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4 EXPOSURE ASSESSMENT AND CHARACTERIZATION
4.1 INTRODUCTION

This chapter will discuss the methodology for conducting a cumulative exposure assessment. It
will describe the conditions necessary for conducting such an exposure assessment and the
available sources of chemical specific data, the use of surrogate data, and the assumptions used in
the cumulative exposure assessment process. The discussion will focus primarily on pesticide
chemicals athough the principles involved would, in most cases, be applicable to all chemical
substances.

Asdiscussed in Chapter 3, the hazard assessment/characterization describes the biological
characteristics and mechanism of the common toxic effect that will be used in developing the
cumulative exposure profile. The hazard and exposure analyses processes should be interactive in
order to identify the interrelationships between exposure patterns and conditions of expression for
the common toxic end point. Thus, information needs to be gathered defining exposure scenarios
of concern, and frequencies, durations, and magnitude of exposure for those scenarios.

It should be noted that many of the principles and tools presented in the Guidance for Performing
Aggregate Exposure and Risk Assessment (EPA, 1999b) will be drawn upon to develop this
chapter. This chapter will focus on those aspects of cumulative exposure that differ from the
aggregate exposure assessment and risk assessment processes.

4.2 CONDITIONS NECESSARY FOR CONDUCTING CUMULATIVE EXPOSURE
ASSESSMENT

After the members of a Common Mechanism Group *(CMG) have been identified, the next step in
developing a cumulative risk assessment is to identify the uses and potential exposure scenarios
for each member compound. This process is described in detail in the Guidance for Performing

‘Common Mechanism Group (CMG) is the candidate group of chemicals selected for
consideration in a cumulative risk assessment that have been identified as being toxic
by a common mechanism. Selection of the CMG is made in accordance with guidance
provided in Guidance for Identifying Pesticide Chemicals and Other Substances That
Have A Common Mechanism of Toxicity (USEPA 1999a) and without considering
relevant exposure information. Candidate chemicals may or may not be included in a
final cumulative risk assessment depending on exposure considerations or hazard
assessment considerations or hazard factors (e.g., poor quality of toxicity data).
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Aggregate Exposure and Risk Assessment (EPA, 1999b). EPA will determine whether the
combination of exposure scenarios identified present any likelihood of overlapping exposures to
multiple chemicalsin the CMG. Exposures are considered to overlap if chemicals are likely to be
encountered from more than one source or pathway within the time frame in which the common
mechanism effect is still operative from previous exposures to other chemicalsin the CMG. The
pathways of exposure for a chemical in the CMG may be such that overlapping exposure to
another chemica will never occur. Where overlap is not anticipated, a cumulative risk assessment
for that chemical is not warranted.

4.2.1 GENERAL PRINCIPLES
For chemicals where multiple and/or overlapping exposures are likely to occur, a further

evaluation should be conducted to determine qualitatively their likely contribution to the
impending cumul ative exposure assessment.

Three key pathways of exposure to pesticides are: dietary (food), dietary (drinking water), and
residential and other nonoccupational exposures. Aninitial step in developing cumulative
exposure scenarios is to identify the demographic profile of a sub-population(s) upon which the
assessment will focus. The age, gender and geographic location of the group included in the
investigation of the food exposure pathway may also be linked with exposure scenarios in the
other two pathways of exposure. The individua consumption records in the database linking the
demographic and other descriptors would be used to ssimulate the consumption patterns of the
population or sub-population of interest. The likelihood and frequency assumption for residential
scenarios would be used to superimpose a pattern of residential exposures that would reasonably
be expected to occur throughout the year for an individual in the population.

Chemical use patterns greatly affect potential exposure scenarios. By evaluating a pesticide's
geographic and temporal pattern of use, a qualitative profile for each chemical from the common
mechanism group can be devel oped to establish the potential routes, durations, frequencies, and
relative magnitude of exposure. Also, the evaluation of chemical use profiles allows for the
identification of exposure scenarios that may overlap, co-occur, or vary among chemicals.

A cumulative exposure assessment generally should not be conducted until an adequate
aggregate exposure assessment has been conducted for each member of the CMG.

The aggregate assessments will provide the assessor with information needed to define the
parameters of the cumulative exposure assessment. Examination of aggregate exposure
assessments for the members of the CMG will provide important information for directing the
decision making process as to whether a particular pesticide-source and/or pathway combination
should be included or deleted. Particular attention should be given to identifying and including
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those sources of exposure that are likely to contribute significantly to the final exposure estimate.
At the same time, deferring consideration of components of the assessment that are minor
contributors to the final risk estimate prior to beginning cumulative quantification of the exposure
is critical to bounding the scope of the cumulative exposure assessment and, ultimately, the
cumulative risk assessment.

Initial cumulative assessments should not attempt to quantify risk resulting from minor
exposure pathways. Exposures from minor pathways should in the first instance be
considered qualitatively.

By carefully removing scenarios in which exposure is very low or non-existent, the resulting
cumulative risk assessment will be more focused on exposures that are likely to be risk drivers and
that may require mitigation actions. Thiswill be especially important in identifying the important
sources of exposure for the CM G, accounting for uncertainties in the data inputs, evaluating the
impact of any assumptions used, and explaining the outcomes of the assessment to risk managers
and the public.

The exclusionary criteria, or bases for elimination of a pathway or use from the quantitative
exposure assessment, should be clearly described in the exposure characterization. This step will
prevent the erroneous omission of exposures to a chemical that may contribute significantly to a
common toxic effect. Examples of exclusionary criteria under consideration are:

a aparticular pathway for a specific chemical in the CMG islikely to contribute less than
1.0% of the total exposure in the most refined analysis performed. The pesticide-pathway
combination should be noted in the exposure characterization as extant but not included in
the quantitative exposure assessment. For example, a granular formulation of a pesticide
that is soil incorporated would most likely not contribute significantly (<1%) to inhalation
exposure. This pathway would be noted in the exposure characterization, but not included
in the quantitative exposure assessment.

W a specific pesticide-pathway combination makes a negligible (<1%) contribution to the
exposure assessment because of limited use or low consumption of atreated commodity.
The uses should be noted in the exposure characterization, but not included in the
guantitative exposure assessment. For example, a pesticide that is used only once per
season on one low consumption food crop or during a period of dormancy would be
expected to make a negligible contribution to the dietary exposure for that crop.

a the common toxicity of interest for a pesticide by a particular route of exposureislow.
The route should be noted in the exposure characterization, but not included in the
guantitative exposure assessment. For example, if a pesticide and/or its formulation is
shown to have negligible (<1%) dermal absorption, this information should be noted in the
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exposure characterization, but dermal exposure should not be included in the exposure
assessment.

4 the toxicity upon which the CMG was based is not the principle mechanism by which the
pesticide exertsits potential adverse effect. The pesticide is regulated at a much lower
exposure level based upon a much more potent toxic effect. For example, some
thiocarbamate pesticides are weak cholinesterase inhibitors, but have much more serious
and irreversible effects at dose levels significantly below those that induce cholinesterase
inhibition. The regulatory endpoints for these thiocarbamate pesticides reflect the more
serious and irreversible effects. Although these chemicals exhibit characteristics of the
CMG at very high doses, it may be more appropriate to group them according to more
relevant effect. In the long term, exposure to these chemicals will be limited by the more
serious adverse effect or the effect with the lower regulatory endpoint.

The rationale for excluding a pesticide-pathway combination from the quantitative cumulative
exposure assessment should be clearly presented and carefully evaluated.

Data availability and quality may also play arole in the determination of whether or not to
combine exposures by multiple pathways.

Where data are limited in quantity, there are difficulties with combining exposures from multiple
sources because of the uncertainty that may be introduced into the assessment. For example,
ample data exist to provide an estimate of exposure though food to several pesticides. However,
data may be scarce or non-existent for residential exposure to the same pesticides, and the use of
default values would be necessary to provide a quantitative estimation of the exposure. In such a
case, the uncertainties for the default values would be far in excess of the uncertainties for the
dietary (food) exposure, and combining the two pathways would be problematic. Similarly, where
data sets differ in quality, i.e., how well they represent real world concentrations, combining
exposure assessments may produce misleading results. The difference in quality can beillustrated
by the following: Pesticide A has high quality dietary (food) residue values and awell defined
residential exposure; Pesticide B has limited PDP data, limited anticipated residue data, and no
chemical specific data defining the residential exposure. Combining Pesticide A and Pesticide B
exposures across the residential and dietary (food) pathways would result in very misleading
exposure estimates. Although the dietary (food) data sets for the two pesticides are of differing
quality introducing uncertainty into the dietary (food) assessment, this difference can be evauated
and the impact discussed. However, the residential datasets are also very different in quality. The
mixing of two major sources of uncertainty in a highly complex exposure assessment would make
it extremely difficult, if not impossible, to evaluate the source of any apparent exceedance of
acceptable exposure levels. Where issues of data quality or quantity indicate that combining
pesticide exposures across multiple routes would result in unacceptable uncertainties, exposures
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that are pathway-specific should be combined and the implications considered qualitatively in the
risk characterization.

4.2.2 ESTIMATING SOURCES OF EXPOSURE TO PESTICIDE CHEMICALS

Three key pathways of exposure to pesticides are: dietary (food), dietary (drinking water), and
residential and other nonoccupational exposures. Chemical use patterns greatly affect potential
exposure scenarios. By evaluating a pesticide's life cycle of chemical use, a profile for each
chemical from the common mechanism group can be developed to establish the potential routes,
durations, frequencies, and magnitude of exposure. Also, the evaluation of chemical use profiles
allows for the identification of exposure scenarios that may overlap, co-occur, or vary between
chemicals.

