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FOREWORD

_ The National Center for Environmental Assessment (NCEA) of EPA's Office of Reseérch and Development
(ORD) has five main tunctlons 1y prov1d1ng risk assessment research methods, and gmdelrnes (2) pertorming
health and ecological assessments 3 developmg, maintaining, and transferring risk assessment mrormatron and
training; (4) helpmg ORD set research prrontles, and (5) developing and maintaining resource support systems for
NCEA The activities under each of these functions are supported by and respond to the needs of the various
program offices. In refation to the first funrnon NCEA sponsors prOJects armed at developmg or rehmng teehmques
used in exposure assessments v ’ R ‘ .

This handbook was ﬁrst pubhshed in 1989 to provide statistical data on the various factors used in assessmg
exposure. ‘This revrsed version of the h.«mdbook provides the up-to-date data on these exposure factors. The
reeommended values are based solely on our mterpretanons of the available data. In many situations different values

may be appropnate to use in consrderatnon of policy, precedent or other factors.

Michaei A. Callahan

Director

National Center for Environmental
Assessment, Washington Office

Exposure Factors Handbook _ L ' - .. Page
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PREFACE

The National Center tor Environmental Assessment has prepared this handbook to address factors
commonly used in exposure assessments. This handbook was first published in 1989 in response to requests from

many EPA Program and Regional offices for additional guidance on how to select values for ekposurc factors.

Several events sparked the efforts to revise thé Exposure Factors Handbook. First, since its publication in
1989. new data have become available. Second, the Risk Assessment Courcil issued a memorandum titled,
*Guidance on Risk Characterization for Risk Managers and Risk Assessors”, dated February 26, 1992 which
emphasized the use of multiple descriptors of risk (i.e., a measure of ﬁendency such as average or mean central
tendency, high end of individual risk, population risk, important subpopulations). Third, EPA published the revised

Guidelines for Exposure Assessmernt.

As part of the efforts to revise the handbook, the EPA Risk Assessment Forum sponsored a two-day peer
involvement workshop which was conducted during the summer of 1993. The workshop was‘attended by 57
scientsts from academia, consulting firms, private industry, the states, and other Federal agencies. The purpose of
the workshop was to identify new data sources, to discuss adequacy of the data and the feasibility of developing

statistical distributions and to establish priorities.

As a result of the workshop, two new chapters have been added to the handbook. These chapters are:
Consumer Product Use and the Reference Residence. This document also provides a summary of the available data
on consumption of drinking water; consumption of fruits, vegetables, beef, dairy products, and fish; soil ingestion;

inhalation rates; skin surface area; soil adherence; lifetime; activity patterns; and body weight.
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Volume II - F ood Ingestton Factors

Chapter 9 - Intake of Frults and V'Pgetables

9. INTAKE OF FRUITS AND VEGETABLES
9.1. BACKGROUND '

Ingestion of contaminated fruits and vegetables is a
potential pathway of human exposure to toxic chemicals.
Fruits and vegetables may become contaminated with toxic
chemicals by several different pathways. Ambient
pollutants from the air may be deposited on or absorbed by
the plants, or dissolved in rainfall or irrigation waters that
contact the plants. Pollutants may also be absorbed through
plant roots from contaminated soil and ground water. The

addition of pesticides, soil additives, and fertilizers may also -

result in food contamination.

The primary source of information on consumption
rates of fruits and vegetables among the United States
population is the U.S. Department of Agriculture's (USDA)
Nationwide Food Consumption Survey (NFCS) and the
USDA Continuing Survey of Food Intakes by Individuals
(CSFII) Data from the NFCS have been used in various
studies to generate consumer-only and per capita intake
rates for both individual fruits and vegetables and total fruits
and total vegetables. CSFII data from the 1989-1991
survey have been analyzed by EPA to generate per capita
intake rates for various food items and food groups.

Consumer-only intake is defined as the quantity of
fruits and vegetables consumed by individuals who ate these
food items during the survey period. Per capita intake rates
are generated by averaging consumer-only intakes over the
entire population of users and non-users. In general, per
capita intake rates are appropriate for use in exposure
assessment for which average dose estimates for the general
population are of interest because they represent both
individuals who ate the foods during the survey period and
individuals who may eat the food items at some time, but
did not consume them during the survey period. Total fruit
intake refers to the sum of all fruits consumed in a day
including canned, dried, frozen, and fresh fruits. Likewise,
total vegetable intake refers to the sum of all vegetables
consumed in a day including canned, dried, frozen, and
fresh vegetables. For the purposes of this Handbook, the
distinctions between fruits and vegetables are those
commonly used, not the botanical definitions. For example,
in this report, tomatoes are considered vegetables, although
technically they are fruits.

Intake rates may be presented on either an as
consumed or dry weight basis. As consumed intake rates
(g/day) are based on the weight of the food in the form that
it is"consumed. In contrast, dry weight intake rates arc
based on the weight of the food consumed after the moisture
content has been removed. In calculating exposures based

on ingestion, the unit of weight used to measure intake
should be consistent with those used in measuring the
contaminant concentration in the produce. Intake data from
the individual component of the NFCS and CSFII are based
on "as eaten” (i.e., cooked or prepared) forms of the food
items/groups. Thus, corrections to account for changes in
portion sizes from cooking losses are not required.
Estimating source-specific exposures to toxic
chemicals in fruits and vegetables may also require
information on the amount of fruits and vegetables that are

~exposed to or protected from contamination as a result of

cultivation practices or the physical nature of the food
product itself (i.e., those having protective coverings that
are removed before eating would be considered protected),
or the amount grown beneath the soil (i.e., most root crops
such as potatocs). The percentages of foods grown above

and below ground will be useful when the concentrations of

contaminants in foods are estimated from concentrations in
soil, water, and air. For example, vegetables grown below
ground may be more likely to be contaminated by soil
pollutants, but leafy above ground vegetables may be miore
likely to be contaminated by deposition of air pollutants on
plant surfaces.

The purpose of this section is to provide: (1) intake
data for individual fruits and vegetables, and total fruits and
total vegetables; (2) guidance for converting between as
consumed and dry weight intake rates; and (3) intake data
for exposed and protected fruits and vegetables and those
grown below ground. Recommendations are based on
average and upper-percentile intake among the general
population of the U.S. Available data have been classified
as being either a key or a relevant study based on the
considerations discussed in Volume I, Section 1.3.1 of the
Introduction. Recommendations are based on data from the
CSFI 1989-1991 survey, which was considered the only
key intake study for fruits and vegetables. Although Pao et

 al. (1982) was not considered a key study for intake of fruits
and vegetables because it is based on data from NFCS
1977-1978, it was included as a key study for serving size.
Other relevant studies are also presented to provide the
reader with added perspective on this topic. It should be
noted that many of the relevant studies are based on data
from USDA's NFCS and CSFII. The USDA NFCS and
CSFII are described below.
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9.2. INTAKE STUDIES
9.2.1. U.S. Department of Agriculture Nationwide

Food Consumption Survey and Continuing

Survey of Food Intake by Individuals

USDA conducts the NFCS approximately every 10
years. The three most recent NFCSs were conducted in
1965-66, 1977-78, and 1987-88. The purpose of these
surveys was to "analyze the food consumption behavior and
dictary status of Americans" (USDA, 1992a). The survey
uses a statistical sampling technique designed to ensure that
all seasons, geographic regions of the U.S., and
demographic and socioeconomic groups are represented.
There are two components of the NFCS. The household
component collects information on the socioeconomic and
demographic characteristics of households, and the types,
value, and sources of foods consumed over a 7-day period.
The individual component collects information on food
intakes of individuals within each household over a 3-day
period (USDA, 1992b). .

The same basic survey design was used for the three
most recent NFCSs, but the sample sizes and statistical
classifications used were somewhat different (USDA,
1992a). In 1965-66, 10,000 households were surveyed
(USDA, 1972). The sample size increased to 15,000
houscholds (over 36,000 individuals) in 1977-78, but
decreased to 4,500 households in 1987-88 because of
budgetary constraints and a low response rate (37 percent).

Data from the 1977-78 NFCS are presented in this.

Handbook because the data have been published by USDA
in various publications and reanalyzed by various EPA
offices according to the food items/groups commonly used
to assess exposure. Published one-day data from the 1987-
88 NFCS data are also presented.

USDA also conducted the Continuing Survey of
Food Intake by Individuals during 1989 through 1991
(USDA, 1993a). The purpose of the survey was to "assess
food consumption behavior and nutritional content of diets
for policy implications relating to food production and
marketing, food safety, food assistance, and nutrition
education” (USDA, 1993a). Using a stratified sampling
technique, individuals of all ages living in selected
households in the 48 conterminous states and Washington,
D.C. were surveyed. Individuals provided 3 consecutive
days of data, including a personal interview on the first day
followed by 2-day dietary records. Over 15,000 individuals
participated in the 1989-91 CSFII. The three-day response
rate for the 1989/91 CSFII was approximately 45 percent.

Individual average daily intake rates calculated from
NFCS data are based on averages of reported individual

intakes over one day or three consecutive days. Such short
term data are suitable for estimating mean average daily
intake rates representative of both short-term and long-term
consumption. However, the distribution of average daily
intake rates generated using short term data (e.g., 3 day) do
not necessarily reflect the long-term distribution of average
daily intake rates. The distributions generated from short
term and long term data will differ to the extent that each
individual’s intake varies from day to day; the distributions
will be similar to the extent that individuals’ intakes are
constant from day to day.

Day to day variation in intake among individuals will be
great for food item/groups that are highly seasonal and for
items/groups that are eaten year around but that are not
typically eaten every day. For these foods, the intake
distribution generated from short term data will not be a
good reflection of the long term distribution. On the other
hand, for broad categories of foods (e.g., vegetables) which
are eaten on a daily basis throughout the year with minimal
seasonality, the short term distribution may be a reasonable
approximation of the true long term distribution, although
it will show somewhat more variability. In this and the
following section, distributions are shown only for the
following broad categories of foods: fruits, vegetables,
meats and dairy. Because of the increased variability of the
short-term distribution, the short-term upper percentiles
shown here will overestimate somewhat the corresponding
percentiles of the long-term distribution.

9.2.2. Key Fruits and Vegetables Intake Study Based

on the USDA CSFII ‘

U.S. EPA Analysis of USDA 1989-1991 CSFII Data
- EPA analyzed three years of data from USDA's CSFII to
generate distributions of intake rates for various fruit and
vegetable items/groups. Data from the 1989, 1990, and
1991 CFSII were combined into a single data set to increase
the number of observations available for analysis.
Approximately 15,000 individuals provided intake data
over the three survey years. The fruit and vegetable
items/groups selected for this analysis included total fruits
and total vegetables; individual fruits such as: apples,
peaches, pears, strawberries, and other berries; individual
vegetables such as: asparagus, beets, broccoli, cabbage,
carrots, corn, cucumbers, lettuce; lima beans, okra, onions,
peas, peppers, pumpkin, snap beans, tomatoes, and white
potatoes; fruits and vegetables categorized as exposed,
protected and roots; and various USDA categories (i.e.,
citrus and other fruits, and dark green, deep yellow, and
other vegetables). These fruit and vegetable categories
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were selected to be consistent with those evaluated in the
homegrown food analysis presented in Chaptcr 12. Intake
rates of total vegetables, tomatoes, and white potatoes were
adjusted to account for the amount of these food items eaten
as meat and grain mixtures as described in Appendix 9A.
Food items/groups were identified in the CSFII data base
according to USDA-defined food codes. Appendix 9B
presents the codes used to determine the various food
groups. Intake rates for these food items/groups represent
intake of all forms of the product (i.e., home produced and
commercially produced).

Individual identifiers in the database were used
throughout the analysis to categorize populations according
to demographics. These identifiers included identification
number, region, urbanization, age, sex, race, body weight,
weighting factor, season, and number of days that data were
reported. Distributions of intake were determined for
individuals who provided data for all three days of the
survey. Individuals who did not provide information on
body weight, or for which identifying information was
unavailable, were excluded from the analysis. Three-day
average intake rates were calculated for all individuals in
the database for each of the food items/groups. These
average daily intake rates were divided by each individual's
body weight to generate intake rates in units of g/kg-day.
The data were also weighted according to the three-day
weights provided in the 1991 CSFII. USDA sample
weights are calculated to account for inherent biases in the
sample selection process, and to adjust the sample
population to reflect the national population. Summary
statistics for individual intake rates were generated on a per
capita basis. That is, both users and non-users of the food
item were included in the analysis. Mean consumer only
intake rates may be calculated by dividing the mean per
capita intake rate by the percent of the population
consuming the food item of interest. Summary statistics
included are: number of weighted and unweighted
observations, percentage of the population using the food
itemm/group being analyzed, mean intake rate, standard error,
and percentiles of the intake rate distribution (i.e., 0, 1, 5,
10, 25, 50, 75, 90, 95, 99, and 100th percentile). Data
were provided for the total population using the food item
being evaluated and for several demographic groups
including: various age groups (i.e., <1, 1-2, 3-5, 6-11, 12-
19, 20-39, 40-69, and 70+ years); regions (i.e., Midwest,
Northeast, South, and West); urbanizations (i.e., Central
City, Nonmetropolitan, and Suburban; seasons (i.e., winter,
spring, summer, and fall); and races (i.e., White, Black,
Asian, Native American, and other). Table 9-1 provides the

codes, definitions, and a description of the data in these
categories. The total numbers of individuals in the data set,
by demographic group are presented in Table 9-2. The
food analysis was accomplished using the SAS statistical
programining system (SAS, 1990).

The results of this analysis are presented in Tables 9-
3 and 9-4 for total fruits and vegetables, Table 9-5 for
individual fruits and vegetables, and Tables 9-6 and 9-7 the
various USDA categories and exposed/protected and root

' food items, respectively. These tables are presented at the

end of this Chapter. The results are presented in units of
g/kg-day. Thus, use of these data in calculating potential
dose does not require the body weight factor to be included
in the denominator of the average daily dose (ADD)
equation. It should be noted that converting these intake
rates into units of g/day by multiplying by a single average
body weight is inappropriate, because individual intake
rates were indexed to the actual body weights of the survey
respondents. However, if there is a need to compare the
total intake data presented here to other intake data in units
of g/day, a body weight less than 70 kg (i.e., approximately
60 kg; calculated based on the number of respondents in
each age category and the average body weights for these
age groups, as presented in Chapter 7 of Volume I) should
be used because the total survey population included
children as well as adults.

The advantages of using the CSFII data set are that
the data are expected to be generally representative of the
U.S. population and that it includes data on a wide variety
of food types. However, it should be noted that the survey
covers only the 48 coterminous U.S. States; Hawaii, Alaska,
and U.S. Territories are not included. The data set is the
most recent of a series of publicly available data sets (i.e.,
NFCS 1977/78; NFCS 1987/88; CSFII 1989-91) from
USDA, and should reflect current eating patterns in the
United States. The data set includes three years of intake
data combined. However, the CSFII data are based on a
three day survey period. Short-term dietary data may not
accurately reflect long-term eating patterns. This is
particularly true for the tails (extremes) of the distribution
of food intake. In addition, the adjustment for including
mixtures adds uncertainty to the intake rate distributions.
The calculation for including mixtures assumes that intake
of any mixture includes all of the foods identified in
Appendix Table A9-1 in the proportions specified in that
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T - - -
Table 9-1. Sub-category Codes and Definitions Used in the CSFI1 1989-91 Analysis
Code Definition v + Description
Region®
i Northeast Includes Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode
Island, and Vermont
2 Midwest Includes Hlinois, Indiana, lowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South
Dakota, and Wisconsin : :
3 South . Includes Alabama, Arkansas, Delaware, District of Columbia, Florida, Georgia, Kentucky, Louisiana,
Maryland, Mississippi, North Carofina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, and West
Virginia
4 West Includes Arizona, California, Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington,
and Wyoming
] Urbanization
1 Central City . Cities with populations of 50,000 or more that is the main city within the metropolitan statistical area (MSA).
An area that is generally within the boundaries of an' MSA;but is not within the legal limit of the central city.
2 Suburban
An area that is not within an MSA.
3 Noametropolitan
Season
Spring - April, May, June
Summer - July, August, September
Fall . - Qctober, November, December
Winter - January, February, March
Race
1 - White (Caucasian)
2 - Black
3 - Asian and Pacific Islander
4 - Native American, Aleuts, and Eskimos
| 5,89 Other/NA Don't know, no answer, some other race__
* Alaska and Hawaii were not included.
Source: CSFII 1989-1991.
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Table 9-2. Weighted and Unweighted Number of Observations for CSFII Data
Used in Analysis of Food Intake
Demographic Factor : ) Weighted B Unweighted
Total - o - © 242,707,000 SN S T
Age s . .
<01 7,394,000 424
01-02 7,827,000 450
03-05 ' ‘ ‘ 11795,000 603
06-11 ‘ 21,830,000 ’ 1,147
12-19 26,046,000 ' © 1,250
20-39 78,680,000 : ‘ 3,555
40-69 71,899,000 - 3,380
70+ ‘ o ' 17,236,000 1,103
Season : :
Fall ‘ 60,633,000 . 3,117
Spring 60,689,000 - 3,077
Summer 60,683,000 2,856
Winter . ' 60,702,000 ’ . 2,862
Urbanization ' . B g
Central City : o 73,410,000 ‘ ‘ 3,607
Nonmetropolitan 53,993,000 3.119
Suburban . 115,304,000 © 5,186
Race ' - ' .
Asian ’ 2,871,000 149
Black ‘ 29,721,000 1,632
Native American 2,102,000 ' 1
Other/NA 7,556,000 350
White - : 200,457,000 9,610
‘Region o .
Northeast 59,285,000 3,007
Midwest 50,099,000 2,180
South 83,741,000 4,203
West 49,582,000 N 2,522
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table. This may under- or over-estimate intake of certain
foods among some individuals.

9.2.3. Key Fruits and Vegetables Serving Size

Study Based on the USDA NFCS

Pao et al. (1982) - Foods Commonly Eaten by
Individuals - Using data gathered in the 1977-78 USDA
NFCS, Pao et al. (1982) calculated distributions for the
quantities of individual fruit and vegetables consumed per
cating occasion by members of the U.S. population (i.e.,
serving sizes), over a 3-day period. The data were collected
during NFCS home interviews of 37,874 respondents, who

were asked to recall food intake for the day preceding the -

interview, and record food intake the day of the interview
and the day after the interview.

Serving size data are presented on an as consumed
(g/day) basis. The data presented in Table 9-8 are for all
ages of the population, combined. If age-specific intake
data are needed, refer to Pao et al. (1982). Although
serving size data only are presented in this Handbook,
percentiles for the average quantities of individual fruits and
vegetables consumed by member of the U.S. population
who had consumed these fruits and vegetables over a 3-day
period can be found in Pao et al. (1982).

The advantages of using these data are that they were
derived from the USDA NFCS and are representative of the
U.S. population. This data set provides serving size
distributions for a number of commonly eaten fruits and
vegetables, but the list of foods is limited and does not
account for fruits and vegetables included in complex food
dishes. Also, these data represent the quantity of fruits and
vegetables consumed per eating occasion. Although these
estimates are based on USDA NFCS 1977-78 data, more
recent data on serving size were not available. These
cstimates may be useful for assessing acute exposures to
contaminants in specific foods, or other assessments where
the amount consumed per eating occasion is necessary.

9.2.4. Relevant Fruits and Vegetables Intake Studies
The U.S. EPA's Dietary Risk Evaluation System
(DRES) - USEPA, Office of Pesticide Programs - The U.S.
EPA, Office of Pesticide Programs (OPP) uses the Dietary
Risk Evaluation System (formerly the Tolerance
Assessment System) to assess the dietary risk of pesticide
use as part of the pesticide registration process. OPP sets
tolerances for specific pesticides on raw agricultural
commoditics based on estimates of dietary risk. These
estimates are calculated using pesticide residue data for the
food item of concern and relevant consumption data. Intake

rates are based primarily on the USDA 1977-1978 NFCS
although intake rates for some food items are based on
estimations from production volumes or other data (i.e.,
some items were assigned an arbitrary value of 0.000001
g/kg-day) (Kariya, 1992). OPP has calculated per capita
intake rates of individual fruits and vegetables for 22
subgroups (age, regional, and seasonal) of the populiation by
determining the composition of NFCS food items and
disaggregating complex food dishes into their component
raw agricultural commodities (RACs) (White et al. 1983).

The DRES per capita, as consumed intake rates for
all age/sex/demographic groups combined are presented in
Table 9-9. These data are based on both consumers and
non consumers of these food items. Data for specific
subgroups of the population are not presented here, but are
available through OPP via direct request. The data in Table
9-9 may be useful for estimating the risks of exposure
associated with the consumption of individual fruits and
vegetables. It should be noted that these data are indexed to
the actual body weights of the survey respondents and are
expressed in units of grams of food consumed per kg
bodyweight per day. Consequently, use of these data in
calculating potential dose does not require the body weight
factor in the denominator of the ADD equation. It should

"also be noted that conversion of these intake rates into units

of g/day by multiplying by a single average body weight is
not appropriate because the DRES data base did not rely on
a single body weight for all individuals. Instead, DRES
used the body weights reported by each individual surveyed
to estimate consumption in units of g/kg-day.

