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II. Pest Management

Principles

As a certified applicator, you should become
familiar with pestsyou arelikely to encounter
inyour work. Y ou should concentrate specifi-
cally on pest characteristics, damage charac-
teristics, and pest biology.

In addition to the general information provided
in this chapter, you can obtain identification
aids (such as drawings or photographs) and
specific publicationsfrom your local Coopera
tive Extension office or the Arizona Depart-
ment of Agriculture, among others.

A pestisany troublesomeanimd, insect, plant, or
diseasethat interfereswith hedth, comfort, or pro-
ductivity. In controlling pests, the most impor-
tant principleisto chooseamethod aimed at keep-
ing pest damageto an acceptableminimum. You
will need to eva uate available optionsin termsof
cog, nontarget hedlth, environmentd effects, and de-
gree of damagereduction you can reasonably ex-
pect. A pest control programisusualy intendedto
achieveoneof threemainobjectives:

1. Prevention: keeping the pest from becom-
ing aproblem

2. Suppression: reducing pest numbersor dam-
agetoanacceptableleve

3. Eradication: destroying an entire pest popu-
lation (usualy inaregulatory program)

Thekeystoagood pest control programareknowl-
edgeof the pe<t, anticipation of problems, and op-
tionsto solvethoseproblems. Theprimary sepsin
solving any pest problem areasfollows:

1. Know your plant, animal, or disease pest.
Proper identification of thepest can savetime,
money, chemicals, and effort. Y ou caniden-

tify apest by using pest control guiddines, con-
aulting identification books, or having the pest
examined and identified by aspecidis. It'sd-
waysagoodideato collect severd specimensof
thepest anditsdamage. Different speciesoften
look dike, and damageisanimportant identifi-
caion tool. In addition, many insects, mites,
nematodes, and plant diseases aretoo amdl to
identify inthefield. Toaccurately identify them
requirestheuseof gpedid toolsor andyssof the
damage (Fig 1.1). Other keysto hdp withthe
identification may betimeof year, location, and
environmentd conditions If youarededingwith
weads, ahigory of weedinfestationinindividud
fiddswill hdpyou plan apreventative program.

Figure 1.1 Microscopic identification

. Make sure you understand the benefits and

risksof each avail able control method or com-
bination of methods.

. Choosethe method or methods most effec-

tive at controlling the pest population, while
causing the least harm to yourself, others,
and the environment.

. Apply control strategies at the appropriate

time; since each pest has its own growth
pattern, treatment measures are much more
effectiveif applied when a pest is vulner-
ableto aspecific method.
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Pesticide applications are most effective when
they are used as part of an IPM program that
uses a combination of methods. In planning
and carrying out pest control strategies, con-
sider thefollowing:

I ntegrated Pest M anagement
Naturd forces(eg., heat, humidity)
Pedt-resstant plant varieties
Biologicd controls

Culturd controls

Mechanicd controls

Sanitation

Chemicd controls

Integrated Pest Management (IPM)

The strategy of integrated pest management
(IPM) involvescombining thefollowing factorsto
reduceapest populationinthemost cost-effective,
convenient, and environmentaly ssfeway. Factors
suchaspest higtory, crop growth and devel opment,
visud observations, pest monitoring, devel opment
of actionthresholds(Fig 1.2), weether, and culturd
practicesare consdered before control decisons
aremade. |PM usesdl availablepractica options
to keep pestsbd ow economically harmful levels,
minimizepesticideressance, and prevent possble
damageto theenvironment. Godsincludeconsarv-
ing natura enemiesand avoiding secondary pest
problemsthroughcompatiblebiologicd, culturd, me-
chanical, and chemica methods.

—
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Figure 1.2 Sampling with asweep net

Integrated Pest M anagement techniques are of -
ten tailored to a specific site, crop, and situa-
tion. Therising costs of pesticides, the banning
of certain chemicals, the greater environmental
requirements of the Food Quality Protection
Act, and theincreasing pest res stanceto chemi-
cals have made IPM more important in con-
trolling pests. Researchin Arizonahas shown
that an effective scouting program, using ac-
tion thresholds to time chemical applications,
resultsin fewer applications while producing
yields and quality equal or superior to those
provided by traditional timing of chemica treat-
ments. An exception isfound in severa veg-
etables, where natural enemies sometime act
as contaminates and have to be eliminated.

Natural forces

Certain natural controls can cause pest popula
tionstoriseandfdl independently of humanactions
Thesecontrols, whichindudeclimate, water, food
supplies, and natural enemiesmay help or hinder
pest control (Fig 1.3). Inmany cases, natura con-
trolsdo not control the pest quickly enoughto pre-
vent injury or damage, and other pest control meth-
ods must be used. You should be aware of the
influencesof natural controlsand take advantage
of them whenever possible.

Pest-Ressant Varieties

Theuseof resistant plant varietieswill help keep
pest populaionsbd ow harmful levelsby makingthe
environment lessfavorablefor them. Pest resstance
varietieswork intwoways: (1) certainchemicas
withintheplant prevent the pest from completingits
lifecycle, or (2) thevariety ismorevigorousor tol-
erant of thepest than other varietiesand lesslikely
to be serioudy damaged by pest attacks. Modern
biotechnology isproducing crop varietiesthat are
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geneticdly engineered towithstand pesticidesor
to resist certain types of pests. For example,
new technology transfersthe bacteria Bt (Ba-
cillusthuringiensis) into cotton plants so they
can defend themselves against Lepidoptera
larvae. The cotton has a Bt gene inserted into
it's genetic material. This gene produces a
natural protein that kills insects after the pro-
teinisingested. Experience showsthat ares-
ervoir of non-Bt cotton is needed to maintain
the susceptibility of the pest population.

Biological Controls

Biological control involvesthe use of enemiesof
thepest, such asparadites, predators, and diseases,
or of hormonesthat influencethepest’ slifecycleby
preventing normal growth or reproduction. Most
typesof biologica control occur naturaly, but cer-
tain hormonesmay besyntheticdly produced. Bio-
logical control methodscanvary intheir degree of
contral. Successtul biologicd contral programshave
beenfoundinhighvauecrops(eg. orchards, vine-
yards) aswe | aslow vauecrops(eg. pasture, hay).
Depending on the circumstances, such programs
may be more suitable to areas where some de-
gree of damageisnot economically harmful,

Figure 1.3 Biological control, the praying mantis

such asrecreationa areasor forest aress. If apes-
ticideisto beused and you havean optionto use
onethat islessharmful to biologica control agents,
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it should bethe chemica of choice.
Cultural Controls

Cultural control consistsof practices used to
alter the overall environment, the condition of
the host, or the behavior of the pest in order to
prevent or repress an infestation. By varying
planting dates, rotating crops, harvesting early,
and changing tillage practices, one can manipu-
late pest problems to suppress or even eradi-
cate pests. For example, mandatory cotton
plow-down datesin Arizonaillustrate the use
of acultural control practice that reduces the
number of over-wintering sites for pink boll-
worms, thus reducing pesticide applications.

Mechanical Controls

Mechanical or physical controlsreduce popula
tionsby directly diminaing pestsor radicdly dter-
ing thelr environment. For example, hand picking,
trapping, and freezing arefamiliar methodsof me-
chanica insect control. Cultivationand hoeing are
examplesof mechanica weed control.

Sanitation

Sanitation practices help suppress certain pests
by removing sourcesof food, water, and shelter.
Other formsof sanitation that prevent the spread
of pestsaredecontamination of equipment, live-
stock, and other possible carriersbefore bringing
theminto apest-freearea. Decontaminating equip-
ment controls weeds by preventing weed seeds
frommoving into adjacent fields.

Chemical Controls

Pesticides are chemical controls used to destroy
pests, control their activity, or prevent them from
causing damage. A pesticide can be defined as
any maerid that isgppliedto plants, thesoil, water,
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harvested crops, structures, clothing, and furni-
ture, or animals. A pesticidekills, attracts, repdls,
or regulates a pest. Herbicides, insecticides, ro-
denticides, nematicides, and miticides are com-
montypesof pesticides. Other substances classi-
fied as pedticidesincluderepdlentsor attractants,
insect or plant growth regulators, and defoliants.
Genegrdly, pedticidesarethefastest, most economi-
cd way to control pestsand may, inmany indances,
betheonly control techniqueavailable. However,
pesticides should dwaysbe part of an Integrated
Pest Management Program. Youwill needtochoose
the best chemical for thejob and determinewhen
chemicd gpplicationsarenecessay.

[1l. Arthropod Pests

Arthropodsinclude insects, arachnids (e.g., pi-
ders, scorpions, mites, and ticks), and other inver-
tebrates. Arthropods pests are responsible for
many problemsin Arizonaagriculture, whileothers
areimportant toor anintegra part of our agriculture
(e.g. bees and other pollinators). In order for a
grower or field consultant to conduct asound pest
management program, athorough knowledge of
the specific arthropod pest’ sidentity, growth pat-
tern, development, andlifecycleisnecessary. Life
cycleinformation isessentia sothat control mea-
sures can betimed to occur during the most vul-
nerable stage of devel opment.

| nsects

Insects thrive in more environments than any
other group of animals. They feed on leaves;
tunnel or boreinto stems, stalks, or branches;
feed on seedsand nuts; or suck sap from leaves,
flowers, and fruit. Insects can a so transmit plant
and animal disease organisms.

Not al insectsare pests, however; certaininsects

help people by pallinating plants, recycling or-
ganic matter, or feeding on pests.

Physical Characterigtics

In the adult stage, with few exceptions, all in-
sectshavetwo physical characteristicsin com-
mon: (1) three pairsof jointed legsand (2) three
body regions—head, thorax, and abdomen. The
thorax bearswings(if present) and three pairs
of legs(Fig 1.4). Theabdomenisusualy com-
posed of eleven segments; along each side of
the segments are openings, called spiracles
through which theinsect breathes.
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Figure 1.4 Basic anatomy of an insect.

Inidentifying aparticular insect, themost impor-
tant characterigticsto examinearethewingsand
the mouth parts. Some insects have no wings,
whileothershavetwo or four wings. Thediffer-
ences in sSze, shape, and texture of the wings,
and the pattern of the veins, can be used to iden-
tify insect species.

Themouthisvery important not only for identifica:
tion, but for sdecting the proper pesticideto achieve
control. Thetwo mgor typesof mouth partsare
chewing and sucking.

Chewing mouth partsaregenerdly composed of a
pair of cutting or crushing mandiblesand apair of
maxillae. Ininsectssuch asgrasshoppers, theman-
diblesand maxillaework sidewaysto cut off and
chew or grind solid food.

Sucking mouthsare modified to get liquidsfrom
other living organisms, mosguitoes, true bugs, and
aphids have piercing and sucking mouth parts.
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Figurel.5 Gradual metamorphosis.

Life Cycle

Many insects undergo changes in form, called
metamor phos's, between thetimethey hatch and
the time they reach adulthood. M etamorphosis,
or change, is generally categorized as gradual
(dmple) or complete. Ingradual metamorphosis
(Fig 1.5), the egg hatches into a nymph. How-
ever, becauseinsectshave exoskeltons, they have
to shed the hard outercovering to grow or molt.
Each gagebetweenamoltiscdledaningar. The
ealieringars ingenerd, areeasier tocontrol. As
adults, these insects have no prolonged resting
period and gppear smilar toearly indars, but with-
out wings. Examples of insects that undergo
gradua metamorphosis include grasshoppers,
crickets, termites, gphids, and leafhoppers.

Insects that undergo complete metamorphosis
(Fig 1.6) have severd mgjor changes. A typica
development involves egg, larva, pupa, and adult
stages. In genera, eggs are laid on the host that
will befed on by the larvae. Asthelarvae grow,
they molt and feed, with later instars consuming
more food as they develop. Upon reaching the
lastingtar, larvaelook for aplaceto formapupa,
or resting stage. Inddethe pupa, atransformation
takesplaceand theadult emerges. Theadult looks
nothing like the immature larvaand usualy has
the ability to fly. Among the many types of in-
sects undergoing complete metamorphosis are
beetles, moths, and butterflies.
Figure1.6 Complete metamorphosis.

Complete
() Metamorphosis

Arachnids

Several maor Arizona pests, although often
mistakenly called insects, are actually arach-
nids. Arachnids, which include spiders, scor-
pions, adult mites, and ticks, have eight legs,
two body regions and no antennae (Fig 1.7).
In generd, only the mitesand ticksare agricul-
tural pests, with mites primarily plant pests
while ticks feed on the blood of vertebrates.
Most mites are very small and difficult to see
without the aid of a hand lens or microscope.
They usually develop from egg to adult in a
few days to a week, and overwinter as either
eggsor adults. Plant-feeding mites often pro-
duce serious economic or visual damage, in-
cluding leaf discoloration, galls, and defolia-
tion. Ticks, on the other hand, usually can be
seen with the natural eye. They live much
longer, somerequiring 1-2 yearsto reach ma-
turity, and are found on warm-blooded hosts.
Someticksinject toxinsduring feeding that may
cause paralysis of the host, while other ticks
transmit disease-causing microorgansims.
Arachnid metamorphosisisincomplete, but this
may include up to twenty instars before the
arachnid reaches adulthood.
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Pathogenic Plant Diseases
Bacteria

Pathogenic bacteria are generadly small, single-
celled organisms, that can not be seen without a
microscope. Mogt plant-infecting bacteriaarerod-
shaped and require warmth and moisture to
muliply and spread. Bacteria invade tissues
through natura openings (stomata) and through
wounds. Diseasescanbeseenasgdls, leaf spots,
soft rots, and scabs.

Fungi

Mogt fungi live off dead organic matter and are
known as saprophytes. These primitive plants
or fungi aregenerdly beneficia becausethey breek-
down plant meterid sand build up soil fertility. Most
pest fungi havevegetativebodiescdled mycdiam,
whicharemadeup of tiny filamentousstrandscdled
hyphae. Themycdium growsthough thetissuesof
theinfected hogt, resulting in reproduction by the
fungi by means of spores. Spores are spread by
wind, rain, irrigationwater, insects and culturd prac-
tices. Fungi invadetissuessimilarly to bacteria, via
natural openingsand wounds. Disease symptoms
include soft rotson fruits, smuts, rusts, leafspots,
wilting, and mafunction of plant parts, such aslesf
curling. Powdery mildew, sooty mold, and root and
semrotsaretypesof fungi.

Viruses

Virusesare extremely small organismsthat grow
anddevelopinliving cdls. Virusesalter thehost
cdls chemicd adtivity (metaboliam), usngtheirown
geneticinformationto producemorevirus. Asthe
virusmultiplies, theresulting symptomsind udestunt-
ing of plant growth, color variations, and russetting
onthefruit, withleaf veinsshowing color variaions.
Viruses can be spread by mitesand severd plant-
feeding insects, such asaphids, leafhoppers, and
whiteflies aswell ascultivation practices.

1-10

Controlling Plant Diseases

At present, plant disease control measures are
mainly preventive. Onceaplant isinfected and
symptoms appear, few control methods (includ-
ing pesticides) are effective.

Nonchemical Controls

In some crops, certain plant diseases can be con-
trolled or reduced by diminating other nearby
plants or plant parts that serve as hosts for the
diseaseorganiams (culturd control and sanitation).
Diseases often can be controlled by systemati-
cally removing infected plants and pruning in-
fected plant parts before the disease spreads to
uninfected plants (mechanica or physical con-
trols). Planting res stant varietiesof cropscanaso
help control disease organisms.

Infected crop residues often provide an ideal
environment for carry-over of many pathogens.
In some cases the pathogen increases greatly
inresidues. Three basic techniquesareusedin
crop residue management:

1. Deep plowing buriespathogen-infected resi-
duesand surface soil, replacing them with soil
that isrelatively freefrom pathogens.

2. Fdlowingreducespathogen carry-over because
the pathogen’ sfood sourcedecays.

3. Burning kills pathogens and removes sup-
porting residues. Thispractice, however, may
not belega insomearess.

4. Croprotation isthe successive plantings of
different cropsonthesameland. Cropro-
tation reduces residue-borne fungal and
bacterial diseases.
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Chemical Controls

Chemica sused to control plant pathogensinclude
fungicides, bactericides, and nematicides. The
genera term fungicideisoften used to describe
chemicals that combat both fungi and bacteria.
Fungicides can be classified as protectants,
eradicants, or systemics.

Pr otectantsmust be gpplied before or during in-
fection by the pathogen. To be effective, they
must either be persistent or gpplied repeatedly.

Eradicants, which are less common, are ap-
plied after infection hasoccurred. They act on
contact by killing the organism or preventing
itsfurther growth and reproduction.

Systemicsareusedtokill diseaseagentsonliving
plants. Systemic chemicasaretrangportedinthe
sap stream from the application siteto other plant
parts. This type of chemica may act as both a
protectant and eradicant.

Successful chemical contral of plant diseesesrequires
proper timing; on many crops, thismay be before
infectionoccurs. Labd directionsoften call for rou-
tine protectant applicationsevery seventotendays
duringaperiod of highrisk of infection. Almogtal
plant disease chemica saregpplied ascover sprays
to reach and protect potentia sitesof infection.

SUMMER

SPRING

%
T

i
WINTER SUMMER FALL

V. Weeds

A weed issmply a plant out of place or aplant
that isundesirable dueto certain characteristics.
Weedscandsninterferewith harvest. Weedsarea
congtant problem statewidefor growing agricul-
turd crops. They canreducethevigor and growth
of crop standsby competing for water, nutrients,
and sunlight. Most major weeds adapt well to
local climate, soil, and other external conditions
and can compete successfully with cultivated
crops. Most weeds produce large quantities of
seeds, which may lay dormant in the soil for ex-
tended periods, sometimesover 20 years, before
germinating. In genera, only 3% of the identi-
fied plant speciesfound in theworld are consid-
ered weeds. In Arizona, many weeds are non-
native and have been introduced inadvertently or
intentionally from foreign countries, leaving be-
hind their natural enemies.

Life Cycle

Before you can control aweed, you must know
how it grows. Animportant fact isthe length
of the life cycle, which can be annual, bien-
nial, or perennial (Fig 1.9).

WINTER

SUMMER

WINTER SPRING FALL

Figure1.9 Examplesof lifehistoriesof summer and winter annuals.
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Classfication of Herbicide

Theclassfication of herbicideactionisbased on
whether theherbicideis: 1) appliedtothefoliage
after the plant has sprouted (postemer gence herbi-
cide); 2) to the soil before the plant is visble
(preemergence herbicide); 3) the path by which
the herbicide entersthe plant (contact or trando-
cation); and 4) whether the herbicideisselective
or nonselective(Fig 1.11). What followsisadis-
cusson of thecombination of herbicidesclassfica:
tion one might encounter onthejob.

Foliage— Contact — Nonselective

Thistype of herbicideis applied to the weed's
foliagedirectly undernesth acrop; it killsany fo-
liage on contact with little or no trand ocation to
other partsof theplant. A wick gpplication comes
under thisheading.

Foliage— Contact — Selective

Thistype of herbicidekills the weed by caus-
ing a burning effect on the foliage. Because
these herbicides affect only plantswith certain
types of waxy filmson the leaves, some crops
and weeds are not injured.

Contact Herbicide

Systemic Treatment

Foliage—Trandocated — Nonsdlective

These herbicides are applied to the foliage and
are absorbed and trandocated throughout the
plant. Useisgenerally restricted to before plant-
ing and after harvest.

Foliage— Trandocated — Selective

These herbicides work in the same way asthe
translocated nonselective herbicides, but be-
causethey react only with certain plants, weeds
can be treated while the crop is present with
littleor noinjury.

Soil — Short Residual — Nonsdlective

Only afew herbicidesbelong in thisgroup; me-
thyl bromide is an example. The soil is fumi-
gatedtokill all weedsand weed seeds. Thefumi-
gation cover should bekept onthe soil for at least
twenty-four hours. After an additiona forty-eight
hour period, planting can begin without injury.

Soil — Short Residual — Selective

Any herbiadethat isgppliedtothesoil prior toplant-
ingacrop or immediately after planting and hasa
resdueof lessthan oneyear belongsinthisgroup.
Theseherbicidesare often referred to aspreplant
incorporated or pre-emergence herbicides. The
chemica isapplied to the soil and primarily ab-
sorbed through theroots.

Translocated Herbicide

Figure 1.11 Herbicide modes of action, or before planting the seed (preplant herbicide).
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Soil — Long Residual — Nonselective

These herbicides are used to control all vegeta-
tion for long periods of time. They aredesirable
for use near or under parking lots, and around
buildingsand storage aress.

Soil — Long Residual — Selective

These herbicides are used to control weeds
growing around deep-rooted crops such asfruit
trees, nut trees, and grapes. They are applied
to the foliage of the weed and are eventually
absorbed through theroot system. Dueto their
low solubility, they seldom move downward
to the root systems of deeper rooted crops.
They have aresidual of nearly ayear.

V1. Vertebrate Pests

Vertebratesareanimaswithinternd, skeleton and
jointed backbones. They include fish, reptiles,
birds, and mammals. A vertebrate may beapest
insomesituationsbut highly desirablein others.
InArizona, birdsand rodents(e.g., miceand rats)
become pestswhenthey destroy or est crop seeds
and fruit, peck holesin the leaves of some leafy
vegetable crops, endanger humansand other ani-
mals, and nest near dwellings. Predatorssuchas
coyotes and bears may aso be pests, depending
on their location and whether they are affecting
livestock. Deer and javelinamay be considered
pestsin severd areasof the state.

General Control Tactics

Themain objectiveof any pest control programis
damagereductioninapracticd and environmentally
acceptable manner. Control methods should be
based on aknowledge of the biology and habitsof
the animal causing damage. Inthisway, efforts
will bemoreeffectiveand maximizessfety. There
aresevera stepsto consder.
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® Promptly and accurately identify theanimal
causing the damage. Use the type of dam-
age, droppings, tracks, burrow, nests, or food
cachestoadinidentification.

® |f possible, dter the habitat to makethearea
lessdesrabletothepest (e.g., exclusion).

® Useacontrol method appropriateto thelo-
cation, time of year, and other environ-
mental considerations.

® Monitor thedtefor renfestationinorder tode-
termineif additiona control isnecessary.

The most commonly used methods for control-
ling wildlife pestsinclude determining the pres-
ence of the pest, habitat modification, behavior
alteration, popul ation reduction, baiting precau-
tions, or acombination of these methods.

A. Determining the Presenceof the Pest

| dentification of potentia pestsand interced-
ing to prevent damageiseasier, safer, less
expendve, and lesstime-consuming thenwait-
inguntil damagehasdready occurred. Regu-
lar inspection of buildings, fields, range, and
surrounding areaswill help prevent anin-
creaseinwildlife pests.

B. Habitat M odification

Modifyingananimd’ shabitat by removingthe
nest or fencing off an area, often provides
lasting and cost-effectiverelief from dam-
age caused by wildlife pests. Habitat modi-
ficationiseffectivebecauseit limitsapest’s
accessto food, water, and shelter.
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C. Behavior Alteration

Using methodsthat change the behavior
of an animal may lead to areduction in
the pest and its damage. Several repell-
ants are available, both chemical and
physica. Theseincludefoul-tasting coat-
ings, sound devices, lights, and electri-
cally-charged wire.

D. Population Reduction

Toxic baits or traps may be necessary to re-
duce pest numbers. Survivorswill continue
to reproduce, however, so it is essentid to
couple effortswith methodsto improve sani-
tation, exclusion, and other habitat aterations.

E. Baiting Precautions

Prebaiting of damaged areaswith non-toxic
baitsisadvisable. Asasafeguard to human
and domestic animals, aternative method
treatments, such asfumigantsor anticoagu-
lant baitsin bait boxes, should be consid-
ered in preference to broadcasting baits.
During treatment, make sure quantities of
toxic bait will not present ahazard to non-
target species. Posted warning signs may
be necessary inthe baited area.

Rodent carcasses can be disposed of by
burying. Make sure buria is deep enough
so that it cannot be unearthed by scaven-
gers. Handling carcasseswith ashove or
pitchfork isrecommended to minimize pos-
sblecontact with ectoparadites, such asfleas,

Specific Mammal Pests

Pocket gophersfeed on many agricultura crops,
eating a wide variety of roots, tubers, grasses,
seeds, bulbs, and, sometimes, even the bark of
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trees. Themoundsof fresh soil that aretheresult
of burrow excavation indicate their presence.
Their feeding and burrowing habits cause dam-
agetoavariety of plants. They may damagewa-
ter lines, and their tunnelscan divert and carry off
irrigation water, which could lead to soil erosion.
Successful control dependson early detection and
control measuresappropriatetothestuation. Trap-
ping can be asafe and effective method to control
pocket gophers; severa brands of gopher traps
areavailable. Strychnine-treated bait, however,
isthemost common type used for pocket gopher
control. Thisgopher baitispoisonousand should
be handled with extreme caution. Read and fol-
low label directionscarefully.

Pocket gopher

Meadow mice(field mice, voles) will damaged-
fafatopsand roots, permanent pastures, hay, cole
Crops, carrots, potatoes, and thebark of citrustrees.
Meadow miceareactived| year regardlessof the
westher. They usudly livein coloniesand forage
at any time of the day or night. However, they
are usually most active during the day. In culti-
vated areas, meadow mice populations can be
found in favorable habitats such as canal banks,
roadsides, or adjacent uncultivated land. Invasion
of crops occurs when populations build up or
when wild habitat becomesunfavorable, suchas
when range grasses dry up in summer. Control
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measuresincluderegistered grain baitsand proper
vegetation management, which help prevent
meadow mice populationsfromincreasing.

M eadow mouse

Squirrels can damage grains, fruit and nut or-
chards, and certain vegetable and field crops, in-
cluding cotton. Their burrows can destroy irriga
tion ditches and levees. They can also signifi-
cantly reduce the amount of green foliage avail-
ablefor grazing cattle, espeidly during thewinter
months. Trapping is appropriate for controlling
ground squirrelsinsmal areas. Fumigation of bur-
rows and the use of toxic bait (rodenticides) are
aternativesfor control inlarger areas. Never fu-
migate under buildings. Be certaintofollow la-
bel ingructionsclosdy, especidly regarding safety
and the use of poisonous baits.

Squirrel
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Prairie dogs can be found in meadows, green
fields, or natural rangeland or pastures. They are
active during the day, foraging and burrowing,
with“towns’ sometimescrowding together more
than 25 or more burrows per

acre. They feed on theroots of

grass and can destroy whole

acres of rangeland. Control of

prairie dogs consists of trap-

ping, shooting, and toxic baits.

Trapping and shooting areused

for limitedinfestations, but most

agricultural stuations require

fumigantsor toxic baits.

Deer areactivemorningsand evenings, and move
singly or insmdl groups, following definitetrails.
They may feed onfield cropssuch ascorn, shrubs,
tree twigs, buds, and vegetables. Males polish
their antlers against tree and shrub limbs. They
will also invade gardens and orchards, destroy-
ing fruitsand vegetabl es.

Deer

See the current Arizona Pest Control Advisor
study guide for more details regarding verte-
brate pest control.
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Chapter One
Pests and Pest Control — Question and Answer Review

1.

Q.

A.

O

>

> O

What is the definition of a pest?

Anorganismout of place; anything that injures, Soreadsdisease, or competeswith humans, domestic
animals, or feed crops. A pestinterfereswith hedth, comfort, or productivity.

What is the first thing you should do when you detect the presence of a pest you may need
to control?

| dentify the pest to be sureyou know exactly what theproblemis.

Why is proper identification of pests important?

Inorder to successfully control apest, itiscriticd that you areabletoidentify the common peststhat
youwork with, aswell astheir hosts. Otherwise, you may usethewrong method of control, choose
thewrong pesticides, or tregt too early, too late, or too often, thereby doing more harm than good.
Proper identification assuresyou treet the problem and avoid treeting only the symptoms.

Explain what is meant by prevention, suppression,and eradicationof pests.

Prevention iskeeping apest from becoming aproblem; suppression isreducing pest numbersor
damageto an acceptableleve; eradication isdestroying an entire pest population.

Describe pest monitoring and explain how it can be important to pest control strategy.
Monitoring ischecking or scouting for pestsin an areato determinewhat pestsare present, how
many of eachkind of pest areinthearea, and how much damagethey arecausing. Monitoringis
important to many pest control strategies becauseit helpsdetermineif thethreshold has been reached
and whether control measureshave been effective.

Name the three main body parts of an insect.

Heed, thorax, and albdomen.

Beetles undergo gradual metamorphosis — true or false?

Fds=
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8. Q.
A.
9. Q.

A.

10. Q.

Name three organisms associated with plant disease.
Bacterig, fungi, nematodes, or viruses.

What are the three types of plant life cycles?

Annud, biennid, and perennid.

Explain the difference between pre-

plant, preemergence, and postem-
ergence herbicides.

A. Preplant: Herbicide gpplieto the soil beforeplanting

11. Q.

12. Q.

13. Q.

Preemergence: Herbicide goplied to the soil beforeaplant hassprouted.
Postemergence: Herbicide gpplied to the soil after aplant hassprouted.

Define the terms nonselective, translocation, and long-residual.

Nonsdective: aherbicidewhichwill kill any foliage on contact with little or no trand ocation.
Trand ocation: herbicides applied to thefoliage, absorbed, and moved through the plant.
Long-resdud: aresidua of nearly ayear or longer; these herbicides sel dom move downward to
theroot zone.

What does vertebrate mean?

. Animdswithajointed backbone. Bears, coyotes, deer, ground squirrel, javeling, meadow mice,

pocket gophers, etc.
Whatis IPM? Explain the concept.
IPM, or Integrated Pest Management, isastrategy designed to reduce pest popul aionsto tolerable

levels. It conagsof thebaanced useof culturd, biologicd, mechanicd, physica, and chemica
controlsthat areenvironmentadly compatible and economicaly feesible,
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Private applicator — Certified applicator who
can apply restricted-use pesticidesto property
owned or rented by applicator or employer and/
or thosefor trade of service.

Restricted-use pesticide — Pesticidethat has
been restricted by the EPA or ADA because it
could cause harmto humansor environment even
when applied by certified applicators.

Target pest — Pest toward which control mea-
suresare being directed.

The pesticidelabel isextremely important tothe
goplicator. Theinformation andingructionsonthe
label comefrom yearsof research andtesting. The
[abdling givesyou instructionson how to usethe
product safely and correctly. Whenfollowed, the
label outlines stepsto protect you, the public, and
theenvironment. Therefore, reed thelabd completdy
and carefully for each pesticide you use. Do not
rely onyour memory. Kegpinmindthat theFood
Quiality Protection Act (see Chapter 8) will likely
changemany labds; itisyour respongbility to be
awareof theselabd changes.

Itisillegal to useapesticidein any way incon-
sistent withthelabel. A pesticide may be used
only onthesiteslistedinthedirectionsfor use.
Y ou must not use higher dosages, higher con-
centrations, or more frequent applicationsthan
recommended on the label. Y ou must follow
all directionsfor use, including directions con-
cerning safety, mixing, dilution, storage, and
disposal. Y ou must wear the specified persona
protective equipment listed. Theusedirections
and instructions are not advice; they are man-
datory requirements.

-3

[I. TheLabd IsTheLaw!

Federal law permits you to use pesticides in
ways not specifically mentioned on the label,
aslong asit isconsistent with what islabeled.
Y ou may, for example,

*  gply apedticideat any dosage, concentration,
or frequency lessthan that listed onthelabd

*  gply apesticideonatarget pest not listedon
thelabd if thegpplicationistoagtethatislisted

® useany appropriate equipment or method of
gpplication not prohibited by thelabe

®* mixapesticideor pesicideswithafertilizer if
themix isnot prohibited by thelabe

® mixtwo or more pesticides, if all of thedos-
agesareat or beowthefull recommendedrate
for each of the products

EPA Approval Required of All Labds

TheEnvironmentd ProtectionAgency (EPA) re-
viewspedticidelabdingtomekesurethat it contains
al theinformation needed for ssfeand effectiveuse
of theproduct and that theinformationisbacked up
by datasubmitted (or cited) by the manufacturer.
EPA may requirethe manufacturer to changethe
labdingif it doesnot containenoughinformation or
if theinformationiswrong. EPA dsomay require
thet thelabdingind udecther informationabout lavs
or regulations that have been adopted to protect
humansor theenvironment.

Only after EPA hasreviewed thelabdingandregis-
tered apedticide product canit besoldfor use. If the
manufacturer wants to change the information on
thelabding after the product and labdling areregis-
tered, EPA mugt gpprovethechange.

Asacertified gpplicator, you are responsiblefor
applying only registered pegticides. Y ou may
encounter four mgor regigration Stuations:
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Federd regidtration

Specid loca needsregistration
Emergency exemptionsfromregistration
Experimenta use permits

WP

Federal EPA regigtrations are the most com-
mon. Most pesticide usesareregistered thisway.
Look for the officia EPA registration number
(which must appear on the label) to be sure you
arebuying an approved product. Remember that
not al federally registered productsareregistered
ineach e A pedicideregigeredinancther sate
may not beregistered in Arizona.

Special local needs registrations (known as
S _N'sor 24cregigrations) dlow statesto further
control how thepedicideisusedinther juridiction,
induding registering additiond usesor addinglimita:
tionsfor afederdly registered pesticide. Thesereg-
igrationsaofteninvolveadding goplication Stes, pedts,
or dternate control techniquestothoselisted onthe
federdly regigteredlabeling, for loca pest Stuations

Supplemental labeling must be provided for
each SLN registration. Applicators must have
acopy of the SLN labeling in their possession
inorder to apply the pesticide for that purpose.
Theregistration number of SLN labeling will
includetheinitias” SLN” and the standard two-
|etter abbreviation codefor the state that i ssued
theregistration (e.g., AZ000001). Theseregis-
trationsarelegal only inthe state or local area
specified in the labeling. Any application in
another state or region is subject to civil and
criminal penalties. Extension personnel, pesti-
cide dedlers, and other professionalswill help
keep you informed of SLN registrations that
pertainto local areaneeds.

Emergency exemptionsfrom registration are
used when an emergency pest Situation arises
for which no pegticide isregistered. If both fed-
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eral and SLN regigtrationswould taketoo long to
enact, an emergency registration can be used.
Known as Section 18 exemptions, theseregis-
trations are handled by the highest governing
officia involved, usually a state governor or
federal agency head. Thisprovision allowsa
pesticide product to be sold and used for anon-
registered purposefor aspecified period of time.
A permit is needed for each location prior to
use. Strict controlsand recordkeeping arere-
quired for all these emergency uses. Y ou must
understand all of the special requirementsand
responsibilities involved whenever you use
pesticideswith emergency exemptions.

Classfication of Pesticide Uses

EPA categorizes every use of every pesticide
as either unclassified or restricted-use. Many
times all the uses of a particular formulation
are classified as restricted or al are unclassi-
fied. Sometimes, however, certain usesof afor-
mulation are restricted and other uses of the
same product are not. In these cases, the direc-
tionsfor usefor thetwo classifications must be
clearly separate from one another. Entirely dif-
ferent packaging and labeling are used.

|11.Parts of the Generic Labd

The parts of the generic label are keyed nu-
merically and these parts are discussed on the
following pages.

Redricted-Use Pesticides - 1

Pegticides, or someof their uses, areclassfied as
restricted if they could cause harm to pesticide
handlersor other persons, or to the environment
unlessthey aregpplied by certified goplicatorswho
havetheknowledgeto usethese pesticides safely
and effectively. Theword* use” inthisphraseisa
genera term and refersto such activitiesas:






AGRICULTURAL USE REQUIREMENTS

Use this product only in accordance with its labeling and with the Water Protection Standard, 40 CFR Part 170. The Standard
contains requirements for the protection of agricultural workers on farms, forest, nurseries and greenhouses, and handlers of
agricultural pesticides. It contains requirements for training, decontamination, application and emergency assistance. It aso
contains specific instruction and explanations pertaining to the statements on this label about personal protective equipment
(PPE) and restricted entry interval (REI). The requirements on this box only apply to uses of this product that are covered by
the Worker Protection Standard.

For Preplant or Preemergence (Broadcast or Banded), Chemical Fallow, Postemergence Directed Spray, and Dormant]
Season Applications, and “Between Cutting” Applications in Crop A: Do not enter or alow worker entry into treated
areas during the restricted-entry interval (REI) or 12 hours.

For Harvest Aid and Dessication Applications: Do not enter or allow worker entry into treated areas during the restricted-
entry interval (REI) of 24 hours.

PPE required for early entry into treated areas that is permitted under the Worker Protection Standard and that involves contact
with anything that has been treated, such as plants, soil, or water, is:
-Coverals

-Waterproof gloves

-Shoes plus socks

-Protective eyewear

11-6
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®* mixingandloading

* goplication

® transporting, storing, or handling pesticides
after themanufacturer’ sseal isbroken

® careand maintenanceof goplicationand han-
dling equipment, disposal of pesticides and
their containers

Product Name - 2

Brand, trade, or product names. Each manu-
facturer hasabrand namefor its product. Dif-
ferent manufacturers may use different brand
namesfor the same pesticide activeingredient.
The brand name shows up plainly on the front
panel of the label. Applicators should avoid
choosing a pesticide product by brand name
aone. Many companies use the same basic
name with only minor variationsto designate
entirely different pesticide chemicals.
Forexample

TasanLSR = Zincand maneb
TersanSP = chloroneb
Tersan1991 = benomyl
Teasn = thiram

Type of Formulation - 3

Thefront pand of somepegticidelabeswill tell you
the product formulation. Theformulation may be
named or thelabd may show only anabbreviation,
such as WP for wettable powder, D for dust, or
EC for emulgfiableconcentrate. Thetypeof pesti-
cidemay dsobegiven(eg., insecticide, herbicide).

Statement of Pesticide Use Classification

The type of pesticide is usualy listed on the
front panel of the label. This short statement
indicatesin general termswhat the product will
control. Examples:

-7

® |nsecticide for control of certain insects on
fruits, nuts, and ornamentas

® Algicide

* Herbicidefor thecontrol of trees, brush, and
weeds.

EPA Pegticide Registration
Number - 4

An EPA registration number appearson al pes-
ticidelabels, indicating the pesticide label has
been registered by the federal government.
Most productswill contain only two setsof num-
bers—for example, EPA Reg. No. 3120-280;
thefirst set of digits, 3120, isthemanufacturer’s
identification number and the second set, 280,
isthe product’ sunigue identification number.

Insome cases, specid locd needs(SLN) pesticide
productsmay beapproved by astate. Theseregis-
trationsaredesignated, for example, as“EPA, SLN
No. AZ-960007.” Inthiscase, SN indicates” pe-
cid locd need” and AZ indicatesthat theproductis
registered for usein Arizona. SLN numbersmay
not appear on the packagelabd, but are part of the

upplementary labding.

EPA Formulator Manufacturer
Egablishment Number -5

Theestablishment number (for example, “EPA ES.
No. 5840-AZ-1") appearson either the pesticide
|abel or thecontainer. Intheevent of aproblem, it
identifiesthefacility that produced the product.

Ingredients Statement - 6

Each pedticidelabd must list what isinthe product.
Thelistiswritten so you canreadily seewhat the
active ingredients are and the amount of each
ingredient (as a percentage of thetota product).
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* DANGER indicatesthet thepedticideishighly
toxicor hazardous. Theproductisvery likdy to
causeacuteillnessfromord, dermd, or inhda-
tionexposure orirritaingor corrogvetotheskin
and/or cause seriouseyedamage.

* WARNING signasyou that the product is
moderately toxic or hazardousand could likely
causeacuteillnessfromoral, dermd, or inha
lation exposureor could causemoderateskin
or eyeinjury.

® CAUTION dgnds you that the product is
dightly toxicor relatively nontoxic. Theprod-
uct has only dight potentia to cause acute
illnessfromora, derma, or inhaation expo-
sure. Theskinor eyeirritationit would cause,
if any, islikely tobedight.

Skull and Crosshonesand Word POI SON
in Red

All highly toxicpegticidesthat arevery likdy tocause
seriousacuteilinessthrough ord, dermd, or inhda
tion exposurewill carry the skull and crossbones
symbol and theword POISON printedinred a-
wayswiththesgna word DANGER. Productsthet
havethesgnd word DANGER duetoskinandeye
irritation potential will not carry thethe skull and
crossbhones symbol or theword POISON.

Company Name and Address- 9

The law requires the maker or distributor of a
product to put the name and address of the com-
pany on the label.

Statement of Practical Treatment - 10

Most pesticide products are required to include
instructions on how to respond to an emergency
exposureinvolving that product. Theinstructions
usudly includefirst aid measuresand may include
instructionsto seek medica help.

Referral Statement

If the" statement of practica treatment” isnot lo-
cated on thefront pand, astatement on thefront
panel must refer the user to the section of thelabdl
or |abdling wherethe statement of practical treat-
ment may befound.

Typicd gatementsindude:

® Incaseof contact with kin, washimmediately
with plenty of sogp and water

® |ncaseof contact with eyes, flush with water
for 15 minutesand get medicd attention

® |ncaseof inhaation exposure, movefrom
contaminated areaand give artificial respi-
rationif necessary.

* |f swdlowed, drink largequantitiesof milk, egg
white, or water — do not inducevomiting.

Environmental Hazards - 11

Thissection of the pesticidelabeling will indicate
precautionsfor protecting theenvironment whenyou
usethepedticide. Somegenerd satementsappear
onthelabding of nearly every pesticide. Mogt pes-
tiddelabding, for example, will warnyou not to con-
taminatewater whenyou goply thepesticideor when
you clean your equipment or dispose of pesticide
wastes. Thelabdingwill contain specific precau-
tionary statementsif the pesticide posesaspecific
hazard to theenvironment. Thelabel may indicate
that the product causes undesirable effectsonthe
environment. Inthiscase, the precautionary state-
ment may tell you what to avoid doing. Some
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labelsindicatetoxicity tobees, birds fish, and crus-
taceans. Labeling may indicate limitations im-
posed to protect endangered species. Theselimi-
tationsmay include reduced rates, restrictionson
typesof application, or aban onapesticide’ suse
within the speciesrange. Thelabel may also tell
you whereadditiond information can be obtained.

General Environmental Statements

These statements appear on nearly every pesti-
cidelabd. They areremindersof common sense
actionstofollow to avoid contaminating theenvi-
ronment. Theabsenceof any or dl of these Sate-
ments does not indicate that you do not haveto
take adequate precautions.

Sometimesthese satementswill follow a“ specific
toxicity statement” and provide practical stepsto
avoidhamtowildlife

Examples of general environmental state-
mentsinclude

Do not apply when runoff islikely to occur
Do not apply when weather conditionsfavor
drift fromtreated areas

® Do not contaminate water when cleaning
equipment or disposing of wastes
Keep out of any body of water
Donot dlow drift ondesirable plantsor trees
Do not apply when beesarelikely to bein
thearea

® Do not apply where the water tableis close
tothesurface

Restricted-Entry Interval (REI) - 12

There-entry interval statement isprintedinabox
under the heading Agricultural Use Restrictions
andwill include requirementsof theWorker Pro-
tection Standard (WPS). If therestricted-entry in-
terva appliesonly to certain usesor locations, the
heading may indicatethat limitation.
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Agricultural pesticidelabeling containsapre-
caution about entering atreated area after ap-
plication. This statement tells you how much
time after the application must pass before
people can enter atreated area. Theserestricted-
entry intervals (REI’ s) are set by both EPA and
regulatory agencies. Entry intervals set by the
Arizona s Department of Agricultureor Struc-
tural Pest Control Commission (SPCC) arenot
alwayslisted onthelabel. Y ou must determine
whether one has been set.

Net Contents - 13

The net contents, on the front panel of the con-
tainer, are expressed as pounds, ounces, or per-
centsfor dry formulationsand asgallons, quarts,
pints, or fluid ounces for liquids. Liquid for-
mulations also may list the pounds of active
ingredient per gallon of product.

Directions for Use - 14

Theingructionson how to usethe pesticidearean
important part of thelabeling. Thisisthebest way
you canfind out theright way to handletheproduct.

Theuseingructionswill tell you

® peststhe manufacturer claims the prod-

uct will control

sitefor which the product isintended

inwhat form the product should be applied

the correct equipment to use

how much pesticide to use

mixing directions

whether the product can be mixed with

other often-used products

® whether the product islikely to cause un-
wanted injuriesor stainsto plants, animals,
or surfaces.

® when and how often the material should
be applied
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Directionsfor Useby Reference

Somedirectionsfor usethat pesticide users must
obey are contained in documents that are only
referred to on the product |abdling. Suchinstruc-
tions include EPA or other government agency
regulations or requirements concerning the safe
useof the pesticide product. For example, apes-
ticidelabd might state:

Useof thisproduct inamanner inconss-
tent with the Pesticide Use Bulletin for
Protection of Endangered Soeciesisavio-
lation of Federd law. Restrictionsfor the
protection of endangered species apply
tothisproduct. If restrictionsgpply tothe
areain which this product isto be used,
you must obtain the Pesticide Use Bulle-
tinfor Protection of Endangered Species
for that county.

Thisstatement probably would betheonly indica:
tiononthepedticidelabd orinthelabding thet other
usedirectionsand restrictionsapply tothe product.
Ingenerd, thisstatement will havenodirect impact
onyoutheapplicator. However, aproduct may be
removed fromthemarketplaceif it hastoo great an
impact on endangered species.

Youarerespongblefor determiningwhether theregu-
lation, bulletin, or other document referredtoonthe
pesticide product labeling appliesto your Situation
and your intended use of the pesticide product. If
the document isapplicable, youmust comply with
al thespecific directionsfor useand other require-
mentsthat it contains. Thesedocumentsdo not a-
waysaccompany the pesticide product whenitis
sold. Ingtead, you may haveto get the additional
directionsand requirementsfrom other sourcessuch
aspedticide dedlersor company representatives,
indugtry or commodity organizations, universities, or
ArizonaCooperative Extension.
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Thisreferenceto other documentsisanew prac-
tice. Itisnecessary becausethereisnolonger room
onthetraditiond pesticidelabel toexplainthere-
quirements of al laws and regulations that may
apply tothe user. For example, EPA hasadopted
or isconsidering new requirements concerning:

groundwater protection

endangered speciesprotection
pesticidetransportation, storage, and disposd
worker protection

pesticidelabeling

Some of these are general-use directions that
apply to all pesticides, so one copy should be
sufficient for each affected user. In other cases,
the instructions and restrictions apply only in
certain geographical areasor to certain uses of
a pesticide product. Copies of the applicable
directionsfor usein the specific situation need
to bedistributed only to the affected users.

The decision by EPA not to require all of the
applicable directions for use to be distributed
with each pesticide product places greater re-
sponsibility on the pesticide user. One sentence
or paragraph on a pesticide label may be the
only noticeyou will receivethat additiona use
directionsarerequiredin order for the product
to be used in compliance with itslabeling.

Youmust:

® determinewhether you areaffected

* |ocatethegpplicabledirectionsfor use

® determinehow to comply withtheingructions
and requirementsinthedirectionsfor use

¢ comply withthoseingructionsand requirements

Precautionary Statments - 15

Thesdeand back pandsof labelsoftenlist other
precautionsto take while handling the product.
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® Donot contaminatefood or feed

® Removeand wash contaminated clothing be-
forereuse

®  Wachthoroughly after handling and beforeeat-
ing or smoking

® Washclothesdally

® Notfor useor storagein and around ahouse

® Do not dlow children or domestic animas
into thetreated area

Warning!

Keep out of reach of children.
See additional warning
statements on back of container.

Hazar dsto Humansand Domestic Animals

Route of entry statements, whichimmediately fol-
low thesgnd word, etheronthefront or Sdeof the
pesticide label, indicate which route(s) of entry
(mouth, skin, lungs, eyes) youmust particularly pro-
tect. Many pedicide productsarehazardousby more
than oneroute of entry, so study these statements
caefully. A DANGERsSgnd wordfallowedby“May
befad if swdlowed orinhded’ givesyou afar dif-
ferentwarningthan, “ DANGER: Corrosve—causss
eyedamageand severeskinburns”

Typicd DANGER labd gatementsincude:

* Fadifswdlowed

* Poisonousifinhded

® Extremdy hazardousby skin contact—rapidly
absorbed through skin

* Corrosdve—caussseyedamageand severeskin
burns

Thesestatementsarenot uniformondl labelsand
many variationsmay befound. Morethanone, or,
insomecases, dl four precautionsmay begtated on
thesamelabd.
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Typica WARNING labd statementsinclude:

® Harmful or fatal if swallowed
® Harmful or fatd if absorbed throughthe skin
® Causssskinandeyeirritation

StatementsonaWARNING label may beexactly
likethosefound onaDANGER l|abdl or aCAU-
TION labd. There may be acombination of the
two, for example: “Harmful or fatd.”

Typica CAUTION label statementsinclude

Harmful if swallowed

May beharmful if absorbed throughtheskin
May beharmful if inhaed

May irritateeyes, nose, throat, and kin

CAUTION datementsmay vary condderably. They
usudly aremoremoderatethanthe tatementsfound
onaDANGERIabd, oftenusng“harmful” insteed
of “fatd” or“poisonous’; “irritant” instead of “ cor-
rogve’; and qudifying thewarningswith“may” or
“may be” Thisisinkegpingwith productshavinga
CAUTION labdl.

“Specificaction datements’ arestatementsthat fol-
low therouteof entry gatements. They recommend
the specific action needed to prevent poi soning.
Thesegatementsaredirectly rdated tothetoxicity
of the pesticide product (signal word) and route(s)
of entry that must be protected.

DANGER labelstypically contain statements
suchas:

® Donot bresthevaporsor spray mist
® Donotgetonskinor clothing
®* Donotgetineyes

(Y ouwould not ddiberately sivalow the pesticide,
sothe”Donot swalow” statementisomitted.)

CAUTION labesgenerdly contain specific action
gaements that are much milder than those on the
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DANGER labd:

® Avoid contact with skin or clothing

* Avoidbreathing dusts, vapors, or spray mists
* Avoidgetingineyes

Thesegatementsindicatethat thetoxicity hazardis
not asgreat. Thespedific action satementshelpyou
prevent pesticide poisoning by taking the neces-
sary precautions and wearing the correct protec-
tiveclothing and equipment.

Personal Protective Equipment
Statements - 16

Immediately following the satementsabout acuite,
ddayed, anddlergiceffects thelabdingusudly ligts
persond protectiveequipment requirements. These
Satementsted| you theminimum persond protective
equipment you must wear whenusing thepesticide.
Sometimesthestatementswill requiredifferent per-
sond protectiveequipment for different pesticide
handling activities. For example, an goron may be
required only during mixing andloading or equip-
ment deaning. Sometimesthegatementswill dlow
reduced persona protective equipment whenyou
use safety systems, such asclosed mixing equip-
ment or enclosed cabs.

Warranty/Misuse Statement - 17

Directly under theheading“ Directionsfor Uss” on
evay pesticideproduct labdingisthefallowing date-
ment: “Itisaviolation of Federa law to usethis
product inamanner incondgent withitslabding.”

Storage and Disposal - 18

All pesticidelabd scontain generd indructionsfor

the appropriate storage and disposal of the pesti-

cideanditscontainer. Typicd satementsinclude;

® Notforuseor storagein or around the home

* Storeaway fromfertilizers, insecticides, fun-
gicides, and seeds
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* Storeat temperatures above 32°F (0°C)

® Do not store above 100°F for extended
periods

® Donotreusecontainer

® Donot contaminatewater, food, or feed by gor-
ageand disposa

® Opendumpingisprohibited

® Triple-rinseand offer thiscontainer for recy-
cling or reconditioning, or disposein an ap-
proved landfill

® Useexcessor digposeaf inangpproved landfill

* Donotreusebhag

Y oushouldtry todeterminethebest dorageand dis-
posd procaduresfor your operationandlocation. These
Satementsmay gopear inagpedd ssctionof thelabd
tiled” Storageand Digposal” or under heedingssuchas
“Important,” “Nate” or Generd Ingructions” For ad-
ditiond information on proper pesticidedisposa and
dorage, contact theArizonaDepartment of Agriculture
or theDepartment of Ervironmenta Qudity.

Worker Protection Standard - 19

Thisstandard containsdl therequirementsfor the
protection of agricultura workersonfarms, forests,
nurseries, and greenhousesand handlersof agricul-
tural pesticides. It tellsyou about therequirements
for training, decontamination, natification and emer-
gency assistance.

V. Other Statements

Delayed Effects Statements

The labeling of pesticides that the EPA con-
sidersto have potential to cause delayed effects
must warn you of that fact. These statements
will tell you whether the product has been
shown to cause problems such astumorsor re-
productive problemsin laboratory animals.
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Aller gic Effects Statement

If tests or other data indicate that the pesticide
product haspotentia to caused|ergic effects, such
asskinirritation or asthma, the product labeling
must statethat fact. Sometimesthelabding refers
todlergic effectsas sengtization.

Physical or Chemical Hazards

Thissection of thelabd will tell you of any spe-
cid fire, explosion, or chemicd hazardsthe prod-
uct may pose. For example:

®  FHammable— Do not use, pour, spill, or store
near heat or an openflame. Do not cut or weld
container

® Corrosve— Storeonly inacorrosgonresstant
tank

NOT E: Hazard satements(hazardsto humansand
domegticanimds environmentd hazards, and phys-
ca-chemica hazards) arenot located inthe same
placeondl pesticdelabds Somenewer labd sgroup
theminabox under theheadingslisted above. Other
labesmay list them onthefront pand benesththe
sgnd word. Still, other labd slist thehazardsin para:
grgphform somewhered seonthelabd , under head-
ings such as“Note” or “Important.” You should
searchthelabd for satementswhichwill hepyou
to gpply the pesticide safdy and knowledgegbly.

Additional I nformation on Restricted-Use

When apesticideisclassified asrestricted, the
label will state RESTRICTED-USE PESTI-
CIDE in a box at the top of the front panel.
Below thisheading may be astatement describ-
ing the reason for the restricted-use classifica
tion. Pesticides that are unclassified have no
designation on the product label. Only acerti-
fied pesticide applicator may use or supervise
the use of restricted-use pesticides. Under fed-
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eral law, there are two types of certified pesti-
cide applicators: private applicators and com-
mercial applicators.

Certified privateapplicator suseor supervisethe
useof restricted-use pesticidesto produce an agri-
cultural commodity on property owned or rented
by them or their employers, or onthe property of
another person withwhom they trade services.

Certified commer cial applicators, ontheother
hand, use or supervise the use of restricted-use

pesticideson any property or for any purposecther
thanthat listed for certified privategpplicators.

Certification requirestesting for competency in
the safe and effective handling and use of re-
stricted-use pesticides. Arizonacertificationis
morerestrictivethan federal certification. The
state requires competency testing in both the
“CORE" and “category” for commercia ap-
plicators. In addition, we require all certified
applicatorsto complete either three (private) or
six (commercial) hours of continuing educa-
tion units (CEUS) per year. For complete de-
tails see the chapter on “Pesticide Laws and
Regulations.”