4.2.2.1 DIETARY (FOOD)

The body of information for the dietary (food) pathway is generally much greater than that
available for the other pathways. Cumulative exposure assessments for this pathway are
anticipated to be accurate and refined because of the availability of monitoring data that will
provide a clear picture of residues in foods far down the chain of commerce. In addition, data
defining the consumption patterns for the U.S. population have been collected in a number of
surveys. Current OPP dietary (food) risk assessments rely upon the food consumption data
collected by USDA in the Continuing Survey of Food Intakes by Individuals (CSFIl). Cumulative
exposure assessments for residues of pesticides in foods can be performed for each hypothetical
individual used to estimate the distribution of anticipated exposures. Using detailed, individual
consumption records such as those provided by the CSFII, arefined estimate can be devel oped of
the likelihood of consuming foods containing multiple residuesin a single food and the likelihood
of consuming more than one food that may contain aresidue of concern. Food exposures will be
assumed to be nationally distributed unless there is evidence to the contrary. Some of the types of
data and their sources that can be used in assessing dietary (food) exposure to pesticides are:

a Continuing Survey of Food Intakes by Individuals (CSFII) (1989-1991)

a Field Trial Data (studies submitted to EPA that are required for registration or re-
registration).

a Monitoring Data
. USDA’s Pesticide Data Program
. FDA'’s Surveillance Monitoring Data

a Market Basket Data
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The development of cumulative exposure scenarios may be driven by the information contained in
the food consumption and residue database. Cumulative assessments should be performed on the
basis of the exposed individual in order to maintain the linkages and associations between
consumption data and demographic data. Food consumption data files provide demographic
information on region of residence, season of response, and socio-economic status of the
consumption survey respondents. These data may be used in constructing subpopulation
characteristics that can be matched to appropriate residential and drinking water exposure
scenarios. Similarly, differencesin pesticide use and usage rate which are available from a variety
of sources may also be related to region, and permit development of more refined and focused
individual-based cumulative risk assessments. Regional factors will also be important in selecting
the appropriate, localized drinking water data and residential use scenariosto include in the
cumulative risk assessment. More detailed discussion of the importance of demographic
information in structuring a risk assessment is presented in EPA’ s guidance for performing
aggregate risk assessments (EPA, 1999b).

Ordinarily, OPP will limit the residue data used in cumulative exposure assessment to monitoring
datathat reflects actual measurements of pesticide co-occurrence. The occurrence of residues
from multiple chemicals in a single food item cannot be considered to be totally independent in the
cumulative exposure assessment because of the production of mixtures of pesticides and the
possible rotation of uses of multiple pesticides within a single growing season. Therefore, the use
of monitoring datain which co-occurrence was measured may provide the only basis for
conducting a cumulative dietary (food) exposure assessment that describes co-occurrence with any
degree of certainty.

At thistime, EPA does not have the methodol ogy to incorporate residue field trial data into
cumulative assessments. Such datais routinely used in aggregate risk assessments for individual
pesticides. However, severa factors suggest that use of such datain cumulative risk assessments
would yield results with unacceptably high uncertainty. First, use of residue field trial data
presents a conservative picture (i.e., an estimate that errs on the side of overstating exposure and
risk) of residue levels because use of such datais premised on the assumption that all uses of the
pesticide occurred at maximum label rates. This conservatism is compounded by the aggregation
of these conservative values. Second, and more important, EPA currently lacks a reasonable,
defensible methodology for estimating overlapping pesticide residue occurrence. Such
methodology would have to extrapolate from data on use areas, use rates, season of application
and many other factors. The combination of these conservative residue values with a highly
specul ative approach on co-occurrence would introduce sufficient uncertainty as to make the
cumulative risk assessment unreliable for regulatory purposes.

4.2.2.2 DIETARY (DRINKING WATER)
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Monitoring data for pesticides in water have been generated by many organizations including
federa, state, and local agencies, universities, chemical companies, and others. Water samples can
be either "ambient", which means they are collected from streams, lakes, or wells prior to being
treated, or "finished", which means samples are collected after the water has been treated for
distribution as drinking water.

For cumulative exposure assessments, residues of pesticides in "tap water" are preferred. Tap
water refersto drinking water collected at the homeowner'stap. At the present time, monitoring
data for residues of pesticides in tap water are available for only alimited number of pesticides
from alimited number of monitoring activities. Even the USEPA's drinking water monitoring
program under the SDWA relies on samples taken from points of distribution (post-treatment)
within a community water system, not samples taken from the individual homeowner'stap. In
gpite of thislimitation, concentrations of pesticidesin drinking water are available for some
pesticides from monitoring conducted at community water supplies required by EPA’s Safe
Drinking Water Act, private rural wellsin EPA’s National Well Water Survey (EPA, 1990) and
state-initiated ground-water monitoring activities. In addition, there have been industry-sponsored
studies such as the Novartis Rural Well Survey, Monsanto’s National Alachlor Well Water Survey,
and the Acetochlor Registration Partnership State Monitoring Programs. Although there are
limitations with these data (finished water versus tap water, the number of pesticides and
degradation products analyzed is limited, and, in some cases, high method detection limits used),
these studies provide a strong basis to estimate pesticide residue levelsin drinking water for those
chemicalsthat were analyzed. Where these data are available, it may be possible to perform
combined dietary (food + drinking water) cumul ative assessments specific to those areas and
applicable to similar sites across the U.S.

Additionally, ambient monitoring data which have been collected from surface or ground water,
some of which are potential sources of drinking water, are available through the U.S. Geological
Survey (USGS) National Water Quality Assessment (NAWQA) program. This program provides
a source of ambient monitoring data which are high quality and on anational scale. However,
although NAWQA contains some data on rura drinking water wells, it largely consists of data on
pesticide residues in ambient surface water sources, not tap water. These data may become useful
for future cumulative assessments as information on the efficiency of water treatment, mixing,
dilution, and aging of residues in ambient water become available to use in conjunction with
residue data in source water. Data on pesticide residues in tap water, or a close approximation,
such as, finished drinking water or residue data from souce water adjusted for the effects of
mixing, dilution, and any available treatment, are needed to reliably estimate cumulative exposure.
Other sources of ambient data are reconnai ssance surveys conducted by the USGS Toxic
Substances Hydrology Program, and monitoring from state agencies and regional water
authorities, such as the Great Lakes Commission.
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Evidence of co-occurrence of pesticides within awater source for aCMG is critical piece of
information needed prior to making the decision to conduct a cumulative exposure assessment for
drinking water. Data defining potential co-occurrence of pesticides in tap water are rarely
available. The USGS National Water Quality Assessment Program (NAWQA) database does
contain information on the co-occurrence of awide variety of pesticides in ambient surface water,
and some registrant-sponsored studies provide co-occurrence data for specific compoundsin
drinking water. In general, however, the determination of the likelihood of co-occurrence will
depend heavily upon understanding the distribution of use for each pesticide within a geographic
region. Once the likelihood of co-occurrence has been established through use pattern
information, monitoring data can be used to support the hypothesis of co-occurrence. Because
drinking water assessments are inherently local in nature, this process will require a detailed
understanding of the marketing and use patterns for each pesticide for a given region.

Pesticide exposures in drinking water to individuals in a population should be incorporated into
cumul ative exposure assessments on alocal basis. Factoring drinking water exposure into the
cumulative exposure assessment framework already contemplated for food-related exposures
means developing a “ person-by-person” approach to estimating drinking water exposure to
pesticides. Because drinking water isalocal or regional concern, and additionally, because the
food portion of the dietary exposure assessment is being done on an individual basis, each
hypothetical person included in a cumulative risk assessment should be assigned to alocation and a
particular drinking water source. Databases of public drinking water supplies are available.

People on private wells can be assigned to particular counties, or possible, different recharge
Zones.

Once an individual has been associated with a representative drinking water source, the pesticides
that could potentially be present in drinking water at each of these locations should be identified.
A determination as to whether pesticides within a CMG/CAG co-occur within the representative
drinking water source is needed. GIStools, and cropping and pesticide usage data combined with
monitoring data may be useful to thisend. Initialy, it may be assumed that a person can only be
exposed to those pesticides that are used in the recharge area above an aquifer for ground water or
in a particular watershed.

Ultimately an estimation of pesticide concentration levelsin drinking water at representative
locations over the time period being considered in the exposure assessment would be needed. This
requires that a credible distribution of concentrations for al pesticides in the CMG/CAG be
available for representative drinking water sources included in the assessment. However, localized
data sets are applicable only for the locality in which they were collected and for other very similar
localities. For example, drinking water concentrations of products used in the corn belt would not
be assumed to be appropriate for al individuals across the entire country, but only for individuals
who may potentially be exposed in that or similar locations.
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For pesticides with minimal monitoring data, concentrations could be estimated using modeling
once credible, validated models become available to estimate pesticide concentrations in drinking
water. Available drinking water monitoring data should be used to validate estimated
concentrations derived through modeling. At the present time, screening-level models that
estimate pesticide concentrations in small bodies of surface water and shallow groundwater are
available for use in human health risk assessments. These models do not take into account any
effects of dilution, distribution, or treatment for tap water. A major shortcoming of incorporating
this approach into cumulative risk assessment is the combining of upper bound exposure estimates
for multiple chemicals. Such a processislikely to result in a substantial overestimate of the
potential to exceed an acceptable exposure level, and are not appropriate for inclusion in

cumul ative exposure assessments. More robust models validated against actual drinking water
monitoring data should be developed to reliably estimate drinking water exposure in the absence of
chemical-specific monitoring data.

The use of computer modeling combined with an evaluation of monitoring data for similar
compounds (and estimates of treatment effectiveness) is another approach to estimate pesticide
concentrations in drinking water. Modeling tools are especially valuable when monitoring data are
scarce or not available. Thisis often the case for pesticide degradates and aways the case for
pesticides pending registration. Importantly, it is extremely difficult to accurately characterize
peak exposures based on monitoring data for pesticides that have acute toxicologic endpoints of
concern. Using validated, predictive models along with monitoring data on similar compounds,
OPP could estimate a distribution of pesticide concentrations in water as aresult of normal label
use at different locations and apply treatment factors where appropriate in order to estimate
pesticide concentrations in drinking water. However, any use of ambient monitoring data should
be carefully characterized as to how representative of actual drinking water the monitoring data
are. For example, if water quality monitoring data representing ambient water sources too small to
be considered redlistic drinking water sources are the only available monitoring data, these data
would have to be characterized as such. If these data were used in a cumulative exposure
assessment, the results would be considered preliminary only.

Pesticide impacts on drinking water are often seasonal in nature and are driven by time of
application and the weather conditions present during or shortly after application. Therefore,
temporal variation in pesticide concentrations in drinking water should be considered in any
individual-based, cumulative exposure assessment for drinking water.

4.2.2.3 RESIDENTIAL AND OTHER INSTITUTIONAL SOURCES

Applications of pesticides made in and around homes, schools, offices and other public areas may
result in potential exposure viathe oral, dermal and inhalation routes. Co-occurrence and linkage
of uses are particularly important for residential uses. Linked uses are those in which two products
are used in combination, such as dipping a pet and treating the carpet of afleainfested home. The
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maintenance of these linkages will be critical in devel oping reasonable estimates of exposuresto a
hypothetical individual with defined demographic characteristics. At this time, the understanding
of patterns of useislimited although the Agency is aware of efforts to conduct surveys describing
the use habits of the U.S. public. Current exposure assessments for residential and other
nonoccupational sources will most commonly be conducted using the Residential Standard
Operating Procedures (EPA, 1999). The Residential SOPs provide the basis for a screening level
assessment of exposure and may not provide estimates of exposure that can be accumulated across
chemicals.