The advantages of using these data are that complex
food dishes have been disaggregated to provide intake rates
for a very large number of fruits and vegetables. These data
are also based on the individual body weights of the
respondents. Therefore, the use of these data in calculating
exposure to toxic chemicals may provide more
representative estimates of potential dose per unit body
weight. However, because the data are based on NFCS
short-term dietary recall the same limitations discussed
previously for other NFCS data sets also apply here. In
addition, consumption patterns may have changed since the
data were collected in 1977-78. OPP is in the process of

" translating consumption information from the USDA CSFII

1989-91 survey to be used in DRES.

Food and Nutrient Intakes of Individuals in One
Day in the U.S., USDA (1980, 1992b) - USDA calculated
mean intake rates for total fruits and total vegetables using
NFCS data from 1977-78 and 1987-88 (USDA, 1980;
USDA, 1992b). The mean totai intake rates are presented
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in Tables 9-10 and 9-11 for fruits and Tables 9-12 and 9-13
for vegetables. These values are based on intake data for
one day from the 1977-78 and 1987-88 USDA Nationwide
Food Consumption Surveys, respectively. Data from both
surveys are presented here to demonstrate that although the
1987-88 survey had fewer respondents, the mean per capita
intake rates for all individuals are in good agreement with
the earlier survey. Also, slightly different age classifications
were used in the two surveys providing a wider range of age
categories from which exposure assessors may select
appropriate intake rates. Tables 9-10 through 9-13 include

. both per capita intake rates and intake rates for consumers-
only for various ages of individuals. Intake rates for
consumers-only were calculated by dividing the per capita
consumption rate by the fraction of the population using
vegetables or fruits in a day. The average per capita
vegetable intake rate is 201 g/day based on the 1977-78
data (USDA, 1980) and 182 g/day based on the 1987-88
data (USDA, 1992b). For fruits the average per capita
intake rate is 142 g/day based on the two most recent
USDA NFCSs (USDA, 1980; USDA, 1992b).

The advantages of using these data are that they
provide intake estimates for all fruits and all vegetables
combined. Again, these estimates are based on one-day
dietary data which may not reflect usual consumption
patterns.

U.S. EPA - Office of Radiation Programs - The U.S.

EPA Office of Radiation Programs (ORP) has also used the

USDA 1977-1978 NFCS to estimate dail)a food intake
(U.S. EPA, 1984a; 1984b). ORP uses food consumption

data to assess human intake of radio nuclides in foods, The
1977-1978 NFCS data have been reorganized by ORP, and
food items have been classified according to the
characteristics of radionuclide transport. Data for selected
agricultural products are presented in Table 9-14 and Table
9-15. These data represent per capita, as consumed intake
rates for total, leafy, exposed, and protected produce as well
as total grains, breads, and cereals. Exposed produce refers
to products (e.g., apples, pears, berries, etc.) that can
intercept atmospherically deposited materials. The term
protected refers to products (e.g., citrus fruit, carrots, corn,
etc.) that are protected from deposition from the
atmosphere. Although the fruit and vegetable
classifications used in the study are somewhat limited in
number, they provide alternative food categories that may
be useful to exposure assessors. Because this study was
based on the USDA NFCS, the limitations discussed
previously regarding short-term dietary recall data also
apply to the intake rates reported here. Also, consumption

patterns may have changed since the data were collected in
1977-78.
U.S. EPA - Office of Science and Technology - The

- U.S. EPA Office of Science and Technology (OST) within

the.. Office of Water (formerly the Office of Water
Regulations and Standards) used data from the FDA
revision of the Total Diet Study Food Lists and Diets
(Pennington, 1983) to calculate food intake rates (U.S.
EPA, 1989). OST uses these consumption data in its risk
assessment model for land application of municipal sludge.

"" The FDA data used are based on the combined results of the

USDA 1977-1978, NFCS and the second National Health
and Nutrition Examination Survey (NHANES II), 1976-
1980 (U.S. EPA, 1989). Because food items are listed as
prepared complex foods in the FDA Total Diet Study, each

" item was broken down into its component parts so that the
amount of raw commodities consumed could be determined.

Table 9-16 presents intake rates of various fruit and
vegetable categories for various age groups and estimated
lifetime ingestion rates that have been derived by U.S. EPA.
Note that these are per capita intake rates tabulated as
grams dry weight/day. Therefore, these rates differ from
those 'in the previous tables because U.S. EPA (1984a,
1984b) report intake rates on an as consumed basis.

. The EPA-OST analysis provides intake rates for
additional food categories and estimates of lifetime average
daily intake on a per capita basis. In contrast to the other
analyses of USDA NFCS data, this study reports the data in
terms of dry weight intake rates. Thus, conversion is not
required when contaminants are to be estimated on a dry
weight basis. These data, however, may not reflect current
consumption patterns.

Canadian Department of National Health and
Welfare Nutrition Canada Survey - The Nutrition Canada
Survey was conducted between 1970 and 1972 to "(a)
examine the mean consumption of selected food groups and
their contribution to nutrient intakes of Canadians, (b)
examine patterns of food consumption and nutrient intake
at various times of the day, and provide information on the
changes in eating habits during pregnancy.” (Canadian
Department of National Health and Welfare, n.d.). The
method used for collecting dietary intake data was 24-hour
recall. The recall method relied on interview techniques in
which the interviewee was asked to recall all foods and
beverages consumed during the day preceding the
interview. Intake rates were reported for various age/sex
groups of the population and for pregnant women (Table 9-
17). . The report does not specify whether the values

represent per capita or consumer-only intake rates.
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However, they appear to be consistent with the as consumed
intake rates for consumers-only reported by USDA (1980,
1992b). It should be noted that these data are also based on
short-term dietary recall and are based on the Canadian
population.

USDA, 1993b - Food Consumption, Prices, and
Expenditures, 1970-92 - The USDA's Economic Research
Service (ERS) has calculated the amount of food available
for human consumption in the United States on an annual
basis (USDA, 1993b). Supply and utilization balance
sheets have been generated, based on the flow of food items
from production to end uses for the years 1970 to 1992.
Total available supply was estimated as the sum of

production and imports (USDA, 1993b). The availability

ol food for human usc commonly termed as “food
disappearance” was determined by subtracting exported
foods (USDA, 1993b). USDA (1993b) calculated the per
capita food consumption by dividing the total food
disappearance by the total U.S. population. USDA (1993b)
estimated per capita consumption data for various fruit and

mvegetable products from 1970-1992 (1992 data are
preliminary). In this section, the 1991 values, which are the
most recent final data, are presented. Retail weight per
capita data are presented in Table 9-18. These data have
been derived from the annual per capita values in units of
pounds per year, presented by USDA (1993b), by
converting to units of g/day.

One of the limitatidfis of this study is that
disappearance data do not account for losses from the food
supply from waste or spoilage. As a result, intake rates
based on these data may overestimate daily consumption
because they are based on the total quantity of marketable
commodity utilized. Thus, these data represent bounding
estimates of intake rates only. It should also be noted that
per capita estimates based on food disappearance is not a
direct measure of actual consumption or quantity ingested,
instead the data are used as indicators of changes in usage
over time (USDA, 1993b). An advantage of this study is
that it provides per capita consumption rates for fruits and
vegetables that are representative of long-term intake
because disappearance data are generated annually.

AIHC, 1994 - Exposure Factors Sourcebook - The
ATHC Sourcebook (AIHC, 1944) uses the data presented in
the 1989 version of the Exposure Factors Handbook which
reported data from the USDA 1977-78 NFCS.
Distributions are provided in the @Risk format and the
@Risk formula is also provided. In this Handbook, new
analyses of more recent data from the USDA 1989/91

CSFII are presented. Numbers, however, cannot be directly

B As noted previously, intake rates may be reported in
«terms of units as consumed or units of dry weight. It is

compared with previous values since the results from the
new analysis are presented on a body weight basis.

The Sourcebook was classified as a relevant study
because it was not the primary source for the data to make
recommendations in this document. However, it can be
used as an alternative source of information.

The advantage of using the CSFII and USDA NFCS
data sets are that they are the largest publicly available data
source on food intake patterns in the United States. Data
are available for a wide variety of fruit and vegetable °
products and are intended to be representative of the U.S.
population.

9.2.5. Conversion Between As Consumed and Dry
- Weight Intake Rates

essential that exposure assessors be aware of this difference
so that they may ensure consistency between the units used
for intake rates and those used for concentration data (i.e.,

_if the unit of food consumption is grams dry weight/day,
-~then the unit for the amount of pollutant in the food should
..be grams dry weight).

If necessary, as consumed intake rates may be
converted to dry weight intake rates using the moisture
content percentages presented in Table 9-19 and the
following equation:

(Egn. 9-1)

IRy, = IR,* [(100-W)/100]

"Dry weight” intake rates may be converted to "as
consumed" rates by using:

niac = IR, /[(100-W)/100] (Eqn. 9-2)

where:
= dry weight intake rate;

= as consumed intake rate; and
W = percent water content.

9.3.. RECOMMENDATIONS

The CSFII data described in this section was used in
selecting recommended fruit and vegetable intake rates for
the general population and various subgroups of the United
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States population. The general design of both key and
relevant studies are summarized in Table 9-20. Table 9-21
presents a summary of the recommended values for fruit and
vegetable intake and Table 9-22 presents the confidence
ratings for the fruit and vegetable intake recommendations.
Based on the CSFII 1989-91, the recommended per capita
fruit intake rate for the general population is 3.4 g/kg-day
and the recommended per capita vegetable intake rate for
the general population is 4.3 g/kg-day. Per capita intake
rates for specific food items, on a g/kg-day basis, may be
obtained from Table 9-5. Percentiles of the per capita
intake rate distribution in the general population for total
fruits and total vegetables are presented in Tables 9-3 and
9-4. From these tables, the 95th percentile intake rates for
fruits and vegetables are 12 g/kg-day and 10 g/kg-day,
respectively. It is important to note that the distributions
presented in Tables 9-3 through 9-4 are based on data
collected over a 3-day period and may not necessarily
reflect the long-term distribution of average daily intake
rates. However, for these broad categories of food (i.e.,
total fruits and total vegetables), because they are eaten on
adaily basis throughout the year with minimal seasonality,
the short term distribution may be a reasonable
approximation of the long-term distribution, although it will
display somewhat increased variability. This implies that
the upper percentiles shown here will tend to overestimate
the corresponding percentiles of the true long-term
distribution. Intake rates for the home-produced form of
these fruit and vegetable products are presented in Volume
11, Chapter 4.

This section also presents recommendations for
serving size for various fruits and vegetables. These
recommendations are based on the USDA NFCS 1977-78
data. Table 9-23 presents the confidence ratings for the
serving size recommendations. Percentiles of the serving
size, as well as mean values can be obtained from Table 9-
8.
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Volume II - Food Ingestion Factors '

Chapter 9 - Intake of Fruits and Vegetables
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Volume II - Food Ingestion Factors

Chapter 9 - Intake of Fruits and Vegetables

Table 9-9. Mean Per Capita Intake Rates (as consumed) for Fruits and Vegetables Based on Al Sex/Age/Demographic Subgroups

Average Consumption
Raw Agricultural Commodity? ) (Grams/Kg Body Weight-Day) Standard Error

Alfalfa Sprouts 0.0001393 . 0.0000319

Apples-Dried 0.0002064 0.0000566
Apples-Fresh 0.4567290 0.0142203

Apples-Juice 0.2216490 0.0142069
Apricots-Dried 0.0004040 ‘ 0.0001457
Apricots-Fresh 0.0336893 0.0022029
Artichokes-Globe 0.0032120 0.0007696
Artichokes-Jerusalem 0.0000010 *

Asparagus 0.0131098 0.0010290
Avocados 0.0125370 0.0020182
Bamboo Shoots 0.0001464 0.0000505
Bananas-Dried 0.0004489 0.0001232
Bananas-Fresh : 0.2240382 0.0088206
Bananas-Unspecified 0.0032970 0.0004938
Beans-Dry-Blackeye Peas (cowpeas) 0.0024735 0.0005469
Beans-Dry-Broad Beans (Mature Seed) 0.0000000 ‘ *

Beans-Dry-Garbanzo (Chick Pea) 0.0005258 ) 0.0001590
Beans-Dry-Great Northern 0.0000010 *

Beans-Dry-Hyacinth (Mature Seeds) 0.0000000 *

Beans-Dry-Kidney 0.0136313 0.0045628
Beans-Dry-Lima 0.0079892 0.0016493
Beans-Dry-Navy (Pea) : 0.0374073 -0.0023595
Beans-Dry-Other 0.0398251 0.0023773
Beans-Dry-Pigeon Beans 0.0000357 0.0000357
Beans-Dry-Pinto : 0.0363498 0.0048479

Beans-Succulent-Broad Beans (Immature 0.0000000 *

Seed)

Beans-Succulent-Green 0.2000500 0.0062554
Beans-Succulent-Hyacinth (Young Pods) 0.0000000 *
Beans-Succulent-Lima 0.0256648 0.0021327
Beans-Succulent-Other ' 0.0263838 . : 0.0042782
Beans-Succulent-Yellow, Wax 0.0054634 0.0009518

Beans-Unspecified 0.0052345 0.0012082

Page -~ Exposure Factors Handbook
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Volume II - Food Ingestion Factors

Chapter 9 - Intake of F ruits and Vegetables

Table 9-9. Mean Per Capita Intake Rates (as consumed) for Fruits; and Vegetables Based on All Sex/Agé/Demoérﬁphic Subgrloups
) . o ‘ Average Consumption c -
Raw Agricultural Commodity® ‘ (Grams/Kg Body Weight-Day) Standard Error

BeetsRoots ~ . .  oouel2 o 0.0014187
Beets-Tops (Greens) 0.0008287 ' ; 0.0003755
Bitter Melon 0.0000232 0.0000233
Blackberries ‘ 0.0064268 . ' ' 0.0007316
Blueberries 0.0090474,.. , © 0.0008951
Boysenberries L 00007313 0.0006284
Bread Nuts ' , 0.0000010 . ‘ *
Bread Fruit o 0.0000737 ‘ . 0.0000590
Broccoli 0.0491295 0.0032966
Brussel Sprouts ‘ ‘ 0.0068480 | 00009061
Czibbage-Chine‘se/Celery, Inc. Bok Choy 0.0045632 . ‘ 0.0b20966
Cabbage-Green and Red ' 0.0936402 3 0.0039046
Cactus Pads : ' 0.0000010 ' *
Cantaloupes 0.0444220 o 0.002‘9515
Carambola 0.0000010 ' *
Carob | | 0.0000913 0.0000474
Carrots ‘ : ‘ 0.1734794 0.0041640
Casabas ~ 0.0007703 _ 0.0003057
Cassavg (Yuca Blanca) ) 0.0002095 ‘ 0’00001374
Cauliﬂowelf 0.0158368 0.0011522
Celery ‘ 00609611 0.0014495
Cherimoya 0.0000010 ) *
Cherries-Dried 0.0000010 *
Cherries-Fresh 0.0321754 0.0024966
Cherries-Juice ‘ 0.0034080 l 0.0009078
Chicory (Frénch or Belgian Endive) : 0.0006707 0.0001465
Chili Peppers ~ - 0.0000000 *
Chives 0.0000193 0.0000070
Citrus Citron . . 0.0001573 0.0000324
Coconut-Copra O.QO 1 2860 0.0000927
Coconut-Fresh’ , 0.0001927 0.0006684

L Coconut-Water ‘ 0.0000005 0.0000005
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‘Volume II - Food Ingestion Factors

_Chapter 9.- ’In.také,of Fruits and Vegetables

Table 9-9. Mean Per Capita Intake Ratles (as consumed) for-Fruits and Vegetables Based on All Sex/Age/Demographic Subgroups
Average Consumption
Raw Agricultural Comm(}dity' — i ’(Gm>nv1vs/lKg Body‘Weight-l_)ay) ' Standard Error
Collards ‘ 7 ‘ 0.0188966 ‘ 0.0032628
Comn, Pop 0.0067714 0.0003348
Com. Sweet 0.2367071 . 0.0062226
Crabapples . 0.0003740 ‘ . *
Cranberries 0.0150137 | © 0.0006153
Cranberries-Juice 0.0170794 0.0022223
Crenshaws 0.00060 10 : *
Cress, Upland 0.0000010 *
Cress. Garden, Field 0.0000000 | .
Cucumbers 0.0720821 0.0034389
Currants " 0.0005462 : 0.0000892
Dandelion 0.0005039 0.0002225
Dates 0.0006662 0.0001498
Dewbernies 0.0023430 ' *
Eggplant 0.0061858 0.0007645
Elderberries 0.0001364 0.0001365
Endive, Curley and Escarole 0.0011851 0.0001929
Fennel 0.0000000 *
Figs 0.0027847 ‘ 0.0005254
Garlic 0.0007621 0.0000230
Genip (Spanish Lime) 0.0000010 ‘ *
Ginkgo Nuts 0.0000010 : *
Gooseberries 0.0003953 : 0.0001341
Grapefruit-Juice 0.0773585 0.0053846
Grapefruit-Pulp 0.0684644 0.0032321
Grapes-Fresh 0.0437931 0.0023071
Grapes-Juice 0.0900960 0.0058627
Grapes-Leaves 0.0000119 0.0000887
Grapes-Raisins 0.0169730 0.0009221
Groundcherries (Poha or Cape- 0.0000000 *
Gooseberries) : ‘
Guava ) ‘ 0.0000945 . 0.0000558
Honeydew Melons — 0.0183628 e 0.0042879
Page ‘ ) S ~ Exposure Factors Handbook
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Chapter 9 - Intake of Fruits and Vegétables

Table 9-9. Mean Per Capita Intake Rates (as consumed) for Fruits and Vegetables Based on All Sex/Age/Demographé‘c Subgroups
‘ : o ‘Average Consumption ) . " ‘ ‘
Raw Agricultural Commodity* -~ (Grams/Kg Body Weight-Day) B Standard Error
Hucklgbenieé (Gaylussacia) - ' ) 0.0000010 o x
Juneberry . A 0.0000010 e
Kale ‘ 0.0015036 -~ 0.0006070
Kiwi 0.0000191 0.0000191
Kohlrabi 0.0002357 . ‘ 0.0001028
Kumgquats 0.0000798 0.0000574
Lambsquarter - : 0.0000481 ~ 0.0000481
Leafy Oriental Vegetables ' ‘ ‘ 0.0000010 *
Leeks > 0.0000388 0.0000221
Lemons-Juice ‘ v 0.0189564 . 0.0009004
Lemons-Peel D 0.0002570 0.0001082
Lemons-Pulp 0.0002149  0.0000378
Lemons-Unspecified 0.0020695 0.0003048
Leniles-Split | : 0.00000%  0.0000064 }
Lentiles-Whole 0.0012022 ‘ 0.0002351
Lettuce-Head Varieties 0.2122803 0.0059226
' Lettuce-Leafy Varieties 0.0044328 10.0003840
Lettuce-Unspecified " 0.0092008 0.0004328
Limes-Juice ‘ 0.0032895 0.0005473
LimesPup 0.0000941 0.0000344
Limes-Unspecified ‘ 0.0000010 *
Loganberries : 0.0002040 *
Logan Fruit ‘ ‘ 0.0000010 *
Loquats 0.0000000 *
Lychee-Dried - 0.0000010 - *
Lychees (Litchi) - ‘ 0.0000010 . *
Mahey (Mammee Apple) ' 0.0000010 ' ¥
Mangoes . ‘ 0.0005539 , 0.0002121
Mulberries ©0.0000010 : *
Mung Beans (Sprouts) 0.0066521 0.0006462
Mushrooms . ‘ 0.0213881 ' 0.0009651
Mustard Greens 0.0145284 0.0024053
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Volume II - Food Ingestion Factors

s
Chapter 9 - Intake of Fruits and Vegetables
Table 9-9. Mean Per Capita Intake Rales (as consumed) for Fruits and Vegetables Based on All Sex/Age/Demdgmphic Subgroups
Average Consurnption
Raw Agricultural Commodity* ) (Grams/Kg Body Weight-Day) ) ) __Standard Error
Nectarines 0.0129663 0.0013460
Okra ' 0.0146352 0.0017782
ives 0.0031757 0.0002457
Onions-Dehydrated or Dried 0.0001192 ‘ 0.0000456
Ouions-Dry-Bulb (Cipollini) 0.1060612 0.0021564
Onions-Green 0.0019556 0.0001848
Oranges-Juice 1.0947265 0.0283937
Oranges-Peel 0.0001358 0.0000085
Oranges-Pulp 0.1503524 0.0092049
Papayas-Dried 0.0009508 . 0.0000520
Papayas-Fresh " 0.0013389 - : 0.0005055
Papayas-Juice 0.0030536 0.0012795
Parsley Roots 0.0000010 *
Parslcy ‘ 0.0036679 0.0001459
Parsnips 0.0006974 0.0001746
Passion Fruit (Granadilla) 0.0000010 *
Pawpaws 0.0000010 *
Peaches-Dried 0.0000496 . 0.0000152
Peachies-Fresh : 0.2153916 0.0078691
Pears-Dried 0.0000475 0.0000279
Pears-Fresh 0.1224735 0.0050442
Peas (Garden)-Green Immature 0.1719997 o 0.0067868
Pcas (Garden)-Mature Seeds, Dry 0.0017502 0.0002004
Peppers, Sweet, Garden 0.0215525 0.0010091
Peppers-Other 0.0043594 . 0.0004748
Persimmons 0.0004008 | 0.0002236
Persian Melons 0.0000010 *
Pimentos 0.0019485 © 0.0001482
Pincapple-Dried 0.0000248 0.0000195
Pincapple-Fresh, Pulp . 0.0308283 0.0017136
Pincapple-Fresh, Juice 0.0371824 ‘ 0.0026438
|_Pitanga (Surinam Cherry) 0.0000010 - *
Page ‘ ‘ - Exposure Factors Handbook
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Chapter 9 - Intake of Fruits and Vegétables

