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EsTIMATING PeSTICIDE CONCENTRATIONSIN DRINKING WATER:
OPP’s CURRENT APPROACH TO DRINKING WATER ASSESSMENTS

Prepared for the Committee to Advise on Reassessment And Trangition (CARAT)
October 3, 2000

The Food Quality Protection Act (FQPA) of 1996 directs EPA to consider “al anticipated
dietary exposures and dl other exposures for which thereis rdliable information” when setting
tolerances for pedticide resduesin food. Becausea number of pesticides have been found in ground
water and surface water throughout the United States, including water bodies that are used for drinking
water, EPA consders drinking water to be an anticipated dietary exposure pathway for certain

pesticides.

Prior to FQPA, the Office of Pesticide Programs (OPP) did not routinely incorporate drinking
water exposure into the quantitative dietary human health risk assessment. Rather, OPP s dtrategy for
managing pesticides which had the potentia to contaminate water was to emphasize prevention —
requiring mitigation measures such as geographic restrictions on pesticide use and buffer zones near
water bodies where pesticide use is prohibited. Since the enactment of FQPA, OPP has routindy
considered exposure to pesticides in drinking water as a part of its dietary risk assessment process.

Tiered Approach to Drinking Water Assessments

When developing FQPA risk assessments, OPP uses atiered system of exposure modeling to
evauate the risks posed to human hedlth from the presence of pesticides in drinking water. Currently
OPP uses atwo-tiered screen for drinking water assessments. Each tier is designed to screen out
pesticides by requiring higher, more complex levels of investigation only for those that have not passed
the next lower tier. Mathematical models smulate vulnerable surface- or ground-water sources of
drinking water to estimate concentrations of a pesticide in drinking water. These estimates are
compared to human hedth-based drinking water levels of comparison. The drinking water level of
comparison is atheoretical maximum concentration of a pesticide in drinking water that, when
combined with exposures through food, residentia, and other uses, would not exceed the maximum
alowable dose for that pesticide.

If the estimated concentration of the pesticide in drinking water exceeds the leve of
comparison, the pesticide fails the screen and moves to the next tier of the assessment. A pedticide that
fallsthe first screen moves to the second screen. If that pesticide fails the second screen, then OPP
currently takes a pesticide-specific approach to refining the drinking water assessment. If the estimated
drinking water concentration is less than the level of comparison, the pesticide passes the screen and
OPP concludes with reasonable certainty that exposure to the pesticide in water, in combination with
other sources of exposure, is not expected to exceed aleved of concern. No further assessment is
conducted. Figure 1 illustrates the genera framework used for the drinking water screening process.
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FIGURE 1: GENERAL FRAMEWORK FOR THE DRINKING WATER SCREENING PROCESS

Minimum Information and Data Needs Unableto Continue:

Arethe environmental fate data sufficiently Request additional datain order to make an
complete to model the fate and transport of assessment.

the pesticide? No6

Isinformation on pesticide application and
use available to model pesticide usage on
crops of interest?

Yes9

Estimate Pesticide Concentrationsin Calculate a Health-Based Drinking Water

Drinking Water: L evel of Comparison:

Mathematical models estimate peak and Thislevel of comparison is the difference

annual average pesticide concentrations at between the maximum allowable daily intake

avulnerable site. (from toxicity studies) and the sum of the
anticipated exposure from food and

Readily available monitoring data serve as a residential sources. Comparison levels are

“lower bound” on the estimate. calculated for acute, chronic, and cancer risk
assessments.

Compare Estimated Pesticide Concentrationsin Drinking Water to Health-Based L evels of
Comparison:

A separate comparison is made for each endpoint of interest (acute, chronic, cancer risk). Comparisons
are made for both surface-water and ground-water sources of drinking water.

Does the estimated pesticide concentration in drinking water exceed the level of comparison value?

No 9 Yes9
Assessment Done Continueto the Next Screening L evel
Pesticide concentrations in drinking water, If at Tier 1, continueto Tier 2.
when considered along with other sources If at Tier 2, continue to pesticide-specific
of exposure for which OPP has reliable data, refined risk assessment.
is not expected to pose an unacceptable risk
for human health.

The intent of the screening approach is to separate pesticides that pose minimal, if any, risk to
human hedth from those pegticides that may be in drinking water a aleve of potentid concern. To
accomplish this, the screens provide conservative estimates of pesticide concentrations in water so that
the Agency can be confident that any pesticide that passes a screening tier (i.e., the estimated drinking
water concentration is less than the health-based level of comparison) is unlikely to pose arisk to
human hedlth. At the same time, the screen should not be so conservative that those pesticides that are
truly not expected to pose arisk to human hedth fail the screen. This baance is achieved through the
following assumptionsin the drinking water estimates:

(@) Pesticide Application: OPP assumesthat the pesticide is gpplied to the treated crop at
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maximum gpplication rates for the maximum number of gpplications with the minimum dlowable
interval between applications.