Sources of information for the estimation of residential exposure include:

Residential Standard Operating Procedures,

Guidance for Performing Aggregate Exposure and Risk Assessment
Product labels

Exposure Factors Handbook

Monte Carlo Guidance Document

National Home and Garden Use Survey

oododd

OPP is aware that additional data that will increase the ability to estimate residential and
ingtitutional exposures are being developed by the Residential Exposure Joint Venture, the
Outdoor Residential Exposure Task Force and the National Pest Control Operators.

The factors for consideration in devel oping reasonable exposure scenarios for residential,
nonoccupational and institutional exposures are described in detail in a previous EPA document
(EPA, 1999Db). Asdescribed in that document, the patterns of use for pesticides in residential,
nonoccupational and institutional settings are highly dependent upon location, season, dwelling
type and amyriad of other factors that impact the behavior of a potential pesticide user. An
assessor should attempt to make a connection between these residential pesticide use preferences
and a particular type of individual, based on data, when performing cumulative exposure
assessments. Where data are limited in quantity or are of poor quality, the Residential SOPs
should serve as the basis for initial estimates of exposure. The Residential SOPs are by nature
designed to produce screening level assessments that are intentionally conservative in nature.
Combining exposures for the members of the CAG based on this screening level assessment should
be approached with caution because of the potential for compounding conservative assumptions.
As better data become available, residential assessments can be refined to reflect distributions of
exposure based upon residue decline, probabilities of product use, variable use rates, and likelihood
of use of multiple or mixed products.

Age/gender/pathway considerations play arole in cumulative assessments related to the behavior
of the individual. Young children may be exposed to more pesticide residues For avariety of
reasons. For example, young children engage in more hand-to-mouth activity (non-dietary
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ingestion) than adults. Some national surveys of home and garden pesticide usage suggest that
more males than females treat lawns while females are more likely to treat the interior of the house.
Consideration of data of this type will aid in developing reasonable and realistic aggregate
exposure and risk assessment scenarios.

To the extent possible, the assessment of residential, nonoccupationa and institutional use patterns
should characterize seasonal and geographic variations. Although not as highly localized as
drinking water data, these types of uses cannot be assumed to track with the large regional
breakouts currently used in the dietary (food) assessment arena. For instance, aregiona dietary
(food) assessment will cover the entire Pacific Northwest region of the U.S. However, the coastal
regions of Washington and Oregon are more humid and have a milder temperature regime than
would be found in Idaho. Residential uses of pesticides would likely differ considerably between
these two areas because of differences in pest pressure even though they are within the same
"region.” Cumulative risk assessments should reflect use patterns and practices on ascale
sufficient to capture the variability in pesticide use. In addition, a natural overlay of market share
by region may help to direct the risk assessor in determining the scope of the CAG to combine on a
geographic basis. An example of the incorporation of this type of data into the assessment isthe
very localized use of temephos for mosquito control in parts of southern Florida. This pesticide
should have only limited consideration in the assessment of other organophosphate pesticides
including those used for mosquito control.

4.3 ASSESSMENT OF THE EXPOSED POPULATION

As stated previoudy, demographic information available from the food consumption and residue
data base can be used to characterize potentially exposed subpopulations. Each assessment will
focus on a single subpopulation for which the demographic characteristics have been carefully
defined. The age, gender and geographic location of the group included in the investigation of the
food exposure pathway can be linked with exposure scenarios in the other two pathways of
exposure. Theindividual consumption records in the database linking the demographic and other
descriptors will be used to simulate the consumption patterns of the population or sub-population
of interest. The likelihood and frequency assumptions for residential scenarios would be used to
superimpose a pattern of residential exposures that would reasonably be expected to occur
throughout the year for that individual in the population.

The population subgroups that are most commonly of concern to OPP can be defined by a number
of factors, including demographics, geographic location, and time. Demographic considerations
would include age, gender, ethnicity and any other considerations that may be important in
evaluating subpopulations with potential, special susceptibilities. The geographic location of the
exposed population will be needed to help match geographically-based exposure data to
appropriate subpopulations. Location may be particularly important in evaluating the impact of
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water data or regional use patterns on anticipated exposures. Geographic location will also be an
important consideration in evaluating seasonal aspects of residential exposures. Highly localized
exposures of concern may suggest very different strategies for risk mitigation than exposures that
are widely disseminated. The size of the subpopulation should be estimated where possible. The
estimates of percentiles of exposure and associated risk should be factored against the target
population size to determine the magnitude of the risk. The following examples may serve to more
fully illustrate these concepts:

Example A: Insecticide A has been determined to have detectable residues on wheat, whichis
used in commercial bread production, and a number of fresh and canned vegetables. The
insecticide is also used in home gardens both on food crops and in genera on lawns and flower
gardens in the spring and summer primarily in the eastern United States. The pesticide has also
been detected in several magjor rivers in the eastern United States which are used for drinking water
by numerous communities of medium and small sizes. These community water systems have only
the basic water treatment facilities which are known not to remove Pesticide A from the water.
The dietary consumption data identifies children six to twelve and adult males as large consumers
of commercia bread, and children one to six of being large consumers of green beans, one of the
vegetables treated with the pesticide. In this scenario, the population of interest for asingle
pathway or where multiple pathways converge can be identified by matching the pesticide use
information with the demographic data from the dietary (food) consumption datain several ways.
by consumption only; by ethnicity and consumption; by ethnicity, consumption and geographic
location. The latter may be the most appropriate since the home garden use may be a more
important scenario in medium and small communities than in large urban areas. Time
considerations would a so be afactor since home use of the pesticide would be seasonal. In this
example, the population of concern could be asix year old child in a northeastern city consuming
food and drinking water containing Pesticide A, and playing in a garden treated with pesticide A in
the spring.

Example B: Herbicide B is used widely on lawns and home gardens and flower bed as a pre-
emergent agent. There are numerous food uses, but the residue data indicate that Herbicide B is
not detected in food. The herbicideiswidely used by commercia lawn services. It has been
detected in many urban surface water sources as well asin many major surface water bodies in the
United States. Although the herbicide has wide-spread use in al areas of the United States, the
non-dietary use patterns differ according to the different climates. In this scenario, the
subpopulation of concern can not be ascertained from the dietary (food) exposure assessment
because there is no appreciable exposure from this pathway. The use pattern of Herbicide B
indicates that recreationa activities on lawns are likely to be a mgjor source of exposure.
Individuals most likely to engage in these activities (possibly children) would be subpopulation of
concern. In addition, individuals consuming water from surface water sources would require
greater scrutiny, including evaluation of the efficacy of water treatment to remove Herbicide B.
Populations of individuals who raise home gardens would be another group of concern. Findly,
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the use period of Herbicide B would vary with use region based upon climate. The period of the
year upon which the assessment would focus would vary depending upon location.

Example C: Insecticide C is used on a number of food crops and has been detected by PDP in
90% of these crops. It isalso used in and around the home and lawn for ant, roach, and flying
insect control aswell asin pet collars. There are no monitoring data for surface water, but
modeling data suggest that it may be present at levels of concern. Usage data indicate that home
use of thisinsecticide is greatest in the Eastern United States, with heaviest usage in the
Southeastern United States for ant and termite control. Given the prevalence of Insecticide C in
dietary (food) monitoring, the outcome of the dietary (food) risk assessment would give an
indication of the likely subpopulations of concern.

Note that none of the example scenarios leads to a high detailed, multipathway quantitative
cumulative risk assessment. They do indicate subpopulations of potential concern. However,
additional exposure data would be needed to confidently estimate multipathway cumulative risk.

4.4 DETERMINATION OF TIME FRAMES FOR THE ASSESSMENT

The time frame over which an exposure occursis akey criterion for defining scenarios of interest.
For example, depending upon the nature of the common toxic effect and the use patterns for a
pesticide, the assessment may focus on the day an item of food is consumed, or extend the time of
evaluation over severa days following a home pesticide use. The time frame will determine how
exposures from different pathways and routes will be evaluated. This step depends heavily upon
examination of the toxicity data, but requires the concurrent assessment of what scenarios will be
represented in the assessment.  The nature of the adverse effect from the toxicity data will
determine the time course over which exposure should be assessed. The consideration of time
frame from the toxicity study should include an evaluation of time to onset of effect, impact of
dose on time to onset, and time required for reversal of the effect (if the effect is reversible)
following cessation of exposure. Where exposure scenarios are found to be of insufficient duration
to trigger the common toxic effect, cautious consideration may be given to eliminating some of the
scenarios from the assessment. This factor alone, however, cannot be considered as an
exclusionary criterion because the final exposure which is analyzed in the cumulative risk
assessment will be the accumulation of exposures from many pathways. Severa exposures of
short duration may overlap to produce a cumulative exposure that exceeds an acceptable level.

Until adequate data are available, conducting single pathway assessments for multiple chemicals
may be prudent. The single pathway assessments can be considered in concert to provide a
qualitative estimate of total cumulative risk. In developing a detailed exposure assessment for
multiple pesticides with a variety of use patterns, estimated cumulative exposure would consist
ideally of the exposure from each pesticide by each pathway on a day by day basis. Components of
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exposure should be matched to aroute specific toxicity endpoint. These considerations are
discussed more fully in the Aggregate Assessment Document (EPA, 1999b). However, at this
time the understanding of use patterns for pesticidesin residential settingsislimited. Similarly,
little data reflecting potentia overlap of pesticides in tap water and the duration and timing of
pesticide occurrence in tap water are available. Obtaining these data will be critical to developing
detailed, multipathway analyses and providing accurate risk estimates for cumulative exposures to
pesticidesin the CAG. For pathway-specific exposure assessments, matching of the critical time
frame from the toxicology data with the appropriate exposure scenarios may be possible. A variety
of data are needed to permit an understanding of the interrelationship of exposures to multiple
chemicals from multiple sources.

In performing cumulative risk assessments, an assessor may first consider the relevant toxicological
information for each route (and then pathway) of an individua’s exposure. Anindividua’s dose
should be matched against relevant toxicological dosesin terms of one of the approaches that are
outlined in Chapter 5 of this document.