Table 9-9. Mean Per Capita Intake Rates (as consumed) for Fruits and V;egetables Based on All Sex/Age/Demographic Subgroups
' Average Consumption v :

Raw Agricultural Commodity* {Grams/Kg Body Weight-Day) - Standard Error
Plantains B ) o . 0.0016370 0.0007074
Plums, Prune-Juice ' 0.0137548 0.0017904
Plums (Damsons)-Fresh 0.0248626 0.0020953
Plums-Prunes (Dried) 0.0058071 0.0005890
Poke Greens . 0.0002957 ... 0.000'1475
Pomegranates 0.0000820 0.0000478
Potatoes (White)-Whole - 0.3400582 0.0102200
Potatoes (White)-Unspecified  0.0000822 0.0000093
Potatocs (White)-Peeled 0.7842573 0.0184579
Potatoes (White)-Diy 0.0012994 0.0001896
Potatoes (White)-Peel Only 0.0000217 0.0000133
Pumpkin R : 0.0044182 0.0004354
Quinces 0.0001870 *
Radishes-Roots 0.0015558 0.0001505
Radishes-Tops 0.0000000 .
Raspberries 0.0028661 0.0005845
Riwbarb | 0.0037685 0.0006588
Rutabagas-Roots ‘ 0.0027949 0.0009720
Rutabagas-'l‘bps 0.0000000 * |
Salsify (Oyster Plant) 0.0000028 0.0000028
Shallots -+ - 0.0000000 *
Soursop (Annona Muricata) 0.0000010 *
Soybean;-Sprouled Seeds ‘ 0.0000000 *
Spinach’ " 0.0435310 ©0.0030656

1 Squash-Summer 0.0316479 ) 0.0022956
Squash-Winter 10.0324417 0.0026580
Strawberries 0.0347089 0.0020514
Sugar Apples (Sweelso.p) 0.00000i0 *
Sweetpotatoes (including lYams) : . 0.0388326 0.0035926
Swiss Chard 00016915 0.0004642
Tangelos ) 0.0025555 0.0006668 -
Tangerine-Juice 0.0000839 0.0000567
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L e e o .., CHapter.9 - Intake of Friits and Vegetables
Table 9-9. Mean Per Capita Intake Rates (as consumed) for Fruits and Vegetables Based on All Sex/Age/Demographic Subgroups
Average Consumption . ‘
Raw Agricultural Commodity? . (Grams/Kg Body Weight-Day) . - .- ) Standard Error.
Tangerines ‘ 0.0088241 0.0010948
‘Tapioca 0.0012199 0.0000951
Taro-Greens 0.0000010 *
Taro-Root 0.0000010 *
Tomatoes-Catsup 0.0420320 0.0015878
Tomatoes-Juice 0.0551351 0.0020515
Tomatoes-Paste 0.0394767 0.0012512
Tomatoes-Purce 0.17012311 0.0054679
Tomatoes-Whole : ‘ 0.4920164 0.0080927
Towelgourd 0.0000010 . *
Turnips-Roots " 0.0082392 0.0014045
Turnips-Tops 0.0147111 0.0025845
Watcr Chestnuts 0.0004060 0.0000682
Waercress ' 0:0003553 0.0001564
Watermelon 0.0765054 0.0068930
Yambean, Tuber 0.0000422 , 0.0000402
Yautia, Tannier '0.0000856 0.0000571
Youngberries : e i 0:0003570 A, *
* Not reported A
* Consumed in any raw or prepared form
Source: DRES data base.
Page ‘ Exposure Factors Handbook
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Volume II - Food Ingestion Factors

Chapter 9 - Intake of Fruits and Vegetables

Table 9-10. Mean Total Fruit Intake (as consumed) in a Day by Sex and Age ( 1977-1978)*

Age (yr) ‘ Per Capita Intake ~ Percent of Population Using Intake (g/day) for Users Only®
(g/day) Fruit in a Day

Males and Females . - ‘ 169 : 86.8 ; 196

1 and under ‘ 146 - . ' . 62.9 L 231
1-2 . 134 © o 56.1 B 239
35 152 60.1 B 253
6-8 ' :
9-11 . 120 51.2 236
12-14 147 47.0 313
15-18 ' 107 394 271
19-22 . 141 46.4 305
23-34 115 44.0 262
35-50 171 62.4 275
51-64 ‘ 174 62.2 281
65-74 . ) 186 ) 62.6 ‘ 197
75 and over - ] .

Females 148 59.7 247
9.1t . 120 48.7 ' 247
12-14 126 49.9 251
15-18 133 48.0 278
19-22 122 47.7 255
23-34 . 133 52.8 252
35-50 ‘ 171 66.7 256
51-64 179 69.3 259
65-74 : 189 64.7 292
75 and over

Males and Females 142 54.2 263
All ages ‘

* Based on USDA Nationwide Food Consumption Survey (1977-1978) data for one day. ‘ ‘
® Intake for users only was calculated by dividing the per capita intake rate by the fraction of the population using fruit in a day.
Source: USDA, 1980. . . :

Table 9-11. Mean Total Fruit Intake (as consumed) in a Day by Sex and Age (1987-1088)°

o : C -Percent of Population Using Intake (g/day) for Users Onty®
Age (yr) : Per Capita Intake (p/dav) Fruitint Day .~ ‘
Males and Females o - - S RS o
5 and under . 157 59.2. . 265
Males : . .
T 6-11 ' 182 63.8 285
12-19 158 49.4 320
20 and over - 133 46.5 286
Females ‘
6-11 154 58.3 264
12-19 131 47.1 278
20 and over 140 52.7 . 266
Males and Females ‘
All Ages 142 514 276

3 Based on USDA Nationwide Food Consumption Survey (1987-1988) data for one day.
b Intake for users only was calculated by dividing the per capita intake rate by the fraction of the population using fruits in a day.
Source: USDA, 1992b. ‘ ‘
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Chapter 9 - Intake of Fruits and Vegetables

Table 9-12. Mean Total Vegetable Intake (as consumed) in a Day by Sex and Age (1977-1978)

Age (yr) Per Capita Intake Percent of Population Using Intake (g/day) for Users Only"
(g/day) Vegetables in a Day
Males and Females .
I and under 76 62.7 121
1-2 91 78.0 116
35 100 79.3 126
6-8 136 843 161
Males .
9-11 138 83.5 165
12-14 184 84.5 217
15-18 216 859 251
19-22 226 84.7 267
2134 248 88.5 280
35-50 261 86.8 300
51.64 285 90.3 316
65-74 265 . 88.5 300
75 and over 264 936 281
9-11 139 83.7 166
12-14 154 84.6 183
15-18 178 83.8 212
19-22 184 8i.1 227
23.34 187 84.7 221
35-50 187 84.6 221
51-64 229 - 89.8 255
65-74 221 87.2 253
78 & over 198 ’ 88.1 226
All Ages 201 85.6 235

: Based on USDA Nationwide Food Consumption Survey (1977-1978) data for one day.
» Intake for users only was calculated by dividing the per capita intake rate by the fraction of the population using vegetables in a day.
Seurce: USDA, 1980, :

Table 9-13. Mean Total Vegetable Intake (as consumed) in a Day by Sex and Age (1987-1988)"
Percent of Population Using Vegetables in 1

Age (vr) Per Capita Intake (g/day) Day Intake (g/day) for Users Only®
Males and Females
S and under 81 74.0 109
Males
6-11 129 86.8 149
12-19 173 852 203
20 and over 232 85.0 273
Females '
6-11 129 80.6 ‘ 160
12-19 129 75.8 170
20 and over 183 ) 82.9 ) 221
Males and Females
All Ages 182 82.6 220

* Based on USDA Nationwide Food Consumption Survey (1987-1988) data for one day.
v Intake for users only was calculated by dividing the per capita intake rate by the fraction of the population using vegetables in a day.

Source: USDA, 1992b,

Page Exposure Factors Handbook
9-30 ‘ - August 1996




Volume II - Food Ingestion Falctors '

Chapter 9 - Intake of Fruits and Vegetables

Table 9-14. Mean and Standard Error for the Per Capita Daily Intake of
Food Class and Subclass by Region (g/day as consumed)

US population - Northeast North Central ‘ South . West

Total Produce 282635 270.6 6.9 . 2824267 2807256 - 303.1:82
Leafy* ‘ 39.2+0.8 38.1x15 © 37015 384=x12 45318
Exposed® 86015 . 88530 87829 76924 955=36
Protected® 1504 +2.3 1372245 150.1 4.3 160.1 £3.6 ‘ 152553
Other 7.0£03 6906 7305 54204 98207

TotalGrain - 2000£3.0 203558 1928556 2022447 202.6 +6.9
Breads 147314 153.1+£2.38 1509 +2.7 143923 1395+33
Cereals 29913 246+25 287+24 ‘ 34.6£2.0 309230
Other 22917 259133 13332 237 %27 32.i x40

Produce belonging to this category include: cabbage, caulifiower, brbccoli celery, lettuce, and spinach.
b Produce belonging to this category include: apples, pears, berries, cucumber, squash, grapes, peaches, apricots, plums, prunes, strmg beans,
pea pods, and tomatoes.

¢ Produce belonging to this category mclude carrots, beets, turnips, parsnips, citrus fruits, sweet corn, legumes (peas beans etc.), melons,

onion, and pola(oes

NOTE: ° Northeast = Maine, New Hampshire, Vermont, Massachusetts, Connecticut, Rhode Island, New York, New Jersey, and Pennsylvania.

North Central = Ohio, Illmoxs. Indmna, Wisconsin, Michigan, Minnesota, lowa, Missourt, North Dakota, South Dakota, Nebraska
and Kansas.

South = Maryland, Delaware, District of Columbia, Virginia, West Vu'gmm, North- Carolma. South Carolma Georgia, Flonda
Kentucky, Tennessee, Alabama, Mississippi, Arkansas, Louisiana, Texas, and Oklahoma.

West = Montana, Idaho, Wyommg, Utah Colorado, New Mexico, Arizona, Nevada, Washington, Oregon and California. *

Source: U.S. EPA, 1984b.
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Chapter 9 - Intake of Fi ruits and Vegetables

Table 9-16. Consumption of Foods (g dry weight/day) for Different Age Groups and
Estimated Lifetime Average Daily Food Intakes for a US Citizen
(averaged across sex) Calculated from the FDA Diet Data

Age (in years) i
Estimated® lifetime

©-n 1-5) (6-13) (14-19) (20-44) (45-70)
Potatoes 5.67 10.03 14.72 19.40 17.28 14.79 ' 15.60
Leafy Veg. 0.84 0.49 0.85 . 122 2.16 2.65 1.97
Legume Veg. 3.81 4.56 6.51 8.45 9.81 9.50 8.75
Root Veg. 3.04 0.67 1.20 1.73 1.77 1.64 1.60
Garden fruits 0.66 1.67 2.57 3.47 4.75 -4.86 4.15
Peanuts 0.34 2.2t 2.56 2.91 2.43 '1.91 2.25
Mushrooms 0.00 0.0t 0.03 0.04 0.14 0.06 0.0%
Veg. Oils o 27.62 17.69 27.54 37.04 37.20 27.84 31.24

* The estimated lifetime dietary intakes were estimated by:

Estimated lifetime = IR(0-1) + Syrs * IR (1-5) + 8 yrs * IR (6-13) + 6 vis * IR (14-19) + 25 yrs * IR (20-44) + 25 yrs * IR (45-70)
70 years

where IR = the intake rate for a specific age group.
Source: U.S. EPA, 1989.

. Table 9-17. Mean Daily Intake of Foods (Grams) Based on the Nutrition Canada Dietary Survey*
Fruit and Vegetables Not Nuts and
Age (yrs) Sample Size Fruit Products Including Potatoes Potatoes Legumes
Males and Females ‘ . . : ‘ ‘
14 1031 258 56 75 6
5-11 1995 312 83 110 13
Males .
12-19 1070 237 94 " 185 20
20-39 999 244 155 189 15
40-64 1222 194 134 131 15
65+ 881 165 118 124 8
Females . )
12-19 1162 ' 237 97 115 i5
2039 1347 204 134 99 8
40-64 . 1500 239 136 79 10
65+ 818 . 208 103 80 5
Pregnant Females
- ___T169 301 156 114 15
: Report does not specify whether means were calculated per capita or for consumers only. The reported values are consistent with the as
‘consumed intake rates for consumers only reported by USDA (1980).
Source: Canadian Department of National Health and Welfare. n.d.
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.. Table 9-18. Per Capita consumption of Fresh Fruits and Vegelablt,s in 1991*
Fresh Fruits - . S - . . Fresh Vegetables )
Per Capita Consumption : Per Capita Consumption
Food ltem (gfday)r. . .| . . .. Foodlten s e (p/day)®
Citrue Artichokes 0.62
Oranges (includes Temple oranges) 102 Asparagus 0.75
Tangerines and Tangelos 1.6 Snap Beans 1.4
Lemons 3.1 Broccoli ) 35
Limes 0.9 Brussel Sprouts 0.4
Grapefruit 7.1 Cabbage 9.5
Total Fresh Citrus 229 Carrots ) 9.0
Cauliflower 2.2
Noncitms ) 21.8 Celery 7.8
Apples 0.1 Sweet Corn 6.6
Apricots 1.7 Cucumber 5.2
Avocados 312 Eggplint 0.5
Bananas 0.5 Escarole/Endive 0.3
Cherries 04 Garlic 1.6
Cranberries 82 Head Lettuce 30.2
Grapes 05 Onions 18.4
Kiw Fruit 1.0 Bell Peppers 5.8
Mangoes 7.6 Radishes 0.6
Peaches & Nectarines 3.7 Spinach 0.9
Pears 22 Tomatoes 16.3
Pincapple 0.3 Total Fresh Vegetables 126.1
Papayas 1.7
Plums and Prunes 4.1
Strawberries 85.0
Total Fresh Noncitrus 107.7
Total Fresh Fruits ‘ . ) L
* Based on retail-weight cquwalem Includes imports; excludes exports and foods grown in home gardens. Data for 1991 used.
* QOriginal data were presented in 1bs/yr; data were converted to glday by multxplymg by a factor of 454 g/lb and dmdmg by 365 days/yr.
Source: USDA, 1993b. e .
Page : Exposure Factors Handbook
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Volume II - Food Ingestion Factors

Chapter 9 - Intake of Fruits and Végetables

Table 9-19. Mean Moisture Content of Selected Fruus Vegetables, and Grains Exprcsscd
As Percentages of Edible Portions
Food Moisture Content (Percent) . - - Comments
Raw Cooked .
Apples - dried i i ‘ 31.76 84.13* sulfured; *without added sugar
iApples ~ . 83.93* 84.46%* *with skin; **without skin
Apples - juice ) - 87.93 canned or bottled
JApplesauce : ) 88.35% *unsweetened
Apricots 86.35 86.62*% *canned juice pack with skin
Apricots - dried 31.09 85.56* sulfured; *without added sugar
[Bananas ) 74.26 . ‘
Blackberries 85.64
Blueberries 84.61 . 86.59* *frozen unsweetened
[Boysenberries : ’ 85.90 . frozen unsweetened
Cantaloupes - unspecxf ied ‘ 89.78 : ‘ ‘
Casabas o ' . 91.00 - . .
Cherries - sweet =~ ' . 80.76 ' 84.95% *canned, juice pack
Crabapples ) - 78.94
Cranberries . : . 86.54
Cranberries - juice cocklall 85.00 ‘ " bottled
* fCurrants (red and white) 83.95
Elderberries : 79.80
Grapefruit 90.89
Grapefruit - juice 90.00 90.10* *canned unsweetened
Grapefruit - unspecified 90.89 C pink, red, white
Grapes - fresh ' : 81.30 American type (slip skin)
Grapes - juice . 84.12 canned or bottled
Grapes - raisins C15.42 seedless
Honeydew melons ' : 89.66
ﬁ?Wi fruit 83.05
umquats 81.70
L_emons - juice i 90.73 . 92.46% *canned or bottled
I emons - peel ! 81.60 ‘ : ‘
Lemons - pulp 88.98 '
_imes - juice 90.21 92.52* *canned or bottled
L_imes - unspecified 88.26
I_oganberries 84.61
Mulberries " 87.68
[Nectarines 86.28
Oranges - unspecified 86.75 all varieties
[Peaches . 87.66 . 87.49* " *canned juice pack
Pears - dried 26.69 64.44* sulfured; *without added sugar
[Pears - fresh 83.81 86.47* *canned juice pack
[Pineapple : 86.50 83.51* “*canned juice pack
iPineapple - juice : ) - 85.53 canned
Plums ' ‘ 85.20
Quinces 83.80 ’
Raspberries 86.57 .
Strawberries . 91.57 89.97* "*frozen unsweetened
Tangerine - juice 88.90 87.00* *canned sweetened
[Tangerines 87.60 89.51* : *canned juice pack
'Watermelon : 91.51 '
Vegetables . ’
Alfalfa 'sprouts 91.14 )
Artichokes - globe & French 84.38 86.50 boiled, drained
Artichokes - Jerusalem 78.01 ’ ‘
Exposure Factors Handbook - - Page
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Chapter 9 - Intake of Fruits and Vegetables

Table 9-19. Mean Moisture Content of Selected Fruits, Vegetables, and Grains Expressed
As Percentages of Edible Portions
Food Moisture Content (Percent) Comments
Raw Cooked

Asparagus 92.25 92.04 boiled, drained
Bamboo shoots 91.00 95.92 boiled, drained
Beans - dry

[Beans - dry - blackeye peas (cowpeas) 66.80 71.80 boiled, drained
Beans - dry - hyacinth (mature seeds) ' 87.87 86.90 boiled, drained
[Bears - dry - navy (pea) 79.15 76.02. . boiled, drained
Beans - dry - pinto . 81.30 ‘ 93.39 boiled, drained
Hcans - lima 70.24 67.17 boiled, drained
Heans - snap - ltalian - green - yellow ’ 90.27 ‘ 89.22 boiled, drained
Beets . 87.32 90.90 boiled, drained
Beets - tops (greens) 92.15 89.13 boiled, drained
Broceoli 90.69 90.20 boiled, drained
Brussel sprouts 86.00 87.32 boiled, drained
[Cabbage - Chinese/celery,

including bok choy 95.32. 95.55 boiled, drained

Cabbage - red 91.55 93.60 boiled, drained
(Cabbage - savoy 91.00 92.00 boiled, drained
Karrots 87.79 87.38 boiled, drained
(Cassava (yucca blanca) 68.51

Cauliflower 92.26 92.50 boiled, drained
Celeriac 88.00 92.30 boiled, drained
Celery 94.70 95.00 . boiled, drained
¥ hili peppers 87.74 © - 92.50% *canned solids & liquid
f taves 92.00 ) ‘
Foole slaw 81.50

Follards 93.90 95.72 boiled, drained
Corn - sweet 75.96 69.57 boiled, drained
KCress - garden - field 89.40 92.50 boiled, drained
Cress - garden 89.40 92.50 boiled, drained
Cucumbers 96.05 o

Dandelion - greens 85.60 89.80 boiled, drained
Eggplant 91.93 91.77 boiled, drained
Endive 93.79

Garlic 58.58 .
Egalc 84.46 91.20 C boiled, drained
Kohlrabi 91.00 90.30 boiled, drained
Lambsquarter 84.30 88.90 . boiled, drained
L ceks 83.00 90.80 boiled, drained
Lentils - whole 67.34 68.70 stir-fried
lcttuce - iccberg 95.89

1 eftuce - romaine 94.91

™Mung beans (sprouts) 90.40 93.39 boiled, drained
Mushrooms 91.81 91.08 boiled, drained
Mustard greens 90.80 94.46 boiled, drained
K Jkra 89.58 89.91 boiled, drained
Fonions 90.82 92.24 boiled, drained
Onions - dehydrated or dried 3.93

Parslcy 88.31

Parsley roots 88.31

Parsnips ©79.53 77.72 boiled, drained
Peas (garden) - mature seeds - dry 88.89 88.91 boiled, drained
Peppers - sweet - garden 92.77 94,70 boiled, drained
Potatocs (whitc) - peeled 78.96 75.42 baked

Page Exposure Factors Handbook
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Volume Il - Food Ingestion Factors

Chapter 9 - Intake of Fruits and Vegetables

Table 9-19. . Mean Moisture Content of Seiected Fruits, Vegetables, and Grains Expressed
As Percentages of Edible Portions
Food -~ . Moisture Content (Percent) ) ~ Comments
Raw . Cooked ‘

Potatoes (white) - whole . - 83.29 - 71.20 baked
Pumpkin o 91.60 93.69 boiled, drained
Radishes - roots . ‘ 94.84 : ' ) : L
Rhubarb . o 93.61 67.79 frozen, cooked with added sugar :
Rutabagas - unspecified . 89.66 90.10 ‘boiled, drained
Salsify: (oyster plant) : 71.00 81.00 boiled, drained
Shallots 79.80 :
Soybeans - sprouted seeds 69.05 79.45 steamed
Spinach 91.58 91.21 boiled, drained
Squash - summer . 93.68 93.70 all varieties; boiled, drained
Squash - winter 88.71 89.01 all varieties; baked
Sweetpotatoes (including yams) 72.84 71.85 baked in skin
Swiss chard 92.66 92.65 boiled, drained
Tapioca - pearl 10.99 dry
Taro - greens 85.66 19215 steamed
Taro - root . 70.64 . . 63.80 .
Tomatoes - juice -~ . 93.90 canned
Tomatoes - paste ) 74.06 canned
[Tomatoes - puree * "87.26 canned
[fomatoes - raw 93.95 )
[Tomatoes - whole ) 93.95 1 92.40 boiled, drained
Towelgourd 93.85 84.29 boiled, drained
[Turnips - roots  ~ 91.87 93.60 boiled, drained
[Turnips - tops . 91.07 93.20 boiled, drained
[Water chestnuts 73.46
[Yambean - tuber . . 89.15 87.93 ) boiled, drained
Grains ‘ . .
Barley - pearled 10.09 68.80
Corn - grain - endosperm 10.37
Corn - grain - bran 3.71 ’ crude

illet 8.67 71.41
E\m ) 8.22

ice - rough - white . 11.62 ©68.72
[Rye - rough 10.95 .
Rye - flour - medium 9.85
Sorghum (including milo) 9.20
Wheat < rough - hard white 9.57
(Wheat - germ 11.12 crude
[Wheat - bran 9.89 crude
(Wheat - flour - whole grain 10.27
Source: USDA, 1979-1986.

