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. Summary

The Environmental Fate and Effects Division (EFED) of the Office of Pesticide Programs (OPP)
currently has no model for estimating spray drift from orchard airblast applications.
Consequently, EFED’ s environmental risk assessments include standard estimates drift. To
develop atool which could be used to estimate downwind drift at a range of distances the Spray
Drift Task Force's (SDTF) data set was analyzed and used to develop two generic deposition
curves. These curves are proposed to form the basis of a method for estimating drift from
orchard airblast applications. As part of an ongoing peer review effort, EFED seeks the opinions
of the Scientific Advisory Panel (SAP) regarding the orchard data and their potential regulatory
use. The deposition curves from the data are proposed to be used in risk management for setting
buffer zones. There may be cases where EPA finds that estimated deposition from spray drift
(using these curves) would present an unreasonable risk that cannot be mitigated to acceptable
levels. In such cases, EPA may decide not to register a particular use on the basis of this
assessment.

The SDTF, acodlition of pesticide registrants, performed airblast studies that quantified drift from
pesticide applications in eight distinct orchard environments. Meteorological conditions,
atomization data, drift measurements and grower interviews were collected in support of these
studies as well asinformation on analytical recovery and tracer stability. The application
equipment chosen was supposed to represent that most commonly used. The effects of canopy
spacing, size and density were suggested to be the most important factors affecting drift.
Deposition levels were not, however, quantitatively related to measured variables. No corrections
were made to account for losses of pesticide tracer due to degradation or extraction recovery.

In order to consolidate the SDTF data set into aform useful for assessing downwind drift,
deposition data were grouped into high drift potential orchards and low drift potential orchards.
Orchard groupings are hypothetical categories of different orchards based on their relative
potential to allow drift. The high drift grouping is composed of data from orchards containing tall
trees (pecans), dense canopies (citrus), spaced canopies (young orchards), and dormant trees.

The low drift grouping is composed of data from medium canopy densities (apple and amond)
and 2 meter high vineyards. The development of these groupings was based on observed
deposition values from individual orchards and physical characteristics expected to result in higher
drift.

Mean deposition versus distance curves and corresponding tolerance bounds were developed for
the high and low groupings. Statistical analysis was performed by fitting individual applications
with a smple exponential decay function and then using the calculated depositions from the
function to estimate variability at a range of distances to determine tolerance bounds.

Datafor each tree crop type (e.g., dmonds) were collected from a single orchard, minimizing
variability. Anayzing deposition values across groups of different orchard types increases
variability which helpsto offset the lack of variability in the study design.
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Grouping also isintended to alow the datato be bridged to represent more orchard types than
those included in the SDTF study orchards. Orchard groupings are intended to be used as
surrogates for other orchard types with similar physical parameters (e.g., height, canopy density,
canopy spacing). If data are provided to define the physical characteristics for an orchard type of
a species or variety not included in the high or low groupings, it should be possible to categorize
the orchard into an existing grouping.

I1. Introduction

EFED risk assessments normally estimate a fixed amount of spray drift from orchard airblast
applications. The aquatic exposure scenario for airblast uses a standard 5% of the application rate
which deposits on a 64 meter wide, one hectare pond immediately adjacent to the orchard. This
valueis used for al types of orchards and application equipment. No valueis presently used to
assess deposition to ponds farther from the edge of the orchard making it difficult to assess risk
reduction from the use of buffer zones. There is an immediate need within EFED for a model
which provides more information on how orchard type and distance affect downwind drift.

Pesticide drift, as defined by the Association of American Pesticide Control Officials, isthe
physical movement of pesticide through the air at the time of pesticide application or soon
thereafter from the target site to any non- or off-target site. This definition intentionally excludes
off-site movement of pesticides due to volatilization and other secondary causes. Under the
Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) pesticide registrants are conditionally
required to submit study data on the propensity of their products to result in off-target deposition.
In the past this requirement has been dealt with on a chemical by chemical basis. However, since
drift potentia of pesticidesis largely independent of the chemical nature of the active ingredient,
the SDTF has carried out a number of studies to approach the FIFRA requirement generically.
The studies performed by the SDTF have been divided into categories by application method:
aerial, ground hydraulic, chemigation and orchard airblast. This review of the SDTF orchard
airblast studies emphasizes data collected on horizontal surfaces.

