Generic Scenario: Application of Nonagricultural Pesticides

The sectors of the nonagricultural pesticide application industry coversd by this generic scenano are general
grass and shrub maintenance activities applying waterborne pesticides. including insecticides, herbicides, and
fungicides. These matenals are applied to highway right-of-ways, parks, industrial areas, golf courses, and
home lawns and gardens. Nonagricultural pesticide users include landscape maintenance firms, commercial
nurseries, golf course operators, and government agencies. Some of these firms specialize in the application of
pesticides (e.g., pest control services), whereas for many others pesticide application is secondary. Commercial
suppliers of these nonagricultural pesticide applications generally are covered in lawn and garden services
{Standard Industrial Classification 0782), omamental shrub and tree services (5IC 0783), and omamental flori-
culture and nursery products (SIC 0181).

Nonagnculrural application of pesticides represents a sizable portion of the demand for and use of pesticides
nationwide. Private companies or local, regional, and state agencies either perform their own pest control
activities or contract pest control services to others. [ndustry data indicate that $890.378,000 was spent on non-
crop pesticides in 1992, represenung 15% of the total U.S. sales of pesticides in 1992 [1]. Nonagricuirural
pesticide users include 40,000 commercial pest control firms, employing 325,000 centified applicators; several
million industrial and government users; and 94 million households (2].

Other industries apply pesticides but are not covered by this scenario because they use specialized matenals and
application techniques. Pesticide applications not covered in this scenario (and examples of their special
techniques or materials) are forest services (SIC 0851, air blast and aviation equipment), sanitary services for
mosquito control (SIC 4959, fogging, oil film, and increasing use of specialized biopesticides), and disinfecting
and pest control services (SIC 7342, termite and rodent control in structures).

The nonagricultural pesticide application industry must safely and efficiently control a variety of pests in many
environments. As a result, the industry has evolved a broad range of formulations and application technigues to
serve customer needs.

Chemical pesticides for warerbame spray application may be formulated as emulsifiable concentrates (ECs).
weitahie powdars, water-soiuble concestrates, or flowable powders The ECs are water-insoluble pesnicides 10 2
solvent along with emulsifiers and other additives. Concentrations of EC formulations typically range from 15
to 60% active ingredient and from 5 to 20% emulsifier, with — 1% suspension agent, <1% antifoam, and the
remainder as solvent. Most pesticides do not dissolve in water but, combined with surfactants and dispersants,
a solvent and the pesticide will disperse in water. The solvent usually is a volatile orgamic liquid, but in newer
formulations the active ingredient is emulsified in water to form the concentrate (3, 4]. Flowable powders are
liquid formulations containing finely ground solid active ingredient suspended in a liquid carmer. Wettable
powders are dry solid formulations where the active ingredient is sorbed onto finely ground dry carrier, usually
clay, combined with a wetting agent to ensure the powder will disperse in water. Water-soluble formulations
contain pesticides that are easily soluble in water. Water soluble pesticides are not common.

in addition to the waterborne formulations, some pesticides are available in dust and granular form.
Formulations designed for dry dispersion are not covered by this scenano.

Application Scenario

Pesticides usually are obtained as concentrates so the user is responsible for safely (1) storing the matenal; (2)
transferring, mixing, and applying the material; and (3) recycling or disposing of excess concentrate, mixrures,
rinsate. and containers, Legal uses, application methods, and required protective clothing for pesticides are
specified in the label instructions. Deviation from label instructions is illegal, Six general steps are followed in
nonagricultural pesticide application by waterbome spray:

1 Prepare applicalion eguipment
a SMix pestigides

3 Position appacalion eguipmant
< L rply thetpdiicds
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5 Return application equipment o the SIaging area
G, Clean equipment.

This scenario covers four types of application equipment. Each system is designed for controlled application of
waterborne pesticide but has different operating characteristics which affect the possible release quantities,
worker exposure, or both. The four application systems are:

i Large tank/boom sprayer [supply pressure — 100 to 300 kPa (14.5 to 43 psi))
2 Large tank/hand-operated spray gun [supply pressure — 1000 kPa (145 psi)]
3. Large tank/roller or ropewick application (low pressure)

4, Small tank/single nozzle spray (knapsack rype)(low pressure).