Examplesof restricted-usesatementson pesticide
labdsindude:

® RESTRICTED-USE PESTICIDE dueto acutetox-
icity and toxicity to birdsand mammals. For
retail sdleand useonly by certified gpplicators
or personsunder their direct supervisonand
only for those uses covered by the certified
goplicator’ scertification.

® RESTRICTED-USE PESTICIDE duetovery high
acutetoxicity to humansand birds. For retail
saleto and use only by certified applicators
or personsunder their direct supervisonand
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only for those uses covered by the certified
applicator’ scertification. Direct supervision
for thisproduct isdefined asthe certified ap-
plicator being physicaly present during ap-
plication, mixing, loading, repair, and clean-
ing of goplication equipment. Commercid cer-
tified gpplicatorsmust dso ensurethat dl per-
sonsinvolvedintheseactivitiesareinformed
of the precautionary statements.

® RESTRICTED-USE PESTICIDE dueto onco-
genicity (e,g., tumor-causing). For retall sale
and useonly by certified applicatorsor per-
sonsunder thelir direct supervision and only
for those uses covered by the certified
applicator’s certification. The use of this
product may be hazardousto your health.
This product contains [active ingredient],
which has been determined to cause tumors
in laboratory animals.

® RESTRICTED-USEPESTICIDE duetogroundwa:
ter concern. For retall sdleto and use only by
certified gpplicatorsor personsunder ther direct
upavisonandonly for thoseusescovered by the
catified goplicator’ soartification. Usersmudt reed
andfdlowdl precautionary Satementsandindruc-
tionsfor useinorder tominimizepotentid of the
pestiddereechinggroundweter.

V. When Do You Read the
Labd?

Before you buy a pesticide, read the labdl to de-
termine:

* whetheritisthepesticideyou needfor thejob

* whether the pesticide can be used safely un-
der the application conditions

* where the pesticide can be used (livestock,
crops, structures, etc.)
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® whether there are any restrictionsfor use of
thepesticide
®  how much product you need

Before you mix the pesticide, read thelabel to de-
termine

what protective equipment you should use
what the pesticide can be mixed with (com-
patibility)

how much pesticideto use

how to mix the pesticide

Before you apply the pesticide, read the label to
determine:

what safety measuresyou should follow
when to apply the pesticide (including the
waiting period for cropsand animals)

* how to apply the pesticide

Before you store or dispose of the pesticide or
pesticide container, read thelabe to determine:

where and how to storethe pesticide;
how to decontaminate and dispose of the pes-
ticidecontainer and

® where and how to dispose of surplus pesti-
cidesby public
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ers. They must be provided to employersand
distributorswiththeinitial shipmentsand with
thefirst shipment after an MSDSisupdated.
If the chemical manufacturer or importer be-
comes aware of new significant information
regarding the hazards of achemical, or ways
to protect against the hazards, thisnew infor-
mation must be added to the Material Safety
Data Sheet within three months. Distributors
must provide MSDSto their customers also.

Thereisno format specified for MSDSs; how-
ever, they must be in English and must in-
cludethefollowing information:

1. Product identification. The identity on
the label of the chemical used.

2. Warning statement. The warning state-
ment that appears on thelabel.

3. Except for trade secrets, the specific
chemical names and common namesfor
the hazardousingredients.

4. Physical and chemical properties. These
might include appearance, odor, specific
gravity, evaporation rate, solubility inwa:
ter, and water reactivity, among others.

5. Fire and explosion hazard information.
Information in this section might include
the product’ sflash point (thetemperature
at which the product might ignite), fire
extinguishing methods, and fire control
tactics.

6. Reactivity data. Providesinformationon
productsor chemicalswith which the sub-
ject product might beincompatible.

7. Health hazard information. Theinforma-
tion provided here would include emer-
gency and first aid procedures, toxicity
data, and chronic toxicity data.

8. NFPA hazard rating (if available). Rat-
ing scaleisfrom O (least) to 4 (severe),
for fires..
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9. Precautionsfor safehandling and use. Pro-
vides information on control and protec-
tive measures, aswell as spill or leak and
disposa procedures.

Specid precautions.

Additiond regulatory information (if any).
Appendix (if any).

Source and dateinformation.

10.
11.
12.
13.

The MSDS can also be used for chemical
emergency planning. Valuable information
such as precautions for safe handling and
storage, steps to be taken if the material is
spilled or released, incompatibilities, and spe-
cial fire fighting procedures, are contained
on the MSDS.

The MSDS allows the applicator to evaluate
the potential physical and health hazards of
chemicals being considered or used. Thisal-
lows, when possible, the selection of lesshaz-
ardous substitutes.

For the purpose of preparing Material Safety
Data Sheets, OSHA has defined a* hazardous
chemical” asany chemical whichisa*physi-
cal hazard” or “health hazard.”

The hazardstable below liststhe physical and
health hazards recognized by OSHA for inclu-
sionon MSDSs.

VIIl. Partsof theMSDS

The sections of the MSDS are numbered, and
each section isdiscussed in the following pages.

1. Product Identification

The hazardous chemical is identified on the
MSDS in the same manner as shown on the
label. Thismay beachemica name, codename,
number, or trade name.
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Physical Hazar ds
Combudtibleliquid OrganicPeroxide
Compressed gas Oxidizer
Explosve Undgable(reactive)
Pyrophoric Weater Reactive
Hammable
1. Aerosol
2.Gas
3.Liquid
4. Solid
Health Hazards
Cardnogen Hemotoxin (blood)
ToxicAgent Hepatotoxin(liver)
Highly ToxicAgent Nephrotoxin (kidney)
ReproductiveToxin Neurotoxin (nervoussystem)
[rritant Agent that damageslungs, skin,
Corrosive(totissue) €yes, or mucousmembranes
Sendtizer

— CAS Number (Optional)—Chemical Ab-
stract Service numbersprovidean additiona ref-
erencefor information concerning specific chemi-
cas. Thenumber identifiesthe specific compound
and alowsidentification regardless of the name
or naming system used.

— Date Prepar ed—Gives the date the MSDS
was prepared and a so providesareferencewhen
updated MSDS s have been prepared.

— Manufacturer—This section indicates the
manufacturer or importer of thehazardouschemi-
ca. The person or organization shown should be
an available sourcefrom which additiona infor-
mation on the hazardous chemical and appropri-
ateemergency procedurescan beobtained if nec-
essary. This section aso includes amailing ad-
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dressand telephone number for generd informa:
tion, an emergency telephone number, and atelex
number, if available.

2. Warning Statement
Giveswarning statement that appearson |abdl.
3. Hazardous Ingredients

The chemica and common namesof all ingredi-
ents that have been determined to be reportable
hedth hazardsarelisted.

If the hazardous chemical isasingle substance,
its chemical name and common names (syn-
onyms) are listed. The common names listed
should bethose ordinarily in usefor that product.
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If the hazardous chemical isamixturethat has
been tested asawholeto determineits hazard-
ous properties, the chemical and common
names of theingredientsthat contributeto those
known hazards and the common namesfor the
mixture arelisted.

If the hazardous chemica is a mixture that has
not been tested asawhol e, the chemica and com-
monnamesarelisted for al ingredientsthat are:

® determined to be health hazards and are
present at concentrations of 1% or more of
the mixture

® identified ascarcinogensand are present at
concentrations of 0.1% or more

¢ determined to be physical hazards when
present in the mixturel nclusion of the per-
centage compositionisoptiona. Unitsused
for these measurements are usually milli-
grams per cubic meter (mg/m?) or parts per
million (ppm).

4. Physical and Chemical
Characterigtics

Included are dataon what the materia or mixture
islike, how it reacts, and the conditionsof testing,
including the temperature scale (°F or °C) used.

— Boailing Point: Refers to the temperature at
whichamaterid boils, in degreesFahrenheit (°F),
under ordinary atmospheric pressure.

— Vapor Pressure: Indicates how much vapor
thematerid may giveoff. A highvapor pressure
indicatesthat aliquid will evaporateeasly.

— Vapor Dendty: Tels how heavy the pure
gaseous form of the materid isinrelation to air
(seetable below). High vapor dendties pose a
particular problem becausethese vaporswill col-
lect in the bottom of tanks.

11-19

Below 1.0......ccceneene. Vapor islighter than air
10 Vapor issameweight asair
Abovel0................. Vapor isheavier thanair

— Water Solubility: Indicates by weight the
solubility of themateria indigtilled water at 50°F.
The % listed below referstoweight of total solu-
tion, that is other than water, not the % of the
Substancethat will dissolve.

Negligible................... Lessthan 0.1% soluble
Sight ceeeeeeeieeeeeeee, 0.1%to 1% soluble
Moderae .........ccceevveeennen. 1%to0 10% soluble
Appreciable ................ Morethan 10% soluble
Complete................. Solubleinal proportions

— Specific Gravity: Showshow heavy thema
terid is compared to water and, if insoluble or
only partidly solubleinwater, telswhether it will
float or sink (seetablebelow).

Below 10.......... Materid islighter than water
10, Materid issamewelght aswater
Above 1.0......... Materid isheavier than water

— Evaporation Rate: Caution must beusedin
inter preting evaporation rate data.

— Water Reactivity: Indicatesif the chemica
reactswith water to releaseagasthat isflammable
or presentsahealth hazard.

5. Fire and Exploson Hazard

Flash Point and M ethod: Indicatesthetempera
tureat which aliquid will give off enough flam-
mablevapor toignite.

6. Reactivity Data

Thisinformationwill aidin safestorageand han-
dling of hazardous or unstable substances. Insta-
bility in responseto or incompatibility with wa-
ter, direct sun, metalsused in piping or contain-
ers, acid, akalies, and so on, should belisted.
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7. Health Hazard Data

Primary Routeof Entry—Indicatespo-
tentid routesof exposureto the hazardouschemi-
ca during the course of normal usage or afore-
seeableemergency. A “foreseeableemergency”
is one that would normally be planned for asa
presumed potentia occurrence determined by the
nature of the work. Equipment failure and rup-
ture of containers should be considered. If the
chemical isnot hazardous, thisisalsoindicated.

Signs and Symptoms of Exposure—
Describes most common sensations and symp-
tomsof an exposed person. Symptoms can vary
and many depend onindividud susceptibility, con-
centration, and thetype of materia. Attention
should be given to effects caused by eye contact,
skin contact, inhalation, and ingestion.

Emergency Firg Aid Procedures—In-
dicatesimmediatetemporary stepsto betakenin
case of eye contact, skin contact, inhalation, or
ingestion. Theseareemergency proceduresonly,
and thevictim should be examined by adoctor as
soon as possi bleafter exposure. Included arepro-
ceduresfor removing contamination from skinand
eyes, neutraizationif recommended, trestment for
inhdationincluding useof oxygenor artificid res-
piration, and what to do in case of ingestion.

Health Hazar ds— Indicatesacuteand/
or chronic hazards that result from exposure to
thehazardouschemicd. Acutehazardsarequickly
goparent effectsof thechemica asaresult of short-
term exposure and are usually of short duration.
Acute effectsincludetissuedamageor irritation,
aswell aslethal dose.

Chronic effects generally result from long-term
exposure. The effects may not be immediately
apparent and are likely to be of long duration.
Long-term changes in the body should be in-
cluded. Some of the characteristics of the chemi-
cascausing chronic effectsare
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Carcinogen (cancer-causing)

Teratogen (devel opmenta maformation)
Mutagen (mutation-causing)

Hemotoxin (blood)

Lungirritant

Hepatotoxin (liver)

Nephrotoxin (kidney)

Medical ConditionsGenerally Aggravated by
Exposur e—Indicatesmedical conditionsrecog-
nized as being aggravated by exposure.

8A. NFPA Rating (Optional)

TheNational Fire Protection Association
(NFPA) hasdeveloped asystem for indicating
the hedlth, flammability, and reactivity hazards
of chemicals. Inaddition, aspecid precaution
symbol may be used where necessary.

Rating Summary — Health

0- Nounusual hazard: Refersto short-
term contact or inhalation hazard only.

1- Caution: May beirritating.

2-Warning: May beharmful if inhaled or
absorbed.

3-Warning: Corrosveor toxic. Avoidskin
contact or inhalation.

4 - Danger: May befata on short exposure.
Specidized protective equipment required.

Flammability

0 - Minimal hazard: Materias normally
stable and will not burn unless heated.

1- Sight hazar d: Materidsmust be prehested
before ignition will occur. Flammable lig-
uidsinthiscategory will haveflash pointsat
or above 200°F.
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2-Moderatehazard: Materid must bemod-
erately heated beforeignition will occur, in-
cluding flammable liquids with flash points
at or above 100° F and below 200°F.

3- Serioushazard: Materidscapableof ig-
nition under amost al norma temperature
conditionsincluding flammableliquidswith
flash pointsbelow 73° F and boiling pointsat
or above 100°F, aswdll asliquidswith flash
pointsat or above 73° F and below 200° F.

Reactivity

0 - Minimal hazard: Materials normally
stableeven under fireconditionsand will not
react with water.

1- Sight hazard: Materidsnormaly stable,
but can become ungtableat high temperatures
and pressures. Thesemateridsmay react with
water, but will not releaseenergy violently.

2-Moderatehazard: Materidsinthemsaves
normally unstable and will readily react un-
der violent chemical change, but will not deto-
nate. Thesemateridsmay asoreact violently
withwater.

3- Serioushazard: Materidsreadily capable
of detonation or explosive decomposition or
reaction, but requireastronginitiation source
or must be heated under confinement.

4 - Severehazar d: Materidsreadily capable
of detonation or decomposition or explosive
reaction at normal temperature and pressure.
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Per sonal Protection
(Indicated by |etter designation)

Safety Glasses

Safety Glasses, Gloves

Safety Glasses, Gloves, Apron

Face Shield, Gloves, Apron

Safety Glasses, Gloves, Dust Res-

pirator

Safety Glasses, Gloves, Apron, Dust

Respirator.

Safety Glasses, Gloves, Vapor Res-

pirator

Splash Goggles, Gloves, Apron, Va-

por Respirator

|. Safety Glasses, Gloves, Dust and
Vapor Respirator

J.  Splashgoggles, Gloves, Apron, Dust

and Vapor Respirator

moowz»

n

K. AirLine Hood or Mask, Gloves, Full
Suit, Boots
X. Askyour supervisor for guidance

8B. HMIS Rating (Optional)
9A. Control and Protective M easures

The type of persona protective equipment, the
typeof ventilation to be used and the precautions
tobetakenwhenusingthematerid for itsintended
purpose aregiven.

Respirator Protection—Specifies type of res-
pirator to be used.

Pr otective Gloves—Givestypeof glovesinclud-
ing materiasof construction.

Eye Protection—Indicates type of eye protec-
tion, such asfull face shield or safety goggles.
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Ventilation—Specifies type of ventilation re-
quired in work areas and under what conditions
itissuitable.

Other Protective Clothingand Equipment—
Specifies when specia suits, clothing of specid
meateria and/or congtruction, or other speciad han-
dlingisrequiredfor persond protection.

Hygienic Work Practices—Indicates persond
hygienic steps to be taken when handling the
chemical to include washing hands after use, not
smoking, or disposal or laundering of contami-
nated clothing.

9B. Precautions for Safe Handling

— Precautionsto Be Taken in Handling and
Storage: Gives any specia precautions to be
taken in storage and handling such as avoiding
reaction hazardswith oxidizing agents, tempera-
ture, ventilation, or no smoking.

— StepstoBeTaken If Material 1sSpilled or
Released: Indicates any applicable precautions
to betaken in event of spillsor lesks, aswell as
specid equipment used for cleanup, such asglass
or plastic scoops and types of containers. Also
indicates specific absorbents, neutraization ma
terials, decontamination materials, whether evacu-
ationisnecessary or safety personnd arerequired.

— WagteDigposal M ethods. Givesmethodsfor
disposdl of spilled solidsor liquids. Methodsmust
awaysfollow federa, gateandloca regulations.

10. Special Precautions

Lists any other genera precautions to be taken
that have not previously been mentioned.
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Glossary of TermsUsed
onthe MSDS

Thefollowing terms have the meanings defined
herein for the development and preparation of
the MSDS. For additiona identification and
definition of hazards, refer to the regulations
cited indefinition.

Acute—Acting over short time period, mea-
sured in seconds, minutes, hours or days; re-
ferring to symptoms of high severity quickly
comingtocrisis.

Acuteeffectsof over exposure—Adverseeffects
normally evidentimmediately or shortly after ex-
posure to hazardous materia, without implying
degreeof severity.

Alopecia—Lossof hair.
Analgesa—L ossof sengtivity to pain.
Anesthesia—L ossof sensation or fedling.

Anthydride—Compound which when com-
bined with water gives acid or base.

Anhydrous—Free of water.

Anosmia—L ossof the sense of smell.
Anoxia—Lack of oxygenfrominspired air.
Anorexia—L ossof appetite.
Agueous—Water based solution.

Asphyxia—Unconsciousnessduetointerference
with oxygenation of blood.

Asphyxiant—V apor or gasthat can causein-
jury by reducing amount of oxygen available
for breathing.
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Ataxia—L oss of the power of muscular coor-
dination.

Atrophy—Wasting or diminutioninsize of part
of body.
Bradycar dia—Sow heartbesat. Rate below 60.

Bronchitis—Inflammation of thebronchia tubes
inthelungs.

Calorie—Heat required to raise 1 gm of water
from 15°to 16°C.

Carcinogen—Chemica demondtrated to cause
cancer in humans, or to cause cancer in animas
and, therefore, considered capable of causing can-
cer in humans.

Car cinoma—Malignant tumor or cance.

Catalys—Subgtancethat changesrate of chemi-
cal reaction without itself being used up.

Cataract—L oss of transparency of crystaline
lensof eyeor of itscapsule.

Chemiluminescence—Emission of light during
noncombustion chemical reaction.

Chronic—Acting over long time period, mea-
sured inweeks, monthsor years, referring todis-
ease symptomsthat develop dowly or that recur.

Chronic Effectsof Over exposure—Adverseef-
fectsdeveloping dowly over long timeperiod or
upon repeated prolonged exposureto hazardous
material, without implying degree of severity.

Combustible—Referringtoliquidshaving aflash
point at or above 100°F (37.8°C) but bel ow 200°F
(93.3%C).

Conjunctivitis—Inflammation of membranethat
lineseyelidsand coverseyebals.
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Cornea—Transparent structure of externa layer
of eye.

Corrosive material—Chemical liquid or solid
that causesvisible destruction or irreversible al-
terationin human skintissueat siteof contact or,
incaseof leakagefromitspackaging, liquid that
hasseverecorrosonrateon stedl.

Cutaneous—Pertainingto skin.

Cyanaoss—Purplish (cyanotic) coloration of skin
and mucous membranesdueto deficient oxygen-
ation of blood.

Der matitis—Inflammation of skin.
Dyspnea—Difficulty inbreathing.

Edema or Swelling—Accumulation of fluid
intissues.

Electr olyte—Any substancethat, in solution, con-
ductseectric current.

Embolism—Obstruction of blood vessd by clat,
mass of bacteria, or other foreign material.

Emphysema—Swelling due to presence of air
inconnectivetissuesof lungs. Inability of lungs
tofully deflatewhen exhding.

Epistaxis—Nosebleed; hemorrhagefrom nose.

Explosve—Referring to chemicd that causes
sudden, dmost ingtantaneousrel ease of pressure,
gas, and heat when subjected to sudden shock,
pressure, or high temperature.

Exposur e—Instancewhereemployeeisexposed
to hazardous chemical in course of employment
through any route of entry (inhaation, ingestion,
skin contact, or absorption, etc.), andincludespo-
tentia (e.g., accidenta or possible) exposure.
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Flash Point—Minimum temperature at which
liquid givesoff vapor in sufficient concentration
toignitewhen tested.

For eseeable emer gency—Any potentia occur-
rence such as, but not limited to, equipment fail-
ure, rupture of containers, or failure of control of
equipment that could result in uncontrolled release
of hazardous chemical.

Gangrene—Desth of tissue combined with pu-
trefaction.

Gastr oenter itis—I nflammation of somach and
intestines.

Hazar douschemical substanceor mixture—
Substance that is one or more of following: ex-
tremely toxic materia, highly toxic materid, toxic
materid, corrosvematerid, irritant, strong send-
tizer, dangeroudy reactive materia, extremely
flammable materia, combustible liquid, pyro-
phoric materia, strong oxidizer, pressure-gener-
ating material, or compressed ges.

Health hazar d—Chemica for whichthereissa
tigtically sgnificant evidencebased on et least one
study conducted in accordance with established
scientific principles that acute or chronic health
effectsmay occur in exposed employees.

Hematuria—Bloodinurine.

Highly toxic—Referring to chemical faling
withinany of following categories:

1. Danger: A chemicdl that hasamedian letha
dose(LD,,) of 5S0milligramsor lessper kilo-
gram of body weight when administered
oraly to albino rats weighing between 200
and 300 gramseach.

2. Warning: A chemicd that hasamedianle-
tha dose(LD,) of 200 milligramsor lessper
kilogram of body weight when administered
by continuous contact for 24 hours(or less, if
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death occurs within 24 hours) with the bare
skin of abino rabbitsweighing between 2 and
3kilogramseach.

3. Caution: A chemica that has a median le-
thal concentration (LC, ) inair of 200 parts
per million by volumeor lessof gasor vapor,
or 2milligramsper liter or lessof mist, fume
or dust, when administered by continuousin-
halation for one hour (or less, if death occurs
within one hour) to abino ratsweighing be-
tween 200 and 300 grams each.

Hygr oscopic—Absorbing moisturefromair.

Hypoxia—Insufficient oxygen reaching
body cells.

I nflammation—Rednessand swelling of tissue
dueto someirritation.

Ingestion—Taking in of substance through
mouth.

I nhibitor—A chemica usedto prevent unwanted
chemical changefrom occurring.

I ridocyclitis—Inflammation of bothirisand cili-
ary body.

I rritant—Chemical substance or mixture, not a
corrosive, that on immediate, prolonged, or re-
peated contact with norma living tissuesinduces
loca inflammatory response in skin, eyes, or
mucous membranes.

K etosis—Condition marked by excessive pro-
duction of ketonesin body.

L acrimation—Discharge of tears.

L avage—Washing of hollow organ, such
as stomach.
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L C,, (Medianletha concentration)—Concen-
trationinair of gas, vapor, mist, fume, or dust
for given period of time that is most likely to
kill one-haf of group of test animalsusing speci-
fied test procedure. Inhalationisroute of expo-
sureandthevalue LC_ isusually expressed as
parts per million or milligrams per cubic meter
(ppm or mg/m?3).

LD,, (Medianletha doss)—Dosage of substance
or mixture that is most likely to kill one-haf of
group of test animals using specified test proce-
dure. Thedoseisexpressed astheamount of poi-
son per unit of body weight, the most common
expression being milligramsof materia per kilo-
gram of body weight (mg/kg of body weight).
Usually refersto ora or skinexposure.

LEL (lower explosvelimit)—L owest concen-
tration of gasor vapor (percentage by volumein
air) that will burn or explodeif ignition sourceis
present.

M alaise—Fedling of generd discomfort, distress,
Or uneasiness.

M etabolism—Chemical changes whereby
body functions.

M SDS (Materid Safety Data Sheet)—Document
containing information and ingtructionson chemi-
ca and physical characterigtics of substance, its
hazardsandrisks, safe handling requirements, and
actionsto betakenin event of fire, spill, overex-
posure, and so on.

M utagens—Chemicalsor physica effectsthat
can alter genetic material in an organism re-
sulting in physical or functional changesinall
subsequent generations.

Nar cos s—Stupor or unconsciousness produced
by narcotic drug.

Nausea—rFeding of sicknessto stomach.

Necr oss—L ocal death of tissue.
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Nystagmus—Spasmic, involuntary motion of
eyebdls.

Oliguria—Low volumeof urine.

Oxidizer—Chemica other than blasting agent or
explosive that initiates or promotes combustion
in other materids, thereby causing fire either of
itself or through release of oxygen or other gases.

Oxidizing agent—chemica that suppliesoxygen
inchemical reaction.

Physical hazard—Chemica for which thereis
scientificaly vaid evidencethat it iscombustible
liquid, compressed gas, explosive, flammable,
organic peroxide, oxidizer, pyrophoric, unstable
(reactive), or water-reactive.

Polymerization—Chemical reaction in which
two or more small molecules combine to form
larger moleculesthat contain repesating structura
units. Reaction often generates heet.

Pulmonary edema—Fluidinlungs.

Pyrolysis—Chemical decomposition produced
by heating.

Pyrophoric material—Chemica substance or
mixture that will ignite spontaneoudly in dry or
moist air at or below 130°F (54.4°C).
Reactivematerial—Chemica substanceor mix-
turethat may vigoroudy polymerize, decompose,
condense, or become sdlf-reactive under condi-
tionsof shock, pressure, or temperature; and that
falswithin any of following categories:

1. Explosvematerial

2. Organicperoxide

3. Pressure-generatingmaterial

Water-reactivematerial
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Reactivity—Measure of tendency of asubstance
to undergo chemical reaction with release of en-

ergy.

Reducing agent—Chemical that removesoxy-
geninchemical reaction.

Sengtizer—Chemical substance or mixturethat
causes substantial number of personsto develop
hypersengtive, alergic, or photodynamic reac-
tioninnormal tissue upon regpplication of chemi-
ca substance or mixture.

Strong oxidizer—Chemica substance or mix-
turethat initiatesor promotescombustionin other
materials, thereby causing fire elther of itsalf or
through rel ease of oxygen or other gases.

Teratogen—Chemical that has been demon-
strated to cause physica defects in developing
embryo.

Threshold Limit Value (TLV®)—Airborne
concentration of substance whichiit is believed
nearly al workers may be repeatedly exposed
day after day without adverse effect.

T oxic—Referring to chemical withinany of fol-
lowing toxic categories:

1. A chemicd that has a median letha dose
(LD,,) of morethan 50 milligramsper kilo-
gram but not more than 500 milligrams per
kilogram of body weight when administered
oraly to abino rats weighing between 200
and 300 gramseach.

2. A chemica that has a median lethal dose
(LD,,) of morethan 200 milligramsper kilo-
gram but not morethan 1,000 milligrams per
kilogram of body weight when administered
by continuous contact for 24 hours (or lessif
death occurswithin 24 hours) with the bare
skin of albino rabbits weighing between 2
and 3 kilograms each.
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3. A chemical that hasamedian |ethal concen-
tration (LC,)) in ar of more than 200 parts
per million but not morethan 2,000 parts per
million by volume of gas or vapor, or more
thantwo milligramsper liter but not morethan
20 milligrams per liter of mist, fume, or dust
when administered by continuousinhalation
for one hour (or less, if death occurs within
one hour) to abino rats weighing between
200 and 300 grams each.

Unstable—Chemicd that in purestate, or aspro-
duced or transported, will vigoroudy polymer-
ize, decompose, condense, or will become self-
reactive under conditions of shock, or elevated
pressureor temperature.

AbbreviationsUsed onthe
MSDS

AQTX = aquatic toxicity

am = atmosphere

ca = (circa) about

CAR = carcinogenic effects

cc = cubic centimeter

CC = closed cup

CFR = Code of Federa
Regulations

CNS = central nervoussystem

COoC = Cleveland open cup

conc = concentration

cumorm?® = cubic meter

CWA = Clean Water Act

decomp = decomposeor
decomposition

DOT = Department of
Trangportation

EPA = Environmentd Protection
Agency

FR = Federd Register

G.l.or Gl = gastrointestind

gorgm = gram
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HW

I

inhl
insol
IRDS
IRR
kg

I

LEL
LFM
m3
MESA

mg

mi

mm Hg
MLD
MW
NEO
NIOSH

NOx
OSHA

pH

PMCC
POx
ppb
ppm

ppt
PUL

RCRA

RQ
SCBAF

SCC
soln

Sox

SYS
TCC
temp
TER

hazardous waste TFX = toxic effects

intermittent TOC = Tagliabue open cup
inhaation torr = mm Hg pressure
insoluble TSCA = Toxic Substances Control
primary irritation dose Act

irritant effects (systemic) UEL = upper explosivelimit
kilogram > = greater than

liter < = lessthan

lower explosivelimit
linear feet per minute
cubic meter

Mining Enforcement and
Safety Administration
milligram

milliliter

millimetersof mercury
mildirritation effects
molecular weight
neoplastic effects

National Institute of Occu-
pationa Safety and Hedlth
oxidesof Nitrogen
Occupational Safety and
Hedth Administration
symbol used to expressacid
concentration
Pensky-Martensclosed cup
oxides of phosphorus
parts per billion

partsper million

parts per trillion
pulmonary systemseffects
Resources Conservation
and Recovery Act
reportable quantity
self-contained breathing
apparatuswith full
facepiece

Setaflash closed cup
solution

oxidesof Sulfur

systemic effects
Tagliabue closed cup
temperature

teratogenic effects
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Chapter Two
The Pesticide Label & the MSDS — Question and Answer Review

1. Q.
A.

Why is the MSDS sheet the cornerstone of the Hazard Communication Standard?
It providesinformation about the chemicd substancesof aproduct, safe handling procedures, first aid
measures, and proceduresto betaken when the product isaccidentaly spilled or rel eased.

. What doestheM SDSallow for theevaluation of?

. TheMSDSallowsfor theeva uation of potential physical and health hazards of chemicalsbeing

considered for or presently used at afacility.
List thepartsof an MSDS.

| dentity, warning statement, hazardousingredients, physica and chemicd characterigtics, fireand
explosion hazard information, reactivity data, health hazard data, precautions for safe handling
(including exposure control methods, spill or leak procedures, and specia precautionsfor handling
and storage), additional regulatory information (if any), gppendix (if any), and source and date
information.

List thephysical and chemical characteristicson an MSDS.

. Thephysica and chemical characteristicsconsst of: boiling point, vapor pressure, vapor density,

water solubility, specific gravity, evaporation rate, and water reactivity.

Namethe health hazard datalisted on an M SDS.

. They are primary route of entry, signsand symptoms of exposure, emergency first aid procedures,

acute and chronic health hazards, and medica conditionsgener ally aggravated by exposure.

. What stepsshould betaken if amaterial isspilled or released?

. These steps are listed on the MSDS and include such things as avoiding breathing gases and

vapor, avoiding skin contact with the chemical, and removing sources of ignition; specia equip-
ment needed to clean up, such asglassor plastic scoops, typesof containers, and specific absorbents,
and neutralization and decontamination materials. Alsoindicatediswhether evacuationisneces-
sary or safety personnd arerequired.
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9. Q.

10. Q.

11. Q.

12. Q.

. Explain thediffer ence between theter mslabel and labeling.

. Thelabd istheinformation printed on or attached to the pesticide container. Labeling includesthe

label itsalf, plusall other information referred to on thelabe such asthe Worker Protection Stan-
dard, endangered speciesmaps, etc..

. What dothewor ds*“ Restricted-Use Pesticide’ tell you about the pesticide product?

“Restricted-Use Pesticide’” meansthat the product has been shown to belikely to harm people or
theenvironment if itisnot used correctly. It may be purchased and used only by certified applica-
torsand those under their direct supervision.

Explain thediffer encesbetween chemical name, common name, and brand name. Which of
thesetermsshould you useto most accurately identify apesticide product?

. Thechemical nameisacomplex namethat identifiesthe chemical componentsand structureof a

pesticide. A common nameisashorter namethat EPA recognizesasasubstitutefor the chemical
name of aproduct. A brand nameisthe name—usually atrademark—used by achemica com-
pany to identify a pesticide product. The common name (or the chemical nameif no common
nameisgiven) isthe most accurate and useful way to identify apesticide product.

Name and explain the meaning of the signal words and symbols you may see on a
pesticide product.

CAUTION indicatesthat the pesticide is dightly toxic or relatively nontoxic. WARNING indi-
catesthat the pesticide product ismoderately toxic. DANGER indicatesthat the pesticide product
ishighly toxic. POISON and the skull and crossbhonesindicatethat the pesticide product ishighly
toxic asapoison, rather than asaskin or eyeirritant.

What typeof hazard statement should you look for in the pesticidelabeling?

. Youshouldlook for precautions about hazardsto humans (and domestic animals), environmental

hazards, and physical/chemica hazards.
What types of precautionary statements may be included in the labeling section entitled
“HazardstoHumans’ ?

. Acute effects precautions, delayed effects precautions, allergic effects precautions, and per-

sonal protective equipment requirements may bein the section of thelabeling titled “ Hazards
to Humans.”
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13. Q.

14. Q.
A.
15. Q.

A.
16. Q.

What isthemeaning of thestatement: “ It isaviolation of Federal law tousethisproduct in
amanner inconsstent with itslabeling” ?

Itisillegal to useapesticideinany way not permitted by thelabeling. A pesticide may be used only
on the plants, animals, or sitesnamed in the directionsfor use. Y ou may not use higher dosages,
higher concentrations, or more frequent applications. Y ou must follow al directionsfor use, in-
cluding directions concerning safety, mixing, diluting, storage, and disposal. Y ou must wear the
specified persona protective equipment even though you may berisking only your own safety by
not wearingit.

Arethewords* Keep Out of Reach of Children” on all pesticidelabels?

Yes. All pesticidelabels have thewarning “ Keep Out of Reach of Children.”

Doesthelabd specify theprotective equipment necessary for cautioususeof each pesticide?
Yes. Thelabe will satethe necessary protective equipment.

If theintended useisnot listed on thelabedl, but you ar e pretty sureit works, should you go
ahead and useit anyway?

A. No. Pesticidesaredeveloped to control pestson specific sites. Useof apesticideonasitenot listed on

17. Q.

18.Q.

19. Q.

20. Q.

thelabd isillegal.

If you useanonregistered material and problemsarise, areyou liable, or isit just toobad for
your client?

. Thepesticide applicator isliablefor themisuse of apegticide.

The pesticide and the label will be registered by EPA only when what four things
are protected?

. Theapplicator, fish and wildlife, the environment, and the consumer are protected.

What labels must carry an antidote statement and the sentence “ Call a physi-
cian immediately” ?

“Danger” labdls.

What directionsfor usecan you find on thelabel ?

. Thepeststo be controlled by the pesticide, theratefor application, and the methods of application.
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21. Q.

2. Q.

23. Q.

What other recommendationsareon thelabd?

. Therecommended crop and site, the equipment, quantity of pesticide, mixing directions, compat-

ibility with other products, health precautions, and thelocation and timing of applications.

Name the five different times you should read the label and give the reasons why for
each one.

. The five different times are: (1) before buying, (2) mixing, (3) applying, (4) storing, and (5)

disposing of pesticides.

Onthe"*Misuse Statement” (i.e. Storageand Disposal), legal disposal stepsarerequired
for , and the .

. Thelabd specifiesdisposa stepsfor the excess pesticide, rinsate, and the container.
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Chapter 3

Pesticide Types & Formulations

Many of ushave used theword pesticide, but how
often haveweredly thought about what it means?
Accordingto Federd law, asdefined by theamended
Insecticide, Fungicide and Rodenticide Act
(FIFRA), apesticide isany substance or mixture of
substancesintended for destroying, preventing or
mitigating insects, rodents, nematodes, fungi or
weeds, or any other formof lifedeclared to bepests;
and any subgtanceor mixtureof substancesintended
for useasaplant regulator, defoliant, or desiccant.

Many new chemicasare being developed which
donat fit our traditiona viewsof what apedticideis
and how it should be gpplied. For example, arein-
sect pheromonespedticides? What areplant growth
regulators? Isdish detergent apesticidewhenitis
usedtokill whiteflies?

Pesticidesthat target aparticular group of organ-
isnsaregiven oedificnamestoreflect ther activity.
Thenamesarederived fromtheLatin or scientific
nameforthegroup (Table3.1). Theendingor suffix
-cide meanskill or killer. But not dl pesticidesend

Table 3.1. Mgjor Pesticide Families

Pesticide Type Used Against

Acaricide Mites

(miticide)

Algicide Algae

Avicide Birds (Aves)

Bactericide Bacteria

Fungicide Molds, mushrooms, fungal
diseases (Fungi)

Herbicide Weeds

Insecticide Insectsand related animals

Molluscicide Snailsand dugs (Mollusca)

Nematocide Nematodes

Rodenticide Rats, mice or other rodents

with-cide. Examplesincdude: growth regulators,
whichgimulateor retard thegrowth of pests; defo-
liants, which cause plants to drop their leaves,
dessicants, which speed the drying of plantsfor
mechanicd harvest or causeinsectstodry out and
die; repellents which repel pests, attractants,
which attract pests, usually to a trap; and
chemosterilants, which gterilize pests. Phero-
mones, are scents produced by animasto com-
municate to other members of the same species,
they are used asattractantsto monitor or trap in-
sects Fndly, thetermbiocide isoftenreferred to
asapedticidethat killsawiderange of organisms
andistoxicto both plantsand animas.

1. Pesticide Classification

Pesticidesmay be put into categoriesor “class-
fied” inseverd ways Origindly dassfied according
to the ways they entered the pest, pesticides are
now dso dassfied according tother chemicd prop-
erties(Table3.2).

Modes of Entry & Chemical Group

Theways pesticides comein contact with or en-
ter the target are called modes of entry. These
include contact, systemic, stomach poisons, fu-
migants, and repellants.

Contact pesticidesmust comeinto physical con-
tact with the pest to be effective. Contact herbi-
cideskill only the plant partsto which they are
applied. For example, diquat bromideisacon-
tact herbicide used to control broadleaf weeds.
Contact insecticides may kill theinsect when ap-
plied directly, or may kill when an insect contacts
aresidueonasurface.

Systemic pesticidesare gpplied to either plantsor
s0il and trand ocated or moved throughout plants.
Systemic herbicides aretaken up by thefoliage or
therootsand movethroughout thetarget plant, and
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Table 3.2: Common pesticide chemical groups.

CHEMICAL GROUP

EXAMPLE

MODE OF ACTION

INSECTICIDES
Organachlorines DDT, methoxychlor Contact
Organophosphates Malathion, ethyl-parathion, Contact/stomach poison
Diazinon
Carbamates Methomyl (Lannate®), Contact/stomach poison
Carbaryl (Sevin®)
Botanicals Nicotine, rotenone Contact/stomach poison
Pyrethroids Permethrin (Ambush®) Contact
Fumigants Methyl bromide Fumigant
Insect growth regulators Methoprene Systemic
HERBICIDES
Inorganics Sodium chlorate Contact
Organic arsenicals MSMA, DSMA Contact/systemic
Phenoxy 2,4-D, MCAR MCPP Systemic
Amides Pronamide (Kerb®), alachlor Contact/systemic
(Lasso®)
Dinittoanilines Triflurdin (Treflan®), Contact
Oryzalin (Surflan®)
Triazines Atrazine (AAtrex) Systemic
Cyanazine (Bladex®)
Simazine(Princep)
FUNGICIDES
Inorganics Copper Contact
Sulfur
Triazines Anilazine (Dyrene®) Contact
Substituted aromatics Chlorothalonil (Bravo®) Contact

arecommonly usad to control established perennid
weeds. Systemic insecticides (e.g., ddicarb) are
gppliedto soil, movethroughthehost plant, and are
fed on by thetarget insect whenit chewsor sucks
ontheplant (Fig3.2). If theinsect doesnot feed on
theplant, it will not be controlled.

-4

Stomach poisons must beestento control thepest.
Baitsfor insects, birds, and rodentscontain toxins
that must betakeninterndly.

Fumigants are poisonsapplied asliquidsthat turn
to gas. Fumigantsare used to remove stored prod-
uct pestsfromfruits, vegetablesand grains, and are
used to control pestsinsoil.
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Figure 3.1 Systemic Pesticide

Repellents do not kill but are distasteful enoughto
keep pestsaway from treeted areas/commodities.

I11. Pesticide Types

INSECTICIDES
INORGANIC

Inorganicinsscticdesarenaturaly occurring chemi-
ca substancesthat do not contain the element car-
bon and, thus, are not derived from living things.
Someof thefirg pesticidesever used weredements
such assulfur or arsenic. Inorganic pesticidesin
generd are dow-acting, but havethe advantage of
having long-termresidud activity. Sulfurisdtill used
for thripscontrol incitrus,

ORGANIC

Organic insecticides contain the element carbon,
whichisthedementcommontodl livingthings Some
organicinsecticidesarederived fromliving things,
and othersare synthetic (man-made). Synthetic
insecticidesare manufactured chemicalsthat have
been modified from biologicad sources and sdected
for biologica activity, then manufactured. For ex-

ample, organophosphateswereinitidly discovered
in Germany during World Wer 11 by chemistslook-
ingfor asubgtitutefor nicotine.

Chlorinated hydrocarbons (also called orga-
nochlorines) werethefirst widely used group of
syntheticinsecticides. Devel oped during World
War 1, they aremade up of the elementscarbon,
hydrogen, and chlorine. Anexampleof achlori-
nated hydrocarbon isDDT (dichlorodiphenyl-
trichloroethane), which was used extensively
throughout theworld for many years. For anum-
ber of reasons, it wasbanned for usein the United
Statesin 1971. Infact, Arizonawasthefirst state
tolimititsusebecause of problemswith contami-
nated milk indairies.

Mogt pesticidesare attacked by heat, microorgan-
igns, water, or ultraviolet light after they aregpplied
and eventudly bresk downinto compoundsthat are
not biologicdly active. Chlorinated hydrocarbons,
ontheother hand, do not readily break down, but
bindto soil partidles. Becausethey perast for along
time, they aremorelikdy to pollutetheenvironment
by leachingintothegroundwater and by accumul at-
ing inthefatty tissues of nontarget organisms(see
bioaccumulation, Chapter 4). Currently, none of
the following are registered for use: chlordane,
methoxychlor and dicofol (an acaricide).

Organophosphates were developed to replace
someaf thechlorinated hydrocarbons Organophos-
phatesbreek down morergpidly intheenvironment
and arelesslikely to pose an environmentd risk.
However, they are, in generd, moreacutely toxic
than chlorinated hydrocarbons. Organophosphates
containthedement phosphoruslinked to oxygento
form the phosphate group. Methyl parathion and
chlorpyrifos arecommonly used organophosphates.

Carbamates werefirst developed inthe 1950's.
They contain carbon atomslinked to nitrogen and
oxygen. Ingenerd, they break down morerapidly
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than organophosphatesand havefairly high mam-
mdiantoxicty. Aldicarb, carbofuran, and carbaryl
are carbamates.

Pyrethroids weredevel oped by chemigtsby modi-
fying thebasic chemicd sructure of thebotanical
insecticdepyrethrum, originaly extracted fromthe
flowersof achrysanthemum (Fig 3.2). Knownfor
having aquick knockdown of insects, pyrethroids
(or synthetic pyrethroids) bresk down under ultra-
violetlight. Morerecent pyrethroidshave beenmodi-
fied to last longer in sunlight. Among these,
permethrin and fenvalerate are examples.

Figure 3.2 Chrysanthemum

Insect Growth Regulators (IGRs) stimulate or
disrupt growth or development ininsects. Juve-
nile hormone analogues are compounds that
mimic juvenile hormone, a natural insect hor-
mone involved in controlling molting and other
processes in insects. An example of a juvenile
hormoneandogueisMTDD. MTDD isahormone-
like compound inthewood of balsamfir which pre-
ventsinsectsfrom deve oping to the adult tage.

[11-6

Biological

Biological control istheuseof living organisms,
particularly natural enemies, parasites, and patho-
gens, to control or manage pests. Asa certified
goplicator or pesticide handler, you must beaware
of predatorssuch astheladybird beetle, that feeds
on gphids, aswell asparasitesthat consumetheir
hogts. But pathogensandtheir by-productsaredso
usad to manageinsects, examplesaremicrobid and
botanicd insecticdesfoundinliving organiams

Microbial insecticidesaremicroorganismsor mi-
crobesthat control insect pests. For example, Ba-
cillus thuringiensis (Bt) a bacterium sprayed
onto host plants, containsatoxin knownto dis-
rupt the gut of caterpillarsfeeding onthe plants.
In addition, scientists have taken the gene that
controlsthe production of thetoxin and inserted
itinto cotton and other plants. Now the geneti-
cally engineered plantsare ableto defend them-
selvesaganst | epidopteran insect pests.

Many plants contain materialsthat deter feeding
by insects or act asbotanical insecticides. For
example, pyrethrum, the oily extract of certain
varietiesof chrysanthemum, hasbeen put to use
by humans; our modern synthetic pyrethroidsare
based on the chemistry of pyrethrum. Itisimpor-
tant to note, however, that other botanical insec-
ticides, such assabadilla, rotenone, and nico-
tine, even though derived from plants, are not
necessarily lesstoxic to humansor other animas.
For example, rotenone ishighly toxictofish, nico-
tine is a Category | insecticide, the same cat-
egory containing methyl parathion.

HERBICIDES

Herbicides are used to control weeds. A weed is
any plant that isout of place. For example, acorn
plantinafield of cottonwould beaweed.
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Herbicidesmay be sdlective or nonsdective. A se-
lective herbicide controls only specific types of
plants. For example, 2,4-D will kill annud grasses
and mustard in abarley field. On the other hand,
non-selective herbicides may be used to control
dl thevegetationinanarea

Herbicidesmay begpplied a different timesinthe
plant growth cycle. Preplant herbicidesaregpplied
before a crop is planted. Preemergence herbi-
cidesareagppliedto plantsbefore they emerge from
theground; postemergence herbicidesare gpplied
to plantsthat havealready emerged.

If aherbicideispersistent, it can continueto be
activefor morethan agrowing season, and thus
could harm susceptible plants or interfere with
crop rotation.

INORGANIC

Aswithinsecticides, the earliest herbicideswere
inorganic materialssuch assalt or ash. Arsenic
salts such assodium arsenite werewidely used
asherbicidesuntil the 1960's. Copper sulfate is
gtill used to control algaeinirrigation water con-
veyancesystems.

ORGANIC

Petroleum Oils werethefirst organic herbicides.
Materidssuch asusad motor ail, kerosene, and die-
s, once applied to keep areas weed free, aeno
longer recommended because they contaminate
groundwater and areafirehazard.

Carbamates areherbicidesaswell asinsecticides
andfungiddes They alecommonly ussd aspreamer-
gence herbicides, although some have
postemergenceactivity (e.g., chlorpropham).

Triazines are commonly available as herbicides.
Triazinesaremadeup of carbonsand nitrogensform-

ingasx-sdedring. A classcexampleistheherbi-
cideatrazine. Thesoil gerilant prometrynisasoa
triazine Ingenerd, theseherbicdidesmigrateeedly in
the soil, which may cause leaching problemsand
affect adjacent plants.

Phenoxy herbicidesweredevelopedinthe1940's,
andaredso called* chlorphenoxy” herbicidesbe-
causethey contain the dement chlorine. Phenoxy
herbicidesmimicauxins, natural plant hormones
used asgrowthregulators(e.g., 2,4-D).

Amides contain the eement nitrogen. Generally
smplemoleculesthat break down readily and do
not persst inthe soil, amidesmay be used aspost-
or preemergence applications. Someinhibit root
elongationin seedlings, and othersinterrupt photo-
gynthesis(eg., propanil).

Dinitroaniline (or substituted aniline) herbicides,
liketheamides, containthedement nitrogen, but the
nitrogen atomsarelinked to oxygen. Theseherbi-
cidesinterferewith enzymesproduced by the plant
andinhibit root or shoot growth (e.g., Treflan®).

Substituted ureas block the photosynthesis pro-
cess. Examplesarediuron and monuron.

Plant growth regulators (PGRs) area so used to
control weeds Auxins giberdling cytokinins, ethyl-
ene generators, and growth retardants all affect
growth andfruitripening of plants

I\, Pesticide Formulations

Pedticidescomeinvariousformulations. Formula:
tionsenablethepesticideto begpplied. A pedticide
formulation canbeawettablepowder (WP), soluble
powder (SP), or emulsifiable concentrate (EC).
Pedticideformulaionsarebroken-downinto active
ingredientsand inertingredients. Theactive ingre-
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dients inapesticide arethe chemica sthat control
thetarget pest. Most pesticide products you buy
aso haveinert (inactive) ingredients, which are
usedtodilutethe pesticide or to makeit safer, more
effective, eeder to measure, mix, or goply, and more
convenient to handle. Usudlly the pesticideisdi-
luted in water, a petroleum-based solvent, or an-
other diluent. Other chemicdsin the product may
include wetting agents, spreaders, stickers, or ex-
tenders. (Fig3.3)

Figure 3.3 Various Formulations
Someformulationsareready for use. Othersmust
be further diluted with water, a petroleum-based
solvent, or air (asinairblast or ULV applications)
beforethey areapplied.

A singleactiveingredient isoften sold in severa
different kindsof formulations. To choosethebest
availableformulation for your pest control situa-
tion, ask yoursdlf thefollowing questions about
eachformulation:

* Dol havethenecessary goplication egquipment?
® Cantheformulation begpplied safely under the
conditionsinthegpplicationarea(eg., drift, run-

off, wind, rain)?

*  Will theformulationreach your target and stay
in placelong enoughto control thepest?

[1-8

® |stheformulationlikely toharmthesurfaceto
which | will goply it?

To answer these kinds of questions, you need to
know something about the characteristics of dif-
ferent typesof formulations (liquid, dry, or fum-
igant) and the general advantagesand disadvan-
tagesof each type.

V. Liquid Formulations

Emulsifiable Concentrates (EC or E)

These formulations usudly contain a liquid ac-
tiveingredient, oneor more petroleum-based sol-
vents, and an agent that alows the formulation
to be mixed with water to formanemulsion. Each
gdlon of EC usudly contains 25% to 75% (2 to
8 pounds) activeingredient. EC’ sareamong the
most versatile formulations. They are used
againg agricultura, ornamental, turf, forestry,
structural, food processing, livestock, and pub-
lic hedlth pests. They are adaptableto many types
of gpplication equipment, including smdl portable
Sprayers, hydraulic sprayers, low-volumeground
orayers, and mist blowers. (Fig3.4)

Figure 3.4 Emulsifiable Concentrates (EC or E)
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Advantages:

Reatively easy to handle, transport, and store

* Littleagitationrequired andwill not settleout or
Separaewhen equipmentisrunning

®* Non-dbrasve
®  Will not plug screensor nozzles
* | eaveslittlevidbleresdueontreated surfaces.

Disadvantages:

® Highconcentration makesit easy to overdose

or underdosethrough mixing or calibration er-
rors

* May causeunwanted harmto plants

® Eagly absorbed through skinof humansor ani-
mes

*  Solventsmay causerubber or plagtichoses ges-
kets, and pump partsand surfacesto deterio-
rate

® May causepitting or discoloration of painted
finishes

®  FHammable (should be used and stored avay
from heet or openflame)

®* Maybecorrosive

* |nsolubleinwater

Solutions (S)

Somepedicideactiveingredientsdissolvereedily in
liquid sol vents such aswater or apetroleum-based
solvent. When mixed with the solvent, they forma
solutionthat will not settleout or separate. Formula
tionsof these pesticidesusualy containtheactive
ingredient, thesolvent, and oneor morecther ingre-
dients Solutionsmay beusadinany typeof sorayer.

Ready-to-Use (RTU). Thesesolutionscontainthe
correct amount of solvent whenyou buy them. No
further dilutionisrequired beforegpplication. These
formulations, usudly in petroleum-based solvents,
contain smal amounts (often 1% or less) of active

ingredient per gdlon.

Concentrate Solutions (C or LC). Thesemust
befurther diluted with aliquid solvent beforeyou
apply them. Occasiondly thesolventiswater, but
more oftenthe solvent isaspecidly refined il or
petroleum-based solvent. Someusesindudelive-
stock and poultry pest control, Joace spraysinbarns
and warehouses, shade tree pest control, aswell as
mosguitocontral.

Advantages:

* No agitation necessary

Disadvantages:

® Limited number of formulations of thistype
available

The other advantages and disadvantages of solu-
tionsvary depending on the solvent used, thecon-
centration of theactiveingredient, and thetype of
gpplicationinvolved.
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Ultra-Low-Volume (ULV). Theseconcentrates
may approach 100% activeingredient. They are
designed to be used asis or to be diluted with
only small quantities of specified solvents. These
specid-purposeformulationsareused in agricul -
tural, forestry, ornamental, and mosquito control
programs. (Fig 3.5)

Advantages:

* Rdatively easy tohandle, trangport, and store
* Littleagitationrequired

® Not abrasveto equipment

® Noplugging of screensand nozzles

* | eavelittlevisbleresdueontrested surfaces

Figure 3.5 UltraLow-Vdume(ULV)

Disadvantages:

* Difficult to keep pesticideinthetarget site
(high drift hazard)

®  Specidized equipment required

® Easily absorbed through skin of humans
or animals

® Solvents may cause rubber or plastic

hoses, gaskets, and pump parts and sur-
facesto deteriorate

Flowables (F or L)

Someactiveingredientsareinsolublesolids. These
may beformulated asflowablesinwhich thefindy
ground activeingredientsare mixed with aliquid,
adongwithinertingredients, toformasuspension.
Howablesaremixed withwater for gpplicationand
aresmilar to EC or wettable powder formulations
in ease of handling and use. They areused inthe
sametypesof pest control for whichEC sareused.

Advantages:

®* Sddomdognozzes
® Easytohandleand apply

Disadvantages:

* Reguiremoderateagitation
®* Mayleaveavisbleresdue

Aerosols (A)

These formul ations contain one or more active
ingredients and a solvent. Most aerosols con-
tain alow percentage of activeingredient. There
are two types of aerosol formulations: the
ready-to-use type, and those made for usein
smoke or fog generators. (Fig 3.6)

Ready-to-Use Aerosols

These aerosol formulations are usualy small,
s f-contained unitsthat rel easethe pesticidewhen
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VI. Dry Formulations

Dusts (D)

Mog dust formulaionsareready to useand contain
alow percentageof activeingredient (usudly 0.5%
t010%), plusavery finedry inert carrier madefrom
tdc, chadk, clay, nut hulls, or volcanicash. Thesize
of individua dust particlesisvaricble

A few dugt formulationsare concentrates and con-
tain ahigh percentage of activeingredient. These
must be mixed with dry inert carriersbefore they
canbeapplied.

Dudgsaredwaysusad dry, and they eaglly driftinto
non-target Stes. They arewidey usedin seed treet-
ment. Dugtsd so areused to contral lice, fleas, and
other parasiteson petsand livestock.

Advantages:
* Usudly ready touse withnomixing

® Effectivewheremoisturefromaspray might
causedamage

* Requiresmpleequipment
Disadvantages:
® Eadly drift off target during application

® Residueeasly moved off target by air move-
ment or water

* May irritate eyes, nose, throat, and skin

® Donotdicktosurfacesaswdl asliquids

Baits (B)

A batformulationisan activeingredient mixed with
food or another attractivesubstance. Thebat either
atractsthe pestsor isplaced where the pestswill
findit. Pestsarekilled by egting the pesticide the
bait contains. Theamount of adtiveingredientinmost
bait formulationsisquitelow, usudly lessthan 5%.

