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ANDLING PESTICIDES
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 laws 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 (QAL), or appren-
tice or journeyman Pest Control Air-
craft Pilot’s Certificate examinations. 1f
you apply restricted-use pesticides only
on property under your control, you
will need to take the Certified Private
Applicator examination administered
by local agricultural commissioner
offices. While regulations may not
require an applicator to possess one of
these credentials, employers frequently
require this certification as a condirtion
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. Its 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 study guide if you
are preparing for any of the QAC, QAL,
or Pest Control Aircraft Pilot's Certifi-
cate examinations, 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 demonstrate
in order to handle restricted-use pesti-
cides. The following sections describe
what you need to know and where to
find that information in this book.

Pests and Pest Management. As a cer-
tified pesticide handler, 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 pest
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-



tain 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 to 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 demaonstrate
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 Environment. 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 protect them
when making pesticide applications. You
need to know how to properly handle,
store, and dispose of leltover 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 fires. You have to recognize prob-
lems associated with misapplication of
pesticides and what to 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 studying 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 sections 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 that cover that 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












ESTS ARE ORGANISMS that
cause problems in various ways. Some
compele with people for food or fiber.
Others interfere with raising crops, live-
stock, or poultry. Certain types of pests
damage property and personal belong-
ings or disfigure ornamental plantings.
A few transmit or cause plant, animal,
or human diseases.

Before trying to control a pest, you
need to identify it. Be certain any injury
or observed damage is actually due to
the identified pest and not some other
cause. Once you have identified the
pest and confirmed that it is causing
damage, become familiar with its life
cycle, growth, and reproductive habits.
Then, use this information to form your
pest control plans, Misidentification
and lack of information about a pest
could cause you to choose the wrong
control method or apply the control at
the wrong time. These are the most fre-
quent causes of pest control failure,

This chapter reviews some of the
ways to 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 (bacteria, viruses,
fungi, mycoplasmas, other
microorganisms, and nonliving
factors)

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 sets of rules
used for organizing and naming living
things. An elegant, standardized classifi-
cation system used throughout the
world is the basis for the scientific names
given to plants and animals. This system
reveals relationships among different
species of plants or animals, Scientific
names are very useful when trying to
locate information about organisms.

Living organisms belong to one of
two major groups—the plant kingdom
or the animal kingdom. Usually it is easy
to distinguish between living organisms
and nonliving objects and between
plants and animals. However, microor-
ganisms and algae are more difficult to
classify because of characteristics that
make them intermediate between
plants and animals.

There 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 Chordata















curly dock dandelion
(bladderlike floats) (wind)

FIGURE 1-5

Weed seeds such as those shown here
have many adaptations enabling them to
disperse. These special characteristics are
among some of the ways weeds compete
with other plants.

FIGURE 1-6

Cultural activities such as discing can dis-
perse some weeds. Cultivation breaks
plants up into smaller segments that can
rercot and form new plants.
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FIGURE 1-4

Weeds are plants that interfere with the growing of agricultural or landscape plants or endanger the
health or safety of people or animals. This photo shows an infestation of field bindweed in a tomato field.
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Some weeds are native plants, while
most are exotic 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 to
suppress them. The weeds thrive il 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 specilic settings to have
certain groups of weed species associat-
ed with them. Weeds [ound in crops or
other cultivated areas are usually the
most difficult ones to control with her-
bicides. This is because they are olten
similar to 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 water, nutrients, light, and
space, and they may also interfere with
[arming operations. Some weed species
are Loxic to livestock. Others release
toxins into the soil, and these toxins
inthibit the growth ol 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
some 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 clog road drains or erode pave-
ment edges. In commercially operated
forests, weeds compete with Lree
seedlings and become fire hazards.
They interfere with normal cultural
activities. Some weeds, such as mistle-
toe, parasitize 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 dilficult for people
and animals. Large infestations of
aquatic weeds also hinder fish growth
and reproduction. Aquatic weeds pro-
mote mosquito problems by decreasing
normal water flow and wave action.

Identifying Weeds

A simple way to identify common
weeds is to compare specimens with
color photographs and drawings. If you
are unable to determine the species
[rom these sources, refer to identifica-
tion keys or compare the weeds to pre-
served specimens. You may need to
send some weed plants to an expert [or
identification (see Sidebar 1).

Specialists identily plants, including
weeds, by recognizing differences and
similarities among [lowers, leaves,
stems, and roots. Fruits, seeds, and
special structures such as tubers or
rhizomes are also useful identification
characteristics, as are the plant’s
growth habits.

Weed Classilication. Most weeds [all
within two major land-plant groups,
the dicots and the monocots. Dicots, also
called broadleaves, are plants that pro-
duce two seedling-leaves (cotyledons).
Leaves of dicots usually have netlilke
veins. Dicots generally grow as herba-
ceous plants (lealy and herblike) or as
woody plants (shrub- or treelike).

Monocats produce only a single
grasslike leaf in the seedling. Leaves of
these plants typically have veins that
run parallel to their length. Grasses,
sedges, and rushes are monocots.



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

Algae are nonflowering primitive
aquatic plants that often 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 convert light into energy.
However, algae lack true stems, leaves,
and flowers that are characteristic of
higher plants. They reproduce through
cell division, or they produce spores.

It 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 (broadleaf) or a
monocot (grass, rush, or sedge).

Weed Development. Most weeds
pass through several stages of develop-
ment, beginning with the seed. Sprout-
ed seeds, known as seedlings, are usual-
ly tender 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 identily the
seedlings.

From seedlings, weeds continue their
vegetative growth stage marked by
rapid foliage development as they attain
their maximum size. Plants then enter a
reproductive period in which they
divert most of their energy to {lowering
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
important when selecting herbicides or
other methods of weed control.

Weed Life Cycles. Weed life cycles
are either annual, biennial, or perennial.
Qccasionally, some weed species with
one type of life cycle may behave as if
they have a dilferent life cycle. This
may be due to favorable weather or
abnormal or unusual changes in envi-
ronmental influences. Milder tempera-
tures, [or example, promote longer life
cycles. Once you are familiar with the
life cycle of a weed, you 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 annuals
(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 sumimer annual
weeds include pigweed, puncturevine,
barnyardgrass, Russian thistle, common
purslane, and yellow foxtail. Seeds of
winter annuals sprout in the [all, 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 plants live for two growing
seasons. They sprout and undergo vege-
tative growth during the first season,
then flower, produce seed, and die the
following season. Bristly oxtongue, poi-
son hemlock, wild carrot, mullein, and
Scotch thistle are biennials.

Perennial weeds live 3 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










































Arthropod Body Structure

Insects, The body of an adult insect
has three distinct parts—the head, tho-
rax, and abdomen (Figure 1-22). Eyes
and one pair of antennae arise from the
head. Also on the head are usually sev-
eral pairs of appendages that make up
the mouthparts. The thorax has three
pairs of legs and often one or two pairs
of wings. Insects 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 two major
body parts (Figure 1-23). The head and
thorax combine into one section called
a cephalothorax. 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 spider’s 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 of molting.
The period between one molt and the
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next is an instar, Immature arthropods
pass through several instars beflore
becoming adults.

The developmental changes [rom 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. Imma-
ture insects in these orders undergo a
change in form known as metamorpho-
sis, These insects pass through a larval
(usually wormlike) stage, a pupal stage,
and an adult stage. However, in a few
orders the young resemble adults but
are wingless. As they grow, they pass
through a gradual metamorphosis. 1f
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

Important Characteristics. Spiders
have [our pairs of legs and an unseg-
mented abdomen. The abdomen attach-
es to the other main body part (the
cephalothorax) by a narrow waist. At
the tip of the abdomen are spinnerets,
special organs used [or producing dif-
ferent types of webbing.

Life Cycle. Immature spiders hatch
from eggs and pass through several
instars before becoming adults. Each
instar begins by molting. Thisisa
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.

Where 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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Life Cycle. Hymenopterans undergo
complete metamorphosis. Their larvae
may be internal or external parasites of
insects, spiders, and other arthropods;
somie species are plant parasites. Species
that live in colonies forage for food for
their larvae. Colonies of social hyme-
nopterans live for many years, although
individuals survive for only a few
months to 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 nests 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 agricultural crops. Some
bees and ants 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 important 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-

[icial 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 normal 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 from 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. This causes stunting 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
pinworms, for example, are nematodes.
The canine heartworm, 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 identily
because of the large number of species,
their morphological complexity, and
their generally microscopic size. Table
1-4 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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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. In cooler areas, egg-laying
activity stops during the 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 citrus, 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
detract from the appearance of produce
and [oliage. 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

o 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 disease organisms.

Identification of vertebrates is often
easier than microorganisms, inverte-
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-
book. For help in identifying verte-
brates, contact the U.S. Fish and
Wildlife Service or the 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 vertebrates is
by recognizing certain characteristics.
These include burrows, nests, tracks,
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 {ish 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









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 symptoms or groups of
symptoms. Learning to recognize dis-
ease symptoms helps you sort through
and reject some pathogens as causes of
the observed symptoms. In some cases,
specilic 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 bad-
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 many individuals show
signs of infection, or only a [ew? 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 small,
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 [ew 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, Agrobacterium, 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
peaple.

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, leafl spots,
solt rots, scabs, and systemic disor-
ders. Table 1-6 lists examples of these
diseases.

Fungi

Fungi are 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 materials
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 host plants to grow and reproduce.
This group includes the major plant
pest species.






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 structure 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

= solt, watery rots of fruits

» severe stunting of the plant

* profuse gamming

° smuts

° rusts

e leaf spots

¢ wilting

= malformation of plant 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 Infections. 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 warm 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 host cells, and
these metabolic changes cause disease.

Important Characteristics, Viruses
are very small and can only be seen
with an electron microscope. They have
different 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 variation. 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 ol
affected plants, including leaves, fruits,
stems, or roots. Some viruses cause
parts of infected plants to die, a condi-
tion called necrosis. Severe necrosis
results in complete death of the plant.
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EST MANAGEMENT is the sci-
ence of safely preventing, suppressing,
or eliminating unwanted organisms.
Carrying out a successful pest manage-
ment program involves choosing the
right prevention or control methods. It
also involves knowing how to use these
techniques to reduce pest populations
to acceptable levels,

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

Key pests are those that 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
people’s activities. For instance, ants
become pests when sanitation 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.

Secondary pests become problems
after controlling a key pest. Some weed
species become pests only after key
weeds have been controlled. Particular
species ol fleas, ticks, 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 prevents,
suppresses, or eradicates pest popula-
tions. Often pest management pro-
grams combine prevention and sup-

* pression techniques.

Prevention

Usually there are economical and
environmentally sound ways to 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 prevent 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-
lant preventive measure uses pest man-
agement practices that conserve natural
enemies. In addition, plants, poultry,
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 to 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 numbets below an economic
injury threshold or to a tolerable level.
Suppression sometimes lowers pest
populations so that natural 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. Thisisa
common objective of pest control
efforts in buildings or other small, con-
fined spaces. Over larger areas, howeyv-
er, eradication is a radical approach to
pest control. 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. Mediterranean fruit
fly and hydrilla eradication efforis in
California and Florida are examples of
this type of pest management approach.

Which pest control strategy you
choose depends on the nature of the
pest, the environment of the pest, and
economic considerations. Combining
prevention and suppression techniques
usually enhances a pest management
program. Objectives might differ, how-
ever, [or 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
e evaluate the benefits and risks of
each method
» select methods that are most elfec-
tive and least harmful to people
and the environment
use several methods whenever
possible
#» use each method correctly
observe local, state, and federal
regulations ;
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 Lo manage pests or pest complex-
es. Whenever possible, combine several
compatible methods into an integrated
pesl 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 pests.