4.5 EXPOSURE CHARACTERIZATION

The exposure characterization is a description of data inputs to the assessment, key analyses,
assumptions (and their potential impact on the outcome of the cumulative risk assessment), the
assessment results and the conclusions drawn. The characterization provides a statement of
purpose, scope, level of detail, and approach used in the assessment, identifying the exposure
scenario(s) covered. It estimates the distribution of exposures among members of the exposed
population as the data permit. It identifies and compares the contribution of different sources,
routes and pathways of exposure. Estimates of the magnitude, duration, and frequency of
exposure are included as available monitoring or modeling results or other reasonable methods
permit. The strengths, limitations, and uncertainties of the data and methods of estimation are
made clear, e.g., use of screening-level methods versus monitoring data reflective of residues close
to the point of consumption or contact. The exposure characterization routinely includes the
following, as appropriate, for the data available:

identification of the kinds of data available,

assumptions used in the assessment and their impact on the resuilts,

results of the assessment as above,

explanation of analysesin terms of quality of data available

apportionment of exposure sources (dietary - food, dietary - drinking water, and residential
and other nonoccupational sources)

uncertainty analyses as discussed in Exposure Assessment Guidelines

explanation of derivation of estimators of "high end" or central tendency of exposure and
thelr appropriate use.

o0 doodoo
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6 ESTIMATION AND CHARACTERIZATION OF CUMULATIVE RISK
6.1 INTRODUCTION

This chapter describes how the cumulative risk assessment can be conducted once sufficient
information has been gathered to define potential exposures and hazard for each member of the
cumulative assessment group? (CAG). The route and duration of exposures should be reconciled
with the temporal and route specific characteristics of the toxicological data; and the magnitude,
frequency, and duration of exposures as well as co-occurrences should be established for
developing exposure scenarios (Chapter 4). The points of departure for the toxicological common
endpoint and a method for combining the common toxicity have been identified (Chapter 5).

Cumulative risk is estimated while maintaining the appropriate spatia (e.g, location and type of
home; urbanization, watershed or aquifer characteristics), tempora (e.g., duration, frequency, and
seasonality of exposure, frequency of residential pest control), and demographic (e.g., age, gender,
reproductive status, ethnicity, behaviors) linkages of exposure and toxicology data for the CAG.
Asin aggregate risk assessment (see EPA, 1999b), cumulative risk assessment proceeds by
establishing reasonable exposure scenarios for ahypothetical individual over a specific interval of
time. The scenarios help to identify populations of concern, and to define critical windows of time
and routes of exposure that should be appropriately linked to the common toxic effect. In the case
of cumulative risk assessment, the potential for overlapping exposure to multiple chemicals by
multiple pathways of exposure should be established. There will be different linkages and co-
variances in cumulative risk assessment that should be conserved, but which may not have been
considered in previous single chemical, aggregate analyses (i.e., one can not simply sum the
aggregate risk estimates for the group of chemicals shown to have a common mechanism of
toxicity).

Particular attention should be paid to the following factors in conducting a cumulative risk
assessment:

Cumulative Assessment Group (CAG) is the final group of chemicals that have been
identified as being the chemicals that should be included in a cumulative risk
assessment. The cumulative assessment group, or CAG, is comprised of chemicals
that share a common mechanism of toxicity and are chemicals for which data show
exposures can occur concurrently with exposures to other chemicals in the same
group. A chemical included in the common mechanism group may be excluded from
the cumulative group for other reasons such as quality of the toxicity data for a specific
route of exposure, lack of toxicity data on the common effect by a specific route of
exposure, or low confidence in the conclusions reached in the hazard assessment.
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W An individual's exposure should be matched with the relevant toxicological characteristics
of the CAG in terms of route and duration of exposure.

W If data permit, exposures from a variety of potential routes should be combined over
comparable time frames, defining a range of possible exposures.

W The integrity of the exposure concerning the hypothetical individual should be maintained
throughout the cumulative risk assessment (i.e., same individua at the same time, in the
same setting, under the same geographic conditions). Maintaining a consistent pattern of
demographics and geographic location will permit better estimation of overlapping
exposures from varying sources. A full quantitative, cumulative risk assessment should
include consideration of the following major issues defining the potential exposure to the
hypothetical individual:

v Uses among products and product types are linked and should be considered in
appropriate combination to reflect the linkages,

v Relationship of the exposures by routes should be maintained in order to develop as
realistic a representation of a possible exposure pattern as possible.

v Geographic and seasona distribution of sources of exposure should also be
maintained.

At thistime, datawill rarely be available to permit evaluation of these dl critical parameters. The
integration of these factors, if available, and their significance in the risk assessment process will be
discussed below.

In summary, the basic concept underlying cumulative risk assessment is that exposure occursto a
hypothetical exposed individual. The integrity of the data concerning this exposed individual
should be consistently maintained throughout the cumulative risk assessment. Each of the
individual, “ sub-assessments’ should be linked back to the same person and the intake should
reflect the dietary (food), drinking water, and residential intakes that are for the same individual at
the same time, in the same place, and under the same demographic conditions. In other words, the
cumulative exposure to the CAG should agree in time, place, and demographic characteristics
(adapted from ILSI, 19984).

6.2 CALCULATING CUMULATIVE RISK

The ultimate goals of the cumulative risk assessment are as follows: 1) to define likely exposure
patterns for the population of interest; 2) to identify the major sources of exposure and chemicals
that are driving the associated risk; and 3) to assist in the development of mitigation strategies to
improve the overall risk profile. To support these goals, the assessor will need to provide the
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exposure and risk estimates for a variety of subsets of data. Data should be provided as a
distribution of exposure by each route (oral, dermal inhalation), and by each major pathway
(dietary (food), dietary (drinking water), residential) as possible based upon available data. In
addition, the total exposure and associated risk should be presented. Within each pathway, route
and total distribution, the relative contribution of each chemical contributor should aso be
discernible.

It isimportant to keep in mind that a cumulative risk assessment differs from the single chemical,
aggregate risk assessment both in focus and purpose. Because of the incorporation of input data
describing the potential exposure to several chemicals simultaneously, the cumulative risk
assessment will tend to become increasingly complex, especially when describing exposures to a
CAG containing many chemicals. Asdiscussed in Chapter 4, it will be necessary to focus
exposure estimation activities on identifying those use/pesticide combinations comprising the
largest and most important sources of risk from the use of the CAG members. Exclusionary
criteria (as discussed in 6.2.2) should be used as appropriate to limit the focus of the quantitative
assessment in order to provide risk estimates that are meaningful and useful.

In addition, because of the great complexity and potential for uncertainty in the cumulative
assessment, the cumulative risk and evauation of risk drivers will of necessity be an estimate of
risk to amuch greater extent than the results of the single chemical, aggregate assessment. The
cumulative risk assessment will serve to identify the magnitude of likely exceedance of a
cumulative acceptable exposure level, but only in a qualitative sense (i.e., because of uncertainty
and lack of precision). The outcome will serve as afocus for returning to the detailed, quantitative
single chemical assessments to pursue any necessary risk mitigation activities. In other words, the
cumulative risk assessment can be envisioned as a barometric reading, suggesting only a broad
scale directiona change to be used in conjunction with the highly sophisticated "weather forecast”
of the aggregate assessment which will provide a specific measure of the risk for individual
pesticides.

6.2.1 PREPARATORY STEPS

Single chemical aggregate assessments should be conducted for each pesticide under consideration
for inclusion in the CAG before initiating a cumulative risk assessment. The single pesticide
aggregate assessments will be used to inform the risk assessor in designing the cumulative risk
assessment and for identifying negligible pesticide/luse combinations that may be initially excluded
from quantitative analysis. However, a multi-pesticide cumulative risk assessment generally cannot
be performed by summing single pesticide, aggregate assessments. The cumulative risk assessment
should reflect linkages and co-occurrences of use between competing pesticides. These factors
generaly cannot be established from single chemical aggregate assessments because they were not
included for consideration. In addition, some of the underlying assumptions regarding the use of
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the toxicity data for asingle chemical may differ markedly from those for a CAG, and factors
relating to typical versus high end use data will differ depending upon whether the assessment
focuses on multiple pesticides or asingle pesticide. The cumulative risk assessment should be
conducted beginning from the base data and cannot be reconstituted from preexisting single
pesticide aggregate assessments.

6.2.2 SELECTING CHEMICALS FOR CONSIDERATION IN THE CUMULATIVE RISK
ASSESSMENT

As indicated in Chapter 3, not al chemicalsincluded in the CMG will be included in the CAG. The
hazard and exposure data compiled as described in Chapters 3 and 4 will serve asabasisfor
determining which members of the CMG should be retained in the CAG. The exposure and use
data can be evaluated to identify pesticides that have uses that are limited in nature and unlikely to
result in overlapping exposures with other pesticides. For example, if a pesticide's uses are limited
to contained methods of application such as bait boxes or gels designed for injection behind base
boards, essentially no exposure is anticipated and the pesticide would not be included in the CAG.
Factors relating to pharmacokinetics of the chemical in the body may also result in exclusion from
the CMG.

6.2.3 IMPACT OF DATA QUALITY ON DESIGNING THE ASSESSMENT

Ideally, cumulative risk should be assessed for multiple chemicals by multiple pathways
simultaneoudly. Currently, availability of exposure datafor some chemicals may limit OPP's ability
to conduct multipathway and multiroute assessments. Raised previoudly in Section 4 of this
document, this consideration is the major driver in selecting the approach to cumulative exposure
and risk assessment. Only exposure datasets of similar quality should be combined because of the
uncertainty and loss of precision that would be introduced into the assessment by combining
datasets of disparate quality. For example, highly refined estimates of dietary (food) exposure
could appropriately be combined with estimates of dietary (water) based upon monitoring of tap
water in which pesticide co-occurrence were measured. Both sets of data reflect closely the likely
exposure to the members of the CAG. An example of disparate data quality would be where
highly refined dietary (food) data are available, but only screening level estimates are available
from residential SOPs. In this case, the precision of the two exposure estimates are very different
and normally they would be treated separately for purposes of quantitative assessment. Given the
current state of available data, the three mgor pathways of exposure may be assessed
guantitatively in separate steps because the disparate nature of the data available may obscure
important patterns of exposure and source contribution that can be determined from the
cumulative exposure and risk assessments. If such a separate quantitative assessment is done, a
qualitative assessment of the combined pathways should be performed.
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The ability to reliably conduct a detailed dietary (food) cumulative assessment for multiple
chemicalsis possible for at least some subset of food/chemical combinations for which multianalyte
monitoring data have been performed. An example of thisis data collected by the USDA PDP
program. Data generated by this program permit identification of residues of several pesticides of
achemical classin the same sample. As aconsequence, an estimate of co-occurrence of residues
can be drawn directly from the samples without the need for inference from secondary data
sources. The extent to which this processis practical will be limited by the amount of high quality
multiresidue monitoring data that are available.

