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The pilot on site (i.e., the pesticide applicator ) bears the burden of foremost responsibility
for the decision to actually perform the pesticide treatment.

Precautionary Actions

! Use a high-quality, properly-fitting, crash helmet and serviceable shoulder harness.

! Wear clean clothing. Maintain good personal hygiene. Many pesticides readily penetrate
human skin — personal cleanliness significantly reduces the likelihood of illness resulting
from exposure to pesticide.

! Without exception, fly around (rather than across) sensitive areas. In the “long term” this
simple rule costs little — and pays huge dividends.

! Upon arrival at a target site, fly an initial inspection pass and verify that:
" local weather conditions (wind velocity, air stability, etc.) are suitable for aerial

application work;
" no people (e.g.,agricultural workers, trespassers, spectators, others) or their vehicles

are within (or immediately adjacent) the target site; 
" all members of the ground crew are present, on station, and ready to implement their

assigned duties.
" all pilot-to-ground-crew communication links are functioning correctly.

Application Methods

One “normal” flight pattern for aerial application is to sequentially fly bidirectional swaths
over the target in straight, parallel lines. In areas too rugged for uniform altitude and speed,
flight lines should follow the contours of the slopes. In hilly terrain, or where target sites are
too hemmed in to permit contour flying, make all treatment passes down slope. Up-slope treat-
ment is especially dangerous — under most circumstances, it is best avoided altogether.

Whenever possible, make swaths crosswind (to assist in overlap and coverage uniformity),
and lengthwise (to reduce turnarounds). Begin treatment on the downwind side of the target
site — this avoids flying through any spray droplets suspended in the air from  previous swaths.
To promote uniform field coverage, utilize swath marking (via an automatic flagging device,
DGPS, etc.) on each treatment pass.

The racetrack pattern (Figure 20) is usually the most energy efficient flight pattern. This
pattern maximizes application time and minimizes turn times. Small fields may be flown in this
manner or situations may exist where the race track pattern best allows the aircraft to avoid
flight over sensitive areas.

Figure 20.
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The Turnaround

When flying bidirectional swathing, the turnaround is an essential maneuver. Poorly
executed turnarounds are a root cause of a considerable number of aerial application accidents.
A pullup followed by a turn renders a low-speed, high-drag condition which must be carefully
executed to avoid stall.

When approaching the end of a swath run, do not start a turnaround until after pulling up,
clearing  obstructions, and leveling off. Never look backward for orientation — instead always
accomplish swath exit orientation before pullup. After pullup, start the turnaround by turning
45 degrees downwind. Level off for several seconds; then, turning into the wind, smoothly
execute a coordinated reversal of 225 degrees (see Figure 21).

The number of seconds needed in level flight is largely governed by swath spacing, wind
velocity (speed and direction), air density, altitude, and the aircraft’s load, power, and
maneuverability.  

Orient the aircraft for swath approach as the turnaround nears completion. This is the part
of a  turnaround that a pilot most often encounters difficulty. Attentiveness and careful timing
during this stage of the turnaround are the keys to avoiding the hazards associated with fast or
intricate maneuvering to accomplish swath approach. Always complete the turnaround before
dropping in over any obstructions on swath approach.

Whenever possible, avoid making turnarounds over residences and other buildings, penned
poultry or livestock, livestock watering places, ponds and reservoirs. 

Ferrying

For no reason greater than their mere presence (or noise and high visibility), agricultural
aircraft are sometimes accused of damaging or contaminating property. Practicing good “ferry
etiquette” can help an aerial applicator reduce such instances.

Whether loaded or empty, maintain a minimum flight altitude of 500 feet while ferrying

Figure 21.
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between airstrip and target site. Never fly directly over farm buildings, residences, field
workers, or sites containing penned animals. For jobs that require repeated flights between
airstrip and target site, it’s best to fly a different route each trip. Deviating c to ¼ mile from
previous course is a simple way to avoid repeated flight over an area.