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 them. Classical biological con-
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measures to eliminate this pest from the
defined area. Procedures may include
* an area-wide spray program
o releasing sterile insects
o using mechanical and cultural
practices
¢ intensively monitoring for pests
within and around the borders of
the infested area
Regulations 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 are noxious to people or
livestock. Government agencies destroy
weeds and plants that cause [ire 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 play
arole in

e protecting native plants and pre-

venting them from being trans-
ported out of their native habitat

e 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 State 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.
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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 agriculture. 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-
trol 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 pesticides 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. It

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-
¢y. Most pesticides, by their nature,
are toxic in order to destroy pests.
Like other toxic 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 Testing

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
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others are reasonably harmless. Many
are fat-soluble, so traces of organochlo-
rine pesticides frequently appear in
animal tissues. Most organochlorines
do not break down rapidly 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
wildlile, 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-
trolling 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 skin,
lungs, or digestive tract. They interfere
with animal and human nervous sys-
tems, effects that are shared by some of
the carbamates. Organophosphate pesti-
cides usually break down rapidly in the
environment. Well-known organophos-
phate insecticides include parathion,
malathion, phosdrin, diazinon, chlor-
pyrifos. and azinphos-methyl.

Carbamates. Carbamates are a 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 dithiocarbamates and thiocar-
bamates. Besides being used as insecti-
cides, some types of carbamates have
uses as fungicides, herbicides, mollusci-
cides, and nematicides. In animals, one
group, the n-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-lived and reversible. Examples of
n-methyl carbamate insecticides
include carbaryl (Sevin), aldicarb
(Temik), and methomyl (Lannate),

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 of 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 synthetically produced antibi-
otic. Terramycin and other similar syn-
thetic antibiotics resemble naturally
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Applying systemic insecticides to
host plants or animals sometimes pro-
tects them from damage by pest organ-
isms. For example, growing plants pick
up soil-applied systemic insecticides
and transport them to the leaves. This
malkes the plants toxic to 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
postemergent herbicides to the foliage or
soil of growing weeds. Some postemer-
gents have contact activity, meaning
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
[rom 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 to 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 of intended target
organisms and reach these sites. Struc-
tural differences, protective coatings,
and habits 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 are stomach poi-
sons—the target organism must ingest
the toxin. The toxin absorbs through
linings of the pest’s mouth or intestinal
tract. Other pesticides have fumigant
activity and pass as vapors inlo the tis-
sues of the target plant or animal, The
fumigant enters through respiration or
breathing channels, or by passing
through skin or cuticle. Certain pesti-
cides exhibit all these types of uptake.

PESTICIDE FORMULATIONS

Pesticide chemicals in their "raw"” or
unformulated state are not usually suit-
able for pest control. These concentrat-
ed chemicals (active ingredients) may
not mix well with water and may be
chemically unstable. For these reasons,
manufacturers add substances to
improve application effectiveness, safe-
ty, handling, and storage. The final
product is a pesticide formulation, This
formulation consists of

« the pesticide active ingredient

o the carrier, such as an organic sol-

vent or mineral clay

= surface-active ingredients, often

including stickers and spreaders

e other ingredients, such as stabiliz-

ers, dyes, and chemicals that
improve or enhance pesticidal
actvity

Some liquid pesticides have anti-
freeze added to protect them against
freezing. Inert ingredients are all the
additives that manufacturers add to
the active ingredient in the pesticide
formulation.

Usually you need to mix a formulation
with water or oil [or 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 lormulations.
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The label lists the amount of actual
pesticide in a dry formulation as per-
centage of active ingredient (a.i.). For
instance, a 50-W wettable powder con-
tains 50% by weight of actual pesticide,
Ten pounds ol “Dezen diazinon 50W”
coutains 5 pounds of diazinon 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 chlorpyrifos.

Labels usually indicate [ormularion
type by letters that follow or are a part
of the brand name of the pesticide
(Table 3-9). In the examples above, the
“W" represents a wettable powder. The
“E" indicates that the pesticide is an
emulsifiable concentrate. Sometimes
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-
mulation, such as “LO” for low odor. In
some cases, they indicate a use fora
specific lacation, such as “PNW" [or
Pacific Northwest,

Selecting a Formulation

Sometimes you must choose between
two or more [ormulations of the same
pesticide to control a target pest, When
possible, make your selection based on
the type of control desired, safety, cost,
and other factors such as those listed in
Table 3-10. For example, emulsifiable
formulations of insecticides usually
provide quick control but have shorter
residual action compared Lo wettable
powders. Whenever you have a choice,
consider the safety of pesticide applica-
tors and helpers. Select the formulation
that is less hazardous to people working
or living in the application area. Con-
sider the potential impacl on pets, live-
stock, and poultry
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percentage of active ingredient in the
[ormulation 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 evaporates and leaves
the pesticide as a residue.

A serious problem with wettable
powders is the potential hazard of
inhaling dust during handling and mix-
ing. Dust particles usually contain high
concentrations of pesticide active ingre-
dient. These particles are very [ine and
can remain suspended in the atmos-
phere for several hours, To overcome
this hazard, some manufacturers pack-
age weltable 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 premeasured
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 water-dis-
persible 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
granules have a higher percentage of
active ingredient per unit of weight
because manufacturers use less carrier.
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
easy-to-pour plastic containers. Measure
these out by volume, similar to liquids,
rather than by weight. Like wettable
powders, dry [lowables 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. Emulsiliable concen-
trales are petroleum-soluble pesticides
formulated with emulsilying agents
(soaplike materials) and other
enhancers. When you add emulsiliable
concentrates to water, they form an
emulsion (milky liquid), similar to
mixing certain household disinfectants
in water. After mixing, the emulsified
pesticide disperses evenly in the water.
Agitation during application is 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-
table powders. Since they are liquid,
they pour easily for mixing. However,
using emulsifiable concentrates intro-
duces several handler hazards:
= 1f spilled they spread easily and are
difficult to clean up.
= Porous protective clothing and
leather boots readily absorb them.
¢ They pass through the skin more
readily than powders.
» They may cause serious injury il
splashed into 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 solvents may
damage some pump parts and corrode
painted surfaces.

Flowables (F)

A flowable formulation combines
many of the characteristics of emulsifi-
able concentrates and wettable pow-
ders. Manufacturers use this formula-
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 to 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
emulsifiable 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, manufacturers
package them in containers of 5 gallons
or less to make remixing easier.

Water-Soluble Concentrates or
Solutions (S)

Water-soluble concentrates or solu-
tions are formulations that dissolve in
water, similar to sugar-based syrups.
Once dissolved, they require no further
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 ol 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 Lo low-
concentrate formulations include limit-
ed availability and high cost per unit of
active ingredient. Many organic sol-
vents are harmlul to foliage, so they
cannot be used as plant sprays.

Ultra-Low-Volume Concentrates
(ULV)

Ultra-low-volume concentrates have
high concentrations (between 80% and
100%) of active ingredient. These for-
mulations require little or no dilution.
However, they require application
equipment suited to applying very small
quantities of pesticide over alarge 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 rather than water when dilution is
needed. Droplets of ULV formulations
do not evaporate as rapidly as those
from emulsions. Because of the high
concentration of active ingredient, you
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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

Stickers 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-stickers 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 ol 6 is slightly acid, while one
with a pH of 8 is slightly alkaline.
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 to a pH of 3 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

Thickeners increase the viscosity of
spray mixtures. Although thickeners
work as drilt retardants, they also assist
in keeping spray mixtures in suspen-
sion. In 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. Attractants allow spot applica-
tions of pesticides to localized areas
within the treatment site rather than
the entire site. They often 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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TATE AND 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. EPAs 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
Worker 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 of 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 [or approval, If
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, Department 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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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-
ties 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 restricted-use pesticide. Cal-
ifornia designates certain general-use
pesticides as restricted-use due to local
hazards or specilic 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 using restricted-
use pesticides,

As part of California’s pesticide regis-
tration procedure, several state agencies
review registration information. These
include the California Departments of
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, manufactur-
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 refer to the
Worker Protection Standard provisions
of the Code of Federal Regulations (40
CFR part 170). These and other docu-
ments referred 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
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oil). If there are current, published UC
guidelines for doing this, you can
increase the concentration. However,
these guidelines are pesticide-specific.
Comply with all other label instructions.
Remember, verbal recommendations of
any Lype are not acceptable.

Application at a frequency less than
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 treated. 1t is permissible:
under the law ro make applications less
frequently than the label recommends.
If your monitoring confirms that less
[requent applications adequately control
pests, there is no need to make addition-
al treatments. Additional applications
sometimes increase other pest problems
by disrupting beneficials. Besides, it is
expensive to use unneeded pesticides.

However, reducing the [requency of a
pesticide application below label rec-
ommendations may result in inade-
quate control. Before reducing applica-
tion frequency, carefully monitor the
pest population.

It is never permissible to apply a pes-
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 not on the
label when the commadity or site is on the
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 label directions.

Applying a pesticide by ground or by
air is an example. 1f 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 time 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 mixtures, you may experience
incompatibility problems with certain
combinations of pesticides or pesticides
and fertilizers. Check for incompatibili-
ty before mixing large volumes. 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 specily general classes of chemicals
such as sullur-containing materials,
alkaline chemicals, or ails.

Exceptions to or substitutions for per-
sonal protective equipment (PPE) require-
ments. State regulations provide for the
following exceptions to some pesticide
label PPE requirements:

e If 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 2 closed
system. -

If you use a closed system to han-
dle pesticide products with the sig-
nal word Caution, you may substi-
tute work clothing 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.

1E 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. If 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-
cralt 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 restricted
(listed in Section 6400 of the
California Code of Regulations)

* designated for industrial use as a
postharvest commodity treatment
listed on the Groundwater
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 of application

* name of the operator of the prop-
erty treated

* location of property treated

= 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

* I the closed system you use operates under positive pressure, you must use protective eyewear. Also,
have all personal protective equipment required by pesticide product labeling immediately available for
use in an emergency.

** Il you are working in an enclosed cab, other than an aircraft, you must have with you all personal
protective equipment required by pesticide product labeling. Keep this PPE immediately available and
store it in a chemical-resistant container, such as a plastic bag. Wear this label-required personal pro-
tective equipment if it is necessary to work outside the cab and contact pesticide treated surfaces.
Remove and store this PPE in a plastic bag before reentering the cab.
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you perform pest control for hire, you
are exempl from these requirements.
(In this context, performing pest con-
trol “for hire” means that you are a sell-
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 control business), provide the
company making the application with
this operator identification number.

Belore 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 [or
each site where pest control work will
be performed. These site identification
numbers are valid [or the same concur-
rent period as the operator identilica-
tion number,

Nonagricultural Sites. You must
obtain an operator identification number
il 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 [or 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 [or agri-
cultural use, as delined in the
Food and Agricultural Code
Section 11408 (pesticides desig-
nated for use only on livestock
are exempted)

e any pesticide designated by the
DPR as restricted (listed in Section
6400 of the California Code of
Regulations)

e any pesticide designated for indus-
trial use as a postharvest commod-
ity trealment

* any pesticide listed on the Ground-
water 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 Agriculture

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 performed. 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 performed 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 report 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 to the com-
missioner by the 10th day of the month
[ollowing 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

o 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 during
the month

= (otal 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

e use a pesticide for industrial
postharvest commodity treatment

e 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 [ederal laws restrict Danger
malerials so that only certified commer-
cial or private pesticide applicators can
buy or use them. These laws similarly
restrict other pesticides that meet spe-
cific hazard criteria. Counties may also
place local restrictions on particular
pesticides. Criteria [or 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 private 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 minimal 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:

e Maintenance Gardener Pest

Control Business
 Qualilied Applicator Certificate
(QAQ)

o Qualified Applicator License (QAL)

e 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 [rom the
local agricultural commissioner’s office
or from DPR. The qualified applicator
certificate and license classifications
contain the following 11 categories in
which 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 Control (plant)

(e) Forest Pest Control

(f) Aquatic Pest Control

(g) Regulatory Pest Control

(h) Seed Treatment

(i) Agricultural Pest Control (animal)

(j) Demonstration and Research

(k) Health-Related Pest Contrel

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 of aeri-
al application and 4 hours of laws and
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ANY PESTICIDES are
hazardous chemicals that have the
potential Lo 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 exposure. 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 potern-
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. In 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 alter 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
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carries these pesticides to other organs
within the body.

