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Chapter 3

Pesticide Types & Formulations

. Introduction

Chapter Objectives

By the time you finish this chapter, you

will

» knowthedefinitionof apesticide;

»  know ddfinitionsand abbreviationsfor
typesof formulations;

» befamiliar with the mgor families
of pesticides and their modes of
action;

» know what to consider in choosing
the best formulation and when to
useit;

* understand the dangers of various
formulations and how to protect
yoursdlf.

TeamsToKnow

Abradve— Cgpableof wearing away or grinding
down another object.

Activelngredient — Chemicd that controlstar-
get pest and hastoxicity.

Aerosol — Fine spray produced under pressur-
ized gasthat leavessmall finedropletsof pesticide

suspendedinair.
Agitation — Processof girring or mixing.

Alkaline — Opposite of acidic; having pH
greater than 7.

Carrier — Primary materia used alowing ef-
fective pesticidedispersal; for example, talcin
dust formulations.

Compatibility — Ability of two compounds
to mix without affecting each other’ s chemi-
cal properties.
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Dilute— To makeless concentrated.

Emulson— Mixtureof two or moreliquidsthat
arenot solublein one another; oneissuspended as
amdl dropletsintheother.

Insoluble— Doesnot dissolveinliquid.

Nontar get — Any Steor organismother thanthe
Steor pest toward which the control measuresare
being directed.

Pesticide handler — Personwhodirectly works
with pesticides, such asmixing, loading, transport-
ing, storing, disposing, and applying, or workingon
pesticideequipmen.

Petr oleum-based — Madefrom petroleum prod-
ucts, such asxylene, refined oil, or kerosene.

Soluble— Abletodissolvein another substance,
usudly asaliquid.

Solution — A mixture of substance without
chemical changetaking place.

Solvent — Liquid, such aswater, kerosene, xy-
lene, or dcohal, that will dissolvepesticide (or other
subgtance) toformsolution.

Sugpenson — Subgtancethat containsundissolved
partidesmixed throughout liquid.

Tar get pest — Pest toward which control mea-
suresarebeing directed.

ULV (ultra-low-volume) — Concentrationsthat
gpproach 100% activeingredient.

Volatile— Evaporating rapidly; turningeesly into
agasor vapor.
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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 sterilize 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 the pest.
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

Inorganicinsscticdesarenauraly 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
havinglong-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 sHected
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-
phatesbreak 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) break 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 stage.
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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 arecommonly ussd aspreamer-
gence herbicides, although some have
postemergenceactivity (e.g., chlorpropham).

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

ingasx-sdedring. A dlasscexampleistheherbi-
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 asgrowth regulators(e.g., 2,4-D).

Amides contain the e ement nitrogen. Generally
smple moleculesthat 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. Someusssindudelive-
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

111-10



Chapter 3

Pesticide Types & Formulations

thenozzlevaveistriggered. Thepedticideisdriven
through afine opening by aninert gasunder pres-
sure, creating finedroplets. These productsare
used in greenhouses, in smdll areasinside build-
ings, or inlocalized outdoor areas. Commercia
models, which hold 5 to 10 pounds of pesticide,
areusudly refillable.

Advantages:

®* Readytouse

* Easlygored

® Convenient way to buy small amount of
apesticide

® Retainpotency over fairly longtime

Figure 3.6 Aerosols

Disadvantages:
* Practicd for very limited uses
® Riskof inndaioninjury

® Hazardousif punctured, overheated, or used
near an openflame

¢ Difficulttoconfinetotarget Steor pest

Formulations for Smoke or Fog Generators

Theseaerosol formulationsare not under pressure.
They areused inmachinesthat bresk theliquidfor-
mulaionintoafinemis or fog (aerosol) usngargo-
idly whirling disk or hested surface. Theseformula:
tions areused mainly to control insect pestsindruc-
turessuch asgreenhousesand warehouses, and to
control mosguitoesand biting fliesoutdoors.

Advantages:

® Easywaytofill entirespacewith pesticide

Disadvantages:
* Highly specidized useand equipment
* Difficulttoconfinetotarget Steor pest

* May requirerespiratory protectionto prevent
risk of inhaéation injury

Invert Emulsions

This mixture contains a water-soluble pesticide
dispersed in an ail carrier. Invert emulsons re-
quire aspecid kind of emulgfier that dlowsthe
pesticide to be mixed with a large volume of
petroleum-based carrier, usudly fud oil. When
goplied, invert emulsonsform largedropletsthat do
not drift eesly. Invert emulgonsaremost commonly
usadin vegetation control wheredrift to susceptible
nontarget plantsisaproblem.
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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
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® 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

[11-15



Chapter 3

Pesticide Types & Formulations

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.
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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 6to 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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