Speed

As detailed in Chapter 7, the in-field performance of aerial pesticide dispersal apparatus is
simply the rate at which the pesticide product and its carrier flows through the dispersal system
(gallons per minute, pounds per minute, etc.) expressed in terms of the aircraft’s productivity
quotient (i.e., acres treated per minute). Thus, for “traditionally-outfitted” ag aircraft, (those not
fitted with DGPS-mediated flow controllers) control of airspeed during aerial application is
critical. For all traditionally-fitted craft, once the dispersal system has been calibrated, uniform
site treatment can only be accomplished if the pilot constantly maintains correct airspeed
during each swath run.

Agricultural aircraft fitted with an on-board DGPS signal processor linked to a flow
controller can provide in-flight regulation of the dispersal system’s output as a function of
aircraft speed. This feature essentially “eliminates” the constraint of relying solely on speed for
treatment uniformity.

Application Height

Application height describes the distance between the nozzle tip (or spreader exit) and the
target site (plant canopy). Research findings indicate application height influences spray drift
potential — regardless of the type of pesticide (e.g., herbicide, fungicide, insecticide) being
applied. The variable most influencing application height is spray droplet size. Results of
spray drift management studies indicate that application height is best viewed as being directly
proportional to spray droplet size. This means, to minimize drift risk, small droplet sprays
require lower application heights. With larger spray droplets, application height can increase.
As a “rule of thumb” — an application height of 8-10 feet is usually the maximum suitable for
applying spray droplets that have 150-200 :m diameters. For application heights greater than 8-
10 feet, good drift minimization practice dictates using coarser (larger) spray droplets. As
mentioned earlier, larger spray droplets generally diminish target site coverage — unless other
calibration factors undergo alteration.

Due to their lower drift potentials, pesticides formulated as granules can generally be
delivered from greater application heights than those suitable for sprays. Depending upon site
conditions, suitable application heights for granular pesticide materials may range from ½
wingspan height to full wingspan height above the target site.

Arrange nozzles and adjust distributors to produce the desired deposit pattern with the
material being applied from the application height you select. Avoid using (or relying upon)
application height as the principal means of adjusting either swath width or spray
pattern uniformity. Keep application height constant during each swath run to obtain uniform
coverage of the target site.

Obstructions

For safety and to prevent misapplication (skips, overdosing), handle areas around
obstructions as follows:
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Power and telephone lines

Before starting spray operations, scout the target site from the air. First, circle the field at
low altitude, keeping high enough to clear all readily-evident obstructions by at least 50 feet.
Look for wires, poles, and other obstructions (trees, buildings, windmills, radio antennae, signs
and billboards, pipeline markers, fences, farm equipment, etc.) both in and near the target site. 
Regard every break in cultivation pattern with suspicion. Note all obvious hazards. Communi-
cate with on-site ground crew members to clarify any issues (however seemingly small) caus-
ing doubt.

After a preliminary scouting circuit, fly just above and along side of each power or phone
wire and check each pole for insulators, transformers and guy wires. Wire is often hard to see
from aloft; it’s generally easier to see the insulators used as attachment points for pole-carried
electrical wires. Transformers are often located on poles that support a branch wire leading to a
house or other building.

Typically, guy wiring opposes the pull of circuitry wire. Thus, guy wire is normally located
on the opposite side of a pole’s wire burden. Guy wires also occur on poles where a main line
makes a turn. Corner poles typically have two or more guy wires. Use radio communication
with on-site ground crew members to confirm findings, resolve questions, and coordinate
scouting effort.

Remember:

• Trees often obscure power and telephone lines.
• The wire you flew under last year (month, week, yesterday) may have a new one under

it this year (month, week, today).
• The field you sprayed  yesterday can have a new power (or phone) line in it today.
• Always determine the route by which any nearby building gets it electrical power. 

Almost invariably, an above-ground power line is coming in from somewhere!

Obstruction along-side of field

Within the limits of safe and prudent flight, fly close and parallel to the obstruction. 

Obstructions at end of field

Shut off the boom before initiating pull-up. Do so 1-2 swath widths before end of field.
Failing to turn off the spray boom before initiating pull-up will cause a distorted spray
deposition patten. It will also promote spray drift. After turnaround, drop the plane in over the
obstruction to application height at straight and level flight. Begin spray release only when
even with the point where boom shutoff (prior to pull-up) occurred. After all parallel swaths are
completed, fly 1-2 perpendicular swaths, (as needed) across the end of the field — making
these parallel to the obstruction.

