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California Notice 2012-02

TO: PESTICIDE REGISTRANTS
SUBJECT: EVALUATION FOR IMPACTS TO CALIFORNIA SURFACE WATERS

The Department of Pesticide Regulation’s (DPR’s) Environmental Monitoring (EM) Branch
evaluates the potential for pesticide products to have an adverse impact on air, ground water, and
surface waters in California. This notice describes both the types of pesticide products that are
evaluated for surface water impacts and the changes in the way EM staff conduct such
evaluations.

DPR’s EM Branch is divided into three programs: Air Program, Ground Water Protection
Program, and the Surface Water Protection Program (SWPP). Upon receipt of a pesticide
product containing a new" active ingredient, DPR’s Pesticide Registration Branch (PRB) staff
may route a submission to one or more of EM’s programs for evaluation. PRB staff use the
following criteria to determine when to route a new active ingredient product to EM’s SWPP for
evaluation:

» All new active ingredient products labeled for use outdoors in agricultural or urban settings,
except:

Microbial and biochemical pesticides

Pheromones

Bactericides

Antimicrobials

Vertebrate pest control products (repellents, rodenticides, etc.)

Plant growth regulators

Products intended for use in bee hives

Insect repellants or attractants

Products intended for use on stored foods (fruit, grain, nuts, etc.)

Products intended for use with a bait station or trap.

Products formulated as a bait or gel, unless label directions allow outside broadcast use.

OO0OO0O0OO0O0O0OO0O0O0OO0

e Inaddition, PRB staff route new products containing active ingredients found in currently
registered products to EM’s SWPP for evaluation if the products are:
o0 Intended for direct application to water;
o0 Intended for use on rice; or
o0 An antifouling paint or coating labeled for direct application to objects in water.

e Any product designated by PRB Branch Chief as needing evaluation by EM’s SWPP.

L «New active ingredient” — Not found in any pesticide product currently registered for use in California.
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Historically, the EM Branch’s SWPP evaluated registration submissions based principally on
professional judgment, and experience gleaned from past assessment of the conditions and
mechanisms responsible for the offsite transport of pesticides to surface water and their
associated toxicological impact on aquatic life.

In an effort to streamline evaluations and improve consistency, DPR is changing the manner in
which the EM Branch evaluates the potential for pesticide products to have an adverse impact on
surface waters in California. DPR will now use the enclosed two-part method consisting of
Phase I: Initial Screening and Phase I1: Refined Modeling.

The initial screening is conducted solely using chemical properties (soil adsorption coefficient,
water solubility, and reaction half-lives) and the results of aquatic toxicology data on the active
ingredient in the product. The objective is to classify the pesticide as either: (1) unlikely to be a
surface water quality problem, and therefore, no further evaluation is needed, or (2) may
potentially cause surface water problems and requires additional evaluation. For pesticides
requiring additional evaluation, the Phase | evaluation will be followed immediately by a

Phase Il evaluation. The Phase 11 evaluation is performed based on risk characterization by
accounting for the product-specific information (use pattern and application rate). The objective
of the Phase Il evaluation is to develop one of the three following registration recommendations
for pesticide products: (1) support registration without conditions, (2) support conditional
registration with a request for water/sediment analytical method(s), or (3) deny registration.

If you have any questions regarding the registration process, please contact Ms. Shelley Lopez
by e-mail at <slopez@cdpr.ca.gov> or by telephone at 916-324-3938. If you have questions
regarding the two-part surface water methodology, please contact Sheryl Gill by e-mail at
<sgill@cdpr.ca.gov> or by telephone at 916-324-5144,

Original signed by February 7, 2012

Ann M. Prichard, Chief Date
Pesticide Registration Branch
916-324-3931

Enclosures

cc: Ms. Shelley Lopez, Environmental Program Manager |, Pesticide Registration Branch
Ms. Sheryl Gill, Senior Environmental Scientist, Environmental Monitoring Branch
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Terminology of Chemical Properties

AERO aerobic soil metabolism half-life, day

AERO W aerobic aquatic metabolism half-life, day

ANAER anaerobic soil metabolism half-life, day

ANAER W anaerobic aquatic metabolism half-life, day

FD field dissipation half-life, day

HLW dissipation half-life in water, day

HLD dissipation half-life in sediment (or water-sediment system), day
HYDROL hydrolysis half-life, day

KOC organic carbon-normalized soil adsorption coefficient, L/kg[OC]
LCso median lethal concentration, ppb

SOL water solubility, mg/L

1. Introduction

The Surface Water Protection Program (SWPP) is developing a more consistent and transparent
method for evaluating registration packages. Historically, these evaluations have been based
principally on professional judgment and experience gleaned from past assessment of the
conditions and mechanisms responsible for the offsite transport of pesticides to surface water and
their associated toxicological impact on aquatic life. A two-stage procedure is proposed here,
including stage I evaluation with initial screening, and stage II evaluations with refined modeling
(Figure 1). Initial screening is conducted solely on chemical properties (soil adsorption
coefficient, water solubility, and reaction half-lives) and aquatic toxicology data of the active
ingredient in evaluation. The objective of the stage I evaluation is to classify pesticides as to
whether they [1] are unlikely to be a surface water quality problem, and their registrations are
supported without conditions, or [2] may potentially cause surface water problems and require
additional evaluation. This document (Part 1) outlined the initial screening procedure to evaluate
pesticides for the protection of surface water quality.

For pesticides requiring additional evaluations, stage II evaluation is followed with a more
refined modeling approach as presented in a companion report (Part II). Stage 11 evaluation is



performed based on risk characterization by accounting for the product-specific information (use
pattern and application rate). The objective of stage Il evaluation is to develop registration
recommendations for pesticide products as whether [1] to support registration without
conditions, [2] to support conditional registration with requests for analytical methods, or [3] not
to support registration.
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Figure 1. Decision flowchart of the two-stage procedure of pesticide evaluation for surface water
protection (indicator classifications: H = “High” and M = “Intermediate”). This only shows a
general procedure by highlighting indicators used in this study. Pesticide evaluation should
follow the detailed procedures introduced in the reports.

The methodology addresses both water column and sediment-bound phases and considers
different use patterns of a pesticide. Except for the use pattern, all other indicators (Figure 1) are



defined for pesticides in both water column (aqueous phase) and sediment (adsorbed phase).
Evaluation for aqueous phase is conducted for all pesticides, while evaluation for adsorbed phase
is only required for pesticides with KOC > 1000. This criterion is set based on the USEPA data
requirement for pesticide registration, in which acute sediment toxicity is required for pesticides
with KOC > 1000 (USEPA, 2007a). In addition, a pesticide product may be associated with
multiple use patterns. Pesticide evaluation could be conducted for each of the use patterns. The
final registration recommendation will be based on both the evaluation results and professional
judgment with additional information from the chemical properties and product label.

The objective of the methodology development is to provide a more consistent and transparent
pesticide evaluation to support the pesticide registration for surface water protection. Therefore,
the input data for pesticide evaluation are consistent to those available in a common registration
package and used in our previous evaluation. In most cases, the registrant-submitted data has
been reviewed and summarized as independent processes before delivering to SWPP. In
addition, the methodology is not designed for numerically predict pesticide fate in the real
environment since the actual application amount and drainage area characteristics are not
available during at the stage of pesticide registration. Therefore it’s inappropriate to compare the
results from the methodology to the pesticide concentrations, frequency and geographic
distribution detected in surface waters. Instead, we compared the derived registration
recommendations to our previous evaluation based on best professional judgment for the same
chemical and product.

2. Methods and Materials
2.1. Indicators for Stage I Evaluation

Three indicators are developed for pesticide active ingredient: [ 1] runoff potential, [2] aquatic
persistence, and [3] aquatic toxicity. These indicators were derived from the registrant-submitted
data, and assigned as descriptive classifications, i.e., “low”, “intermediate”, “high”, and/or “very
high” (for toxicity only) classes. Based on the data availability in a regular registration package
and the objectives in this project, we selected dissipation half-lives, water solubility, KOC, and
aquatic toxicity value as input parameters for developing the indicators. According to the
evaluation matrix presented in Table 1, the resulting indicators provide an initial screening of the
environmental distribution and aquatic risks of the pesticide active ingredient. Detailed

information for the development of the three indicators is provided in the following sections.

Table 1. Evaluation matrix for initial screening

Indicators Results Recommendations

Runoff Persistence | Toxicity

potential

H L H or VH | The chemical may potentially cause | Require addition

Any Any VH surface water problem evaluation

H MorH H or VH | The chemical may pose too high of
a potential surface water risk

Everything else The chemical is unlikely to cause Support registration
surface water problems

W




Notes: indicator ratings: “L” = low, “M” = intermediate, “H” = high, “VH” = very high

The evaluation matrix (Table 1) is applied to both dissolved and adsorbed phases of the
pesticide. If the recommendations of supporting registration are made for both phases, the
pesticide will be recommended for registrant with no conditions. Otherwise, additional
evaluation is required for both chemical phases. Aquatic persistence does not have a direct effect
on the result of stage 1 evaluation. It’s listed here as an indicator since a chemical with high or
intermediate persistence is more likely to case surface water problems compared to one with
lower persistence. In addition, aquatic persistence is considered as one of the physiochemical
properties of a pesticide and characterized in the stage 1 evaluation.

2.2. Runoff Potential

A screening approach developed by U.S. Department of Agriculture (USDA) (Goss, 1992) was
modified for rating pesticide runoff potential. The approach was developed from over 40,000
runs of the Groundwater Loading Effects of Agricultural Management System (GLEAMS) using
a wide range of soil and pesticide properties to estimate pesticide loss from soils through runoff
processes. Based on a stepwise regression, physiochemical properties of field dissipation half-
life (FD), KOC, and water solubility were identified as input parameters that weighted most
heavily for estimating each group of pesticide loss potentials from the model runs. The groups
for pesticide loss potentials are classified as: “high”, “intermediate”, and “low”. Multiple
regression equations were used for each group in order to capture the highly nonlinear
relationship between runoff potential and the input parameters. The USDA rating approach is
currently used in the WIN-PST (Windows Pesticide Screening Tool) program (USDA, 2010).

Preliminary tests indicated that the USDA rating approach underestimated the runoff potential
for pesticides with high KOC or high water solubility. For example, several pyrethroids were
classified with only “intermediate” runoff potentials mainly because their field dissipation half-
lives were less than 40 days. However, pyrethroids are known to bind strongly to and persist in
soils and sediments, and to be toxic to many aquatic invertebrates at very low concentrations.
Pyrethroids-associated sediment toxicity have been recognized in California (CEPA, 2010), and
they are currently in reevaluation to address these concerns (CDPR, 2006). The other identified
issue is that, the USDA rating approach excludes all pesticides with a solubility greater than 100
mg/L, such as organophosphates (dimethoate, malathion, and methidathion), from being
classified as having “high” runoff potential. This is not consistent with the fact that
organophosphates are frequently detected in surface waters (Pepple, 2009). Therefore, we
revised the USDA rating approach for the group of “high” runoff potentials to cover the
pesticides with frequent detection in surface water or high toxicity in sediment (Table 2). Testing
for the revised model is provided in Section 3.1. If field dissipation half-life is not available in
the registrant-submitted data, aerobic soil metabolism half-life will be used for runoff potential
rating.