Exposure Factors Handbook ‘ . o o | L Page
August1996 . o o o i 9-37




" Volume II - Food Ingestion Factors

Chapter. 9 - Intake of Fruits and Vegetables

paie8ai33esip
spooj xopdwoo ‘sdroi3 pooj snorsep

sonposd
Ayea] pue ‘paroajord ‘pasodxyg

sdnoi§ pooj snotsep

_ $3]qe1a8aa (101 pue SHLY [RIO],

paredaad3estp atom sdnoad pooy
x3[dwos ‘patuasaud sajqeradoa pue
St JO K19LIRA SPIM B JOJ INRIU]

..muEswo_
pue sinu pue sso1eiod Sutpajaur tou
$91qe1a8s4 *s1onpoid 1y pue g

"9IBAYOS JSIYD
Butsn saiqeiadaa 0§ suonnquisiq

Wdtam £ip *hep/3

pawnsuod se ‘Aep/3

pawmnsuos se ‘Aep/8

patunsuos se ‘Aep/3

paumsuoo se tAep-3y/3

{pawmnsuos se ‘Aep/3

Kep/3

EIEp [T SANVHN pue
‘12P SOAN 8L/LLET,PISN YA 3T
poo Aprig 101(] JBI0] V(I UO paseq

B1ED S [ENDIAIDU]
SOAN SL/LL6T

SUOI1BlO0SSE
aped; pue ‘spoday 991A19G SWOISND
(SSVN) 2314198 SoNSIIEIS [RIMNOLSY
[euotieN ay1 £q papiaoid eiep
uonezifn pue £jddns pooj uo paseg

e1ep axequl [enplalput Kep-|
SOdAN 88/L861 PUE 81/LL61

EIED Syeul [ENpIAIPUL Kep-¢
SDAN 8LILL6!

J{eoar Aiejaip-

Inoy-pg Uo paseq KSAINS 77 -0L61
*yooqpuey] siojoe] ansodxy

31 Jo UOISIAA 6861 Y} Ul papiaoid erep
S34N VAS 8L/LL6T Y1 uO paseg]

ey
Asezip owmiagy patewinsy

endeo Jag

«Jouereaddesip

Pooj,, UO paseq
uondwnsuoo ended Jag

Ao

Jaumsuoo pue endes 1o

(SIOWINSUOIUO pire
sIawmsuod *°91) eided Jad

(ATHO S1aWNSHO)

ende) 104

6861 ‘1SO/vdd 'S

ay861
‘2p861 ‘TYO/VdT ‘SN

€661 ‘VASN

az661 0861 ‘vdsSN

STAA s.¥dd

pu ‘areliom
PUE Hi[e3H] [BUONEN
Jo waweda(] ueipeue)

661 ‘OHIV
STIANLS INVATTIH

Exposure Factors Handbook

s1onpoad jo Jaquinu elep ayeul {enpialpul Kep-¢ papiaoad eiep 3z1s
panwy] e Ao 10§ sazs Sutatag paunsuog se 8 SOAN 8L/LL6T Sutatas Lo s13lUnsuo) 7861 “'1e 10 ord
sat03a1ed
POOJ V(IS?) *salqeiado pue a1es oxemt
siny pajootold pue pasodxa tstuay [enplatput o8esaae Aep-g o paseg  pale[nafed aq ueo eiep Ao eep 111D vasn
pooj [eapiatput tsdnoid pooj Jofejy patnsuod se Aep-8y/3 ‘elep 148D 16/6861  Joumsuod ‘erep ended Sa  16/6861 JO SislEuy vd3
SIIANLS AN
BUETE TN Sy posn) Eie(] JO SaUAY, U] Sune[nale,) Apmg

ut pasy) uofiejndog aung

SoipmIS axe] 9jqmads \ pue UL Jo Arewning ‘0z-6 9jqel,

Page

August 1996

9-38




Volume II - Food Ingestion Factors

Chapter 9 - Intake of Fruits and Vegetables

Table 9-21. Summary of Recommended Values for Per Capita Intake of Fruits and Vegetables and Serving Size

see Table 9-8

see Table 9-8

Mean 95th Percentile Multiplé Percentiles Study
Total Fruit Intake | ) g
3.4 g/kg-day 12 g/kg-day - see Table 9-3 EPA ‘Analysis of CSFII
‘ 1989-91 Data
Total Vegetable Intake :
4.3 g/kg-day 10 g/kg-day see Table 9-4 EPA Analysis of CSFII
' o 1989-91 Data
Individual Fruit and
Vegetables Intake ‘ '
see Table 9-5 see Table 9-5 see Table 9-5 EPA Analysis of CSFII
S - 1989-91 Data
Serving Size

see Table 9-8

Pao et al., 1982

Exposure Factors Handbook B
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Chapter 9 - Intake of Fruits and Vegetables

Table 9-22. Confidence in Fruit and Vegetable Intake Recommendations

Considerations

Rationale

Rating

Study Elements
* Level of peer review

« Accessibility
« Reproducibility

+ Focus on factor of intercst

» Data pertinent to U.S.

* Primary data

» Currency

» Adequacy of data collection
period

» Validity of approach

« Study size

» Representativeness of the

population
» Characterization of variability

» Lack of bias in study design
(high rating is desirable)
* Measurement error

Other Elements
« Number of studies

« Agreement between researchers

Overall Rating

USDA CSFII survey receives high level of peer

review. EPA analysis of these data has not been
peer reviewed outside the Agency. (Peer review
will be conducted as part of the peer review of this
Handbook)

CSFII data is publicly available
Enough information is included to reproduce results

Analysis is specifically designed to address food
intake

Data focuses on the U.S. population

This is new analysis of primary data

Is the most current data publicly available
Survey is designed to collect short-term data.

Survey methodology was adequate
Study size was very large and therefore adequate
The population studied was the U.S. population.

Survey was not designed to capture long term day-
to-day variability. Short term distributions are
provided

Response rate was adequate?

No measurements were taken. The study relied on
survey data. -

1; CSFlI is the most recent data publicly available.
Therefore, it was the only study classified as key
study.

Although the CSFII was the only study classified as
key study, the results are in good agreement with
earlier data.

The survey is representative of U.S. population;
Although there was only one study considered key,
these data are the most recent and are in agreement
with earlier data; the approach used to analyzed the
data was adequate. However, due to the limitations
of the survey design estimation of long-term
percentile values (especially the upper percentiles)
is uncertain.

Medium (This will become a “high”
once the Handbook's peer review is
completed) :

High
High
High

High

High

High

Medium confidence for average values;
Low confidence for long term percentile
distribution

High

High

High

Medium

Medium

N/A
Low

High

High confidence in the average;
Low confidence in the long-term upper
percentiles

Page Exposure Factors Handbook
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- Table 9-23.

Confidence in Fruits and Vegetable Serving Size Recommendations

Considerations

Ration_éle

Rating

Study Elements
. @ Level of peer review

 Accessibility
¢ Reproducibility
¢ ‘Focus on factor of interest

® Data pertinent to U.S.
e Primary data’
¢ Currency

* Adequacy of data collectlon
penod

® Validity of approach
® Study size

¢ Representativeness of the
population

® ‘Characterization of variability

¢ Lack of bias in study design
(high rating is desirable)

e Measurement error

Other Elements
e Number of studies

USDA NFCS survey receives high level of peer
review.

The NFCS data are publicly available
Methodology is clearly explained

Analysis is spemﬁcally designed to address food
- intake

Data focuses on the U.S. population

The study analyzed primary data

The data are old (i.e., 1977-78)

SMey is designed to collect short-term data.

Survey methodology was adequate
Study size was very large and therefore adequate
The population studied was the U.S. population.

Survey was not designed to capture long term day-

to-day variability. Short term distributions are
provided

Response rate was adequate

No measurements were taken The study relied on

survey data.

1

s Agreement between researchers

Although serving size data may have been collected

High

High
High
High

High

High

Low
Medium

High
High
High

in other surveys, they have not been reported in any
other study.

The survey is representanve of U.S. populatlon the
approach used to analyzed the data was adequate..
However, due to the limitations of the survey
design estimation of long-term percentile values
(especially the upper percentiles) is uncertain.

Overall Rating

Exposure Factors Handbook
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- Chapter 9 - Intake of Fruits and Vegetables

APPENDIX 9A

Calculations Used in the 1989/91 CSFII Analysis to Correct for Mixtures
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Volume II - Food Ingestion Factors

Chapter 9 - Intake of Fruits and Vegetables

APPENDIX 9A
Calculations Used in the 1989/91 CSFII Analysns to Correct for Mlxtures

Distributions of intake for various food groups were generated for the food/items groups using the USDA 1989/91
CSFII data set as desctibed in Sections 9.2.2. and 11.1.2. However, several of the food categories used did not include
meats, dairy products, and vegetables that were eaten as mixtures with other foods. Thus, adjusted intake rates were
calculated for food items that were identified by USDA (1995) as comprising a significant portion of grain and meat
mixtures. To account for the amount of these foods consumed as mixtures, the mean fractions of total meat or grain
mixtures represented by these food items were calculated (Table 9A-1) using Appendix C of USDA (1995). Mean
values for all individuals were used to calculate these fractions. These fractions were multiplied by each individual's
intake rate for total meat mixtures or grain mixtures to calculate the amount of the individual's food mixture intake that
can be categorized into one of the selected food groups. These amounts were then added to the total intakes rates for
meats, grains, total vegetables, tomatoes, and white potatoes to calculate an individual's total intake of these food groups,
as shown in the example for meats below.

= (R, . * FR

gr mixtures meai/gr)

+ (R = . * FR

mt mixtures meat/mt) .

+ (IR

meul)

meat -adjusted

where:

IR ot agjusted adjusted individual intake rate for total meat;
mixiures = individual intake rate for grain mixtures;

IR, mixuures = individual intake rate for meat mixtures;

IR, = individual intake rate for meats;

Freav: = fraction of grain mixture that is meat; and

Frocaum = fraction of meat mixture that is meat.

Population distributions for mixture-adjusted intakes were based on adjusted intake rates for the population of interest.

Table 9A-1. Fraction of Grain and Meat Mixture Intake Repres«.nted by
Various Food Items/Groups

Grain Mixtures

‘total vegetables ' 0.2360
tomatoes ‘ 0.1685
white potatoes 0.0000
‘total meats ) - 0.0787
beef 0.0449
pork i 00112
poultry ' . : 0.0112
dairy 0.1348
total grains 0.3146
Meat Mixtures
total vegetables ’ 0.2778
tomatoes - 0.1111
white potatoes 0.0333
total meats ' 0.3556
beef © 0.2000
pork ) 0.0222
poultry : 0:0778
dairy 0.0556
total grains ' 0.1333
Exposure Factors Handbook‘ o ‘ o . Page
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APPENDIX 9B

Food Codes and Definitions Used in Analysis
~ of the 1989/91 USDA CSFII Data
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Volume II - Food Ingestion Factors

Chapter 9 - Intake of Fruits and Vegetables

Appendix 9B. Food Codes and Definitions Used in Analysis of the 1989/91 USDA CSFII Data

Rl

Food Food Codes
Product - .
o . --MAJOR FOOD GROUPS
Total Fruits 6-  Frits (includes baby foods)
citrus fruits and juices
dried fruits
other fruits
fruits/juices & nectar
fruit/juices baby food i
Total | 7-  Vegetables (all forms) 411- Beans/legumes
Vegetables white potatoes & PR starchy 412- Beansflegumes
dark green vegetables 413- Beans/legumes
deep yellow vegetables (includes baby foods; mxx(ures mostly vegetables; does not
tomatoes and tom. mixtures include nuts and seeds)
other vegetables
veg. and mixtures/baby food
veg. with meat mixtures
Total Meats 20- Meat, type not specified (excludes meat, poultry, and fish with non-meat items; frozen
21- Beef plate meals; soups and gravies with meat, poultry and fish base;
22- Pork and gelatin-based drinks; includes baby foods)
23- Lamb, veal, game, carcass meat '
24- Poultry
25- _Organ meats, sausages, lunchmeats, meat spreads
Total Dairy 1-  Milk and Milk Products (includes regular fluid milk, human milk, imitation mitk products,
milk and milk drinks yogurt, milk-based meal replacements, and infant formulas)
cream and cream substitutes
milk desserts, sauces, and gravies
cheeses
INDIVIDUAL FOODS
White 71-  White Potatoes and PR Starchy Veg. (does not include vegetables soups; vegetable mixtures; or
Potatoes baked, boiled, chips, sticks, creamed, scalloped, au gratin, vegetable with meat mixtures)
fried, mashed, stuffed, puffs, salad, recipes, soups, Puerto
Rican starchy vegeta_bles
Peppers 7512100 Pepper, hot chili, raw 7522606  Pepper, red, cooked, fat added
7512200 Pepper, raw 7522609  Pepper, hot, cooked, NS as to fat added
7512210 Pepper, sweet green, raw 7522610 Pepper, hot. cooked, fat not added
7512220  Pepper, sweet red, raw 7522611 Pepper, hot, cooked, fat added
7522600 Pepper, green, cooked, NS as to fat added 7551101  Peppers, hot, sauce
7522601  Pepper, green, cooked, fat not added 7551102 Peppers, pickled
[ 7522602  Pepper, green, cooked, fat added 7551105  Peppers, hot pickled
7522604  Pepper, red, cooked, NS as to fat added (does not include vegetable soups; vegetable mixtures; or
7522605  Pepper, red, cooked, fat not added vegetable with meat mixtures)
Onions 7510950 Chives, raw 7522102  Onions, mature cooked, fat added
7511150 Garlic, raw 7522103  Onions, pearl cooked
7511250 Leek, raw 7522104  Onions, young green cooked, NS as to fat
7511701  Onions, young green, raw 7522105 Onions, young green cooked, fat not added
7511702  Onions, mature 7522106  Onions, young green cooked, fat added
7521550 Chives, dried 7522110 Onion, dehydrated
7521740  Garlic, cooked 7541501  Onions, creamed
7521840 Leek, cooked 7541502  Onion rings
7522100  Onions, mature cooked, NS as to fat added (does not include vegetable soups; vegetable mixtures; or
7522101 _ Onions, mature cooked. fat not added vegetable with meat mlxlurcs)
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Com 7510960 Corm, raw 7521621  Corn, cooked, white/fat not added
7521600 Com, cooked, NS as to color/fat added 7521622 Com, cooked, white/fat added
7521601 Com, cooked, NS as to color/fat not added 7521625 Corn, white, cream style
7521602 Corn, cooked, NS as to color/fat added 7521630 Corn, yellow, canned, low sodium, NS fat
7521605 Com, cooked, NS as to color/cream style 7521631 Com, yell., canned, low sod., fat not add
7521607 Corn, cooked, dried 7521632 Com, yell., canned, low sod., fat added
7521610 Corn, cooked, yellow/NS as to fat added 7521749  Hominy, cooked
7521611 Cormn, cooked, yellow/fat not added 752175-  Hominy, cooked
7521612 Com, cooked, yellow/fat added 7541101  Corn scalloped or pudding
7521615 Corn, yellow, cream style 7541102 Com fritter
7521616 Com, cooked, yell. & wh./NS as to fat 7541103 Corn with cream sauce
7521617 Com, cooked, yell. & wh./fat not added 7550101 Comn relish
7521618 Corn, cooked, yell. & wh./fat added 76405- Corn, baby
7521619  Com, yellow, cream style, fat added ~ (does not include vegetable soups; vegetable mixtures; or
7521620 Com, cooked, white/NS as to fat added vegetable with meat mixtures; includes baby food)
Apples 6210110 Apples, dried, uncooked 6310141  Apple rings, fried
6210115  Apples, dried, uncooked, low sodium 6310142  Apple, pickled
6210120 Apples, dried, cooked, NS as to sweetener 6310150 Apple, fried
6210122  Apples, dried, cooked, unsweetened 6340101 Apple, salad
6210123  Apples, dried, cooked, with sugar 6340106  Apple, candied
6210130  Apple chips 6410101  Apple cider
6310100 Apples, raw 6410401  Apple juice
6310111  Applesauce, NS as to sweetener 6410405  Apple juice with vitamin C
6310112  Applesauce, unsweetened 6410409  Apple juice with calcium
6310113  Applesauce with sugar 6710200 Applesauce baby fd., NS as to str. or jr.
6310114 Applesauce with low caloric sweetener 6710201  Applesauce baby food, strained
6310121  Apples, cooked or canned with syrup 6710202  Applesauce baby food, junior
6310131  Apple, baked NS as to sweetener ‘ © 6720200 Apple juice, baby food
6310132  Apple, baked, unsweetened (includes baby food; except mixtures)
6310133 Apple, baked with sugar
Tomatoes 74- Tomatoes and Tomato Mixtures
raw, cooked, juices, sauces, mixtures, soups, sandwiches
Snap Beans 7510180 Beans, string, green, raw 7520602 Beans, string, cooked, yellow/fat
7520498  Beans, string, cooked, NS color/fat added 7540301 Beans, string, green, creamed
7520499  Beans, string, cooked, NS color/no fat 7540302 Beans, string, green, w/mushroom sauce
7520500 Beans, string, cooked, NS color & fat 7540401  Beans, string, yellow, creamed
7520501 Beans, string, cooked, green/NS fat 7550011 Beans, string, green, pickled
7520502 Beans, string, cooked, green/no fat 7640100 Beans, green, string, baby
7520503  Beans, string, cooked, green/fat 7640101  Beans, green, string, baby, str.
7520511 Beans, str., canned, low sod.,green/NS fat 7640102  Beans, green, string, baby, junior
7520512 Beans, str., canned, low sod.,green/no fat 7640103  Beans, green, string, baby, creamed
7520513 Beans, str., canned, low sod.,green/fat (does not include vegetable soups; vegetable mixtures; or
7520600 Beans, string, cooked, yellow/NS fat vegetable with meat mixtures; includes baby foods)
7520601 Beans, string. cooked, yellow/no fat
Beef 21~ Beef (excludes meat, poultry, and fish with non-meat items; frozen
beef, nfs plate meals; soups and gravies with meat, poultry and fish base;
beef steak and gelatin-based drinks; includes baby food)
beef oxtails, neckbones, ribs
roasts, stew meat, cormed, briske?, sandwich steaks
ground beef, patties, meatballs
other beef items
beef baby food
Page Exposure Factors Handbook
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Food Food Codes

Product

Pork 22- Pork (excludes meat, poultry, and fish with non-meat items: frozen
pork, nfs; ground dehydrated plate meals; soups and gravies with meat, poultry and ﬁsh base;
chops and gelatin-based drinks; includes baby food)
steaks, cutlets
ham
roasts
Canadian bacon
bacon, salt pork
other pork items
pork baby food

Game 233- Game (excludes meat, poultry, and fish with non-meat items; frozen

plate meals; soups and gravies with meat, poultry and fish base;
and selatin-based drinks) ‘

Poultry 24- Poultry (excludes meat, poultry, and fish with non-meat items; frozen
chicken plate meals; soups and gravies with meat, poultry and fish base;
turkey and gelatin-based drinks; includes baby food)
duck
other poultry
poultry baby food

Eggs 3-  Eggs (includes baby foods)

‘eggs
egg mixtures
egg substitutes
eggs baby food
froz. meals with ege as main ingred.