The ability of a pesticide to penetrate
the skin depends on chemical charac-
teristics of the pesticide and its formu-
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 treated 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

1 pesticides get into your eyes, [lush
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 to
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 [its properly and is in
good condition,

Exposure Through the Mouth
(Oral)

It 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
mouth 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. If 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
drink containers. Keep all pesticides in
their original packages. Do not mix or
measure pesticides with utensils that
someone could use later for food prepa-
ration or serving.

Effects of Exposure

The type and severity of injury or
poisoning [rom 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. In many cases, your body’s speed
in breaking down and excreting the
pesticide affects the extent of injury.
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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 ol 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 Stress. 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 recognizing, avoiding, and
treating heat stress along with training
on recognizing pesticide illness.

Types of Injuries

A single massive dose ahsorbed 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. Tt also
may continue for a long time. Injuries
caused by pesticides usually are
reversible. Either the body repairs itself
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 il they suspect or know they
were exposed. The illness is real,
although there may be no actual pesti-
cide injury. Sometimes odors trigger
this reaction. People often mistakenly
associate pesticide odors with toxicity,
believing that the stronger or more
offensive the odor, the 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 19 of all the water on the planet is
[resh 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 groundwater con-
tamination [rom 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 have proved earlier assump-
tions to be inaccurate. The new equip-
ment shows that small amounts of
chemicals, including certain pesticides,
exist in some groundwater locations.
Now, regulators [ear that hazardous lev-
els of toxic chemicals in groundwater
could affect much of the state’s popula-
tion. This concern has prompted law-

malkers 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. Thisis a
process known as percolation. 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 [lows 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
water. Aquifers may be hundreds of
miles in length and width. They may
range in depth to as much as several
thousand feet (Figure 5-3). In Califor-
nia, nearly half of the landmass overlies
groundwater basins. It is common to
find several layers of aquifers in the
same area. Impermeable barriers sepa-
rate an aquifer from ones above or
below it. Interruptions in the barriers
allow some aquifers to interconnect.

Water trapped in aquifers [lows
toward the sea, but it flows much more
slowly than surface water. Water ina
stream or river has a flow rate measured
in feet per second. However, under-
ground water may only flow a few [eet
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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Factors Influencing Groundwater
Contamination

Many factors influence the potential
for groundwater contamination. An
important factor is the nature of the
pesticide itsell. 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 to con-
taminate groundwater. In 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:

° lemperature

e 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
determines whether contaminated water
runs off or leaches. Table 5-3 summa-
rizes factors that influence groundwater
contamination by pesticides.

Pesticides that 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 enclosed
areas, on an impermeable (concrete)
surlace, 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. If 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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reduce resistance. You can oflen use
these factors to manage resistance.
They include

o the type of pesticide used

e the persistence of pesticide

residues

¢ the 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 [ormula-
tions Lo 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
control entirely on the use of closely
related pesticides. On the other hand,
resisiance 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 have more than one
mode of action. It is difficult for the
pest to develop resistance in two differ-
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 feeding 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 Lreat-
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)
allects the amount of 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
ol 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).
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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
o wearing the required personal pro-
tective equipment
e protecting people from pesticide
exposure
= avoiding practices that may injure
plants and animals in the environ-
ment
o 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
worn 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-
phate 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 your 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,
acetylcholine, 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’ cholinesterase may indicate
that exposure to one of these insecti-
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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 accident. 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 Lo 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. Know 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 ol
pesticides to people as well as to target
pests. For instance, some combinations
change the amount and speed that cer-
tain pesticides enter your body. This
could alfect 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
example, a severe illness may result if a
person consumes alcohol shortly after
exposure to the fungicide thiram. 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 parts 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 least 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 2Y2 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 5% times faster than the [ore-
arm. Absorption in the armpit is nearly







































176 » PROTECTING PEOPLE AND THE ENVIRONMENT

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 maximum 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 helmer)
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 [rom 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 [rom entering. Keep hoods
[ree 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 [rom 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 of
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 il 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 [or wear, deformities, or
punctures. Replace parts il 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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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 [rom 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 Y2 hour. Wext, wash the items
in a washing machine, using warm (not
hot) water and liquid laundry deter-
gent. Keep these garments separate
[rom 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. 1f
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 in sealable plastic
bags. Light, heat, dirt, and air pollu-

tants all contribute to the deterioration
of rubber, plastic, and synthetic rubber
products. Never store 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 equipment for
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.

Discomfort 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 wearer's range of vision. Protective
clothing can be cold during cold weath-
er and very hot in warm or hot weather.
Heavy, stifl materials can restrict move-
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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 chemicals 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 clean. 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 levels of dissolved salts
deactivate certain pesticides and may
even damage treated foliage. 1f 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 source.

Measure pesticides carefully, accu-
rately, and safely. Inaccurate measuring
can cause serious problems. For
instance, certain herbicides require
application rates of % to ¥% 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 formulations 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 mixing 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 1 gallon or smaller.)

Measuring. Liquids and some granu-
lar pesticides are measured by volume,
while dusts, powders, and most dry for-
mulations 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 dry materi-
als. You need an assortment of glass or
plastic measuring utensils, from 1 cup
to 1 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 6-41). To avoid mis-
taking some measuring equipment for
kitchen utensils, identify these ina 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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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 nsed

* amount of water used

e calibration adjustments

= adjuvants added to the mixture

¢ type ol equipment used or method
of application

* severity of pest infestation

e stage of development of the host

(if applied to crops or animals)

restricted-entry interval

e date and time when the applica-
tion was completed

Other Records

® posting requirements

e pesticides handled by employees

e 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 peaple 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 237 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 plantback 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

e improper mixing

« using the wrong adjuvants

e improper application

e applying the wrong pesticide

* poor timing

s 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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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 [rom 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.

Intentional 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

e 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 agricultural 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.
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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
e 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

o 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 help
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. If 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. If 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. If 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
often 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 application. 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

e the pest’s food preferences

e what types of natural enemies help

control the pest

e 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. If 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 populations. 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. If chem-
ical treatment is necessary, you may
learn enough information to be able to
use less-toxic pesticides. The monitor-
ing information 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 thorough-
ly examining a representative portion of
an area in a uniform way. 1t 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 organisms may indicate the 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:

o seeds

= weed remains from the previous

season
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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 half-life. This is the measure of how
long it takes [or 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 amount
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 emulsifiable 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 alkaline
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 [or pest control, 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
o fungi
° 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
° an enzyme change in the micro-
organism population that makes the
microorganisms more efficient in
decomposing the specific pesticide
Weather alfects 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







































PESTICIDE APPLICATION EQUIPMENT = 241

pressure regulator

bypass line

suction strainer——*

FIGURE 9-1.

handgun fan

Liquid app."icagn_equ.-‘;;ment us;'.ml'.;_;i;ﬁ’;_f;a-’es a tank for mixing and ho_h_im_g pestfc}c;es (often e;;ui,t;);; 3
with an agitator) and a pump for creating hydraulic pressure, and may also include a pressure regulator,
pressure gauge, control valve, and several types of strainers. 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 [illing
and cleaning (Figure 9-2). A tight-fit-
ting cover prevents pesticides from
spilling or splashing.

Many counties require that tank cov-
ers be lockable. Although not always
required by law, a lockable cover is a
worthwhile safety feature. It prevents
unauthorized or accidental exposure to
the tank contents. Larger tanks need a
bottom 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
9-1is a guide for selecting tanks based
on your pesticide application needs.

Metal Tanks. Manufacturers produce
tanks from one of several different
grades ol stainless steel. They also make
steel tanks with epoxy or other coatings
to prevent them from rusting or corrod-
ing. Stainless steel has superior qualities
for rust and corrosion resistance, so you
can use most pesticides in them. Stain-
less steel cleans easily and is strong and
durable. If damaged, you can repair
stainless steel tanks, although repairs
may require considerable skill. These
tanks are more expensive than tanks
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for pest control. Base your nozzle selec-
tion on several criteria, including the
e 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 lig-
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. These 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,

Tungsten 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 [or high-pressure
and abrasive sprays.

Nozzle Types. Different applications
require nozzles adapted to specific
requirements. Nozzles used to apply












FIGURE 9-21.

Broadcast nozzles enable a wide swath to
be sprayed without using a series of noz-
zles on a baom. Swath widths from 30 to
60 feet can 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 fload
nozzles, when large volumes of liquid
need to be applied. It is more difficult,
however, to be accurate with broadcast
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 [ace 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 [an 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, hifluid, 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 inch. You can
match several sizes of cores to discs to
regulate the output capacity of the noz-
zle at different pressures. Follow the
manufacturer’s instructions for the prop-
er installation of discs and cores.

When selecting nozzles, read the
manufacturer’s catalog. Learn 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 hand 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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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 neutralizing
cleaner (or "2 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 quart 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 the tank for 12 to 24 hours.

While the cleaning solution is soak-
ing in the tank, thoroughly wash all
external parts of the sprayer. Use deter-
gent or ammonia solution, or use a
commercial cleaner. Scrub residue off
all surfaces using a bristle brush. Rinse
external parts with clean water.

To prevent rusting, touch up
scratched areas on all painted surfaces
ol the trailer, boom, tank, and acces-
sories. Lubricate bearings to prevent
them [rom 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 dirt 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 the tank loosely to prevent dirt,
insects, and rodents [rom entering dur-
ing storage. Do not 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 the “O” ring seal.
Lubricate the internal cylinder of the
regulator and reassemble without the
0" ring. Place the “O" ring in a plastic
bag and tie it 1o 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 manufacturer’s instructions. Inspect
the equipment for wear and corrosion.
Repair rusted or corroded areas to pre-
vent these from getting worse.
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HE TERM CALIBRATION
refers to all the adjustments you make
to be sure you apply the correct amount
of pesticide to the treatment area. Fail-
ure to calibrate equipment properly is a
cause of ineffective pesticide applica-
tions. In 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 available in equipment manuals
or trade journals and publications.
Learn the principles of proper calibra-
tion first. 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, checl 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-
calion equipment is usually not cali-
brated often enough.

Table 10-1 is a list of helpful conver-
sion [factors to use when calibrating
pesticide application equipment.

WHY CALIBRATION IS
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 of chemical is applied. It is
necessary for

e effective pest control

* protecting human health, the

environment, and treated surfaces
 preventing waste of resources

¢ controlling the volume of water

applied to a given area (lor liquid
applications)

o 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 health of
people in the area. In addition, illegal
residues may result if a pesticide is
overapplied. If residues are above
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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, the 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 slightly. 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 output (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 adjustment of the pressure regulator.
Adjust the output volume of disc-core
nozzles by changing either the disc or
the core. Sometimes you need to
replace 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
ol granular pesticide you apply. 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 1o calibrate a dry
applicator, be sure that it is clean and
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 may require respi-
ratory protection.

