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1. EXECUTIVE SUMMARY
1.1. Introduction

This assessment supplements the June 2011 Chlorpyrifos Preliminary Human Health Risk
Assessment for Registration Review (HHRA)' and the recent spray drift assessment’ by
evaluating the potential risk to bystanders, from exposure to vapor phase chlorpyrifos and
chlorpyrifos-oxon emitted from treated fields following the application of chlorpyrifos.

For the purposes of this analysis bystanders are those who live and/or work in proximity to
treated fields, including children. Pesticides emitted from treated fields can travel to non-target
areas which, depending on concentrations, could present a risk of concern. Bystander exposure
from chlorpyrifos and chlorpyrifos-oxon emitted from treated fields depends on two main
factors: 1) the rate at which these chemicals are emitted (described as the off-gassing, emission
or flux) off treated surfaces such as crops and 2) how those vapors disperse in the air over and
around the treated field.

This assessment employs approaches EPA has used previously to assess inhalation exposures to
fumigant pesticides™*and is consistent with the recommendations of the December 2009 Federal
Insecticide, Fungicide, and Rodenticide Act Scientific Advisory Panel (SAP)’ meeting on the
scientific issues associated with field volatilization of conventional (semi-volatile) pesticides.

1.1.1. Toxicity
This evaluation of bystander risk from chlorpyrifos volatilization focuses only on the inhalation

route of exposure. This volatilization assessment is based on an acute inhalation toxicity study®
using aerosolized chlorpyrifos which measured lung, plasma, red blood cell (RBC), and brain

! Drew, D.; Britton, W.; Soderber, D.; Negron-Encarnacion, 1.; Christensen, C.; Lowit, A.; Irwin, W.; Doherty, J.;
Smegal, D. U.S. EPA Office of Chemical Safety and Pollution Prevention, Chlorpyrifos: Preliminary Human
Health Risk Assessment for Registration Review, June 30, 2011 PC Code 059101 DP Barcode: 388070; EPA-
HQ-OPP-2008-0850-0025

2 Dawson, J.; Bohaty, R.; Mallampalli, N. U.S. EPA Office of Chemical Safety and Pollution Prevention,
Chlorpyrifos—Evaluation of the Potential Risks from Spray Drift and the Impact of Potential Risk Reduction
Measures, June 20, 2012 PC Code 059101, DP Barcode 399483 and 399485; EPA-HQ-OPP-2008-0850-0105

? U.S. EPA 2004d. FIFRA Science Advisory Panel Meeting Minutes - Fumigant Bystander Exposure Model
Review: Probabilistic Exposure and Risk Model for Fumigants (PERFUM) Using lodomethane as a Case Study.
Available at http://www.epa.gov/scipoly/sap/meetings/2004/august1/august2425minutes.pdf, also refer to the
following for additional information http://www.epa.gov/oppsrrd1/reregistration/soil fumigants/

* The assessments can be found in the dockets for each fumigant. Four of which are provided here chloropicrin -
EPA-HQ-OPP-2007-0350; dazomet - EPA-HQ-OPP-2005-0128; metam sodium/potassium - EPA-HQ-OPP-2005-
0125; and methyl bromide - EPA-HQ-OPP-2005-0123

> U.S. EPA 2009. FIFRA Science Advisory Panel Meeting Minutes - Scientific Issues Associated with Field
Volatilization of Conventional Pesticides. Available at
http://www.epa.gov/scipoly/sap/meetings/2009/december/120309meetingminutes.pdf

® EPA MRID 48139303: Acute Inhalation Exposure of Adult Crl:CD(SD) rates to particulate chlorpyrifos
aerosols: Kinetics of Concentration-Dependent Cholinesterase (CHE) Inhibition in Red Blood Cells, Plasma,
Brain and Lung; Authors: J. A. Hotchkiss, S. M. Krieger, K. A. Brzak, and D. L. Rick; Sponsor: Dow
AgroSciences LLC, 9330 Zionsville Road Indianapolis, IN 46268-1054
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cholinesterase (ChE) inhibition. Risk estimates were calculated for both lung and RBC ChE
inhibition based on a 6-hour exposure duration and used quantitatively to estimate risk. The point
of departures (PODs) for lung and RBC were calculated using the EPA’s Reference
concentration method for calculating human equivalent concentrations (HECs), which accounts
for physiological differences between animals and humans.