2 Site Characteristics. The screening models Smulate pesticide application on cropped Sites
that are highly vulnerable to runoff (in the case of surface water assessments) or leaching (in the
case of ground water assessments).

3 Weather Conditions. Pesticide movement to surface water or ground water is driven to a
large degree by amount and intengity of rainfall events. The pesticide concentrations estimated
by the screening models result from rainfal events that are likely to result in extengve runoff
and/or leaching.

The sections that follow describe how these e ements are used in the specific screening models.
Surface Water Screening Tools

In 1996, OPP had available two surface water model s that were designed to provide estimates
of pesticide concentrations in water for ecological risk assessments. Initialy, OPP focused on
modifying the available surface water models for use in drinking water assessments. On severd
occasions, OPP consulted with the FIFRA Scientific Advisory Pand (SAP) concerning its screening
tools for drinking water assessments. The contents of the consultations for December 1997, July 1998,
and May 1999, along with the SAP recommendations, are available on EPA’sweb ste a
http:/Aww.epa.gov/scipoly/sap.

Asareault of these consultations, OPP made the following refinements to the initid surface
water screening tools:

. an index drinking water reservoir replaced the sandard field pond scenario for screening
models of surface-water sources of drinking water; and

. screening model results are adjusted with a percent crop area factor to account for the area of
the watershed that may potentialy be in the crop or crops being modeled.

These revisons improve OPP sinitid screening assessments by incorporating into the modd a
more redistic watershed and reservoir that are cgpable of supporting a drinking water facility. The
crop area factor accounts for the fact that such watersheds are not likely to be covered entirely in one
crop.

OPP currently usestwo tiersto develop initid estimates of pesticide concentrationsin surface-
derived sources of drinking water. In the first tier, GENEEC (GENeric Estimated Environmentd
Concentrations) estimates peak and longer-term average concentrations of pesticides in water from a
few basic chemica parameters and pesticide label application information. In the second tier, the
coupled PRZM (Pedticide Root Zone Model) and EXAMS (EXposure Andyss Modding System)
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models dlow for more flexibility in Ste-gpecific information, application methods and timing, distribution
of wesather, and chemica-specific parameters. Passng ether of theinitid tiersindicates alow
possbility of sgnificant risk to human hedth. Because these are screening assessments which
incorporate conservative assumptions, falling the early tiers only implies that more refinements on the
exposure are needed. At this point in the assessment, no conclusions or assumptions can be made asto
how this impacts the human hedlth risk assessment.

Tier 1 Screening Model

GENEEC, developed as an initid screening tool for ecologica impact assessments, models
pesticide concentrations in alarge farm pond. The modd considers adsorption of the pesticide to ol
or sediment, incorporation of the pesticide at application, direct deposition of spray drift into the water
body, and degradation of the pesticide in soil before runoff and within the water body. GENEEC is
expected to overestimate pesticide concentrations in drinking water for most Sites because it uses
maximum pesticide application rates, assumes that no buffer exists between the pond and the treated
field, smulates runoff from a6-inch rainfal over a 24-hour period, represents awater body that is
smdler than adrinking water reservoir, and assumes that the entire watershed is cropped and the
pesticide is gpplied to the entire crop.

GENEEC edtimates the peak vaue which occurs on the day of asingle large rainstorm and the
average vaue for the next 56 days. The pesk vaue is used for acute exposure assessments and the
average vaue is used for chronic exposure assessments. It isimportant to note thet, if a pesticide fals
thistier (i.e., either the estimated peak or average drinking water concentration exceeds the appropriate
drinking weter level of comparison), the Agency does not take risk mitigation action. Instead, the
assessment moves to a higher screening tier. Thisinitia screen provides argpid, inexpensve
assessment that screens out those pesticides that are not likely to occur in drinking water sources at
concentrations that are of concern.

OPPisinthe process of revisng this screening mode to replace the current farm pond with a
drinking water reservoir. The modd will dso adjust the estimated pesticide concentrations in drinking
water by the maximum fraction of the watershed which would be planted in the crop or crops of
concern.