It is anticipated that inclusion of exposure to pesticides in drinking water in quantitative cumulative
assessments will be limited for the near future. Thisis because dietary (drinking water)
assessments frequently rely upon back calculation from a predetermined acceptable exposure level
and an estimate of the amount of the acceptable exposure aready taken by dietary (food) and
residential sources of exposure. The back-calculated value, the Drinking Water Level of
Comparison (DWLOC), is compared to the outputs of screening level models to determine if arisk
concern is anticipated. This back-calculation approach is problematic within the setting of a
multichemical assessment. Combination of screening level values such as those used in the
DWLOC process will result in the compounding of conservative assumptions and produce
estimates of risk from exposure to pesticides in drinking water with very high levels of uncertainty.
However, for chemicals that have a common mechanism of toxicity and have been shown to co-
occur in surveys such as NAWQA, combining of patterns of co-occurrence with a group of high-
end water residue estimates in a cumulative dietary (drinking water) risk assessment may be used
qualitatively to provide focus for targeting future data collection activities, refinements of existing
risk estimates and risk mitigation activities. EPA isaware of ongoing survey efforts to obtain good
quality monitoring data on pesticides in drinking water. As these data become available, it will
become possible to conduct of more refined cumulative risk assessments that more accurately
reflect real wold drinking water exposures.

Because most residential and other nonoccupationa assessments rely upon screening level
methodologies at this time and little information is currently available on actual use patterns and
application rates by the consumer, multichemical assessments for this pathway should also be
approached with caution. The outcome of such an assessment is anticipated to be qualitatively
different from the dietary (food) assessment and, therefore, ordinarily would not be combined with
it. Sufficient data and screening level assessment tools are available to support performance of a
cumulative residential exposure and risk assessment at a screening level in order to prioritize
further risk assessment refinements. Such an assessment al'so may be useful in identifying use
patterns of concern and identifying potential areas for risk mitigation. However, the outcome of
these assessments is anticipated to be highly conservative in nature.

6.3 PARAMETER DEFINITION
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Once the exposure data are gathered and use and exposure scenarios are determined for each
member of the CMG, the assessment should be planned with the following questions in mind:

Who is exposed? To which chemicals and how much? What is the timing of the exposures and do
they overlap? Do the exposures occur in the same location such that they will be experienced
together? What are the pathways, routes, and duration by which the exposures will occur? To
continue with the example above, a mosquito treatment in the Southeast should be matched with
other potential exposures during the spring and summer and only in the Southeast. The cumulative
exposure assessment should be carefully structured to avoid mismatches of exposures such as
spraying for black fliesin Minnesota in the summer with a termiticide treatment in Georgiain the
fal.

6.3.1 TIME FRAME

A cumulative risk assessment should be conducted using a single time frame selected considering
the time to onset of the common mechanism effect and also the time for reversibility of the effect
(if itisreversible). Asdescribed in Chapter 4, amajor determinant in the selection of the time
frame(s) for evaluation is the defined conditions of expression for the common toxicity by duration
and route. However, use patterns and likely patterns of exposure will also provide input into
selection of the appropriate time frame. OPP will assume that pesticides that have food uses have
the potential to cause chronic exposures. Such an assumption is generally appropriate given the
nature of food distribution and storage in the U.S. unless a particular use is highly seasonal in
nature and the commodity in question is only consumed fresh. However, for products with no
food uses, the time frames for consideration can also be bounded by the period of time over which
alikely exposure (probably residentia or institutional) is anticipated to occur. In practice, the
assessment should be conducted one time frame at atime, using arolling time period over the
calendar year. In other words, if the critical time frame for consideration is one week, a
cumulative assessment should be performed sequentially for individuals on days 1 to 7 of the likely
exposure window, then days 2 to 8, days 3to 9, and so forth. This approach is described in
greater detail in a previous document (EPA, 1999b).

6.3.2 GEOGRAPHIC SCALE

The outcome of a cumulative risk assessment will be afamily of geographically oriented
assessments rather than a single, national level assessment asis commonly conducted for single
chemical dietary (food ) risk assessments. The construction of a multichemical, multipathway
assessment can be envisioned as assembling a series of clear plastic overlaysin different
combinations depending upon the geographic variability and scale of each component of the risk
assessment. Each overlay would contain amap unit of different scale depending upon whether a
highly localized area (a single watershed) or amuch larger area (defining residential lawn care
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uses) were represented. The dietary(food) risk assessment is a national assessment that assumes
even distribution of treated commodities across the entire U.S., with the potentia for breakout by
region and subpopul ation to permit accommodation of differences in consumption patterns that
may be observed. This assessment can be envisioned as the base over which smaller scale risk
assessments for residential and watermay be superimposed. Residential risk assessments vary by
geographic location because of differencesin climate and pest pressure that occur across the U.S.
The differences in climate will reflect temperature zones and seasonality differences encountered
throughout the country, resulting in geographic areas ranging from a few states to whole regionsin
size. For example, Maine, Vermont, New Hampshire and Massachusetts might exhibit ssimilar use
patterns for residential lawn care products, with arelatively short period of application in the late
spring to early summer. This use area could be overlaid upon a grosser scale regiona dietary
(food) risk to give adetailed smaller scale use area. Examination of the range of residential uses
across different geographic regions would provide a mechanism to pursue the identification of a
regiona breakout for residential uses. Finaly, the source of drinking water could further be
superimposed to focus the risk assessment. Water source is anticipated to produce a much more
localized type of assessment, varying from alarge urban area drawing water from a variety of
sources to highly localized sources such as single water sheds or wells. Conceptually, one way of
implementing this type of assessment would be to use a Geographic Information System (GIS)
approaches in conjunction with adequate definition of the distribution of residues in drinking water
and sufficient understanding of the regional component of residential and intitutional pesticide use
and the nature of the resulting residues. The output of such an approach would consist of a series
of risk assessments reflecting the collection of uses and potential exposures unique to that
geographic area and similar areas for which it may serve as surrogate.

Currently, OPP's ability to perform detailed, geographically descriptive assessments as described
above is constrained by the limited availability of data. Many local level exposure assessments for
drinking water may be performed on an individual-by-individua basis and combined into a
population-based exposure assessment. These estimates of exposure can then be combined with
individually correlated exposures determined for foods. Existing dietary (food) exposure models
could be used for different regions to incorporate the local distribution of pesticide concentrations
in drinking water. The quality of the local exposure assessments for drinking water is dependent
on the quality and availability of local data sets for estimating pesticides residue levels in tap water.
Using local drinking water data, an assessor could link a food consumption record from a
respondent from a certain region of the country with an appropriate drinking water data value or
distribution from awater shed or locality within the region. As mentioned in Chapter 4, sufficient
data may exist to permit the estimation of a distribution of some pesticides based upon surveys. In
these cases, it may be possible to combine distributions of residues in drinking water for particular
geographic areas with distributions of food residues for the same region to develop alocalized
dietary (food + water) assessment.
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Situations may exist where specific sub-populations have a different potential for exposure through
drinking water to a pesticide than the rest of the population. These situations may exist where a
pesticide’ s use pattern is very narrow, e.g., application to a specific ornamental plant in one
county. In thissituation, only the population potentially affected, (i.e., living in the county), should
be considered as exposed to that particular member of the CAG in the cumulative risk assessment.
The rest of the population would be handled in a separate cumulative risk assessment that does not
include that pesticide.

A pesticide with a broader use pattern may require a drinking water exposure assessment that
includes multiple counties, states, even a geographic region. Such an assessment could be
conducted by combining residue data from various drinking water sources if the data are judged to
be sufficiently smilar through appropriate statistical tests. However, pesticide use usually impacts
different drinking water sources to different degrees. This should be taken into account in the
exposure assessment. For example, a particularly vulnerable water source (community water
system) would be suitable for use in estimating the potential drinking water exposure for
individuals who drink from that community water system, but should not be the basis for an
exposure assessment for individuals living nearby, and drinking from another, less vulnerable
source of drinking water. In situations where residue data from several drinking water sources
may be combined into one distribution of residue data, it is desirable to know the population
associated with any specific drinking water source included in the exposure assessment. Knowing
the size of the population served by a specific drinking water source alows for population-
weighted exposure assessments. A popul ation-weighted exposure assessment accounts for the
probability that a specific portion of the population considered in the assessment may be more
highly exposed than the mgority of the population considered. Depending on the quality of the
data chosen for the assessment, i.e., how representative they are of actual drinking water
concentrations, a dietary (drinking water) assessment for the members of the CAG could be
produced to permit the focus of further risk assessment efforts on areas of greatest concern or to
estimate to estimate drinking water exposure and risk. If, however, a screening level assessment is
al that is available, it should not be combined with a highly refined dietary (food) risk assessment
because of the previously stated concern of obscuring results with increased uncertainty.

6.3.3 SUBPOPULATIONS OF CONCERN

Cumulative risk assessments should characterize multiple subpopulations depending upon the
nature of the common toxicity, and the geographic distribution of use and attendant exposure. The
nature of the common toxic effect will determine what portions of the population are susceptible to
experiencing the common toxic effect in question. For example, males are not a reasonabl e target
population for experiencing adverse effects related to pregnancy. For a common toxic effect that
is limited in its applicability, the cumulative assessment should be tailored to focus on those groups
that are susceptible. Similarly, if the use of achemical islimited to a specific geographic locale, the
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subpopulation of concern should be selected with appropriate consideration of: potential for
exposure in drinking water; matching of residential and institutional use patterns that are reflective
of the region under consideration; and any peculiarities of food consumption patterns or residue
distributions that might impact the assessment result.

6.4 CHARACTERIZATION OF THE CUMULATIVE RISK ASSESSMENT

Risk characterization is an integrative process that brings together the assessments and
characterizations of hazard, dose response, and exposure to yield risk estimates for the exposure
scenarios of interest and to present the major results of the risk assessment. The Risk
Characterization Summary is a discussion for a diverse audience that minimizes the use of technica
terms. It isan appraisa of the science that supports the risk manager in making public health
decisions, as do other decision-making analyses of economic, social, or technology issues. The
integrative analysis typically should identify the drivers of the cumulative risk and exposure
scenarios.

Choices made about using assumptions and uncertainties and key data used in the assessment are
explicitly discussed in the course of the analysis. Choices or decisions that represent significant
issues should be highlighted in the summary.

