
































































































































To prevent rodent entry, seal all holes greater
than 1/4 inch with durable materials. Steel
wool packed tightly into openings is a good
temporary plug to close potential entry
points and protect other areas from gnawing.
Fill gaps or flaws that often exist along build-
ing exteriors. Screen ventilation openings
and windows. Install flashing so that doors
fit tightly.

Use materials such as mortar for concrete
buildings. Hardware cloth (wire mesh),
galvanized sheet metal, brick, and aluminum
of 22 gauge or thicker is recommended for
flashing and covering openings. Choose metal
grates with holes no larger than 1/4 inch for
floor drains.

Sanitation

Poor sanitation is one reason for moderate to
high rodent populations in urban and sub-
urban areas. In some environments, proper
sanitation cannot eliminate rodent popula-
tions, but it can often prevent rodents from
flourishing in large numbers.

Sanitation involves good housekeeping, in-
cluding proper storage and handling of food
materials, feed, and edible garbage. Keep pet
food stored in metal rodent-proof containers.
Properly store and regularly dispose of garbage
from homes, restaurants, warehouses, facto-
ries, and other such sources.

Sewers are inhabited by Norway rats in

some cities and towns. Rats may enter at
outlets and through utility access, catch
basins, broken pipes, or drains. Since Norway
rats are excellent swimmers, water traps

do not impede their movement; in fact,

they can travel upstream against a current.
The problem of rats in sewers is usually
greatest in places where sanitary sewers are
interconnected with storm sewers, thus
providing multiple entry points. The domestic
sewer of an average community provides
enough food to sustain a large number

of rats.
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Elimination of Harborage

Regular removal of debris and control of
weeds from around structures will reduce
the amount of shelter available to rodents.
Blackberry brush, for example, is a common
harborage for rats. In some instances, a strip
of heavy gravel placed adjacent to building
foundations or other structures will reduce
rodent burrowing at these locations. In any
event, keeping the periphery of buildings and
structures clean of weeds, debris, and stored
materials will discourage rat activity and will
allow easier detection of rat signs.

Trapping

Trapping can be an effective method of
controlling rodents, but it requires more
skill and labor than most other methods.

It is recommended where rodenticide use
is inadvisable due to accessibility by people
or pets. Trapping is the preferred method to
try first in homes, garages, and other small
structures where only a few rodents may

be present.

Trapping has several advantages: 1) it does
not rely on inherently hazardous rodenti-
cides; 2) it permits users to view their suc-
cess; and 3) it allows for disposal of rodent
carcasses, thereby eliminating odor problems
from decomposing carcasses when poisoning
is done within buildings.

The simple, inexpensive, wooden snap

trap is available in most hardware and farm
supply stores. Bait traps with a small piece of
hotdog, bacon, or nutmeat tied securely to
the trigger. Peanut butter or marshmallows
also may be used as bait. Baits that become
stale lose their effectiveness. Use only fresh
bait. Set traps close to walls, behind objects,
in dark corners, and in places where rodent
activity is seen. Place the traps so rodents
following their natural course of travel
(usually close to a wall) will pass directly
over the trigger. Set traps so the trigger will
spring easily.



Use enough traps to make the campaign short
and decisive. Leaving traps unset until the bait
has been taken at least once reduces the chance
of rodents escaping the trap and becoming
trap-shy.

Other kinds of traps also are effective in catch-
ing rodents. Wire mesh cage traps and wire
funnel entrance traps can be used effectively
to capture rodents alive.

Keep traps reasonably clean and in good
working condition. When dirty, clean them
in a hot detergent solution using a stiff brush.
Human and dead rodent odors on traps are
not known to reduce trapping success.

An alternative to snap traps and live traps

are “glue boards,” which catch and hold the
rodents attempting to cross them much the
same way flypaper catches flies. Place glue
boards wherever rodents travel—along walls or
in established pathways. Do not use glue boards
where children, pets, or desirable wildlife

can contact them. Glue boards lose their
effectiveness in dusty areas unless enclosed in

a bait box. Temperature extremes and moisture
may affect the tackiness of some glues.

Dispose of live, trapped rodents by submerging
the glue board in water to drown the animal.
Sharp blows to the base of the skull will also
Kill the animals. If pets or children become
entangled in the glue, remove the glue board
by liberally applying cooking or engine oils to
dissolve the adhesive.

Chemical Control

Most rodenticides are incorporated into
food baits. It is a good practice to prebait areas
with nontoxic baits to make sure the rodents
will feed on it. Then add toxicants to the bait
which the rodents have accepted. Make sure
baits do not become rancid and otherwise
unappetizing to the rodents. Keep baits out of
the reach of children, pets, and other nontar-
get animals by using bait stations. A variety of
bait stations are available on the market.

Multiple-dose (chronic) rodenticides are, for
the most part, anticoagulants that have a

Right and Wrong Ways to Place Snap Traps
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Single trap set with

trigger next to wall. YOur success.

Wrong—trigger not
next to wall.
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The double set increases
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Wrong—parallel set with
triggers on the inside.

Double set placed parallel
to the wall with triggers
to the outside.
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Wrong—trap too far
from wall.
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cumulative toxic effect on rodents. Repeated
ingestion causes the animal’s blood to lose its
clotting ability. Death occurs from internal
bleeding that begins 3 to S days after the first
ingestion of the bait. Because they are slow
acting, these compounds do not normally
produce bait shyness. However, anticoagulant
resistance can occur in some populations of
rodents when using anticoagulant baits.

Most anticoagulant rodenticides require
multiple feedings (chronic dose) to obtain

a lethal dose. In Washington these include
chlorophacinone, diaphacinone, and
warfarin. Second generation anticoagulants
on the market work after one or two feedings
(acute dose); these include brodifacoum,
difenacoum, and bromadiolone.