Table 2. Algorithm expressing pesticide runoff potential from soils
(a) Pesticide adsorbed-phase runoff potential

Criteria Runoff potential rating

Revised criteria in this project High (H)
(FD > 15 and KOC > 4x10%) or

(FD > 40 and KOC > 1000) or

(FD > 40 and KOC > 500 and SOL <0.5)

Original USDA criteria
(FD > 40 and KOC > 1000) or
(FD > 40 and KOC > 500 and SOL < 0.5)

(FD<1)or Low (L)
(FD <2 and KOC <500) or

(FD <4 and KOC <900 and SOL > 0.5) or
(FD <40 and KOC <500 and SOL > 0.5) or
(FD <40 and KOC <900 and SOL > 2)

Everything else Intermediate (M)

(b) Pesticide solution-phase runoff potential

Criteria Runoff potential rating

Revised criteria in this project High (H)
(SOL > 1 and FD > 20 and KOC < 1x10°) or
(SOL > 10 and KOC <2000)

Original USDA criteria
(SOL > I and FD > 35 and KOC < I1x10°) or
(SOL > 10 and KOC < 700 and SOL < 100)

(KOC > 1x10°) or Low (L)
(KOC > 1000 and FD < 1) or
(SOL < 0.5 and FD < 35)

Everything else Intermediate (M)

Note: modifications are made only for the criteria of “high” runoff potential, while no changes
for other classes.

Pesticides vary in their runoff potential depending on their different use pattern. Some pesticides
are directly applied or released into water bodies without experiencing soil runoff processes,
such as applications to impervious surfaces, herbicides for rice production, pesticides for the
control of mosquito and midge larvae in surface water, or those used in antifouling paint
products. In this case, the runoff potential rating was skipped and “high” runoff potential was
assumed for both absorbed and dissolved phases as a conservative assumption.

2.3. Aquatic Persistence
Aquatic dissipation half-lives in water (HLW) and in sediment (HLD) are used in the

classification or aquatic persistence. The overall dissipation half-lives consider pesticide
dissipation processes in an aquatic environment, usually including aquatic photolysis, hydrolysis,



metabolism, and volatilization. Pesticides were grouped into three categories based on their half-
lives in aquatic systems: “low” persistence with a typical aquatic half-life of less than 30 days,
“intermediate” persistence with a half-life of 30 to 100 days, and “high” persistence with a half-
life of more than 100 day (Table 3). The breakout points were suggested by Kerle et al. (2007).
For pesticide persistence in water phase, aquatic dissipation half-life (HLW) value is determined
as the shortest values of hydrolysis half-life, aerobic aquatic metabolism half-life, and dissipation
half-life in water phase. For persistence in sediment, USEPA suggested that dissipation half-life
in sediment could be taken from the anaerobic soil or aquatic metabolism studies (USEPA,
2007a).

Table 3. Pesticide persistence in water and sediment (half lives in days)

Criteria Persistence rating
HLW > 100 High (H)
30<HLW <100 Intermediate (M)
HLW <30 Low (L)

2.4. Aquatic Toxicity

Toxicity ratings are determined by the acute toxicity value (LCso, median lethal concentration) of
the most sensitive species for fish and invertebrates in freshwater and saltwater (Table 4). Acute
toxicity data requirements for freshwater and saltwater organisms including fish and
invertebrates in water and sediment follow the definitions and conditions described in USEPA 40
CFR §158.630 and §158.660 (USEPA, 2007a) for protection of non-target aquatic organisms.
Acute toxicity tests should be conducted using acceptable procedures recommended by USEPA.
Acceptability of acute toxicity data should be evaluated based on the USEPA guidelines for
deriving numerical national water quality criteria for aquatic organisms and their uses (USEPA,
1985). Therefore, the toxicity rating is conducted based on the toxicity values reported in the
registration data package.

For sediment toxicity, only a few pesticides were tested and the corresponding toxicity ratings
are not readily available. Existing data show that pyrethroids are a group of pesticides considered
to be most toxic to the benthic invertebrate Hyalella azteca and their LCs values are generally
below 10 pg/g[OC]. In this project, pesticides with sediment LCs, values below/equal to 10
ng/g[OC] are classified as the highest toxic category. This critical value was scaled up ina 10
fold fashion to determine other toxicity ratings of high, intermediate, slight, and practically
nontoxic categories in the sediment, respectively. The 10-fold scale is consistent with that used
in rating water column toxicity (Table 4). Toxicity values for aquatic plants are not considered
because these toxicity data are not required for pesticide registration by USEPA (2007a) and
those are not usually included in the data package for registration evaluation. Current plant
toxicity tests usually measure endpoints such as growth and reproduction that are generally
associated with chronic toxicity. Moreover, the algal toxicity test guide in Environmental
Toxicology Standards (ASTM, 2004) states that an algal toxicity test of short duration (72, 96 or
120 h) should not be viewed as an acute toxicity test because it examines effects upon multiple
generations of an algal population.
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Table 4. Descriptive acute toxicity ratings for pesticides in water column and sediment

Toxicity rating Water column (pg/L) Sediment (ng/g[OC])
Very high (VH) LCso <100 LCs0 <10

High (H) 100 < LCso <1000 10 <LCs0 <100
Intermediate (M) 1000 < LCso < 10000 100 < LCso <1000
Slight (L) 10000 < LCso < 100000 1000 < LCso < 10000
Practically nontoxic (L) LCso > 100000 LCso > 10000

Note: water column toxicity is rated by following the descriptive classifications by USEPA
(Zucker, 1985).

According to USEPA (2007a), for all pesticides with KOC > 1000, acute sediment toxicity test is
required for pesticide registration. In the demonstration of the developed approach (Section 3.2),
however, sediment toxicity data is not available for some of the previously evaluated pesticides.
In this case, we assumed that the sediment toxicity of a pesticide could be estimated as the
product of its water toxicity and KOC value. Please note that this assumption was only utilized in
the methodology testing, while in the real evaluation processes the actual sediment toxicity for
the evaluated active ingredient should be used. Details of the data analysis for comparing
pesticide acute toxicity in water and sediment are provided in the Appendix #1.

It’s noteworthy that the toxicity values used in this study, based on acute toxicity data for fish
and invertebrates, may be significantly different to those for benchmarks, drinking water and
recreation water standards, aquatic plants, and chronic toxicity, which are not regularly available
for pesticide registration, especially for new active ingredients. For example, diuron has a lowest
LCso of 1100 ppb (for mysid shrimp, Table 6), compared to the benchmark of 2.4 for
nonvascular plants (USEPA, 2011a) and 2.0 for drinking water (Pepple, 2009).

3. Methodology Testing

3.1. Test for Runoff-Potential Rating

As part of the methodology testing, the indicator of runoff potential was first rated for 172
pesticides with the E-fate database compiled by Spurlock (2008). Detailed test results are
presented in the Appendix #2. Pesticides with high runoff potential identified in the test results
were generally consistent with those frequently detected in surface water (Pepple, 2009) or
currently in reevaluation for sediment toxicity (CDPR, 2006).

3.2. Test for the Initial Screening Procedure

3.2.1. Selection of Pesticides

Two sets of pesticides were selected to test the evaluation approach. The first set of pesticides
was selected from the registration evaluations by the Environmental Monitoring Branch. The

following filters were used in the selection:

1. evaluations for surface water protection,



2. evaluations supplied with both chemical property data and toxicity data, and
3. evaluations posted during 2008-2010 (as of July 2010 when the study was initialized).

With all of the above filters applied, 21 pesticide active ingredients were selected and denoted
with “A” to “U” in the demonstration. The registration packets and evaluation reports were used
as the data source for chemical properties and toxicity data.

The second set of pesticides was suggested by scientists from the Environmental Monitoring
Branch and the Registration Branch. These pesticides included bifenthrin, chlorpyrifos, diazinon,
diuron, fipronil, and simazine, which are known surface water contaminants and/or are currently
under re-evaluation. Chemical properties for the six pesticides were obtained from FOOTPRINT
database (FOOTPRINT, 2010). Toxicity data was retrieved from multiple sources (NPIC, 2010;
UCD, 2010a, 2010b, 2010c, 2010d; USEPA, 2011a). Input data for the two sets of pesticides are
listed in Table 5 (chemical property data) and Table 6 (toxicity data).

3.2.2. Data Acquisition

The physicochemical properties and degradation half-lives for selected pesticides were retrieved
from the registration evaluation reports or from the literature (Table 5). If multiple numerical
values are available for a parameter, their geometric mean will be used in the calculation of
indicators. If only a range is provided, the mean value of the upper and lower bounds will be
applied.



Table 5. Summary of physicochemical property and degradation half-lives for selected pesticides

Active

ingredient SOL KOC HYDROL| AERO | ANERO| FD AERO W | ANERO W| HLW | HLD
A 0.28 | 35838 30 15.8 200

B 2.8 459 365 69 45| 126.7
C 2.56 1580 101 60 77 29 163
D 2100 27 270 34 30 60
E 130 252 999 | 1358 1358 999 999
F 0.0225 | 17757 999 15 32 174

G 0.17 | 11708 3 31 71

H 22 1294 999 618 120 999 8 485
I 0.33 | 24300 34 90 105 4 16
J 180.6 7044 999 999 1400

K 2040 23.5 16 23 26
L 200 576 9.9 2.2 0.56

M 30 225 1.13 248 248

N 2.8 328 365 365 271 91.4 777
0) 78100 68.5 7

P 15 3760 120 85 3] 1053
Q 1 339.5 30 222 231 208 0.37

R 150 1086 53.5 214 6 636
S 0.44 5247 97 0.2 0.15 0.13
T 0.492 2559 999 146 3.9 9.3
U 429 193.8 999 | 78 48 56 129 250
chlorpyrifos 1.05 8151 25.5 21 5 36.5
diazinon 60 643 138 18.4 4.3 10.4
diuron 35.6 1067 999 89 8.8 48
bifenthrin 0.001 | 236610 999 84.6 8 251
simazine 5 130 96 90 46 33
fipronil 3.78 577 999 65 54 68
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Notes:

1) For the first 21 pesticides, data was retrieved from registration packets and evaluation
reports. For the last 6 pesticides, data was taken from FOOTPRINT database
(FOOTPRINT, 2010)

2) A value 0f 999 is set as a numerical value for the “stable” reaction processes. This is used
for the convenience of programmatic data processing.

For toxicity data, acute toxicity values for freshwater and saltwater fish and invertebrate species
were considered (Table 6). The most sensitive species (i.e., with lowest LCsy or ECso) was used
for toxicity rating. Toxicity values for aquatic plants were not considered in the current
evaluation process because data are not required for registration by USEPA and measured
toxicity endpoints (i.e., growth and reproduction) for aquatic plants are usually associated with
chronic toxicity.