Obstruction within a field

Approach a within-field tree, pole, or other obstruction in much the same way as you would
one at the end of a field:

• Shut off the spray boom one or two swath widths before the obstruction.
• Pull up. 
• If the terrain does not favor a straight path over the obstruction and subsequent let

down, make a 360-degree turn before dropping in on the other side of the obstruction.
(This  allows you to control speed sufficiently to avoid overshooting the other side.)
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• After working past a within-field obstruction, fly 1-2 perpendicular swaths on each side
(i.e., fore and aft) of it.

Deposit Pattern and Swath Spacing

Use materials for swath checking that are as similar as possible to those to be applied to the
target site. For example: 

• Use dyed water to simulate water-based spray. Catch the dye-containing mix on paper
cards or similar media. Thus, this procedure is best suited to field-checks of swath
pattern uniformity. (Note: It is extremely difficult to reliably ascertain spray droplet size
from viewing droplet stains on paper. Detailed spray pattern analyses are best con-
ducted at boom setup and calibration — these topics form parts of Chapter ??.)

• Use the same basic procedure for swath checks of oil-based sprays. Alternatively, use
oil-sensitive dyed cards instead of adding dye a spray oil.

• Do not confuse overall swath with effective swath. Overall swath is the total span of
deposited spray (or granules) per flight pass. Effective swath is the span containing 
sufficient deposit to obtain the desired results. Typically, effective swath is rarely
more than two-thirds of overall swath.

• Conduct in-field spray system tests during low wind conditions to determine the
effective swath and suitable nozzle spacing. If field conditions include  measurable
wind, fly the aircraft directly into the wind to minimize wind-induced swath pattern
effects.

• In the absence of wind, swath width increases with altitude until you reach a height
approximately equal to wingspan. However, as application height (spray altitude)
increases so does spray drift risk — unless spray droplet size is greatly increased.
(Note: Large droplet sprays coarsen target site coverage. Such applications usually
require higher gallons per acre to compensate for the coarsened coverage.)

• Water-based sprays on forest sites (insecticide applications)) are often applied at (or
near) wingspan height. Swath spacing in such cases is often two or more wingspans.

• The application height of oil-based insecticide sprays to forest sites is typically ½ of
wingspan; in such cases, swath spacing is usually 1.5-2 wingspans.

Ground Crews

Temporal and spatial constraints prevent an in-flight pilot from being able to perform
various ground-based tasks — hence the need for a ground crew. Moreover, as a component of
good safety practices, an ag pilot should NOT participate in pesticide handling operations
(e.g., mixing/loading, application equipment servicing, etc.) and thereafter proceed to fly an
aircraft. Instead, others should perform pesticide handling tasks.

Collectively,  those who perform the various flight-support tasks that together enable the
pilot to accomplish aerial application constitute the ground crew. Ideally, every ground crew
member should be completely familiar with all facets of ground crew work — thus being able
to work wherever need is greatest. However, because ground crew tasks typically have different
demands and purposes, this manual artificially partitions the ground crew into four function-
based subgroups:

! On-site Field Crew ! Mixing/Loading Crew
! Pesticide Storage Crew ! Equipment Servicing Crew.
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On-Site Field Crew

Collectively, the on-site field crew functions as an immediate extension of the pilot at
work. To be maximally effective, each on-site field crew member should be able to
communicate directly with the pilot — providing (as needed) site-specific details of current
meteorological conditions, topographical features, location and dimension of ground-based
hazards, buffer zone delineations, and similar matters.

In addition, duties of on-site field crew members typically include:

• Acting as liaison between pilot and client, to ensure aerial applicator obligations are
met,
for example:

1) providing the client with the pesticide application information required by the
information exchange provisions of the Worker Protection Standard
(WPS),

2) confirming that the client has properly posted the site (if so required by WPS.)
3) preventing unauthorized persons (anyone other than members of the on-site

field crew) from entry or occupancy of the site both immediately prior to and
during application efforts. Immediately report any finding of unauthorized
persons occupying the treatment site to both the pilot and the on-site field crew
leader.