The systems are illustrated below,

Spray Gun
Applicator

>

Ropawick Applicacar Knao sack
Sprayer

Prepare application equipment: In the preparation step the workers first don the appropriate protective
clothing, as defined by the label instructions, and then place the necessary spray equipment, pesticides, and
waler in a staging area.

Pesticides are distributed in a variery of container rypes. Containers for liquid pesticides in the half-pint 1o the
2.5-gallon range typically are made of plastic. Larger volume containers (holding | to 5 gallons) are metal.
Wettable powders usually are supplied in paper, plastic, or cardstock containers. Liquid formulations for large-
volume:- use can be supplied in portable, reusable mini-bulk plastic contaigers. A survey of farm users in
Minnesota showed a strong preference for plastic jugs or bottles, with 56 % of pesticide purchases reporied in
this size. Metal and mini-bulk containers each accounted for about 15% of pesticide container purchases.
Plastic bags and paper containers accounted for about 7% and 4%. respectively [5]. Nonagniculrural users
would be expected 1o have similar buying patems with possibly an 2ven high percentage of piasiic jug or hoitle
purchases.
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Mix pesticides: Once the workers are dressed and the siarting materials are obtained, the pesticide is mixed
with water. The propartion of pesticide to water and the areal application rate are specified by label
instructions. The spray solution wypcally is prepared by filling the application supply tank with a known
quantity of water, adding a measured quantity of pesticide(s), and mizing. For small knapsack sprayers, muxing
is done by stimng and/or shaking the tank. For larger tanks an internal mixer is provided. Industrial practice
calls for triple rinsing empty containers to allow disposal of the rinsed containers as nonhazardous waste. The
rinse solution normally 1s added to the spray tank, so release of pesticide in container rinsate is minimal.

Position application equipment: After the working solution has been mixed in the tank, the equipment is
moved from the staging area to the area (o be treated, The three large-tank scenarios involve moving the tank

containing the working solution of pesticide for some distance. A small amount of working solution may leak
from the tank during transpor.

Apply the pesticides: Once the application equipment and personnel reach the target area the pesticide working

solution is applied. [n general a broad-area application is used, but spot treatment is becoming more popular to
minimize waste and reduce costs.

The large tank/boom scenario typically involves a single worker who drives the prime mover and operates an
onfoff valve to start and stop working selution flow to the spray boom at the back of the tank. The large
tank/spray gun scenario typically mvolves two workers. One worker drives the prime mover while a second
worker manually operates the spraver. The large tank/roller or wick scenario is similar to the large-tank boom
scenario.  The boom with multiple spray nozzles is replaced by a roller applicator or a boom with dragging

wicks. The small tank/hand spray scenario involves a single operator who carries the knapsack sprayer and
operates the spray or droplet applicater.

Pesticide used (not released) is taken as material delivered 1o the target surface, which varies depending on the
type of material and the target pest [6]. Some herbicides are applied to the foliage of weeds, but others are
applied to the soil to arrest development of seeds. [nsecticides and fungicides generally are applied to foliage,
but in some cases these pesticides may be targeted to soil,

- AT ooy

This fenenis s0enand assumes that o have 2 rasonable prebabuiity of reaching (he rarget orzamsm. a surface
area must be covered with the active ingredient. The distribution of pesticices in the environment is very
complex and is an active research area [7], [8], [9], [10]. Some generalizations can be made from the data
collected. The most widely used application method is spray through a nozzle. Conventional hydraulic nozzles
produce droplets ranging in size from 10 to 1,000 microns. Droplets smaller than 100 microns tend to be
carried by air currents until they evaporate. The potential for spray drift declines rapidly for particles larger
than about 150 to 200 microns. Results from 80 spray depesit measurements made during periods with an
average wind speed of 4.4 meters/sec indicate that the downwind dnift averaged 9.2% of the material sprayed.