Table 6. Aquatic acute toxicity values (ug/L) for selected pesticides

Active Rainbow Bluegill/fathead | Daphnia Mysid | Sheepshead
ingredient trout minnow magna shrimp | minnow
A 30000 5940 92670 N/A 7870

B 572 320 9880 1500 960

C 435 970 940 60.4 N/A

D >120000 >120000 2500-5000 | 8000 >98000
E 61000 33000 67000 34000 | 72000
F 2.7 13 0.57 0.02 17

G 1.3 3.2 1.5 0.98 26

H 2,200 6,300 4,200 750 3900

I 138 190 280 N/A N/A

J 5300 3850 2630 N/A >3400
K >1000000 >1000000 720000 N/A N/A

L 10300 N/A 50000 N/A N/A

M 2,540 2,200 4270 N/A 1960

N 6600 750 1800 3200 410

O 3620 5800 19940 15000 | 14000
P 800 1200 770 150 N/A

Q 13800 15100 11.6 1150 12000
R 1000 1300 3200 510 N/A

S 130 (NOEL) | 790 N/A N/A N/A

T >820 >870 >920 490 650

U >69000 >74000 >91000 79000 | 94000
chlorpyrifos 14 1.8 0.1 0.04 N/A
diazinon 90 460 0.52 4.2 N/A
diuron 4900 N/A 12000 1100 6700
bifenthrin 0.15 0.35 1.6 0.003 17.5
simazine >10000 6400 1000 N/A >4300
fipronil 246 83 190 0.14 N/A

10



Notes: For the first 21 pesticides, data was retrieved from registration packets and evaluation
reports. For the last 6 pesticides, data was taken from multiple sources (NPIC, 2010; UCD,
2010a, 2010b, 2010c, 2010d; USEPA, 2000, 2007b, 2007c, 2010a, 2010b).

3.2.3. Derived Indicators

The rating criteria (Tables 2-4) are applied to the input data in Tables 5 and 6. Resulting
indicators of runoff potential, persistence, and freshwater toxicity are shown in Table 7.

Table 7. Classification of runoff potential, persistence, and freshwater toxicity for the selected

esticides (2
Aqueous Sediment

Active runoff Persistence Freshwater runoff Persistence
ingredient | potential in water toxicity potential in sediment
A® H M M H H
B H M H M H
C H L VH H H
D H M M L M
E H H L M H
F L M VH M H
G"Y H L VH H L
H H L H H H
1® H L H H L
J H H M H H
K H L L L L
L H L L L L
M H L M L L
N H M H M H
O H L M L L
P H L H H H
Q H L VH M H
R ® H L H H H
s H L H H L
T M L H H L
U H H L M H
chlorpyrifos | H L VH M M
diazinon H L VH L L
diuron H L M H M
bifenthrin L L VH H H
simazine H M H M M
fipronil H M VH M M

Notes:




1) “L”=Low, “M” =Intermediate, “H”=High, and “VH”=Very High (for toxicity only, Table
4)

2) Sediment toxicity values are not available for most of the selected pesticides (except for
bifenthrin, chlorpyrifos, and fipronil, as provided in appendix #1), and estimated from the
corresponding water toxicity and KOC value. Please refer to Section 2.4 and Appendix
#1 for details. The estimated sediment toxicity is only used to demonstrate the proposed
procedure of initial screening.

3) For pesticides released directly into water, the runoff potential is assumed to be “high”
for both absorbed and dissolved phases. See Section ‘2.2 Runoff Potential” for more
details on this assumption, and the report part 2 for the pesticide use patterns associated
with the evaluated products.

3.2.4. Initial Screening Results

Demonstrated in Table 8 are the results of initial screening for the selected pesticides, in
comparison with the registration recommendations based on best professional judgment,
retrieved from the evaluation reports. Sediment toxicity was not available for most of the
selected pesticides, and the toxicity rating was based on the corresponding water toxicity.
Therefore, the validation of the proposed method was focused on the dissolved phase. Generally,
the procedure of stage I evaluation generates consistent or conservative results compared to the
recommendations by best professional judgment (Table 9). Therefore, we concluded that, the
proposed initial screening has the capability to identify pesticides which [1] are unlikely to cause
surface water problems, or [2] may cause potential problems and require additional evaluation.
All chemicals in the second set of pesticides (chlorpyrifos, diazinon, diuron, bifenthrin, simazine,
and fipronil) are listed by CDPR as “pesticides with a high potential to contaminate surface
water” based on detections in water column or sediment (Pepple, 2009). The results in Table 8
are generally compared to the identification, by requiring chlorpyrifos, diazinon, bifenthrin,
simazine, and fipronil for additional evaluation. For diuron, it passes the stage 1 evaluation
mainly because the registration evaluation is based on acute toxicity data for fish and
invertebrates with a lowest LCso of 1100 ppb (Table 6), which is much lower than the benchmark
(2.4) or drinking water standard (2.0) used in identifying pesticides with a high potential to
contaminate surface water (Pepple, 2009).



Table 8. Recommendations from model-based evaluation vs. best professional judgment for

surface water protection

(M

Active Recommendations by stage I evaluation Best professional judgment

ingredient Dissolved phase Adsorbed phase (2) | based recommendations

A S S S

B R - S

R R C (sed. toxicity test & runoff

C test)

D S - S

E S - S

F R R S

G R R C (marina test)

H R S C (sed. toxicity test)

I R S S

J S S C (sed. toxicity test)

K S - S

L S - S

M S - S

N R - C (runofftest)

@) S - S

P R S S

Q R - C (runoff test)

R R S N

S R S S

T S S S

U S - S

chlorpyrifos R R

diazinon R -

diuron S S

bifenthrin R R

simazine R -

fipronil R - C (runoff test)
Notes:

1) “S” = support registration without conditions; “N” = not support registration; “C” =
support conditional registration; and “R” = require additional evaluation. “Best
professional judgment based recommendation” was the original recommendations in the

2)

evaluation reports.

Evaluations for sediment-bound pesticides were only conducted for those with KOC >
1000, for which USEPA requires sediment toxicity tests (USEPA, 2007a). For pesticides
without reported sediment toxicity, we estimated sediment toxicity from the
corresponding water toxicity. Therefore, the evaluation results for adsorbed pesticides
won’t be used in the comparisons best professional judgment based recommendations.
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Table 9. Summary of the initial screening results

Active ingredients

Recommendations by

Best professional

Notes

stage I evaluation judgment based

(dissolved phase) recommendations
A,D,E J,K L, S S Consistent results
M, O, T,and U
C,G,N,Q,andR |R C (runoff'test) or N Consistent results
B,F,H,I,P,and S | R S or C (sed. toxicity Conservative results

test)

4. Discussion and Conclusion

1. The proposed methodology serves as an initial screening tool for assessing runoff

potential, persistence and toxicity of a pesticide active ingredient. Only physicochemical

properties and aquatic toxicity are considered in the stage I procedure. The approach
allows for an initial estimation of environmental distribution and aquatic risks of

pesticides.

2. For pesticides which require additional evaluation as identified by the initial screening,

we proposed a second stage to incorporate additional information such as pesticide use
pattern and application rate to refine the evaluation and registration recommendations.

3. Degradates and formulated products are not included in this demonstration due to limited

data availability in the registration package. But the methodology is designed for a
general pesticide evaluation, and the same evaluation process can be applied to
degradates and formulated products with required chemical and toxicity data, and the
final recommendation should be based on combined results for all evaluated chemical

species.

4. The demonstration of the methodology in this report was mainly based on the mean or

median values of physiochemical properties. A margin of safety could be introduced for

the classifications of runoff potential and persistence if sufficient data is available. For

example, the upper or lower 90 confidence limit of KOC, water solubility, and reaction

half-lives could be applied to the classifications for more conservative evaluations.
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Appendix 1 Notes on Comparison of Pesticide Acute Toxicity on Daphnia, Ceriodaphnia,
Chironomus and Hyalella

The purposes of the comparison are two folds: 1) to find out whether Daphnia magna and
Chironomus or Hyalella 1.Cs, values are correlated and whether one can be indicative of another
in toxicity rating; 2) to justify whether additional data requirement on acute toxicity of benthic
invertebrates such as Chironomus or Hyalella is appropriate for the evaluation process of
pesticide registration. Comparable data between species (i.e., Daphnia vs. Chironomus, Daphnia
vs. Hyalella) were extracted from the OPP ecotox database (USEPA, 2011b). The toxicity values
(LCsp) are chemical concentrations in soluble phase including water or pore-water column.
Toxicity data for the comparison between Hyalella vs. Ceriodaphnia were cited from open
literatures (Table 12).

Daphnia vs. Chironomus

Seventeen insecticides and 16 herbicides that have LCs values available for both Daphnia
magna and Chironomus (C. tentans and C. plumosus) were sorted out from the OPP database
(Table 1). The scattered plots (Figures 1 and 2) show poor correlations on paired LCs values
between the two taxa. However, 16 out of 17 insecticides have the same toxicity ratings from
both taxa (Table 1). Only 4 out of 16 herbicides are similar in toxicity rating. No correlation
trend is observed in other 12 herbicides.

Daphnia vs. Hyalella

Only 5 pesticides with LCs values of Daphnia and Hyalella were found in the database (Table
2). There is no correlation between the LCsg values of both species.

Hyalella vs. Ceriodaphnia

Table 3 listed Hyalella (water and sediment) and Ceriodaphina LCs, values for 5 pyrethoids, 2
OPs (chlorpyrifos and diazinon) and fipronil. In general, Hyalella are more sensitive to
pyrethroids and fipronil but not organophosphates. However, both species are given the same
toxicity rating for each chemical.

Conclusion:

1) There are very limited acute toxicity data available for benthic invertebrates such as
Hyalella and Chironomus.

2) No correlations are observed in LCs values between D. manga and other benthic
invertebrates.

3) For insecticides that are highly toxic to D. magna or C. dubia (LCsy < 1000 ppb), it is
highly likely that their toxicity ratings in benthic invertebrates will fall in the same
toxicity category.

4) For herbicides and other pesticides with intermediate or slight toxicity to Daphnia or one
of the invertebrates, additional toxicity data from benthic species may be helpful to re-
categorize their toxicity ratings.
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5) By combining all data pairs in the tables, most of pesticides have sediment toxicity in the
same category with their corresponding category for water toxicity.

