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Cconclusions

Three Drift Field Evaluation studies were submitted by DuPont in
accession 407670-17 in an effort to fill the Drift Field Evaluation
guideline requirement (202-1) and to persuade the Agency to add
aerial application to the Ally label. These three studies have
been submitted previously and were evaluated in my 29 December 1989
review (EFGWB review # 90606 and 90645 -- a single review with two
tracking numbers). In my 29 December 1989 review, all three
studies were judged to be supplemental. Only the study by Akesson
was judged to be potentially upgradeable to fully acceptable. The
registrant should see the December 1989 review regarding the
acceptability of the studies.

In addition, we note that stipulating a label requirement for a
droplet size spectrum with a VMD in the range of 1000 microns ,or,
about one millimeter, might greatly reduce drift.

Background

Whether or not aerial application should be allowed for Ally
depends on the toxicology of the chemical and the magnitude of the
exposure. The Spray Drift Task Force (of which DuPont is a member)
is expected to provide a fully acceptable model for estimating
spray drift exposure, but this may be years away. There is

" probably no definitive tool, as yet, for estimating deposition with

distance from aerial application. However, Ms Sandra Bird (USEPA
Athens, Georgia) recently (American Chemical Society, 1992)
presented a literature review of aerial application drift field
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studies. Fourty-two. such studies were covered by the review.
Looking at the fogrgy—two studies, we can consider what parameter
appears to be énfluential on the degree of off-site spray drift
deposition. First, I would set aside the studies in Ms Bird's
paper which had only one data point, because they do not have the
same support as multiple point curves. In all the multi-point
studies, with four exceptions, we see drift of over 0.1% out ‘to, at
least, 1000 feet downwind. Of the four which did not show this
magnitude of deposition, three were conducted with droplet spectra
having VMD's over 1000 microns (1.0 millimeter). 1In summary, it
would appear that it may be difficult to reduce the deposition out
to 1000 feet to less than 0.1% of the application rate unless the
label calls for large diameter spray drop!zts possibly in the range
of 1000 microns. The Ecological Effects Branch would be in a
position to say whether 0.1% of the application rate might cause an

environmental problem.

Attachment: Ms Bird's literature review as of September 1992.

~cc: Richard Petrie, Ecological Effects Branch
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A Compilation of Aerial Spray Drift Field Study Data /\D{ac'
for Low-Flight Agricultural Applications S;DC.
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Sandra L. Bird
Environmental Research Laboratory
U.S. Environmental Protection Agency

- Athens, GA

ABSTRACT

Offsite drift of aerially applied pesticides is a major
contributor to chemical exposure of humans, fish, and wildlife.
Data from 42 low-flight airplane agricultural applications
(mostly single swath field trials) were collated, extrapolated to
a standard 20 swath application, and normalized by the
application rate. The field tests represent a wide range of
meteorological conditions and nozzles types and show that median
values for offsite deposition at 100, 200, 300, and 400 ft are on
the order of 5%, 2%, 1%, and 0.08%, respectively As far as 1/4
mile downwind, deposition ranges from 0.02 to 2% of the
application rate.

INTRODUCTION

Drift of airborne pesticides from the target site at the
time of aerial spray application is a source of environmental
concern due to the potential human health impacts, downwind
contamination and damage of crops and livestock, and endangerment
of ecological resources. While -aerial application of pesticides
provides a highly efficient method for control of both vegetation
and insect pests and accounts for a substantial fraction of all
pesticide applications, less than 50% of aerially-applied
pesticides (Willis and McDowell, 1987) deposit on target. The
remainder become contaminants of soil, water, and air.

Although there has historically been an interest in the
problems presented by the off-site drift of pesticides, the new
generation of pesticides, such as the synthetic pyrethroids and
the sulfonyl urea compounds, add a new set of concerns relative (?Ezﬁ\
to their potential ecological effects. The synthetic \.C ‘
pyrethroids, which now comprise more than 25% of the insecticide éiwy
market (Inglesfield, 1989) have a very low toxicity to ’
terrestrial vertebrates but have a relatively high toxicity to
fish and invertebrates. Therefore, the widespread use and
persistence of the synthetic pyrethroids may potentially threaten
aquatic ecological resources. The sulfonyl urea herbicides may
be toxic to plants at residue levels that are not detectable
using conventional chemical analysis techniques. Non-target
species may be orders of magnitude more sensitive to these
herbicides than the target vegetation posing a significant
potential for both economic and ecological impacts.
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Since the mid-sixties, results from a variety of off-site

. drift field studies have been published in the open literature.
Typically, these studies compare off-site deposition under
different application conditions to evaluate the relative drift
produced using different spray nozzles or pesticide formulations,
and the effects of meteorological conditions on drift behavior.
These drift studies provide a potential database for validating
spray drift models and for providing empirical guidelines for
estimating pesticide exposure.