You must measure three variables
when calibrating a dry applicator:

o travel speed

® outpul 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. Reler 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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air blast sprayer. a sprayer that uses a high-
powered [an to carry spray droplets to target
surfaces, Airblast sprayers are usually used on
tall plants such as trees or vines

air gap. a space between the [illing hose and
the liquid in the pesticide tank that prevenis
backflow of pesticide liquids into the water
source. The air gap should be a minimum of 2
times the diameter of the filling hose or pipe.

algae. aquatic, nonvascular plants (singular:
alga.)

alkaline. pertaining to a solution or substance
that has a pH greater than 7.0.

alkylating. involves changes to biologically
important molecules that alter their function;
an alkylating 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 to consumers.

all-terrain cycle. a three- or four-wheeled
motoreycle-like vehicle used for applying low
volumes of pesticides in agricultural areas
and open lands.

amphibian. a cold-blooded organism such asa
[rog, load, or salamander.

anemometer. an instrument 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 that contain
negatively charged ions; a characteristic of
some types ol surfactants that helps prevent
pesticides from being washed off treated sur-
faces.

annual. a type of plant that passes through its
entire life eycle in one year or less.

antagonistic effect. reduced toxicity or effec-
tiveness as a result ol combining one pesti-
cide with another.

antibiotic. a substance produced by a living
organism, such as a fungus, that is toxic to
other types of living organisms. Sometimes
used as a pesticide.

anticoagulant. a type of rodenticide that causes
death by preventing normal blood clotting.

apiary. a place where bees are kept, such asa
bee hive.

application frequency restriction. a limitation
on the number of times a particular pesticide
may be applied to the same crop orsitein a
growing season or other period of time.

application pattern. the 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
4s an acre.

application swath. see swath and swath width.

aquatic. pertaining to water, such as aquatic
weeds or aquatic pest control.

aquiler. an underground [ormation of sand,
gravel, or porous rock that contains water.
The place where groundwater is (ound.

arsenical pesticide. a type of pesticide that
contains some form of arsenic.

arthropod. an animal having jointed
appendages and an external skeleton, such
as an insect, a spider, a mite, a crab, ora
centipede.

artificial respiration. see rescue breathing,

attractant, a substance that attracts a specific
species of animal to it. When manufactured
Lo attract pests Lo Lraps or poisoned bait,
altractants are considered to be pesticides.

attractive nuisance. a legal principle referring
to an area (such as public or private land) or
object that is or could be hazardous to people
but that exerts some compelling attraction
(especially to children).

anger. a spiral-shaped shalt used for moving
pesticide dusts or granules from a hopper toa
moving belt or disk [or 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 control 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-contaminated 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.

baclkflow. see back 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 plantlike
organism that lives in soil, water, organic
matter, or the bodies of plants and animals.
Some bacteria cause plant or animal diseases,
(plural: bacteria.)

bait. a food or [oodlike substance that is used
to attract 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 balfles 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 to
apply pesticide granules. The device straps to
the front of the operator, who then turns a
crank while walking forward through the
treaiment area.

beneficial. pertaining to being helpful in some
way to penple, auch as a heneficial plnm or
insect.

biennial. a plant that completes part of its life
cycle in one year and the remainder of its life
cycle the following year.

bifluid nozzle. a special nozzle used for pro-
ducing extremely fine droplets. 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 1o preventa
sprayed pesticide [rom washing or rubbing
off the treated surface.

bicaccumulation. the gradual buildup of cer-
lain pesticides within the tissues of living
organisms alter 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 tssues.

biochemical. pertaining to a chemical reaction
that takes place within 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 occir in their
absence. Biological control may oceur natu-
rally in the field or be the result of manipula-
tion or introduction of biological control
agents by people.

biological factors (in pesticide resistance).
factors such as life cycles, life stages, physical
attributes, and others that protect certain
organisms {rom the toxic elfects ol 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 altract insects.

blocking (photosynthesis). preventing plants
from carrying out photosynthesis (converting
sunlight into energy for plant growth and
other functions) by interfering with one or
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more of the chemieal 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 applicator. a pesticide application device
having multiple nozzles spaced along a boom,
making it possible to spray a wide swath.
Boom applicators are usually used for herbi-
cide application and [or other pesticides in
field and row crops.

botanical. derived from plants or plant parts.

brand name. the registered or trade name given
to a pesticide by its manufacturer or formula-
tor. A specific pesticide 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 dicots, with netveined 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 ol a
spray solution and, depending on its concen-
tration, can maintain the pH within a narrow
range even if acidic or alkaline materials are
added to the solution.

bulffer area. a part ol a pest-infested area that is
not treated with a pesticide to protect adjoin-
ing areas [rom pesticide hazards,

buffer strip. an area of a field left unsprayed for
the purpose of protecting nearby structures
or sensitive areas [rom 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 to measure the
output of pesticide application equipment so
that the proper amount of pesticide can be
applied to a given area.

California Department ol Pesticide Regulation
(DPR). the state agency responsible for regu-
lating the use of pesticides in Calilornia,

carbamate. a class of pesticides commonly used
for control of insects, mites, fungi, and weeds.
N-methyl carbamate insecticides, miticides,
and nematicides are cholinesterase inhibitors.
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carcinogenic. having the ability to produce
cancer.

cardiopulmonary resuscitation (CPR). a pro-
cedure designed to restore normal breathing
alter breathing and heartbeat have stopped.

carrier. the liquid or powdered inert substance
that is combined with the active ingredient in
a pesticide formulation. May also apply to the
walter 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 worker, soldier,
and reproductive castes.

cationic. pertaining to materials that contain
positively charged ions. Some surfactants
include cationic materials to improve mixing
and absorption by the target pest.

catkin. an inflorescence that hangs down by its
own weight; its flowers are usually of one sex.

caustic. quality ol a chemical describing its
ability to burn or injure the skin, eyes, or
mouth and intestinal lining,

Caution. the signal word used on labels of the
least toxic pesticides; these pesticides have an
oral LDy, greater than 500 and a dermal LD,
greater than 2,000.

CDA. see controlled droplet applicator;

certified pesticide applicator. a person who
has demonstrated through an examination
process the ability to safely handle and apply
highly hazardous restricted-use pesticides.

certified private applicator. a property owner,
manager, or responsible person employed by
the property owner or manager who has
demonstrated through an examination
process the ability Lo salely handle and apply
restricted-use pesticides on the property
under their control.

chemical name. the official name given toa
chemical compound to distinguish it [rom
other chemical compounds,

chemigation. the application of pesticides to
target areas through an irrigation system.

CHEMTREC. a chemical-industry-supported
organization that provides assisiance and
advice on pesticide emergencies. The tele-
phone number of CHEMTREC is 1-800-424-
9300.

chlorinated hydrocarbons. also known as
organochlorines, a class of pesticides that
contain a chlorine atom incorporated into
an organic molecule. They were [requently
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,
toxaphene, dieldrin, and dicolol are exam-
ples of some of the earlier-developed chlori-
nated hydrocarbons.

chlorotic. a yellowing or bleaching of normally
green leaves due 1o a nutrient deficiency, dis-
ease, pest damage, or other disorder.
cholinesterase. an essential enzyme found in
many living organisms, including numan
beings, that deactivates the chemical acetyl-
choline that is responsible [or transmitling
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. pertaining to long duration or fre-
quent recurrence.
chronic illness. an illness that will last for long
periods ol time. Cancer, respiratory disorders,
and neurological disorders are examples of
chronic illnesses that have been associated
with exposures to some types of pesticides.
class 1 disposal site. a disposal site for toxic
and hazardous materials such as pesticides
and pesticide-contaminated wastes.
class 2 disposal site. a disposal site [or 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 the native home of an intro-
duced pest and linding suitable natural ene-
mies that can 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 Calilomia grade system,
developed in 1925 by Ralph H. Smith of UC
Riverside.
closed mixing system. a device used for mea-
suring and translerring liquid pesticides [rom
their original container to the spray tank.
Closed mixing systems reduce chances ol
exposure to concentrated pesticides. Closed
mixing systems are usually required when
mixing liquid materials with 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, nonscientific
name given to plants or animals. The Weed
Science Society of America and the Entomo-
logical Society of America publish hsts of rec-
ognized common names. Many pesticides
also have common names, separate from their
brand names and chemical names.
compatibility agent. an adjuvant that
improves the ability of two or more pesti-
cides to combine,



compatible. the condition in which two or
more pesticides mix without unsatisfactory
chemical or physical changes.

competition. the struggle between diflerent
organisms for the same resources, such as
water, light, nutrients, or space.

confined area. arcas such as buildings or green-
houses, attics, crawl spaces, or holds of ships
that may have restricted air circulation and
therefore promote buildup of toxic fumes or
vapors from a pesticide application.

contact poison. a pesticide that provides con-
trol when targert pests come in physical con-
tact with it.

control agent. organisms or chemicals that
reduce populations ol pests, such as natural
enemies and pesticides. Also, certain types of
adjuvants that reduce the tendency [or a pes-
ticide spray to drift.

controlled droplet applicator (CDA). an appli-
cation device that produces more-uniformly-
sized liquid droplets by passing liquid over a
notched, spinning disk.

convulsions. contortions of the body caused by
violent, involuntary muscular contractions.
Convulsions can be a symptom of pesticide
poisoning.

corrosive materials. certain chemicals that
react with metals or other materials. Some
pesticides are corrosive, and special handling
requirements are needed when using these.

cotyledon. the first leaf or pair of leaves of a
sprouted seed. Grasses (monocots) have a
single cotyledon while broadleaved planis
(dicots) have a pair ol cotyledons.

coverage, the degree to which a pesticide is dis-
tributed over a target surface,

coverall. a one- or two-piece garment 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 [rom, and
should not be confused with, work clothing
that can be required to be provided by the
employee.

CPR. see cardiopulmonary resuscitation.

crop stage. the stage of development of agricul-
tural crops, such as seedling, [lowering, lruit
set, etc. Different pests autack crops at differ-
ent stages of development.

cross resistance. a condition where an organ-
ism that has developed resistance to one type
or group 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 that
only appear alter several repeated doses over
a period of time, indicating that the toxic
ellect is building up in the system of the poi-
soned individual.
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cuticle. the outer protective covering of plants
and arthropods that aids in preventing mois-
ture loss.

Danger. the signal word used on labels of high-
ly hazardous pesticides—those pesticides
with an oral LD,, less than 50 or a dermal
LD, less than 200 or those having specilic,
serious health or environmental hazards.

deactivation. the process by which the toxic
action of a pesticide is reduced or eliminated
by impurities in the spray tank, by water
being used for mixing, or by biotic or abiotic
factors in the environment.

decontaminate. the most important step in
reducing potential injury when someone has
been exposed to a pesticide. Decontamina-
tion involves thoroughly washing the
exposed skin with soap and water or [lushing
the exposed eye with a gentle stream of 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 to be worn when enter-
ing areas with deficient oxygen conditions.

defoaming agent. an adjuvant that eliminates
foaming of a pesticide mixture in a spray
tank,

defoliant. a pesticide used to remove leaves
[rom target plants, olten as an aid in harvest-
ing the plant.

degradation. the breakdown of a pesticide into
an inactive or less active form. Environmental
conditions, impurities, or microorganisms
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 elfect between two pesticides that
were applied to the same target but at differ-
ent times.

deposition. the placement ol pesticides on tar-
get surfaces.

deposition aid. an adjuvant that improves the
ability of a pesticide spray to reach the target.

dermal. pertaining to the skin. One of the
major ways pesticides can enter the body to
possibly cause poisoning.

dermatitis, inflammation, itching, or irritation
of the skin caused by pesticide exposure.

desiccant. a material that removes water [rom
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 Lo defoliate cer-
tain plants before harvest.
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detoxify. the process that is used 1o render a
chemical nontoxic. Some organisms can
detoxily pesticides through internal biologi-
cal processes.

diluent, the inert liquid or powdered material
that is combined with the active ingredient
during manufacture of a pesticide formula-
tion. Also, the water, petroleum oil, or other
liquid in which the formulated pesticide is
mixed before application.

directions for use. the instructions found on
pesticide labels indicating the proper proce-
dures [or mixing and application.

disease. a condition, caused by biotic or abiotic
factors, that impairs some or all of the normal
functions of a living organism.

dispersion. the act of spreading pesticide
droplets, dusts, or granules widely over a tar-
get area,

disposal site. see Class 1 disposal site and Class
2 disposal site.