Tier 2 Screening M odel

The coupled PRZM and EXAM S models include more site-specific information regarding
gpplication method and tempora distribution with weether, and better accommodate chemica-gpecific
parameters. Using best professond judgment and information gathered from USDA Extension Service
experts and grower groups, OPP selects a combination of Site, soil, management, and weather factors
for each modeled crop use that, taken together, represent a vulnerable, but not worst-case, watershed
on which the crop isactudly grown. As a screening tool, it Smulates maximum application rates and
frequencies for a vulnerable drinking water reservoir. PRZM/EXAMS generates daily pesticide
concentrations using actual weather deta, typicaly covering 36 years, from a station representative of
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usearea. Thisdigtribution of daily concentrationsis andyzed to provide:

. Peak concentrations for each year of smulation: From these yearly peaks, OPP derivesthe
peak concentration from the 1-in-10-year event for use in acute exposure assessments.

. Average annua concentrations for each year of smulation: OPP then derivesthe 1-in-10-year
average annua concentration for use in chronic, noncancer exposure assessments.

. Average concentration over the entire smulation period: The average of the entire distribution
of daily valuesis used in cancer exposure assessments.

It isimportant to note that these particular concentration endpoints were originaly selected for
use in ecological risk assessments. The Agency is evaluating the sgnificance of these concentration
endpoints for use in human hedth risk assessments and anticipates revising the approach.

The index drinking water reservoir and the percent crop area adjustment, discussed in the
sections that follow, have been applied to the second screening tier.

I ndex Drinking Water Reservoir

In order to provide amore redlistic screening assessment of surface water sources of drinking
water, OPP replaced the “field pond” scenario origindly used inits Tier 2 screen with an index drinking
water reservoir. Theindex reservoir is based on the properties of Shipman City (IL) Lake, whichis
representative of a number of reservoirsin the central Midwest that are known to be vulnerable to
pesticide contamination.  These reservoirs tend to be smal and shalow with small watersheds, and
frequently have Safe Drinking Water Act (SDWA) compliance problems with arazine, a herbicide
widely used on corn grown in these watersheds. The index drinking water reservoir characteristics
have been incorporated into the PRZM and EXAMS models and are used in conjunction with the
percent cropped area adjustment factor.

While estimates of pesticide concentrationsin drinking water based on a Midwestern index
drinking water reservoir may not be representative of residue levels in drinking water sources in other
parts of the country, the scenario provides an effective screening tool to determine the need for more
extensve refinements. The modeding scenarios currently account for region-specific rainfdl, soil, and
hydrologic/runoff factors. Steps to develop scenarios for regiond reservoirs for advanced tiers of
modeling have been hampered by the lack of monitoring data outside of the Midwest thet is of sufficient
quaity and extent to devel op scenarios for additional reservaoirs.

Percent Crop Area Adjustments
The percent crop area adjustment represents the maximum percent of any watershed planted to

the crop or crops being modeled and, thus, may potentidly be treated with the pesticide in question.
Estimated pesticide concentrations generated from the screening modd are multiplied by the maximum
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decima fraction of cropped areain any watershed generated for the crop or crops of interest. The
percent crop area till serves as a screen because it represents the highest percentage of crop cover for
any large watershed in the U.S. and assumes that the entire crop is being treated.

The May 1999 SAP agreed that the percent crop area approach was appropriate for the
following four mgor crops, based on comparisons with available monitoring data

. Corn: 46% crop area
. Soybeans. 41% crop area
. Whest: 56% crop area

. Cotton: 20% crop area

OPP has aso derived percent crop aress for the watersheds which have the highest percentage
of any combination of these crops. Rather than taking the sum of the maximum percent crop areafor
each individua crop, OPP summed the totd acreage of the particular crop combinations to find the
watershed with the greatest combined total percentage of cover. For example, highest percent areas of
corn (46%) and soybeans (41%) occur in different watersheds. Thus, it isincorrect to sum the
individua crop area percentages to come up with amaximum crop area (87%). Instead, the highest
combined percentage of corn and soybeansin asingle watershed is83%. For other crops, the SAP
recommended using a smple screening approach, a default percent crop area, or targeted monitoring
for other crops. Thisyear, OPP added an interim default adjustment factor of 87% for other crops,
which represents the watershed with the greatest percentage of al combined agricultura lands. OPP
continues to collect data to develop and evaluate additiona percent crop areafactors.

This adjustment applies only to pesticides gpplied to agriculturd crops. Currently-available
models that estimate pesticide concentrations in surface water do not capture non-agricultura uses such
asresdentid gpplications. Thus, non-agriculturd uses are not included in the screening mode
assessments for drinking water.

