoid being bitten. Do not 
contact their urine or feces . 

Be sure you recognize natural enemies 

of pests. Natural enemies may be con­
tributing to the control of the pest prob­
lem, eliminating or reducing the need 
for a pesticide appHcation. Do not mis­
take natural enemies for pests. 

Using Life History information . 
Knowing something about the life his­
tory of a pest is useful when planning 
how to control it. Some of the things 
you might learn include 

• where to look for nesting sites 
• the pest's food preferences 
• what types of natural enemies help 

control the pest 
• the pest's seasonal occurrences or 

life cycles 
Plan pesticide applications and other 

control measures that are most appro­
priate to the pest. This includes apply­
ing pesticides during the pest's most 
susceptible life stage. For instance, suc­
cessful weed control often occurs when 
weed seeds are germinating or plants 
are in the seedling stage. Once past the 
seedling stage, perennial weeds are usu­
ally most susceptible to herbicides 
when they are flowering. Eggs of insects 
and mites are often resistant to pesti­
cides. In addition, adult scale insects 
have hard, waxy outer coverings that 
protect them from pesticides. 
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Find out what the pest is feeding on 
when using poison baits for birds or 
rodents. Once you know this, select a 
bait that contains that food. lf possible, 
time control measures around breeding 
seasons to prevent vertebrate pests from 
reproducing. 

Establishing a Monitoring Program 

Frequent monitoring provides infor­
mation on the day-to-day populations 
of pests. This is the information you 
need to make intelligent decisions. 
Information you collect may include 
the density; life stages, and species com­
position of pest pop~lations. Also 
include your observations of factors 
controlling or favoring the pest. You 
will find that it is difficult to monitor 
pests while their populations are low 
and damage is minimal. However, this 
monitoring is worth the effort. 1f chem­
ical treatment is necessary, you may 
learn enough information to be able to 
use less-lOxic pesticides. The monitor­
ing info1mation may also help you limit 
applications to a more restricted area. 

Visual monitoring is the most com­
mon method. It includes any systematic 
method of searching for pests, pest 
damage, or evidence of the presence of 
pests. Generally, this requires lhorough­
ly examining a representative portion of 
an area in a uniform way. It may include 
sampling foliage, pulling up a certain 
number of plants, or walking a pre­
scribed transect. Look for patterns of 
distribution, damage, or activity. Then 
check for evidence of natural enemies 
or other mortality factors. Sometimes 
other organ~ros may indicate I.he pres­
ence of pests, such as fleas in the area of 
rodent nests or ants climbing trees or 
shrubs to collect honeydew from aphids 
and scale insects. 

The following indicators may provide 
clues to the presence and identity of 
some pests: 

• seeds 
• weed remains from the previous 

season 
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0 animal burrows 
• tracks 
• feeding damage 

Weeds. The most important field 
information needed for making weed 
management decisions includes 

• fecal droppings 
• webbing 
• insect or mite eggs 
Table 8-1 liscs some of the useful 

LOols that help you to monitor and 
observe pests. 

TABLE 8-1. 

Equipment Used for Collecting and Monitoring Pests. 

EQUIPMENT USE 

• what species are present 
0 the stage of development (seedling, 

flowering, postflowering) 
0 whether the relative abundance of 

different species is changing from 
previous seasons 

COMMENTS 

hand lens locating, examining, and identifying 
insect, mite, fungal , a nd other pests 

Magnification range of7x co 14x 
most useful. Hold lens close co eye 
and bring object to be exam ined 

insect net monitoring and collecting many 
types of insects 

beating tray monitoring plant-feeding pests 

pheromone traps monitoring Aight activity of 
many insects 

light traps attracting mostly night-Aying inseccs 

a ni mal craps helpful in detecting smal l an imals 
such as rodencs and birds 

pitfall craps detecting walking insects 

other traps 

pyrethrum test 

microscope 

binoculars 

detecting insects and pathogens 

insect detection in tu rf 

examining plants and other objects 
for pests a nd very helpfu l in 
identifying insects, mites, and fungi 

helpful in spotting and identifying 
birds, but also usefu I for ,·odents; 
sometimes helpful in e~amining 
crop damage and infesta tions 

up to lens for focus. · 

Essential piece of equipment. Three 
types availab le. Aerial net: made of 
lightweight net material; used for 
Aying insects. Beating net: made of 
heavier cloth such as mus lin; used 
for sampling insects on plants and 
shrubs. Aquatic net: special ly designed 
net to coll ect aquatic specimens. 

Especially useful on larger trees and 
shrubs. Easy to make; design for 
own special app lications. 

Several styles of traps are availab le 
for different insect species. 

Only useful in indoor or enclosed 
areas . Some have electric grid co kill 
attracted insects. 

Traps usually have to be carefully 
located. Several types available: 
Uve traps: animals are usually 
attracted by baits, captured animals 
a re unharmed. Spring traps: injures 
or kills crapped an imals. Stick;y traps: 
animals get caught in sticky 
substance, may die. 

Very effective in landscape and 
nursery areas. 

Often attract by shape or color. 
Lure traps with ba.it other than 
pheromones. Types include sticky 
yellow traps, spherical sticky traps, 
and spore traps for scab and ocher 
diseases. 

Applied primarily as a 1-2% solution 
in water. Irritates cutworms and 
ocher subterranean pests which chen 
come co the surface. 

Low-power dissecting microscope 
that provides magnification in the 
range of 1 Ox to SOx is the best. 

Magnification range should be 6x 
co 7x with an objective lens size 
between 35 mm and SO mm. Porro 
prism or Dach prism binocu lars 
are best. 
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EQUIPMENT USE COMMENTS 

tracking powder monitoring movement of rodents; 
somecimes used to monitor insects 

Use only on floor surfaces to 
prevent powder from falling from 
upper areas. 

containers holding and transporting collected 
specimens: plant parts, insects, 
mites, nematodes, fungi, and weeds 

Types include glass vials, plastic 
bags, and paper bags. 

knife cutting open plants, fruits, nuts, 
wood, and other objects co locate 
pests and examine for damage 

Should be strong and sharp. 

shovel sampling weeds; helpful in digging 
around plant roots or in removing 
plants for examination 

Clean after each use to avoid 
transporting soil pests to other 
locations. · 

ice chest keeping collected specimans fresh 
unti l they can be examined; also 
used to ship materials ro 
identification labs 

Inexpensive foam plastic chests 
work very well. 

identification aids assisting in pest identification Includes books, photos, keys, and 
preserved specimens. Obtain these 
from libraries, bookstores, and 
biological supply houses. 

Monitor for weeds in the late fall or 
early winter (after Lhe first rains) to 
detect emerging winter annuals. Moni­
tor in the late spring to detect emerging 
summer annuals. Monitor at other 
times as needed to detect perennial and 
biennial weeds. Identify all the weed 
species found growing in an area, 
preferably while they are in the seedling 
stage. Watch for any new species. 

Use a form similar to Figure 8-1 to 
keep records of the different weed 
species and their locations. Map the 
locations of perennial weeds. Try to esti­
mate the percentage of each weed 
species relative to the total weed popula­
tion. Count the numbers and varieties in 
one or more randomly selected areas of 
l square yard. Note areas where weeds 
have produced seeds. Also. keep records 
of all herbicides used for weed control in 
the area. This information is useful 
when plantback restrictions apply. It 
also helps you evaluate the effectiveness 
of previous control efforts. Include in 
these records the types of cultural meth­
ods that were used for weed control. 

Look for adjacent weedy areas such 
as roadsides or ditchbanks that may be 
a reservoir for seeds. Other ways that 
weeds move into an area include 

• Cultivation equipment may move 
weed seeds or vegetative structures 
from one site to another. 

• Flooding may carry weed seeds 
into an area in the flood water. 

• Birds and mammals can move 
seeds or vegetative structures on 
their coats, in their feces, and with 
their nesting materials. 

Nematodes. Usually, you must man­
age nematodes before the crop or other 
plants are in the ground. Early detec­
tion allows enough time to apply a soil 
treatment before planting. Therefore, 
take soil samples in autumn for winter­
and spring-planted crops or 'plants. If 
fumigation is not an option, early 
detection a\1ows you to select nema­
tode-resistant plant species. 

You can use a simple method to 
determine if nematodes are present. 
Check susceptible crops or weeds by 
digging up plants that look stressed. 
lnspect the roots for galls, cysts, or 
swollen root tips. Monitor sandy soils 
regularly for rootknot nematode infes­
tations when susceptible plants are 
grown there. If you detect nematodes 
or know that nematodes have been a 
problem, arrange for more detailed 
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ORCHARD LOCATION CONTROL METHODS ----------­

CONTROL DATES - - ----------

COMMENTS-----------------------------------

ANNUAL GRASSES 

annual bluegrass 

barnyardgrass 

crabgrass 

sprangletop 

wild barley 

wild oat 

ANNUAL BROADLEAVES 

cheeseweed (mallow) 

clovers 

groundsel 

filaree 

fiddleneck 

knotweed 

lambsquarters 

mustards 

pigweeds 

puncturevine 

PERENNIALS 

purslane 

bermudagrass 

dallisgrass 

johnsongrass 

curly dock 

field bindweed 

nulsedge 

FIGURE 8-1. 

NOV 

% of total weeds 

treated untreated 

FEB MAY 

% of total weeds % of Iota I we eds 
treated untreated lrealed untreated 

Keep records of the weed species present in an area to help select appropriate herbicides or other control 
measures. The form illustrated here was developed for weeds found in walnut orchards. 



FIGURE 8-2. 

A hand lens is often needed for detecting, 
identifying, and monitoring insects, mites, 
and other arthropods on plant foliage. 
Hold the lens dose to your eye and bring 
the object being examined up to it until it 
is in focus. 

FlGURE 8-3. 

Use a sweep net to monitor the presence 
of certain pest insects on plant foliage. 

quantitative sampling. One sample per 
year should be sufficient. 

Take soil samples for nematodes 
along a long continuous strip through 
the area. Keep each sample separate. 
Sample the soil within the root zone of 
the plants. Also look for stunted or 
damaged plants. If you find any, 
include the infected plants, with roots, 
in the sampling. Prepare the samples 
and send them to an identification lab­
oratory as instructed in Chapter 1. 

Draw a map of the area that shows 
locations of healthy and infected 
plants, soil types, water drainage, and 
other important features. Look for 
ways in which nematodes might be 
introduced to an area such as through 
contaminated cultivation equipment. 

Pathogens. Monitor pathogens by 
observing plant symptoms or damage 
or, with certain fungi, by looking for 
fruiting bodies and other structures. 
Remember that damaged plant material 
may serve as an inoculum source for 
healthy plants. Look for inoculum 
sources before conditions favor the 
spread of pathogens. This is important 
since the most successful control of 
plant disease pathogens involves sup­
pressing them before infection occurs. 
Environmental conditions such as tem­
perature, rainfall, or heavy dew are 
often the controlling factors for 
pathogen infection or development. 
Look for any pattern of symptoms: 

0 Do symptoms occur only on scat­
tered plants? 

• Are symptoms concentrated in 
certain parts of the field? 

• Are symptoms generally 
distributed? 

Also, monitor for the presence of 
insects or nematodes that are capable of 
transmitting certain pathogens-­
aphids, for instance. 

Identifying most plant pathogens 
requires laboratory analysis. Collect 
damaged plant material according to 
the instructions in Chapter 1. 
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Arthropods. You can observe most 
insects, mites, and other arthropods by 
visual monitoring. You can also collect 
plant foliage and examine it with a 
hand lens or microscope (Figure 8-2). 
Use a sweep net to collect certain pest 
insects found on foliage (Figure 8-3). 
However, avoid using sweep nets on 
tender plants because you can damage 
chem by this technique. Beat foliage 
onto a white sheet, tray, or pan for a 
simple way of detecting certain plant­
feeding insects. Use these methods to 
estimate the size of an arthropod pest 
population or evaluate its rate of 
increase or decrease. Sometimes the 
decision to apply a pesticide is based on 
the number of insects or mites found 
on a sample of leaves taken from differ­
ent plants or from sweep net samples. 
Control decisions are often based on 
studies that show that until the pest 
population builds up to a certain size, 
no economic damage will occur. 

Light, especially the ultraviolet spec­
trum (black light), attracts many night­
flying insects. Some pest managers use 
black light traps to attract and kill cer­
tain nocturnal insect pests in small 
areas. These traps also serve as moni­
toring devices for particular types of 
insect pests in enclosed areas such as 
warehouses. 

Use sticky traps for catching and 
monitoring some insect pests. These 
cardboard or plastic traps have a surface 
coated with a thick, sticky paste. You 
can do several things to .make sticky 
traps attractive to target insects. Where 
you place the traps and the color and 
shape of the traps attract certain insects. 
For example, put sticky traps along wall 
bases or other normal pathways to mon­
itor cockroaches. Use a bright yellow 
color to attract whiteflies. Hang sticky 
red or green spheres in trees to catch 
apple maggot adults or walnut husk 
flies. You can add attractants to sticky 
traps or sticky surfaces to attract flies, 
cockroaches, and other pest insects. 
Effective attractants include various 
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FIGURE 8-4. 

Live traps can be used to monitor the 

presence of small animals such as birds or 
rodents without injuring the animals. 
Domestic animals, such as this cat, may 
be accidentally trapped on occasion. 

foods, sugar syrups, or chemicals with 
odors resembling certain foods. 

Pheromones lure some insects into 
sticky traps. Pheromones are chemicals 
produced by insects that attract individ­
uals of the same species. Most 
pheromone craps use a chemical that 
mimics the pheromone produced by 
female insects to attract males for mat­
ing. A few mimic pheromones released 
by males to attract females. As you 
monitor these traps, you will notice 
that trap catches increase during the 
time when insects emerge from their 
pupal stage and begin to mate. Know­
ing when adults are emerging gives you 
a good idea of when to apply insecti­
cides for optimal control. For some 
agricultural pest insects, you can use 
phenology models to accurately predict 
egg hatch. This allows you to precisely 
time insecticide applications. These 
models use pheromone trap catch infor­
mation and daHy high and low temper­
atures in the calculations. 

The University of California 
Statewide Integrated Pest Management 
Project develops phenology models for 
many insect pests. These are available 
on the internet at: 
http://www.ipm.ucdavis.edu/. 

Vertebrate Pests. Monitoring for ver­
tebrates requires some understanding of 
the habits of potential pests. Many 

species are active only at certain times 
of the day or night. Other species cease 
their activities when people are around. 
Often the best way to monitor for them 
is to check for evidence of their pres­
ence. This includes gopher or ground 
squirrel burrows, feces of rats or rab­
bits, or mouse trails. Use animal traps 
and tracking powders to monitor the 
activities of vertebrate pests when it is 
too difficult or time-consuming to 
watch continually for the pests. Some 
animal traps are spring-loaded devices, 
such as rat traps, that kill the target ani­
mals. Use live traps, which resemble 
cages, when it is important not to harm 
the captured pests (Figure 8-4) . 

Use tracking powders to monitor 
rodent activity in buildings (Figure 8-
5). Spread the powder (cornst~rch or 
Gour works well) over an area suspect­
ed of being a rodent trail or runway. 
Tracks left in the dust reveal informa­
tion about the population size, age of 
individuals, and areas of activity. This 
technique is useful in planning the 
placement and timing of traps or roden­
ticides. Keep tracking powders on floor 
surfaces to prevent contaminating 
counters, furnishings, or other objects 
in an area. Certain tracking powders 
contain toxicants that kill rodents. The 
rodents ingest the poison while clean­
ing themselves. 



FIGURE 8-5. 
--------------
Tracking powders are used to monitor the 
activity of small rodents and insects. 

Toxicants sometimes are added to the 
powder to kill the animal when it cleans 

itself 

MAKING PESTICIDE USE 
DECISIONS 

How do you decide when to use a pes­
ticide and what pesticide to use? Health 
codes require controlling certain pests 
in restaurants and other public places. 
ln residential and urban situations, you 
take action when the people living and 
working in these areas can no longer 
tolerate the pests. Pesticides used in 
these situations are often selected 
according to their safety, speed, and 
effectiveness. In agriculture and other 
commercial ventures, however, the eco­
nomics of pest control is also important. 

In most cases, a few individuals of a 
particular pest probably will not cause 
economic losses, but as their numbers 
increase, so does their damage. For 
some pests-mostly insects, nema­
todes, and mites-action thresholds or 
treatment thresholds have been estab­
lished. These indicate what population 
levels can be tolerated without loss and 
at what level a pesticide application will 
pay for itself. Such treatment thresholds 
must be flexible. If the market price for 
a crop fluctuates, for instance, the 
threshold of allowable pest damage can 
be changed to accommodate for this. 
When the price of pesticides increases 
or decreases, the tolerable pest injury is 
adjusted accordingly. 
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Action thresholds, based on extensive 
sampling, pest monitoring, and life his­
tory information, are designed to help 
people not to spend more money to 
control a pest than the economic loss 
the pest might cause if not controlled. 
These thresholds may not always be 
practical, however, because many of the 
factors that go into the calculations 
cannot always be accurately predicted. 

The tolerance for weeds, vertebrates, 
and pathogens may be very low due to 
the potential these pests have for build­
ing up over time and the difficulty in 
controlling them at later stages of infes­
tation. For plant pathogens, it may be 
necessary to apply pesticides when 
environmental conditions favor disease 
outbreak. This could be long before any 
signs of disease are present. Usually 
once you see disease symptoms, the 
damage has already taken place. Con­
trol at this time may not be economical 
if plants are seriously injured or are no 
longer susceptible to further damage. 
To determine if suppression is neces­
sary, use indicators such as 

• inoculum source 
• history of disease infection 
• favorable conditions for the 

pathogen to develop 
For weeds, the most effective time to 

apply herbicides is when weeds are in 
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FIGURE 8-6. 

Pest managem;ntma-,wals are publi;hed 
by the University of California for ma'!Y 
different types of crops. These are useful 
for selecting the proper chemical and 
other control methods. 

the seedling stages. Often iL is signifi­
cantly easier and cheaper to apply herbi­
cides before planting or when crop 
plants are very young. There is no "wait 
and see" time to allow higher popula­
t.ions to develop. Usually, weeds most 
seriously affect new, small crop plants. 
The young plants are more susceptible 
to competition for light, water, and 
nutrients. For this reason, the crop stage 
may be as important as weed numbers in 
determining treatment needs. 

Factors that influence herbicide use 
decisions include 

• favorable weather conditions 
• weed species 
• growth stage of problem weeds 
• growth stage of the crop 
• amount of damage being caused by 

weeds 
• resistance of certain weed species 

to herbicides 
• soil type and condition 
• herbicide persistence in the soil 
• the economics of chemical conLTol 

versus mechanical methods such 
as mowing or tilling 

Other Factors Influencing 
Pesticide-Use Decisions 

Other factors besides cost, effective­
ness, and pest susceptibility often have 
an influence on your decision to use 
pesticides to control pests. These 
include 

• potential for air pollution and 
groundwater contamination 

• protecting endangered species 
• produce packer, handler, or 

processor restrictions (for agricul­
tural crops) 

• cost of training pesticide handlers 
• requirements to protect workers in 

treated areas 
• compatibility of restricted-entry 

and preharvest intervals with nec­
essary cultural practices 

• limitations imposed by plamback 
restrictions 

SELECTING THE RIGHT ­
PESTICIDE 

Choosing the right pesticide can be a 
difficult task. Often you can choose 
from several pesticides to control a pest 
in a particular situation. To get informa­
tion about pesticides for specific uses, 
consult 

• pesticide label books (available by 
writing to the manufacturers) 

• farm advisors and agricultural 
commissioners 

• licensed pest control advisers 
• pesticide chemical handbooks 
• University of California publica­

tions, treatment guides, and 
pest management guidelines 
(Figure 8-6) 

The University of California 
Statewide Integrated Pest Management 
Project's agricultural and urban pest 
management guidelines, including pes­
ti'Cide recommendations, are accessible 
through the Internet at http://www.ipm 
.ucdavis.edu/ (Figure 8-7). Up-to-date 
pesticide use guidelines, pesticide toxi­
cology information, and other pest 
management techniques are accessible 
through this website. You can buy many 
UC 1PM pest management publications 
from DANR Communication Services, 
6701 San Pablo Ave., 2nd Floor, Oak­
land, CA 94608-1239, telephone 1-800-
994-8849 (a catalog of publications is 
available upon request). University of 



FIGURE 8-7. 
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The University of California Statewide 
Integrated Pest Management Project 
maintains an up-to-date listing of pest 
management guidelines that can be 
accessed through the Internet. 
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California county Cooperative Exten­
sion offices can also order these publi­
cations for you. 

Pest Species 

Select a pesticide or pesticide combi­
nation that is suitable for the pest 
species or range of pest species being 
controlled. Be sure the materials chosen 
are capable of controlling the current 
life stage of these pests. Determine the 
suitability of the pesticides by reading 
pesticide labels. If the target site is not 
on the label, do not use the material. 

Toxicity of the Pesticide to Be Used 

Each pesticide has a signal word that 
indicates the relative hazard of the pes­
ticide. Hazards are modified by such 
factors as formulation type, persistence 
in the environment, and amount of pes­
ticide used. For example, microencap-

"'' .. 

sulated formulations are safer for appli­
cators to use than wettable powders. 

As a rule, and if you have a choice, 
select pesticides with the signal word 
that indicates the lowest level of hazard. 
Warning is preferable to Danger, and 
Caution is preferable to both Warning 
and Danger. These will usually be safer 
for you to work with. Also, they will 
of ten be less harmful to the environ­
ment, beneficial insects, natural ene­
mies, and animals. 

Pesticide Persistence 

Depending on the nature of the pest 
control problem, consider persistence 
characteristics when selecting a pesti­
cide. Residuals are desirable in silUa­
tions where reinfestations are constant­
ly a problem, such as for termite con­
trol. Persistent pesticides may be more 
hazardous in areas where people live 
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and work. Persistence also influences 
how pesticides move off the target site 
through leaching and runoff. To protect 
beneficial insects such as honey bees, 
low persistence is often as important as 
low toxicity. Persistence is an important 
consideration when choosing herbi­
cides, because residues may damage 
subsequent crops. 

Certain types of pesticides, such as 
some chlorinated hydrocarbons, persist 
in the environment for a long time. 
Other pesticides, such as many 
organophosphates, break down rapidly 
under normal environmental condi­
tions. The persistence of a pesticide is 
its Jialf-lif e. This is the measure of how 
long it takes for the material to be 
reduced to half of the amount originally 
applied. Besides the tYPe of pesticide, 
there are other factors that influence 
persistence. For instance, the amounL 
of pesticide applied determines how 
much of the active ingredient remains 
after a time. 

Pesticide formulation types affect 
persistence. Microencapsulated and 
granular formulations tend to release 
the active ingredient over a longer peri­
od. Therefore, only part of the material 
begins to break down at the moment of 
application. Pesticides dissolved in oils 
or petroleum solvents may volatilize 
more slowly than water-soluble materi­
als and therefore persist longer. Wet­
table powders have a longer persistence 
to insects than do emuJsifiable concen­
trate mixtures. 

The pH of the water used for mixing 
pesticides affects the breakdown speed. 
The pH of the soil or plant or animal 
tissues may have a similar influence. 
Tissue or soil that is highly al~aline 
tends to cause more rapid breakdown of 
some pesticides than neutral or acidic 
tissue or soil. 

The physical nature of the surface 
being treated also influences pesticide. 
persistence. Porous surfaces or soil with 
high organic matter absorbs pesticide, 
reducing the amount of active ingredi-

ent available for pest conLrol. Oily sur­
faces and waxy coatings on leaves and 
insect body coverings prevent uptake of 
the pesticide. The oils or waxes may 
even combine with the active ingredi­
ent, reducing toxicity and persistence. 

Soil microorganisms break down 
many pesticides and influence the per­
sistence of pesticides in the soil envi­
ronment. These organisms include 

• bacteria 
• fungi 
o protozoans 
• algae 
Water-soluble pesticides that perco­

late deeper into the soil break down 
more slowly than those that remain near 
the surface. This is mainly because 
fewer microorganisms are present at 
greater soil depths. Many pesticides 
break down faster in soils that have 
diverse populations of microorganisms. 
High levels of organic matter in the soil 
often slow degradation because the 
organic matter binds to the pesticide. 
This makes the pesticide unavailable to 

the microorganisms. Repeated use of the 
same pesticide in the soil can increase 
the breakdown rate. This increase is 
apparently the result of either 

• a greater soil microorganism popu­
lation 

0 an enzyme change in the micro­
organism population that makes the 
microorganisms more efficient in 
decomposing the specific pesticide 

Weather a[ects persistence. For 
instance, wind and rain remove or dilute 
pesticides from target surfaces, lessening 
their effectiveness. High temperatures 
and humidity cause chemical changes in 

some compounds, accelerating break­
down. Sunlight produces photochemical 
reactions that decompose many pesti­
cides. Cooler soil temperatures usually 
increase pesticide persistence. 

Cost and Efficacy of Pesticide 
Materials 

The cost of a pesticide is an impor­
tant factor, but be careful not to base 



selection on cost alone. Check labels to 
see what rates of active ingredient are. 
required. Convert the cost per pound of 
active ingredient into cost per unit of 
area treated. You must balance cost with 
the degree of effectiveness that can be 
expected. A pesticide that costs 30% 
more but gives 60% better control is 
often the better bargain unless you need 
a less effective pesticide to protect nat­
ural enemies. 

Unfortunately, the effectiveness of a 
pesticide is hard to measure, and unbi­
ased opinions are difficult to obtain. 
Local environmental conditions and 
methods of application also influence 
efficacy. Often you must make a value 
judgment based on personal experi­
ence. Keep a notebook and evaluate the 
results after each application to increase 
your knowledge of pesticide efficacy. 

Weather influences the quality of an 
application and the efficacy of pesti­
cides. Rainfall shortly after an applica­
tion can wash off or dilute sprays, 
while windy conditions produce drift. 
Some pesticides are more effective in 
controlling target pests when tempera­
tures are within an optimal range. High 
temperatures cause some pesticides to 
be phytotoxic. Effective pesticide use, 
therefore, involves 

• timing to coincide with optimal 
weather conditions 

• pest susceptibility 
• protecting natural enemies 
Ideal conditions are not always possi­

ble during pesticide application. Often 
you must make some compromises that 
affect efficacy. 

Ease of Use and Compatibility 
with Other Materials 

Pesticides that are simple to use and 
are compatible with other pesticides 
have an advantage. Compatibility and 
ease of use also depend on 

• how the pesticide is being used 
• what the pesticide is mixed with 
• Lhe nature of the treatment area 
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Effects on Beneficial Insects and 
Natural Enemies 

Always try to conserve beneficial 
insects and natural enemies. If you are 
using an integrated pest management 
program, consider how the selected 
pesticide will work within the goals of 
the program. This sometimes means 
compromising for less immediate con­
trol of the pest to achieve greater long­
term control. 

Restricted-Entry Intervals and 
Harvest Limitations 

The pesticide selected must work 
within constraints of legally established 
restricted-entry intervals and the allow­
able days before harvest. These limita­
tions protect workers, consumers, and 
the public from excessive residues. 

SELECTIVE PESTICIDES 

Selectivity refers to the range of 
organisms affected by a pesticide. A 
broad spectn1111 pesticide kills a large 
range of pests as well as nontarget 
species. A selective material controls a 
smaller group of more closely related 
organisms, often leaving beneficials and 
nontarget organisms unharmed. How­
ever, selectivity is not always desirable. 
There are some definite advantages to 
controlling multiple pests with a single 
broad spectrum pesticide. These 
include cheaper pesticides (due to a 
larger market for the manufacturer) and 
reduced application time and costs. 

Pesticide selectivity is controlled by 
factors such as 

• the penetration rate through iin 
organism's outer body covering (or 
the cuticle of plant tissue) 

• the speed at which the toxicant is 
excreted by organisms 

• how the toxicant binds to tissues 
of different organisms 

Some organisms have metabolic ways 
of altering or detoxifying pesticides, and 
these pesticides are therefore ineffective 
against them. Also, many organisms 
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avoid pesticide exposure through Lheir 
behavior or by being repelled by the 
pesticide material. 

THE SELECTIVE USE 
OF PESTICIDES 

The way you mix and apply pesti­
cides can also improve selectivity. Ways 
to make broad spectrum pesticides 
more selective include 

• application timing 
• applicacicm techniques 
• dosage level 
• types of formulations 
• adjuvants 
• ability to keep the pesticide on 

target 

Application Timing 

Proper application timing is impor­
tant for controlling target pests as well 
as protecting natural enemies and ben­
eficial insects. Because some pesticides 
are more effective at different li(e stages 
of the pest, time applications with the 
most susceptible stage. Understanding 
the biology of the pest will help you 
determine its susceptible life stages 
a,nd decide if a pesticide application 
will work. 

The life stage of nontarget plants in 
the treatment area is another important 
consideration. Some herbicides, for 
example, may be toxic to crop plants as 
well as weeds once the crop plants have 
reached a certain growth stage. Check 
pesticide labels for precautions on 
using pesticides during inappropriate 
life stages of nontarget plants. 

Whenever possible, avoid injuring 
nomarget organisms by timing applica­
tions to periods when they are not pre­
sent in the area. This technique works 
well for honey bees because they forage 
only during warm, daylight hours. Pes­
ticides .applied during the early morn­
ing, late afternoon, or on cold and 
cloudy days usually reduce hazards to 
honey bees. Insecticides and miticides 
applied while perennial plants are dor­
mant may also protect nontarget and 

beneficial organisms. This technique is 
often an effective control method for 
some species of plant-feeding mites 
aphids, scales, and other insects that 
overwinLer in dormant plants. 

Pesticide Application Techniques 

Use specific pesticide application 
techniques to improve coverage, reduce 
drift , and achieve better control of 
pests. SomeLimes you can lower the 
amount of pesticide applied without 
sacnficing the quality of pest control. 
Choosing the right application tech­
niques can also reduce human and 
environmental hazards. 

Equipment Operation. Learn how to 
properly operate pesticide application 
equipment. For example, the ground 
speed must always remain constant to 
assure even pesticide coverage. Check 
the nozzles frequently to make sure 
none have become clogged. Shut off all 
nozzles during cums to prevent an 
uneven spray pattern. When injecting 
pesticides into the soil, shut off nozzles 
and raise the boom before making a 
tum. Leave enough room after the turn 
to bring equipment up to specified 
ground speed before restarting the pes­
ticide flow, 

Uneven ground causes booms on 
tractors or other equipment to bounce 
unless they are well supported and 
ground speed is slowed. Make sure the 
boom is always parallel to the ground 
during application. A tilted boom pro­
duces an uneven spray pattern. Adjust 
boom height to the recommended 
range specified by the type of nozzles 
being used (Figure 8-8). 

When using hand spray guns with 
high-pressure sprayers, keep the appli­
cation uniform on all parts of the sur­
faces being treated. Make sure the spray 
reaches upper foliage or branches of 
trees or shrubs. Direct the spray to all. 
sides of the plants, but avoid excessive 
runoff. 

Keep the ground speed of air blast 
sprayers in balance with the volume of 
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FIGURE 8-8 . 

Boom height must be adjusted to correspond to the type of nozzle being t1sed. 

air being moved by the fans . This 
improves even dispersion of pesticide 
droplets. Traveling too fast will result in 
poor coverage because the sprayer 
blower cannot displace the air sur­
rounding the plants fast enough. 

When operating backpack sprayers, 
walk at a regular pace and avoid 
uneven steps. Hold the nozzle steady 
and keep it a constant distance &om 
the target surface. 

Preventing Gaps or Overlaps. Pesti­
cide swaths have to be uniform, with­
out overlaps or gaps, to make the best 
economic use of spray materials. In 
some agricultural settings, there are f11r­
rows or rows the operator can follow to 
keep the application uniform. In open, 
unmarked areas, the operator needs to 
depend on some other method to pre­
vent overlap or gaps. One method 
involves using foam markers to mark 
sprayed areas to prevent overlap or gaps 
in the application pattern. These mark­
ers, attached to the ends of a spray 
boom, intermittently leave a deposit of 
long-lasting foam. The operator aligns 
the application equipment to the foam 
trail left from a previous pass. In some 
situations, you can add colored dyes to 
the spray mixture to visualize where 
spraying has taken place. 

Remembering the exact point where 
spraying stopped when leaving the 
application site to refill spray tanks is a 
problem. Unless you return to this loca­
tion , there will be an uneven applica­
tion. Marking devices help you avoid 
such problems. ln some situations, tie 
colored surveyor's tape to plants to 

locate where the spraying stopped. In 
open areas, use marking Oags to indi­
cate the location. However, when· 
applying hazardous pesticides, use a 
marking method that does not require 
you to contact treated surfaces. Remote­
operated foam markers work well. 

Electronic positioning devices, such 
as global positioning systems {GPS) , are 
an accurate way of guiding pesticide 
application equipment. As the cost of 
this equipment becomes more reason­
able, its usefulness as an application 
tool increases. You enter swath width 
and direction o( travel into a control 
uniL mounted on the tractor near the 
operator. The positioning device moni­
tors the location of the sprayer and, 
through readout instruments, guides 
the operator. When you move the appU­
cation equipmenL out of the treatment 
area for refilling, maintenance, or 
repairs, the positioning unit electroni­
cally records its last location. Then it 
guides you back to the exact spot. 

Spot Treatments. You can increase 
selectivity if you apply pesticides as 
spot treatments rather than to an entire 
area. ln addition, you can reduce the 
amount of pesticide used by 70 to 90% 
through spot treatment methods. For 
example, some weeds may grow in 
clumps scattered throughout a field 
after controlling all the other weeds by 
cultivation or with herbicides. Spot 
treatment involves treating just these 
clumps or patches rather than the 
who1e field. Periodically, insects and 
mites congregate in a few areas before 
dispersing more generally, especially if 
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FIGURE 8-9. 

Strip spraying is a way of controlling 
weeds in tree or vine rows while reducing 
the use of herbicides. Only about 14 of the 
actual acreage needs to be treated. The 
area between rows is usually mowed and 
maintained as a ground cover. 

the infestation is just beginning. Con­
trol these pests by treating only the 
infested plants. In landscaped areas, 
pests may occur only on certain planL 
species. Avoid applying pesticides to 
uninfesced plants. Frequently, you just 
need to treat the edges of fields or land­
scape areas for invading pests. 

You can use some special types of 
application equipment to improve the 
effectiveness of spot treatments. Field 
crop sprayers equipped with chemical 
injection pumps allow the operator to 
mix several different pesticides for the 
same application. The equipment auto­
matically meters concentrated, liquid 
formulations and dilutes these with 
appropriate amounts of water. 

If you adjust rope wick applicators to 
wipe herbicides omo target weeds 
growing above the crop, these become 
selective, spot treatment devices. Com­
pact, hand-held sprayers allow opera­
tors to efficiently apply pesticides as 
spot treatments to small areas. All-ter­
rain cycles (ATCs) eliminate tedious 
walking and speed up spot treatment 
applications. 

Band Treatments. In orchards and 
vineyards, you can apply herbicides as 
bands within the tree or vine rows. This 
leaves an area between the rows with a 
groundcover of weeds that you can 

mow or cultivate. You use only about 
one fourth as much herbicide per acre 
with this method (Figure 8-9). Mowed 
weeds between trees or vines reduce 
soil compaction, prevent erosion, 
reduce dust, and lower orchard or vine­
yard floor temperatures. However, 
weeds in untreated strips may compete 
with the trees or vines for water and 
nutrients under certain circumstances. 

Treating Alternate Rows or Blocks. 
Spraying alternate rows or blocks in 
orchards, vineyards, or field crops 
reduces the amount of pesticide 
applied. This technique provides some 
protection to natural enemies in the 
untreated sections. Use this technique 
when you need to make frequent treat­
ments for the same pest. Examples 
include sprays for disease organisms, 
insects, or mites that occur over an 
extended period. Spray the untreated 
rows or blocks during the following 
application (Figure 8-10). You use only 
half as much material per application, 
although the pesticide dilution rate 
does not change. 

Low-Volume Applications. Tech­
niques using low-volume and ultra-low­
volume sprays improve the efficiency of 
pesticide application in certain situa­
tions. Because low-volume applications 
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Applying pesticides to alternate raws or 
alternate blocks is a method that is some­
times used when several sprays are 
required for control of the same pest. This 
technique reduces the amount of pesticide 
used each time by 50%; it also provides 
locations in the treatment area for the 
protection of natural enemies. 

spray alternate rows 
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use only about one fourth as much 
water carrier, spray mixtures are more 
concentraled. Ultra-low-volume appli­
calions involve highly concentrated 
mixtures of pesticide combined with a 
carrier such as vegetable oil. You need 
special application equipment for ultra­
low-volume applications. Sometimes 
you can lower pesticide amounts by 
about one third with low-volume appli­
cations and by as much as one half with 
ultra-low-volume applications. Howev­
er, keep the application consistent with 
label instructions or current University 
of California recommendations. You can 
also realize savings of time, fuel, labor, 
and water. Pesticide applications must 
be more accurate and calibration more 
precise when making low-volume 
applications. Operators using ultra-low­
volume equipment work with more 
concentrated mixtures. This increases 
the hazards and emphasizes the need to 
wear label-prescribed personal protec­
tive equipment. 

Pesticide Dosage Level 

Sometimes you can lessen the injury 
to natural enemies by reducing the 
amount of active ingredient applied to 
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the treannent area for control of cer­
tain .insects or mites. Use this tech­
ni.q_ue only if the lower dosages are 
effective against target pests. Be sure 
the rate is consistent with pesticide 
label instructions, current University 
of California recommendations, or a 
PCA's written recommendation. The 
number of target pests controlled may 
be less, buL you mighL improve overall 
control by protecting natural enemies. 
Protecting natural enemies helps in 
long-term management of some insect 
and mite pest problems. This further 
reduces the need for additional pesti­
cides. Lowering dosage levels only 
works when adequate numbers of cer­
tain species of natural enemies are pres­
ent before treatment. 

Type of Formulation Used 

The pesticide formulation influences 
its selectivity. Granular formulations, for 
example, do not stick to foliage, increas­
ing their selectivity to soil or aquatic 
pests. Applying a granular systemic for­
mulation to the soil so plant roots take it 
up is a selective application practice. 
Pests feeding on plant tissue die, but 
most natural enemies and beneficial 
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FIGURE 8-11. 

Use of a bait station, like this one being 
used for control of ground squirrels, is a 
method of selectively using pesticides. The 
bait station excludes most nontarget 
organisms. 

insects do not cont.act the pesticide. (I[ 
the pesticide translocates lo the nectar, 
it may destroy nectar feeders like honey 
bees and many parasitic wasps, howev­
er.) Liquid sprays and baits containing 
attractants improve the chances of target 
pests finding the pesticide. These sub­
stances make the pesticide more selec­
tive. Putting to)dc baits in feeding sta­
tions to exclude nontarget animals 
increases selectivity. You can control 
squirrels with poisonous bait, for exam­
ple, but the design of the bait station 
e.xcludes dogs and livestock and pro­
tects children (Figure 8-11). 

Using Adjuvants 

You can use some adjuvants to 
improve selectivity as well as the effec­
tiveness of certain pesticides. Use stick­
ers, spreaders, and drift control agents 
to keep spray mixtures on target. Use 
surfactants to enhance uptake by target 
pests, and use attractants to make pes­
ticides attractive specifically to target 
organisms. 

KEEP THE PESTICIDE 
ON TARGET 

Preventing drift improves the eff ec­
tiveness of a pesticide application 
because more active ingredient reaches 
the target. Drift factors include 

• the skill of the operator 
• type of application equipment 

used 
• droplet size of the spray being 

applied 
• operating pressure of the sprayer 
• physical properties of the pesticide 

formulation 
• general weather conditions 
• unique local weather conditions 

(microclimate) 

Operator Skill and Knowledge of 
Options Available. Learn to use appli­
cation equipment in ways that reduce 
or prevent drift problems. Use the low­
est amount of pressure that will still 

produce an adequate spray pattern. Be 
sure nozzles are in good condition and 
are properly aligned. Thickeners added 
to the spray mixture reduce the number 
of fine droplets. Apply pesticides only 
during times when there is positive air 
movement away from a sensitive area. 
Leave a buffer strip between the treat­
ment site and sensitive downwind 
areas. Shut off nozzles during turns. 

Application Equipment. Your choice 
of application equipment can have an 
impact on how much pesticide drifts 
away from the treatment area. Sprayers 
that produce extremely small dropkts 
increase drift. Lower the working pres­
sure of the sprayer to reduce the quanti­
ty of small-sized droplets. Use low-pres­
sure nozzles to maintain a suitable spray 
pattern. Apply herbicides with low-pres­
sure nozzles whenever possible. Use 
shields around nozzles to confine the 
spray and reduce drift problems. Rope 
wick applicators used for weed control 
wipe herbicides onto leaves of weed 
plants, thus eliminating drift. 

Electrostatic sprayers emit electrically 
charged spray droplets. These are 
attracted to the oppositely charged 
treatment surface. Because of the attrac­
tion between the spray particle and the 
treatment surface, fewer droplets drift 
away. Electrostatic sprayers seem to be 
most effective in situations where spray 
droplets travel only short distances. 

Controlled droplet applicators 
(CDAs) produce more droplets of a uni­
form size. This reduces the quantity of 
very small and very large droplets and 
lowers some of the drill potential. 

Droplet Size. Droplet size, a factor in 
drift, is determined by spray pressure, 
nozzle size, and spray solution charac­
teristics. Most conventional sprayers 
produce a wide range of droplet sizes, 
averaging between 40 to 500 microns 
(µ.m) in diameter. Sidebar 18 compares 
the relative sizes, in microns, of differ­
ent types of droplets. In a typical 
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SIDEBAR 18 

Droplet Size Comparison 

DROPLET SIZE COMPARISON 
m microns 

1,000 ---------­
moderate rain 

500 _________ _ 

light rain 
300 _ _________ _ 

average range of 
droplets produced 
by pesticide 
sprayers* 

drizzle 
200 __________ _ 

mist 

cloud 

20 __________ _ 

coarse aerosol 
10 _________ _ 

sea fog 
5 -------------

smoke 
0 -------------

*Most sprayers produce droplets ranging in size between 40 and 500 
microns; droplets smaller than 100 microns are most effective for the 
control of insects and mites but are high(y subject to drift. 

sprayer, about 70% of the droplets will 
be in the 100 to 250 µm cliameter 
range. An additional 20% will be larger 
than this, while about 10% are smaller 
than 100 µm . Larger droplets drift less 
because they are heavier and fall quick­
ly. However, they are usually less effec­
tive for many types of pest control 
because they bounce or run off target 
surfaces. Although a 400 µ.m droplet is 
only 10 times larger in diameter than a 
40 µ.m droplet, it contains 1,000 times 
more pesticide. Therefore, large 
droplets bouncing off or missing the 
target surface results in a considerable 
loss of active ingredient. 

Smaller droplets, those below 100 
µm, are the most efficient size for con­
trolling many types of pests. Most of the 

droplets that actually reach insects and 
mites are smaller than 50 µm. Droplets 
of 100 µm or less in diameter are also 
best for effective penetration of dense 
foliage. However, these smaller droplets 
are the ones most likely to drift. 

Physical Properties of the Pesticide 
Formulation. Factors such as the vis­
cosity and volatility of pesticide formu­
lations influence drift potential. Viscos­
ity relates to the thickness of the liquid. 
The thicker or more viscous a liquid is, 
the more difficult it is to break it up 
into smaller droplets. Deposition aids 
include adjuvants used to increase the 
viscosity of a spray mixture, reducing 
drift by increasing droplet size. 
Volatilization is the process by which 
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the pesticide changes from a liquid into 
a vapor. It takes place during applica­
tion or occurs within several hours 
after spraying. Volatilization increases 
with higher temperatures. Pesticide 
vapors may drift many miles on slight 
air currents. 

Evaporation of the carrier (usually 
water) in the spray droplet causes con­
centration of the pesticide and reduces 
droplet size. This happens while droplets 
travel between the sprayer and target 
surfaces. Hot, dry weather favors droplet 
evaporation, while high humidity and 
cool temperatures retard this process. 