Anticoagulants have the same effect on nearly
all warm-blooded animals, but sensitivity
varies among species. If misused, anticoagu-
lant rodenticides can be lethal to nontarget
animals such as dogs, pigs, and cats. Addition-
ally, residues from anticoagulants present in
the bodies of dead or dying rodents can kill
scavengers and predators. In general, however,
the potential secondary poisoning hazard
from anticoagulants is relatively low.

In the case of accidental ingestion of anticoag-
ulants by humans or pets, vitamin K, or blood
transfusions are effective corrective treatments.
The availability of treatments, as well as the
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toxicant’s slow action, make most anticoagu-
lant baits among the safest rodenticides.

If rodent populations are large or pose a
health hazard, the use of rodenticides that act
quickly is preferred to anticoagulants fed over
a long period. However, the fast-acting roden-
ticides (zinc phosphide, bromethalin, and
cholecalciferol) generally pose more potential
harm to certain nontarget species.

Tracking powders are toxicants mixed

with a dust which can be used for rodent
control. The toxic powder adheres to the
rodent’s feet and fur and is consumed during
grooming. Most tracking powders incorporate
anticoagulant rodenticides.

Washington has specific rules relating to the
use of tracking powders (WAC 16-228-1380).
The rule states that rodenticide tracking
powders shall not be used in any manner that
will expose people, nontarget animals, food,
feed, drugs, or other consumer commodities
to the powder. Tracking powders can not be
used in residential structures without prior
permission from WSDA.

Remember to always read pesticide labels for
precautions. Keep rodenticides away from
children, animals, wildlife, food, feed, and
water supplies. Be aware of the proper first aid
and antidotes specified in case exposure or
poisoning occurs.
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Application Principles

This section provides general information
on equipment, application methods, and
calibration. Information on specific
pesticides can be found in the PNW
Insect Management Handbook (MISC0047)
and Extension publications printed by
Washington State University.

The application of chemicals requires conscien-

tious planning.

1. Select the equipment best suited for the
application by considering weather,
terrain, pest life stage, and pest population
density.

2. Use the most effective pesticide
registered, but balance the selection with
concerns about human exposure and/or
environmental impacts.

3. Read the label before purchasing, using, or
disposing of the pesticide.

One problem associated with dispensing
pesticides is the lack of equipment specifically
designed for every pest situation. Appropriate

Equipment, Formulations, and Area Covered

Application Pesticide Treatment
Equipment Formulations Area
Indoor
Aerosol liquid small
Compressed air liquid/powders | small
sprayer
Dusters dust small
Gels gel small
Outdoor
Sprayers
compressed air liquid/powders | small-large
hydraulic liquid/powders | small-large
boom liquid/powders | small-large
mist blower liquid small-large
Foggers (ULV) liquid moderate
Dusters dust small
Spreaders/Seeders | granular small
Blowers granular small to
moderate

application equipment varies depending on
the method of treatment, sites where applica-
tions are to be made, pests to be controlled,
and pesticide formulations. For example,
some products have very short residual activ-
ity and their function is a quick knock down
of the pest population, while other products
act residually.

The following two sections present basic prin-
ciples for application methods and commonly
used application equipment.

Application Methods

Effective pest control depends on proper
understanding of the sections of the label per-
taining to how the pesticide is to be applied to
ensure the toxicant reaches the target area and
pest. The label usually indicates the method
of application to properly place the pesticide
or cover the area that needs to be treated.

Space sprays or bug bombs are used for
indoor pest control. They consist of an aerosol
spray which produces tiny droplets that fill
the air in a room or building. They may be
sprayed directly onto the insects or sprayed
into the air space.

Residual sprays are applied to the resting

sites of adult mosquito and other insects such
as plant material, culverts, the undersides

of bridges, and the inner and outer walls of
structures.

Mists are used outdoors to treat large areas,
although some small mist machines are
designed for small areas.

Fogs are dispensed as thermally-generated
aerosols through combustion exhaust systems,
high-pressure steam exhausts, thermal-pulse
jet systems, or aerosols created by ultra-low-
volume sprayers (cold foggers). Because of
their small particle size, fogs generally are

not suitable for larviciding. They are more
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widely used for adult insect control because
the individual particles do not settle to the
ground rapidly.

Since the distribution of these droplets depends
on air currents and other climatic factors,
exercise care in establishing an application
schedule. Pay close attention to sensitive
people and animals in the application area.

Fogs or mists are used primarily to treat large
areas. The major difference between fogs
and mists is the particle size: fog particles are
much smaller.

Pesticide application using mists or fogs
intended for extensive area coverage must be
closely correlated with climatic conditions.

At the time of application, a temperature
inversion should be present and the wind
should be constant in direction with no
greater velocity than 5 miles per hour. Operate
the application vehicle across the prevailing
wind until the end of a swath is reached. At
this point, interrupt the application to move
the vehicle upwind to the starting point of a
new swath. Again bring the vehicle crosswind.
Repeat throughout the operation until com-
pleting the application.

Granulars are the most frequently used dry
pesticide formulation. These are particles of
bentonite, vermiculite, or other inert sub-
stances impregnated or coated with a toxi-
cant. When applied to water as a larvicide, the
toxicant is released. Granules can be applied
by hand equipment, by power-driven ground
equipment, and by aircraft. They either float
to the surface of the water or mix with the
water as emulsified particles.

Microcapsules are related to granulars. They
consist of a liquid core of toxicant and an
outer shell that dissolves in water.

Application Equipment
Selecting, operating, and maintaining appli-

cation equipment are important. There are
many types of equipment designed to deliver
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granules, dusts, microcapsules, residual sprays,
fogs, or mist. Proper maintenance and calibra-
tion reduce concerns for drift, non-uniform
coverage, and failure of a pesticide to effec-
tively reach target organisms.