6.4.1 INTERPRETATION OF RISK VALUES

The outcome of a cumulative risk assessment usually will not be a single estimate of risk. Rather,
it will contain a series of estimates, some represented as ranges reflecting risk values of differing
proportions of (sub)populations exposed to the possibility of adverse health effects resulting from
different time scales of exposure. As presented in Chapter 5, the values will be unitless, cumulative
MOEs or a comparison to the NOAEL for an index chemical. Cumulative risk values should be
expressed only as whole numbers and not as fractional values so as not to imply greater precision
than actually exists. The interpretation of a cumulative risk outcome will of necessity be different
than for a single pesticide assessment. Implicit in the cumulative risk estimate will be the
uncertainties attendant from multiple datasets. Therefore, decisions regarding the acceptability of
a particular outcome will require evaluation of the entire data set used in the assessment including
the decisions regarding the group uncertainty factor and the relationship of the toxicological
response in the test species to the anticipated human response. In other words, a halving of the
cumulative MOE does not necessarily indicate a doubling of risk potential. The MOE outcome
should be compared to or incorporate the group uncertainty factor (section 5.3). A cumulative
MOE or cumulative %PoD should be carefully interpreted in the context of the supporting
information, attendant uncertainties, and consideration of the regulatory health endpoints upon
which the aggregate or pesticide specific assessments are based.
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6.4.2 APPLICATION OF POLICY-BASED GROUP SAFETY AND UNCERTAINTY
FACTORS

When conducting a cumulative risk assessment, the traditional five uncertainty factors applied in
single chemical noncancer risk assessment are applied (see Table 6-1). Essentialy the same
uncertainty factors are taken into account in a cumulative hazard assessment but the procedure to
determine and apply appropriate uncertainty factors depends not only on the attributes of
individual chemicals of a common mechanism group, but on the characteristics of al the chemicals
asawhole. Asdiscussed in Chapter 5.2, two of the traditional uncertainty factors -- extrapolation
from a LOAEL to NOAEL and from a subchronic to chronic exposure -- are applied before
accumulating risk as adjustments on specific chemica members to insure that the doses
representing points of comparison for relative potencies are uniform. These chemical specific
adjustments tend to be more data driven decisions. The uncertainty factors discussed below tend to
be more policy driven than data driven and are applied as a group composite factor.

Human Inter-Individual Variation: Given that the cumulative assessment is focused on a
common effect (versus a chemical per se) that arises via a common mechanism, the factor used to
account for human (intraspecies) variability should pertain to the CAG asawhole. When
accounting for intraspecies differences, a factor of 10-fold is employed as a science policy default
for the entire CAG.

Interspecies Differences: The cumulative assessment is constrained by use of PoD based on a
common toxic response derived from a similar species/strain/sex and duration of exposure to
achieve a uniform measure of relative potency. It is unlikely that human data on al chemicalsin the
CAG will be available or sufficient for quantitative use in cumulative assessment. Given that the
same laboratory test species will be used, the uncertainty factor used to account for inter-species
differences will pertain to the CAG as awhole, and thusisto be applied at the end of the
cumulative assessment process. For interspecies variability, afactor of 10-fold is applied as a
default assumption for the CAG to account for differences in sensitivity between species when
animal data are used to assess human risk. When data indicate that humans are less sensitive than
animals, the interspecies group uncertainty factor of 10-fold may be reduced. For example, the
Agency policy for rat thyroid disruption as a mechanism that leads to follicular cell cancer isthat a
factor of unity is used instead of the traditional 10-fold factor (USEPA, 1998b).

Data Completeness and Quality: A weak data base for a specific chemical in the CAG may be
strengthened by rich data bases for the other membersin the group. Thus, a science policy default
factor of 3- or 10-fold is applied to account for deficienciesin or incompleteness of a database for
the group as awhole and not on specific chemical members. A data gap requiring application of
traditional uncertainty factor to a specific chemica may involve a study that has no bearing on the
endpoint selected for CAG according to the common mechanism of toxicity. For example, the
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lack of a chronic toxicity study has no bearing on a cumulative risk assessment addressing atoxic
effect that occurs from short-term exposure. Application of a 10-fold uncertainty factor because a
chronic endpoint is extrapolated from a subchronic endpoint may not be justified if a chronic
NOAEL can be estimated with reasonable confidence by comparing dose-response curves among
chemicals, with subsequent extrapolation of a NOAEL (as discussed in section 5.2). A group
uncertainty factor represents uncertainties that pertain to the CAG as awhole is based on the
answers to questions such as-—- Are the key studies used in the assessment available for most, if not
al, members of the group?, or Are there concerns regarding potential interactions, but data are
inadequate to establish the magnitude of interactions?

Only after the characteristics of the overall chemical grouping are considered should additional
group uncertainty factors be applied to account for reliance on extrapolation and estimations and
concerns about human risk concerns. Exposure patterns must aso be considered (populations
affected, route and duration of exposure, and concurrence of exposure to multiple chemicals)
before reaching a decision on an appropriate group factor to be applied after accumulating risk.
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TABLE 6-1. Uncertainty Factors in Noncancer Chemical Specific Risk Assessment
versus Cumulative Risk Assessment®

FACTOR

RfD/RfC Approach for
Chemical Specific
Assessments

Proposed Approach for
Cumulative Assessments

LOAEL to NOAEL
(UF)

<10-fold UF intended to
account for uncertainty in
identifying a (sub)threshold
dose from an LOAEL, rather
than a NOAEL.

<10-fold adjustment factor (AF) is used to
estimate a NOAEL from a LOAEL for a
specific chemical’s PoD. This adjustment is
applied before accumulating the hazard
(see Section 5.2).

Subchronic to
Chronic
(UFs)

<10-fold UF intended to
account for uncertainty in
extrapolating a NOAEL or
LOAEL data from a less than
chronic study to derive a
lifetime hazard value.

<10-fold adjustment factor (AF) is used to
estimate a chronic point of departure from a
less than chronic data for a specific
chemical’'s PoD. This adjustment is applied
before accumulating the hazard (see section
5.2).

Interhuman
Variation (or
intraspecies)

(UF.)

<10-fold UF intended to
account for variation in
sensitivity among humans, and
is considered to include
toxicokinetic/dynamic
processes.

10-fold UF, intent is similar to single chemical

assessment but is applied as a group factor

after accumulating the hazard (see section
5.3).

Experimental
Animal to Human
(interspecies)

(UF,)

<10-fold UF intended to
account for uncertainty in
extrapolating data from
laboratory animals to project
human risk, considered to
include toxicokinetic/dynamic
processes.

10-fold UF, intent is similar to single chemical

assessment but is applied as a group factor

after accumulating the hazard (see section
5.3).

Incomplete Data
Base to Complete
Data Base
(UFp)

<10-fold UF intended to
account for the inability of any
single study to adequately
address all possible adverse
outcomes.

<10-fold intended to account for any
uncertainties surrounding the data base as a
whole for the chemicals of interest. This
factor is applied as a group factor after
accumulating the hazard (see section 5.3).

FQPA Safety
Factor

<10-fold factor that may be
retained or revised in the risk

The FQPA safety factor is applied in the risk
characterization step. It is applied only if it

®In single chemical risk assessments, the NOAEL or benchmark dose for acritical effect is divided
by uncertainty factors (UFs) to derive a RfD (for oral exposure) or RfC (for inhalation exposure).
These factors are applied to account for the completeness of the entire data base in evaluating all
potential endpoints at various critical life stages. In a cumulative risk assessment, these factors
are applied differently or not at all based on the nature of the common toxic effect and common
mechanism of toxicity as well as the exposure scenarios of interest.
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The policy based factors should be applied after the cumulative risk assessment has been
performed and are applied to the CAG, not to the individual chemicals. As such, these factors will
be the same for all chemicals across the assessment. This approach is consistent with the
presumption that the adverse effect that is the basis for the POD results from the operation of a
common mechanism within the organism. That is, if athe common mechanism upon which the
POD is based causes particular concern for children, and is truly common to all members of the
CAG, application of the FQPA safety factor should be consistent based upon that mechanism,
and is not chemical specific.

In the case of “threshold effects,” FQPA requires “an additional tenfold margin of safety for the
pesticide chemical residue and other sources of exposure shall be applied for infants and children to
take into account the potential pre- and post- natal toxicity and completeness of the data with
respect to exposure and toxicity to infants and children....the Administrator may use a different
margin of safety for the pesticide chemical resdue only if, on the basis of reliable data, such margin
will be safe for infants and children.” Current determination of the FQPA safety factor is made
for individual chemicals when making atolerance decision. The FQPA safety factor, however,
should be revisited in the cumulative assessment, where it is considered as a single composite
factor applied to the group of chemicals (not individual members) in the risk characterization step
as arisk management decision. The determination of the composite group FQPA safety factor is
judged in light of the common toxic effect and mechanism of toxicity for that group of chemicals.
It includes the evaluation of data on induction of any potential cumulative effects after pre- or
postnatal exposures compared to adult exposures. Conclusions about retention or revision of the
FQPA safety factor for an individual pesticide may be different for the cumulative assessment
chemical group. For example, situations may arise where a FQPA safety factor was retained for
some but not al pesticidesin a CAG based on afinding of specia sensitivity in the young. The
data on each of the pesticides should be considered together to evaluate whether to retain the
FQPA factor as applied to the CAG or not. Particular attention should be paid to whether the
increased sensitivity in the young is related to the end point that reflects the common mechanism.
Although guidance on Determination of the Appropriate FQPA Safety Factor(s) for use in the
Tolerance-Setting Process (USEPA, 1999f) does not directly address the cumulative risk
assessment process, useful guidance is provided on the considerations to be addressed when
making judgements about the FQPA safety factor.

Similarly, if one member of the CAG is lacking data relevant to defining the nature and potency of
the adverse effect mediated by the common mechanism of toxicity for the CAG, it is reasonable to
assume that the missing data can be extrapolated from the more complete data bases for the other
members of the CAG. The characteristics of the dose response and nature of the effect should be
consistent across the CAG if the adverse effect is mediated by a common mechanism. Therefore,
the uncertainty factor for the CAG related to database quality should reasonably be applied to the
CAG as awhole and not individually to each chemical member. For example, assume that the
adverse effect upon which the POD is a developmental effect mediated by the binding of a
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metabolite of the chemical to areceptor. In the case of al members but of the CAG except
Chemical A, data are available that permit estimation of the relationship between metabolite
production and the dose related expression of the adverse effect. For one chemical, adequate
metabolism data are lacking for comparison to the dose response data from a developmental
toxicity study. On asingle chemical basis, the POD for Chemical A might contain an additional
10-fold uncertainty factor to alow for the missing data.. However, when considered with the
other members of the CAG the additional 10-fold uncertainty factor may not be required because
the missing data can be extrapolated based upon the data for the other members of the CAG.

6.4.3 CHARACTERIZING THE UNCERTAINTIES

Uncertainties are generally encountered in any risk assessment process. In the case of cumulative
risk assessment, uncertainties for the CAG can be appreciable depending upon the nature, amount,
and quality of data. Thus, the risk characterization should include a discussion of what data are
missing or poorly understood, in order to convey a clear sense of the degree of confidence in the
resulting risk values (or range of values).