Broccoli 722- Brocceoli (all forms) (does not include vegetable soups; vegetable mixtures; or

vegetable with meat mixtures)
Carrots 7310- Carrots (all forms) (does not include vegetable soups; vegetable mixtures; or
7311140 Carrots in Sauce vegetable with meat mixtures; includes baby foods except
7311200 Carrot Chips mnixtures)
76201- Carrots, baby )

Pumpkin 732- Pumpkin (all forms) (does not include vegetable soups; vegetables mixtures; or
733- Winter squash (all forms) vegetable with meat mixtures; inciudes baby foods).
76205- Sqlﬂs_ll: baby

Asparagus 7510080 Aspzu'dgus, raw - (does 1ot include vegetable soups; vegetables mixtures, or

' 75202- Asparagus, cooked vegetable with meat mixtures)

7540101 Asparagus, creamed or with cheese

Lima Beans 7510200 Lima Beans, raw (does not include vegetable soups; vegetable mixtures; or
752040- Lima Beans, cooked vegetable with meat mixtures; does not include succotash)
752041-  Lima Beans, canned i : '
75402- Lima Beans with sauce

Cabbage 7510300 Cabbage, raw 75212- : - Red Cabbage, cooked
7510400 Cabbage, Chinese, raw 752130-  Savoy Cabbage, cooked
7510500 Cabbage, red, raw 75230- Sauerkraut, cooked
7514100 Cabbage salad or colestaw 7540701 Cabbage, creamed
7514130 Cabbage, Chinese, salad 755025-  Cabbage, pickled or in relish
75210- Chinese Cabbage, cooked (does not include vegetable soups; vegetable mixtures; or
75211- ... Green Cabbage, cooked vegetable with meat mixtures)

Lettuce 75113~ Lettuce, raw (does not include vegetable soups; vegetable mixtures; or
75143- ‘Lettuce salad with other veg.' vegetable with meat mixtures)
7514410  Lettuce, wilted, with bacon dressmg -
7522005 Lettuce cooked
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Okra 7522000  Okra, cooked, NS as to fat 7541450  Okra, fried
7522001  Okra, cooked, fat not added 7550700  Okra, pickled
7522002 Okra, cooked, fat added (does not include vegetable soups; vegetable mixtures; or
7522010  Lufta, cooked (Chinese Okra) vegetable with meat mixtures)
Peas 7512000 Peas, green, raw } 7541660 Pea salad with cheese
7512775 Snowpeas, raw . 75417- Peas, with sauce or creamed
75223- Peas, cowpeas, field or blackeye, cooked ~ 76409- Peas, baby
75224- Peas, green, cooked 76411- Peas, creamed, baby
75225- Peas, pigeon, cooked (does not include vegetable soups; vegetable mixtures; or
75231- Snowpeas, cooked vegetable with meat mixtures; includes baby foods except
7541650 Pea salad mixtures)
Cucumbers 7511100 Cucumbers, raw 7550305  Cucumber pickles, fresh
75142- Cucumber salads 7550307 Cucumber, Kim Chee
752167- Cucumbers, cooked 7550311  Cucumber pickles, dill, reduced salt
7550301  Cucumber pickles, dill 7550314  Cucumber pickles, sweet, reduced salt
7550302 Cucumber pickles, relish (does not include vegetable soups; vegetable mixtures; or
7550303  Cucumber pickles, sour vegetable with meat mixtures) '
7550304 Cucumber pickles, sweet .
Beets 7510250 Beets, raw 7550021 Beets, pickled
752080-  Beets, cooked 76403- Beets, baby
752081- Beets, canned (does not include vegetable soups; vegetable mixtures; or
7540501 Beets, harvard vegetable with meat mixtures; includes baby foods except
mixtures)
Strawberries 6322- Strawberries (includes baby food; except mixtures)
6413250  Strawberry Juice . i
{ther Berries | 6320- Other Berries 6410460  Blackberry Juice
6321- Other Berries 64105- Cranberry Juice
6341101  Cranberry salad (includes baby food; except mixtures)
Peaches 62116- Dried Peaches 67108- Peaches ,baby
63135- Peaches 6711450 Peaches, dry, baby
6412203 Peach Juice (includes baby food; except mixtures)
6420501  Peach Nectar
Pears 62119- Dned Pears 67109- Pears, baby
63137 Pears 6711455 ~Pears, dry, baby
6341201  Pecarsalad 6721200 Pear juice, baby
6421501  Pear Nectar (includes baby food; except mixtures)
Page Exposure Factors Handbook
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Food ) Food Codes
Product o N
EXPOSED/PROTECTED FRUITS/VEGETABLES, ROOT VEGETABLES

Exposed '621011-  Apple, dried . o 63143- . Plum -

Fruits 621012- Apple, dried ' 63146- . Quince
6210130  Apple chips ) : 63147+ Rhubarb/Sapodillo
62104- Apricot, dried 632- Berries
62108- " Currants, dried 64101 ‘ Apple Cider,
62110- ) Date, dried 64104- Apple Juice
62116- Peaches, dried 6410409  Apple juice with calcium
62119- Pears, dried 64105- .. Cranberry Juice
62121- Plum, dried 64116- ' Grape Juice
62122- . Prune, dried ' 64122- Peach Juice
62125- } Raisins 64132- - Prune/Strawberry Juice
63101- . Apples/applesauce 6420101  Apricot Nectar
63102- | Wi-apple 64205- Peach Nectar
63103- . Apricots 64215- Pear Nectar .
63111- Cherries, maraschino 67102~ Applesauce, baby
63112- - Acerola 67108- Peaches, baby
63113- Cherries, sour 67109- ) Pears, baby
63115- Chermies, sweet 6711450 Peaches, baby, dry
63117- Currants, raw 6711455 Pears, baby, dry
63123~ ' Grapes 67202- Apple Juice, baby
6312601  Juneberry 6720380 White Grape Juice, baby
63131- . Nectarine ) 67212- Pear Juice, baby }
63135- Peach (includes baby foods/juices except mixtures; excludes
63137- Pear fruit mixtures) o
63139- Persimmons

Protected 61- Citrus Fr., Juices (incl. cit. juice mixtures) 63145- ' Pomegranate

Fruits 62107- : _ Bananas, dried ) 63148- Sweetsop, Soursop, Tamarind
62113~ Figs, dried { ' 63149- Watermelon
62114- Lychees/Papayas, dried 64120- Papaya Juice
62120- . Pineapple, dried 64121- Passion Fruit Juice
62126~ Tamarind, dried : 64124- Pineapple Juice
63105- Avocado, raw 64125- Pineapple juice
63107- Bananas ) 64133- Watermelon Juice
63109- Cantaloupe, Carambola 6420150 Banana Nectar
63110- Cassaba Melon 64202- Cantaloupe Nectar
63119- Figs 64203- Guava Nectar
63121- Genip 64204- Mango Nectar
63125- Guava/Jackfruit, raw 64210~ Papaya Nectar
6312650 Kiwi 64213- Passion Fruit Nectar
6312651 Lychee, raw 64221- Soursop Nectar
6312660 Lychee, cooked 6710503 Bananas, baby
63127- Honeydew 6711500 Bananas, baby, dry
63129- . Mango 6720500 Orange Juice, baby
'63133- ~ Papaya 6721300 Pineapple Juice, baby
63134- Passion Fruit (includes baby foods/juices except mixtures; excludes fruit
63141 Pineapple mixtures)
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Food Food Codes

Product

Exposed 721- Dark Green Leafy Veg. 752167-  Cucumber, cooked

Veg. 722. Dark Green Nonleafy Veg. 752170-  Eggplant, cooked
74- Tomatoes and Tomato Mixtures 752171 Femn shoots
7510050  Alfalfa Sprouts 752172-  Fern shoots
7510075  Anichoke, Jerusalem, raw 752173-  Flowers of sesbania, squash or lily
7510080 Asparagus, raw 7521801 Kohlrabi, cooked
75101- Beans, sprouts and green, raw 75219- Mushrooms, cooked
7510260 Broccoflower, raw 75220- Okra/lettuce, cooked
7510275 Brussel Sprouts, raw 7522116 Palm Hearts, cooked
7510280 Buckwheat Sprouts, raw 7522121 Parsley, cooked
7510300 Cabbage, raw 75226- Peppers, pimento, cooked
7510400 Cabbage, Chinese, raw 75230- Sauerkraut, cooked/canned
7510500 Cabbage, Red, raw 75231- Snowpeas, cooked
7510700 Cauliflower, raw 75232- Seaweed
7510900 Celery, raw 75233- Summer Squash
7510950 Chives, raw 7540050  Artichokes, stuffed
7511100  Cucumber, raw 7540101  Asparagus, creamed or with cheese
7511120 Eggplant, raw 75403- Beans, green with sauce
7511200 Kohirabi, raw 75404- Beans, yellow with sauce
75113- Lettuce, raw 7540601 Brussel Sprouts, creamed
7511500 Mushrooms, raw 7540701 Cabbage, creamed
7511900 Parsley 75409- Cauliflower, creamed
7512100 Pepper, hot chili 75410- Celery/Chiles, creamed
75122- Peppers, raw 75412- Eggplant, fried, with sauce, etc.
7512750  Scaweed, raw 75413- Kohlrabi, creamed
7512775  Snowpeas, raw 75414~ Mushrooms, Okra, fried, stuffed, creamed
15128~ Summer Squash, raw 754180-  Squash, baked, fried, creamed, etc.
7513210 Celery Juice 7541822  Christophine, creamed
7514100 Cabbage or cole slaw 7550011 Beans, pickled
7514130 Chinese Cabbage Salad 7550051  Celery, pickled
7514150  Celery with cheese 7550201  Cauliflower, pickled
75142- Cucumber salads 755025-  Cabbage, pickled
75143~ Lettuce salads 7550301  Cucumber pickles, dill
7514410  Lettuce, wilted with bacon dressing 7550302 Cucumber pickles, relish
7514600 Greek salad 7550303 Cucumber pickles, sour
7514700 Spinach salad 7550304 Cucumber pickles, sweet
7520060 Algae, dried 7550305 Cucumber pickles, fresh
75201- Artichoke, cooked 7550307 Cucumber, Kim Chee
75202 Asparagus, cocked 7550308 Eggplant, pickled
75203- Bamboo shoots, cooked 7550311 Cucumber pickles, dill, reduced salt
752049-  Beans, string, cooked 7550314  Cucumber pickles, sweet, reduced salt
75205- Beans, green, cooked/canned 7550500 Mushrooms, pickled
75206- Beans, yellow, cooked/canned 7550700  Okra, pickled
75207~ Bean Sprouts, cooked 75510- Olives
752085-  Breadfruit 7551101  Peppers, hot
752090-  Brussel Sprouts, cooked 7551102  Peppers,pickled
75210- Cabbage, Chinese, cooked 7551104  Peppers, hot pickled
75211- Cabbage, green, cooked 7551301 Seaweed, pickled
75212~ Cabbage, red, cooked 7553500 Zucchini, pickled
752130-  Cabbage, savoy. cooked 76102- Dark Green Veg., baby
75214~ Cauliflower 76401- Beans, baby (excl. most soups &
75215 Celery, Chives, Christophine (chayote) mixtures)
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Food Food Codes
Product
Protected 732- Pumpkin 752175-  Hominy
Veg. 733- Winter Squash 75223- : Peas, cowpeas, field or blackc,ye cooked
7510200 Lima Beans, raw 75224- Peas, green, cooked
7510550 Cactus, raw 75225- Peas, pigeon, cooked
7510960 Com, raw 75301- Succotash
s 7512000 Peas, raw 75402- Lima Beans with sauce
7520070  Aloe vera juice 75411- Com, scalloped, fritter, with cream
752040-  Lima Beans, cooked 7541650  Pea salad :
752041-  Lima Beans, canned 7541660 Pea salad with cheese
7520829  Bitter Melon 75417- Peas, with sauce or creamed
752083-  Bitter Melon, cooked 7550101  Corn relish -
7520950 Burdock 76205- Squash, yellow, baby
752131-  Cactus 76405- Corn, baby
752160-  Corn, cooked 76409- Peas, baby
752161-  Corn, yellow, cooked 76411- Peas, creamed, baby
752162-  Com, white, cooked {(does not include vegetable soups; vegetable mixtures; or
752163-  Cormn, canned vegetable with meat mixtures)
7521749  Hominy '
Root 71 White Potatoes and Puerto Rican St. Veg. 7522110 Onions, dehydrated -
Vegetables 7310- Carrots . 752220-  Parsnips, cooked
7311140 Carrots in sauce 75227- Radishes, cooked
7311200  Carrot chips 75228- Rutabaga, cooked
734- Sweetpotatoes 75229- Salsify, cooked
7510250 Beets, raw 75234- Turnip, cooked
7511150  Garlic, raw 75235- Water Chesmut
7511180  Jicama (yambean), raw 7540501  Beets, harvard
7511250 Leeks, raw . 75415- Onions, creamed, fried
75117- Onions, raw 7541601  Parsnips, creamed
7512500  Radish, raw : 7541810  Tumips, creamed
7512700 Rutabaga, raw 7550021 Beets, pickled
7512900  ‘Tumip, raw 7550309  Horseradish
752080-  Beets, cooked 7551201  Radishes, pickled
752081-  Beets, canned 7553403  Tumip, pickled
7521362 Cassava 76201- Carrots, baby
7521740  Garlic, cooked 76209~ Sweetpotatoes, baby
7521771 Horseradish 76403- Beets, baby
7521840 Leek. cooked (does not include vegetable soups; vegetable mixtures; or
7521850 Lotus root vegetable with meat mixtures)
752210-  Onions, cooked
USDA SUBCATEGORIES
Dark Green 72- Dark Green Vegetables
Vegetables all forms
leafy, nonleafy, dk. gr. vez. soups
Deep Yellow 73-  Deep Yellow Vegetables
Vegetables all forms
carrots, pumpkin, squash. sweetpotatoes, dp. yell. veg.
Soups
Other 75- Other Vegetables
Vegetables all forms
Citrus Fruits 61- Citrus Fruits and Juices - 6720700  Orange-Pineapple Juice, baby food
6720500 Orange Juice. baby food 6721100 Or.u‘gt. -Apple-Banana Juice, baby food
6720600, _Orange-Apricot Juice, baby food (excludes dried fruits)
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Food Food Codes
Product . :
Other Fruits 62- Dried Fruits ) 67204- Baby Juices

63- Other Fruits 67212- Baby Juices

64- Fruit Juices and Nectars Excluding Citrus . 67213- Baby Juices

671- Fruits, baby 6725- Baby Juice

67202- Apple Juice, baby 673- Baby Fruits

67203- Baby Juices . .. e e e . 674- Baby Fruits

.. MIXTURES
Meat 27- Meat Mixtures (includes frozen plate meals and soups)
Mixtures 28- L e . .
Grain 58- Grain Mixtures (includes frozen plate meals and soups)
Mixtures
'
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10. INTAKE OF FISH AND SHELLFISH
10.1. BACKGROUND

Contaminated finfish and shellfish are potential
sources of human exposure to toxic chemicals. Pollutants
are carried in the surface waters, but also may be stored
and accumulated in the sediments as a result of complex
physical and chemical processes. Consequently, finfish
and shellfish are exposed to these poilutants and may
become sources of contaminated food.

Accurately estimating exposure to a toxic chemical
among a population that consumes fish from a polluted
water body requires an estimation of intake rates of the
caught fish by both fishermen and their families.
Commercially caught fish are marketed widely, making
the prediction of an individual's consumption from a
particular commercial source difficult. Since the catch of
recreational and subsistence fishermen is not "diluted” in
this way, these individuals and their families represent the
population that is most vulnerable to exposure by intake of
contaminated fish from a specific location.

This section focuses on intake rates of fish. Note
that in this section the term fish refers to both finfish and
shellfish. The following subsections address intake rates
for the general population, and recreational and
subsistence fishermen. Data are presented for intake rates
for both marine and freshwater fish, when available. The
available studies have been classified as either key or
relevant based on the guidelines given in Volume I,
Section 1.3. Recommended intake rates are based on the
results of key studies, but other relevant studies are also
presented to provide the reader with added perspective on
the current state-of-knowledge pertaining to fish intake.

Survey data on fish consumption have been
collected using a number of different approaches which
need to be considered in interpreting the survey results.

Generally, surveys are either "creel” studies in which

fishermen are interviewed while fishing, or broader
population surveys using either mailed questionnaires or
phone interviews. Both types of data can be useful for
exposure assessment purposes, but somewhat different
applications and interpretations are needed. In fact, results
from creel studies have often been misinterpreted, due to

inadequate knowledge of survey principles. Below, some

basic facts about survey design are presented, followed by
an analysis of the differences between creel and population
based studies.

The typical survey seeks to draw inferences about
a larger population from a smaller sample of that
population. This larger population, from which the survey
sample is to be taken and to which the results of the

survey are to be generalized, is denoted the target
population of the survey. Inorder to generalize from the
sample to the target population, the probability of being
sampled must be known for each member of the target
population. This probability is reflected in weights
assigned to each survey respondent, with weights being
inversely proportional to sampling probability. When all
members of the target population have the same
probability of being sampled, all weights can be set to one
and essentially ignored.

In a mail or phone study of licensed anglers, the
target population is generally all licensed anglers in a
particular area, and in the studies presented, the sampling
probability is essentially equal for all target population
members. Ina creel study, the target population is anyone
who fishes at the locations being studied; generally, in a
creel study, the probability of being sampled is not the
same for all members of the target population. For
instance, if the survey is conducted for one day at a site,
then it will inciude all persons who fish there daily but
only about 1/7 of the people who fish there weekly, 1/30th
of the people who fish there monthly, etc. In this
example, the probability of being sampled (or inverse
weight) is seen to be proportional to the frequency of
fishing. However, if the survey involves interviewers
revisiting the same site on multiple days, and persons are
only interviewed once for the survey, then the probability
of being in the survey is not proportional to frequency; in
fact, it increases less than proportionally with frequency.
At the extreme of surveying the same site every day over
the survey period with no re-interviewing, all members of
the target population would have the same probability of
being sampled regardless of fishing frequency, implying
that the survey weights should all equal one.

On the other hand, if the survey protoco! calls for
individuals to be interviewed each time an interviewer
encounters them (i.e., without regard to whether they
were previously interviewed), then the inverse weights
will again be proportional to fishing frequency, no matter
how many times interviewers revisit the same site. Note
that when individuals can be interviewed multiple times,
the results of each interview are included as separate
records in the data base and the survey weights should be
inversely proportional to the expected number of times
that an individual’s interviews are included in the data
base.

In the published analyses of most creel studies,
there is no mention of sampling weights; by default all
weights are set to 1, implying equal probability of
sampling. However, since the sampling probabilities in a
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creel study, even with repeated interviewing at a site, are
highly dependent on fishing frequency, the fish intake
distributions reported for these surveys are not reflective
of the corresponding target populations. Instead, those
individuals with high fishing frequencies are given too big
a weight and the distribution is skewed to the right, i.e.,
it overestimates the target population distribution.

Price et. al. (1994) explained this problem and set
out to rectify it by adding weights to creel survey data; he
used data from two creel studies (Puffer et al., 1981 and
Pierce et al., 1981) as examples. Price et al. (1994) used
inverse fishing frequency as survey weights and produced
revised estimates of median and 95th percentile intake for
the above two studies. These revised estimates were
dramatically lower than the original estimates. The
approach of Price et al. (1994) is discussed in more detail
in Section 10.5 where the Puffer et. al. (1981) and Pierce
et al. (1981) studies are summarized.

When the correct weights are applied to survey data
the resulting percentiles reflect, on average, the
distribution in the target population; thus, for example, an
estimated 90 percent of the target population will have
intake levels below the 90th percentile of the survey fish
intake distribution. There is another way, however, of
characterizing distributions in addition to the standard
percentile approach; this approach is reflected in
statements of the form “SO percent of the income is
received by, for example, the top 10 percent of the
population, which consists of individuals making more
than $100,000", for example. Note that the 50th
percentile (median) of the income distribution is well
below $100,000. Here the $100,000 level can be thought
of as, not the 50th percentile of the population income
distribution, but as the 50th percentile of the “resource
utilization distribution” (see Appendix 10A for technical
discussion of this distribution). Other percentiles of the
resource utilization distribution have similar interpreta-
tions; e.g., the 90th percentile of the resource utilization
distribution (for income) would be that level of income
such that 90 percent of total income is received by
individuals with incomes below this level and 10 percent
by individuals with income above this level. This
alternative approach to characterizing distributions is of
particular interest when a relatively small fraction of
individuals consumes a relatively large fraction of a
resource, which is the case with regards to recreational
fish consumption. In the studies of recreational anglers,
this alternative approach based on resource utilization will
be presented, where possible, in addition to the primary

approach of presenting the standard percentiles of the fish
intake distribution.