Choose a granular applicator that is easy to
clean and fill. It should have mechanical
agitation over the outlet holes. This prevents
clogging and helps keep the flow rate con-
stant. Application should stop when drive
stops, even if outlets are still open. Granular
applicators are speed-sensitive, so maintain
uniform speed. Do not travel too fast for sur-
face conditions. Bouncing equipment causes
the application rate to vary. Clean equipment
as directed by the operator’s manual.

The equipment used for aerosol or fog appli-
cation of insecticides is usually identified by
the size of droplets it produces. These particles
are expressed in units known as microns;

1 micron is 1/1000 of a millimeter (for com-
parison, the diameter of a human hair is
about 50 microns). Mist blowers produce
droplets ranging in size from 50 to 100
microns. Pressurized aerosol dispensers pro-
duce average droplet sizes of 25 to 50 microns.
Ultra-low-volume (ULV) equipment produces
droplets ranging from 1 to 15 microns, and
foggers produce droplet sizes ranging from
0.001 to 50 microns. Space sprays are more
effective when the droplets are fine (less than
50 microns) because more droplets are pro-
duced from a given quantity of insecticide in
this particle size range and remain suspended
in air longer.

Consider the size of your job and how to
reach the target pest. There are many different
types of equipment. The following is a list of
the more common types.

Hand plunger dusters consist of a hand
pump, metal dust chamber, and discharge
tube. The duster is activated only on the posi-
tive thrust of the pump plunger. It is suitable
for applying mosquito larvicide dust to small
aquatic sites and for applying dust into struc-
tural openings.



Rotary dust blowers have a hand-cranked fan
to create a relatively high discharge velocity
air blast into which pesticide dust formula-
tions are introduced.

Dusters are motorized units that produce a
high volume, high velocity of air into which
dusts are discharged for dispersion. They
range from backpack units to large units that
have been incorporated with mist blowers on
sprayers to make a combination unit.

Horn seeders involve a canvas bag with a ta-
pered, telescoping wand or tube located at the
lower front corner of the bag. It is slung over a
person’s shoulder. Granules are released as the
operator’s arm and wand move in a horizontal
motion. Application rates can be adjusted by
opening the base of the wand or by changing
the speed at which the applicator walks.

Cyclone-type spreaders have a cylinder with
an adjustable slot in the base, through which
granules fall onto a rotating disc; they are
manually operated. Granules are dispersed by
centrifugal force. The disc is rotated by gears
activated by turning a crank handle. The rate
of dispersal may be altered by controlling the
size of the slotted opening or by changing the
applicator’s walking speed.

Granular blowers are modifications of large
mist blowers so that granules can be dis-
charged into the air exhaust ducts, or back-
pack dusters to permit dispersion of granules
by introducing them into the outlet side of
the air system.

Compressed-air sprayers have a 1- to 3-gallon
tank in which air in the upper portion is put
under pressure by a hand pump. The pressure
created forces the spray through the nozzle.
Commonly used for treating small areas with
residual sprays.

Hydraulic sprayers consist of a pump that
dispenses spray mixture via pressure through
a nozzle or set of nozzles (boom). In some
sprayers, pressures of up to 600 psi may be
reached. They range in size from backpack to

boat- or truck-mounted models and are com-
monly used for residual sprays.

For residual spraying on surfaces, the best
results are obtained using a flat spray nozzle.
Application is made by moving the wand of
the sprayer in a direction perpendicular to
the fan of the nozzle. The spray is applied
until the surface is wetted to the point of
runoff. Using this type of nozzle, you can
make a more uniform application with less
waste of material.

For aquatic habitats of mosquito larvae such
as relatively narrow roadside ditches, pot-
holes, or other small sites, the hollow cone
nozzle tip on a sprayer wand is best. Depend-
ing on the size of the area involved and the
availability of equipment, use either a hand-
carried pressure sprayer or a mechanically
powered pressure sprayer.

Mist blowers rely on air to carry the water-
based pesticide solutions to the target. Special
nozzles allow a large capacity of air volume
for atomizing the insecticide. The average
diameter of mist droplets formed is approxi-
mately 40 microns, but can range from 10 to
200 microns. Given this wide range in droplet
size, an uneven distribution of the pesticide
over the target area occurs even though the
misting machine discharges the material at a
constant rate. Generally, fogs don’t penetrate
cold exterior walls and depend on air currents
to reach the target site. When used outdoors,
wind speeds over 5 mph or rising thermal air
currents can limit the effectiveness of a treat-
ment. In general, direct fogs as near to the
ground as possible and apply during evenings,
nights, or early mornings. The most common-
ly used units are backpack models.

Thermal-fog generators break insecticides
into fine droplets using hot exhaust gases.
The insecticides are formulated in oil solu-
tions vaporized in the machine. When the
hot gas mixture meets with the cooler outside
air, it condenses into a fog that can reach air
spaces in areas highly obstructed by vegeta-
tion or buildings. Thermal foggers are electric
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or flame. Models that produce a flame should
always be started outdoors.

Thermal fogs can cause explosions. Usually
this is a result of having too high a concen-
tration of fog in the structure and a spark or
flame (such as pilot light) ignites the explo-
sive mixture. To avoid such occurrences,
shut off all pilot lights at the main gas valve
before treatment. Electric switches must not
be turned on or off while fog is in the air.
Because of the potential for problems, allow
use of equipment only by an experienced
operator trained in its safe use.

Ultra-low-volume (ULV), cold-fog generators
introduce low pressure-high velocity air and

a pesticide concentrate into a swirl chamber,
where shearing action of the air produces
extremely fine droplets of pesticide. Droplet
size is relatively uniform and controllable, but
do not penetrate obstructed areas. Units range
in size from portable aircraft mounts. These
are sometimes referred to as ultra-low-dosage
(ULD) applications. Distribution and effective-
ness depend on the production of very small
(1- to 3-micron) droplets. ULV particles float
in still air for several hours.