Outdoorsthey are used to control snails, dlugs,
and someinsects, but thelr main useisfor control

of vertebrate pests such asrodents, other mam-
mals, and birds. (Fig 3.7)

Figure 3.7 Baits

Advantages:
®* Readytouse

* Entireareaneed not be covered because pest
goestobait

® Control peststhat moveinand out of anarea

Disadvantages:

¢ Canbeattractiveto childrenand pets

® May kill domestic animasand non-target wild-
lifeoutdoors

® Pest may prefer the crop or other food
to the bait

11-12



Chapter 3

Pesticide Types & Formulations

® Dead pestsmay cause odor problem

¢ Other animasmay be poisoned asaresult of
feeding on the poi soned pests

If baits are not removed when the pesticide be-
comesineffective, they may serveasafood sup-
ply for thetarget pest or other pests.

Granules (G)

Granular formulationsaresmilar to dust formula
tionsexcept that granular particlesarelarger and
heavier. The coarse particles are made from an
absorptive materia such as clay, corn cobs, or
walnut shells. The activeingredient either coats
the outside of the granules or is absorbed into
them. (Fig 3.8) Theamount of activeingredient
isreaively low, usualy ranging from 1%to 15%.

Figure 3.8 Granular Formulation

Granular pesticides are most often used to ap-
ply chemicalsto the soil to control weeds, nema-
todes, and insectsliving in the soil. Granular
formulations are sometimesused in airplane or
helicopter applicationsto minimize drift or to
penetrate dense vegetation.

Granular formulationsaso areused to control lar-
va mosguitoesand other aguatic pests. Granules
areusedinagriculturd, sructurd, ornamentd, turf,
aquatic, right-of-way, and public hedth (bitingin-
sect) pest control operations.

Advantages:

® Ready touse, nomixing

® Dirifthazardislow, and partidlessettlequickly
® Littlehazardto goplicator (no oray, littledust)

® Weight carriestheformulation through foli-
agetotarget

®  Simpleapplication equipment, such asseed-
ersor fertilizer spreaders

® May break down more dowly than WPsor
ECsthrough adow-rel ease coating

Disadvantages:

* Donatgicktofdiageor othernonlevd surfaces

®* May need to be incorporated into soil or
planting medium

* May need moistureto start pesticidal action

®* May be hazardous to non-target species,
especially waterfow! and other birds that
mistakenly feed on the grainlike or seed-
likegranules

Pellets (P or PS)

Mog pdlet formulaionsarevery smilar togranular
formulations, thetermsoften areused interchange-
ably. Inapdlet formulation, however, al the par-
ticlesarethe sameweight and shape. The unifor-
mity of the particlesalowsthem to be applied by
precision applicators such as those being used
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for precision planting of pelleted seed. A few fu-
migantsareformulated as pellets, however, these
will be clearly labeled as fumigants and should
not be confused with nonfumigant, granule-like
pellets. (Fig 3.9)

Figure 3.9 Pellets
Wettable Powders (WP or W)

Wettable powdersare dry, finely ground formu-
lationsthat look like dusts. They usudly must be
mixed with water for application asa spray. A
few products, however, may be applied either as
adust or asawettable powder — the choiceis
left to the applicator. Wettable powderscontain
5 % to 95% active ingredient, usually 50% or
more. Wettable powder particlesdo not dissolve
inwater. They settle out quickly unless constant
agitation is used to keep them suspended.

Figure 3.10 Wettable Powder

Wettable powders are one of the most widely
used pesticide formulations. They can be used
for most pest problemsand in most types of spray
equipment whereagitationispossble. (Fig 3.10)
Advantages:

® Easytostore, transport, and handle

® Less likely than ECs and other

petroleum-based pesticides to cause un-
wanted harm to treated plants, animals,
and surfaces

® Eadly measured and mixed

® |essskinand eye absorption than ECsand
other liquid formulations

Disadvantages:

® |nhaation hazardto applicator whilepouring
and mixing the concentrated powder

® Requiregood and constant agitation (usudly
mechanicd) inthespray tank and quickly settle
out if agitation isturned off

® Abrasiveto many pumpsand nozzles, caus-
ing them to wear out quickly

® Difficult to mix invery hard or very al-
kaline water

® Oftenclognozzlesand screens

®* Redduesmay bevishle
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Soluble powders (SP or WSP)

Soluble powder formulationslook likewettable
powders. However, when mixed with water,
soluble powdersdissolvereadily and formatrue
solution. After they are mixed thoroughly, no ad-
ditiond agitation isnecessary. Theamount of ac-
tiveingredient in soluble powdersrangesfrom
15%t0 95%; it usudly isover 50%. Soluble pow-
ders have al the advantages of wettable pow-
ders and none of the disadvantages except the
inhaation hazard during mixing. Few pesticides
areavallableinthisformulation, becausefew ac-
tiveingredientsare solublein water.

Microencapsulated Pesticides (M)

Microencapsul ated formulations are particles
of pesticides (liquid or dry) surrounded by a
plastic coating. The formulated product is
mixed with water and applied asaspray. Once
applied, the capsules slowly releasesthe pesti-
cide. The encapsulation process can prolong
the active life of the pesticide by providing a
timed release of the activeingredient.

Figure 3.11 Microencapsul ated

Advantages:
® Increased safety to applicator
® Easy tomix, handle, and apply

* Reeasespesticideover aperiod of time

Disadvantages:
® Congant agitation necessary intank

®  Somebeesmay pick upthecgpsulesand carry
them back to their hive where the rel eased
pesticidemay poisontheentirehive.

Water-Dispersible Granules or Dry
Flowables (WDG or DF)

Water-dispersiblegranular formulationsarelike
wettable powder formulations, except the active
ingredient is prepared asgranule-sized particles.
Water-dispersible granules must be mixed with
water to be applied. Onceinwater, thegranules
break apart into fine powder. The formulation
requires constant agitation to keep it suspended
in water. Water-dispersible granules share the
advantages and disadvantages of wettable pow-
dersexcept that they are more easily measured
and mixed, and they causelessinhaation hazard
to the applicator during pouring and mixing.

Abbreviations for Formulations

A = Aeoxol

AF = AqueousHowable

AS =  Aqueous Solution or Aqueous
Suspension

B = Bait

C =  Concentrate

CM =  Concentrate Mixture

CG =  Concentrate Granules

D = Dug

DF = DryHowable

DS =  SolubleDust

E =  Emulgfiable Concentrate

EC =  Emulgfiable Concentrate

F = Flowable
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G = Granules

HA = HavestAid

L = Flowable

LC =  Liquid Concentrateor
Low Concentrate

LV = Low Voldile

M =  Microencapsulated

MTF = MultipleTemperature
Formulation

P = Pdles

PS = Pdles

RTU = ReadytoUse

S =  Solution

SD =  SolubleDust

SG = SolubleGranule

SP =  Soluble Powder

ULV = UltraLow Volume

ULW = UltraLow Weight or Ultra
Low Wettable

WS = Waer Soluble

WSG =  Waer-Soluble Granules

WSL = Waer-SolubleLiquid

w =  Wettable Powder

WDG =  Water-Dispersble Granules

WP = Wettable Powder

WSP = Wettable Soluble Powder

VIl. Fumigants

Fumigantsare pesticidesthat form poisonousgases
when gpplied. Someeactiveingredientsareliquids
when packaged under high pressure but changeto
gassswhenthey arerdeased. Other activeingredi-
entsarevolatileliquidswhen enclosed inan ordi-
nary container and so arenot formulated under pres-
sure. Still othersare solidsthat release gaseswhen
gpplied under conditionsof high humidity or inthe
presenceof water vgpor. Fumigantsareusedinfood
andgrangoragefadilities, regulatory pest control at
portsof entry and at state and nationd borders; in
s0il, andingreenhouses, granaries, andgrainbins.

Advantages:
®* Toxictoawiderangeof pests

® Can penetrate tightly packed areas such as
soil or grains

® Singletreatment usualy will kill most pestsin
treated area

Disadvantages:

® Thetarget Stemust beenclosed or coveredto
prevent the gasfrom escaping

® Highly toxic to humansand all other liv-
ing organisms

® Reguiretheuseof specidized protectiveequip-
ment, indluding respirators

®* Requirethe use of specialized applica-
tion equipment

VIII. Adjuvants

Anadjuvantisachemica addedtoapesticidefor-
mulation or tank mix toincreaseitseffectivenessor
safety. Most pesticideformulationscontainat leest a
small percentage of adjuvants. Some of the most
common adjuvantsare surfactants, surface active
ingredientsthat dter the dispersing, soreading, and
wetting propertiesof spray droplets. (Fig3.12)

Adjuvantsindude:

® Wetting Agents—allow wettable powdersto
mix withwater
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Emulsifiers—allow petroleum-based pesticides
(ECs) tomix withwater

® Invert Emulsifiers —alow water-based pes-
ticddestomix with petroleum carrier

® Spreaders—dlow pesticidetoformauniform
coding layer over thetrested surface

® Stickers — allow pesticide to stay on the
treated surface

Su [
V‘%H‘:"
Leaff—\-”“‘*c\,\“&;:s’

Without /\gjuworit
Sides "y 4“‘ ]
/

é
.l

Wl Agunnts

Figure 3.12 Use of Adjuvant

® Penetrants—alow thepedticideto get through
theouter surfacetotheinddeof thetreated area

® Foaming Agents—reducedrift

® Thickeners — reduce drift by increasing
droplet size

® Safeners —reducethetoxicity of apesticide

formulation to the pesticide handler or tothe
treated surface

® Compatibility Agents—adincombining pes-
tiddeseffectivdy

® Buffers—allow pesticidesto be mixed with
diluentsor other pesticides of different acid-
ity or dkdinity

® Anti-Foaming Agents —reduce foaming of
Soray mixturesthat requirevigorousagitation

IX. Pesticide Mixtures

Tank Mixing and pH

Pesticides can be tank mixed to reduce applica-
tion costs and increase effectiveness while pro-
viding broader control. However, compatibility
of the pesticidesisimportant. Compatibility is
the ability of two or more chemicalsto be com-
bined without danger. Compeatibility can beinflu-
enced by thepH — theacidity or dkalinity — of
asolution. A neutra solutionhasapH of 7. Vari-
ous pesticides are unstablein alkaline solutions
(pH greater than 7), but quite stablein solutions
that are dightly acidic (pH of approximately 6).
The best pH for most pesticidesis about 6, al-
though asolution range of 6 to 7 issatisfactory.
Inaddition, tank mixing can beinfluenced by vari-
ous products. For example, buffers are sub-
stances capable of changing the pH of awater
solutionto aprescribed level, maintaining it even
though conditions such aswater akalinity may
change. Acidifiers are acidsthat can be added
to spray mixturesto neutralize alkaine solutions
and lower the pH.
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Compatibility: The Jar Test

Pesticides should be mixed in small quantitiesto
test for compatibility problems. You can check
or verify incompatibility usng ajar test. Thepro-
cedureisasfollows:

A. Wearing labe-prescribed protectiveclothing,
measureapint of intended spray water intoa
quart glassjar;

Add ingredientsin the following order
and stir well:

1.
2.
3.

Surfactant

Compatibility agentsand activators
Wettable powdersand dry flowable
formulaions

Water-sol uble concentrationsand
solutions

Emulgfiable concentrationsand
flowableformulaions

Soluble powders

Any adjuvants

4.
5.

6.
7.

For eechingredient (e.g., wettable power), you
add 1 teaspoon per unit (pint or pound) per

100 gdlonsof find soray mixture;

D. After mixing, let gandfor 15minutes,

E. Stirand observetheresults.

Compatible: Smooth mixturethat combineswell
after &irring.

Incompatible: Mixture separatesout, contains
clumps, and isgrainy in appearance. Check la-
bel and other literaturefor possible solutionsto
incompatible mixtures.

111-18

X. Chemical Changes

Pesticidesmay mix properly in solution but the ef-
fectivenessor toxicity of thepesticidesinthemix-
turecan change. Theseinteractiveeffectsaredue
tothe chemical rather thanthe physicd properties
of thesolution. For example, an additive effect
occurswhen two or more pesticidesmixed together
arenomoretoxictothetarget pest than any of the
pesticidesused done. Potentiation occurswhen
apedticide becomesmoretoxic because something
mixedwithitlowersthepes’ stolerancetothechemi-
cd. For example, impuritiesinmalathion makeit
moretoxic becausethey inactivate enzymespro-
duced by thepest that normdly detoxify maathion.
Synergism occurswhenachemicd (with or with-
out pesticide properties) increasesthetoxicity of a
pesticidewhen mixed withiit. For example, pip-
eronyl butoxide hasnoinsecticida propertiesbut
isusadtoincreasethetoxicity of pyrethruminsecti-
cides. Deactivation occurs, usually inthe spray
tank, a the time the pesticides are combined, as
when onedtersthepH or causeshydrolyss.
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Chapter Three
Pesticide Types & Formulations — Question and Answer Review

1.

Q.

A.

What is a pesticide?

A pesticide isany chemicd usedto control pests. A peticideisany substanceor mixtureof substances
intended for destroying, preventing or mitigating insects, rodents, nematodes, fungi or weeds, or any
other formof lifedeclared to be pedts.

What is a pesticide formulation?

. A pesticide formulation isthe mixture of active and inert (inactive) ingredientsthat form a

pesticide product.
Is “insecticide” another word for pesticide?

No. Insecticide specificdly killsinsectsandisjust oneof many typesof pesticides.

What is the difference between active ingredients and inert ingredients?

. Active ingredientsare the chemica sin apesticide product that control pests. Inertingredientsarethe

chemicasinapesticide product that are added to makethe product safer; more effective; easier to
measure, mix, and goply; and more convenient to handle.

What are the common abbreviations for these types of formulations?

1. Dust 5. Solublepowder
2. Emulgfiableconcentrate 6. Solution
3. Granules 7. Wettable powder

4. Microencapsulated

1.D; 2EC; 3.G; 4. ME; 5.S; 6.SP; 7.WP,

What types of factors should you consider when you have a choice of formulations for a pest
control task?

You should consider the characteristics of each formulation and which of theformulation’ sadvan-
tagesand disadvantages areimportant in your application situation. You should a so ask yoursdlf
thefollowing: Do you havetheright application equipment? Can you apply theformul ation safely?
Will theformulation reach the target and stay in placelong enough to control the pest? Might the
formulation harmthetarget Site?
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7. Q.

8. Q.

11. Q.

12. Q.

13. Q.

If you had a choice of either a wettable powder formulation or a granular formulation for a
particular pest control task, which would be best if drift were a major concern? Which would
be best if you needed the pesticide to stay on a surface that is not level, such as foliage?

Thegranular formulation would bethe best choiceinthefirst Stuation, becausegranuleshaveamuch
lower drift hazard than wettable powders. Granulesdo not stick to non-level surfaces, sothewettable
powder would bethe best choicein the second Situation.

If you had a choice of either a wettable powder or an emulsifiable concentrate for a particular
pest control task, which would be better if you were concerned about harming the treated
surface? Which would be best if you were diluting with very hard or alkaline water?

The wettable powder would be the best choicein thefirst situation, because ECsare corrosive
and may cause pitting, discoloration, or other damageto treated surfaces. Because wettable pow-

dersaredifficult to mix invery hard or very akalinewater, the EC formulation would be the best
choiceinthe second situation.

Why are adjuvants sometimes added to pesticide formulations?
Adjuvants are added to apesticideformulation or tank mix toincreaseitseffectivenessor safety.

What is an adjuvant?

. An Adjuvant isachemical added to the pesticide mixture that helpsan activeingredient do a

better job.

What type(s) of adjuvants should you consider for (1) reducing drift; (2) coating a
surface evenly; and (3) for combining two or more pesticides in one application?

(1) Foaming agents and thickeners help to reduce drift; (2) spreaders help to coat the treated
surface with an even layer of pesticide; and (3) compatibility agents aid in combining pes-
ticideseffectively.

What is the recommended pH level for most pesticide sprays?

Thebest pH for most pesticidesisabout 6, although arange of 6 to 7 issatisfactory.

Why would you choose a low-concentrate liquid formulation if you wanted to be sure of get-
ting the right mixture?

L ow-concentrateformul ationsare designed to be sprayed as purchased.
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14. Q.

15. Q.

16. Q.

17. Q.

Which formulation is most hazardous to the applicator because it is highly concentrated and
absorbed easily by the skin?

Emulgfiable concantrate

How does a systemic insecticide act on a pest?

. A sysemic pedticideflowsingdetheplant todl of itspartsand killstheinsectsthet et the plant.

Define potentiation, synergism, and additive effect.

. Potentiation:  Anincreaseinthetoxicity of thepedticide.

Synergism:  Thetotd effect isgrester than the sum of theindependent effect.
Additive effect:  Combining two or more pesticides, andtheresulting toxicity isnot more
thantheamount of ether pesticide.

What advantages do granules have over dusts and sprays?

. Granulesdrift lessand are gpplied with ample, often multi-purpose equipment. They canwork thelr

way through densefoliageto atarget underneath.
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Endanger ed species— Organisms whose sur-
viva asspecieshasbeen designated by aFedera
agency to be endangered or threatened.

Environment — Everything around us: air, soil,
water, plants, houses, and buildings.

Groundwater — Water beneath earth’ ssurface
between soil particlesor rock.

L abeling — Pesticide product label and other
accompanying materias that contain directions
pesticideusersarelegally required tofollow.

Nontar get — Any site or organism other than
the one toward which control measures are
being directed.

Offste— Areabeyond thetarget areawhere pes-
ticideisbeing released.

Persstant — A term describing the enduring
quality of some pesticidesin theenvironment.

Per meability — The characteristic of aporous
medium, such assoil, that identifiestheeasewith
which gasesor liquids can passthroughiit.

Pegticidehandler — Personwho directly works
with pesticides, such as during mixing, loading,
trangporting, storing, disposing, and applying, or
working on pesticide equipment.

Precautionary statement — Statement on
pesticide labeling that alerts you to possible
hazards from use of pesticide product and
that sometimes indicates specific actions to
take to avoid the hazards.

Rinsate— Pedticide-containing liquid that results
from ringing pesticide container, pesticide equip-
ment, or other pesticide-containing materials.

Riparian zones— A belt of treesand shrubs
located adjacent to and up-gradient from
water bodies.

V-3

Runoff — Horizontal flow of pesticide in
liquid away from the release site across the
land surface.

Surface water — Water on top of earth’s sur-
face, such asinlakes, streams; rivers, irrigation
ditches, or sormdrains.

Target — Siteor pest toward which control mea-
suresarebeing directed.

Usedte— Immediate environment where pesti-
cideisbeing mixed, loaded, applied, transported,
stored, or disposed of, or where pesti-
cide-contaminated equipment is being cleaned.

Volatile— Evaporating rapidly; turningeesly into
gas or vapor.

Watertable — The upper level of a soil zone
where dl the spaces between the soil particles
arefilledwithwater.

The environment is everything around us. It in-
cludesnot only the natural eementsthat theword
“environment” mogt often brings to mind, but
a so people and the manufactured components of
our world. Nor isthe environment limited to the
outdoors, it dsoincludestheindoor areasinwhich
we live and work.

The environment, then, is much more than
the oceans and the ozone layer. It isair, soil,
water, plants, and animals; it is houses, res-
taurants, office buildings, and factories and
all that they contain. Anyone who uses apes-
ticide indoors or outdoors, in acity or inthe
country, must consider how that pesticide will
affect the environment.

The applicator must ask two questions:

1. How will thispesticide affect theimmediate
environment at thestewhereitisbeing used?



Chapter 4

Pesticides and the Environment

2. What are the dangers that the pesticide will
move off theusesiteand cause harmto other
partsof the environment?

Pedticidescan harm dll typesof ecosystemsif they
arenot used correctly. Thegpplicator isrespongble
for knowing and following good practices that
achieveeffective pest control with aslittlerisk to
the environment as possible. In addition, pesti-
cide product labeling statements are intended to
dertyouto particular environmenta concernsthat
apesticide product poses. Remember that thelack
of aparticular precautionary statement does not
necessarily mean that the product poses no haz-
ardto the environment.

Both the public and the Environmenta Protec-
tion Agency (EPA) are becoming increasingly
concerned about harmful effectson the environ-
ment from the use of pesticides. EPA islooking
closdy at environmenta effects as it congders
new applicationsfor product registration while,
a thesametime, reviewing existing pesticidereg-
igrations. In the past, hazards to humans have
been the primary reason for EPA to classify a
pesticide as arestricted-use product. Now, more
pesticide labels list environmental effects, such
as contamination of groundwater or toxicity to
birds or aguatic invertebrate animals, aswell as
nontarget organisms, including endangered spe-
cies. Thus, thereisareasonfor restrictions.

1. Sourcesof Contamination

When environmental contamination occurs, itis
theresult of ether point source or nonpoint source
pollution. Point sour ce pollution comesfroma
gpecific, identifiableplaceor point. For example, a
pesticide spill that endsupinastorm sewer iscon-
sidered a point source for pollution. Nonpoint
sour ce pollution comes from awide area. The
movement of a herbicide after abroadcast lawn
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gpplicationinto anirrigation cana isan example
of nonpoint source pollution. Thus, point sources
resultinginenvironmenta contaminationinclude:

* wash water from equipment and spills at
equipment deanup Sites,

® improper digposd of containers, water fromrins:
ing containers, and excess pesticides,

* |esksandoillsat pesticidestoragesteswhere
they are not cleaned up correctly, and

® gillsthat occur whilemixing concentratesor
loading pesticidesinto gpplication equipment.

Thesekindsof contamination are potentialy in-
volved with nearly every pesticide used. Asa
pesticide handler, especidly if you useand super-
visethe use of restricted-use pesticides, you must
becomeaware of the potentia for environmenta
contamination during every phase of your pesti-
cideoperation. Many pesticideusesarerestricted
because of environmental concerns. Whenever
you release a pesticide into the environment—
whether intentionally or accidentally—consider
thefollowing:

* Aretheresendtive areas a the pesticide use
site that might be harmed by the pesticide?

* Arethere sengtive offdte areas adjacent to
the use site that might be harmed by contact
with the pesticide?

® Are there conditions that might cause the
pesticide to move offgte?

® Do you need to make any changesin appli-
cation proceduresin order to reducetherisk
of environmental contamination?

[1]. SengtiveAreas

Sengtive areas are Sites containing living things
that are easily injured or contaminated by apes-
ticide. In Arizonatheseareas specificdly include
hospitals, schools, and parks.
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Sensitive areas outdoors include, but are not

limited to:

® areaswheregroundwater isnear the surface
or easly accessed (e.g., openwdls, dry wells,
very sandy soils);

® aessnear urfacewater;

® areasnear thehabitatsof endangered species,

® areasnear gpiaries(honeybeesites), riparian
zones, wildliferefuges, or parks, and

® areas near backyard gardens, food or feed
crops, or other sengtiveplantings.

Attimespesticidesmust beappliedto asenditive
areato control apest. Whenthisisnecessary, extra
precautions should be taken. Practical factorsto
condder aretimeaf thegpplication (eg., ealy inthe
morning), goproachesto reducedrift, andtheuseof
anuntrested buffer zonearound senditiveareasto
minimizecontaminatingthearea

Sensitive areas have buffer zones around
them created to keep highly toxic pesticides
at a safe distance. For details on Buffer
Zones see Chapter 8.

A senditive area may be near a Site that is used
for an application, mixing/loading, storage, dis-
posdl, or equipment washing. You, the applica-
tor, must take precautionsto avoid accidental con-
tamination of thesengtivearea. For example, aper-
manent Stefor mixing/loading or equipment wash
ing should be equipped with acollection pad or tray
to catchand containlesks ills, or equipment waste
waer.

Typica pedticide labeling statements that are
found under precautionary statements that alert
youtothese concernsinclude:

Removeall animalsfrom building prior
totreatment and keep animalsout un-
til soray hasdried
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Do not use around home gardens,
schools, recreational parksor play-
grounds

Do not usein or around residences
V. Pesticide M ovement

Pesticides that move offsite may cause envi-
ronmental contamination. Pesticides movein
three ways:

1. Intheair, through wind, air currents or va
pors,

2. Inthewater, through runoff or leaching; and

3. On or in objects such as soil, equipment,
plants, or animas(including humans) that are
moved offgte.

Thefour factorsinfluencing drift are:

1. Dropletor particlesize

2. Heightanddirectionof release

3. Whether the pesticide tendsto form vapors

4. Wind speed anddirection
Air

Airbornemovement of spray droplets, vapors, or
dust partidesoffdtefromtheintended steiscdled
drift. Drift can happen with both ground and
aeria applications. How much drift dependson
such factors as the wind direction, nozzle size,
nozzle pressure, pesticide formulation, how the
materia isapplied, thevolumeof use, prevailing
weather conditions (temperature and humidity),
aongwiththeareatreated. Aerid applicationsof
persistent pesticides such as chlorinated hydro-
carbonshaveresulted in severeresidue problems
oncropsover amileaway.
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To reduce drift, gpplicators should consider the
likelihood of drift before gpplying any pesticide.
You should: (1) know your surroundings; (2) useas
coarseagoray aspossibleand il obtain good cov-
erageand control inorder toincreasedroplet Sze;
(3) do not gpply in windy conditions (over 15
mph); (4) choose an application method and for-
mulation that islesslikely to cause drift; (5) use
drift control/drift reducing agents; (6) apply pesti-
cidesearly inthemorning, but not durring morn-
ing inversions; (7) use solid cone or fan spray
nozzlesthat producelarger droplets; and (8) know
which way the wind or air is moving. In Ari-
zong, urban and rural areasexist Sdeby sde, and
drift reductionismandatory. Sendtiveareaswith
Pesticide Management Area(PM As) containing
buffer zones have been established to hel p reduce
pesticidedrift fromagricultural cropsto residen-
tial areas. The Department of Agricultureisre-
sponsiblefor establishing PMAS.

Vapors

Pedticidevaporsmoveabout eesly inair. Highvol-
umeesersand somelow valumeesersareextremdy
troublesomeindiversecropping sysemsand turf.
Fumigant pesticides areintended to form avapor
whenthey arereleased. Personsusing fumigants
must take precautionsto make surethefumigant
remainsinaseded container until itisreleasedintoa
seded gpplicationste. Thelabeing of volatilepes-
ticidesoften includeswarning statementsthat the
pesticide handler should heed. Any timeyoure-
leaseavoltile pesticidein anenclosed area, con-
Sder thehazardsnot only to yourself and to other
workers, but dsoto people, animds, and plantsthat
areinor near therelease ste or that may enter the
areasoon after therelease,

Typical pesticide labeling statements that dert
youtoavoid drift, and thusvapors, include:
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Do not apply when weather condi-
tionsfavor drift from areastreated

Donot allow drift onto plantsintended
for food or feed

Drift from treated areas may be haz-
ardousto aquatic organismsin neigh-
boringareas

Water

Pedticidepartidesandliquidsmay becarried offate
inwater. Pesticides can enter water through:

® drift, leaching, and runoff from nearby
applications,

* gpills, leaks, and back-siphoning from
nearby mixing, loading, storage, rinsate,
and equipment cleanup sites, and

® improper disposal of pesticides, rinsates,
and containers

Runoff may occur when:

®* too much liquid pesticide is applied,
leaked, or spilled onto a surface, or

® too much rainwater, irrigation water, or
other water gets onto a surface contain-
ing pesticide residue.

Runoff water intheoutdoor environment may travel
into drainageditches, streams, ponds, or other sur-
facewater wherethe pesticidescan becarried great
digancesoffste.

Typicd pesticidelabeling satementsthat dert you
totheseconcernsinclude:

Do not contaminatewater through
runoff, spills, or improper disposal
of excesspesticide, spray mixtures,
or rinsates
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Figure 4.1 Hydrologic Cycle

Do not allow runoff or spray to con-
taminate wells, irrigation ditches, or
any body of water used for irrigation
or domestic pur poses

Do not apply directly towater and
wetlands (swamps, bogs, mar shes,
and potholes)

Maintain a buffer zone (lay-off dis-
tance) of 100 feet from bodiesof water

Thisproduct iswater solubleand can
movewith surfacerunoff

V. Protecting Groundwater

Groundwater iswater located benegththeearth’s
surface. Itisstored inthe spaces between particles
of sand, clay, and gravel below theroot zone. Itis
dsofoundincracksand crevicesinrock formations
and large underground channels and caverns.
Whether you must take special action to protect
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our groundwater dependsmainly onthelocation
of your useste. Groundwater contaminationis
of grestest concernin release siteswhere ground-
water isclosetothe surface or wherethesoil type
or the geology alows contaminants to reach
groundwater easily (e.g., sandy soil, cracks in
ubsurfacerocks). Surfacewater isjust that: weter
found on the surfacethat canmove severa feetin
a second or a minute. Groundwater may move
only afew feet inamonth or ayear. Anaquifer
isabody of groundwater capable of providing
sgnificant quantitiesof water toawell or spring.
Pesticide contamination of aquifers must be
avoided, becausetheseareyour sourcesof drink-
ing, washing, andirrigation water.

Sour cesof Groundwater

Groundwater isrecharged (replaced) mostly from
rain or snow that entersthe soil. However, some
water fromlakesand streamsand fromirrigation
aso becomesgroundwater. Weter that isabovethe
ground can move in three ways—it can evapo-
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® Whenever possible, locate mixing-loading
stesand equipment-cleaning Stesat least 100
feet from surfacewater or fromdirect linksto
groundwater. Thiswill help prevent acciden-
tal back-4phoning, runoff, and spillsfrom con-
taminating thewater sources. If you must lo-
cate one of these work sites near a water
source, use containment methods such as
dikes, sump pits, and concrete pads to keep
pesticidesfrom reaching the water.

® Do not contaminate groundwater through im-
proper disposa of unused pesticides, pesticide
containers, or equi pment and container rinse
water. Digposeof al pesticidewastesinaccor-
dancewith county and stateregulaions.

Water on the Treated Surface

If thereismorewater on the soil surfacethan the
soil can hold, the water, dong with any soluble
chemicalsit contains, islikely to run off or move
downwardtothegroundwater. Prolonged heavy rain
or excessveirrigationwill produceexcesswater on
thesoil surface.

Rain

If weather forecasts or your own knowledge of
local weather Signs cause you to expect heavy
rain, you may wish to delay outdoor handling
operations—including mixing, loading, applica

tion, and disposal—to prevent wash-off, surface
runoff, or leaching.

Irrigation

Pesticide movement into groundwater isaffected
by both theamount of water usedinirrigationand
how soon before or after apesticideapplicationthe
irrigationisdone,
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Pesticide Factors

Some pesticides are more likely than othersto
move to groundwater. Such movement de-
pends mainly on:

® solubility—some pesticides dissolve eas-
ily in water and are more likely to move
into water systems

® adsorption—some pesticides become
tightly attached (strongly adsorbed) to soil
particles and are not likely to move out of
the soil and into water systems

® persistence—some pesticidesbreak down
dowly and remainintheenvironment for a
longtime

Theabovefadtorsareintardated. Pesiddesmogt likdy
tomoveintogroundweter areusudly:

* highlysouble
*  moderadytohighly peragtent
® ot srongly adsorbed or held by the soil

Most nonpersgtent pesticidesarelesslikdy tomove
togroundwater, evenif they arehighly solubleor not
srongly adsorbedtosoil. A pesticidethat isstrongly
adsorbed or held to soil islesslikely to moveto
groundwater evenif itispersgent.

The pesticidelabel usudly doesnot tell you about
these propertiesof the pesticide product. Coopera:
tive Extenson, theNationd Resource Consarvetion
Sarvice (NRCS), the Department of Agriculture,
product manufacturers, your locd pesticidededer,
ortheMaerd Safty DataSheet (MSDS) may have
specificinformeation about thechemica properties
of thepesticidesyou areusing.

Soil Factors

Soil isaso animportant factor inthe breakdown
and movement of pesticides. Local soil mapscan
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be helpful in determining the types of soil in
your area. Thethree major soil characteristics
that affect pesticides aretexture, permeability,
and organic matter.

Soil textureisan indication of the relative pro-
portionsof sand, silt, and clay inthesoil. Coarse,
sandy soils generdly alow water to move rap-
idly downward. Finer textured soilsgenerdly al-
low water to move downward at amuch dower
rate. Fine soilscontain moreclay, and sometimes
organic matter, to which pesticides may attach.

Sail permeability isageneral measure of how
fast water can move downward in aparticular
soil. The more permeable the soil, the faster
the chemicalswill move. Permeable soilsmust
be managed carefully in order to keep pesti-
cidesfrom reaching groundwater.

Soil or ganic matter influenceshow muchwa
ter the soil can hold or bind beforeit beginsto
move downward. Soil containing high organic
matter has greater capacity to stop the move-
ment of pesticides. Soils in which plants are
growing are more likely to prevent pesticide
movement than dry bare soils. Arizonasoilsin
genera havevery low organic matter.

Geology

The distance from the soil surface to the water
table isthe measure of how deep the groundwa-
ter isin agiven location. If the groundwater is
closeto the soil surface (e.g., Yuma), pesticides
aremore likely to reach it. The depth to thewa:
ter tabledoesnot say the samethroughout theyeer,
but variesaccording to:

how much water is added to the soil surface
by rain, snow, and irrigation,
therate of evaporation and plant uptake,
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whether the ground isfrozen, and
how much groundwater is withdrawn by

pumping.

Spring runoff, summer monsoons, and heavy winter
raneventsaregenerdly thetimeswhenthewater
tableisclosest tothe soil surface. Thewater table
often drops during the summer when evapora
tion and plant uptake are high and large amounts
of groundwater are used for irrigation and other
hot wegther needs.

The permeability of thelayersbetween the soil
and groundwater is also important. If surface
water movesdownward quickly, pesticidesare
morelikely to leach into groundwater. Gravel
depositsare highly permeable, allowing water
and pesticides to move downward to ground-
water. Regionswith limestone depositsare par-
ticularly susceptibleto contamination because
water moves rapidly to the groundwater
through cavernsor riverswith littleor nofiltra-
tion or chemical breakdown. On the other hand,
layers of clay can slow or prevent water and
pesticides from reaching the groundwater.

Sinkholes and dry wells are especially trouble-
some. Surfacewater often flowsinto these open-
ings and disappears amost directly into the
groundweter. If apedticideisrdeasedintoanarea
that drainsinto asinkholeor an abandoned well,
even amoderaterain may carry someof the pes-
ticidedirectly to the groundwater.
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andanimals. Thelaw redtrictspesticideusein ar-
easwhere pesticides may jeopardize the contin-
ued existence of endangered species. The Envi-
ronmenta Protection Agency’ sobjectiveistore-
move or reducethethrest that pesticide use poses
to endangered species. Inorder toreach theobjec-
tive, EPA has put limitations on some pesticide-
use patterns. Most limitations apply only to cur-
rently occupied habitat or range of each endan-
gered species at risk. Some limitations apply
whereendangered speciesarebeing reintroduced
into ahabitat they previoudy occupied. Habitats,
sometimes caled critical habitats, arethe areas
of land, water, and air space an endangered spe-
ciesneedsfor surviva. Such areasinclude breed-
ing Sites; sourcesof food, cover, and shdlter; and
surrounding territory that givesroomfor normal
population growth and behavior.

Limitations on Pesticide Use

Read al pesticide labeling carefully to find out
whether the use of that product requiresyou to
take special steps to protect endangered spe-
cies. Thelabel will direct you to another source
for the details about what you must do. When
limitations do apply, they usually will bein ef-
fect only in specific geographic locations. Use
of aparticular pesticideisusualy limitedin a
particular location when:

thegteisdesgnated asthecurrent habitat of an
endangered species, and

the endangered species at that Site might be
harmed by the use of the pesticidewithin (or
closeto) itshabitat

Habitats of Endangered Species

TheU.S Fsh& WildlifeSarviceisrespongblefor
identifying the current habitat or range of each en-
dangered Species. For aguatic spedies, theredtricted
habitat oftenwill include additiona zonesaround
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the body of water to keep drift, runoff, or leachate
from reaching the water sources. The U.S. Fish
and Wildlife Serviceisidentifying the habitats so
that pesticide usewill belimited only inlocations
whereit isabsolutely necessary. For thisreason,
limitationson pesticideusemay gpply to oneprop-
erty, whileasimilar adjoining property may not
havetheselimitations.

I mportance of Protecting
Endangered Species

Hundredsof animas(indudingfish, birds mammas
reptiles, amphibians, insects, and aquaticinverte-
brates) and thousandsof plantshavebeenlisted as
endangered or threatened speciesunder the provi-
sonsof theEndangered SpeciesAct. Someof these
animasand plantsare onesthat everyone knows
about, such as the bald eagle. Others are tiny,
little-known creaturesthat may rarely be seen by
anyoneexcept trained naturaists.

Regardlessof the size or gpparent significance of
these endangered species, it isimportant that each
bealowedto survive. Mankind' swell-being de-
pendsonmantaining biologicd diverdty. Biologi-
cal diverdtyisthevariety and differencesamong
living thingsand the complex waysthey interact.

Diversity is necessary for several reasons
listed below:

Agriculture

Nearly all of today’ s crops started aswild spe-
cies. Genesfromwild species often are used to
create new hybridsthat haveresistanceto plant
diseases and insects, better climatic tolerance,
and higher yields. Having different varieties
availableisnecessary insurance against devas-
tating crop failures caused by climate extremes
or major pest outbreaks.
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Medicine

Many of today’s most important medicines
come from obscure plant and animal species.
A moldisthe source of the miracle drug peni-
cillin; tree bark isthe source of quinine, acure
for malaria. Scientistsaretesting countless plant
and animal speciesaround theworld for sources
of curesfor mgjor diseases.

Preserving Choices

No one can predict which speciesmay be essen-
tial to the future of our species. A speciesthat is
alowed to becomeextinct might have beenthekey
tostopping agloba epidemicor tosurvivingama:
jor climatechange.

I nter dependence

The extinction of a single species can st off a
chain reaction of harm to other species. Thedis-
gppearanceof asinglekind of plant froman area,
for example, may lead to the disappearance of
other plants, certaininsects, and higher animals.

Natural Balance

Extinction has always been anatural part of an
ever-changing process. During most of history,
species have formed at arate greater than the
rate of extinctions. Now, however, human ac-
tivity isgreatly speeding up therate of extinc-
tions. People, plants, and animalslive together
inadelicate balance. The disappearance of spe-
ciescould easily upset that balance.

Sability

The more diversity that exists in an ecosystem,
themoregableitislikely tobe. Thereislesslike-
lihood of huge swingsin populations of particu-
lar organisms. Thereisasolesslikelihood of dev-
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astation from the introduction of a new species
from outsdethe system.

The Certified Applicator’s Role

Pesticides have the potential to harm living or-

ganisms, including endangered species.

® Pedicidescankill endangered plantsand ani-
malsdirectly

® Pedticide resdues in the habitat of the en-
dangered organisms can disrupt or destroy
their sourcesof food and shelter

* Pedicidegpplication, drift, runoff, andleachate
can contaminatewater ingested by or inhabited
by endangered organisms

® Some pedticides can build up to dangerous
levels in endangered predators that feed on
plantsor animalsexposed to pesticides

As a certified gpplicator, you have aclearly de-
fined lega responghility to protect endangered
species against the hazards posed by pesticides.
Careful use of pesticides in and around the key
habitat areas will help these limited number of
plantsand animalsto survive.

Typica peticidelabding tatementsthet alert you
to concerns about endangered speciesinclude:

Under the Endangered Species Act, it
is a federal offence to use any pegticide
in a manner that resultsin the death of
a member of an endangered species.
Prior to making applications, the user
must determine that the endangered
species are not located in or immedi-
ately adjacent to the ste to be treated.
If theusersarein doubt whether or not
endangered species may be affected,
they should contact the regional U.S.
Fish and Wildlife Service Office (Endan-
gered Species Specialist) or personnel
of the State Fish and Game Office. Be
advised that county endanger ed species
maps are available from the County
Extension Office.
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VII. Harmful Effectson
Nontar get Plantsand Animals

Nontarget organisms may be harmed by pesti-
cidesintwo ways.

1. Thepedticide may harmthe nontarget organ-

ism by immediatedirect contact, or

The pegticide may leavearesduethat causes
delayed direct exposure and harm.

Harmful Effects from Direct Contact

Pedticidesmay harm nontarget organismsthat are
present during a pesticide application. Poorly
timed gpplicationscankill beesand other pollina:
tors, or other wildlifethat areactivein or near the
target Ste. Eventiny amountsof some pesticides
may harm them or destroy their source of food.

Pesticides applied over large areas—such asin
mosguito or biting fly arees—must bechosenwith
great careto avoid poisoning nontarget plantsand
animals. Read thewarningsand directionson the
pedticidelabding carefully to avoid harming nontar-
get organismsduring apesticidegpplication.

Driftfromthetarget Stemay injurewildlife, live-
stock, pets, senditive plants, and people. For ex-
ample, drift of herbicides can damage sensitive
nearby plants, including crops, vegetablegardens,
or ornamentd plantings. Drift dso cankill beneficid
parasitesand predatorsthat arenear thetarget Site,

Pesticide runoff may harm fish and other
aguatic animals and plants in ponds, streams,
and lakes. Aquatic life also can be harmed by
carelesstank filling or draining, and by rinsing
or discarding used containers.

Typicd pedticidelabeling satementsthat dert you
to these concernsinclude:
Phytotoxic. Do not spray on plants
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Extremely toxictoaquatic organisms.
Donot contaminatewater during clean-
ing of equipment or disposal of wastes

Har mful Effectsfrom Resdues

A resdueisthepart of apedicidetha remansinthe
environment for aperiod of timefollowing thegppli-
cation. Pesticides break down &fter they arere-
leased into an environment. The breakdowntime
rangesfrom lessthan aday to severd years. The
rate of pesticide breakdown depends mostly on
the chemical structure of the pesticide activein-
gredient. The rate of pesticide breakdown may
also be affected by environmenta conditions at
thereleasesite, such as.

surface soil type, and soil pH
surfacemoisture

presenceof soil microorganisms
temperature

exposuretodirect sunlight
pesticidechemica compostion

Persstent pesticides leave resdues that stay in
the environment without breaking down for long
periodsof time, usualy over ayear’ stime. These
pesticides are sometimes desirable because they
providelong-term pest control and may reducethe
need for repeated gpplications(e.q., termiticides).
However, some persstent pesticidesthat are ap-
pliedto or spilled on sail, plants, lumber, and other
surfaces, or intowater, can later causeharmto sen-
gtiveplantsor animds, induding humans, that come
into contact withthem.

Labeling that indicates a particular pesticide
product islikely tobeperasentincludes:

This product can remain phytotoxic
for ayear or more
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When using persistent pesticides, consider
whether their continued presencein theenviron-
ment islikely to harm plantsand animals.

When pesticideshbuild up or accumulaeinthebod-
iesaof animasmoving upthefood chain, thisiscaled
biomagnification or bicaccumulation. Whenthe
samemixing/loading Steor equipment deaningste
isused frequently without taking stepstolimit and
cleeanup spills, pesticidesarelikely toaccumulate
inthesoil, plants, and animal's; objectsthat come
into contact with the soil may be harmed. When
pesticides accumulate in the soil, thereisaso a
higher likelihood that the pesticides will move
offsite and contaminate the surrounding environ-
ment including surface or groundwater.

Sometimes animals can be harmed when they
feed on plantsor animal sthat have pesticideres-
dueson or inthem. Thereis special concern for
predator birds or mammalsthat feed on animals
that have beenkilled by pesticides. The predators
may be harmed by the pesticideresiduesremain-
ing on or inthe bodies of the dead animals.

Typica pesticidelabeling statementsthat aert you
tothese concernsinclude:

Toxictofish, birds, and wildlife. This
product can posea secondary hazard
tobirdsof prey and mammals; or

Bury or otherwise dispose of dead
animals to prevent poisoning of
other wildlife.

Har mful Effects on Surfaces

Sometimes surfaces are harmed by pesticidesor
pesticide residues. Some surfaces may become
discolored by contact with certain pesticides. Other
surfaces may be pitted or marked by contact with
some pesticides. Some pesticides can corrode or
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obstruct el ectronic systemsor metal. Sometimes
a pedticide will leave a visble deposit on the
treated surface.

Typica pesticidelabding tatementsthet alert you
totheseconcernsinclude:

Donat spray on plagtic, painted, or var -
nished surfaces;

Do not spray directly into any elec-
tronic equipment or into outlets or
switches, or any other location where
the pesticidemay foul or short-cir cuit
contactsand cir cuits; or

A visibledeposit may appear on some
dark surfaces.
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Chapter Four
Pesticides and the Environment — Question and Answer Review

1. Q.

A.

4. Q.

What istheenvironment ?

Environment is everything that surrounds us indoors and outdoors including natural elements,
manmade objects, people, and other living organisms.

Explain what is meant by point source and nonpoint source contamination of the environ-
ment by pesticides, and givean exampleof each.

Point source pollution comes from a specific, identifiable place or point. A pesticide spill that
moves into a storm sewer is an example of point source pollution. Nonpoint source pollution
comesfromawidearea. Themovement of pesticidesinto streamsafter broadcast gpplicationsisan
exampleof nonpoint source pollution.

Name four waysthat careless pesticide handling could lead to point sour ce pollution.

1. Mismanagement of wash water and spillsproduced at equipment cleanup Sites.

2. Improper disposal of containers, water from rinang containers, and excess pesticides.

3. Failureto correctly clean up leaksand spillsat pesticide storage Sites.

4. Spilling pesticideswhile mixing concentrates or loading pesticidesinto application equi pment.

What environmental factors should you consider any time you accidentally or intention-
ally releaseapesticideintoan environment?

A. 1. Whether there are senditive areasin the environment at the pesticide use sitethat might be

5. Q.

A.

harmed by contact with the pesticide.

2. Whether there are sensitive offsite areas near the use site that might harmed by contact with
the pesticide.

3. Whether there are conditionsin theimmediate environment that might cause the pesticideto
moveoffsite.

4. Whether you can change any factorsin your pesticide gpplication or use siteto reducetherisk
of environmenta contamination.

What isa sendtivearea? Givefour examplesof sengitiveareasthat you must be especially
car eful to protect when you arehandling pesticides.

Sengtiveareasaresitesor living thingsin environmentsthat are easily injured by apesticide. Some
examples of senditive areas are places where pesticides might get into groundwater or surface
water; homes, schools, playgrounds, hospitals, and other placeswhere people are present; places
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10. Q.

11. Q.

wherethere are animal s—endangered species, bees, other wildlife, livestock, pets; placeswhere
crops, ornamenta plants, or other sengtive plants are growing; and areas where food or feed is
processed, stored, or served.

List threeroutesby which pesticidescan moveoffsite.
1. Inair, throughwind or through ar currentsgenerated by ventilation systems,

2. Inwater, through runoff or leaching.
3. Onor in objects, plants, or animals (including humans) that move or are moved offsite.

. What four factorsinfluencewhether a pesticidewill moveoffstein theair?

1. Droplet or particlesize.
2. Height and direction of release.
3. Whether the pesticidetendsto form vapors.

4. Wind speed.
Nametwo circumstancesthat might cause a pesticideto move offsitein water.
1. Too much liquid pesticide is applied, leaked, or spilled onto a surface.

2. Too much rainwater, irrigation water, or wash water gets onto asurface that contains pesticide
residue.

. Give some examples of waysthat pesticides can move offsite on or in objects, plants,

or animals.

Pesticides may be carried offgteif they stick to such thingsasshoesor clothing, animal fur, blow-
ing dust or water—anything that moves from the use site to another |location. Pesticide residues
may remain on treated surfaces, such asfood or feed products, when they aretaken from the use
Stetobesold.

In addition to direct contact with the pesticideduring application or through drift or run-
off, how else may nontar get plantsand animals be harmed by a pesticide?

Nontarget plantsand animal smay be harmed by the pesticideres duesthat stay inthe environment for
aperiod of timeafter there ease. These can beresiduesthat remainin soil or on surfaces, or they may
beresiduesthat build up inthe bodiesof animal's, harming those animal sthemsalvesand sometimes
other animal sthat feed onthem.

What kindsof damage can some pesticides causeto surfaces?

. Surfacesmay become discolored, pitted or marked, corroded or obstructed, or beleft withavisible

deposit.
IvV-17
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12. Q.

A.

13. Q.

14. Q.

15. Q.

16. Q.

17. Q.

Which pesticide handling activitiesposeathreat to groundwater or endanger ed species?

All handling activitiesmay poseathreet, including mixing, loading, goplying, equipment cleaning, Sor-
age, transportation, disposd, and saill dleanup.

Why isthelocation of your pesticideusestethemain factor that deter mineswhether you
must take special action to protect endanger ed speciesor groundwater ?

Special limitations on pesticide use are usually in effect only in locations where endan-
gered specieslive or are being introduced and in areas where groundwater is especially
likely to be contaminated.

How will you know if you must take pecial action to protect endanger ed speciesor ground-
water?

The pesticide labdling will tell you if special measures are necessary, but may not contain the
detailed ingtructions that you must follow. The labeling may instruct you to get these from an-
other source.

What are somefactorsthat determine whether pesticideswill reach groundwater ?

. Thefactorsinclude: practices followed by pesticide users; presence or absence of water on the

surface of the site where the pesticides are released; chemical characteristics of the pesticides,
type of soil at the pesticide rel ease site; location of the groundwater; itsdistance from the surface
and the type of geological formations aboveit.

How can you help to prevent pesticides from reaching groundwater ?

. Avoid using more pesticide than the labeling directs,; avoid application methods that present

specid risks; keep pesticides from back-sphoning into your water source; locate pesticide stor-
agefacilities at least 100 feet from wells, springs, sinkholes, and other sitesthat directly link to
groundwater; locate mix-load sitesand equi pment-cleaning Stesat least 100 feet from surfacewater or
from direct links to groundwater or take precautions to protect those sites; dispose of unused
pesticides, pesticide containers, and equipment and container rinse water correctly.

Explain why the amount of water on the surface of the soil at the pesticide use siteisan
important factor in groundwater contamination.

If there is more water on the soil than the soil can hold, the water (along with any pesticides it
contains) islikely to move downward to the groundwater more rapidly than in unsaturated soil.
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18. Q.

19. Q.

20. Q.

21. Q.

22. Q.

23. Q.

24. Q.

25. Q.

Explain how thesolubility, adsorption, and persstenceof apesticideaffect itsability to move
intogroundwater .

Solubility—Pesticidesthat dissolveeadly inwater aremorelikely to moveinto water systems.

Adsor ption—Pesticidesthat becometightly attached (strongly adsorbed) to soil particlesare not
likely tomoveout of thesoil andintowater systems.

Perg gence—Pedticidesthat do not break down quickly remainintheenvironment for alongtime, and
aremorelikely to moveinto groundwaeter.

Definedrift.

. Driftisthemovement of soray droplets, dust particles, or vapor avaysfromtheapplication site.

How do pesticidesr each groundwater ?

Pesticides applied corretly to asite may be moved downward with rain or irrigation water, reach-
ing the water table below.

Can pedticide pollution actually aid the pestsyou’retrying to control? How?
Yes. Pesticides can destroy the predators and parasite that naturally control pests.
Namethreefactorsthat affect drift.

Particle size, nozzle design and orientation, pressure, temperature, humidity, evaporation, height
of release, and air movement.

What isa persstent pesticide?
Persistent pesticides may remain in the environment for long periods without breaking down.

Briefly describethehydrologiccycle.

. Water falls to earth as precipitation. The precipitation runs off the surface to become surface

water. Water a so seepsthrough the soil to become groundwater. Water returnsto theatmosphere
through evaporation and transpiration. Thisisthehydrologiccyde.

Namethethreewayspesticidesbreak down after application.

Pesticides break down through microbial degradation, chemical breakdown, and
photodegradation (Ultraviolet light).
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26. Q. Why do or ganophosphates often pose low environmental hazar ds?

A. Organophosphates degrade relatively quickly and thus remain in the environment for only a
short period.

27. Q. Can persstent pesticidesberédatively harmlesstotheenvironment?
A. Yes. Persistenceisnot awaysbad for the environment, although there have been caseswhen

itwas. Long lasting or persistent pesticides are important for long-term protection of struc-
turesfrom termites.
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exposureto that pesticide, either by volumeor by
timeof exposure.

Drift— Airbornemovement of pesticideaway from
therdeaseste.

Exposure— Comingin contact with pesticide; get-
ting pesticide on surfaceor inor onan organism.

Hazar d — Risk of harmful effectsfrom pesticides.

Heat stress— IlInessthat occurswhen your body
issubjected to more heet thanit can copewith.

HEPA (High-efficiency particulateair) — Fil-
trationthat must, by law, capture 99.97% of dl par-
ticlesdownto 0.3 micron, about 240timessmaler
thanthewidth of ahumanhair.

LD,, (Median lethal dose) — Doseof pesticide
expaimentaly determinedtobelethd tohalf (50%)
of test animasexposedtoit.

NIOSH (National Ingtitute for Occupational
Safety and Health) — Federa agency established
by Occupationa Safety and Health Act of 1970.
NIOSH ispart of Centersfor Disease Control and
Prevention (CDC) andisrespons blefor conduct-
ing research and making recommendationsfor pre-
vention of work-relatedillnessandinjury.

Per sonal Protective Equipment (PPE) — De-
vicesand clathingwornto protect human body from
contact with pesticidesor pesticideresidues.

Por oussur face— Surfacewithtiny openingsthat
alowsliquid to beabsorbed or to passthrough.

Reproductiveeffect —Injury toreproductivesys-
tem of men or women dueto exposureto pesticide
or combination of pesticides.

Rinsate— Pesticide-containing water (or other
liquid) that results from rinsing pesticide con-
tainer, pesticide equipment, or other pesticide-
containing materials.
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Sensitization — Body’ s process of learning to
recognize chemical asforeign substance, which
may result in alergic reaction upon repested
exposure to that chemical.

Signal word — Word on pesticide labdl that
identifies pesticide’ stoxicity category.

Toxicity — Measure of pesticide’s ability to
cause harmful effects.

Worker Protection Standard (WPS) — Leg-
idation that protects agricultural workers from
pesticideexposure. Appliesto agricultura work-
ersand pesticidehandlers.

A certified applicator hasalegal obligation to
follow all pesticide label directionsin such a
manner that the environment, the public, non-
target species, and the applicator are not placed
at elevated risk. Safety must be the number
one concern during all phases of work.

The god of certification is to protect applica
tors, the public, and the environment by improv-
ing the applicator’ s knowledge. Once you have
demonstrated competence and awareness of the
risks involved, you will be certified to buy and
use certain pesticides that have the potential to
adversdly affect humans, animds, plants, and the
environment. The respongbility certified appli-
cators show in handling restricted-use products
will greatly influence whether these important
materials remain available for pest control. Al-
ways keep in mind that pesticides can be dan-
gerousif improperly used, stored, or discarded.