A variety of ground-based equipment and techniques were used in these tests. The measurements indicated that,
with reasonable care, the drift could be reduced 10 5% or less [11].

The acrual use of pesticide in terms of killing a target organism is quite low. The most conservative definition
of efficiency is the proportion of the applied dose taken up by the receiving organism (or calculated as required
to eliminate a damaging infestation if applied directly to the population), When measured in this very restrictive
sense, efficiency is reporied to range from about 0.025% for foliar spray of insecticide to 30% for spray
application of herbicide [12].

Return application equipment to the staging area: After application of the working solution has been
completed, the equipment is moved from the area to be treated back to the staging area.

Clean equipment: At the end of a spray campaign, the spray equipment is rinsed clean with water and
protecuive equipment (s cleaned or discarded. Cleaning consists ol rinsing out the spray tank and application
equipment. and discarding disposable worker protective clothing. Major wastesireams produced by the cleanup
aserations are used protectite clothing: empty. ninsed pesticide containers. rnsate from cleaning apphication
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equipment. rinsate (rom cleaning reusable protective clothing (particularly boois, gloves. and masks); and
surplus working solution.

Pesticide material in the rinse may originate as inaccessible heel or holdup in the concentrate container,
inaccessible heel in the application supply tank, excess working solution, or holdup in the applicator lines or
equipment [13], When consistent with label instructions, the rinse water is spraved onto the treated area. This
discharge is assumed (o be a release to groundwater and surface water. In some cases, particularly for large-

volume applicators, the rinse water is saved for reuse in mixing the next bawch. Therefore, not all of the
pesticide in the rinse water is discharged 2s waste.
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Waste Generation, Environmental Releases, and Exposure-Level Calculations

A large number of nonagricultural pesticide users in the United States apply pesticides by many different
methods. There is no “typical® pesticide application scenario from which per annum calculations can be
exirapolated effectively. This scenano will, therefore, calculate environmental releases based on annual
consumption of pesticide.

Accurate data are available on the total use of pesticide active ingredient in the United States. Two adjustments
are needed fo apply the raw pesticide use data for this scenario. Raw pesticide consumption statistics report the
amount of active ingredient used. The premanufacturing notice probably will quote the expected-use
concentration in the pesticide concentrate (active ingredient, inert vehicle, and additives). The scenario will
apply an estimate of the concentration of active ingredient in rypical pesticide concentrate to convert from active
ingredient use (o concenirale use,

The use figures do not differentiate between waterborne, granular, and aerosol application. Adjustment factors
are used to estimale the quantity of pesticide use by waterborne spray application by ground equipment.

The environmental releases in the scenario are based on assumptions about the distribution of pesticide as
applied. The actual distdbution of the pesticide active ingredient, inert vehicle, and additives in the
environment is a complex process. The various materials in the formulation distribute to the air, land, and
water depending on material and media-specific properties such as soil adsorption, volatility, degradation rates,
soil conditions, depth to groundwater, geologic conditions, climate, and irrigation practices (McBride, 1989).
No attempts are made to model the complex redistribution of the pesticide after initial application. Pesticide
that reaches the target surface 1s assumed o be used.

1. Environmental Releases:

Wariables/Assumprions:

PMN - weight fraction of PMN material in the pesticide concentrate formulation: given by manufacturer
AC annual consumption of pesticide active ingredient (a.t.) in industrial, government, home, and

garden applications: estimated use in 1991; herbicides, 133x 10° Ib a.i.; insecticides, 74x10° Ib
a.l.; fungicide, 45%10° b a.i.; other, 8x10° b a.i.; total, 260 x10% Ib a.i. (U.S. EPA, 1991, p.

1.