This article summarizes the findings of individual field
‘trials and collates the deposition residue data reported for 42
separate field tests reported in the open literature for low
flight aerial spray applications. The data in the literature
were originally reported in a variety of formats and measurement
units and for a range of single and multiple swath applications.
In this report, all deposition data were normalized to a
percentage of the nominal application rate, interpolated to
consistent intervals, .and extrapolated to reflect a standard 20-
swath application scenario. The results are presented in both
tabular and graphical form. :

DATA BASE DEVELOPMENT

A review of the spray drift literature was performed, and
articles containing more than 60 separate field trials measuring
off-site deposition of pesticides from low-flight agricultural
applications were identified. The only trials (42) included in
this database were either field-scale applications or single~
swath applications in which deposition data were collected at
sufficient distances downwind to allow extrapolation to a 20-
swath field. Only airplane applications to crops at very low
altitudes are included in this summary. No helicopter, forest,
or orchard applications are included, although a number of these
types of trials have been reported in the open literature.

: Deposition data were reported in these studies in a variety
of ways including tabular, graphical, and regression formats.

For deposition data reported at fixed measurement station
locations, a linear interpolation between measured data points
was used to estimate depositional values at selected intervals
downwind of the edge of the field or swath. Single-swath field
trials, which accounted for the majority of the reported data, as
well as smaller plot trials were extrapolated to a 20-swath
application by

NS
D, = 2:15
=1

where
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deposition pattern.

Figures 3 through 6 jlilustrate the cumulative frequency
distribution of offsite deposition at 100, 200, 300, and 400 ft
downwind for a 20-swath applicatiom. Although the studies used
for these figures are not a true, randomized sample, the wide
range of conditions represented by the tests in the database
provide a useful framework for evaluating potential offsite
deposition. At 100 ft downwind, the SO0th percentile value for
the deposition is approximately 5% and the 90th percentile value
is slightly over 10% of the application rate. At 400 ft
downwind, the 50th percentile deposition value is slightly 1less
than 1% of the application rate and the 90th percentile value is
approximately 3% of the application rate. ‘ .
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SUMMARY OF DATABASE INFORMATION

Table 1 summarizes the references and conditions reported |
for each of the field trials. 1Included in this table is
information concerning the reference for the field test, wind
speed, atmospheric stability condition, nozzle type, estimated
VMD of the spray emission, and spray formulation and tracer i
information. Atmospheric stability was based on the stability
ratio calculation discussed in the previously. All of the
studies are low flight row crop applications. Flight height was
not explicitly reported in most of the studies, although this is
probably an important variable in determining downwind drift of
pesticides. Typically, the aircraft wheels were just at the top
of the canopy. Table 2 summarizes the downwind deposition at 100
ft intervals for studies described in Table 1 based on a 20-swath
application.

L : " —

: Figure 1 summarizes the data reported in Table 2 in a
graphical form. At 100 ft downwind, deposition ranges from
approximately 1% to 10% of the application rate and at 1300 ft .
downwind ranges from approximately 0.02% to 2% of the application
rate given a relatively large scale field application, i.e. 20
swaths. For larger fields, depositional amounts drop off slowly
and although the data extends to only 1/4 mile downwind, the
shape of the curves suggest that 0.5% of the application rate
could potentially be observed as far as a mile from the downwind
edge of a very large field.

- It should be emphasized that relatively large deposition at
substantial downwind distances will only be observed for large
field-scale applications. Figure 2 shows a comparison of the -
single swath data and extrapolation to a 20 swath application for
Test 42 reported in Kludas (1990). While the multiple swath
application increases estimated deposition at the near field
location (100 ft) by a factor of three, deposition farther - .
downfield (1000 ft) is increased by a factor of more than 10. The
resulting deposition for this example is approximately 1% of the
application rate as far as 1/2 mile downwind when the effects of
the field scale application are considered. This difference is
important to keep in mind when evaluating the results of single-
swath drift trials, particularly for deposition a significant
distance downwind. Additionally, it is important to realize that
expansion to even larger scale applications could result in
significant increases in the amount of material deposited at a
distance of 1/4 mile and beyond.

This type of deposition pattern--the long slowly declining
tails--is accentuated by the stable atmospheric conditions. The
shape of the downwind curve illustrated in Figure 2 is not unigue
to this particular test and, although this study represents a
high potential drift condition, i.e., relatively high wind speeds
coupled with a significant temperature inversion and relatively
small droplet spectra (approximately 200 u VMD released from the
nozzle), it does illustrate dramatically a potential downwind

)2 W



demonstrated that the fluorescent techniques provide an
acceptable quantitative measure, the use of fluorescent tracers
has been questioned by others due to their tendency to degrade
under sunlight. In later studies, the UC-Davis researchers
monitored an active ingredient or used salt tracers.