• Assisting the pilot in pre-treatment target site inspection.
• Acting as in-field reference points for swath boundaries (see Flag Crew, next section.)
• Providing emergency response to crash incidents (see Aircraft Crash, end of chapter.)

Flag Crew

For various reasons (technological change, labor cost, regulatory influence, etc.), using on-
site field crew personnel to provide reference points for landmark navigation at the target site
has declined in recent years. Many flag crews have been replaced by either mechanical wing-
mounted swath marking devices (weighted streamer dispensers, foam emitters, etc.) or on-
board DGPS-mediated navigational devices. Notwithstanding these, human flag bearers are
still sometimes the opted-for choice.

An on-site flag crew triggers the following rules:

• The pilot will not purposefully release pesticide while over flag crew members.
• Each member of the flag crew (regardless of task) must wear the PPE prescribed by the

label(s) of the pesticide(s) being applied to the target site.
Additionally, flag crew members should:
• Never begin flagging without first knowing the chemical product being applied.
• Avoid settling pesticide spray, dust, or granules.  
• Always begin flag operation from the downwind side of the target site, progressively

relocating the swath margin boundary into the wind – never into spray drift.
• Avoid contact with spray during calm wind conditions;
• Agree with the pilot beforehand that you will flag one swath ahead of the spray pass.
• Watch the aircraft at all times. Do not turn your back on an approaching

aircraft.
• Be ready to move to the next flag site as soon as the aircraft is aligned for a spray

pass.
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• Move ahead each time the aircraft approaches (keep the aircraft one swath behind.)
• Never flag while under power lines or near fences.  

(If the aircraft should cut or snag wires or fencing, trailing wire may seriously injure
ground crew members.)

• Never direct the aircraft towards a guy wire.
• Stay at the target site until the pilot has departed — be ready to help if an accident

occurs.

Mixing/Loading Crew

Pesticide handling occurs whenever the potential for chemical exposure is imminent (i.e.,
the lid is off the container, the diluted product is in motion, etc.). All pesticides (herbicides,
fungicides, insecticides, nematicides, miticides, etc.) should be handled only in strict
accordance with their labels’ directions for use. Thus, every ground crew member who handles
a pesticide product (e.g., preparing spray mix, loading hoppers, etc.) must:

• Wear all articles of personal protective equipment (PPE) indicated by the pesticide
product label as PPE required for that task. Every pesticide label specifies such
information — disregarding (or incompletely complying with) pesticide label directions
violates federal and state law.

• Ensure the PPE articles (provided by the certified applicator) are correct, clean, and
serviceable.  Noting especially:

a) To wear a respirator whenever the pesticide label indicates to do so. Use the
respirator filter specified for the chemical being handled. Ensure the filters and
pre-filters are serviceable. Conduct a respirator fit check before starting work. 

 b) Sweaty hands absorb pesticide more readily than do dry hands. Rubberized
gloves cause hands to sweat. When using nitrile (or other types of rubberized)
gloves, keep the inside of the gloves free of pesticide. Never remove gloves to
increase manual dexterity during a pesticide-handling  task (e.g., removing a
container lid) and thereafter put potentially-pesticide-soiled hands back into the
gloves.

c) Always wash and dry your hands before putting on rubberized gloves.
d) Always wash the outside of rubberized gloves before removing them.

• After use, clean all PPE and store it where it will not be damaged or contaminated.
• Be aware of and follow the procedural tasks that together constitute safe handling

practices for the pesticide being handled.
• Be familiar with the typical signs and symptoms of poisoning caused by overexposure

to the pesticide being handled.
• Know how to perform the first aid measures appropriate for victims of overexposure to

the pesticide being handled.