ULV treatment is very effective against flying
insects and provides good flushing action for
cockroaches. It is often used after a residual
treatment. When these machines are to be
used in potentially hazardous atmospheres
such as flour mills, electric motors must be
explosion-proof; gasoline engines cannot

be used.

When using ULV applications, the tempera-
ture should be above 50°F, and the insecticide
and solvents should be at room temperature
to achieve proper droplet size. Because droplet
size is critical, equipment must be maintained
and operated at specific pressures and flow
rates. Disadvantages of ULV treatment include
a slick residue if oversprayed, poor results in
ventilated areas, and fire hazard. Generally,
ULV treatments have a shorter treatment time
and lower fire hazard than thermal foggers.
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Aircraft apply either liquid spray or granular
materials. For sprays, a boom with appropriate
nozzles is mounted on the aircraft. For granu-
lar applications, a spreader is mounted. Both
fixed-wing and rotary-wing aircraft are used.
Both can make applications to large areas,
including those otherwise inaccessible.

Aerosol dispensers (bug bombs) consist of a
disposable container charged with an inert
gas and an appropriate insecticidal solution.
They are designed for indoor space spraying
and crack/crevice treatment by discharging a
fine mist. They are convenient to use because
they require no special motors, water, or
mixing, but they are relatively more expensive
per unit of insecticide. Keep pressurized
aerosols from freezing. High temperatures
can cause explosions, so do not keep in
warm areas like a vehicle or storage area. Low
temperatures result in a drop in pressure and
improper droplet size. Some aerosol cans are
available with a plastic extension tube, which
allows better placement of materials into
cracks and crevices.

Sprayer Equipment

Tanks should have large openings for easy
filling and cleaning, allow straining during
filling, and provide for mechanical or
hydraulic agitation. Use tanks constructed of
a corrosion-resistant material, such as stainless
steel or fiberglass. If made of mild steel, tanks
should have a protective lining or coating.

Tanks should have large drains, and other out-
lets should be sized to the pump capacity. A
gauge is needed to show the liquid level in the
tank. Protect external gauges to prevent break-
age. Make sure your tank has a cutoff valve for
storing liquid pesticide temporarily while other
parts are being serviced.

Pumps must have sufficient capacity to
supply the needed volume to the nozzles
and hydraulic agitator (if applicable), and
to maintain the desired pressure. The pump
parts should be resistant to corrosion and



abrasion if abrasive materials such as wettable
powders are to be used. Select gaskets, plunger
caps, and impellers resistant to the swelling
and chemical breakdown caused by many
liquid pesticides. Consult your dealer for
available options.

Never operate a sprayer pump at speeds or
pressures above those recommended by the
manufacturer. Pumps will be damaged if run
dry or with a restricted inlet or outlet since
they depend on dissipation of liquid for
lubrication and heat.

Strainers (filters) remove dirt, rust flakes, and
other foreign materials from the tank mixture.
Proper filtering protects the working parts

of the sprayer from undue wear and avoids
time loss and uneven application caused by
clogged nozzle tips.

Filtering should be progressive, with the
largest mesh screens in the filler opening
and suction line between the tank and the
pump. Key these to the size of the nozzle
opening. The total screen area should be
large enough to prevent pump starvation.
Do not use a strainer in the suction line of a
centrifugal pump.

Make sure strainers are on the filler opening,
on the suction or supply line to the pump,
between the pressure relief valve and the
boom, and on the nozzle body. Clean
strainers after each use. Replace damaged or
deteriorated strainers.

Strainers are your best defense against nozzle
plugging and pump wear. Nozzle screens
should be as large as the nozzle size permits;
however, the screen opening should be small-
er than the nozzle opening. Nozzle catalogs
specify the proper screen size for each nozzle.

Hoses should be synthetic, rubber, or plastic
with a burst strength greater than peak
operating pressures, resist oil and solvents

present in pesticides, and are weather resistant.

Keep hoses from kinking or being rubbed.
Rinse them often, inside and out, to prolong

life. Store them out of the sun. Replace hoses
at the first sign of surface deterioration.

Pressure gauges monitor your spray system.
Gauges must be accurate and have the range
needed for your work. For example, a 0 to 100
psi gauge with 2-Ib gradations is adequate for
most sprayers. Check frequently for accuracy.
If the gauge does not return to zero when not
operating, replace it.

Pressure regulators control the pressure and,
indirectly, the quantity of spray material
delivered by the nozzles. They protect pump
seals, hoses, and other sprayer parts from
damage due to excessive pressure.

Agitators mix the components of a spray mix-
ture uniformly and, for some formulations,
keep the material in suspension. If agitation is
inadequate, the actual application rate of the
pesticide may vary as the tank empties. The
most common types of agitators are hydraulic
and mechanical. Hydraulic agitation is accom-
plished by recirculating the spray mix through
nozzle jets located in the spray tank. Large
revolving paddles inside the spray tank pro-
vide mechanical agitation.

Control valves should be quick-acting and
located between the pressure regulator and
the nozzles to provide positive on-off action.
Make sure cutoff valves to stop all flow or
flow in any section of the spraying system are
within easy reach of the sprayer operator.

Nozzles are made up of four major parts:
nozzle body, cap, strainer (screen), and tip or
orifice plate. They also may include a separate
spinner plate. Successful spraying depend on
correct selection, assembly, and maintenance
as per manufacturer requirements.

Nozzle tips break liquid into droplets, distrib-
ute the spray in a predetermined pattern, and
are the principal element controlling the rate
of application. Nozzle performance depends
on nozzle design or type, operating pressure,
size of the opening, discharge angle, and dis-
tance of the nozzle from the target.
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Spray Nozzle

[ ame

Body Strainer Cap Tip

Parts of a Nozzle

Nozzles are available in several materials.
Tungsten carbide and ceramic nozzles are

the most resistant to abrasion and corrosion,
but also the most expensive. Stainless steel
nozzles have good corrosion and abrasion
resistance if hardened, and are moderately
priced. Plastic nozzles will not corrode, resist
abrasion better than brass, and are moderately
expensive, but may swell when exposed to
organic solvents. Brass nozzles resist corrosion
(except from fertilizers) but not abrasion,

and are moderately expensive. Aluminum
nozzles are inexpensive and resistant to some
corrosive materials.