Mot pesticidesaredesignedto harmor kill pests.
Becausesome pestshave sysemssamilar tothehu-
man system, some pesticides can aso harmor kill
humans. Fortunately, humanscan usualy avoid
harmful effects by avoiding pesticide exposure.
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Pesticidesaretoolsand, like all tools, they must
be handled with care and respect.

Humansmay be harmed by pedticidesintwoways.

® Pedgticidepoisoningiscaused by ingested or
absorbed pesticidesthat harm interna organs
or other systemsinsidethe body.

® Pesticide-related injuries are usually
caused by exposure to pesticides that are
externd irritants.

When you prepareto use apesticide, you need
to consider other factorsin addition to toxicity.
Pesticidesthat are chemically smilar to onean-
other can cause the same type of harmful ef-
fects. Theseeffectsmay be mild or severe, de-
pending on the pesticide involved and the
amount of overexposure. The pattern of ill-
nessor injury, however, caused by each chemi-
cal group isusually the same. Some pesticide
chemical families can cause both external irri-
tationinjuriesand internal poisoning illnesses.

Somepesticidesare highly toxicto humans; only
afew dropsinthemouth or onthe skin can cause
extremely harmful effectsor even death. While
other pesticides arelesstoxic, too much exposure
to them aso will cause harmful effects. The
smpleformulalisted below illustrateshow to de-
terminerisk:

Hazard = Toxicity x Exposure

Hazar d istherisk of harmful effectsfrom pesti-
cides. Hazard depends on both the toxicity of
the pesticide and the exposur e you will receive
inany situation. The objectiveisto reduceyour
risk by reducing your exposure to and/or thetox-
icity of the pesticide you use. To avoid pesticide
poisoning, thecardinal ruletofollow isexercise
caution. Familiarize yourself with theentire sec-
tion on safety; in apesticide emergency, you can-
not count on having the time to consult a book
for information.
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[I. SafePractices

Pouring and mixing undiluted chemicals is the
most dangerous time when using pesticides.
Whenyou handle pesticides, remember theseim-
portant safety practices.

1. Read and refer to the label often and fol-
low the precautions.

2. Never work alone.

3. Always wear label specified protective
clothing.

4. Keep children and unauthorized people
away from areas where pesticides are
loaded, stored, mixed, or applied.

5. Don't drink intoxicating beverages when
working with pesticides.

6. Make sure your equipment is clean, cali-
brated, and working properly.

7. Mix pesticides outdoors or, if you must
work indoors, make sure the area is well
lighted and ventilated.

8. Do not destroy thelabel when opening bags
or cans. Replace caps and close containers
tightly.

9. Avoid eating, drinking, smoking, and
touching your face while mixing or han-
dling materials.

10. Measure materialscorrectly for the recom-
mended rate. Don’t mix or pour chemicals
at eye level or on the edge of atable or

pickup bed.

11. Pour liquid, powder, or dust dowly to avoid
splash, spill, or drift. Whentransferring con-
centrates from drums, use either thread tabs

or drum pumps.
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12. If pesticidesare splashed or spilled, immedi-
atdy removecontaminated dothing; thoroughly
wash skin with soap and water; put on fresh,
clean protective clothing; clean up the spill.

13. Always apply pesticides under appropriate
weather conditions.

14. Carry at least five gallons of clean water on
tractorsand other application equipment for
washing eyes and skin in case of emergen-
cies.

15. After handling pesticides, dwayswash hands,
arms, and face thoroughly before you est,
drink, smoke, or usetherestroom.

16. Never leave pesticidesunattended in atruck,
field, or a an operation site.

I11. PesticidePoisoning

Exposure

When apegticide comesinto contact withasurface
or an organism, that contact iscalled apesticide
exposure. For humans, a pesticide exposure
means getting pesticidesin or onthe body. The
toxic effect of a pesticide exposure depends on
how much pedticide is involved and how long
theexposureremainsthere.

Types of Exposure

Pesticidescontact your body infour mainways.

1. Ord exposure (when you swalow a pesti-
cide)

2. Inhaation exposure (whenyouinhaeapes
ticide

3. Ocular exposure (whenyou get apesticidein
your eyes)

4. Dermd exposure (when you get a pesticide
on your skin)

Dermal Exposure

Absorption through the skin during mixing,
loading, or disposal isthe most common cause
of pesticide poisoning. The skin more readily
absorbs liquid formulations than powders,
dusts, or granules. I f you spill or splash a pes-
ticide on yourself, wash immediately! Wash
before touching your face or eyes and before
using therestroom.

Oral Exposure

Ingesting apesticide can causeillness, injury, or
death. M ost accidental consumption of pesticides
occurswhen applicatorsdo not wash their hands
before eating or smoking; or when they eat food

v Ly
R

. L____/ .

Figure5.1 Four common ways pesticides enter the body: a) dermal, b) ord, c) respiratory, d) ocular.
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that has pesticide residues on it. Serious acute
pesticide injuries can result from drinking from
a contaminated unmarked container that once
heldfood or drink, suchasasoft drink bottle. There-
fore, always store pesticidesin the original, la-
beled containers. Never clear a spray line or
nozzlewith your mouth, and don’t eat or smoke
whileworking with pesticides.

Respiratory Exposure

Pesticides inhaled into the lungs, especidly va-
porsand fine particles, arerapidly absorbedinto
the bloodstream and pose agresat poi soning dan-
ger. Always use protective devices called for on
thelabel. Changerespirator filtersand cartridges
asoften asthemanufacturer suggests. If you smell
pesticidesor havedifficulty bresthing, replacethe
filter or cartridgeimmediately. If no other guide-
linesareavailable, change cartridgefiltersevery
eight hours. Mix pesticidesoutside and inwell-
ventilated areas, stand at a90° angle (sideways)
to thewind when mixing or loading pesticides.
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Eye (Ocular) Exposure
Becausetheeyesabsorb chemicalsvery rapidly,
getting pesticidesin your eyes can damage eye-
sight and eye tissues and even cause seriousill-
nessor death. Wear gogglesor other eye protec-
tion while measuring or mixing concentrated
pesticides, or when applying highly toxic pesti-
cides. Keep protectiveequipment clesn and avail-
ableat dl times.

The amount of pesticide absorbed through your
skin (and eyes) and into your body dependson:

® thepesticideitself and thematerial usedto
dilutethe pesticide. Emulsifiable concen-
trates, oil-based liquid pesticides, and oil-
based diluents (such as xylene) are, in gen-
eral, absorbed most readily. Water-based
pesticides and dilutions (such as wettable
and soluble powders and dry flowables)
ususally are absorbed lessreadily than the
oil-based liquid formulations but more
readily than dry formulations. Dusts, gran-
ules, and other dry formulations are not
absorbed asreadily asliquids.

* theareaof the body exposed. The genita
areatends to be the most absorptive. The
scalp, ear canal, and forehead are also
highly absorptive.

® the condition of the skin exposed. Cuts,
abrasions, and skin rashesallow absorption
morereadily than intact skin. Hot, sweaty
skin will absorb more pesticide than dry,
cool skin.

Poisoning Symptoms

Anyone who works with pesticides needsto be
thoroughly familiar with common poisoning
symptomsand basicfirst aid procedures. Watch
for early warning signs; you may be ableto save
aperson’'s life by immediately and completely
removing the exposure source.
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Never work alonewhen handling hazardous
materials, and watch each other carefully for
any unusual behavior. Pesticide poisoning
symptoms often resembletheflu or other com-
mon ilInesses (even a hangover), but if these
symptoms appear after contact with pesticides,
consult aphysician. Takethelabel withyouto
the doctor’ s office.

Causes of Exposure

One of the best waysto avoid pesticide expo-
sureisto avoid situations and practiceswhere
exposures commonly occur.

Oral exposuresoften are caused by:

® not washing hands before eating, drinking,
smoking, or chewing

® mistaking the pesticidefor food or drink

® accidentally applying pesticidesto food

® gplashing pesticide into the mouth through
carel essness or accident

I nhalation exposur es often are caused by:

® prolonged contact with pesticidesin closed
or poorly ventilated spaces

® breathing vaporsfrom fumigants and other
toxic pesticides

® breathing vapors, dust, or mist while han-
dling pesticideswithout appropriate protec-
tive equipment

® inhaling vapors present immediately after
a pesticide is applied; for example, from
drift or from reentering the areatoo soon

® using arespirator that fits poorly or us-
ing an old or inadequatefilter, cartridge,
or canister

Dermal exposur esoften are caused by:

® not washing hands after handling pesticides
ortheir containers

® gplashing or spraying pesticides on unpro-
tected kinor eyes
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® wearing pesticide-contaminated clothing (in-
cluding bootsand gloves)

® gpplying pesticidesin windy wegther

* wearinginadequate persond protectiveequip-
mentwhilehandling pedticides

® touching pesticide-trested surfaces

Eyeexposur esoften are caused by:

* glashingor soraying pesticidesineyes

® gpplying pesticides in windy weather with-
out eyeprotection

® rubbing eyesor forehead with contaminated
glovesor hands

® pouring dust, granule, or powder formula
tionswithout eyeprotection

Poisoning symptomsfall into three groups:

M ild Symptoms

Fatigue

Blurred vison

Headache

Nauseaand vomiting

Excessive swegting or sdlivation
Dizziness

Stomach crampsand diarrhea

M oder ate Symptoms

Wesakness

Chest discomfort

Inability to walk

Condtricted eye pupils

More severe form of mild symptoms

Sever e Symptoms
Unconsciousness
Secretionsfrom mouth and nose
Coma

Muscletwitches

Difficulty in breathing
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VI. Toxicity

Toxicity isameasureof theability of apesticide

to cause harmful effects. Toxicity dependson:

® typeandamount of activeingredient(s)

® typeand amount of carrier or solvent
ingredient(s)

* typeandamount of inertingredient(s)

® typeof formulation, such asdust, granule,
powder, or emulsifiableconcentrate

Toxicity is the innate capacity of a materia to
causeinjury or death. It is an inherent property
of the materid like color, reactivity, or meting
point. It cannot be changed. Toxicity is often
expressed interms of an LD, value.

LD

50

Thetoxicity of aparticular pesticideismeasured
by subjecting laboratory animals (usudly rats,
mice, rabbits, and dogs) or tissue culturesto dif-
ferent dosages of the activeingredient and of the
formulated product over various time periods.
These toxicity studies help to estimate the risk
that the pesticide may pose in causing harmful
effectsin humans. However, some people react
more severely or more mildly than estimated.
Bedert to your body’ sreactionto the pesticides
you are handling. Some people seem to be espe-
cially sensitive to individual pesticides or to
groups of Similar pesticides.

Toxicity sudiesareguiddinesfor estimating and
comparing the toxic effects of one or more pes-
ticides. To determine the toxicity of a material,
researchers give laboratory animals short term
exposure to doses of the pesticide to be tested.
These doses are administered oraly, aswell as
put on the skin, eyes, and in the air that the test
animalsbreathe. Theanimasarethen studied for
toxic effects. Toxic effectsproduced fromasingle
exposure arereferred to asacutetoxicity.
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Concentrations of pesticides are administered
totest animalsin ever increasing doses until it
isdetermined that a specific amount of a pesti-
cide will kill half of the animals tested. The
lethal dose for 50% of the animals tested is
called the LD, value for that product. The
smaller the LD, value, the less chemical was
used to kill half the test animals, and thus, the
more toxic the material. If the pesticide was
administered orally, than the toxicity level is
expressed asanoral LD, If the pesticideis
placed on the skin, than the data represents a
dermal LD,,, and if on the eyes, an ocular

LD, is obtained. LD_s for different chemi-
calscan only becompared if the sametest ani-
mal isused. For precise measurementsin these
tests, a measured weight of pesticide is used
for ameasured weight of test animal. For the
tests described above, the unitsare milligrams
toxicant per kilogram test animal (mg/kg).
Becausethereareamillion milligramsin aki-
logram, parts per million (ppm) may be used.

LC

50

To determinethe acuteinhalation toxicity, the
measure of how toxic apesticideisto breathe,
researchers add a known amount of pesticide
to aknown volume of air. The amount of pes-
ticidethat hasto be added to the air to kill half
of thetest animalsisthelethal concentration
for 50% of the animalstested, or theLC_. The
lower the LC_,, the more toxic the material.
L C,, ismeasured in milligrams of toxicant per
liter of air (mg/l) or parts per million (ppm).
Sometimes the measurement is expressed in
milligrams per cubic meter (mg/m3).

Chronictoxicity isused when pesticidesaretested
with small amountsof pesticideadministered re-
peatedly over time. These tests may run days,
weeks, monthsor evenyears. Sincethetestsmay
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vary, thereisno standard unit of measureand an
ora toxicity rating may look likethis: “ 4 milli-
grams of pesticide were fed to mice daily for 6
months. No symptoms of poisoning appeared.”

Signal Wordsand Categoriesof
AcuteToxicity

Basedon LD, LC_, and other considerations,
eechpedticideisclassfiedintoatoxicity category
and assigned a corresponding signal word. The
signa word appearsin bold print on the face of
all pesticidelabels. Thisenablesthe gpplicator to
make arapid determination of the degree of tox-
icity associated with each pesticide. Thewordis
not aprecise measurement.

The public often believesthat “natural” pes-
ticides are safer or less toxic than man-made
or synthetic pesticides. The origin of the pes-
ticidetypically haslittle to do with itstoxic-
ity. Botulin, atoxin produced by the bacte-
rium Clostridium botulinum, is one of the
most toxic poisons known (one milligram can
kill an estimated 500 people), while some of
the synthetic pyrethroids are categorized as
relatively nontoxic to humans. The toxicity
of agiven pesticideisrelated to its mode of
action on the target organism and the chemi-
cal group to which that pesticide belongs.
Table 5.1 will assist in interpreting the sig-
nal word on a pesticide label.

First Aid and
Emergency Procedures

When someone has been exposed to pesticides,
certain actions are immediately necessary. If
you're aone with the victim, start first aid as
quickly as possible. Be sure you don’'t con-
taminate yourself in the process! If someone
elseisasothere, oneof you can beginfirstaid
whilethe other callsthe poison center at one of
the following numbers:
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FIRST AID

Poison Control Center Numbers
Toll FreeHotline: 1-800-362-0101
In Tucson: 626-6016

Make sure you take the label or container with
you to the physician or Emergency Room.

REMEMBER: Speed is essentid in adminis-
tering first aid for pesticide poisoning!

Immediate action for those exposed to pesti-
cidesincludes:

For Dermal Exposure

®* Removeclothing.

® Drenchskinwithwater.

® Wash skin and hair quickly and thoroughly
with sogp and water; don’t forget fingernails.

For Oral Exposure

¢ Cdl the Poison Control Center or a physi-
cian and check labdl for precautions.

® Givemilk or water immediately, unless the
patient isunconscious, convulsing, or unable
to swallow. Induce vomiting only if thela-
bel directsyou to!

® Get patient to hospital asquickly aspossible.
For Respiratory Exposure

* [fthevictimisinanenclosed area, get fresh
air intotheareaor carry the patient to fresh
airimmediately. Do not enter the contami-
nated area yourself without an
air-supported respirator.

® Loosenadltight clothing.

® Give mouth-to-mouth resuscitation or CPR
if breathing hasstopped or isirregular.
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Table5.1. LD Categories.
50
Category  SignalWord Oral LD, Dermal LD, InhalationL C, Probablelethal dose
(mg/kg) (mg/kg) (mg/L) (150 Ib man)
l. DANGER or FromOto FromOto FromOto A few dropsto
Highly DANGER 50 50 0.2 one teaspoon
Toxic
. WARNING From 50 From 200 From 0.2 Over one
Moderately to 500 to 2,000 to2 teaspooon
1. CAUTION From 500 From 2,000 From2to Over one ounce
Slightly to 5,000 to 20,000 20 to one pint/
Toxic or one pound
For Eye(Ocular) Exposure 1. Od
_ _ 2. Inhddion
* |Immediatey wash eyeswith agentlestream 3. Damd
of clean running water for 15 minutes or 4. Bje
more. Don't use chemicals or drugs in the
washweter. Oral

® Encourage the patient to blink as much as
possible.

® Obtanmedicd care.

V. Harmful Effects

Pesticides can cause three types of harmful ef-
fects: acute effects, delayed effects, and al-
lergic effects.

Acute Effects

Acute effects are illnesses or injuries that may
appear immediately after exposureto apesticide
(usudly within24 hours). Acuteeffectscanbemes
sured moreaccuratdy than ddayed effects, and they
aremoreeasly diagnosed than effectsthat do not
gppear until long after theexposure. Acuteeffects
areusudly obviousand areoftenreversibleif ap-
propriate medical careis given promptly.

Pesticides cause four types of acute effects:
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Y our mouth, throat, and stomach can be burned
severdy by ingestion of somepedticides Other pes-
ticidesthat you swallow will not burnyour digestive
system, but will be absorbed and carried in your
blood throughout your body and may cause you
harm. For some pedticides, swalowing evenafew
dropsfrom asplash or wiping your mouthwitha
contaminated glovecanmakeyouvery ill.

Inhalation

Y our entire respiratory system can be burned by
some pesticides, making it difficult to breathe.
Other pedticides that you inhde may not harm
your respiratory system, but arecarried quickly in
your blood throughout your wholebody.

Dermal and Skin Irritation

Contact with some pesticidesmay causeyour skin
toitch, bligter, crack, or changecolor. Other pes-
ticides can passthrough your skin and eyesand
get into your body. Onceinsideyour body, these
pesticides are carried throughout your system.
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Eye

Some pesticidesthat get into your eyes can cause
temporary or permanent blindness or severe ir-
ritation. Other pesticides may not irritate your
eyes, but may pass through them and into your
body. These pesticides can travel throughout
your body, causng you harm.

Delayed Effects

Delayed effects are illnesses or injuries that do
not gppear immediately (within 24 hours) after
expoaureto apedticideor combination of pesticides.
Often theterm chronic effects isused to describe
delayed effects, but thistermisapplicableonly to
certaintypesof delayed effects.

Deayed effectsmay be caused by:

® repeated exposure to apesticide, apesticide
group, or acombination of pesticides over a
long period of time, or

® single exposure to a pesticide (or combina-
tion of pesticides) that causes a harmful re-
action that does not become apparent until
much later.

Some pesticides cause delayed effects only with
repeated exposure over a period of days,
months, or even years. For example, if arat eats
alarge amount of the pesticide cryolite at one
time, the pesticide passesthrough therat’'ssystem
quickly andiseliminated without harmful effects.
However, if therat regularly estssmall amountsof
cryolite, it soon becomesill and dies. Cryolite does
not readily dissolveinwater. Thesmall amount of
pedticidethat isabsorbed intotherat’ ssysem from
aone-timeexposureisnot enoughto causeillness.
Butif that samesmal amount isabsorbed day after
day, enough poison will beabsorbed intotherat’s
sysemto causeillnessand deeth.
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Sometimes repeated exposures to a pesticide or
family of petticideswill resultinadd ayed effect, but
alarger exposurewill causean acuteeffect. Orga-
nophosphate and carbamate pesticidesinhibit cho-
linesterase, achemicd inthenervoussysem of hu-
mans. A largeexposure causesimmediate acuteil |-
ness. Smaller exposures cause no apparent prob-
lemat first. They inhibit the cholinesterase, but not
enoughto causeimmediaeillness. Smdl, repeated
exposuresto these pesticidesover severd daysor
weeksmay greetly reduce cholinesteraselevelsin
the body. At that point, evenasmall exposuretoa
pesticidewith rdatively low cholinesterase-inhibit-
ing propertiesmay trigger savereillness

A person who is repeatedly exposed to two or
more specific chemicas may become ill even
though any one of the chemicas done would
have had no harmful hedth impact. Some orga
nophosphate pesticides have been shown to have
this effect when they are used in combination.

In some cases, asingle exposure to a pesticide
(or combination of pesticides) could adversely
affect the exposed person’ s hedlth after a period
of time. For example, largeexposurestothe herbi-
cideparaquat may causesevereor fatd lunginjury
that doesnot gppear for 3to 14 dayséfter theinitid
exposure. After anexposure, paraguat dowly builds
upinthelungsand destroyslung cdlls.

Some kinds of harmful effects may not occur
unless a certain set of circumstances is present.
Although these effectscan occur after thefirst ex-
posure, thelikelihoodissmal. Continuousor fre-
quent exposuresover along period of timemakeit
more likely that dl the necessary factors will be
present. Genetic changesthat result inthe devel -
opment of cancer or other delayed effectsarein
thiscategory.



Chapter 5

Safety

Typesof ddayed effectsincdude:

® chronic

® devdopmentd andreproductive
* gydemic

Chronic Effects

Chroniceffectsareilinessesor injuriesthat gopear a
longtime, usudly severd years, after exposuretoa
pesticide. Somedeayed effectsthat are suspected
toresult frompedticides chronictoxicity indude:

® production of tumors(oncogenic effect)

® production of maignancy or cancer (carci-
nogenic effect)

® changesin the genes or chromosomes (mu-
tagenic effect)

Typical precautionary statements on pesticide
labeling include:

CANCER HAZARD WARNING STATE-
MENT: THISPRODUCT CONTAINS AN IN-
GREDIENT WHICH HAS BEEN DETER-
MINED TO CAUSE TUMORS IN LABORA-
TORY ANIMALS.

NOTE: THIS PRODUCT HAS BEEN
SHOWN TO CAUSE CANCER IN LABORA-
TORY ANIMALS.

Developmental and Reproductive Effects

A developmental effectisaninjury or illnessthat
occursto afetusinthewomb of awomanwho has
been exposed to a pesticide or pesticides. These
effectsindude:

* hirthdefects(teratogenic effect)

* illnessor desth (miscarriage or dtillbirth) toa
fetus (fetotoxic effect)

V-12

A reproductive effectisaninjury tothereproduc-
tive system of exposed men or women. Theseef-
fectsindude

infertility or sterility in men or women
® impotence in men

Some developmenta or reproductive effectsare
thought to occur immediately after exposuretoa
pesticideor combination of pesticides, but they may
not be apparent for sometime after the exposure.
For example, abirth defect may beseen only after
thebirth of achild, which may be severa months
after the exposure. Other devel opmentd or repro-
ductiveeffectsarethought to result from repeeted
exposuresto a pesticide or combination of pesti-
cidesover aperiodof time.

A typica precautionary statement on pesticidela
bdingis
THISPRODUCT MAY BE HAZARDOUS TO

YOURHEALTH. THISPRODUCT HASBEEN
DETERMINED TOCAUSEBIRTHDEFECTSIN

LABORATORY ANIMALS.
Systemic Effects

A ddayed systemic effect is an illness or injury
to asystem in the body that does not appear im-
mediately (within 24 hours) after exposure to a
pesticide or combination of pesticides. Such ef-
fectsindude:

® blood disorders (hemotoxic effects), such as
anemia or an inability to coagulate

* nerveor braindisorders (neurotoxic effects),
such asparaydss, nervous excitation, behav-
iord changes, tremors, blindness, and brain
damage

® <kin disorders, such as rash, irritation, dis-
coloration, andulceration

® |ungandrespiratory disorders, suchasemphy-
semaand asthma

* liverandkidney disorders suchasjaundiceand
kidney falure



Chapter 5

Safety

Typical precautionary statementson pesticidela
beinginclude:

MAY PRODUCE KIDNEY AND LIVER DAM-
AGE UPON PROLONGED EXPOSURE.

INHALATION MAY CAUSE DELAYED
LUNG, NERVE, OR BRAIN INJURY.

LIQUID ORVAPOR MAY CAUSE SERIOUS
SKINOREYE INJURY WHICHMAY HAVE A

DELAYEDONSET.

Determining Delayed Effects

Because of thetime delay between the exposure
and the observabl eeffect, and because many other
typesof exposures may have occurred during the
delay, itissometimeshard toidentify thecauseof a
ddayed effect. Although somepesticidesmay cause
ddayed effectsinlaboratory animds, further gudies
are needed to determinewhether these pesticides
will effect humansthesameway.

When there is clear evidence that a pesticide
may cause chronic, developmental, reproduc-
tive, or systemic effects in humans, the EPA
will determine what steps are appropriatein a
special review to reduce or eliminate the risk.
Such actionsinclude:

® removing the pesticide from use

® requiring label warning statementsabout the
possible effect

® requiring specific persona protective equip-
ment or safety systems during handling of
the pesticide

® requiring changesin dosages, method, or fre-
guency of application, and waiting times
beforeentry or harvest/d aughter/grazing

® redrictingtheuseto certified gpplicators

Avoiding Delayed Effects

Scientists, pesticide manufacturers, and the
EPA cannot yet be sure what the delayed ef-
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fects of too much exposureto individual pesti-
cides or combinations of pesticides may be. It
may be yearsbeforethere are clear answerson
the effects of al the pesticides and combina-
tions of pesticidesin usetoday. Meanwhile, it
makes good sense to reduce your exposure to
all pesticidesas much aspossible.

Allergic Effects

Allergiceffectsareharmful effectsthat somepeople
developinreactionto exposureto substancesthat
donot causethesamereectioninmost other people.
Allergicreactionsarenct thought to occur duringa
person’ sfirg exposureto asubstance. Thefirst ex-
posure causesthebody to deve op repdling response
chemicdstotha subgance A later (thesecond, third,
or more) exposureresultsinthedllergicresponse.
Thisprocessiscaled sengtization, and substances
that cause peopleto becomeadlergictothemare
known as sensitizers.

Certain substances cause many peopleto develop
an dlergic reaction. Poison ivy, for example,
causes a severe skin rash in many people. Other
substances cause dlergic reactionsin only afew
people. Turfgrass, for example, causes a severe
skinrashin relatively few people.

Typesof Allergic Effects

Some people are sensitized to certain pesticides.
After being exposed once or afew timeswith-
out effect, they develop a severe alergy-like
response upon later exposures. These alergic
effectsinclude:

* gsygsemiceffects suchasasthmaor evenlife-
threatening shock

® SKinirritation, such asrash, blisters, or open
sores

® eyeandnoseirritation, such asitchy, watery
eyes, and sneezing
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Unfortunately, there is no way to tell which
people may develop allergies to which pesti-
cides. Certain people seem to be more chemi-
cally sensitive than others and develop an al-
lergic response to many types of chemicalsin
their environment. These persons may be more
likely to develop dlergiesto pesticides.

Typica precautionary statementson pesticidela-
beling include:

THISPRODUCT MAY PRODUCE TEM PO-
RARY ALLERGIC SIDE EFFECTSCHAR-
ACTERIZED BY REDNESSOF THEEYES,
MILD BRONCHIAL IRRITATION, AND
REDNESS OR RASH ON EXPOSED KIN
AREAS. PERSONS HAVING ALLERGIC
REACTIONSHOULD CONTACT APHYSI-
CIAN.

MAY BEA SKIN SENS TIZER.

Avoiding Aller gic Effects

Depending on how severe the alergic reaction
is, personswith alergiesto certain pesticidesmay
have to stop handling or working around those
pesticides. They may be unable to tolerate even
dight exposures. Sometimes personswith aler-
giesto certain pesticides can continuetowork in
Situations where those pesticides are present by
reducing their exposureto them.

Dose Response

Theeffect of apesticideisdependent on avariety
of factors. Themost important factor isdosere-
sponse, which means that the greater the expo-
sureto adose, the greater the effect of the chemi-
cal. Dose can be regulated by changing the vol-
umeof the pesticidein contact with thetarget, or
by changing thelength of timethat thetargetisin
contact with or exposed to the pesticide. For most
pesticides, thereisaminimum exposureleve be-
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low which the pesticide will have no adverse ef-
fects. Likewise, for any pesticide (or any chemi-
cd at dl), thereis alevd that issureto have a
toxic effect. The most interesting examples can
befound in many of our modern pesticidesthat at
certain low levels are used as or derived from
medicines. It can be stated smply: “ The dose
makesthe poison!”

Shock

Shock is the body attempting to shut down to
prevent itself from being injured further. 1f un-
treated or ignored, thevictim can diefrom shock
even if the injuries were not life-threatening.
Typicdly, symptoms are pae skin that is cold
and clammy, eyes that are blank and lackluster
with dilated pupils, breathing that isshalow, and
irregular, pulsethat israpid, weak and irregular.
Inadditionthevictim may havefainted. Takeim-
mediate action:

Procedurefor Shock Victims

* Keegpthevictimflat on back with feet elevated
1to1%Yfedt, unlessvictimisvomiting.

* Kegpthevictimwarm but do not overhedt.

* Kespthevictimquiet, but reessurecftenthrough

touch and speech.
*  Gameadicd atentionimmediatdly.

V1. Personal Protective
Equipment (PPE)

Personal protective equipment (PPE) isclothing
and deviceswornto protect the human body from
contact with pesticides or pesticide residues.
Persond protectiveequipment includessuchitems
ascoveralsor protectivesuits, footwear, gloves,
aprons, respirators, eyewear, and headgear.

Ordinary shirts, pants, shoes, and other regular
work clothing are usudly not considered persond
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protective equipment, although the pesticide la-
beling may requireyou to wear specificitemsof
work clothing during someactivities.

To prevent or reduce exposure to pesticides, you
need to wear persond protective equipment. You
arelegally required tofollow all personal pro-
tectiveequipment instructionsthat appear on
thelabe or inlabding.

Remember, just because the pesticide labeling
addressesthose requirementsfor equipment, do
not rule out the need for more protection. No
pesticidelabel instructions can cover al situa-
tions. Y our common sense, the information on
thelabel about precautionsfor humans, and the
task you will be performing will help you to
assess your potential hazard and to select the
amount and kind of personal protective equip-
ment you need for each handling job.

Pesticidelabelslist the minimum personal pro-
tective equipment you must wear while han-
dling the pesticide. Sometimesthelabeling lists
different requirementsfor different activities.
For example, more personal protective equip-
ment may be required for mixing and loading
than for application.

To reduce the discomfort of protective cloth-
ing, anticipate the environmental conditionsin
whichyou will beworking. If thetemperature
isvery high, try to schedule application for early
mornings hours. Wear undergarments made of
a breathable fabric, such as cotton. When the
temperature islow, wear warm clothes under
the protective equipment. Schedule breaksthat
are long enough to get out of the protective
equipment if the application job is lengthy or
trade-off jobswith aco-worker.

Beawarethat various body areas absorb the pes-
ticideparathion at different rates; experimentsem-
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phasize the importance of wearing protective
clothing to prevent derma exposure (Figure5.2).
Y oumay desreto starch clothing during thewash
process. Studieshave shown that starching cloth-
ing addsan eement of protection.

Protective Clothing

Some pesticide labeling requires you to wear
chemical-resstant persona protective equipment.
You must select amaterial that will beresistant
for the period of timeyou will beexposed tothe
pesticide. M ost chemical-resistant persond pro-
tective equipment items are made of plastic or
rubber but these materiadsarenot equally ress-
tanttod| pesticidesandindl circumstances.

Factor sAffecting Chemical Resistance

How chemicd-resstant amateria will beinyour
pesticide handling situation depends on the
length of exposure, the exposure situation, and
the chemical to which the materia is exposed.

Length of Exposure

Not all types of materialsthat are resistant to
aparticular pesticidewill protect you for the
same amount of time. Some materials will
keep the pesticide out for afairly long time.
Otherswill allow the pesticideto go through
the material to your skin fairly quickly. Thin
materials, such as disposable plastic gloves,
shoe covers, or aprons, may be as much pro-
tection as you need for tasks that can be done
inafew minutes. Longer jobsusually require
items made of aheavier material, or morefre-
guent changes of PPE.

Chemical res stanceisoften sated intermsof ex-
posuretime. For example, neopreneisresstant to
acetonefor 30 minutesor lessand to diesel fuel
for more than 4 hours. If you wear neoprene
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gloves while handling pesticides with an ac-
etone solvent, you must change the gloves at
least every 30 minutes, otherwise, the pesticide
and the acetone will work their way through
the gloves and onto your hands.

ExposureStuation

Even achemical-resistant material will not con-
tinueto protect you if it becomes damaged dur-
ing the pesticide-handling task. For tasksthat in-
volve handling sharp or pointed objectsor walk-
ing through rough terrain, for example, aheavy-
duty or sturdy materid probably would be neces-
sary to ensurechemica resstancebarrier.

Typeof Chemical

Very few materidswill protect you fromal pes-
ticide products. Theleve of chemica resistance
may depend not only on what the activeingredi-
ent is, but also on whether the pesticideisliquid
or dry and what diluents or solvents are used.

Choosing Chemical-Resistant
Materials

Always read the pesticide |abel and labeling to
seeif ittdlsyouwhat materidsareresstant tothe
pesticide product. If it doesnot, ook for another
source of help in making aselection. The Envi-
ronmenta Protection Agency, the Structurd Pest
Control Commission, Arizona Cooperative Ex-
tension, pesticide producers, or persona protec-
tive equipment manufacturersmay issueguidance
about which materids are resstant to particular
pesticides. When no outside adviceisavailable,
you must use your own best judgment in select-
ingamaterid.

Whenyou mugt sdect achemicd-ressant materid,

therearesomegenerd guiddinestofallow:

® Do not usecotton, leather, canvas, and other
absorbent materids. Theseare not chemical -
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resistant, even to dry formulations; powders
and dustssometimes movethrough cotton and
other woven materialsasquickly aswet for-
mulationsand may remaininthefiberseven
after three launderings

® Do not use hats that have a cloth or leather
sweetband, or cloth or cloth-lined gloves, foot-
wear, and aprons. These are difficult or im-
possibleto clean after pesticidegetsonthem,
and they aretoo expensiveto be disposed of
after eachuse

Chemical-resstant Suitsand Hoods

The best choice of materialsfor chemical-resis-
tant suitsand hoodsisgenerdly:

® rubber or plastic, such asbutyl, neoprene, or
polyvinyl chloride (PVC)

® nonwoven fabric coated with plastic or an-
other barrier materid

Read the packaging for the suits carefully to be
sure that they are * chemical-resistant,” “chemi-
ca-protective,” or “liquid-proof.”

Other Chemical-Resgtant Items

For other chemica-resigtant items, such asgloves,
footwear, aprons, and hats, you can choosefrom
many typesof materials.

® Foil-laminate materialsare resistant to most
pesticides, athough many pesticide handlers
consder them uncomfortableto wear and dif-
ficult to usewhile performing many tasks.

® Padticor rubber materiasareresstant todry
pesticides (dusts, granules, and some baits)
and to water-based pesti cides (wettabl e pow-
ders, soluble powders, some solutions, dry
flowablesor water-dispersiblegranules, and
microencapsul ated pesticides).

® Whether materia sareres stant to non-water-
based liquid pesticides depends on the type
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of solvent used.

Pesticidesthat do not dissolvein water are of -
ten mixed with other solvents to form liquid
formulations. Liquid pesticides that are not
water-based include emul sifiabl e concentrates,
ultra-low-volume and low-volume concen-
trates, low-concentrate solutions, flowables,
aerosols, and invert emulsions. Common sol-
ventsarexylene, fuel oil, petroleum distillates,
and alcohol. When xyleneisin aformulation,
it must belisted intheingredient statement on
thefront panel of the pesticidelabel.

When Pesticide Solvent is Unknown

Because some solvents do not have to be listed
intheingredient statement, you may not be able
to chooseachemica-resistant materia ontheba
sisof what isin the formulation. For these pesti-
cides, sdlect sturdy foil-laminate, butyl, or nitrile
materias. Thenwatch for signsthat the material
isnot chemical-resistant. Sometimesit iseasy to
see when aplastic or rubber is not resistant to a
pesticide. Themateria may:

® changecolor,

®  become soft or spongy,

* swdll or bubbleup,

® dissolveor becomelikejéely,
® crack or get holes, or
® becomediff or brittle.

If any of these changes occur, discard the items
and choose another type of materidl.

Protecting Your Skin

Theskinisthe part of your body that usually gets
the most exposure when you are handling pesti-
cides. Pay particular attention to covering asmuch
of your skin aspossible. Remember that persond
protective equipment protectsthe gpplicator only
if the pesticide remainson the outside of thema:
teria. Once the pesticide gets on the insgde and
next to your skin, themateria worksagainst you.
It holdsthe pesticidetightly next to your skinfor
aslong asit isworn. When this happens, more
pesticidewill get onyour skin, causeirritation, or
go through your skin and into your body than if
you were not wearing the protective equipment.
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Body Protection

Any time you handle pes-
ticides, weer at least along-
sleeved shirt and long-
legged pants. In many in-
stances the pesticide label -
ingwill requireyou to wear
acoverdl,achemica-ress-
tant suit, or achemical-re-
Sistant gpron.

Long-Sleeved Shirt and
L ong-L egged Pants

Long-sleeved shirt and
long-legged pants should
be made of sturdy material.
Fasten theshirt collar com-
pletely to protect thelower
part of your neck.

Coveralls

Coverdlsshould bemade of sturdy materia such
as cotton, polyester, a cotton-synthetic blend,
denim, or anonwoven fabric. One-piece cover-
alslook likejump suitsor flight suits. Two-piece
coverallslook like surgeons suits. When wear-
ing acoveral, close the opening securely so the
entire body except thefeet, hands, neck, and head
arecovered. If youwear atwo-piececoverdl, do
not tuck it in at thewai st; the shirt should extend
well below thewaist of the pants and fit loosely
around the hips.

V-18

When handling pesticidesthat are highly or mod-
eratey toxicdermaly or areskinirritants, dways
wear acoverall over another set of clothing that
coversyour body at least from shoulderstothighs.
An entire set of clothing such asalong-deeved
shirt and long-legged pantsworn under the cov-
erdl isided. Sometimesthepedticidelabdingwill
specify aparticular type of clothing to be worn
under thecoveral.

Severd factorsdeterminehow well acoverd| will
protect you. Each layer of clothing and each layer
of air between the pesticide and your skin pro-
vides added protection. That iswhy the coverall
shouldfitloosdly. If itfitstightly, therewill not be
alayer of air between it and your skin, and any
pesticide getting through the coveral will bein
direct contact with your skin.

The design and structure of coverallsalso affect
how well they will protect you. Well-designed
coverdls have tightly—constructed seams and
snug, overlapping closuresthat do not gap or be-
comeunfastened readily. Thiscongtruction makes
it harder for pesticidesto get through these areas
onto your inner clothing and your skin.

Chemical-Resstant Suit

Some pedticidelabeling requireshandlersto wear
achemical-resistant suit. Thisusudly indicates
that the pesticideisvery hazardous, ether for acute
effectsor for delayed effects, and that extrapre-
caution isnecessary to prevent the pesticidefrom
getting on you.

If you expect to be in a Situation where alarge
amount of pesticide could be deposited on your
clothing, consider wearing achemical-resistant
auit evenif the pesticidelabeling doesnot require
youto do so. Even pesticidesthat are gpplied dry,
such as dusts or granules, can get through ordi-
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nary fabric and harmyou.

Chemicd-resstant suitsmade of rubber or plastic
often arereferred to as“rainsuits.” They may be
s0ld asone-piece coverdlsor astwo-pieceoutfits
cong gting of ajacket and overdls. Chemicd-re-
dstant suitsmade of coated nonwoven fabric usu-
aly aresold asone-piececoverdls.

Thebiggest drawback to chemical-resstant suits
isthat they may make you uncomfortably warm.
Unlessyou are handling pesticidesin cool or cli-
mate-controlled environments, heat stress be-
comesamajor concern. Wearing achemical-re-
Sstant suit in even moderate temperature and hu-
midity conditions can causeyou to becomeover-
heated very quickly. Take extra precautions to
avoid heat stressby drinking plenty of water and
taking frequent rest breaksto cool down.

Chemical-Resistant Apron

The pesticide label may require you to wear a
chemical-resistant apron while you are mixing
and loading the pesticide and while you are
cleaning pesticide equipment. Consider wear-
ing an apron whenever you are handling pesti-
cide concentrates. It will protect you from
splashes, spills, and billowing dust. Wearing
an apron over the coverallsor long-deeved shirt
and long-legged pants maybe required for the
application or other handling activities.

Choose an agpron that extends from your neck to
at least your knees. Some aprons have attached
deeves and gloves. Thisstyleis especidly pro-
tective becauseit protectsyour arms, hands, and
front; it eiminates the potential gap where the
deeveand glove or deeve and apron mest.

An apron can sometimes be a safety hazard. It
can get caught in machinery or get in your way
insomesituations. At thosetimes, you may choose
towear achemical-resistant suitinstead.
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Hand and Foot Protection

Pedticidehandlershavethegreatest pesticideexpo-
sureonther handsand forearms. Asaresult, most
pedicidelabdingwill requireyoutowear chemicd-
resstant glovesa dl timeswhilehandling the pesti-
cide. Wear chemicd-resstant glovesany timeyou
may get pesticideson your hands.

Pedticidehandlersa so often get pesticideson their
feet. Never wear canvas, cloth, or legther foot cov-
eringsbecausethey aredifficult orimpossbletodean
adequately. Usechemicd-resstant materidswhen
pesticidesor pesticideresdues, epecialy concen-
trates, may get on your footwesr.

Some pesticide labding requires you to wear
chemical-resistant footwear. Such footwear can
be shoes, shoe covers, or boots. If apesticideis
likely to get on your lower legsor feet, consider
wearing chemical-resistant boots. The boots
should extend past your ankle and at least haf-
way up to your knee.

One situation whereyou should not wear chemi-
ca-resistant gloves and footwear is during the
handling of fumigants, such asmethyl bromide,
becausethe glovesand footwear cantrap the gas
near the skin and cause burns. The labeling on
these fumigants will instruct you not to wear
chemical-resistant gloves and footwear or other
chemicd-resistant clothing.

Wear Glovesand Footwear Correctly

Always start out with gloves and footwear that
you know are new or freshly cleaned. Don't
chooseapair just becausethey arecloseby. They
may aready have pesticidesontheinsgdeand will
not protect your handsor feet.
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If pesticides get inside your glovesor footwear,
you must take them off right away, wash your
hands or feet, and put on aclean pair of gloves
or footwear. Keep several pairs of glovesand
footwear available and change to a clean set
whenever you suspect the inside has become
contaminated.

Avoid Contaminating thelnside of
Glovesand Footwear

Evenwhenyou arewearing glovesand footweer,
you can get pesticides on your hands and feet
unlesstheglovesand footwear are:

® chemical-resistant to the pesticide being
handled

worn correctly

ingood condition

cleaned and cared for

replaced often

Contamination often happenswhen handlersre-
move their gloves briefly to adjust equipment,
open a pesticide container, wipe their face, and
so on, and then put the gloveson again over their
contaminated hands. If you must remove your
gloves during a handling activity, wash your
gloves thoroughly before taking them off, and
wash your hands thoroughly and dry them be-
foreyou put the gloves back on again.

Applicatorsa so sometimes make the mistake of
putting on footwear with contaminated hands.

Thismay transfer the pesticide from your hands
to your socksand feet.

You must keegp pesticidesfrom running down your
deeves or pants legs and into your gloves and
footwear. For many jobs, you will be working
someof thetimewith your armsraised and some
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of the time with them lowered. Close the glove
cuff tightly outsidethedeeve and put heavy-duty
tapeor an dadtic band around theend of theglove
where it meets the deeve. Some gloves have a
method of tightening the cuff to your deeve so
the pesticide cannot run down into theglove.

Pace deeves outside the gloves to keep pesti-
cides from running down the seeves and into
thegloves. Useglovesthat go up over your wrist
and at least halfway to your elbow.

For jobswhen you will be exposed to pesticides
onyour legs, put your pantslegsouts detheboots
sothe pesticidewill not travel down your legand
collect inthe boots or shoe covers.

Head and Neck Protection

If youwill be exposed to pesticides from above,
wear something to protect your head and neck. A
chemical-res stant hood or wide-brimmed hat will
help keep pesticides off your head, neck, eyes,
mouth, and face. Plagtic” safari” hatswith plastic
sweatbandsareagood choice. They arerelatively
cool in hot wegther. Other moreflexible hatsand
hoodsaredso avallablein chemicd-resstant mate-
rids. Many chemical-resstant jacketsor coverdls
can be purchased with attached protective hoods.

Protecting Your Eyes

When the pesticidelabeling requiresyou to wear
protective eyewear, thismeansyou are to wear
goggles, aface shield, or safety glasses with
shields at both the brow and sides. Eyes are
very sensitive to chemicals in some pesticide
formulations, especially concentrates, and tem-
porary blindness caused by an accident may
delay or prevent self-treatment. Eyes also
readily absorb some pesticides.
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Shielded safety glasses or full-face shieldsarea
good choicein many handling Situationsbecause
they are comfortable, do not cause fogging or
swesting, and give good eye protection for many
exposuresituations. Face shieldsthat are cupped
inward towardsyour throat give better protection
from gplashesthan straight face shid ds. However,
if you'rein an open cab during an airblast appli-
cation, flagging directly under an aerid applica
tion, or in any other stuation where you will be
envelopedinaspray, mist, or dust, wear goggles
that fit tightly against your face.

Either gogglesor shid ded sfety glassescanbeworn
withahdf-facerespirator. Full-facerespiratorsare
suppliedwiththeir own face shidd, so additiona
eyeprotectionisnot required.

Wearersof contact lensesmust exerciseextracare
when handling pesticides. Many of the solvents
contained in variousformul ations can dehydrate
or otherwise damage the lenses. Pesticides may
absorb into or become trapped under them, in-
creasing exposureto thewearer. Theuseof con-
tact lensesshould beavoided when using pes-
ticides. If they must be worn, eye protection
should be worn over them, even when it is not
specifiedonthelabd.

Protecting Your Respiratory Tract

The respiratory tract—the lungs and other parts
of the breathing system—is much more absor-
bent than the skin. You must wear a respirator
when the pesticide labeling directs you to do so.
Evenif thelabeling doesnot requireit, you should
consider wearing arespiratory protectivedevice:

® if you arein an enclosed area and the pesti-
cideyou arehandling hasalabel precaution-
ary statement such as*do not breathe vapors
or soray mist,” or “harmful or fatd if inhaed”
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* if youwill beexposedfor alongtimeto pes-
ticidesthat areinor near your breathing zone

Wearing arespirator isanimportant safety issue.
OSHA hasdrafted aseriesof specificregulations
regarding the use of respirators. Theseregulations
includedl respiratory protection ranging fromfil-
ter (dust) masksto self-contained breathing appa-
ratus (mask with “air” tanks). Theseregulations
cover selection of respirator type, traininginuse,
fitand maintenance, medica certification, inspec-
tion of devices, and storage. The false security
provided by a defective, poorly maintained, or
ill-fitting respirator may be more hazardousthan
wearing no respirator at al. Respiratorsarenot a
replacement for making every effort to provide
adequateventilation. If, however, itisnotfeasble
to change chemicd's, equipment, or application
technique, or provide adequate ventilation for the
work area, respirators must be used.

Some fumigants and pesticide formulations
contain an additive that will warn you if you
begin to inhae the pesticide. Such warning
agents often are used when the active ingredi-
entsin the pesticide are highly toxic ones that
you would otherwise not be ableto detect. The
additive may have acharacteristic odor or bea
mildirritant to alert you that you should put on
arespirator or that your respirator isno longer
protecting you. The warning agent can help
you determine when you should use arespira-
tor for products whose labeling does not re-
quirerespiratory protectionin all situations.

Some pedticidelabeling liststhetypeof respirator
you should wear when handling the product.
Other labelsrequiretheuse of arespirator, but do
not specify thetypeor model to beused. NIOSH
and MSHA approve respirators as adequate for
certaintypesof uses. Whenthe pesticidelabeling
requires you to use a respirator, you must wear
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onethat isapproved by NIOSH and MSHA.. If
therespirator hasmorethan onepart, all the parts
must be approved.

Studies have shown that, because many pesti-
cidehandlersdo not userespiratorscorrectly, they
are not being well protected. Before you use a
respirator, you should be trained in the correct
proceduresfor selecting, fitting, cleaning, sanitiz-
ing, ingpecting, and maintai ning respiratory pro-
tective equipment.

There are two basic types of respirators:.

1. Air-supplying respirators, which supply
you with clean, uncontaminated air from an
independent source

2. Air-purifying respirators, which remove
contaminantsfromtheair aroundyou

Air-Supplying Respirators

Air-supplying respiratorsare used in afew spe-
cialized situations where other types of respi-
rators are not protective enough. Use an air-
supplying respirator when the pesticide |abel -
ing tells you to. In addition, you should use
one when handling pesticides:

® when the oxygen supply islow
® during fumigationinenclosed areas, such as
greenhousesor other buildings

Supplied-Air Respirators

Theserespiratorspump clean air through ahose
to the face mask. You are limited to working
within the distance the hose can reach from the
supply of cleanair.
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Self-Contained Breathing Appar atus

Thistypeof respirator suppliescleanair fromcyl-
inders that you carry with you, usualy on your
back. Thisletsyou move morefreely and over a
wider areathan you can with asupplied-air respi-
rator. Get training from competent instructors be-
fore using self-contained breathing equipment.
These devices contain alimited air supply (usu-
aly about 30 to 45 minutes), which may be used
up evenmorequickly in hightemperaturesor with
excessveexeartion.

Air-Purifying Respirators

In most Situationswhere pesticide handlers need
tousearespirator, sometypeof air-purifying res-
pirator providesenough protection. Air-purifying
respiratorswill not protect you from fumigants,
extremely high concentrations of vapor or when
the oxygen supply islow.

Functionsof Air-Purifying Respirators

Air-purifying repiratorsremovecontaminantsfrom
thearintwoways.

® hyfilteringdudts mists and particles
® by removinggasesand vapors

Sometimesyouwill nesd only arespirator thet filters
dugtsand migsfromtheair; at other times, youwill
need onethat removesgasesand vaporsaswall.

Wear adust/migt-filtering respirator if the pesti-
cidelabelingtellsyoutoor if youwill beexposed
to pesticide dusts, powders, mists, or spraysin
your breathing zone. Wear arespirator that also
removesvaporsif the pesticidelabeling tellsyou
toorif youwill be exposed to gasesor vaporsin
your breathing zone.
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Stylesof Air-Purifying Respirators
Air-purifying respiratorsare of threebasic styles:

1. Dust/mist masks, which usudly are shaped
filtersthat cover the nose and mouth tofilter
out dugts, migts, and particles

2. Devicesconsgting of abody and oneor more
cartridgesthat containar-purifying materias

3. Devicescondgting of abody andacanigter that
containsar-purifyingmaterias

Cartridgesmay contain either dust/mist-filtering
material or vapor-removing materia. For pesti-
cide handling tasks where vapor remova is
needed, a prefilter must be used with the vapor-
removing cartridge. The prefilter removesdudts,
mists, and other particles before the air passes
through the vapor-removing cartridge. A few var
por-removing cartridgeshave an attached prefilter,
but most are sold separately. Separate prefilters
arepreferred for usewith pesticidesbecausethey
often need to be replaced before the vapor-remov-
ing cartridgeisused up.

Somecartridge-typerepiratorsare one-piece units
with cartridges permanently attached to the
facepiece. After use, the entireunit isdiscarded.
Other cartridge respirators are two-piece units
with removable cartridgesand abody that can be
cleaned and reused. Thedust/mist filtering or va
por-removing cartridgesand the prefilterscan be
replaced when they losetheir effectiveness.

Canigters contain both dust/migt-filtering and
vapor-removing materid. Canisterscontain more
air-purifying material than cartridges. They last
much longer and may protect you better in Situa-
tionswhere the concentration of gas or vapor in
the air ishigh. They are dso much heavier and
moreuncomfortabletowesr.
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Canigter-type respirators are often caled “gas
masks.” They usudly havethe canister connected
directly to the facepiece or worn on a belt and
connected to thefacepieceby aflexiblehose. The
body is designed to be cleaned and reused. The
canisters can be replaced when necessary.

Both canisters and cartridges are col or-coded so
that they can quickly beidentified asto thetype
of contaminant they will removefromtheair.

Sdectingand Using
Dugt/Mist-Filtering Devices

Pegtiadehandlersmug weear dug/migt-filteringmasks
or cartridgeswith NIOSH/M SHA gpprova num-
ber prefix TC-21C. You must wear one that has
their samp of gpprova. Nonapproved filtersare
not as protective and are not acceptable.

Look for a dust/mist mask that is held in place
by two straps. One-strap styles are not approved
by NIOSH and M SHA,, becausethey do not keep
therespirator adequately sealed against theface.

When you wear adust/migt filter—either amask,
cartridge, or prefilte—you will have more
trouble breathing asmore dusts, mists, and other
particles become trapped in the filter material.
When breathing becomes too difficult, replace
thefilter. Eight hours of useis usudly the limit
for these filters. During continua use, you may
need to change filterstwice aday, or even more
often in dusty or dirty conditions. Do not use a
dust/mist mask when the pesticide will com-
pletely soak the mask and be held close to the
skin and breathing passages. Replace the mask
if it gets soaked or losesits shape.

Dust maskswork best whenusing rdaively small
amounts of a directed dust, when particles may
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be present in enclosed areas, or when a sec-
ondary particle may becomeairbornefrom your
work activities.

HEPA -rated masks are designed to remove near
microscopic dust particlesand should beworniif
the dust contains or may contain abiohazard.

Sdectingand Using Vapor-Removing Devices

Vapor-removing devicesarerated by NIOSH for
thetypesof gasesand vaporsthey will remove. For
pesticide handling taskswherevapor protectionis
needed, NIOSH requiresthat an organic-vapor—
removing materia and apesticideprefilter beused.

Pedticide handlersmust use either

® cartridgeapproved for organicvapor re-
moval plusa prefilter approved for pesti-
cides (NIOSH/M SHA approval number
prefix for bothisTC-23C)

® canister approved for pesticides(NIOSH/
MSHA approval number prefix is 14G)

When you wear a vapor-removing respirator,
remember that vapor-removing materialsgradu-
aly lose their ability to hold more gases and
vapors. Their useful life can vary greatly de-
pending on:

amount of particlesinthear

concentration of vapor beingfiltered

amount of absorbent materid they contain
breathing rate of thewearer

temperatureand humidity

length of time they have been stored before
useand betweenuses

If you notice an odor, taste, irritation, or dizzi-
ness, that isasignal that you are no longer being
protected. Somevapor-removing materiashave

a“servicelifeindicator” totell youwhenthe ma-
terid isnearly used up. Theingtructionson some
other materiaswill tell youtoreplacethem after a
specific number of hours of use. If thereare no
instructions about replacement, change the car-
tridge or canister after about 8 hours of use.

Combination respirators are also available that
are both HEPA -rated and vapor-removing

Air-Delivery Systems

Air-purifying respirators draw air through the
filtersand vapor-removing materiasin oneof two
ways. Ordinary ar-purifying respiratorsdependon
the wearer’ slung power to draw air through the
purifying materia with each bresth. Powered air-
purifying respirators (PAPR) assst thewearer by
pullingtheatr throughmechanicaly. Dus/mist masks
and most cartridge and canister respirators are
nonpowered ar-purifying respiraors.