It has been determined that the resource utilization
approach to characterizing distributions has relevance to
the interpretation of creel survey data. As mentioned
above, most published analyses of creel surveys do not
employ weights reflective of sampling probability, but
instead give each respondent equal weight.  For
mathematical reasons that are explained in Appendix 10A,
when creel analyses are performed in this (equal
weighting) manrer, the calculated percentiles of the fish
intake distribution do not reflect the percentiles of the
target population fish intake distribution but instead reflect
(approximately) the percentiles of the “resource utilization
distribution™. Thus, one would not expect 50 percent of
the target population to be consuming above the median
intake level as reported from such a creel survey, but
instead would expect that 50 percent of the total
recreational fish consumption would be individuals
consuming above this level. As with the example above,
and in accordance with the statement above that creel
surveys analyzed in this manner overestimate intake
distributions, the actual median level of intake in the target
population will be less (probably considerably so) than this
level and, accordingly, (considerably) less than 50 percent
of the target population will be consuming at or above this
level. These considerations are discussed when the results
of individual creel surveys are presented in later sections
and should be kept in mind whenever estimates based on
creel survey data are utilized.

The U.S. EPA has prepared a review of and an
evaluation of five different survey methods used for
obtaining fish consumption data. They are:

®  Recall-Telephone Survey;
®  Recall-Mail Survey;

e  Recall-Personal Interview;
* Diary; and

¢  Creel Census.

The reader is referred to U.S. EPA 1992-Consumption
Surveys for Fish and Shellfish for more detail on these
survey methods and their advantages and limitations.

10.2. KEY GENERAL POPULATION STUDIES
Tuna Research Institute Survey - The Tuna
Research Institute (TRI) funded a study of fish
consumption which was performed by the National
Purchase Diary (NPD) during the period of September,
1973 to August, 1974. The data tapes from this survey
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were obtained by the National Marine Fisheries Service
(NMFS), which later, along with the FDA, USDA and
TRI, conducted an intensive effort to identify and correct
errors in the data base. Javitz (1980) summarized the TRI
survey methodology and used the corrected 'tape to

generate fish “intake distributions for various sub-

populations. :

The TRI survey sample included 6,980 families
who were currently participating in a syndicated national
purchase diary panel, 2,400 additional families where the
head of household was female and under 35 years old; and
210 additional black families (Javitz, 1980). Of the 9,590
families in the total sample, 7,662 families (25,162
individuals) completed the questionnaire, a response rate
of 80 percent. The survey was weighted to represent the
U.S. population based on a number of census-defined
controls (i.e., census region, household size, income,
presence of children, race and age). The calculations of
means, percentiles, etc. were performed on a weighted
basis with each person contributing in proportion to
his/her assigned survey weight.

The survey population was divided into 12 different
sample segments and, for each of the 12 survey months,
data were collected from a different segment. Each survey
household was given a diary in which they recorded, over
a one month period, the date of any fish meals consumed
ard the following accompanying information: the species
of fish consumed, whether the fish was commercially or
recreationally caught, the way the fish was packaged
(canned, frozen fresh, dried, smoked), the amount of fish
prepared and consumed, and the number of servings
consumed by household members and guests. Both meals
eaten at home and away from home were recorded. The
amount of fish prepared was determined as follows

(Javitz, 1980): “For fresh fish, the weight was recorded

in ounces and may have included the weight of the head
and tail. For frozen fish, the weight was recorded in
packaged ounces, and it was noted whether the fish was
breaded or combined with other ingredients (e.g., TV
dinners). For canned fish, the weight was recorded in
packaged ounces and it was noted whether the fish was
canned in water, oil, or with other ingredients (e.g.,
soups)”.

Javitz (1980) reported that the corrected survey
tapes contained data on 24,652 individuals who consumed
fish in the survey month and that tabulations performed by
NPD indicated that these fish consumers represented 94
percent of the U.S. population. - For this population of
“fish consumers”, Javitz (1980) calculated means and
percentiles of fish consumption by demographic variables

(age, sex, race, census region and commuunity type) and
overall (Tables 10-1 through 10-4). The overall mean fish
intake rate among fish consumers was calculated at 14.3
g/day and the 95th percentile at 41.7 g/day.

Table 10-1. Total Fish Consumption by
Demographic Variables®
Intake (g/person/day)

Demographic Category Mean 95th Percentile
Race . .
Caucasian 14.2 412
Black 16.0 45.2
Oriental 21.0 67.3
Other 13.2 2.4
Sex
Female 13.2 38.4
Malc 15.6 44.8
Age (years) . .
0-9 6.2 16.5
10-19 ' 10.1 26.8
20-29 " 14.5 38.3
30-39 15.8 42.9
40-49 17.4 48.1
50-59 20.9 53.4
60-69 : 21.7 55.4
70+ 13.3 39.8
Census Region
New England 16.3 46.5
Middle Atlantic . 16.2 47.8
East North Central 12,9 36.9
West North Centrat 12.0 35.2
South Atlantic 15.2 4.1
East South Central 13.0 38.4
West South Central 14.4 43.6
Mountain : 12.1 32.1
Pacific ‘14.2 39.6
Community Type
Rural, non-SMSA 13.0 . 383
Central city, 2M or more 19.0 55.6
Qutside central city, 2M or more 159 - 47.3
Central city, IM - 2M 15.4 41.7
Outside central city, IM - 2M 14.5 41.5
Central city, 500K - 1M 14.2 41.0
Qutside central city, 500K - IM 14.0 39.7
Outside centrat city, 250K - 500K 12.2 32.1
Central city, 250K - 500K - 14.1 40.5
Central city, 50K - 250K 13.8 43.4
Outside central city, 50K - 250K 11.3 317
Other urban ‘ 13.5 39.2
. The calculations in this table are based on respondents who

consumed fish during the survey month. These respondents are

estimated to represent 94 percent of the U.S. population. .
Source: Javitz, 1980.

As seen in Table 10-1, the mean and 95th percentile
of fish consumption were higher for Asian-Americans as
compared to the other racial groups. Other differences in
intake rates are those between gender and age groups.
While males (15.6 g/d) eat slightly more fish than females
(13.2 g/d), and adults eat more fish than children, the
correspording differences in body weight would probably
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compensate for the different intake rates in exposure
calculations (Javitz, 1980). There appeared to be no large
differences in regional intake rates, although higher rates
are shown in the New England and Middle Atlantic census
regions.

The mean and 95th percemile intake rates by age-
gender groups are presented in Table 10-2. Tables 10-3
and 10-4 present the distribution of fish consumption for
females and males, respectively, by age; these tables give
the percentages of females/males in a given age bracket
with intake rates within various ranges. Table 10-5
presents mean total fish consumption by fish species.

Table 10-2. Mean and 95th Percentile of Fish
Consumpnon (g/day) by Sex and Age*
Total Fish
Age (years) Mean 95th Percentile
Female 0-9 6.1 17.3
10-19 9.0 25.0
20-19 13.4 34.5
30-39 14.9 41.8
40- 49 16.7 49.6
50-59 19.5 50.1
60 - 69 19.0 46.3
70+ 10.7 31.7
Male 0-9 6.3 15.8
10-19 11.2 20.1
20-19 16.1 43.7
30-39 17.0 45.6
40 - 49 18.2 ) 479
50-59 22.8 57.5
60 - 69 24.4 61.1
70+ 15.8 . 45.7
QOverall 14.3 41.7
* The calculations in this table are based upon respondents
wl consumed fish in the month of the survey. These
respondends are estimated to represent 94.0% of the U.S.
population.
Source: Javitz, 1980,

The TRI survey data were also utilized by Rupp et
al. (1980) to generate fish intake distributions for three
age groups (<11, 12-18, and 19+ years) within each of
the 9 census regions and for the entire U.S. Separate
distributions were derived for freshwater finfish, saltwater
finfish and shellfish; thus a total-of 90 (3*3*10) different
distributions were derived, each corresponding to intake
of a specific category of fish for a given age group within
a given region. The analysis of Rupp et al. (1980)
included only those respordents with known age. This
amounted to 23,213 respondents.

Ruftle et al. (1994) used the percentiles data of Rupp
et al. (1980) to estimate the best fitting lognormal

parameters for each distribution. Three methods (non-
linear optimization, first probability plot and second
probability plot) were used to estimate optimal
parameters. Ruffle et al. (1994) determined that, of the
three methods, the non-linear optimization method (NLO)
generally gave the best results. For some of the
distributions fitted by the NLO method, however, it was
determined that the lognormal model did not adequately fit
the empirical fish intake distribution. Ruffle et al. (1994)
used a criterion of minimum sum of squares (min SS) less
than 30 to identify which distributions provided adequate
fits. Of the 90 distributions studied, 77 were seen to have
min SS < 30; for these Ruffle et al. (1994) concluded
that the NLO modeled lognormal distributions are “well
suited for risk assessment”. Of the remaining 13
distributions, 12 had min SS > 30; for these Ruffle at al.
(1994) concluded that modeled lognormal distributions
“may also be appropriate for use when exercised with due
care and with sensitivity analyses”. One distribution, that
of freshwater finfish intake for children < 11 years of age
in New England, could not be modeled due to the absence
of any reported consumption.

Table 10-6 presents the optimal lognormal
parameters, the mean (u), standard deviation (s), and min
SS, for all 89 modeled distributions. These parameters can
be used to determine percentiles of the corresponding
distribution of average daily fish consumption rates
through the relation DFC(p)=exp{u+ z(p)s] where
DFC(p) is the pth percentile of the distribution of average
daily fish consumption rates and z(p) is the z-score
associated with the pth percentile (e.g., z(50)=0). The
mean average daily fish consumption rate is given by
exp{u + 0.5s7].

The analyses of Javitz (1980) and Ruffle et al.
(1994) were based on consumers only, who are estimated
to represent 94.0 percent of the U.S. population. U.S.
EPA estimated the mean intake in the general population
by multiplying the fraction consuming, 0.94, by the mean
among consumers reported by Javitz (1980) of 14.3 g/day;
the resulting estimate is 13.4 g/day. The 95th percentile
estimate of Javitz (1980) of 41.7 g/day among consumers
would be essentially unchanged when applied to the
general population; 41.7 g/day would represent the 95.3
percentile (i.e., 100*[0.95%0.94+0.06]) among the

~ general population.

Advantages of the TRI data survey are that it was a
large, nationally representative survey with a high
response rate (80 percent) and was conducted over an
entire year. In addition, consumption was recorded ina
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Table 10-5. Mean Total Fish Consumption by Species®
Mean consumption Mean consumption
Specics (g/day) . Species (g/day)
Not reported ' 1.173 Mullet® 0.029
Abalone 0.014 Oysters® : 0.291
Anchovies 0.010 Perch (Freshwater)® 0.062
Bass* 0.258 Perch (Marine) 0.773
Blucfish 0.070 Pike (Marine)® 0.154
Bluegills® 0.089 Poliock 0.266
Bonito* 0.035 Pompano 0.004
Buffalofish 0.022 Rockfish 0.027
Butterfish 0.010 Sablefish 0.002
Carp® 0.016 Salmon® 0.533
Catfish (Freshwater)® 0.292 Scallops® 0.127
Catfish (Marine)® 0.014 Scup® 0.014
Clams® 0.442 Sharks 0.001
Cod 0.407 Shrimp® 1.464
Crab, King 0.030 Smelt® 0.057
Crab, other than King® 0.254 Snapper 0.146
Crappic® 0.076 Snook® 0.005
Croaker® 0.028 Spot® 0.046
Dolphin® 0.012 Squid and Octopi 0.016
Drums 0.019 Sunfish 0.020
Flounders® LA Swordfish 0.012
Groupers 0.026 Tilefish 0.003
Haddock 0.399 Trout (Freshwater)® 0.294
Hake 0.117 Trout (Marine)® 0.070
Halibut* 0.170 Tuna, light 3.491
Herring 0.224 Tuna, White Albacore 0.008
Kingfish 0.009 ‘Whitefish® 0.141
Lobster (Northern)* . 0.162 Other finfish® 0.403
Lobster (Spiny) 0.074 Other shelifish® 0.013
Mackerel, Jack 0.002
Mackerel, other than Jack 0.172
*  The calculations in this table are based upon respondems who consumed fish during the month of the survey. These respondents are
estimated to represent 94.0% percent of the U.S. population.
N Designated as freshwater or estuarine species by Stephan (1980).
Source; Javitz, 1980. ]

Page ) Exposure Factors Handbook
10-6 . v August 1996




Volume II - Food Ingestion Factors

Chapter 10 - Intake of Fish and Si.ellfish

Table 10-6. Best Fits of Lognormal Distributions Using the NonLinear Optimization (NLO) Method

Adults Teenagers Children

Shellfish : .

% ‘ . 1.370 <0.183 0.854

4] 0.858 1.092 0.730

{min SS) 27.57 1.19 16.06
Finfish (freshwater) '

u 0.334 0.578 -0.559

¢4 1.183 0.822 1.141

(min SS) 6.45 23.51 2.19
Finfish (saltwater)

u 2.311 1.691 0.881

[ 0.72 0.830 0.970

(min SS) 30.13 0.33 4.31

and percentiles of the DCR distribution.
DCRS0 = exp (u)
DCR90 = exp [u + 2(0.90) - o)
DCR99 = exp [1 + 2(0.99) - 0]
DCR,, = exp [ + 0.5 - 0%
Source: Ruffle et al., 1994,

The following equations may be used thh‘ the appropriate x4 and o values to obtam an average Daily Consumption Rate (DCR), in grams,

daily diary over a one month period; this format should be
more reliable than one based on one-month recall. The
upper percerntiles presented are derived from one month of
data, and are likely to overestimate the corresponding
upper percentiles of the long-term (i.e., one year or more)
average daily fish intake distribution. Similarly, the
standard deviation of the fitted lognormal distribution
probably overestimates the standard deviation of the long-
term distribution. - However, the period of this survey
(one month) is considerably longer than those of many
other consumption studies, including the USDA National
Food Consumption Surveys, which report consumption
over a 3 day to one week period.

Arother obvious limitation of this data base is that
it is now over twenty years out of date. Ruffle et al.
(1994) considered this shortcoming and suggested that one
may wish to shift the distribution upward to account for
the recent increase in fish consumption. Adding
In(1+x/100) to the log mean x will shift the distribution
upward by x percent (e.g., adding 0.22=In(1.25)
increases the distribution by 25 percent). Although the
TRI survey distinguished between recreationally and
commercially caught fish, Javitz (1980),. Rupp et al.
(1980), and Ruffle et al. (1994) (which was based on
Rupp et al., 1980) did not present analyses by this
variable.

USDA, 1989-1991 - Continuing Survey of Food
Intakes by Individuals (CSFII) — The USDA conducts the
CSFII on an ongoing basis. U.S. EPA combined the
CSFII data tapes for.the years 1989, 1990, and 1991 to

create a large data base from which to generate fish intake
estimates.  -Participants in the CSFII provided 3
consecutive days of dietary data. For the first day’s data,
participants supplied dietary recall information to an in-
home interviewer. Second and third day dietary intakes
were recorded by participants. Data collection for the
CSFII started in April of the given year and was
completed in March of the following year.

The CSFII contains 469 fish-related food codes;
survey respondents reported consumption across 284 of
these codes. Respondents estimated the weight of each
food that they consurmed. The fish component (by weight)
of these foods was calculated using data from the recipe
file for release 7 of the USDA’s Nutrient Data Base for
Individual Food Intake Surveys. The amount of fish
consumed by each individual was then calculated by
summing, over all fish containing foods, the product of
the weight of food consumed and the fish component (i.e.,
the percentage fish by weight) of the food.

The recipe file also contains cooking loss factors
associated with each food. These were utilized to convert,
for each fish containing food, the as-eaten fish weight
consumed into an uncooked equivalent weight of fish.
Analyses of fish intake were performed on both an as-
eaten and uncooked basis.

Each (fish-related) food code was assigned by EPA
a habitat type of either freshwater/estuarine or marine.
Food codes were also designated as finfish or shellfish.
Average daily individual consumption (g/day) for a given
fish type-by-habitat category (e.g., marine finfish) was
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calculated by summing the amount of fish consumed by
the individual across the three reporting days for all fish-
related food codes in the given fish-by-habitat category
and then dividing by 3. Individual consumption per day
consuming fish (g/day) was calculated similarly except
that total fish consumption was divided by the number of
survey days the individual reported consuming fish; this
was calculated for fish consumers only (i.e., those
consuming fish on at least one of the three survey days).
The reported body-weight of the individual was used to
convert consumption in g/day to consumption in g/kg-day.
There were a total of 11,912 respondents in the
combined data set who had three-day dietary intake data.
A set of survey weights was assigned to this data set to
make it representative of the U.S. population with respect
to various demographic characteristics related to food
intake.
Analyses of fish intake were performed on an as-
eaten as well as on an uncooked equivalent basis and on a
g/day as well as g/kg-day basis. Table 10-7 gives mean
per-capita fish intake rates (g/day) based on uncooked
equivalent weight by habitat and fish type. The per capita
intake rate of finfish and shellfish from all habitats was
20.1 g/day. Per-capita consumption estimates by species,
as consumed, are shown in Appendix 10C. Table 10-8
displays the mean and various percentiles of the
distribution of total fish intake per day consuming fish, by
habitat. Also displayed is the percentage of the
population consuming fish of the specified habitat during
the three day survey period. Tables 10-9 and 10-10
present similar results as above but on a mg/kg-day basis;
Tubles 10-11 and 10-12 present results in the same format
for fish intake (g/day) on an as-eaten (cooked) basis.

Table 10-7. Per Capita Mean Fish Consumption
Rates (g/day) By Habitat and Fish Type
(Uncooked Fish Weight)
Finfish Shellfish Total
Rate Rate Rate
(90% C.1.) (90% C.1.)  (90% C.L.)
Habitat i
Fresh/Estuarine 35 <32 6.6
(2.9-4.1) 2.7-3.7D (5.9-7.4)
Marinc 12.6 0.8 13.5
(11.6-13.6) (0.7-1.0) (12.4-14.5)
Tutal 16.1 4.0 20.1
(15.0-17.2) (3.4-4.6) (18.8-21.4)
Source: U.S. EPA Analysis of CSFII, 1989-1991

The advantages of this study are its large size, its
relative currency and its representativeness. In addition,

Chapter 10 - Intake of Fish and Shellfish

through use of the USDA recipe files, the analysis
identified all fish-related food codes and estimated the
percent fish content of each of these codes. By contrast,
some analyses of the USDA National Food Consumption
Surveys (NFCS's) which reported per capita fish intake
rates ( e.g., Pao et al., 1982; USDA, 1992a) excluded
certain fish containing foods (e.g., fish mixtures, frozen
plate meals) in their calculations.

Results from the 1977-1978 NFCS survey (Pao et
al., 1982) showed that only a small percentage of
consumers ate fish on more than one occasion per day.
This implies that the distribution presented for fish intake
per day consuming fish can be used as a surrogate for the
distribution of fish intake per (fish) eating occasion.

USDA Nationwide Food Consumption Survey 1977-
78 - The USDA 1977-78 Nationwide Food Consumption
Survey (NFCS) was described in Chapter 9. The survey
consisted of a household and individual component. For
the individual component, all members of surveyed
households were asked to provide 3 consecutive days of
dietary data. For the first day’s data, participants supplied
dietary recall information to an in-home interviewer.
Second and third day dietary intakes were recorded by
participants. A total of 15,000 households were included
in the 77-78 NFCS and about 38,000 individuals
completed the 3-day diet records. Fish intake was
estimated based on consumption of fish products identified
in the NFCS data base according to NFCS-defined food
codes. These products included fresh, breaded, floured,
canned, raw ard dried fish, but not fish mixtures or frozen
plate meals.

Pao et al. (1982) used the 1977-78 NCFS to
examine the quantity of fish consumed per eating
occasion. For each individual consuming fish in the 3 day
survey period, the quantity of fish consumed per eating
occasion was derived by dividing the total reported fish
intake over the 3 day period by the number of occasions
the individual reported eating fish. The distributions, by
age and sex, for the quantity of fish consumed per eating
occasion are displayed in Table 10-13 (Pao et al., 1982).
For the general population, the average quantity of fish
consumed per fish meal was 117 g, with a 95th percentile
of 284 g. Males in the age groups 19-34, 35-64 and 65-74
years had the highest average and 95th percentile
quantities among the age-sex groups presented.