Ground Water Screening Tools

When FQPA was enacted, OPP had no screening tool that could provide quantitative estimates
of pesticide concentrations in ground water. SCI-GROW (Screening Concentration In GROund
Water) was developed using data from perspective ground water monitoring studies to provide
screening estimates of pesticide concentrations in shalow, vulnerable ground-water. This mode
edimates ground water concentrations arisng from labeled uses of a pedticide a avulnerable
agriculturd ste based on the chemicdl's affinity to adsorb to soil and its persstence. The mode
assumes pesticide gpplication a the maximum labd rate to afied that has rapidly permeable soils
overlying shallow ground water. Pesticide concentrations estimated by SCI-GROW are expected to
represent high-end val ues because the model is based on ten prospective ground-water monitoring
studies which were conducted by applying the pesticide at maximum alowed rates and frequency to
vulnerable Stes (i.e., shalow aquifers, sandy, permeable soils, and subgtantia rainfall and/or irrigation to
maximize leaching).
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If apesticide does not pass the initia screen for ground water, OPP relies on monitoring data to
make arefined assessment of the potentia impact of the pesticide in ground water on human hedth. If
adequate monitoring data are not available, the Agency requests that the registrant conduct targeted
monitoring studies, such as prospective ground water monitoring studies.

Use of Monitoring Data in the Screening Assessment

During the screening stage, OPP compares the model-estimated drinking water concentrations
with available monitoring deta. Typica sources of monitoring detainclude:

. US Geologicd Survey (USGS)’'s Nationd Water Qudity Assessment (NAWQA), National
Stream Quadlity Accounting Network (NASQAN), and Toxic Substances Hydrology programs

. EPA Office of Water's STOrage and RETrieva (STORET) database and Safe Drinking Water
Information System (SDWIS)

. OPP s Pegticides in Ground Water Data Base

. EPA’s Nationa Pesticide Survey for ground water

. Chemica-specific monitoring sudies, if avalable.

If monitoring data show concentrations greater than the estimated model vaues, then the
monitoring vaue will be incorporated into the screening process. Otherwise, the estimated model
vaueswill be used. In some ingtances, the monitoring data will serve asa*“lower bound” on the
screening estimates while the estimated mode! values serve as the “ upper bound.”

Advanced Screening Tools

If the pesticide fails the second screen (i.e., modd estimates exceed the drinking water level of
comparison), OPP assumes that the pesticide may have some potentia to reach surface- and/or
ground-water sources of drinking water at levels that may be of concern to human hedth. The Agency
then takes additiond steps to reduce the uncertainty in the drinking water estimates, including requesting
chemica or usage information to refine modd esimates, more fully analyzing existing monitoring data,
or requesting additiona monitoring datathat can be related to drinking water sources. Monitoring
studies targeted toward a specific pesticide, when available, are vauable in evauating and reducing the
uncertainty in the drinking water component of the exposure assessment. Such efforts to reduce the
uncertainty in estimates of pesticide concentrations in drinking water have been chemical-specific,
driven by the nature of the chemicd, the available data, and the usage patterns.

Impact of the Screening Approach

The Environmentd Fate and Effects Divison (EFED) evduated the impact of the current
screening process on 74 chemicas for which screening level assessments have been completed. The
results are current to February 2000. Of these 74 chemicals, 45 (60%) passed the screening at the
Tier 2level. Ten chemicas (13%) had estimated surface water concentrations that exceeded the
drinking water level of comparison and two (3%) had estimated ground water concentrations that
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exceeded the level of comparison. For 17 (23%) pesticides, the maximum alowable intake was
exceeded entirely on food and/or residentia exposure aone and no drinking water level of comparison
could be calculated. Although a specific breakdown was not made, the mgority of the pesticides that
failed the screen did so for the chronic exposure assessments rather than for acute exposure.

Next Stepsin Improving OPP’s Drinking Water Assessments

The Agency istaking the following steps to improve its current drinking water assessment

approach:
. Modify the current tiered screening approach for surface water sources of drinking water
. Incorporate the index drinking water reservoir and percent crop area adjustments into
thetier 1 screen
. Add athird screening tier
. Evduate of existing ground water models for use in developing a second screening tier for

pesticides in ground water

. Develop regression-based modd s that would provide estimates of pesticide distributionsin
water for use in human hedlth exposure assessments

. Shift to population-weighted estimates of pesticide concentrationsin drinking water for usein
human hedlth exposure assessments

. Form an intergovernmental steering committee to obtain the necessary monitoring data to
advance the development and validation of more refined predictive regress on-based models

. Assess the impacts of water trestment on pesticidesin drinking water in order to develop a
policy on factoring trestment into the drinking water exposure assessment.
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