The University of Arizona group also performed a series of
studies comparing effects of application equipment. These
included a comparison of applications from an airplane to a high
clearance ground sprayer (Ware et al., 1969A) and a mist blower
(Ware et al., 1969B) along with a comparison of the drift from
flooding and raindrop type nozzles for aerial applications.
While the high clearance ground spray application resulted in
substantially lower offsite deposition (4- to 5-fold) than the
simultaneous aerial application, the mist blower resulted in
substantial increases in downwind aerosol concentrations (6-fold)
and moderate downwind deposition increases (2-fold). In one
study (Ware et al., 1972b), researchers measured vertical drift
using weather balloor.s as well as off-site deposition.

The study performed by Riley and Weisner (1989) is of
interest since the drift of an active ingredient (deltamethrin)
from a field scale application was monitored. Deposition in this
study was measured only to 100 m downwind. The results of this
study were consistent with values observed for the single swath ™
studies that measured a surrogate for the active ingredient. At
100 m (328 ft) downwind, approximately 0.3% and 0.5% of the
application rate were deposited. Kludas (1990) m=asured aerial
drift of ethyl parathion from a single swath application for a 1
gallon per acre and a 10 gallon per acre application of an
enulsifiable concentrate (EC). These studies were done during an
atmospheric inversion and relatively high windspeeds -- a "worst
case" meteorological condition -~ resulting in high downwind
deposition. Long and slowly declining depositional tales were
observed under these conditions.

Data from three recent studies are not included in the
database due to the limited downwind sampling distance or
unresolved discrepancies in the data. Data in Gaidos et al.
(1220) were not included as there is an unresolved discrepancy in
the reported application rate. Two studies in the literature
vhich were not incorporated in the database contain unique data.
Wilson et al. (1986) which contains six trials comparing drift
from an EC of fenvalerate diluted with water and an ultra-low
volume (ULV) fenvalerate application with a vegetable oil
carrier. A study by Crabbe and McCooeye (1985) includes eleven
field tests and measures deposition on dress forms downwind of

"the application. These two studies do not contain sufficient
downwind deposition data to allow extrapolation to the 20 swath
size field. However, aerosol samplers and the dress forms were
placed farther downwind and provide information of direct
interest to human exposure assessment.

AN




greater at higher windspeeds as one would intuitively suspect,
but dilution in the atmosphere is apparently greater and
counterbalances the additional mass at greater travel distances.

Another major thrust of the UC-Davis investigations involved

defining the importance of spray atomization and factors .
-affecting atomization on off-site drift. Droplet spectra emitted
by nozzles are typically described by a volume mean diameter
(VMD) -~ the diameter at which half the spray volume is composed
‘of droplets of larger diameter and half of smaller diameter. The
UcC-Davis group observed a 2-fold increase in downwind deposition
beyond a 100 ft when applcations were made with a 290 x4 VMD
nozzle emission relative to a 420 u VMD emission. They found
that nozzles directed back with the emission in the direction of
the airflow rather than directed down, perpendicular to the
airflow, resulted in significantly less drift. When nozzles are
- oriented in the direction of the airflow, less fractionation of
the droplets occurs ani the VMD of the emission is higher with a
substantially lower number of small droplets (less than 100 u
VMD, the category of droplets most likely to move offsite) being
produced.

Researchers also explored the impact of formulation and
adjuvants on drift (Yates et al., 1974; Yates et al., 1976).
Although the use of thickening adjuvants decreased downwind
aerosol concentrations, there was relatively little impact on
residues deposited downwind. When the oil content in the tank
mix was increased, the deposition of offsite residue increased.
For 100% oil content, the shape of the deposition curve on a
semi~-log plot was observed to be convex rather than the concave
shape typically observed for applications with a water-based
carrier. Deposition between 500 to 1000 ft downwind for the oil
application was 4 times that of the water carrier but approached
the same levels 5000 ft downwind.

Although the UC-Davis group did not explicitly pursue the
effects of flight height on off-site drift, results from two
separate test sites reveal height to be a possibly significant
factor in downwind residue levels. For example, in one study in
which conditions were similar to those reported in Yates et al.
(1974), depositions were much higher (at least five-fold) than
reported in Yates et al. (1967). During the 1974 study, however,
the pilot was forced to fly 2 to 3 feet higher due to the
presence of a ditch and embankment at the end of the flight line.
The authors speculated that the increased flight height might
have been responsible for the observed differences in
depositional patterns. However, micrometeorological conditions,
which are not always well characterized or reported for a site,
can have a significant impact on drift characteristics and cannot
be disregarded as an explanation here.