6) When data is not available, therefore, the category of sediment toxicity for a pesticide
was set the same as the corresponding category for its water toxicity. This assumption
was not made for numerically estimating the sediment toxicity, but used only for the
descriptive classification of toxicity values for benthic invertebrates when the appropriate
data is not available.
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Figure 2. Scattered plot of acute toxicity between Daphnia magna and Chironomus for 15
insecticides. Note: kepone and oxamyl in Table 10 were not included because their LCs values
were out of the scale of the figure scale
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Figure 3. Scattered plot of acute toxicity between Daphnia magna and Chironomus for 12
herbicides. Note: ethephon, benomyl, chlorthal dimethyl, and glyphosate in Table 10 were not
included because their LCs values were out of the scale of the figure scale
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Table 10. Acute toxicity ratings of insecticides and herbicides on Daphnia magna and
Chironomus. Chemical concentrations were measured from water or pore-water column

(USEPA, 2011b)

. Acute toxicity (LCso pg/L) Toxicity rating
Chemical Use pattern D. magna Chim;lfmus D. magna/Chironomus
Bifenthrin insecticide 1.6 0.33 VH/VH
Chlorpyrifos | insecticide 0.9 0.017 VH/VH
Cyfluthrin insecticide 0.141 0.44 VH/VH
Cypermethrin | insecticide 0.75 1.2 VH/VH
Diflubenzuron | insecticide 2.6 68 VH/VH
Profenofos insecticide 1.6 86 VH/VH
Fenitrothion insecticide 17.5 7 VH/VH
Fenvalerate insecticide 0.05 0.43 VH/VH
Pydrin insecticide 1.6 10 VH/VH
Kepone insecticide 260 320 H/H
Methomyl insecticide 20.5 88 VH/VH
Mirex insecticide 1 1 VH/VH
Oxamyl insecticide 3050 180 M/H
Permethrin insecticide 1.88 0.56 VH/VH
Profenofos insecticide 1.6 86 VH/VH
Terbufos insecticide 0.35 1.4 VH/VH
Toxaphene insecticide 10 17 VH/VH
Atrazine herbicide 6900 720 M/H
Ethephon herbicide 31700 165000 M/N
Oxyfluorfen herbicide 1500 498.5 M/H
Thiobencarb herbicide 101.2 364 H/H
2,4-D herbicide 600 7200 H/M
Alachlor herbicide 21000 2850 L/'M
Benomyl herbicide 317.5 100000 H/N
Chlorthal =1 icide | 100000 100000 N/N
dimethyl
Fluchloralin herbicide 560 31.1 H/VH
Fluometuron herbicide 10000 220 M/H
Fluridone herbicide 4400 1300 M/M
Glyphosate herbicide 780000 43000 N/M
Linuron herbicide 767 2900 H/M
Metolachlor herbicide 39600 4100 L/'M
Propachlor herbicide 35400 790 L/H
Tribufos herbicide 58.4 40 VH/VH

Note: VH=very highly toxic; H=highly toxic; M=intermediately toxic; L=slightly toxic; N=non-

toxic.




Table 11. Acute toxicity ratings of pesticides on Daphnia magna and Hyalella azteca
concentrations were measured from water or pore-water column (USEPA, 2011b)

Acute toxicity Toxicit
Pesticide Use pattern (LCsp pg/L) ey
rating
D. magna | H. azteca
Pentachlorophenol | Preservative 452 230 H/H
Boscalid Fungicide 2630 97000 M/L
Thiacloprid Insecticide 1050 37 M/VH
Thiacloprid 1 0 ticide | 96100 | 31180 LL
metabolite
Chlorantraniliprole | Insecticide 16.6 389 VH/H

Note: VH=very highly toxic; H=highly toxic; M=intermediately toxic; L=slightly toxic; N=non-

Table 12. Acute toxicity ratings of insecticides on Ceriodaphnia dubia and Hyalella azteca in
water and in sediment

Acute toxicity (LCso ng/L)
H. azteca | H. azteca | C. dubia
Pesticide Se(c}ljgznt Water Toxicity rating References
[0C]) (ng/L)
bifenthrin 0.0129 0.142 VH [1]1[2][3]
cyfluthrin 0.0137 0.344 VH [1][3][4]
L-cyhalothrin 0.0056 0.2 VH [1][3]
permethrin 0.2 0.25 VH [1]12][3]
cypermethrin 0.015 0.683 VH [3][5]
chlorpyrifos 0.399 0.053 VH [1][6][7]
diazinon N/A 0.32 VH [7][8]
fipronil 0.306 17.7 VH [9][10]

Note: VH=very highly toxic; H=highly toxic; M=intermediately toxic; L=slightly toxic; N=non-

toxic.

References: [1] (Amweg et al., 2005); [2] (Anderson et al., 2006); [3] (Wheelock et al., 2004);

[4] (Weston and Jackson, 2009); [5] (Maund et al., 2002); [6] (Phipps et al., 1995); [7] (Bailey et

al., 1997); [8] (Ankley and Collyard, 1995); [9] (Ma, 2006); [10] (Konwick et al., 2005)
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Appendix 2 Testing Results for Runoff-Potential Rating

Notes:

[1] Runoff potential test results for the 172 pesticides in the Efate database (Spurlock, 2008).

Only “High” runoff potentials are identified as “H”, while other groups of “Intermediate” and
“Low” runoff potentials are indicated by blank cells.
[2] The chemical properties in the Efate database (Spurlock, 2008) may have different values

from those registrant-submitted data as shown in Table 5 and Appendix 2, and thus may result in
different runoff-potential classifications.

Chem- Runoff potential
code Chemical name SOL KOC FD sediment | aqueous
573 | 1,3-DICHLOROPROPENE 2250 66 51.6 H
1685 | ACEPHATE 818000 2 1.685 H
5762 | ACETAMIPRID 3600 | 244.8929 13.55 H
5338 | ACIBENZOLAR-S-METHYL 7.7 1978.5714 4.15
3 | ACROLEIN 238000 | 89.7619 6 H
678 | ALACHLOR 240 127.5 13.15 H
575 | ALDICARB 5870 49.8 16.7 H
18 | AMETRYNE 112.2 236.25 73 H
2016 | AMITRAZ 0.093 | 576.1364 0.5
256 | ANILAZINE 8.02 | 2071.667 11
45 | ATRAZINE 32.5 86.45 85.9 H
5025 | AZAFENIDIN 16 | 247.9221 66.5 H
314 | AZINPHOS METHYL 27.95 776.5 8.115 H
4037 | AZOXYSTROBIN 6.35 | 527.7778 319 H
53 | BENEFIN 0.0998 | 9310.417 | 123.8606 | H
1552 | BENOMYL 2 | 1212.167 82 | H H
2263 | BENSULFURON METHYL 216 | 288.1818 26.85 H
70 | BENSULIDE 5.6 3900 15.2
5657 | BIFENAZATE 3.76 1778 4
2300 | BIFENTHRIN 0.000014 | 264276 109.5 | H
83 | BROMACIL 700 | 14.05882 146 H
834 | BROMOXYNIL OCTANOATE 0.08 190 4.31
3947 | BUPROFEZIN 0.2635 | 3298.113 456 | H
565 | BUTYLATE 44 | 422.2222 12.3 H
104 | CAPTAN 3.3 151 4.05
105 | CARBARYL 113 | 138.6667 9.485 H
106 | CARBOFURAN 351 | 50.11872 30.35 H
5130 | CARFENTRAZONE-ETHYL 22 | 17.58454 4.75 H
2184 | CHLORAMBEN 700 21 14 H
677 | CHLOROTHALONIL 1.2 | 1111.111 60 | H H
253 | CHLORPYRIFOS 1.39 | 9373.249 46 | H H
2143 | CHLORSULFURON 31800 | 35.47273 22.15 H
179 | CHLORTHAL-DIMETHYL 0.5 2565 214

N
W




Chem- Runoff potential
code Chemical name SOL KOC FD sediment | aqueous
3566 | CLETHODIM 384 60.5 3.09 H
2249 | CLOFENTEZINE 0.0025 45300 25 |H
3537 | CLOMAZONE 1100 | 159.8772 16.9 H
5792 | CLOTHIANIDIN 259 | 123.3333 561.5 H
1640 | CYANAZINE 155 | 236.7547 37.5 H
516 | CYCLOATE 95 272 10.71 H
2223 | CYFLUTHRIN 0.0023 124000 22 | H
4002 | CYMOXANIL 780 | 106.575 4.8 H
2171 | CYPERMETHRIN 0.004 | 310000 27 |H
233 | DAZOMET 3630 260 0.188 H
3010 | DELTAMETHRIN 0.0002 | 533750 545 | H
1748 | DESMEDIPHAM 0.901 | 691.3684 26.65
198 | DIAZINON 60 | 1856.111 9.07 H
112 | DICHLOBENIL 2.1 171 55 H
5060 | DICHLORPROP-P 108000 | 15.55556 4.8 H
2034 | DICLOFOP-METHYL 1.9 14025 41 | H H
81 | DICLORAN 6.4 747.5 93.8 H
346 | DICOFOL 0.83 | 6994.643 6555 | H
468 | DIENOCHLOR 0.025 | 5105714 3.9
1995 | DIETHATYL-ETHYL 120 | 202.0287 20 H
1930 | DIFENZOQUAT METHYL SULFATE 817000 | 64637.36 83 | H H
1992 | DIFLUBENZURON 0.08 | 7584.615 40.7 | H
216 | DIMETHOATE 39800 10 7.8 H
231 | DIURON 36.4 | 540.2321 1145 | H
259 | ENDOSULFAN 0.32 12000 89.75 | H
264 | EPTC 345 | 144.5707 2.07 H
2321 | ESFENVALERATE 0.00131 | 436515.8 31.05 | H
2166 | ETHALFLURALIN 0.293 | 5344.444 51 | H
1900 | ETHOFUMESATE 50 | 145.9821 122.25 H
404 | ETHOPROP 843 | 183.4995 23.3 H
5849 | ETOXAZOLE 0.0704 20550 3.5
5878 | FAMOXADONE 0.0815 | 3636.957 12.3
1857 | FENAMIPHOS 329 | 224.2619 9.95 H
1980 | FENARIMOL 13.8 723.75 280.5 | H
3905 | FENBUCONAZOLE 2.15 | 2925.714 302 | H H
4032 | FENHEXAMID 23.7 | 905.625 5.33 H
2311 | FENOXAPROP ETHYL 0.8 9490 8.1
2283 | FENOXYCARB 5.66 | 1752.778 28.3 H
2234 | FENPROPATHRIN 0.0363 42500 16.35 | H
3995 | FIPRONIL 1.9 668.75 131 | H
5886 | FLONICAMID 5200 12.3 3.1 H
2186 | FLUAZIFOP-BUTYL 1.1 | 1812.857 7.095
5027 | FLUDIOXONIL 1.83 | 1340.833 191 | H H
5802 | FLUMIOXAZIN 1.79 | 244.5455 15.05
166 | FLUOMETURON 111 | 87.16667 103 H
5768 | FLUROXYPYR 6500 | 291.8016 19 H