dissolve. to pass into solution.

dormant. to become inactive during winter or
periods of cold weather.

dose. the measured quantity of a pesticide.
Often the size of the dose determines the
degree of effectiveness, or, in the case of
poisoning of nontarget organisms, the degree
ol injury.

drift. the movement of pesticide dust, spray, or
vapor through the air away from the applica-
tion site.

dry [lowable. a dry, granular pesticide [ormula-
tion intended to be mixed with water lor
application. When combined with water, a
dry Nowable will be similar to a wettable
powder. Dry flowable [ormulations are mea-
sured by volume rather than weight.

dust. finely ground pesticide particles, some-
times combined with inert materials. Dusts
are applied without mixing with water or
other liquid.

dynes/cm. a dyne is the unit of force in the
metric system equal to the force that would
give a [ree mass of 1 gram an acceleration of
1 centimeter per second per second.

early-entry worker. an employee who must
enter a pesticide application site to perform
cultural activities belare the expiration of the
restricted-entry interval.

ecological. an approach that considers the
interrelationship between living organisms
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 controlling 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
control pests for which it was intended.

efficacy. the ability of a pesticide 1o produce a
desired elffect on a target organism,

electrostatic. an electrical charge that causes a
pesticide liquid or dust to be attracted 10 the
Larget surface.

emergence. the appearance ol a plant through
the surface of the soil.

emergency exemption from registration. a fed-
eral exemption from regular pesticide regis-
tration sometimes issued when an emergency
pest situation arises for which no pesticide is
registered that has a tolerance on the crop in
question,

emulsifiable concentrate. a pesticide formula-
tion consisting of a petrolenm-based liquid
and emulsifiers that enable it to be mixed -
with water for application.

emulsifier. an adjuvant added to a pesticide
formulation to 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 elfectiveness. Sometimes encapsulation
lowers hazards to 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 ol pesticides.

environment. all of the living organisms and
nonliving fealures 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 with-
out being itsell 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 thal is used to destroy a
pest organism such as a lungps.

eradication. the pest management strategy that
attempts to eliminate all members of a pest
species from a defined area.

establishment number, a number assigned 10
registered pesticides by the U.S. Environmen-
tal Protection Agency that indicates the loca-
tion of the manulfacturing or formulation
facilities of that product.
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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. [resh water trapped in aquilers
beneath the surface of the soil; one of the pri-
mary sources of water [or 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 [rom
the movement ol one of the trailer wheels as
the unit is towesd.

habitat. the place where plants or animals live
and grow,

half-life. the period of time that must elapse for
a pesticide to lose hall of its original toxicity
or effectiveness.

hand lens. a small magnifying glass used in
monitoring [or plant pests.

handler. a person whao 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 containers; who adjusts, repairs, or
Jremoves Lreatment 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, part of
California’s pesticide regulations that requires
employers to provide information about pes-
ticides and pesticide applications at the
workplace.

hazardous materials. materials, including
many pesticides, that have been classified by
regulatory 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 there 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 lransporting to a Class 1
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 [re-
quent 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 wreat-
ing heat stress.

HEPA. see high-efficiency particulate eir filter:

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 stale,

high-efficiency particulate air filter. special fil-
tering medium designed to remove extremely
small particles from the air,

honeydew. the sweet, sticky [luid secreted by
some plant-feeding insects such as aphids,
and scales. Coatings of honeydew on leal and
{ruit surfaces promate the buildup of a fungus
known as sooty mold. Ants, bees, wasps, and
other insects feed on honeydew and may pro-
tect the plant-feeding insects [rom attack by
other insects.

hormonal herbicide. a special type of herbicide
that controls weeds by changing grewth rates
or paltems.

hormone. a chemical produced in the cells of a
plant or animal that produces changes in cells
in another part of the organism’s structure.

host. a plant or animal species that provides
sustenance for another organism.

host resistance. the ability of a host plant or
animal to ward ofl or resist anack by pests or
1o be able to tolerate damage caused by pests.

host-free area. an area where certain plants that
serve as hosts to specilic types of pests are
forbidden by law to be grown. Establishing
host-free areas is a way of controlling some
pests,

host-free period. a period of time, usually each
year, when certain plants are prohibited [rom
being grown as a way of controlling some
pests.

hydrolysis. a chemical process that involves
incorporating a water molecule into another
molecule.

hygiene. as itapplies 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 substance or object
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for pesticide applicators, and certification
examinations test a person’s knowledge of
these expectations.

labeling. the pesticide label and all associated
materials, including supplemental labels, spe-
cial local needs registration information, and
manufacturers information. The pesticide
label is a legal document.

larva. the active immature form of insects that
undergo metamorphosis to reach adulthood.
(plural; larvae.)

LC,,. the lethal concentration of a pesticide in
the air or in a body of water that will kill hall
of a test animal population. LC,; values are
given in micrograms per milliliter of air or
water (pg/ml).

LD, the lethal dose of a pesticide that will kill
half of a test animal population. LD, values
are given in milligrams per kilogram of test
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 groundwaler.

lethal. capable of causing death.

lethal concentration. see LC.,

lethal dose. see LD,

life stage. the development stages living organ-
isms pass through over time. Plants and ani-
mals (especially insects) pass through several
life stages during which their susceptibility or
tolerance to pesticides varies.

long-term health problem. a pesticide-related
illness or disease that may extend over
months, years, or a lifetime.

material safety data sheet (MSDS). an infor-
mation sheet provided by a pesticide manu-
[acturer describing chemical qualities, haz-
ards, safety precautions, and emergency pro-
cedures Lo be followed in case of a spill, fire,
or other emergency.

medical [acility. a clinic, hospital, or physi-
cian’s olfice 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 to filter foreign particles
out of spray solutions to keep nozzles from
becoming clogged. Mesh is also used 1o
describe the size of pesticide granules, pellets,
and dusts.

metabolic inhibitor. a chemical that interferes
with normal activity within the cells of living
organisms.

metabolism. the total chemical process that
takes place in 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
certain types of living organisms, such as
insects, as they develop [rom eggs through
adults. In some families of insects the young
do not resemble adults.

microbial pesticide. pertaining to pesticides
that consist ol bacteria, fungi, or viruses used
for control of weeds, inveriebrates, or (rarely)
vertebrates.

microencapsulated. a pesticide [ormulation in
which particles of the active ingredient are
encased in plastic capsules; pesticide is
released alter application when the capsules
break down.

micron. a very small unit ol 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 identilied in the California
law that have special requirements [or han-
dling. Only certilied commercial applicators
may apply or supervise the application of
minimal exposure pesticides,

mitigation. the 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 [ound on pesticide labels.

mode of action. the way a pesticide reacts with
a pest organism to destroy it

molluscicide. a pesticide used 10 control slugs
and snails.

molting. a process of shedding the outer body
covering or exoskeleton in invertebrates such
as insects and spiders. Molting usually takes
place to 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 utilizing very specific procedures.

monocot. a member of a group of plants whose
seedlings have a single cotyledon; some
monocots are known as grasses.

Monthly Pesticide Use Report. a form that
must be completed and submitted 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 Material Safety Data Sheet.

mutagenic. a chemical that is capable of
causing inheritable abnormalities in living
organisms.



mycelium. the vegetative body of a [ungus,
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 state
from which the target insects may not
recover.

narrow-range oil. horticultural oils with 10 to
90 percent distillation ranges of approximate-
Iy 60° to 80°F (10 mm hg), and 50 percent
distillation points from 412° 1o 440°F Used
for dormant or summer application.

National Institute for Occupational Safety and
Health (NIOSH). the federal agency that tests
and certiflies respiratory equipment for pesti-
cide application.

native. refers to animals or plants that are
indigenous to an area,

natural enemy. an organism that can kill a pest
organism; includes predators, pathogens, par-
asiles, and competitors.

necrosis. localized death of living tissue.

negligent application. a pesticide application
in which the applicator [ails to exercise prop-
er care or follow label instructions, potential-
ly resulting in injury to people or surround-
Ing areas.

nematicide. a pesticide used to control nema-
todes.

nematode. elongated, eylindrical, nonseg-
mented 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 Occupational
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 a pes-
ticide that produces no noticeable toxic effect
on test animals.

nonionic. pertaining to an adjuvant 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 [rom
their normal or accepled use over a large gen-
eral area and extended period ol time.

nonselective. a pesticide that has an action
against many species of pests rather than just
a few.

nontarget organism. animals or plants within a
pesticide-treated area that are not intended to
be controlled by the pesticide application.
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Notice of Intent. oral or written notification to
the agricultural commissioner, as specified by
the commissioner, prior to the use of a pesti-
cide. A condition of a Restricted-Use Permit,

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. OIf-
site movement occurs through drilt,
volatilization, percolation, water runoff, crop
harvest, blowing dust, and by being carried
away on organisms or equipment.

operator identification number. the number
assigned to an operator of agricultural or
other property, as defined in California regu-
lations, where 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 to notily
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 without
the addition of synthetic fertilizers or
pesticides.

organic agriculture. growing of agriculiural
commodities without the use ol 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,

averwinter. the process of passing through the
winter season. Many living organisms survive
harsh weather conditions as seeds, eggs, or
certain 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 Mlower head ol a plant in which the
lateral branches of the raceme are branched.

parasite. a plant or animal that derives all its
nutrients from another organism. Parasites
often attach themselves 1o their host or
invade the hosts 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 ingredient and inert materials
pressed into uniform-sized granules.

penetrate, 1o pass through a surface such as
skin, protective clothing, plant cuticle, or
insect cuticle. Also refers to the ability of an
applied spray to pass through dense foliage.

percolation. the process by which water flows
downward through permeable soil. During
percolation, water may dissolve or leach out
pesticides and other chemicals in the soil and
carry them downward.

perennial. a plant that lives longer than two
years—some may live indelinitely. 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.

persistent pesticide. a pesticide that remains
active in the environment for long periods of
time because it is not easily broken down by
microorganisms or environmental [actors.

personal hygiene. see hygiene.

personal protective equipment (PPE). devices
and garments that protect handlers from
exposure Lo pesticides. These include cover-
alls, eye protection, 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, [ungi, or weeds, or any other
forms of life declared to be pesis, 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 handler:

pesticide residue tolerance. the maximum
amount of pesticide residue allowable by law
that can remain on edible commodities that
enter the food distriburion system.

pesticide resistance. genetic qualities of a pest
population that enable individuals to resist
the effects of certain types ol pesticides that
are (oxic to other members ol that species.

Pesticide Salety 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 [irst aid, medical supervision, etc.

pesticide use hazard. the potential for a pesti-
cide Lo cause injury or damage during han-
dling or application.

pesticide use record. a record of pesticide
applications made to a specilic 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 ol an organism, that enables
people to predict the timing of the life cycles
ol 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 to the functions and
activities of living tissues.

phylotoxic. injurious lo plants.

plant growth regulator (PGR). a pesticide used
to regulate or alter the normal growth of
planis 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 [or a designated period of time alter a
certain pesticide has been used.

point pollution source. pollution of the soil or
groundwater caused by spilling or dumping
quantities ol a toxic material in one location.

postapplication cleanup. washing of applica-
tion equipment, personal protective equip-
ment, and other items used during a pesticide
application to remove pesticide residues.

postemergent. an herbicide applied alter emer-
gence of a specified weed or crop.

posting. the placing of signs around an area to
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 with
another pesticide or chemical.



pour-on. a ready-to-use formulation or diluted
mixture of pesticide for control of external
parasites on livestock. The liquid is usually
poured along the back of the animal.

powder. a finely ground dust containing active
ingredient and inert malterials. This powder is
mixed with water before application as a lig-
uid spray.

power take-off. a special shaft connected to the
rear, front, or side ol 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 equipment.

ppm. parts per million.

precautionary statements, the section on pesti-
cide labels where human and environmental
hazards are listed; personal protective equip-
ment requirements are listed here as well as
[irst aid instructions and information for
physicians.

precipitation. the process by which solid parti-
cles settle out of a solution, such as a lormu-
lated pesticide in a spray tanlk.

predaceous. having the habit of hunting and
eating other animals. :

predacide. a pesticide used for control of
predaceous mammals such as coyotes.

preemergent. the action of an herbicide that
controls specified weeds as they sprout from
seeds before they push through the soil
surlace,

preharvest interval. a period of time as set by
law that must elapse after a pesticide has been
applied to an edible crop before the crop can
be harvested legally. Pesticide labels provide
information on preharvest intervals.

preplant. an herbicide that has been incorpo-
rated into the soil to control weeds prior 1o
planting crop seeds.

pressure. 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
control and lor their own benelit or needs.

private applicator certification. see certified
private applicator.

propellant. a material, such as compressed air
or gas, used to propel spray liquids or dusts to
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, minute, single-celled organism
belonging to the phylum Protozoa. Proto-
zoans are common in the soil and water;
some are parasitic on animals.

psi. pounds per square inch.