During 1993 and 1994 the SDTF conducted drift studies on orchard airblast applications. Their
data was submitted to EPA in the form of severa reports. In December 1998, a scientific peer
review workshop was organized by EFED. Scientists participating in the workshop were asked
to review the SDTF studies for airblast, ground hydraulic, and chemigation application methods.
The questions posed to reviewers were:

1. Arethe reports scientifically sound in terms of study design, analytical methods, data collection,
statistical analysis and interpretation.

2. Do the data support the generic approach used by the SDTF, i.e., is drift independent of the
chemistry of the active ingredient?

3. How do atomization studies on spray mixtures relate to field studies?
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4. What are the limitations of the data set for predicting potential exposure of non-target
organisms to pesticide drift?

5. What factors most influence off-target spray drift of pesticides?

6. To what extent can the data be related to drift that might result from typical airblast and ground
Spray pesticide applications?

The overall view expressed by the participants from academia and government research and
regulatory ingtitutions was that the quality of the data was high relative to other drift studies and
the data were acceptable to use for risk assessment purposes. All reviewers felt that canopy type
and structure are particularly important factors in orchard spray drift and that the SDTF database
contains a very good range and mix of canopy architectures. The sprayers selected for the studies
were considered typical of those used across the country and were appropriate for the selected
canopy conditions. Environmental conditions (wind speed, humidity, etc) were also considered
important. When the studies are taken as a whole, the range of conditionsis quite good.
However, the range of conditions for any individual canopy study was somewhat limited. One
comment made by nearly every reviewer was that very little statistical evaluation of the data had
been conducted by the SDTF. This comment led to the undertaking of the statistical work and
deposition curve development presented is this report. An attempt was made to capture the
criticisms and concerns of the peer reviewers and include them in integrated form. In addition,
severa figuresincluded here are adapted from those of the peer reviewers. Individua reports of
the peer reviewers are included in the background materia for this report.

OPP poses the following questions to the SAP regarding the Spray Drift Task Force orchard
studies, the deposition curves generated from these studies, and the use of these curvesin risk
assessments and risk management:

1. What significant limitations, if any, exist in the orchard data in terms of:
a) application equipment (e.g., nozzles, sprayers)?
b) meteorologica conditions (e.g., temperature, humidity, wind speed)?
C) site conditions (e.g., terrain, crop canopy)?
d) reliability of deposition data (e.g., tank mix tracer concentrations, analytical
recoveries)?

2. Isthe method used for generating the deposition curves appropriate given the data from which
they were devel oped?

3. Doesthe SAP agree that the proposed approach is an improvement over the current methods
used by OPP to predict deposition from off-target spray drift?

4. Given the available information, do the 95th percentile values for the deposition curves appear:
a justified? Are additional correction factors required?
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b. realistic? Do the percentile calculations overestimate “real world” levels?

5. Will the outlined method for incrementally increasing orchard size by summing depositions
from inside treatments with increasing offsets be appropriate for adjusting results to varying sized
orchards?

6. Arethe given orchards groupings (high and low) reasonable for:
a. statistical purposes?
b. risk assessment purposes?

7. Do the data provide a sound basis from which to generate deposition curves which can be used
in risk assessment and risk management?

I11. Overall Study Design
A. Background

The SDTF produced four studies on drift and atomization from airblast applications under
different field conditions with varying equipment. Three studies conducted on orchards in
different states were: 1994 Orchard Airblast Study on Pecansin Georgia, 1994 Orchard Airblast
Field Study on Citrusin Florida, and 1993 Airblast Study in California. In addition to the field
studies, studies on the droplet size spectrum produced by equipment similar or identical to that
used in field studies and a report integrating the results from the different studies were also
produced. Surveysfrom 59 growers and applicators from nine states provided information on
practices used in airblast pesticide application. Interviews included questions on types of
equipment used, crops and commodities, future and present orchard spacing and application
techniques.