Weather Conditions. Wind is the 
most important component of weather 
contributing to pesticide drift. Slight 
winds of about 3 to 5 miles per hour 
help to distribute pesticide droplets and 
improve coverage. This air movement 
contributes to the mixing of pesticide 
spray with surrounding air. When air 
movement is below 2 miles per hour, 
spray may not mix evenly with the air. 
This can result in an uneven applica­
tion. Winds greater than 10 miles per 
hour are too strong for safe pesticide 
application. High winds promote drift 
and. increase evaporation. Table 8-2 

describes ways to judge wind speed. 
You can use a small, hand-held device 
known as an anemometer to measure 
wind speed more accurately. 

TABLE 8-2 . 

Method of Calculating Wind Speed. 

Besides wind, which is mostly hori­
zontal air movement, vertical air move­
ment contributes to mi>dng and disper­
sion of pesticide droplets. Air tempera­
ture influences vertical movement since 
warm air rises. You can detect the hori­
zontal and vertical air movements and 
wind direction by burning a pot of oil 
or an old tire. However, this practice 
may be illegal in some areas due to air 
quality standards. 

Temperature inversion is a weather 
condition that may promote pesticide 
drift. It occurs when the air from 20 to 
100 or more feet above the treatment 
location is warmer than the air at 
ground level. This warm air forms a 
cap, preventing vertical air movement 
and pesticide dispersion (see Figure 6-
47 on page 197) . This layer traps fine 
droplets and spray vapor. They become 
concentrated as an invisible cloud 
under these conditions. A mild wind 
moves this pesticide cloud away from 
the treatment location. Eventually the 
pesticide falls to the ground or surfaces 
of nontarget plants or other objects. 
This condition may be dangerous 
because the concentration of small 
droplets moves together downwind 
instead of dispersing widely into the 
atmosphere. 

Treatment areas may have microcli­
mates that are different from surround­
ing areas. An irrigated field has higher 

For a practical means of estimating low wind velocities near the ground, toss a handful of dust 
lnco the air and walk downwind with the cloud of dust. If you can keep up with it in a slow walk, 
the wind is approximately 2 mph. If you can just barely keep up with it in a fast walk, the wind is 
approximately 4 mph. A lively run is approximately 10 mph, and only a well-trained athlete can 
dash 20 mph. 

WIND VELOCITY (mph) OBSERVATIONS 

less than 1 Smoke rises almost vertically. 

1-3 Direction of wind shown by smoke drift, but not by wind vanes. 

4-7 Wind felt on face; leaves rustle; ordinary wind vane moved by wind. 

8-12 leaves and small twigs in constant motion, wind extends light Aag. 

13-18 Raises dust and loose paper, small branches are moved. 

19-24 Small trees in leaf begin to sway; crested wavelets form on inland water. 
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humidity and lower temperatures than 
dry areas nearby. This produces a local­
ized, low-level temperature inversion 
that influences the concentration and 
movement of airborne pesticides. 

FOLLOvV-UP MONITORING 

Follow up after every pesticide appli­
cation to determine if the application 
was successful. Figure 8-12 is a follow­
up checklist. Begin by comparing the 
amount of pesticide actually used with 
the anticipated amount. This should 
vary by no more than 10%. If more or 
less pesticide was applied, determine 
the cause. Check sprayer calibration, 
check tank mixing procedures, and 
recalculate the size of the target area. 
Look for clogged or worn nozzles and 
wear or blockage in the sprayer pump­
ing system. 

Inspect the appHcation site to make 
sure coverage was adequate and uni-

(a) Calculated amount required for job: ______ ____ _ 

(b) Actual amount used:---------------­
(c) Varialion-divide (a) by (b) then multiply by 100. 

Subtract answer from 100. (This should be between+ IO and-10.) 

COVERAGE 

(a) Uniform-------­

(b) Runoff? -----------------­
~c) Penetration into all areas? ---------------

EFFECTIVENESS 
(a) Target pests controlled or reduced below economic injury level? 

(b) Condition of natural enemies: ------------­
(c) Secondary pest outbreak?--------------

PROBLEMS 

(a) Spotting or staining of surfaces?------------­

(b) Injury to plants? - - -------------­
(c) Other:--------------------

COMMENTS ________________ _ 
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form. (Wear personal protective equip­
ment if necessary.) Look for 

• signs of pesticide runoff 
• lack of penetration into dense 

foliage 
• shingling 
• uneven coverage from the. top to 

bottom of large plants 
After an application of insecticides or 

acaricides, make a second fo llow-up 
visit to the treatment area a day or so 
later. (If the restricted-entry interval has 
not lapsed, be sure to wear personal 
protective equipment and avoid unnec­
essary contact with plant foliage.) At 
this time look for signs indicating con­
trol of the target pest. Check for dam­
age to natural enemies in the area. In 
addition, look for other problems, such 
as phytoloxicity or spotting of painted 
surfaces. Watch for pest resurgence and 
secondary pest outbreaks. 

Follow up fungicide applications 
wilh an inspection to verify that the 
fungicide suppressed the pathogen. 

After applying herbicides, follow up 
to see which weed species were con­
trolled and which were partially or not 
controlled. Also look for damage to 
nontarget plants. Record this informa­
tion on the treabnenc record and use it 
to determine if you need an additional 
herbicide treatment. 

Record your follow-up observations in 
the same notebook used to record other 
aspects of the pesticide application. This 
information will be useful when you 
plan future applications for the same 
pest or in similar target locations. 

FIGURE 8-12. 

Pesticide application follow-up checklist. 
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REVIEW QUESTIONS 

1. Which of the following is not a benefit of a pest moni­
toring program? 
D a. Observing seasonal changes in pest 

populations 
D b.Ability to use more pesticides and apply 

these more frequently 
D c. Proper timing of pesticide applications 
D cl.Assessing the effecLiveness of pest control 

measures 

2. Knowing something about the fife history of a pest 
will help you to: 
D a. Impress your friends 
D b . Plan pesticide applications and other control 

measures that are most appropriate to the 
pest 

D c. Schedule pesticide applications without mon­
itoring for the pest 

D d. Avoid all uses of pesticides or other control 
measures 

3. Which of the following indicators would not help you 
identify a pest? 
D a. Feeding damage 
D b.Webbing 
D c.Fecal droppings 
D d . Barometric pressure 

4. When making weed management decisions, which of 
the following information about the field is the least 
useful? 
D a. Species of birds presem in the area 
D b. The stage of development of weeds (seedling, 

flowering, postflowering) 
D c. Species of weeds present 
D d. Whether the relative abundance of diITerent 

weed species is changing from previous 
seasons 

5. A common use of a pheromone monitoring trap is to: 
D a. Reduce the populations of specific insect 

pests 
D b. Collect large numbers of different insect 

species 
D c. Determine what beneficial insects are present 
D d. Time insecticide sprays for optimal control 

6. Pesticides that move deeper into the soil (percolate) 
have a tendency to break down: 
D a. More quickly than pesticides on the soil 

surface 
D b. About the same as pesticides on the soil 

surface 
D c. More slowly than pesticides on the soil 

surface. 
D d. Rapidly except during freezing temperatures 

7. How do high levels of organic matter in the soil 
sometimes influence pesticide breakdown? 
D a. Organic maller binds the pesticide, making 

fr unavailable to microorganisms, slowing 
the breakdown 

O b. Organic maner rapidly breaks down the 
pesticide 

D c. Organic matter increases microorganism 
activity in the soil, speeding up the 
breakdown 

D d. Organic matter lowers soil temperature , 
reducing the microorganism acLivity and 
slowing pesticide breakdown 

8. Three factors that make for effective pesticide 
use are: 
D a. Cost of the pesticide, size of area to be 

treated, and location of pests 
D b. Hot weather, adequate rainfall or irrigation, 

and concenlration of the spray mixture 
D c. Timing application to optimal weather condi­

tions, pest susceptibility to the pesticide, and 
ability to protect natural enemies 

D cl .Volume of spray used, method of application, 
and capacity of the spray tank 

9. Which of the following would not be a selective way of 
using a pesticide? 
D a. Using the maximum label rate of broad 

spectrum pesticide and applying it uniformly 
D b . Using spot treatments 
D c. Making band treatments 
D cl . Using a systemic formulation .to protect 

natural enemies 

10. One way to reduce the chances of pesticide drift is to: 
D a. Make applications when wind speed exceeds 

10 mph 
D b. Lower pressure in the system and use large­

orifice nozzles 
D c. Make applications during hot, dry weather 
D d. Use nozzles that create the smallest droplet 

sizes 

11. Which type of application equipment would produce 
the least amount of pesticide drift? 
D a. Rope wick applicator 
O b. Backpack sprayer with one size "02" 

(¥M inch) nozzle 
D c. Boom spray with 14 size "04" (%, inch) 

nozzles 
D d. Orchard air blast sprayer with 12 size ~os" 

(%1 inch) and 8 size "06" (%i inch) nozzles 
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ESTJCJDE APPLICATION 

equipment ranges from simple devices 
attached to garden hoses to elaborate 
machines mounted on self-propelled 
ground applicators, fixed-wing aircraft, 
and helicopters. Some equipment 
specifically applies dusts, while other 
types apply granules. You can select 
from many different types of equipment 
designed for applying liquids. Special 
equipment is available for 

o weed control 
" applying pesticides to orchards, 

vineyards, row crops, and field 
. crops 
" injecting pesticides into the soil 
" applying pesticides to animals 
0 controlling aquatic pests 
" controlling pests in buildings and 

residences 
0 many other special purposes 
This chapter describes the different 

types of pesticide application devices, 
except those used with aircraft. lt 
explains and illustrates features of com­
ponents, such as tanks, pumps, and 
nozzles. It also discusses maintenance 
procedures. 

UQUID APPLICATION 
EQUIPMENT 

Most liquid application equipment 
uses hydraulic pressure or air to propel 
pesticide droplets to the target. This 
equipment is either hand-operated or 
powered by mechanical sources such as 
a tractor power take-off (PTO) or elec­
tric, gasoline, or diesel motor. Liquid 
application equipment consists of sev­
eral components, including 

0 a tank for mixing and holding the 
pesticide 

• a pump or other device for creat­
ing pressure to move the liquid 

• one or more nozzles for breaking 
the spray up into small drople·ts 
and directing it toward the target 

• on some equipment, fans, pressure 
regulators, ulter screens, control 
valves, agitators, booms, hoses. 
and fittings to improve pesticide 
handling, mixing, and application 
(Figure 9-1) 

Components of Liquid 
Application Equipment 

Before considering a pesticide applica­
tion machine as a whole unit, look at all 
the individual components. Make sure 
they meet your application needs. Some 
components, such as nozzles, are easy to 

replace when worn or damaged or if 
your application needs change. Other 
parts, such as tanks, are expensive to 
replace, and may be difficult to repair if 
they become damaged. Select these with 
care to be sure they are compatible with 
the pesticides you plan to use. 

Pesticide Tanks 

Manufacturers produce tanks for 
mixing and holding liquid pesticides 
from metal, fiberglass , and thermo­
plastic materials such as polyethylene 
and polypropylene. Choose a nonab­
sorptive material so you can easily 
clean the tank of pesticide residues. 
Tanks must be corrosion- and rust­
resistant to protect them from reacting 
with corrosive pesticides. They should 
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pressure regulator 
tank 

spray boom handgun ran 

FIGURE 9 - 1. 

Liquid application equipment usually includes a tank for mixing and holding pesticides (often equipped 
with an afitator) and a pump for creating hydraulic pressure, and may also include a pressure reg1ilator, 
pressure gauge, control valve, and several f:)lpes of stniiners. Spray is emitted through nozzles on a spray 
boom, manifold, or hand spray gun, and may be dispersed by a fan. 

have a large opening for easy filling 
and cleaning (Figure 9-2). A tight-fit­
ting cover prevents pesticides from 
spilling or splashing. 

Many counties require that lank cov­
ers be lockable. Although not always 
required by law, a lockable cover is a 
worthwhile safety feature. It prevents 
unauthorized or accidenlal exposure to 
the tank contents. Larger tanks need a 
bouom drain so you can completely 
empty them. All 40-gallon or larger 
tanks must have a sight gauge or other 
accurate means to determine the 
amount of liquid in the tank. Equip 
external sight gauges with shut-off 
valves to prevent leaking if they become 
damaged (Figure 9-3). 

Tanks are commonly available in 
capacities from 3 to 1,600 gallons. Table 
9-1 is a guide for selecting tanks based 
on your pesticide application needs. 

Metal Tanks. Manufacturers produce 
tanks from one of several different 
grades o[ stainless steel. They also make 
steel tanks with epoxy or other coatings 
to prevent them from rusting or corrod­
ing. Stainless steel has super-ior qualities 
for rust and corrosion resistance, so you 
can use most pesticides in them. Slain­
less steel cleans easily and is slrong and 
durable. lf damaged, you can repair 
stainless steel tanks, although repairs 
may require considerable skill. These 
tanks are more expensive than tanks 
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TABLE 9-1. 

Pesticide Tank Selection Guide. 

CHARACTERISTIC COATED METAL 

acid resistance fair to good 

alkali resistance excellent 

organic solvent excellent 
resistance 

rust a nd fair to good 
corrosion 
resistance 

absorbs pesticides if scratched 

easi ly cleaned good 

easily repaired yes 

strength and good to 
durability excellent 

weight heavy 

requires external no 
reinforcement 

cost moderate 

FIGURE 9-2. 

Pesticide tanks must have a large top opening for eas_e 

in filling. The opening should be fitted with a splash­

proof cover. 

TANK TYPE 

STAINLESS STEEL FI BERGLASS 

depends fair to good 
on grade 

excellent fair 

excellent poor to fair 

excellent excellent 

no if scratched 

excellent fair 

yes yes 

excellent good 

heavy medium 

no no 

high moderate 

FIGURE 9-3. 

A sight gauge enables the operator to tell 
how much pesticide is contained in the tank 

at all times. External tubes must be 

equipped with a shut-off valve to prevent 

leaks if the gauge becomes damaged. 

POLYPROPYLENE POLYETHYLENE 

good good 

good good 

good fair 

excell ent excellent 

no no 

excellent excellent 

no no 

good good 

light light 

yes yes 

low low 



FIGURE 9·4. ·-------- - --
Pumps for powered sprayers are available 
in many different styles and capacities. Be 
sure to select a pump that is suitable to 
the type of pesticide being used and one 
that can supply the presswe and volume 
requirements of your application needs. 
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made from other materials, but they 
generally last longer. 

Galvanized or coated metal tanks 
require more care and attention. 
Scratches or chips in the protective coat­
ing expose bare metal and may cause 
serious corrosion problems. You cannot 
use some pesticides in coated metal 
tanks. Glyphosate, for example, reacLS 
with metal to produce hydrogen gas, 
resulting in an explosion hazard. Epoxy 
coatings have fair to good resistance to 
acids and excellent resistance to alkaline 
materials and organic solvents. You 
must inspect epoxy coated metal tanks 
regularly and touch up chips and 
scratches to prevent corrosion. 

Fiberglass Tanks. Fiberglass tanks 
are strong and durable and you can eas­
ily repair small damaged areas. They are 
lighter than metal tanks. Fiberglass is 
highly resistant to organic solvents. It 
has good to fair resistance to acids, but 
only fair resistance to alkaline materi­
als. The fiberglass material absorbs pes­
ticide liquids if there are scratches or 
abrasions on the interior tank walls. 
This absorption may cause contamina­
tion of future tank mixes. Therefore, 
you must repair scratched areas with 
resin to protect against this problem. 

Thermoplastic Tanks. Most thermo­
plastic materials have good resistance to 
acids and alkalis. Polyethylene is a 
common material used for spray tanks, 
although low-density polyethylene does 
not resist organic solvents well. Manu­
facturers produce most thermoplastic 
sprayer tanks from either high-density 
polyethylene or polypropylene. These 
plastics are lightweight and durable. 
However, when these plastics get warm 
they become flexible and will deform 
unless they are reinforced or supported. 
Minor scratches or abrasions do not 
cause absorption problems. However, 
polyethylene and polypropylene are dif­
ficult to repair if they become punc­
tured or cracked. 

Pumps 

Most liquid sprayers use pumps to 

move the pesticide from the tank to the 
nozzles. The pump must generate ade­
quate pressure to propel spray droplets 
to the targeL (Figure 9-4). Small, hand­
operated sprayers use simple bellows or 
piston pumps. You operate these pumps 
by squeezing a trigger or moving a 
lever. Some compressed air sprayers 
have a piston-type air pump, similar to 

a bicycle tire pump. The pump com­
presses air in the sealed pesticide tank. 
When you open a valve, the com­
pressed air forces liquid out of the tank. 
Some sprayers use cartridges of com­
pressed carbon dio~ide gas to pressur­
ize the spray. Powered sprayers have 
more complex mechanical pumps 
designed for liquid pesticides. 

Selecting the appropriate pump for a 
particular application depends on the 
formulations of pesticides you use. You 
must also consider the volume and 
pressure needed to apply these pesti­
cides. Water-soluble and emulsi[iable 
concentrate pesticide formulations are 
less abrasive to pumps than wettable 
powder, flowable, or dry flowable for­
mulations. Construction materials and 
type of pump also affect how well 
pumps perform and wear. When choos­
ing a sprayer pump, consider the fol­
lowing features. 

Output capacity. The pump must sup­
ply enough volume for all nozzles 
under every use condition. If the 
sprayer has hydraulic agitation, the 
pump must have sufficient output to 
recirculate liquid in the tank while 
spraying. Pump output capacity is 
given in gallons per minute (gpm). 

Pressure. A pump must produce the 
desired capacity at a pressure suitable 
for the work you perform. Some high­
capacity pumps are only able to pro­
duce low pressures. You can regulate 
most high-pressure pumps so they are 
suitable for low-pressure work as well. 
Pressure is measured in pounds per 
square inch (psi). 
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Resistance to con-osion and wea1: The 
materials used Lo construct the pump, 
as well as pump design, affect its ability 
to resist corrosion and wear. Pumps 
with the fewest parts contacting spray 
chemicals are the most suitable for cor­
rosive pesticides. Pump design is also 
important in reducing the amount of 
wear due to wettable powder abrasion. 

Ease of repail: An importam feature of 
any pump is the ease with which you 
can repair it. Be sure parts are readily 
available. 

1jpe of drive. Pumps require different 
operating speeds depending on their 
design. Most tractor power take-off 
shafts rotate at 540 and/or 1,000 rpm. 
Gasoline and diesel engines and electric 
motors all have specific operational 
rpm ranges. Because each pump also 
has particular horsepower require­
ments, match il with the speed and 
horsepower of the drive unit. If a pump 
needs to operate at higher speeds, you 
may need a special transmission. 

Table 9-2 is a guide for selecting com­
mon pump designs. Other types of 
pumps not included in this table may 
also be available and suitable for certain 
applications. 

Diaphragm is moved down, pulling in 
liquid from tank. 

FIGURE 9-5. 

Diaphragm Pumps (Figure 9-5). 
Diaphragm pumps are a popular style 
used on several types of spray equip­
ment. Manufacturers produce these 
pumps from durable materials, includ­
ing aluminum, steel, and high-impact 
plastic. You can use these for low- and 
high-pressure applications. Diaphragm 
pumps handle abrasive and corrosive 
chemicals well because only the chemi­
cal-resistant diaphragm contacts 
pumped liquids. They are also simple to 

maintain and repair. 
Diaphragm pumps have a low- LO 

medium-volume capacity of between 5 
and 40 gallons per minute. They .can 
produce pressures in the range of 200 
to 700 psi. These pumps operate in the 
range of 500 LO 800 rpm. 

A cam that moves one to three 
diaphragms produces the pumping 
action. Moving a diaphragm in one 
direction creates a negative press·ure 
inside the pumping chamber. This nega­
tive pressure forces open a one-way 
valve, pulling liquid pesticide from the 
tank into the chamber. As the diaphragm 
reverses direction, the one-way valve 
seals shut. Positive pressure in the cham­
ber forces open a second one-way valve, 

Diaphragm moves up, forcing liquid 
to nozzles. 

In a diaphragm pump, a flexible diaphragm is moved up and down by a cam mechanism. This oscillation 
moves liquid through one-way valves. Some diaphragm pumps incorporate two or three diaphragms 
moved by the same cam. 



TABLE 9-2. 

Guide to Selecting the Proper Pump for a Pesticide Sprayer. 

PUMP TYPE 

CENTRIFUGAL 

DIAPHRAGM 

GEAR 

PISTON 

PRESSURE 
RANGE 
(psi) 

5- 200 

20-700 

20- 100 

20- 1,000 

~~ 
ROLLER 10-300 

OUTPUT 
VOLUME 
(gpm) 

>200 

5-40 

5-65 

2- 60 

8-40 

OPERATING 
SPEED 
(rpm) 

1,000-5,000 

500-800 

500-2,000 

500-800 

300-2,000 
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SUITABLE 
PESTICIDE 
FORMULATIONS 

all 

a ll (o rganic solvents 
may deteriorate 
some parts) 

nonabrasive 

nonabrasive un less 
equipped with wear-
resistant cups 

nonabras ive only; 
may be damaged by 
organic solvents 

COMMENTS 

Used on large, heavy duty sprayers. 
Common on air b last sprayers. 
Best for high-volume uses. 

Often used on low-volume weed 
sprayers. Also used with some 
high-pressure equipment. 

Limited uses. Good for low volume 
and low pressure. 

Exce llent for high-p ressure 
applications. Very versatile. 

Limited low-vo lu me uses. Can 
produce moderate pressure. 
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pushing the liquid pesticide out another 
opening. Pressure in the system may 
pulsate due to this action. However, 
more expensive pumps have two or 
three diaphragms working opposite each 
other that minimize pulsating pressure-. 
Manufacturers equip some diaphragm 
pmnps with surge chambers to reduce 
pulsating pressure . 

Diaphragm pumps have only a few 
moving parts. Diaphragms usually wear 
out after a while, so you must replace 
them when they begin to leak. Replace 
the rubber valves when they fail to seal 
properly. The petroleum-based solvents 
in emulsifiable concentrate formula­
tions accelerate the deterioration of 
these rubber components. 

Low-pressure diaphragm pumps are 
suitable for most herbicide applications. 
You can use the high-pressure styles in 
hydraulic and air blast sprayers. 

Roller Pumps (Figure 9-6). Roller 
pumps are among the Least expensive. 
ptunp types. They are capable of pro­
ducing moderate volumes, between 8 

and 40 gpm. Low to moderate pressures, 
in the range of 10 to 300 psi are possible 
with roller pumps. They operate in the 
speed range of 300 to 2,000 rpm. 

In these pumps, a series of rollers fit 
into slots around the circumference of a 

liquid 
from tank -----

roller moves out 
of its slot ... 

space is created here . . . 

flGURE 9-6 . 
----------

rotating disc or impeller. The impeller 
spins off-center to its housing. This 
allows the rollers to move further in or 
further out of their slots. Liquid is 
picked up at the point where rollers are 
furthest out. The impeller rotation 
forces the rollers baclc into their slots 
and press1.1rizes the liquid. 

Roller pumps are subject to consider­
able wear, especially from abrasive 
materials li.ke wettable powders. Rollers. 
made of rubber last longer. However, 
you must use nylon or Teflon rollers to 
pump petroleum-based pesticides such 
as oils or emulsions, because petrole­
um-based pesticides deteriorate rubber. 
Usually, you can easily replace worn out 
rollers. Roller pumps are most suitable 
for herbicide applicalions, especially if 
you use flowable, emulsifiable concen­
trate , soluble powder, or other nonabra­
sive formulations. 

Gear Pumps (Figure 9-7). Gear 
pumps are suitable for low-pressure 
applications between 20 and 100 psi. 
They can produce spray in a range of 5 

to 65 gpm. They operate in the range of 
500 to 2,000 rpm. 

Manufacturers produce two types of 
gear pump designs. The e.xtemal gear 
design has two identical gears that 
mesh with each other and move fluid 

... as roller mo,•cs 
into its slot, 
liquid is 
forced out ... 

Roller pumps consist of cylindrical rollers that move in or out of slots in a spinning rotor. This action cre-
ates space for liquid during half of the rotor rotation and discharges the liquid out of the p11mping cham­
ber during the remainder of the rotor rotation. 
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through the pumping chamber. An 
intemal gear design has a smaller gear 
meshing inside a larger gear, producing 
the pumping action. 

Manufacturers build gear pumps 
from brass, bronze, or alloy steel. These 
usually are molded parts, making them 
difficult to repair. You can use lubricat­
ing liquids, such as oil sprays or emulsi-

liquid 
from 
tank 

EXTERNAL GEAR PUMP 

FIGURE 9-7. 

fiable concentrates in gear pumps. 
However, wettable powders and similar 
abrasive formulations create wear in 
these pumps. 

Centrifugal Pumps (Figure 9-8). 
Manufacturers produce centrifugal 
pumps out of high-impact plastic, alu­
minum, cast iron, or bronze. These 

INTERNAL GEAR PUMP 

The external gear pump moves liquids by a meshing action of two identical gears. The internal gear 
pump consists of a standard gear that meshes with and drives an internal gear to move liquids. The close 
meshing of the gears in both of these designs forces fluids to move in only one direction through the 
pumping chamber. 

FIGURE 9·8. 
.. -

In a centrifugal pump, liquid enters near the center of a vaned rotor. As the rotor spins, the liquid is 
moved away from the center by centrifiigal force. Rotors must turn at a high rpm in order to build up 
sufficient pressure for most spray applications. 
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pumps are heavy duty and adaptable to 
a wide variety of spray applications. 
They produce volumes in excess of200 
gpm at pressures ranging between 5 
and 200 psi. Centrifugal pumps require 
operating speeds between 1,000 and 
5,000 rpm. A high-speed impeller cre­
ates the pumping action that forces liq­
uids out of the pump. Manufacturers 
produce high-pressure centrifugal 
pumps by adding one or more stages of 
impellers. In these, fluids pass from one 
impeller to the next. 

Centrifugal pumps have a wide range 
of applications. You can use them for 
spraying abrasive materials because 
there is no close contact between mov­
ing parts. They are of ten easy to repair 
and work well for high-volume air 
blast sprayers. 

Piston Pumps (Figure 9-9). Piston 
pumps produce pressures in the range 
of 20 to 1,000 psi at volumes between 
2 and 60 gpm. They operate between 
500 and 800 rpm. These are generally 
the most expensive pumps. However, 
you usually need this type for high 
pressures or if you use both high and 
low pressures. 

One or more pistons travel inside 
cylinders, forcing fluids through one­
way valves. This action is similar to that 

FIGURE 9-9 . 

Piston is moved down, 
pulling in liquid from tank. 

of diaphragm pumps. However, piston 
displacement is usually greater than 
diaphragm movement. Pulsating pres­
sure may be a problem with piston 
pumps, as it is in diaphragm pumps. 
Abrasive chemicals cause wear in pis­
ton pumps, although most have easily 
replaceable cylinder liners and piston 
cups. More expensive piston pumps 
have stainless steel or ceramic cylinder 
liners to resist wear. 

Agitators 

Spraying equipment needs an agita­
tor for initial mixing of pesticides and 
to keep insoluble mixtures from $et­
tling inside spray tanks. Use a sprayer 
with an agitator whenever you use 
wettable powders, water-dispersible 
granules, Oowables , or emulsions. 
There are hydraulic and me~hanical 
agitators available. 

Hydraulic Agitators (Figure 9-10). 
Hydraulic agitators circulate spray 
material back through jets located in 
the bottom of the spray tank. In some 
de.signs, this fluid comes from a bypass 
on the pressure side of the pump. Other 
sprayers have a separate pump to circu­
late fluid for tank agitation. Jets located 
in the bottom of the tank must be at 
least 1 foot from tank walls. This pre-

Piston moves up, 
forcing liquid to nozzles. 

This sequence shows how a piston pump functions. The downward movement of a piston draws liquid 
through a one-way valve Into the cylinder. When the piston moves up, liquid is forced out through 
another one-way valve. Some pumps consist of several pistons working opposite each other. 



FIGURE 9-10. ----------
Hydraulic agitators recirculate spray 
material back into the spray tank, provid­
ing continual mixing of the solution. 

'FIGURE 9-ll. 

Mechanical agitators consist of paddles or 
propellers that continually stir the liquit:/ 
in the spray tank. 

Lank 
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vents the spray from weakening or 
making holes in the tank. 

The main disadvantage with hydraulic 
agitators is that they are not able to 
break up settled spray material when 
you shut the pump down for a while. 
Severe settling requires mechanical agi­
tation to suspend insoluble particles. 

Mechanical Agitators. Mechanical 
agitators are propellers or paddles 
mounted on a shaft near the bottom of 
a spray tank (Figure 9-11). The shaft 
passes through the tank wall and con­
nects to the drive line by belts or 
chains. Mechanical agitators provide 
constant mixing in the tank as long as 
the sprayer is running. They are usually 
effective in suspending settled formula­
tions. Mechanical agitators require 
some maintenance, especially where 
shafts pass through tank walls. Pack­
ings and grease fittings prevent leaks 
but need periodic tightening and servic­
ing. Be sure to use a marine-grade 
grease on bearings and seals exposed to 
liquids. Also, periodically tighten and 
service belts or chains. 

Filter Screens and Strainers 

Filter screens and strainers protect 
pumps and prevent clogged nozzles. 
They remove undissolved dumps of 

pesticide formulation, sand, soil, and 
other debris from the spraying system. 
Filter screens and strainers help prevent 
clogged nozzles when using water that 
may contain small quantities of sand. 

Strainers. Strainers ('Figure 9-12) are 
devices containing filter screens that 
remove foreign particles that would 
otherwise clog nozzles or damage 
pumps. Manufacturers usually put 
strainers between the tank and pump 
(suction strainer) , between the pump 
and nozzles (pressure sfrainer) , and at 
the nozzles (nozzle strainer) . 

A simple suction strainer connects to 
the end of the intake hose near the bot­
tom of the spray tank. Use this type of 
strainer in low-capacity systems, usual­
ly with roller pumps. Other systems use 
low-capacity suction strainers, some­
times called line strainers. Manufactur­
ers install these into a section of the 
hose connecting the tank to the pump. 
Both the suction and low-capacity line 
strainers have an effective straining area 
of about 3 to 5 square inches. 

Larger capacity sprayers have a Y or 
T line strainer located between the 
tank and pump. These contain screens 
providing from 7 to 30 square inches of 
filter surface. A capped opening on the 
line strainer allows removing and 

shut-off valve ~r~~(?e]c-£ 
suction I r m 

strainer v pump 

FIGURE 9-12. 

Strainers hold filter screens and ore located in different parts of the system, The suction strainer is posi­
tioned between the tank and pump. The prem,re strainer is located between the pt1mp and nozzles. 
Nozzle strainers ore located adjacent to nozzles. 
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FIGURE 9-13. 

Spray nozzles control the application rate, 
drop size, uniformity, thoroughness, and 
safety of the pesticide application. 

cleaning the filter screen. You do not 
have to disassemble any plumbing or 
disconnect hoses. Shut-off valves 
between the strainer and the tank pre­
vent spray material leaks when you 
remove the filter for servicing. 

The pressure strainer is similar to the 
suction strainer, but it is located 
between the pump and nozzles. It also 
contains a capped opening so you can 
remove the filter screen for cleaning. 
The sprayer should have a shut-off 
valve between the pressure strainer and 
the pump. This prevents leaks while 
cleaning filters. 

Use nozzle strainers to protect nozzle 
orifices from smaller particles missed by 
the suction and pressure strainers. 
These go between the nozzle and nozzle 
retainer. Some nozzle strainers have 
spring-loaded check valves. These keep 
the nozzles from dripping when you 
shut off the spray. These check valves 
usually lower the pressure at the nozzle, 
however. You may need to increase the 
system pressure to accommodate them. 

Filter Screens. Filter screens range in 
size from 10 to 200 mesh. A 10 mesh 
size has 10 openings per inch. The larg­
er the mesh number the finer the screen. 
For most spraying equipment, the suc­
tion strainer should have a coarse screen 

in the range of 10 to 20 mesh. Smaller 
mesh restricts liquid flow to the pump 
and also plugs easily. This results in a 
pressure drop within the system and 
increases strain on the pump. 

For the pressure strainer, use a finer 
screen in the range of 40 to 50 mesh. 
This allows the pressure strainer to 
collect particles missed by the suction 
strainer. 

Screens of nozzle strainers most com­
monly range from 50 co 200 mesh. Use 
smaller mesh screens when equipping 
your sprayer with smaller nozzle ori­
fices. Match filter screens with nozzle 
orifice dimensions to prevent clogging. 
However, the filter size should never be 
much smaller than the orifice. You do 
not need nozzle strainers if the nozzle 
orifice is larger than the pressure strain­
er screen mesh. 

Nozzles 

Spray nozzles control the application 
rate, drop size, and spray pattern. They 
also contribute to the thoroughness and 
safety of the pesticide application (Fig­
ure 9-13). Several different nozzle types 
are available, depending on the type of 
application. Nozzles are one of the most 
important parts of the sprayer. If you do 
not carefully select and maintain the 
nozzles, you can waste all your efforts 
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for pest control. Base your nozzle selec­
tion on several criteria, including the 

• type of material the nozzle is made 
of 

• style of nozzle 
• nozzle orifice size 

Nozzle Construction and Wear. 
Manufacturers produce nozzles out of 
several different materials. all of which 
are subject to wear. The design of the 
nozzle, the kinds of materials being 
sprayed, and the spray pressure influ­
ence nozzle wear. Flat-spray styles with 
sharp-edged orifices wear much faster 
initially than, for example, a flooding tip 
with a circular orifice. Also, as the spray 
pattern angle increases, the wear on the 
nozzle increases. Further, the size of the 
orifice affects wear-larger orifices wear 
more slowly than smaller ones. 

Spray materials influence wear differ­
ently depending on the amount of dis­
solved or suspended solids in the liq­
uid. True solutions cause the least 
amount of wear, while suspended solids 
cause different degrees of wear. Wear 
caused by suspended solids depends on 

• particle size 
• size distribution 
• shape 
• hardness 
• concentration 
The solids that influence wear may be 

the pesticide or may be an inert carrier 
in the formulation. Rate of nozzle wear, 
even when using the same type of pesti­
cide over a time, varies. Sometimes 
chemical companies make small 
changes in inert ingredients in their for­
mulations. These have no effect on the 
performance of the pesticide but may 
influence nozzle wear. Also, formula­
tions of the same pesticide can vary 
from one manufacturer to another. 
Some pesticides form crystals under 
certain conditions of water pH, water 
temperature, and the presence of other 
chemicals. Thes.e crystals often increase 
wear on nozzles. Higher liquid pressure 
increases the rate of nozzle wear. 

As a nozzle wears, the volume and 
pattern of spray changes and affects the 
quality of application. Replace nozzles 
when they fail to deliver an accurate 
amount and the desired spray pattern. 
The output from nozzles of the same 
size, used together on a boom, should 
not vary from each other by more than 
10%. To ensure uniform wear, be sure 
to use nozzles made from the same 
material. Manufacturers produce noz­
zles from the following materials: 

Brass. Brass nozzles are moderately 
inexpensive but wear quickly from 
abrasion. Brass is an acceptable material 
if you do not use abrasive sprays or if 
you replace nozzles frequently. 

Stainless steel. Stainless steel nozzles 
do not corrode and they resist abrasion. 
Although hardened stainless steel wears 
exceptionally well, these nozzles are 
more expensive than most others. 

Aluminum and moneL Aluminum and 
monel nozzles resist corrosion but are 
highly susceptible to abrasion because 
they are such soft metals. Avoid using 
aluminum and monel nozzles unless 
you need specific corrosion resistance. 

Plastic. Plastic nozzles are the least 
expensive. The plastic material resists 
corrosion, but when made totally of 
plastic they may swell if exposed to 

organic solvents. Plastics also have low 
abrasion resistance. Use solid plastic 
nozzles only with selected pesticides. 
Some plastic nozzles have stainless steel 
orifice inserts, making them much 
more resistant to wear. The inserts also 
reduce problems of swelling. 

Jimgsten carbide and ceramic. Tung­
sten carbide and ceramic nozzles are 
highly resistant to abrasion and corro­
sion. To reduce costs, manufacturers 
use tungsten carbide or ceramic inserts 
with brass or plastic nozzle bodies. Use 
these types of nozzles for high-pressure 
and abrasive sprays. 

Nozzle Types. Different applications 
require nozzles adapted to specific 
requirements. Nozzles used to apply 
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FIGURE 9-14 . 

Flat-spray nozzles produce a fqn·shaped 
pattern that has more droplets in the cen· 
ter part of the fa11 th,m at either edge. 
This allows for overlap of the spmy, elimi­
natir1g gaps and providing an even pat­
tern when multiple nozzles are used. 

FIGURE 9-15. 

Off-center {lat-spray 11azzles emita f.11/ 

pattern of spray to one side of the nozzle_. 
These are used an the ends of spray 
booms ta extend the reach of the nozz.le. 

herbicides in a field may be unsuitable 
for applying insecticides or fungicides 
to foliage. Spraying weeds along a road­
side may require different nozzles than 
spraying weeds in a corn field. Orchard 
sprayers have different nozzle require­
ments than row crop sprayers. Residen­
tial, industrial, and institutional appli­
cations need nozzles suitable for con­
fined spaces. 

Flat-spray nozzles (Figure 9-14). Flat­
spray nozzles distribute pesticide in a 
flat fan shape, with fan angles ranging 
between 50 and 160 degrees. Flat-spray 
nozzles produce a pattern with more 
spray droplets in the center of tbe fan. 
The pattern tapers off at each end. This 
allows you to evenly space a series of 
flat-spray nozzles on a boom, allowing 
an overlap of the spray pattern of each 
nozzle. If you operate the nozzles at the 
correct height, the spray patterns com­
bine into an even swath with nearly 

FIGURE 9-16. 

Ewm {1at-spmy nozzles ptov,de a uniform 
distribution of spray throughout the fan 
pattern. The spray from these nozzles is 
not overlapped; these nozzles are used to 
apply separate bands of pesticide without 
overlap. 

uniform de.posits between nozzles. Use 
flat-spray nozzles for herbicide, fungi­
cide, and insecticide soil applications. 

An off-center flat-spray nozzle emits 
a pattern of spray more tO one side than 
the other (Figure 9-15) . Use this nozzle 
style at the end of a boom to increase 
the spray swath width. Use this nozzle 
on orchard and vineyard soil for apply­
ing herbicide to both sides of the plant 
row. 

Low-pressure flat-spray nozzles pro­
vide an acceptable spray pattern at pres­
sures as low as 10 psi. Use these nozzles 
for the same types of applications as 
conventional flat spray nozzles. Howev­
er, they have fewer problems with drift 
because they produce larger drops at a 
lower pressure. 

Evenflat-spray nozzles (Figure 9-16). 
Manufacturers produce even Oat-spray 
nozzles in 40, 80, and 95 degree fan 
angles. They are similar to Uat nozzles, 



PESTICIDE APPLICATION EQUIPMENT• 253 

used on drop pipes 

hollow cone pattern 

FIGURE 9-17 . 

solid cone pattern 

Cone nozzles are used for applying insecticides and /imgicides to foliage, especially when /a,,ger WJlumes 
are reqt1ired to assure complete coverage. 

except there is no tapering of spr-ay vol­
ume at the paLtern ends. Use these 
when applying one or more separate. 
bands that do not overlap. 

Cone nozzles (Figure 9-17). Use 
cone nozzles for applying insecticides 
and fungicides to dense foliage. These 
produce spray in either a hollow cone 
or solid cone pattern, with spray 
angles between 20 and 110 degrees. 
Use- hollow cone spray nozzles for most 
applications. If you need larger, heav­
ier droplets to reduce drift or if you 
require greater volume, use solid 
cone nozzles. 

Use disc-core nozzles (Figure 9-18) , 
which are a type of cone nozzle, in air 
blast sprayers. They are suitable for 
high pressure and high flow rate appli­
cations of insectiddes and fungicides . 
Standard disc-core nozzles produce a 
hollow-cone spray pattern, while fu 11-
cone spray patterns produce greater 
volume output. The orifice is in a disc 
made of brass, hardened stainless steel, 
ceramic, or tungsten carbide. Fitted 
behind this disc is a core, sometimes 
called a spinner plate. This core pro-

duces a high rotation speed of the liq­
uid into the whirl chamber. Manufac­
turers make cores out of brass, alu­
minum, nylon, hardened stainless steel, 
and tungsten carbide. Using different 
combinations of discs and cores pro­
vides a wide range of volume output 
and droplet size. 

Solid stream nozzles (Figure 9-19) . 
Solid stream nozzles produce a single 
solid stream of pesticide. Use these in 
hand spray guns for spraying distant 
objects. They are also suitable for crack 
and crevice treatments in and around 
buildings and for banding fluids in row 
crops. Different orifice sizes detennine 
the volume of output. 

Flood nozzles (Figure 9~20). Flood 
nozzles produce a relatively wide fan 
angle of up to 160 degrees. Use these to 
apply large volumes ofliquid at low 
pressure. People commonly use these 
for liquid fertilizers. Operators rarely 
use flood nozzles for pesticide applica­
tion because it is usually unnecessary to 
apply large volumes ofliquid. Because 
of the large fan angle, use a wide spac­
ing on the boom. 
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FIGURE 9-19. 

noz.zle 
body 

slo11ed 
strainer 

core 

~disc 

FIGURE 9-18. 

used on air blast sprayers 

----- ·- --
orsc-core nozzles are used in high-pressure applications that have a high flow rate, s1,ch as air blast 
sprayers. They are also used for some /ow-volume applications with air blast sprayers. Cores (or spinner 
plates) break up spray droplets and improve the deposWon pattern . 

• 
i i • 

))) 
FIGURE 9-20. ----------

So Ii d stream nozzles ore used in high-pressure hand spray guns and in /ow-pressure crack 
and crevice units. They are also used on boom sprayers for applying fluids in bands. 

Flood nozzles are used to apply large volumes 
of liquid under low pressure. They ore occa­
sionally used for pesticide application but are 
more commonly used for liquid fertilizers. 



FlGURE 9-21. 

Broadcast nozzles enable a wide swath to 
be sprayed without using a series of noz· 
zles on a boom. Swath widths from 30 to 
60 feet- con be produced. 
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Broadcast nozzles (Figure 9-21). Use 
broadcast nozzles on boomless sprayers. 
They consist of a cluster of nozzles -all 
attached at one point. They produce a 
swath of between 30 and 60 feet. These 
nozzles are useful where you cannot use 
a spray boom but need a wide swath. 
People use broadcast nozzles, like flood 
nozzles, when large volumes of liquid 
need to be applied. It is more difficult, 
however, to be accurate with broadcasl 

nozzles than with a series of evenly 
spaced flat nozzles on a boom. 

Bifluid nozzles. Bifluid nozzles break 
liquids up into extremely fine droplets, 
such as in a mist or fog. To do this, they 
use a high-velocity airstream. Use these 
on some types of aerosol generators for 

fogging enclosed areas such as green­
houses and warehouses. They also work 

for fogging confined outdoor areas. 

Nozzle Tip Numbers. Most manufac­
turers have a method of coding nozzle 
tips, and they print identification num­
bers on the face of the nozzle. For 
example, for flat spray nozzles, a com­
mon nozzle is number 8004. The first 
two digits indicate that the nozzle pro­

duces an 80 degree fan spray. The last 
two numbers indicate the volume of 

spray (0.4 gallons per minute) output 
at 40 psi. Nozzle number 65155 is a 65 
degree fan spray producing a volume of 
1.55 gallons per minute at 40 psi. 
Check the manufacturer's catalog to 
determine the rated operating pressure 
for the nozzles you use. Some nozzle 
styles operate at higher or lower pres­
sures. For example, manufacturers 

commonly rate flood nozzles at 10 psi. 
Manufacturers code solid stream, 

flood, broadcast, bifluid, and disc noz­
zles in a similar way. For example, some 
assign disc core nozzles numbers such as 
4, 6, 7, and 10. Sometimes the letter "D" 
precedes this number to indicate a disc 
nozzle. The number represents the size, 
in 64ths of an inch, of the orifice (except 
for the smallest sizes). A D7 nozzle has 

an orifice diameter of 7/6' inch. You can 
match several sizes of cores to discs to 

regulate the output capacity of the noz­
zle at different pressures. Follow the 

manufacturers instructions for the prop­
er installatioh of discs and cores. 