PTO-driven. see power take-off.

pupa. in insects having complete metamorpho-
sis, the resting lile stage between larval and
adult forms. (plural: pupae.)

pyrethroid. a synthetic pesticide that mimics
pyrethrin, a botanical pesticide derived from
certain species of chrysanthemum flowers.

qualified trainer (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 biologist,
UC farm advisor, or who has completed a
DPR-approved train-the-trainer course,

quarantine. a legally imposed period ol time
during which the movement of certain items
(such as produce) within a designated area is
restricted to prevent the spread of pests.

raceme. a [lower stalk with one central stem,
with or without a terminal flower, and bear-
ing lateral flowers or small bunches of
Nowers.

rate. the quantity or volume of liquid spray,
dust, or granules that is applied to an area
over a speciflied period of time.

recombination. an occurrence in which a pesti-
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 written 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 1o detect exposure to
organophosphate and n-methyl carbamate
insecticides.

registration and establishment numbers. iden-
tification numbers assigned by the U.S. Envi-
ronmental Protection Agency and the Calilor-
nia Department of Pesticide Regulation and
found on pesticide labels.

regularly handle. handling pesticides during
any part of the day for more than six calendar
days in any 30-consecutive-day qualifying
period beginning on the first day ol handling.
Any day spent on loading pesticides while
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exclusively using a closed system or mixing
only pesticides sealed in water-soluble pack-
ets is not included for any employee who has
a baseline blood cholinesterase level estab-
lished pursuant to Section 6728(c)(1).

regulations. the guidelines or working rules
that a regulatory agency uses Lo carry out and
enlorce laws.

regulatory control. management ol pests by the
passage of laws and regulations that restrict
activities which would promote pest buildup.

REL see restricted-entry 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 the
pest.

rescue breathing. also known as artificial respi-
ration. Given mouth-to-mouth to assist or
restore breathing 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 or
animal pathogens.

residual action. the pesticidal action of materi-
al after it has been applied. Most pesticide
compounds will remain active several hours
to several weeks or even manths after being
applied.

residue. traces of pesticide that remain on
treated surfaces alter a period of time.

resistance. see pesticide resistance or host
resistance.

respiration. the metabolic process in plants
and animals in which, among other things,
oxygen is exchanged for carbon dioxide or
carbon dioxide is exchanged lor oxygen.

respiratory equipment. a device that filters out
pesticide dusts, mists, and vapors to protect
the wearer from respiratory exposure during
mixing and loading, application, or while
entering treated areas before the restricted-
entry interval expires.

restricted materials permil. see restricted-use
permit,

restricted-entry interval (REI). a period of
time that must elapse between application of
a pesticide and when it is safe to allow people
into the treated area without requiring they
wear personal protective equipment and
receive early-entry worker training.

restricted-use permit. a permil, issued by
county agricultural commissioner offices,
that enables growers to possess and apply
restricted-use pesticides. Restricted-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

Qualified Pesticide Applicator license or cer-
tificate or private applicators who have
passed a written exam administered by the
local agricultural commissioner thereby
demeonstrating that they understand the prop-
er methods of handling, using, and disposing
of these materials.

restrictive statement. a sialement on a
pesticide label that restricts the use of that
pesticide to specilic areas or by designated
individuals.

resurgence. the sudden increase of a pest papu-
lation alter some event, such as a pesticide
application.

reversible injury. a pesticide-related injury
(orillness) that can be reversed through med-
ical intervention and/or the body’s healing
process.

rhizome. an underground stem of certain types
of plants.

rinsate. 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
contact herbicides onto target weed [oliage
with a saturated rope or cloth pad.

route of exposure. the way a pesticide gets
onlo or into the body. The four routes of
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,

ruffling. an application technique in which
spray is applied with oscillating motion or an
air blast so the droplets come in contact with
all of the target plant’s leal surfaces.

runoff. the liquid spray material that drips from
the foliage of treated plants or [rom other
treated surfaces. Also the rainwater or irriga-
tion water that leaves an area—this water
may contain trace amounts of 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, or primary pest has been eliminated
through some type of pest control method.

Section 18 Exemption, see emergency 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.
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label because the label is too small but legally
considered to be part of the pesticide labeling.

supplied-air respirator. a tightly fitting face
mask that is connected by hose to an air sup-
ply such as a tank worn on the back of the
person using the respirator or to an external
air supply. Supplied-air respirators permit
people to enter oxygen-deficient areas or
areas where there are highly toxic pesticide
Vapors.

suppression. the pest management strategy
that attempts to reduce pest numbers below
an economic injury threshold or to a tolerable
level.

supreme oils. relers 1o a specific product
(Volek Supreme Oil), but olten used incor-
rectly to indicate any superior or narrow-
range oil. The distillation midpeint is high-
erand the 10 to 90 percent distillation
range is wider than other narrow-range oil
formulations.

surface active agent. see surfactant.

surface coverage. the degree 1o which a spray
or dust covers the surface of leaves or other
objects being treated.

surface tension. [orces on the surfaces of liquid
droplets that keep them [rom spreading out
over treated surfaces.

surface water. water contained in lakes or
ponds or [lowing in streams, rivers, and
canals.

surfactant. surfacz active agenl, An adjuvant
used to improve the ability of the pesticide 10
stick to and be absorbed by the target surface.

susceptible life stage. the life stage of a pest
organism that is most susceptible Lo a pesti-
cide used to control it. In general, insects are
most susceptible during the larval or juvenile
stage; weeds are usually most susceptible dur-
ing the seedling stage.

suspension. line particles ol 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. the 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 exposure 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. In many organisms, nerve
impulses are carried across these junctions by
the chemical acetylcholine.

synergism. a reaction in which a chemical that
has no pesticidal qualities can enhance the
toxicity of a pesticide it is mixed with,

synthesized. applying to pesticides that are
manufactured through chemical precesses
rather than occurring naturally,

syslemic pesticide. a pesticide that is 1aken 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 alter irrigation.

tank mix. a mixture ol pesticides or lertilizers
and pesticides applied at the same time.

target. either the pest that is being conrrolled
or surfaces within an area that the pest will -
contact,

temperature inversion, see inversion.

teratogenic. a chemical that is capable of caus-
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 drilt,

threshold. see economic injury threshold.

threshold limit value (TLV). the airborne con-
centration of a pesticide in parts per million
(ppm) that produces no adverse effects overa
period of time,

TLY. threshold limit value.

tolerance. the ability to endure the impact of a
pesticide or pest without exhibiting adverse
eflects. The maximum amount of pesticide
residue that is permitted on produce or other
edible animal or agricultural crop products,

toxicant. a substance that, at a sufficient dose,
will cause harm to a living organism

toxicity. the potential a pesticide has lor poi-
soning an exposed organism,

toxicity category. the three classifications of
pesticides that indicate the approximate level
of hazard. The three categories are irdicated
by the signal words Danger, Warning, and
Caution.

toxicity testing. a process in which known
doses of a pesticide are given Lo groups of test
animals and the results observed.

toxicology. the study of toxic substances on liv-
ing organisms.

tracking powder. a [ine powder that is dusted
cver a surface to detect or control certain
pests such as cackroaches or rodents, For
control, the inert powder is combined with a
pesticide; the animal ingests this powder
when it cleans itself and becomes poisoned.



training record. the document, signed by the
trainer, employer, and trainee, used to record
the dates and types of pesticide salety 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 pest-
cide spray, dust, or granules [or the purpose
of controlling pests.

treatment area. see sile.

treatment threshold. see action threshold.

triple rinse. the process of partially filling an
empty pesticide container, replacing the lid,
shaking the container, then emptying its con-
tents into the spray tank. This procedure is
performed three times to assure that most of
the pesticide residue is removed. Triple-
rinsed containers can be offered for special
pesticide container recycling or taken toa
Class 2 disposal site.

tuber. an underground vegetative reproductive
structure of some types of plants. Tubers are
characterized by small scalelike leaves.

ultra-low-volume (ULV). a pesticide applica-
tion technique in which very small amounts
of liquid spray are applied over a unit of area;
usually V2 gallon or less of spray per acre in
row crops to about 5 gallons of spray per acre
in orchards and vineyards.

umbel. a llower head in which all the flower
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 sensitive valvelike mechanism used
on high-pressure applicators that diverts the
liquid back into the tank when nozzles are
shut olf 1o prevent a rapid buildup of pressure
in the system that would possibly damage the
pump. When the [low to the nozzles is turned
back on, the unloader quickly restores pres-
sure to them.

unregistered crop. any crop that is not listed
on the pesticide label. Pesticides can only be
applied to crops that are specifically listed on
the label,

unregistered site. any site, such as a right-ol-
way or pond, that is not listed on the pesti-
cide label. Legal uses of pesticides require
that they be applied 1o listed or registered
crops or sites.

unsulfonated residue (UR). a measure of puri-
ty of petroleum oils used as pesticides. Oils.
used for insecticides and acaricides must have
a minimum UR rating based on the grade or
type ol oil. Oils with higher UR ratings are
saler for use on plants.
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use restrictions. special restrictions included
on the pesticide 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 ol droplets
1o a [oglike vapor or gas.

vector, an organism, such as an insect, that can
transmit a pathogen 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
coat. 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 symploms in some plants and animals.

viscosity. a physical property of a fluid that
affects its llowability. More-viscous (lnids
Mow less easily and produce larger spray
droplets.

volatile. able to pass Irom 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 [low {rom a sprayer [an. Spray nozzles
are often positioned near the outlet of the air
Mlow: Volutes enable pesticide-laden air 10 be
directed to tree tops or other hard-1o-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 Warning based on toxicity usually
have an oral LD, between 50 and 500 and a
dermal LD, between 200 to 2,000.

watershed. an area of land that drains its sur-
[ace water into a defined watercourse or body
of water.

water-soluble concentrate. a liquid pesticide
formulation that dissolves in water to lorm a
true solution.

wettable powder. a type of pesticide formula-
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 adjuvant 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
paats, 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 acrivities. Work clothing differs
from and should not be confused 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 worle clothing under conditions
expressly permitted by pesticide product
labeling.