If you have arespiratory problem, even atem-
porary problem such asacold or alergy, you
cannot wear nonpowered cartridge and canis-
ter respirators. Y ou need strong lung pressure
to draw the air through the purifiersinto your
lungs. Even aperson with normal lung capac-
ity cannot wear these respiratorsfor long peri-
ods of time, because they tend to be hot, un-
comfortable, and exhausting.

Before you usethese respirators, have amedi-
cal examination to make sure that you do not
have a medical condition that would prevent
you fromusing such devices. If you havetrouble
breathing while you are wearing your respira-
tor even though you have used and cared for it
correctly, see your physician to find out
whether you have ahealth problem.
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Powered air-purifying respiratorsuse ablower to
draw air to the user. PAPR should not be con-
fused withair-supplying respirators, becausethey
do not supply cleanair. Theair iscleaned by car-
tridgesor canisters, asit iswith other air-purify-
ing respirators. Theserespiratorsareavailableas
lightwei ght backpacks, or they may be mounted
on or in application equipment where the power
issupplied by thevehicle selectrical systems.

Fitting Air-Purifying Respirators

Respirators fit wearers in one of two ways.
Most must seal tightly to the face; othersare
loose-fitting.

Face-sealing respirator smust form atight sedl
againgt your faceto be effective. Otherwise, pes-
ticidescan leak in around the edges. Peoplewith
beards cannot wear thisstyle of respirator because
atight sed cannot beformedthroughthehair. These
respirators must befitted to each wearer and are

not interchangesbleamong handlers.

Dust/mist masks are face-sealing respirators.
They fit over your nose and mouth and have a
clip that you press around the bridge of your
nose to help form a seal. Most cartridge and
canister respirators are al so face-sealing respi-
rators. Full-face styles form and keep atight
seal better than half-face styles.

Many pesticide handlersare not being adequately
protected while wearing face-sealing cartridge
and canister respirators becausethey often break
thesed by pulling therespirator away fromtheir
faceto get temporary relief from the heat, swest,
itching, or difficult breathing. Oncethe sed isbro-
kenintheexposurearea, therepirator’ sability to
protect you isgresatly reduced. Face-sedling car-
tridgeand canister respiratorsaremost useful for
short-term tasks.
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Y our face-sedling respirator should betested be-
fore you wear it in a Stuation where you may
inha e pesticides. There are two types of teststo
ensurethat therespirator isoperating correctly and
that you arebeing protected: fit testsandfit checks.

Have afit test before you use your cartridge or
canister respirator the first time, and then bere-
tested periodicaly.

Thetwo maintypesof fittestsare:

1. Testing whether the wearer can detect atest
substanceby irritation, odor, or taste

2. Measuring the actua amount of a test sub-
stancethat getsingdethefacepiece

A fit check isan on-the-gpot check that you should
do to make suretherespirator isstill working cor-
rectly. Do afit check each time you wear aface-
seding respirator.

There are two methods for checking the seal of
the facepiece against your face. To check by the
first method:

® Closeoff theinlet of the canister or cartridge
(cover it with your palm, replacethe caps, or
sgueezethe breathing tube so that it does not
dlowairthrough)

* |nhale gently so that the facepiece collapses
dightly

® Holdyour breathfor aout 10 seconds

If the facepiece remains dightly collapsed and
noinward |leskageisdetected, therespirator prob-
ably fitstightly enough and will work correctly.
Thismethod doesnot work for dust/mist masks.

To check by the second method, close the exha
lation valve with your palm and exhae gently
into thefacepiece. If dight pressurebuildsupin-
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side the facepiece without any evidence of out-
ward leakage, therespirator probably fitstightly
enough and will work correctly. Thismethod is
not appropriatefor respiratorswith an exhnadation
valve cover that would haveto beremovedfirs.

Another on-the-spot fit check isto useatest sub-
stance to determine whether you can detect an
odor, taste, or irritant. Thisfit check testsboth the
facepiece sed and whether a vapor-removing
cartridge or canigter isstill working.

L oose-fitting respir ator sare powered air-puri-
fying respiratorsthat congtantly pumpaar througha
cartridgeor canigter into aloose-fitting hedmet-like
or hood-like head covering. Thepositive outward
pressure caused by the steady outflow of air pre-
ventscontaminantsfrom entering theheadpiece. The
purified ar circulaesover theuser’ sheed, face, and
neck and providessomecooling.

Not all loose-fitting respiratorsmovetheair at
the samerate. Most pesticide handling tasksre-
quire a minimum airflow rate of 4 cubic feet
per minute. If you are doing physically strenu-
ouswork, use arespirator with an airflow rate
of at least 6 cubic feet per minute.

BecauselooseHfitting repiratorsdo not havetoform
ased onyour face, peoplewithfacid hair canuse
them safely. Theserespiratorsdo not requireextra
lung power and arenot nearly astiring or ashot as
face-seding respirators.

L oose-fitting respirators are much more expen-
svethan face-sedling respirators. In some situa-
tions, however, they aretheonly safe option. For
example, you might have to use oneif you have
facid hair that prevents an adequate seal with the

respirator facepiece.
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In many situations, loose-fitting respiratorsarea

good choice. For example, you might chooseto

useone:

® toavoidtheneedfor fit testsand fit checks

* if youwill be exposed to pesticides for sev-
erd hoursat atime

* ifyouareworkingingtuaionswhereheat dress
isaconcern

Personal Protective Equipment
for Handling Fumigants

Fumigantsare pesticidesthat aregpplied asagasor
that readily formagaswhenthey aregpplied. Their
pesticidd actionisinthegaseousform. Fumigants
arevery highly toxicto plantsand animas induding
humans. Use extreme caution and wear appropri-
ate personal protective equipment whenever you
handlefumigants. Persond protective equipment
requirementsfor protectionfromfumigantsareof-
ten very different from therequirementsfor other
typesof pedticides. Follow labeing dir ectionsfor
each fumigant exactly.

® Youmustwear therespirator liged onthefumi-
gartlabdingduringany handingadtivity, induding
removing tarpsor other coveringswhen expo-
suretothegasislikely. Inhaling even small
amountsof somefumigant gasescanbefatd or
causesevereinjury.

* Never work donewithfumigants, especidly
in enclosed areas. Arrange to be monitored
at dl times by another handler who hasim-
mediate access to an appropriate respirator
in caserescue is needed.

® Useanar-supplying respirator whilehandling
afumigant indoors or in any enclosed area.
In enclosed areas such asgreenhouses, bins,
vaults, and chamberstheremay not beenough
oxygen for you to breathe. Cartridge and
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canister respirators will not protect you in
these situations.

Somefumigantsreadily penetrate plastic, rubber,
and leather. Thesefumigantsmay betrappedin-
side gloves, booats, or tight-fitting coveralsand
cause severe skin irritation or lead to poisoning
through skin absorption. Thelabelson thesefu-
migantswill tell you the gppropriate persond pro-
tective equipment to wear while handling them.
Such labels often will tell you to wear |oose-fit-
ting clothes and “breathable” footwear such as
canvas or other fabric. The labels may tell you
not to wear any glovesor to wear cotton or other
absorbent gloves.

Disposables and Reusables

Persond protective equipment itemseither should
bedigposableor should beeasy to clean and surdy
enough for repeated use.

Disposables

Disposable persond protective equipment items
arenot designed to be cleaned and reused. Dis-
card them when they become contaminated
with pesticides.

Chemical-resistant gloves, footwear, and
aprons that are labeled as disposable are de-
signed to be worn only once and then thrown
away. Theseitems often are made of thin vinyl,
latex, or polyethylene. These inexpensive
disposablesmay beagood choicefor brief pesti-
cidehandling activitiesthat requireflexibility and
will not tear thethin plastic.

Nonwoven (including coated nonwoven) cov-
erallsand hoodsusualy aredesignedto bedis-
posed of after use. Most areintended to beworn
for only oneworkday’ sexposure period. Thein-
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structionswith some coated nonwoven suitsand
hoods may permit you to wear them more than
onceif each period of useisshort and they do not
get much pesticide on them. Be especialy dert
when reusing theseitems, and beready to change
themwhenever therearesgnsthat pesticidescould
be getting through the materid or that theinsde
surfaceiscontaminated.

Dust/mist masks, prefilters, canisters, filtering
and vapor -removing cartridges, and afew car -
tridgerespirator saredisposables. They cannot
be cleaned, and they should bereplaced often.

Reusables

Some persond protective equipment that you buy
may be designed to be cleaned and reused sev-
eral times. However, do not make the mistake of
reus ng these itemswhen they areno longer pro-
tecting you.

Rubber and plastic suits, gloves, boots,
aprons, capes, and headgear oftenaredesigned
to be cleaned and reused, but even thesereusables
should berepl aced often. Wash them thoroughly
between uses. Before you put them on, inspect
reused items carefully for sgnsof wear or abora
sion. If they show any sign of wear, throw them
out. Check for ripsand leaks during cleaning by
using the rinse water to form a*“balloon” or by
holding the items up to the light.

Even if you can see no signs of wear, replace
reusable chemica-resistant itemsregularly. The
ability of chemical-resstant materidstoresist the
pesticide decreaseseach timetheitemsareworn
and after repeated exposureto pesticides.

A good rule of thumb isto throw out glovesthat
have been worn for about 5 to 7 days of work.
Extra-heavy-duty gloves, such asthose made of
butyl or nitrilerubber, may last aslong as10to 14
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days. Because hand protection isthe most impor-
tant concern for pesticide handlers, make glove
replacement ahigh priority.

Fabric cover allsare designed to be cleaned after
each day’ s use and reused. However, absorbent
meateriassuch ascotton, polyester, cotton blends,
denim, and canvas cannot be cleaned adequately
after they aredrenched or thoroughly contaminated
with concentrated pesticides|abeled withthe sig-
nal word “DANGER” or “WARNING.” Al-
waysdiscard any such clothing or footwear. They
cannot be safely reused.

Most protectiveeyewear and respirator bod-
ies, facepieces, and helmets are designed to
be cleaned and reused. These items may last
many years if they are good quality and are
maintained correctly.

Maintaining Personal
Protective Equipment

When you finish an activity where you are han-
dling pesticides or are exposed to them, remove
your persond protective equipment immediately
after theactivity iscompleted. Wash theoutside
of your gloveswith detergent and water before
you remove them. Also consder washing the
outside of other chemical-resistant items before
you removethem. Thishelpsyou avoid contact-
ing the contaminated part of theitemswhileyou
areremoving themand helpskeep theinside sur-
face uncontaminated. If any other clothes have
pesticides onthem, changethem dso. Determine
whether the items should be disposed of or
cleaned for reuse.

®* Pacereusableitemsinaplastic bag or ham-
per away from your other persona clothes
and away fromthefamily laundry, and place
disposablesin aseparate plastic bag or con-
tainer. Pegticide contaminated PPE couldin-
jure personswho touch them.
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» Donot alow children or pets near your per-
sona protective equipment, work clothing,
and other work items.

¢ Donotdlow contaminated gloves, boots, res-
pirators, or other equipment to bewashedin
streams, ponds, or other bodies of water.

® Cleanall reusable persond protective equip-
ment items between uses.

Evenif reusableswereworn for only abrief pe-
riod of exposure to pesticides during that day,
wash them before you wear them again. Pesti-
cideresduesthat remain on the persona protec-
tive equipment are likely to continue to move
dowly through the persond protective equipment
materia, even chemical-resstant materid. If you
wear that persond protective equipment again,
pesticide may aready be on the insde next to
your skin. Also, personal protective equipment
that isworn severd timesbetweenlaundering may
build up pesticideresdues. Theresduescanreach
aleve that can harm you, even if you are han-
dling pesticidesthat are not highly toxic.

Washing Personal Protective
Equipment

Wash pesticide-contaminated items separately
from uncontaminated clothing and laundry. Oth-
erwise, the pesticide residues can be transferred
onto the other clothing or laundry and can harm
you or your family.

Alert the Persons Who Do the Washing

Be sure that the people who clean and maintain
your persona protective equipment and other
work clothes know that they can be harmed by
touching the pesticide that remains on the con-
taminated items. Tl themthat they should:
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* wear glovesand an apron, especialy if han-
dling contaminated itemsregularly or han-
dling items contaminated with highly toxic
pesticides

¢ workinawdl-ventilated areg, if possble, and
avoidinhaing steam from thewasher or dryer

Washing Procedure

Follow themanufacturer’ sinstructionsfor clean-
ing chemica-resstant items. If the manufacturer
instructs you to wash the item but gives no de-
tailed instructions, or offersno cleaning instruc-
tions at all, follow the procedure below. Some
chemical-resistant itemsthat arenot flat, such as
gloves, footwear, and coverdls, must bewashed
twice—onceto thoroughly cleantheoutsdeof the
item and asecond time after turning theitemin-
sdeout. Some chemical-resistant items, such as
heavy-duty boots and rigid hats or helmets, can
bewashed by hand using hot water and aheavy-
duty liquid detergent. They should be dried and
ared asdirected below.

The best procedure for washing non-chemical-
resistant items, such as cotton, cotton/polyester,
denim, canvas, and other absorbent materids, and
most chemical-ressant itemsis:

* rinseinawashing machineor by hand (wear
goves)

» washonlyafewitemsat atimesotherewill
beplenty of agitationand water for dilution

» washinawashingmachine, usng aheavy-
duty liquid detergent and hot water for the
wash cycle

* rinsetwiceusingtwo entirerinsecyclesand
warmwater

» usetwoentiremachinecyclestowashitems
that aremoderatdly to heavily contaminated

* runthewasher through at least oneaddi-
tional entire cycle without clothing, using
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detergent and hot water, to cleanthemachine
after each batch of pesticide-contaminated
items, and beforeany other laundry iswashed

Drying Procedure

Hangtheitemstodry, if possble. It isbest to
let them hang for at least 24 hoursinan areawith
plenty of freshair. Even after thorough washing,
someitemsstill may contain residues. Whenthe
items are exposed to clean air and sunlight, re-
maining pesticide residues evaporate or break-
down. You may wish to buy two or more sets of
equipment at atime so you can leaveoneset air-
ing inaclean placewhileyou are using the other
set. Due to the danger of exposure, do not hang
itemsinenclosed living aress.

Using aclothesdryer isacceptablefor fabric
items, if it isnot possible to hang them to dry.
However, over aperiod of time, the dryer has
the potentia to become contaminated with pes-
ticideresidues.

Maintaining Eyewear and Respirators

Wash goggles, face shields, shielded safety
glasses, and respirator bodies and facepieces
after each day of use. Use adetergent and hot
water to wash them thoroughly. Sanitize them
by soaking for at least 2 minutes in a mixture
of 2 tablespoons of chlorinebleachinagallon
of hot water. Rinse thoroughly to remove the
detergent and bleach. Dry thoroughly or hang
theminaclean areatodry.

Pay particular attention to the headbands.
Headbands made of absorbent materials
should be replaced with chemical-resistant
headbands. After each day of use, inspect all
headbands for signs of wear or deterioration
and replace as needed.
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Store respirators and eyewear in an area where
they are protected from dust, sunlight, extreme
temperatures, excessvemoisture, and pesticides
or other chemicals. A zip-closable sturdy plastic
bag workswell for storage.

Respirator maintenance is especialy important.
I nspect your respirator before each use. Repair or
replaceit whenever any part showssgnsof wear or
deterioration. Maintain an inventory of replace-
ment parts for the respirators you own, and do
not try to use makeshift substitutes or incompat-
ible brands. If you keep arespirator for standby
or emergency use, ingpect it at least monthly.

If you remove your respirator between han-
dling activities:

* wipetherespirator body and facepiecewitha
cdeandloth

* replacecaps if available, over cartridges, can-
iers, and prefilters

* sad theentire respirator in asturdy, airtight
container, such asazip-closable plastic bag.
If you do not sedl therespirator immediately
after each use, the disposable partswill have
to bereplaced moreoften. Sed cartridges, can-
isters, prefilters, and filtersin aseparate bag.
They will continueto collect impuritiesaslong
asthey areexposed to theair

At the end of any work day in which you have
worn areusablerespirator:

® remove the filter or prefilter. Most filters
should be discarded. A few are designed to
be washed and reused

® take off the cartridges or canisters. Discard
themor, if still usable, replacetheir capsand
sedl them in an airtight container, such asa
zip-closableplastic bag

® cleanand storerespirator asdirected above
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Discard disposable respirators according to
manufacturer’s instructions. Do not try to
cleanthem.
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INTERPRETING LABELING PPE STATEMENTS

Labeling Statement

L ong-deeved shirt and long-legged pants

Coverall worn over short-deeved shirt and
pants

Coverall worn over long-sleeved shirt and
long-legged pants

Chemical-resistant apron worn over cover-
all or over long-sleeved shirt and long-
legged pants

Chemical-resistant protective suit

Waterproof suit or liquid-proof suit

Waterproof gloves to remain intact
throughout the task being performed

Chemical-resistant gloves
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Acceptable PPE

Long-deeved shirt and long-legged pants, or
Woven or nonwoven coveral, or

Plagtic- or other barrier-coated coverdl, or
Rubber or plastic suit

Coverall worn over short-deeved shirt and short
pants, or

Coverdl worn over long-deeved shirt and long-
legged pants, or

Coverdl worn over another coverall, or

Plagtic- or other barrier-coated coverdl, or

Rubber or plastic suit

Coverdl worn over long-deeved shirt and long-
legged pants

Coverdl worn over another coverall, or

Plastic- or other barrier-coated coverall, or

Rubber or plastic suit

Chemical-resstant gpron worn over coveral or
over long-deeved shirt and long-legged
pants, or

long-deeved shirt and long-legged pants

Plastic- or other barrier-coated coverall, or

Rubber or plastic suit

Plastic- or other barrier-coated coveralls, or
Rubber or plastic suit

Plastic- or other barrier-coated coveralls, or
Rubber suit or plastic suit

Any rubber or plastic glovessturdy enough
Barrier-laminate gloves, or

Other glovesthat glove selection chartsor
guidance documentsindicate are chemical-
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Chemical-resistant gloves such as butyl or
nitrile

Shoes

Chemical-resistant footwear

Chemical-resistant boots

Chemical-resistant hood or wide-brimmed
hat

Protective eyewear

Goggles

Dust/mist filtering respirator
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resistant to the pesticidefor the period of
timerequired to perform thetask

Butryl gloves, or

Nitrilegloves, or

Other glovesthat glove selection chartsor
guidance documentsindicate are chemical-
resistant to the pesticidefor the period of
timerequired to perform thetask

Chemical-resistant shoes, or
Chemical-resistant boots, or
Chemica -resistant shoe coverings (booties)

Chemical-resistant shoes, or
Chemical-resistant boots, or
Chemica -resistant shoe coverings (booties)

Chemical-resi stant boots

Rubber- or plastic-coated safari-style hat, or

Rubber- or plastic-coated firefighter-style hat,
or

Plastic- or other barrier-coated hood, or

Rubber or plastic hood, or

Full hood or helmet that is part of some
respirators

Shielded safety glasses, or
Faceshield, or

Goggles, or

Full-face style respirator

Goggles, or
Full-face style respirator

Dust/mist respirator, or

Respirator with dust/mist filtering cartridge, or

Respirator with organic vapor-removing
cartridge and pesticide prefilter, or

Respirator with canister approved for
pesticides, or Air-supplying respirator
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Cartridge respirator

Canister respirator (gas mask)

Air-supplying respirator or
Self-contained breathing apparatus (SCBA)

VIl. How Carbamatesand
Organophosphate
Affect the Nervous System

Carbamate and organophosphateinsecticideskill
pests by interrupting certain complex chemica
reactionsin their nervous systems by inhibiting
the cholinesterase in their bodies. Certain
nerve-related poisoning symptoms can aso ap-
pear in people after repeated or intense contact
with these pesticides.

The nervous system (including the brain) in hu-
mans and animalsis made up of numerouscells
that act as a huge communication network for
transmitting messagesor stimuli aselectrica im-
pulses throughout the body. Between the indi-
vidud nervecdlsaregaps, or synapses, whenan
impulsearrivesat such agap, itiscarried across
to the next cell by achemicd called acetylcho-
line. Oncethestimulusisacrossthesynapse, this
acetylcholine carrier is broken down by the en-
zyme cholinesterase. The cholinesterase itsdlf
breaks down and the synapsereturnsto anormal
condition, ready againto pick up astimulus.
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Respirator with organic vapor-removing
cartridge and pesticide prefilter, or

Respirator with canister approved for
pesticides, or

Air-supplying respirator

Respirator with canister approved for
pesticides, or
Air-supplying respirator

Air-supplying respirator or
Self-contained breathing apparatus (SCBA)

If acarbamate or organophosphate insecticide
isinhibiting the cholinesterase enzyme, an over-
load of acetylcholinebuilds up; the stimuli keep
jumping the synapse, causing continuous
muscle contractionsor tremors. The end result
IS nervous system poisoning, and possible
death, for insects and humans.

VIIl. CholinesteraseTesting

Cholinesteraseisanenzymethat isvita for your
nervous system to function properly. If you fre-
quently handle carbamate and/or organophos-
phate pesticides, you may wishto set up aregular
cholinesterase-testing program with your doctor.
Thefirst stepwill betotest for your current level
of cholinesterase. Thetest should be donetwice
during aperiod with no exposureto pesticides so
that an average basdline can be determined. Once
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these tests establish a basdline reading, Smple peri-
odic blood tests, as prescribed by the physidan, will
show whenever theamount falsbe ow that levd. If
you regider adepressed levd, you may have been
overexposed to carbamatesor organophosphateand
shouldavoidfurther contact until your cholinesterase
returnstothebasdine. If youarean gpplicator work-
ingwith highly toxic carbamateand/or organophos-
phatechemicds haveyour chalinesteraselevd tesed
a regular intervasduring the Soray season to check
for possbleoverexposure.

| X. AvailableAntidotes

Theantidotesatr opineand 2-PAM canbegiven
by a physician, or on the advice of the Poison
Control Center, to restore the cholinesterase to
normal. Because both these antidotes affect the
nervous system and the heart, NEVER administer
themwithout medical instruction.

Avoiding Heat Stress

Severd factorswork together to cause heat stress.
Beforeyou begin apesticide-handling task, think
about whether any of thefactorslisted below are
likely to present aproblem

® heat factors—temperature, humidity, air
movement, and sunlight

workload

personal protective equipment

water

scheduling adjustments

Consider what adjustments you may need to
makeinthetask itself or inthe workplace con-
ditions, including:
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Heat Factor sand Wor kload

Hightemperatures, high humidity, and direct sun-
light increase the likelihood that heat stress will
occur. Air currents provide acooling effect. Be-
cause hard work causesthe body to produce hest,
you are more likely to develop heat-rated ill-
ness when you are working on foot than when
you aredriving avehicleor flyinganaircraft.You
areeven morelikey to become overheated while
lifting or carrying heavy containersor equipmen.

® Usefansand ventilation systemsand provide
shade whenever possibleto reduce the heat.

* Allowtimefor adjustment to the heat factors
andworkload. Peoplewho have becomeused
to working in the heat are less likely to be
affected by hest stress.

® Schedule frequent breaks when the heat
stressrisk is high.

Per sonal Protective Equipment

Pesticide-handling tasks often require that you
wear extralayers of clothing or chemica-ress-
tant suits and other protective equipment. This
equipment keeps pesticides from getting on the
skin, but it dso interferes with the natural body
cooling that happenswhen sweet evgporatesfrom
theskin. You can get overheated very quickly when
you arewearing persond protective equipment.

® Choose personal protective equipment de-
signed to beascool aspossibleor to provide
acooling effect, such asapowered air-puri-
fying respirator or, when appropriate, back-
vented coverdls.

® Trynotto schedulepesticide gpplicationsdur-
ing the hottest part of theday. Usethistime
for nonchemica control Strategies, and other
activitiesnot requiring extralayersof protec-
tiveclothing.
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® Respirators and filters can reduce air flow,
gpeeding up the effects of heat stress.

Water

Evaporation of sweet fromtheskinhdpstocool the
body and maintain a constant core temperature.
Under the conditionsthat may lead to heat stress,
the body produces alarge amount of swesat. Un-
lessthewater that islost in swest isreplaced, the
body can no longer regulate itstemperature cor-
rectly. Under conditions of high temperature,
grongair currents, heavy workload, or direct sun-
light, aloss of asmuch as 1 gdllon of water per
hour ispossible.

* Makeevery effort todrink plenty of water or
“gportsdrinks’ during heat stress conditions.
Do not rely on afeding of thirst to tell you
whether your body has enough water. You
can lose a dangerous amount of water even
beforeyou begintofed thirsty. Youadsomay
stop feding thirsty long before you drink
enough fluidsto replacewhat you havelost.
® Drink plenty of water before and after work.

Scheduling Adjustments

By taking the above steps, you will prevent most
heat stress problems. But you must be ready for
timeswhen, regardlessof your efforts, you or the
handlersyou superviseget dangeroudy hot. When

thishgppens, you must:

* adjustwork/rest cycles—decreasethelength
of work periodsandincreasethelength of rest
periods

® try to schedule tasks requiring the heaviest
workload or the most persond protective
equipment during the coolest part of thework
day

® stop work—under extremely hot condi-
tions; you may need to stop work until con-
ditionsimprove
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Signsand Symptomsof Heat Stress

Mild forms of heat stresswill make you fed ill
and impair your ability to do a good job. You
may get tired sooner, fed weak, belessaert, and
be less able to use good judgment. Severe heat
dressisaseriousiliness. Unlessvictimsarecooled
down quickly, they can die. Severe heat stressis
fatd tomorethan 10% of itsvictims, evenyoung,
hedlthy adults. Many who survive suffer perma-
nent damage. Sometimes the victims remain
highly sensitiveto hest for monthsand areunable
to return to the samework.

Learnthesignsand symptomsof hest stressand
take immediate action to cool down if you sus-
pect you may be suffering from even mild heat
stress. Signsand symptoms may include:

fatigue (exhaustion, muscle weakness)
headache, nausea, and chills
dizzinessandfainting

severethirst and dry mouth

clammy skinor hot, dry skin

heavy swesting or completelack of swesting
altered behavior (confusion, durred speech,
quarrelsomeor irrationd attitude)

Firs Aid for Heat Stress

Itisnot awayseasy totell thedifference between
heat stress illness and pesticide poisoning. The
ggnsand symptomsaresimilar. Don't wastetime
trying to decide what is causing the illness. Get
medica help.

First aid measures for heat stress victims are
similar to those for persons who are overex-
posed to pesticides:

» Getthevictiminto ashaded or cool area
» Carefully remove al persona protective
equipment and any other clothing that may

be making thevictimtoowarm
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® Cool victimasrapidly aspossble by spong-
ing or splashing skin, especially face, neck,
hands, and forearms, with cool water or, when
possible, immersing in cool water

® Havethevictim, if conscious, drink asmuch
cool water aspossible

* Keepthevictimquiet until help arrives

Severeheat stressor heat strokeisamedical
emergency! Brain damage and death may
result if treatment isdelayed.

X. Worker Protection
Standard and Reentry Times

TheWorker Protection Standard (WPS) islegis-
lation issued by the U.S. Environmenta Protec-
tion Agency. It covers pedticidesthat areusedin
theproduction of agriculturd plantsonfarms, for-
ests, nurseries, and greenhouses. The WPS re-
quiresyouto take stepsto reducetherisk of pes-
ticide-rdatedillnessandinjury if you (1) usesuch
pesticides, or (2) employ workersor pesticidehhan-
diers who are exposed to such pegticides. The
WPS appliestoyou:

® |f youown or manageafarm, forest nurs-
ery, or greenhouse where pesticides are
used in the production of agricultural
plants

® |f you hireor contract for the services of
agricultural workers to do tasks related
to the production of agricultural plants

® |f you operate a business in which you
(or people you employ) apply pesticides
used for the production of agricultural
plants on any farm, forest, nursery, or
greenhouse

® |f you operate a business in which you
(or people you employ) performtask asa
crop advisor
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If you are an agricultural pesticide user and/or
an employer of agricultural workers or pesti-
cide handlers, the WPS requires you to pro-
vide to your employees and, in some cases, to
yourself and to others:

® information about exposure to pesticides,
including pesticide safety training for work-
ers and handlers, apesticide safety poster
to be displayed for workers and handlers,
accessto labeling information, and access
to specificinformation that iscentrally lo-
cated giving the application list of pesticide
treatments on the premises.

® protection against pesticide exposure; em-
ployers are required to prohibit handlers
from applying apesticidein away that will
expose workers or other persons, exclude
workersfrom areas being treated with pes-
ticides, exclude workers from areas that
remain under a restricted-entry interval
(REI), protect early-entry workers, notify
workers about treated areas, and protect
handlersduring handling tasks.

® waystoreduceexposureto pesticides. These
include decontamination sites with ample
water, sogp and towels, and emergency as-
sstance, as well as making transportation
availabletoamedical care facility if thereis
pesticide-related injury or poisoning.

Duringaredricted-entry interval (REI), work-
ersarenot alowed to enter atreated areaor con-
tact anything treated with the pesticide to which
the REI applies. Specific product labels show
the required number of hoursthat must pass be-
fore an unprotected person may safely enter the
treated area. Always keep in mind that no one
should enter atreated Site without the proper pro-
tective clothing until al applied pesticides have
completely dried or dusts have settled.
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XI. Transportation, Digposal,
Storage, Decontamination,
and Spills

I ntroduction

When you transport, store, or dispose of pesti-
cides and their containers, you must take safety
precautions. You can prevent many pesticide ac-
cidents, and reduce the severity of others, if you
are prepared before you start thesetasks. Before
you begin any pesticide-handling task, know what
to do in case of spills and have the proper spill
cleanup equipment on hand.

Pesticide Transportation

Y ou arerespons blefor the safe transport of pes-
ticidesinyour possession. Carelessnessintrans-
porting pesticidescan resultin broken containers,
spills, environmenta contamination, and harmto
yourself and others. Accidents can occur even
when you are trangporting materidsashort dis-
tance. Do all you can to prevent amishap, but be
prepared in case of emergency. Beforetransport-
ing pesticides, you should know what to do if a
spill occurs. If any pesticideisspilledin or from
the vehicle, take action right away to make sure
thespill iscleaned up correctly.

Vehicle Safety

The safest way to transport pesticidesisin the
back of atruck. Flatbed trucks should haveside
and tail racks. Steel or plastic-lined beds are
best, because they can be more easily cleaned
if aspill occurs.

Keep thefollowing guidelinesin mind:

® Never carry pesticidesin the passenger sec-
tion of any vehicle. Hazardous vapors may
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be released and make the driver and other
passengersill. Pesticidesmay causeillnessor
injury if they spill onyou or your passengers.
Itisnearly impossibleto completely remove
spillsfrom thefabric of seatsand floor mats.
They can causefuture contaminationif they
arenot cleaned up correctly.

* Never dlow children, other passengers, and
petsto ridewith pesticides.

* Never transport pesticideswith food, cloth-
ing, or other thingsmeant to beeaten by orin
contact with people or animals. The risk of
contamination is too high. Even small
amountsof pesticide could contaminatethese
highly sendtive items. A spill could cause
mgor injury.

®* Never leave your vehicle unattended when
transporting pesticidesin an unlocked trunk
compartment or open-bed truck. You arere-
spongbleandligdbleif curiouschildrenor care-
less adults are accidentally poisoned by the
pesticides. Whenever possible, transport pes-
ticidesin alocked compartment.

® Trangport highly volatile pesticidesin sepa-
ratetripsfrom other chemicas Spills, or even
fumesfrom opened containers, can makethe
other chemicasworthless.

Transporting Pesticide Containers

Every timeyou transport pesticides, follow these
Six basic procedures:

1. Transport pesticides only in containerswith
intact, undamaged, and readablelabels

2. Inspect containers before loading to be sure
that al caps, plugs, and other openings are
tightly closed and that thereareno pesticides
ontheoutsideof thecontainers
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3. Handle containers carefully to avoid rips
or punctures

4. Anchor all containers securely to keep them
fromrolling or diding. Packing or shipping
containersprovide extracushioning

5. Protect paper and cardboard containersfrom
moisture, because they become soggy and
split easily when wet

6. Protect pesticidesfrom extremetemperatures
during transport. Extremely hot or cold tem-
peratures can damage pesticide containersby
causing them to melt or become brittle. Such
temperatures aso may reducethe usefulness
of the pesticides

7. Carry safety equipment withyou at al times

L abeling StatementsAbout
Transportation

Typica pedticidelabding ingtructionsabout trans-
portationincude:
DO NOT SHIP WITH FOOD, FEEDS,
DRUGS, OR CLOTHING.

DO NOT TRANSPORT DAMAGED OR
LEAKING CONTAINER.

IN CASE OF A TRANSPORTATION
EMERGENCY INVOLVING A SPILL,
FIRE, OR EXPOSURE, CALL [TELE-
PHONE NUMBER] 24HOURSA DAY.

DONOT TRANSPORT INORONVEHICLES
CONTAINING FOODSTUFFSOR FEEDS

Pesticide Storage

Many pesticide handlers use existing buildings
or areaswithinexisting buildingsfor pesticidestor-
age. However, if largeamounts of pesticideswill
bestored, itisbest to build aspecid storage build-

ingjust for pesticide needs. It issuggested thet, as
pesticides are received and stored, they be dated
onthecontainer for futurereference.

Establish a Storage Site

A correctly designed and maintained pesticide
storage Site:

® protectspeopleand animalsfrom accidenta
exposure

® protectstheenvironment from accidenta con-
tamination

® preventsdamageto pesticidesfromtempera
tureextremesand excessmoisture

® protectsthe pesticidesfrom theft, vandaism,
and unauthorized use

* reducesthelikeihood of lighility

Securethe Site

K egping out unauthori zed peopleisan important
function of the storage site. Whether the storage
dteisassmal asacabinet or closet or aslargeas
an entire room or building, keep it securely
locked. Post sgnson doorsand windowsto dert
people that pesticides are stored there. Post NO
SMOKING warnings.

Prevent Water Damage

Chooseastorage stewherewater damageisun-
likely tooccur. Water from burst pipes, pills, over-
flows, excessrainorirrigation, or flooding sreams
can damage pesticide containers and pesticides.
Water or excessmoisture can cause:

* metd containerstorust

paper and cardboard containers to split or
crumble

pesticidelabeling to ped, smear, run, or oth-
erwise become unreadable
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® dry pedticidesto clump, degrade, or dissolve

* dow-rdeaseproductstoreeasether pesticide

® pesticidesto movefromthe storagesiteinto
other areas

If thestorage Steisnot protected fromtheweether,
or if it tendsto be damp, consider placing metal,
cardboard, and paper containersin sturdy plastic
bagsor cansfor protection. Large metal contain-
ers, which may rust when damp, often can be
placed on paletswithin the storage site.

Control the Temperature

The storage site should be indoors, whenever
possible. Choose acool, well-ventilated room
or building that isinsul ated or temperature-con-
trolled to prevent freezing or overheating. The
pesticidelabeling may tell you at what tempera
tures the product should be stored. Freezing
temperatures can cause glass, metal, and plas-
tic containersto break. Excessve heat can cause
plastic containersto melt, some glass contain-
ersto explode, and some pesticidesto volatil-
ize and drift away from the storage site. Tem-
perature extremes can destroy the potency of
some pesticides.

ProvideAdequateL ighting

The storage site should bewel lighted. Pesticide
handlersusing thefacility must beableto seewell
enoughto:

® read pesticide container labeling

® noticewhether containersarelesking, corrod-
ing, or otherwisedisintegrating

® cleanup spillsor leakscompletely

UseNonporousMaterials

The floor of the storage site should be made of
seded cement, glazed ceramictile, no-wax sheet
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flooring, or other easily cleaned material. Car-
peting, wood, soil, and other absorbent floors
aredifficult or impossibleto decontaminatein
case of aleak or spill. For ease of cleanup,
shelving and pallets should be made of nonab-
sorbent materials such as plastic or metal. If
wood or fiberboard materials are used, they
should be coated or covered with plastic or
polyurethane or epoxy paint.

ProvideClean Water

Each storage stemust have animmediate supply
of clean water. Potable running water isideal. If
running water is not practical, use a carboy or
other large sealable container with clean water.
Changing the water in a container at least once
eachweek will ensurethat it remainssafefor useon
skinand eyes. Kegp an eyewash dispenser imme-
diatey availablefor emergencies

Prevent Runoff

Inspect thestorage steto determinethelikely path
of pesticidesin case of spills, lesks, drainage of
equipment wash water, and heavy pesticiderun-
off fromfirefighting or floods. Pesticide move-
ment away from the storage Ste could contaminate
sengtivearess, including surfacewater or ground-
water. If your storage Ste containslargeamounts
of pesticides, you may need to use a collection
pad to contain pesticide runoff.

Maintain the Storage Site

Know Your Inventory

Keegp anup-to-dateinventory logbook of the pesti-
cidesyou havein storage. Eachtimeapegticideis
added to or removed fromthe storage site, update
theinventory list. Thelist will help you keeptrack
of your stock and will be essentid in afire or
flood emergency. Theinventory list dsowill aid
ininsurance settlementsand in estimating future
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pesticide needs. M ake surethelogbook isstored
in a separate facility, and not with the pesti-
cidesthemselves.

Do not store unnecessarily large quantitiesof pes-
ticidesfor long periodsof time. Buy only asmuch
asyou will need for ayear at most. Pests, pesti-
cides, or pesticide registrations may change by
the next year and make the pesticides usdless.
Some pesticideshaveardatively short shelf life
and cannot be carried over from year to year.

Prevent Contamination

Store only pesticides, pesticide containers, pes-
ticide equipment, and aspill cleanup kit at the
storage site. Do not keep food, drinks, tobacco,
feed, medical or veterinary suppliesor medica
tion, seeds, clothing, or persona protective
equipment (other than personal protective
equipment necessary for emergency response)
at the site. These could be contaminated by
vapors, dusts, or spills and could cause acci-
dental exposureto people or animals.

Keep LabelsLegible

Storepedticidecontainerswiththelabd inplainsght.
Codly errorscanresult if thewrong pesticideischo-
sen by mistake. Label sshould dwaysbelegible.
They may be damaged or destroyed by exposure
to moisture, dripping pesticide, diluents, or dirt.
You can use trangparent tape or acoating of lac-
quer or polyurethane to protect the labdl. If the
label isdestroyed or damaged, request areplace-
ment from the pesticide dedler or the peticidefor-
mulator immediately.

K eep Container sClosed

K eep pesticide containers securely closed when-
ever they are being stored. Tightly closed con-
tainershelp protect againgt:
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° spills

o cross-contamination with other stored
products

° evaporation of liquid pesticidesor thesol-
vent

. clumping or caking of dry pesticidesin
humid conditions

o dugt, dirt, and other contaminants get-
tingintothepesticide, caugangittobeunus-
adle

UseOriginal Containers

Storepedticidesinther origind containers. Never
put pesticidesin containersthat might causechil-
dren and other peopleto mistakethem for food or
drink. You arelegally responsibleif someoneor
somethingisinjured by pesticidesyou haveplaced
inunlabeled or unsuitable containers.

Watch for Damage

I ngpect containersregularly for tears, Solits, breeks,
leaks, rugt, or corroson. Whenacontainer isdam-
aged, put on appropriate persona protectiveequip-
ment and takeimmediate action. If the damaged
container isan aerosol can or fumigant tank that
containspesticidesunder pressure, usespecid care
to avoid accidentally releasing the pesticideinto
theair. When acontainer isdamaged:

® use the pesticide immediately at a Site and
rate alowed by thelabel, or

* transfer the pesticide into another pesticide
container that originaly held the same pes-
ticide and hasthe same label il intact, or

® transfer the contents to a sturdy container
that can be tightly closed. If possible, re-
movethelabd from the damaged container
and attach it to the new container. Other-
wise, temporarily mark the new container
withthe name, activeingredient (a.i.), Sig-



Chapter 5

Safety

nal word, and EPA registration number of
the pesticide, and attach a copy of thelabel
from the pesticide dealer or formulator
(whose tel ephone number isusually onthe
label) as soon aspossible, or

* placetheentiredamaged contaner anditscon-
tentsinto asuitablelarger container. Immedi-
ately attach a copy of the label to this con-
tainer. However, congder thislast option care-
fully. Many times the label on the leaking
container becomesillegible. The pesticideis
usdlessand becomes adisposal problem un-
lessyou know the name and regidtration num-
ber and can get acopy of thelabel.

StoreVolatile Products Separ ately

Volatile pesticides, such assometypesof 2,4-D,
should be stored gpart from other types of pesti-
cides and other chemicals. A separate room is
idedl. Vapors from opened containers of these
pesticides can moveinto other nearby pesticides
and chemicals and make them useless. The la
bdingof volatileherbicides foringance, usualy will
direct you to store them separately from seeds,
fertilizers, and other typesof pesticides.

| solateWaste Products

If you have pesticides and pesticide containers
that are being held for disposal, orethemina
gpecia section of thestoragesite. Accidentd use
of pesticides meant for disposal can be a costly
mistake. Clearly mark containersthat have been
triplerinsed or cleaned by an equivalent method
because they are more easily disposed of than
unrinsed containers.

Condder Shdlf Life

Mark each pesticide container with thedate of pur-
chasebeforeitisstored. Useolder materidsfird.
If the product hasashelf lifelisted inthelabeling,
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the purchase date will indicate whether it is still
usable, Excessive clumping, poor suspension,
layering, or abnormal coloration may beindica
tions that the pesticide has broken down. How-
ever, sometimespesticide deterioration from age
or poor storage conditions becomesobviousonly
after application. Poor pest control or damageto
thetreated surface can occur. If you have doubts
about the shdlf lifeof apedticide, cdl thededer or
manufacturer for advice.

L abeling Statements about Storage

Typica pesticidelabeling instructionsabout stor-
ageinclude:

STOREAT TEM PERATURESABOVE 32°F

DO NOT CONTAMINATE FEED, FOOD-
STUFFS, OR DRINKING WATER DURING
STORAGE

STORE IN ORIGINAL CONTAINER
ONLY

DO NOT STORE NEAR IGNITION
SOURCES SUCH AS ELECTRICAL
SPARKS, FLAMES, OR HEATED SUR-
FACES

Pesticide Disposal

Pesticideusersareresponsiblefor correctly dedl-
ing with empty pesticide containers, excess us-
able pesticides, and waste materid sthat contain
pesticidesor their residues. Thereisgrowing con-
cern about the serious harm to humans and the
environment that incorrect disposal of pesticide
wastes can cause.

ExcessPedticides

The best solution to the problem of what to do
with excess pesticidesisto take stepsto avoid
having them:
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® buy only the amount needed for ayear or a
Season

® caculate carefully how much diluted pesti-
cide is needed for ajob and mix only that
amount

¢ usedl themixed pesticideinaccordancewith
labdingingdructions

If you haveexcesspedicidesthat areusable, firgt try

tofind away to usethem asdirected onthelabd.

Thebest optionisto apply the pesticideonasite

ligedintheusedirectionsonthepedicidelaod, un-

der thefollowing two conditions:

1. Thetota amount of pesticide activeingredi-
ent applied to the site, including al previous
goplications, must not exceed therateand fre-
quency dlowed onthelabd

2. 'You must comply with other gpplicationin-
structions specified onthelabel

If you have pesticide products in their origina
containersthat you cannot use, you may be able
to find another pesticide applicator who can. Or
you may be able to return them to adeder, for-
mulator, or manufacturer.

Most container rinsates should not become ex-
cess pesticides, because they can be added into
thetank during themixing process. Y ouaso may
be able to add some rinsates from equipment
cleaning, spill cleanup, and other activitiesto a
tank mixturethat containsthesamepegticide, aslong
asdoingsowill notvidlatelabdingingructions. Some
rinsateswill contain dirt, cleaning agents, or other
substancesthat will makethem unusable, however.

PegticideWades

Excesspesticidesand rinsatesthat cannot be used
must be disposed of as wastes. Other pesticide
wastesinclude such thingsas contaminated spill
cleanup materia and persona protective equip-
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ment items that cannot be cleaned and reused.
Whenever possble avoid cregting pedticidewastes
that requiredisposa.

Sometimes pesticide wastes can be disposed of
in alandfill operating under an EPA, Arizona,
tribal, or local permit for hazardouswastes. How-
ever, Arizonacurrently does not have a hazard-
ouswastefacility. Sanitary landfillsare not suit-
able. Someregionshave pesticideincineratorsfor
disposing of pesticide wastes. Never burn, bury,
or dump excess pesticides, and never dispose of
theminaway that will contaminate public or pri-
vaegroundwater or surfacewater or sewagetreet-
ment facilities.

Pesticide wastesthat cannot be disposed of right
away should be marked to indicate the con-
tents and then stored safely and correctly until
disposal ispossible.

L abeling Statements about Waste Disposal

Typicd pesticidelabding instructionsabout dis-
posa of pesticidewastesinclude:

DONOT CONTAMINATEWATERBY DIS
POSAL OF WASTES

PESTICIDE WASTES ARE TOXIC. IM-
PROPER DISPOSAL OF EXCESSPESTI-
CIDEISA VIOLATION OF FEDERAL AND
STATELAW.IF THESE WASTES CAN-
NOT BE DISPOSED OF BY USE ACCORD-
ING TO LABEL INSTRUCTIONS, CON-
TACT THE ARIZONA DEPARTMENT OF
ENVIRONMENTAL QUALITY

Containers

Try toavoid the need to dispose of pesticide con-
tainersaswastes. For example, you may be able
to:

* usecontanersthat aredesgnedtoberefilled by
thepedticidededer or thechemicd company
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* arangetohavetheempty containersrecycled
or reconditioned
® usesolublepackaging

If you have containersthat you must disposeof, be
sureto rinsethem. Rinsed containersareeasier to
dispose of than unrinsed containers.

Refillable Containers

Sometypesof containersaredesgnedto berefilled
with pesticiderepeatedly duringtheir lifetime, which
may bemany years. They usudly arenot designed
to betriple-rinsed or pressure-rinsed by the pesti-
cide user. When necessary, they are cleaned by
the pesticide dedler or chemical company before
refilling. Common types of refillable containers
includeminibulksand small-volumereturnables.

Recyclableand Reconditionable
Containers

Youmay beabletotakeyour rinsed meta or pladtic
containersto afacility that can recyclethem. Some
55 galonand 30 gallon drums can bereturned to
the dedler, manufacturer, or formulator to bere-
conditioned and reused.

SolubleContainers

Soluble containers are designed to be placed,
unopened, into the mixing tank. The solvent
(usually water) dissolves the container inside
thetank. Only original outer packaging remains,
and it may be disposed of as nonhazardous
wastein asanitary landfill.

Triple-rinsed or Pressure-Rinsed
Containers

Containersthat have been correctly triple-rinsed
or pressure-rinsed usualy may bedisposed of as
regular trashinasanitary landfill, unless prohib-
ited by the pesticide labeling. Mark the contain-
ersto show that they have been rinsed.
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Unrinsed Containers

Todigposeof unrinsed containers, you may take
themtoanincinerator or landfill operating under an
EPA, state, or tribal permit for hazardous waste
disposal. If thisis not possible, check with the
ArizonaDepartment of Agriculture, triba, or lo-
ca authoritiesto find out what to do. Otherwise,
you may need to store the containers until you
have a safe and proper way to dispose of them.

BurnableContainers

Thelabding of some paper, cardboard, and plas-
ticcontainersmay ligt“burning, if dlowed by State
andlocd authorities’ asadigposa option for pes-
ticide containers. However, open burning of pes-
ticide containers and waste pesticidesis a ques-
tionable practice and may bein violation of fed-
erd regulationsthat could take precedence over
theingructionson the pesticidelabdling. Because
of possibleair pollution hazards and the risks of
ligbility, your best option is to use another dis-
posal method for these containers. Check with
county ordinances before attempting to burn.

L abeling Statementsabout Container
Disposal
Typicd pedticidelabdinginstructionsabout digposal
of pegticidecontainersinclude:

DONOT REUSEEMPTY CONTAINERS

OFFER FORRECYCLING OR RECONDI-
TIONING,ORPUNCTUREAND DISPOSEOF
INASANITARY LANDFILL,ORINCINER-
ATE

DISPOSE OF BAGINA SANITARY LAND-
FILL ORBY INCINERATION
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Spill Management

A spill isany accidentd release of apesticide. As
careful aspeopletry to be, pesticide spillscanand
do occur. The spill may beminor, involving only
adribble from a container; or it may be mgjor,
involving large amounts of pesticide or
pesticide-containing materid ssuch aswash water,
s0il, and absorbents.

You must know how to respond correctly when
aspill occurs. Stopping largeleaksor spillsisof-
ten not smple. If you cannot manage a spill by
yourself, get help. Even aspill that appearsto be
minor can endanger you, other people, and the
environment if not handled correctly. Never leave
aspill unattended. Whenin doubt, call for assis-
tance (e.g. Chemtrec).

Thefaster you can contain, absorb, and dispose of
aspill, thelesschancethereisthet it will causeharm.
Clean up most spills immediately. Even minor
dribbles or spills should be cleaned up immedi-
ately to keep unprotected personsor animalsfrom
being exposad. A good way to remember thesteps
for agpill emergency isthe“three Cs. Controal,
Contain, Clean up.

C1. Control the Spill Situation

Protect Your saf

Put on appropriate personal protective equip-
ment before contacting the spill or breathing its
fumes. If you do not know how toxic the pesti-
cide is or what type of persona protective
eguipment to wear, don’t take achance! Wear
foil-laminate apron, footwear, and gloves, eye
protection; and arespirator.

Stop the Source

If asmdl container islesking, placeitintoalarger
chemicd-resgant container, such asaplagicdrum
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or bag. If aspray tank is overflowing, stop the
inflow and try to cap off thetank. If atank, hop-
per, or container hasburst or hastipped over and
istoo heavy to berighted, youwill not beableto
stop the source.

Protect Others

| solate the spill site by keeping children, other
unprotected people, and animals well back.
Rope off the site if necessary. If you suspect
the spill containsahighly volatile or explosive
pesticide, you may need to keep people back
even farther. Warn peopleto keep out of reach
of any drift or fumes. Do not useroad flaresor
allow anyoneto smokeif you suspect the | eak-
ing material isflammable.

Stay at theSite

Do not leave the spill Site until another knowl-
edgeable and correctly protected person arrives.
Someone should be at the spill site at al times
until the spill iscleaned up.

C2. Containthe Spill
Confinethe Spill

Assoon asthesourceof theleak isunder control,
movequickly tokeepthespill inassmdl anareaas
possible. Do everything you can to keep it from
Soreeding or gettingworse. For smdl spills, usecon-
talnment snakesto surround the spill and keep it
confined. For larger spills, useashove, arake, or
other tool or equipment to makeadikeof soil, sod,
or absorbent material.

Protect Water Sour ces

Kegpthespill out of any body of water or any path-
way that will lead to water, such asaditch, floor

drain, well, or sinkhole. If the spilled pesticideis
flowing toward such anarea, block or redirect it.
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Absorb Liquids

Liquid pesticide spills can be further contained
by covering the entire spill site with absorbent
materids, suchasspill pillows, finesand, vermicu-
lite, sawdust, clay, kitty litter, shredded newspa:
per, or absorbent pads.

Cover Dry Materials

Prevent dry, dusty pesticide spills, such asdusts,
powders, or granules, from becoming airborne
by covering them with a sweeping compound
or aplastic covering or by very lightly misting
the material with water. Do not mist too much,
because water may release the pesticidal ac-
tion or may cause the pesticideto form clumps
and be unusable.

WARNING: Pegticidesthat are oxidiz-
ers, such ascacium hypochlorite (acom-
mon sanitizer) and some herbicides and
desi ccantsthat contain chlorites, should not
be contained with sawdust, shredded pa-
per, or sweeping compounds. These ab-
sorbent compounds combine with the
oxidizer to createafirehazard and could
burst into flame.

C3. CleanUp

After you have contained the spill, you must pick
up the spilled materia and decontaminatethespill
Steand any contaminated itemsor equi pment.

Clean Up the Spill

For spilled liquid pesticides, siweep up the absor-
bent materia containing the pesticideand placeit
into aheavy-duty plastic drumor bag. Kegpadding
the absorbent material until the spilled liquid is
soaked up and removed.
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Spills of dry pesticides should be swept up for
reuseif possible. Avoid contaminating the spilled
materials with soil or other debris, so it can be
used inthe usua application equipment and will
not clog the nozzles or hopper openings. How-
ever, if the dry spill has become wet or full of
debris, it must be swept up and placed in a

heavy-duty plastic drum or bag for disposal.

Decontaminate the Spill Site

Onceyou have collected asmuch of the spilled
material aspossible, decontaminatethe spill site
aswell asyou can. Do not hosedown thesite
with water unlessthe spill ison acontainment
tray or pad.

If thesurfaceonwhich thepesticide hasspilledis
nonporous, such as sealed concrete, glazed ce-
ramictile, or no-wax sheet flooring, usewater (or
the chemicdl listed onthelabd to dilutethe pesti-
cide) and a strong detergent to remove the resi-
dues of the spill from the surface. Do not alow
any of thewash solutionto run off thesitebeing
cleaned. Place fresh absorbent material over the
wash solution until itisall soaked up. Then sweep
up the absorbent material and placeitinaplastic
drum or bag for disposal asan excesspesticide.

If the surface uponwhich the pesticidehas spilled
IS porous, such as soil or unsedled wood, you
may have to remove the contaminated surface
and dispose of it asan excess pesticide. Depend-
ing onthe size of the spill and thetoxicity of the
pesticide, however, sometimesthestecan besuc-
cessfully neutralized.

Neutralizethe Spill Site

Thelabd of afew pesticideswill indruct youto neu
traizeaspill of that pesticide. Sometimesan author-
ity, such as the pesticide manufacturer or
Chemtrec, will dsoinstruct youto neutraizethe
soill site. Follow theingtructionscarefully.
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Neutralizing a spill often consists of mixing
full-strength bleach with hydrated lime and work-
ing this mixture into the spill Site with a coarse
broom. Fresh absorbent materid is then spread
over the spill Steto soak up the neutraizing lig-
uid. This material is swept up and placed in a
plastic drumor bag for disposa. You may bein-
Sructed to repest the process severd timestomake
surethat thesiteisthoroughly neutralized.

Soil is sometimes neutralized by removing and
disposing of thetop 2to 3inchesandthen neutrdiz-
ing theremaining soil. You may beinstructed to
mix activated charcoal intothesoil or to cover the
spill stewith 2 or moreinchesof limeand cover
thelimewith fresh topsoil.