Pao et al. (1982) also used the data from this
survey set to calculate per capita fish intake rates.
However, because these data are now almost 20 years out
of date, this analysis is not considered key with respect to
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Table 10-8. Distribution of Fish Intake (grams) Per Day Consuming Fish, By Habitar
(Uncooked fish weight)®
Habitat " Statistic: L ‘ ' . Estimate 90 Percent Confidence Interval
Fresh/Estuarine - Mean | 95.3 - 87.2- 103.5
50th% 56.4 ‘ 50.8 - 65.1
90th% ‘ o 240.5 223.4 - 266.8
95th% ‘ . 325.1 297.0 - 328.7
99th% 501.7 . 472.7-591.5
Percent Consuming 18.5
Marine Mean ‘ 112.8 107.4 - 118.2
50th% 93.3 92.0-98.2
90th% ‘ ‘ 222.7 <2146 - 229.5
95th% 267.7 . 260.8-275.4
99th% 415.1 . 346.0- 4285
Percent Consuming - 289
All Fish Mean 129.0 O 123.7-1343
50th% 101.9 98.9-103.8 .
90th% . 249.1 } 241.0- 264.1
95th% o 326.0 - 306.0 - 335.6
99th% 497.5 469.2 - 519.7
Percent Consuming 37.0
Note: Percentile confidence intervals estimated using the bootstrap method with l 000 rephcauons. percent consummg gives the percentage
of individuals consuming the specified category of fish during the 3-day survey penod .

Source: U S. EPA Analysis of CSFII, 1989-1991.

Table 10-9. Per Caplta Fish Consumption Rates (milligrams/kg-day) By Habitat and Fish Type
(Uncooked Fish Weight)
Rate (90% C.1.) Rate (90% C.1.) Rate (90% C.1.)

Fresh/Estuarine 58 (47-66) 47 (39-54) ‘ 103 (92-115)

Marine 217 (197-237) 14 (12-16) 230 (21 1-251)

Total’ ‘ 274 (252-296) 60 (52-68) v 334 (311-357)

Source: U.S. EPA Analysis of CSFII, 1989-1991,
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Table 10-10. Distribution of Fish Intake (milligrams/kg) Per Day Consuming Fish, By Habitat
(Uncooked Fish Weight)

Habitat Statistic Estimate ) 90 Percent Confidence Interval
Fresl'Estuarine Mean 1,492 ’ 1,363 - 1,622
50th% . " 910 834 - 979
90th% ‘ ‘ 3,837 3,502 - 3,954
95th% 4,793 4,646 - 5,200
99th% : 8,332 7,137 - 8,921
Percent Consuming 185
Marine Mean 1,937 1,835 - 2,039
50th% 1,505 1,450 - 1,566
90th% ) 3,699 3,585 - 4,022
95th% 5,055 4,873 - 5,267
99th% 8,508 7,848 - 9,139
Percent Consuming 28.9
All Fish Mean 2,145 2,056 - 2,235
50th% 1,663 1,611 - 1,721
90th% 4,224 4,086 - 4,454
95th% 5,478 5,163 - 4,686
99h% 9,172 8,605 - 0,797
Percent (Consuining 37.0

Note: Percentile confidence intervals estimated using the bootstrap method with 1,000 replications; percent consuming gives the percentage
of individuals consuming the specified category of fish during the 3-day survey period.

Source: U.S. EPA Analysis of CSFII, 1989-199]1.

Table iO-ll. Per Capita Fish Consumption Rates (g/day) By Habitat and Fish Type

(Cooked fish weight)
Finfish i Shellfish Total
Rate (90% C.1.) ~ Rate (90% C.1.) Rate (90% C.1.)
Habitat ‘ .
Fresh/Estuarine 2.8 (2.3-3.2) ) 2.8 (2.3-3.2) 5.6 (4.9-6.2)
Marine 11.4 (10.5-12.2) ' 0.8 (0.6-0.9) 12.1 (11.2-13.0)
Total 14.1 (13.1-15.1) . 3.5 (3.1-4.0) : ' 17.7 (16.6-18.8)

Note: Percentile confidence intervals estimates using the bootstrap method with 1,000 replications; percent consuming gives the percentage
of individuals consuming the specified category of fish during the 3-day survey period.

Source: U.S. EPA Analysis of CSFII, 1989-1991.
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Table 10-12. Distribution of Fish Intake (grams) Per Day Consuming Fish, By Habitat
(Cooked Fish Weight) )
Habitat | Statistic o Estimate 90 Percent Confidence Interval
Fresh/Estuarine " Mean - 798 . 73.2- 86.4
' . ' S50th% ’ 50.0 43.9-54.3
90th % ) 203.1 . 192.6 - 222.4
95th% . 259.2 . 241.0 - 266.8
99th% 431.9 : 379.8-518.4
Percent Consuming 18.5
Marine Mean : 101.4 . v " 96.7 - 106.1
50th% 83.9 78.4 - 87.4
) 90th% ‘ 198.2 ‘ 191.7 - 205.5
' : - 95th% 231.6 . 226.5-242.7
: 99th% ' 337.0 313.8-377.1
Percent Consuming 289
All Fish Mean ' ‘ 113.1 " 108.7-127.5
‘ 50th% 90.7 88.4 -93.2-
90th% 222.7 ' 213.3-2279
95th% . 268.5 261.7 - 290.0
99th% 410.6 399.2 - 463.2
Percent Consuming 37.0
Note: Percentile confidence intervals estimated vsing the bootstrap method with 1,000 replications; percent consuming gives the percentage
of individuals consuming the specified category of fish during the 3-day survey period.
Source: U.S. EPA Analysis of CSFIL, _1989-1991,

Table 10-13. Distribution of Quantity of Fish Consumed (in grams) Per Eating Occasion;
‘ By Age and Sex '
i -Percentiles
Age (vears)-Sex Group Mean i SD Sth 25th 50th I5th 90th 95th 99th
1-2 Male-Female 52 ) 38 8 28 43 58 i12 125 168
3-5 Male-Female 70 ' 51 12 36 57 85 113 170 240
6-8 Male-Female 81 58 19 40 72 112 160 170 288
9-14 Male . 101 .78 28 56 84 113 170 255 425
9-14 Female 86 62 19 45 79 112 168 206 288
15-18 Male 117 115 20 57 85 142 200 252 454
15-18 Female 111 102 24 56 85 130 225 270 568
19-34 Male 149 125 28 64 113 196 284 362 643.
19-34 Female 104 14 20 57 85 135 184 227 394
35-64 Male 147 116 28 80 113 180 258 - 360 577
35-64 Female 119 98 20 57 85 152 227 280 480
65-74 Male 145 109 35 75 113 180 270 392 480
65-74 Female . 123 87 24 61 103 168 227 304 448
75+ Male 124 68 36 80 106 170 27 7 227 336
75+ Female 112 69 20 61 112 151 196 225 360
QOverall - 117 98 20 57 85 152 227 284 456
Source: Paoet. al., 1982,
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assessing per capita intake (the average quantity of fish
consumed per fish meal should be less subject to change
over time than is per capita intake). In addition, fish
mixtures and frozen plate meals were not included in the
calculation of fish intake. The per capita fish intake rate
reported by Pao et al. (1982) was 11.8 g/day. The 1977-
1978 NCFS was a large and well designed survey and the
data are represenative of the U.S. population.

10.3. RELEVANT GENERAL POPULATION

STUDIES

National Human Activity Pattern Survey (NHAPS) -
Tsang and Klepeis (1996) - The U.S. EPA collected
information for the general population on the duration and
frequency of time spent in selected activities and time
spent in selected microenvironments via 24-hour diaries.
Over 9,000 individuals from 48 contiguous states
participated in NHAPS. Approximately 4,700 participants
also provided information on seafood consumption. The
survey was conducted between October 1992 and
September 1994. Data were collected on the (1) number
of people that ate seafood in the last month, (2) the
mumber of servings of seafood consumed, and (3) whether
the seafood consumed was caught or purchased (Tsang
and Klepeis, 1996). The participant responses were
weighted according to selected demographics such as age,
gender, and race to ensure that results were representative
of the U.S. population. Of those 4,700 respondents,
2,980 (59.6 percent) ate seafood (including shellfish, eels,
or squid) in the last month (Table 10-14). The number of
servings per month were categorized in ranges of 1-2, 3-
5, 6-10, 11-19, and 20+ servings per month (Table 10-
15). The highest percentage (35 percent) of respondent
population had an intake of 3-5 servings per month. Most
(92 percert) of the respondents purchased the seafood they
ate (Table 10-16).

Intake data were not provided in the survey.
However, intake of fish can be estimated using the
information on the number of servings of fish eaten from
this study and serving size data-from other studies. The
recommended mean value in this Handbook for fish
serving size is 123 g/day. Using this mean value for
serving size and assuming that the average individual eats
3-5 servings per month, the amount of seafood eaten per
month would range from 369 to 615 grams/month or 12.3
to 20.5 g/day for the highest percentage of the population.
These values are within the range of mean intake values
for total fish (20.1 g/day) calculated in the U.S. EPA
analysis of the USDA CSFII data. It should be noted that
an all inclusive description for seafood was not presented

in Tsang and Klepeis (1996). It is not known if processed
or canned seafood and seafood mixtures are included in
the seafood category.

The advantages of NHAPS is that the data were
collected for a large number of individuals and are
representative of the U.S. general population. However,
evaluation of seafood intake was not the primary purpose
of the study and the data do not reflect the actual amount
of seafcod that was eaten. However, using the assumption
described above, the estimated seafood intake from this
study are comparable to those observed in the EPA CSFII
analysis.

USDA Nationwide Food Consumption Survey 1987-
88 — The USDA 1987-88 Nationwide Food Consumption
Survey (NFCS) was described in Chapter 9. Briefly, the
survey cansisted of a household and individual component.
The household component asked about household food
consumption over the past one week period. For the
individual component, each member of a surveyed
household was interviewed (in person) and asked to recall
all foods eaten the previous day; the information from this
interview made up the “one day data” for the survey. In
addition, members were instructed to fill out a detailed
dietary record for the day of the interview and the
following day. The data for this entire 3-day period made
up the “3-day diet records™. A statistical sampling design
was used to ensure that all seasons, geographic regions of
the U.S., demographic, and socioeconomic groups were

.represented. Sampling weights were used to match the

population distribution of 13 demographic characteristics
related to food intake (USDA, 1992a).

Total . fish intake was estimated based on
consumption of fish products identified in the NFCS data
base according to NFCS-defined food codes. These
products included fresh, breaded, floured, canned, raw
and dried fish, but not fish mixtures or frozen plate meals.

A total of 4,500 households participated in the
survey; the household response rate was 38 percent. One
day data was obtained for 10,172 (81 percent) of the
12,522 individuals in participating households; 8,468 (68
percent) individuals completed 3-day diet records.

USDA (1992b) used the one day data to derive per
capita fish intake rate and intake rates for consumers of
total fish. These rates, calculated by sex and age group,
are shown in Table 10-17. Intake rates for consumers-
only were calculated by dividing the per capita intake rate
by the fraction of the population consuming fish in one
day. :

The 1987-1988 NFCS was also utilized to estimate
consumption of home produced fish (as well as home
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TABLE 10-14. PERCENT OF POPULATION THAT ATE SEAFOOD CINCLUDING SHELLFISH, EELS, OR SQUID)
DID RES EAT SEAFOOD LAST MONTH
0:NO 1:YES 830K
ALL RESPOND . RESPOND . RESPOND.
L] N % N b3 N %
OVERALL - 4653 1811 38.8 2780 59.6 72 1.5
2 1 50.0 50.0 . .
1:MALE 2163 821 38.0 1311 60.6 31 1.4
2:FEMALE AGE 2498 089 39.6 1468 58.8 &1 1.6
- B4 25 29.8 42 50.0 17 20.2
1:1-4 263 160 60.8 102 38.8 1 0.4
2:5-1 348 177 50.9 166 47.7 5 1.4
3:12-17 326 17 54.9 137 42.0 10 3.1
4218-64 2972 997  33.5 1946 65.5 29 1.0
5:> 64 RACE 670 273 40.7 387 57.8 10 1.5
33.3 36.7 18 30.0
1:WHITE 377 1475 39.1 2249 59.6 50 1.3
2:BLACK &3 | 156 33.7 304 65.7 3 0.6
3:ASIAN red 21 27.3 56 72.7 . -
4:SOME OTHERS 96 39 40.6 56 58.3 1 1.0
S:HISPANIC 193 100 51.8 93 48.2 - .
=== HISPAKIC =----
. 46 10 21.7 17 37.0 19 41.3
Q:NO 4243 1625 38.3 2565 60.5 53 1.2
1:YES 348 165 47.4 183 52.6 . .
8:DK 26 1 42.3 15 57.7 . -
=== EMPLOYMENY -
. ' 9458 518 54.1 412 43.0 28 2.9
1:FULL TIME 2017 630 31.2 1366 67.7 21 1.0
2:PART TIME 379 134 35.4 62.3 9 2.4
3:NOT EMPLOYED 1309 529 40.4 766 58.5 14 1.1
===  EDUCATION ~=~--
. 1021 550 53.9 434 42.5 37 3.6
1:< HIGH SCHOOL 399 196 49.1 198 49.6 S 1.3
2:HIGH SCHOOL GRAD 1253 501 40.0 739 59.0 13 1.0
3:< COLLEGE 895 304 34.0 584 65.3 7 0.8
43COLLEGE GRAD. 650 159 24.5 484 76.5 7 1.1
5:POST GRAD. 445 101 22.7 351 76.6 3 0.7
== CENSUS REGION --
1:RORTHEAST 1048 370 35.3 655 62.% 23 2.2
2:MIDHEST 1036 449 43.3 575 55.5 12 1.2
3:S0UTH 1601 590 36.9 989 61.8 22 1.4
&SWEST 978 402 41.1 561 57.4 15 1.5
~== DAY OF WEEK ~-~- .
1:WEEKDAY 3156 1254 39.7 1848 58.6 5S4 1.7
2:WEEKERD ' 1507 557 37.0 932 61.8 18 1.2
- 1:WINTER 1264 462 36.6 780 61.7 22 1.7
2:SPRING 1181 469 39.7 691 58.5 21 1.8

: 1275 5 39.7 745 58.4 26 1.9
4eFALL 943 374 39.7 564 59.8 5 0.5
------ ASTHMA  -----

H 4287 1674 39.0 2563 59.8 50 1.2
1:YES 351 131 38.4 207 80.7 3 0.9
8:0K 35 17.1 1 28.6 19 54.3
------ ANGINA  -----
0:NO 4500 1750 38.9 2658 60.0 52 1.2
1:YES 125 56 44.8 68 54.4 1 0.8
8:0K 38 5 13.2 14 36.8 19 50.0
~~ BRONCH/EMPHYS -- .
0:NO 4424 1726 39.0 2648 59.9 50 1.1
1:YES 203 80 39.4 121 59.6 2 1.0
8:0K 36 H 13.9 11 30.6 20 55.6

NOTE: . = MISSING. DATA; DK = DONT® KNOM; X = ROW PERCENTAGE; . N = SAMPLE SIZE

Source: Tsang and Klepeis, 1996.
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TABLE 10-15. NUMBER OF SERVINGS OF SEAFOOD CONSUMED
# OF SERVINGS RES ATYE SEADFOQD
1:1-2 2:3-5 3:6-10 4:11-19 5:20+ 8:0K
ALL RESPOND. RESPOND. RESPOND. RESPOND. RESPOND. RESPOND.
. N N N N N N ]

OVE! 2780 918 990 519 191 98 64
----- GENDER  =-~-=-

1:MALE 1311 405 458 261 101 57 29
2:FEMALE 1468 512 532 258 90 41 35
9:REF 1 1 - . . . -
...... AGE aracwm-

. 42 13 16 5 4 1 3
1:1-4 102 55 29 12 2 . 4
2:5-11 166 72 57 21 6 4 6
3:12-17 137 68 54 1 3
4:18-64 1946 603 679 408 145 79 32
5:> 64 o 387 107 155 [ 3 16
------ CE casmnma

1:WHITE 2249 1 818 428 155 76 41
2:BLACK 304 105 103 56 1 . 10 1%
3:ASIAN 56 15 7 1" 5 5 3
4:SOME OTHERS 56 22 18 [ 5 3 2
SsHISPANIC 93 41 25 14 9 2 2
Q:REF 22 4 9 & 1 2 2
----- HISPANIC  ----
0:K0 2566 844 922 480 175 88 57
1:YES 182 68 52 346 15 8 5
8:0K 15 5 8 2 . . .
9:REF 17 1 8 3 1 2 2
~~= EMPLOYMENT ceow

. 3% 190 140 40 1 5 13
1:FULL TIME 1366 407 466 307 107 57 22
23PART TIME 236 70 95 45 1% 8 3
3:NOT EMPLOYED 766 249 285 124 57 26 25
9:REF 13 2 4 2 2 2 1
- EDUCATION  ----

- 434 205 149 &7 12 7 1%
1=< HIGH SCHOOL 198 88 62 20 [ .10 12
2:HIGH SCHOOL GRAD 739 267 266 119 46 21 20

< COLLEGE 584 161 219 122 48 26 8
&:COLLEGE GRAD. 484 115 183 =1 43 17 5
5:POST GRAD. oY) 82 m 90 36 17 5
e« CENSUS REGION --
1:zHORTHEAST 655 191 2461 137 62 12 12
2:NIDVEST 575 19¢ 221 102 17 22 1%
3:SOUTH 989 336 . 339 175 70 41 28
A:VEST 561 192 189 105 42 3 10
=== DAY OF WEEK ---
1:WEE 1 602 661 346 129 70 40
23WEEKERD 932 316 329 173 62 28 24
seseue  SEASON  er-~--
1:WINTER 780 262 284 131 60 28 15
2:SPRING 691 240 244 123 45 a5 14
3 2SUMMER 745 220 249 160 59 3 26
AsF 564 196 213 105 27 14 9
------ ASTHMA  we-o-
0:k0 2563 846 917 &75 180 a8 57
1:YES 207 69 14! 42 " 9 5
8:0K 10 3 2 2 - 1 2
------ ANGINA  -=-=-
0:%0 2658 896 509 183 95 55
1:YES 68 19 27 3 7 1 []
8:0K 1% 3 3 2 1 2 3
= BRONCH/EMPHYS -
5 1] 877 940 495 185 91 60
1:YES 121 37 &7 3 6 2
3:0K 1 4 3 1 . 1 2

NOTE: + = MISSING DATA; DX = DON'T KNOW; X = ROW PERCENTAGE; N = SAMPLE SIZE
Source: Tsang and Klepeis, 1996.
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TABLE 10-16. FREQUENCY OF SEAFOOD THAT WAS CGNSUMED BEING PURCHASED
CAUGHT BY SOMEONE THEY KNEW, .
WAS SEAFOOD PURCHASED OR CAUGHT
sMOSTLY
PURCHAS- 2:MOSTLY
ED CAUGHT 8:0K
3
1 19
2 20
. 39 3 .
. [ 8 .
. 153 9 4
. 129 2
3 1810 106 27
. 359 2 6
1 2092 124 32
1° 280 19 4
. 50 4 2
. 55 . 1
. 86 7 .
E 1 21 . .
----- RISPANIC m--
0:NO 2566 2 2387 140 37
1:YES 18 . 169 13 A
8:0K 15 . 12 1 2 N
9:REF 17 1 16 . .
-=--  EMPLOYMENT ————
. ) 399 . 368 25
1:FULL TIME 1365 2 1285 15
2:PART TIME 236 1 217 15
3:NOT EMPLOYED 766 . 701 50 15
9:REF 13 - 13 .
--- EDUCATION --—-
. . . 434 . 401 26 7
1:< HIGH SCHOOL 198 . 174 20 4
2:HIGH SCHOOL GRAD 739 - 680 48 11
3:< COLLEGE 584 2 547 28 7
43:COLLEGE GRAD. 484 - 460 19 5
5:POST GRAD. 341 1 322 13 5
-- CENSUS REGION --
1:NORTHEAST 655 2 627 21 5
2:MIDWEST 575 . 547 20 8
3:S0UTH 989 1 897 73 18
4:WEST 561 . 513 40 8
--- DAY OF WEEK ~-- .
1:WEEKDAY 1848 2 1724 100 22
2:WEEKEND 932 1 860 54 17
------ SEASON ————
1:WINTER 780 . 741 35 3
2:SPRING 691 . 655 27 9
3:SUMMER 745 2 674 54 15
564 1 514 38 11
2563 2 2384 142 35
207 1 190 12
10 . 10 . .
2698 3 2507 151 37
68 . 63
14 . 14 . .
2648 3 2457 149 39
121 . 116 5 .
i1 . 11 . .
NOTE: . = MISSING DATA; DK = DON'T KNOW; % = ROW PERCENTAGE; N = SAMPLE SIZE
Source: Tsang and Klepeis, 1996.
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Table 10-17. Mean Fish Intake in a Day, by Sex and Age*
Sex Per capita intake Percent of population consuming Mean intake (g/day) for
Age (year) (g/day) fish in 1 day consumers only®
Males or Females 4 6.0 67
S and under
Males 3 3.7 79
6-11 3 2.2 136
12-19 15 10.9 138
20 and over
Females 7 7.1 99
6-11 9 9.0 100
12-19 12 10.9 110
20 and over
All individuals 11 9.4 117
* Based on USDA Nationwide Food Consumption Survey 1987-88 data for one day.
* Intake for users only was calculated by dividing the per capita consumption rate by the fraction of the population consuming fish in one
day.
Source: USDA, 1992b.

produced fruits, vegetables, meats and dairy products) in
the general U.S. population. The methodology for
estimating home-produced intake rates was rather complex
and involved combining the household and individual
comporents of the NFCS; the methodology, as well as the
estimated intake rates, are described in detail in Chapter
12. However, since much of the rest of this chapter is
concerned with estimating consumption of recreationally
caught, i.e., home produced fish, the methods and resuits
of Chapter 12, as they pertain to fish consumption, are
summarized briefly here.