Worker Protection Standard (WPS). the
1992 amendment 1o the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA)
that makes significant changes to pesticide
labeling and mandates specilic training ol
pesticide handlers and workers in production
agriculture, commercial greenhouses and
nurseries, and forests.
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abatement, 62
abiotic disease factors, 45
absorption rate, 163-164
acaricide, 71
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 elfect, 67
additive effect, 95
adjuvant
defined, 97-98
and toxicity changes, 163
types and [unctions, 98-103,
234
aerial application, 122
aerosol can, 91, 261, 262
aerosol container, 91-92,
261,262
aerosol fogger, 265, 270
aerosol generator, 265, 270
aestivation, 37
agitator, 248-249
hydraulic, 248-249
mechanical, 249
air blast sprayer, 195, 265,
268-269
measuring flow rate,
202-203
aleohol 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. Se¢
alternate block treatment
amaranth family, 23
amphibians and reptiles,
4445, 67
animal testing, 66-69
anionic surfactant, 99
annual weeds, 15, 16
ant, 39-40
antagonistic effect, 96, 97
antibiotic, 76-77
anticoagulant, 77
anxiety, 140
aphid, 36-37, 50
application equipment,
240-280
bait, 276-277
calibration, 283-313
dust and granule, 271-275
maintenance of, 280
liquid, 240-271
maintenance of, 277-280
livestock 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. See pesticide
applicator
apron, 167
aquifer, 141-142
See also groundwater con-
tamination
arabis mosaic virus, 40
Argentine ant, 39
arthropods
as benelicials, 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
Meas, 39
homopterans, 36-37
hymenopterans, 39-40
lepidopterans, 38
orthopterans, 32-33
spiders, 29, 31
sucking lice, 3433
termites, 34
thrips, 35
ticks and mites, 29, 31-32
true bugs, 35-36
monitoring for, 223-224
as pests, 27
sampling, 30
assassin bug, 35
aster family, 25-26
atmosphere-monitoring
equipment, 183
attached-erect algae, 18
attractant, 70, 71,91, 98, 101
See also pheromone
augmentation, 56
Australian saltbush, 22
avicide, 71

backpack sprayer, 262, 264
bacteria, 47,48
disease symptoms, 47
bactericide, 71
bait, 91
bait application equipment,
276277
bait station, 234, 276
band treatment, 232
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barnyardgrass, 15, 20
bats, 45, 219
bed bug, 35-36
bees, 39-40, 90-91
impact of pesticides on, 67
See also honey bees
beet armyworm, 12
beetle, 37
beneficial organisms,
146-147
bermudagrass, 17, 18, 20
biennial weeds, 15
billuid nozzle, 255
bioaccumulation, 152
biological control, classical
55-56
See also natural enemies
biotic pathogenic microorgan-
fsm, 45
birds as pests, 45, 219
birdsrape mustard, 21, 22
black mustard, 22
black nightshade, 24, 25
black sooty mold fungi, 37
blood test, for exposure moni-
toring, 156-157
blunt spikerush, 19
bodywear, protective, 165
boom height, 230, 231
botanicals, 77, 78
brand name, 116
breakdown of pesticides, 96,
100, 152
bristletail, 32
bristly oxtongue, 15, 25
broad spectrum pesticide, 229
broadcast nozzle, 255
broadleaves, 14
bryophyte, 15
bubonic plague, 39
See also plague
buffer strip, defined, 199, 234
bulfer, defined, 98, 100-101
bulb applicator, 272, 273
bull thistle, 25
burclover, 13, 15
butterfly, 38

cab, enclosed, 181-182
cabbage looper, 10, 12
CAC. See county agricultural
commissioner
calibration
caleulations [or active ingre-
dient, 307-309
calculations for percentage
solution, 309311
calculations for ppm solu-
tion, 309, 311-312
importance of, 284-286
methods, 286-287
dry applicators, 302-307
liquid sprayers, 287-302
calibration tools, 286
California
Air Resources Board, 110,
112, 113

Code of Regulations, 110
Section 6400 (restricted
use), 123-124, 125
Section 6800b (Groundwa-
ter Protection List),
123-124, 125,126
Department of Consumer
Alfairs, 113
Department of Fish and
Game, 44, 110,112, 113
Department of Food and
Agriculture (CDFA), 10,
44,112
Vertebrate Pest Control
Handbook, 10, 44
Department of Forestry, 110
Department of Health Ser-
vices, 110, 112, 113, 200,
201
Department of Pesticide Reg-
ulation (DPR)
and law enforcement, 61,
112-115
Laws and Regulations Study
Guide, 3, 111-112
Pest Control Aircralt Pilot
Certificate examination, 2,
112, 127
QAC examination, 2, 127
QAL examination, 2, 127
Department of Water
Resources, 110
Food and Agricultural Code,
110
Section 11408 (agricultural
use), 123-124, 125, 126
Health and Safety Cade, 103
Organic Foods Act,
103-104, 106
Highway Patrol, 211
Occupational Salety and
Health Administration,
110
Office of Administrative Law,
110
Office of Emergency Ser-
vices, 211
Poison Control System, 211
Regional Water Control
Board, 110
Structural Pest Control
Board, 110,113
‘Waste Management Board,
110
Water Quality Control
Board, 113, 200, 201, 212
Water Resources Control
Board, 110, 112, 113
California goldenrod, 25
California mugwort, 25
Canada thistle, 18, 25
carbamate, 76
cardiopulmonary resuscita-
tion (CPR), 208, 209, 210
carpet beetle, 37
cartridge respirator, 172-175
caste, 34

cat flea, 39
cationic surfactant, 99
catkin, 17
Caution pesticides, 93, 123
defined, 69-70, 71
labeling, 116-117
leaks and spills, 211-213
CDA. See controlled droplet
applicator
CDFA. See Calilornia, Depart-
ment of Food and Agricul-
Lure
centipede, 29, 31
centrifugal pump, 245,
247-248
cephalothorax, 29, 30
certified pesticide applicator,
127-130
certification and licensing,
2-3,127-128
Chara, 18
characteristic signs of pests
11-12
characteristics of treatment
site, 160, 198
chemical groups of pesticides,
72-76
chemical injection pump,
265,271
chemical name, 116
chemigation, 271
CHEMTREC (Chemical
Transportation Emergency
Center), 162, 188
chewing lice, 3¢
chicken head louse, 34
children, 204
exposure of, 134, 137
pesticide ingestion by, 136,
138, 211
Chinese thornapple, 24
chlorinated hydrocarbon, 72
cholinesterase, 156—-157
chronic effect, 68
chrysanthemum chlorotic
mottle, 50
chrysanthemum stunt, 50
cicada, 36-37
citrus exocortis, 50
class, in standardized classifi-
cation system, 8
classical biological control,
55-56
See also natural enemies
classilication of pesticides,
70-80
classification of weeds, 14-15
classification system, stan-
dardized
defined, 8
subcategories, 8-9
See also identilying pests
cleanup and disposal
checklist, 161
equipment, 201
and groundwater contamina-
tion, 145-146



label directions for, 120
of pesticide containers,
193-194, 200-201
climate, influence on plant
growth, 46
closed mixing system,
182-183, 191, 193, 260
clothing. See personal protec-
tive equipment
coalescent effect, 96
cockroach, 33, 59, 218
key to comman adults, 11
coleopterans, 37
collar region, grass, 19, 20
colorant, spray, 101, 103
common cocklebur, 13, 25
common groundsel, 25
common lambsquarters,
22-23
common name, 9
See also identifying pests
common purslane, 15
common sunllower, 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 of,
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 of pesticide materials,
225,228-229
misapplication, 214-215,
285
county agricultural commis-
siomner, 113, 212 215
couplings, 258-260
CPR. See cardiopulmonary
resuscitation
cricket, 32-33
cross resistance, 148
cultivation and pest control,
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 exposure. See skin
exposure
desiccant, 71, 77, B9
See also dust
detection, pest, 218-224
deviation [rom 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 [or use, 120, 121
deviations from, 121-123
disc-core nozzle, 253, 254
disease-causing agents
bacteria, 47
fungi, 47-49
identification, 45-50
important characteristics, 45
mycoplasmas, 50
sampling for, 48
viroids, 50
viruses, 49-50
disposable dust and mist
mask, 71
disposable protective cloth-
ing, 165-166
disposal of pesticides and pes-
ticide containers. See
cleanup and disposal
dosage level of pesticide, 233
DPR. See under California,
Department of Pesticide
Regulation
drawings and photographs,
using for identification of
pests, 10-11
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drift, pesticide
defined, 199
factors alfecting, 199-200,
234
and liability, 202
and temperature inversions,
196-197, 199, 236
droplet size, 197198,
234-235
drugs and alcohel, use of
while applying pesticides,
156, 163
dry applicators
application rate, 305-307
oulput rate, 302-303,
304-306
swath width, 303, 305
travel speed, 302
dry break coupling, 260
dry llowable, 85, 86
dust, 85, 89, 90
application equipment,
271273
defined, 77
dust and mist mask, dispos-
able, 171
dysentery, 33

earthworm, 40
earwig, 33
efficacy, 67
electrical sources and salety,
200
electronic sprayer controller,
258
electrostatic sprayer, 263, 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 [or,
157-158
See also pesticide exposure;
hazards, pesticide use;
safety
emergency exemptions from
registration. See Section
18 Exemptions
emergency telephone num-
bers, 162
emulsifiable concentrate,
86-87,93
enclosed cab, 181-182
endangered species, 147-148
enforcement of pesticide reg-
ulations, 112
environmental concerns,
141-148, 285
environmental hazards, 117,
120, 161-163, 198
environment modification for
pest management, 58
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equipment
lor 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
eradicant, 82
eradication of pests, 55,
61-62
establishment number, 116
European earwig, 33
even flat-spray nozzle,
252-253
exclusion, 57
exempt peslicides, 129
exemptions from registration.
See under laws and regula-
tions, pesticide
exposure. See pesticide expo-
sure
extender, 98, 100
eye exposure, 137, 138, 139
first aid, 209-210
eye protection. See under
personal protective
equipment

faceshield. See personal pro-
lective equipment, eye
protection
fall armyworm, 38
family, in standardized classi-
fication system, 8-9
Federal Insecticide, Fungi-
cide, and Rodenticide 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
FIFRA. See Federal Insecti-
cide, Fungicide, and
Rodenticide Act
lilaree, 13, 15
filaria, 41-43
filter screen for liquid applica-
tion equipment, 249-250
firebrat, 32
fires, pesticide 213-214
first aid for pesticide expo-
sure, 208-211
fish
and bioaccumulation, 147,
148
impact of pesticides on, 147
and pesticide toxicity test-
ing, 67
as pests, 44
fittings for liquid application
equipment, 258-260

flat-spray nozzle, 252
fleas, 39
flies, 38-39
Mow rate. See output rate,
measuring
[lowables, 84, 85, 87,93
fogger, 265, 270
follow-up monitoring, 161,
237
[ood contamination, 136137
Food Quality Protection Act,
111
footwear. See under personal
protective equipment
formulations. See under pesti-
cide
foxtail, 13, 20
FQPA. See Food Quality Pro-
tection Act
fumigant, 88
and threshold limit value,
68-69
fungus, 47, 49
disease symptoms, 49
identification, 49
fungicide, 71, 75, 75
for organic produce, 106,
107

gas cylinder, 88, 185
gauge, pressure, 258
gauge, sight, 242, 287
gear pump, 245, 246247
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
glabal positioning system,
231
gloves. See under personal
protective equipment
gnat, 38-39
goggles. See personal protec-
tive equipment, eye pro-
Lection
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 [anleaf virus, 40
grass family, 19-20
grasshopper, 30, 32-33
greater than additive elfect,
95
greenhouse whitefly, 36
groundcover, 56, 232
groundwater contamination,
141-146
entry of pesticides, 142-143
factors influencing, 137,
144-146, 197
preventing, 144-140
Growers Weed Identification
Handbook (University of
California), 10-11
growth regulator. See insect
growth regulator; plant
growth regulator

hairy nightshade, 24
hall-life of pesticides. 69, 228
hand spray gun, 255-256
hand-operated equipment,
260-264, 272, 273-274
hardstem bulrush, 1¢
harvest interval. See prehar-
vest interval
harvest limitations, 229
See also preharvest interval
hazards, pesticide use
groundwater contamination,
141-146, 197
for humans,
allergies and anxielies, 140
effects of exposure
138-140
routes of exposure,
137-138
for nontarget organisms,
146-148
hees, 90-91, 197
endangered species,
147-148
natural enemies, 146
nontarget plants, 148
pets, 91
wildlife, 147
waterfowl, 90
pesticide resistance, 121,
148-150
and pesticide selection, 85,
226-229
dusts, 89
emulsifiable concentrates,
87
residues 135-136, 150-153
See also emergencies; safety
head louse, 35
head protection. See under
personal protective equip-
ment
health. See hazards, pesticide
use; safety
heat stress, 140
hellebore, 77,78
herbaceous plants, 14, 15
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maggot, 38
mallow [amily, 20, 21
mammal, 44, 45, 219
management of pests. See pest
management
manufacturers, pesticide, 97
label information, 116, 307
and pesticide packaging,
185-186
and registration of pesti-
cides, 112-114
manure management, 56-59
Material Safety Data Sheet
(MSDS), 159-161
mealybug, 36-37
measuring pesticides, 191,
192
mechanical agitator, 249
mechanical and cultural con-
trol, 57-39
mechanical duster, 272, 273
mechanically driven granule
applicator, 272, 273-275
medication, use of while
applying pesticides, 163
Mediterranean fruit fly, 55
mesh, 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, 20-91
microorganism, 45