When selecting nozzles, read the 
manufacturer's catalog. Lear11: about the 
nozzle sizing, their proper application, 
and the optimal pressure range. Manu­
facturers have charts for selecting spray 
volume or determining nozzle size. 
Table 9-3 is a guide for selecting differ­

ent styles of nozzles. 

Hand Spray Guns 

Use hand spray guns_ to apply a high­
pressure stream or spray of pesticide 
(Figure 9-22). Use these for applying 
insecticides and fungicides to trees, 
vines, and shrubs in landscape, nursery, 
aquatic, and greenhouse settings. Also 

use hand spray guns to apply herbicides 
along roadsides, rights-of-way, and 

fencerows. Applicators also use them to 
apply insecticides to livestock for con­
trol of external parasites. 

You can attach hand spray guns to 
many different types of spraying equip­
ment. Often orchard sprayers or low­
pressure row crop sprayers have con­
nectors for attaching a band spray gun 
for occasional touch up or specialized 
spraying. Operators of some greenhous­
es put pesticide pumps and tanks in a 

separate room. This equipment pumps 
pesticides through permanent plumb­
ing to different outlets within the green­
house. These provide convenient loca­
tions for connecting flexible hoses and 
hand spray guns. You can also connect 
hand spray guns to portable sprayers by 
a flexible hose. Long hoses let you 
spray areas farther from the pumping 
equipment. However, be sure the sys­
tem accommodates for pressure drop 

due to the long hose. 
A spray gun usually has a handle, a 

valve, and a nozzle (or a small boom 

with several nozzles). The valve is part 
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FIGURE 9-23. 

A pressure regulator is a spring-loaded 
valve that controls the pressure of fluid 
going to the nozzles. If pressure increases, 
excess pesticide is bypassed back into the 
spray tank. 

FIGURE 9-22. 
- -~~---------

Hand spray guns usually produce high-pressure streams or sprays; they are used for applying insecticides 

and fungicides to trees and shrubs and are also used for spraying aquatic areas, livestock, building;, and 
roadsides. 

is bypassed to tank t 
excess pressure 

liqu;du,d.,pre,.,re ~~&Z 
frompump ~~~ 

of a trigger mechanism or connects to a 
knob at the end of the handle. Nozzles 
are usually interchangeable so you can 
use the hand spray gun for different 
types of applications. In some models, 
you can adjust the pressure and spray 
pattern with a valve mechanism. 

Pressure Regulators 

A pressure regulator is a spring­
loaded valve that controls the pressure 
of liquid going to the nozzles. Put the 
pressure regulator between the pump 
and the nozzle, spray boom, or mani­
fold (Figure 9-23) . To change the pres-

sure, adjust the amount of tension on 
the valve by turning the pressure regu­
lating screw or handle. Increasing the 
spring tension (turning the screw 
clockwise) increases the liquid pressure 
going to the nozzles. When the pressure 
in the system exceeds the pressure of 
the spring-loaded valve, the valve 
opens. This forces some spray material 
back into the tank and prevents pres­
sure in the system from going any high­
er. Should the pump output pressure 
drop (by slowing the pump down, for 
example), the regulator reduces or 
stops the flow of liquid into the tank. 
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TABLE 9-3. 

Guide to Selecting Different Styles of Nozzles. 

<r:;i1 · 

STYLE OF 
NOZZLE 

FLAT-SPRAY 
NOZZLES 

OFF-CENTER 
FLAT-SPRAY 
NOZZLES 

EVEN FLAT­
SPRAY 
NOZZLES 

CONE 
NOZZLES 

SOLID 
STREAM 
NOZZLES 

FLOOD 
NOZZLES 

BROADCAST 
NOZZLES 

BlFLUIO 
NOZZLES 

SUGGESTED 
USES 

Preemergence and 
postemergence 
herbicides, inseccicides, 
and fungicides. 
Used on a boom. 

Used on ends of spray 
booms to extend reach 
of spray pattern. 

Preemergence and 
postemergence 
herbicides, insecticides. 
and fungicides . Use 
on boom. Do not 
overlap spray pattern. 

Insecticides and 
fungicides applied to 
foliage. Often used 
with air blast sprayers. 

All types of pesticides. 
Used on booms or 
hand guns. 

Herbicides and fertilizers. 
High volume and low 
pressure co reduce drift. 
Used on booms. 

Weed and brush control 
in pastures and turf. 
Nozzles are clustered 
without boom. 

Used for developing 
extremely fine, air­
borne droplets. Flying 
insect control in 
enclosed spaces. 

RECOMMENDED 
PRESSURE 

20-60 psi , Keep 
pressure as low as 
possible when 
spraying weeds. 

Same as flat-spray 
nozzles. 

20-40 psi. Keep 
pressure low when 
used for weed 
control. 

40-120 psi 

5-200 psi 

5-20 psi 

10-30 psi 

None. Uses air 
pressure to move 
liquids. 

"TYPE OF SPRAY 
PATTERN 

Fan-shaped pattern with 
fewer droplets at sides chan 
in cencer of fan pattern. 
Suitable for overlapping 
with other nozzles to 
produce wide spray swath. 

Fan-shaped with angle 
to one side. 

Fan-shaped pattern with 
even distribution of spray 
across widch of fan. 

Hollow or solid cone 
pactern. Fine spray droplets, 
good penetration. 

Low· or high-pressure solid 
scream. High pressure 
breaks spray into fine to 
medium droplets. 

Wide, fan-shaped pamm 
of coarse droplets. 

Wide, fan-shaped pattern 
ranging from fine co coarse 
droplets. 

Fog or mist. 

For an accurate reading, adjust pres­
sure regulators while the system is 
operating and nozzles are spraying. 
When you shut off the nozzles, pressure 
in the system increases slightly and the 
pressure regulator sends all the liquid 
through the bypass. 

to the nozzles. When you shut off the 
nozzles, the unloader bypasses all the 
pumped liquid back into the spray 
tank. Once the flow to the nozzles 
starts, the unloader redirects the liquid 
at the pressure set by the pressure regu~ 
lator. Unloaders are an important part 
of high-pressure systems because they 
protect pumps, valves, hoses, and other 
components from excessive and sudden 
pressure surges. 

Unloaders 

An unloader is a device that senses 
pressure changes that occur when turn­
ing on or shutting off the Oow of liquid 
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FIGURE 9-24. 

A pressure gouge is used to monitQr the 
pressure of spray going to the nozzles and 
will alert the operator to problems in the 
system. 

suitable for 30 psi 

suitable for 500-700 psi 

FIGURE 9-25. 

Select a pressure gouge that is compatible 
with the pressure range of the sprayer. It 
should hove a higher maximum pressure 
than tlie sprayer to prevent damage due 
to unexpected pressure surges. 

Pressure Gauges 

Equip your liquid sprayers with pres­
sure gauges so you can monitor the fluid 
pressure in the system (Figure 9-24). A 
change in pressure also warns you of 
potential malfunctions such as leaks or 
clogged nozzles. Usually, install the 
pressure gauge between the pressure 
regulator and the nozzles. Here, it moni­
tors pressure in the system while spray 
is being emitted through the nozzles. 

Proper equipment calibration 
depends on an accurate pressure gauge. 
Recalibrate the gauge on your sprayer 
periodically by comparing its readings 
to another calibrated gauge. Also use 
this second gauge to measure pressure 
at the nozzles during calibration. The 
following chapter describes methods of 
calibrating spray equipment. 

You have a choice of gauges to mea­
sure different ranges of pressures. For 
example, some measure from 1 to 20 
psi, while others measure from l to 200 
psi, or 1 to 500 psi, or l to 1,000 psi. Be 
sure the gauge you use is compatible 
with your sprayer pressure range. If 
your sprayer produces a maximum of 
50 psi, a gauge with a range of 1 to 500 
psi will be difficult to read and will have 
reduced accuracy. Use a gauge with a 
range of 1 to 100 psi for greater accura­
cy. The l to 500 psi gauge works best 
on sprayers that operate at maximum 
pressures of 300 or 400 psi (Figure 9-
25). Gauges should operate at about 
50% of their maximum pressure. This 
protects them against damage in the 
case of unexpected pressure surges. 

When possible, use liquid-filled 
gauges on spray equipment. These last 
longer and can absorb the shock of 
rapid pressure changes and vibrations 
from the equipment. You can recognize 
these gauges by the liquid (glycerin) 
visible inside the face of the diaL 

Control Valves 

Use control valves to turn on and 
shut off liquid being pumped to the 
nozzles (Figure 9-26). These may be 

Lrigger-type valves on hand spray guns 
or lever valves controlling spray to noz­
zles on a boom. You can operate other 
control valves by cables, such as on air 
blast orchard sprayers, or by electric 
solenoids. You can even set up your 
sprayers so that electric solenoids con­
trol each nozzle individually. 

On air blast sprayers, manufacturers 
usually Cil nozzles to two manifolds, 
each with a separate control valve. This 
allows you to spray from either side of 
the sprayer or from both sides al the 
same time. 

Field and row crop spray booms of ten 
have 2 or 3 controllable sections and 
special valves for these sections. In one 
case, a control valve for a 3-section 
boom has 7 spray selections available to 
the operator. For a boom divided into 
left, center, and right secLions, the valve 
supplies spray to the 

• right section only 
• left section only 
• center secLion only 
• right and left sections 
• righl and center sections 
• left and center sections 
• all three sections 

Electronic Sprayer Controllers. Elec­
tronic sprayer controllers allow very 
accurate metering of pesticide sprays. 
They use microcomputers to monitor 
and regulate spray output and/or pres­
sure at each nozzle. Some units warn 
you of malfunctions of nozzles or 
pumps. These controllers allow you to 
apply consistent and precise amounts of 
pesticide even if the travel speed of 
your equipment varies. Some con­
trollers use sensing devices to regulate 
the spray according to target plant size 
or type. 

Hoses, Couplings, and Fittings 

Hoses, couplings, and fittings must 
be strong and durable. They need to 
withstand the pressures produced by a 
spraying system and the corrosive 
action of spray material. Neoprene is 



FIGURE 9-26. 

Control valves are used to turn on or shut 
off spray to nozzles. Multiple valves are 
often used to regulate spray to different 
nozzles, fjving the operator options to 
adjust the application according to the 
characteristics of the location. 
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ta~k ~) suction hose pressure hose 

pump 

FIGURE 9-27. 
- - --------
Suction hoses are used to connect the pump to the tank of the sprayer. Pressure hoses are placed 
between the pump and the nozzles. Suction hoses must be larger in diameter than pressure hoses and 
should be sturdy enough to prevent them from collapsing. 

the most common material used for 
sprayer hoses. Use reinforced hoses to 
reduce chances of bursting under the 
pressure of the system. Leaking or rup­
tured hoses expose you to pesticides 
and release unregulated amounts of 
pesticide into the environment. 

Two types-pressure hoses and suction 
hoses-connect tanks, pumps, and 
booms or nozzles (Figure 9-27). Use 
pressure hoses that can handle twice 
the operating pressure of your sprayer. 
For indoor uses, select a hose material 
that does not leave skid marks on floors 
or other surfaces. 

Suction hoses that carry liquid from 
the tank to the pump must be larger in 

diameter than pressure hoses. Using 
hoses that are the same size or smaller 
than the pressure hose impedes liquid 
flow. This reduces the discharge rate at 
the nozzles and could damage the 
pump. Select suction hoses that are stiff 
enough to resist collapsing under the 
suction pressure of your sprayer's pump. 

Fittings. Select noncorrosive cou­
plings and fittings that can withstand 
the solvents used in pesticide formula­
tions. Brass, stainless steel, and high­
density plastic are common materials 
for these fittings. Use quick-disconnect 
couplings and fittings in case you need 
to make repairs to the system. Be sure 
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FIGURE 9-28. 

A dry break coupling allows hoses con­
taining pesticides to be disconnected from 
equipment without spilling any material. 
Spring-loaded ball bearings seal the hose 
openings when dry break couplings are 
separated. 

~ airvalvc 

~ air chamber 

from pump to nozzles 

FIGURE 9-29. 

A surge chamber can be installed in the 
pressure system of a sprayer to minimize 
pressure fluctuations caused by the pump· 
ing action of piston and diaphragm 
pumps. 

couplings or fittings do not reduce the 
internal diameter of the hoses they con­
nect. This could cause a pressure drop 
at the nozzles and additional pressure 

on the pump. 
If you need to attach or disconnect 

certain hoses during operation, use d,y 
breah couplings (Figure 9-28). These 
prevent pesticide leaks when you dis­
connect the hoses. Dry break couplings 
have a spring-loaded check valve that 
automatically plugs the disconnected 

hoses and fittings . 

Surge Chambers 

You may need to install a surge cham­
ber on the pressure line of your sprayer. 
This device minimizes pressure fluctua­
tions caused by piston and diaphragm 
pumps (Figure 9-29). One style of 
surge chamber consists of a hollow 
metal tank connected to the sprayer's 
pressure line. Air I.rapped in this tank 

compresses or expands according to 
changes in pressure of the pumped liq­
uid. Compressing this air helps to mini­

mize pressure variations. 
Another type of surge chamber con­

sists of a round tank separated by a 
diaphragm into two hemispheres. It has 
air on one side of the d iaphragm and 
pumped liquid on the other. As pres­

sure in the system increases, the 
pumped liquid distorts the diaphragm, 
compressing the trapped air. As a result, 
it moderates pressure peaks in the sys­
tem. When the pumping cycle reverses, 
the compressed air forces liquid back 
into the system. This slows the rate of 
pressure drop. With some surge cham­
bers, you can pump in compressed air 
to improve the dampening action at 

high pressures. You must drain liquid 
from some models daily to maintain air 

volume in the unit. lf air volume in the 
surge chamber decreases too much, the 
surge chamber becomes less effective. 
In this case it will not adequately damp­

en high-pressure pulsations. 

Spray Shields 

When necessary, install spray shields 

on your boom sprayer Lo confine pesti­
cide droplets and prevent drift. The 
shields consist of metal boxes or metal, 
plastic, or fabric shrouds. These sur­
round the nozzles and confine the 
spray to a small area of ground or to 

specific plants. Attach these to the 
spray boom so they move with the trac­

tor as a unit. 

Closed-System Mixing Equipment 

Most uses of Danger liquid pesti­

cides in production agriculture require 
closed~system mixing equipment. · 
Closed-system mixing equipment 
allows you to handle toxic liquid pesti­
cides more safely. You do not handle 
opened pesticide containers, eliminat­
ing chances for accidental contact. 

Some closed mixing systems use a 
transfer pump to move the pesticide 

from its original container to the 
sprayer tank. Other types attach to the 
pressure side of the sprayer. ln these, 
the sprayer's pumping action sucks the 
pesticide from its container. Most 
devices have some type of metering 
device so you can measure the quantity 

of pesticide being transferred. 
Many dosed-system mixing units 

automatically rinse containers after 
they are empty. If the unit does not 
automatically rinse the container, use a 
separate rinsing device. Pump the rin­

sate into the spray tank. 
Operators commonly install closed­

system units on nurse tanll.S. A nurse 
tank is a special piece of equipment 
having a large tank with a pump and 

agitator. Operators use these for mixing 
and holding diluted pesticides. They fill 
one or more sprayers in the field from 

this unit. 

Nonpowered or Hand-Operated 

Equipment 

Nonpowered or hand-operated liquid 
spray equipment is comparatively inex­

pensive. It is also easy to use. These 



FIGURE 9-30. 

Aerosol dispensers used in commercial 
applications are attached to a hose and 
spray wand enabling the operator to inject 
liquids into cracks and crevices. 

FIGURE 9-31. 

Hose-end sprayers are sometimes used to 
apply pesticides to lawns and shrubs. They 
apply high volumes of dilute pesticide. 
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sprayers are usually simple to repair 
and maintain because they have only a 
few moving parts. You use these devices 
for applying pesticides to small areas or 
specific targets. They are handy for 
locations that are difficult to reach with 
larger equipment. Non powered or 
hand-operated equipment is light­
weight, so an individual can carry most 
models. Some are low-pressure sprayers 
with small tanks. Tanks usually do not 
have agitators so require occasional 
shaking when you use wenable powder, 
flowable, or emulsifiable concentrate 
formulations. Table 9-4 is a guide to 
selecting the nonpowered and hand­
operated devices suitable for different 
application needs. 

Aerosol Cans. Pressure spray appli­
cators and aerosol foggers are examples 
of aerosol cans. They expel a fine spray 
of premixed pesticide through a nozzle 
at the top of the can. The propellant is 
an inert, compressed gas. Some aerosol 
cans allow intermittent uses as needed, 
but aerosol foggers are one-time, total 
release units. Aerosol cans with a capac­
ity of 1 quart or less are not reuseable. 
Pesticides packaged this way are popu­
lar because of their convenience. 

Pest control operators use larger­
volume aerosol cans for structural and 
greenhouse applications. Some types 
are refillable. Applicators can carry 
these on a waist belt and attach the can 
to a hose and spray wand (Figure 9-
30). Sometimes they connect two or 
more cans to a single wand, allowing 
them to select different pesticides dur­
ing the same operation. Sprays pack­
aged in aerosol cans offer convenience 
and portability to professional applica­
tors and eliminate the need for chemi­
cal mixing. 

Hose-End Sprayers (Figure 9-31). 
Common uses for hose-end sprayers are 
for applying pesticides to lawns, flow­
ers, and shrubs, usually in small areas. 
The sprayer combines concentrated 
pesticide mixtures with water from a 
garden hose and expels it through a 
high-volume nozzle. A 1- or 2-quart 
plastic or glass container holds the con­
centrated pesticide. One filling of the 
container produces about 20 gallons of 
dilute spray. Nozzles adjust for droplet 
size and to aim the spray in different 
directions. These sprayers generally 
have a valve to start and stop the flow of 
pesticide in the stream of water. Some 
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TABLE 9-4. 

Selection Guide for Nonpowered and Hand-Operated Application Equipment for Liquid Pesticides. 

--~ -... ,. -... 

D 
TYPE 

AEROSOL 
CAN 

HOSE-END 
SPRAYER 

TRIGGER 
PUMP 
SPRAYER 

COMPRESSED 
AIR SPRAYERS 

BACKPACK 
SPRAYERS 

WICK 
APPLICATORS 

USES 

Insect control on house 
or patio plants, pets, small 
areas, cracks and crevices, 
and confined spaces. 

Home garden and small 
landscaped areas. Used 
for insect, weed, and 
pathogen control. 

Indoor plants, pets, and 
small home yard areas. 
Used for insect and 
pathogen control. 

Many commercial and 
homeowner applications. 
Can develop fairly high 
pressures. Used for insect, 
weed, and pathogen 
control. Often used. 
indoors for house-
hold pest control. 

Same uses as compressed 
air sprayers. 

Used for applying contact 
herbicides co emerged 
weeds. Agricultural and 
landscape uses. 

SUITABLE 
FORMULATIONS 

Liquids must 
dissolve in solvent; 
some dusts are 
available. 

All formulations. 
Wettable powders 
and emulsifiable 
concentrates 
require frequent 
shaking. 

Liquid-soluble 
formulations 
are best. 

All formulations. 
Wettable powders 
and emulsifiable 
concentrates 
require frequent 
shaking. 

All formulat ions. 
Wettable powders 
and emulsifiable 
concentrates 
require frequent 
shaking. 

Only water-soluble 
herbicides. 

COMMENTS 

Very convenient. High 
cost per unit of active 
ingredient. 

Convenient and low-
cost way of applying 
pesticides to small 
outdoor areas. Cannot 
spray straight up. 

Low cost and easy 
co use. 

Good overall sprayer for 
many types of applica­
tions. Needs thorough 
cleaning and regular 
servicing to keep 
sprayer in good working 
condition and prevent 
corrosion of pants. 

Durable and easy to use . 
Requires periodic 
maintenance. 

Simple and easy co use. 
Clean frequently. 



FIGURE 9-32. 

A trigger pump sprayer can be used to 
apply small quantities of diluted pesticide 
to surfaces such as houseplants or pets. It 
can also be used to apply some types of 
pesticides to confined areas. 

FIGURE 9-33. 

Compressed air sprayers usually hold 
from )? to 5 gallons of spray mixture. Air 
inside the tank is compressed with a self­
contained pump or a carbon dioxide car­
tridge. Pesticide under pressure is forced 
through a hose attached to an adjustable 
nozzle at the end of a hand-held wand. 
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have another valve to regulate and shut 
off the water Oow from the garden hose. 

Trigger Pump Sprayers (Figure 9-
32). The trigger pump sprayer is a sim­
ple liquid applicator. Squeezing a trig­
ger forces pesticide mixtures through a 
nozzle, producing a fine spray. Some 
styles have an adjustable nozzle for 
controlling droplet size. You put a dilut­
ed pesticide in the plastic jar, which 
ranges in capacity from 1 pint to 1 gal­
lon. Use this type of applicator to apply 
pesticides to small areas, such as house­
plants or pets, and in confined areas. 

Compressed Air Sprayers (Figure 9-
33) . Compressed air sprayers hold a 
diluted pesticide mixture in a small, air­
tight tank. You use a hand pump to 

compress air inside the tank. The com­
pressed air forces the liquid through a 
hose and nozzle when you open·a valve. 
Some models use compressed carbon 
dioxide cartridges as the propellant, 
eliminating the need for hand pumping. 
Metal or plastic tanks have a capacity of 
less than 5 gallons. Conventional tank 
sizes include 1/2, 1, 2, and 3 gallon 
capacities. Some compressed air 
sprayers have harnesses for backpack 
use. larger compressed air sprayers 
have separate air tanks that you fill 
from an air compressor or portable 
hand pump. Hoses or pipes connect 
these tanks to an airtight chamber con­
taining the diluted pesticide mixture. 

Use these sprayers for treating small 
areas and for applying liquid pesticides 
indoors. Most have adjustable nozzles 
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FIGURE 9-34. 

This type of hand-operated backpack 
sprayer usually requires continuous pump­
ing action to maintain pressure for spray­
ing. These units hold from 3 to 5 gallons 
of spray mixture; most have adjustable 
nozzles. 

i~{{ 
/S~/ =, ./ 

pesticide saturated pad or rope 

FI GURE 9-35. 

Wick applicators are used for application 
of contact herbicides. They can be used in 
areas where weeds are taller than the 
crop plant. Wick applicators reduce prob­
lems of drift and waste of herbicides. 

to control droplet size and spray pat­
tern. For indoor uses, there are adapters 
to enable you to inject liquid spray into 
small cracks and crevices. 

Backpack Sprayers (Figure 9-34) . 
Backpack sprayers have a hand-operat­
ed hydraulic pump that forces liquid 
pesticides through one or more nozzles. 
You operate the pump by moving a 
hand lever up and down. Some pumps 
create pressures more than 100 pounds 
per square inch (psi). The tanks, usual­
ly made of plastic, have a capacity of 
around 5 gallons. These sprayers are 
useful in small areas where there is no 
access for larger equipment. Some 
backpack sprayers are also known as 
lmapsacli sprayers. 

Wick Applicators (Figure 9-35). Use 
wick applicators, or rope wich applica­
tors, to apply contact or systemic herbi­
cides. Their basic design consists of a 
cloth, carpeting pad, rope, or wick that 
is saturated with herbicide. You wipe 
this wick onto the leaves of target 
weeds. A simple hand-held model holds 
liquid herbicide in its hollow handle. 
Liquid feeds to the pad through a series 
of small holes. Other types of wic_k 
applicators incorporate a boom and 
herbicide reservoir attached to a tractor. 
More elaborate versions mechanically 
wind ropes through the herbicide reser-

voirs. This ensures a constant and more 
uniform herbicide distribution. 

For controlling weeds that are taller 
than the crop, adjust the wick applica­
tor height to contact just the weeds. 
Wick applicators waste little or nopes­
ticide. Also, no environmental contami­
nation takes place as a result of the 
application process. 

Powered Application Equipment 

Many pesticide applications require 
powered equipment capable of applying 
high volumes of pesticide mixtures to 
large areas. Some units have self-con­
tained motors, while tractors or similar 
external sources power others. Manu­
facturers equip these machines with 
hydraulic or mechanical agitators and 
pressure regulators. They also come 
with a variety of spray booms, hand­
held spray guns, or other nozzle 
arrangements. Powered equipment is 
more complex than hand-operated 
equipment and often requires consider­
able maintenance and servicing to keep 
it operating properly. Table 9-5 is a 
guide to help you select powered liquid 
application equipment. 

Powered Backpack Sprayers. The 
smallest powered sprayer consists of a 
backpack unit with a compact gasoline 
engine. The engine drives a pump that 
forces diluted or concentrated liquid 
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Selection Guide for Powered Liquid Pesticide Application Equipment. 
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TYPE 

POWERED 
BACKPACK 
SPRAYER 

CONTROLLED 
DROPLET 
APPLICATORS 

LOW-PRESSURE 
SPRAYER 

HIGH­
PRESSURE 
HYDRAULIC 
SPRAYER 

AIR BLAST 
SPRAYER 

ULTRA-
LOW· 
VOLUME 
APPLICATORS 

ELECTRO-
STAT IC 
SPRAYER 

AEROSOL 
GENERATORS 
AND 
FOGGERS 

CHEMICAL 
INJECTION 
PUMPS 

USES 

Aquatic, landscape, right-of­
way, forest, and agricultural 
applications. 

Used for appl ication of 
contact herbicides a nd some 
insecticides. Some are hand­
held whi le others a re mounted 
on spray boom. May a lso be 
used with air blast sprayers. 
Produces uniform d roplet sizes. 

Very common cype of 
sprayer used in commercial 
a pplications for weed, insect, 
a nd pathogen control. 
Used with spray booms or 
hand-held equipment. 

Landscape, righc-of-way, 
and agri cul tu ral 
applications. Use on 
dense fo liage and large 
crees or shrubs. 

For application ofi nsecti-
cides, fungicides, and growth 
regulators to trees, vines, and 
shrubs. Sometimes used on 
row crops a nd with livestock. 
Also used in aquatic areas. 

Pri marily used in agricultura l 
and aquatic situations. Used 
with insecticides, fungicides, 
a nd growth regulators. 

Agricultural uses for applying 
insecticides, fungic ides, and 
growth regulators to trees, 
vi nes, and row crops. 

Mainly used to apply 
insecticides in confined areas. 
Used in aquatic areas for 
airborne inseccs. 

lnjeccs concentrated 
pesticides into spray boom 
or irrigation water. May 
be used with all classes 
of pesticides. 
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SUITABLE 
FORMULATIONS 

All. Some 
may require 
agitation . 

Usua lly water­
soluble 
fo rmulatio ns. 

All . Equipment 
may include 
agitator. 

All. Equipment 
may include 
agitator. 

All. Equipment 
may include 
agitator. 

Usually only 
pesticides that 
dissolve in water 
or orga nic solvencs. 

All. Requires 
agitation of 
some 
fo rmulations. 

Requi res water-
or solvent-
soluble 
fo rmulations. 

Requi res liquid 
formulations. 

COMMENTS 

May be heavy for long 
periods of use . Requires 
frequent maintenance. 

Plastic parts may break 
if handled carelessly. 

Frequent cleaning and 
servicing is required. 
Powered by own motor or 
external power source. 

Important to clean and 
service equipment 
frequently. Requires own 
motor or externa l power 
so urce. Abrasive pesticides 
may cause rapid wear of 
pumps and nozzles. 

Frequent service a nd 
mai ntenance is req uired . 
High-horsepower motor 
is onen needed co power 
pump and fa n. Volutes may 
be used to direct spray. 

Requires extreme care in 
calibrat ion. Applies highly 
co ncentrated pest icides. 
O nen used with a blower. 

Usually equi pped with 
blower. Maintenance and 
frequent cleaning is required. 
Electronically charged spray 
droplecs are attracted to 
target surfaces. 

Emitted spray is highly 
subject to d rin. Keep 
equipment clean. 

Accurate metering is 
necessary to assure proper 
ca lib ration. With irrigation 
systems, must have back-
Aow protection to prevent 
contaminating water supply. 
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FIGURE 9-36. --------
Cont r o II e d droplet applicators are 
designed to apply small volumes of uni­
form-sized droplets. These are available 
as hand-held units or can be mounted in 
groups on spray booms or on air blast 
sprayers. 

pesticide. through one or more nozzles. 
Air blowers, also driven by the engine, 
help propel spray droplets. Backpack 
sprayers work best for low-volume 
applications. This is because of their 
small tank sizes and inabiHty to pro­
duce high pressures. 

Controlled Droplet Applicators (Fig­
ure 9-36). Controlled droplet applica­
tors (CDAs) apply low volumes of spe­
cific types of pesticides (usually herbi­
cides). Rather than passing through a 
nozzle, the liquid pesticide mixture 
drops onto a spinning disc or cup. This 
disc has serrated edges to distribute the 
spray by centrifugal force. Under opti­
mal conditions, this equipment pro­
duces droplets of a more uniform size 
than is possible with spray nozzles. 
Droplet size depends on the rotation 
speed of the disc and the nature of the 
pesticide. being used-more viscous liq­
uids produce larger droplets. Rotation 
speeds are adjustable between 1,000 
and 6,000 rpm. As speed increases, the 
droplets become smaller. The size range 
of droplets produced by CDAs is 100 to 
400 microns. 

In most units, the. pesticide mixture 
flows from a reservoir tank to the spin­
ning disc or cup by gravitational force. 

This eliminates the need for a pump. 
An orifice. in the pesticide. hose. con­
trols the flow rate. In most models you 
can change this orifice size. Variable 
speed, low-voltage DC electric motors 
or hydraulic motors power CDAs. In 
some units you control the speed by 
changing drive belts on pulleys. Other 
units have electronic speed controllers. 
Hydraulic units accomplish speed con­
trol by adjusting the flow rate of the 
hydraulic fluid. 

Some CDAs are inexpensive, self­
contained, hand-held units. Others 
connect to a backpack tank by a flexible 
hose. You can mount one or more 
CDAs to a tractor boom or an all-terrain 
cycle (ATC). Sometimes controlled 
droplet applicators re.place nozzles on 
air blast sprayers. 

Uses for controlled droplet applica­
tors include. applying contact, pre.emer­
gent, and postemergent herbicides. You 
can also use. them for some. insecticide 
and fungicide applications. Because the 
rotational speed of CDAs controls 
droplet size, you can make very low­
volume applications without excessive 
drift. Since CD As apply volumes 
between 1 quart and 3 gallons per acre, 
you need to calibrate them accurately. 
Keep low-volume applications consis-



FIGURE 9-37. 

A common sprayer used for agricultural, 
right-of way, forest, and landscape appli­
cations of pesticides is the low-pressure 
applicator like the one being used here to 
apply insecticides to lettuce. These apply 
sprays through a series of nozzles attached 
to a boom. 

FIGURE 9-38. 

Oscillating boom sprayers, like the one 
being used here in citrus, are high-pres­
sure units that direct large volumes of 
spray through dense foliage. They are 
used where thorough coverage is essential. 
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tent with pesticide label directions or 
current University of California recom­
mendations. 

Low-Pressure Sprayers (Figure 9-
37). Low-pressure pesticide sprayers 
are useful tools in many different agri­
cultural crop, turf, aquatic, and right­
of-way settings. This equipment oper­
ates in the pressure range of 10 to 20 
psi. You can also inject pesticides into 
the soil with low-pressure applicators 
by connecting them to soil shanks or 
chisels attached to a tractor tool bar. As 
shanks rip the soil, the unit pumps pes­
ticide (or liquid fertilizer) below the 
surface. This is a common way,of 
applying soil fumigants. 

Users mount low-pressure applica­
tors onto trailers (tag-along models) or 
attach them tO tractors or trucks. Some 
models are self-propelled. Electric 
mot0rs or engines provide the power 
for pumps in some units and others are 
PTO driven or hydraulically powered. 
Occasionally, the wheels of the trailer 
power the pumps (ground-wheel­
driven) as you tow the unit. This 
method provides a relatively constant 
output rate even if the travel speed of 
the unit varies, because the pump speed 
is proportional to the travel speed. 

Most low-pressure sprayers have 
tanks with a capacity of 100 gallons or 
more. Often you can attach two or more 
tanks to a tractor to increase tOtal 
capacity. Low pressure usually is not 
suitable when you need thorough cov­
erage of dense foliage, however. It also 
does not work if the spray must travel 
any distance, unless you use a blower. 

High-Pressure Hydraulic Sprayers 
(Figure 9-38). High-pressure sprayers 
work well when spraying large areas 
such as orchards and field crops. You 
can use them also for spraying turf and 
landscape and right-of-way trees and 
shrubs. In addition, they are useful in 
aquatic areas and for treating livestock. 
This equipment forces high volumes of 
dilute pesticide either through hand 
spray guns or nozzles mounted on 
booms. Special boom designs improve 
spray coverage to all sides of crop 
plants. For instance, oscillating booms 
provide good coverage on densely foli­
ated trees, such as citrus, and on large 
vines. With an oscillating boom 
sprayer, several high-pressure spray 
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FIGURE 9-39. 

An air blast sprayer has a powerful fan 
to move pesticide droplets through dense 
foliage or high into the upper parts of 
target trees. 

FIGURE 9-40. 

An orchard air blast sprayer may be 
adjusted to apply greater amounts of pes­
ticides to some parts of the tree. This is 
done by using several different nozzle 
sizes or by using more nozzles in some 
locations. In most situations, two-thirds 
of the spray output is directed to the 
upper half of the tree. This drawing 
shows an ideal pattern for most mature 
orchards. 

nozzles rotate from side to side and up 
and down as the sprayer moves along. 
This oscillating action, coupled with 
high pressure and high volume, pro­
vides thorough spray coverage to all 
parts of target plants. 

Pressures between 100 and 400 psi or 
more are common with high pressure 
sprayers_ Most have la rge-capacity 
tanks, up to 2,000 gallons. High-pres­
sure hydraulic sprayers mount on trail­
ers , trucks, or tractors and may have a 
self-contained engine for powering the 
pump. Some are powered by a tractor 
PTO. With PTO-driven models, you 
must be careful to maintain a constant 
tractor engine speed to assure a uni­
form application rate. Many models 
have pressure regulators and bypass 
mechanisms so they work as low-pres­
sure sprayers as well. 

Air Blast Sprayers (Figure 9-39). Air 
blast sprayers use fans or blowers to 
force spray mixtures into dense foliage, 
to tops of trees, and across fields or 
aquatic areas. Proper use of air blast 
sprayers eliminates shingling (see Fig­
ure 6-45 on page 195) and improves 
pesticide coverage. Because air moves 
spray droplets to target surfaces, air 
blast sprayers do not require extremely 

high pressure. They usually operate in a 
range between 80 and 150 psi. Most air 
blast sprayers have tanks ranging in 
capacity from 100 to 1,000 gallons. 
Low-volume or concentrate sprayers 
produce between 30 and 100 gallons of 
finished spray per acre. High-volume 
sprayers (dilute sprayers) have an out­
put of 400 to 1,000 gallons per acre. 
Usually you can convert a high-volume 
sprayer to low volume. To do this, 
change the nozzle size, lower the pump 
output pressure, and adjust ground 
speed. Air blast sprayer nozzles dis­
charge into the air stream produced by 
the sprayer's fan. This allows the air to 
break up the spray droplets and move 
them into dense foliage and to tree tops. 
Orchard and vineyard sprayers of ten 
use different sized nozzles at different 
locations on the manifold. Thus the 
sprayer applies different amounts of 
spray to different parts of the trees or 
vines (Figure 9-40) . Controlled droplet 
applicators sometimes replace nozzles 
on orchard, vineyard, row crop, and 
livestock air blast sprayers. 

Special attachments for air blast 
sprayers, called volutes, direct the spray 
into tall trees, around vines, across 
fields, and into dense foliage of veg­
etable crops. Different designs of 
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Spray conlacts lower leaf 
surfaces due to turbulence. 

FIGURE 9-41. 

FIGURE 9-42. Air blast sprayers may also be used in row crops. As illustrated, 
air from a blower is carried to nozzles through a flexible or rigid 
tube. Pesticide droplets are distributed around the plant by the 
air turbulence, giving coverage to upper and lower plant surfaces. 

An ultra-low-volume sprayer produces low volumes of very small droplets; 
these are usually propelled by a fan or blower. Pesticide mixtures are much 
more concentrated than in higher volume sprayers. 

volutes are available depending on the 
needs of the application. 

The pumps and fans of air blast 
sprayers are either self-powered by a 
gasoline or diesel engine or externally 
powered by a tractor PTO. Units with 
large fans require 50 to 100 horsepow­
er to drive them. You can mount some 
smaller sprayers to trucks or tractors, 
while larger ones are wheeled and 
designed for pulling behind tractors. 
Other variations include one that has 
the fan, pump, and spray nozzles 
attached to a tractor's 3-point hitch and 
is connected by hoses to a wheeled 
tank pulled behind as a separate unit. 
Self-propelled spraying machines, 
including an enclosed operator cab, are 
also available. 

Manufacturers also produce air assist 
sprayers for use in row crops. Large­
diameter tubing carries high-velocity 
air from a blower to each nozzle on the 
spray boom (Figure 9-41) . This air 
forces the spray onto the target plants. 
Air turbulence circulates the spray 
droplets through dense foliage , cover-

ing the undersides of leaves as well as 
top surfaces. These sprayers apply low 
volumes, in the range of 3 to 15 gallons 
per acre. 

Ultra-Low-Volume Sprayers (Figure 
9-42). Ultra-low-volume (ULV) 
sprayers apply from l quart to a few 
gallons of spray per acre. Low-volume 
nozzles-or sometimes controlled 
droplet applicators- break up the spray 
into small droplets. Air from a fan or 
blower propels the droplets to the treat­
ment surfaces. ULV sprayers apply 
highly concentrated pesticides. Mixing 
the pesticides with vegetable oil carriers 
reduces droplet evaporation. Vegetable 
oil also improves the spreading ~bility 
of droplets once they have contacted 
the target surface. ULV sprayers, pow­
ered by lightweight gasoline engines, 
usually have small tanks. These 
sprayers are smaller and much lighter 
than higher-volume machines. Because 
of the smaller droplet size and smaller 
blowers, ULV sprayers generally are 
limited to applications during low 
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FIGURE 9-43. 

An electrostatic sprayer emits electrically 
charged spray droplets. These spray 
droplets are attracted to oppositely 
charged surfaces, increasing the pesticide 
deposition and target coverage. 

FJGURE 9-44. 

Aerosol generators and foggers produce a 
fine insecticide mist that remains sus­
pended in the air for a long period of 
time and penetrates cracks and inaccessi­
ble areas, killing insects on contact. 

winds to minimize drift and obtain sat­
isfactory penetration and coverage. 

Accurate calibration of ULV sprayers 
is critical because of the high concen­
tration of pesticide being applied. There 
may be greater hazards to the operator 
with ULV sprayers because of the con­
centrated pesticides used. 

Electrostatic Sprayers (Figure 9-43). 
Electrostatic sprayers apply 10 to 50 
gallons per acre of pesticide in the form 
of smal1, electrically charged droplets. 
Droplets average about 50 microns in 
diameter and receive a negative electro­
static charge as they leave the sprayer 
volute. Because plant material has a 
positive electrostatic charge, these sur­
faces attract the spray droplets. The 
negatively charged spray droplets repel 
each other, so they do not clump 
together to form larger-sized droplets. 
Electrostatic sprayers are usually pow­
ered by a tractor PTO. A transformer 
connected to the tractor's electrical sys­
tem creates an electrical char&e of about 
15,000 to 20,000 volts. Volutes of dif­
ferent configurations direct the spray 
droplets toward surfaces being treated. 

These sprayers appear to be more effec­
tive if spray droplets only travel a short 
distance from the sprayer to the target. 
As the distance increases, the effect of 
the electrostatic charge diminishes. 

Aerosol Generators and Foggers 
(Figure 9-44). Aerosol generators and 
foggers produce small airborne particles 
of pesticide. These units work for insect 
control in confined spaces such as resi­
dences, greenhouses, and warehouses. 

The insecticide-laden fog produced by 
aerosol generators remains suspended 
in the air for long periods. It penetrates 
small cracks -and inaccessible areas, 
killing insects on contact. Sometimes 
outdoor fogging controls mosquitoes 
and other biting or irritating insects in 
locations such as recreational areas. 
Effective insect control in outdoor areas 
depends mainly on proper weather. The 
conditions must keep the fog confined 
and airborne within an area long 
enough to contact target insects. 

Thermal fog applicators use heat to 
generate pesticide aerosols. Other types 
use bifluid nozzles with high-velocity 
air to produce extremely fine droplets. 



FIGURE 9-45. 

Small injection pumps are used to meter 
pesticides into irrigation water, a tech­
nique known as chemigation. 
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Chemical Injection Pumps. Chemi­
cal injection pumps inject undiluted 
liquid pesticides directly into the noz­
zles, where they mix with water being 
simultaneously pumped from a water 
tank. Some injection pumps draw liq­
uid pesticides directly from original 
containers, eliminating the need for 
mixing chemicals or cleaning tanks. 
When used with sprayers, chemical 
injection pumps allow you to apply one 
or more chemicals during the same 
operation. With this equipment you can 
vary the concentration of pesticide mix­
ture during application. Some units 
have electronic devices that regulate the 
concentration of pesticide applied. 

Many future possibilities exist using 
chemical injection sys~ems. For exam­
ple, experimental orchard sprayers use 
sensors and a computer system to apply 
pesticide amounts proportional to tree 
volume. They shut off the spray between 
trees and where trees are missing. 

Chemigation. Injection pumps allow 
you to apply pesticides through irriga­
tion systems, a practice known as 
cl1emigation (Figure 9-45). To prevent 
groundwater contamination through 
the well, regulations require automatic 
shutoff devices on injection pumps. 
These stop pesticides from being inject-

ed into the system when the irrigation 
water flow stops. Also, you must have 
safety valves to prevent possible con­
tamination of the water supply by back 
flow of irrigation water. 

DUST AND GRANULE 
APPLICATION EQUIPMENT 

You do not mix granules or certain 
dust formulations with water, but apply 
them dry and undiluted. This requires 
special equipment, and there are unique 
problems with this type of application. 
Because dust formulations are highly 
susceptible to drift over great distances 
if applied during windy conditions, 
outdoor uses of dusts are limited. Their 
greatest use is for pest control in build­
ings and other confined areas. There are 
also formulations to control external 
parasites on livestock, poultry, and pets. 

Granules are the dry formulations 
used most for pest control in landscape, 
agricultural, and aquatic situations. 
These are usually incorporated into the 
soil or applied to bodies of water. Table 
9-6 is a guide for selecting dust and 
granule application equipmenL 

Dust Applicators 

The function of a dust applicator is to 
combine the dust with air and spread it 
evenly over an area. You can choose 
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TABLE 9-6. 

Selection Guide for Dust and Granule Application Equipment. 

... 

.'..··::·~ ~ .a ll ~ .. 

TYPE 

DUST 
APPLICATORS 
bulb applicator 

compressed 
air duster 

mechanical duster 

power duster 

GRANULE 
APPLICATORS 

hand-operated 
granule appl icator 

mechanically 
driven granule 
applicator 

powered granule 
applicator 

USES 

for forcing dusts 
into small cracks 
and crevices 

used to apply dusts in · 
confined spaces such 
as wall voids 

for landscape and small 
agricultural areas 

vine crops and some 
special applications; 
also used in buildings 

landscape, aquatic, and 
some agricultural areas 

turf and other landscape 
areas; also commonly 
used in agricultural areas 

agricultu ral areas, usually 
row crops; some large 
landscape applications 

SUITABLE 
FORMULATIONS 

dusts 

dusts 

dusts 

dusts 

granules or pellets 

granules or pellets 

granu les or pellets 

COMMENTS 

Simple, easy co use. 

Avoid breathing dust. 

Avoid drift. Do not 
breathe dust. May have 
bellows co disperse dust. 

Equipped with blower co 
disperse dusts. Consider· 
able hazard of drift. 

Suitable for small areas. 
Easy to use. 

Requires accurate 
calibration. 

Frequent servicing and 
cleaning is required. Some 
units may have blowers to 
disperse granules. Others 
may distribute granules 
along a boom. 



FIGURE 9-46. 

Bulb applicators can be used to apply 
dusts to small, confined areas such as 
electrical outlets and cracks and crevices. 

FIGURE 9-47. 