1.1.2. Exposure

Dow AgroSciences (DAS) recently submitted a field volatility study’ as part of the data call-in
requirements for the registration review of chlorpyrifos. This study measured both vapor phase
chlorpyrifos and chlorpyrifos-oxon, a transformation product, in air samples following an
application of a low VOC (volatile organic compounds or volatile organic chemicals)
formulation™*'° of chlorpyrifos to alfalfa. Approximately 30% of the applied chlorpyrifos was
emitted from the treated field in the first 24 hours (28% considering chlorpyrifos only; 30%
considering chlorpyrifos and chlorpyrifos-oxon combined). The flux profile for chlorpyrifos is
similar to those generally observed for fumigants in that there is a peak emission shortly after
application during the warmer part of the day. The study measured chlorpyrifos for a period of
72 hours following application.

This assessment also incorporates a field volatility study published in the open literature;
conducted with application of a non-low VOC formulation of chlorpyrifos to potatoes.'" Since
the raw data for this study could not be obtained, the flux rates could not be independently
verified by EPA and, thus, evaluation of experimental details and associated data quality review
of this study is not as rigorous as that associated with the alfalfa study. The open literature study
only measured parent chlorpyrifos and did not measure concentrations of chlorpyrifos-oxon. The
results from this study are presented in this assessment to provide another line of evidence of the
potential volatility of chlorpyrifos, as demonstrated in the registrant submitted study, and to help
describe the potential variability in chlorpyrifos flux rates due to different study conditions (e.g.,

"EPA MRID 48883201: Direct Flux Measurement of Chlorpyrifos and Chlorpyrifos-Oxon Emissions Following
Applications of Lorsban Advanced Insecticide to Alfalfa; Authors: Aaron Rotondaro and Patrick Havens; Sponsor:
Dow AgroSciences LLC, 9330 Zionsville Road Indianapolis, IN 46268-1054, 2012.

¥ California's Department of Pesticide Regulation (Cal DPR) defines a low VOC pesticide formulation when the
total emission potential (see footnote 9) is 25% or less (see footnote 10). The emission rate corresponds to total
VOC emissions and not specially one component of the formulation (i.e., the active ingredient). EPA does not
currently define low VOC pesticide formulations.

? Emission potential is based on Thermogravimetric Analysis; Oros, D., Spurlock, F. California Department of
Pesticide Regulation, ESTIMATING PESTICIDE PRODUCT VOLATILE ORGANIC COMPOUND OZONE
REACTIVITY. PART 1: SPECIATING TGA -BASED VOLATILE ORGANIC COMPUND EMISSIONS
USING CONFIDENTIAL STATEMENTS OF FORMULA, January 27, 2011
http://www.cdpr.ca.gov/docs/emon/pubs/ehapreps/analysis_memos/2286 segawa.pdf

1 Proposed regulation can be found at: http://www.cdpr.ca.gov/docs/legbills/rulepkgs/12-001/text.pdf

" EPA MRID 48998801: Volatilization of the Pesticides Chlorpyrifos and Fenpropimorph from a Potato Crop;
Authors: Minze Leistra, Johan H. Smelt, J. Hilbrand Weststrate, Frederik VanDenBerg, and Rene Aalderink;
Sponsor: This work was carried out within the framework of the EU APECOP project Effective Approaches for
Assessing the Predicted Environmental Concentrations of Pesticides (QLK4-CT-1999-01338) and of Research
Program 416, Pesticides and the Environment, of the Dutch Ministry of Agriculture, Nature and Food Quality;
Citation: Leistra, M; Smelt, J. H.; Weststrate, J. H.; Van Den Berg, F; Aalderink, R. Environ. Sci. Technol. 2006,
40, 96-102.
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crop canopy, formulation, and weather). While the absolute flux for chlorpyrifos observed in this
study is higher than the alfalfa study the flux profiles'” are similar in both studies.

The two field volatility studies suggest that volatilization of chlorpyrifos and/or chlorpyrifos-
oxon from treated crops is a pathway of dissipation in the environment that may result in
bystander exposure to vapor phase chlorpyrifos and chlorpyrifos-oxon. These studies were
conducted at rates much lower than the current maximum single broadcast application; however,
based on usage data, the rates used in these studies are consistent with typical average single
application rates. In order to evaluate potential risks under varied conditions, offsite
concentrations of chlorpyrifos and total toxic chlorpyrifos residues (chlorpyrifos and
chlorpyrifos-oxon) were estimated using PERFUM and the flux rates derived from the two field
volatility studies. This approach is consistent with what has been done for fumigant pesticides’
and with the recommendations of the 2004” and 2009° SAP reviews.

