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HIGH CONSUMPTION ANGLER DIARY SIMULATIONS

INDUSTRIAL ECONOMICS, INCORPORATED



SRC, Inc.
) 999 18" Street, Suite 1975

To:
From:
Task:
Date:
Re:

Denver, CO 80202
(303) 292-4760 phone
(303) 292-4755 fax

MEMORANDUM

Monica Tonel, Marc Stifelman, Helen Bottcher (EPA, Region 10)

Lynn Woodbury, Bill Brattin (SRC)

FD052.CF999.842

January 25, 2010

Recreational Use Survey — High Consumption Angler Diary Simulations

INTRODUCTION

Because of expected limitations in the accuracy of annual fish consumption recalls, the draft Recreational
Use Survey Sampling and Analysis Plan (SAP) calls for the completion of a 3-month diary (with the 3
months recorded being sequential) by high consumption anglers (i.e., individuals consuming more than
10 fish meals per year) to supplement the annual recall data. The SAP proposes the following data
reduction strategy for obtaining annual fish consumption estimates for these high consumption anglers:

For these respondents, we will calculate consumption rates using information from the three-
month fish consumption diary. The average monthly consumption rate calculated from the diary
will be multiplied by the number of months that the respondent indicates he or she typically eats
fish from the UCR to estimate species-specific annual consumption rates. For high-consumption
anglers who decline to participate in the consumption diary, annual fish consumption can be
estimated by multiplying the one-month recall estimate by the number of months that the
respondent indicates he or she typically eats fish from the UCR.

This proposed data reduction strategy does not account for potential seasonal variability, so annual fish
consumption estimates for these high consumption anglers could be biased (with the direction and
magnitude of the potential bias depending upon the 3-month period recorded). To address this concern,
SRC has proposed changing the format of the diary from a 3-month sequential diary to four non-
sequential 1-month diaries spread across the year to capture seasonal patterns (this type of diary will be
referred to as a “4-month non-sequential diary”). Because this change would effectively extend the study
duration from 15 months to 24 months, which could impact both the project cost and schedule, before
making a decision on the diary format, EPA requested an evaluation to determine if it were possible to
develop a modified data analysis approach which could utilize a 3-month sequential diary to obtain
reliable estimates of annual fish consumption.

DATA ANALYSIS STRATEGIES EVALUATED

As requested by EPA, SRC has generated several synthetic datasets using Monte Carlo simulation to test
alternative data analysis strategies for the high consumption angler diaries. As part of these simulations, 4
different data analysis strategies for estimating annual fish consumption from the diary were evaluated:
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Simple estimate based on the 3-month sequential diary
Seasonally adjusted estimate based on the 3-month sequential diary
Simple estimate based on the 4-month non-sequential diary
Seasonally adjusted estimate based on the 4-month non-sequential diary

Approach #1 is similar to the proposed estimation approach described in the draft SAP. In this approach,
the annual fish consumption is calculated by multiplying the average monthly consumption from the 3-
month diary by 4 (to scale the estimate to be representative of 12 months).

In Approach #3, the annual fish consumption is calculated by multiplying the average monthly

consumption across the 4-month non-sequential diaries by a factor of 3.

In Approaches #2 and #4, the annual fish consumption is calculated using a weighting factor to adjust for
seasonal variability. In this approach, reported monthly fish consumption information from the diaries

across all individuals is used to develop an estimate of the population distribution of monthly

consumption. This is illustrated below:

Example of Diary Output (3-month sequential diary)

Angler Reported Monthly Fish Consumption
Jan Feb Mar Apr May Jun Jul
1 1 2 2
2 3 2 6
3 4 5 5
4 0 1 0
Total 40 40 80 240 340 440 440 | Y=2,000

Estimated Monthly Distribution of Fish Consumption for the Population

!

fraction of all meals ingested

0.25

0.20

0.05

0.00

0.02 0.02 0.02

0.22 0.22

7 8
Month

10

0.02 0.02

11 12
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Using this population distribution, and assuming the seasonal variability of each person is similar to the
population average, it is then possible to estimate the annual fish consumption from the data for one or
more months as follows:

IRannual = IRx / Fracty

where:
IRamuat Annual fish consumption estimate
IRy Reported fish consumption in month “x’
Fract, Fraction of annual fish consumption that occurs in month “x’ (as predicted from
the population distribution of monthly consumption)

The final annual final consumption is calculated as the mean across each of the annual fish consumption
estimates from each month. An example of the seasonal weighting calculation approach is illustrated
below for each type of diary instrument:

Example of Seasonal Weighting Calculation

Diary Reporteq Fraction of Estimated Annual
Month Monthly F.ISh Annua! Fish Consumption
Consumption | Consumptiont
Example based on 3-month sequential diary
March 7 0.02 350 Mean =
April 15 0.04 375 336
May 34 0.12 283
Example based on 4-month non-sequential diary
February 0 0.02 0
May 34 0.12 283 Mean =
August 50 0.22 227 252
November 10 0.02 500

t From the estimated population distribution of monthly consumption

As illustrated, this approach may be utilized regardless of the type of diary instrument (i.e., can be used
for both the 3-month sequential diary and the 4-month non-sequential diary). However, it is based on an
underlying assumption that the monthly distribution of fish consumption for an individual is similar to the
monthly distribution of fish consumption of the population.