Airblast applications are distinct from other application methods in the equipment used and the
cropstreated. Since orchard airblast applications are directed into the canopy from inside the
orchard, it islogical to assume that the canopy typeis likely to affect the movement of the
pesticide. Field study designs were chosen to provide an array of canopy types, heights, and
spacings so that the effects of the physical environment on spray drift could be assessed. Air
movement through canopies is likely to vary depending on the type and growth stage of orchard
being treated; thus severa orchards (apple, grape, amonds, oranges, grapefruit, and pecans) were
studied to identify potentia differences affecting the magnitude of drift. Aspects of airblast
applications which were examined in SDTF studies for their effects on spray drift are outlined
below:

1 The largest trees studied were mature pecan trees (20-21 mtall). Applicationsto large
trees require that the pesticide formulation be projected from the airblast apparatus to the
tree tops, pushing the pesticide spray to great heights. Because the lateral distance
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traveled by pesticide drift is related to spray height, it isimportant to examine drift
resulting from applications to tall trees.

The smallest trees studied were small grapefruit trees (~2 mtall). Small trees may just
require lateral projection of the pesticide from the airblast apparatus minimizing the height
of the spray; but small, immature trees have larger spaces between the trees within rows.
Larger spaces are expected to result in greater air flow and thus may increase drift. The
relatively large space (~2.3 m) between the small grapefruit canopies provided atest of
this physical parameter relative to the other orchards where the trees were in contact.

Since pesticides may be applied to trees lacking foliage, drift resulting from applications to
dormant apple trees was studied. (Foliated apple trees were also examined.) Driftislikely
to be affected by the absence of |eaves on the trees alowing relatively unrestricted air
movement through the canopy.

Airblast and mist blowers are different application equipment which may be used in smilar
orchard settings. Drift from mist blower application to grapefruit was studied and
compared to results from airblast applications. Drift from wrap-around sprayer usein a
vineyard was aso measured.

The droplet size spectrum of the pesticide formulation produced during application has
been identified by the SDTF and many independent researchers as an important factor
affecting drift, particularly with aerial applications. The droplet size spectra produced by
airblast and mist blower equipment similar or identical to that used in field studies was
determined under arange of conditions to determine the importance of equipment and
configuration on the production particles with high drift potential.

Drift from spraying the first few rows of the orchard (outside treatments) and drift from the next
few rows further in the orchard (inside treatments) were determined separately. For inside
treatments with tree fruits (see figure below) the sprayer traveled between the third and sixth tree
rows spraying on both sides. For outside treatments spraying took place from the outer most
edge, spraying inward, through the third row of trees. With grapes, the distance between rows
was smaller and the outside treatments and inside treatments consisted of spraying the outermost
four rows on both sides and the next four rows, respectively.

B. Methods

Drift was measured using horizontal and vertical alpha cellulose collection cards, polyurethane
foam (PUF) low volume air samplers, and polyester strings downwind from the application area
Malathion and carbaryl were used as tracers to quantify drift. The horizontal cards after
extraction and analysis by GC (malathion) or HPLC (carbaryl) provided data on the amount of
deposition of the pesticide application. Vertically hung polyester strings provided data on the
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profile of the drift cloud. Drift samples were collected at regular distances from 0to 549 min
three rows, perpendicular to the rows of the orchard, downwind,10-20 minutes after application
was completed. Additional sampling stations at 549 m were spread parallel to the orchard in
order to capture the most drift possible.

The application rate of malathion in the orchards was not determined directly. Althoughin
pesticide field studies it is common practice to measure application rate directly by measuring
horizontal deposition in the field, no such measurements were made in these studies. Instead, the
amount of tracer used per acre was calculated from the tracer concentration of the tank mix
(determined from the known volumes of water and tracer added), determining the volume sprayed
(tanks were calibrated to subtract the volume remaining in the tank after application from the
initial volume), and the acreage sprayed. Deposition data collected from inside the orchard, had it
been collected, could have confirmed calculated application rates. However, given the
heterogeneous three dimensional environment of orchards, spacings between trees and the
intended deposition onto trees, it is possible that measurements made on orchard floors would be
erratic and difficult to interpret. The absence of confirmatory measurements inside the orchard
increases the importance of accurately defining tank mix tracer concentrations which were
problematic (see Tracer Stability and Spike Recovery below).