A compressed air duster may be used to 
apply pesticide dusts in enclosed areas, 
wall voids, and crawl spaces and attics. 
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from several types of dust application 
equipment. 

Bulb Applicators (Figure 9-46). 
Hand-held bulb applicators apply dusts 
to small confined areas, cracks, and 
crevices. Squeezing the bulb, which is 
made of rubber or a similar flexible 
material, expels dust-bearing air 
through a small tube. Some bulb 
dusters have attachments to extend the 
reach of the tube and direct the dust. 

Compressed Air Dusters (Figure 
9-4 7). Compressed air dusters move 
dusts through a noz~le or hose. High­
velocity air picks up some pes.ticide 
from an airtight chamber and distrib­
utes it as a fine powder. Manufacturers 
package dust formulations of some pes­
ticides in aerosol cans. You apply these 
in the same way as liquid aerosols. 
However, a common problem associat­
ed with dusts is their tendency to cake 
inside the aerosol applicator. Moisture 
or high humidity enhances caking. 
Manufacturers overcome this problem 
by incorporating anti-caking materials 
into the formulation. 

Mechanical Dusters. Mechanical 
dusters have either a crank-operated 
fan and agitator or a lever-operated bel­
lows. These devices force dust-laden air 

out of a hopper. The pesticide dust 
passes through an orifice in the applica­
tor or through a hose aimed by the 
operator. Most mechanical dusters have 
back or chest straps. Smaller units are 
hand-carried. 

Power Dusters. Power dusters use fans 
powered by electric or gasoline motors 
(Figure 9-48). The small, hand-held 
units work well in structural settings. 
These units are either bauery powered or 
plug into a standard electrical outlet. 
Lightweight gasoline engines power larg­
er backpack units. From a hand-held 
flexible hose, operators direct pesticide 
dusts at targets up to 15 feet away. 

Large power dusters for agricultural 
crops have only limited use due to envi­
ronmental problems resulting from 
drift. These units attach to tractors. 
Growers use them to apply dusts in 
date palm gardens and to row or vine 
crops. There may be several nozzles on 
a boom. Each nozzle connects by large­
diameter flexible tubing to a central 
blower that mixes the dust with air. 
Extension tubes or fan-shaped air 
volutes direct dusts onto target plants. 

Gi;anule Applicators 

Granule applicators may be hand­
operated, mechanically driven, or 
engine powered depending on the needs 
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FIGURE 9-48. 

Power dusters are used to broadcast dust 
into confined areas. They have a blower 
to carry dust to treatment surfaces. 

FIGURE 9-49. ---- --
A mechanically driven granule applicator 
may be used to apply pesticide granules to 
agricultural crops. Smaller versions are 
used for application of granular pesticides 
to turf 

of the application site. Aquatic weed 
managers mount granule applicators in 
boats for some aquatic applications. 

Because granules are of varying sizes 
and shapes, equipment must accommo­
date size differences. Pellet .formulations 
are granules of identical size and shape. 
When applied through specially 
designed applicators, pellets allow for 
accurate calibration. This provides 
more uniform application rates than is 
possible with other granules. 

Often, granules require incorpora­
tion into the soil. Usually, operators 
attach tillage equipment behind the 
granule applicators to incorporate at 
the time of application. 

Hand-Operated Granule Applicators. 
Hand-operated granule applicators usu­
ally strap to the operator's chest. Gran­
ules pass through an adjustable opening 
at the bottom of a cloth, metal, or plastic 
hopper and drop onto a spinning plate 
operated by a hand crank. The operator 
walks at a steady pace while turning the 
crank to achieve an even distribution of 
granules. 

Mechanically Driven Granule Appli­
cators (Figure 9-49). Several types of 
mechanically driven granule applica­
tors are available. Some consist of 
ground-wheel-driven metering devices 
attached to a hopper. Operators attach 



FIGURE 9-50. 

Granules can also be applied with a back­
pack granule applicator. A small gasoline 
engine powers a blower that disperses the 
granules. 

FIGURE 9-5 1. 

Certain types of pesticides are applied to 
livestock by means of dust bags or face 
and back rubbers. Smaff amounts of dust 
or liquJd are deposited onto the animal 
each time it rubs against the device. 
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several of these units to a tractor tool 
bar and space them according to the 
crop row spacing. Larger units have one 
large hopper connecting to several drop 
pipes aligned to the row spacing. 

Another design of granule applicator 
consists of a large hopper with a chain 
conveyor or auger at the bottom. The 
chain or auger moves granules onto a 
spinning disc that disperses them evenly 
over a wide area. These applicators are 
ground-wheel-driven. Adjusting the 
openings that granules pass through 
regulates the rate of application. Ground 
speed controls swath width. Some units 
also have adjustable deflectors located 
alongside the spinning disc to regulate 
the swath width. Some units provide 
options for dispersing granules to the 
right, left, or both sides as needed. 

Powered Granule Applicators (Fig­
ure 9-50). Small gasoline engines power 
backpack applicators. These applicators 
are similar to those used to apply liq­
uids or dusts. A blower connected to a 
flexible hose aids in dispersing the 
granules. The operator aims the tube at 
the target area while walking slowly. 

Another type o[ powered granule 
applicator consists of a long boom 

attached to a tractor or truck. Granules 
are augered down the boom and 
metered out at preset spacings. This 
provides for accurate calibration and 
even distribution of granular pesticides. 

LIVESTOCK AND POULTRY 
APPLICATION EQUIPMENT 

Pest managers use several methods to 
apply-pesticides to livestock and poul­
try. Those described here are used for 
the external application of liquids or 
dusts. Several methods are used to 
apply pesticides to the animal's skin. In 
addition, veterinarians administer sys­
temic pesticides to protect animals from 
internal and external parasites. Animals 
receive systemic pesticides through 
feed, by subcutaneous injections, and 
by mouth as pastes, capsules, or tablets. 

Livestock Face and Back Rubbers 
and Dust Bags 

Manufacturers package dry or liquid 
pesticide formulations into dispensing 
bags or other dispensing containers. 
Livestock managers hang or mount 
these in areas frequented by the animals 
(Figure 9-51). As the animals contact 
these packages, usually to scratch 
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FIGURE 9-52. 

Bait stations are helpfid in pr~venti~-;: 
nontarget organisms from being exposed 
to the pesticide. 

themselves, small amounts of pesticide 
are released onto their bodies. This 
effectively controls many different 
species of external parasites. 

Poultry Dust Boxes 

Poultry managers put dust formula­
tions of specific pesticides in poultry 
dust boxes to control insects and mites 
infesting laying hens. Hens instinctively 
wallow in the boxes and pick up the 
dust on their feathers and skin. 

Dipping Vats and Spray/Dip 
Machines 

Livestock managers use dipping vats 
and spray/dip machines to control exter­
nal parasites on cattle, sheep, and other 
large animals. They dip or spray animals 
so that they become totally covered with 
liquid pesticide. Animals enter and leave 
these devices through ramps. 

BAIT APPLICATION 
EQUIPMENT 

Pesticide bait formulations require 
special application methods. A major 
problem associated with baits is expos­
ing nontarget organisms to to,xic pesti­
cides. Bait stations or bait applicators 
can help prevent such exposure. 

Bait Stations 

Bait stations hold supplies of poi­
soned food and attract target pests. Use 
types that prevent children, pets, and 
nontarget animals from contacting the 
baits (Figure 9-52). Bait stations help 
control flies around poultry and live­
stock quarters. Other types control 
squirrels in agricultural and right-of­
way locations. Special designs also con­
trol rodents in warehouses and residen­
tial areas. Manufactures make special . 
bait stations for managing cockroaches, 
ants, snails, and other invertebrates. 
Occasionally, bait stations are used for 
controlling pest birds. 

Place bait stations out of the reach of 
nontarget organisms, pets, and chil­
dren. Hang fly bait stations above poul­
try or livestock in poultry houses, loaf­
ing sheds, or barns. For pest bird con­
trol, managers secure V-shaped troughs 
high up in trees. They bait these with 
poisonous seeds or grains. For rodents, 
locate bait stations in crawl spaces, 
attics, and other out-of-the-way places. 

Bait Applicators for Gophers 
and Moles 

There are commercially available 
applicators for applying poisoned baits 
to control gophers and moles. Use 



FIGURE 9-53. 

This device is used to apply poisoned bait 
for control of rJJphers; it forms an artifi­
cial burrow that intersects with the nattir­
al b1,rrows made by gophers. Poisoned 

grain is deposited in the artificial b1frrow. 
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hand-operated models to inject small 
quantities of poisoned bait directly imo 
an underground burrow made by the 
gopher or mo!~. For larger areas, lrac­
tor-mounted mechanical bait applica­
tors form baited anificial burrows that 
intersect natural gopher burrows (Fig­
ure 9-53). Gophers explore the artificial 
bt.U"Tows and feed on the bait 

APPLICATION EQUIPMENT 
MAINTENANCE 

Effective pesticide application depends 
on properly maintained and adjusted 
application equipment. Regular inspec­
tions and periodic maintenance pro­
grams help you avoid accidents or spills 
caused by ruptured hoses, faulty fittings, 
damaged tanks, or other problems. 

Inspect application equipment for 
wear, corrosion., or damage before each 
use. Replace or repair faulty compo­
nents. Thoroughly clean equipment 
after every application. Wear protective. 
clothing, rubber gloves, and eye protec­
tion when cleaning or repairing the 
equipment. When not in use, store 
equipment in a way that prevents dete­
rioration or damage. 

Liquid Application Equipment 

Preventing Problems 

Take the following preventive steps 
to reduce problems of sprayer malfunc­
tion or breakdown and to maintain uni­
form and accurate application. 

Use clean wate,: Water that contains 
sand or silt causes rapid pump wear and 
may clog screens and nozzles. Whenev­
er possible, use water pumped directly 
from a well and make sure all filling 
hoses and pipes are clean.. ff you p1..1mp 
water from ponds or irrigation canals, 
filter it be.fore putting into the sprayer 
tank. Also, measure the pH of the water 
to be sure it is adequate for the intend­
ed pesticide use. Chapter 3 describes 
how to check and adjust pH. 

Keep screens in place. Filter screens 
remove foreign particles .from the spray 
liquid. lt is a nuisance to remove col­
lected debris from the screens, but 
debris accumulation indicates that the 
screens are doing the job for which they 
were designed. Removing screens 
because they keep plugging only 
increases wear on the pumps and noz­
zles. Make sure screens are the proper 
size for the type of pesticide being 
applied. If excessive plugging does 
occur, try to eliminate the cause, for 
example, by changing water sources. 

Use chemicals that are compatible with 
the sprayer and pump. Spray chemicals 
are corrosive to some metals and deteri­
orate rubber and plastic components. 
Recognize limitations in existing spray 
equipment. Avoid problems by modify­
ing the equipment to accommodate the 
corrosive pesticides. Otherwise, use the. 
equipment only for chemicals that are 
not corrosive. Sometimes it is possible. 
to replace parts of a sprayer with corro­
sion-resistant materials. 

Properly clea1111ozzles. Spray nozzles 
are made to precise specifications. 
Never use any metal object to clean or 
remove debris. These may damage the 
orifice, adversely changing the spray 
pattern and spray volume. Clean noz­
zles by flushing with clean water or a 
detergent so!Ulion. Remove stuck parti­
cles with a soft brush or a round wood­
en toothpick. Nozzle suppliers sell spe­
cial brushes for this purpose. Always 
wear rubber gloves when handling or 
cleaning spray nozzles. Never blow 
through them with your mouth, 
because nozzles usually contain pesti­
cide. residues. Use an air compressor if 
needed, but protect your eyes and skin 
(Figure 9-54). 

Flush sprayers before use. Use clean 
water to flush new sprayers and 
sprayers coming out of storage. This 
removes foreign particles, dirt, and 
other debris. The manufacturing 
process may leave metallic chips, dirt, 
or other residue in the tank or pump. 
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FIGURE 9-54. - ---
To clean a clogged nozzle, use compressed 
air or water for flushing the orifice. Never 
put your mouth to a nozzle. Use a wood­
en toothpick or soft brush (such as an old 
toothbrush) to remove stuck objects. Do 
not use any l)'pe of metal device to 
remove debris, because you may damage 
the orifice. 

Storage always subjects.spraying equip­
ment to the possibility of being contam­
inated with dirt, leaves, rodent debris, 
and rust. 

Clean sprayer after use. Cleaning spray 
equipment at the end of each job is 
important. This removes residues that 
might contaminate future sprays or dam­
age crops or treated surfaces. Avoid leav­
ing pesticide mixtures in a sprayer 
overnight or for longer periods of time. 
Prolonged contact increases chances of 
corrosion or deterioration of sprayer 
components. Some pesticides settle out 
and may be difficult to get back into sus­
pension after being left in an idle 
sprayer. After mixing them with water, 
certain pesticides lose their effectiveness 
quickly. Finally, pesticides left in an 
unattended sprayer may present a hazard 
to people, wildlife, or the environment. 

If possible, apply leftover spray mate­
rial to an appropriate (registered) target 
site. Otherwise, unused pesticide mix­
tures are hazardous wastes. Clean the 
sprayer and flush out the tank at the 
application site whenever possible. If 
this is not possible, contain the wash 
water and use it for mixing other pesti­
cides of the same type. Should you not 
be able to use it in this manner, have it 
transported to a Class 1 disposal site as 
a hazardous waste. Never drain rinse 
water onto the ground or into sewer or 
septic lines. 

Inspection and Maintenance 

Perform regular inspections and peri­
odic maintenance on spraying equip­
ment. This keeps it in good operating 
condition and ready for use. Take care 
of simple maintenance, such as greasing 
bearings and drive lines, while inspect­
ing the equipment. Always check for 
the following problems: 

• weakened hoses 
• leaking fittings 
• damage to the tank or tank protec-

tive coating 
• broken regulators and gauges 
• worn nozzles 
• worn bearings 
• damaged tires (if equipped) 
• other mechanical defects or wear 
Equipment with self-contained 

engines requires additional mainte­
nance. Check oil and water levels regu­
larly. Change air filters, oil filters, and 
motor oil according to the manufactur­
ers' recommendations. Clean and ser­
vice batteries. 

By spending a few minutes each day 
inspecting and servicing spray equip­
ment, you increase the length of its use­
ful life. This also helps to avoid costly 
breakdowns and possibly dangerous 
leaks. Develop a checklist for servicing 
and inspecting each piece of equipment 
to help remember what needs to be 
done. The checklist can also serve as a 
service record. 
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Sprayer Troubleshooting 

A sprayer may noL exhibit any exter­
nal signs of problems but still not func­
tion properly. Problems such as lack of 
pressure, too much pressure, or inade-

quate output at the nozzles requires 
troubleshooting to locate and correct 
the cause. Table 9-7 is a guide to trou­
bleshooting problems associated with 
poor sprayer performance. 

TABLE 9-7. 

Troubleshooting Problems Associated with Poor Sprayer Performance. 

PROBLEM 

uneven spray pattern 

clogged nozzles 

pressure too low 

pressure too high 

pump noc primed 

pesticide mixture 
settles out in tank 

pulsating pressure 

excessive drifi: 

POSSIBLE CAUSE 

clogged nozzles 
worn nozzles 
mismatched nozzle sizes 
nozzle screens noc uniform 
boom not level 
hoses co nozzles or boom sections not uniform in size 
pressure not adjusted co operating range of nozzles 
foam rn spray tank 

rust, sand, or other contaminants in spray tank 
improper or missing fi lter screens 
incompatible spray mixture 
poorly mixed spray components 
agitator not working properly 
failure to use marine grease on mechanical agitator fittings 

worn pump 
nozzles too large 
no12les excessively worn 
air in pressure system 
pesticide mixture foaming 
broken or maladjusted pressure regu lator 
needed pressure is beyond the capacity ofche pump 
pump speed coo slow 
drive belts slipping 
restricted or defective suction hose 
clogged suction strainer 

pump speed too fast 
pressure regulator not working 
bypass system blocked, restricted, or undersized 
nozzles too small 
filter screens clogged 

air trapped in the system 
suction line not completely full of liquid 
worn pump 
drive belts slipping 
shear pin broken on drive line 
foam In tank 
suction line blocked 
leak in suction hose 

agitator insuffic ient or not working properly 
incompatible mixture 
tank and hoses not properly cleaned before use 
pH too high or too low 

worn piston pump seals 
highly foaming rank mix 

nozzles too smal l 
pressure coo high 
application made during windy weather 
spray boom too high 
nozzles improperly aligned 
temperature coo high while applying volatile materials 
created surfaces not receptive 
fai lure to use a dri~ control agent 
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Sprayer Storage 

Improperly storing spraying equip­
ment can shorten its useful life. Before 
storing a sprayer, decontaminate and 
clean it thoroughly. Wear rubber gloves 
and appropriate protective clothing to 
avoid contact with pesticide residues. 
Remove, clean, and reinstall all filters . 
Partially fill the tank with clean water 
and add a commercial neucralizing 
cleaner (or 1/i pound of detergent to 30 
gallons of water). Circulate this solu­
tion through the system for at least 30 
minutes and flush it out through the 
nozzles. Refill the sprayer about half 
full. Add more commercial cleaner 
according to directions or add a quan of 
household ammonia to each 25 gallons 
of water. Circulate this solution for 
about 5 minutes and flush a small 
amount through the nozzles. Shut off 
the sprayer and let the solution remain 
in Lhe tank for l2 to 24 hours. 

While the cleaning solmion is soak­
ing in the tank, thoroughly wash all 
external parts of the sprayer. Use deter­
gem or ammonia solution, or use a 
commercial cleaner. Scrub residue off 
all surfaces using a bristle brush. Rinse 
external parts with clean waler. 

To prevent rusting, touch up 
scratched areas on all paimed surfaces 
of the crailer, boom, tank, and acces­
sories. Lubricate bearings to prevem 
them from rusting during storage. 

Remove and clean nozzles and nozzle 
strainers. Store these in a clean plastic 
bag to keep them free of dirt. 

After the tank has finished soaking, 
flush the solution out and rinse with 
clean water. Seal nozzle outlets with 
corks or plastic bags to prevent insects 
or din from getting into the lines. 
Remove and clean all remaining filter 
screens and store these in a clean plastic 

bag. Remove "O" rings from filters and 
strainers and store them in a plastic bag 
to prevent them from becoming brittle. 
Cover Lhe tank loosely to prevent dirt, 
insects, and rodents from entering dur­
ing storage. Do nol close the tank cover 
tightly as this may permanently distort 
its rubber seal. Store the sprayer inside 
a building, preferably covered with a 
tarp for additional protection. Block up 
equipment that has rubber tires to 
remove weight from the tires and bear­
ings. You can remove small pumps and 
store them in a can of new, lightweight 
motor oil to prevent rusting, However, 
if pumps have rubber or neoprene . 
parts, do not expose them to oil. 

Remove hoses used on hand-held 
nozzles. Coil these and hang them 
around a pail, basket, or other large 
round object. This prevents sharp 
bends that might cause cracks in the 
rubber. Never hang hoses over a nail, 
rack, or board. Store hoses in an area 
away from direct sunlight. 

Release the tension from the pressure 
regulator and remove che "O'' ring seal. 
Lubricate the internal cylinder of the 
regulator and reassemble without the 
"O" ring. Place the "O" ring in a plastic 
bag and cie il to the regulator. 

Maintaining Dust and 
Granule Applicators 

Thoroughly clean dust and granule 
applicators after each use. Be sure to 
remove all pesticide residue. Once 
clean, lubricate chains, auger bearings, 
and other moving parts according to 
the manufacturers instructions. Inspect 
the equipment for wear and corrosion. 
Repair rusted or corroded areas to pre­
vent these from getting worse. 



REVIEW QUESTIONS 

1. A spray tank must be equipped with an agitator if 
you are using: 
D a. Wettable powders 
O b. Soluble powders 
D c. Soluble liqu ids 
D d. Pesticides that dissolve in water 

2, The disadvantage of some hydraulic spray tank agita­
tors is that t~ey: 
D a. Are too powerful 
D b. Cause clogging of nozzles 
D c. Cannot be used in high-pressure systems 
D d. Are not able to break up settled spray materi­

al in the lank 

3. A sight gauge is required on pesticide tanks that are: 
D a. 20 gallons or larger 
D b. 40 gallons or larger 
D c. SO gallons or larger 
D d . 100 gallons or larger 

4. What is a disadvantage of epoxy-coated metal spray 
tanks? 
D a. They are more expensive than stainless steel 

tanks 
D b. They are heavier than stainless steel tanks 
D c. They do not resist alkaline materials or 

organic solvents 
D d . Chips or scratches can lead to serious 

corrosion problems 

5. What is a disadvantage of polyethylene or 
polypropylene spray tanks? 
D a. They are extremely heavy 
D b. The material absorbs pesticides when 

scratched 
D c. They are difficult Lo repair when punctured 
O d. They have low resisrance Lo acidic pesticides 

6. Which type of pump would be most suitable for a 
sprayer requiring an output of 25 gallons per minute 
at a pressure of 800 psi? 
D a. Piston pump 
D b. Gear p ump 
D c. Centrifugal pump 
D d . Roller pump 

7. Which type of pump would be most suitable for a 
spray situation requiring 200 gallons per minute at 
100 psi? 
D a. Piston pump 
D b. Gear pump 
D c. Centrifugal pump 
D d. Diaphragm pump 

8, The purpose of filter screens and strainers is to: 
D a. Break up undissolved spray material 
D b. lntroduce air into the spray for more effective 

coverage 
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D c. Protect pumps and prevent clogged nozzles 
D d . lncrease the sprayers output pressure 

9. Increasing nozzle orifice size will produce: 
D a. Smaller, uniform droplets 
D b. A greater mixture of droplet sizes 
D c. Spray droplets with a greater tendency for 

dri ft 
D d. Larger d roplets 

10. To increase the uniformity of spray droplets: 
D a. Select nozzles designed for the working pres-

sure of your sprayer 
D b. Use rewer nozzles 
0 c. Use the high est possible pressure swing 
D d . Opera te your sprayer at the slowest travel 

speed 

11. A nozzle with a manufacturer's code of 65155 is 
designed to produce a volume of how many gallons 
per minute at 40 psi? 
D a. 0.15 
D b.0.65 
D c.1.55 
0 d,6.5 

12. If your sprayer normally operates at 50 psi, it should 
be equipped with a pressure gauge that measures in 
the range of. 
O a. 1 to SO psi 
D b. 1 to 100 psi 
o c. l to 200 psi 
D d. l to 500 psi 

13. An advantage of controlled droplet applicators 
(CDAs) over spray nozzles is: 
0 a. CDAs are less expensive than nozzles 
D b . CDAs operate at higher pressures than 

nozzles 
D c. CDAs produce droplets of more uni form size 

than nozzles 
D d . CDAs are more suitable for high-volume 

applicaLions than nozzles 

14. If the pressure of your sprayer drops off, this could 
be an indication that the: 
D a. Pump speed is too fast 
D b. Nozzles are too S{Tlall 
D c. Pump is worn 
D d. Nozzles are mismatched 

15. Which of the following would not account for an 
uneven spray P.attem on a boom sprayer? 
O a. Pressure in the system is adjusted to the 

operating range of the nozzles 
O b. Boom not level 
O c. Nozzle screens are not uniform 
O cl. Foam in spray tank 
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All pesticide application equipment must be 
carefully calibrated to assure that the proper 
amount of pesticide is applied. 
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HE TERM CALIBRATION 

refers to all the adjustments you make 
to be sure you apply the correct amount 
o( pesticide to the treatment area. Fail­
ure to calibrate equipment properly is a 
cause of ineffective pesticide applica­
tions. ln addition, inaccurate calibra­
tion always carries the potential for 
excessive or illegal residues remaining 
on treated surfaces. 

This chapter discusses the steps you 
need to take to calibrate any type of 
pesticide application equipment. It does 
not discuss common calibration short­
cuts and quick calculations. These are 
applicable only in specific situations or 
for certain types of application equip­
ment. However, these handy techniques 
may be avai.lable in equipment manuals 
or trade journals and publications. 
Learn the principles of proper calibra­
tion (irst. Then, if appropriate, adopt a 
quick calibration method that applies to 

your equipment and special needs. 
To calibrate your equipment you 

must first determine the amount of pes­
ticide to apply- the application rate. 
Check the pesticide label for this informa­
tion. You may need to adjust ground 
speed and equipment output or modify 
application patterns to achieve this 
desired rate. Once you have calibrated 
your equipment, check and test it peri­
odically to be sure the calibration stays 
accurate. Many operators fail to under­
stand how rapidly equipment becomes 
maladjusted or worn. As a result, appli­
cation equipment is usually not cali­
brated often enough. 

Table 10-1 is a list of helpful conve.r­
sion factors to use when calibrating 
pesticide application equipment. 

WHY CALIBRATION 15 
ESSENTIAL 

The main reason for calibrating appli­
cation equipment is to figure out how 
much pesticide to put into the tank'or 
hopper. This assures that the correct 
amount o( chemical is applied. It is 
necessary for 

• effective pest control 
• protecting human health, the 

environment, and treated surfaces 
0 preventing waste of resources 
• controllipg the volume of water 

applied to a gjven area (for liquid 
applications) 

• complying with the law 

Effective Pest Control. Manufactur­
ers of pesticides spend millions of dol­
lars researching ways to use their prod­
ucts. Their research includes determin­
ing the correct amount of pesticide to 
apply to effectively control target pests. 
Using less than the labeled amount of 
pesticide may result in inadequate con­
trol. This could be a waste of time and 
money. Inadequate amounts of pesti­
cide also lead to problems such as pest 
resistance and resurgence. Using too 
much pesticide has adverse effects on 
natural enemies, target surfaces, and 
the environment. Higher than label 
rates also waste materials, but more 
important, they are illegal. 

Human Health Concerns. If you 
apply pesticides at higher than label 
rates, you could endanger the healt11 of 
people in the area. In addition, illegal 
residues may result if a pesticide is 
overapplied. If residues are above 
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TABLE l 0- 1. ---- --------------------
Useful Conversion Factors for Calibration. 

STANDARD MEASURE 

LENGTH 
1 ft - 12 in 
1yd - 3ft 
1 mi • 5,280 ft 

AREA 
1 sq in = 0.007 sq ft 
1 sq ft = 144 sq in m 0.000023 sq ac 
1 sq yd • 1,296 sq in - 9 sq ft 
1 ac • 43,560 sq ft - 4,840 sq yd 

VOLUME 
1 tsp = 0.1 7 fl 02 

1 tbs • 3 tsp 
1 fl 02 • 2 tbs - 6 tsp 
1 cup • 8 fl oz • 16 tbs 
1 pt = 2 cups = 16 fl oz 
1 qt - 2 pt= 32 fl oz 
1 gal = 4 qt = 8 pt ~ 128 fl oz = 231 cu in 

WEIGHT 
1 oz= 0.0625 lb 
1 lb m 16 OZ 

1 ton • 2,000 lb 
1 gal ofwacer = 8.34 lb 

allowable tolerances on produce, regu­
lators may confiscate an entire crop lo 
protect consumers. Poorly calibrated 
equipment may also expose application 
equipment operators lo concentrations 
of pesticide for which they are not ade­
quately protected. 

Environmental Concerns. Improper 
pesticide concentrations may cause 
environmental problems. Calibrating 
equipment to maintain application rates 
within label requirements helps protect 
beneficial insects and wildlife. lt also 
reduces the potential for contaminating 
surface and groundwater and the air. 

Protecting Treated Surfaces. Certain 
pesticides are phytot0xic and damage 
treated surfaces when used at higher 
than label-prescribed rales. Manufac-

METRIC CONVERSIONS 

1 in = 25.4 mm = 2.54 cm 
1 ft • 304.8 mm = 30.48 cm 
1 yd - 914.4 mm • 91 .44 cm • 0.91 4 m 
1 mi= 1,609 m = 1.61 km 

1mm = 0.03937 in 
1 cm = 0.394 in = 0.0328 ft 
1 m = 39.37 in = 3 .281 ft 
1 km • 3,281 ft • 0.6214mi 

1 sq in = 6.45 sq cm 
1 sq ft = 929 sq cm 
1 sq yd = 8,361 sq cm = 0.8361 sq m 
1 ac a 4,050 sq m • 0.405 h 

1 sg cm • 0.155 sg in 
1 sq m • 1,550 sg in • 10.76 sq ft 
1 h = 107,600 sq ft= 2.47 ac 

1 fl oz= 29.5 ml = 0.02951 
1 pt - 437 ml • 0.437 I 
1 qt - 945 ml - 0.945 I 
1 gal • 3785 ml • 3 .785 I 

1 ml = 0.033 fl oz 
1 1- 33.8 fl oz = 2.112 pt = 1.057 gt - 0.264 gal 

1 oz= 28.35 g 
1 lb = 454 g • 0.4536 kg 
1 ton • 907 kg 
1 gal of water~ 3 .786 kg 
1 g = 0.035 oz 
1 kg z 35.27 oz = 2.205 lb 

turers evaluate these potential problems 
while testing their chemicals to deter­
mine safe concentrations. Using too 
much pesticide also increases chances 
of building up excessive residues in the 
soil. These buildups sometimes serious­
ly limit the types of crops that people 
can grow in an area. 

Preventing Waste of Resources. 
Using the improper amount of pesticide 
wastes time and adds unnecessary costs 
to the application. Not only are pesti­
cides expensive, but the fuel, labor, and 
equipment wear and tear required to 
make extra applications are costly, too. 

Legal Aspects. Applicators who use 
pesticides improperly are subject to 
criminal and civil charges, resulting in 
fines, imprisonment, and lawsuits. 
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Applicators are liable for injuries or 
damage caused by improper pesticide 
application. 

tion equipment. Put these items in a 
small toolbox and use them only for 
calibration purposes (Figure 10-1). 
Keep your tools clean and in good 
working condition; mahe equipment cal­
ibration a professional operation. 

EQUIPMENT CALIBRATION 
METHODS 

Sidebar 19 lists the few simple tools 
you need to calibrate pesticide applica-

Liquid application equipment and 
dust or granular application equipment 
require differing calibration techniques. 

SIDEBAR 19 

Tools Needed for Calibration 

1. Stopwatch. A stopwatch is essential for 
timing travel speed and flow rates. Never 
rely on a wristwatch unless it has a stop­
watch function. 

2. Measuring tape. A 100 foot moisture- and 
stretch-resistant measuring tape is used for 
marking off the distance to be traveled and 
for measuring spray swath width. 

3. Calibrated liquid container. A container 
having a capacity of 1 or 2 quarts, calibrat­
ed for liquid ounces, is needed for measur­
ing spray nozzle output. 

4. Scale. A small scale, capable of measuring 
pounds and ounces, is used for weighing 
granules collected from a granule applica­
tor. The most accurate weight measure­
ments can be obtained from scales having 
maximum capacities between 5 and 10 
pounds. 

5. Pocket calculator. A pocket calculator is 
needed for making calculations in the field: 

6. Pressure gauge. An accurate, calibrated 
pressure gauge, with fittings compatible 
with spray nozzle fittings, is helpful for 
checking boom pressure and for calibrating 
the sprayer pressure gauge. 

7. Flow meter. A flow meter, attached to a 
flexible hose or filling pipe, can be used for 
measuring the amount of water put into a 
tank. This device can also be used for mea­
suring tank capacity and for determining 
the amount ofliquid used during a calibra­
tion run. Both mechanical and electronic 
flow meters are avai lable. If these are not 
available, a calibrated 5 gallon pail can be 
used instead. 

8. Flagging tape. Colored plastic flagging 
tape is useful for marking off measured dis­
tances when determining applicator speed. 

FIGURE 10-1. 

A few simple tools are required for cali­
brating a pesticide sprayer. These include 
a stopwatch, measuring tape, several cali­
brated containers, a scale, pocket calwla­
tor, pressure gauge, flow meter, and {/ag­
ing tape. 
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SIDEBAR 20 

NOTE: Pesticide application equipment 
and tlie discharge from application equip­
ment being calibrated may contain pesticide 
residue. Always wear rubbu gloves and 
other protective equipment to prevent pesti­
cide contamination of your eyes, 11ai1; shin, 
clothing, and shoes. Read Chapter 6 for 
infonnation on selecting the proper 
protective equipmenL. 

Calibrating Liquid Sprayers 

To monitor pump an,d nozzle wear, 
you must frequently calibrate liquid 

spraying equipment. Abrasive pesti ­
cides , such as wettable powders, 
increase the rate of wear. Pump wear 
decreases the amount and pressure of 

fluid output. Nozzle wear increases the 
volume of ourput. This usually lowers 
the output pressure and may produce a 
poor spray pattern. 

The final goal is lo determine how 
much area each tank of spray covers 

when the equipment moves at a known 
speed and operates at a known pres­
sure. You need to measure these four 
factors: 

• tank capacity 
• travel speed 

• flow rate 
• spray swath width 
Before making any calibration mea­

surements, be sure lo service the 
sprayer. Follow the seTV1cing directions 
outlined in Sidebar 20. 

Servicing Spray Equipment 

Tank Capacity. Physically measure 
the capacity of the spray tank, or tanks, 
if the equipment has more than one. 

Never rely on manufacturers' tank size 
ratings. They may be approximate vol­
umes, or they may not take into 

account fittings installed inside the 
tank. Also, the capacity of spray lines, 

pump, and filters influences tank vol­
ume. To accurately calibrate your 
equipmen~ you need to know exactly 
how much liquid the spray tank holds . 

Simate the sprayer on a perfectly 
level surface. Be sure the tank is com­

pletely empty, then close all valves to 
prevent water leaks. Add measured 
amounts of clean water until you com­
pletely (ill the tank. Use. a flow meter 

attached to a hose (Figure 10-2) , or a 
bucket or other comainer of known 
volume. A 5-gallon bucket works well 

for smaller sprayers. Be sure to calibrate 
and mark the bucket before using it to 
fill the tank. If you are not using a flow 
meter, use smaller-volume calibrated 
containers to top off the. tank. Record 
the total volume of water you put into 
the rank. Paint or engrave this figure 
omo the outside of the tank for perma­
nent reference. 

While filling the tank, calibrate the 
tank's sight gauge. Make marks on the 
tank or gauge as you put in measured 

volumes of water. If the unit does not 
have a sight gauge, mark volume incre­
ments on a dipstick. Then, always keep 

D Flush tank and pumping system with dean 
water to remove debris and dirt. 

0 Inspect hoses for cracks and leaks, and 
replace if necessary. 

D Clean and replace all filter screens. 

D Check nozzles for wear and replace if 
necessary or ifin doubt. All nozzles must 
be clean. 

D Lubricate all bearings and appropriate 
moving parts. 

0 Make sure pressure gauge is working properly 
by testing it against another gauge known to 
be accurate. 
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FIGURE 10-2. 

Aow meters, similar to the one shown, 
can be used to measure the volume of 
spray tanks. 

this dipstick with the tank. Use 1-gallon 
marks for tanks with a capacity of 10 
gallons or less. Use increments of 5 or 
10 gallons for tanks having a total 
capacity of 50 gallons or less. On larger 
tanks, use increments of 10 to 20 gal­
lons. Once you calibrate the sight gauge 
or dipstick you can measure how much 
liquid is in the tank when it is not 
entirely full. Always return tanks to a 
level surface when reading the sight 
gauge or dipstick. 

Travel Speed. Always measure travel 
speed under actual working conditions. 
For instance, if you are calibrating an 
orchard sprayer, take the water-filled 
tank to the orchard. Calibrate row crop 
and field sprayers in the fields you plan 
to treat. Tractors travel faster on paved 
or smooth surfaces than on soft dirt or 
clods. Never rely on tractor speedome­
ters for mile-per-hour measurements. 
Tractor wheel slippage and variation in 
tire size due to wear produce as much as 
a 30% difference in actual versus indicat­
ed speed. When calibrating a backpack 
or hand-held sprayer, walk on terrain 
similar to the area that you plan to spray. 

Using a 100-foot tape, measure off 
any convenient distance. It can be more 
or less than 100 feet, but calibration 
accuracy increases if you use longer dis­
tances (between 200 and 300 feet). 
Sometimes multiples of 88 feet are cho­
sen because 88 feet is the distance cov­
ered in 1 minute while traveling 1 mile 
per hour. In orchards or vineyards, a 
given number of tree or vine spaces of 
known length provide a convenient ref­
erence. Indicate the beginning and end 
of the measured distance with colored 
flagging tape. 

Have someone drive (or walk, if cali­
brating a backpack sprayer) the sprayer 
through the measured distance. Main­
tain the speed desired for an actual 
application. Choose a speed within a 
range appropriate for the application 
equipment. When using a tractor, note 
the throttle setting, gear, and rpm of the 
engine. The use of a positive throttle 

stop is helpful so you can always return 
the engine to the same speed. Be sure to 
bring the equipment up to the actual 
application speed before crossing the 
first marker. Use a s topwatch to deter­
mine the time, in minutes and seconds, 
required to traverse the measured dis­
tance (Figure 10-3). For best results, 
repeat this process 2 or 3 times and take 
an average. Follow the procedure in 
Sidebar 21 to calculate the actual speed 
of the equipment. 

Flow Rate. Measure the actual output 
of the sprayer when nozzles are new, 
then periodically thereafter to accom­
modate for nozzle wear. Manufacturers 
provide charts showing output of given 
nozzle sizes at specified sprayer pres­
sures. However, you should check out­
put under actual conditions of opera­
tion. Manufacturer's char ts are most 
accurate when using new nozzles. Used 
nozzles may have different output rates 
because of wear. However, even new 
nozzles may have slighl variations in 
actual output. Sprayer pressure gauges 
may not be accurate, which further 
adds error to the output estimate deter­
mined from charts. 

You measure liquid sprayer output in 
gallons per minute. Select from one of 
the two methods described below, 
depending on the type of sprayer you 
are calibrating. The first method works 
for low-pressure sprayers and small 
hand-held units. It involves collecting a 
volume of water emitted out of individ­
ual nozzles over a measured time. The 
second method, for airblast and high­
pressure sprayers, measures output of 
the sprayer over a known period. 

Collection Method for Low-Pressure and 
Small Hand-Held Sprayers. Calibrate 
low-pressure sprayers by measuring the 
amount of spray emitted from nozzles. 
These include low-pressure boom 
sprayers, backpack sprayers, and con­
trolled droplet applicators. If the sprayer 
has more than one nozzle, collect liquid 
from each separately. This allows you to 
compare each nozzle's output and 
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SIDEBAR 21 

Calculating Speed of Application Equipment 

1. Convert minutes and seconds into minutes 

by dividing the seconds (and any fraction of 

a second) by 60. 

EXAMPLE 

Your trip took 1 min and 47.5 sec. 
47.5 sec 7 60 sec/ min = 0. 79 min 

Add these amounts together: 

1 min+ 0.79 min = 1.79 min 

2. Get the average run dme by adding the con­
verted minutes from each run and dividing 

by the number of runs. 

EXAMPLE 

Three runs were made 
Run #1 = 1 min, 17.5 sec = 1.79 min 
Run #2 = 1 min, 39.8 sec= 1.66 min 
Run #3 = 1 min, 52.0 sec= 1.87 min 

Total = 5.32 min 

FIGURE 10-3. 

5.32 min --;- 3 runs = 1.77 min/run 

average time 

3. Divide t he measured distance by the aver­

age time. This will cell you how many feet 

were traveled per minute. 

EXAMPLE 

The measured distance is 227 feet . 

227 ft--;- 1.77 min= f28.25 ft/ min 

4. If you wish to determine the speed in miles 

per hour, divide the feet-per-minute figure 
by 88 (the number offeet traveled in 1 
minute at 1 mile per hour). 

EXAMPLE 

128.25 ft/min --;- 88 ft/min/mi/hr= 

1.46 mi/hr 

Measure off a known distance when calculating the speed of travel of the application equipment. 
Use a stopwatch to time the travel of the sprayer through the measured distance. 
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FIGURE 10-4. 

To determine the output from each noz­
zle, collect liquid over a measured period 
of time. Make sure the sprayer is operat­
ing at the pressure that would be used 
under act110/ field conditions. Wear rub­
ber gloves and eye protection, because the 
liquid may contain traces of pesticide. 

poinLS our any malfunction or wear. You 
need a stopwatch and calibrated con­
tainer for making measurements. Wear 
rubber gloves to avoid skin contact with 
the liquid. Stand upwind from the noz­
zles to prevent fine mist or spray from 
contacting your face and clothing. Wear 
eye protection to prevent getting spray 
droplets in your eyes_ 

For low-pressure power sprayers 
used in agricultural, r ight-of-way, and 
landscape applications, fill the tank at 
least half full with water. Start the 
sprayer and bring the system up to nor­
mal operating pressure. Operate 
hydraulic agitators if they will operate 
during the application. This is impor­
tant because hydraulic agitators divert 
some liquid from the nozzles and often 
lower the pressure in the system. Most 
power sprayers have a limited operating 
pressure range depending on the type of 
pump and type of power unit. Never 
attempt to operate equipment beyond 
its normal working range.., because this 
may damage the pump. If you are cali­
brating a PTO-driven sprayer, be sure 
that the tractor engine rpm is the same 
as that used in the speed calibration. If 
this is not the same, the pump output 
pressure will be different. Adjust the 
pressure to the requirements of the 
spray situation and nozzle manufactur­
er's recommendations. Check the pres­
sure by attaching a calibrated pressure 
gauge at either e.nd of the boom, replac­
ing one of the nozzles. Open the va lves 
to all nozzles and note the pressure, 

SIDEBAR 22 

make adjustments as necessary, then 
re.move the gauge. 

While all nozzles are opera ting at the 
proper pressure, collect about 15 to 30 
Ouid ounces of liquid from each nozzle 
(Figure 10-4) . Use a sropwatch to 
determine the time in seconds required 
to collect each volume. 

When calibrating backpack sprayers, 
pump the unit as you would during an 
actual application. Collect spray in a 
calibrated container for a measured 
time. Compressed air sprayers lose 
pressure during operation, so you must 
frequently pump them up. To calibrate, 
fiU the tank about half full with water. 
This provides a sufficient volume of air 
to keep the pressure more uniform. 

For some types of controlled droplet 
applicators, you can disconnect the 
hose and orifice from above the spin­
ning disc or cup. After doing this, col­
lect liquid into a calibrated container 
over a measured time. The liquid must 
flow through the orifice. 

Record the volume ofliquid collected 
from each nozzle or orifice and the time 
in seconds to collect each amount. Use 
a format simi lar to the form in Sidebar 
22. Determine the output in fluid 
ounces per second for each nozzle by 
dividing the volume by the seconds 
required to collect it. Convert ounces 
per second into gallons per minute by 
multiplying the result by the constant 
0.4688. This constant represents 60 
seconds per minute divided by 128 
fluid ounces per gallon. 

Recording Nozzle Output 

NOZZLE# VOLUM E TI M E 
(fl oz) (sec) 

1 12.5 A oz 23.2 sec 

2 12.0 22.5 

3 15.5 24.8 
4 14_5 26_1 

s 19.0 27.2 
6 13.0 23 .9 
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SIDEBAR 23 

Calculating Gallons per Minute for Low-Pressure Sprayers 

1. Determine the gallons per minute output of each nozzle by dividing the Auid ounces collected by 
the time (in seconds) and multiplying the result by 0.4688. 

EXAMPLE 

Nozzle fl oz+ sec X 0.4688 gpm 

1 12 .5 + 23.2 = 0.539 X 0.4688 = 0.253 
2 12.0 --a- 22.5 0.533 X 0.4688 = 0.250 
3 15.5 + 24.8 0.625 X 0.4688 = 0.293 
4 14.5 + 26.1 = 0.556 X 0.4688 0.261 
5 19.0 + 27.2 = 0.699 X 0.4688 = 0.328 
6 13.0 + 23.9 = 0.544 X 0.4688 = 0.255 

Total Output = 1.640 gpm 

2. Compute the percentage of variation from the rated nozzle output. Divide the actual gallons per 
minute output by the rated output. Subtract 1 from this number and multiply by 100. 