SIMULATION RESULTS

SRC utilized Monte Carlo simulation techniques to evaluate the effectiveness of each data analysis
approach. In these simulations, the true meal frequency was distributed as LN(10,10), the true meal size
was distributed as N(50,10), and meal frequency was positively correlated with meal size (rho = 0.8). It
was assumed that the number of anglers that provided completed diaries was 100. The following figure
illustrates the cumulative distribution for each approach compared to truth (shown as the “ideal” black
line in the graph) based on a simulation of 10,000 iterations.
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Simulation Results

: CDF of Estimated Average Annual Fish Consumption
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The following two figures compare the estimated mean and 95" percentile fish consumption across all
individuals to truth for each approach. These statistics were selected because they will be utilized to
evaluate CTE and RME exposure conditions in the human health risk assessment.

Simulation Results: Comparison of Estimated Mean to Truth
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Simulation Results: Comparison of Estimated 95 Percentile to Truth
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The results of these simulations show that the simple estimate of annual fish consumption based on a 3-
month sequential diary (Approach #1) yielded results that tended to be poorer than the other approaches,
especially for the 95™ percentile. The seasonally adjusted estimate of annual fish consumption based on a
3-month sequential diary (Approach #2) provides a fairly accurate estimate of the true annual fish
consumption. In addition, this approach yields results similar to what would be obtained via a 4-month
non-sequential diary (Approaches #3 and #4).

Note that it may be possible to reduce uncertainties in the annual fish consumption estimates if the NCI
macros were used to analyze the diary results (i.e., instead of 1 daily AMPM recall for each season, the
diaries provide 30 daily AMPM recalls for each month reported). SRC has not evaluated the feasibility of
using the NCI macros for the purposes of recreational use survey data reduction at this time. Itis
important to note, however, that it is expected that the NCI macros could only be utilized if the underlying
data are seasonally representative (i.e., data must be derived from a 4-month non-sequential diary format).

As noted above, the seasonal weight approach is based on an underlying assumption that the monthly
distribution of fish consumption for an individual is similar to the monthly distribution of fish
consumption of the population. In order to determine how sensitive the seasonal weighting approach was
to the accuracy of this assumption, a second set of simulations were performed. In these simulations, the
true average monthly consumption pattern for each individual was allowed to differ from person to
person. The following figure illustrates the cumulative distribution for each approach compared to truth
under these test conditions.
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Simulation Results: CDF of Estimated Average Annual Fish Consumption
Allowing Monthly Consumption Distribution to Vary by Individual
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Simulation Results: Comparison of Estimated 95" Percentile to Truth
Allowing Monthly Consumption Distribution to Vary by Individual

10,000 Trigds Frequency View
Overlay Chart 3
0.03 - L 300
||h‘-I|
| 270
!'I',l' s
f\/ | 24p
| . .
| b 210
P |'l| 180 M | ——gsth1
a ‘%’ —asth 2
Q T8 | —ans
x N 95th 4
- 80
60
- 30
000 = . o
200 220

The results of these simulations show that estimates of annual fish consumption based on a 3-month
sequential diary (Approaches #1 and #2) yielded results that were consistently poorer than estimates of
based on a 4-month non-sequential diary (Approaches #3 and #4), especially for the 95™ percentile. The
simple estimate of annual fish consumption based on a 4-month non-sequential diary (Approach #3)
provided the best estimate of annual consumption.

In interpreting these results, it is important to remember that the simulation outcome is conditional upon
the values specified as “truth” (i.e., results may differ under different simulation conditions).

CONCLUSIONS

Based on the simulation evaluations of each data analysis approach, it is concluded that a 3-month
sequential diary can be used to obtain a fairly reliable estimate of annual fish consumption provided that
monthly consumption pattern for most individuals is generally similar to the monthly consumption pattern
for the population.

If it is possible that monthly consumption patterns may differ from individual to individual, a 4-month
non-sequential diary will provide the best estimate of annual fish consumption with limited bias. In
addition, if this diary format were utilized, it may be possible to use the NCI macros to further refine and
improve estimates of annual fish consumption for the high consumption anglers.
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SRC, Inc.
) 999 18" Street, Suite 1975

Denver, CO 80202
(303) 292-4760 phone
(303) 292-4755 fax

MEMORANDUM

To: Monica Tonel, Marc Stifelman, Helen Bottcher (EPA, Region 10)
From: Lynn Woodbury (SRC)

Task: FDO052.CF999.842

Date: August 4, 2010

Re: Recreational Use Survey — Recreational Activity Simulations

Introduction

The National Park Service (NPS) will be conducting a survey beginning in the Fall 2010 on recreational use of the
Upper Columbia River (UCR) Site. The purpose of this survey is to provide site-specific information on human
exposures from fish consumption and recreational activities such as swimming, boating, beach use, etc for use in
the UCR baseline human health risk assessment (HHRA). In support of this study, Industrial Economics, Inc.
prepared a draft sampling and analysis plan (SAP) (IEc 2010). Since the draft SAP was released, alternative data
reduction approaches have been discussed for quantifying recreational visitor exposures from abiotic
environmental media and fish ingestion.