Figure 1

Inside and outside treatment areas for tree fruit.
(View from above)
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C. Vdidity of Generic Approach

In SDTF aeria application studies, a generic approach focusing on droplet size was validated.
Production of small, light droplets was identified as a critical factor affecting drift in aeria
applications. Droplet size is determined by the physical properties of the tank mix, the application
equipment and operating conditions. Physical properties such as dynamic surface tension and
viscosity, which are important in determining drift potential, are not gresatly affected by the active
ingredient. Thus, in most cases, drift can be assessed independently of the pesticide in the
formulation.

Contrary to aeria applications, airblast applications occur within a varying three dimensional
environment of an orchard which affects air current movement as well as spray interception. The
heterogeneous environment of orchards varies with the type and age of the trees within it and
with the season. These complexities had to be addressed in the airblast drift study design and did
not allow a generic approach across different crop types asin the aerial application studies. The
results of the airblast studies must be considered relative to where the spray was applied.

IV. Range of Conditions
A. Equipment and Practices

The application equipment chosen was intended to be representative of current practices. Models
examined in the SDTF studies were 1) the Wilbur-Ellis sprayer with Albuz AM7 hollow cone
ceramic nozzle tips (as used in the California and Florida orchards), 2) the FMC John Bean Model
9300 CP axial fan blast sprayer fitted with hollow cone ceramic nozzles (as used in the Georgia
Pecan field study), 3) AGTec mist blowers with AGTec mist blower nozzletips, and 4) awrap-
around sprayer with unspecified nozzles used on grapes. The AGTec mist blower used in the
droplet size spectrum study (model 400LPS) was not identical to the type used in the Florida and
Cdiforniafield studies (model 500CS) but nozzles and configurations were identical and airstream
velocities were similar.

It would be costly and impractical to test al airblast equipment used in US agriculture so the
equipment chosen was supposed to represent that most commonly used. It is not clear, however,
how this determination was made. Although interviewed growers and applicators were asked to
specify application equipment, their responses of makes and models of airblast equipment were
not stated in the report. It isalso not clear what differences that may affect spray drift exist
between models. Many growers surveyed stated a transition to tower sprayers which direct spray
downward into trees. However, tower sprayers were not included in the studies.

Application equipment and techniques vary with the crop being treated. Growerstailor their

application practices to suit the orchard receiving a pesticide treatment. Airblast treatments are
conducted to give thorough coverage of leaves and bark with the spray mixture. Spray not

10
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contacting atree is wasted so applications are usually directed at trees, with nozzles pointed away
from or above the trees being turned off. Most growers report turning off outside nozzles as they
turn corners, not using outward pointing nozzles on end rows and not using upper nozzles for
small trees. The application methods used in the airblast field studies reflect the common
practices reported in the interviews of growers and applicators.

B. CarriersFormulations

Airblast pesticide applications generally consist of aformulated active ingredient in awater carrier
that may or may not contain surfactant. Drift retardants were not used in field trials because none
of the 59 growers interviewed used a drift retardant product in their applications. Airblast tank
mixes are usualy quite dilute due to the high application volume (50 to 1500 gallong/acre). Thus
the range of physical properties for airblast applications is substantially smaller than for other
application methods using more concentrated formulations.

Inthe SDTF airblast field studies, awater carrier containing phosphate buffer and pesticide tracer
was used. The pesticides were used at rates lower than specified on their labels because multiple
applications were performed on the same rows. The pesticides used as tracers were the
organophosphate insecticide maathion (Florida, Georgia, California) and the methyl carbamate
insecticide carbaryl (California) which are both susceptible to hydrolysis at alkaline pH.
Phosphate buffer was added to the water carrier to reduce pH, increasing the stability of the
tracers.

A different tank mix solution from that used in field studies was used in atomization studies (see
Atomization below). However, given that airblast applications are normally dilute water
solutions, the tank mix solutions used in field and atomization studies probably have similar
properties to those used in general agriculture.

C. Meteorology

The most important meteorological condition affecting spray drift from pesticide applicationsis
usually wind speed. Wind speed was measured both inside and outside the orchards at multiple
heights. As expected, wind speed insde orchards is lower and varies less than outside. The wind
speed range observed inside and outside each orchard is stated in Table 1.