The risk characterization is a necessary part of generating any Agency report on cumulative risk
assessment, whether the report is preliminary to support alocation of resources toward further
study or comprehensive to support regulatory decisions. In the former case, the detail and
sophistication of the characterization are appropriately small in scale; in the latter case,
appropriately extensive. Also, on the continuum from simple to more sophisticated assessments,
assumptions are used at almost every stage. The use of assumptionsis predominant at screening
stages and they are used |ess as more data are gathered and incorporated. Therisk
characterization should carefully delineate which issues in a particular assessment are most
important.

The values supported by arisk characterization throughout the process are transparency in
environmental decision-making, clarity in communication, consistency in core assumptions and
science policies from case to case, and reasonableness. While it is appropriate to err on the side of
protection of health and the environment in the face of scientific uncertainty, common sense and
reasonable application of assumptions and policies are essential to avoid unrealistic estimates of
risk (USEPA, 1995). Both integrative analyses and the risk characterization summary present an
integrated and balanced picture of the analysis of the hazard, dose response, and exposure. The
risk characterization should summarize the evidence and results, and describe the quality of
available data, the relevance of the data to actual exposures, and the degree of confidence to be
placed in the risk estimates. Important features include the constraints of available data and the
state of knowledge, significant scientific issues, and significant science and science policy choices
that were made when aternative interpretations of data existed (USEPA, 1995). Choices made
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about using assumptions or datain the assessment are explicitly discussed in the course of analysis,
and if achoice isasignificant issue, it is highlighted in the summary.

The risk characterization process includes an integrative analysis followed by arisk
characterization summary detailing the major results of the risk assessment. The integrative
analysis brings together the assessments of hazard, dose response, and exposure to make risk
estimates for the exposure scenarios of interest. The integrative analysis typically identifies the
element of the aggregate analysis which most affects the exposure and risk conclusion for usein
decison making. Itisan appraisa of the science that supports the risk manager in making public
health decisions. Risk characterization reports aso indicate where the greatest opportunities for
data or methodological improvements exist.

6.4.4 CONTENT OF CUMULATIVE RISK CHARACTERIZATION SUMMARY

Overal, the risk characterization routinely includes the following important items covered in
hazard, dose response, and exposure characterization:

a primary conclusions about hazard, dose response, and exposure, including plausible
alternatives,

W nature of key supporting information and analytical methods,

a risk estimates and their attendant uncertainties, including key uses of assumptions when
data are missing or uncertain,

a statement of the extent of extrapolation of risk estimates from observed data to exposure

levels of interest (i.e., margin of exposure) and its implications for certainty or uncertainty

in quantifying risk,

significant strengths and limitations of the data and analyses, including any major peer

reviewers issues,

4 appropriate comparison with similar EPA risk analyses or common risks with which people
may be familiar, and

W comparison with assessments of the same chemicals or similar scenarios by another
organization.

[
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APPENDIX A: Case Study on Cumulative Risks

Note to Reader:

The Food Quality Protection Act (FQPA) of 1996 directs EPA to conduct cumulative risk
assessments on pesticides that share a common mechanism of toxicity. In order to solicit scientific
peer review on the principles and approaches for conducting cumulative risk assessments, the
Agency is submitting this case study to the Scientific Advisory Panel (SAP) for review.

It isimportant to note that the analysis, especially the exposure calculations, in this study
do not reflect real-world conditions. The calculations are only for alimited number of pesticides, a
limited number of uses, and do not reflect the most current use patterns. The case study is only for
the purposes of illustrating a scientific methodology, and it would be inappropriate to draw any
regulatory conclusions based on this case study.

Thisisasgnificant early step as the Agency proceeds to develop a sound and
scientifically credible process for conducting cumulative risk assessments as part of the mandate
under FQPA to protect public health and the environment. EPA intends to use the SAP sfindings,
aswell as public comments received through a public comment period to begin in early 2000, to
further refine this approach.
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Appendix A
Case Study: Inhibition of Cholinesterase and Cholinergic Effects

1 INTRODUCTION

The following case study demonstrates the application of the principles for conducting a
cumulative dietary (food) risk assessment. In this case study, three pesticides that exert their toxic
effects by a common mechanism are evaluated. The selection of endpoint, normalization of the
hazard from each and assessment of exposure and risk are demonstrated. Pesticide residue datain
foods are taken from the Pesticide Data Program (PDP) in which co-occurrence of the pesticides
in this example was measured. The example does not extrapolate from existing data. A number of
departures from normal practice in using monitoring data have been taken in order to simplify the
example and facilitate discussion of process and demonstrate results. The conclusions presented in
this case study should not be considered as an expression of regulatory intent. This example of a
hypothetical cumulative risk assessment is limited to the dietary exposure of four U.S. population
groups to three organophosphate pesticides from consumption of apples, pears, and peaches. This
assessment does not address the additional exposures that potentially occur from these and other
pesticides with a similar mode of toxicity on many other foods and water. It also does not address
the exposures that potentialy occur from dermal or inhalation absorption of these chemicals.

2 TOXICITY PROFILES OF ORGANOPHOSPHORUS CHEMICALS A, B, and C

For the purposes of this assessment, data from three pesticides have been evaluated to develop the
basis for normalizing the toxic response (acetyl cholinesterase inhibition) to permit the
development of a cumulative risk assessment. In this section, the logic used in selecting endpoints
for an acute dietary (food) assessment and for selection of an index chemical for usein arelative
potency factor (RPF) approach is presented. The selection of endpoints, points of departure, and
application of adjustment and uncertainty factors for use in an acute dietary cumulative assessment
are components of the hazard identification process in the cumulative risk assessment process.

2.1 COMMON MECHANISM OF TOXICITY

The Agency has recently announced its conclusion that organophosphorus pesticides act by a
common mechanism of toxicity (A Common Mechanism of Toxicity : The Organophosphorus
Pesticides, Health Effects Division, Office of Pesticide Programs, USEPA, 1999). The toxicity of
this class of chemicals is manifested through inhibition of acetylcholinesterase (AChE), followed
sequentially by an accumulation of acetylcholine at the preganglionic or postganglionic junction. A
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continuation of uninterrupted neurotransmission (resulting from the inability of AChE to break
down acetylcholine and terminate transmission), which is sustained, results in the expression of a
cholinergic response. Cholinergic responses are manifested as, for example, salivation, miosis,
nausea, vomiting, frequent urination and, in the extreme, convulsions, coma, and death.
Examination of the structural features of the registered organophosphosphorus pesticides shows
that all can be expected to inhibit AChE by phosphorylation, either without further metabolism or
following activation to an oxon. Despite potential differences and uncertainties regarding the
toxicological characteristics (e.g., relative distribution and metabolic pathways, pattern of clinical
signs, effects on specific receptor sites, disruption of the parasympathetic, sympathetic, or central
nervous system), their common dlicitation of cholinergic effects and inhibition of cholinesterase in
blood and brain define a unity more compelling than their differences.

Although there may be differences in the pattern of toxicity elicited among the OP pesticides, an
expert workgroup convened by the Risk Sciences Institute (RSI) of the International Life Sciences
Institute (ILSI) concluded that a scientific basis currently did not exist for subgrouping the OP
pesticides (Mileson et al., 1998). Briefly, the rationale for this conclusion was that al but afew
OP pesticides require metabolic activation, evidence does not exist that some operate by a different
mechanism of action nor that they are activated or deactivated by different enzymes, and available
evidence does not indicate exclusive distribution to or action on one tissue or another.

In the example case studies that follow, cholinesterase inhibition (ChEl) is consstently the most
sensitive, common endpoint measured in studies with Chemical A, B and C. No other effects
occur in any species (rats, mice, rabbits, dogs, monkeys) at or below doses which inhibit
cholinesterase. Thus, it is appropriate to use datainvolving ChEIl for a cumulative risk assessment
on chemicals A, B, and C. Plasma and red blood cell ChEl, although in themselves are not
considered adverse effects, are considered as surrogates for potential ChEI in peripheral tissues or
in some cases, for brain tissue (USEPA, 1998c). Plasma and RBC ChEl, therefore, are included as
effects to consider for selection of a common effect for a cumulative risk assessment. The toxicity
profiles presented below present hazard characteristics on each of the chemicals that need to be
considered before selecting specific endpoints to be used in a cumulative risk assessment.
Adjustment factors that may need to be applied to the common effect are also presented. The case
studies are intended to illustrate the elements of hazard and dose-response assessment and
characterization components of the cumulative risk assessment process that should be addressed
when presenting hazard information for incorporation in a cumulative risk assessment.

Not all data pertaining to an individual chemical included in the case study are presented since,
normally, a cumulative hazard and exposure assessment will rely on information provided in peer
review reports issued by the Health Effects Division. Thus, some information presented in the case
study is asummary of conclusions stated in peer review reports. Complete details would be found
in the peer review reports.
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2.2 CHEMICAL A

2.2.1 SELECTION OF SENSITIVE SPECIES AND SEX FOR CHEMICAL A

Table 1A lists NOAELs and LOAEL s for the pattern of effects from key studies with rats and dogs
treated with Chemical A. The datain table 1A reflect the accumulated data defining the ChEIl from
available studies.

Table 1A: Comparison of blood, RBC, and brain cholinesterase inhibition and signs of
neurotoxicity in rats and dogs administered Chemical A

RBC PLASMA BRAIN
STUDY NOAEL/LOAEL NOAEL/LOAEL NOAEL/LOAEL SIGNS
mg/kg/day mg/kg/day mg/kg/day
. 10/100 (M)* 1.0/10.0 (M) 100/500 100/500 (M)
Acute Rat Neurotoxicity 2 5125 (F) 0.25/2.5 (F) 25/250 (F) 25/250 (F)
. 231225
28-Day Rat Feeding 0.02/2.4 (M&F) 0.02/2.4 (M&F) 2.3/22.5 (M&F) (M&F)
. 0.3/15 (M) 0.03/0.3 (M) 15/168 (M) 168/>168
90-Day Rat Feeding 0.04/0.4 (F) 0.04/0.4 (F) 0.4/9.0 (F) (M&F)
_ . 0.02/1.7 (M) 0.02/1.7 (M) 1717 (M) 17177 (M)
90-Day Rat Neurotox. Feeding 0.02/1.9 (F) 0.02/1.9 (F) 1.9/19 (F) 19/196 (F)
_ . 0.02/5.9 (M) 0.02/5.9 (M) 0.02/59 (M) | 0.02/5.9 (M)
90-Day Dog Feeding 0.02/5.6 (F) 0.02/5.6 (F) 0.02/5.6 (F) 0.02/5.6 (F)

*M=mae F=femde

The results reported for the acute and 90-day feeding studies conducted with Chemical A indicate
that female rats show responses below those observed in male rats. Data from a 90-day study with
dogs show that NOAEL s for male and female dogs are equivaent. Based on consideration of the
results of studies of the same duration in rats and dogs, the 90-day neurotoxicity study in rats and
the 90-day feeding study in dogs, there are no apparent difference in NOAELSs for plasmaand RBC
cholinesterase inhibition between the two species. Based on the increased sensitivity shown for
female rats, the species and sex for which most of the data are available on the toxicity of Chemical
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A, the female rat appears to be the species and sex of choice for selecting acute endpoints for usein
an acute risk assessment.