The purpose of this memorandum is to summarize and evaluate the effectiveness of the proposed data reduction
approach for quantifying exposures to abiotic environmental media (e.g., surface water, sediment, air) during
recreational activities (i.e., determine if the data reduction strategy will derive reliable estimates of long-term
average exposure rates). An evaluation of the data reduction approaches for quantifying recreational visitor
exposures from fish ingestion was presented in SRC (2010). The effectiveness of the data reduction approach
will be evaluated using Monte Carlo simulation. These simulations can be used to gain an understanding of the
potential uncertainties and biases associated with the analysis approach. It is anticipated that these uncertainties
and biases would be acknowledged in the baseline HHRA.

Quantification of Exposure to Abiotic Environmental Media During Recreational Activities

Survey respondents will be stratified into three recreational use categories — boater, camper, beach user —
depending upon the intercept location (i.e., docks/marinas, campgrounds, beaches, respectively). Survey
respondents will be asked to provide information on the types of recreational activities that were performed in the
past 24 hours. These recreational activities may include swimming/waterskiing/tubing, wading, playing on the
beach, spending time inside a tent/camper/recreational vehicle. In addition, respondents will be asked to estimate
the number of days in the last 12 months spent boating, camping, using beaches at the UCR Site, and the locations
of these activities.

Estimates of chemical intake (dose), expressed in units of mg/kg-day, for a specific recreational activity (e.g.,
swimming) can be calculated for each individual survey respondent as follows:
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Dose(swimming total) = Dose(swimming during boating) +
Dose(swimming during camping) +
Dose(swimming during beach use)

The dose from an activity (e.g., swimming) for an individual in a recreational use category (e.g., boating) may be
calculated as follows:

Dose(swimming during boating); s, = Cs * (IR/BW) * (EF;,/365) * ET;, * (ED/AT)

where:
Dose;, = Intake of chemical (mg/kg-day) by individual “i” from swimming while boating

(0N = Concentration of chemical in water (mg/L) at the location where swimming occurs

IR, = Intake rate of water (L/hr) from swimming

BW  =Body weight (kg)

EF;, = Exposure frequency (days/yr) of boating by individual

173+
1

ET,p, = Average time (hrs/day) spent swimming while boating
ED = Exposure duration (years)
AT = Averaging time (years)

In the above equation, information on chemical concentration (e.g., concentration in surface water) will be based
on site sampling data or will be estimated by modeling. Information on intake rates (e.g., water ingestion while
swimming) will be based on default parameters from the literature or professional judgment.

As described above, the recreational use survey will obtain estimates of annual EF for each respondent, stratified
by recreational use category (boating, camping, beach use). However, the survey will not seek to obtain person-
specific estimates of long-term average ET or EF values for specific recreational activities (e.g., “How many days
per year and hours per day do you go swimming?””). This is because it is believed that most people will not be
able to provide reliable answers to questions about long-term activity-specific average frequencies and times.
Rather, survey respondents will be asked about their recreational activities in the past 24 hours (which can be
recalled with accuracy). These data are then used to estimate the long-term average activity-specific ET and EF
values needed to estimate human exposure. The methods for estimating these ET and EF terms from the data
collected in the survey are discussed below.

Estimating Recreational Activity-Specific Exposure Time (ET)

The recreational activity-specific exposure time (ET) utilized in the individual dose calculations will be estimated
as the average exposure time reported by survey respondents who engaged in the activity.

For example, if 142 boaters indicate that they engaged in swimming in the past 24 hours, and they each provide

an estimate of the time spent swimming in the past 24 hours, then the ET;}, term in the above equation is the
simple average of the time values reported by these 142 people.
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Estimating Recreational Activity-Specific Exposure Frequency (EF)

Long-term average exposure frequency (EF) associated with a recreational activity (e.g., swimming) for an
individual in a recreational use category (e.g., boaters) may be estimated as follows:

EFisp = EFip * Py

where:

EFisp, = Estimated exposure frequency (day/yr) of swimming while boating by individual “i”
EFi, = Exposure frequency (day/yr) of boating reported by individual “i”
Psp = Estimated probability of swimming while boating

For example, suppose that an individual reports that they boated at the UCR Site 50 days in the past 12 months. If
there is a 0.5 probability that swimming occurs on any given boating day, the estimated number of swimming
days while boating for that individual is 25 days/year.

An estimate of P for each recreational activity (e.g., swimming) for each recreational use category (e.g., boating)
can be calculated based on the survey responses from the 24-hour recall for the population as follows:

P, = total number of boaters that reported engaging in swimming in the past 24 hours
total number of boaters surveyed

In some cases, it may be appropriate to evaluate exposure stratified not only by recreational use category (e.g.,
boaters) and recreational activity (e.g., swimming), but also by location (e.g., Reach A). In this event, the EF
term for the recreational activity (e.g., swimming while boating in Reach A) is estimated as follows:

EFipx = EFigp * Fractiy «

where:
EF;s, = Estimated exposure frequency (day/yr) of swimming while boating by individual “i”
Fract;, x~= Fraction of time spent boating in location ‘x’ by individual “i”

Calculating the Distribution of Individual Doses

For any given population of interest, the calculated individual doses will be weighted as appropriate and results
will be used to generate an empiric cumulative density function (cdf). Attachment A provides a hypothetical
example of how the empiric dose cdf would be generated from the survey responses. For the purposes of
illustration, this example focuses on exposures to surface water during swimming. The approach for other
recreational exposures (e.g., exposures to sediment during beach use) would be calculated in a similar manner.