As its task name (mixing/loading) indicates, pesticide handling tasks of an aerial
application mix/load crew basically entail:

a) combining a desired amount of one or more formulated pesticide products
(perhaps with adjuvants, etc.) with a measured amount of diluent (usually
water),

b) thoroughly rinsing any pesticide product container emptied during spray preparation
and using the container rinsate as part of the spray mix’s diluent,
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c) putting the resulting spray mix into the aircraft’s hopper, and
d) doing these things in a manner that simultaneously satisfies the following five

performance-based objectives:
i) enables a work efficiency that is adequate for commercial operation,
ii) offers safeguards that minimize the likelihood of pesticide overexposure

occurring to any mix/load crew member,
iii) fulfills the mix/load directions stated on the pesticide label of the product

being handled,
iv) protects the local environment from chemical contamination ever becoming

an environmental consequence of pesticide handling activity, and
v) satisfies all regulatory constraints imposed by local, state and federal

authorities governing pesticide mixing/loading operations.
At present, a “universal aerial application mix/load rig” (either closed-system or

otherwise)  that fully satisfies the day-to-day operational  needs of every aerial applicator does
not exist. Instead, tailored assemblages of pesticide handling equipment — configured to
accommodate the specific mix/load needs of an individual aerial applicator (and any locally-
imposed regulatory constraints) — typically accomplish the mix/load tasks of aerial application
operations.

Some “necessary differences” in aerial mix/load site equipment arise from physical
characteristics of pesticide product containers. For example, mix/load operations that obtain
concentrated pesticide products from small plastic containers have significantly different
equipment needs (for both container emptying, container rinsing, and management of rinsed
containers) than do operations which get pesticide concentrates from larger (e.g., barrel, mini-
bulk, or bulk-storage) containers.

“Necessary differences” also arise in mix/load facility design. The dominant factors
influencing mix/load facility design differences are:

• climate (structural needs dictated by prevailing winds, average annual rainfall, etc.),
• locale (proximity to surface water, water courses, groundwater, etc.),
• operational scope (numbers and kinds of ag chemicals handled,) and 
• locally-implemented regulation (state and local government’s rules).

Because great variation in specific features is a de facto norm of aerial application mix/load
sites, the best general standard for an applicator wanting to assess his/her aerial mix/load
site is a performance-based standard. Thus, regarding mix/load site design details, the aerial
applicator should aways ask (and answer) the question:

Is my proposed solution to this particular mix/load site problem
a good way to solve that problem?

Thereafter, the acid test for evaluating the goodness of any particular mix/load site
component (material, dimension, equipment, work practice, facility design, facility siting, etc.)
is to judge it in the light of the five performance-based objectives (i - v) presented earlier
under item “d” (see page 144).

Equipment Servicing Crew

These ground crew members maintain the work readiness of aerial application equipment. 
Their tasks include:
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• fitting new components to an aircraft’s pesticide dispersal system;
• preparing used components of an aircraft’s pesticide dispersal system for re-use; 
• removing, installing, testing, or adjusting existing components of an aircraft’s

pesticide dispersal system;
• cleaning an aircraft’s exterior (e.g., wings, landing gear, fuselage, empennage, etc.)

following aerial application work.

Most components (pumps, check valves, nozzle bodies, spray tips, etc.) of a pesticide
dispersal system used in aerial application are designed for repeated usage. Consequently, a
service crew member’s work often involves handling pesticide-contaminated mechanical parts.
In all such instances, the service crew member is a pesticide handler until the parts are cleaned
and the cleaning medium (wash water) is managed in accordance with the dictates of local
governance.

Service crew members who handle pesticide-contaminated application equipment
components must:

• be familiar with the label-imposed requirements of the pesticide product(s) most
recently used in the application equipment, noting especially the personal protective
equipment (PPE) requirements for pesticide handlers, and the first aid actions to take in
the event of a accident; and

• wear all articles of PPE prescribed for handler protection by the pesticide label(s).

After cleaning pesticide-contaminated application equipment, servicing his or her PPE
articles, and managing the resultant wash waters, the service crew member should maintain
personal hygiene by showering thoroughly and changing into clean clothing.

If a service crew member’s work clothing becomes contaminated with pesticide during
application equipment cleaning, he or she should immediately:

• stop work, 
• remove the soiled article(s) of clothing and set them aside,
• wash the affected skin thoroughly with soap and water, 
• dry with clean toweling, and
• change into clean clothing.

Thereafter, resume the work task. Regardless of perceived work urgency or other
circumstance, service crew members should never continue to wear pesticide-contaminated
clothing.