Chem- Runoff potential
code Chemical name SOL KOC FD sediment | aqueous
254 | FONOFOS 16.9 | 1051.296 22.35 H
5851 | FORAMSULFURON 3290 65 12.15 H
1871 | HEXAZINONE 33000 | 45.2392 138.5 H
2303 | HEXYTHIAZOX 0.12 | 2754.248 2955 | H
2203 | HYDRAMETHYLNON 0.2 | 200595.2 44 | H
5911 | IMAZAPIC 479000 | 55.55556 148 H
2340 | IMAZETHAPYR 711 | 58.61538 110 H
3849 | IMIDACLOPRID 514 | 288.9835 58.9 H
5331 | INDOXACARB 0.2 | 4928.571 20.1
2282 | ISAZOPHOS 168 | 107.2727 33.9 H
5451 | KRESOXIM-METHYL 2 | 499.6364 6.6
2297 | LAMBDA CYHALOTHRIN 0.005 | 297500 2335 | H
359 | LINDANE 7 | 1636.508 172 | H H
361 | LINURON 772 | 417.165 65.9 H
367 | MALATHION 125 165 9 H
211 | MANCOZEB 13.1 6000 9895 | H H
5898 | MESOSULFURON-METHYL 483 40 78 H
2132 | METALAXYL 7100 | 167.381 65.25 H
379 | METALDEHYDE 188 | 33.9359 180 H
1689 | METHIDATHION 240 310 5 H
375 | METHIOCARB 27 | 617.4877 12 H
383 | METHOMYL 57900 40 29.785 H
5698 | METHOXYFENOZIDE 3.3 | 394.1667 145 H
385 | METHYL BROMIDE 17500 | 126.4996 3.8 H
394 | METHYL PARATHION 70.3 | 522.9167 2 H
1996 | METOLACHLOR 492.5 | 210.8333 113 H
1692 | METRIBUZIN 1031.5 50 88.75 H
2222 | METSULFURON-METHYL 2790 | 61.09091 10 H
480 | MEVINPHOS 600000 78.4 4.1875 H
449 | MOLINATE 970 | 216.6667 14.54 H
418 | NALED 200 | 221.4286 1.53 H
1728 | NAPROPAMIDE 74 | 667.8608 10 H
3829 | NICOSULFURON 1036.5 | 27.87879 34.6 H
439 | NITRAPYRIN 72.1 | 355.3571 33.2 H
2019 | NORFLURAZON 33.7 460 180 H
5754 | NOVALURON 0.053 | 2296.382 125 | H
1868 | ORYZALIN 2.6 | 886.6667 121 | H
2017 | OXADIAZON 1 | 2311.667 130 | H H
1910 | OXAMYL 280000 | 31.57895 31.82 H
1973 | OXYFLUORFEN 0.116 | 6601.389 175 | H
410 | OXYTHIOQUINOX 1 | 22583.33 1.55
459 | PARATHION 12.5 1420 17.25 H
464 | PCNB 0.1 5975 2245 | H
590 | PEBULATE 100 | 512.3529 6.055 H
1929 | PENDIMETHALIN 0.275 15000 42 | H
5889 | PENOXSULAM 408 43.55 11.8 H
2008 | PERMETHRIN 0.07 | 277000 3835 | H

[\9)
(9]




Chem- Runoff potential
code Chemical name SOL KOC FD sediment | aqueous
675 | PHENMEDIPHAM 1.8 7500 63.15 | H H
478 | PHORATE 29 | 538.3523 1.76 H
335 | PHOSMET 25 | 6288.71 8.24
593 | PICLORAM 430 29 108 H
486 | PIPERONYL BUTOXIDE 14.3 | 1536.438 13.1 H
2236 | PRODIAMINE 0.183 8190 838 | H
2042 | PROFENOFOS 28.4 | 2414.286 14.295
499 | PROMETON 393.5 100 246.5 H
502 | PROMETRYN 32.9 | 240.3333 71.1 H
503 | PROPANIL 152 468 1.38 H
445 | PROPARGITE 1.93 | 7283.333 87 |H H
2276 | PROPICONAZOLE 100 600 115 | H
694 | PROPYZAMIDE 12.9 825 53.5 H
5232 | PYMETROZINE 290 | 49.63889 169 H
5759 | PYRACLOSTROBIN 19 | 8444.444 71 | H H
3939 | PYRIDATE 1.49 | 40.96997 18.85
4019 | PYRIPROXYFEN 0.367 | 14436.36 26.05
3835 | RIMSULFURON 5560 55 7.95 H
S,S,S-TRIBUTYL
190 | PHOSPHOROTRITHIOATE 2.3 | 9466.667 315 H
2177 | SETHOXYDIM 10295 | 50.13095 70.4 H
603 | SIDURON 22.3 | 223.9556 50.75 H
531 | SIMAZINE 6.15 | 151.7011 83.5 H
2149 | SULFOMETURON METHYL 244 | 91.86655 15 H
2195 | TAU-FLUVALINATE 0.0122 | 447204.7 62 | H
3850 | TEBUCONAZOLE 32 | 936.1806 224 | H
3957 | TEBUFENOZIDE 0.83 | 665.8824 36.05
1810 | TEBUTHIURON 2600 79.75 690.5 H
532 | TERBACIL 710 | 56.66667 208 H
1691 | TERBUTRYN 22 2375 127 | H H
580 | TERRAZOLE 105 | 93.33333 8.6 H
5598 | THHAMETHOXAM 4100 | 48.47059 92 H
3984 | THIAZOPYR 2.33 | 219.6667 69.9 H
1933 | THHOBENCARB 27.5 | 594.7368 27.8 H
2202 | THIODICARB 23.5 | 206.1538 5 H
1696 | THHOPHANATE-METHYL 24.6 300 4.2 H
2329 | TRALOMETHRIN 0.08 | 504092.3 2.29
2133 | TRIADIMEFON 64 387 35.1 H
88 | TRICHLORFON 120000 | 13.91636 2.2 H
5321 | TRIFLOXYSTROBIN 0.61 3580 9.425
2260 | TRIFLUMIZOLE 18.1 | 710.625 6.4 H
597 | TRIFLURALIN 0.3 | 3532.465 1145 | H
3875 | TRIFLUSULFURON-METHYL 260 | 55.65217 2.895 H
2345 | TRINEXAPAC-ETHYL 15650 | 534.1667 1.335 H
2129 | VINCLOZOLIN 3.41 | 292.0741 181 H
5769 | ZOXAMIDE 0.681 1240 12.3
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1. Introduction

The Surface Water Protection Program (SWPP) is developing a more consistent and transparent
method for evaluating registration packages. The overall introduction for the evaluation
procedure has been presented in Part I of the two-part reports. In summary, a two-stage
procedure was proposed for surface water quality protection in assessing pesticides submitted for
registration in California. Stage I evaluation is conducted to classify pesticides as to whether they
are unlikely to be a surface water quality problem, or may potentially cause problems and require
additional evaluation. For the latter case, stage II evaluation is performed to predict pesticide
exposure and risk at the edge of fields based on refined modeling approach. The evaluation
results are summarized as registration recommendations, i.e., [1] to support registration without
conditions for pesticides which are unlikely to be a surface water quality problem, [2] to support
conditional registration with requests for analytical methods for pesticides which may potentially
cause surface water problems, or [3] not to support registration for pesticides which pose
unacceptable potential surface water impacts.

In the proposed evaluation procedure, analytical methods will be required for pesticides with
recommendation of conditional registration. In previous evaluations conducted by SWPP,
conditional registrations are usually associated with requests for runoff test and/or sediment
toxicity test. Those requests may not be appropriate for future pesticide registration process and
post-use monitoring. First, model-predicted concentrations have been submitted for the requests
of runoff test for some pesticides. It also suggested that estimated environmental concentration
(EEC) by environmental fate models could be helpful in the pesticide registration process. In
addition, sediment toxicity tests have been requested by USEPA for all pesticides with KOC >
1000 in the data requirement for pesticide registration (USEPA, 2007a). Therefore, sediment
toxicity data is supposed to be available in the future for pesticide evaluation of new ingredients.



In addition to registration recommendations, the developed methodology also generates a watch-
list of pesticide active ingredients for future evaluations by SWPP. The authorization of the
watch-list is based on the California Food and Agricultural Code 12824 for “the continuous
evaluation of all pesticides actually registered”. The watch-list will cover active ingredients for
which registration is supported but potential exposure to surface water is identified. Potential
actions for the listed active ingredients include: requesting analytical method for post-use
monitoring, flagging the active ingredient for re-evaluation if its new label is associated with
high-exposure use pattern, and other appropriate actions which may be defined in the future. The
SWPP will keep the watch-list and be responsible for potential re-evaluations and post-use
monitoring for surface water quality.

The methodology presented in the two reports is based on only a portion of data available from
the registration data package. While the results provide supporting information for registration
decision-making, human interactions are required to account for other parameters and elements
not included in the methodology, such as proposed mitigation practices and label language,
before making the final decision for surface water protection.

For the pesticide products which are not supported for registration based on evaluations proposed
in the methodology, the higher tier assessments with model approaches currently used in FIFRA
decision making will be conducted if input data is sufficient. Monitoring data or any other data
submitted by the registrants are also accepted for further evaluation on the pesticide fate and
potential aquatic risks.

2. Methods and Materials
2.1 Overview

The stage I evaluation identified pesticides which may potentially cause surface water problems.
Additional evaluations are required for these pesticides based on the refined modeling approach
described in this report as stage Il evaluation. The flowchart was illustrated in the Report I for
making registration recommendations and generating watch-list from the derived indicators. The
indicators of use pattern, risk quotient (for high-exposure use pattern only), and aquatic
persistence are considered in the decision-making process. The indicator of persistence has been
introduced in the companion report (Part I). The following sections provide detailed information
on the development of the indictors of use pattern and risk quotient.

2.2 Pesticide Use Patterns

Only pesticide products labeled for outdoor applications are evaluated in this methodology.
Applications made to “hydrologically isolated site” is not considered according to the CDPR’s
draft restrictions to address pesticide drift and runoff to protect surface water (CDPR, 2010).
Based on DPR’s experience the following pesticide use patterns have high exposure potentials to
surface water:

1) Aquatic pesticides
2) Rice pesticides
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3) Urban pesticides

4) Pesticide applications to crops with gravity irrigation (Table 1)

5) Pesticide applications to crops with top acreages in California (Table 2)
6) Winter rain season applications

7) Pre-emergent applications

Crops in use pattern (4) “with gravity irrigation” are identified according to the results of a
statewide survey of irrigation methods by crop in 2001 (CDWR, 2002). The survey of an
estimated 80,000 growers requested information on the main county and acreages that were
planted to each of 20 possible crop-categories by irrigation method in 2001 (Table 1). Gravity-
based irrigation (flood and furrow) are considered to have high potentials for pesticide exposure
because these are the least efficient from a water-use standpoint and have the greatest capacity to
produce potential runoff to surface water. Crops with gravity-dominated (>50%) irrigation, as
highlighted in Table 1, were selected as relatively high-exposure patterns of pesticide use. Here
50% is selected as an arbitrary value and assumed to provide protective criteria for the
classification of pesticide use pattern according to dominant irrigation methods.