Operating and Maintaining Sprayers

Properly operating and maintaining spray
equipment is critical for safe and effective
pesticide applications, minimizing repair
costs, and prolonging sprayer life.

Always read and follow the operator’s manual
for exactly how to use and care for all your
spray equipment. After each use, rinse out the
entire system (apply rinsate to application
site). Check for leaks in lines, valves, seals,
and tank. Remove and clean nozzles, nozzle
screens, and strainers.

Check nozzles for unusual patterns. If
emergency repairs or adjustments are
necessary in the field, always use adequate
protective clothing, particularly rubber gloves.
Use an old toothbrush to unclog nozzles.

46 PUBLIC HEALTH PEST CONTROL

Never use metal wire to unclog a nozzle
because it may distort the nozzle opening
and change the spray pattern and output.

To prepare spray equipment for storage,
rinse and clean the system. Add 1 to 5 gallons
of light-weight emulsifiable oil (depending
on the size of the tank) to an equal volume
of clean water. Flush the entire system with
the oil and water mixture. As the mixture is
pumped from the sprayer, the oil will leave a
protective coating on the inside of the tank,
pump, and plumbing. Remove nozzles and
nozzle screens, and store in a dry place to
prevent corrosion.

Equipment Calibration

The effectiveness of any pesticide depends

on the proper application and placement of
the chemical. Calibration ensures that applic-
tion equipment uniformly applies the correct
amount of material over a given area. Even

if you have the correct chemical mixure, it

is still possible to apply the wrong amount

if your equipment is not calibrated properly.
Too little pesticide results in poor pest control.
Too much pesticide may result in environ-
mental and human health problems and is a
waste of money. The recommended pesticide
delivery rate changes with equipment wear,
gauge error, and nozzle wear.

Application equipment suppliers often
provide charts and tables to help you
determine equipment set-up and approx-
imate desired delivery rates; however, such
sources of information do not account

for equipment wear, inaccurate gauges, or
inaccurate speedometers. You must therefore
periodically calibrate equipment to obtain
reliable delivery rates.

Sprayer Calibration

Calibration is simply determining the
equipment’s delivery rate, or amount

of material delivered (applied) from the
application equipment over a known area.



Proper sprayer function is essential to accurate
sprayer calibration; therefore, the following
procedures are recommended before carrying
out calibration.

* Be sure sprayer nozzle tips are appropriate for
the kind of spray application to be made.

¢ Thoroughly clean all nozzles, nozzle tips,
and screens with a soft brush to ensure
proper operation. Add water to the spray
tank and visually check the nozzle out-
put during sprayer operation. Discard and
replace any nozzle tips producing distorted
spray patterns.

* If possible, check the spray volume delivery
of all nozzles and replace any nozzle tips
whose delivery deviates more than 10%
from delivery rates indicated in equipment
catalogs.

» If the sprayer has a pressure gauge, check
it out. If the gauge is rusty or of question-
able accuracy, replace it. This is especially
important if delivery rates are taken from
spray charts or tables.

Sprayer calibration is designed to determine
the amount of spray the equipment is deliver-
ing per unit area. Most labels direct the user
to apply a specified amount of the pesticide
per acre, but some label instructions include
specifications for an amount of pesticide to be
applied per 1,000 square feet or some other
area measure.

Boom Sprayer Calibration. The following
calibration method is one of the most
accurate for boom sprayers.

e Select a reasonable operating travel speed
for the terrain and relative durability of the
spray equipment. Record the tachometer or
speedometer reading and the gear setting
used to maintain the selected speed.

» Select and record the spray pressure at
which the system will be operated. Ad-
just the pressure to the desired psi while
the pump is operating at normal speed
and water is flowing through the nozzles.
(Minimize off-target drift by operating at
the lower end of a nozzle’s pressure range.)

e Measure the total boom swath width to the
nearest whole foot by spraying on a dry,

flat surface such as a parking lot or road.

¢ Determine the spray distance necessary
to cover a full acre (43,560 square feet).
Example: if the swath width is 20 feet, then
43,560 square feet + 20 feet = 2,178 feet.
The sprayer must travel 2,178 feet to cover
an acre.

¢ Measure and mark the distance necessary
to cover an acre.

» Using only water, fill the tank to a known
level, mark that level, and mark the exact
place on the ground where the sprayer is
situated.

e With a running start, spray the measured
distance.

¢ Return to the exact site where the tank was
originally filled and measure the amount
of water required to refill the tank to the
original level. This normally involves the
use of a pail of known capacity.

e The number of gallons necessary to refill
the tank is the sprayer delivery rate in
gallons per acre (GPA).

Sprayer calibration results are valid only for
the speed, nozzles, pressure, and spray width
(swath) used during the calibration process.
Significant changes in any one of these factors
will require another calibration check. Cali-
brate your sprayer more than once per season.

1 Acre | = |22
43,560 ft ;%
sl
3
Sprayer

Calibration

Distance
20t
swath
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Only if you know the sprayer delivery rate
and can determine the sprayer tank capacity
can you determine the amount of product to
add to the spray tank.

Example: A label directs applying 3 pints of a
pesticide formulation per acre. If your sprayer
calibration indicates the sprayer delivery rate is
20 GPA and the spray tank capacity is 100 gallons,
how much product should you apply with each
tank load of spray?

First, determine the number of acres each tank load
will cover. If the sprayer delivers 20 GPA (at the
speed and pressure at which it was calibrated) and
the spray tank holds 100 gallons, then the number
of acres a tank load will cover = 100 = 20 or 5 acres.
If the label directs you to apply 3 pints per acre and
a tank load will cover 5 acres, then the amount of
pesticide that must be mixed per tank load is 3 pints
X S acres = 15 pints.