Wind direction shifts were also measured during application and drift periods. Much of the
variation in measurements from different replicatesis likely due to wind direction and turbulence.
During the application and drift periods, wind direction varied by a standard deviation of greater
than 40 degrees and commonly varied by more than 15 degrees. Shifting wind and turbulence
would be expected to greatly affect deposition at given collection sites.  In addition to shifting
wind conditions, some of the differences between replicate deposition measurements may be due
to different wind angles during replicates.

11
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Table 1. Orchard type and wind conditions inside and outside the orchard.

Wind speed (mph)

Orchard type Inside Outside
Pecans 0.6-1.5 3.4-8.7
Grapes 0.4-1.0 1.8-6.9
Almonds 04-1.1 4.1-6.1
Oranges 0.5-1.0 5.8-9.2
Apples 0.4-0.5 3.3-74
Apples (dormant) 0.5-6.2 2.2-12.2
Large Grapefruit 3.8-8.8* 3.6-9.1
Small Grapefruit 2.7-6.9* 3.4-7.3

*These measurements were made above tree height.

Wind angle also leads to a slight underestimation of drift at a given distance. The minimum
distance which the drift cloud can travel to a collection point is the perpendicular distance from
the orchard to the collector. Thisis the distance that was used to describe drift distances and
correlated with magnitude of deposition in the SDTF integration report. The actual distance
traveled would be dlightly greater depending on the wind angle; 1.5% and 6% greater for angles
of 10 and 20 degrees, respectively. Cosine corrected downwind distances can help compensate
for wind angle.

The wind speeds which occurred during these studies cover most of the range under which
growers reported they would make applications. Some growers stated, however, that they would
make airblast applications in higher winds, with 23 mph reported as the highest.

Other meteorolgica data (humidity, temperature, solar radiation, and barometric pressure) were
collected. Relative humidity and temperature, along with other factors, affect evaporation which
decreases drop size while the application is airborne and may increase drift potential.

Richardson number (Ri) was used as a measurement of atmospheric stability in SDTF studies.
Stable conditions, when thereis little vertical mixing, are commonly associated with high drift

12
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levels. The majority of the field study data were collected under neutral or unstable conditions (Ri
<0.1). Sincethe SDTF data were collected under unstable conditions and stable conditions
would be expected to result in higher drift levels, the use of the data should not be extended to
stable conditions.

D. Orchards

Study sites were chosen so that prevailing winds blew perpendicular to orchard rows. A range of
orchard types was chosen to represent the majority of orchardsin US agriculture. The orchard
environment is determined by a number factors including the age and /or size of the trees, the
season (if the trees are deciduous), tree spacing, canopy density, leaf size, and pruning practices.
The sites chosen represent a broad range of canopy types including dormant and small trees which
were expected to pose the highest drift potential.

Canopy densities were quantitatively characterized using an instrument (L1-COR LAI-2000) with
awide angle lens to measure light in severa locations in each orchard. The amount of light
penetrating the canopies was used to quantify the density. The LAI-2000 instrument was used to
calculate leaf areaindex (LAI) values (an estimate of leaf surface area above a unit area of soil)
and diffuse noninterceptance (DIFN) (the percent of sky seen through the canopy). A high LAI
and low DIFN indicate a dense canopy.

Other important orchard characteristics affecting drift are tree height and the amount of open area
between trees (the open distance between canopies). The table below adapted from the SDTF
integration report (MRID 43925701) shows the range of orchard conditions included in the field
studies.

Table 2. Physical parameters of orchards included in the SDTF study. A high leaf areaindex
(LAI) and low diffuse noninterceptance value (DIFN) indicate a dense canopy.

Crop Avgcrop | Approx. space DIFN LAI
height (m) | betw. trees (m)
dormant apples 4.3 3 0.776 0.30
grapes 18 0 0.278 1.52
amonds 7.9 0 0.259 1.57
apples 4.3 0 0.195 191
pecans 20.7 0 0.182 1.96
oranges 5.2 1 0.090 2.81
large grapefruit 4.6 0 0.089 2.77

13
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" small grapefruit 2.7 2.1-2.4 0.069 3.07 "

Growers comments suggested that there is a movement toward orchards with closely spaced trees
pruned on the sides and the top. This geometry facilitates harvest by hand. The result would be
more orchards with small trees and less space between trees. An orchard scenario of this sort was
not examined in these studies.