When evaluating risks, attention is focused on doses that are “typical” (mean) and on doses at the upper-end (95"

percentile) of the cdf. These two exposure estimates are referred to as Central Tendency Exposure (CTE) and
Reasonable Maximum Exposure (RME), respectively. Both CTE and RME will be evaluated in the baseline
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HHRA. These doses will be combined with appropriate chemical-specific toxicity factors to estimate CTE and
RME risk values for cancer and non-cancer effects.

Simulation Testing of the Data Reduction Approach

It is recognized that the data reduction approach described above has several limitations. First, reported estimates
of long-term average exposure frequency of boating, camping, and beach use have the potential to be biased due
to recall errors. Second, because activity-specific estimates of exposure frequency are based on average
probabilities derived for the population, the data reduction approach is equivalent to assuming that all individuals
participate in all recreational activities (i.e., there are no “non-participants™). This is because, unless every
individual reports that they do not engage in the recreational activity (which is unlikely), the population-based
probability for a specific recreational activity will always be greater than zero. Thus, the estimated activity-
specific exposure frequency for an individual will also be greater than zero. Finally, because information on
exposure time is not available for all individuals, the data reduction approach assumes that all individuals within a
recreational category (e.g., boaters) have the same activity-specific exposure time (i.e., the mean ET). To the
extent that different individuals have exposure times that are shorter or longer than the population average, this
will tend to diminish the between-person variability, which could tend to underestimate the RME exposure.

In order to determine if the data reduction strategy will derive reliable estimates of long-term average exposure
rates, a series of Monte Carlo simulations were performed to evaluate effectiveness of the approach. When
performing simulation testing, there are three basic components of each simulation test. First, the simulation
establishes the “true” condition. Second, the simulation generates an “observed” dataset that mimics what will be
available from the survey. This “observed” data set is based on the specified “truth”, but reflects the variability,
uncertainty, and data gaps that will be encountered in the study. Third, the simulation applies the data reduction
strategy to the “observed” data set and compares the observed results to truth. The simulation is performed many
times (e.g., 10,000 trials per test) to gain a comprehensive understanding of the potential uncertainties and biases
associated with the analysis approach. Simulations can also provide information on the sensitivity of an analysis
approach to key survey variables, such as sample size.

In interpreting simulation results, it is important to remember that the simulation outcome is conditional upon the
values specified as “truth” (i.e., results may differ under different simulation conditions).

Specifying the “True” Condition
In the recreational activity simulations, “true” condition was established as follows:

o Three different recreational activities were evaluated — swimming in deep undisturbed water, wading in
shallow disturbed water, and engaging in various activities on the beach. The total individual dose was
the sum across these three recreational activities.

e The true annual exposure frequency (EF) was assumed to be distributed as LN(m,s) and was allowed to
differ based on the recreational category (i.e., boating, camping, beach use). For example, the true annual
exposure frequency was assumed to be distributed as LN(10,10) for boating, LN(5,5) for camping, and
LN(12,12) for beach use.
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o The true probability of engaging in a specific recreational activity (P) was modeled using the logit
function:
P = 1/[1+exp(-z)]

where z is assumed to be distributed as N(u,5). The parameters u and o were assumed to be different for
each recreational activity based on the recreational category (i.e., boaters had a different probability of
swimming than campers):

. Swimming Wading Beach Activities
Recreational
Catego s Mean - Mean s Mean
Boating -1.5 0.8 0.18 -3.0 0.8 0.05 -3.0 0.8 0.05
Camping -3.0 0.8 0.05 -1.5 0.8 0.18 -1.5 0.8 0.18
Beach Use -0.8 0.8 0.31 -0.8 0.8 0.31 -0.8 0.8 0.31

o The true daily exposure time (ET) for each recreational activity (e.g., swimming) was assumed to be
distributed as LN(m,s) and did not depend upon the recreational category (i.e., amount of time per day
spent swimming by boaters was assumed to be similar to campers). For example, the true average
exposure time was assumed to be distributed as LN(2,2) for swimming, LN(1,1) for wading, and LN(4,4)
for beach activities.

In generating the “observed” dataset the following assumptions were applied:

o The recall bias associated with the estimate of the boating, camping, and beach use annual exposure
frequency was characterized by N(m, 0.3*m), where “m” is the true multi-year average exposure
frequency by that individual. In addition, the variability in the annual exposure frequency estimate for an
individual for any given year was characterized by N(m, 0.3*m), where “m” is the true multi-year average
exposure frequency by that individual.

e It was assumed that some proportion of the population surveyed were “non-participants” for specific
recreational activities (i.e., some individuals never engaged in the recreational activity) as follows:

. % Non-Participants
Recreational Beach
Category Swimming Wading Activities
Boating 30% 50% 50%
Camping 50% 30% 30%
Beach Use 10% 10% 10%

o It was assumed that the variability in the activity-specific daily exposure time estimate for an individual
for any given day was characterized by N(m, 0.3*m), where “m” is the true multi-year average exposure
time by that individual.

e It was assumed that 200 individuals participated in the survey (N=200).
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Simulation Results

The data analysis approach was evaluated with regard to ability to estimate the mean and 95™ percentile of the
dose from all recreational activities. These statistics were selected because they will be utilized to evaluate CTE
and RME exposure conditions in the baseline HHRA.