2.2.2 SELECTION OF A CRITICAL EFFECT FOR CHEMICAL A

With one exception, the 90-day feeding study in dogs, blood ChEI was reported to occur at doses
well below those that led to an inhibition of brain cholinesterase or doses leading to frank
cholinergic signs.

In 1 of the 5 studies (Table 1A), plasma cholinesterase inhibition in female rats was found at doses
lower than RBC ChEI. In the acute neurotoxicity study with Chemical A, plasma cholinesterase
inhibition occurred at a dose 10-fold below that which inhibited RBC cholinesterase in female rats.
In the other 4 studies, NOAEL’ s for plasma and RBC ChEI are equivaent. According to the
Hazard I dentification and Assessment Review Committee, the methodology used for RBC ChEl
measurements in the acute neurotoxicity study was judged to be flawed. (HIARC report, September
21, 1999). The HIARC evaluation of the methodology used in the acute neurotoxicity study when
considered in conjunction with results of other studies with Chemical A that show similar inhibition
in plasmaand RBC' s support arecommendation that if RBC ChEl is found to be the critical,
common endpoint for chemicals A, B, and C the NOAEL for RBC cholinesterase inhibition in the
acute neurotoxicity study for Chemical A should be adjusted to account for uncertainty regarding
the reliability of the RBC ChEl measurements. If plasma cholinesterase is determined to be the
critical, common endpoint for the three chemicals under review, no adjustment to the NOAEL is
recommended.

2.2.3 DOSE-RESPONSE CORRELATIONS
Asshown in Table 2A, dose-response data for Chemical A may be adequate for calculation of ED
values if data on plasma ChEl in female rats are used since there is a dose-related increase in ChEl

at the two higher doses.

Table 2A. Dose response for effects on RBC and plasma ChEIl in rats treated with Chemical
A.

Dose (mg/kg/day)
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Cholinesterase
Inhibition (% 1.0 (M) 2.5 (M) 150 (M) 300 (M)
of 0.25 (F) 2.5 (F) 150 (F) 300 (F)
Control)
RBC +2 (M) -7 (M) -82* (M) -83 (M)
-8 (F) -4 (F) -76 (F) -77 (F)
Plasma +2 (M) -27% (M) -76* (M) -76* (M)
-14 (F) -53* (F) -84* (F) -85* (F)

2.24 INCREASED SENSITIVITY ASSOCIATED WITH PRE- AND POSTNATAL
EXPOSURES

The Hazard Identification and Assessment Committee evaluated data that provided information on
potential differential sengitivities between fetal and neonatal animals. Conclusions reached by the
committee and presented in the committee’ s report are summarized below.

In a 2-generation reproduction feeding study, parental toxicity (decreased body weight gain) was
observed at a LOAEL of 7.63 mg/kg/day; offspring toxicity (decreased pup weight) was observed
at LOAEL of 7.63 mg/kg/day.

In adevelopmental toxicity study (rat), maternal toxicity (decreased body weight gain) occurred at
aLOAEL of 100 mg/kg/day; developmental toxicity (decreased pup weight) was observed at
LOAEL of 100 mg/kg/day. No data on ChEl in fetuses or neonates is available. Body weight gain
decreases have often been shown to accompany depressions of cholinesterase activity in adult
animals. In adevelopmental toxicity study in rabbits, no effects on offspring were noted at a dose of
100 mg/kg/day athough mortality occurred in maternal animals at this dosage. No other data are
available that suggest an increase in sengitivity of animals exposed pre- or postnatally to Chemical A
when compared with adult animals.

2.2.5 OTHER CONSIDERATIONS

Pharmacokinetic/dynamic Interactions - There are no data available to evaluate PK/PD
interactions between Chemical A and any other cholinesterase-inhibiting chemical.

Neurotoxicity Findings - In studies performed with Chemica A, clinical and/or cholinergic signs
were observed only at dose levels which equaled or were greater than the dose levels that were
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shown to inhibit brain cholinesterase activity. Since brain ChEl was reported following exposures
10-fold to 100-fold greater than exposures which resulted in blood ChEI, neurotoxicity is not
expected to result if exposuresto Chemicals A, B, and C are limited to levels which do not result in
blood or brain ChEl.

2.2.6 WEIGHT-OF-THE-EVIDENCE

Data on cholinesterase inhibition are extensive and support a conclusion that cholinesterase
inhibition does not occur at a dose-level below 0.25 mg/kg/day in adult animals administered
Chemical A acutely by the ora route. Data from the 90-day rat neurotoxicity study show that
repeated dosing with 0.4 mg/kg/day (females) or 0.3 mg/kg/day (males) of Chemical A isrequired
to inhibit plasma cholinesterase. Therefore, it would not be expected that the dose that would lead
to peak plasma ChEI would be less than 0.25 mg/kg/day following an acute exposure. No data are
available regarding ChEl inhibition in fetuses or neonates but other information supports a
conclusion that fetal or neonatal animals are not more sensitive to the effects of Chemical A than
are adults. Neurotoxicity evaluations are limited to adult animals, but based on results of such
evaluationsin adult animals (neurotoxicity observed at doses well above LOAELsfor ChEl) and
evidence that minimal toxicity is observed in fetuses or neonates (no clinical signs of toxicity) at
maternally toxic doses, it can reasonable be assumed that young animals or animals exposed in
utero are not more sensitive than adults to the effects of Chemica A.

2.3 CHEMICAL B

2.3.1 SELECTION OF SPECIES AND SEX

Table 1B listss NOAELs and LOAELsfor ChEl and signsin different species and sexes reported
from key studies involving acute and repeated exposure durations with Chemical B.

Table 1B: Cholinesterase inhibition and cholinergic signs in rats, mice, dogs, and rabbits
administered Chemical B in the diet.
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RBC PLASMA BRAIN SIGNS
STUDY NOAEL/LOAEL NOAEL/LOAEL | NOAELILOAEL | = o0
(mg/kg/day) (mg/kg/day) (mg/kg/day) gkglday
ACUTE RAT <22 (M) <22 (M) <22 (M) 2/6 (M)
NEUROTOXICITY <UL (F) <UL (F) <U1(F) 13 (F)
90-Day RAT <0.91/0.91 (M) 0.91/2.81 (M) 091281 (M) | 28u7.87 (M)
NEUROTOXICITY <1.05/1.05 (F) 1.05/3.23 (F) 1.05/3.23 (F) 1.05/3.23 (F)
0.75/2.33 (M) 0.25/0.75 (M) 0.75/2.33 (M)
2 YEARRAT 0.31/0.96 (F) 0.31/0.96 (F) 0.31/0.96 (F) NONE
0.69/3.84 (M) 0.15/0.69 (M) 069/384(M) | 0.15/0.69 (M)
1 YEARDOG 0.78/4.33 (F) 0.16/0.78 (F) 0.78/4.33 (F) 0.78/4.33 (F)
0.79/3.49 (M) 0.79/3.49 (M)
18 MONTH MOUSE Not measured 0.98/4.12 (F) 0.98/4.12 (F) Not Reported
RABBIT DEV.* 1125 (F) 125 (F) 2.5/6.0 (F) 2.5/6.0 (F)
RAT DEV. Not measured 0.5/1 (F) 0.5/1 (F) Not reported

*DEV=developmental

Results reported for RBC and plasma ChEl inhibition in the acute and 90-day studies in rats with
Chemical B do not suggest a differential sensitivity for male and female animals. The NOAELs
listed in Table 1B for these endpoints in males and females, although different in some cases, reflect
differences in dose selection as well as variability in ChEl measurements and do not necessarily
reflect actual differencesin sensitivities. Results reported for brain ChEl are not consistent. The
NOAEL reported for brain ChEl in the 2-year rat study islower for female rats than for male rats
but other studies show brain ChEI inhibition occurs at smilar doses in males and females when dose
selection is taken into account. Regarding the reporting of signs, effects were noted at alower dose
for females in the 90-day neurotoxicity study in rats but signs were reported to occur at alower
dose in male dogs in the 1-year dog study. Considered overall, the data do not support a
conclusion that one sex is more sensitive than the other to the effects of Chemical B administration.

Because the rat seems to be as sensitive or more sensitive than other species to the effects of
Chemical B, and because the data on the ChEI effects are more extensive for the rat, the rat data
should be used for conducting a cumulative risk assessment.

2.3.2 SELECTION OF CRITICAL ENDPOINT FOR CHEMICAL B

Based on results reported for treatment of rats with Chemical B, RBC and plasma ChEl appear to

be equally sensitive endpoints ( Table 1B). Results of al studies performed with Chemicas A, B,
and C indicate RBC or plasma ChEIl occur at doses below those eliciting brain ChEl or clinical
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signs. Either RBC or plasma ChEIl may be selected as common endpoints for a cumulative risk
assessment involving Chemical B.

2.3.3 DOSE-RESPONSE CORRELATIONS

Data provided from the acute neurotoxicity study performed with Chemical B appear to be
adequate for calculations of an ED or BMD value based on either RBC or plasma ChEl in male rats
or RBC ChEl infemaerats. Use of data from female rats would not be appropriate since the low
dose was within the range of control cholinesterase activity. No measurements were made in high
dose femalerats.

Table 2B: Dose-response data for the inhibition of RBC and plasma cholinesterase in rats
treated acutely with Chemical B.

Dose (mg/kg/day)
Cholinesterase 2.0 (M) 6.0 (M) 12.0 (M)
Inhibition (% 1.0 (F) 3.0 (F) 6.0 (F)
of Control)
RBC -33 (M)* -67 (M) -63 (M)
-17 (F)** -65 (F) Not measured
(F)
Plasma -32 (M) -57 (M) -50 (M)
-11 (F) -36 (F) Not measured
(F)

*M=male **F=female.

2.3.4 INCREASED SENSITIVITY/SUSCEPTIBILITY OF YOUNG

In adevelopmenta study using rabbits, ChEl (plasma, RBC, and brain) was measured in both
maternal animals and fetuses. No plasma or RBC ChEl was found in maternal animals up to a dose
level of 1 mg/kg/day. Inhibition of brain cholinesterase was noted in maternal animals
(NOAEL/LOAEL 0.5/1.0 mg/kg/day). Measurement of the same parametersin fetuses revealed no
inhibition of cholinesteras