Sometimes you may be ingtructed to cover mi-
nor spillswith activated charcoal. The activated
charcoa can adsorb or tie up enough pesticide
to avoid adverse effects to plants and animals
thet comein contact with thesoil inthefuture. How-
ever, activated charcod isnot effectivefor largespills

Decontaminate Equipment

Clean any vehicles, equipment, and persond pro-
tective equipment that were contaminated by the
spill or during the containment and cleanup pro-
cess. Use a strong mixture of chlorine bleach,
dishwasher detergent, and water to clean theve-
hicles and equipment. Wash persond protective
equipment thoroughly, following manufacturers
ingtructions and the guiddlines in the persona
protective equipment unit of this manua. Re-
member particularly that porous materias, such
asbrooms, leather shoes, and clothing, cannot be
cleaned effectively if they are thoroughly satu-
rated with pesticide. They should be discarded.

DecontaminateYour sdif

As soon as you are finished with the spill and
equipment cleanup, wash yoursdlf thoroughly with
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detergent and water. Wash any part of your skin
that might have been exposed, and dwayswash
your face, neck, hands, and forearms.

Spill Follow-Up

For dl large spills, and any spillsthat take place
off your property, keep records of your contain-
ment and cleanup activities and your conversa-
tionswith authoritiesand the public about the spill.
Photographs help to document any damage as
well asthe cleanup process.

Spill Assistance

Chemtrec, the Chemica Transportation Emer-
gency Center, isapublic service of the Chemica
Manufacturing Association. Locatedin Washing-
ton, D.C., Chemtrec isstaffed 24 hoursaday by
competent, trained personnel who areableto ad-
vise you how to manage chemica emergencies
(1-800-424-9300).

When you request help from Chemtrec or any
other source, have the product label on hand.
Many pesticide labdls list an emergency tele-
phone number that givesyou direct accessto the
manufacturer and peoplewho know how to man-
ageemergenciesfor that product.

If thespill occursonahighway or publicroad, cdl
the ArizonaDepartment of Public Safety immedi-
atdy. Authoritiesaretrained for such emergencies
and will be able to assist you in your cleanup.
Loca and gateauthoritiesrequirethat you notify
them of apegticide spill.

If the spill may exposethe publicto pesticidesor
pesticide residues, contact the Department of Pub-
lic Safety. If anyone is poisoned by coming in
contact with the spill or if you suspect that an ex-
posure may lead to poisoning, cal the hospital
emergency roomand providethem with thebrand
name, activeingredients, and any other labeling
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information about human hedlth hazards, signs
and symptomsof poisoning, and antidotes.

L abeling StatementsAbout
Spill Management

Typica pesticidelabelinginstructionsabout spill
proceduresinclude:

IF CONTAINER IS BROKEN OR CON-
TENTS HAVE SPILLED, CLEAN UP M-
MEDIATELY. BEFORE CLEANING UP,
PUT ON FULL-LENGT TROUSERS,
LONG-SLEEVED SHIRT, PROTECTIVE
GLOVES, AND GOGGLES OR FACE
SHIELD. SOAK UP SPILL WITHABSOR-
BENT MEDIA SUCH AS SAND, EARTH,
OROTHER SUITABLE MATERIAL AND
DISPOSE OF WASTE AT AN APPROVED
WASTEDISPOSAL FACILITY

IF THE CONTAINER IS LEAKING OR
MATERIAL 1S SPILLED, CAREFULLY
SWEEP MATERIAL INTO A PILE. RE-
FER TO PRECAUTIONARY STATE-
MENTSON LABEL FORHAZARDSAS
SOCIATED WITH THE HANDLING OF
THIS MATERIAL. DO NOT WALK
THROUGH SPILLED MATERIAL.KEEP

UNAUTHORIZED PEOPL E AWAY.

Spill Kt
Kegpagill deenupkitimmediady avaladewhen-
ever you handlepesticidesor their containers. If a

spill occurs, youwill not havethetimeor theoppor-
tunity tofindd| of theitems.

Thekit should consist of

1. tdephonenumbersfor emergency assstance

2. surdy gloves, footwear, and apron that are

chemicd-resgtant tomost pesticides, suchas

foil-laminate gear

protective eyewear

4. gopropriaterespirator, if any of thepesticides
require the use of one during handling ac-
tivitiesor for spill cleanup

w
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5. containment “snakes’ to confinetheleak or
Fill toasmdl area

6. absorbent materias, such as spill pillows,
absorbent clay, sawdust, pet litter, activated
charcoal, vermiculite, or paper to soak up
liquid spills
sweeping compound to keep dry spillsfrom
drifting or wafting during cleanup

8. shovd, broom, and dustpan (foldablebrooms
and shovels are handy, because they canbe
cariedesdly)

9. heavy-duty detergent

10. fireextinguisher ratedfor dl typesof fires

11. any other spill cleanup items specified
on the labeling of any products you use
regularly

12. sturdy plastic container that will hold the
quantity of pesticidefrom thelargest pes-
ticide container being handled and that can
betightly closed

All of theseitemscan bestoredin the plastic con-
tainer and kept clean and in working order un-
til aspill occurs.

EPA

TheEnvironmenta ProtectionAgency (EPA) regu-
lateswastes under the Resource Consarvation and
Recovery Act (RCRA). EPA issuesalist of ma
teriadsthat are considered hazardous. However,
RCRA appliesto certain flammable, corrosive,
reactive, or toxic wastes, evenif they arenot on
thelist. Therefore, some other pesticidescould be
“regulated hazardous wastes’ under RCRA.
Statesand tribes often have their own hazardous
waste laws, which may be more stringent than
RCRA. Contact your stateor tribal authority for
applicablerequirements.
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“Wastes’ include unrinsed containers, excess
pesticidesand pesticidedilutions, and rinseand
wash water that contain alisted chemical and
cannot be used. Triple-rinsed pesticide contain-
ersarenot considered hazardous waste under
RCRA, however. They can be disposed of in
sanitary landfills.

RCRA regulates pesticide users who accumu-
late wastes of acutely toxic pesticidestotaling
2.2 pounds or more per month, or wastes of
any RCRA -regulated pesticidestotaling 2,200
pounds per month. Such users must register as
a generator of hazardous waste, obtain an ID
number from EPA, state, or tribe and follow
certain disposal requirements.

Tofindoutif apedticideisligedin RCRA, cdll

EPA RCRA Hotline 1-800-424-9346
8:30am.—7:30 p.m. EST
Monday through Friday

SARA (Titlel11)

If you areinvolved in apesticide spill, you may
need to comply with the provisions of two laws
administered by the Environmental Protection
Agency (EPA). Title Il of the Superfund
Amendments and Reauthorization Act of 1986
(SARA Titlelll) requiresyou to report any acci-
dentd release (such asa spill) of any extremely
hazardous substance. Reportingisrequiredif al
thefollowing occur:

» thepedticidewasspilled

» thepedicideiscovered under SARA Titlelll

» thespill quantity wasgresater than the® report-
ablequantity” specifiedinthelawv

» thespill created offsite exposure
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If such an accident occurs, you must:

* notify thestate emergency responsecommis-
son (SERC)

* notify theloca emergency planning commit-
tee (LEPC)

® report the release to the National Response
Center (1-800-424-8802)

Inaddition, any spill that hasthe potentid togetinto
groundwater or surfacewater must bereportedto
EPA under the authority of the Clean Water Act.

If you do not know whether the spill islarge
enough to be a “reportable quantity” under
SARA Title Il or whether the spill might get
into groundwater or surface water, call your
local, State, or tribal pesticide agency or the
EPA regional officefor help.

Toget emergency help from Chemtrec (Chemica
Trangportation Emergency Center), cdl

1-800-424-9300 (24 hoursaday)

XIl. PegicideFireHazards

Some common myths regarding pesticides and
fires include the belief that inert ingredients in
pesticides are not dangerous, and that pesticides
aremadelesstoxic by thehightemperaturesina
fire. Thesearefalse. Thefactsarethat although
pesticides such as wettable powders and water-
based liquids are usually not flammable, when
heat decomposes some powdered or liquid prod-
ucts, toxic gasesmay bereeased. Also, common
solventsand diluentsin liquid emulsion concen-
trates or petroleum sol utions, such asxyleneand
kerosene, poseafire hazard if stored or handled
incorrectly. Such products are capable of ignit-
ing andfueling afire.
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Physical Hazards

A pesticide fire can produce fumes and vapors
which may be highly toxic when inhaled. The
combustion products of pesticides can be more
toxicthantheorigind product.

While skin absorption is a common route in
pesticide poisoning, inhaling the vapors and
fumesfrom apesticidefireare moresignificant
problems. One or two breaths of a concen-
trated smoke can cause serious and immediate
problems. Massive exposureto alow toxicity
pesticide can be as serious asaminor exposure
toahighly toxic pesticide.

In addition, pesticide storage containers, often
large metal drums, canexplodeinafire. Aero-
sols, which are packaged in pressurized cans,
are highly explosive when exposed to exces-
sveheat or fire. Pressurized containers, such
asthose containing fumigants, release pressure
through arelief valve when they are heated. If
flames contact the cylinder, or if the regulator
is broken, they can rupture and be propelled
considerabl e distances by the gection of toxic
gas. These “rocketing” containers can cause
serious physical injury. Never storethese pres-
surized containers near heat sources such as
steam pipes, heaters, or in direct sun.

Powdered sulfur is aflammable solid capable
of anexplosion. A pileof powdered sulfur will
burninan ever-increasing circlewithlittleor no
visbleflame, producing highly toxic sulfur dioxde
as a combustion product. In addition, if pow-
dered materialsform adust cloud, the hazard for
dermal andinhalation exposureisincreased.

Environmental Hazards

Toxic gases, fumes, and vapor from a pesticide
fireare cgpable of moving consderabledistances,
endangering people, animals, plants, nontarget
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insects, and water supplies. Anadded hazard is
the runoff water used to control the fire. Pesti-
cidescan be carried in the runoff water, entering
storm sewers, washes, drainage ways, irrigation
ditches, and other surfacewaters. Damagetothe
loca environment can become widespread.

Safety Measures

Thereare severd thingsthat can be doneto mini-
mizethe danger of apesticidefire:

* A wedl-planned storagefacility isthefirst step
infiresafety

* Sorepesicidesinalockedfadility, with posted
warning signs. Limit thosehaving access. If
possible, keep the storagefacility away from
other buildings

*  Pogt“NoSmoking’ sgnsonthebuilding. Do
not alow smokinginor near thesructure. Keep
smokedetector at least 3 feet fromtheventila-
tor

® Design your storage facility with an imper-
meable floor and aconcrete berm. Thiswill
contain any runoff water

® Donot sorecombugtiblematerid within 30ft.
of thestorage structure

* Besaurefloor drainslead to asump or seethat
floor drainsareseded

® Donot storepesticideswithfuelssuch asgas
cansand propanetanks

® Thereshould beno openflameof any Szein
apesticide storagefacility

® Donotpaformmetd cutting, welding, or grind-
inginthevidnity

® Donot burnanythingwithin 100 feet of agtor-
agefadlity

® Donot goreammoniumnitratefertilizerswith
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or near pesticides. In addition to the cross-
contamination possibilities, anmoniumnitrate
releases large amounts of oxygen when it
burns, adding fuel toafire

® Ventilateor cool your storagefacility tomini-
mize heat buildup

® Besurethat dectrical circuitsmeet the provi-
sonsof theNational Electrical Code

® Uselight fixturesthat havean exploson proof
UL rating. Locatedl fuseboxes, bresker pan-
els, and disconnectsoutsde of thestoragefa
cility. If possble, ingdl awarninglight which
activatesin case of afire

* Keepafireextinguisher bothinsideand out-
side of thefacility. These should havea20-
pound capacity, disperse dry chemica, and
have an ABC rating

Good preparationincludesknowing thefirehazard
involved with the pesticidesyou commonly useand
itsflammability characteridics. Information about
theflammability of aproduct islocated under the
chemica hazard section on the product label.
MSDS sheetsusualy contain additiond, detailed
information onfiresafety.

Xl1I1. Poison Control Centers
in Arizona

Good Samaritan Regional Poison Center
1130 E. MacDonad, Suite A5

Phoenix, AZ 85006

(800) 362-0101 or (602) 253-3334

Arizona Poison Control Center
1501 N. Campbdl Ave.

Tucson, AZ 85724

(520) 626-6016
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Chapter Five
Safety — Question and Answver Review

1. Q.

A.

2. Q.

>

What isthemost common r outeof pesticide poisoning for applicators?
Themost common cause of pesticide poisoning for applicatorsisthrough skin contact.

Pesticidesmay enter thebody in four different ways. Namethem.

. Pedticidesmay enter the body through skin contact (dermd), throughinhaation, through themouth

(oraly); or through eye contact (ocular).

Name and definethetwo types of pesticide exposure.

Acute exposure causes severeimmediate short-term heal th effectsand chronic exposure.
What doesL D,,mean?

Theletha doseof achemical for 50 percent of atest population occursover alongtimeperiod. It
iscaused by many small, repeated exposures but may result in severe health effects.

What aretheL D, numberswhich correspond tothefollowing signal wor ds? Highly toxic?
M oder ately toxic? Sightly toxic?

. Highly toxic pesticidescarry anLD  of 0+ to 50. Moderatelytoxmp&stludescarryanLD of

50+ to 500. Slightly toxic pesticideShavean LD_from 500+ and greater.

Arethesymptomsof pesticide poisoning very different from all other typesof poisoning?

. No. Symptoms of pesticide poisoning are similar to those of other types of poisoning or other

diseases, such astheflu.

What are some symptomsof mild and acute or sever epesticide poisoning?

. Mild pesticide poisoning symptomsinclude headaches, fatigue, sorenessinjoints, irritation of nose

and throat. Acute poisoning symptomsinclude fever, intense thirst, vomiting, muscle twitches,
pinpoint pupils, and unconsciousness.

What isthevery first thing you should do when someone has been poisoned?

. Cdl anambulanceor doctor. If youareaonewiththevictim, you must seethat heisbreathing and

that heisnot further exposed to poison.
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9. Q.

A.

10.Q.
A.

11.Q.

12.Q.

13.Q.

14.Q.

15.Q.

16.Q.

What should you consider beforeusing pesticides?

Before pesticides are applied, you should know the pest, extent of damage, weather conditions,
conditionsof thetreatment area, plustaketilmeto read thelabel andtakeall precautions.

How should you clean your washing machineafter laundering pesticide soiled clothing?
Run acomplete, empty cycle. Use hot water and detergent.

When you areplanningtowork with pesticides, wher e should you look for infor mation on
theprotectiveclothingthat isnecessary?

Onthe pesticidelabel or theMSDA (Material Safety Data Sheet).

What material should glovesand bootswor n during pesticide handling be made of ?

. Both glovesand boots should be made of chemically res stant material.

Namefiveways of avoiding exposurewhile applying pesticides.

. Wear protective gear during pesticide application.

Alwaysuseonly thelabel ed amount of pesticide during your applications.

Do not work in drift spray, or runoff unlessyou are properly protected.

If chemicals spill onyour gloves, be careful not to wipe your hands on your clothing.
Wash pesticide-soiled clothing with detergent and water.

Namethreewaysto cut down accidents commonly caused by equipment.

. Choosethe safest equipment for your pesticide application.

Do not alow children or unauthorized people near the pesticide equipment.
Useyour equipment correctly; calibrate often.
Take good care of your equipment.

Explainwhat “reentry interval” means.

. Thereentry interval isthe period of timethat should pass between treatment and returning to

atreatment area. Safereentry intervalsmay be onthe pesticidelabel. When no reentry times
are available, adways wait until sprays dry, dusts settle, and vapors disperse. If you must
reenter an area soon after spraying, be sure to wear all the necessary protective clothing as
required onthelabel.

What should you dofor an accidental pesticide spill?

V-52



Chapter 5 Safety

A.

17.Q.

A.

18.Q.

19.Q.

20.Q.

21.Q.

22.Q.

23.0Q.

Have somekind of absorptive materia available. Havebleach or hydrated limefor decontamina-
tion. Keep soap detergent and water close at hand. Have achange of clothesavailable.

Explain thetermshazard, toxicity, and exposure, and tell how they relateto oneanother .
Hazard isthe risk of harmful effects from pesticides. Toxicity is a measure of the ability of a
pesticideto cause harmful effects. Exposureisthetotal amount of pesticidethat getson or inthe
body. HAZARD = TOXICITY x EXPOSURE.

Which route of exposur e should you, asa pesticide handler, be most concer ned about?

. Exposureto the skinisthe most common route of exposurefor pesticide handlers.

What threefactor sdeter minehow much pesticidewill beabsor bed through your skin (and
eyes) and into your body?

. 1. Thepesticideitsdlf and the materia used to dilutethe pesticide.

2. Which areaof the body is exposed.
3. Thecondition of the skin that is exposed.

How can you avoid har mful effectsfrom pesticides?

. Avoiding and reducing exposures to pesticides will reduce the harmful effects from pesti-

cides. You can avoid exposures by using safety systems, such as closed systems and en-
closed cabs, and you can reduce exposures by wearing appropriate personal protective equip-
ment, washing exposed areas often, and keeping your personal protective equipment clean
and in good operating condition.

What legal responsibility do you havefor wearingthe personal protective equipment that
thepegticidelabdlinglistsfor your handling situation?

. By law, you must wear at least the persona protective equipment listed on thelabel for the han-

dling task youwill beperforming. Y ou arealowed to wear additional or more protective persona
protective equipment.

Definetheterm chemical resistant.

. Chemical resstant — Ableto prevent movement of the pesticidethrough the material duringthe

period of use.

How can you tell when a material isnot chemical-resistant to the pesticide you
are handling?
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A.

24.Q.

A.

25.Q.

26.Q.

27.Q.

28.Q.

29.Q.

The materia may change color; become soft or spongy; swell or bubble up; dissolve or become
likejelly; crack or get holes, becometiff or brittle.

What factor sdeter minehow well your coverall will protect your body?

A coverdl ismogt protectiveif it

1. fitsloosdy sothereisalayer of air betweenit and the skinor inner clothing;

2. iswornover another layer of clothing, because each layer of clothing adds aprotective layer
of air aswell asalayer of fabric;

3. hastightly constructed seamsand snug overlapping closuresthat do not gap or becomeunfas
tened readily.

When should you wear chemical-resistant gloves? Why areglovessoimportant to apesti-
cidehandler?

Wear chemical-resistant gloves any time you may get pesticides on your hands, except for some
fumigantswhoselabelsmay direct you not wear gloves. Thehandsareby far themost likely route
of exposurefor apegticide handler.

If you need toremoveyour glovesduringthehandling activity, what stepsshould you take
to removethem and put them back on?

1. Washglovesthoroughly beforetaking them off.
2. Wash handsthoroughly and dry them before putting the gloves on again.

Why do pesticides sometimesget on your skin even when you arewearing glovesand pro-
tectivefootwear ?

The items may not be chemical-resistant to the pesticide being handled; they may not be worn
correctly; they may not be in good condition; or they may not have been cleaned correctly or
replaced soon enough.

When should you wear protective headgear ? What type of headgear should you use?
Whenever you may be exposed to pesticidesfrom above, wear protective headgear to hel p keep
pesticides off your head, neck, eyes, mouth, and face. Wear achemical-resistant hood or wide-
brimmed hat. Plastic“safari” hatw with plastic sweatbands are agood choice.

When the pesticidelabding callsfor “ protectiveeyewear,” what should you wear ?

Wear goggles, aface shidd, or safety glasseswith brow and side shields.
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30.Q.

31.Q.

32.Q.

36.Q.
A.

What ar ethedifferences among dust/mist-filtering respirators, vapor-removing respirators,
and air-supplying respirators?

. Dust-migt-filtering respiratorsare masksor cartridgesthat filter dust, mists, and particlesout of the

air around you. Vapor-removing respiratorsuseacartridgeor canister to remove pesticide gases
and vapors from the around around you. Air-supplying respirators provide you with clean air
either fromanair tank or from alocation wheretheair isnot contaminated with pesticides.

What special hazardsdo fumigantsposefor pesticidehandlers?

. Fumigants pose aseriousinhalation hazard to pesticide handlers. Somefumigantsalso can cause

severeskin burnsif they aretrapped next to the skin by tight clothing or chemica-resstant persond
protective equipment.

If the chemical-resistant gloves you have selected ar e reusable, how often should you
routinely replacethem? Under what conditionsshould you replace chemical-r esistant
itemsimmediately?

. Throw out most reusable gloves that have been worn for about 5 to 7 days of work. Extra-

heavy-duty gloves, such asthose made of butyl or nitrile rubber, may last aslong as10to 14
days. Replace chemical-resistant itemsimmediately if they show any sign of wear or have
holes, tears, or leaks.

. What should you dowith acoverall that hashighly toxic pesticide concentratespilled on it?
. Disposeof the coveral. It cannot be adequately cleaned.

. What should you tell the peoplewho will belaundering your clothing about how to protect

themsalvesfrom pesticides?

Tl themto

1. wear chemical-resstant glovesand apron, especialy if handling contaminated items regu-
larly or handling items contaminated with highly toxic pesticides.

2. work inawd|-ventilated areaand do not inhale steam from the washer and dryer.

. What should you dowith your respirator between handling tasks?
. Sed therespirator inaclean, airtight container, such asasturdy zip-closableplastic bag. If possible,

put caps over the opening on the cartridges or canisters.

What should you do when you arefinished using your respirator for theday?
1. Discard any masks, filters, or respiratorsthat cannot be reused.
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37.Q.

39.Q.

Takeoff the prefiltersand cartridgesor canisters. Discard them or, if till usable,
replacetheir capsand sedl themin an airtight container, such asazip-closableplastic bag.
Wash the respirator body, facepiece, and any reusablefilters. Soak themfor at least 2 minutes
inamixtureof 2 tablespoons of chlorine bleachinagallon of hot water. Rinsethoroughly.
Dry thoroughly or hang theminaclean areato dry.

Storetherespirator and any reusable cartridges, canisters, filters, and prefiltersinanartight
container inan areawherethey are protected from dust, sunlight, extremetemperatures,
excessve moisture, and pesticides or other chemicals.

How will you know when toreplacedust/mist masks, prefilter s, and dust-mist-filteringand
vapor -removing canister sand cartridges?

1.

2.

agrwbdE

Changedust/mist masks, cartridges, and prefiltersimmediately if you havetrouble breathing.
They usudly need to be changed at |east every 8 hours.

Changevapor-removing canistersor cartridgesimmediatdy if you smell, taste, or fed irritation
from pesticide vapors. Change them whenever any “servicelifeindicator” tellsyou that

you should, or after thetimelimit set by the manufacturer. Otherwise, replace them after about
8 hoursof use.

. If heat stressisa concern, what fivefactorsmight you need to adjust?

Hesat factors.

Workload.

Persona protective equipment.
Amount of water consumed.
Work schedule.

What precautions should you takewhen your transport pesticidesin avehicle?

5.

Never carry pesticidesin the passenger section.

Never alow children, other passengers, and petsto ride with pesticides.

Never trangport pesticideswith food, clothing, or other things meant to be eaten or to comein
contact with peopleor animals.

Never leaveyour vehicle unattended when transporting pesticidesin an unlocked trunk com-
partment or open-bed truck.

Trangport highly volatile pesticidesin separatetripsfrom other chemicals.

. What stepsshould you taketo protect pesticide container sduring transport?

Trangport containerswith intact, undamaged, and readablelabels.

Inspect containersto be surethat al openingsaretightly closed and that there are no pesti-
cideson the outsideof the containers.

Handle containerscarefully.
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41.Q.

42.Q.

4.
5.
6.

Anchor al containerssecurely.
Protect paper and cardboard containersfrom moisture.
Protect pesticidesfrom extremetemperatures.

What four typesof per sona protection, beyond what you need during application, should
you consider wearing whilemixing or loading pesticides?

Ll

Front protection.

Face protection.
Protectionfrom dusts.
Protection from vapors.

What should you dowith an empty pesticide container ?

=

1.
2.

3.

4.

1.
2.
3.

If the container isrinsable, rinseit assoon asitisempty.

Return al empty pesticide containersto the pesticide storage areaor the container holding area
when you finish your task.

Puncture, break, or crush empty contai nersthat cannot berefilled, reconditioned, recycled, or
returned to the manufacturer.

Dispose of containersin accordance wilth labeing directionsand with any lawsor regulations

that apply.

. When a pesticide container isdamaged, what actions can you take?

Usethe pesticideimmediately at asite and rate allowed by thelabeling.

Transfer the pesticideinto another pesticide container that originally held the same pesticide
and hasthe samelabe still intact.

Transfer the contentsto asturdy container that can betilghtly closed and fasten thelabel tothe
outsdefo the new container.

Placethe entire damaged container and its contentsinto asuitablelarger container.

. Ifyou haveexcess pesticide materialsthat aretill usable, what can you dowith them?

Apply themto sitelisted on thelabeling.
Find another pesticide handler who can legally usethem.
Returnthem to thededler, formulator, or manufacturer.

. If you have pesticidewastes (other than empty containers), what can you do with them?

Store until safe and proper disposal is possible. Arizona does not have a hazardous
waste disposal site.
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46.Q. Lisgtthreewaystoavoidtheneed for digposng of empty pesticide container saswastes.
A. 1. Userefillablecontainers.
2. Recycleor recondition the containers.
3. Returnthemtothededer, formulator, or manufacturer.
47.Q. What dothe“threeCs’ of spill management stand for ?
A. “Contral,” “Contain,” “Cleanup.”
48.Q. What should you doto control aspill Stuation?
Protect yourself.
Stop the source of the spill.

Protect others.
Stay at thedite.

Ll A

49.Q. How should you contain a spill?

Confinethe spill.
Protect water sources.
Absorbliquids.
Cover dry materids.

pODNPRE
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Table6.1: Useful Converson Factorsfor Calibration

STANDARD MEASURE
LENGTH

1ft=12in
lyd=3ft
1mi=5.280ft

AREA:

1sqin=0.007 5 ft
1sqft=144 sqin=0.000023 ac
1sqyd=1,296s9in=9 s ft

1 ac=43,560 sq ft = 4,840 sq yd

VOLUME:

1tgp=0.17fl oz

1tbs=3typ

1floz=2thbs=61tsp

lcup=8fl oz=161tbs
1pt=2cups=16fl oz
lqt=2pt=32floz

lgd =4qt=8pt=128floz=231cuin

WEIGHT:
10z=0.06251b
llb=160z
1ton=2,0001b

1 galon of water =8.34 1b

ac = acre 0z
fl oz = fluid ounce pt
ft = foot qt
ga = galon Sl
h = hectare tbs
1lh = 10,000 m? tsp
in = inch yd
Ib = pound

mi = mile

METRICCONVERSIONS

1in=254mm=254cm

1t =304.8 mm=30.48 cm
1yd=9144mm=91.44cm=0.914m
1mi =1,609 m=1.61km

1 mm=0.03937in
1cm=0.394in=0.0328 ft
1m=39.37in=3.281ft
1km=3,281ft=0.6214 mi

1sgin=6.45cn?
1sgft=929cm?
1sqyd=28,361 cm? =0.8361 n?
lac=4,050m?> =0.405h
len?=0.15597in
1m?=1,550sqin=10.76 sq ft
1h=107,600 sqft=2.47 ac

1floz=29.5ml =0.0295|
1pt=437ml =0.4371
lgt=945ml =0.9451
1gd =3,785ml =3.7851
1mL, ml =0.033fl oz

1L,1=338floz=2.112pt=1.057qt =

10z=28.35¢g
11b=4549g=0.04536 kg
1ton=907 kg

1 galon of water = 3.786 kg
19=0.0350z
1kg=35270z=22051b

ABBREVIATIONS

ounce cm =
pint cmw =
quart cm® =
square g =
tablespoon kg =
teaspoon km =
yard L,I =
m =
m? =
mL,ml =
mm =
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0.264 gal

centimeter
squarecentimeter
cubic centimeter
gram

kilogram
kilometer

liter

meter

sguare meter
milliliter
millimeter
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1. Why Calibrationis
Essential

Cadlibrationprecisdly determinestheoutput of the
gpplication equipment under controlled conditions.
Themainreasonfor calibrating gpplicationequip-
mentistodeterminehow much pesticidetoputinto
thespray tank to ensurethat the correct amount of
chemicd isgpplied. Thisisnecessary for:
(2) effectively controlling pests
(2) protecting human hedlth, theenvironment,
and treated surfaces
(3) preventing waste of resources
(4) complyingwiththelaw. Itisasoimportant
to have control over the volume of water
being applied

EffectivePest Control

Manufacturersof pesticidesspendmillionsof dollars
researchingwaysto usetheir products, including
determiningthecorrect amount of pesticidetogpply
for effectivecontrol of pests. Usinglessthanlabel
recommendationsmay result in inadeguate control
and could be awagteof timeandmoney. Usingtoo
little pesticide can lead to problems such as pest
res stanceand resurgences, whileusingtoomuch
pesticide may have adverse effects on natura
predators, target surfaces, and the environment;
excessveusea sowastesmaterid sandisillegd.

Human Health Concerns

Pesticidesthat are applied at rates higher than
label recommendations may endanger human
health. Illegal residues may occur on produce
whenapesticideisover applied; theentirecrop
may be confiscated to protect consumers if
residuesareaboveallowabletolerances. Field
workers and application equipment operators
can also be exposed if the equipment applies
too much pesticide.
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Environmental Concerns

Pesticides may cause environmental problems
when they are not used properly. Harm to
beneficid insects, such as honey bees, and to
wildlifemust beavoided by carefully calibrating
equipment to maintain application rates within
label recommendations.

Protection of Treated Surfaces

Certain pesticides are phytotoxic and can be
damaging to sprayed surfaces when used at
higher than recommended rates. Manufacturers
evaluatethese potentia problemsduringtesting.
Applying more than the labeled amount of
pesticidemay increaserisksof damage. Chances
of building up excessive residues in the soil or
potentialy polluting the groundwater are also
increased when too much pesticideisused; these
problems could limit types of cropsthat can be
growninthat soil.

Preventing Waste of Resour cesand Disposal
Problems

Usingtheimproper amount of pesticidecogts time
and costs more money. Not only are pesticides
expengve, butthefud, [abor, andwear andtear on
the equipment are costly, too. Another very
important reason to calibrate equipment is to
minimizetheamount of pesticdderemaininginthetank
after anapplicationiscompleted. It canbedifficult
andexpengvetolegdly disposeof thisextramaterid.

I11. Deciding How Much
Pesticide to Apply

Study the “Directions for Use’ section of the
pesticide labdl for rates you should apply. If the
labd lists a range of possible amounts, use the
least amount of pesticidethat will achievethe con-
trol of thepest.
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Amountsof pesticideto be used areexpressedin
variousways. Application ratesmay be expressed
intermsof how much pesticideformulation should
begpplied. Theingructionsmay tdl you how much
pesticideformulation should beapplied to eech unit
of areaor volumeinthetarget Ste—5 galons of
formulation per acre, or 1 pound of formulation per
100 cubic feet of space, for example. Application
ratesal so may beexpressed intermsof how much
pesticideformulation should beusad per volume of
mixture. Labeling might call for 3 tablespoons of
product per 5 gdlonsof water or 1 pint of product
per 100 gdlonsof water.

Sometimes pesticide labeling and other sources
express application ratesin termsof how much
activeingredient should be gpplied per unit of area
or per volume of mixture—1 pint activeingredi-
ent per 1,000 squarefeet, or %2 pound activein-

gredient per 500 gallons of water, for example.

Whentheapplicationrateisexpressedinthisway,

you can select different formulationsand be able
to figure how much to dilute each one. However,

figuring the correct dilution for activeingredient
recommendationsismore complicated.

Occasondly the gpplication rate is expressed in
terms of a percentage of the find dilution — Y2
percent by volumeor 1% by weight, for example.
Products that have adjuvants often express the
application rate in thisway. Expressng applica-
tion rates as a percentage dlows the user to cd-
culate the dilution correctly for whatever dilu-
tion method is being used for the formulation.

Mixing, Loading, and Calibration
Alternatives

Knowing what amount of the pesticide you must
apply isonly thefirst step. Next, you must deter-
minehow youwill ddliver thecorrect amount tothe
target Site. Depending on thetypeof formulation
you choose and thetype of application equipment
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youwill use, you may haveto do some combina
tion of three basi ¢ tasks—mixing the pesticide,
loading it into your equipment, and calibrating the
equipment so you will know exactly how much
pesticideitisddivering.

1. Mixing. Unlessthepedicideisaready-to-use
formulation or is designed to be applied full
grength, you mugt carefully combinetheright
amountsof concentrated pesticideformulaion
and diluent to make the needed application-
drength pesticidemixture,

2. Loading. You may need to transfer the
pesticide into the equipment beforeit can
be applied.

3. Calibrating. For many kinds of applica-
tions, you must measure and adjust the
amount of pesticide your equipment will
apply tothetarget site.

Each different combination of formulaionand equip-
ment typerequiresyou to do adifferent combina-
tion of thesetasksto preparefor applying amea-
sured amount of pesticide.

No Calibration, Mixing, or Loading Needed

Some pesticideformulationsare sold at applica-
tion strength and are aready in the equipment
needed for application. These include aerosol
cans, squeeze-trigger sprayers, delayed-trigger
foggers, baits; shaker-can dusters; impregnated
collars, bars, strips, and rollers; and wiper bags.
The pesticideis applied to the point of runoff, is
directed at aspecifictarget, isplaced so thetar-
get contactsit, or isreleased tofill an enclosed
space. Most of these pesticidesare availablefor
usein specidized pest control Situations.
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Loading Needed, No Mixing or Calibration

Some ready-to-use pesticidesare not sold loaded
inthepedticidegpplication equipment. Theuser must
load themintotheeguipment. I thegpplication eouip-
ment to beusedisasgueeze-trigger Jorayer, sheker
can duster, avat for dipping animasor plants, a
Sporay dip vat, awiper gpplicator, or somefumigant
goplicators, nocdibrationisnecessary.

Calibration and Loading Needed, No Mixing

Ready-to-use formulations sometimes must be
loaded into equipment that doesrequire calibra-
tion. Theseinclude most granular and dust for-
mulaions, someliquid formulations (especidly so-
lutions), and somefumigant formulations. Thepes-
ticideisloaded directly into application equip-
ment without any further dilution. The equipment
must be calibrated so that the correct amount of
pesticidewill bereleased per unit area.

Mixing and Loading Needed, No Calibration

Some concentrated pesticidesarediluted and then
loaded into equipment that doesnot requirecaibra-
tion. Many plant and anima dipsor oray dips, and
tree canopy sprays, are applied by equipment that
doesnot need cdibration. Thegpplicator isingructed
to*“ cover the plant, animd, or surfacethoroughly”
or “apply tothe point of runoff.”

Calibration, Mixing, and Loading Needed

Many concentrated pesticides are applied with
equipment that must be cdibrated. For many certi-
fied gpplicators, thisisthe option most commonly
encountered. Theconcentrate must bediluted cor-
rectly and the equipment must be calibrated cor-
rectly. Both gepsarecrucid to goplying thecorrect
amount of pesticideto atarget Site. If thereisan
error either indilution or in cdibration, thewrong
amount of pegticidewill beapplied.
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Calibrating Your Equipment

Most pesticide applications involve equipment
that must be measured and adjusted to release
the correct amount of pesticideto thetarget Site.
Proper cdibration is an essentia but often ne-
glected task. To be sure your equipment is re-
leasing the right amount of pesticide, take time
to calibrate it carefully and correctly. Recheck it
regularly to detect changes caused by wear, cor-
roson, and aging.

Calibration often requires some simple arith-
metic. Usudly the equipment manufacturer, the
pesticide dedler, the Department of Agriculture,
or USDA Cooperative Extenson Service will
provide some standard formulasto helpyou. The
easest and most accurate way to do the calcula
tionsiswith a calculator.

Choose equipment that you know how to use
andthatis:

® desgnedfor thetypeof chemica being applied
® appropriate for the size and type of appli-
cationjob

Equipment will not deliver the right amount of
pesticideto thetarget Siteif itisnot working cor-
rectly. Before you begin to calibrate the equip-
ment, check it carefully to be surethat al compo-
nentsare clean and in good working order. Pay
particular attention to the partsthat regul ate the
amount of pesticidebeing rdeased, such asnozzles
and hopper openings. If they become clogged,
not enough pesticidewill bereleased. If they be-
comeworn, too much pesticidewill be released.

Equipment that must becdlibratedindudesmechani-
ca dusters; granule spreaders, hand, backpack,
boom, hand gun, high-pressure, airblast, and most
other sorayers, and fumigant goplicators. Themany
typesof goplication equipment differ inthedetail sof
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their operation, but if you understand thebasic prin-
aplesof cdibration, you can goply theminany Stu-
ation. Study the manufacturer’singtructionscare-
fully—they explainexactly how to adjust theequip-
ment. They often contain suggestionson suchthings
astheappropriaterateof travel, therange of most
efficient pump pressures, goproximeate settingsfor
achievingvariousddivery rates, andtypesof nozzles
that can be used.

Speed

For some types of application equipment, the
Speed a which the equipment moves (or is car-
ried) through the target Ste is one of the main
factorsin determining the rate of application. For
some other types of equipment, you do not need
to consder speed when cdibrating.

Equipment with Gravity-Flow Dispersal

If the equipment you have chosen usesgravity to
maintain theflow of pesticide, cdibration may be
fairly ample. Someequipment, such assomegran-
ule spreaders, needsto be calibrated only to ad-
just therate of flow or delivery. Thisequipment
releases pesticide only when the wheels are in
motion. If the speed of the equipment iskept at
an even, moderate pace, theamount of pesticide
being released per unit areawill beuniform.

Equipment with Powered Dispersal

If your equipment hasapump or other mechanism
to dispersethepesticide, youwill needtodetermine
therate of speed best suited for thetypeof equip-
ment and for the particular requirementsof your gp-
plicationjob. Such equipment may beether hand-
carried or mounted onavehicle. Ineither case, the
Speed a which theequipment movesthroughthe
target Stedeterminesthe amount of pesticide ap-
pliedinagiven area. Keep the gpeed ascongtant as
possibleduring thecdibration processand during
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theactua application. For themost accurate cali-
bration, operate the equipment at thetarget site
or on ground similar to that at the target site.
Whether the equipment is hand-carried or
mounted on avehicle, the condition of theground
that must be crossed isimportant. A rough and
uneven surfacewill require the equipment to be
operated at aslower speed.

Theeguipment manufacturer’ sdirectionsmay offer
arangeof appropriate speeds. Your knowledge of
conditionsinthetarget Ste (including thedrift haz-
ard), plusyour experiencewiththeequipment, will
hel p you determine an gppropriate Soeed.

Uniform Release

If the gpplication equipment you will beusing has
morethan onenozzle (or morethan one cluster of
nozzles) or hopper, part of thecdibration processis
tomeasurethe output from eachtobesurethat they
adl arerdeaangthecorrect amount of pesticide. Note
whether the pesticide output from one or more
nozzles(or dugter of nozzles) or hoppersis5% more
or lessthantheamount desired. Check for clogging
or other obgtructioninthe openingsthat aredigtrib-
utingless. Check for lesksor worn partsintheopen-
ingsthat aredistributing more. If you find no cor-
rectable problem, replacethenozzles or hoppers.

You can check for uniform output intwo ways. Ei-
ther method requiresthat you attach containers(jars)
to collect the output from each nozzle, nozzledus-
ter, or hopper. Fill the tank with water only, then
operatethe equipment for aset period of time (1to
5 minutes) and compare the amount of output in
eachjar totheamount desired. Or operatetheequip-
ment over ameasured areawhile cdibrating the
equipment and, at the end of the cdibration run,
compare the amount of output in each jar to the
amount desired. If all the nozzles or hoppersare
intended to release an equa amount of pesticide,
just check to see whether dl the jars contain the
sameamount.
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V. Methodsof Equipment
Calibration

A few simple tools are needed to calibrate
pesticideapplication equipment. Put theseitems
into a small toolbox and use them only for
calibration purposes. Keepyour toolscleanand
in good working condition. Make equipment
calibrationaprofessional operation.

NOTE: Pesticide application equipment and
the discharge from application equipment
being calibrated may contain pesticideresidue.
Alwayswear rubber glovesand other protective
equipment to prevent pesticide contamination
of your eyes, hair, skin, clothing, and shoes.

Tools Needed for Calibration

Sopwatch

A sopwatchisessentid for timingtravel speedand
flowrates. Never rely onawriswatch unlessithas
agtopwatchfunction.

Measuring Tape

A 100-foot moisture- and stretch-resistant
measuring tapeisused for marking off distance
and for measuring spray swath width.

Calibrated Liquid Container

A marked, 1- or 2-quart container, calibrated
for liquid ounces, isneeded for measuring spray
nozzleoutput.

Scale

A small scal ethat measurespoundsand ouncesis
needed for weighing granules collected from a
granuleagpplicator. A scaethat weighsbetween5
and 10 poundsisusudly adequate.
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Pocket Calculator
A pocket caculator is needed for making cal-
culationsinthefidd.

Pressure Gauge

An accurate, cdibrated pressure gauge, with
fittings compatible with spray nozzlefittings, is
helpful for checking boom pressure and for
calibrating the sprayer pressure gauge.

Flow Meter

A flow meter, attached to a flexible hose or
filling pipe, can be used for measuring the
amount of water put into atank. It can also be
used for measuring tank capacity and for
determining theamount of liquid used during a
calibration run.  Both mechanical and
electronicflow metersareavailable. If theseare
not available, acalibrated five-gallon pail can
be used instead.

Flagging Tape
Colored plagtic flagging tape is useful for
marking off measured distances to determine

equipment speed.

Always calibrate with clean water. Different
caibration techniques are used for liquid
application equipment and dust or granular
applicationequipment.

V. CalibratingLiquid
Sprayers

Frequent cdlibrationisnecessary tomonitor pump
and nozzle wear on equipment that applies
pesticides that are dissolved or suspended in
water. Pump wear may decreasetheamount and
pressureof fluid output; nozzlewear increasesthe
volumeof output, may lower theoutput pressure,
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and may produceapoor spray pattern. Abrasive
pesticides, such aswettablepowders, increasethe
rate of wear.

Beforemaking any calibration measurements, be
sure to service the sprayer; follow the servicing
directionsoutlinedbelow.

Servicing Spray Equipment (see itdicized
paragraph on page 7, under 1V. Methods of
Equipment Cdibration.)

1. Hushthetank and pumpingsysemwithclean
water toremovedebrisanddirt;

2. Cleanandreplacedl filter screens,

3. Checknozzlesforwear andreplacethemif there
isany doubt about thewear —al nozzlesmust
beclean;

L ubricated| bearingsand appropriatemoving
parts,

5. Ingpect hosesfor cracksandlesks, andreplace
themif necessary; and

6. Make sure the pressure gauge is working
properly by testing it against another gauge
knowntobeaccurate.

Oncethesprayerisserviced, beginthecdibration
process Thefind god istodeterminehow mucharea
will be covered by each tank of spray when the
Sprayer ismoving a aspecific gpeed and operating
at a specific pressure. Four factors must be
measured: (1) tank capacity; (2) flow rate; (3)
speed of travel; and (4) width of spray swath.

Tank Capacity

Thecapacity of thespray tank or tanksneedstobe
measured only onetime, but it must bemeasured.
Y oumust know exactly how muchliquidaspray
tank holds. Never rely on manufacturer’ sratings,
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becausethese coul d be approximatevolumesor
may not take into account fittings installed
inside the tank or the capacity of spray lines,
pump, andfilters.

Fill the tank either with a bucket or other
container of knownvolume, or by using aflow
meter attached to a hose. Always use clean
water. A five-gallon bucket works well for
smaller sprayers, thebucket must befilled each
time to hold exactly five gallons and must be
calibrated and marked accordingly beforeuse.

Thespray tank should beperfectly level. Close
al valves to prevent water from leaking out.
Addwater, five gallonsat atime, until thetank
isnearly filled. Usesmaller-volumecalibrated
containersto top off thetank.

Recordthetotal volumeof water requiredtofill
the tank (paint or engrave this figure onto the
outside of the tank for permanent reference).
The tank’s sight gauge should be calibrated
whilethetank isbeing filled by making marks
on the tank or gauge as measured volumes of
water areput in. If theunitisnot equippedwith
a sight gauge, mark volume increments on a
dipstick that can be kept with thetank. Use 1-
galon marks for tanks with a capacity of 10
galons or less, and increments of 5 or 10
gallonsfor tankshaving atotal capacity of fifty
galonsor less. Incrementsof 10to 20 gallons
are used on larger tanks.

Once the gauge or dipstick is calibrated and
labeled, it will beposs bleto determinehow much
liquidisin the tank when the tank isnot entirely
full. Tanksmust alwaysbelevel when you read
thegaugeor dipstick.

A flow meter attachedtoafillinghosemay beused
for measuringthevolumeof larger tanks. Besure
to calibrateand |abdl the gauge or dipstick asthe
tank isbeingfilled.
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Travel Speed

Alwaysmeasuretravel soeed under actud working
conditions. If youarecdibrainganorchardorayer,
useafilledtankinanorchard; amilarly, rowcropand
field sprayers should be calibrated under actual
conditions. Tractors travel faster on paved or
smoothsurfacesthanonsoftdirtor dods Neverrey
on tractor speedometers for mile-per-hour
measurementsbecausewhed dippageandvariation
intireszeduetowear may causeasmuchasa30%
differenceinindicated speed. Whencdibratinga
backpack or hand-held sprayer, walk on terrain
smilartotheareathat will besprayed.

Usingal00-foot tape, measureoff any convenient
distance. It canbemoreor lessthan 100feet, but
cdlibration is more accurate if longer distances
(between 200 and 300feet) areused, especidly if
equipment moves at severad miles per hour.
Sometimesmullti plesof 88feet arechosenbecause
88feetisthedistancecoveredinoneminutewhile
travelingonemileper hour. Inorchardsor vineyards,
agivennumber of treeor vinegpacesof knownlength
can serveasaconvenient reference. Indicatethe
beginning and end of themeasured distancewith

coloredflaggingtape.

Have someone drive (or walk, if calibrating a
backpack sprayer) thesprayer  ongthemeasured
distance at the speed of an actua application.
Chooseaspeed withinarangeappropriatefor the
gpplication equipment. Whenusingatractor, note
the throttle setting, gear, and revolutions per
minute (rpm) of theengine. Theuseof apositive
throttlestopishel pful sotheenginecanawaysbe
returned to the same speed. Be sure actua
application speed isreached before crossing the
first marker. Use a stopwatch to determine the
time, inminutesand seconds, requiredtotraverse
themeasured distance. For best results, repeet this
process two or three times and take an average
(SeeTable6.2).
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FLow RATE

Measure the actual output of the sprayer when
nozzles are new, then periodically thereafter to
measure nozzle wear. Although manufacturers
provide charts showing output of given nozzle
Sizes at specified sprayer pressures, you should
check output under actua conditions of
operation. Manufecturer’s charts are most
accurate when using new nozzles because used
nozzles will be worn and may have different
output rates, however, even new nozzles may
have dight variations in actua output. Sprayer
pressure gauges may not be accurate, adding
further error to the output estimate determined
from charts.

Liquid sprayer output is usualy measured in
galons per minute. Two collection methods,
listed below, can be used depending on the type
of sprayer being calibrated. Collectionmethod 1
isdesigned for low-pressure sprayers and small
hand-held units; it involves collecting avolume
of water emitted out of individua nozzlesover a
measured period of time. Collection method 2
for large air blast and high-pressure sprayers,
measures the total output of the sprayer over a
certain period of time.
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Table6.2 Calculating speed of application equipment

1. Toconvert minutesand secondsinto minutesdivide the seconds (and any fraction of asecond) by 60
and then add thisto the number of whole minutes.

ExampLE: Your trip took 1 minand 47.5 sec.

M =.79min
60sec/min

1min+0.79min=1.79min
2. Addtheconverted minutesfromeachrunanddivideby thenumber of runs,

ExampLe: Thefollowingthreerunsweremade:

Runl1=1min,47.5sec=1.79min
Run2=1min,39.8sec=1.66min
Run3=1min,52.0sec=1.87min

Totd =5.32min

_532MIN - = 4 77 miryrun averagetime
3runs

3. Dividethemeasureddistanceinfeet by theaveragetimein minutestoget how many fegtweretraveledinone
minute

Exampe:  Themeasured distancefor thisexampleis227 feet.

2271t

W = 128.25ft/min

4. Dividethefeet-per-minutefigureby 88 (thenumber of feet traveledin L minuteat 1 mileper hour) toget the
speedinmilesper hour.

ExaMPLE;
128251UMIN - _ 9 46 mjl/hr
88 ft/min/mil/hr
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Coallection Method |

Low-pressure sprayers, including low-pressure
boomsprayers, backpack sprayers, and controlled
droplet applicators, can be cdibrated by
measuring the amount of spray emitted from
nozzles. If thesprayer isequipped withmorethan
one nozzle, callect liquid from each to compare
their output; this comparison will point out any
mafunctionor wear. A stopwatchand calibrated
container arerequired for taking measurements.
Wear rubber glovestoavoid skincontact withthe
liquid, and stand upwind from the nozzles to
prevent fine mist or spray from contacting your
faceand clothing. Eye protection prevents spray
dropletsfrom contacting your eyes.

For low-pressure power sprayers used in
agricultural, right-of-way, and landscape
goplication, fill thetank at least ha f full withwater,
gartthesprayer, and bringthesystemuptonorma
operating pressure. Operatehydraulicagitatorsif
they areto beused during theapplication, because
hydraulic agitators divert some liquid from the
nozzlesand oftenlower thepressureinthesystem.
Most power sprayers have a limited operating
pressurerangedepending onthetypeof pumpand
type of power unit; never attempt to operate
equipment beyond its norma working range
because this may cause premature failure of the
pump. If thesprayer ispowered by atractor (PTO)
be surethat thetractor enginerpmisthesameas
that determinedinthespeed calibration; otherwise
thepumpoutput pressurewill bedifferent. Adjust
the pressure to the spray Situation and nozzle
manufacturer’s recommendations. Be sure
appropriate nozzles are inddled on the
equipment. Check the pressure by attaching a
calibrated pressure gauge at either end of the
boom, replacing one of the nozzles. Open the
valvesto al nozzlesand notethe pressure, make
adjustmentsasnecessary, thenremovethegauge.
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While all nozzles are operating at the proper
pressure, collect about fifteen to thirty fluid
ounces from each. Use a stopwatch to
determinethetimein secondsit takesto collect
each amount (See Table 6.3).

When calibrating backpack sprayers, pump the
unit as you would during an actua application.
Collect spray in a cdibrated container for a
measured period of time. Compressed ar
sprayers lose pressure during operation, so they
must be pumped frequently. To calibrate, fill the
tank about haf full withwater toprovidesufficient
artokeepthepressureuniform. For sometypesof
controlled droplet applicators, it is possible to
disconnect the hose and orifice from above the
spinning disc or cup and collect liquid in a
calibrated container over a measured period of
time; theliquid must flow throughtheorifice.

Record thevolumeof liquid collected fromeach
nozzleor orificeandthetimeinsecondsrequiredto
collect eachamount. Determinethefluid-ounces-
per-second output for eachnozzleby dividingthe
volumeby thesecondsrequiredtocallectit. Convert
ounces per second into galons per minute by
multiplyingtheresult by theconstant 0.4688 (sixty
secondsper minutedivided by 128fluid ouncesper
galonequals0.4688) (See Table6.3).

Output among nozzles will usualy vary. The
variation between nozzles should not be greater
than 5%, and the output of any nozzle should not
exceed the manufacturer’ srated output by more
than 10%. The percentage of variation can be
computed by dividing the actual output by the
rated output. Subtract 1.00fromthisfigure, then
multiply by 100to obtainthevariationin percent
(SeeTable6.3). Intheexamplegivenin Table6.3,
nozzle numbers 3 and 5 should be replaced.
However, whenever any nozzesarereplaced, the
flow rate of all the nozaes must be rechecked
because changing one nozze may affect the
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pressure in the whole system; after changing
nozzles, readjust the pressure regulator to
maintainthedesired pressure.

Spray check devices are cdibration ads that
provide a visua representation of the spray
pattern produced by nozzleson spray booms. This
portable deviceis placed under a boom and the
output from several nozzlesis collected into a
seriesof evenly spaced cells.

After collection, the device is rotated from a
horizontal to avertical position; collected liquid
drains into glass vias corresponding to the
individud cells. Floatsinsdethesevidsrisetothe
top of the liquid level. Variationsin levels are
easlly seen, pinpointing nozzle problemsand or
poor nozzle height adjustment.

Table6.3 Calculating gallons-per-minutefor low-pressuresprayers

1. Determinethegdlons-per-minuteoutput of eachnozzleby dividing thefluid ouncescollected by thetime
(in seconds) and multiplying theresult by 0.4688.

ExAMPLE:
Nozzle floz SeC
1 125 23.2
2 12.0 225
3 155 24.8
4 145 26.1
5 19.0 27.2
6 13.0 239

Total output =1.640gpm

=fl 0z/sec x 0.4688 =gpm
=0.539 x 0.4688 =0.253
=0.533 x 0.4688 =0.250
=0.625 x 0.4688 =0.293
=0.556 x 0.4688 =0.261
=0.699 x 0.4688 =0.328
=0.544 x 0.4688 =0.255

2.  Now computethepercent variationfromtheratednozzleoutput. Dividetheactud galons-per-minuteoutput
by therated output. Subtract 1 fromthisnumber and multiply by 100.

ExAMPLE:

Actud gpm =Percent

Nozzle  ratedgpm Subtract 1.00 Multiplyby100 variation(%o)

1 0.253/0.250 =1.012 -1.00 =0.012 x 100 = 12
2 0.250/0.250 =1.000 -1.00 =0.000 x 100 = 00
3 0.293/0.250 =1.172 -1.00 =0.172 x 100 = 17.2*
4 0.261/0.250 =1.044 -1.00 =0.044 x 100 = 44
5 0.328/0.250 =1.312 -1.00 =0.312 x 100 = 312
6 0.255/0.250 =1.020 -1.00 =0.020 x 100 = 20

*Greater than 5% variation needs to be changed.
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Coallection Method 11

Due to the air blast or high pressures of larger
Sorayers,itisnot possbletocollectgectedliquidin
acontainer. Y ou must measurethe output of the
Sprayer over aperiod of timeby determining how
muchwater wasused.

Satby movingthesprayer toalevd surface. FHll the
tank full withcleenwater; thewater mustbeat aleve
that canbeduplicatedwhenrefilling. A convenient
techniqueistofill thetank withdeanwater tothepoint
whereitjust beginstooverflow. Uselow-volume,
low-pressurewater, suchasfromagardenhose, for
topping of f thetank. Check for leaksaroundtank
sedlsandinhoses. All nozzlesmust becleanand
operaingproperly or theresultswill beinaccurate.

Stand upwind and operate the sprayer at its
normal operating speed and pressure. Openthe
valvestoall nozzles, starting astopwatch at the
same time. Continue to run the sprayer for
several minutes, then close the valves to al
nozzles and record the elapsed time.