1.2. Results Summary

Volatilization as a pathway of exposure was examined to quantify the potential risk estimates
associated with bystander exposure to vapor phase chlorpyrifos and chlorpyrifos-oxon near a
treated field. This was done by comparing peak 6 hour chlorpyrifos and total toxic chlorpyrifos
vapor [chlorpyrifos and chlorpyrifos-oxon (expressed in chlorpyrifos toxicity equivalents)]
concentrations estimated at various distances away from a treated field with endpoints based on
lung and RBC ChE inhibition. The results indicate that offsite concentrations may exceed the
target concentration established for lung ChE inhibition for many currently registered uses at
distances away from the field edge. Concentrations are not expected to exceed the RBC ChE
inhibition target concentration under all the conditions that were evaluated in this assessment.

Depending on which percentile of exposure and the field size considered, buffers zones'?
estimated to ensure concentrations of chlorpyrifos (only) are at or below the lung ChE target
concentration range from 0 to greater than 4000 ft away from the perimeter of a treated field.
Higher application rates and/or large field sizes lead to higher exposure and, therefore, large
buffers. The spray drift buffers for protection of bystanders in sensitive sites'* currently required
on chlorpyrifos labels range from 0 to 100 feet depending on the application method.
Consideration of vapor phase chlorpyrifos-oxon in addition to chlorpyrifos (only) increases the
estimated buffer distances needed to ensure air concentrations are below the target concentration
than those presented for chlorpyrifos only.

In addition to estimating buffer distances based on the peak air concentrations, a buffer duration
analysis was completed by examining air concentrations over several days. This analysis is based

'2 A flux profile is the emissions from a treated field over a defined period of time (i.e., an hourly time series of flux

estimates during a period of measurement following application).

" In the context of presenting modeling results the term "buffer zone" does not refer to any regulatory decision
pertaining to risk mitigation for chlorpyrifos. It refers to the distances determined based on a target concentration
defined by the HEC adjusted by the uncertainty factor.

' Buffers are around sensitive sites (a circle drawn around the sensitive site with a radius equal to the buffer
distance) and do not correspond to buffers around a given field (a circle drawn around a treated field with a radius
equal to the buffer distance).
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on whole field buffers as compared to maximum buffers. Depending on which percentile of
exposure and the field size evaluated, the estimated buffers may need to remain for several
hours. For example, buffers would need to be in place for at least 12 hours for | pound of active
ingredient per acre (Ib a.i./A) applications and for at least 36 hours for 6 1b a.i./A applications
when considering the 95% percentile exposure concentration.

2. PROBLEM FORMULATION

Problem formulation provides a strategic framework in the risk assessment. In this case, it
describes the history of EPA’s air modeling approach and strategy used in this assessment to
estimate potential risk due to volatilization of chlorpyrifos and its oxon following application in
an agricultural setting. In addition, to identifying the chlorpyrifos application variables for the
assessment, the problem formulation also outlines relevant physical-chemical properties,
transformation products, usage data, hazard endpoints and exposure data needed for the
assessment.

2.1. Approach

Pesticide volatilization can potentially impact those who are in proximity to treated fields
following application events, as depicted in Figure 1. The example in Figure 1 is an exposure
pattern that is reasonably expected to occur with an emission event, given that farmers, residents
(e.g., homeowners, renters, visitors, etc.) and the general public may frequent areas adjacent to
treated fields. To assess the potential risk from this exposure pathway, a residential/bystander
assessment based on exposure to vapor phase residues at various distances away from a treated
field was conducted. In order to evaluate the volatilization potential and associated risks, an
approach based on dispersion modeling coupled with techniques used to evaluate inhalation
exposure was utilized. In this case, dispersion modeling was completed for a variety of
application scenarios including different field sizes, application rates, and metrological
conditions.