EXAMPLE 

Nozzle 

1 
2 
3 
4 
5 
6 

Actual gpm Subtract 
+ Rated gpm 1.00 

0.253 + 0.250 1.012 -1.00 = 0.012 
0.250 + 0.250 1.000 -1.00 = 0.000 
0.293 + 0.250 = 1.172 -1.00 = 0.172 
0.261 + 0.250 = 1.044 - 1.00 = 0.044 
0.328 + 0.250 = 1.312 -1.00 = 0.312 
0.255 + 0.250 = 1.020 - 1.00 = 0.020 

Output among nozzles will usually 
vary. 1n the example in part 1 in Sidebar 
23, the output ranges from 0.250 gal­
lons per minute to 0.328 gallons per 
minute. Assume that the rated capacity 
(as given by the manufacturer) for these 
nozzles at the recommended operating 
pressure is 0.250 gallons per minute. 
The variation among nozzles should 
not be greater than 5%. The output of 
any nozzle should not exceed the man­
ufacturer's rated output by more than 
10%. Figure the percentage of variation 
as shown in the example in part 2 in 
Sidebar 23. Divide the actual output by 
the rated output. Subtract 1.00 from 
this figure , then multiply by 100 to 
obtain the percentage of variation. 
Nozzles 3 and 5 in this example exceed 

Multiply Percent 
by 100 variation 

X 100 = 1.2 
X 100 - 0.0 
X 100 - 17.2 
X 100 = 4.4 
X 100 - 31.2 
X 100 - 2.0 

these amounts and therefore must be 
replaced. However, whenever you 
replace any nozzles, recheck the Oow 
rate of all the nozzles. Changing one 
nozzle may affect the pressure in the 
whole system. After changing nozzles, 
readjust the pressure regulator to main­
tain the desired pressure. Part J of Side­
bar 24 shows how to recalculate the 
output in gallons per minute after 
replacing worn nozzles. 

Spray check devices are calibration 
aids that provide a visual representation 
of the spray pattern. Place this portable 
device under a boom and collect the 
output from several nozzles. After col­
lection, rotate the device from a hori­
zontal to a vertical position. The liquid 
drains into a series of evenly spaced 
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SlUEBAR 24 

glass vials. Floats inside these vials rise 
to the top of the liquid. You chen can 
see variations in liquid levels, pinpoint­
ing nozzle problems and poor nozzle 
height adjustment. 

Measured Release Method Jor Air Blast 
or High-Pressure Sprayers . Due to the 
air blast and high pressures of larger 
sprayers, you cannot collect the spray 
from the nozzles. Therefore, find the 
output of the sprayer over time by 
measuring how much water the 
sprayer used. 

Start by moving the sprayer to a level 
surface and fill the tank to its maxi­
mum with clean water. Fill the tank to 

a level that you can duplicate when 

refilling. A convenient technique is to 

(ii\ the tank with clean water to the 
point where it just begins to overflow. 
Use low-volume, low-pressure water, 
such as from a garden hose, for topping 
off the tank. Check for leaks around 
tank seals and in hoses. All nozzles 
must be clean and operating properly 
or the results will be inaccurate. 

Stand upwind and operate the sprayer 
at its nom1al operating speed and pres­
sure. Open the valves to all nozzles, 
starting a stopwatch at the same time. 
Continue to run the sprayer for several 
minutes, then close the valves to all noz­
zles. Record the elapsed time that the­
nozzles operated (Figure 10-5). 

Recalculating Output after Replacing Worn Nozzles 

1. Replace worn nozzles (numbers 3 and 5 in this example) and remeasure the output ofall nozzles 
on the boom. Recalculate the gallons per minute for each nozzle. Add these rates together to 
determine the total output of the sprayer. 

EXAMPLE 

Nozzle fl oz..;- sec X 0.4688 gpm 

T 12.5...,.. 23.2 0.539 X 0.4688 = 0.253 
2 12.0 ...;- 22.5 0.533 X 0.4688 = 0.250 
3 13.3 ...;- 24.5 0.542 X 0.4688 = 0.254 
4 14.5...,.. 26.1 - 0.556 X 0.4688 = 0.261 
5 15.2....,.. 28.3 = 0.537 X 0.4688 0.252 
6 13.0 ..;- 23.9 = 0.544 X 0.4688 0.255 

Total Output= 1.525 gpm 

2. Check to see that all nozzles are within 5% of the rated capacity of these nozzles. 

EXAMPLE 

Nozzle Actual gpm Subtract Multiply = Percent 

...;- Rated gpm 1.00 by 100 variation 

1 0.253 ..;- 0.250 = 1.012 -1.00 = 0.012 X 100 = 1.2 

2 0.250 ...,.. 0.250 = 1.000 -1.00 = 0.000 X 100 = 0.0 
3 0.254 ...;- 0.250 1.016 -1.00 = 0.016 X 100 = 1.6 
4 0.261 ...,.. 0.250 = 1.044 -1.00 = 0.044 X 100 4.4 

5 0.252 ..;- 0.250 = 1.008 -1.00 0.008 X 100 = 0.8 
6 0.255 ...;- 0.250 = 1.020 -1.00 = 0.020 X 100 = 2.0 
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SIDEBAR 25 

Using the site gauge or dipstick, 
check to see how much liquid the 
sprayer used. Otherwise, use a fiow 
meter attached to a low-pressure filling 
hose and refill the sprayer to the origi­
nal level. Record the gallons of water 
used; this volume is the amount of liq­
uid sprayed during the timed run. 
Repeat this process two more times to 

get an average of sprayer output. Deter­
mine the sprayer output in gallons per 
minute by using the calculations shown 
in Sidebar 25. 

Swath Width. The final measuremem 
needed to complete calibration is the 
width of the spray swath being applied 
by the sprayer. Figure 10-6 illustrates 

Calculating Gallons per Minute for High-Pressure Sprayers 

1. Record the elapsed time during each trial 
run and the amount of liquid sprayed: 

EXAMPLE 

Run# Time Volume 

1 1 min 45 sec 37.5 gal 

2 1 min 30 sec 33.5 gal 

3 1 min 50 sec 38.0 gal 

2. Convert the time from minutes and seconds 

to minutes by dividing the seconds by 60 
and adding this decimal to the minutes. 

EXAMPLE 

Run# min sec 

1 
2 

3 

1 
1 

1 

45 
30 
50 

sec-;- 60 

0.75 
0.50 
0.83 

mm 

= 1.75 
= 1.50 
= 1.83 

3. Divide the collected gallons for each run by 

the minutes, resulting in gallons per 

minute. 

FIGURE 10-5. 

It is not possible to collect the sprayed 
liq11id from some types of sprayers. 
To determine the amount of liquid 
expelled by these sprayers: (1) fill the 
tank to a known level; (2) run the 
sprayer under normal conditions for a 
timed period; and (3) refill the tank 
to its original level, measuring the 
amount of water used. 

EXAMPLE 

Run# gal -;- min gpm 

1 37.5 -;- 1.7 5 = 21.4 

2 33.5 -;- 1.50 = 22.3 
3 38.0 -;- 1.83 = 20.8 

4. Add all the gallon-per-minute figures and 
divide this total by the number ofruns (3 in 

this example) to get the average 
gallon-per-minute output. 

EXAMPLE 

Run# gpm 

1 21.4 

2 22.3 
3 20.8 
Total= 64.5 

64.5 -;- 3 = 21.5 gpm average output 
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FIGURE 10-7. 

Spray from adjacent swaths should over­
lap by the same amount as spray from 
nozzles on the spray boom overlaps (usu­
ally about 30% of the spray pattern of 
one nozzle). To do this, allow one nozzle­
width spacing between swaths as illustrat­
ed here. 

FIGURE 10·8. 

Under normal conditions, flat fan nozzles 
on a spray boom must be spaced so there 
is a 30% overlap of the spray emitted by 
adjacent nozzles. This provides for a uni­
form distribution of spray. 

spray swath widths for various applica­
tion situations. For multiple-nozzle 
boom-type sprayers, the swath is the 
width of the boom plus the distance 
between one pair of nozzles. You can 
also calculate swath width by multiply­
ing the number of nozzles by the nozzle 
spacing. (Number of nozzles X nozzle 
spacing= swath width.) When making 
a pesticide application with a boom 
sprayer, overlap the spray by the same 
amount as the nozzles on the boom 
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FIGURE 10-6. 
---·---- . . -----

overlap (Figure 10-7). Adjust the boom 
height so that there is approximately a 
30% overlap of spray from adjacent 
nozzles on the boom (Figure 10-8). 
Position nozzles at the exact height 
they would be during an actual applica­
tion. Check the spray boom to make 
sure it is level. An unleveled boom 
causes uneven spray distribution (Fig­
ure 10-9). Align fan nozzles as illustrat­
ed in Figure 10-10 to give an even spray 
distribution. 

A spray swath is the horizontal width being covered with spray material during a single pass. Swath 
width is measured differently, depending on the type of pesticide application. 
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FIGURE 10-9. 

An unlevel spray boom will cause an 
uneven pesticide application. 

FIGURE 10-10. 

,: . , 

The spray pattern will be uneven if nozzles 
are not aligned properly on the spray 
boom. R,otate nozzles about ten degrees 
from the axis of the boom to prevent 
droplets from adjacent nozzles from 
touching. bt1t still allow for proper overlap 
of the spray pattern. 

FIGURE 10-11. 

Swath width from banded applications is 
determined by addlng the widths of the 
individual bands. 

FIGURE 10-12. 
----

In orchards or vineyards, if plants on both 
sides of the sprayer are being sprayed 
simultaneously with an air blast sprayer 
or high-pressure boom sprayer, the swath 
width is the distance between plant rows. 
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When applying spray as separate 
bands or strips, Lhe swath width is 
equal to the combined width of each 
band. It does not include the unsprayed 
spaces between bands (Figure 10-11) . 

When spraying crop plants on both 
sides of the sprayer in an orchard or 
vineyard, the spray swath is equal to the 
width of the tree or vine row (Figure 
10-12). If you spray only one. side of the 

row, the swath is one-half the width of 
the tree or vine spacing (Figure 10-13) . 
Use a tape measure to determine tree or 
vine row width. Take several measure­
ments within the orchard or vineyard to 

check if row spacing is uniform and 
consistent. Average the results if you 
find any variation (Figure 10-14). 

lt is convenient to know the number 
of trees or vines per acre. This allows 

PROPER ALIGNMENT NOZZLE ANGLE TOO GREAT 

Swath Wid1h = W 1 + Wl. + w, + W, + w, 
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FIGURE I 0-13 . 

When spray is emitted from on/y one side 
of an orchard or vineyard airblast sprayer, 
the swath width of each pass is one-half 
the plant row spacing. 

FIGURE 10-14. 

Swath width for pesticide sprays in orchards and vineyards should be measured from the center of one 
tree or vine row to the center of the adjacent row. Take several measurements in different locations to 
check for variation in plant spacing. If variation exists, average the measurements. 

FIG URE 10- lS. 

Swath width for herbicide strip sprays in 
orchards and vineyards should be measured 
on/y to the center of the tree or vine row and 
should not include overlap. 

you to adjust an air blast sprayer to 
apply a given volume of water per acre. 
After spraying out a tank of kno·wn vol­
ume, count the number of trees or vines 
completely sprayed. Then, calculate the 
area that you sprayed. You can increase 
or decrease travel speed slightly to 
apply less or more liquid per acre. You 
can also change nozzle sizes. 

Measure swath width for herbicide 
strip sprays in orchards and vineyards 

FIGURE 10-16. 

Sometimes spray can be applied to both sides 
of a plant or vine row through a special/y 
designed, horseshoe-shaped boom arrange­
ment. Several plant rows can o~en be sprayed 
at the same time with these applicators. Spray 
swath width is the distance between opposing 
nozzles. If multiple rows are sprayed, the swath 
width is the sum of the distances. 

to the center of the tree or vine row. Do 
not include overlap (Figure 10-15). 
Unless you apply the herbicide to the 
entire orchard or vineyard floor, the 
actual sprayed area is less than the total 
planted area. 

Some applications use an inverted 
"U" -shaped boom to apply pesticides to 
the tops and both sides of vines or 
plants in a row (Figure 10-16). Some­
times these booms cover a row on each 
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FIGURE 10-17 . 

St1bsoil chisels spaced along o tractor's tool bar are used to inject pesticides into the soil. When pesticides 
are injected into the soil, the swath width is usually considered to be the width of the tool bar. 

side of the tractor. Swath width for this 
type of equipment is equal Lo the dis­
tance between opposing nozzles. 

You can inject pesticides into the soil 
by using special subsoil chisels spaced 
along a tractor-mounted tool bar. 
Assume that you are applying pesticides 
to the entire subsurface area in most 
soil injection applications. This swath 
width is equal to the number of chisels 
multiplied by the space between the 
chisels on the tool bar (Figure 10-17). 
When you inject pesticides as bands, 
the swath width is the sum of all the 
band widths, similar to surface band 
applications. 

Measure the swath width of a back­
pack sprayer from the spray pattern 
produced on the ground in a test run. 
Keep the nozzle at the height held dur­
ing an actual application. Maintain this 
height always tO prevent variation in 
swath width. Nozzles of these types of 
sprayers usually provide a uniform 
spray pattern. Overlap swaths only 
enough to assure a uniform application 
pattern. Use the same method to mea­
sure swath width of controlled droplet 
applicators. 

Determining the Amount of Pesti­
cide to Use. Use tank volume, travel 
speed, flow rate, and swath width to 
calculate the total area covered wi.th 
each tank of material. Knowing this 

value allows you to determine how 
much pesticide to put into the tank. 
Choose from two calculation methods. 
One applies to pesticides applied by the 
acre. The other is for applications made 
by the square foot, such as landscape 
treatments or sprays in confined areas. 
See Sidebars 26 and 2 7. 

Figure 10-18 is an example of how to 
combine calibration formulas onto a 
single sheet for in-field use. This exam­
ple shows a calibration worksheet 
designed for orchard sprayers. You can 
make similar sheets for other types of 
pesticide sprayers. 

To prevent waste of pesticide maLeri­
al, accurately measure the area you plan 
to treat. Then, mix only the amount of 
chemical needed. 

Changing Sprayer Output 

Once you calibrate a sprayer, you 
have determined its output rate for a 
specific speed. There may be times 
when you need to change this output 
rate. These include 

• accommodating variations in 

foliage 
• different plant spacing 
• special requirements of the treat­

ment area 
• the need to travel at a faster or 

slower speed 
• compensating for nozzle or pump 

wear 
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SIDEllAR 26 

How Much Pesticide to Put into the Spray Tank 
(pesticides applied on a per-acre basis) 

1. First, determine the area that can be treated in 1 minute. Divide 
the spray swath width by 43,560 (the number of square feet in 
1 acre) and multiply the result by the travel speed in feet per 
minute. The resu lt will be the acres treated per minute. In the 
example in Sidebar 21, page 289, travel speed was calculated to 
be 128.25 feet per minute. Assuming the swath width is 12 feet, 
the calculation would be: 

EXAMPLE 

(12 ft+ 43,560 sq ft/ac) X 128.25 ft/min= 0.0353 ac/min 

In this example, when a swath 12 feet wide is being sprayed, 
0.0353 acres are covered in 1 minute. 

2. Next, determine the gallons of liquid being applied per acre. 
Divide the gallons per minute figure by the acres per minute: 

EXAMPLE 

1.525 gal/min -=- 0.0353 ac/min = 43.2 gal/ac 

3. Then, deter'mine the number of acres that can be treated with a 
full tank. Divide the actual measured volume of the spray tank 
( or tanks) by the gallon per acre figure. Assume the tank holds 
252.5 gallons when filled: 

EXAMPLE 

252.5 gal/tank-=- 43.2 gal/ac = 5.84 ac/tank 

4. Finally, determine how much pesticide to put in the tank. Multi­
ply the number of acres per tank by the recommended rate per 
acre of pesticide; check the pesticide label forth is information. 
(If the label calls for "active ingredient" see the "Active Ingredient 
Calculations" section on page 307.) 

EXAMPLE 
Amount of 

Pesticide Acres Pesticide to 
Label Says per Tank Put in Tank 

1.5 lb/ac X 5.84 - 8.76 lb 
3 qt/ac X 5.84 = 17.52 qt 
2 gal/ac X 5.84 11.68 gal 
1 pt/ac X 5.84 = 5.84 pt 



CALIBRATING PESTICIDE APPLICATION EQUIPM ENT • 299 

SIDEBAR 27 

How Much Pesticide to Put into the Spray Tank 
(pesticides applied by the square foot) 

1. Determine how many square feet can be 
treated in 1 minute. Multiply the speed as 
determined by the procedures in Side.bar 
21, page 289, by the swath width. In this 
example, assume a single-nozzle hand-oper­
ated sprayer is being used to apply a swath 
width of 2.5 feet at a speed of 128.25 feet 
per minute. 

EXAMPLE 

128.25 ft/min X 2.5 ft = 320.63 sq ft/min 

2. Next, determine the volume of spray, in 
gallons, that will be applied to 1 square 
foot. Divide the gallon per minute output 
( from Sidebar 23) of the sprayer by the 
square feet per minute. For this example, 
assume that the backpack unit sprays 0.05 
gallons per minute. 

EXAMPLE 

0.05 gal/min ..;- 320.63 sq ft/min = 
0.000156 gal/sq ft 

3. Then, find out how many square feet 
can be sprayed with one tank. Divide the 
number of gallons per square foot into 
the measured tank capacity. For this exam­
ple assume that the tank holds 3 gallons. 

EXAMPLE 

3 gal/tank..;- 0.000156 gal/sq ft = 
19,230 sq ft/tank 

4. Finally, determine how much pesticide to 
put in the. tank. First, read the pesticide 
label; it will tell you the amount of pesticide 
to apply. Normally, the label will tell you 
how much to apply per square foot ( or per 
100 or 1,000 square feet) or per acre. ( If 
the label calls for "active ingredient" see the 
"Active Ingredient Calculations" section on 
page 307.) 

EXAMPLE A 

If the label gives the dosage rate per 1, 100, or 
1,000 square feet, multiply that rate by the 
square-feet-per-tank as determined in step 3: 

Pesticide Square Amount of 
Label X Feet = Pesticide to 
Says per Tank Put in Tank 

3 fl oz per 
1,000 sq ft X 19,230 57.69 fl oz 

¥.t* fl oz per 
1,000 sq ft X 19,230 = 14.42 A oz 

1 oz per 
100 sq ft X 19,230 = 192.3 oz 

*The fraction ¥i is converted to its decimal equiv­
alent 0.75 to complete this calculation. 

EXAMPLE B 

If the pesticide label gives the dosage rate in 
units of pesticide per acre, convert square feet 
per tank (from step 3) to acres per tank by divid­
ing it by 43,560 (the number of square feet in 1 
acre): 

19,230 sq ft/ tank ..;- 43,560 sq ft/ ac = 0.441 
ac/tank 

Then, multiply the labeled rate per acre by the 
number of acres pertank: 

Pesticide Acres Amount of 
Label X per = Pesticide to 
Says Tank Put in Tank 

1.5 lb/ac X 0.441 = 0.661 lb (10 .6 oz) 
3 qt/ac X 0.441 = 1.32 qt ( 42.2 fl oz) 
2 gal/ac X 0.441 = 0.882 gal (7.1 pt) 
1 pt/ac X 0.441 = 0.441 pt (7.1 fl oz) 
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Grower: D. BROWN 

ORCHARD SPRAYER CALIBRATION 

Dale: 1-29-1999 Sprayer Type: AIR BLAST 

CHECK: @'" 1. Filter screens and strainers clean? 
~ 2. Tank clean and free of scale and sedimenL? 
@'" 3. Pressure gauge operating? 
~ 4. Nozzles working properly? 

Sprayer operating pressure: 100 psi. 

1-A. GALLONS/HOUR (Method I-using nozzle chart from manufacturer's catalog) 

Nozzle Number Rated Output Minutes 
Size (N) (gallons/minute) per Hour 
D2 · 25 8 X 0 .25 X 60 
D4-25 8 X 0.45 X 60 

X x 60 
TOTAL GALLONS PER HOUR 

1-B. GALLONS/l-tOUR (Method 2-measurement) 
l. Fill sprayer to verifiable level. 
2. Run sprayer for a measured period of time (T), spraying 

= 

Gallons 
per Hour 

120 
216 

336 

under the same conditions as in the orchard. I= 3.53 
3. Refill sprayer, measuring the amount of water used (GAL) in gallons. GAL = 20.4 
4. Cl:llculate: gallons/hour= (GAL X 60)/f TOTAL GALLONS/HOUR= 346.7 

U. MILES/HOUR 
l. Est<1blish distance (D) in feet. 
2. Measure elapsed time for sprayer Lo travel the distance. 

Make 3 runs and average results. 

a. First run time = ~ minutes. 
b . Second run time =~minutes. 
c. Third run time = jJQ_ minutes. 

3. Average of three runs (T) = _1_. 1_1 _ minutes. 

4. Calculate miles per hour: 
MPH = (D/T)/88 

Ill . ACRES/HOUR 
1. Measure width of tree row (W) in feet. 
2. Calculate miles per acre: 

miles/acre= (43,560/W)/5,280 
3. Calculate acres per hour: 

acres/hour= MPH/(miles/acre) 

IV. GALLONS/ACRE 
(gallons/hour)/(acres/hour) = gaJJons/acre 

FIGURE 10-18. 

0= __ 25_ 3_ 

MPH= 2.59 

W= 22 

MILES/ACRE= 0.375 

ACRES/HOUR= 6.91 

GALLONS/ACRE= 50.17 

A worksheet such as this Ord1ard Sprayer Calibration Worksheet Cctn be helpful in recording and com­
puting the figures necessary for calibration. Similar worksheets can be developed for other types of 
sprayers. (In this example, notice the difference between the rated 011tput of the nozzles and the actual 
output, Nozzles are worn.) 
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V. ACRES/TANK 

Tank size= 500 gallons/tank 

(gallons/tank)/(gallons/acre) = acres/tank 

VI. AMOUNT OF PESTICIDE/TANK 

ACRES/TANK= 9.97 

Recommended amount of pesticide/acre= 2.5 lb. 
(pesticide/acre) X (acres/tank)= pesticide/tank PESTlClDE/TANK = 24.9 lb. 

VII. CALIBRATION CHECK 
1. Tree spacing (S) = 22 X 22 feet 

2. Trees per acre (T) = 43,560/S 

3. Count the actual number of trees sprayed (N) 
with one tank: 

5= 484 

T= 90 

N= 9 18 

4. Actual acres sprayed= NIT ACTUAL ACRES= 10.2 

5. Calculated acres per cank 
(from "V" above) CALCULATED ACRES/TANK= 9.97 

6. Percent accuracy= calculated acres/actual acres x 100 ACCURACY= 97.7"!. 

FIGURE l 0·19. 

Changes in row spacing in an orchard 
or vineyard affect the amount of spray 
being applied per acre. Increasing or 
decreasing ground speed can accommo­
date for the difference i11 spacing so the 
correct amount of pesticide per acre 
will be applied. Variations in the size 
of trees or vines may also influence the 
rate of application. 

1. Wide 

sprayer output: 
travel speed: 

spray rate: 
acres sprayed: 

10gpm 
2.0 mph 

,) 

123. 7 gal/acre 
4.85 acre/hr 

I, 
sprayer output: 

rravcl speed: 
spray rate: 

acres sprayed: 

.j 
10 gpm 
2.22 mph 
123.9 gal/acre 
4.84 acre/hr 

Sprayer must travel foster 10 keep spray application rate the same. 

You can make several adjustments, 

either alon.e or in combination, to effec­

tively increase or decrease sprayer out­

put within a limited range. 

Changing Speed. The simplest way to 

adjust the volume of spray being applied 

is to change the travel speed of the 

sprayer. A slower speed results in more 

liquid being applied , while a faster 

speed reduces lhe application rate. You 

may need such adjustments when swath 

width changes slightly. This would be 

the case in orchards or vineyards where 

plant spacing differs from block to block 

(Figure 10-19). Changing the travel 

speed eliminates the need for altering 

the concentration of chemical in the 

spray tank. However, there are limits to 

the amount of speed change you can 

make. Operating application equipment 
too fast is a common error and will 

result in poor coverage. Operating it too 
slow results in runoff, waste, and an 
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increase in application time and cost. 
To determine how much to increase or 
decrease your speed, put in the new 
swath width and rework the calcula­
tions shown in Sidebar 26 or Sidebar 27. 

Changing Output Pressure. As noz­
zles begin to wear, I.he spray volume 
will increase. When a pump begins to 
wear it becomes less efficient and the 
nozzle output drops off. Adjusting the 
pressure regulator to increase or 
decrease output pressure will change 
the spray volume s lightly. Increasing 
pressure increases the output, while 
decreasing pressure lowers it. However, 
to double the output volume you must 
increase the pressure by a factor of 
four. This is usually beyond the capa­
bilities of a spraying system. The work­
ing pressure range of the sprayer pump 
limits this adjustment. Whenever pres­
sure in the system changes, remeasure 
the nozzle ouqmt (see Sidebar 22, page 
290). Then, rework the calibration cal­
culations. Increasing pressure breaks 
the spray up into finer droplets. Lower­
ing pressure too much reduces the 
effectiveness of nozzles by altering the 
spray pattern. 

Changing Nozzle Size. The most 
effective way to change the output vol­
ume of a sprayer is to install nozzles of 
a different size. Larger nozzles increase 
volume, while smaller ones reduce vol­
ume. Changing nozzles usually alters 
the pressure of the system and requires 
an adjus tment of the pressure regulator. 
Adjust the output volume of disc-core 
nozzles by changing either the disc or 
the core. Sometimes you need to 
rep1ace both. Be aware that changes in 
either the core or disc will also change 
the droplet size and spray pattern. Use 
tables included in nozzle manufactur­
ers' catalogs as a guide for estimating 
output of different combinations. 
Whenever you change any nozzles, 
recalibrate the sprayer and refigure its 
new total output. 

Calibrating Dry Applicators 

The techniques for calibrating dry 
applicators are similar in many ways to 
those used for liquids. However, cali­
brate granule applicators for each type 
of granular pesticide you appl)'. Also, 
recalibrate this equipment each time 
weather or field conditions change. 
Granules vary in size and shape from 
one pesticide to the next, influencing 
their flow rate from the applicator hop­
per. Temperature and humidity, as well 
as field conditions, also influence gran­
ule flow. 

Before beginning to calibrate a dry 
applicator, be sure that it is clean ancl 
all parts are working properly. Most 
equipment requires periodic lubrica­
tion. Always wear rubber gloves to pre­
vent contact with residues on the 
equipment. Calibrating granule appli­
cators involves using actual pesticides, 
so wear the label-prescribed personal 
protective equipment. Some formula­
tions are dusty and ma)' require respi­
ratory protection. 

You must measure three variables 
when calibrating a dry applicator: 

• travel speed 
• output rate 
• swath width 

Travel Speed. Determine travel speed 
in feet per minute in the same manner 
as you would for liquid applicators. 
Follow the instructions given on page 
288. Fill up the applicator hoppers so 
you can measure speed under actual 
operating conditions. 

Output Rate. To determine the out­
put rate, fill the hopper or hoppers with 
the granular pesticide. Most granule 
applicator hoppers have ports with 
adjustable openings for granules to pass 
through. Ref er to the manufacturer's 
instructions to determine the approxi­
mate opening for the rate and speed 
you need. Once you set the approxi­
mate opening, use one of the following 
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three methods to determine the actual 
output rate. 

1. Measure the Quantity of Granules 
Applied to a l<nown Area. The easiest 
way to calibrate a granule applicator is 
to collect and weigh the granules 
applied to a known area. Use this 
method when working with broadcast 
applicators. Spread out a plastic tarp of 
known size on the ground. Then oper­
ate the broadcast applicator at a known 
speed across the tarp (Figure 10-20). 
Place the granules collected by the tarp 
into a container and weigh chem. Use 
the calculations shown in the example 
in Sidebar 28 to figure the amount of 
granular pesticide applied per acre or 
other unit of area. 

2. Collect a Measured Amount of Gran­
ules Over a Known Pe1iod of Time. Col­
lecting and weighing measured quarui­
ties of granules is similar to calibrating 
a liquid boom sprayer with multiple 
nozzles. Use this method for granule 
applicators with multiple ports. While 
operating the applicator at a normal 
speed, collect granules from one port at 
a time. Record the time required to col­
lect each sample. Weigh samples sepa­
rately, then use the calculations shown 
in Sidebar 29 to find the output rate. 

3. Refi11 the Hopper After a Measured 
Peliod of Time. Use this method with 
hand-operated equipment or when 
applying small quantities. It also works 
best when you have several applicators 
on a boom. Fill the hopper or hoppers 
to a known level and operate the equip­
ment for a measured time. When fin­
ished, weigh the quantity of granules 
required to refill the hoppers to their 
original levels. Use the calculations 
shown in the example in Sidebar 30 to 
compute the output rate. Settling of 
granules in the hoppers may cause this 
method to be less accurate than the two 
methods listed above. 

Swath Width. To measure the swath 
width, operate the equipment under 
actual field conditions. Whenever pos­
sible., place cans, trays, or other con­
tainers at even intervals across the 
application swath. Use these to collect 
granules. Weigh the granules collected 
in each container separately to de.ter­
mine the distribution pattern. You can 
operate some spreaders over a strip of 
black clotl1 or plastic. This gives you a 

rapid visual assessment of granule dis­
tTibu tion and swath width. Applicators 
that apply bands or inject granules 
into the soil do not have devices to dis­
perse granules from side to side. You 

Area measurement: swath width x tarp length Area measurement: tarp width X tarp length 

FIGURE 10-20. 

To determine the area of granules being applied, measure the swath width across a plastic tarp and mul­
tiply this by the length of the tarp. If the swath is wider than the tarp, the area is computed by multiply­
ing the length by the width of the tarp. 
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SIDEBAR 28 

Calculating Granule Output Rate by Measuring 
the Quantity Applied to a Known Area 

1. Spread a 10 foot by 10 foot ( or larger) plastic tarp on the 
ground and measure its length and width . Multiply the length by 
the width to determine the area of the tarp. 

EXAMPLE 

Tarp size = 1 0 ft by 1 2 ft 
Tarp area = 10 X 12 = 120 sq ft 

2. Fill the hopper or hoppers of the granule applicator, adjust the 
output ports to the recommended opening, and travel across the 
tarp at a known speed while granules are being broadcast. 

3. Measure the swath width of the granules that were applied (see 
Figure 10-20) and compute the area of the swath. If the swath is 
wider than the tarp, the area figure to be used is equal to the 
area of the tarp. If the swath is narrower than the tarp, multiply 
the swath width by the length of the tarp. 

4. Transfer all the granules on the tarp into a container and weigh 
chem. 

5. Multiply the weight of the granules collected (in pounds) by the 
area ( acre, 1,000 square feet, or 100 square feet) given on the 
label. (An acre is 43,560 sguare feet.) Divide the result by the 
area of the swath. 

EXAMPLE 

Assume the swath width of granules being applied equals 15 
feet. Therefore use the tarp area of 120 square feet in the calcu­
lations. (If the swath width was less than the carp width, for 
example 8 feet, the area would then be 8 feet X 12 feet = 96 

square feet.) Multiply the weight (in pounds) by the labeled area 
and divide the result by the tarp or swath area: 

Weight= 8 oz X 16 oz/lb = 0.5 lb 

0.5 lb X 43.560 sq ft/ac = 181 .5 lb/ ac 

120 sq ft 

In this illustration, the granule applicator is broadcasting 181.5 
pounds of material per acre. If the label calls for a greater 
amount, open the port more or slow the speed of travel of the 
appl icator. If the label calls for a lesser amount, close the port 
some or speed up the race of travel. Once an adjustment has 
been made, repeat this calibration procedure. 



CALIBRATING PESTICIDE APPLICATION EQUIPMENT • 305 

SIDEBAR 2 9 

Calculating Granule Output Rate by Collecting a Measured Amount 
over a Known Period of Time 

1. Adjust the hopper opening according to 
manufacturer' s instructions suggested for 
your required application rate. If no infor­
mation is available, begin with an interme­
diate setting. 

2. Operate the equipment at the speed of an 
actual application. Collect granules in a 
clean container, such as a pan or bag, 
before they drop to the ground. Use a stop­
watch to determine the time required to 
collect each volume. If granules are dis­
persed through more than one opening, 
collect and time the output from each. 
Because some units drop granules onto a 
spinning disc for dispersal, it may be neces­
sary to disable the disc by disconnecting 
the drive chain or belt to prevent granule 
loss during collection . For smaller units, 
collect the discharge into a bag placed over 
the outlet. Be sure granules are moved away 
from the port quickly enough to prevent 
clogging. 

3. Weigh the output from each port separate­
ly to detect any variability; if necessary, 
adjust ports to equalize flow rates. Collec­
tions should be weighed in ounces. 

4. Determine the output in pounds per hour. 
Divide each weight by the collection time 
and multiply by 0.0625, (the number 
obtained by dividing 1 minute by 16 ounces 
per pound; this number will convert ounces 
per minute into pounds per minute). 

EXAMPLE 

The following is an example of an output collect­
ed from a granule applicator with six ports, 
although the same calculations would apply if 
only one port were used. Hopper openings were 
adjusted following manufacturer's recommenda­
tions for an application of200 pounds per acre: 

Port# Ounces Time (min) 

1 29.5 0.25 
2 33.0 0.28 
3 31 .5 0.26 
4 29.0 0.25 
5 33.0 0.27 
6 30.0 0.26 

Port# oz -;- min = oz/min X 0.0625 = lb/tnin 

1 29.5/0.25 = 118.0 X 0.0625 = 7.375 
2 33.0/0.28 = 117.9 X 0.0625 = 7.369 
3 31.5/0.26 = 121 .2 X 0.0625 = 7.575 
4 29.0/0.25 = 116.0 X 0.0625 = 7.250 
5 33.0/0.27 = 122.2 X 0.0625 = 7.638 
6 30.0/0.26 = 115.4 X 0.0625 = 7.213 

44.420 

5. Determine total pounds per minute output 
by adding the individual outputs of each 
port. In this example the total output is 
44.42 pounds per minute. 

6. Use the technique shown in Sidebar 31, 
page 306, to calculate the rate per acre or 
other unit of area. 

determine swath width by adding the 
widths of individual bands. 

tion procedure. Motorized and hand­
operated applicators apply granules at a 
fixed output , independent of ground 
speed. When ground speed increases, 
you apply fewer granules per unit of 
area. When ground speed decreases, 
you apply more material. With this type 
of equipment you can adjust applica­
tion rate by adjusting the size of the 

Application Rate. Use the example in 
Sidebar 31 to calculate the actual rate of 
granules being applied per acre or other 
unit of area. If your calculations do not 
correspond to the labeled rate, adjust 
the equipment and repeat the calibra-
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SIDEBAR 30 

-----'-'-'--' 

Calculating the Rate of Output by Refilling the Hopper after a Measured 
Period of Time 

1. Fill the hopper or hoppers to a known level 
with granules. 

2. Operate the equipment for a measured 
period of time at a known speed. 

3. Weigh the amount of granules required to 
refill the hopper or hoppers to their original 
level. ff multiple hoppers are being used, be 
sure each is applying approximately the 
same amount of granules. ff a significant 
variation exists, adjust the ports and repeat 
steps 1 through 3. 

EXAMPLE 

In this example, six applicators are used together 
on a boom. They have been adjusted so that they 
all apply approximately the same amount of 
granules : 

SIDEBAR 31 

Hopper Operating Weight of 
Number Time(min) Granules (lb) 

1 2.5 6.2 
2 2.5 6.1 
3 2.5 6.1 
4 2.5 6.3 
5 2.5 6.1 
6 2.5 5.9 

36.7 

4. Convert the output to pounds per minute by 
dividing the total weight from all hoppers 
by the time they were operated. 

EXAMPLE 

36.7 lbs+ 2.5 min = 14.68 lbs/min 

5. Use the technique shown in Sidebar 31 
(below) to calculate the rate per acre or other 
unit of area. 

Calculating Rate per Acre or Other Unit of Area 

1. Determine the acres per minute being treated by dividing the 
swath width by 43,560 (the number of square feet in an acre) 
and multiplying the result by the speed of travel. In this example 
the swath width is 30 feet and the application speed is 352 feet 
per minute ( 4 miles per hour). 

EXAMPLE 

(30 ft [swath]+ 43,560 sq ft/ac) X 352 ft/min= 0.242 ac/min 

2. Determine the pounds of formulated pesticide being applied per 
acre by dividing the output rate of the granule applicator (as 
computed from the calculations performed in Sidebars 28, 29, 
or 30) by the acres per minute calculated in step 1. This example 
uses 44.42 pounds per minute as the output rate. 

EXAMPLE 

44.42 lb/min + 0.242 ac/min = 183.6 lb/ac 
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port opening and by changing the speed 
of travel. 

The output of ground-wheel-driven 
granule applicators varies according to 
the ground speed. If ground speed 
increases, the applicator runs faster and 
the output rate is greater. When the 
ground speed slows down, output 
decreases because the applicator runs 
slower. The result of this automatic 
change in output is that the equipment 
applies nearly the same amount of 
material per acre or other unit of area 
no matter what speed it travels. The 
equipment has minimum and maxi­
mum operating speeds determined by 
the manufacturer, however. You change 
the application rate by increasing or 
decreasing the size of the port open­
ings. In some units, you also change 
drive gears or sprockets to change the 
speed of the metering mechanism. 

CALCULATION FOR ACTIVE 
INGREDIENT, PERCENTAGE 
SOLUTION, AND PARTS PER 
MILLION SOLUTIONS 

Not all pesticide recommendations 
call for dry or liquid formulated 
amounts of pesticide per unit of area. 

Active Ingredient: Chlorothalonil 
(tetrachloroisophthalonitrile) . . . . . . . . . . . .. . . 40.4% 
Inert Ingredients: . . . . . . . . . . . . . . . . . . . . . . . . . . . 59.6% 
Total: ....................... ... .......... ... 100.0% 

Keep Out of Reach of Children 
WARN·ING-AVISO 
Si usted no entiende la etiqueta, busq ue a alguien 
para que se la explique a usted en detalle. 
(If you do not understand the labe\, find someone 
to explain it to you in detail.) 
See side panel for additional precautionary 
statements. 

Research work sometimes requires a 
pesticide application rate in pounds of 
active ingredient (a.i.) per uniL of area. 
Some labels require that pesticides be 
mixed as a percentage solution or be 
diluted to parts per million (ppm) . 
Before adding pesticide to the spray 
tank, read and understand the dilution 
instructions on the label. 

Active Ingredient (a.i.) Calculations 

Pesticides are seldom available in 
their pure state. Manufacturers formu­
late them into a pest control product by 
combining them with adjuvants and 
inert ingredients such as carriers and 
solvents. Therefore, only a portion of 
any formulated product , whether dry or 
liquid, is pure pesticide.. This portion is 
the active ingredient (a.i.) . Some Univer­
sity of California and other pesticide 
use guide1ines call for a.i. if there are 
several formulations available. Because 
different manufacturers often sell differ­
ent formulations, using a.i. calculations 
allows you to apply Lbe same amount of 
actual pesticide to a unit of area no mat­
ter what formu lation you use. 

Manufacturers list the percentage o[ 
active ingredient on product labels. 
Labels of liquid pesticides give the per­
centage by weight of active ingredient. 
They also tell how many pounds of 
active ingredient are in 1 gallon of for­
mulation (Figure 10-21). Labels of dry 
formulations list the percentage by 
weight of active ingredient. Use the cal­
culations in Sidebar 32 to make active 
ingredient calculations with liquid for­
mulations. Use Sidebar 33 for dry for­
mulations and Sidebar 34 for granular 
formulations . 

FIGURE 10-21. 

To determine the percentage of active ingredient 
in a pesticide formulation, check the pesticide 
label. Liqt1id formulations list active ingredient as 
the number of pounds per gallon of formulatlon. 
Dry formulations list active ingredient as the total 
percentage of the weight. 
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SIDEBAR33 

SIDEBAR 32 

Liquid Formulations 

Assume that a sprayer has been calibrated and found to spray 7.5 
acres per tank. You have a recommendation to apply 1.5 pounds a.i. 
of chlorothalonil per acre to control rust on snap beans, and have 
been supplied with a liquid formulation containing 4.17 pounds a.i. of 
chlorothalonil per gallon. 

1. Determine the number of acres that can be treated with 1 gallon 
of formulation by dividing the pounds ofa.i. per gallon by the 
recommended poundsofa.i. peracre. 

EXAMPLE 

4.17 lb a.i. per gal + 1.5 lb a.i. perac = 2.78 ac/gal 

2. Divide the known acre capacity of your tank by the acres 
per gallon: 

EXAMPLE 

7.5 ac/tank--;- 2.78 ac/gal = 2.7 gal/tank 

This is the number of gallons of formulated chlorothalonil that should 
be put into the tank for spraying 7.5 acres of crop. 

Powder Formulations 

The calibrated sprayer you are using covers 7.5 
acres per tank, and you have a recommendation 
to apply 1.5 pounds a .i. of chlorothalonil per 
acre for control of rust on snap beans. You are 
provided with a wettable powder formulation 
that, according to the label, contains 75% 
chlorothalonil. 

1. Convert the percentage ofa.i. to a decimal 
by dividing by 1 00 ( or simply move the 
decimal point two places to the left). 

EXAMPLE 

75% = 0.75 lb a.i.jlb formulation 

2. Divide the recommended amount ofa.i. by 
the amount of a. i. in the formulation . 

EXAMPLE 

1.5 lb a.i. per ac + 0.75 lb a.i. per lb 
formulation = 2 lb formulation/ac 

3 . Multiply the pounds of formu lation per 
acre by the number of acres per tank to 
find out how much material to put into 
t he tank. 

EXAMPLE 

2 lb form/acre X 7.5 ac/ tank = 1 S lb/ tank 
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SlDEBAR 34 

Granular Formulations 

You are given a recommendation for application of0.50 lb a.i . of 

ethoprop per 1,000 square feet of turf for concrol of nematodes. 
You are provided with a granular formulation containing 10% active 

ingredient(O.l pound ofa.i . per pound offormulation). 

1. Convert the percent a.i. to a decimal and divide this into the 

recommended application rate: 

EXAMPLE 

0.5 lb a.i. per 1000 sq ft+ 0.1 lb a .i. per lb formulation= 

5 lb formulation 

2. Calibrate the granule applicator so that it applies 5 pounds of 
formulated ethoprop per 1,000 square feet. 

TABLE 10-2. 

Parts per Million (ppm). 

DECIMAL 
ppm SOLUTION PERCENTAGE 

1 ppm 0.000001 0.0001% 

10 ppm 0.00001 0 .001% 
100 ppm 0.0001 

1,000 ppm 0.001 
10,000 ppm 0.01 

100,000 ppm 0.1 
1,000, 000 ppm 1.0 

Percentage Solutions 

Sometimes label recommendations 
require that the pesticide be mixed as a 
percentage solution. You mLx the active 
ingredient to get a known concentra­
tion regardless of the sprayer output 
rate . You mix percentage solutions on a 
weight-to-weight basis (w/w), meaning 
pounds of a.i. per pound of water. Side­
bar 35 provides an example of calculat­
ing a percentage solution with liquid 
formulations. Sidebar 36 shows those 
for dry formulations. 

Parts per Million (ppm) Solutions 

You must mix certain pesticides in 
parts per million (ppm) concentrations. 

0 .01% 
0.1% 
1.0% 

10.0% 
100.0% 

These are the same as percentage solu­
tions. For example, a 100 ppm solution 
is equal to a 0.01 % solution (Table 10-
2). The ppm designation represents the 
parts of active ingredient of pesticide 
per million parts of water. Parts per mil­
lion dilutions are a common way of 
measuring very diluted concentrations 
of pesticides. When calculating parts 
per million, use the formulas in Sidebar 
3 7 if you are mixing dry formulations 
with water. For liquid formulations, use 
the formulas in Sidebar 38. 



310 • CALIBRATING PESTICIDE APPLICATION EQUIPMENT 

SIDEBAR 35 

Percentage Solution-Liquid Formulations 

To prepare a percentage solution using liquid formulations, you need 
to know the volume of the spray tank, the weight of active ingredient 
per gallon offormulation, and theweightofagallon ofwater. The 
weight of water is a constant, being approximately 8.34 pounds. 
Assume you have measured the volume of the spray tank and find that 
it holds 264.5 gallons of water. You are given a recommendation to 
apply a 1 % solution of glyphosate for control of aquatic weeds using a 

high-pressure sprayer with a hand-held spray nozzle. The formulation 
of glyphosate that you are to use contains 5 .4 pounds of active ingre­
dient per gallon. 