" midge, 38-39

millipede, 29
minimal personal protective
equipment, 165
See also personal protective
equipment
misapplication ol 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
adjuvants for, 97-98, 100
chemical changes with,
9597, 163
and incompatibility, 93-95,
97
mobility of pesticides in soil,
144
maode of action
animal testing and, 67
delined, 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,
223-2325
follow-up after pesticide
application, 237
nematodes, 221-222
pathogens, 223
predicting problems,
218-219
vertebrates, 224
weeds, 220-221, 222
monocot, 14
morningglory family, 23-24
mosquito abatement, 62
moss, 15
moth, 38
mouth exposure. See oral
exposure
mouthparts, insect, 28
MSDS. See Material Safety
Data Sheet
mulching, 58
mullein, 15
murine typhus, 39
mustard family, 15, 20-22
mycoplasmas, 50

natural control, 56
natural enemies
beneficial insects, 146-147
in IPM programs, 55-56, 60,
229
necrosis, 50
negligent application,
defined, 214
nematicide, 72
nematodes
animnal 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
nervous system, pesticides
and, 156-157
nettleleaf gooseloot, 23
NIOSH (National Institute for
Occupational Safety and
Health), 110, 171-172
Nitella, 18
NOEL (no observable effect
level), 68
nonionic surfactant, 99
nonpoint pollution source,
defined, 142-143
See also groundwater con-
tamination

nonpowered equipment. See
hand-operated equipment
nontargel organisms,
146-148
Notice of Intent, 129
nozzle, 250-255
coding for, 255
output rate, 288-293
types, 251-255, 257
bifluid, 255
broadcast, 255
cone, 233
disc-core, 253, 254
even flat-spray, 252-253
floed, 233, 254
off-center flat-spray, 252
solid stream, 253
nozzle strainer, 249, 250
nurse tank, 260
nutgrass, 19
nutrient deficiency, 45, 46
nutrient toxicity, 45
nutsedge. See sedge family

occasional pests, 54
ocular exposure. See eye
exposure
off-center [lat-spray nozzle,
252
operator identification num-
ber, 125
operator skill, 234
oral exposure, 138
first aid, 211
order, in standardized classifi-
cation system, 8-9
organic agriculture
laws regarding labeling,
103-104
Organic Foods Act,
103-104, 106
some pesticides allowed for
use on, 104-107
organic chemical, deflined, 66
Organic Foods Act (1979),
103-104, 106
organochlorine, 72, 76
organophosphate, 76
orthopterans, 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, 4647
monitoring, 223
sarnpling, 48
pear decline, 50
pellets, 85, 90
percentage solutions, 309,
310-311
percolation, 141, 142, 144
See also groundwater con-
tamination
perennial weeds, 15,17
permit, restricted-use,
128-130
personal cleanup, 202
personal protective equip-
ment, 163-181
bodywear, 165-167
cleaning and maintaining,
176-180
disposable, 165
eye protection, 169-171
[ootwear, 135, 168, 169
gloves, 167-168, 177
head protection, 167
label requirements [or, 117,
120
deviation from, 122-123,
123n
laundering, 178-180
minimal, 165
other protective devices,
181-183
problems with, 180-181
discomfort, 180-181
fitting, 180
limits to protection, 181
respiratory equipment,
171-177
cleaning, 176-177
reuseable, 166-167
storing, 180
Pest Control Aircralt Pilot
Certificate, 2, 112,
127-128
pest control compact, 62
Pest Control Operator Busi-
ness, 127
pest detection and monitor-
ing, 218-224
pest identification, 8-51
See also specific types and
names of pests
pest management
approaches,
eradication, 55
prevention, 34
suppression, 55-58
methods, 55-62
biological control, 35-56
host resistance, 59-60
integrated pest manage-
ment, 60
mechanical and cultural
control, 57-59

natural enemies, 56, 219
pesticides, 57
regulatory pest control,
61-62
types ol pests, 54
Pest Management Guidelines
(University of California),
121
pest resurgence, 146-147
pesticidal soaps, 80
pesticide, 3-5
accidents, 163
active ingredients, 83, 307
application, 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 drilt prevention,
235-236
and incompatibility, 93-94
and persistence, 228
selecling, 83-84
and selectivity, 233-234
handling, 66, 185-190
hazards, 134-154
in organic agriculture,
103-107
in the eye. See eye exposure
inert ingredients, 83
ingredient statement, 116
inhaled, 210, 211
injuries, See hazards, pesti-
cide use; pesticide expo-
sure; safety; emergencies
label, 2-3
See also label, pesticide
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, 23-95,
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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
factors affecting, 227-228
registration. See under laws
and regulations, pesticide
residues, 150-153
resistance, 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 [or 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
eflects of, 138-140
eyes, 138, 139
lungs, 138, 139
mouth, 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-
fornia), 11
Pests of Landscape Trees and
Shrubs (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 Lo pesticides,
a9l
pest control [or, 82, 89, 92
as source of pesticide expo-
sure to humans, 137
pH
defined, 100-101
effect on pesticides, 101, 103
of water, 103, 191, 192
testing and adjusting, 102
phenology madels
and predicting egg hatch,
224
pheromone, 79-80, 224
pholads, 43
phylloxera, 36-37
phylum, in standardized clas-
sification system, 8-9
Phytophthora palmivora, 78
phytotoxicity, 87, 148, 196
defined, 79, 86
pigweed, 15
pineapple weed, 25
piscicide, 72
piston pump, 245, 248
placard, 188
plague, 44, 219
See also bubonic plague
planning, of application,
159-163
plantback 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, 81
plant kingdom, 8
point pollution source,
delined, 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
nonpoint, 142-143
point, 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
poultry, organically grown,
103, 104
powered air cariridge 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 pest problems,
218-219
preemergent herbicide, 82
preharvest interval, 120, 136,
226
See also harvest limitations
preserved specimen, 11
pressure gauge, 258
pressure hose, 259
pressure regulator, 256-257
pressure strainer, 249-250
prevention of pests, 54
See also pest management
prickly lettuce, 25
prostrate pigweed, 23
protectant, 82
psyllid, 36-37
pubic louse, 35
public and envirommental
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 1o selecting, 245
piston, 248
roller, 246
puncturevine, 15
purple nutsedge, 19
pyrethrins, 78
pyrethrum, 77, 78, 107

Qualified Applicator Certili-
cate (QAC), 2, 127
Qualified Applicator License
(QAL), 2,127
quarantine, 61

rats
as pests, 44, 43, 224
management of, 77
as test animals, 67
recombination, 152

record keeping, 202
and preventing groundwater
contamination, 146
See also pesticide, use
records
redroot pigweed, 23
registration and establish-
ment numbers, 116
registration of pesticides. See
under laws and regula-
tions, pesticide
regulation, defined, 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, 34
respirator
cartridge, 172-174
cleaning, 176-177
powered air cartridge, 175
supplied air, 175-176
respiratory equipment. See
respirator, and see under
personal protective equip-
ment
respiratory exposure, 138
first aid, 210-211
restricted-entry interval, 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
rodents as pests, 44, 45
management, 59, 77
monitoring, 218-219, 224
roller pump, 245, 246
root-knot nematode, 41
roots, 18
rosy apple aphid, 36
routes of exposure, 137-138
ruffling, defined, 195
Russian knapweed, 25
Russian thistle, 15, 23
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lemperature inversion
and pesticide drift, 196-197,
199, 236
termite, 34
lesting for incompatibility, 93,
94
thefi of pesticides, 208
thickener, 98, 101
thermal [og applicator, 270
threshold limit value, 68-69
thrips, 35
ticks, 29, 31-32
timing of application, 230
TLV. See threshold limit value
toad, 40, 67
tobacco budworm, 12
tobacco rattle virus, 40
tolerance, pest
and pesticide use decisions,
225-226
tolerance, pesticide residue,
151
tomato black ring virus, 40
tomato [ruitworm, 12
tools for calibration, 286
toxicity, pesticide. See under
pesticide
tracking powder, 89, 225
See also dust
training. See under pesticide
applicator
translocate, 82
transporting pesticides,
186-189
trapping, for pest control, 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 tobacco, 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 of Agriculture
(USDA), 61,110,113
Environmental Protection
Agency (EPA), 68,
110-117, 151
Federal Food, Drug, and
Cosmetic Act (FFDCA),
111
Fish and Wildlife Service
(FWS), 44, 110,113
See also Federal Insecticide,
Fungicide, and Rodenti-
cide Act (FIFRA); laws
and regulations, pesticide
University of California, 4,
10,121-122, 307
Grawer’s Weed Identification
Handbook, 10-11
Integrated Pest Management
manuals, 11
Pest Management Guidelines,
121, 226
Pests of the Garden and Small
Farm, 11
Pests of Landscape Trees and
Shrubs, 11
Statewide Integrated Pest
Management Project, 224,
226-227
Wildlife Pest Control around
Gardens and Homes, 11
unloader, 257
uptake, pesticide, 32-83
See also mode of action;
surfactant

valve, control, 258, 259
variegated cutworm, 12
vegetable oil, 105
velvetleaf, 20
Venice mallow, 20
Vertebrate Pest Contral Hand-
book (California Depart-
ment of Food and Agricul-
ture), 10, 44
vertebrates, 44—45
monitoring, 218-220,
224-235
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
waler-soluble bags, 85, 86,
91,192
water-soluble concentrates,
87,03
weather
pesticide application and,
161-162, 196-200,
236-237
pesticide toxicity and, 69
plant growth problems and,
46

weeds
annual, 15
biennial, 15
classification, 14-15
definition, 12
development, 15
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-sucking
conenose bug, 356
western flower thrips, 35
western malarial mosquito,
38
western yellowstriped army-
worm, 12
weltable powder, 85-86, 93
wetting agent. See surfactant
whitefly, 36-37, 50
wick applicator, 262, 264
wicking, 165, 166
wild carrot, 15
wild oat, 15, 19, 20
wild radish, 22
wildlife, impact of pesticides
on, 147-148
Wildlife Pest Control around
Gardens and Homes (Uni-
versity of California), 11
winter annual weeds, 15, 16
woody plants, 14
Worker Protection Standard,
110,111, 183-184
training, 159
worker safety. See fieldworker
safety
Wright groundcherry, 24

X disease of peach, 50

yellow foxtail, 15, 20
yellow nutsedge, 17, 19
yellow starthistle, 25, 26
yellowjacket, 39



OTHER TITLES IN THE
UC PESTICIDE APPLICATION COMPENDIUM

VLU

Residential, 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.

VOLUM

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 comprehensive 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 loteria de los pesticidas

A pesticide safety training game based on a
traditional Latin American game similar to bingo.
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