FORM : concentration of active ingredient (weight of a.i. per weight of total concentrate formulation);
0.33 as typical value with 2 range of 0.15 to 0.6 (estimate)

AQU :  percent of total concentrate applied as waterborne spray in general grass and shrub maintenance:;

assume 0.75 for herbicides, 0.65 for insecticides, and 0.9 for fungicides (estimated from
economic data, Ernst and Young, 1992)

CH . fraction of concentrate not removed from container: 0.005 (Ozkan and Heimlich, no date)

CRR . fraction of container rinsate oot placed into the application tank at the time of mixing; 0.10
{estimale)

ML . fraction of concentrate spilled in preparing application mix; 0.005 (estimate)

PL ©  fraction of concentrate spilled during equipment movement; 0.001 of liquid concentrate (estimate)

sSL . fraction of concentrate applied but lost from target area as particle or vapor drift; (.1 for boam
or handgun spray application or 0.05 for roller, carpet wick, or knapsack application (Bode, no
dare)

RL . fraction of concentrate applied in target area but not reaching the target surface; 0.25 for
herbicide application. 0.75 for insecticide or fungicide application (estimate)

UN ©  fraction of concentrate remaining in the spray tank after application, 0.05 (estimare)

CL . fraction of concentrate remaining on surfaces of application equipment and protective clothing,
0.01 testimate)

FIELD :  fraction of equipment rinsale spraved onto applicatioh area, 0.7 (esumate).
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Gross Calculations:
Total quantity of PMN chemical used: USE

General: USE = PMN*[(AC/FORM)*AQU]
Example: Insecticide spray for 1991
USE = PMN*[74 x 10° Ib/yr/0.33)%0.65] = 146 x 10°*PMN Ib/yr

Total quantity of PMN chemical applied in target area: SPRAYED

General: SPRAYED = USE*[1-CH*CRR-(ML+PL)~(UN+CL)]

Example: Insecticide spray for 1991

SPRAYED = 146x [0**PMN*[1 =0.005*0.1 —(0.005+0.001)—(0.05+0.01)] = 136 x |0**PMN
lbiyr

Solid Waste: Assume all containers are triple-rinsed so that a negligible amount of pesticide concentrate
remains in the discarded container. The only source of concentrate in solid waste is traces of material in
disposable protective clothing. The quanuty is assumed to be small. Solid waste also is generated by disposal
of outdated or canceled pesticides. No data were available to quantify this potential solid waste source.

Air Emissions; The assumed path of air emissions is droplet evaporation or drift during the spraying
operations.

General: Air Emission = SPRAYED®SL
Example: [nsecticide spray for 1991
Air Emission = 136x 108*PMN*0.1 = 13.6x 10°*PMN Ib/yr

Water Emissions: The assumed path for water emissions are spills and leaks, working solution sprayed in the
target area but not remaining on the target surface, and rinse solutions sprayed onto the target area.

General: Water Emussion = LSE=HML=PLy=[{UN~CL) ={CH=CRR/|*FIELD| -
SPRAYED*RL

Example: [nsecticide spray for 1991

Water Emission = 146x105*PMN={(0.005+0.001)+[(0.05+0.01)+(0.005*0.1)]*0.7} +
136 105*PMN*0.75 = 109x 10°*PMN Ib/yr

2. User Exposure:

This generic scenario covers the application of nonagricultural pesticides for grass and shrub maintenance using
waterborne pesticides. Human exposure to a PMN chemical contained in such a pesticide can include
occupational (commercial) worker exposure, residential user exposure, and nonapplication (or nonoccupational )
exposure. Of these three types of human exposure, commercial worker exposure can be expected 1o be more
significant than residential user exposure due to the longer durations of pesticide operations involved in the
former type of exposure. Also, nonapplication exposure can be expected (0 be significantly lower than the
exposure due to direct pesticide application activities.