Table 1. Percent of crop acreage using specific type of irrigation in California statewide survey
2001.

Crop Gravity Sprinkler Low Subsurface
Total Flood Furrow volume
Corn 87.1% 19.1% 67.0% 0.8% 0.0% 12.1%
Cotton 93.9% 1.9% 86.4% 5.1% 0.0% 1.0%
Dry beans 56.9% 6.9% 37.2% 43.1% 0.0% 0.0%
Grains 87.3% 73.7% 12.7% 10.5% 0.0% 2.2%
Safflower 57.6% 27.4% 30.2% 27.8% 0.0% 14.6%
Sugarbeet 99.9% 0.0% 99.9% 0.0% 0.1% 0.0%
Other Field crops 85.1% 47.1% 38.0% 12.9% 1.7% 0.3%
Alfalfa 80.3% 71.9% 7.7% 17.4% 0.0% 2.2%
Pasture 75.1% 67.9% 2.7% 20.2% 0.0% 4.7%
Cucurbit 45.3% 3.3% 27.9% 23.6% 31.1%  0.0%
Onion & Garlic 43.7% 0.0% 14.9% 56.3% 0.1% 0.0%
Potato 1.2% 0.0% 1.2% 91.2% 7.6% 0.0%
Tomato (fresh) 61.3% 0.0% 27.0% 0.0% 38.7%  0.0%
Tomato (processing) 67.8% 0.0% 50.0% 30.2% 2.0% 0.0%
Other Truck Crops 36.1% 0.1% 16.0% 38.0% 259%  0.0%
Almond & Pistacio 19.2% 16.1% 0.6% 11.3% 69.3%  0.2%
Other Deciduous 33.7% 17.3% 16.2% 30.8% 35.0%  0.4%
Subtropical Trees 10.1% 3.8% 5.8% 12.5% 76.6%  0.9%
Turfgrass & landscape  0.6% 0.5% 0.1% 89.0% 10.2%  0.2%
Vineyard 20.8% 1.9% 18.8% 8.7% 70.2%  0.2%
Notes:

1) Crops with >50% gravity (flood and furrow) irrigation are highlighted
2) In addition to grain and pasture, field crops mainly includes corn, cotton, sugar beets, and
dry beans, according to California Field Crop Reviews (USDA, 2011)
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Crops in the use pattern (5) “with top CA acreages” are identified based on the Pesticide Use
report (PUR) database (CDPR, 2011) and land use survey results (CDWR, 2011). In summary,
citrus, deciduous fruits and nuts, field crops, grapes, rice, pasture, and tomatoes are considered to
have high exposure potentials to surface water according to their acreages (Table 2).

Table 2. Top ten crops by acreage based on PUR database and DWR land use survey

By accumulated treated acreage By land use data

PUR site code Crop DWR land use code  Crop

3001 almond P1 alfalfa
29141 grapes F1 cotton
3011 pistachio G** grain

2000 citrus Vi vineyards
43026 dried fruits D12 almonds
3009 walnut F6 corn

2006 orange P3 mixed pasture
5004 peach R** rice

5005 plum T15 tomatoes
29143 grapes, wine FH* field crops

Note: Accumulated treated acreage is the summation of “acre_treated” from multiple
applications of all applied pesticides by “site_code”, based on 2006-2010 PUR data;

2.3 Pesticide Risk Quotient
2.3.1 Risk Characterization

Estimation of risk quotient (RQ) is required for pesticides associated with high-exposure use
patterns. Risk characterization integrates exposure and ecological effects to determine the
potential ecological risk from the use of pesticides. The exposure and toxicity effects data are
integrated in order to evaluate the risks of ecological effects on non-target species. For the
assessment of pesticide risks, the risk quotient method is used to compare exposure and
measured toxicity values. RQ is defined as estimated environmental concentration (EEC) divided
by the acute toxicity value of the most sensitive aquatic organism (LC50, as defined in the report
Part I):

_ EEC

RO =
0 LC50

(1

The resulting RQs are then compared to the levels of concern (LOCs) suggested by USEPA.
LOC of 0.5 was used in this project, when exceeded for acute risk to non-target organisms “may
warrant regulatory action in addition to restricted use classification” (USEPA, 2004). If the RQ
exceeds LOC, the corresponding pesticide product was marked as one with “high” risk quotient,
indicating that the pesticide’s use, as directed on the label, has the potential to cause direct or
indirect effects to non-target organisms. Otherwise, the product was designed to have a “low”
risk quotient.



The estimations of EEC and RQ are mainly based on the use-exposure relationships developed in
this study (in the Appendix). In addition, USEPA Tier 1 Rice Model is improved (see Section
2.3.2 Rice Pesticides) for estimating the risk quotient of rice pesticides. For other use patterns,
such as general aquatic pesticides, which are not supported by any existing regulatory models, a
protective assumption is applied by simply assigning a high risk quotient (Table 3).

Table 3. Approaches in determining risk quotients (RQ) for high-exposure patterns of pesticide
use

Use pattern Approach

Rice pesticides RQ is calculated by modified USEPA Tier 1 Rice Model
(Section 2.3.2)

Patterns covered by USEPA Tier 2 RQ is calculated by use-exposure relationships (Section

modeling scenarios 2.3.3 and the Appendix)

Patterns without model supports A high RQ is assumed

2.3.2 Rice Pesticides

For rice pesticides, EEC was estimated as the initial concentration of dissolve pesticide in a rice
paddy based on the Tier 1 Rice Model developed by USEPA (USEPA, 2007b):

_ m,;(0)
1.05x107° +1.3x10°°- KOC

C,(0) )

where C,(0) is initial pesticide concentration in water (ug/L), m’,0) is the mass applied per unit
area (kg/ha) and KOC is the organic carbon (OC)-normalized soil sorption coefficient
(L/kg[OC]). In the USEPA Tier 1 Rice Model, the water column depth was assumed to be 0.10
m. This value is lower than the representative depth of 0.127 m (or 5 inch) in California (CRC,
2010), thus generating a conservative estimation of the initial concentration. Concentration of
suspended particles is assumed to be zero in the model. Pesticide equilibrium was assumed to be
established between the dissolved (for both water column and pore water) and particulate phases.
Therefore, the concentration of pesticide in suspended sediment (C,, ng/g) was calculated based
on KOC and OC content of sediment (f,., dimensionless):

C,=C,-KOC-f, 3)

The Tier I Rice Model does not consider dissipation processes in either water column and bed
sediment. In this study, concentration dynamics are estimated based on first-order degradation
kinetics for pesticide decay during the water-holding period:

C, (1) =C,(0)-exp(—kt) 4)
where ¢ (day) is the required water-holding period, and & (day™) is an overall rate constant of

pesticide dissipation in the water-sediment system. Value of k could be conservatively set as the
minimum value of the rate constants of pesticide dissipation in water column (k,, day') and in



sediment (kyq, day). It can be also refined based on chemical properties and environmental
parameters:

k _ dwkw + dsed (Hsed+K0C ) f;)cpb )ksed (5)
dw + dsed (Hsed_i_KOC ’ f;)cpb)

Values of d,, (water depth), d,.,s (sediment layer depth), 6,., (sediment porosity), p» (sediment
bulk density) and f,. could be taken from the USEPA suggested values (USEPA, 2007b). Once
C\(t) is determined, the corresponding concentration in sediment could be calculated by Eq. (3).

2.3.3 Use Patterns Covered by USEPA Tier 2 Modeling Scenarios

The USEPA Tier 2 modeling scenarios developed for California (USEPA, 2006, 2008, 2011)
cover most of the representative crop types and surface conditions in the identified high-
exposure use patterns in this study: citrus, field crops (cotton and sugar beet as surrogates),
grains (wheat), pasture (alfalfa), tomato, grapes, rainfall-season application (almond), pre-
emergence application (turf), and hard surface (residential and right-of-way applications), as
summarized in the Appendix.

USEPA regulatory model, Pesticide Root-Zone Model (PRZM)), is selected for the determination
of risk quotients based on the above modeling scenarios. To simplify the PRZM modeling
processes, a meta-modeling approach with regression equations, called use-exposure
relationships (Luo et al., 2011), were developed based on results of stochastic PRZM simulations
with 30-year meteorological data compiled by USEPA (USEPA, 2007c) at the stations specified
in the modeling scenarios. EEC was defined as an average edge-of-field concentration over a
given recurrence interval, also called exposure index (EI). For dissolved pesticides, EI was
calculated as the maximum 4-day moving average concentration in a 3-year return period. This
definition is consistent with the water quality criteria for chlorpyrifos and diazinon by USEPA
and California Department of Fish and Game (CDFG) (Siepmann and Finlayson, 2000; USEPA,
2005), and with the 96-hour duration commonly used in acute aquatic toxicity test. For sediment-
bound pesticides, there are no surface water quality criteria at either federal or state level at
present. Water quality assessments for pesticides in sediment, such as those for Clean Water Act
Section 303(d) listing (CEPA, 2010), are usually based on 10-day Hyalella azteca sediment
toxicity tests (USEPA, 1999). To mimic the sediment toxicity tests, 10-day averages were
calculated as adsorbed EI from PRZM-predicted daily concentrations of pesticide associated
with soil erosion. The same frequency as for dissolved pesticide, i.e., once every three years
return period, was used for adsorbed pesticides.

The objective of the meta-model development is to provide a simple and reasonable
representation of the original PRZM model simulations, so that comparable modeling results
could be generated with running the full version of the model which may have particular
requirements on computer configuration, model expertise, and experiences in output data
analysis. In the developed use-exposure relationships, the exposure index is a function of label
rate and chemical properties:
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RATE

El =-2""_.F] BASE (6)
BASE
In(El _BASE) =
b, + b, In(AERO) + b, In[max( KOC,KOC")],  dissolved pesticides (7)
b, + b, In(AERO) + b, In[min( KOC,KOC")],  adsorbed pesticides
In(EI _BASE) = b, + b, In( AERO) + b, In[min( KOC,KOC")] (8)

where BASE (kg/ha) is a small application rate (set as 0.1 kg/ha) used to normalize the field
runoff potentials of various label rates, RATE (kg/ha) is the actual application rate, EI BASE
(ng/L for dissolved phase, and ng/g for adsorbed phase) is the exposure index from pesticide
application at BASE rate, AERO (day) is the aerobic soil metabolism half-life, and KOC* is a
breakpoint KOC value determined from the associated between EI BASE and KOC. The
regression coefficients b’s in the equation are determined for a variety of crop types and surface
conditions using USEPA recommended crop scenarios for California (USEPA, 2008) and
provided in the Appendix. The parameterized relationships accounted for 90-95% of the
variances in the PRZM-predicted EI of dissolved pesticides for a 30-year period. For pesticide
associated with eroded soil, the coefficients of determination ranged from 61% to 85%. The
resulting RQ value will be used in the place of EEC of Eq. (1) to calculate the corresponding risk
quotient.