1. Find the total weight of the liquid in the filled tank by multiplying 
264.5 gallons by 8.34 pounds per gallon: 

EXAMPLE 

264.5 gal X 8.34 lb/gal = 2,205.93 lb 

2. Multiply this weight by 0.01 (1%) to determine the weight of a.i . 
required to mix a 1% solution: 

EXAMPLE 

2,205.93 X 0.01 = 22.06 lb 

3. Divide the required weight of a .i. by the weight of a.i. in the for­
mulation. The result is the number of gallons of liquid formula­
tion that should be added to 264.5 gallons of water to achieve a 
1% solution: 

EXAMPLE 

22.06 lb a.i . + 5.4 lb a .i./gal = 4.1 gal formulation 

In this example, one tank ofliquid should contain 4.1 gallons of 
glyphosate formulation. The total volume of water combined with the 
glyphosate formulation should equal 264.5 gallons, the capacity of 
the tank. You would therefore use 260.4 gallons of water and 4.1 gal­
lons of formulated glyphosate. 

Note: These calculations give a close approximation of the amount of 
liquid formulation to add to the tank to achieve a known percentage 
solution. The mathematics for a more exact figure are more complex 
and unnecessary for this type of work. 
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SIDEBAR 36 

Percentage Solution-Dry Formulations 

Dry formulations require similar calculations for 
percentage solutions. First, from the label, deter­
mine the percent of a.i. in the dry formulation. 
Assume for this example that it is 75% a.i.; 1 
pound of dry formulation would contain 0.75 
pound of pesticide active ingredient. You need to 
mix a 1% spray solution of this formulation in the 
264.5 gallon t ank. 

1. Find the total weight of the liquid in the 
filled tank by multiplying 264.5 gallons by 
8.34 pounds per gallon: 

EXAMPLE 

264.5 gal X 8.34 lb/gal = 2,205.93 lb 

2. Multiply this weight by 0.01 ( 1%) to deter­
mine the weight ofa.i. required to mix a 1% 

solution: 

SIDEBAR 37 

EXAMPLE 

2,205.93 X 0.01 = 22.06 fb 

3. Divide the weight of a.i. by the decimal 
equivalent of the percent of a.i. in the for­
mulation. The result is the number of 
pounds of formulation chat should be 

added to 264.5 gallons of water to achieve 
a 1 % solution: 

EXAMPLE 

22.06 lb= 29.41 lb formulation 

Add 29.41 pounds of wettable powder to 264.5 
gallons of water to achieve a 1% solution. 

Calculating a Parts per Million Dilution for Dry Formulations 

Assume you are given a recommendation requir­
ing a 100 ppm concentration of oxytetracycline 
to be mixed in a 500 gallon tank. Oxytetracycline 
is used for control of fire bf ight on pear trees. 
The formulation you have is a wettable powder 
containing 17% a.i. 

1. Find the total weight of the liqu id in the 
filled tank by multiplying 500 gallons by 
8.34 pounds per gallon: 

EXAMPLE 

500 gal X ~.34 lb/gal= 4,170 lb/tank 

2. Determine how many pounds ofa.i. are 
required for 1 pound of spray solution : 

EXAMPLE 

100 ppm = 100 parts a .i . 7 1,000,000 
parts solution = 0.0001 

It will require 0.0001 pounds ofa.i. for 
each pound of solution to achieve a 100 
ppm mixture. 

3. Determine how many pounds ofa.i. are 
required for a tank of solution, using the 
weight of the liquid in the tank: 

EXAMPLE 

4,170 lb/tank X 0.0001 lb a.i. = 
0.417 lb a.i. 

4. Divide the weight of a. i. by the decimal 
equivalent of the percent of a.i. in the for­
mulation. The result is the number of 
pounds of formulation that should be 
added to 500 gallons of water to achieve a 
100 ppm solution: 

EXAMPLE 
0.417 lb a.i. + 0.17 lb a.i./lb form = 
2.45 lb formulation 
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SIDEBAR 38 

Calculating a Parts per Million Dilution for Liquid Formulations 

Assume chat a pesticide contains 5.4 pounds of 
a.i. in 1 gallon of formulation. You are required 
to prepare a 100 ppm concentration in a 500 
gallon tank. 

1. Find the total weight of the liquid in the 
filled tank by multiplying 500 gallons by 
8.34 pounds per gallon: 

EXAMPLE 

500 gal/tank X 8.34 lb/gal = 
4,170 lb/tank 

2. Determine how many pounds of a.i . are 
required for 1 pound of spray solution: 

EXAMPLE 

100 partsa.i 71 ,000,000 parts sol = 
0.0001 

It will require 0.0001 pounds of a .i. for 
each pound of solution to achieve a 100 
ppm mixture. 

3. Determine how many pounds of a.i. are 
required for a tank of solution, using the 
weight of the liquid in the tank: 

REVIEW QUESTIONS 

1. Which of the following is the main reason for 
accurately measuring pesticides being put into your 
spray tank? 
D a. To save money 
D b. To avoid illegal overapplication 
D c. To achieve uniform droplet sizes 
D d. To prevent overfilling the spray tank 

2. Frequent calibration of your application equipment 
wi ll assure that you: 
D a. Are using the correct amount of pesticide for 

effective pest control 
D b. Always use Lhe maximum amount of 

pesticide allowed by law 
D c. Will never have pest problems 
D d. Can make effective pesticide applications 

during severe weather conditions 

EXAMPLE 

4,170 lb/tank X 0.0001 lb a.i. = 
0.417 lb a.i ./tank 

4 . Divide the required weight ofa.i. by the 
pounds of a.i. per gallon to determine how 
many gallons of formulation are required. 
Since this will probably be a small number, 
multiply by 128 ounces per gallon co con­
vert to ounces. 

EXAMPLE 

0.417 lb a.i./tank 7 5.4 lb a.i./gal = 
0.0772 gal/tank 

0.0722 gal/tank X 128 fl oz/gal = 
9.88 fl oz/tank 

Adding 9.88 fluid ounces of this 
formulated pesticide to 500 gallons of 
water will result in a 100 ppm solution . 

3. Which of the following could be a result of proper 
equipment calibration? 
D a. Better spray coverage during high winds 
D b. Unnecessary loss of time and money 
D c. Inadequate pest control 
D d. Effective pest control 

4. Why must you accurately measure the capacity of 
your spray tank? 
D a. Tank manufacturer capacity ratings may be 

inaccurate 
D b . To be able legally to use more pesticide 

product per acre than prescribed by the 
pesticide label 

D c. Accurate measurement of the tank is 
unnecessary for proper calibration 

D d. To comply with federal laws 



5. ·when making a pesticide application, increasing 
travel speed of the spraying equipment will: 
D a. Increase the amount of pesticide applied 

per acre 
D b. Decrease the amount of pesticide applied 

per acre 
D c. Have no effect on t.he amount of pesticide 

applied per acre 
D cl. Improve coverage of the pest.icicle being 

sprayed 

6. If sprayer output is not changed, what will you need 
to do to the travel speed of the application equip­
ment to maintain the same .rate per acre when the 
swath width narrows from 20 to 1 5 feet? 

D a. Decrease speed 
D b. Increase speed 
D c. Maintain the same speed 
D d. Triple the speed 

7. Which of the following is not a good reason for 
calibrating pesticide application equipment? 
D a. Effective pest control 
D b . So equipment can be operated faster 
D c. Protecting human health. the environment , 

and treated surfaces 
D d. Complying with the law 

8. For calibration, which four factors need to be 
measured? 
D a. Travel speed, sprayer pressure, number of 

nozzles, and nozzle height. 
D b . Swath width , size of area t.o be treated, travel 

speed, and sprayer pressure 
D c. Tank capacit.} , travel speed, swat.h width, and 

sprayer output (flow rate) 
D d . Nozzle height, size of area to be treated, 

travel speed, and swath width 

9 . To double the output volume of a sprayer by increas­
ing pressure, you must adjust the pressure regulator 
to increase the pressure by a factor of: 
D a. Two 
D b.Three 
0 c.Four 
0 cl.Five 

1 0. Your calibrated sprayer with a 300-gallon tank will 
cover 4.2 acres, You plan to apply an herbicide at a 
label rate of 1.5 pounds per acre. How much of this 
herbicide will you put into the spray tank? 
D a. 4 .2 pounds 
D b. 4 .5 pounds 
D c, 6.3 pounds 
D d . 12.6 pounds 
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11. It takes your equipment 3 minutes to travel 264 feet. 

How fast, in miles per hour, is the equipment 

traveling? 

D a. 1 
D b .2 
D c. 3 
D d.4 

12. By measuring the output of each nozzle on the spray 

boom, you discover that the sprayer output is 256 

ounces in 30 seconds. What is the output of the 

sprayer in gallons per minute? 

D a. 2 
D b.3 
D c. 4 
D d.5 

13. How many acres can you treat if your sprayer holds 

419 gallons and you've calibrated it to spray 80 

gallons per acre? 

D a. 3.2 
D b.4.8 
0 c. 5.2 
D d.6.3 

14. A boom sprayer with flat fan nozzles is applying 

6 strips, each one being 24 inches wide. What is 

the swath width you would use for calibration? 

D a. 2 feet 
D b .4 feel 
D c. 6 feet 
D d .12 feet 

1 S. It took 24 gallons to refill an airblast sprayer after 
running it for 3 minutes. What is the sprayer's output 
in gallons per minute? 
D a. 5 
D b.8 
D c. 10 
D d.16 
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ANSWER SHEET FOR REVIEW QUESTIONS 

Chapter 1 Chapter 4 12. d Chapter 10 

1. d 1. d 13. d 1. b 
2. d 2. C 14. b 2. a 
3. C 3. C 15. a 3. cl 
4. b 4. C 16. C 4. a 
5. C 5. a 17 C 5. b 
6. C 6. d 18. C 6. b 
7. d 7. b 

Chapter 7 
7. b 

8. a 8. b 8. C 

9. a 9. a 
1. b 

9. C 

10. C 10. a 
2. d 10. C 

11. b 11. d 
3. a 

11 . a 

12. C 12. C 
4. d 12. C 

13. d 13. C 
5. C 13. C 

14. C 14. a 
6. b 14. d 

15. C 15. d 
7. C 15. b 
8. C 

Chapter 2 Chapter 5 9. b 
L a 1. a 10. a 
2. C 2. C 

Chapter 8 
3. a 3. b 
4. C 4. b 

1. b 
2. b 

5. C 5. C 
3. d 

6. d 6. C 
4. a 

7. a 7. d 
5. d 

8. d 8. a 
6. C 

9. b 9. a 
7. a 

10. a 10. a 
8. C 

11. C 11. d 
9 . a 

12. b 12. C 
10. b 

13. a 13. C 
11. a 

Chapter 3 
14. C 

1. b 
15. a Chapter 9 

2. a 
16. C 1. a 

3. C 
17. b 2. d 

4. d Chapter 6 
3. C 

4. d 
5. d 1. d 

5. C 
6. d 2. C 

6. a 
7. C 3. a 

7. C 
8. b 4. b 

8. C 
9. b 5. d 

9. d 
10. C 6. C 

10. a 
11. b 7. C 

11. C 
12. b 8. C 

12. b 
13. C 9. b 
14. d 10. a 

13. C 

15. d 11. b 
14. C 

15. a 



Glossary 

24(c) registration. see special local ,iced regis­
tration (SLN). 

abiotic. nonliving factors, such as wind, water, 
temperature, or soil type or texture. 

abraded. a surface that has been roughened or 
scrntched. 

absorb. to soak up or take in a liquid or 
powdeL 

acaricide . a pesticide used to control mites. 
accidental misapplication. an unintentional, 

incorrect application of a pesticide. 
accumulate. to increase in quanLity within an 

area, such as in the soil or tissues of a plant or 
animal. 

acetylcholine. a short-acting neurotransmiuer, 
widely distributed in the body, that transmits 
nerve signals between nerves and muscles, 
nerves and sensory organs, or nerves and 
other nerves. 

acidic. pertaining to a solution or substance 
that has a pH lower than 7.0. 

acidifi.er. an adjuvant used lo lower the pH (or 
acidify) the water being mixed with a pesti­
cide. Pesticides often break down more slow­
ly if the spray water is slightly acid. Acidifiers 
are also referred lo as acidulators. 

acidulator. see acidifier. 
action threshold. in pest managemem, lhe 

level of pest damage or pest infescation that 
wan:ants some type of con LTOI a cl.ion, 

activator. an adjuvam that increases the activi­
ty of a pesticide by reducing surface tension 
or speeding up penetration through insect or 
plant cuticle. 

active ingredient (a.i.). the material in the pes­
ticide formulation that actually destroys the 
target pest or performs the desired function . 

acute effect. an illness that becomes apparent 
soon after an exposure 10 a pesticide occurs. 

acute onset. pertaining lo symptoms of pesti­
cide-related injury that appear soon after the 
exposure incident. 

additive effect. an increase in toxicity brought 
about by combining one pesticide with 
another. The increased toxicity is no greater 
than if an equal volume of either pesticide is 
used alone, however. 

adjuvant. a material added to a pesticide mix­
ture to improve or alter the deposition , toxic 
errects, mixing ability, persistence, or other 
qualities of lhe active ingredient. 

adrc.nergic, having an impact on the natural 
adrenal or other hormone systems of an 
organism. 

adsorb. to take up and hold on surface. 
aerosol. very fine liquid droplets or dust parti­

cles often emitted from a pressurized can or 
aerosol generating device. 

aestivation. donnancy during summer or peri­
ods of high temperature or a dry season. 

agitator. a mechanical or hydraulic device that 
stirs the liquid in a spray tank to prevent the 
mixture from separating or settling. 

agricultural commissioner. the official in each 
county in California who has the responsibil­
ity for enforcing the state and federal pesti­
cide regulations and issuing permits for 
restricted-use pesticides. Coumy agricultural 
commissioners and their staff frequently 
inspecL pesticide applications and opplication 
sites. All agricultural uses of pesticides must 
be reported monthly to county agricultural 
commissioners. 

agricultural use. a classification of certai·n pes· 
ticides that limits their use to production 
agriculture. seuings. 

air assist sprayer. a sprayer that uses air Lo 
move spray droplets to the target surface. See 
a lso air blast spraye,: 

315 



316 • GLOSSARY 

air blasl sprayer. a sprayer that uses a high­
powered fan to carry spray droplets to target 
surfaces. Airblast sprayers are usually used on 
tall plants such as trees or vines 

air gap. a space belween the filling hose and 
the liquid in·tbe pesticide tank that prevents 
backllow of pesticide liquids into the water 
source. The 1:tir gap should be a minimum of 2 

times the diameter of Lhe filling hose or pipe. 
-algae. aqualic, nonvascular plants (singular: 

alga.) 
alkaline. pertaining to a solution or substance 

that has a pH greater than 7.0. 

alkylaling. involves changes to biologically 
important molecules that alter their function; 
an alk-ylating agent causes replacement of 
hydrogen atoms on molecules by an alkyl 
group. 

allowable tolerance. the maximum amount of 
pesticide residues that may remain on treated 
produce or other food items once the these 
items become available lo consumers. 

all-terrain cycle. a three- or four•whecled 

motorcycle-like vehicle used for applying low 
volumes of pesticides in agricultural a,reas 

and open lands. 
amphibian. a cold-blooded organism such as a 

frog, toad, or salamander. 
anemometer. an instrumenl used for measur­

ing wind speed. 
animal kingdom. one of two groups of Living 

organisms, the other being the plant kingdom. 
anionic. pertaining to materials thnt contain 

negatively charged ions; a characteristic of 
some types of surfactants that helps prevent 
pesticides from being washed off treated sur­
faces. 

annual. a type of plant lhat passes through its 
entire life cycle in one year or less. 

antagonistic effect. reduced toxicity or effec­
tiveness as a result of combining one pesti­
cide with another. 

antibiotic. a substance produced by a living 
organism, such as a fungus, thal is toxic to 
other types of living organisms. Sometimes 
used as a pesticide. 

anticoagulant. a type of rodenticide that causes 
death by preventing nonnal blood clocting. 

apiary. a place where bees are kept , s1.1ch as a 
bee hive. 

application frequency restriction. a limitation 
on the number of times a particular pesticide 
may be applied to the same crop or site in a 
growing season or other period of time. 

application pattern. lhe course the applicator 
follows through the area being treated with a 
pesticide. 

application rate. pertaining to the amount of 
pesticide that is applied to a known area, such 
as an acre. 

application swath. see swath and swatlt width. 

aquatic. pertaining to water, such as aquatic 
weeds or aquatic pest control. 

aquifer. an underground formation of sand, 
gravel, or porous rock l11at contains water. 
The place where groundwater is found. 

arsenical pesticide. a type of pesticide rhat 
contains some form of arsenic. 

arthropod. an animal havingjointed 
appendages and an external skeleton, such 
as an insect, a spider, a mite, a crab, or a 
centipede. 

arlificial respiration. see rescue brcaclitng. 

attractant. a substance that anracts a specific 
species of animal to it. When manufactured 

to auract pests to traps or poisoned bait, 
auractants are considered lo be pesticides. 

auractive nuisance. a legal principle referring 
to an area (such as public or private land) or 
objecl that is or could be hazardous to people 
but that exerts some compelling attraction 
(especially to children). 

auger. a spiral-shaped shaft used for moving 
pesticide dusts or granules from a hopper to a 
moving belt or disk for application. 

augmentation. the process of building up a 

population of natural enemies in an area by 
bringing in additional eggs, larvae, or adults 
of that species. 

avicide. a pesticide used to conuol pest birds. 
axonic. affecting the axons or long fibers of 

nerve cells; impairing normal nerve function 
by interfering with the conduction of a nerve 
impulse along a nerve. 

back siphoning. the process that permits pesti­
cide-0contaminated water to be sucked from a 
spray tank back into a well or other water 
source. Back siphoning is prevented by pro­
viding an air gap or check valve in the pipe or 
hose used to fill a spray tank. 

backflow. sec bac/1 siphoning. 

backpack sprayer. also known as a knapsack 
sprayer, a small portable sprayer carried on 
the back of the person making the pesticide 
application. Some backpack sprayers are 
hand-operated and others are powered by 
small gasoline engines. 

bacterium. a unicellular microscopic plant.like 
organism that lives in soil, water, organic 
mauer, or the bodies of plants and animals. 
Some bacteria cause plant or animal diseases. 
(plural: bacteria.) 

bait. a food or food like substance that is used 
to auract and often poison pest animals. 

bait station. a box or similar device designed to 
hold poisoned bait for controlling rodents, 
insects, or other pests. Bait stations usually 
have baliles or small openings to prevent 
access to the bait except by the target pest. 

band treatment. the application of liquid or dry 
pesticides in bands or strips, usually to the 
soil, rather than over the entire area. 



belly grinder. a hand-operated device used 10 

apply pesticide granules. The device straps to 
the from of the.operator, who t.he.n turns a 
crank while walking forward through the 
treatment area. 

beneficial. pertaining to being helpful in some 
way 10 people, surh as !I hent>firial plimt or 
insect. 

biennial. a plant that completes pan of itS life 
cycle in one year and the remainder of its life 
c.-ycle the following year. 

bifiuid nozzle. a special nozzle used for pro· 
ducing extremely [inc droplctS. Fluid is bro­
ken up into small dropletS by passing through 
a high-velocity airstream. 

bind (chemically). a chemical reaction in 
which molecules of one substance attach to 
molecules of another substance, forming a 
bond that can only be broken through anoth­
er chemical reaction. 

binding agent. a special type of adjuvant, simi­
lar to glue, that is designed to prevent a 
sprayed pesticide from washing or rubbing 
off the treated surface. 

bioaccumulation. the gradual buildup of cer­
tain pesticides within the tissues of living 
organisms after feeding on lower organisms 
containing smaller amountS of these pesti· 
cides. Animals higher up on the food chain 
accumulate greater amountS of these pesti· 
cides in their tissues. 

biochemical. pertaining to a chemical reaction 
that takes place ,vithin the cells or tissues of 
living organisms. 

biological activity. activity involving the bio­
logical processes of living organisms, as 
opposed to physical or mechanical activity. 

biological control. the action of parasites, 
predators, pathogens. or competitors in main­
taining another organism's numerical density 
at a lower average than would occur in their 
absence. Biological conrrol may occur natu­
rally in the field or be the result of manipula­
tion or introduction of biological control 
agents by people. 

biologic-,d factors (in pesticide resistance). 
factors such as life cycles, life stages, physical 
attributes, and others that protect certain 
organisms from the toxic effectS of pesticides. 

biology. knowledge about the life habits of a 
plant or animal. 

biotic. pertaining to living organisms, such as 
the influences living organisms have on all 
pest populations. 

black light trap. a device that uses ultraviolet 
light to allracl insects. 

blocking (photosynthesis). preventing plants 
from carrying out photosynthesis (convercing 
sunlight into energy for plant growth and 
other functions) by interfering with one or 
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more of the chemical processes that must 
take place to accomplish this. 

boom. a structure attached to a truck, tractor, 
or other vehicle, or held by hand, 10 which 
spray nozzles are attached. 

boom appli(!ltor. a pesticide application device 
h;wing oovltiple nonles spBced along~ boom, 
making it possible to spray a wide swath. 
Boom applicators are usually used for herbi­
cide applic-.ition and for other pesticides in 
field and row crops. 

botanical. derived from plants or plant pans. 
brand name. the registered or trade name given 

lo a pesticide by its manufacturer or formula­
tor. A specific pestkide may be sold under 
several brand names. 

breakdown. the process by which chemicals, 
such as pesticides, decompose into other 
chemicals. 

broad spectrum pesticide. a pesticide that is 
capable of controlling many different species 
or types of pestS. 

broadcast application. a method of applying 
granular pesticides by dispersing them over a 
wide area using a spinning disc or other 
mechanical device. 

broadleaves. one of the major plant groups. 
known as dicois, with nerveined leaves usual­
ly broader than grasses. Seedlings have two 
seed leaves (cotyledons); broadleaves include 
many herbaceous plants, shrubs, and trees. 

brood. pertaining to a group of young or newly 
hatched individuals, such as termites. 

buffer. an adjuvant that lowers the pH of a 
spray solution and, depending on its concen­
mnion, can maintain the pH within a narrow 
range even if acidic or alkaline materials are 
added 10 the solmion. 

buffer area. a part of a pest-infested area that is 
not treated witJ1 a pesticide 10 protect adjoin­
ing areas from pesticide hazards. 

buffer strip. an area of a field left unsprayed for 
the purpose of protecting nearby structures 
or sensitive areas from drift. The minimum 
buffer strip is usually one swath width. 

buffer zone. see buffer strip. 
caking. the process by which pesticide dusts 

pack and clump together, preventing proper 
application, 

calibration. the process used 10 measure the 
output of pestkide application equipment so 
that the proper ali'lount of pesticide can be 
applied to a given area. 

California Department of Pesticide Regulation 
(DPR). the slate agency responsible for regu­
lating the use of pesticides in California. 

carbamatc. 11 el ass of pesticides commonly used 
for control of insects, mites, fungi, and weeds. 
N-metl1yl carbamate 1nsecticides, miticides, 
and nematicides are cholinesterase inhibitors. 
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carcinogenic. having the ability to produce 
cancer_ 

cardiopulmonar y resuscitation (CPR). a pro­
cedure designed to restore normal breathing 
after breathing and heartbeat have stopped. 

carrier. the liquid or powdered inert substance 
that is combined with the active ingrediem in 
a pesticide foanulation. May also apply LO the 
water or oil that a pesticide is mixed with 
prior to application. 

caste. a subgroup having specialized duties 
within a population of insects. Some termite 
species, for example, have worket, soldier, 
and reproductive castes. 

cationic. pertaining to materials that contain 
positively charged ions. Some surfactants 
include cationk materials to improve mixing 
and absorption by the 1arget pest. 

catkin. an inflorescence tha1 hangs down by iJs 
own weight; its flowers are usually of one sex. 

caustic. quality of a chemical describing its 
ability to bum or injure the skin, eyes, or 
mouth and intestinal lining. 

C1111tio11. the signal word used on labels of the 
least wxic pesticides: these pesticides have an 
oral LDw greater than 500 and a dermal LO"' 
greater than 2,000. 

CDA. see controlled droplet applicato1: 
certified pesticide applicator. a person who 

has demonstrated through an examination 
process the ability to safely handle and npply 
highly hazardous restricted-use pesticides. 

certified private applicator. a property owner, 

manager. or responsible person employed by 
the property owner or manager who hos 
demonstrated through an examination 
process the abnity to safely handle and apply 
restricted-use pesticides on the property 
under their control. 

chemical. name. the official name given to n 
chemical compound to distinguish it from 
other chemical compounds. 

chemigation. the application or pesticides to 
mrget areas through an frrigation system. 

CHEMTREC. a chemical-induslry•supponed 
organization that provides assistance and 
advice on pesticide emergencies. The tele­
phone number of CHEMTREC is 1-800-424-
9300. 

chlor inated hydrncarbons. also known as 
organochlorines, a class of pesticides that 
contain a chlorine atom incorporated. into 

an organic molecule. They were frequently 
used for insect and mite control, but most 
early forms of these compounds have now 
been banned due to environmental persis­
tence or other problems. DDT, chlordane, 
toxaphcne, dieldrin, and dicofol are exam­
ples or some of the earlier-developed chlori­
nated hydrocarbons. 

chlorotic. a yellowing or bleaching of normally 
green leaves due to a nutrient deiicienC)~ dis­
ease, pest dnmage, or other disorder. 

cholinesterase. an essential enzyme found in 
many living organisms, including human 
beings, that deactivates the chemical acetyl­
cltoli11e that is responsible for transmitting 
nerve impulses between nerves and between 
nerves and muscles. Without proper 
cholinesterase activity, which allows the 
nerve signals to stop at the appropriate time, 
nerves and muscles do not function properly. 

chronic. per taining to long duration or fre­
quent recurrence. 

chronic illness. an illness tha.t will last for long 
periods or time. Cancer, respirator,' disorders, 
and neurological disorders are examples or 
chronic illnesses that have been associated 
wilh exposures to some types of pesticides. 

class l disposal site. a disposal site for toxic 
and hazardous materials such as pesticides 
and pesticide-contaminated wastes. 

class 2 disposal site. a disposal site for nontox­
ic and nonhazardous materials such as house­
hold and commercial waste. Sanitary landfills 
are class 2 disposal sites. 

classical biological control. a pest control 
method that uses natural enemies and is 
directed toward pests that are not native to a 
geographical area. Classical biological control 
involves locating Lhe nntive borne of an intro­

duced pest ::md finding suitable nalural ene­
mies that c.,m be imported, reared. and 

released into the area where the pest has been 
established. 

classified oils. spray oils with distillation prop­
erties defined by the California grade system, 
developed in 1925 by Ralph H. Smllh of UC 
Riverside. 

closed mixing system. a device used for mea­
suring and transferring liquid pesticides from 
their original container to the spray tank. 
Closed mixing systems reduce chances of 
exposure to concentrated pescicide5. Closed 
mixing systems are usually required when 
rnLxing liquid materials ,vith the signal word 
Danger. 

coalescent effect. the unique mode of action 
observed when two or more pesticides having 
different modes of action are combined. 

common name. the recognized, nomcientific 
name given to plants or animals. The Weed 

Science Society of America and the entomo­
logical Society or America publish lists of rec­
ognized common names, Many pesticides 
also have common names, separate from their 

brand names and chemica.l names. 
compatibility agent. an adjuvam that 

improves the ability of two or more pesti­
cides to combine. 



compaliblc. the condition in which two or 
more pesticides mix without unsatisfactory 
chemical or physical changes. 

competition. the struggle between di[erenl 

organisms for the same resources, such as 
water, light, nutrients, or space. 

confined area. arEJIS such as buildings or green· 
houses, attics, crawl spaces, or holds of ships 

that may have restricted ai.r circulation and 
therefore promote buildup of toxic fumes or 
vapors from a peslicide application. 

contact poison. a pesticide that provides con­
Lrol when target pests come in physical con­
tact with it. 

control agenL organisms or chemicals LhaL 
reduce populations or pests, such as natural 
enemies and pesticides. Also, certain types or 
adjuvanlS that reduce the tendency for apes-
1.icide spray to drift. 

controlled droplet applicalor (CDA). an appli­
cation devfce thaJ produces more-unifonnly­
sized liquid droplets by passing liquid over a 
nolched, spinning disk. 

convulsions. comortions of the body caused by 
violent, involuntary muscular contractions. 
Convulsions can be a symptom or pesticide 
poisoning. 

corrosive materials. certain chemicals that 
reacl with metals or other malerfals. Some 
pest icides are corrosive, and special handling 
requirements are needed when using these. 

cotyledon. the first leaf or pair ofleaves of a 
sprouted seed. Grasses (monocots) have a 
single cotyledon while broadleaved plants 
(dicots) have a pair of cotyledons. 

coverage. the degree to which a pesticide is dis­
cributed over a target surface. 

coverall. a one- or two-piece garmenl of close­
ly woven fabric that covers the entire body 
except the head, hands, and feet, and must 
be provided by the employer as personal pro­
tective equipment. Coverall differs from, nnd 

should noL be confused wilh, work clothing 
that can be required to be provided by Lhe 

employee. 
CPR see cartliop11lmo11111y resuscitation. 
crop stage. Lhe stage or development of agricul­

mral crops. such as seedling, nowering, fruit 
set, etc. Differenl pests anack crops at differ­
ent stages of development. 

cross resistance. a condition where an organ­
ism thaL has developed resistance Lo one Lype 
or gro1.1p of pesticides is also resistant to other 
similar or dissimilar pesticides even though 
the organism has never been exposed to those 
pesticides. 

cumulative effect. poisoning symptoms chat 
only appear after several repeated doses over 
a period of time, indicating that the toxic 
effect is building up in the system of the poi­

soned individual. 
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cuticle. the outer protective covering of plants 
and arthropods thal aids in preventing mois­
ture loss. 

Danger·. the signal word used on labels of high­

ly hazardous peslicides-those pesticides 
with an oral LDw less than 50 or a dermal 
LD50 ks, than 200 or those having specific, 
serious health or environmental hazards. 

deaccivation. the process by which the toxic 
action of a pesticide is reduced or eliminated 
by impurilies in the spray Lank, by water 
being used for mixing, or by biotic or abiotic 
facLors in the environment. 

decontaminate. the most important step in 
reducing potential injury when someone has 
been exposed co a pesticide. Decontamina­
tion involves thoroughly washing the 
Cll.l)Osed skin \vilh soap and water or flushing 
the exposed eye with a gentle stream o[ run­

ning water. 
deficient oxygen condition. a condition where 

the oxygen concentration in air falls below 
19%, thus making an area highly hazardous. 
High levels of pesticide vapors in a confined 
area can displace oxygen, creating a deficient 
oxygen condition. Supplied-air respirators 
(SCBAs) are required 10 be worn when enter­
ing areas with deficiem oxygen condilions. 

defoaming agent. an adjuvant that eliminates 
foaming or a pesticide mixture in a spray 
1ank. 

defoliant. a pesticide used to remove leaves 
from ta rget plants, oflen asan aid in harvest­
ing the plant. 

degradation. the breakdown of a pesticide inlo 
an inactive or less active form. Environmental 
conditions, impurities, or niicroorganisms 
can contribute to the degradation of pesti­

cides. 
dehydration. the process of a plant or animal 

losing water or drying up. 
delayed mixture. an incompatibility or 

adverse effect between two pesticides that 
were applied to Lhe same target but al differ­
ent cimes. 

deposition. the placement of pesticides on tar­
get surfaces. 

deposition aid. an adjuvant that improves the 
ability of a pesticide spray to reach the !JI rget. 

dermal. pertaining to the skin. One of Lhc 
major ways pesticides can enter Lhe body lo 

possibly cause poisoning. 
dermatitis. inOamma1ion, ilching, or irritation 

of the skin caused by pesticide exposure. 
desiccant. a material Lhat removes waler from 

plants or arthropods or destroys the waxy 
coatings that protect these organisms from 
water loss. Desiccants are one of the types of 
pest control agents used for weeds and 
arthropods and are also used to defoliate cer­
tain plants before harvest . 
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deto.l(iry. the process that is used to render a 
chemical nontoxic. Some organisms can 
detoxify pesticides through internal biologi­
cal processes. 

diluent. the fnen liquid or powdered material 
that is combined with the active ingredient 
during manufacrure of a pesticide fonnula­
tion. Also, the water, petroleum oil, or other 
liquid in wWch the formulated pesticide is 

mixed before application. 
directions for use. the instructions found on 

pesticide labels indicating the proper proce­
dures for mixing and application. 

disease. a condition, caused by biotic or a biotic 
factors. that impairs some or all or the normal 
functions o( a living organism. 

dispersion. the·.ict of spreading pesticide 
droplets, dusts, or granules widely over a tar­
get area. 

disposal slte. see Class 1 disposal site and Class 
2 disposal site. 

dissolve. 10 pass into solution. 
dormant. to become inactive during winter or 

periods of cold weather. 
dose. the measured quantity of a pesticide. 

Oflen the size of the dose determines the 
degree of effectiveness. or, in the case of 
poisoning or nomarget organisms, the degree 
of injury. 

drift. the movement of pesticide dust, spray. or 
vapor through the air away from the applica­
tion site. 

dry fiowable. a dry, granular pesticide formula­
tion intended to be mixed with water for 
application. When combined with water, a 
dry nowable will be similar lo a weuable 
powder. Dry Oowable formulations are mea­
sured by volume rather than weighl. 

dusL finely ground pesticide particles, some­
times combined with inert materials. Dusts 
are applied without mbcing with water or 
other liquid. 

dyncs/cm. a dyne is the unit of force in the 
metric system equal Lo the force that would 
give a free mass o( 1 gram an acceleration of 
l centimeter per second per second. 

early.entry worker. an employee who must 
enter a pesticide application site to perfom1 
cultural activities before the expiration or the 
restricted-entry interval. 

ecological. nn approach that considers the 
interrelationship between living mganisms 
and the environment. 

economic damage. damage caused by pests to 
plants, animals, or other items that results in 
loss of income or a reduction of value. 

economic injury threshold. the point at which 
the value of the damage caused by a pest 
exceeds the cost of concrolling the pest, there~ 
fore making it practical to use a control 
method. 

effective life. the period of time that an applied 
pesticide remains toxic enough to adequately 
comrol pesrs for which it was intended. 

efficacy. the ability of a pesticide lo produce a 
desired e£fect on a lllrget organism. 

electrostatic. an electrical charge that causes a 
pesticide lfquid or dust to be attracted to the 
target surface. 

emergence. the appearance of a plant through 
the surface of the soil. 

emergency exemption from registration. a fod­
cral e.'<emption from regular pesticide regis­
tration sometimes issued when an emergency 
pesLsituation arises for which no pesticide ls 
registered that has a toler.ince on the crop in 
question. 

emulsifiable concentrate. a pesticide formula­
tion consisting of a petroleum-based liquid 
and emulsifiers that enable it to be mixed · 
with water for application. 

emulsifier. an adjuvant added to a pesticide 
formulation LO permit petroleum-based pesti­
cides to mix with water. 

emulsion. droplets of petroleum-based liquids 
(oils) suspended in water. 

encapsulation. a process by which tiny liquid 
droplets or dry particles are contained in 
polymer plastic capsules to slow their 
release into the. environment and prolong 
their effectiveness. Sometimes encapsulation 
lowers hazards lo people miXing or applying 
pesticides. 

endangered species. rare or unusual living 
organisms whose existence is threatened by 
people's activities, including the use of some 
types of pesticides. 

environment. all of the living organisms and 
nonliving features of a defined area. 

environmental contamination. spread of pesti­
cides away from the application site into the 
environment, usually with the potential for 
causing harm to organisms. 

Environmental Protection Agency (EPA). the 
federal agency responsible for regulating pes­
ticide use in the United States. 

enzyme. a complex chemical compound pro­
duced and used by a living organism to 
induce or speed up chemical reactions \vith­
out being itself permanently altered. 

epidermis. the outer layer of skin of vertebrates 
or the cellular layer of tissue beneath the cuti­
cle of invertebrates. 

eradicant. a pesticide that is used to destroy a 
pest organism such as a fungus. 

eradication. the pest management strategy that 
attempts to eliminate all members of a pest 
species from a defined area. 

establishment number. a number assigned to 
registered pesticides by the U.S. Environmen­
tal Protection Agency that indicates the loca­
tion of the manufacturing or formulation 
facilities or that product. 



estivation. see aestivation. 
evaporate. the process or a liquid turning into a 

gas or vapor. 
exclusion. a pest managemem technique that 

uses physical or chemical barriers Lo prevent 
certain pests rrom getting into a defined area. 

exotic. a pest from another country, one that is 
not native to the local area 

exposure. the unwanted contact with pesti­
cides or pesticide residues by people, other 
organisms, or the environment. 

extender. an adjuvant that enhances the e!Tec­
tiveness or effective life of a pesticide by some 
means such as screening ultraviolet light, 
slowing down volatilization, or improving 
sticking qualities. 

fallow, cultivated land that is allowed to lie dor­
mant during 11 grmving season. 

farm advisors. University of California special­
ists in most counties of California who serve 
as resources for residents of the st;ite on pest 
management, water management, soil man­
agement, nutrition, and many other issues. 

fencerow. the strip of soil under a fence. Fence­
rows are common places for weed growth in 

cultiva1ed areas because the fence blocks 
access to the cultivation equipment. 

fibmus. thin , long, and multibranching roots 
fonning a dense clump. 

field incompatibility. an incompatibili ty 
between pesticides mLxed together in a spray 
tank that occurs during application. Field 
incompatibility may result rrom changes in 
the temperature of the water used in the mix 
or changes in the length of time the spray 
mixture has been in the tank. 

fieldworker. an employee of a fanning opera­
Li on who performs cultural praclices on crops 
or agricultura l soil. 

fieldworker training. specific training mandat­
ed by the U.S. Environmemal Protection 
Agency and the state of California co asslst 
fieldworkers in protecting themselves from 
pesticide residues when they work in areas 
that have received pesticide applications. 
Training is required if fieldworkers enter 
areas during a 30-day period after the expira­
tion of a re.strlcted-enlry interval. 

FIFRA. the Federal [nsec1icide, Fungicide, and 
~odcnticide Act. This is the federal law tl1at 
regulates pesticide registration, labeling, use, 
and disposal in the United Stales. 

filamentous. long and threadlike. 
first aid. the immediate assistance provided to 

someone. who has received an exposure to a 
pesticide. Fi rst aid for pesticide exposure usu­
ally involves removal of contaminated cloth­
ing and washing the affected area of the body 
10 remove as much of the pesticide mater1al 
as possible. First aid is not a substitute for 
competent medical treatment.. 
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fit check. the procedure thac must be L-arried 
out each time a person puts on an organic 
vapor filtering respirator. The fit check 
involves: (1) properly adjusting the straps, 
(2) closing off the filters with the hands and 
inhaling Lo check for air leaks around the face 
seal, and (3) closing off the exhalation valve 
and exhaling to check for air leaks through 
the filters. 

fit test. a test that must be performed to check 
the proper fit of an organic vapor filtering res­
pirator. Fit tests must be performed each time 
a new respirator is issued. A detecLiilg agent, 
such as. isonmyl acetate or irritant smoke, is 
used to check the seal of the respirator's face­
piece to the wearer's face. 

now rate .. the amount of pesticide being 
expelled by a pesticide sprayer or granule 
applicator per unit or time. 

Oowable. fiowable formuh1tions consist of fine­
ly ground particles or pesticlde active 1ngredi­
ent mixed with a liquid, along \vith emulsi­
fiers. to form a concentrated emulsion. These 
liquids are mixed with water for dilution 
prior to spraying. 

fog. a spray of very small pesticide-laden 
dropleLS that remain suspended in the air. 

foliage. the leaves of plan LS . 
formulation. a mixture of active ingredient 

combined during manufacture with inert 
materials. Inert materials are added lo 
improve the mixing and handling qualities of 
a pesticide. 

frass. solid fecal material produced by insect 
larvae. 

fruiting bodies. special structures produced by 
fungi that contain the spores by which the 
organisms reproduce. 

fume. the vapor phase of some pesticide active 
ingredients. 

fumigant. vapor or gas form of a pesticide used 
to penetrate porous surfaces for control of 
soil-dwelling pests or pests in enclosed areas 
or storage. 

fumigation . the process oE controlling cenain 
pests b}' exposing them to an atmosphere of 
toxic gas inside an enclosed area or under 
tarped soil. 

fungicide. a pesticide used for control of fungi . 
fungus. multicellular lower plam Jacking 

chlorophyll, such as a mold, mi.ldew, rust, or 
smut. The fungus body normally consists of 
fifomentous strands called the mycelium and 
reproduces through dispersal of spores. (plur­
al: fungi. ) 

general-use pesticide. pesticides tbat have 
been designated for use by the gen~al public 
as well as by licensed or certified applicators. 
General-use pesticides usually have minlmal 
hazards and do not require a permit for pur­
chase or use, 
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generic pesticide. a pesticide not protected by 
a patent; one that may be manufactured by 
many different companies. 

genetic factors (in pesticide resistance). inher­
ited factors that an organism uses to resist the 
effect of a pesticide; these might include cer­
tain behaviors, timing of life stages, physical 
attributes, or physiological mechanisms. 

granule_ a dry formulation of pesticide active 
ingredient and inert materials compressed 
into small, pebble-like shapes. 

groundwater. fresh water trapped in aquifers 
beneath the surface of the soil; one oft.he pri­
mary sources of water for drinking, irrigation, 
and manufacturing. 

ground-wheel-driven. a trailer-mounted dry or 
liquid pesticide applicator that gets the power 
to drive a pump, auger, or spinning disc from 
the movement of one of the trailer wheels as 
the unit is towed. 

habitat. the place where plants or animals live 
and grow; 

half-life. the period of time that must elapse for 
a pesticide to lose half of its original toxicity 
or effectiveness. 

hand lens. a small magnifying glass used in 
monitoring for plant peslS. 

handler. a person who mixes, loads, transfers, 
applies (including chemigation), or assists 
with the application (including flagging) of 
pesticides: who maintains, services, repairs. 
cleans, or handles equipment used in these 
activities; who works with unsealed pesti­
cide comainers; who adjusts, repnirs, or 
.removes treatment site coverings; who 
incorporates pesticides into the soil; who 
enters a treated area during any application 
or before the REI has expired; or who per­
forms crop advisor duties. 

harvest interval. a period of time as indicated 
by the pesticide label that must elapse after a 
pesticide has been applied to an edible crop 
before the crop can be harvested legally. 

hazard communication program. pan of 
California's pesticide regulations that requires 
employers to provide information about pes­
ticides and pestic:ide applications at the 
workplace. 

hazardous materials. materials, including 
many pesticides, that have been classified by 
n:gulatory agencies as being harmful to the 
environment or to people. Hazardous materi­
als require special handling and must be 
stored and transported in accordance with 
regulatory mandates. 

hazardous waste. a hazardous material for 
which Lhere is no further use. Remains from 
pesticide spill cleanup are often hazardous 
wastes. Hazardous wastes can be disposed of 
only through special hazardous material 

incineration or by trnnsporling to a Class l 
disposal site. 

heat stress. potentially life-threatening over­
heating of the body under working condi­
tions that lack proper preventive measures, 
such as drinking plenty of water, taking fre­
queru breaks in the shade to cool down. and 
removing or loosening personal protective 
equipment during breaks. California regula­
tions require that pesticide handlers receive 
training on recognizing, avoiding, and treat­
ing heat stress. 