If the area to be sprayed is smaller than the area
covered by a full tank load, you must mix a partial
tank load. For example, if the sprayer delivers
20 GPA and the area to be covered is 3 acres, how
many gallons of spray mix should you prepare? (3
acres x 20 GPA = 60 gallons of spray mix). If you
are applying 3 pints of formulation per acre, how
much formulation do you need for this application?
(3 acres x 3 pints per acre = 9 pints of product). Mix
9 pints of product in 60 gallons of water to cover
the 3 acres.

Sprayer delivery rates are easily adjusted.

For example, if a calibration check indicates
that the sprayer is delivering less spray than
necessary, increase the GPA by slowing the
travel speed, using larger nozzle orifices, or
increasing the pressure. Decrease the delivery
rate by increasing the speed, using a smaller
nozzle orifice size, or decreasing the pressure.
Make any major change in sprayer GPA by
changing nozzle tips. Make the adjustments
and repeat calibration runs until you achieve
the desired sprayer delivery rate.

Compressed Air Sprayer Calibration. Most
compressed air sprayers are small, hand-oper-
ated and carried units; consequently, applica-
tion factors such as speed, spray width, and
pressure are variable. Calibrating this kind of
sprayer provides a rough estimate of sprayer
GPA, but this is preferable to no estimate.
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The following is one method used to calibrate
hand pressurized sprayers:

Measure and mark a square area 18.5 feet

x 18.5 feet, preferably on a surface which
will readily demonstrate the spray pattern
width (e.g., a paved parking lot).

Empty liquid spray tank residues, and using
a container graduated in ounces, add 2 quarts
(64 ounces) of water to the spray tank.
Pressurize the sprayer and spray the area
defined by the marked square. Maintain
uniform operator walking speed, nozzle
height, and tank pressurization to the
extent possible.

Depressurize the spray tank by opening the
filler cap; drain the spray wand back into
the tank by holding the spray wand above
the tank and opening the spray valve on
the wand.

Using the container graduated in ounces,
determine the number of ounces remain-
ing in the sprayer.

Determine the number of ounces sprayed
by subtracting the number of ounces left in
the sprayer from the 64 ounces originally
added to the spray tank.

The number of ounces sprayed on the
defined area is equal to the gallon per acre
delivery of that sprayer. For example, if

the number of ounces used to cover the
defined area is 36, then the sprayer is deliv-
ering about 36 gallons per acre.

Remember, this is a rough estimate and
applies only to the operator who calibrated
the sprayer.

18.5 ft

18.5 ft

Calibration Area for
Compressed Air Sprayers




Granular Applicator Calibration

Calibrate granular applicators with the same

material that is to be applied. The calibration
method must provide a means for collecting

and weighing the granules.

For broadcast applicators, select a check

plot with a known area. Determine the
swath width of the application equipment.
Disconnect the spreading mechanism (if one
is used) and attach a catch pan, plastic or
other bag, or any appropriate container to
catch the granules. Operate the applicator

at the desired settings and travel speed with
the pesticide to be applied only over the
measured plot, and catch all the material that
flows through the unit. Weigh the collected
granules. This gives you the amount of
material applied per unit area (pounds per
acre or pounds per thousand square feet).

Example: When operated at the height above the
ground and at the rotor speed you have chosen,
your spreader produces a 25-foot swath. If you cali-
brate the spreader over a check plot of 0.25 acre, cal-
culate how far you would have to travel in a straight
line to cover 0.25 acre with a 25-foot swath (0.25
acres x 43,560 square feet/acre = 10,890 square feet,
so 1/4 of an acre is 10,890 square feet). If your swath
is 25 feet, to cover 10,890 square feet you must travel
436 feet (10,890 square feet + 25 feet = 435.6 feet).
Measure and mark this distance, and measure the
amount of granules caught in the catch pan over
your 436-foot path. If you captured 15 pounds of
granules over this area (15 pounds/0.25 acres), then
you would apply 4 x 15 pounds or 60 pounds over
a whole acre. Adjust the setting and rerun until you
achieve the desired delivery rate.

Treatment Types and
Calculations

Pesticides used for control of public health
pests will be labeled for application as space
treatments, spot treatments, crack and crev-
ice treatments, perimeter treatments, or area
treatments.

Space treatments usually require you to seal
a building and either release a self-propelled

formulation or spray a mist into the air within
a structure. Ready-to-use formulations are
most common.

Spot treatments, crack and crevice treatments,
and perimeter treatments are applications

to specific areas where pest problems occur
(where pests hide or rest, baseboards, closets,
under sink), as compared with general
treatments over an entire area where pests
may reside. Directions for spot or crack and
crevice treatments are common for pesticides
labeled for indoor applications. Generally the
directions state to spray the solution to the
point of wet or runoff.

Pesticide solutions are made up on a volume
basis (amount of pesticide formulation per unit
of water such as 4 ounces of pesticide per 3
gallons of water). This solution is then applied
where necessary. Be careful to assess how much
area you will treat so you can make enough
solution to do the job, with none left over.

Example: The label directs you to apply 3 ounces of a
pesticide per gallon of water to treat for cockroaches
as a coarse low pressure spot or crack and crevice
treatment. You have a 3-gallon sprayer which you
estimate will do 4 of the 6 apartments that need
treatment. How much water should you put in the
sprayer for the last 2 apartments, and how much
pesticide do you need to add to the tank?

If 3 gallons does 4 apartments and all the apartments
are quite similar in total area needing treatment,
you can assume the next 2 apartments will take 1.5
gallons of water (1/2x3=1.5 gallons).

The label directs you to mix 3 ounces of pesticide
for each gallon of water. You have 1.5 gallons of
water in the tank, so you will need 4.5 ounces of
pesticide (1.5 x 3 ounces = 4.5 ounces).