Vapors (gas phase
molecules)

7 of 70



2.1.1.  Air Dispersion Modeling
2.1.1.1. Prior Consideration of Available Air Dispersion Models

Air dispersion modeling uses mathematical formulas to characterize how atmospheric processes
will disperse a pollutant emitted by a source. For the fumigants, the EPA used dispersion models
to estimate the downwind concentration emitted from an area source such as a treated field
consistent with the EPA’s air model development and implementation methods."> The EPA
considered three air dispersion models for use in the soil fumigant risk assessments'®. These
models consisted of two “Gaussian Plume” models (ISCST3 model and AERMOD) and one
“Gaussian Puff” model (CALPUFF). All three of these models are currently listed or have
previously been listed in Appendix W of 40 CFR Part 51 (Guideline on Air Quality Models)
which contains the EPA’s guidance on the general regulatory applicability of various air quality
dispersion models.'” EPA selected the ISCST3 model, which in 2004 was the agency’s
recommended regulatory air model, for use in the fumigant assessments.'°

After a modeling approach based on the use of ISCST3 was selected, a series of preliminary risk
assessments were completed using ISCST3.'® The findings indicated significant risk mitigation
measures might be needed (e.g., large buffer distances) but there was the potential for
refinements to refine risk estimates. The key refinement was incorporating actual weather data as
a basis for predicting risks instead of using constant atmospheric conditions. In essence, this
refinement allowed for distributional consideration of changing weather conditions rather than
the ISCST3 deterministic approach to weather which was based on wind speed, direction and
atmospheric stability being constant.

The regulated community developed three models that incorporated actual weather data:
Probabilistic Exposure and Risk model for Fumigants (PERFUM) '°, the Fumigant Emissions
Modeling System (FEMS)?, and the Soil Fumigant Exposure Assessment System (SOFEA)*!,
were submitted to the EPA by the regulated community. All of these models are essentially pre-
and post-processors for ISCST3 (and CALPUFF in the case of FEMS) that incorporate the
ability to complete distributional and/or probabilistic analyses. Each of these models was
reviewed by the 2004 SAP.” The SAP concluded that each of the three models could provide
scientifically defensible estimates of the bystander exposures and risks associated with soil
fumigation practices and also suggested modifications and additional data that could further
refine risk estimates (for specifics see the final SAP report’). Many of the SAP’s recommended
modifications have been made to these models since that time. After the SAP reviews, the EPA

15 See http://www.epa.gov/scram001/ for more details.

1 See http://www.epa.gov/oppsrrd1/reregistration/soil _fumigants/soil-fum-reg-backgrnd.html for more details

7 http://www.epa.gov/ttn/scram/guidance/guide/appw_05.pdf

'8 There was a regulatory precedent for using ISCST3 as it had previously been used by EPA for air permitting, as

well as to define buffer zones for methyl bromide in California.

1 Reiss, R. and Griffin, J. 2006. User’s Guide for the Probabilistic Exposure and Risk Model for FUMigants
(PERFUM), Version 2. Arysta LifeScience North America Corporation. Cary, North Carolina.

% Fumigant Exposure Modeling System (FEMS), Background Document: Fumigant Emissions Modeling System,
Sullivan, Hlinka, and Holdsworth, July, 2004

21501l Fumigant Exposure Assessment System (SOFEA), SOFEA (User's and Programmer's Guide), van
Wesenbeeck and Cryer, Copyright 2004
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selected PERFUM as the probabilistic air model for use in the fumigant assessments. Other
modeling analyses, using systems such as FEMS, SOFEA, AERMOD or CALPUFF, would also
be considered should these models be developed and submitted to the EPA for consideration,
since these models are also considered appropriate for regulatory purposes.

The 2009 SAP’ discussed in limited fashion, as it was not part of their official charge, that the
current dispersion models (mentioned above) have not been validated for non-fumigant
pesticides. The EPA acknowledges that use of dispersion models was briefly discussed at the
2009 SAP’ but no significant discussions were held on this particular issue. The SAP concluded
that the concept of coupling a fate and transport model, to predict the flux of a chemical, with a
dispersion model, to estimate air concentrations at different distances from the field is a sound
approach.

In order for a model to be included as an EPA recommended air model (part of Appendix W),
the model must go through an extensive peer review and testing process. This peer review
process ensures that models are acceptable to be used for a variety of sources like point sources
(e.g., a stack on a building) and area sources (€.g., a treated field), as well as for a variety of
pollutants (i.e., volatile organic compounds, semi-volatile organic compounds, and particulate
matter). While this testing process did not explicitly consider pesticides, except for one case
where a fumigant was released from a field (i.e., the Prairie Grass Study™), it included semi-
volatile organic compounds. Most pesticides fall under this classification given physical-
chemical characteristics such as vapor pressure. Based on the EPA’s model peer review process
and the use of air dispersion modeling for the fumigants risk assessments over the last ten years,
the use of dispersion modeling for semi-volatile pesticides is considered a valid and scientifically
defensible methodology.