2.4 Pesticide Watch-list Requirements
2.4.1 Requesting Analytical Methods

In California, both DPR and the State and Regional Water Boards have mandates and authorities
regarding pesticides and water quality. DPR's mandates include ensuring that all pesticides
registered in California are used in a manner that protects the environment. The Water Boards
administer multiple regulatory programs in both agricultural and urban areas that require
environmental monitoring to assess the impacts of pesticides in surface water (CDPR, 2001).

Core to all water quality regulatory programs is the need to conduct surface water and sediment
monitoring to characterize pesticides in water bodies in order to assess potential environmental
impacts. In order to conduct pesticide residue monitoring, regulatory agencies need to have
access to chemical analytical methods. Currently, analytical methods sensitive enough for
detecting pesticide residues at levels that can cause toxicity to aquatic organisms are available for
only a small fraction of registered pesticide active ingredients.

Before a pesticide is registered for use in California, DPR evaluates it to determine that it can be
used without significant adverse effects to human health or the environment. The law requires
prospective registrants to conduct and submit to DPR various tests and data on new pesticide
products for this evaluation (CDPR, 2001). While registrants are required to submit analytical
methods for commodity residue during the registration process; they are not currently required to
provide the more sensitive analytical methods suitable for the analysis of residues in water or
sediment at environmentally relevant concentrations. Thus, surface water quality monitoring



programs for new pesticides cannot begin without first developing more sensitive analytical
methods with sufficiently low detection levels.

As a condition of full registration Surface Water staff requests the registrant to develop analytical
methods for the active ingredient and relevant degradation products for detection in water and in
sediment. The analytical methods should meet the following specifications:

1. The methods should be routinely executable by commercial laboratories. Reporting limits
(RL) are set at 3 - 5 times method detection limits (MDL), and RLs should be no greater than
0.05 pg L™ [water] and 1 pg kg™ [sediment]. A need for a lower RL may be necessary based
on aquatic toxicity data. If so, the RL needed will be identified in the evaluation report.
Method detection limits are determined as described in 40 CFR Ch.1, part 136 appendix B,
"Definition and procedure for the determination of the method detection limit" (Segawa,
1995).

2. The method should be gas chromatography (GC) or high pressure liquid chromatography
(HPLC)-based methods with mass spectral (MS) detection preferred. Other methods (e.g.
HPLC with fluorescence detection; GC with thermionic specific detection) may be used with
justification, but the MS-based detection is strongly preferred due to specificity.

3. Analytical method documentation shall include all method validation data. Method validation
shall be conducted as described in DPR's "Chemistry Laboratory Quality Control: standard
operating procedure (Segawa, 1995). Briefly, water methods shall include triplicate analysis
at each of six concentration levels: 0 (blank spike), 0.025, 0.05, 0.1, 0.2 and 1 pg L™". Soil or
sediment methods shall include triplicate analysis at each of six concentration levels: 0
(blank spike), 0.1, 0.2, 0.5, 2 and 10 pg kg .

4. Acceptable overall mean method validation recoveries are 70% < recovery < 120% with
relative standard deviation (RSD) of <20%.

5. Sample storage stability study will be evaluated in the respective matrix, water and/or
sediment.

2.4.2 Flagging the A.IL for re-evaluation with label changes

Some pesticides may pass the stage II evaluation and be supported for registration mainly
because the products under evaluation are associated with low-exposure use patterns. The active
ingredients may potentially cause surface water problems (otherwise they won’t be required for
additional evaluations in stage II), especially under high-exposure use patterns. Therefore, these
active ingredients are placed into the watch-list and should be flagged for re-evaluation if a new
label comes with high-exposure use patterns.

3. Methodology Testing

The developed procedure for pesticide evaluation was tested with the pesticide products recently
evaluated by the SWPP. Selected pesticides with their physiochemical properties and toxicity
data were described in the report Part I. Indicators for aquatic persistence was also derived in
Part I. In this test, detailed information on use pattern and use rate was retrieved from their labels
(Table 4) for developing respective indicators. Results of the model-based evaluation (Table 5)
were compared to results of best professional judgment from the evaluation reports. The purpose



of the test is to demonstrate the validity and consistency of the proposed evaluation procedure

and its capability for assessing pesticides for registration in California.

Table 4. Use patterns and use rates (kg/ha) for selected pesticides

Active Product | Use pattern (1) Max. use

ingredient rate (2)

A Al mosquito or midge control

B B1 pre-emergence herbicide 0.1

residential turf 0.1

B2 stone fruits, tree nuts 0.1
B3 residential turf 0.1

C Cl sugar beet 0.81

D D1 field corn 0.07

E El soybean and apples 0.65

F Fl1 mosquito adulticide

G Gl anti-fouling preservative

H H1 residential turf 2.24
H2 peanuts, stone fruits, tree nuts 0.56
H3 sugar beet 0.04

I I1 rice 1.12

J 1 grapes 0.09
J2 sugar beet 0.21

K K1 burndown herbicide

L L1 wheat 0.06

M M1 greenhouse and Nursery

N N1 vegetables, grapes, sweet potato 0.33

O 01 greenhouse

P P1 cereals, cotton, corn, sugar beet, vegetable, potato 0.52

Q Ql tomato 0.22
Q2 turf, ornamentals, interior plantscapes, and sod farms

R R1 rice 0.35

S S1 rice 0.31

T Tl grapes 2.02

U Ul residential turf 1.50

Notes:

1) Only selected high-exposure patterns are tabulated and used in the demonstration.
2) Maximum use rates (kg/ha per year or per season) are only listed for modeled use

patterns (Table 3).
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Table 5. Registration recommendations from model-based evaluation vs. best professional
judgment for surface water protection

Active Recommendations by Product | Recommendations by | Best professional
ingredient | stage I evaluation (1, 2) stage Il evaluation (3) | judgment based
Dissolved | Adsorbed Dissolved | Adsorbed | recommendations
phase phase (4) phase phase (4)
A S S Al S
B R - Bl C - S
C -
B2 C -
B3 C -
C R R Cl S N C (sed. toxicity test
& runoff test)
D S - D1 S
E S - El S
F R R F1 C C S (5)
G R R Gl C C C (marine test)
H R S HI S S C (sed. toxicity
H2 S S test)
H3 S S
I R S I S S S
S S J1 C (sed. toxicity
n test)
K S - K1 S
L S - L1 S
M S - M1 S
N R - N1 C - C (runoff test)
O S - 01 S
P R S P1 S N S
Q R - Ql C - C (runoff test)
Q2 S -
R R S R1 S C N
S R S S1 S S S
T S S T1 S
U S - Ul S
Notes:

1) “S” = Support registration without conditions; “N” = not to support registration; “C” =
support conditional registration; and “R” = require additional evaluation (for the results
of stage I evaluation only). “Best professional judgment based recommendation” was the
original recommendations in the evaluation reports.
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2)
3)

4)

5)

Results of stage I evaluation are taken from the report Part I.

Shaded cells in stage II evaluation: the corresponding pesticide has been classified in the
stage I evaluation as “unlikely to be a surface water problem” and registration is
supported with no condition, thus stage II evaluation is not required.

Evaluation for sediment-bound pesticides was only conducted for those with KOC >
1000, for which USEPA requires sediment toxicity tests (USEPA, 2007a). For pesticides
without reported sediment toxicity, we estimated sediment toxicity from the
corresponding water toxicity. Therefore, the evaluation results for adsorbed pesticides
won’t be used in the comparisons best professional judgment based recommendations.
Details in the estimation were documented in Part I report.

F was recommended for registration, and added to the list of pyrethroid-containing
products undergoing reevaluation.

The performance of the stage II evaluation was validated by comparing the recommendations for
dissolved pesticides from the refined modeling and from best professional judgment. Generally,
the proposed evaluation procedure generated comparable results as those by best professional
judgment based on the following criteria (Table 6).

Table 6. Criteria used in the comparison of model-based and professional judgment based
decisions in the methodology testing

Model-based decisions ...1s considered to be Best professional judgment based

(for dissolved phase) comparable to ... decisions

Support registration [S] > Support registration [S]

Support registration [S] > Support conditional registration with only
request of sediment toxicity test [C (sed.
toxicity test)]

Support conditional > Support conditional registration with

registration [C] request of runoff test [C (runoff test)]

Different recommendations were generated for 3 out of the 21 tested active ingredients compared
to the decisions from best professional judgment. Detailed investigations are provided for these
pesticides (B, C, and R) as follows:

1.

The SWPP reviewed several registration data packets for products containing the new
active ingredient B in May 2010, and recommended that the products be conditionally
registered due to potential impacts to surface water quality. The registrant provided
additional information in response to DPR’s registration decision. SWPP staff re-
reviewed the submitted data in December 2010 and concluded that “while there is still
cause for concern over potential off-site movement of this pesticide, an edge-of-runoff
study is not necessary”.

The best professional judgment for C with decision to request additional information on
environmental concentrations in surface water was mainly based on the potential
accumulation in sediment. The model-based results indicated that its rapid degradation in
water and low RQ value would result in low concern for risk to aquatic species in water
column.




3. For R, best professional judgment did not support its registration because the calculated
“conservative maximum concentration is comparable to the lower-end acute toxicity
benchmarks”. Results of the stage II evaluation indicated that the resulting RQ was less
than LOC of 0.5, thus the labeled use rate was not likely to cause adverse effects in water
column of receiving water bodies.

Based on the results of methodology testing (Table 5), the following active ingredients should be
placed into the watch-list: B, G, N, and Q with request of analytical methods and potential post-
use monitoring. No active ingredients in the test are required to be flagged for re-evaluation with
label changes.
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Appendix 1 Summary of Modeling Scenarios and Derived Parameters for Crops
Representing High-Exposure Use Patterns of Pesticides

This appendix provides detailed information for model development and applications for the
determination of pesticide risk quotients associated with high-exposure use patterns. Modeling
development has been published as a separate paper, Luo, Y., F. Spurlock, X. Deng, S. Gill, and
K. Goh, 2011. Use-Exposure Relationships of Pesticides for Aquatic Risk Assessment, PLoS
ONE, 6(4): el18234 (http.//dx.plos.org/10.1371/journal.pone.0018234). This paper also reported
derived model parameters for almonds, field crops, pasture, and tomatoes.