Figure 1 compares the cdf of mean and 95™ percentile of estimated individual doses compared to the “true” cdf.
As shown, ratio distribution for the mean tends to be centered on 1.00, indicating that the method will tend to
yield CTE estimates that are unbiased. The ratio distribution for the 95" percentile tends to be left-shifted from
1.00, indicating that the method will tend to yield RME estimates that are biased somewhat low (i.e.,
underestimating the total exposure dose by about 20%). This bias is a consequence of utilizing the population-
based mean probability (P) to estimate an activity-specific EF for each individual. Use of the mean probability
reduces the underlying variability in the estimated EF distribution, which will impact the 95™ percentile more
than the mean (which is why the mean tends to be unbiased).

A series of other simulations were also performed to evaluate the sensitivity of the data reduction strategy to the
degree of recall bias in the annual estimates of exposure frequency, the percentage of non-participants, and the
sample size. Results of these simulations are summarized in the table below.

Simulation Condition | MeanRatio | 95" Percentile Ratio
Annual EF Recall Bias Evaluation
N(m, m*0.001) , N=200 1.01 0.85
N(m, m*0.3) , N=200 1.00 0.83
N(m, m*0.6) , N=200 1.00 0.87
N(m, m*1.0) , N=200 1.00 0.89
N(m, m*1.5), N=200 1.00 0.92
N(m, m*1.5), N=500 1.00 0.93
Non-Participant Evaluation
non-part. = 0.001%, N= 200 1.01 0.91
non-part. = 5%, N= 200 0.99 0.86
non-part. = 10%, N= 200 0.99 0.85
non-part. = 50%, N= 200 0.97 0.63
non-part. = 50%, N= 500 0.97 0.63
non-part. = 80%, N= 200 1.01 0.48

As seen, these simulations showed that results do not appear to be highly sensitive to the degree of recall bias in
the annual estimates of exposure frequency. These simulations also showed that the degree of bias in the RME
estimate appears to be primarily related to the percentage of non-participants (as the percentage of non-
participants increased, the bias increased). Increasing the number of survey participants (N=500) did not affect
this bias.

In interpreting these results, it is important to remember that the simulation outcome is conditional upon the
values specified as “truth” (i.e., results may differ under different simulation conditions).

The baseline HHRA will acknowledge the potential uncertainties and biases associated with the proposed data
reduction strategy.
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FIGURE 1
SIMULATION RESULTS FOR ESTIMATING DOSES
FROM RECREATIONAL EXPOSURES
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ATTACHMENT A

HYPOTHETICAL EXAMPLE OF DATA REDUCTION APPROACH
FOR RECREATIONAL ACTIVITY EXPOSURES TO ABIOTIC MEDIA



ATTACHMENT A

HYPOTHETICAL EXAMPLE OF RECREATIONAL ACTIVITY SURVEY OUTPUT

Current Trip

Past Trips (12 month recall)

(24 hr recall) Boating Camping Beach Use
- A Locations visited EFcamp spent in EFbeach spent in
Person # e Use(a) ST =S during boating IocatFi)onp'x'... Iocationp'x'...
Category EFboat EFcamp EFbeach
Enga'gfed in | ETswim (d/yr) Reach A | Reach B (d/yr) Reach A | Reach B (d/yr) Reach A | Reach B
activity? (hrs)
1 beach user no 2 X 1 0 1 4 3 1
2 camper yes 2.0 6 X 10 9 1 17 15 2
3 camper no 3 X 5 3 3 7 7 0
4 beach user no 9 1 1 1 27 24 3
5 camper no 5 4 4 0 2 0 2
6 beach user yes 2.6 1 X 2 1 1 8 6 2
7 boater no 28 2 1 1 8 7 1
8 camper yes 3.6 2 X 22 4 18 16 14 2
9 camper no 6 6 4 2 5 3 3
10 beach user yes 0.6 3 X 2 0 2 12 10 2
11 boater no 11 X 2 2 0 3 1 2
12 boater no 4 X X 1 1 0 6 4 2
13 beach user no 5 10 4 6 39 35 4
14 boater no 13 X 1 0 1 3 2 2
15 beach user yes 0.3 16 X 10 8 2 96 77 19
16 camper no 12 X 7 2 5 2 2 0
17 beach user yes 2.1 13 X 5 4 1 5 3 3
18 beach user yes 0.1 8 X 26 3 23 78 0 78
19 beach user no 6 8 6 2 30 24 6
20 beach user yes 3.3 36 35 7 28 16 0 16

@ Based on intercept location -- dock/marina = boater, campground = camper, beach = beach user

ET = exposure time (hours/day)
EF = exposure frequency (days/year)
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ATTACHMENT A