V. Evaluation of Data Quality
A. Tracer Stability and Spike Recovery

The stability of the tracers was assessed in the tank mixes and on the collection media. Samples
were taken from the spray tanks before and after applications. Tracer concentration
measurements were compared to calculated values. At the time the reports were written, the
stability test results had not undergone quality assurance. In some instances spikes appeared to
undergo significant degradation, but confirmatory studies showed the tracers to be stable. No
corrections for tracer degradation were used.

Any variability in tank mix concentration would directly impact the calculation for relative off-
target deposition. Figure 2 summarizes the ratio of measured tank concentrations referenced to
the mix recipe. Post-spray samples are offset dightly from pre-spray samples. Horizontal lines
indicate the medians at different tracer rates. Analyzed tank samples showed considerable
variability for al three studies ranging from the extremes of 17% and 125% of the mix formula
Generadly, however, medians were within 20% of the mix formula. There appears to be no
consistent bias with respect to tracer type or tracer rate. However, there tends to be a tendency
for the means of the pre-spray samples to be higher than post-spray samples. Representatives of
SDTF have attributed tank mix variability largely to poor mixing at the time of sampling and have
thus justified the use of the tank mix formulae in calculating relative drift amounts. Environmental
fate data show that the tracers used, malathion and carbaryl, have the potential to undergo
alkaline hydrolysis and microbia degradation with half-livesin the order of days.

There is concern that chemical tracer instability may have affected the quality of the deposition
data. Malathion has some potential to volatilize and is not particularly stable, especially under
alkaline conditions (see Table 1, in Ground Boom SAP Background document). Malathion is
susceptible not only to hydrolysis at alkaline pH (half life at pH 9: 0.5 days), but also to aguatic
metabolism under aerobic conditions (half life: 1.1 days). The vapor pressure of malathion is4 x
10° torr. Loss of tracer through volatization, hydrolysis, and/or metabolism could result in
significant underestimates in deposition.

In addition to the above concerns, the results of the Georgia pecan study's tank mix stability are
guestionable. In the first treatment, tank mix data were problematic with low recoveries and high
variability (17.0 and 68.4% recovery of expected tracer) and mishaps in sample handling

14
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(containers were reported to have broken) which made re-analysis impossible. The second
treatment showed greater and more consistent recoveries with 63.2% and 81.1% for first and
second replicates, respectively.

B. Fidd Fortifications on Collectors

High and low level field fortifications of tracers on collection media were used to assess the
stability of tracers during the period from application to analysis. Tracers, dissolved in organic
solvent, were placed on the collection mediain a spot using a micropipette. Field spikes were
either frozen immediately after adding the tracer (unwesathered) or after the drift period
(weathered). Spiked collection media were placed upwind from the application area to avoid
contamination during spraying. Unspiked control samples measured possible contamination.

A potential weaknessin the field fortification protocol is that the spikes were not performed using
tank mix contents. By adding the fortification in an organic solvent the collection media was drier
than that receiving tracer drift in the water carrier. Because the tracers used are susceptible to
hydrolysis, damp conditions are expected to decrease tracer stability. This adds uncertainty, but
because tank mix water was buffered to improve stability in the tank, stability on collection media
may also have been enhanced.

Wesathered and unweathered field fortification samples suggest that some tracer degraded during
the study and storage time. Considerable range exists in recovery as a percentage of spiking level
(seefigure below). In the California study spikes from the tank mix were used but the amount of
spiking material was calculated from the mix formula and not the measured concentration in the
tank. In thisinstance, variability in the samples collected from the tank may increase measured
recovery variability. However, the lab-prepared spikes in organic solvent showed only dightly
less variability in recovery of maathion. Generally, higher fortification levels resulted in higher
recoveries (80-105%) and lower fortification levels resulted in lower recoveries (65-85%). The
apparent loss of tracer at low levels could result in atendency of underestimating deposition in the
far field. Inthe Cdifornia, Florida, and Georgia studies the overall mean recoveries were 78%,
87%, and 89% of spikes on alpha cellulose collectors, respectively.