2.1.1.2. PERFUM Modeling Approach

Before a PERFUM analysis can be performed, hazard and exposure inputs need to be defined.
The hazard inputs used in this assessment are discussed in detail in Section 2.3. Exposure inputs
in the form of a flux profile [the flux or rate of pesticide emissions from the treated fields per
unit area per unit time (ug/mz/ sec)] was determined from two different field volatility studies
discussed further in Section 2.4. Numerous factors can influence flux rates, such as the
application rate, the treated surface (e.g., foliage or soil), field structure (e.g., canopy type and
shape), application practices, and atmospheric conditions such as temperature and humidity. A
discussion of these factors is provided in Section 4. In the end, PERFUM compares a target
concentration derived from the HEC and the uncertainty factor” to off field air concentrations
estimated based on flux rates surrounding a treated field in order to estimate buffer zones', if
needed.

22 United States Air Force. 1958. Project Prairie Grass, A Field Program in Diffusion, Volume I. Geophysics
Research Directorate, Air Force Cambridge research Center, Air Research and Development Command
Geophysical Research Papers No. 59, Document Number AD152572, July 1958

3 The uncertainty factor is this case is a value developed to account for uncertainty associated with animal to human

extrapolation of toxicity data, as well the potential sensitivity difference between humans within a given
population (e.g., sensitivity subpopulations ). See Section 2.3 for information on how the target concentration
used in this assessment was derived.
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Buffer zones'® and risk estimates are presented in Section 3 below for several different potential
application scenarios (e.g., different meteorological conditions, field sizes, and application rates)
for an array of percentiles of exposure for whole field and maximum buffers. A summary of the
results is provided in Section 4. Note: PERFUM does not produce buffer zones greater than 4724
ft (1440 m), thus, buffer zones for cases where the 4724 ft (1440 m) limit is reached may be very
large. These cases are indicated with a “>4724 {t”.

2.2. Stressors of Concern

Chlorpyrifos (O,0O-diethyl 0-(3,5,6-trichloro-2-pyridyl phosphorothioate; CAS 2921-88-2) is a
broad spectrum organophosphate (OP) insecticide. It is widely used in agriculture and has been
measured in various air monitoring programs. Chemical identification and select physical

chemical properties of chlorpyrifos are provided in Table 1.

Table 1. Chemical Identification and Select Physical-Chemical Properties of Chlorpyrifos
and Chlorpyrifos-oxon

Parameter

Chlorpyrifos

Chlorpyrifos-oxon

Chemical Name

0,0-diethyl O-(3,5,6-trichloro-2-pyridyl
phosphorothioate

0,0-diethyl O-3,5,6-trichloropyridin-2-yl
phosphate

Chemical
Abstracts Service
(CAS) Registry

2921-88-2

5598-15-2

Number

Empirical

ot CaoH 7F5N;0, CoHy C1NO,P

USEPA Pesticide

Code (PC #) 059101 -

Smiles Notation S=P(OC1=NC(=C(C=CICI)CDCI)(OCC)OCC | 0O=P(Oclnc(c(cclCHCHCI)(OCC)OCC
Molecular Weight 350.57 g/mol 334.52 g/mol

Vapor Pressure
(25 °C)

1.87x107 torr

6.65x10° torr®

Water Solubility
(20 °C)

1.4 mg/L

26.0 mg/L?

e Ly 6.2 x 10 atm - m*/mol 5.5x 10 atm - m*/mol®
Constant
Log Kow 4.7 2.89 mg/L*
Saturated Vapor 3b

. 489 pg/m 3d
Concentration 353 pg/m’® 120 pg/m

(25 °C)

a. EPI Suite estimated value.

b. See footnote 24

¢. Calculated: n/V=P/RT; P=1.87x10" torr x (1 atm/760 torr) =2.46x10® atm @ 25 °C; R=0.0821 L atm/ mol K; T=
25°C=298 K; 2.46 x10™® atm/ (0.0821 L atm/ mol K*298 K) = 1.0 x 10 mol/L x (350.57 g/mol) x 10° pg/g =
0.353 pg/L* 1L/10°m%) = 353 pg/m’

d. Calculated: n/V=P/RT; P=6.65x10° torr x (1 atm/760 torr) =2.46x10"* atm @ 25 °C; R=0.0821 L atm/ mol K; T=
25°C=298 K; 2.46 x10™® atm/ (0.0821 L atm/ mol K*298 K) =3.6 x10""mol/L x (334.52 g/mol) x 10° pg/g =
0.120 pg/L* 1L/10°m’) = 120 pg/m’