Steam cleaning

Even under “normal” circumstances, steam cleaning offers hazard (e.g., potential for burn
injury) sufficient to merit particular operator attentiveness and safety awareness. Using steam
to clean the exterior of aerial application equipment typically compounds that hazard. This is
mainly because the chemical constituents (active ingredients, inerts, diluents, carriers, etc.) of
many formulated pesticides vaporize at (or beneath) the threshold temperature of steam (212
degrees F).

Steam cleaning can cause job-site creation of a pesticidal vapor. Often, the vapor of a
substance has high local mobility (in the surrounding air), is less readily detected (by other
nearby members of the service crew), and is more readily absorbed (by humans), than is the
same substance in liquid or solid form.
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In addition, producing vaporized pesticide chemical during equipment cleaning typically
increases the need for cleanup crew members to take additional safety measures (needing to use
more or different PPE, altering normal work methods, modifying the work facility, etc.) 

For these reasons, the use of live steam is a poor choice for initial external cleaning of
aerial equipment that has newly returned from pesticide application work. The better choice is
to use a two-staged equipment cleaning procedure:

1. prep-clean the equipment by applying a low pressure (10-25 psi) flooding rinse of
clean water — the object is to thoroughly flush (with minimal splash) all external
surfaces suspected of pesticide contamination.

2. Service-wash the equipment (via power washer, wanded brush, steam jenny, etc.)

Other practical matters relating to washing an pesticide-soiled ag aircraft include:

• Verifying the equipment clean-up facility (or area) is well ventilated.
• Having enough hose available to easily reach all external surfaces of entire aircraft.
• Conducting a preliminary low-pressure rinse of the aircraft’s entire undersurfaces.
• Working from undercarrige upward, rinse all external surfaces of the aircraft.
• Avoiding direct contact with steam, splash, and vapors generated during equipment

cleaning.

Aircraft Crash Response

In most instances, crashes are not scheduled events. Therefore, from the moment the
aircraft first departs the mix/load site until its final return at the workday’s end, every member
of the ground crew (regardless of his or her assigned duty) should remain prepared to
immediately respond to an aircraft crash.

The first thought of every respondent to an aircraft crash should always be to act
promptly, stay calm, and focus on helping the pilot. Somewhat relatedly, the respondent’s
first action should be to get the fire extinguisher (whether or not fire is visible) and
immediately go to the crash site. As soon as possible, inform the ground crew leader of the
crash site’s exact location.

If the plane is on fire:

• stay out of the smoke. Use the fire extinguisher to help get the pilot out and move him
to safety, upwind and up-slope of the wreckage.

• Check the pilot and his clothing to see if he has been splashed with pesticide. If so, and
he is not seriously injured, remove all pesticide-contaminated clothing, help him to the
nearest water and wash several times. Use soap, if available.

• If the pilot appears seriously injured, loosen any restrictive clothing, ensure his airway
is clear, and use direct pressure to stop any profuse bleeding. Thereafter, either take the
pilot to a medical facility, or call an ambulance. Tell the medical authorities them what
pesticide was being used. Be sure to provide the attending medical authorities with a
copy of the pesticide label.

If the plane is not on fire:

• If the pilot is not seriously injured, take him to a hospital or doctor for checkup. Inform
the medical authorities of the pesticide that was being applied and provide them a copy
of the pesticide label.
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• If the pilot is seriously injured or unconscious, do not move him from the plane. 
Check to see if he is strangling or choking. Remove any restrictive clothing and make
sure his airway is clear. Check for bleeding. If an artery is cut (spurting blood), apply
direct pressure to restrict the bleeding. Apply a tourniquet only as a last resort, life-
saving, measure.

• Go (or send another to) telephone for ambulance or doctor. Be sure to clearly identify
and communicate your location and the type of accident that has occurred.

• After an ambulance is en route, contact the pilot’s main operations office, state what
has happened, and identify the hospital or health care facility receiving the pilot.

• Go with the ambulance to the health care facility and make certain that the health care
providers know exactly which pesticide the pilot was applying. Provide a copy of the
label of the pesticide product to the attending physician or his/her direct representative.
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