A significant portion of the studies performed by the UC-

Davis group used fluorescent tracers indicated in Table 1 as a
dye. Although UC-Davis researchers believed that they

f 0\




- applications. The University of Arizona studies were either

small field (4-20 swaths) or single swath applications.
Generally, published field studies focused on paired comparison

* ¢rials to jdentify those parameters that most affected off-site -

drift and downwind deposition of pesticides.

The research program jnitiated at UC-Davis in 1960 was aimed
at identifging the fundamental factors affecting pesticide drift.
These studies focused on atmospheric stability, atomization, and

" chemical formulation as major determinants of downwind drift and

deposition.

Stable atmospheric conditions have been jdentified in
ceveral studies as a high risk condition for downwind deposition .
of pesticides. The most typical measure of stability used by
spray drift researchers is the stability ratio (SR) defined as

10 _
sk = =12 10
L2 uz

where

T,, = Air temperature (°C) at 10 m height

T,5 = Air temperature (°C) at 3.0 m height

U = Average wind speed between 1 and 6 m height (cn/s)
A value greater than 1.0 indicates a very stable atmospheric
condition, 0.1 to 1.0 is a stable condition, -0.1 to 0.1 is

neutral, and a value less than -0.1 is unstable.

Research by the UC-Davis grcup suggests that stable

_ atmospheric conditions resulted in an average factor of two

jncrease in deposition at approxinately 100 ft downwind (Yates et
al., 1967) and a 3- to 13- fold increase 1/4-mile downwind and
beyond (Yates et al., 1967:'Yates et al., 1974) compared to
neutral and unstable conditions. Additionally, more recent
studies in aerial applications ts orchards (MacCollom et al.,

- 1985; Currier et al., 1982) measured residues at 500 m offsite

under inversion conditions that vere significantly higher than
those observed under less stable atmospheric conditions. Field
studies that compared drift under stable and unstable conditions
suggest that relatively high wirZspeeds (8-16 mph) are optimal in
minimizing offsite deposition at distances beyond 100 ft since
neutral to unstable atmospheric zonditions are virtually ensured.
A recent study (Payne and Thompszn, 1992) of aerial glyphosate
applications to a forest canopy (10 m application height) showed
increasing depositon at 400 m dovnwind as windspeed decreased.

At the 50 m location, deposits ircreased as windspeed increased
due to the swath displacement of the larger drop cloud. Thus,
total mass of pesticide that moves off-site may, indeed, be

[5 | AN
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5 = downwind distance from the.edge of the field
NS = number of swaths :.r which the extrapolation is

pPerformed '
TD; =  total deposition at j distance from an NS swath
app;ication ' 4
D, = ground deposition at lccation j contributed from

the application oy the kth swath where D, is
calcu?gted as the weasured deposition at a
distance x = § + {t * (k=1)] and i is the swath

width

Swath widths reported for tne applications in these studies
ranged from 35 ft to 60 ft. Thus. a 20-swath application \
represents a field size on the onler of 700 to 1200 ft in width.
The selection of a 20 swath fielg size was to some extent
arbitrary. However, 20 swaths represent a moderate scale
agricultural field -- e.g., a 40c~ ft by 1000 ft field is
approximately 23 acres. In addjtion, based on the distance
downwind data were collected most of the single swath studies
could be readily extrapolated to the 20-swath scale field using
the simple methods outlined previcusly. Up to 300 ft downwind,
an additional increase in the siz¢ of the field will have a
relatively minor impact on ground ge51dues, but an increase in
field size beyond 1000 ft can sigrificantly increase deposition
at locations farther downwind. :

The studies incorporated in ihis data base are, for the most
part, abstracted from peer-reviewed journals. The 51?913
exception, Kludas (1990), is a data sutmission to EPA's Office of
Pesticide Programs (OPP). The 1wy term plan is to expand this
database to incorporate additiona: studies that have been
submitted to OPP as they become a:aiilable.

REVIEW OF SPRAY DRIFT STUDIES

The majority of field studies of spray drift from aerial
application of pesticides to row cvops reported in the open
literature were performed by two research groups--one at the
University of california-Davis les by W.E. Yates and N.B. Akesson
and the other at the University of Arizona-Tucson led by G.W.
Ware. The majority of the studies found in the open literature
vere performed in the late 1960's and early 1970-?- Relatively
few investigations were published Juring the 1980's. The
majority of the data reported was trased on single-swath field
trials. Relatively few sampling studies are reported that were
large scale field experiments. ciearly, study information
submitted to OPP during the pesticide registration process needs
to be incorporated into this database.

Studies performed at UC-Davis were generally single swath
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