Exposure from pesticide application activities will be primarily through inhalation and dermal routes.
Nonapplication exposure may be from a combination of inhalation, ingestion, and dermal routes, although
exposure through inhalation is likely to dominate the total exposure for most chemicals. [deally, measurement
studies would be the best approach to estimate exposure to the PMN chemical in the pesticide formulation.
These studies could be conducted using existing methods for estimating dermal and inhalation exposure from
pesticide applications (e.g., Lavy et al., 1982; Nigg et al . 1988. NOPES, 1990), If measurement studies
cannot be conducted to estimate human exposure from PMN-pesticide application activities, lierature-reponed
measurements of worker and nonoccupational exposure (o pesticides may need to be used. However. inferring
expasure 10 a PMN chermical based on measured exposurs 0 pesticides would be subject 1o a grear deal of
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uncertainty. Mevertheless, such an approach may be the only one feasible for a particular PMN evaluation and
is developed further in this generic scenano.

A number of studies have been conducted in recent years (o estimate occupational and nonoccupational exposure
to pesticides. These studies have included measurements of airborne concentrations of pesticides during
application activities, and measurements of indoor-outdoor air unrelated to application activities. Dermal
exposure during pesticide application activities also has been studied. Lavy et al. (1982; and other references
contained therein) studied occupational exposure from pesticide application for specific operators, such as
pesticide mixers, tractor (or boom) sprayers, and backpack sprayers. Nigg et al. (1988) srudied pesticide
exposure of Florida greenhouse applicators; data were collected from handgunners (tank-rype) using a variety of
sprays, tractor drivers pulling boom or span sprayers, a drencher, and assisting personnel. Pesticide
applications during the study were conducted in both enclosed and open-air environments. Yeary and Leonard
(1993} recently measured pesticide breathing zone air concentrations during application to lawns, shrubs, and
trees. The ongoing NCI-EPA NEFOES (NEFOES, 1993) study of farm occupational exposure also provides
information on occupational or direct-application-related pesticide exposure.

EPA's recent Nonoccupational Pesticide Exposure Study (NOPES, 1990) investigated nonoccupational exposure
to common pesticides. In that study, airborne concentrations of 32 different pesticides were measured both
indoors and outdoors; during residential application events, dermal exposure of a small number of subjects was
also monitored, The study was conducted in two scparate geographic areas of the country, Jacksonville, Florda
and Springfield-Chicopes, Massachusents. Jacksonville was selected as representative of a high-pesticide-use
area, whereas Springfield-Chicopee was believed to represent a low- to moderate-pesticide-use region.

There are many difficulties associated with applying the exposure data reported in the above pesticide srudies for
estimating potential human exposure to a PMN chemical as required for this genenic scenanio. The PMN
chemical's physical and chemical characteristics, such as vapor pressure and solubility, and its pesticide
application parameters, such as application concentration, spray raie, and work procedures, will affect the extent
of dermal and inhalation exposure from pesticide application. These characteristics must be adequately
considered to extrapolate the literature-reported exposures for specific pesticides to provide estimates of potential
exposure 1o a PMN chemical. An approach for this purpose is discussed below: the approach will require
modification and refinement on a case-by.case basis depending on the natre of the PMN chemucal.

{i} Inhalation Exposure:
Application-Related Exposure (Commercial Worker or Residential User):

Pesticide concentrations during application events have been measured in a number of studies. Typically, data
from these studies consist of the breathing zone air concentration during the application event, the spray rate of
active ingredient (a.i.) and the mode of spraying, e.g., tractor-driven boom spray, tank-based handgunner,
backpack sprayer, etc. If one of the pesticides monitored in these studies has similar physico-chemical
properties (vapor pressure, solubility, etc.) similar to those of the PMN chemical, then the measured breathing
zone air concentration can be used to allow an estimate of the potential PMN air concentration, as:

Cprueie * Pesticide (a.i) Spray Rate / PMN Spray Rate = CPMN (rough estimate),

where Cpocige is the reported breathing zone air concentration of the pesticide (pg/m3), the pesticide (a.1.) and
PMN spray rates are in kg/hr, and Cpygy is the estimate of the breathing zone PMN concentration. For this
approach to yield an appropriate estimate, the pesticide concentration must have been measured in a spray
operation similar to that in question for the PMN chemical. For example, Nigg ¢t al. (1988) measured a mean
chlorpyrifos air concentration of 276 p.g."mj for a tractor driver using a boom sprayer, The pesticide (a.i.}
spray rate was 0.962 +£0.044 kg/hr in the applications and the applications were conducted in an outdoor {open-
air) environment. Using these values, an esumate of the air concentranon of potential exposure 10 2 PMN
chemical with similar characteristics as chlorpyrifos could be estimated for tractor-driven boom-spray
application of the pesnicide,  Air concentrauons for a number of other pesticides measured dunng a variery of
spraving operations are presented by Nigg et al, {1988 and by Lavy et al, (1983,
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Inhalation exposure during the spray operation is then estimated from the air concentration as:

Conn (ug/m’) * 1.75 m*mr * H (hr) = 77 (ug).
where 1.75 m’/hr is the inhalation rate (medium-duty work) and H is the duration of the application operation.
Neonapplication-Related Exposure:

Nonapplication-related exposure to the PMN chemical is much more difficult to estimare than application-related
inhalation exposure. The air concentration of the PMN chemical will depend on its charactenstics such as
volatility, atmospheric reactivity, and lifetime, as well as the methods used for spray application of the pesticide
formulation containing the PMN. A similar approach as that discussed above for the breathing zone PMN arr
concentration during pesticide application could potentially be extended to estimate indoor/outdoor PMN
concentrations. Again monitoring data (from studies such as NOPES) for a pesticide with similar physico-
chemical and spray application characteristics as the PMN chemical would have 1o be available. Annual
average indoor and outdoor air concentrations of the pesticide could be combined with information on pesticide
and PMN annual application rates to provide a speculative estimate of the potential air concentration of the
PMN chemical as a result of application operations. Differences in atmosphenc reactivity between the PMN
chemical and the monitored pesticide must be considered.

(ii) Dermal Exposure:

Dermal exposure is expected 1o be significant only in application-related human exposure. Dermal exposure
during pesticide application can be estimated using an approach similar to that discussed above for inhalation -
exposure. Nigg et al. (1988) derived Estimated Total Body Accumulation Rates (ETBAR) in mg depositedkg
of pesticide (a.i.) sprayed for a variety of pesticides and a number of pesticide spraying operators, such as
handgunners (fine spray, coarse spray, and pulse fog), tractor drivers (span and boom spray), drenchers, and
assisting personnel. The ETBARs were derived using results from dermal exposure pads placed at various
places on the subjects' bodies, above any clothing or protective gear. The ETBARs thus provide an estimate of
the pesticide accumulation rate on the body of an applicator unprotected by clothing of any kind, and can be
appropriatels scaled depending on the types of protecuse clothing used

To estimate dermal exposure to a PMN chemical, an ETBAR derived for a pesticide with similar physico-
chemical characteristics and spray application method can be used in conjunction with a scaling factor 10 account
for the spray rate,

ETBAR py i (mg/kg) * PMN Spray Rate (kg/hr) * H = Unprotected Dermal Exposurepy., (mg),

where ETBARp ., 1§ the measured accumulation rate for the pesticide similar to the PMN chemical, the
PMN spray rate is in kg/hr, and H is the number of hours of application operation. The unprotected dermal
exposure calculated can be reduced to account for protective clothing worn by the applicators. Nigg et al.
(1988) derived penetration factors for a number of pesticides and a vanety of protective clothing: Generally,
penetration rates varied from 0 to 23%, depending on the amount of pesticide to be transminted and the
compound itself. CEB (1991} provides guidance for use in estimating the efficacy of dermal protective clothing.

Exposure from mixing the pesticide formulation prior to application and from cleaning equipment at the end of
-spraying operations also leads to dermal exposure. Assuming that mixing and cleaning operations are conducted
with a frequency, FT (number/day), and using estimates of the typical dermal exposure from these rypes of

routine contact operations (CEB, 1991), the dermal exposure to a PMN chemical in the pesticide formulation is:

(1.300-3,900) mg * FT * %PMN 100 = *? mg/day
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