TABLE A-1. ESTIMATION OF EXPOSURE TIME (ET) AND ACTIVITY PROBABILITY (P) BY RECREATIONAL USE CATEGORY

Current Trip Past Trips (12 month recall)
(24 hr recall) Boating Camping Beach Use
person i Rec. Use REA T Sl Lzzaritrl]on; V|s!ted EFlcamP splerlwt in EFIbeach sple?t in
Category EFboat g boating EFcamp ocation 'x'... EFbeach ocation 'x'...
Enga.gfed in| ETswim (dfyr) Reach A | Reach B (d/yr) Reach A | Reach B (d/yr) Reach A | Reach B
activity? (hrs)
1 beach user no 2 X 1 0 1 4 3 1
2 camper yes 2.0 6 X 10 9 1 17 15 2
3 camper no 3 X X 5 3 3 7 7 0
4 beach user no 9 X 1 1 1 27 24 3
5 camper no 5 4 4 0 2 0 2
6 beach user yes 2.6 1 X 2 1 1 8 6 2
7 boater no 28 2 1 1 8 7 1
8 camper yes 3.6 2 X X 22 4 18 16 14 2
9 camper no 6 X 6 4 2 5 3 3
10 beach user yes 0.6 3 X 2 0 2 12 10 2
11 boater no 11 X 2 2 0 3 1 2
12 boater no 4 X X 1 1 0 6 4 2
13 beach user no 5 10 4 6 39 35 4
14 boater no 13 X 1 0 1 3 2 2
15 beach user yes 0.3 16 X 10 8 2 96 77 19
16 camper no 12 X 7 2 5 2 2 0
17 beach user yes 2.1 13 X 5 4 1 5 3 3
18 beach user yes 0.1 8 X 26 3 23 78 0 78
19 beach user no 6 8 6 2 30 24 6
20 beach user yes 3.3 36 35 7 28 16 0 16
v
Y#boaters = 174
Y #tcampers = 147
Y#tbeach users = 179
Y #boaters that swam = 19
Y #campers that swam = 13
Y#beach users that swam = 58
v

Estimate exposure time (ET) for each recreational use category:

Average ETswim for boaters:
Average ETswim for campers:
Average ETswim for beach users:

2.
0.15
1.

8

6

Estimate activity-specific probability (P) for each recreational use category:

Swimming while boating (Pswim,boat) = ¥ #boaters that swam / Y #boaters =19 / 174 = 0.109

Swimming while camping (Pswim,camp) = Y #campers that swam / Y #campers = 13 / 147 = 0.088
Swimming while using beach (Pswim,beach) = Y #beach users that swam / ¥ #beach users =58 / 179 = 0.324
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ATTACHMENT A

TABLE A-2 ESTIMATION OF EXPOSURE FREQUENCY OF SWIMMING BY REC. USE CATEGORY

DERIVED DIRECTLY FROM SURVEY
(12 month recall)

Est. Exposure Frequency (d/yr)
of swimming )

Person #
Boating Camping | Beach Use | Boating Camping | Beach Use EFswim,
EFboat EFcamp EFbeach EFswim, EFswim, EFswim, total
(d/fyr) | (d/fyr) | (d/yr) boat camp beach
1 2 1 4 0.22 0.09 1.30 1.60
2 6 10 17 0.66 0.88 5.51 7.05
3 3 5 7 0.33 0.44 2.27 3.04
4 9 1 27 0.98 0.09 8.75 9.82
5 5 4 2 0.55 0.35 0.65 1.55
6 1 2 8 0.11 0.18 2.59 2.88
7 28 2 8 3.06 0.18 2.59 5.83
8 2 22 16 0.22 1.95 5.18 7.35
9 6 6 5 0.66 0.53 1.62 2.81
10 3 2 12 0.33 0.18 3.89 4.39
11 11 2 3 1.20 0.18 0.97 2.35
12 4 1 6 0.44 0.09 1.94 2.47
13 5 10 39 0.55 0.88 12.64 14.07
14 13 1 3 1.42 0.09 0.97 2.48
15 16 10 96 1.75 0.88 31.11 33.74
16 12 7 2 1.31 0.62 0.65 2.58
17 13 5 5 1.42 0.44 1.62 3.48
18 8 26 78 0.87 2.30 25.27 28.45
19 6 8 30 0.66 0.71 9.72 11.08
20 36 35 16 3.93 3.10 5.18 12.21
®) calculated as EF * P (e.g., EFboat * Pswim,boat)
where:

Swimming while boating (Pswim,boat) = 0.109

Swimming while camping (Pswim,camp) = 0.088 [from Table A-1]

Swimming while using beach (Pswim,beach) = 0.324
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ATTACHMENT A

TABLE A-3a. ESTIMATION OF EXPOSURE FREQUENCY OF SWIMMING DURING BOATING BY LOCATION

DERIVED DIRECTLY FROM SURVEY
(12 month recall)

Est. Fraction of time

spent boating in

Est. Exposure Frequency (d/yr) of
swimming while boating

Person # Boating location X' (Fractyoae ) (EFswim,boat)
EFboat Location; visfted during e total location-specific ©
) oating [from
ReachA | ReachB | ReachA | ReachB | TableA-2] | Reach A | ReachB
1 2 X 100% 0% 0.22 0.22 0.00
2 6 X 100% 0% 0.66 0.66 0.00
3 3 X X 50% 50% 0.33 0.16 0.16
4 9 0% 100% 0.98 0.00 0.98
5 5 0% 100% 0.55 0.00 0.55
6 1 X 100% 0% 0.11 0.11 0.00
7 28 0% 0% 3.06 0.00 0.00
8 2 X 50% 50% 0.22 0.11 0.11
9 6 X 0% 100% 0.66 0.00 0.66
10 3 X 100% 0% 0.33 0.33 0.00

© Assumes equal allocation across all locations identified.