Many applications are made to general areas,
and labels base the application on the amount
of area to be treated. Surface area measure-
ments form the base for surface applications,
whether for mosquito larvae in a pond or for
ticks in a carpet.

Example: The label rate of a mosquito larvicide is
8 gallons of formulation per surface acre. The larval
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infestation in your shallow, marsh pond covers an
area 500 feet by 750 feet. How much product do
you need to make a complete application?

First, determine how many acres of surface you must
treat (500 feet x 750 feet = 375,000 square feet). This
is how many acres? (375,000 square feet + 43,560
square feet in an acre = 8.6 surface acres)

If you must apply 8 gallons of product per acre and
you have 8.6 surface acres, then 8.6 acres x 8 gals.
product/acre = 68.8 or 69 gallons of the product.

Example: The label directs you to apply a solution
(3 ounces of pesticide per gallon of water) to an area
to control ticks or fleas in a building, including rugs
and furniture. The label rate is 1 gallon of solution
per 800 square feet.

First calculate the footage in the house where you
will make the application to control these pests.
You have determined that as 2,200 square feet, how
much solution do you need? How much water will
you need to do the job? How much pesticide do you
need to do the job?

Solution: 2,200 square feet + 800 square feet (1
gallon covers) = 2.75, so you need 2.75 gallons of
solution.

Water: 2.75 gallons of solution would require just
shy of 2.75 gallons of water because you will add
pesticide.

Pesticide: 3 ounces per gallon of water is the label
rate. Your job requires 2.75 gallons of water. You need
(3 ounces x 2.75 gallons of water = 8.25 ounces)
8.25 ounces of pesticide for the job.

If you only had a 1-gallon sprayer, how many times
would you have to mix the solution? Refill 2 times
at 1 gallon each (3 ounces pesticide) and 1 time with
0.75 gallons of water (2.25 ounces pesticide: 0.75 x
3 ounces = 2.25).

The surface areas of odd-shaped treatment
sites sometimes can be cumbersome, espe-
cially if they involve circular borders. Break
the area up into smaller units from which you
can more easily make area measurements.

nwa

: C B/-
A = Semicircle
B = Triangles
C = Rectangle

Area Measurements
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Equivalents and Equations

Liquid Measurements

1 gallon (gal)
1 quart (gt)

4 quarts or 8 pints or 16 cups or 128 ounces (fl oz)
2 pints or 4 cups or 32 ounces

1 pint (pt) = 2 cups or 16 ounces
1cup = 8 ounces or 16 tablespoons
1/2 cup = 4 ounces or 8 tablespoons
1/4 cup 2 ounces or 4 tablespoons

1 tablespoon 1/2 ounce

Solid Measurements

1 pound (Ib) = 16 ounces
1/2 pound = 8 ounces

Area Measurements

1 acre = 43,560 square feet

area of: square or rectangle = base x height; or length x width

circle = ar? or 3.14 x (radius of a circle)? triangle = 1/2 x base x height

PUBLIC HEALTH PEST CONTROL 51



e T e e e e

Glossary

Abatement. Reduction in pest populations
to an acceptable level.

Adulticide. An insecticide which is toxic to
the adult stage of insects.

Aerosol. A suspension of very fine solid or
liquid particles in a gas. Particle diameters
vary between about 0.1 and 50 microns.

Arthropod. A large group of organisms
characterized by a hard external covering
called an exoskeleton and appendages
composed of rigid segments with flexible
joints between them. Examples are insects,
spiders, scorpions, and ticks.

Arthropod-borne Encephalitis. A disease
which may be caused by one of a number
of viruses and is transmitted to humans
by mosquitoes or ticks. Mosquito-borne
encephalitis is present in Washington.
Depending on the strain of virus, the fatality
rate varies between 5% and 60%.

Bait Station. A device that holds bait and
closes securely to prevent children and pets
from access.

Biological Vector. See “vector.”

Blue Tongue. A viral disease of sheep,
goats, and cattle transmitted by certain
biting midges.

Brood. A group of individuals that hatch at
one time from eggs laid by the same parents.

Calibration. Measuring and adjusting
pesticide application equipment’s delivery
rate per area given the settings for
application speed, equipment pressure, and
delivery flow rate (depending on the gate
opening or nozzle type and size).

Cocoon. A protective, often silky material
that surrounds the pupae of some insects
undergoing complex metamorphosis.
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Colorado Tick. A virus disease of small
mammals which may be transmitted to
humans by the bite of an infected tick.

Complex Metamorphosis. The
development of some higher insects through
four distinct stages, all appearing very
different in form: egg, larva, pupa, and adult.

DEET. A common insect and tick repellent.

Dermatitis. Inflammation or irritation of
the skin.

Detritus. Dead organic tissues and organisms
and the living organisms involved in their
decomposition.

Diapause. A period of spontaneous
dormancy or suspended animation between
periods of activity in arthropods.

Disease. A condition in which any part of a
living organism is abnormal.

Dorsal. Toward or referring to the top or back
of an animal. The opposite of ventral.

Ecology. The study of the relationships of
plants and animals to each other and to
their environment.

Ectoparasite. A parasite which lives on the
outside of its host’s body. Fleas, lice, and
ticks are examples.

Encephalitis. See “arthropod-borne
encephalitis.”

Enteric Disease. A disease of the intestines
or gastro-intestinal tract in general.

Exoskeleton. A hard shell of arthropods to
which their muscles are attached. Serves the
same function as the bony skeleton of humans.

Habitat. The place where a plant or animal
lives.



Hantavirus. A very serious respiratory illness
from dried urine, saliva, and droppings of
deer mice.

Harborage. The shelter where animals live
or hide.

Insecticide. A pesticide with an insect or
other arthropod as the target organism.

Instar. The stage or period between molts
in insect larvae. The first instar is the stage
between the egg and the first molt; the
second instar is between the first and second
molts, etc.