In summary, the estimated environmental concentration (EEC) of a pesticide could be estimated
as,

g1 =FATE 1 pysE 9)
BASE =~ —

where RATE (kg/ha) is the actual application rate of the pesticide active ingredient, BASE
(kg/ha) is the base application rate used to normalize the EEC (0.1 kg/ha in this study), and EI
and EI BASE are the exposure indices in response to the actual application rate (RATE) and
base application rate (BASE), respectively. For pesticides in dissolved phase, the exposure index
(ng/L) is defined as the 4-day moving average of PRZM-predicted daily concentrations of
dissolved pesticide at the edge of field in a 3-year return period. For pesticide in adsorbed phase,
the exposure index (ng/g) is defined as the 10-day moving average of PRZM-predicted daily
concentrations of sediment-bound pesticide at the edge of field in a 3-year return period. The
exposure index for base application is a function of the aerobic soil metabolism half-life (AERO,
days) and the organic carbon-normalized soil adsorption coefficient (KOC, L/kg[OC])),

In(El BASE)= f(AERO,KOC)
_ | b +b,In(AERO) + by In[max( KOC, KOC")], for dissolved phase (10)
b, + b, In( AERO) + b, n[min( KOC,KOC")], for adsorbed phase

with b’s for regression coefficients and KOC* (L/kg[OC]) as a breakpoint KOC value
determined for each modeling scenario. The following supplementary materials provide detailed
information on the selected USEPA Tier 2 modeling scenarios for California and corresponding
coefficients b’s. Table 7 and Table 8 summarize the selected modeling scenarios and derived
parameter values for the use-relationship for crops with high-exposure use patterns of pesticides.



Table 7. USEPA tier 2 crop scenarios for California: (a) overview and (b) landscape
characteristics

(a)

Crop scenario  Represented use pattern Soil (hydrologic group) Weather
station

Alfalfa (OP) Pasture, gravity irrigation Sacramento clay (D) Fresno

Almond (STD) Dormant application Manteca fine sandy loam (C) Sacramento

Citrus (STD) Citrus, top CA acreage Exeter loam (C) Bakersfield

Cotton (STD) Field crop, gravity irrigation = Twisselman Clay (C) Fresno

Grapes (STD)  Grapes, top CA acreage San Joaquin loam (C) Bakersfield

Sugar beet (OP) Field crop, gravity irrigation Ryde clay loam (C) Fresno

Tomato (STD)  Tomato, gravity irrigation Stockton clay (D) Fresno

Turf (RLF) Pre-emergent application Capay Silty Clay Loam (D)  San
Francisco

Wheat (RLF) Grain, gravity irrigation San Joaquin Loam (D) Fresno

(b)

Crop scenario CN USLE K/LS/P  USLE C 0C1

Alfalfa 90/88/89 0.20/0.30/1.0 0.051-0.217 1.77%

Almond 84/79/84 0.28/0.30/1.0 0.034-0.221 0.81%

Citrus 84/79/82 0.28/0.21/1.0 0.096-0.150 0.46%

Cotton 89/86/89 0.21/0.37/1.0 0.054-0.412 0.29%

Grapes 84/79/82 0.28/0.2/1.0 0.274-0.517 0.72%

Sugar beet 89/86/89 0.28/0.30/1.0 0.015-0.769 3.48%

Tomato 91/87/91 0.24/0.13/1.0 0.035-0.255 0.95%

Turf 80/80/80 0.37/1.80/0.5 0.001 35.6%

Wheat 92/89/90 0.37/0.79/1.0 0.027-0.604 0.44%

Data source:

USEPA Tier 2 crop scenarios for PRZM/EXAMS Shell (USEPA, 2006, 2008, 2011). “STD” =
Standard crop scenarios, “OP” = scenarios developed for the cumulative risk assessment of
organophosphate pesticides, and “RLF” = scenarios developed for the effects determinations for
the California red-legged frog and other California listed species.

Parameters:

CN = Runoff curve numbers of antecedent moisture condition II for fallow, cropping, and
residue, respectively;

USLE K = soil erodibility for the universal soil loss equation (USLE);

USLE LS = topographic factor for the USLE;
USLE P = practice factor for the USLE;

USLE C = cover management factor for the USLE;
OCI1 = Organic carbon content in the surface soil.
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Table 8. Use-exposure relationships for (a) dissolved pesticides and (b) sediment-bound
pesticides in selected California crop scenarios

(a)
Scenarios Coefficients R* Ln(KOC*)
b, b, bs
Alfalfa 5.2156 0.1907 -0.8288 0.9494 3.5
Almond 4.8131 0.1869 -0.7467 0.9335 4.5
Citrus 6.6724 0.1597 -0.7952 0.9161 5.0
Cotton 6.3173 0.1467 -0.7662 0.9102 5.5
Grapes 6.5127 0.1694 -0.8081 0.9286 4.5
Sugar beet 4.9105 0.2412 -0.8377 0.9193 3.0
Tomato 5.9979 0.1785 -0.7844 0.8970 4.0
Turf 3.3647 0.2821 -0.8248 0.9546 0.5
Wheat 6.0764 0.1853 -0.7954 0.9487 5.0
(b)
Scenarios Coefficients R’ In(KOC*)
b by b;
Alfalfa 1.7756 0.3140 0.4936 0.6896 9.5
Almond 0.1179 0.2116 0.6937 0.7955 10.0
Citrus 3.4796 0.2098 0.6346 0.8189 10.5
Cotton 0.9213 0.1890 0.7221 0.8466 11.0
Grapes 3.0443 0.2376 0.5991 0.7780 10.0
Sugar beet 2.7386 0.3254 0.5118 0.6409 8.5
Tomato 3.2070 0.1912 0.6062 0.7770 10.0
Turf 2.7715 0.2832 0.4486 0.6106 6.5

Wheat 1.0782 0.3233 0.5848 0.7210 10.5
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Appendix 2 Development of Use-Exposure Relationship for Pesticide Applications to
Rights of Way and Residential Turf

S2.1 Scenarios for Impervious Surfaces

The USEPA impervious scenario for California was developed based on the environmental
configurations in the San Francisco Area (USEPA, 2011). The impervious scenario was
characterized by high curve numbers and zero surface OC content. PRZM accepts either KOC or
the distribution coefficient (KD) as inputs for phase partitioning. When KOC is used, KD value
will be automatically calculated by PRZM as the product of KOC and OC. In the previous
scenarios, KOC is usually used to conveniently reflect the variation of soil OC content over
various soil types. However, the KOC-based pesticide partitioning was not appropriate for
impervious surfaces for which zero OC content is assumed for ground surface. Instead, the value
of KD was used directly as input parameter in the PRZM runs. The exposure index from
pesticide application at BASE rate for impervious surface was calculated based on the regression
equation similar to (12).

In(E1,,, BASE) = f{AERO,KD)= b, +b,In(AERO)+ b,In(KD) (11)
For impervious surfaces, the AERO should be set as the field dissipation half-life in the
corresponding surface conditions. It’s assumed that KD followed the same distribution as KOC.
Please note that this assumption was only used for generating random numbers for the stochastic
simulation of PRZM. For a specific pesticide, its KD value for impervious surface should be
taken from registrant-submitted chemical property data. Based on the regression analysis
described in Appendix 2 for pervious surfaces, the use-exposure relationships were developed

for impervious portions of residential and rights-of-way land use conditions in California (Table
9).

Table 9. Use-exposure relationships for dissolved pesticides in selected California scenarios for
impervious surfaces

Scenarios Coefficients R’

bl b2 b3
Residential [impervious] 1.1738 0.3880 -0.8814 0.8873
Rights-of-way [impervious] 1.9427 0.2831 -0.8667 0.9635

If KD value was not available for the evaluated pesticides, the conservative estimation could be
conducted based on KD=0. The simulation results may overestimate the pesticide residues, but
generate conservative predictions for pesticide exposure from application on impervious surfaces.
The conservative estimation could provide useful information in screening processes of pesticide
risk, especially for pesticides with high mobility and pesticides without actual KD values
available for impervious surfaces. Monte Carlo simulation with 500 PRZM runs was conducted
to characterize the effects of AERO on the conservative estimation of EI BASE (with KD=0) in
impervious scenarios of California (Figure 1). Generally, InEI_BASE increased with AERO
values and converged around 4.0 when InAERO > 2. Resulting InEI_BASE values did not
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exceed 4.5 in both evaluated scenarios, suggesting a maximum EI_ BASE of 90 pg/L for
pesticides with InAERO > 2. For pesticides with short soil half-life, a simple linear equation was
applied to estimate the maximum EI_BASE. The final equation was expressed as,

In EI BASE =0.625-min(In AERO,2)+3.25 (12)
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Figure 1. Conservative estimation (with KD=0) of EI BASE for dissolved pesticides from
California impervious scenario of [a] residential and [b] right-of-way areas (Colorbars for
InKOC)

S2.2 Post-Processing for Mixed Surfaces

Complex scenarios were developed by USEPA for pesticide application and overspray on
residential and rights-of-way areas (USEPA, 2008). Those complex scenarios consist of paired
pervious and impervious portions of land uses. The sub-scenarios for pervious and impervious
surfaces were first simulated independently. The resulting daily EECs were added together based
on the coverage fractions of the pervious and impervious surfaces defined in the scenarios. The
coverage fraction of impervious surface (fimp) Was set as 5.68% for residential area, and 1.00%
for rights-of-way area. Details in the derivation of representative fraction of impervious surface
were documented by USEPA (2011). Based on the linear assumption between pesticide use and
exposure index, the overall exposure index (EI_BASE) for the complex scenarios with
impervious surfaces could be calculated as

El _BASE=(1- f, )EI,_BASE+ f, EI, _BASE (13)

where EI, BASE and Eli,, BASE are the exposure indices from pesticide application at BASE
use rate generated from independent simulations of pervious and impervious surfaces,
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respectively. The EI values for impervious surface were based on Eqs (11) and (12). The EI
values from paired pervious surfaces were generated from USEPA scenarios for typical plants
adjacent to residential and right-of-way areas (Table 10). It’s noteworthy that, since soil erosion
is disabled in the PRZM scenarios for impervious surfaces, pesticide exposure in adsorbed phase
is only evaluated based on the pervious portion of the mixed surfaces.

Table 10. California scenarios for typical plants adjacent to residential and right-of-way areas
(USEPA, 2011)

[a] Environmental configuration

Parameters Residential [pervious] Right-of-way [pervious]

Represented plants Residential turf European weeds, mustard,
thistles, etc., in light density

Soil (hydrologic group) Tierra Loam (D) Gaviota sandy loam (D)

Weather station San Francisco Santa Maria

CN 83/83/83 92/92/92

USLE K/LS/P 0.32/0.37/1 0.28/1.1/1

USLE C 0.001 0.004

OCl1 35.6% 0.44%

[b] Derived parameters

Scenarios Coefficients R’ In(KOC*)
b1 b2 b3

Dissolved phase:

Residential [pervious] 3.3054 0.2457 -0.8182 0.9554 0.5

Rights-of-way 6.0914 0.2416 -0.7856 0.9330 5.0

[pervious]

Adsorbed phase:

Residential [pervious] 0.7986 0.2911 0.6262 0.7693 6.5

Rights-of-way 3.0013 0.2283 0.5177 0.8035 10.5

[pervious]

Notes:

CN= Runoff curve numbers of antecedent moisture condition for fallow, cropping, and residue,

respectively;

USLE K = soil erodibility for the universal soil loss equation (USLE);
USLE LS = topographic factor for the USLE;

USLE P = practice factor for the USLE;

USLE C = cover management factor for the USLE;

OC1 = Organic carbon content in the surface soil.
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