@ Calculated as EF * Fract (e.g., EFswim,boat * Fractyg,:.)

TABLE A-3b. ESTIMATION OF EXPOSURE FREQUENCY OF SWIMMING DURING CAMPING BY LOCATION

DERIVED DIRECTLY FROM SURVEY
(12 month recall)

Est. Fraction of time

Est. Exposure Frequency (d/yr) of
swimming while camping

Person # Camping sp.entlc?mping in (EFswim,camp)
= EFcamp spent in location " (Fractcamp,) total ) e (d)
camp . location-specific
(d/yr) location... [from
ReachA | ReachB | ReachA | ReachB | TableA-2] | ReachA | ReachB
1 1 0 1 0% 100% 0.09 0.00 0.09
2 10 9 1 90% 10% 0.88 0.80 0.09
3 5 3 3 60% 60% 0.44 0.27 0.27
4 1 1 1 100% 100% 0.09 0.09 0.09
5 4 4 0 100% 0% 0.35 0.35 0.00
6 2 1 1 50% 50% 0.18 0.09 0.09
7 2 1 1 50% 50% 0.18 0.09 0.09
8 22 4 18 18% 82% 1.95 0.35 1.59
9 6 4 2 67% 33% 0.53 0.35 0.18
10 2 0 2 0% 100% 0.18 0.00 0.18

@ Calculated as EF * Fract (e.g., EFswim,camp * Fract ,mpx)

TABLE A-3c. ESTIMATION OF EXPOSURE FREQUENCY OF SWIMMING DURING BEACH USE BY LOCATION
DERIVED DIRECTLY FROM SURVEY Est. Exposure Frequency (d/yr) of
(12 month recall) Est. Fraction of time swimming while at beaches
Person # Beach Use spe.nt z:tlbeaches in (EFswim,beach)
EFbeach spent in location '’ (Fractueac,) total ) e (d)
EFbeach . location-specific
(d/yr) location... [from
ReachA | ReachB | ReachA | ReachB | TableA-2] | Reach A | ReachB
1 4 3 1 75% 25% 1.30 0.97 0.32
2 17 15 2 88% 12% 5.51 4.86 0.65
3 7 7 0 100% 0% 2.27 2.27 0.00
4 27 24 3 89% 11% 8.75 7.78 0.97
5 2 0 2 0% 100% 0.65 0.00 0.65
6 8 6 2 75% 25% 2.59 1.94 0.65
7 8 7 1 88% 13% 2.59 2.27 0.32
8 16 14 2 88% 13% 5.18 4.54 0.65
9 5 3 3 60% 60% 1.62 0.97 0.97
10 12 10 2 83% 17% 3.89 3.24 0.65

@ Calculated as EF * Fract (e.g., EFswim,beach * Fractpeachx)
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ATTACHMENT A