Invertebrate. Animal without a backbone.

Larva. An immature insect that hatches from
the egg in a form fundamentally different
from the adult, and that passes through a
pupal stage before becoming an adult. Larva
also may refer to the 6-legged stage of ticks.

Larvicide. An insecticide toxic to insect
larvae.

Leptospirosis. A disease caused by a spiral-
shaped bacterium and usually transmitted
to humans by way of food or water
contaminated with urine from an infected
animal, or by direct contact with an
infected animal.

Life Cycle. The period between 1) the
fertilization of an egg and the normal
death of the individual from the egg; or
2) egg laying and sexual maturity of the
individuals that hatch from the eggs.

Lyme Disease. A disease caused by spiral-
shaped bacteria and transmitted by ticks.
Sixteen cases of this disease were reported
to the Washington State Department of
Health in 2009.

Metamorphosis. The striking changes in
shape and structure that occur as an insect
progresses from one stage in its life cycle to
the next.

Micron. A measure of length equal to one
thousandth of a millimeter (0.001 mm),
or about one twenty-five-thousandth of
an inch.

Myiasis. Invasion of the tissues of a live
animal by fly larvae.

Nocturnal. Active at night.

Nymph. An immature insect that hatches
from an egg in a form similar in appearance
to the adult, but with wings and sex organs
incompletely developed. Nymphs do not pass
through a pupal stage before becoming adults.

Omnivorous. Eats a wide variety of foods,
including both plant and animal material.

Ootheca. The egg case of some insects.
Organism. A living creature.
Oviposition. Egg laying.

Parasite. An organism that derives
nourishment from another at the expense of
the other, but without immediately killing it.

Pathogen. A disease-causing organism.

Pesticide. A chemical intended to Kkill,
control, repel, or mitigate a pest organism.

Phytotoxicity. The ability of a chemical to
cause injury to plants.

Plague. A bacterial disease of rodents that
may be transmitted to humans by the
bite of an infected flea or direct contact
with the tissues of an infected rodent. The
most common form is bubonic plague, but
some human cases progress to the highly
contagious pneumonic form. Pneumonic
plague was the “black death” that caused
the pandemics in Europe and Asia during
the Middle Ages.

Predator. An animal that kills and eats
other animals.
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Proboscis. The extensible mouth parts of
certain flies.

Public Health Vector. See “vector.”

Pupa. An immature insect stage between the
larva and the adult.

Reservoir. A host species that tolerates the
development or multiplication of a parasite
without serious harm. Such a reservoir may
serve as a source of infection for other hosts
in which the parasite causes disease.

Rickettsia. A microscopic organism
intermediate in size between viruses
and bacteria.

Rocky Mountain Spotted Fever. A disease
caused by a rickettsia that is transmitted to
humans by the bite of an infected hard tick
or contamination of skin with tissues from
an infected tick (e.g., by crushing the tick).

Rodenticide. A pesticide that targets rodents.

Rub Mark. Dark, oily mark left on a surface
by rats repeatedly passing by.

Salmonella. A bacterium transmitted by
some insects that causes enteric infections.

Scabies. A disease caused by the presence of
itch mites.

Simple Metamorphosis. The development
of some insects with little change in
appearance of the young and adult: egg,
nymph, and adult.

Species. A group or population of individuals
that interbreed or are capable of naturally
interbreeding to produce viable offspring.

Sylvan. Of the woods or forest. Sylvan plague
can be found in wild rodents, rabbits, and
hares. The word “wild” can be substituted
for sylvan without significantly changing
the meaning.
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Target Organism. The plant or animal
against which a pesticide is directed.

Temperature Inversion. Where the air
temperature increases from the ground
up to some point a few feet to hundreds
of feet above the ground, beyond which
the temperature progressively decreases
with increasing height. The more common
situation is where the temperature steadily
decreases with increasing height above the
ground. Temperature inversions tend to
hold pesticide fogs, smoke, and other air
pollutants close to the ground.

Tick-borne Relapsing Fever. A disease
caused by spiral-shaped bacteria and
transmitted to humans by the bite of
soft ticks.

Tularemia. A bacterial disease of rodents
and rabbits which may be transmitted
to humans by the bite of certain flies or
ticks, direct contact with tissues of infected
animals, or drinking water contaminated
with the bodies of infected animals.

ULV. Ultra-low-volume application.

Vector. An animal, usually an arthropod,
capable of transmitting a disease-causing
agent or parasite from one host to another.
In the case of a biological vector, the
disease agent or parasite completes a part of
its life cycle or increases in number while
in the vector. A mechanical vector simply
carries the disease agent from one host to
another. “Public health vectors” are defined
as flies or mosquitoes in sufficient numbers
to be detrimental to human health and
well-being.

Ventral. Toward or referring to the belly or
underside of an animal. The opposite of
dorsal.

Vertebrate. An animal that has a backbone:
fishes, amphibians, reptiles, birds, and
mammals.



West Nile Virus. A disease caused by a virus
and transmitted by mosquitoes. The main
host is birds; humans and horses appear
to be incidental hosts. The most serious
manifestation of West Nile Virus is fatal
inflammation of the brain (encephalitis).
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N EXTENSION

Use pesticides with care. Apply them only to plants, animals, or sites as listed on the label.
When mixing and applying pesticides, follow all label precautions to protect yourself and
others around you. It is a violation of the law to disregard label directions. If pesticides are
spilled on skin or clothing, remove clothing and wash skin thoroughly. Store pesticides in
their original containers and keep them out of the reach of children, pets, and livestock.

WSU Extension bulletins contain material written and produced for public distribution.
Alternate formats of our educational materials are available upon request for persons with
disabilities. Please contact Washington State University Extension for more information.

You may order copies of this and other publications from WSU Extension at 1-800-723-1763
or http://pubs.wsu.edu.
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Trade names have been used to simplify information; no endorsement is intended. Formerly
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