If the tank has been calibrated and marked, the
amount of liquid used will be apparent or can be
determinedwithacalibrated dipstick. Otherwise,
useaflow meter attachedtoal ow-pressurehoseor
acdibratedfive-gdlonbucket andrefill thesprayer
totheorigind level. Recordthegallonsof water used,
thisvolumeistheamountof liquidsprayedduringthe
timedrun. Repest thisprocesstwomoretimestoget
anaverageof sprayer output (See Table6.4).

Width of Spray Swath

The fina measurement needed to complete
calibrationsisthewidth of the spray swath. For
multiplenozzleboom sprayers, theswathwidthis
thewidth of the boom plusthe distance between
one pair of nozzles, swath width also can be
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cal culated by multiplying the number of nozzles
by the nozzle spacing. When making apesticide
application, position the end nozzle of each
subsequent pass to leave a space equa to the
nozzle spacing ontheboom. Spray boom height
must be adjusted so that thereisapproximately a
30%overlgpof spray fromadjacent nozzlesonthe
boom. Position nozzles at the exact height they
would beduring anactual application. Check the
spray boom to make sureit islevel; an unleve
boom will cause uneven distribution of spray.

When spray isemitted asseparatebandsor strips,
theswathwidthisequal tothecombinedwidth of
each individual band, but does not include the
unsprayed spacesbetweenbands.

Swathwidthfor herbicidestripspraysinorchards
andvineyardsshouldbemeasured only tothecenter
of thetreeor vinerow andshouldnotind udeoverl ap.
Unlesstheherbicideisappliedtotheentireorchard
orvineyardfloor, theactud sprayedareawill beless
thanthetotd plantedarea.

Sometimesnozzlesareattached toaninverted U-
shaped boom sothat pesticidescan beagppliedtothe
topandbothsidesof vinesor plantsinarow. Sveth
width for this type of equipment is equal to the
distancebetween opposng nozzles.

Pesticidesare ofteninjectedinto thesoil through
specia subsoil chisals spaced dong a tractor-
mountedtool bar. Itisassumedthat pesticidesare
beinggppliedtotheentiresubsurfaceareainmog ol
injectiongpplications; thereforeswathwidthisequd
to the number of chisels multiplied by the space
betweenthechisasonthetool bar.

Occasionaly pesticidesareinjected asaband, so
swath width is the sum of all the band widths,
smilar to surfaceband applications. Measurethe
swath width of a backpack sprayer used for
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ground application from the spray pattern thesetypesof sprayersusually provideauniform
produced on the ground in atest run. Keep the Spray pattern, so swaths need to be overlapped
nozzle a the height held during an actua only enough to ensure a uniform application
application; maintain this height at al times to pattern. Use the same method to measure the
prevent variation in swath width. Nozzles of swathwidth of controlled droplet applicators.

Table6.4 Calculating gallonsper minutefor high pressuresprayers
1. Recordthedagpsedtimeinminutesduring eachtrid runandtheamount of liquid sprayedingallons.

ExAMPLE:
Run Time Vaume
1 1min45sec 37.50d
2 1min30sec 335gd
3 1 min50sec 38.0gd

2. Convert thetime from minutes and seconds to minutes by dividing the seconds by 60 and adding this
decimal totheminutes.

ExampLE:
Run mn SC s2c/60 =min
1 1 45 0.75 1.75
2 1 30 0.50 150
3 1 50 0.83 1.83

3. Dividethecollected gdlonsfor eachrun by theminutestofind gallonsper minute.

ExamPLE:
Rn gd/min =gpm
1 37.5/1.75 214
2 33.5/1.50 223
3 38.0/1.83 20.8

4. Adddlthegdlons-per-minutefiguresanddividethistota by thenumber of runs(3inthisexample) toget the
averagegdlons-per-minuteoutpr.

ExamPLE:
RN gom
1 214
2 223
3 20.8
Total =64.5gpm

64.5/3=21.5gpmaverageoutput
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Deter mining the Amount of Pesticideto Use Changing Sprayer Output

Usethetank volume, thespeed of theagpplicator, the Onceasprayer hasbeencdibrated, itsoutput rateis
flow rateof thesprayer, andthespray svathwidth determinedfor agpecificgpeed. Theremay betimes
tocaculatethetota areathat canbecoveredwith when this output rate needs to be changed to
eechtank of materid. Knowingthisvauedlowsyou accommodatevariationsinfoliage, plant spacing,
todeterminehow much pesticidetoputintothetank. other aspectsof thetrestment area, or requirements
Two calculation methods may be used, one for totravel at afaster or dower speed. Also, thespray
pesticides applied by the acre and the other for output will change as nozzles or pumpsbeginto
applications, such as landscape treatments or wear. Severd adjustments can be made, either
gpraysinconfined areas, madeby thesquarefoot. aloneor incombination, toeffectively increaseor
Table 6.5 givesan exampleof pesticidesapplied decrease sprayer output withinalimited range.
by theacre.

Table6.5 How much pesticideto put into the spray tank
(Pesticidesapplied onaper -acrebasis)

1. Dividethespray swathwidth (infeet) by 43,560 (thenumber of squarefeetinoneacre) andmultiply theresult
by thetravel speedinfeet per minute. Tofindtheareainacresthat canbetreatedinoneminute, assumethe
swathwidthis12fest, thetravel speed 128.25feet per minute, andtheddivery rate 1.525 gallonsper minute.
EXAMPLE:

121t x 128.25 ft/min = 0.0353 ac/min
43,560 ;g ft/ac

In this example, when aswath 12 feet wide is being sprayed, 0.0353 acres are covered in one minute.

2. Dividethegadlons-per-minutefigure by the acres-per-minutefigureto find the gallonsof liquid being

applied per acre.
EXAMPLE:

1.525 ga/min

—— =432¢gd/ac
0.0353 ac/min

3. Dividetheactual measured volumeof thespray tank by thegallons-per-acrefigure. Tofind how much
pesticide to put in the tank, assume the tank holds 252.5 gallons when filled:
EXAMPLE:

252.5ga /tank
43.2gd/ac

= 5.84 ac/tank
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4. Multiply theacres-per-tank figureby therecommended rate per acreof pesticide(check thepesticidelabel
for thisinformation) to find how much pesticideto put inthe tank.

ExAMPLE:
Pegticidelabd says Acrespertank Amount of pesticide

toputintank

15lb/ac x 5.84 =8.761b

3qt/ac x 5.84 =17.52qt

2qgd/ac x 5.84 =11.68 ga

1pt/ac x 5.84 =584t

Changing Speed

The simplest way to alter the volume of spray
being applied to an area is by changing the
travel speed of the sprayer (Figure 6.1). A
dower speed results in more liquid being
applied, while a faster speed reduces the
application rate. Such adjustments may be
needed when swath width changes dightly,

such as in orchards or vineyards where plant
spacing may differ from block to block.

Changingthetravel speed diminatestheneedfor
ateringtheconcentration of chemica inthespray
tank, athough there are limits to the amount of
speed change that can be made. Operating
application equi pment toofastisacommon error
andwill resultinpoor coverage. Operatingittoo
dow resultsin runoff, waste, and anincreasein
applicationtimeand cost.

10 gpa

Figure6.1 Alteringthevolumeapplied by changing travel speed.
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Changing Output Pressure

Asnozzlesbegintowear, thespray volumewill
increase. When a pump becomes worn 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 dightly. Increasing
pressureincreasestheoutput, whiledecreasing
pressure lowers it. However, in order to
double the output volume it is necessary to
increasethepressureby afactor of four; thisis
usually beyond the capabilities of the spraying
system because the amount of adjustment that
can be madeislimited by theworking pressure
rangeof thesprayer pump. Whenever pressure
inthesystemischanged, thenozzleoutput must
beremeasured and the calibration cal cul ations
reworked. Increasing pressure breaks spray up
intofiner droplets, whilelowering pressuretoo
much may reduce the effectiveness of nozzles
by altering the spray pattern.

Changing Nozzle Size

Themost effectiveway to changethe output of a
sprayeristoingd| different szednozzles. Larger
nozzlesincreasevolume, whilesmaler onesreduce
gpray output. Changingnozzlesusualy dtersthe
pressureof thesystemandreguiresanadjustment of
thepressureregulator. Thevolumeoutput of disc
corenozzlesmay beadjusted by changingeither the
discorthecore, or by replacingboth. Beawarethat
changesinetherthecoreor discwill dsochangethe
droplet szeand spray pattern. Usetablesincluded
innozzle manufacturers catalogsasaguidefor
estimating output of different combinations.
Whenever any nozzles are changed, recaibrate
the sprayer and refigureitsnew total output.
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V1. CalibratingDry
Applicators

Thetechniquesfor calibrating dry applicators
are similar in many ways to those used for
liquids. However, granuleapplicatorsmust be
calibrated for each type of granular pesticide
being applied and for each changeinweather or
field conditions. Granules vary in size and
shape from one pesticide to the next,
influencing their flow from the applicator
hopper. Temperatureand humidity, aswell as
field conditions, asoinfluencegranuleflow.

Before beginning to calibrateadry applicator,
besurethat itisclean and all partsareworking
properly; most equipment requires periodic
lubrication. Always wear rubber gloves to
prevent contact with residueson the equipment.
Cdlibration of granule applicators involves
using actual pesticides, so special precautions
must be taken. Some formulations are dusty,
and you may need arespirator.

Threefactorsneedtobemeasuredwhencaibrating

adry gpplicator: (1) trave speed; (2) rateof output;
and(3) swathwidth.

Trave Speed

Determine travel speedinfeet per minuteinthe
same way you would using liquid applicators
(SeeTable6.2). Applicator hoppersshould be
filled so that speed can be measured under
actual operating conditions.

Rateof Output

Todeterminetherate of output, fill the hopper
or hopperswith thegranular formulation to be
used. Most granule applicator hoppers have
ports with adjustable openingsfor granulesto
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pass through; refer to charts supplied by the
manufacturer to determine the approximate
opening for the rate and speed you will be
using. Oncethe approximate opening isset, use
oneof thefollowing methodsto determinethe
actual output rate:

1. Measure the quantity of granules
applied toaknown area. Collectingand
weighing the granules actually appliedto
ameasured areais often the easiest way to
calibrateagranuleapplicator and should be
used when working with broadcast
applicators. Spread out a plastic tarp of
known sizeontheground, then operatethe
broadcast applicator a a known speed
acrossthetarp. Placethegranulescollected
by thetarpinto acontainer and weighthem
(Table6.6).

Collect a measured amount of granules
over aknown period of time. Collectingand
weighinggranulesover aknownperiodof time
issmilartocdibratingaliguidboomsprayerwith
multiplenozzles, thismethodisusedfor granule
goplicatorswithmultipleports. Whileoperating
thegpplicator atanorma speed, collect granules
fromeach portinacontainer; recordthetime
requiredtocollecteachsample. Weighsamples
separately (SeeTable6.7).

Réfill thehopper after ameasured period of
time. Thismethod may be used with hand-
operated equipment orwhensmadl quantitiesare
being gpplied, butismost useful whenmultiple
applicatorsareused together onaboom. Fill
the hopper or hoppersto aknown level and
operatetheequi pment for ameasured period
of time. When finished, weigh the granules
requiredtorefill thehopperstotheir origina
levels (See Table6.8).
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Table6.6 Calculatinggranuleoutput rate
by measuring the quantity applied toa
known area

1. Spreadapladtictarpthatisatleast 10feetby 10
feet ontheground. Multiply thelength by the
widthto determinethe areaof thetarp.
EXAMPLE:

Tapsize=10ft by 12t
Taparea: 10ft x 12 ft =120 g ft

Fill the hopper or hoppers of the granule
applicator, adjust the output ports to the
recommended opening, andtravel acrossthe
tarp a a known speed while granules are
being broadcast.

M easurethe swath width of thegranulesthat

were applied and compute the area of the
swath. If the swath iswider than thetarp,
theareafiguretobeusedisequal tothearea
of thetarp. If theswathisnarrower thanthe
tarp, multiply the swath width by thelength
of thetarp.

Transfer al the granules on the tarp to a
container and weigh them.

Multiply theweight of the granules collected

(in pounds) by the area (acre, 1,000 square
feet, or 100 sguare feet) given on the labdl.
(An acreis 43,560 square feet.) Divide the
result by the area of the swath.

EXAMPLE:

Assume the swath width of granules
being applied equals15feet. Therefore
usethetarpareaof 120 squarefeetinthe
caculations. (If theswathwidthwasless
thanthetarpwidth, for example8feset, the
areawould then be 8 feet x 12 feet = 96
square feet.) Multiply the weight (in
pounds) by the labeled area and divide
theresult by thetarp or swath area:
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Weight =80z +160z/Ib=0.5Ib

0.51bx 43,560 s ft/ac
=181.51b/ac

120 g ft

Inthisillustration, thegranuleapplicator isbroadcasting 181.5 poundsof material per acre. If thelabel
callsfor agreater amount, open the port more or slow the speed of travel of theapplicator. If thelabel
callsfor alesser amount, close the port some or speed up therate of travel. Once an adjustment has
been made, repeat the calibration.

Table6.7 Calculatinggranuleoutput rateby collecting
ameasured amount over aknown period of time

1. Adjust the hopper opening according to manufacturer’s instructions suggested for your required
applicationrate. If noinformationisavailable, beginwithanintermediate setting.

2. Operatetheequipment at the speed of anactual application. Collect granulesinaclean container, such
asapanor bag, beforethey droptotheground. Useastopwatchto determinethetimerequiredto collect
eachvolume. If granulesaredispersed through morethan oneopening, collect andtimetheoutput from
each. Becausesomeunitsdrop granulesontoaspinningdiscfor dispersd, it may benecessary todisable
thedisc by disconnecting thedrive chain or belt to prevent granulelossduring collection. For smaller
units, collect the dischargein abag placed over theoutlet. Be sure granulesmoveaway fromthe port
quickly enoughto prevent clogging.

3. Weightheoutput fromeach port separately to detect any variability; if necessary, adjust portstoequaize
flow rates. Collectionsshould beweighed in ounces.

4. Divideeachweightinouncesby thecollectiontimein minutesand multiply by 0.0625to get the output
in pounds per hour for each port.
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EXAMPLE:

The following is an example of an output collected from a granule applicator with sSix ports,
although the same cdl culationswould apply if only one port were used. Hopper openingswere
adjusted following manufacturer’ srecommendationsfor an application of 200 poundsper acre:

Port (04 min
1 295 0.25
2 33.0 0.28
3 315 0.26
4 29.0 0.25
5 33.0 0.27
6 30.0 0.26

Port 0z +min oz/min x 0.0625 =Ib/min
1 29.5/0.25 =118.0 x 0.0625 =7.375
2 33.0/0.28 =117.9 x 0.0625 =7.369
3 31.5/0.26 =121.2 x 0.0625 =7.575
4 29.0/0.25 =116.0 x 0.0625 =7.250
5 33.0/0.27 =122.2 x 0.0625 =7.638
6 30.0/0.26 =1154 x 0.0625 =7.213

Total output (Ibs/min) 44.42

5. Addtheindividua outputsof each portin poundsper minuteto get total pounds-per-minuteoutput. In
thisexample, thetotal output is44.42 pounds per minute.

(o2}

. Usethetechnique shownin Table 6.8 to calculate the rate per acre or other unit of area.

6.8 Calculatetherateof output by refilling the hopper after ameasured period of time

=

Fill the hopper or hoppersto aknown level with granules.

N

Operate the equipment for ameasured period of time at aknown speed.

3. Weightheamount of granulesrequiredtorefill thehopper or hopperstotheir origina level. If multiple
hoppers are being used, be sure each is applying approximately the same amount of granules. If a
significant variation exists, adjust the portsand repeat steps 1 through 3.

EXAMPLE:
Inthisexample, six applicatorswere used together on aboom. They have been adjusted so that
they all apply approximately the sameamount of granules:
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Hopper Operatingtime (min) Weight of granules(Ibs)
1 25 6.2
2 25 6.1
3 25 6.1
4 25 6.3
5 25 6.1
6 25 5.9

Total output (Ibs) 36.7

4. Dividethetota weight fromall hoppersby thetimethey wereoperated to convert the output to pounds

per minute.
ExampLE:

36.7 Ibs

2.5 min

=14.68Ibs/min

5. Usethetechnique shownin Table 6.9 to caculate the rate per acre or other unit of area.

Swath Width

Tomeasuretheswathwidth of granulesdispersed
by the applicator, operate the equipment under
actud field conditions. Whenever possible, place
cans, trays, or other containers at even intervas
acrossthewidth of theapplication swathto collect
granules. Weigh the granules collected in each
contai ner separately todeterminethedistribution
pattern. Some spreaders can be operated over a
strip of black cloth or plastic to provide arapid
visua assessment of granule distribution and
swathwidth.

Granule applicatorsthat apply bands or inject
granules into the soil do not have devices to
disperse granules from side to side. Swath
width is determined by adding the widths of
individual bands.

Application Rate
Motorized and hand-operated applicators apply

granulesat afixed output, independent of ground
gpeed. If ground speedincreases, theeffect will be
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toreducetheamount of granulesapplied per unit
of area; conversdy, when ground speed
decreases, morematerial isapplied. Application
ratewiththistypeof equipment can, therefore, be
adjusted not only by thesize of the port opening,
but also by the speed of travel. The output of
ground — whed-driven granule applicators,
however, variesaccordingtotheground speed. If
ground speed increases, thegpplicator runsfaster
and the output rateis greater. When the ground
speed dows, output decreases. Theresult of this
automatic changein output isthat the equi pment
will gpply thesameamount of materia per acreor
other unit of area, nomatter what speeditisdriven
(theequipment will haveminimumand maximum
operating speedsdetermined by themanufacturer).
Use Table 6.9 to calculate the actud rate of
granulesapplied per acreor other unit of area. The
applicationratea so canbeadjusted by increasing
or decreasing the size the port openings or by
changing drive gears or sprocketsto changethe
gpeed ratio of the metering mechanism to the
ground whesd!.
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VIl. Calculations for Active
| ngredients, Per cent Solutions,
and

Parts-per-Million Solutions

Not al pesticiderecommendationscall for dry or
liquidformulated amountsof pesticideper unit of
area. Sometimes recommendations require the
pesticide to be applied in pounds of active
ingredient (A.l.) per unit of area, tobemixed asa
percent solution, or to be diluted to parts per
million (ppm) solution. Beforeadding pesticideto
the spray tank, read and understand the dilution
instructionsonthelabdl.

Activelngredient Calculations

areseldom availableintheir pure Sate; they are
normally formulated into aready-to-use product
by combining them with adjuvants and inert
ingredients such as cariers and solvents.
Therefore, only a percentage of any formulated
product, whether dry or liquid, ispure pesticide,
known as active ingredient (A.l.). Some
University of Arizona and other pesticide use
guidelines call for A.l. when there are severd
formulations available, often from different
manufacturers. Using A.l. caculations rather
than formulation ca culations enables the same
amount of actual pesticideto beappliedto aunit
of area, N0 matter what formulationisused (See
Table6.10).

Table6.9 Calculatingrate-per-acreor other unit of area

1. Dividetheswathwidth by 43,560 (the number of squarefeet inan acre) and multiplying theresult by
thespeed of travel. Inthisexample, theswathwidthis30feet and the application speed is352 feet per

minute (4 milesper hour).

ExamPLE:

30ft (swath)

43,560 s ft/ac

X 352 ft/min=0.2242 ac/min

2. Dividetheoutput rateof thegranuleapplicator in poundsper minuteby theacres-per-minuteca culated
in step 1 to get the pounds of formulated pesticide being applied per acre. Thisexample uses44.42

pounds per minute asthe output rate.

ExampLE:

44.421b/min

0.242 ac/min

=183.6Ib/ac

Table6.10 Calculatingactiveingredient with liquid formulations

Assumethat asprayer hasbeen calibrated and sprays 7.5 acres per tank. 'Y ou have arecommendation to
apply 1.5poundsA.I. of chlorotha onil per acreto control rust on snap beans, and have been supplied with
aliquid formulation containing 4.17 pounds (a.i.) of chlorothalonil per gallon.
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1. Dividethepoundsof A.l. per gallon by therecommended poundsof A.1. per acreto get the number of
acresthat can betreated with 1 gallon of formuation.

ExAMPLE:
4171bA.l. pergd

15IbA.l. perac

= 2.78 ac/gd

2. Dividethe known acre capacity of your tank by the acres per gallon to get the number of gallons of
formulation to putinto thetank.

ExampPLE:
7.5 ac/tank

2.78ac/ga

= 2.7 gal/tank

Thus2.7 gdlonsof formulated chlorotha onil should be put into thetank for spraying 7.5 acresof crop.

TheA.I. of any pesticidewill belisted onitslabel. Labe sof liquid pesticidesgivethepercentageby weight
of activeingredient and alsotell how many poundsof activeingredient arein 1 galonof formulation; labels
of dry formulationslist the percentage by weight of activeingredient (Tables6.11, 6.12).

Table6.11 Calculatingactiveingredient with powder for mulations

Assumethat thecalibrated sprayer you areusing covers 7.5 acresper tank, and you havearecommendation
toapply 1.5 poundsA.I. of chlorotha onil per acrefor funguscontrol onmelons. Y ouareprovidedwitha
wettable powder formulationthat, according to thelabel, contains 75% chlorotha onil.

1. DividethepercentA.l. (toconvertittoadecimal) by 100 (or s mply movethedecimal point two places
totheleft).

ExaAMPLE;
75%=0.75A.1./Ibformulation

2. Dividetherecommended amount of A.l. by theamount of A.l. in the formulation.

ExampPLE:
15IbA.l/Jac

0.751bA.l1 /Ibformulation

= 2|bformulation/ac

3. Multiply the poundsof formulation per acre by the number of acresper tank to find out how much
formulationto put into the tank.

ExaMPLE;
2 Ibformulation/ac x 7.5 ac/tank = 15 | b/tank
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Table6.12 Calculating activeingredient with granular for mulations

Convertthepercent A.l. into adecimal and dividethisinto the recommended applicationrate. Assume
you are given arecommendation for application of 0.50 b A.l. of ethoprop per 1,000 squarefeet for
control of nematodes. Y ou areprovided withagranular formul ation containing 10% activeingredient
(0.1 pound of A.l. per pound of formulation).

ExamPLE:
0.51bA.I1./1,000 5g ft

0.11bA.l/Ibformulation

= 5lbformulation/1,000gft

Calibratethegranuleapplicator so that it appliesformulation at the cal cul ated rate; here, 5 pounds of
formul ated ethoprop per 1,000 squarefeet.

Per cent Solutions

Sometimeslabel recommendationsrequirethat the pesticidebemixed asapercent solution. Theactive
ingredientismixedto get aknown concentration, regardlessof thevolumeper unit areaof spray put out by
thesprayer. Percent solutionsaremixed onaweight/weight basi s(w/w), meaning poundsof A.1. per pound
of water (See Tables6.13 and 6.14).

Table6.13 Calculating a percent solution with aliquid formulation

Assumeyou havemeasured thevolumeof thespray tank andfindthat it holds264.5 gdlonsof water. Youare
givenarecommendationtoapply al%solution of glyphosatefor control of aguaticweeds, usngahigh-pressure
sprayer withahand-hel dsoray nozzle. Theformulation of glyphosatethat you areto usecontains5.4 poundsof
activeingredient per gdlon. Toprepareapercent solutionusingliquidformulations, youneedtoknowthevolume
of thespray tank, theweight of activeingredient per gallonof formulation, andtheweight of agdlonof water. The
welight of agallon of water isaconstant, being approximately 8.34 pounds.

1. Tofindthetota weight of theliquidinthefilled tank by multiplying 264.5 gallonsby 8.34 pounds per
gdlon:

ExamPLE:
264.50al x 8.341b/gal =2,205.931b

2. Multiply thetota weght of liquid by thepercent of solution, expressed asadecimd , todeterminetheweight
of A.l. required to mix thedesired solution:

ExamPLE:
2,205.931bx0.01=22.061b

3. Dividetherequiredweight of A.l. by theweight of A.l. intheformulation. Theresultisthe number of
galonsof liquid formulation that should be added to thetank to achieve the desired percent solution:
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ExAMPLE:

22.06IbA.I. :
= 4.1 gd formulation

541bA.l/gd

Inthisexample, onetank of liquid should contain 4.1 gallonsof glyphosateformulation. Thetotal volume
of water combined withtheglyphosateformul ation should equal 264.5 gallons, the capacity of thetank.
Y ou would therefore use 260.4 gallons of water and 4.1 gallons of formulated glyphosate.

NOTE: Thesecalculationsgiveaclose approximation of theamount of liquid formulation to
add to the tank to achieve aknown percent solution. The mathematicsfor amore exact
figure are more complex and unnecessary for thisexample.

Table6.14 Calculating a per cent solution with adry formulation

Assumeyour dry formulationis 75% A.I.; 1 pound of dry formulation would contain 0.75 pound of
pesticide activeingredient. Y ou need to mix a1% spray solution of thisformulationin 264.5 gallon
tank.

1. Multiply thetank capacity in gallonsby 8.34 poundsper gallonto find thetotal weight (in pounds)
of theliquidinthefilled tank.

ExampLE:
264.5¢gd x 8.341b/ga =2,205.931b

2. Multiply thetotal weight of liquid by the percent of thedesired solution, expressed asadecimal to
determinetheweight of A.l. required to mix the desired solution.

ExamPLE:
2,205.931bx0.01=22.061b

3. Divide the weight of A.l. (in pounds) by the decimal equivalent of the percent of A.l. in the
formulationto get the number of poundsof formulation that should be added to thetank to achieve
thedesired percent solution.

ExaMPLE;
22.061bA.l.
0.75A.l./formulation

= 29.41 |bformulation

Add 29.41 pounds of wettable powder to 264.5 gallons of water to achieve a1 percent solution.
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Parts-Per-Million Solutions

Certain pesticidesneed to bemixed in parts-per-million (ppm) concentrations, which areessentially the
same as percent solutions. For example, a100 ppm solutionisequal to a0.01 percent solution (See
Table6.15). Theppm designation representsthe partsof activeingredient of pesticideper million parts
of water; ppmdilutionsareacommonway of measuring very diluted concentrationsof pesticides(See
Tables6.16 and 6.17).

Table6.15 PartsPer Million (ppm)

ppm Decima Percent Solution
1 0.000001 0.0001
10 0.00001 0.001
100 0.0001 0.01
1,000 0.001 0.1
10,000 0.01 1.0
100,000 0.1 10.0
1,000,000 1.0 100.0

Table6.16 Calculatingaparts-per-milliondilutionfor dryformulations

Assumeyou aregiven arecommendati on requiring a100 ppm concentration of streptomycintobemixed
inab00-gdlontank. Streptomycinisusedfor control of angular leaf blight oncotton. Theformulationyou
haveisawater solublepowder, containing 17%A.1.

1. Multiply (inpounds) thetank capacity ingallonsby 8.34 pounder per gallontofind thetotal weight of
theliquidinthefilled tank.

ExampLE:
500 gd x 8.34|b/gal = 4,170 Ib/tank

2. Calculate how many poundsof A.l. arerequired for apound of spray solution.

ExamPLE:
100 partsA.l.

. = 0.0001 a.i./Ib solution
1,000,000Ibsolution

100 ppm =

Itwill require0.0001 poundsof A.l. for each pound of solutionto achieveal00 ppm mixture.
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3. Calculate how many poundsof A.l. arerequired for atank solution, using theweight of theliquid
inthetank:

ExAMPLE:
4.1701b/tank x 0.00011bA.1.=0.4171bA.l../tank

4. Dividetheweight of A.l. by thedecimal equivalent of thepercent of A.l..intheformulation. The
resultisthenumber of poundsof formulationthat should beadded to 500 gallonsof water to achieve
a100 ppm solution.

ExamPLE:
0.4171b ALl

017IbA. Jibformuaion . ~ >4°Ibformulation

Table6.17 Calculatingaparts-per-million dilution for liquid for mulations

1. Multiply (in pounds) thetank’ scapacity in gallonshby 8.34 poundsper gallon. Assumeapesticide
contains 5.4 poundsof A.l. inonegallon of formulation. Y ou arerequired to preparea 100 ppm
concentrationina500gallontank.

ExamPLE:
500gd/tank x 8.341b/gd =4,1701b/tank

2. Calculatehow many poundsof A.l. arerequired for apound of spray solution.

ExamPLE:

100 partsAL.l. _ _
100 ppm = = 0.0001 a.i./Ib solution
1,000,0001b/s0luton

Itwill require0.0001 poundsof A.l.. for each pound of solution to achievea 100 ppm mixture.

3. Determinehow many poundsof A.l.. arerequiredfor atank of solution, usingtheweight of theliquid
inthetank:

ExampLE:
4170b/tank x 0.00011b A.1.=0.4171b A l../tank

4. Dividetherequired weight of A.l. by the pounds of A.l. per gallon to get how many gallons of
formulation should be added to thetank. Becausethiswill probably beasmall number, multiply
the number of gallons by 128 ounces per gallon to convert to ounces.
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ExAMPLE:
0.4171bA.l. . /tank

541bA.l/gd

= 00772 galltank

0.0772 ga/tank x 128 fl oz/gal = 9.88 fl oz/tank

Adding 9.88 fluid ounces of thisformulated pesticide to 500 gallons of water will resultina100
ppmsolution.

VIII. Summary

Calibrationisessential for good pest control. By calibrating equi pment we maintain effective pest control,
protect our hedlthand the environment, prevent wasteof resourcesand maintain compliancewith stateand
federa laws. Calibration makessense.
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Chapter Six
Calibration & Mixing — Question and Answer Review

1. Q.

~
©

> O > O

o > O 2»

When you havetheright mixturein your spray tank, can you still apply thewr ongamount
of pegticide?

Yes. Noncdibrated application equipment will apply the pesticide at an unknown rate. Unless
calibrated, the equipment could be under- or overapplying the pesticide.

What istheddivery rate?

Ddlivery rateisthetotal amount of pesticide delivered onthetarget over aperiod of time.

Onceyour sprayer iscalibrated, doesit remain thesameor should you recheck it often?

It must berechecked often. For example, nozzlescanwear or become plugged, thuschanging
thedelivery rate.

|fyour sprayer isddiveringlessspray per acr ethan you want, howwould you usually change
therate?

Change pump pressure, speed, or nozzles.

What must you measur eto calibrategranular application equipment?

Y ou must measure the amount of granules spread over aknown area.

Must you calibrate granular application equipment each time you change granules?
Applicators? Why?

Y esto both questions, becauseeach granuleflowsdifferently, and, inhand model s, each applicator
may walk or crank at adifferent speed.

. What factsmust you know for the* gallons per acre— known area” method of sprayer

calibration?

. Thenumber of squarefeetinanacre, the speed of your sprayer, thewidth of your spray boom, and

thedelivery rateof your sprayer.

. Thirty-twoouncesof water wer ecollected from onespray nozzlein 30 seconds. What isthe

nozzleddivery ratein gallonsper minute (GPM)? (ex. 6.4)
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11. Q.

12. Q.

A.

13. Q.

. Ddlivery rate=

32 ounces (wet) X lgalon x 60seconds  _45cpy
30 seconds 128 ounces 1 minute

. Why isit soimportant to add the correct amount of pesticideto the mix?

Too little may result in poor results; too much may result in crop injury, illega residues, or
unnecessary expense.

. If your recommendations call for 3 pounds of wettable powder per 100 gallons of an

emulgfiableconcentrate, how much doyou put ina450gallontank? Showyour calculations.

. Answer: 13.5pounds. Thereare4.5timesasmuchwater inthe450-ga lontank asinthe100-galon

tank, s0 4.5 x 3 pounds = 13.5 pounds.
How much do you put in an 80 gallon tank at 3 pounds per 100 gallons?

. Answer: 2.4 pounds. 80 gallonsis80/100 of 100 gallons=4/5. 4/5 x 3 pounds = 2.4 pounds.

If thelabd saystomix 3 pintsper 100 gallonsof an emulsifiable concentrate, how much do
you put in a300 gallon tank? How much in a50 gallon tank?

Answer: Nine(9) pints, or 1 gallonand 1 pint in 300 galons. 3x 3 pints=9 pints.
Answer: 11/2 pintsin50gdlons. 1/2x 3 pints=11/2 pints.

If two pintsof EC arerecommended per 100 gallonsof water, how many teaspoons of EC
would you add toonegallon? (1 pt.=32tsp.)

A. Answer: 2teaspoons. 1/100x 2 pintsx 16fluid ounces=0.32fluid ouncesor alittlelessthan 2 teaspoons.

14. Q.
A.

15. Q.

How much does 100 gallons of water weigh?
Answer: 100 x 8.34 Ibs per gallon = 834 pounds.

How many gallonsof 25% emulsifiableconcentratewould you add toa50gallon tank toget
al1% mixture? (ex.6.13)

. Answer: 2gdlons.

0.1 x 50 gallons x 8.34 pounds per galon = 4.17 pounds active ingredient in 50 gallons of 1%
solution.

0.25 x 1 galon x 8.34 pounds per gallon = 2.085 pounds active ingredient per gallon of 25% EC

4.17 + by 2.085 = 2 gdlons 25% EC to make 50 gallons of 1% solution.
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16. Q.

17. Q.

A.

18. Q.

A.

How many poundsof 25% wettablepowder must you add to 100gallonsof water toget a1%
activeingredientsmixture? (ex. 6.14)

Answer: 33.36 pounds or amost 33 pounds 6 ounces.

0.01 x 100 gallonsx 8.34 pounds per gallon = 8.34 poundsactiveingredient in 100 galonsof 1%
solution.

0.25 x 1 pound = 0.25 pounds active ingredient per pound of 25% WP
8.34 + 0.25 = 33.36 pounds 25% WP to make 100 gallons of 1% solution.

How much must the pressureincreaseto doublethe outflow?
Pressure must beincreased four timesto doubletheflow rate.
What ar eclosed mixing and loading systems?

Closed mixing andloading systemsaresystemsdesigned to prevent pesti cidefrom comingincontact

withhandlersor other personsduring mixing andloading.

19. Q.

A.

20. Q.

21. Q.

2. Q.

A.

What ar eenclosed application systems?

I nenclosed applicaiton systems, acab, cockpit, or other enclosurethat surroundstheoccupantsand
preventsthem from coming in contact with pesticides outside of theenclosure.

When should you consider ingtalling a pesticide containment system?

. If you often mix and load pesticidesin oneplace, or if you often clean equipment at onelocation.

What ar etheadvantagesof pesticide containment systems?

. They can savetimeand money. They make spill cleanup easier, and they reduce pesticidewaste

by alowingreuseof rinsewater and spill cleanupwater. They dsohep preventtheharmthat spills
and runoff can causeto the environment or to people.

What two precautionsshould you taketo avoid getting pesticidesinto your water sour ceat
amix-load site?

1. Keepthewater pipeor hosewell abovetheleve of the pesticide mixture, and useadeviceto
prevent back-siphoning, if necessary.

2. Avoid mixing or loading pesticidesin areaswhereaspill, leak, or overflow could alow
pesticidesto get into water systems.

This chapter isarevised version of University of California Publication 3324.
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Pesticide Application Equipment

systemwhen handling the product. Thisrequire-
ment usud ly gppearson productsthat haveahigh
risk of causing acute effects or that may cause
delayed effects. Typica statementson thelabel-
ing of such productsinclude:

Must betransferred and mixed usng
closed system equipment. Do not use
open mixing vats or tanks, or open
pouring.

Must be transferred into the spray
tank through the use of amechanical
tranderringdevice.

Therearetwo primary typesof closed mixing and
loading sysems. Onetypeusesmechanicd devices
to deliver the pesticide from the container to the
equipment; the other type uses ol uble packaging.

Mechanical Systems

Mechanica systemsareoften aseriesof intercon-
nected equipment that dlowsyou toremoveapes
tiddefromitsorigind container, rinsetheempty con-
taner, andtrander thepesticideandrinsesolutionto
the gppli cation equipment without being exposed to
thepesticide. Themost commonmechanicd closd
sysemsarefor useonly withliquid formulations.

Closed mixing and loading systemsare often cus-
tom-made, usng componentsfrom severd commer-
cid sources. Because pesticide container openings,
shapes, and szesvary, nosngleclosed sysemcan
beusedwithdl containers. Themechanicd systems
now avallableremovethe pesticideconcentratefrom
theorigina containerinoneof twoways: by gravity
or by suction.

Gravity systems, sometimes caled “punch and
dran” sysems areavailablefor usewith bothliquid
and dry concentrates. The unopened pesticidecon-
tainerisinsartedinto achamber, whichisthenseded.
A punch cuts a large opening in the container,
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alowingal themateria to draininto themixing
tank. A water nozzle attached to the punch sprays
theinside of the container to rinseit thoroughly.
Therinse water then also drainsinto the mixing
tank. The rinsed container is then removed for

disposa and/or recycling.

A disadvantageisthat only full container quantities
canbeused. Itisnot possbleto useonly part of the
pesticidein acontainer and storetheres.

Suction systemsuseapump to removethe pest-
icidethrough aprobeinserted into the container.
Some containersare equipped with built-in probes.
The pesticideistransferred to the mixing tank by
hoseand pipe. Whenthecontainer is empty, it and
thetransfer sysem arerinsed withwater. Therinse
water isadded to themixing tank for gpplicationto
thelabeled Site..

Todlow theuseof only part of the pesticideinthe
container, thesyslem must haveaway to measure
theamount of pesticide suctioned into themixing
tank and mugt alow the probetoremaininthecon-
tainer until al the pesticideisused and the container
and probe can be rinsed. Some probes have a
breakaway head that allowsthe head to stay and
the probeto bewithdrawn and reused.

Disadvantages are that some suction systemsdo
not permit theresedling of partially emptied con-
tainers, and that highly viscous pesticides (those
which pour like molasses) may be difficult to
remove by suction.

Soluble Packaging

Soluble bagsor containers are amuch lesscom-
plex type of closed system mixing and loading.
The pesticide package, which is designed to be
placed, unopened, into themixing tank, dissolves
inthesolvent (usualy water).
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A disadvantage of soluble packaging istherisk
of accidentally releasing the concentrate if the
packaging is exposed to water or other solvents
during shipping or storage. The bags are aso
easly punctured.

Enclosed Application Systems

You canreduceyour exposureto pesticidesby us-
ing enclosed systemsto do someapplications. An
enclosed pplication sygemisanenclosure, suchas
acab or cockpit, that surroundsthe occupantsand
preventsthem from coming in contact with pesti-
cidesoutsdeof theenclosure.

Secondary Containment Systems

If you often mix andload pesticidesin oneplace, or
if you often clean equipment at onelocation, you
may find apesticide collectiontray or pad agood
investment. Thesetraysand padsaredesigned to
catch spills, leaks, overflows, and washwater and
allow themto berecovered for reuse or disposal.
Smdller traysand pads can be portable, but larger
padsmay bepermanently ingdled.

Thesesygemscan saveyoutimeand money. They
makespill dleanup eeder, and they reduce pedticide
wasteby sometimesdlowing youtoreusetherinse
water and the spill cleanup water. They dsohelp
prevent the harm that spillsand runoff can causeto
theenvironment or to people.

Collection Trays

A collectiontray can beused at mixing, loading,
and equipment cleaning sites where only small
amounts of pesticide are handled at atime and
portable equipment isused. Such tasksoftentake
placeonacounter or bench. Thetray canbemade
of sturdy chemical-resistant rubber or plagtic,
such asaboot or shoemat. Thetray must havea
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rim around it to collect spills and leaks and
should have a spout where the contents can
be poured off.

Collection Pads

A collection padissuitablefor mixing, loading, and
equi pment cleaning Steswherelarge quantities of
pesticides are handled and large equipment is
cleaned. Such operationsoften take placeoutdoors
orinalarge, openoaceinabuildingsuchasabarn.

Thecollection pad should be made of aweaterproof
materid, such asseded, smooth concrete; glazed
ceramictile; or no-wax sheet flooring. Poroussur-
faces, suchaswood, agphdt, soil, or carpeting, are
not acceptable. The pad must be concave or must
have curbsor wdlshighenoughtoholdthelargest
amount of spill, lesk, or equipment washweter likdy
to be created at the Site. It also must be equipped
withasysemfor removing and recovering spilled,
leaked, or released materid — either anautomatic
sump systlem or amanually operated pump.

L ocate the collection pad where rainwater, irri-
gation water, and flood water cannot flow over
it. Wash the pad periodicaly to prevent possible
harmto theenvironment and to anima sand unpro-
tected people.

Choosing Equipment

Takethetimeto choose your application equip-
ment carefully. If you select theright equipment,
you will not only be assured of satisfactory re-
aults, but you will aso be able to use the same
equipment for severa types of pest problems.
Even an applicator who specidizesin one spe-
cific type of pest control will need to give care-
ful consideration to equipment. Remember, too,
that agricultura applicationsrequirevery differ-
ent equipment from structural applications.
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Choose your equipment according to the fol-
lowing factors:

Time

How quickly do you have to apply a specific
pesticideto achieve an acceptablelevel of con-
trol? Will the equipment be of sufficient size
and capacity to treat therequired areain an ac-
ceptable amount of time?

Suitability

Will ground equipment berestricted by thesize
of the crop or field conditions? If you move
equi pment through the field, will you damage
the crop or spread the pest or disease? Can
aerid application be safdly used? Cantheequip-
ment be cleaned easily after use?

Frequency

How many times will the application need to
be made in a season?

Treated and SurroundingAreas

What iscalled for —spot, band, or broadcast appli-
cation? If thefiddisdasetoanurbanareaor schoal,
what typeaf buffer zonedoesthistrestment require?
Will thegpplication cause damageto the surround-
ingenvironment? Should you consder other meth-
odsof control that would reduceor diminatethe
needfor pesticidetrestment?

Cosgtsand Inputs

Which method is most economical? Can the
equipment be used for other applications? Can
changes in cultural practices reduce the need
for treatment? | s sufficient manpower available
for atimely application?
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Different typesof equipment offer certain advan-
tagesand disadvantages, which you needtoevau-
ateinyour choice.

Aerial Equipment
Fixed-WingAir craft

About 7,500 arcraft areusad eech year inthe United
Statesfor agrid application. Most of thegpproxi-
mately 250 arcraft usedin Arizonafor agriculture
aresingle-engine, high- or low-wing monoplanes.
Onlargearesslikeforest or rangeland, multi-en-
ginearcraftareused.

Figure 7.1 Fixed-Wing Aircraft

Advantages. Aerid applicationisfast and conve-
nient, especially when you haveto take quick ac-
tion. Aerid methodsaso dlow trestment whena
fidldisat full cover or toowet for ground equipment
tooperate.

Disadvantages. Fixed-wingaircraft cannot gen-
erdly trest amdl fiddsand aredifficult to operatein
aressthat aredoseto urban areasor that have many
hazardssuch aspower linesandtal trees. Gener-
aly, application costsare higher witharcraft than
withground equipment (dthoughthegpeed andtime-
linessmay offsat thecodt difference). Drift may bea
gregter problem.

Helicopters

Helicoptershaveincreased in usein recent years,
but total flight time is quite small compared to
other aircraft.
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Advantages. Helicopterscan beflownat dower
gpeeds and make faster turns; they aso apply a
more uniform swath.

Disadvantages. Helicoptersare more complex
and require more maintenance; thisincreasesthe
application cost per acre.

Ground Equipment

Low Pressure Boom Sprayers

Low-pressure boom sprayers are designed to
handle most spraying needson genera farmsand
areprobably used morethan any other equipment
(Fig 7.2). Usudly mounted ontractors, trucks, or
trailers, they canbedriven over fiddsor largeturf
areasfor broadcast or band pesticide gpplications.
Low pressureorayersgenerdly userddivey low
volumes (10-40 gal per acre) of dilute spray, ap-
plied at 30-60 |b of pressure (becauseraller type
pumpsare usually used, pressure cannot be more
than 701b/sqin.). Handgunsmay beattached for
remotespraying or Spot treetmentsonweed patches
andlimited pestinfestations.

Advantages Low-pressureorayersarerdatively
inexpendveandlightweight. They can beadapted
tomany usesand cover largeareasrapidly. Since
they areusudly low volumesprayers, onetank load
will cover alargearea.

Disadvantages. Low pressure sprayers cannot
adequatdly cover or penetratedensefoliagebecause
of thelow pressureand volume. Becausemost rely
on bypasssysemsand return-flow agitations, wet-
table powder or flowableformulations often settle
out; thisproblem canusudly beovercomewithme-
chanicd agitators.

Figure 7.2 Low pressure boom sprayer
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High PressureSprayers

High pressure sprayersareoften called * hydraulic
Sprayers’; they operate with diluted sprays but
the pressure can be regulated up to severa hun-
dred pounds. They are used for spraying shade
trees, ornamentals, livestock, orchards, and farm
buildings, aswell asunwanted vegetation where
densefoliagerequiresgood penetration.

Advantages. High-pressure sprayers are used
for many different pest control jobsbecausethey
can penetrate heavy vegetation or thick anima hair
and canreach thetopsof tal shadetrees. Because
they arestrongly built, they arerdatively long-lasting
and dependable.

Disadvantages. High-pressure sprayers are
usually heavy and expensive and requirelarge
amounts of water and frequent filling. High
pressure means fine spray droplets, which in-
creasedrift problems.

Air Blagt Sprayers

Air blast sorayersareused for virtudly dl spraying
incommercid orchardsand areoften used onshade
treeg(Fig 7.3). They areprimarily designedto carry
pesticideand water mixturesunder pressurefroma
pumpthroughaseriesof nozzles. Operatingat low,
medium, or high pressure, thenozzlesdeliver the
spray dropletsinto astream of air. High-volume
fanssupply theair, whichisdirected to oneor both
Sdesasthesprayer movesbetween therowsof the
trees. Theblast of air aidsin breaking up larger
dropsand trangporting the dropl etsto providethor-
ough coverage. Thesegprayersusudly haveame-
chanicd agitator.
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Figure7.3 Air blast sprayer

Advantages. Air blast sprayersuseonly asmall
amount of water to cover large areas; very little
operatingtimeislostinrefilling.

Disadvantages. Air blast sprayers can be used
only incamwesather. Theair blast causes drift,
and windy conditions interfere with the normal
pattern of the blower. Larger models cannot be
used totreat hard-to-reach aress.

Mist Sprayers

Mist sprayers are characterized by high air
speeds and somewhat lower water volumes
than conventional air blast sprayers. They have
a metering device (possibly a conventional
nozzle) that operatesat |low pressure and breaks
up liquidsthrough high-speed air.

Advantages. Migt sprayers save time and la
bor, primarily becauselesswater ishandled than
with conventiona air blast sprayers.

Disadvantages. Cdlibration on mist sprayersis
moredifficult, and favorablewesther ismoreessen-
tid for goraying. On certain crops, coveragemay
beless satisfactory than with the norma volumes
delivered by conventiond air blast sprayers. Drift
fromtarget cropwill limititsuse.
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Ultra-Low Volume (ULV) Sprayers

ULV sprayersapply thechemica concentratedi-
rectly to the target with aminimum of water or
other liquid carrier. Some ULV ground sprayers
have a fan that delivers high-speed air to help
break up and transport spray particles.

Advantages. ULV sprayerssavetimeand |abor
becausewater isnot needed. They arecommonly
used for mosquito abatement programs.

Disadvantages. ULV sprayers increase
applicator’ srisk from handling and spraying con-
centrated pesticide. Also, only alimited number
of pesticides are cleared for ULV application.
Calibration and the angle at which the ULV de-
viceisset arecritica. ULV sprayersarenot well
suited for herbicide applications.

Aerosol Generatorsand Foggers

Aerosol generatorsand foggersbreek certain pesti-
cideformulationsintovery smdl dropletsor aero-
sols, so finethat asingle droplet cannot be seen.
Whenalarge number of dropletsareformed, how-
ever, thedropletsgppear asafog or amoke. Foggers
areusudly usedtofill an areawith apesticidefog
(eg., agreenhouse, warehouse, or openrecregtiond
areq). Insectsand other pestsin thetreated area
will becontrolled when they comein contact with
theaerosol fog.

Advantages. Dropletsproduced by foggersare
sofinethat they do not stick to surfaceswithinthe
area. Foggersusudly gpply fairly ssfeformulations
that can beusedin popul ated areasfor mosguito or
other insect control without the problemof unsightly
residues. Thedropletsfloat inthe areaand pen-
erateintotiny cracksand crevicesor through heavy
vegetationto control pestsin hard-to-reach places.
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Disadvantages. Foggersalow little, if any, re-
sdud control because the droplets do not stick.
As s00n as the agrosol dissipates from an area,
new pests can move in. Foggers must be used
under the correct wegther conditions, for example,
risng air currents could carry the fog above the
pestsand out of thetreated area, without any con-
tact.

Granular Spreaders

Granular equipment isdesigned to apply coarse,
uniformly sized dry particlesto soil, water, andin
somecases, foliage(Fig 7.4). Spreadersmay work
with severd types, including air blast, whirling
disks, multigravity feed outlets, and soil injectors.
Granular spreaders may aso be used in broad-
cast and band applications.

Advantages. Granular Soreaders, likedugters, are
light and relatively smple; nowater or dilutionis
needed. Becausegranular formulationsareuniform
insze, they flow eadly and arerdatively heavy.

Disadvantages. Granular materidsdonot ick to
foliageand must be appliedtothe soil. Therefore,
thegpplicator will need additiond machinery for fo-
liar gpplications.

Figure7.4 Granular spreader

VI1I-8

Soil Injectors

Soil injectors are frequently used to apply fumi-
gation materiasto the soil to control nematodes
and other soilborne pathogens, weed seeds, or
insects. Themost common method of soil appli-
cation involves the use of chisdl cultivators or
shanks with aliquid or granular tube down the
back, permitting materia to be placedin the soil
toadepth of afoot or more. With volatile materi-
als, the shanks should be spaced one foot apart
for a continuous band in order to achieve good
coverage. Sweep-type elevator shovels, with a
seriesof nozzlesonthetrailing edge, may beused
to apply asingle band of continuous cover be-
negth the soil surface.

Advantages. Soail injection is not likely to
cause as much phytotoxic damage asfoliar ap-
plications. Soil injections can be more precise,
and undiluted or minimally diluted materialscan
be used at very low rates.

Disadvantages. The pressure orificefor low
application rates must be very small on soil in-
jectors; because of their size, it is difficult to
keep them from plugging. Useof granular feed
materialsor positive displacement pumps, usu-
aly driven from a ground wheel of the appli-
cation machine, can overcomethisdifficulty.

I njector Sprayers

Injector sprayerscontinuoudy measureconcentrated
pesticideinto the spray system asneeded. They
contain oneor two tanksfor concentrated pesticide
andusudly onelargewater tank asacarrier. These
Sorayerscan bedesigned sothevolumeof pesticide
iscontrolled by ground speed or set for aconstant

ground speed.

Advantages. Injector sprayers have no mixed
chemical |eft over after spraying.
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Disadvantages. Injector sprayers lead timefor
metering the concentrated injection may vary
according to application rateand sizeand length
of hose. Precise metering equipment is essen-
tial to achieve accurate application rates.

Wiper Applicators

Severd typesof wiper goplicatorsarecommercidly
avallablefor field gpplications. Oneconsstsof a
longhorizontd,, 3- to4-inch-diameter pipefilledwith
atrandocatableherbicide. A seriesof short, over-
lapping ropesor awet pad arein contact with the
herbicide and become saturated through awicking
action. Astheropesor pad onthe pipetouchthe
weeds, they wipeontheherbicide. Another type
usesarolling tube covered with carpet that iscon-
tinuoudy wetted. Theseapplicatorsaresometimes
mounted to thethree-point hitch onatractor.

Advantages. Wiper applicators apply herbicide
only to the weeds; less herbicide is required.

Disadvantages. Wiper applicators cannot treat
weeds below the crop canopy, but hand-held ap-
plicatorsthat use the same principle can be used.
Wiper applicatorscan dso drip and causecropin-
jury. Multiplegpplicationsareusudly required.

Other Types

Other typesof equipment include hand-operated
gprayersor dusters, most commonly used by indi-
vidudsfor rdatively smal pest problemsor jobsthet
need only small amountsof soray. They areespe-
cidly useful in hard-to-reach placeswhere spray
equipment accessislimited.

Another typeisthe aerosol bomb, whichisapres-
surized can or tank with aself contained discharge
nozzleandvave. Backpack equipment includes
crank operated and spin disk granular applicators
and hand sprayers with a capacity of up to five
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gdlons, pressureis supplied by ahand operated
piston or digphragm pump. Some backpacksare
motorized to apply granules, dusts, or sprays.

1. Spray Equipment Parts

To apply pesticides properly, an operator must
have the right equipment and use it correctly.
Selection of a good quality sprayer requires
careful attention to each of the following
parts(Fig 7.5):

Tanks

Tanks should be made of dainlessded, fiberglass,
or polyethyleneto avoid problemsof rust, sediment,
plugging, and restriction. Aluminum, galvanized,
or ged tanksshould not beusad. Tanksrangingfrom
55t0 150 gdlonsareavailableon mounted sprayers
with200gdlonsor larger onpull-typegorayears Tarks
needto havealargecovered openinginthetopwitha
ramovabledranertomekefilling, ingoedion, anddeaning
essy. Capacity marksonthesdeor astegaugeis
requiredfor addingthecorrect amount of water. Tanks
shouldberinssdwithwater andasuitebledeaningagant
dter evary useandshould haveadraininthebottomfor

completeemptyingduringdeaning.
Tank Agitators

Agitatorsare used both for initia mixing of pesti-
cidesandto keepinsoluble mixturesfrom settling
insde the tank. Equipment with agitatorsisrec-
ommended whenever wettable powders, water
dispersblegranulesor emulsionsare used. Agi-
tation can be mechanical or hydraulic. Hydraulic
agitation circulates materialsback through jetsat
the bottom of the tank at |east one foot from the
tank walls. Mechanica agitatorsarepropellersor
paddlesmounted on ashaft that ispositioned near
the bottom of the tank.
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PRESSURE
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SHUT OFF
VALVE

SHUT OFF
VALVE LINE
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Figure7.5 Basic spray equipment

Pumps

The pump is the heart of the sprayer. Many
types are on the market and each has specific
advantages and disadvantages. The following
are the most important factors to consider in
selecting apump:

Capacity

Pumps should have sufficient capacity to supply
the boom output and providefor bypassagitation
if needed. Thepump’ scapacity should beat least
20% greater than thelargest volumerequired by
thenozzlesand agitation.

Presaure

The pump must be ableto produce adesired op-
erating pressure at the capacity required for the

sprayingjob.

Resistanceto Corrosion and \Wear

Thepump mugt beableto handlethechemicd soray
materia's without excessive corrosion or wear.
Somepumpshandledbrasvemateridssuch aswet-
table powders with much less wear than others.
Chemicd reaction and corroson affect certainma:
teridsmorethan others.
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Repairs

Pumps should be designed so repairscan bemade
economicaly and quickly.