C. Deposition

For measurements made during a single application at the same distance, variation in measured
deposition isrelatively small. Horizontal deposition was measured on apha cellulose cards at
regular intervals down three collection lines perpendicular to orchard rows. Sampling units were
comprised of three cards spaced 15 m apart but equidistant from the orchard’ s edge. Some
sampling units were consolidated and analyzed as single samples. At other distances samples
were anayzed individually which made it possible to assess variability between collection lines
within single applications. Horizontal apha cellulose cards which were analyzed separately had
an average standard deviation of 22% for 144 sets of three cards.
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Figure 2. Tank tracer analyses (from R.E. Mickle'sreview of SDTF data)
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Deposition results showed high variability between replicate applications. Most applications
scenarios were repeated once (airblast treatments of grapes and dormant apples were
performed one time) and the results were averaged in SDTF tables and figures.

Measurements of drift varied more between replicates of applications than within the same
application. Expressed by percentage of the average deposition, replicates varied between 0.7
and 178%, with an average variation of 55.7%. Variation did not show atrend with distance
from the orchard with the highest variation observed at the 50 m distance (averaging 75.5%).

Airblast and mist blower drift measurements were not made for inside rows of grapefruit

trees. This adds uncertainty to the calculated levels of drift from young orchards with spaced
trees. In other test orchards deposition from inside and outside treatments was measured
separately and then added to determine total deposition. In the grapefruit orchard horizontal
deposition measurements for inside treatments were not included in the study design so total
deposition could not be calculated. In the absence of actual measurements, estimated values
were calculated by extrapolating results from other orchards in the airblast study (excluding
grapes, but including dormant apples). The SDTF assumed the average ratio of deposition
from inside and outside treatments from other orchards would be similar to that in grapefruit
and used this value to extrapolate inside treatment deposition from outside treatment
deposition. In all orchards examined with inside and outside row treatments, deposition
resulting from the outside row was severa times higher than from inside rows in the near field
but similar at greater downwind distances. 1n orchards such as small grapefruit where thereis
space between trees, overall drift and drift from inside rows may be higher than most

orchards. Extrapolating drift data from orchards with different canopies, as was done with the
grapefruit orchards, may underestimate actual drift from orchards with spaced trees. The
estimated inside treatment data from grapefruit were not included in the orchard groupings
used for statistical analyses.

D. Mass Accounting

Calculating mass balance can be a useful check for determining a study’ s overall accounting of
the pesticide sprayed. The mass balance of spray leaving orchards was calculated using string
and horizontal deposition data. String data were used as the measure of drift leaving the
orchard and traveling downwind at set distances. The sum of depositions on the vertical
strings and the horizontal collectors was considered to reflect the total amount of drift at a
given distance. Horizontal deposition integrated over a distance was assumed to decrease
linearly between measurement stations which probably dightly overestimates drift. Using this
approach the recoveries in the 0 to 30 m range ranged from 45 to 225% (or 73 to 143% when
the highest and lowest values were dropped). Inthe 0 to 150 m interval the recoveries ranged
from 52 to 109%. Recovery was lower for the mist blower than airblast.
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E. Atomization

Atomization data show that airblast and mist blower equipment produce very fine sprays.
Atomization studies were conducted with the Wilbur-Ellis airblast, FMC John Bean airblast,
and AGTec mist blower equipment. (The wrap-around sprayer used in grape applications was
not examined.) Droplet size spectrafor the Wilbur-Ellis and AGTec equipment were
determined using a Mavern 2600 laser diffraction particle size analyzer. The spectrafrom the
FMC sprayer was analyzed with a Sympatec Vario/LA HELOS laser diffraction particle size
analyzer which is reported to work on the same principle as the Malvern instrument. These
two instruments were located at different facilities and were not tested against each other at
the time of the reports. Corrections were made in the analyses by computer software for
multiple scatterings of dense sprays close to nozzle tips.

The tank mix solutions used in the field studies were different from those used in the
atomization studies. Pesticide tracers present in the field studies were not used in the
Atomization Droplet Size Spectrafor Airblast Sprayers (except for one non-GL P experiment
containing malathion). Instead, water containing a non-ionic surfactant (Induce™,
predominately containing alkyl aryl polyoxyakane ethers) was used. This solution is expected
to have alow dynamic surface tension (although the value was not determined) which would
favor the formation of small, drift-prone droplets.

Figure 3. Spike recoveries (from R.E. M