TABLE A-4. ESTIMATION OF EXPOSURE DOSE FROM SWIMMING

Site-specific Default Est. ETswim (hr/d) Est. EFswim (d/yr) [from Table A-3] Dosegyim (Mg/kg/d)
Person # Cwater (mg/L) IRswim [from Table A-1] Reach A Reach B Reach A Reach B total
Reach A | Reach B (L/hr) boat camp beach boat camp beach boat camp beach boat camp beach boat camp beach
1 100 10 0.05 2.8 0.15 1.6 0.22 0.00 0.97 0.00 0.09 0.32 8.4E-03 | 0.0E+00 | 2.1E-02 | 0.0E+00 | 1.8E-05 | 7.1E-04 | 3.0E-02
2 100 10 0.05 2.8 0.15 1.6 0.66 0.80 4.86 0.00 0.09 0.65 2.5E-02 | 1.6E-03 | 1.1E-01 | 0.0E+00 | 1.8E-05 | 1.4E-03 1.3E-01
3 100 10 0.05 2.8 0.15 1.6 0.16 0.27 2.27 0.16 0.27 0.00 6.3E-03 | 5.5E-04 | 5.0E-02 | 6.3E-04 | 5.5E-05 | 0.0E+00 [ 5.7E-02
4 100 10 0.05 2.8 0.15 1.6 0.00 0.09 7.78 0.98 0.09 0.97 0.0E+00 | 1.8E-04 | 1.7E-01 | 3.8E-03 | 1.8E-05 | 2.1E-03 1.8E-01
5 100 10 0.05 2.8 0.15 1.6 0.00 0.35 0.00 0.55 0.00 0.65 0.0E+00 | 7.3E-04 | 0.0E+00 | 2.1E-03 | 0.0E+00 | 1.4E-03 | 4.2E-03
6 100 10 0.05 2.8 0.15 1.6 0.11 0.09 1.94 0.00 0.09 0.65 4.2E-03 | 1.8E-04 | 4.3E-02 | 0.0E+00 | 1.8E-05 | 1.4E-03 | 4.8E-02
7 100 10 0.05 2.8 0.15 1.6 0.00 0.09 2.27 0.00 0.09 0.32 0.0E+00 | 1.8E-04 | 5.0E-02 | 0.0E+00 | 1.8E-05 | 7.1E-04 | 5.1E-02
8 100 10 0.05 2.8 0.15 1.6 0.11 0.35 4.54 0.11 1.59 0.65 4.2E-03 | 7.3E-04 | 9.9E-02 | 4.2E-04 | 3.3E-04 | 1.4E-03 1.1E-01
9 100 10 0.05 2.8 0.15 1.6 0.00 0.35 0.97 0.66 0.18 0.97 0.0E+00 | 7.3E-04 | 2.1E-02 | 2.5E-03 | 3.6E-05 | 2.1E-03 2.7E-02
10 100 10 0.05 2.8 0.15 1.6 0.33 0.00 3.24 0.00 0.18 0.65 1.3E-02 | 0.0E+00 | 7.1E-02 | 0.0E+00 | 3.6E-05 | 1.4E-03 8.5E-02
11 100 10 0.05 2.8 0.15 1.6 1.20 0.18 0.32 0.00 0.00 0.65 4.6E-02 | 3.6E-04 | 7.1E-03 | 0.0E+00 | 0.0E+00 | 1.4E-03 5.5E-02
12 100 10 0.05 2.8 0.15 1.6 0.22 0.09 1.30 0.22 0.00 0.65 8.4E-03 | 1.8E-04 | 2.8E-02 | 8.4E-04 | 0.0E+00 | 1.4E-03 3.9E-02
13 100 10 0.05 2.8 0.15 1.6 0.00 0.35 11.34 0.00 0.53 1.30 0.0E+00 | 7.3E-04 | 2.5E-01 | 0.0E+00 | 1.1E-04 | 2.8E-03 2.5E-01
14 100 10 0.05 2.8 0.15 1.6 1.42 0.00 0.65 0.00 0.09 0.65 5.4E-02 | 0.0E+00 | 1.4E-02 | 0.0E+00 | 1.8E-05 | 1.4E-03 7.0E-02
15 100 10 0.05 2.8 0.15 1.6 0.00 0.71 24.95 1.75 0.18 6.16 0.0E+00 | 1.5E-03 | 5.5E-01 | 6.7E-03 | 3.6E-05 | 1.3E-02 5.7E-01
16 100 10 0.05 2.8 0.15 1.6 1.31 0.18 0.65 0.00 0.44 0.00 5.0E-02 | 3.6E-04 | 1.4E-02 | 0.0E+00 | 9.1E-05 | 0.0E+00 | 6.5E-02
17 100 10 0.05 2.8 0.15 1.6 1.42 0.35 0.97 0.00 0.09 0.97 5.4E-02 | 7.3E-04 | 2.1E-02 | 0.0E+00 | 1.8E-05 | 2.1E-03 7.9E-02
18 100 10 0.05 2.8 0.15 1.6 0.00 0.27 0.00 0.87 2.03 25.27 | 0.0E+00 | 5.5E-04 | 0.0E+00 | 3.4E-03 | 4.2E-04 | 5.5E-02 | 6.0E-02
19 100 10 0.05 2.8 0.15 1.6 0.00 0.53 7.78 0.00 0.18 1.94 0.0E+00 | 1.1E-03 | 1.7E-01 | 0.0E+00 | 3.6E-05 | 4.3E-03 1.8E-01
20 100 10 0.05 2.8 0.15 1.6 0.00 0.62 0.00 0.00 2.48 5.18 0.0E+00 | 1.3E-03 | 0.0E+00 | 0.0E+00 | 5.1E-04 | 1.1E-02 1.3E-02

Doseswim = Cwater * (IRswim / BW) * ET * EF/365 * (ED / AT)

where:

BW =70 kg
ED=30yrs

AT =30 yrs [example calculation provided is for non-cancer exposures,
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ATTACHMENT A

TABLE A-5. GENERATING EMPIRIC CDF AND ESTIMATION OF CTE AND RME

0.01 0.1

Total Dose,;,,, weighted (mg/kg/d)

Total Dose,in, weighting applied
Person # (mg/kg/d) > 1.0
[from Table A-4]

1 3.0E-02 0.9
2 1.3E-01 0.8
3 5.7E-02 0.7
4 1.8E-01
5 4.2E-03 0.6
6 4.8E-02 é 0.5
7 5.1E-02
8 1.1E-01 0.4
9 2.7E-02 0.3
10 8.5E-02 02
11 5.5E-02
12 3.9E-02 0.1
13 2.5E-01 0.0
14 7.0E-02 0.001
15 5.7E-01
16 6.5E-02
17 7.9E-02
18 6.0E-02
19 1.8E-01
20 1.3E-02

l

CTE: Mean =
RME: 95th %tile =

1.0E-01 mg/kg/d
2.7E-01 mg/kg/d
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