 Reported by Dow AgroSciences on December 11, 2012 in a presentation (Bartels, M., Cleveland, C., Hotchkiss,
J., Juberg, D. Perspectives on Risk Assessment Elements for Chlorpyrifos) to EPA.
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Based on available environmental fate data submitted to EPA, chlorpyrifos is expected to
undergo several chemical transformations in the environment as shown in Figure 2.

cl cl cl cl
LY tYae
\—o’ ~o7 N e A

¢ O N Cl

Chlorpyrifos Chlorpyrifos-oxon

N7

Cl = Cl
- 4
HO N Cl H3CO N Cl

3,5,6-trichloro-2-pyridinol (TCP) 3,5,6-trichloro-2-methoxypyridine (TMP)
Figure 2. Environmental Transformation of Chlorpyrifos

Chlorpyrifos-oxon, a transformation product, is considered as a residue of concern which has
greater potency for cholinesterase inhibition than chlorpyrifos. There are also air monitoring data
that include both chlorpyrifos and chlorpyrifos-oxon detections supporting the potential exposure
to both chemicals as a result of emission from a treated field and subsequent transport offsite.* It
is unclear if the concentrations observed in the majority of air monitoring studies reported in the
open literature are due to spray or vapor phase drift of chlorpyrifos and chlorpyrifos-oxon;
however, the alfalfa field volatility study discussed in detail below indicate that it is likely that
both vapor phase chlorpyrifos and chlorpyrifos-oxon vapors are present simultaneously
downwind of a treated field. Therefore, in addition, to exposure to chlorpyrifos itself the
potential exposure to both chlorpyrifos and chlorpyrifos-oxon at the same time is also explored
in this assessment.

In a recently submitted air photolysis study*® chlorpyrifos was reported to undergo indirect and
direct photolysis [t;» = 2 h (indirect) and 6 h (direct)]. These results have not been verified by
EPA as the raw data submitted to the EPA are not adequate; however, the results obtained for
indirect photolysis are consistent with the Estimation Program Interface (EPI) Suite®’
estimations.” EPI Suite is commonly used by EPA to estimate physical-chemical parameters
when data are unavailable. This study confirms the formation of chlorpyrifos-oxon via
photolysis. Chlorpyrifos-oxon was reported to undergo indirect and direct photolysis [t;, =11 h
(indirect) and 6 h (direct)]. The EPI Suite estimated indirect photolysis was about half* that

3 Glotfelty, D. E.; Majewski, M. S.; Selber, J. N. Distribution of Several Organophosphorus Insecticides and Their
Oxygen Analogues in a Foggy Atmosphere. Environ. Sci. Technol., 1990, 24 (3), 353-357.

2 EPA MRID 48789701: Gas-Phase Photolysis and Photo-oxidation of Chlorpyrifos and Chlorpyrifos oxon;
Authors: Amalia Munoz; Sponsor: Dow AgroSciences European Development Centre, 3 Milton Park, Abington,
Oxon, OX14 4RN

27 http://www.epa.gov/opptintr/exposure/pubs/episuite.htm; The version used in this assessment is 4.00.

% 1, = 3 h (indirect)

¥t,=7h (indirect)
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calculated by the study authors. The physical-chemical properties of chlorpyrifos-oxon are
provided in Table 1.

2.2.1. Use Characterization

There are several different types of chlorpyrifos formulations currently registered including:
liquid, dry flowable, microencapsulated, and granular products. Registered use sites include food
crops such as fruit and nut trees, many types of fruits and vegetables, and grain crops; and non-
food crops such as forage, golf course turf, industrial sites, greenhouse and nursery production,
sod farms, and wood products. This section includes a summary of chlorpyrifos use, including:
an evaluation of yearly chlorpyrifos percent crop treated (PCT), application rate information, and
total acreage treated annually for all agricultural crops treated with chlorpyrifos.

A complete list of chlorpyrifos use sites and application rates are provided in ATTACHMENT
1. Broadcast application rates currently permitted on chlorpyrifos labels range from 0.5 to 6 1b
a.i/A.

2.2.1.1. Agricultural Use

Based on private market research data®, approximately 8 million pounds of chlorpyrifos are used
annually in agriculture. Total chlorpyrifos usage by crop varies widely with the average PCT in
the survey of years 2006-2010, unless otherwise noted —as low as 1% for several crops and as
high as 62 % (for apples). The five crops with the highest PCT are apples (62%), broccoli (53%),
walnuts (46%), onions (45%), and cauliflower (41%) as shown in Table 2. These