HEPA. see l1igl1-efficie11cy paniwlate ail"filte1: 
herbaceous. a plant that is herblike, usually 

having little or no woody tissue. 
herbicide. a pesticide used for the control of 

weeds. 
hibernation. the process of passing the winter 

in a resting or nonactive state. 
high-efficiency particulate air filter. special fil­

tering medium designed to remove extremely 
small particles from the air, 

honeydew. the sweet, sticky Ouid secreted by 
some plant-feeding insects such as aphids, 
and scales. Coatings of honeydew on leaf and 
fruit surfaces promote the buildup of a fungus 
known as sooty mold. Ants. bees, wasps, and 
01her inseclS feed on honeydew and may pro­
tect the plant-feeding insects from attack by 
other insects. 

hormonal herbicide. a special type of herbicide 
that controls weeds by changing growth rates 
or pauems. 

hormone. a chemical produced in the cells of a 
planl or animal that produces changes in cells 
in a.nother pan of the organism:S structure. 

host. a plant or animal species thal provides 
sustenance for another organism. 

host resistance. the ability of a host plant or 
animal to ward off or resist attack b)• pests or 
to be able to tolerate damage caused by peslS. 

host-free area. an area where certain plants that 
serve as hosts to specific types of pests are 
forbidden by law to be grown. Establishing 
host-free areas is a way of controlling some 
peslS. 

h ost-free period. a period of time, usual ly each 
year, when certain plants are prohibited from 
being grown as a way of controlling some 
pests. 

hydrolysis. a chemical process that involves 
incorporating a water molecule into another 
molecule. 

hygiene. as it applies to pesticide exposure, 
hygiene involves washing exposed body areas 
promptly to remove pesticide residues. 

hypha. a threadlike fiber that makes up the 
mycellium of a fungus. (plural: hyphae) 

impermeable. having the ability to resist 
penetration by a subs1ance or object 



impregnate. an item; such as a flea collar, thal 
has been manufactured wi th a certain pesti­
cide in it. Impregnates usually emit small , 
localized quantities of pesticide over an 
extended period of time. 

incompatibility. a condition in whjch two or 

more pesticides are unable to mix properly or 
one of the materials chemically alters the 
other to reduce its effectiveness or produce 
undesirable effects on the targeL 

incompatible mixture. the resulL when two or 
more pesticides are combined and they react 

to make the mixture unusable. 
incorporate. to move a pesticide below 1he sur­

face of the soil by discing, tilling, or irriga­

tion. To combine one pesticide with ano1her. 
indexing. a method used to classify plant 

diseases. 
inert. not having any chemical activity. 
inert ingredients. all materials in the pesticide 

formulation other than the active ingredient. 
Some inert ingredients may be toxic or haz­
ardous to people. 

infection. the establishment of a microorganism 
within the tissues of a host plant or animal. 

infestation. a troublesome invasion of pests 
within an area such as a building, green­
house, agricultural crop, or landscaped loca­
tion . 

inflorescence. the reproductive shoot system of 
a plant tlull hears flowers. 

ingest. to take into the body through 1he 
mouth, such as ea ting or swallowing. 

inhalation. the method or entry of pesticides 
through the nose or mouth into the lungs. 

inhibit. to prevent something from happening, 
such as a biochemical reaction within the tis­
sues of a plant or animal. 

inorganic. derived from rock or mineral 
sources rather than biological or biochemical 
sources. Usually refers to materi;ils whose 
molecules do not contain carbon and hydro­

gen atoms. 
insect growth regulator (IGR). a type of insec­

ticide that controls certain insects by disrupt­
ing the nonnal process of development from 
immature to reproductive life stages. 

insectaries. laboratories having growth cham­
bers where insects are hatched and reared , 
often for commercial purposes. 

1nsecticide. a pesticide used for the control of 
insects. Some insecticides are also labeled for 
control of ticks , mites , spiders, and other 

arthropods. 
instar. the period between molts in larvae o[ 

insects. Most larvae pass through severa1 
instms; these are usually given numbers such 
as 1st instar, 2nd instar, etc. 

integrated pest management (1PM). a pest 
managemem program that uses llfe his1ory 
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information and e."<tensive moniloring to 
understand a pest and its potential fo r caus­
ing economic damage. Control is achieved 
through multiple approaches including pre­
vention, cultural practices, pesticide applica­
tions, exclusion, natural enemies, and hosL 
resistance. The goal is to achieve long-term 

suppression of target pests with minimal 
impact on non target organisms and the 

environment. 
intentional misapplication. the deliberate 

improper use of a pesticide, such as exceed­
ing the label ra te or applying the material co a 
site not listcd on the label. 

interactive effecl. interaction when two or 
more pesticides are mixed, producing greater 
or lesser tol\icity to the target pests or chang­
ing the mode of action. 

interval. the legal period o[ Lime between when 
a pesticide is applied and when workers are 
allowed Lo enter the treated area or produce 
can be harvested. See preharvesl interval and 
resuicted-e11try interval. 

introduced pest. a pest that is transported from 
its native area to a location where iL previous• 
ly did not exist. Some pests are introduced 
accidentally while others have been intro­
duced intentionally. 

inversion. a wea1her phenomenon in which 
cool air near the ground is trapped by a 
layer of warmer air above. Vapors of pesti­
cides applied during an inversion can 
become trapped and concentrated and move 
away rrom the treatment area with the 
potential. to cause damage or injury atsotne 
other location. 

inven emulsion. an emulsion where water 
droplets arc suspended in an oil rather than 

tl1e oil droplets being suspended in water. 
invertebrate. any animal not having an intermd 

skeleton or shell, such a insects, spiders, 
mites, worms, nematodes, and snails and 
slugs. 

ion. an atom or molecule that carries a posi­
tive Or negative electrical charge due to los­
ing or gaining electrons through a chemical 
reaction. 

ionize. the process in which a chemical con­

verts into ions when iL dissolves ib water or 
other liquid. 

irreversible injury. a health condition caused 
by certain exposures to some pesticides in 
which there is no medical treatment OJ 

recovery. 
knapsack sprayer. Sec bachpadi sprayer. 
knowledge expectations. the breadth of 

knowledge about an occupation or proce­
dure, such as pesticide handling, that a per­
son perfonning this job is expected to have. 
Regulations establish minimal expecta tions 
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for pesticide applicators, and cenificalion 
examinations tcsL a persons knowledge of 
these expectations. 

labeling. Lhe pesLicide label and all associaLed 
maLerials, including supplemental labels, spe­
cial local needs registration infom1ation, and 
m8nufacrurers infonnation. The pesticide 
label is a legal document. 

larva. the active immature form of insects that 
undergo metamorphosis to reach adullhood. 
(plural; larvae.) 

LC,.. the lethal concentration of a pesticide in 
the air or in a body of water 1.hat will kill half 
of a test animal population. LC,. values are 
given in micrograms per millilher of air or 
water (µglml). 

LD,0• the lethal dose of a pesLicide that will kill 

half of a Lest animal population. LD,. values 
are given in milligrams per kilogram of tesL 
animal body weight (mg/kg). 

leaching. the process by which some pesticides 
move down through the soil, usually by being 
dissolved in water, with the possibility of 
reaching groundwater. 

lei.ha I. capable of c-.iusing death. 
lethal conccnt.ration. see LC,,,. 
lei.ha! dose. see LD,.,. 
life stage. Lhe development s tages living organ­

isms pass through over time. PlanlS and ani­
mals (especially insecLS) pass through several 

life stages during which their susceptibility or 
tolerance to pesticides varies. 

long-term health problem. a pesticide-related 
illness or disease thut may extend over 
months, years, or a lifetime. 

material safety data sheet (MSDS). an infor­
mation sheet provided by a pesticide manu­
factUTer- describing chemical qualities, haz­
arcls, safety precautions, and emergency pro­
cedures Lo be followed in case of a spill, fire, 
or other emergency. 

medka1 facility. a clinic, hospital, or physi­
cian's office where immediate medical care for 
pesticide-related illness or injury can be 
obtained. 

mesh. the number of wires per inch in a screen, 
such as a screen used Lo filter foreign particles 

out of spray solutions to keep nozzles from 
becoming clogged. Mesh is also used to 
describe the size of pesticide granules, pellets, 
and dusts. 

metabolic Inhibitor. a chemical that Interferes 
with normal activity within the cells of Jiving 
organisms. 

metabolism. the total chemical process that 
takes place 1n a living organism to utilize food 
and manage wastes, provide for growth and 
reproduction, and accomplish all other life 
functions. 

metal organic. a type of pesticide made up of 
organic molecules that include metal ions 

such as zinc, copper, iron, arsenic, and mer· 
cury. 

metamorphosis. the changes that take place in 
certaiJl types of living organisms, such as 
insecLS, as they develop from eggs through 
adults. In some families of insecLS the young 

do nol resemble adults. 
microbial pest icide. pertaining to pesticides 

that consist of bacteria, fungi, or viruses used 
for control of weeds, invenebrates, or (rarely) 
vertebrates. 

microcncapsulated. a pesticide formulation in 
which particles of I.he active ingredient are 
encased in p lastic capsules; pesticide is 
released after application when the capsules 
breakdown. 

micron. a very small unit of measure: 
1/1,000,000th of a meter. 

microorganism. an organism of microscopic · 
size, such as a bacterium, virus, fungus, 
viroid, or mycoplasma. 

mimic. to copy or appear to be like something 
else. 

minimal exposure pesticides. specific high­
hazard pesticides identilled in !he California 
law that have special requiremenlS for han­
dling. Only certi£ied commercial applicators 
may apply or supervise the application of 
minimal exposure pesticides. 

mitigation. I.he process of making a problem, 
such as a pest infestation, less severe. 

mixing. the process of opening pesticide con­
tainers, weighing or measuring specified 
amounts, and transferring these materials 
into application equipment, all in accordance 
with instructions found on pesticide labels. 

mode of iiction. the way a pesticide reacts with 
a pest organism co destroy it. 

molluscicide. a pesticide used 10 control s lugs 
and snails. 

molting. a process of shedding the outer body 
covering or exoskeleton in invertebrates such 
as insects and spiders, Molting usually takes 
place Lo allow the animal to grow larger. 

monitoring (pest). the process of carefully 

watching the activities, growth, and develop­
ment of pest organisms over a period of time, 
often u tilizing very specific procedures. 

monocot. a member of a group of plants whose 
seedlings have. a single cocyledon; some 
monocots are known as grasses. 

Monthly Pesttctde Use Report. a form that 
must be completed and submiued to the local 
agricultural commissioners office by the 
tenth of the month following any month in 
which pesticides are applied to an agricultural 
crop. 

MSDS. see Mate1ial Safety Data 51,eet. 
mutagenic. a chemical that is capable of 

causing inheritable abnormalities in living 
organisms. 



mycelium. the vegetative body of a fungus, 
consisting of a mass of slender filaments 
called hyphae. (plural: mycelia.) 

mycoplasma. a microorganism intermediate 
between viruses and bacteria, capable of caus­
ing diseases in plants. 

narcotic. the mode of action of some insecti­
cides resulting in a prolonged sleeplike stale 
from which the target insects may not 
recover. 

narrow-range oil. horticultural oils with 10 to 

90 percent distillation ranges of approximate­
ly 60° LO 80°F (10 mm hg), and 50 percent 
distillation points from 412° to 440°F. Used 
for dormant or summer application. 

National Institute for Occupational Safety and 
Health (NIOSH). the federal agency that tesLS 
and certifies respiratory equipment for pesti­
cide application. 

native. refers to animals or plants that-are 
indigenous Lo an area. 

natural enemy. an organism that can kill a pest 
organism; includes predators, pathogens, par­
asites, and competitors. 

necrosis. localized death or living tissue. 
negligent application. a pesticide application 

in which the applicator fails to exercise prop­
er care or follow label instructions, potential­
ly resulting in injury to people or surround­
ing areas. 

nemaLicide. a pesticide used to control nema­
todes. 

nematode. elongated, cylindrical, nonseg­
memed worms. Nematodes are commonly 
microscopic; some are parasites of plants or 
animals. 

neoprene. a synthetic rubber material used to 
make gloves, boots, and clothing for protec­
tion against pesticide exposure. 

NIOSH. see National Institute for Occ11patio11al 
Safety and Health. 

no observable effect level. see NOEL. 
nocturnal. being active during the night as 

opposed to daytime activity. 
NOEL no observable effect level. The NOEL is 

the maximum dose or exposure level of apes­
ticide that produces no noticeable toxic effect 
on test animals. 

nonionic. pertaining LO an acljuvant that dis­
solves in the spray solution Without produc­
ing positively or negatively charged particles. 

nonpoint pollution source. pollution from pes­
ticides or other materials that arises from 
their normal or a~cepted use over a large gen­
eral area and extended period of rime. 

nonselective. a pesticide that bas an action 
against many species of pests rather than just 
a few. 

non target organism.. animals or plants within a 
pesticide-tteated area that are not intended to 
be controlled by thepesl.icide application. 
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Nbtice of Intent. oral or writlen notification to 
~he agricultural commissioner, as specified by 
the commissioner, prior to the use of a pesti­
cide. A condition of a Restricted-Use Pennit. 

notification. see oral notification and posting. 
noxious. something that is harmful to living 

organisms, such as a noxious weed. 
occasional pest. a pest that does not recur reg­

ularly; but causes damage from time to time 
as a result of changing environmental condi­
tions or other factors. 

ocular. pertaining to the eye- this is one of the 
routes of entry of pesticides into the body. 

offsite movement. any movement of a pesticide 
from the location where it was applied. Olf­
site movement occurs through drift, 
volatilization, percolation, water runoff, crop 
harvest, blowing dust, and by being carried 
a\vay on organisms or equipment. 

operator identification number. the number 
assigned to an operator of agricultural or 
other property, as defined in California regu­
lations, wher~ pesticides will be applied. 
Operator identification numbers are used in 
the pesticide use reporting process. 

oral, through the mouth- this is one of the 
routes of entry of pesticides into the body. 

oral notification. a method used LO notify 
workers of pesticide applications on property 
where they are employed. 

organic. a pesticide whose molecules contain 
carbon and hydrogen atoms. Also may refer 
to plants or animals which are grown \viLhout 
tl1e addition of synthetic fenilizers or 
pesticides. 

organic agriculture. growing of agricultural 
commodities without the use of certain syn­
thetic chemicals and fertilizers. For pest con­
trol, organic agriculture utilizes naturally 
occurring substances as well as cultural, 
mechanical, and biological methods, 

organism. any living thing. 
organophosphate. a commonly used class of 

pesticides. Organophosphates are organic 
molecules containing phosphorous. Some 
organophosphates are highly toxic to people. 
Most break down in the environment very 
rapidly. 

ornamental. cultivated plants that are grown 
for purposes other than food or fiber. 

output rate. the amount of pesticide mixture 
discharged by pesticide application equip­
ment over a measured period of time. The 
usual output rate for liquid sprayers, mea­
sured in gallons per minute. 

overwinter. the process o[ passing through the 
winter season. Many living organisms survive 
harsh wearher conditions as seeds, eggs, or 
cenain resting stages. 
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palmate. refers to leaves shaped like the palm 
of a hand with the veins radiating out from a 
central location. 

panicle. a nower head of a plant in which the 
lateral branches of the raceme nre branched. 

parasite. a plant or animal that derives all its 
nutriems Crom another organism. Parasites 
often auach themselves lo their host or 
invade the host\; tissues. Parasitism may 
result in injury or death of the host. 

pathogen. a microorganism that causes a 
disease. 

pellet. a pesticide formulation consisting of the 
dry active i.ngredicnt and inert materials 
pressed into uniform-sized gr,mules. 

penetrate, to pass through a surface such as 
skin, protective clothing, plant cuticle, or 
insect cuticle. Also rders to the ability of an 
applied spray lo pass through dense roliage. 

pe.rcolatlon. the process by which water !lows 
downward through permeable soil. During 
percolation, water may dissolve or leach om 
pesticides and other chemicals in the soil and 
carry them downward. 

perennial. a plant that lives longer than two 
years-some may live indefinitely. Some 
perennial plants lose their leaves and become 
dormant during winter; others may die back 
and resprout from underground root or stem 
structures each year. The evergreens are 
perennial plants that do not die back or 
become dormant. 

persistem pesticide. a pesticide that remalns 
active in the environment for long periods of 
time because it ls not easily broken down by 
microorganisms or environmental factors. 

personal hygiene. see hygiene. 
personal protective equipment (PPE). devices 

and garments that protect handlers from 
exposure to pesticides. These include cover­
alls, eytl)rotcction, gloves and boots, respira· 
tors, aprons, and hats. 

pest resurgence. see resurgence. 
pesticide. any substance or mixture of sub­

stances intended for preventing, destroying, 
repelling, or mitigating any insects, rodents, 
nematodes, fungi, or weeds, or any other 
forms of life declared to be pests, and any 
other substance or mixture of substances 
intended for use as a plant regulator, defo­
liant, or desiccant. 

pesticide deposition. see deposition. 
pesticide formulation. the pesticide as it 

comes from its original container, consisting 
of the active ingredient blended with inert 
materials. 

pesticide handler. see liandler. 
pesticide residue tolerance. the maximum 

amount of pesticide residue allowable by law 
that can remain on edible commodities that 
enter the food distribution system. 

pesticide resistance. genetic qualities or a pest 
population that enable individuals 10 resist 
the effects of certain types of pesl,icides that 
are toxic to other members of that species. 

Pesticide Safety Information Series. a series of 
informational sheets developed and distrib­
uted by the California Department of Pesti­
cide Regulation pertaining to handling pesti­
cides, personal protective equipment, emer­
gency first aid, medical supervision, etc. 

pesticide use hazard. the potential for a pesti­
cide to cause injury or damage during han­
dling or application. 

pesticide use record. a record of pesticide 
applications made to a specific location. 

pH. a measure of the concentration of hydro­
gen ions in a solution-as the number of 
hydrogen ions increase, the pH reading gets 
lower and the solution becomes more acid. 

phenology model a mathematical model, 
based on studies of an organism, that enables 
people to predict the timing of the life cycles 
of the organism, 

pheromone. a chemical produced by an animal 
to attract other animals of the same species. 

photosynthesis. the process by which plants 
convert sunlight into energy. 

physiological. pertaining 10 the functions and 
activitjcs ofliving tissues. 

phylotoxic. inJurious lo plants. 
plant growth regulator (PGR). a pesticide used 

to n;gulate or alter the normal growth of 
plants or the development of plant parts. 

plant kingdom. one of two groups of living 
organisms, the other being the animal 
kingdom. 

plantback restriction. a restriction that limits 
the type of commodity that can be grown in 
an area for a designated period of time after a 
certain pesticide has been used. 

point pollution source. pollution of the soil or 
groundwater caused by spilling or dumping 
quantities of a toxic material in one location. 

postapplication cleanup. washing of applica­
tion equipment, personal protective equip­
ment, and other items used during a pestJdde 
application LO remove pesticide residues. 

postemergent. an herbicide applied after emer­
gence of a specified weed or crop. 

posting. the placing of signs around an area LO 

inform workers and the public that the area 
has been treated with a pesticide. 

postsynaptic. refers to an effect that takes place 
beyond the synapse (or junction between two 
nerves or between nerves and muscles or 
other organs). 

potency. the toxicity of a pesticide. 
potentiation. an increase in the toxicity of a 

pesticide brought about by mixing it \vith 
another pesticide or chemical. 



pour-on. a ready-to-use formulation or diluted 
mixture or pesticide for conLrol of external 
parasites on livestock. The liquid is usually 
poured along the back of the animal. 

powder. a Hnely ground dust containing active 
ingredient and inert materials. This powder is 
mixed with water.before &pplication as a liq­
uid spray. 

power take-off. a special shaft connected LO the 
rear, front, or side of a tractor and certain 
other types of equipment that uses the engine 
of the tractor or other equipment to power 
external devices such as sprayers, mowers, 
hydraulic pumps, etc. 

ppb. parts per billion. 
PPE. see personal protective equipm1:111. 
ppm. parts per million. 
precautionary statements. I.he section on pesti­

cide labels where human and environmental 
hazards are listed; personal protective equip­
ment requirements are listed here as well as 
fast aid instructions nnd information for 
physicians. 

precipitation. the process by which solid pnrtl­
cles settle out of a solution, such as a formu­
lated pestictde in a spray tank. 

predaceous. having the habit of hunting and 
eating oLher animals. 

predacide. a pesticide used for control of 
predaceous mammals such as coyotes. 

preemergent. Lhe action of an herbicide that 
controls specified weeds as they sprout from 
seeds before Lhey push through the soil 
surface. 

preharvest inte.rval. a period of time as set by 
law that musl elapse after a pesticide has been 
applied 10 an edible crop before the crop can 
be harvested legaHy. Pesticide labels provide 
information on preharvest intervals. 

preplant. an herbicide that has beeo incorpo­
rated into the soil to control weeds prior LO 

planLing crop seeds. 
press-ure. the amount of force applied by the. 

application equipment pump on the liquid 
pesticide mixture to force it through the 
nozzles. 

pressure gauge. an instrument on liquid pesti­
cide application equipment that measures the 
pressure of the liquid being expelled. 

private applicator. individuals who apply pesti­
cides on agricultural property under their 
conLrol and for their own benefit or needs. 

private applicator certification. see certified 
private applicator. 

propellant. a material, such as compressed air 
or gas, used to propel spray liquids or dusis 10 

target surfaces. 
protectant. a pesticide that provides a chemical 

barrier against pest attack. 
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protective clothing. garments of personal pro­
tective equipment that cover the body, includ­
ing arms and legs. 

protein synthesis. the process by which cells in 
living organisms build complex chemical 
chains known as proteins. 

protozoan. minuLc, single-celled organism 
belonging to the phylum Protozoa. Proto­
zoans are common in the soi.I and water; 
some are parasitic on animals. 

psi. pounds per square inch. 
PTO-driven. see power tal1e-off 
pupa. in insects having complete metamorpho. 

sis, the resting life stage between larval and 
adult forms. (plural: pupae.) 

pyrethroid. a synthelic pesticide that mimics 
pyrelhrin, a botanical pesticide derived from 
certain species of chrysanthemtU'l'\ Dowers 

qualified ttainer (for agricultural fieldworkers 
and agricultural pesticide handlers). a per­
son who is a certified private or commercial 
applicator, an agricultural pest control advis­
er, a registered forester, agricultural biologisc, 
UC farm advisor, or who has completed a 
DPR-approved train-the-trainer course. 

quarantine. a legally imposed period of lime 
during which the movement or certain iLems 
(such as produce) wiLhin a designated area is 
restricted to prevent the spread of pesis. 

raceme. a Oower stalk \vith one central seem, 
wilh or whhout a terminal Oower, and bear­
ing laleral flowers or small bunches of 
Oowers. 

rate. the quantity or volume of liquid spray; 
dust, or granules that is applted lO nn i1rca 
over a specified period of time. 

recombination. an occurrence in which n pesli­
cide breaks down and then combines with 
other chemicals in the environment to pro­
duce a different compound than what was 
originally applied. 

recommendation. a wrinen document pre­
pared by a licensed pest control adviser that 
prescribes the use of a specific pesticide or 
other pest control method. 

red cell and plasma cholinesterase determina­
tion. the blood test used to delect exposure to 
organophosphate and a-methyl carbamate 
insecLicides. 

registration and establishment numbers. iden­
tification numbers assigned by the U.S. Envi­
ronmental ProLecLion Agency and the Califor­
nia Department of Pesticide Regulation and 
found on pesticide labels. 

regularly handle. handling pesticides during 
any part of the day for more Lhan six calendar 
days in any 30-consecutive-day qualifying 
period beginning on the first day or handling.. 
Any day spent on loading pesticides while 
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exclusively using a closed syslem or mixing 

only pesticides sealed in water-soh.1ble pack­

ets is nol included for any employee who has 

a baseline blood cholinesterase level estab­

lished pursuant to Section 6728(c)(l). 

regulations. the guidelines or working rules 

that a regulatory agency uses to carry out and 
enforce laws. 

regula tory control. management of pests by the 

passage of laws and regulations that restrict 
activities which would promote pest buildup. 

REI. see resl!ictcd-wtiy interval. 

repellent. a pesticide used to keep target pests 
away from a treated area by saturating the 

area with an odor that is disagreeable to r.he 

pest. 

rescue breathing. a lso known as artificial respi­

ration. Given moulh-to-mouth to assist or 

restore bm11hing to a person overcome by 

pesticides. Rescue breathing is given if the 

victim has a pulse. 

reservoir. a population of pests within a local 
area. Also an organism harboring plant o r 

animal pathogens. 
residual action. lhe pesticidal action of materi­

al after it has been applied. Most pesticide 

compounds will remain active several hours 

to several weeks or even months after being 

applied. 

residue. traces of pesticide that remain on 

treated surfaces after a period oftime. 

resistance. see pesticide resistance or l1ost 
resistance. 

respiration. the metabolic process in plants 

and animals in w hich, among other things, 

oxygen is exchanged for carbon dioxide or 

carbon dioxide is exchanged for oxygen. 

respiratory equipmenL. a device that fillers ouL 

pesticide dusts, mists, and vapors to protect 

the wearer from respi ratory exposure during 

mixing and loading, application, or w hile 

entering created areas before the restricted­

entry interval expires. 

restricted materia ls p ermit. see resllictecl-use 

penniL 

restricted-entry interval (REI). a period of 
time tha t must elapse between application of 

a pesticide and when it is safe to allow people 
in to the treated area without requiring they 

wear personal protective equipment and 
receive early-entry worker training. 

restricted-use p ermi t. a permit, issued by 
county agricultural commissioner of£ices, 

that enables growers to possess and apply 
restricted-use pesticides. RestTicted-use 

permits can only be issued to certified 

applicators. 

restricted-use pesticide. highly hazardous pes­

ticides that can only be possessed or used by 

commercial applicators who have a valid 

Q ualified Pesticide Applicator license or cer­

tificate or private applicators who have 

passed a w1itten exam administered by the 
local agricultural commissioner thereby 

demonstrating that they understand the prop­
er methods of handling, using, and disposing 

of these materials. 

restrictive statement. a statement on a 
pesticide label that restricts the use of that 

pesticide to specific areas or by designated 

individuals. 

resurgence. the sudden increase of a pest popu­

lation after some event, such as a pesticide 

application. 

reversible injury. a pesticide-related injury 
(or illness) that can be reversed through med­

ical intervention and/or the body's healing 

process. 
rhizome. an underground stem of certain types 

of plants. 
rinsnte. the liquid derived from rinsing pesti­

cide containers or spray equipment. 

rodenticide. a pesticide used for control of rats, 

mice, gophers, squirrels, and other rodents. 

rope wick applicator. a device used to apply 

cont<1ct herbicides onto target weed folfage 

,vith a saturated rope or cloth pad. 

route of exposure. the way a pesticide gets 

onto or into the body. The four routes or 
exposure are dermal (on or through the skin), 

ocular (on or in the eyes), respiratory (into 

the lungs), and ingestive (through swallow­

ing). 

rpm. revolutions per minute. 

ru[fiing. an application technique in which 

spray is applied with oscillating motion or an 
air blast so the droplets come in comact with 

a ll of the target plant's leaf surfaces. 

runoff. the liquid spray malerial that drips from 

the foliage of treated plants or from other 
created surfaces. Also the rain waler or irriga­

tion water that leaves an area- this water 
may contain trace amou.nlS or pesticide. 

safety cab. an enclosed cab installed on a trac­

tor to protect the operator from pesticide 

exposure. The cab includes an air filtering 

system. 

saprophyte. an organism that lives on dead or 

decaying organic matter. 

secondary pest. an organism that becomes a 

serious pest only after a natural enemy, com­

petitor, o r primary pest has been eliminated 

through some type of pest control method. 

Section 18 Exemption. see eme1ge11cy exemp­
lion from registration. 

selective pesticide. a pesticide that has a mode 

of action against only a single or a small num­

ber of pest species. 
self-contained breathing apparatus (SCBA). 

see supplied-air respirator: 



semce container. /i\ny container designed to 
hold concentrate or diluted pesticide mix­
tures, including the sprayer Lank, but nor the 
original pesticide container. 

shelf life. the maximum period of Lime that a 
pesticide can remain in storage before losing 
some of its effectiveness. 

shingling. the dumping or sticking together of 
plant foliage caused by the force of a liquid 
spray. Shingling prevents spray droplets from 
reaching all surfaces of the foliage and may 
result in poor pest control. 

sight gauge. a device on a pesticide spmyer or 
configurarion of the spray tank that pennits 
the operator LO view the level of liquid in the 
rnnk. 

signal word. one of three words (Danger, Warn­

ing, Caution) found on every pesticide label to 
indicate the Telative hazard of the chemical. 

site. the area where pesticides are applied for 
control of a pest. 

site identification number. the number 
assigned Lo a location where pesticides are Lo 
be applied. 

site of action. the location within the tissues of 
the target organism where a pesticide acts. 

skin absorption. the passage of pesticides 
through the skin into I.he blood stream or 
ocher organs of the body. 

skull and crossbones. the symbol on pesticfde 
labels that are highly poisonous. Always 
accompanied by the signal word Danger and 
the word "Poison." 

SLN. see special local need registration. 
slurry; a watery mbtlure containing pesticide 

powder. Slurries leave a thick coating or pesti­
cide residue on treated surfaces. 

soil mobility. a variable characteristic of a pes­
ticide, based on its chemical nature. Highly 
mobile pesticides leach rapidly through the 
soil and may contaminate groundwater. 
Immobile pesticides, or those with low soil 
mobility, remain tightly attached 10 soil parti­
cles and are resistant to leaching. 

soil profile. the characterislic:s and differences 
or soil at different depths. 

soluble. able to dissolve completely in a liquid 
soluble powder. a pesticide formulation in 

whlch the active ingredient and all inert 
ingredients completely di.~solve in water 10 

form a true solution. 
solution. a liquid that contains dissolvedsub­

siances, such as a soluble pesticide. 
solvent. a Liquid capable of'dissolving certain 

chemicals. 
sorptive dust , a (jne powder used to destroy 

arthropods by removing the protective wax 
coating that prevents water loss. 

source reduction. sanitation practices, 
special local need registration (SLN). <1lso 

known as 24(c) registration, the registration 

GLOSSARY • 329 

of a pesticide for treatment of a local or spe­
cific pest problem where no registered pesti­
cide is available. 

speed of travel. the speed that the operator 
moves the pesticide application equipment 
through the area being treated. le is necessary 
lo calculate the speed of travel in order LO cal­
ibrate pesticide application equipment. 

spore. a reproductive structure produced by 
some plants and microorgani.sms that is resis­
tant to environmental influences. 

spot treatment. a method of applying pesti­
cides only in small, localized areas where 
pests congregate, rather than rreating a larger, 
general area. 

spray check device. a special piece of equip­
ment that measures and visualizes the output 
from the nozzles on a spray boom. Tltis 
device provides rapid visualization of differ­
ences in output between nozzles. 

spreader. an adjuvant that lowers the surface 
tension or treated surfaces to enable the pesti­
cide Lo be absorbed. 

statement of pr,actical treatment. a section of 
the pesticide label that provides infomiation 
on treating people who have been e.:"poscd 10 

the- pesticide-. This includes emergency first 
aid informal.ion . 

statement of use classification. a special state­
ment found on labels of some highly haz­
ardous pesticides indicating that thelr use is 
restricted to people who-are qualified through 
a certification process. 

sterilant. a pesticide used for control of rodents 
by preventing their reproduction. 

sticker. an adjuvant used Lo prevent pesticides 
from bei.ng washed or abraded off treated sur­
faces. 

stolon. an aboveground runner stem found in 
some species or plants. 

stomach poison. a pesticide t.hal !<ills target 
animals who ingest it. 

structural pest. a pest such as a termite or 
wood rot fungus that destroys structural 
wood in buildings. 

subcutaneous injection. injecting a substance, 
such as a drug, under the skin . 

sublethal dose. a pesticide dose insufficient to 
cause death in the exposed organism. 

summer oils. narrow-range oil applied during 
the growing season. 

superior oils. tcnn given to more highly 
refined paraffinic oils in the late 1940s. When 
used today, refers to most oils ,ivallable (e.g., 
narrow-range oils), but excludes very heavy 
dormant emulsions that have low unsulfonat­
ed residues. All narrow-range oils are superi­
or oils, but nor all superior oils are n,1rrow­
range oils. 

supplemental label. additional inst ructions 
and information not found on the pesticide 
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label because the label is too small but legally 
considered to be pan of the pesticide labeling. 

supplied-air respirator. a tightly fitting face 
mask that is connected by hose Lo an air sup­
ply such as a tack wom on the back of the 
person using the respirator or LO an external 
air supply. Supplied-airrespirators permjt 
people to enter oxygen-deficient areas or 
areas where there are highJy toxic pesticide 
vapors. 

suppression. the pest managementstrategy 

that attempts lo reduce pest numbers below 
an economic injury threshold or to a tolerable 
level. 

supreme oils. refers to a specific product 
(Volek Supreme Oil), bm often used incor­
rectly to indicaLe any superior or narrow­
range oil. The distillation midpoint is high­
er and the 10 to 90 percem distillation 
range is wider than other narrow-range oil 
formulations. 

surface active agent. see swfactant.. 
surface coverage. the degree lo which a spray 

or dust covers the surface of le::1ves or other 
objects being treated. 

surface tension. forces on the surfaces of liquid 
droplets that keep them from spreading out 
over treated surfaces. 

surface water. water contained 1n lakes or 
ponds or flowing in streams, rivers, and 
canals. 

surfactant. surface active agent. An adjuvam 
used to lmprove the ability of the pesticide to 
stick to and be absorbed by the targec surface. 

susceptible life stage. the life stage of a pest 
organism that is most susceptible to a pesti­
cide used to control il. ln general, insects are 
most susceptible. during the larval or juvenile 
stage; weeds are usually most susceptible dur­
ing the seedling stage. 

suspension. fine particles of solid material dis­
tributed evenly throughout a liquid such as 
water or oil. 

swath. the area covered by one pass of the pes­
ticide application equipment. 

swath width. che width of the area covered by 
spray droplets or granules as the. application 
equipment moves through. The swath width 

must be measured to calibrate application 
equipment. 

symptom. any abnormal condition caused by a 
pesticide exposUie that can be seen or felt or 
that can be detected by examination or labo­
ratory tests. 

synaptic. pertaining to the junctions between 
nerves or between nerves and muscles and 
other organs. ln many organisms, nerve 
impulses are carried across these junctions by 
the chemical acecylcholine. 

srnergism. a reaction in which a chemical that 
has no pesLicidal quaJicies can enhance the 
toxicity-of a pesticide it is mixed wi th. 

synthesized. applying to pesticides that are 
manufactured through chemical prncesses 
rather than occurring naturally. 

s}"stemic pesticide. a pesticide that is taken up 
into the tissues of the organism and trans­
ported to other locations where it will affect 
pests. 

tag-along. a liquid or dry pesticide applicator 
mounted on a wheeled trailer and pulled 
behind a tractor or other powered vehicle. 

tailwater. the water that collects at the lower 
end of a field during or after irrigation. 

tank mix. a mixture of pesticides or fertilizers 
and pesticides applied al the same time. 

target. either the pest that is being controlled 
or surfaces within an area that the pest will · 
contact. 

temperature inversion. see inversion. 
teratogenic. a chemicaJ that is capabk of ams­

ing noninheritable birth abnormalities. 
thickener. an adjuvant that increases the vis­

cosity of the spray solution so that larger 
droplets are formed by the nozzles; thicken­
ers are used to control drift. 

threshold. see eco110111ic injury tltresho!d. 
threshold limit value (TLV). the airborne con­

centration of a pesticide in parts per million 
(ppm) that produces no adverse effects over a 
period of time. 

TLV. threshold Hmit value. 
tolerance. the ability to endure the impact of a 

pesticlde or pest without exhibiting adverse 
effects. The maximum amount of pesticide 
residue that is permitted on produce or other 
edible animal or agricultural crop products. 

loxicant. a substance that, al a suCficient dose, 
will cause harm to a living organism. 

toxicity. the potential a pesciciile has for poi­
soning an exposed organism. 

toxicity category. the three classifications of 
pesticides that indicate the approximate level 
of hazard. The three categories are indicated 
by the signal words Danger, Waming., and 
Caur:io11. 

to:<lcity testing. a process in which known 
doses of a pestieide are given to groups of test 
animaJs and the results observed. 

toxicology. the study of toxic substances on liv­
ing organisms. 

tracking powder. a fine powder that is dusted 
over a surface to detect or control certain 
pests such as cockroaches or rodents. For 
control, the inert powder is combined with a 
pesticide; the animal ingests this powder 
when it cleans itself and becomes poisoned. 



lraining record. lhe documenl, signed by the 
trainer, employer, and Lrainee, used to record 
the dates and types of peslicide safely training 
received. 

translocate. the movement of pesticides from 
one location to another within the tissues of a 
plant. 

treated surface. the surface of plants, soil, or 
other items that were contacted with pesti­
cide spray, dust, or granules for the purpose 
of controlling pests. 

creaonent area. see site. 
treatment threshold. see action tlireshold. 
triple rinse. lhe process of panially filling an 

empty pesticide conrainer, replacing the lid, 
shaking che container, then emplying its coo­
tents into lhe spray tank. This procedure is 
performed lhree times to assure thal mosl of 
the pesticide residue is removed. Triple­
rinsed containers can be offered for special 
pesticide container recycling or taken to a 
Class 2 disposal site. 

tuber. an underground vegetative reproductive 
slrucmre of some types of plants. Tubers are 
characterized by small scalelike leaves. 

ultra-low-volume (ULV). a pesticide applica-
1:i.on technique in which very small amounts 
orliquid spray arc applied over a unit of area; 
usually 1/1 gallon or less of spray per acre in 
row crops lo about 5 gallons of spray per acre 
in orchards and vineyards. 

umbel. a nower head in which all the newer 
stalks originate at or near one point. 

unclassified oils. spray oils that do not meet 
the distillation properties defined by the Cali­
fornia grade system. 

unloader. a sensi.tive valvelike mechanism used 
on high-pressure applicators that diverts the 
liquid back into the tank when nozzles arc 
shut off Lo prevent a rapid buildup of pressure 
in the system that would possibly damage the 
pump. When the flow to the nozzles is turned 
back on, the unloader quickly restores pres­
sure to them. 

unregistered crop. any crop thal is not listed 
cin the pesticide label. Pesticides can only be 
applied to crops that are specific-.illy listed on 
the label. 

unregistered site. any site, such as a righr-of­
way or pond, that is not listed on the pesti­
cide label. Legal uses of pesticides require 
that they be applied to listed or registered 
crops or sites. 

unsulfonated residue (UR). a measure o[ puri­
ty or petroleum oils used as pesticides. Oils 
used for insecticides and acaricides must have 
a minimum UR rating based on the grade or 
type of oil. Oils with higher UR ratings are 
safer for use on plants. 
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use reslrictions. special restrictions ihcluded 
on the peslicide label or incorporated into 
state or local regulations that specify how, 
when, or where a specific pesticide may 
be used. 

vaporize. to transform from a spray of droplets 
to a foglike vapor or gas. 

vector. an organism, such as an insect, that can 
transmit a pat.hagen to plants or animals. 

vertebrate. the group of animals that have an 
internal skeleton and segmented spine, such 
as fish, birds, reptiles, and mammals. 

viroid. a microorganism that is much smaller 
than a virus and is not enclosed in a protein 
coac. Some viroids produce disease symptoms 
in certain plants. 

virus. a very small organism that multiplies in 
living cells and is capable of producing dis­
ease symptoms in some plants and an}mals. 

viscosity. a physical property o[ a nuid that 
affects its nowability. More-viscous fluids 
flow less easily and produce larger spray 
droplets. 

volatile. able to pass from liquid or solid into a 
gaseous stage readily at low temperatures. 

volatilization. the process of a pesticide liquid 
or solid passing into a gaseous stage. 

volute. a metal ductlike structure used to direct 
the air now from a sprayer fan. Spray nozzles 
are often positioned near the outlcL of the air 
flow. Volules enable pesticide-laden air to be 
direc1ed to tree tops or other hard-to-reach 
areas. 

Warning. the signal word used on labels of pes­
ticides considered to be moderately toxic or 
hazardous. Pesticides that are assigned the 
signal. word Wami11g based on toxicity usually 
have an oral LD,o between 50 and 500 and a 
dermal LD,., between 200 to 2,000. 

watershed. an area of land that drains irs sur­
face water into a defined watercourse or body 
of water. 

water-soluble concentrate. a liquid pesticide 
formulation that dissolves in water to form a 
true solution. 

wettable powder. a type of pesticide fomrnla­
tion consisting of an active ingredient that 
will not dissolve in water, combined with a 
mineral clay and other inert ingredients and 
ground into a fine powder. 

wetting agent. an adjuvanl used in pesticide 
mixtures to lower the surface tension of 
spray droplets, enabling them to come in 
close contact and spread out over target sur­
faces, especially those containing fine hairs 
or waxy layers. 

work clothing. garments such as long-sleeved 
shirts, short-sleeved shirts, long pants, short 
pants, shoes, and socks. Work clothing is not 
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considered personal protective equipment 
although pesticide product labeling or regula­
tions may require specific work clothing dur­
ing some ac.civities. Work clothing differs 
rrom and should not be confoscd with a cov­
erall. While coveralls must be provided by the 
employer, work clothing can be required to 
be provided by the employee. Short-sleeved 
shirts and short pants are only considered 
acceptable work clothing under conditions 
expressly pennilled by pesticide product 
labeling. 

Worker Protection Standard (WPS). the 
1992 amendment to the Federal lnsecticide, 
Fungicide, and Rodenticide Act (FIFRA) 
that makes signiHcant changes to pesticide 
labeling and mandates specffic training or 
pesticide handlers and workers in production 
agriculture. commercial greenhouses and 
nurseries, and forests. 



Index 

abatement, 62 
abiotic disease factors, 45 
absorption rate, 163-164 
acaricide. 7l 
accidents, 134-135 
planning for, 163 
See also emergencies 

accumulation, 148, 150, 152 
acetylcholine, 156 
acidifier, 98, 100-101 
acidulator, 101 
action threshold, 225-226 
activators, 98, 100 
active ingredient 
calculations, 307-309 
defined, 83 

acute effect, 67 
additive effect, 95 
acljuvant 
defined, 97-98 
and toxicity changes, 163 
types and functions, 98-103, 

234 
aerial application, 122 
aerosolcan,91,261,262 
aerosol container, 91-92. 