Typeof Drive

Thepump should bereadily adaptableto theavail-
able power source.

Typesof Pumps

Piston pumps. Theseare positive displacement
pumpsthat can provide high pressures(Fig 7.6).
Piston pumps can apply both corrosiveand abra-
svematerids Thepigonpumpisrdatively expen-
svebut hasalonglife. Largepiston pumpshave
a capacity up to 60 galons per minute and are
used at pressures up to 1000 pounds per square
inch. A piston pump requiresasurgetank at the
pump outlet to reduceline pulsation.

Figure7.6 Piston pump

Diaphragm pumps. These positive displace-
ment pumps have the same system hookup re-
quirementsas piston pumps. They are capable of
producing pressures up to 850 pounds per square
inch and volumes up to 60 gallons per minute.
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Figure7.7 Roller impeller pump

Roller impeller pumps. Thesearewiddly used
pumps in agriculture. They are relatively inex-
pensive and adaptable to a wide range of pres-
sures, volumes, materids, and Stuations(Fig 7.7).
The pumping action is created by theroller fol-
lowing the eccentric housing, forcing the mate-
ria out of thedotsand expellingit. Roller pumps
arepositivedisplacement and self-priming. They
can producelow to moderate pressuresup to 300
pounds per squareinch and have capacitiesto 50
gdlonsper minutes. Abrasvemateridswill cause
extremewear on and failureof roller pumps (es-
pecially wettable powders). Roller pumpsshould
havefactory lubricated, seded bal bearings, sain-
lesssted shafts, and replaceable shaft sedls.

Centrifugal pumps. These popular pumps can
handle coarseor dorasvemateridseffectively (Fig
7.8). Pumping action iscreated by ahigh-speed
impdlerthat literdly throwsthemateria sout of the
pump. Thesepumpsaremost frequently used for
low pressure sprayers. They can operate at pres-
sures up to 200 pounds per square inch and vol-
umesupto 200 gdlonsper minute, but volumedrops
off rapidly at pressures above 30 to 40 pounds per
sguareinch. These pumps should belocated be-
low the supply tank to aid in priming.
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Figure 7.8 Centrifuga pump

Filters

Filtersareused in sprayersto prevent foreign ma:
teridsfrom entering and wearing precision parts
of thesprayer and plugging nozzles. Suctionline
gtrainers(forty to fifty mesh) should be used be-
tween the tank and pump. Because the inlet of
centrifuga pumpsmust not berestricted, suction
linefilterson most sprayersshould beno smaler
than 20 mesh or should beinstalled on the outlet
sde. Thesegtrainershelp giveuniformflow and
prevent nozzletipsfrom clogging. The screens
in nozzle tips should be sized according to the
opening; the nozzle manufacturer catal ogslist the
recommended strainer for eachtip. Filtersshould
be checked and cleaned often to prevent poor
coverage and pressureloss. Thelargest screens
should be closeto the pump, and smaller screens
closetothenozzles.

PressureRegulators

Thepressurereguleator or relief vavemaintainsthe
required pressureinthesystem. Itisspring-loaded
and opensto prevent excesspressureinthelinewhile
providing for some solution to return to thetank.
Pressure-relief valves are generaly not needed
with centrifugal pumps, which can be controlled
by a gate valve. For operating pressures over
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200 poundsper squareinch, therdief vaveshould
be replaced with an unloader vave that reduces
the pump pressure when the boom is shut off.

Pressure Gauges

Accurate pressure measurement isimportant. A
pressure gauge should have a range twice the
maximum expected reading. Spray nozzles are
designed to operatewithin certain pressurelimits,
which should not be exceeded. High pressure
can cause dangerousfogging and drift, whilelow
pressure may increase dropl et size so much that
proper coverageisnot obtained. Regularly check
pressure gauges to determine their accuracy.
Recognize that faulty pressure gauges may pro-
videincorrect readings. Mafunctionswill bein-
dicated by fluctuationsin pressure. Thepressure
gauge should be located near the delivery point
to determine pressure drop from the regulator to
thenozzles.

Control Valves

On boom sprayers, fast-acting control valves
should beinstalled between the pressure regu-
lator and boomto control theflow of materials.
Specia sdlector valves, of either manua or elec-
tric solenoid, are available to control the flow
of spray materialsto any section of the boom.
Electric types offer the advantage of remote
control from the operator’s seat with no need
to bring pressurized hoses near the operator.
However, if thereisamalfunction, the opera-
tor may not redlizeit.

Hosesand Filters

Hosesshould beresstant to sunlight, oil, and chemi-
cas. They should be made of neoprene or other
S0il-resgant materid sand bestrong enough towith-
stand pesk pressures. Test hosesat twicetheoper-
ating pressure. Suction hoses should be as short
as possible, noncallapsible, and as large as the
pump intake. Hosesand lines should be sized for
velocity flow rates of approximately 5 feet per
second. Highveocitieswill resultin high-pres-
sureloss; low velocitieswill dlow wettable pow-
dersto precipitate out.

Nozzles

Nozzlesfor sprayersarevery important to proper
pesticide application. Even experienced appli-
catorsoverlook the proper selection and mainte-
nance of nozzles, which are perhaps the most
important component of liquid pesticide applica
tion equipment.

Nozzlessarvethreefunctions:

» They meter or regulatetheflow of theliquid

» They atomizetheliquid stream into drop-
lets

» They spread dropletsin aspecific pattern

Nozzleshavefour magjor parts(Fig 7.9):

. B(ij

. Cap

e Strainer (screen)

» Tipororificeplate

. //’// : \\Q\Nil\
7’//////111'(\{\\\\\\\ o
2 IRy BTARE A NN

Figure 7.10 Nozzletypes(a. hollow cone, b. solid cone, c. flat fan, d. flooding flat fan)
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They may aso include a separate spinner plate.
Successful spraying depends on the correct se-
lection, assembly, and maintenance of thenozzles.

Specid screensfitted withacheck vavehedp pre-
vent nozzledripping. Check vavesshould beused
ingtuationswhereasprayer must be stopped and
darted frequently, suchasinsmal target aress, near
sensitive crops or areas, indoors, or for
right-of-way treatments.

——

=

—

),

Nozzle

Strainer
i Tip
§‘ Cap
Figure7.9 Partsof anozzle

Nozzletips break the liquid pesticide into drop-
lets. They dso distribute the spray in apredeter-
mined pattern and arethe principal elementsthat
control therate of application. To prevent clog-
ging, placethelargest screensclosest to thetank.
Screensshould become progressively smaler to-
ward thenozzle. Clean them often.

Nozzletypes (Fig7.10)

Solid-stream nozzlesare used in handgun spray-
ersfor adistant or specific target, such aslive-
stock or nursery and tree pests, and for crack and
crevicetreatment in and around buildings.
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Fan-pattern nozzles include at least three
types—regular flat, evenflat, and flooding.

Flat fan nozdetipsproduceanearly flat fanin sev-
erd selected anglesand deposit aflat, dlipticd pat-
tern on the ground. The outer edges of the de-
posit are of reduced volume, so this method re-
quiresan overlapping spray pattern. Theoverlap
must be gpproximately 50% for evendigtribution.
Hat fan nozzles can be used for herbicide, fungi-
cide, andinsecticide gpplication.

® Evenflat fan nozzesareavailablein 40, 65,
80, 95 and 110 degreefan angles, which pro-
videauniform distribution of spray through-
out the pattern. Spray patternsdo not overlap
and thus are applied as separate bands.

Flooding (flat fan) nozzles deliver a
wide-angleflat spray pattern, fairly uniform
acrossthewidth, but not aseven astheregu-
lar flat fannozzles. They operateat very low
pressure and produce large spray droplets.
The advantage of thisnozzleisitseven cov-
erage on extremely rough terrain.

Cone-pattern nozzles have hollow and solid
cone patterns and are produced by severa types
of nozzles. These patterns are used when pen-
etration by herbicides, insecticidesand fungicides
and coverage of plant foliage or other irregular
targetsisdesired.

® Hollow cone nozzdes are designed for mod-

erate to high pressures (40 - 60 PSI) under
very uniform distribution conditions.

Solid cone nozzes are used for hand spray-
ing and spot spraying under moderate pres-
sure(40- 80 PSl) wherelarger, heavier drop-
lets are required to reduce drift. The cone
nozzleincreases coverage of thefoliage.
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Nozzlematerial
Polymer

Stanlessgted

Hardened gainless(HSS)

Ceamic

Table7.1 Wear comparison of common nozzlestobrass

Dur ability compared tobrass
0.7to1.0timesgresater
3.5timesgrester

10to 15timesgresater

90to 100 timesgresater

Nozzlematerial

Brass wears quickly from abrasion but is
probably the most commonly used material
for general use.

Polymer will not corrode but may swell when ex-
posed to organic solvents. Itisaso subject tochip-
ping and breakage.

Stainlesssted resstsabrasion, especidly if hard-
ened; it issuited for high pressures, particularly
with wettable powders.

Har dened stainless stedl has avery good wear
life; good durrability and chemical resstance.

Carbide and ceramic are highly resistant to
abrasion and corrosion. They are recommended
for high pressure and abrasive sprays. They
can be expensive.

The durability of various nozzle materias com-
pared to brassisshownin Table 7.1

Nozzle Tip Numbers

Nozzetipnumbersarefarly uniformamongthevari-
ous manufacturers. Thefirst two or three num-
bersrefer tothe angle of spray dischargeandthe
last four to the gallons per minute of thetip at 40
pounds per squareinch. For example, nozzletip
number 650067 meansanozzletip with a65 de-
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gree angle of fan discharge that delivers 0.067
gdlonsper minuteat forty pounds per squareinch.
Thedecimal pointisplaced by counting threefig-
uresfromtheleft side(i.e.,, aTeeJet 8004 nozzle
tipddivers0.4 gadlonsper minute.) For spraying
heights where the boom is 17 to 19 inchesfrom
the surfaceto be sprayed, 80 degreetipsarerec-
ommended; for 19to 21 inches, 73 degreenozzle
tips, and for 21to 23inch, 65 degreetipsarerec-
ommended. Risk of driftisgenerdly greater with
thewider nozzletip angle.

Thingsto Remember

® Sdect anozzlethat will provide the desired
droplet size, volume, and pattern.

Supply thenozzlewith apesticidemixturefree
of foreign particlesand a aproperly regulated
pressure.

Mount nozzlesso their location rel ativeto the
target remainscongtant and proper.

Afteringdlation, cdibraiethesysemtoensure
that inall respectsitisapplying uniform cov-
erageat thedesredrates.

Maintainthe systemin peak condition by peri-
odicingpectionsand cdibrations, paying detailed
attention to the performance of each nozzle.



Chapter 7

Pesticide Application Equipment

Sprayer Equipment Maintenance

Effective pesticide application depends on prop-
erly maintained and adjusted application equip-
ment. Spraying equipment problems can bere-
duced or eliminated by regularly inspecting, ser-
vicing, and maintaining the equipment. Prevent
the problemsbeforethey occur.

Preventivetips

®  Check dl gauges, hoses, pumps, and nozzles
forlesksor mafunctions.

® Keepscreensinplace. Filter screensarede-
signed to removeforeign particlesfromthe
spray liquid.

® Usecleenwater. Alwaysusewater not con-
taminated with sand or siIt, which can dam-
age pumps, screens, and nozzles.
Cleennozzesregularly.
Before use, flush stored or new sprayersto
removedirt, leaves, or rust.
Ingpect at regular intervals.
Before storage, decontaminate and clean
thoroughly.

Equipment Cleanup

Every time you have finished applying apes-
ticide, follow these basi ¢ equipment cleanup
procedures;

1. Alwaysdeanmixing, loading, and gpplication
equipment as soon asyoufinishusingit—do
not leaveequipment with pesticidesonorinita
themixingandloading Steor a thegpplication
gte. Whenthejobiscompleted and thetank is
empty, return the equipment to thedesignated
equipment cleanup area. Avoidwashingequip-
ment repeetedly inthesamel ocationunlessyou
useacontainment pad or tray. Over time, the
flooring or soil inafrequently used areacan be-
comecontaminated with largeamounts of pes-
ticides. Also avoid keeping pesticide-contami-
nated equipment in onelocation al thetime.
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Pesticides may move off the outside of the
equipment and onto thefloor or soil.

Do not assign a worker to clean pesticide-
contaminated equipment unless that person
hasbeeningtructed inthebasic rulesof pesti-
cidesarety. Remember thet equipment deaning
presents as great arisk of exposure to pesti-
cidesasdo many other pesticidehandling tasks,
andthat dl partsof theequipment arelikely to
have pesticide residues on them. When you
clean pesticide-contaminated equi pment, weer
the persona protective equipment that thela
beling requiresfor handlingjobs, plusachemi-
ca-resstant apron.

. After theequipment isempty, clean both the

inddeand outsde properly andthoroughly, in-
duding nozzlesor hopper openings. Sometimes
youmay need to usethediluent usedinthepes-
ticidemixture (keroseneor high-gradeail), soe-
cid deaningagents, or water under pressure. In
other cases, ordinary water may beenough.

Soppy cleanup practicesareoneof themain
causes of equipment failure or malfunction.
Never keep excess pesticidesin your equip-
ment for morethan ashort time. Even small
amounts of pesticide residuesthat areleft in
equipment can dameageit.

Liquid pesticidesthat areleft in the equi pment
may quickly corrodetheequipment and clog or
corrode the nozzle openings. They may cause
the equipment to leak or causethe nozzlesto
releasetoo little or too much pesticide when
theequipment isoperated. Someliquid pesti-
cideschangeor degradeif they are stored &f -
ter being diluted and will not be suitablefor
application at alater time. Some will settle
out and form a solid clump at the bottom of
the tank that even mechanical agitation can-
not remix. Others will separate into two or
more separate liquids that cannot easily be
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remixed. Liquid pesticides that are allowed
to stay inthe equipment until they aretotally
dry may beimpaossibleto remove completely
a alatertime.

Dry pesticidesthat become wet through hu-
midity, ran, dew, or other moiduretendtodump
and gtick tothesdesand hopper openings. They
cannot beapplied a alater time, and they can-
not beeasly removed from theequipment.

4. Wash with specia care any vehicles that
may be used for transporting unprotected
workersor for family use. People have been
poisoned by riding in vehicles that were
used to apply pesticidesor to perform flag-
ging for aerial applications.

Spray Monitorsand Controllers

Spray monitorsareavailableinnozzleor system
types. Nozzle monitors sense the flow through
individua nozzlesand provideasignd (flashing

light or buzzer) if flow stops. Thisis particu-
larly useful with nozzlesthat the operator can-
not see. System monitors sense travel speed,
pressure, and/or flow. Thisinformation, along
with manually entered inputs such as swath
width and gallons of spray in thetank, is used
to continuously compute and display the appli-
cation rate. Some monitors also display field
capacity (acres/hour), gallons applied, acres
covered, and other measurements.

Spray controllersarebasicdly spray monitorswith
the added feature of automatically controlling ap-
plication rate through adjustmentsto pressure or
flow. The controller calculates the actual appli-
cation rate from the sensors and compares it to
thedesredrate. If thereisadifference, it adjusts
the application rateautomatically. If thecorrec-
tion becomes too large to be corrected by pres-
sure adjustments, the controller warnsthe opera.
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Chapter Seven

Pesticide Applicator Equipment — Question and Answer Review

1. Q. When you choose the pesticide application equipment for ajob, what do you have
to consider ?

A. Working conditions, pesticideformulations, type of areatreated, possble problems.

2. Q. Would afogger producingafinemist beagood choiceif thereisa sendtiveareanear by and
thewind isblowing?

A. No. Driftistoolikely.

3. Q. Ifyour jobwastotreat afew acresof foragecrop, and water wasnot easly available, what
type of sprayer would you probably choose? Why?

A. A low-pressure boom sprayer. Use alow volume of dilute spray so that one tankful will
cover alarger area.

4. Q. Wouldyou usethesame sprayer if thepesticidewasonly formulated asa wettable powder
and the crop had densefoliage? Why?

A. No. Low-pressure boom sprayerswill not adequately penetrate or cover dense foliage because
of their low capacity (pressure and gallonage). Wettable powder formulations often settle out.

5. Q. Isahydraulic sprayer alow-pressureor ahigh-pressure sprayer?
A. A high-pressure sprayer.

6. Q. If you were an inexperienced applicator, which type of sprayer might easily lead you to
injurecropsor wildlifeby overdosing with concentrated pesticides?

A. Airblast sprayer.
7. Q. ldentify four nozzlematerialsand describetheir wear resistance.
A. Brass— |east resistant to wear
Plastic and nylon— not recommended for high pressure, but resistscorrosion.

Stainlesssted — excellent wesar resistance.
Hardened stainless steed — useful for highly abrasiveformulations.
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List thethreefunctionsof aspray nozzle.

(1.) Regulatetheflow of theliquid;
(2.) atomizetheliquid streaminto droplets,
(3.) spread dropletsinaspecific pattern.

. Which nozzleddiversawideflat spray patter consisting of lar gedr oplets?

Hooding (flat fan) nozzle.

When should a sprayer be cleaned?

. After each pesticide application.
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Thethreelicensesissued for structura purposes
(business, qudifying party, and structura pest con-
trol advisor) relate to pest control operationsin
and around urban structures, ornamenta shrubs
and trees, railroad cars, boats, docks, trucks, air-
planes, golf courses, lawvns, and cemeteries. More
detailed informationisinthe Arizona Sructural
CoreManual or inthe booklet, Sructural Pesti-
cide Applicator Information: Licenses, Permits
and Certification, whichisavailablefrom Agri-
cultura Communication Systems, Publications
Digribution Center, at theUniversity of Arizona

Permitsarerequiredto buy or sal pesticidesand
areissued in two categories. grower and seller.
Someonewho commercialy growsor produces
an agricultural commodity needsagrower’ sper-
mit to apply or have pesticides applied to hisagri-
cultura land. A sler’ spermit enablesanindivid-
ual or afirmto sdll or deliver pesticidesin con-
tainers greater than one galon liquid, fifteen
pounds dry, 50 pounds for pesticide and fertil-
izer combinations, or restricted-use pesticides
(RUPSs) in any sizeamounts.

Certification isrequired to use or supervisethe
useof pedticidesclassfied asredtricted use. These
substanceshavebeenredtricted tolimit their avail-
ability becausetheir use by inexperienced or un-
trained people can result in adverse human hedlth
or environmental effects, even when the label
directionsarefollowed. To becertified, demon-
strate competency to handle pesticides without
endangering yoursdlf, thepublic, or theenviron-
ment. Anagricultura applicator iscertified by the
Department of Agriculture.

An individua in agricultura pest control may
be certified as a private or commercia applica
tor. A private applicator uses or supervisesthe
useof restricted-use pesticides (RUPs) to produce
agricultura commodities on land owned by the
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applicator or him or hisemployer. A private
applicator may also apply or supervise appli-
cation on someone else’s land, as long as no
compensation other than trading of personal ser-
vicesisinvolved. A commercial applicatoris
paid to use or supervise the use of restricted
use pesticides for any purpose on property he
does not own.

Thefollowing pointsareimportant toremember:

1. Inagriculturd pestcontrol, certificationisnesded
only for restricted-use products, peoplewho
apply only non-restricted pesticides need not
becetified. Arizonalaw requirestheholder of
acustomapplicator’ slicense (agriculturd) to
be certified asacommercia applicator or to
employ someone who is certified (R3-13-
204.C.1).

Certification credentia sdo not replace or sub-
ditutefor any other permit or licenserequired.

Licenses, permits, and certification creden-
tials must be renewed annually.

Since specific regulations for obtaining ag-
ricultural or structural pest control creden-
tidsdiffer, appropriate requirementsmust be
followed.

Professional registration programs

The Certified Crop Advisor (CCA) endorsement
isapart of avoluntary program designed to es-
tablish base standards of knowledgefor individu-
aswho advise growerson crop management and
production inputs. The program is coordinated
by the American Registry of Certified Profes-
sionals in Agronomy, Crops and Soils
(ARCPACYS); it isnot aregulatory designation
nor isit affiliated with the Arizona Department of
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Agriculture. Requirementsfor professional en-
dorsement aretwo years of crop production ex-
perience and a B.S. degree in agronomy OR
four years of post high school experience. An
applicant must a so pass CCA state and national
certification exams and sign a code of ethics.
A CCA certification doesNOT exempt an ap-
plicator from obtaining and maintaining Ari-
zona Department of Agriculture credentials.

IIl. State and Federal Laws
and Regulatory Agencies

Federal

Pedticidesin Arizonaaregoverned by federd and
datelawsand regulations. TheEnvironmenta Pro-
tection Agency (EPA), established in 1970, issues
pedticide-rdaed rulesto adminigter theprimary fed-
erd pedticidelaw, the Federa Insecticide, Fungi-
cideand RodenticideAct (FIFRA) and The Food
Quality Protection Act (FQPA) of 1996. FIFRA
hasbeen amended severd timeswiththelast two
amendments, in 1978, and 1988, making themost
sgnificant changes. 1N 1978, under Section 2(ee)
threemgjor changesweremade. Unlessprohibited
by thelabel, (1) apesticide can beused a lessthan
label rate or prohibited by thelabel; (2) pesticides
canbeusedto control atarget pest not named on
the label; and (3) peticidescanbegpplied using
any method of application provided thelabe does
not prohibit it. In 1988, FIFRA was amended to
requirere-regidration of older pesticideswithinnine
yearsandto restructurethefeesfor re-regigtration.
FQPA amendsH FRA by defining EPA procedures
for determination, issuance, and cancdlation of pes-
ticideresiduetolerances, and exemptionsfromtol-
erancerequirements. It develops screening pro-
cessesfor other effects Thecurrent FHFRA amend-
mentscontinueto havethefollowing requirements:

1. All pesticide products must be registered
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and classified as restricted (applied by or
under the supervision of a certified appli-
cator) or general (usethat isnot under the
supervision of acertified applicator).

Anuncertified individual can buy and/or
apply restricted products under the super-
vision of acertified applicator, provided
the supervisor has authorized and in-
structed theindividual andisreadily avail-
able during applications.

Pesticides may not be used in a manner in-
congstent with thelabdl.

Pedticideusesthat arevaid only withinagiven
state are a so subject to EPA authority [i.e.,
Special Loca Need registration (24c) and
Emergency Exemptions(Section 18)].

Other federal agenciesthat regul ate pesticides
include the Department of Transportation
(DOT) and the Food and Drug Administration
(FDA). DOT regulatesinterstate pesticide ship-
ments, sets standards for warning signs, and
sets standards for simultaneous shipments of
pesticidesand food. The 1958 Food, Drug and
Cosmetic Act (FFDCA) givesthe FDA author-
ity to ensure safety of chemicalsused infood,
drugs, and cosmetics; it authorizesthe EPA to
establish pesticide tolerances and to establish
the concept of health guidelines. The Food
Quality Protection Act of 1996 (FQPA)
amends the 1958 FFDCA and repeals the
Delaney Clause regarding pesticides in pro-
cessed and livestock food. The 1972 Federal
Environmental Pesticide Control Act (FEPCA)
givesEPA its pesticide-rel ated responsibilities.

Other Federal Laws
Thelawsandregulationsgoverning pesticidesare

more comprehensive than those governing other
chemicas. Severa arelisted below:
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1. TheClean Water Act (CWA) givesthe EPA
jurisdiction over the nations's waterways,
making it suitablefor agricultural and recre-
ational use. It regulates both point and
nonpoi nt sourcesof contamination, whichmay
includepedticides

TheResource Conservationand Recovery Act
(RCRA) regulatesthegeneration, transporta-
tion, treatment, storage, and disposal of haz-
ardouswedtes it sstsnationa dandardsfor man-
agement of hazardouswadtes.

TheToxic Substance Control Act (TSCA) en-
sureschemicaswill beevauated for risk and
regul atesthe manufacture and processing of
chemicds itrequirestha menufacturersand dis
tributorskeepinventoriesof cartain chemicas.

The Comprehensive Environmental Re-
sponse Compensation and Liability Act
(CERCLA) establishes a trust fund
(Superfund) for financing government clean-
up of hazardous waste Sites.

The Occupational Safety and Health Act
(OSHA) consolidated many existing federa
worker safety laws to cover dl employees
who may potentialy be exposed to hazard-
ouschemicasintheworkplace. TheHazard
Communication Standard was expanded in
1989 to cover and protect al employeeswho
may be exposed to hazardous chemicalsin
the workplace. Requirements for materia
data safety sheets (MSDS) for hazardous
chemicalsareincluded in its provisions.

TheFederal Endangered SpeciesAct makes
it unlawful to harmany plant or anima listed
by the Fish and Wildlife Service (FWS) as
endangered or threatened. Under the pro-
gram, pedticideuseisredrictedin areaswhere
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endangered speciesarelikely to be exposed.
TheEPA, in cooperation withthe USDA and
the FWS, deve oped the Endangered Species
Protection Program to protect listed species
from pesticide effects.

The Safe Drinking Water Act establishes
minimum contaminatelevels(MCLS), prima-
rily for water trestment plants. Only alimited
number of pesticideshave MCLs.

The Emergency Planning and Community
Right-To-Know Act (EPCRA) may re-
guire an emergency plan and contact for
the storage of some pesticides that exceed
certain amounts.

Stateof Arizona

There are severa state agencies responsible for
pesticide-rdated regulations. The ArizonaDepart-
ment of Agriculture (ADA) isthe primary state
regulatory agency for agricultural pesticide use.
Sate pedticide regulations can be sricter than
federal lawsbut never lessgtrict. Currently, ADA
has the authority to issue grower and seller per-
mitsand license custom gpplicatorsand pest con-
trol advisors. ADA licensesequipment, certifies
agriculturd applicators, and agricultural aircraft
pilots. ADA aso administersemergency exemp-
tions (Section 18s), and approves Specia Loca
Needs(SLN) registrations.

Other state agencieshavethefollowing respons-
bilities

1. The Structural Pest Control Commission
(SPCC) regulatesthecommercia application
of pedticidesin structural and urban Situations,
licenses companiesengaginginthebusiness
of structura pest control, and administerscer-
tificationfor al structural applicators.
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2. TheArizonaDepartment of Environmen-
tal Quality (ADEQ) isresponsiblefor pre-
venting pesticide contamination of the en-
vironment. State statutes mandate that the
Department conduct monitoring, testing,
and evaluationsto determinewhether apes-
ticide belongs on the Groundwater Protec-
tion List. Additional responsibilities in-
clude ensuring proper disposal of hazard-
ous wastes.

TheArizonaDepartment of Health Services
(ADHY) is responsible for obtaining and
compiling pesticide exposure information.

Federal and State Civil and
Criminal Violations

Therearefederd and gaefinesfor civil violations
by privateand commercid applicators. Criminal
violaionsmay carry larger finesand the possibility
of timeinjal. State pendtiesfor agricultura appli-
caors, pilots, and PCAsincludethelossor suspen-
sonof licenseand/or certification.

V. ArizonaPegticide
L icense Requirements

Custom Applicator’s License

Anagriculturd gpplicator who operatesapest con-
trol business, must obtain acustom gpplicator’ sli-
cen=fromADA. Thegpplicant must returnacom-
pleted goplication formwith alicensefeeand proof
of ligbility insurancecoverage.

Thegpplicant must scoreat least 75 percent correct
on awritten core examination, prepared and ad-
ministered by ADA, to show familiarity with
pesticides, statutes, and rules relating to the ap-
plication and safe use of pesticides, calibration,
gpplicationtechniques, and other areasof pest con-
trol operation. Thelicenseisvalid for onecal-

VI1II-6

endar year, but renewal applications must be
submitted to ADA no later than December 1,
accompanied by therenewal fee. Expirationis
December 31.

Custom Applicator Equipment License

ADA licensesar and/or ground equipment used for
cusom gpplication, such asaircraft, goplication sys-
tems, and certain tractor-powered field sprayers.
Thelicenseisfor each pieceof equipment, and ex-
pireson December 31 of each year.

The equipment licenseis considered aperma-
nent fixture and should beclearly visble. It may
not be transferred unless the original piece of
equipment is leased, sold, traded, destroyed,
or isnot usablefor that year. Equipment licenses
must be removed or obliterated if acustomli-
censeis suspended or revoked.

Note: You must get permission from ADA to
transfer an equipment license.

Agricultural Aircraft Pilot License

Individuaswho pilot anaircraft for pesticide gppli-
cationsmust belicensed by ADA andholdavdid
Federd AvigionAdminigrationCommerad Airaraft
Rilot' slicense. Applicantsmust pass, with at least
75 percent correct, atest given by ADA demon-
grating knowledgeof (1) agriculturd pegticides, and
(2) safeflight and gpplication procedures, indluding
those pertaining to applicationsin thevicinity of
schoals, day carecenters, hedth careingtitutions,
andresdences. Applicantsmust dsofileanannud
renewal gpplication by December 1 and pay are-
newd fee Thelicenseisvdidfor thecaendar year
issued and expireson December 31 of each year.
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Agricultural Pest Control
Advisor’'s License

Theagricultura pest control advisor (PCA) license
isissued by ADA. Applicantsmust passanexam
and afeeisrequired. PCAsneed alicensecover-
ing al specific categoriesinwhichthey intendto
make written recommendations for agricultura
pest control. Annual renewal fee is payable by
December 1. PCA licenses will not be renewed
unlessadvisorscompletesix hoursof continuing
education units (CEUS) gpproved by ADA inthe
previouslicensing year or retaketheexam.

The ADA prepares and administers the test.
Everyone must take the CORE test, covering
Arizona pesticide laws, rules and regul ations,
and general pesticide safety principlesand prac-
tices. Separate tests are available in the fol-
lowing categories:

® control of insects, mites, and other inverte-
brates

control of plant pathogens

control of nematodes

control of weed pests

defoliation

plant growth regulators

vertebrate pest control

PCA applicants must score a minimum of 75
percent on each section taken. The license is
issued for those areasin which competenceis
established. The applicant must passthe CORE
section beforealicenseisgranted. Inthe event
an applicant passesall category tests, but fails
to pass the CORE test, the applicant will not
be granted alicense until the CORE is passed.

Continuing Education Units (CEUS)

ADA requirescontinuing education units (CEUS)
for both private (3 hours), commercia (6 hours),
and PCA license (6 hours) recertification. One
hour of credit will be given for each fifty (50)
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minutes of actual instruction on subject matter
related to thelicense or certification. Continu-
ing education instruction must be approved by
ADA. Documentation of completion of the
CEU creditsisprovided to ADA. For verifica
tion purposes, ADA provides forms for the
sponsor of the CEU instruction.

Recor dkeeping and Reporting

ADA requires al holders of sdller permits to
maintai n records showing thereceipt, sale, ddliv-
ery, or dispogition of al pesticides or pesticide
devicesfor aperiod of two years.

Private Applicators and Regulated Grow-
ers must record pesticide application data on
an ADA-approved form after completing an
application of arestricted-use pesticide. The
record will contain thefollowing:

name and certification number of applicator
nameand permit number of the seller

crop and number of acres

name of the pesticide and EPA registration
number

rate/acre of activeingredient or formulation
total volume of mix/acre

dateandtime of application

location of field (by county, range, township,
and section)

nameof regul ated grower and method of ap-
plication.

Thisrecord must be retained for two years after
the date of application.

Sendtive Areasand Buffer Zones

As a pesticide applicator you must be aware
that there are areasthroughout the state that fall
under specid jurisdiction. Thefollowingtable
lists the guidelines that must be observed for
aerial and ground applications of highly toxic
or odoriferous pesticides.
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Table 8.1 Buffer Zonesin Arizona

AERIAL APPLICATIONS

School, Day Care Health Care Resdential
Highly Toxic (Liquid) V4 mile 400 feet 100 feet
Highly Toxic (Dust) V4 mile 400 feet 300 feet
Odoriferous V4 mile Y4 mile VAmile
GROUND APPLICATION

School, Day Care Health Care Resdential
Highly Toxic (Liquid) V4mile 400 feet 50feet
Highly Toxic (Dust) V4mile 400 feet 300 feet
Odoriferous V4 mile Y4 mile Vamile

Senstive areas have buffer zones around them
created to keep highly toxic pesticides at a safe
distance. They are often designated because of
past complaintsor proximity of schools, day care
centers, health carefacilities, and residential ar-
eas. Applicatorsarerequested to notify the ADA
at least 24 hoursprior to any application. When
you are applying around a school or other areas
that might be sengitive, itisgood practicetotele-
phone and notify peopl e that thereisgoing to be
angpplicationinthearea. Speak to someoneina
responsible position and keep a record of their
namefor futurereference. Pesticide management
areas (PMAS) aredesignated by the ADA. Ap-
plicatorsmust try to notify ADA at least 24 hours
prior to any gpplicationinthesearess.
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V. Arizona Pegticide
Permit Requirements

Grower’ sPermit

A grower’ spermit alowsthe holder to purchase,
or contract for the application of, pesticides to
lands he owns, rents, or leases for growing or
producing an agricultural commodity. Only one
permit is necessary for al parcels under the
person’ s control, unlessthey buy or apply pesti-
cidesunder different businessnames; inthiscase
apermitisneeded for each enterprise. Thegrower
completes an ADA gpplication. This permit is
paid annudly, renewableby March 1 of eechyear.

Sdler’ sPermit

A sdler’ spermitisrequired for anindividua or
company to engage in the business of sdlling or
ddivering liquid pesticides in containers larger
than one gallon, dry/granular formulations in
quantities greater than fifteen pounds, fertilizer/
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pounds, or RUPs in any container size. The
applicant completesaformwhichissent to the
ADA withafee. A permitisissued and permit
number assigned. Seller and grower permit
numbers must appear on each delivery ticket
and container delivered. Permits are valid for
oneyear, renewable by March 1.pesticidecom-
binationsin containersover fifty

VI. Arizona Certification
for Applying Restricted-Use
Pesticides (RUPS)

The ADA certifies applicatorswho wish to buy,
apply, or supervisethe use of restricted-use pesti-
cides. Certification training is provided by The
University of Arizona s Cooperative Extension.

Agricultural Applicators

Applicatorswho userestricted pesticidesinthe
production of an agricultural commodity are cer-
tified by the ADA in two categories: private
(on land owned or rented by an individual or
employer) or commercia (on other people’s
property for pay). Thisdoes not replace acus-
tom license.

Private Agricultural Applicators

Farmers, orchardists, and otherswho apply pes-
ticidesto their own or their employer’ sland to
grow or produce an agricultural commodity
have a choice of two ways to prepare for the
required examination:

1. The University of Arizona’s Cooper a-
tive Extension offersclassesto prepare
for thepesticidel nitial Certification Test
given by the ADA.

- Or -
Sdf study and written examination: The
applicant may obtain study guides from
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thePublicationsDistribution Center, Co-
oper ative Extension, (520) 621-1713, then
takeawritten exam at the ADA officeor
any local ADA digtrict office by appoint-
ment. The private applicator isrequired to
passa CORE examinationwith ascoreof 75
percent or higher.

The CORE requiresknowledge and understand-
inginthefollowing aress:

Statutes and rules relating to the application
and use of regtricted use pesticides
Pesticidelabelsand labeling

Principlesof pest control and pesticidetermi-
nology

Pedticide safety and toxicity

Pesticide application equipment and calibra-
tion

Common causesof accidents

Need of protectiveequipment and clothing
Poisoning symptoms

Practicablefirst aid

After passing the exam, the applicant receives
an application to be returned with the certifica-
tionfeeto ADA. Private gpplicatorspay anini-
tial certificationfee, whichisgood for oneyear.
A renewal fee is due September 1, with expi-
ration September 30 of the following year.
Three ADA-approved continuing education
units (CEUSs) are also required for recertifica-
tion.

Commercial Agricultural
Applicators

An applicant for commercia agricultural certifi-
cation must take and pass, withagrade of 75 per-
cent or higher, two tests prepared and adminis-
tered by the ADA. Thefirgt, or CORE test, cov-
ersthefollowing:
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L abel/labeling comprehension
Sefety

Environment

Agricultural pests

Agriculturd usepesticides
Application techniques/equipment
Lawsand regulations

A category examination follows the core exam
for commercid certification. Theagpplicant must
demonstrate practica knowledgein oneor more
of thefollowing categories:

agricultura pest control

forest pest control

Seed treatment

aguatic pest control

regulatory (rodent) pest control
regulatory (M-44) pest control

Anyone failing the CORE and/or category ex-
ams may apply for reexamination after seven
days. After passngthe CORE and category tests,
the applicator completes a certification applica
tion. Certification credentialswill cover only the
categoriestested and passed. Applicantsmay test
inasmany categoriesasthey desire.

Government employeesare exempt fromtheini-
tid commercid applicator certification fee. Certi-
ficationisvalidfor oneyear; theannual renewa
(government employeesexempt fromfee, not re-
newal) isdueby September 1, expiring Septem-
ber 30, thefollowing year.

Proof of six continuing education units (CEUS)
isrequired at thetimeof renewa. Additiond in-
formationisavailable at thefollowing addresses:

ArizonaDepartment of Agriculture
1688 West Adams

Phoenix, Arizona 85007

(602) 542-3578

TheStructural Pest Control Commission
9535 E. Doubletree Ranch Road
Scottsdale, Arizona85258-5514

(602) 255-3664

Presentation of Continuing Education
Units(CEUs)

In order to present continuing education units
(CEUs) for certification credit, therequirements
inthefollowing table must be met, and the hours
must be approved by the ADA, Environmental
ServicesDivision. (SeeTable8.2)
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Table8.2. Requirementsfor approva of CEUs

Department of Agriculture, Environmental ServicesDivison

Submittedby’

Required:

Form

Outlineshowing dasstitieandtimes
Hoursrequested

Sponsor Identification

Number of presentationsapproved
Submittal dates:

Category spedific:

Evduaedby:

Deadlinefor submisson
of CEU creditsfor theyear:

Contact person:
Contact telephone:

! Late submissions may be accepted.

Anyonewithanagriculturd programdedingwith
pedticideuse

No

Yes

Yes

Y es. Nameand addresses (Spesker/presenter
biographiesmay berequired)

Oneatatime

Two weeksprior to event!

Not required

In-house Committee

Withrenewd application ( Renewd dueby
Sept. 1; expireson Sept. 30) 2

Cetificationand Traning Specidis, ADA

(602) 542-0901

2 PCA's have different dates.

VII-11



Chapter 8 Federal & Arizona Agricultural Laws

Chapter Eight

Federal & Arizona Agricultural Laws — Question and Answer
Review

1. Q. What isthefull nameand acronym of thefeder al agency mandated toregulatepesticides?

A.

2. Q.

w
> O

~
> O

Environmental Protection Agency, or EPA.
What isthefull nameand acronym for thelaw EPA usesto manage pesticides?
Federa Insecticide, Fungicide, and Rodenticide Act, or FIFRA.

What isthefull meaning of FQPA?
The Food Quality Protection Act.

Discussthetwo types of penaltiesdefined by FIFRA for applicator swho violatethelaw?

FIFRA providesavil pendtieswhentheviolation of aregulationwasunintentiond and crimind pendties
whenthelaw wasknowingly violated.

Definerestricted entry interval (REI).

A. Thetimeimmediately following goplication of apesticideto atreated areawhen unprotected workers

may not enter.
EPA regulationsrequirewar ningsbegiven toworkers. Discussthewar ning requirements.

Warningsmust betimely to thesituation, and thelabe may reguirethat they begivenoraly, by pogting,
or both, and should be given inthelanguagethat can be understood by theworkers.

. Which federal agency setsfood tolerancesfor pesticides? Which federal agency enforces

food tolerancesfor pesticides?

EPA satsfood tolerances; FDA enforcesfood tolerances. USDA enforcestolerancesin meat.

. Can statesset standar dslessstringent than Federal FIFRA requirements?

No. Statesmay make standards stricter, but never lessstrict, than federal standards.

. What stateagency hastheprimary responsibility for regulatingagricultural pesticideuse

in Arizona?
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A. TheArizonaDepartment of Agriculture.
10. Q. Whoneedstobecertifiedin Arizona?

A. Anyonewho usesor supervisesthe use of pesticides classified asredtricted-use.
11. Q. What isthecriteriafor aprivateapplicator?

A. A privategpplicator gopliesor supervisesthe gpplication of restricted-use pesticidesto produceagricul-
turd commoditieson land owned or rented by thegpplicator or hisor her employer. A privategpplica
tor may aso gpply or supervisegpplication on someonedse sland, aslong asno compensation other
than trading of persona servicesisinvolved.

12. Q. What isthecriteriafor acommer cial applicator?

A. A commercid gpplicator ispaidtoapply or supervisethegoplication of restricted-use pesticidesfor any
purpose on property hedoesnot own.

13. Q. How often must licenses, per mits, and certification credentialsberenewed?

A. Licenses, permits, and certification credentid smust berenewed annudly.
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GGLOSsARY OF TERMS

Thisisapart of publication az1149: “ ArizonaAgricultural Pesticide Applicator Training Manual,”
2000, Collegeof Agricultureand Life Sciences, The University of Arizona, Tucson, Arizona, 85721.
Full publication located at http://ag.arizona.edu/pubs/insects/az1149/
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Glossary of Terms

2-PAM  Medicd antidoteused for emergency trestment of acute organophasphate poisoningsonly.
abrasve Tendingto rub or wear away.

acaricide Pedticideusedto control mites, piders, andticks.

accumulative pesticide Pegticide that tends to “build up” in animals or the environment.
activeingredient Ingredient that “doesthework” in apesticide formulation.

acutetoxicity Toxicity producing sudden and dramatic symptoms from asingle dose of pesticide.

adhesive Substancethat will cause spray materia to stick to sprayed surface, often referred to as
“dticking agent.”

adjuvant Chemicd or agent, such aswetting agent or Spreader, added to apesticide mixtureto helpthe
activeingredient do abetter job.

agitate To keep pesticide chemica mixed; to prevent from settling.
agitator Deviceusngapaddle, ar, or hydraulic actionsto keep apesticidemixedinthe sprayer.

antagonism  Whentwo or more pesticide chemicasare usedin combination or mixed together (the
oppositeof synergism), resultingin decreased toxicity.

anticoagulant Chemical used in bait to kill rodents by preventing normal blood clotting.

antidote Practicd, immediatetreatment, includingfirgt aid, in caseof poisoning; remedy used to counteract
effectsof poison.

atropinesulfate Medica antidote used for emergency treatment of acute organophosphate and
carbamate poisonings.

backsphoning Actioninwhichfluid or spray materid movesfromthe sprayer back totheorigina source.

band application  Applicationtoacontinuous, defined area, such asin or dongacrop row, rether than
overtheentirefield.

biennial Plant that completesitslife cyclein two years, producing leaves and storing food in the
first year and producing fruit and seedsin thesecond.
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bioaccumulation  Exponential accumulation of chemicasthroughfood chain. Alsocdled
“hbioconcentration.”

biological insecticide Biological control agent that killsinsects.

biological magnification Processwhere pesticidesmoveupthefood chain.

botanical pegticide Pesticidederived fromplants.

brandname Thetrademark nameused by achemica company for apesticide product.

buffer zone Areaset asdearound aschool, day care, hedth center, or resdencewhereexposureto
highly toxic or odoriferouspedticidesisredricted. Buffer zonesdiffer for agrid and ground gpplications.

Check with sateregulatory agenciesfor specificaress.

carbamates Group of chemicaswhich are salts or esters of carbonic acid. Carbamatesinclude
insecticides, herbicides andfungicides

carcinogen  Substance or agent capable of producing cancer.

caution On pesticide labdl, the signal word for dightly toxic pesticides, as defined by the Federal
Insecticide, Fungicide and Rodenticide Act (FIFRA).

certified applicator Any individua certified to apply or supervise application of any restricted-use
pesticide covered by that individua’s certification.

chemical name Scientific name of the active ingredient of a pesticide, derived from its physical
structure.

cholinesterase  Enzyme produced by thebody to control transmission of nerveimpulses. Thisenzymeis
inhibited or “tied up” by organophosphateand carbamatechemicals.

chronictoxicity Toxicity producing less specific symptoms than acute toxicity, usualy occurring
with small, repeated exposuresto chemicason aregular basisover an extended period of time.

commercial applicator Person paid to apply or supervise application of pesticidesfor any purpose
on property that person does not own.

common name A shortened namethat EPA recognizesasasubgtitutionfor aproduct’ schemica name.

compatibility  Ability of two or more chemicalsto be mixed together or used in combination
without affecting each other’ s properties.
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cultural control  Control measuresused to prevent pest damagerather than diminating anexiginginfesta:
tion. Culturd practicesreduce pest popul ations by dtering the environment, the condition of ahost plant,
or thebehavior of thepest.

commercial applicator  Person paidto goply pesticideson agriculturd land that belongsto someonedse.

danger Signa word on pesticidelabels, for highly toxic pesticides, often associated with askull and
crossbones.

decontaminate To safely remove any pesticide from equipment or other surface as directed on a
pesticide label or by aregulatory authority.

direct supervison Seeunder thedirect supervision of.
dosage Specific amount or rate of pesticide.

drift  Uncontrolled airbornemovement of spray droplets, dust particles, or vapor away fromthetarget area
of application.

dust Dry mixture consisting of pesticide and someinert carrier such asclay or talc.

economicthreshold Thepest density at which control measures should be applied to prevent anincreas-
ing popul ation from causing economic damage.

emergence Actionof ayoung plant bresking through soil surfaceor aninsect emerging fromanegg or
pupa

emulsifiable concentrate  Produced by dissolving toxicant and emulsifying agent in organic sol-
vent. Solventssubgtantidly insolubleinwater areusudly sdlected becausewater-misciblesolventshave
not, ingenerd, proved satisfactory.

endangered pecies  Speciesof arthropod, anima, mammal or plant that iscons dered closeto extinction
and protected by law; habitat may aso be protected.

environment  Interreationshipsexisting betweenwater, ar, land, plants, people, and ather living organisms.

EPA (Environmental Protection Agency) TheFederd agency respons blefor administering the Federal
Insecticide, Fungicideand Rodenticide Act (FIFRA).

FIFRA Federd Insecticide, Fungicide and Rodenticide Act (amended); the Federal pesticide law.
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fumigant  Substance or mixture of substances producing agas, vapor, fume, or smoke, intended to
control pests. Fumigantsmay bevolatilesolids, liquids, or gases.

gpa Gdlonsperacre. A measureof liquid moved by apump.
gom Galons per minute. A measure of liquid moved by a pump.

granular pegticide Pesticidemixedwith or coating small pdletsor sand-likematerids, often goplied with
Seedersor preadersto soil.

growerspermit  Permit required by state law for persons gpplying pesticidesto their commercia
agricultura land.

hazard Risk of apedticide causing injury to the applicator, workers, the public, or the environment.
herbicide Pesticide used to kill plants or inhibit plant growth. Weed or grasskiller.
illegal resdue Pedticideresduein excessof apre-established, legdly-safelevd.

inert ingredient  Inert liquid or solid material added to active ingredient to prepare a pesticide
formulation. Theseingredientsare usudly carriers.

inhalation toxicity Poisoning through the respiratory system.
inorganicpedticides Naturally-occurring pesticidesubstance, usudly indlementa form.

insect growth regulator (IGR)  Synthetic pesticide that mimics insect hormonal actions preventing
the exposed insect from completing its normal devel opment cycle and becoming an adullt.

labe  All written, printed, or graphic matter on or atached to the pesticide container, the outs de container,
or thewrapper of the pesticideretail package.

labelling  Information and other written, printed, or graphic matter accompanying apesticide; thecontain-
ers, wrappers, or supplementd literaturethat comewith thepesticide.

larva Wormlikeor grublikeimmature stageof aninsect. Stagebetween egg and pupacf moths, butterflies,
and beetles.

LD . Edimated dosagenecessary tokill 50% of atest speciespopulation under stated conditions; ex-

50

pressedinmilligramsper kilogram of body weight (mg/kg).

leach Tomovedownwardthrough soil withrainor irrigation weter.
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low-pressureboom sprayer A machinewhich can ddliver low to moderatevolumesof pesticideat
pressuresof 30-60 psl.

metamorphods  Seriesof changesthroughwhich aninsect passesinitsgrowth fromegg through larvae
and pupato adult.

microencapsulation Method of encasing active ingredientsin fine, granular materia (often polyvi-
nyl) to produce sustained, even reease of pesticide.

mig blower  Sprayer inwhichhydraulic aomization of liquid a thenozzleisaided by air blast past the
sourceof thespray.

molluscide Pesticide used to control dugs and snails.
nematicide Pegticide, often soil fumigant, used to control nematodesinfesting rootsof plants.
nonaccumulative Not building up or accumulating in organisms or the environment.

nonperssent petticide  Pedticidelagting afew weeksor less; usualy broken down by light, microorgan-
iSms, or evaporation.

nonselective pesticide Pesticide generaly toxic to plants or animals without regard to species.
Usudly refersto aherbicide.

nontarget organism  Plant or anima other thanthe onetargeted by the pesticide gpplication.
nozzles Devicesthat control drop Size, angle, rateuniformity, and thoroughnessof apesticide gpplication.

oral toxicity Ability of apesticide or chemical to sicken or kill an animal or human when eaten or
swallowed.

orifice Opening or hole in anozzle through which liquid material isforced out and broken up into a
Sray.

pathogen Any organism which can cause disease. Pathogensinclude fungi, bacteria, viruses,
mycoplasmas, and hematodes.

perennial  Plant normally living for more than two years (e.g., trees and shrubs).

persstent pesticide Pesticide remaining active in the environment more than one growing season.
Pesticide with along half-life.
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pet Bylaw,formsof plant, animd life, and viruses whenthey exist under circumstancesthat mekethem
injuriousto plants, man, domesticanimas, and other useful vertebratesand invertebrates.

pesticidetolerance Seetolerance.

pheromones Chemicas produced by insects and other animals to communicate with and influence
the behavior of others of the same species.

phytotoxic  Injuriousor toxictoplants.

plant growthregulator  Substancethat dtersthegrowth of plants. Theterm doesnaot include substances
intended soldly for useasplant nutrientsor fertilizers.

postemergence Applied after the appearance of a specified weed or crop.
preemergence Applied to emergence of a specified weed or crop.

preharvest interval (PHI)  Minimum number of days permitted by law between thefinal pesticide
application and harvesting of crop.

private applicator Person who applies or supervises application of restricted-use pesticidesto
produce agricultural commodities on land owned or rented by that person or his’her employer.

personal protective equipment (PPE)  Clothing or any other materias or devicesthat shield the
applicator from unintended exposure to pesticides.

protectiveequipment  Seepersonal protective equipment.

pyrethroids Synthetic insecticides that mimic natural pyrethrinsfound in the flowers of plants
bel onging to the chrysanthemum family.

rate  Amount of active ingredient of pesticide applied per unit area(e.g. Ib/ac).

reentryinterval Lengthof timethat must € gose between pesticide gpplication and reentry into application
area.

regigration Approved by Environmental ProtectionAgency for useof apesticideasspecified onthe
pesticidelabdl.

resdue Amount of chemical that remains on harvested crops.
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resstance Ability of anorganismto suppressor retard theinjurious effects of apesticide.
respiratory exposure Exposureto apesticidethrough breething.

resricted usepegicide(RUP) Pedticideclassifiedfor restricted useunder provisonsof the Federd
Insecticide, Fungicide and Rodenticide Act (FIRFA), amended.

rodenticide Pesticide used to control rodents.

sectivepegticide Pegticidemoretoxic to somespeciesof plant, insect, animd, or organismthanto
others.

sler’'spermit  Permit required by statelaw for anindividud or firmtosdl or deliver quantitiesof re-
dricted-usepesticidesgreater than 1 gdlonliquid or 15 poundsdry, or pesticidesand fertilizers
combinations over 50 pounds.

sex attractant  Seepheromone.

signal word  Word that must appear on pesticide label s to denote the relative toxicity of the product.
Signa words are DANGER, WARNING, and CAUTION.

soil application  Application of chemical to soil rather than to the vegetation.

soil fumigant  Pedticidethat, when added to soil, formsagastokill pestsinsoil. Usudly atarpaulin, plagtic
shedt, or soil layer isused to tap the gaswithinthe soil.

soluble powder  Powder formulation that dissolves and forms a solution in water.

spillage  Leaking, running over, or dripping of pesticide chemical. Spillage should be contained and
cleaned up immediately for safety.

spray drift  The movement of airborne dust or spray particles from the intended area of application.
stomach poison Peticide that must be ingested in order to kill atarget insect or animal.

summer annuals Plantsthat germinate in spring, make most of their growth in summer, and diein
fall after flowering and seeding.

surfacewater  Water |ocated aboveground inrivers, lakes, ponds, streams, irrigation canas, and ditches.

suspension Very findly divided solid particles evenly dispersed in liquid.
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symptom  Indication of diseaseor poisoning inaplant or animal.

systemicpesticide Pegticideappliedinoneareaand trand ocated or moved to another part of the organ-
ism. For example, systemicinsecticideisappliedto soil and wateredin, theinsecticideisabsorbed by the
roots, thentrave sthroughout the plant, killing organiamsfeeding ontheplant.

tank agitator Seeagitator.

tolerance  Maximum amount of pesticide chemical that can legdly remain in or on raw agricultural
commodity.

toxicant A poison.

toxicity Natura cgpacity of asubstanceto produceinjury or death. Toxicity ismeasuredby ord, dermdl,
andinhdaiongudiesontest animals

tradename Seebrand name.

trandocated pesticide Pesticide that moves within aplant or animal from entry site. Systemic
pesticides are trand ocated.

ULV UltraLow Volume. ULV sprayersapply chemica concentrate with aminimum of liquid
carier.

under thedirect supervison of  Application of apesticideis made by aperson acting under the
instruction and control of a certified applicator, responsible for the actions of that person. The
certified applicator isavailable if and when needed, even though the certified applicator is not
physically present at the time and place of the pesticide application.

vertebrate Anima with abony spinal column. Vertebratesinclude fish, mammals, birds, and
snakes.

virus Microscopic pathogen that requiresliving cells for growth and is capable of causing diseases
in plantsand animals. Plant viruses are often spread by insects.

warning Thesigna word onalabel of apesticide containing moderately toxic pesticides as defined
by the FIRFA, amended.

water soluble Capable of being dissolved in water.
weed Planttha isundesirabledueto certain characterigicsor toitspresencein certainaress. “A plant out

of place’.
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weed control  Processof inhibiting weed growth and limiting weed infestations so thet cropscan begrown
profitably or other operationscan beconducted efficiently.

wettablepowder A powder formulation thet, when added to water, formsasuspenson.
winter annual  Plantsthat germinateinthefdl and completethar lifecydeby early summer.

Worker Protection Sandard (WPS)  Federd regulaionsdesigned to protect agriculturd workersand
pesticidehandlers.
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