261,262 
aerosol fogger, 265, 270 
aerosolgenerator;265,270 
aestivation, 37 
agitator, 248-249 
hydraulic, 248-249 
mechanical. 249 

air blast sprayer, 195. 265, 
268-269 

measuring flow rate, 
292-293 

alcohol and drugs, use of 
while applying pesticides, 
156,163 

algae 
defined, 15 
identification, 18-19 

algaecide, 71 
alkali sida, 17, 20 

allergy, 140 
alternate block treatment, 

232,233 
alternate row treatment See 

altemace block treatment 
amaranth family, 23 
amphibians and reptiles , 

44-45,67 
animal testing, 66-69 
anionic surfactant, 99 
annu~ weed~ 15, 16 
ant, 39-40 
ancagonistic effect, 96, 97 
antibiotic, 76-77 
anticoagulant, 77 
anxiety, 140 
aphid, 36-37, SO 
application equipment, 

240-280 
bait, 276-277 
calibration, 283-313 
dust and granule, 271-275 
maintenance or, 280 

liquid, 240-271 
maintenance of, 277-280 

llvestock and poultry, 
275-276 

selecting, 242,245, 257, 
262,265,272 

application pattern. 198 
application planning check­

list, 160 
application techniques, safe, 

196-200 
application timing, 230 
applicator, Set pesticide 

applicator 
apron, 167 
aquifer, 141-142 
See also groundwater con-

tamination 
arabis mosaic virus, 40 
Argentine ant, 39 
arthropods 
as beneficials. 28 

body structure, 29 
damage, 27 
developmental stages, 29 
identifying, 27-28, 30- 31 
kinds 
bristletails. 32 
chewing lice, 34 
cockroaches, 33 
coleopterans, 37 
dipterans, 38-39 
earwigs, 33 
fleas, 39 
homopterans, 36-37 
hymenopterans, 39-40 
lepidopterans. 38 
orthopterans, 32-33 
spiders, 29, 31 
sucking lice, 34-35 
cermites, 34 
thrips, 35 
ticks and mites, 29. 31-32 
true bugs, 35-36 

monitoring for, 223-224 
as pes~. 27 
sampling, 30 

assassin bug, 35 
aster family. 25- 26 
atmosphere-monitoring 

equipment, 183 
attached-erect algae, 18 
attractant, 70, 71 , 91, 98, IOI 
See cilso pheromone 

augmentation, 56 
Australian saltbush, 22 
avicide, 71 

backpack sprayer, 262, 264 
bacteria, 4 7, 48 
disease symptoms, 47 

bactericide, 71 
bait,91 
bail application equipment, 

276-277 
bait station, 234, 276 
band treatment, 232 

333 
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barnyardgrass, 15, 20 Code or Regulations, 110 cat flea, 39 
balS, 45,219 Section 6400 (restricted cationic surfactant, 99 
bed bug. 35-36 use) , 123-124, 125 catkin, 17 
bees,39--"10, 90-91 Section 6800b (Groundwa- Caution pesticides, 93, 123 

impact of pesticides on, 67 ter Protection List), deflned, 69-70, 71 
Sec also honey bees 123-124, 125, 126 labeling, 116-117 

beet arrrtyworm, 12 Department or Consumer leaks and spills, 211-213 
beetle, 37 Affairs, 113 CDA. See controlled droplet 
beneficial organisms, Department of Fish and applicator 

146-147 Game, 44, 110, 112, 113 CDFA. See California, Depart-
bermudagrass, 17, 18, 20 DeparLment of Food and ment of food and Agricul-
biennial weeds, 15 Agriculture (CDFA), 10, Lure 
bifluid nozzle, 255 44,112 centipede, 29, 31 
bioaccumulation, 152 Vertebrate Pest Co11tml centrifugal pump, 245, 
biological control, classical Handbooli, 10, 44 247-248 

55-56 Department ofForestry, 110 cephalothora.'<, 29, 30 
See also natural enemies Depanment of Health Ser- certified pesticide applicator, 

biotic pathogenic microorgan- vices, 110, 112, 113,200, 127-130 
ism,45 201 certification and licensing, 

birds as peslS, 45, 219 Department of Pesticide Reg- 2-3, 127-128 
birdsrape mustard, 21, 22 ulation (DPR) Chara, 18 
black mustard, 22 and law enforcement, 61, characteristic signs of peslS 
black nightshade, 24, 25 112- 115 11-12 
black sooty mold fungi, 37 Laws and Reg11lalio11s Stucly characteristics of rreatment 
blood test, for exposure moni- Guide, 3 , l ll-112 site, 160, 198 

toring, 156-157 Pest Control Aircraft Pilot chemical groups of pesticides, 
blunt spikerush, 19 Certificate examination. 2, 72-76 
bodywear, protective, 165 112,127 chemical injection punip, 
boom height, 230, 231 QAC examination, 2, 127 265,271 
botanicals, 77, 78 QAL examination, 2, 127 chemical name, 116 
brand name, 116 Department of Water chemigation, 271 
breakdown of pesticides, 96, Resources, 110 CHEMTREC (Chemical 

100,152 Food and AgriculmraI Code, Transportation Emergency 
bristlemil, 32 110 Center), 162, 188 
bristly oxtongue, 15, 25 Section 11408 (agricultural chewing lice, 34 
broad spectrum pesticide, 229 use), 123- 124, 125,126 chick~n head louse, 34 
broadcast nozzle, 255 Health and Safety Code, 103 children, 204 
broadleaves, 14 Organic Foods Act, exposure of, 134, 137 
bryophyte, 15 103-104, 106 pesticide ingestion by, 136, 
bubonic plague,39 Highway Patrol, 211 138,211 
See also plague Occupational Safety and Chinese thomapple, 24 

buffer strip, defined, 199,234 Health Administration, chlorinated hydrocarbon, 72 
buffe~defined,98, 100-101 110 cholinesterase, 156-157 
bulb applicator, 272,273 Office of Administrative Law, chronic effect, 68 
bull thistle, 25 110 chrysanthemum chlorotic 
burclover, 13, 15 Office of Emergency Ser- moule, 50 
buuerfly, 38 vices, 211 chrysanthemum stunt, 50 

Poison Control System, 211 cicada, 36-37 
cab, enclosed, 181-182 Regional Water Control cl trus exocort is, 50 
cabbageloope~ 10, 12 Board, 110 class, in standardized classifi-
CAC. See county agricultural Structural Pest Control cation system, 8 

commissioner Board, llO, 113 classical biological control, 
calibration Waste Management Board, 55- 56 
calculations for active ingre- 110 See also natural enemies 

dient, 307-309 Water Quality Control classification of pesticides, 
calculations for percentage Board,113,200,201,212 70-80 

solution, 309-311 Water Resources Control classification of weeds, 14-15 
calculations for ppm solu- Boarcl, 110, 112, 113 classification system, stan-

Lion, 309, 311-312 California goldenrod, 25 dardized 
importance of, 284-286 California mugwort, 25 defined, 8 
methods, 286-287 Canada thistle, 18, 25 subcategories, 8-9 
dry applicators, 302- 307 carbamate, 76 See also identifying peslS 
liquid sprayers, 287- 302 cardiopulmonary resuscita- cleanup and disposal 

calibration cools, 286 tion (CPR), 208,209, 210 checklist, 161 
California carpet beetle,37 equipment, 201 
Air Resources Board, 110, cartridge respirator, 172-175 and groundwater contamina-

112,113 caste,34 tion, 145-146 



label directions for, 120 
of pesticide containers, 

193-194,200- 201 
climate, influence on plant 

growth, 't6 
closed mixing system, 

182- 183, 191,193,260 
clothing. See personal protec­

tive equipment 
coalescent effect, 96 
cockroach,33,59,218 
key to common adults, 11 

coleopterans, 37 
collar region, grass, 19, 20 
colorant, spray, 101 , l 03 
common cocklebur, 13, 25 
common groundsel, 25 
common lambsquarters, 

22- 23 
common name, 9 
See also identifying pests 

common purslane, 15 
common sunflower, 25 
common yarrow, 25 
compatibility agent, defined, 

98,100 
compatibility test, 94 
compressed air duster, 272, 

273 
compressed air sprayer, 262, 

263-264 
cone nozzle, 253 
confused flour beetle, 37 
consperse stink bug, 36 
containers 

cleanup and disposal ot: 
193-194, 200-201 

transporting, 160, 186-189 
contamination of water. See 

groundwater contamina­
tion 

contents statement, pesticide 
label, 116 

continuing education, 
127-128, 158-159 

control valve, 258, 259 
controlled droplet applicator, 

234,265,266-267 
conversion factors, 285 
cost or pesticide materials, 

225, 228-229 
misapplication, 214-215, 

285 
county agricultural commis­

sioner, 113,212,215 
couplings, 258-260 
CPR. See cardiopulmonary 

resuscitation 
cricket, 32- 33 
cross resistance, 148 
cultivation and pest cmntrol, 

58 
cultural practices 
and groundwater contamina­

tion,146 
for pest control, 58 

pest dispersal by, 12, 13, 49, 
50 

curly dock, 13, 17 
cyst nematode, 41 

dallisgrass, 20 
damsel bug, 35 
dandelion,13, 17,25 
Danger pesticides 
defined, 69-70 
labeling, 116-117 
leaks and spills, 211-213 
mixing, 93, 182- 183, 191, 

260 
restrictions on, 126 

deactiviation, 96 
deergrass, 20 
defoaming agent, 98, 101 
defoliant, 71 
delayed mixture, 96-97 
deposition aid, 98, 101 
deposition of pesticides, 

197-198 
dermal e..xposure. See skin 

exposure 
desiccant , 71, 77, 89 
See also dust 

detection, pest, 218-224 
deviation from label direc­

tions, 121-123 
diaphragm pump, 244-246 
diatomaceous earth, 77, 89, 

105 
dichotomous key, 10, 11 
dicot, 14 
dipping vat, 276 
dipterans, 38-39 
direct channel, 143 
See also groundwater con­

tamination 
directions for use. 120, 121 

deviations from, 121-123 
disc-core nozzle, 253, 254 
disease-causing agents 
bacteria, 4 7 
fungi, 47-49 
identification, 45-50 
important characteristics, 45 
mycoplasmas, SO 
sampling for, 48 
viroids, 50 
viruses, 49- 50 

disposable dust and mist 
mask, 71 

disposable protective cloth­
ing, 165-166 

disposal of pesticides and peso 
ticide containers. Sec 
cleanup and disposal 

dosage level of pesticide, 233 
DPR. See under California, 

Department of Pesticide 
Regulation 

drawings and photographs, 
using for identification or 
pests, 10- 11 

drift, pesticide 
defined, 199 

INDEX • 335 

factors affecting, 199-200, 
234 

and liability, 202 
and temperature inversions, 

196-197,199,236 
droplet size, 197-198, 

234-235 
drugs and alcohol, use of 

while applying pesticides, 
156, 163 

dry applicators 
application rate, 305- 307 
output rate, 302- 303, 

304-306 
swath width, 303, 305 
travel speed, 302 

dry break coupling, 260 
dry flowable, 85, 86 
dust, 85, 89, 90 
application equipment, 

271-273 
defined, 77 

dust and mist mask, dispos-
able, 171 

dysentery, 33 

earthworm, 40 
earwig,33 
eCficacy, 67 
electrical sources and safety. 

200 
electronic sprayer controller, 

258 
electrostatic sprayer, 265, 270 
elephantiasis, 43 
emergencies, 3, 162 

fires, 213-214 
first aid for pesticide expo-

sure, 208-211 
leaks and spills, 211- 213 
misapplication, 214-215 
training applicators for, 

157-158 
See also pesticide exposure; 

hazards, pesticide use; 
safety 

emergency exemptions from 
registration. See Section 
18 Exemptions 

emergency telephone num­
bers, 162 

emulsifiable concentr.ite, 
86-87.93 

enclosed cab, 181-182 
endangered species, 147- 148 
enforcement of pesticide reg-

ulations, 112 
environmental concerns, 

141-148,285 
envlronmental hazards, 117, 

120, 161-163, 198 
environment modification for 

pest managemem, 58 
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equipment 
for effective application, 

195-196,234 
for identification and moni­

toring of pests, 9, 
220-221,223-224 

other protective devices, 
181-183 

personal protective. See per­
sonal protective equip­
ment 

eradican t, 82 
eradication of pests, 55, 

61-62 
establishment number, 116 
European earwig, 33 
even Oat-spray nozzle, 

252-253 
exclusion, 57 
exempt pesticides, 129 
exemptions from registration. 

See li/idc,- Jaws and regula­
tions, pesticide 

exposure. See pesticide e.xpo­
sure 

extender, 98, 100 
eye exposure, 137, 138. 139 
first aid , 209-210 

eye protection. See under 
personal protective 
equipment 

faceshield. See personal pro­
tective equipment, eye 
protection 

fall armywom1, 3S 
family, in standardized classi­

fication system, 8-9 
Federal Insecticide, Fungi­

cide, and Rodemicide Act 
(FIFRA), 57, 66, 110-111 

fertilizer combinations, 92 
field bindweed, 13, 17, 24 
field incompatibility, 93 
fieldworker safety, 183-184 
Worker Protection Standard 

training, 159 
FlFRA. See Federal Insecti­

cide, Fungicide, and 
R.odemicide Act 

filaree, 13, 15 
filnria, 4 l-43 
filter screen for liquid applica-

tion equipment, 249-250 
firebrat, 32 
fires, pesticide 213-214 
fim aid for pesticide expo-

sure, 208-211 
fish 
and bioaccumulation, 147, 

148 
impact of pesticides on, 14 7 
and pesticide toxicity test­

ing, 67 
as pests, 44 

fiuings for liquid application 
equipment, 25$-260 

flat-spray nozzle, 252 
Ucas,39 
flies. 38-39 
flow rate. See output rate, 

measuring 
flowables, 84, 85, 87, 93 
fogger, 265, 270 
follow-up monitoring, 161. 

237 
food contamihation, 136-13 7 
Food Quality Protection Act, 

Ill 
footwear. See under personal 

protective equipment 
formulations. Sec uuder pesti­

cide 
foxtail, 13, 20 
FQPA. See Food Quality Pro­

tection Act 
fumigant, 88 
and threshold limit value, 

68-69 
fungus, 4 7, 49 
disease symptoms. 49 
identification, 49 

fungicide, 71, 75, 76 
for organic produce, 106, 

107 

gas cylinder, 88, 186 
gauge, pressure, 258 
gauge, sight, 242, 287 
gear pump, 245, 246-247 
general-use pesticides, 112 
genetic characteristics and 

pesticide resistance, 149 
genetic manipulation and 

microbial pesticides, 66, 
78-79 

genus, in standardized classi­
fication system, 8-9 

German cockroach, 33 
global positioning system, 

231 
gloves. See under person.il 

protective equipment 
gnat, 38-39 
goggles. See personal protec­

tive equipment, eye pro­
tection 

goosefoot family, 22- 23 
gophers, bait application 

equipment for, 276-277 
government agencies. See 

California; United StateS 
GPS. See global positioning 

system 
granary weevil, 37 
granules, 85, 90 
application equipment for, 

271-275 
hand-operated, 272-274 
mechanically driven, 272, 
274-275 

powered, 272, 275 
granulosis virus, 105 
grape leafhopper, 36 

grapevine fan leaf virus, 40 
grass family, 19- 20 
grasshopper, 30, 32-33 
greater than additive effect, 

95 
greenhouse whitefly, 36 
groundcover, 56, 232 
groundwater contamination, 

141-146 
entry of pesricides, l42- l 43 
factors inOuencing, 137, 

144-146, 197 
preventing, 144-146 

Gmwe,1 Weed Tdentificotion 
Hawlbooli (University of 
Cali fornia), 10-1 l 

growth regulator, See insect 
growth regulator; plam 
growth regulator 

hairy nightshade, 24 
half-life of pes1icldes, 69, .228 
hand spray gun, 255-256 
hand-operated equipment, 

260-264,272, 273-274 
hardstem bulrush, 19 
harvest interval. See prehar­

vest interval 
harvest limitations, 229 
See also preharvest interval 

hazards, pestlcide use 
groundwater contamination, 

141-146.197 
forbumans, 
a llergies and anxieties, 140 
effects of exposure. 

138-140 
routes of exposure, 

137-138 
for nontarget organisms, 

146-148 
bees, 90- 91, 197 
endangered species, 

147-148 
natural enemies, 146 
nontarget plants, 148 
pets, 91 
\vildlife, 14 7 
waterfowl, 90 

pesticide resistance, 121, 
148-150 

and pesticide selection, 85, 
226-229 

dusts, 89 
emulsifiabk concentrates, 
87 

residues 135-136, 150-153 
See also emergencies; safety 

head lo1.1Se, 35 
head protection. See imder 

personal protective equip­
ment 

health. See hazards, pesticide 
use; safety 

heat stress, 140 
hellebore, 77, 78 
herbaceous plants, 14, 15 



herbicide., 14, 15, 70, 71 
chemical groups, 74-75, 76 
faclors inOuencing action, 

15, 82, 225-226 
hibernation, 37 
high-pressure hydraulic 

sprayers, 265, 267-268 
calculating now rate of, 

292-293 
hoary cress, 22 
homopterans, 36-37 
honeybees 
hazards to, 197 
impact of pesticides on, 146, 

147 
and liability, 202, 204 
See also bees 

honeydew, 3 7 
horn tail, 39--40 
hose-end sprayer, 261-263 
hoses, 258-260 
pressure, 259 
suction, 259 

host resistance, 59-60 
housefly, 38 
hydraulic agitator, 248-249 
hydraulic sprayer, 267-268 
hydrilla, 55 
hydrolysis, 96, 191 
hymenopterans, 39-40 

identification expert, 10 
identification key, 10 
identifying pests 
disease-causing agents, 

45-50 
invertebrates, 27 
arLhropods, 27--40 
nematodes, 40--43 
snails and slugs, 43-44 

means of, 9- 12 
moni toring and, 218-224 
names, and standardized 

classification system, 8-9 
using characteristic signs, 11 
using experts, 9-10, 14 
using identification keys, 10 
using photographs and 

drawings, 10-11 
vertebrates, 44--45 
weeds, 12-26 

!GR. See insect growth 
regulator 

illness. See pesticide expo­
sure; hazards, pesticide 
use;safety; emergencies 

impregnates, 92 
incompatibility 
defined,93 
field, 93 
resolving. 93, 95, 100 
testing for, 93 

indexing to identify viruses, 
so 

Indian tobacco, 24 
[ndianmeal moth, 38 

inert dust. See dust 
inert ingredients, 83 
inflorescence, 17 
ingredient statement, 116 
inhaled pesticide, 210, 211 
injection pump, chemical, 

265, 271 
injuries. See hazards, pesti­

cide use; pesticide expo­
sure; safety; emergencies 

inorganic chemicals, 66 
insect body structure, 29 
insect growth regulator, 77, 

79 
insectarie.s, commercial, 56 
insecticides, 70 
chemical groups, 72- 74, 76 
for organicproduce, 105 

insecticides derived from 
plants, 77, 78 

inspection stations, 61 
instar, 29 
insurance, liability, 204 
integrated pest management 

(1PM), 60 
intentional misapplication, 

214 
inversion. See temperature 

inversion 
invert emulsion. 88-89 
invertebrate, 27 
1PM. See integrated pest man-

agement 

Jerusalem artichoke, 25 
jimsonweed, 24 
johnsongrass, 17, 18, 20 

katydid, 32-33 
key pest, 54 
keys. identification, 10 
knowledge expectations, for 

certification and licensing, 
2-3 

label, pesticide., 112-ll6 
contents and sample label, 

116-120 
deviations from, 121-123 
first aid information, 117. 

208 
supplemental, 114, 115 

lacewing, 56 
lady beetle, 56 
lanceleaf groundcheny, 24 
laundering protective cloth-

ing, 178-180 
laws and regulations, pesti­

cide, 2, 3 
endangered species, 

147- 148 
enforcement and regulatory 

agencies, 110-111 , 112, 
113 

exposure monitoring., 
156-157 
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groundwater contamination, 
141 

handler training, 157-159 
labeling, 112- 120 
deviations from directions, 

121-123 
liability, 202, 204 
misapplication, 214-215, 

285- 286 
registration of pestiddes, 

112-115 
emergency exemptions, 

112-114 
Special Local Need, 

114-115 
restricted-use pesticides, 

112, 126-130 
transportation of pesticides, 

186-189 
use records, 123-126 

Laws and Regulations Study 
Guide, 3, 111-1 12 

LC50. See lethal concentrntion 
LD50. See lethal dose 
leaching, 142 
leafhopper, 36-37, SO 
leaks andspiUs, 211- 213 
lepidopterans, 38 
leprosy, 33 
lethal concentration (LCso>. 

defined, 67-68 
lethal dose (LD50) 
defined , 67- 68 
oral values for some pesti­

cides, 68, 107 
liability, 202, 204, 214 
lice,34-35 
chewing, 34-
sucking, 34-35 
on vertebrate pests, 45, 219 

life cycle, weeds, 15-17 
life history information. pest, 

219 
life stage of pests, 82 
line strainer, 249-250 
little mallow, 20, 21 
livestock 
application equipment, 

275-276 
back rubbers. 275 
face rubbers, 275 

and nitrate poisoning, 23 
parasites of, 40 
pest management, 54, 82, 

89,92 
locusts, 32-33 
London rocket, 22 
low-concentrate solution, 87 
low-pressure sprayer, 165, 

267 
c:alculating outp;ur rate fo 

268-292 
low-volum Jiptl'II 

i:u.-m_ '!C"''!I~ 
long 
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maggot, 38 
mallow family, 20, 21 
mammal, 44, 45,219 
management of pests. See pest 

management 
manufactuTers, pesticide, 97 

label information, 116, 307 
aud pesticide packaging, 

185- 186 
and registration of pesli­

cides, 112-114 
manure management, 58-59 
Material Safety Data Sheet 

(MSDS), 159-161 
mealybug, 36- 37 
measuring pesticides, 191, 

192 
mechanical agitator. 249 
mechanical and cultural con­

trol, 57-59 
mechankal duster, 272, 273 
mechanically driven granule 

applicator, 272. 273-275 
medication, use of while 

applying pesticides, 163 
Mediterranean fruit Oy, 55 
rnesh, 90 
metamorphosis, 29 
mice 
as pests, 44, 45 
management of, 77 
monitoring of, 224 

as test animals. 67 
microbial pesticides, 66, 

77-79 
microencapsulated formula ­

tions, 85, 90-91 
microorganism, 45 

' midge, 38-39 
millipede, 29 
minimal personal protective 

equipment, 165 
See also personal protective 

equipment 
misapplication of pesticides, 

214-215, 285-286 
mistletoe, 14 
misuse statement on pesticide 

label, 120 
mites, 29, 31- 32, 50, 56,219 
mixtures, pesticide, 92-93, 

122 
acljuvams for, 97-98, 100 
chemical changes with, 

95-97, 163 
and incompatibility, 93-95, 

97 
mobility of pesticides in soil, 

144 
mode of act.ion 
animal testing and, 67 
defined, 80 
factors influencing, 82-83 
by pesticide chemical group, 

73-75 

and pesticide combinations, 
96 

Mollusca, 43 
molluscicide, 72 
monitoring pests 
arthropods, 223- 224 
equipment for, 220-221, 

223-225 
follow-up after pesticide 

application, 237 
nematodes, 221-222 
pathogens, 223 
predicting problems, 

218-219 
vertebrates, 224 
weeds, 220-221, 222 

monocot, 14 
momingglory family. 23-24 
111osquito abatement, 62 
moss, 15 
motb,38 
mouth exposure. See oral 

exposure 
mouthpans, insect, 28 
MSDS. See Material Safety 

Data Sheet 
mulching. 58 
mullein, 15 
murine typhus, 39 
mustard family, 15, 20-22 
mycoplasrnas, 50 

naLUral control, 56 
natural enemies 
beneficial insects, 146-14 7 
in 1PM programs. 55- 56, 60, 

229 
necrosis, 50 
negligent application, 

de[ined, 214 
nematicide, 72 
nematodes 
animal parasites, 41 , 43 
as biological control agents, 

56 
identification, 40--43 
important genera and 

species, 41 
monitoring, 221, 223 
plant parasites, 41 
sampling, 42,221,223 

neTVous system, pesticides 
and,156-157 

nellleleaf goosefoot, 23 
NIOSli (National Institute for 

Occupational Safety and 
Health), 110, 171-172 

Nitella, 18 
NOEL (no observable effect 

level), 68 
nonionic surfactant, 99 
nonpoinc pollution source, 

defined. 142-143 
See also groundwater con­

lamination 

nonpowered equipment. See 
hand-opera,ted equipment 

non target organisms, 
146-148 

Notice of Jntem, 129 
nozzle, 250-255 
coding for, 255 
output rate, 288-293 
types,251-255,257 
bifiuid, 255 
broadc..ist, 255 
cone, 253 
disc-core, 253, 254 
even Oat-spray, 252-253 
flood, 253, 254 
off-center Oat-spray, 252 
solid stream, 253 

nozzle strainer, 249, 250 
nurse tank, 260 
nutgrass, 19 
nutrient deficiency, 45, 46 
nutrient toidcity, 45 
nutsedge. See sedge family 

occasional pests, 54 
ocular exposure. See eye 

exposure 
off-center Oat-spray nozzle, 

252 
operator identification num­

ber, 125 
operator skill. 234 
oral exposure, 138 
first aid, 211 

order, in standardized classifi­
cation syslern, 8-9 

organic agriculture 
laws regarding labeling. 

103-104 
Organic Foods Act, 

103- 101. 106 
some pesticides allowed for 

use on, 104-107 
organic chemical, defined, 66 
Organic Foods Act (1979), 

103-104, 106 
organochlori'ne, 72, 76 
organophosphate, 76 
onhopterans, 32- 33 
oscillating boom sprayer, 195, 

267-268 
output capacity, 243 
output pressure, 199, 256, 

290,302 
output rate, measuring 
dry application equipment, 

302-303 
liquid application equip-

ment, 288-293 
overlap, 198, 231 

Pacific dampwood termite, 34 
Pacific poison oak, 17 
parts per million solutions, 

309, 311~312 



pathogens, 45 
identifying, 46-47 
monitoring, 223 
sampling, 48 

pear decline, 50 
pellets, 85, 90 
percentage solutions, 309, 

310-311 
percolation, Hl, 14-2, 144 
See also groundwater con­

taminatlon 
perennial weeds, 15, 1 7 
permit, restricted-use, 

128-130 
personal cleanup, 202 
personal protective equip· 

ment, 163-181 
bodywe11r, 165-167 
cleaning and maintaining, 

176-100 
disposable, 165 
eye protection , 169-171 
footwear, 135, 168, 169 
gloves, 167-168, 177 
head protection, 167 
label requirements for, 117, 

120 
devi,1tion from, 122-123, 

123n 
laundering, 178-180 
minimal, 165 
other protective devices, 

181-183 
problems with, 180-181 

discomfort, 180-181 
fitt ing, 180 
limits to protection, 181 

respiratory equipment, 
171-177 

cleaning, 176-177 
rcuseable, 166-167 
storing, 180 

Pest Control Aircraft Pilot 
Certificate, 2, 112, 
127-128 

pest control compact, 62 
Pest Control Operator Busi­

ness, 127 
pest detection and monitor· 

ing, 218-224 
pest idemification, 8-51 
See also specific types and 

names of pests 
pest managemeat 
approaches, 

eradication, 55 
prevenuon, 54 
suppression, 55-58 

methods, 55-62 
biological control, 55-56 
host resistance, 59-60 
integrated pest manage-
ment, 60 

mechanical and cultural 
conrrol, 57-59 

natural enemies, 56, 219 
pesticides, 57 
regulatory pest control, 
61-62 

types of pests, 54 
PesL Management Guidelines 

(University of California), 
121 

pest resurgence, 146-14 7 
pesticidal soaps, 80 
pesticide, 3-5 
accidents, 163 
active ingredients, 83, 307 
applicaLion, 4-5, 196-200, 

230-233 
application equipment, 

240-280 
application planning check, 

list, 160 
application record, 203 
classification, 70-72 
chemical groups, 71, 72-76 
special tyPes, 76-80, 81 

combinations. See pesticide, 
mixtures 

defined,57,66 
disposal. See cleanup and 

disposal 
drift. See. drift, pesticide 
effective use, 218-238 
emergencies, 208-216 
fires, 213-214 
formulations, 83, 116 
common, 84-92 
and drirt prevemion, 
235-236 

and incompatibility, 93-94 
and persistence, 228 
selecting, 83-84 
and selectivity, 233-234 

handling,66, 185-190 
hazards, 134-154 
in organic agriculture, 

103-107 
in tl1e eye. See eye exposure 
inert ingredients, 83 
ingredient statemem, 116 
inhaled, 210, 21 ! 
injuries. See hazards, pesti­

cide use; pesticide expo­
sure; safety. emergencies 

label, 2-3 
See also label, 1>esticide 

laws and regulations for, 
110-132 

leaks and spills, 211-213 
manufacturer. See manufac-

LUrers, pesticide 
measuring, 191, 192 
misapplication, 214-215 
mixing, 190-195 
mixtures, 92-93 
chemical changes with, 
95-97 

and incompatibility, 93-95, 
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97,100 
mode of action, 80, 83 
on clothing, 178-180 
on skin. See skin exposure 
persistence, 69, 144, 

151-152 
facwrs affecting, 227-228 

registration. See under laws 
and regulations, pesticide 

residues, 150- 153 
resisiance, 121, 148-150 
selection, 226-229 
selective, 229-230 
spills and leaks, 211-213 
storage. See storage, pesti· 

cide 
swallowed. See. swallowed 

pesticide 
theft, 208 
toxicity, 66-69 
in mixtures, 95-97, 163 

toxicity categories, 69-70 
transporting,186-189 
uptake, 82-83 
use decisions, 225-226 
use records, 123-124 
use reports, 124-126 

pesticide applicator 
certification, 2, 127- 128 
continuing education, 

127-128, 158-159 . 
safety, 156-163 

first aid for exposure, 
208-211 

personal protective equip­
ment, 163-181 

routes of exposure, 
137-140 

training, 157-158 
pesticide exposure 
accidents, 134-135 
blood tests monitoring, 

156-157 
effects of, 138-140 
eyes, 138, 139 
lungs, 138, 139 
moutl1, 138, 139 
skin, 137-138. 139 

first aid, 208-211 
in residences, 136-137 
routes of exposure, 137-138 
work-related, 135-136 
See. also emergencies: haz-

ards. pesticide use 
pests, key, 54 
Pests of the Garden and Small 

Farm (University of Cali, 
fomia), 11 

Pests of Landscape Ji-ees and 
Shmbs (University of Cali­
fornia) , 11 

pests, occasional, 54 
pests, secondary, 54, 60, 

146-147 
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petroleum oil 
petroleum-based pesticides, 

79,105,200,211 
pets 
and exposure to pesticides, 

91 
pest control for. 82, 89, 92 
as source of pesticide eKpo­

sure LO humans, L37 
pH 
defined, 100-101 
elfeCL on pesticides, 101, 103 
ofwater, 103, 191, 192 

testing and adjusting, 102 
phenology models 
and predicting egg hatch, 

224 
pheromone, 79-80, 224 
pholads, 43 
phylloxera, 36-37 
phylum, in standardized das­

sification system, 8-9 
Phytophthora palmivora, 78 
phytotoxiclty, 87, 148, 196 
defined, 79,86 

ptgweed, 15 
pineapple weed, 25 
piscidde, 72 
piston pump, 2t5, 248 
placard, 188 
plague1 44,219 
See also bubonic plague 

planning, or application, 
159- 163 

plamback restrictions, 202, 
221 

defined, 120 
plant-derived insecticide, 77, 

78 
plant growth problems, 46 
plant growth regulator, 70, 

71, 75, 81 
defined,80 

plant hormone, 80, 8 1 
plant kingdom, 8 
point pollution source, 

defined,143 
See also groundwater con-

tamination 
Poison Control System, 211 
poison hemlock, 15 
Poison pesticides, 116-117 
poisoning symptoms. See pes-

ticide exposure 
pollution source 
nonpoin t, 142-143 
potnt, 143 
See also groundwater con-

tamination 
postemergent herbicide, 82 
posting, 184 
potato family, 24-25 
potato spindle tuber, 50 
potency. See pesticide, 

toxicity 

potentiation, 95 
poultry dust box, 276 
poultf)~ organically grown, 

103,104 
powered air cartridge respira­

tor, 175 
powered application equip­

ment, 264- 275 
for dusts and granules, 

271-275 
for liquids, 264-271 

PPE. See personal protective 
equipment 

ppm. See parts per million 
solutions 

praying mantid, 56 
precautionary statements, 

117,208 
predacide, 72 
predicting pesl problems, 

218-219 
preemergent herbicide, 82 
prebarvest interval, 120, 136, 

226 
See also harvesl limitations 

preserved specimen, 11 
pressure gauge, 258 
pressure hose, 259 
pressure regulator, 256-257 
pressure slrniner, 249-250 
prevention or pests, 54 

See also pest management 
prickly lettuce, 25 
prostrate pigweed, 23 
protcctanl, 82 
psyllid, 36- 37 
pubic louse, 35 
public and environmental 

safety, 184-185 
See also laws and regula­

tions, pesticide 
pump, 243- 248 
centrifugal, 247- 248 
chemical injection, 265, 271 
diaphragm, 244- 246 
gear, 246-247 
guide to selecting, 2'!5 
piston, 248 
roller, 246 

puncturevine, 15 
purple nut.Sedge, 19 
pyrethrins, 78 
pyrethl'Um, 77, 78, 107 

Qualified Applicator Certifi-
cate (QAC), 2,127 

Qualified Applicator License 
(QAL), 2, 127 

quarantine, 61 

rats 
as pests, 44, 45,224 
management of, 77 

as test animals, 67 
recombination, 152 

record keeping, 202 
and preventing groundwater 

cont-amination, 146 
Sec also pesticide, use 

records 
redroot pigwced, 23 
registration and establisl1-

mem numbers, 116 
registration of pesticides. See 

wider Jaws and regula­
tions, pesticide 

regulation, defmed, 110 
See also laws and regula­

tions, pesticide 
regulatory agencies. See under 

California; United States 
regulatory pest control, 61-62 
repellent, 70, 72, 92 
reporting requirements. See 

pesticide, use reports 
reptiles. Sec amphibians and • 

reptiles 
residues, 150-153 
resistance, pesticide, 121, 

148-150 
resistance management, 150 

resources , useful, 3-4 
respirator 
cartTidge, 172-174 
cleaning, 176-177 
powered air cartridge, 175 
supplied air, 175- 176 

respiratory equipment. Sec 
respirator, and see under 
personal protective equip­
ment 

respiratory exposure, 138 
first aid, 210-211 

restricted-ennyinterval, 135, 
229 

defined, 184 
and label. 120 

restricted-use permit, 
128-130 

restricted-use pesticides 
defined, 112, 117, 120 
laws and regulations, 112, 

126-130 
reuseable personal protective 

equipment, 166-167 
rhizome, 18 
river bulrush, 19 
rodenticide, 72 
rodent.s as pesis, 44, 45 
management, 59, 77 
monitoring, 218- 219, 224 

roller pump, 245, 246 
root-knot nematode, 4) 
TOOLS, 18 
rosy apple aphid, 36 
routes of exposure, 137-138 
ruffling, defined, 195 
Russian knapweed, 25 
Russian thistle, 15, 23 



Sl.lfe application techniques, 
196-200 

safe handling techniques, 
185-190 

safe mixing techniques, 
190---195 

safety 
applicator, 156-163 
equipment, 163---183 
fieldworker, 183-184 
goggles, 169-170 
public and environmental. 

184-185 
salamanders as nomarget 

organisms, 67 
Salmonella, 33 
sampling 
for pest identification, 10 

arthropods, 30-31 
disease-causing agents, 48 
nematodes, 41, 42--43 
weeds, 16 

sanitation as pest manage-
ment method, 58-59 

sawfly, 39-40 
scale, 36-37 
SCBA. See self-contained 

breathing apparatus 
scientific names, 8-9 
scorpion, 29 
Scotch thistle, 15, 25 
screen mesh, 90 
secondary pests, 60, 1'!6-147 

defined, 54 
Section 18 Exemptions, l 14 
sedge family, 14, 19 
seedling, defined, 15 
seeds, weed, 18 
selecting pesticides, 226-229 
selective pesticides, 229-230 
selective use of pesticides, 

230-234 
self-contained breathing 

apparatus (SCBA). 
175-176 

service container, 186 
sheath, grass, 20 
shelf-life, 190 
shepherdspurse, 22 
Shigella, 33 
shingling, defined.195 
shipworm, 43 
sight gauge, 241,242,287, 

288 
signal ,vord, 69, 116-117 
silverfish, 32 
silverleaf nightshade, 17, 2+ 
silvicide, 72 
site characteristics, 198 
site identification number, 

115 
skin exposure, 137-138, 139 

first aid, 208-209 
skipper,38 
SLN . See Special Local Need 

registrations 

slugs and snails, 27 , 43--44 
slurry, 88 
smooth crabgrass, 20 
snails and slugs, 27, 43--44 
soaps. See peslicidal soaps 
soil 

influence on plant growth, 
46 

mobility of pesticides in, 144 
and pesticide accumulation, 

152 
type and groundwater con-

tamination, 144 
solid stream nozzle, 253 
soluble-powder, 85 , 86 
solution, 85, 87 

See also water-soluble con­
centrates 

sorptive dusL, 89, 77 
source reduction. See sanita­

tion as pest management 
method 

Special Local Need registra­
tions, 112, 114--115 

species, in standardized clas­
sification system, 8-9 

specimens. See sampling 
speed of travel, 288 

changing, 301 - 302 
dry applicators, 302 
liquid applicators, 288 

spiders, 19-31 
as beneficial organisms, 31 
as pests, 31 

spike, flower, 17 
spills, pesticide. See under 

pesticide 
spittlebugs, 36-37 
spot treatment, 231-232 
spray colorant, 101 , 103 
spray/dip machines, 276 
spray dri.ft 199,236 
spray height, 230-231 
spray shield, 260 
spray swath, 293-297, 303, 

305 
sprayer controller, electronic, 

258 
sprayers, 240 

air blast, 195,265,268 
backpack, 262, 264 
changing output, 297, 

301-302 
deaning, 277-278, 280 
compressed air, 262, 

263-264 
electrostatic, 265, 270 
high-pressure, 265, 267-268 
hose-end, 261-263 
hydraulic,267-268 
low-pressure, 267 
maintenance, 278, 280 
oscillating boom, 195, 

267-268 
output rate, 288-293 
powered backpack, 264, 266 

servicing, 287 
storage, 280 

INDEX • 341 

swath width, 293---297 
tank capncity, 287-288 
travel speed, 288, 289 
lriggeqmmp, 262, 263 
troubleshooting, 179 
ultra-low-volume, 2.33, 265, 

269-270 
spreader. See surfactant 
>!)reader-sticker, 98, 100 
squirrels as pes ts , 45, 218, 

234 
statement of practical treat· 

ment, 117 
statement of use classifica-

tion, 117, 120 
stems, weed, 17-18 
sticker, 98, 100 
stolon, 18 
storage, pesticide, 144, 161 

label directions, 115, 120 
safety, 189-190 

storage, sprayer, 280 
strainers for liquid applica-

tion equipment, 249-2SO 
line, 249 
nozzle. 250 
pressure, 250 
suction, 249 

strip treatment. See band 
treaunent 

stubborn disease of citrus, SO 
sublethal dose, 67 
sucking lice, 34-35 
suction hose, 259 
suction strainer, 249 
summer annual weeds, 15, 16 
supplied air respirator, 

175-176 
suppression of pests, 55 
See also 1111de.r pest manage­

ment 
surfactant 

de.fined, 98-99 
selecting, 99- 100 

surge chamber, 260 
swallowed pesticide, 138 

first aid, 211 
swath \vidlh 

dry applicators, 303, 305 
liquid applicacors, 293-297 

-symptoms of pesticide poi­
soning. See pesticide 
exposure 

synergism, 96 
systemic, 80, 82, 92 

!all mornfnggloT)•, 24 
lank mix, 92-93 
ank , nurse , 260 

tank , pesticide, 240-243 
measuring capacity of, 

287- 288 
tapeworm, 39 
te legraphplant, 2S 
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temperature inversion 
and pesticide drift, 196- 197, 

199,236 
lermite, 34 
lesting for incompatibility, 93, 

94 
theft of pesticides, 208 
thickener, 98,101 
thermal fog applicator, 170 
threshold limit value, 68-69 
1hrips, 35 
ticks, 29, 31-32 
timing of application, 230 
TLV. See threshold limit value 
toad, 40, 67 
lObacco budworm, 12 
tobacco rattle virus, 40 
tolerance, pest 
and pesticide use decisions, 

225-226 
Lo lerance, pesticide residue. 

151 
tomalO black ring virus, 40 
tomato fruilworm, 12 
tools for calibration, 286 
toxicity, pesticide. See under 

pesticide 
tracking powder, 89, 225 
See also dust 

training. See u11der pesticide 
applicator 

translocate, 82 
transporting pesticides, 

186-189 
trapping, for pest conLrol, 58, 

220,223-224 
travel speed, measuring 
dry applicators, 302 
liquid applicators, 288, 289 

treatment site characteristics, 
160,198 

treatment threshold. See 
action threshold 

tree lObacco, 24 
treehopper, 36-37 
trichinosis, 43 
trigger pump sprayer, 262, 

263 
triple rinse, 144,192, 193, 

194 
true bugs, 35-36 
tuber, 18 
tumble pigweed, 23 
typhoid, 33 

ultra-low-volume (ULV) 
concentrate formulations, 
87-88 

ultra-low-volume sprayer, 
233,265,269- 270 

umbel, 17 
United States 
Code of Federal Regulations, 

112,120,171,172 

Department or Agriculture 
(USDA), 61 , llO, 113 

Environmental Protection 
Agency (EPA), 68, 
ll0-117, 151 

Federal Food, Drug, and 
Cosmetic Act (FFDCA), 
111 

Fish and Wildlife Service 
(F\VS).44, 110,113 

See also Federal Insecticide, 
Fungicide, and Rodenti· 
cide Act (FLFRA); laws 
and regulations, pesticide 

University of California, 4, 
10,121-122,307 

Gmwl!r~ Weed ldentification 
Handbooll, 10-11 

Integrated Pest Management 
manuals, 11 

Pesl Ma11ageme11t Guidelines, 
121,226 

Pests of lhe Garrlert and Small 
Fann, 11 

Pests of Landscape Trees and 
Shrubs, 11 

Statewide Integrated Pest 
Management Project, 224, 
226-227 

Wildlife Pest Control around 
Ga11le11s and Homes, 11 

unloader, 257 
uptake, pesticide, B2-83 
See also mode or action; 

surfactant 

valve, control, 258, 259 
variegated cutworm, 12 
vegetable oil , 105 
velvetleaf, 20 
Venice mallow, 20 
Vertebrate Pest Control Hand­

booli (California Depart­
ment of Food and Agricul­
ture), 10, 44 

vertebrates, 44-45 
monitoring, 218-'220, 

224-225 
viroid, 50 
virus, 49-50 
disease symptoms, 49 
identifying, 50 

visual monitoring, 219-220 
See also monitoring pests 

volute, 268 

Warning pesticides 
defined,69-70 
labeling, 116-117 
leaks and spills, 211-213 

warranty, pesticide, 120 
wasp, 36, 39-40, 56 
water stress, 45, 46 
water-dispersible granules, 

85,86 

waterfowl, impact of pesti· 
cides on, 90, 147.148 

water-soluble bags, 85, 86, 
91,192 

water-soluble concentrates, 
87, 93 

weather 
pesticide application and, 

161- 162.1%-200, 
236-237 

pesticide toxicity and, 69 
plant growth problems and, 

46 
weeds 
annual, 15 
biennial, 15 
dassiCication, 14-15 
definition, 12 
development, l 5 
identification, 14 
life cycles, 15, 17 
monitoring. 220-221 
perennial, 15, 17 
as pests, 14 
physical features, 17-18 
roots, 18 
seeds, 18 

weevil, 37 
western blood-suclong 

conenose bug, 36 
western !lower thrips, 35 
western malarial mosquito, 

38 
western yellowstriped army-

worm, 12 
wettable powder, 85-86, 93 
wetting agent. SCI! surfactant 
whitefly, 36-37, SO 
wick applicator, 262, 264 
wicking, 165, 166 
wild carrot, 15 
wild oat, 15, 19, 20 
wild radish, 22 
wildlife, impact or pesticides 

on, 147-148 
Wildlife Pest Control around 

G(lrdens and Homes (Uni­
versity of California), 11 

winter annual weeds, 15, 16 
woody plants, 14 
Worker Protection Standard, 

110, lll, 183-184 
training. 159 

worker safely. See fieldworker 
safety 

Wright groundcherry, 24 

X disease or peach, 50 

yellow foxtail, 15, 20 
yellow nutSedge, 17, 19' 
ye llow starthistle, 25, 26 
yellowjacket, 39 



OTHER TITLES IN THE 

UC PESTICIDE APPLICATION COMPENDIUM 

JU•l!•U 
Residefntial, Industrial, and Institutional Pest Control 
Recommended study guide-California Department of Pesticide Regulation's 
pesticide applicator examination in the Residential, Industrial, and Institutional 
category. 

A well-illustrated, easy-to-read publication focusing on the special 

problems associated with managing structural, food, and fabric 

pests, as well as rodents, birds, and weeds in and around homes 

and commercial buildings. 

Wood Preservation 
Recommended study guide-Wood Preservation section of the California 
Department of Pesticide Regulation's pesticide applicator examination. 

An essential reference for anyone working with wood preservatives! 

Provides safe and effective techniques for using chemicals to pro­

tect wood from rot and insect damage in the mill, at construction 

sites, and at home-from utility poles and railroad ties to decks, 

fences, and boats. 

JU•lllJ� E4 ., . 

Forest and Right-of-Way Pest Control 
Recommended study guide-California Department of Pesticide Regulation's 
certificates and licenses needed by forest and right-of way pest control advisers, 
agents, pilots, dealers, and applicators. 

A compr·ehensive guide to pest management in forests, commercial 

nurseries, and along California's many types of rights-of-way. 

Separate chapters address forest issues, rights-of-way issues, and 

issues in seedling nurseries, seed orchards, and Christmas tree 

plantations. 

ALSO AVAILABLE 

La loterfa de los pesticidas 

A pesticide safety training game based on a 

traditional Latin American game similar to bingo. 

., 
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