A total of 2.1 percent of the survey population
reported home produced fish consumption during the

survey week. Among consumers, the mean intake rate was

2.07 g/kg-day and the 95th percentile was 7.83 g/kg-day;
the per-capita intake rate was 0.04 g/kg-day. Note that
intake rates for home-produced foods were indexed to the
weight of the survey respondent and reported in g/kg-day.

It is possible to compare the estimates of home-
produced fish consumption derived in this analyses with
estimates derived from studies of recreational anglers
(described in Sections 10.4-10.8); however, the intake
rates must be put into a similar context. The home-
produced intake rates described refer to average daily
intake rates among individuals consuming home-produced
fish in a week; results from recreational angler studies,
however, usually report average daily rates for those
eating home-produced fish (or for those who recreationally

fish) at least some time during the year. Since many of
these latter individuals eat home-produced fish at a
frequency of less than once per week, the average daily
intake in this group would be expected to be less than that
reported.

The NFCS household component contains the
question “Does anyore in your household fish?”. For the
population answering yes to this question (21 percent of
households), the NFCS data show that 9 percent consumed
home-produced fish in the week of the survey; the mean
intake rate for these consumers from fishing households
was 2.2 g/kg-day. (Note that 91 percent of individuals
reporting home grown fish consumption for the week of
the survey indicated that a household member fishes; the
overall mean intake rate among home-produced fish
consumers, regardless of fishing status, was the above
reported 2.07 g/kg-day). The per capita intake rate
among those living in a fishing household is then
calculated as 0.2 g/kg-day (2.2 * 0.09). Using the
estimated average weight of survey participants of 59 kg,
this translates into 11.8 g/day. Among members of
fishing households, home-produced fish consumption
accounted for 32.5 percent of total fish consumption.

As discussed in Chapter 12 of this volume, intake
rates for home-produced foods, including fish, are based
on the results of the household survey, and as such, reflect
the weight of fish taken into the household. In most of the
recreational fish surveys discussed later in this section, the
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weight of the fish catch (which generally corresponds to
the weight taken into the household) is muitiplied by an
edible fraction to convert to an uncooked equivalent of the
amount consumed. This fraction may be species specific,
but some studies used an average value; these average
values ranged from 0.3 to 0.5. Using a factor of 0.5
would convert the above 11.8 g/day rate to 5.9 g/day.
This estimate, 5.9 g/day, of the per-capita fish intake rate
among members of fishing households is within the range
of the per-capita intake rates among recreational anglers
addressed in sections to follow.

An advantage of analyses based on the 1987-1988
USDA NFCS is that the data set is a large, geographically
and seasonally balanced survey of a representative sample
of the U.S. population. The survey response rate,
however, was low and an expert panel concluded that it
was not possible to establish the presence or absence of
non-response bias (USDA, 1992b). Limitations of the
home-produced analysis are given in Chapter 12 of this
volume.

10.4. KEY RECREATIONAL (MARINE FISH

STUDIES)

National Marine Fisheries Service (1986a, b, c;
1993) - The National Marine Fisheries Service (NMFS)
conducts systematic surveys, on a continuing basis, of
marine recreational fishing. These surveys are designed to
estimate the size of the recreational marine finfish catch
by location, species and fishing mode. In addition, the
surveys provide estimates for the total number of
participants in marine recreational finfishing and the total
number of fishing trips. The surveys are not designed to
estimate individual consumption of fish from marine
recreational sources, primarily because they do not
attempt to estimate the number of individuals consuming
the recreational catch. Intake rates for marine recreational
anglers can be estimated, however, by employing
assumptions derived from other data sources about the
number of consumers. .

The NMFS surveys involve two,components,
telephone surveys and direct interviewing of fishermen in
the field. The telephone survey randomly samples
residents of coastal regions, defined generally as counties
within 25 miles of the nearest seacoast, and inquires about
participation in marine recreational fishing in the
resident’s home state in the past year, and more
specifically, in the past two months. This component of
the survey is used to estimate, for each coastal state, the
total number of coastal region residents who participate
in marine recreational fishing (for finfish) within the

: state, as well as the total number of (within state) fishing

trips these residents take. To estimate the total number of
participants and fishing trips in the state, by coastal
residents and others, a ratio approach, based on the field
interview data, was used. Thus, if the field survey data
found that there was a 4:1 ratio of fishing trips taken by
coastal residents as compared to trips taken by non-coastal
and out of state residents, then an additional 25 percent
would be added to the number of trips taken by coastal
residents to generate an estimate of the total number of
within state trips.

The field intercept survey is essentially a creel type
survey. The survey utilizes a national site register which
details marine fishing locations in each state. Sites for
field interviews are chosen in proportion to fishing
frequency at the site. Anglers fishing on shore, private
boat, and charter/party boat modes who had completed
their fishing were interviewed. The field survey included
questions about frequercy of fishing, area of fishing, age,
and place of residence. The fish catch was classified by
the interviewer as either type A, type B1 or type B2 catch.
The type A catch denoted fish that were taken whole from
the fishing site and were available for inspection. The type
B1 and B2 catch were not available for inspection; the
former consisted of fish used as bait, filleted, or discarded
dead while the latter was fish released alive. The type A
catch was identified by species and weighed, with the
weight reflecting total fish weight, including inedible
parts. The type B1 catch was not weighed, but weights
were estimated using the average weight derived from the
type A catch for the given species, state, fishing mode and
season of the year. For both the A and B1 catch, the
intended disposition of the catch (e.g., plan to eat, plan to
throw away, etc.) was ascertained.

EPA obtained the raw data tapes from NMFS in
order to generate intake distributions and other specialized
analyses. Fish intake distributions were generated using
the field survey tapes. Weights proportional to the inverse
of the angler’s reported fishing frequency were employed
to correct for the unequal probabilities of sampling; this
was the same approach used by NMES in deriving their
estimates. Note that in the field survey, anglers were
interviewed regardless of past interviewing experierice;
thus, the use of inverse fishing frequency as weights was
justified (see Section 10.1). ‘

For each angler interviewed in the field survey, the
yearly amount of fish caught that was intended to be eaten
by the angler and his/her family or friends was estimated
by EPA as follows:

Exposure Factors Handbook

Page
10-17

August 1996




e

Volume II - Food Ingestion Factors

Chapter 10 - Intake of Fish and Shellfish

Y = [(wt of A catch) * I, + (wt of Bl catch) * I] * [Fishing frequency]

750,000 non-coastal re;sidcnts
participated in marine finfishing

(Eqn. 10-1)

where I, (Ip) are indicator variables equal to 1 if the type
A (Bl) catch was intended to be eaten and equal to O
otherwise. To convert Y to a daily fish intake rate by the
angler, it was necessary to convert amount of fish caught
to edible amount of fish, divide by the number of intended
consumers, and convert from yearly to daily rate.

Although theoretically possible, EPA chose not to use
species specific edible fractions to convert overall weight
to edible fish weight since edible fraction estimates were
not readily available for many marine species. Instead, an
average value of 0.5 was employed. For the number of
intended consumers, EPA used an average value of 2.5
which was an average derived from the results of several
studies of recreational fish consumption (Chemrisk, 1991;
Puffer et al., 1981; West et al., 1989). Thus, the average
daily intake rate (ADI) for each angler was calculated as

ADI = Y * (0.5)/[2.5 * 365] (Eqn. 10-2)

Note that ADI will be O for those anglers who either did
not intend to eat their catch or who did not catch any fish.
The distribution of ADI among anglers was calculated by
region and coastal status (i.e., coastal versus non-coastal
counties). A mean ADI for the overall population of a

given area was calculated as follows: first the estimated -

number of anglers in the area was multiplied by the

average rumber of intended fish consumers (2.5) to geta

total number of recreational marine finfish consumers.
This number was then multiplied by the mean ADI among
anglers to get the total recreational marine finfish
consumption in the area. Finally, the mean ADI in the
population was calculated by dividing total fish
consumption by the total population in the area. '

The results presented below are based on the results
of the 1993 survey. Samples sizes were 200,000 for the
telephone survey and 120,000 for the field surveys. All
coastal states in the continental U.S. were included in the
survey except Texas and Washington.

Table 10-18 presents the estimated number of
coastal, non-coastal, and out-of-state fishing participants
by state and region of fishing. Florida had the greatest
number of both Atlantic and Guif participants. The total
number of coastal residents who participated in marine
finfishing in their home state was 8 million; an additional

in their home state.

Table 10-19 presents the
estimated total weight of the A and B1 catch by region and
time of year. For each region, the greatest catches were
during the six-month period from May through October.
This period accounted for about 90 percent of the North
and Mid-Atlantic catch, about 80 percent of the N.
California and Oregon catch, about 70 percent of the S.
Atlantic and S. California catch and 62 percent of the Guif
catch. Note that in the North and Mid-Atlantic regions,
field surveys were not done in January and February due
to very low fishing activity. For all regions, over half the
catch occurred within 3 miles of the shore or in inland
waterways.

Table 10-20 presents the mean and 95th percentile
of average daily intake of recreationally caught marine
finfish among anglers by region. The mean ADI among
all anglers was 5.6, 7.2, and 2.0 g/day for the Atlantic,
Gulf, and Pacific regions, respectively. Also given is the
per-capita ADI in the overall population (anglers and non-
anglers) of the region and in the overall coastal population
of the region. Table 10-21 gives the distribution of the
catch by species for the Atlantic and Gulf regions and
Table 10-22 for Pacific regions.

The NMFS surveys provide a large, up-to-date,
and geographically representative sample of marine angler
activity in the U.S. The major limitation of this data base
in terms of estimating fish intake is the lack of information
regarding the intended number of consumers of each
angler’s catch. In this analysis, it was assumed that every
angler’s catch was consumed by the same number (2.5) of
people; this number was ‘derived from averaging the
results of other studies. This assumpnon introduces a
relatively low level of uncertainty in the estimated mean
intake rates among anglers, but a somewhat higher level
of uncertainty in the estimated intake distributions. It
should. be noted that under the above assumption, the
distributions shown here pertain not only to the population
of anglers, but also to the entire population of recreational
fish consumers, which is 2.5 times the number of anglers.
If the rumber of consumers was changed, to, for instance,
2.0, then the distribution would be increased by a factor
of 1.25 (2.5/2.0) but the estimated population of
recreational fish consumers to which the distribution
would apply would decrease by a factor of 0.8 (2.0/2.5).
Note that the mean intake rate of marine finfish in the
overall population is independent of the assumption of
number of intended fish consumers.
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‘ - Table 10-18. Estimated Number of Participants in Marine Recreational
Fishing by State and Subregion
Coastal Non Coastal Out of Total
Subregion State _Participants Participants State ? Participants *

Pacific So. California 902 8 159 910
N. California 534 99 63 633
Oregon 265 19 78 284
TOTAL 1,701 126

North Atlantic Connecticut 186 **» 47 186
Maine 93 9 100 102
Massachusetts 377 69 273 446
New Hampshire 34 10 32 44
Rhode Island 97 * 157 97
TOTAL 787 88

Mid-Atiantic Delaware 90 * 159 90
Maryland 540 32 268 572
New Jersey 583 9 433 592
New York 539 13 70 552
Virginia 294 29 131 323
TOTAL - 1,046 83 ‘

South Atlantic Florida 1,201 * 741 1,201
Georgia 89 61 29 150
N. Carolina 398 224 745 622
S. Carolina 131 n 304 208
TOTAL 1,819 362

Gulf of Mexico Alabama 95 9 101 104
Florida 1,053 * 1,349 1,053
Louisiana 394 48 63 442
Mississippi 157 42 51 200
TOTAL 1,699 %9
GRAND TOTAL 8.053 760

* Not additive across states. One person can be counted as "OUT OF STATE" for more than one state. -

® An asterisk (*) denotes no non-coastal counties in state.

Source; NMFES. 1993,
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Table 10-19. Estimated Weight of Fish Caught (Catch type A and BI) by
Marine Recreational Fishermen, by Wave and Subregion

Atlantic and Gulf Pacific
Region Weight (1000 ke) Region Weight (1000 kg)

South Atlantic 1,060 ' So. California 418
Gulf 3,683 . N. California 101

Oregon ' 165
TOTAL 4,743 TOTAL 684

MariApr North Atlantic 310 So. California 590
Mid Atlantic 1,030 N. California 346
South Atantic 1,913 Oregon 14
Gulf 3,703 )
TOTAL 6,956 . TOTAL

May/Jun North Atamic 3,272 So.California
Mid Atlantic 4,815 N. California
South Atlantic 4,234 Oregon
Gulf 5.936
TOTAL 18,257 TOTAL

JulfAug North Atlantic 4,003 So. California
Mid Atlantic 9,693 N. California
South Atlantic 4,032 Oregon
Gulf 5.964
TOTAL 23,692 TOTAL

North Atlantic 2,980 So. California
Mid Atlantic 7,798 N. California
South Atlantic Oregon

Gulf

TOTAL TOTAL

North Atlantic So. California
Mid Atlantic N. California
South Atlantic Oregon

Gulf

TOTAL ) TOTAL

_GRAND TOTAL GRAND TOTAL

Source: NMFS, 1993

Table 10-20. Average Daily Intake (g/day) of Marine Finfish, by Region and Coastal Status
Intake Among Anglers

Per-Capita Proportion of
Region' Mean 95th Percentile Per-Capita (Coastal & Non-Coastaly’ Population Coastal
(Coastal)*

N. Auantic 6.2 20.1 1.2 1.1 0.82

Mid-Atlantic 6.3 18.9 . 1.2 0.9 0.70

S. Atlantic 4.7 15.9 1.5 1.0 0.51

All Atlantic 5.6 18.0 1.3 0.9 0.66

Gulf 7.2 26.1 3.0 1.9 0.60

S, Californiz 2.0 55 0.2 0.2 0.96

N. California 2.0 57 0.3 0.3 0.70

Oregon 2.2 8.9 0.5 0.5 0.87
AW Pacific 2.0 6.8 03 0.3 0.86

* N. Atlantic - ME, NH, MA, RI, and CT; Mid-Atlantic - NY, NJ, MD, DE, and VA; S. Atlantic - NC, SC, GA, and FL (Atlantic Coast); Guif - AL, MS,

LA, and FL (Gulf Coast).

¥ Mecan intake ratc among entire coastal population of region.

¢ Mean imtake rate among entire population of region.

Source: NMFS, 1993.
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Table 10-21. Estimated Weight of Fish Caughl (Catch Type A and B1)* by Marine Recreational Fishermen
by Species Group and Subregion, Atlantic and Gulf .
North Atlantic Mid Atlantic South Atlantic Gulf All Regions
(1,000 ke) (1,000 kg) {1,000 kg) (1,000 ke) {1,000 ke)

Cartilaginous fishes 66 ., 1,673 ) 162 318 2,219
Eels 14 9 . - o 23
Herrings . 118 69 1 89 177
Catfishes . 0 306 138 535 979
Toadfishes 0 o 7 0 * 7
Cods and Hakes . 2,404 988 4 0 1,39
Searobins 2 68 * * 70
Sculpins 1 * 0 0 1
Temperate Basses 837 2,166 22 4 2,229
Sea Basses ' 22 2,166 644 2,417 5,300
Bluefish 4,177 3,962 1,065 158 5,362
Jacks 0 138 760 2,477 3,375
Dolphins 65 809 2,435 1,599 4,908
Snappers . 0 o* 508 3,219 3.7
Grunts 0 9 239 816 1,064
Porgies 132 a7 1,082 ‘ 2,629 4,160

3 2,458 2,953 9,866 15,280
Mullets 1 43 382 658 1,084
Barracudas 0 * 356 244 600
Wrasses 783 1,953 . 46 113 2,895
Mackerels and Tunas 878 3,348 4,738 4,036 13,000
Flounders 512 4,259 532 377 5,680
Triggerfishes/Filefishes 0 48 109 544 701
Puffers * 16 ' 56 4 76
Other fishes 105 72 709 915 1,801 |
* For Catch Type A and Bl, the fish were not thrown back. '
* An asterisk (*) denotes data not reported.
¢ Zero (0) = < 1000 kg.
Source: NMFS, 1993,

Table 10-22 Estimated Weight of Fish Caught (Catch Type A and B1)* by Marine Recreational
Fishermen by Species Group and SulLEon, Pacific
Southern California Northern California Oregon )
Species Group (1,000 k) {1,000 kg) (1,000 ks) Total
Cantilaginous fish 35 162 1 198
Sturgeons B 89 13 102
Herrings 10 ‘ 15 40 65
Anchovies ’ had 7 0 7
Smelts . 0 7 ] 71
Cods and Hakes 0 0 [ 0
Silversides 58 148 0 206
Striped Bass 0 51 0 51
Sea Basses 1,319 17 0 1,336
Jacks 469 17 1 487
Croakers 141 136 0 217
Sea Chubs 53 1 0 54
Surfperches 74 221 47 342
Pacific Barracuda 866 10 (1} 876
Wrasses . 73 5 0 78
Tunas and Mackerels 1,260 36 1 1,297
Rockfishes 400 1,713 890 3,012
California Scorpionfish 86 0 0 86
Sablefishes ] 0 5 5
Greenlings 2 492 363 877
Sculpins : 6 81 44 131
Flatfishes 106 - 251 5 362
Other fishes  * ) -89 36 307 432
* For Catch Typc A and B1, the fish were not thrown back."
¥ Zero(0) = <1000 kg. ‘
¢ An asterisk (*) denotes data not reported.
Source: NMFS, 1993,
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Another uncertainty involves the use of 0.5 as an
(average) edible fraction. This figure is somewhat
conservative (i.e., the true average edible fraction is
probably lower); thus, the intake rates calculated here may
be biased upward somewhat.

It should be noted again that the recreational fish
intake distributions given refer only to marine finfish. In
addition, the intake rates calculated are based only on the
catch of anglers in their home state. Marine fishing
performed out-of-state would not be included in these
distributions.  Therefore, these distributions give an
estimate of consumption of locally caught fish.

10.5 RELEVANT RECREATIONAL MARINE

STUDIES

Puffer et al. - Intake Rates qgf Potentially Hazardous
Marine Fish Caught in the Metropolitan Los Angeles Area
- Puffer et al. (1981) conducted a creel survey with sport
fishermen in the Los Angeles area in 1980. The survey
was conducted at 12 sites in the harbor and coastal areas
to evaluate intake rates of potentially hazardous marine
fish and shellfish by local, non-professional fishermen. It
was conducted for the full 1980 calendar year, although
inclement weather in January, February, and March
limited the interview days. Each site was surveyed an

No expligit survey weights were used in analyzing this
survey; thus, each respondent’s data was given equal
weight.

A total of 1,059 anglers were interviewed for the
survey. The ethnic and age distribution of respondents is
shown in Table 10-23; 88 percent of respondents were
male. The median intake rate was higher for
Oriental/Samoan anglers (median 70.6 g/day) than for
other ethnic groups and higher for those ages over 65
years (median 113.0 g/day) than for other age groups.
Puffer et al. (1981) found similar median intake rates for
seasons; 36.3 g/day for November through March and
37.7 g/day for April through October. Puffer et al.
(1981) also evaluated fish preparation methods; these data
are presented in Appendix 10B. The cumulative
distribution of recreational fish (finfish and shellfish)
consumption by survey respondents is presented in Table
10-24; this distribution was calculated only for those
fishermen who indicated they eat the fish they catch. The
median fish consumption rate was 37 g/day and the 90th
percentile rate was 225 g/day (Puffer et al., 1981). A
description of catch patterns for primary fish species kept
is presented in Table 10-25.

average of three times per month, on different days, and Table 10-23. Median Intake Rates Based on Demographic Data
at a different time of the day. The survey questionnaire of Sport Fishermen and Their Family/Living Group
was designed to collect information on demographic Percent of total ~ Median intake rates
characteristics, fishing patterns, species, number of fish interviewed (g/person-day)
caught, and fish consumption patterns. Scales were used Ethnic Group.
to obtain fish weights. Interviews were conducted only * | Caucasian 42 46.0
ith anglers who had caught fish, and the anglers wer pack , » n2
?Vlth {mg ers who aUgh s, " C angle S cre Mexican-American 16 33.0
interviewed only once during the entire survey period. Oriental/Samoan 13 70.6
Puffer et al. (1981) estimated daily consumption Other 5
rates (grams/day) for each angler using the following %gflgem) 1 212
equation: ‘ 18 - 40 52 325
41-65 28 39.0
> 65 9 113.0
(K x N x W x F/[E x 365 Eqn. 10-3 * Not reported.
¢ i | Eq ) Source: Puffer et al., 1981.
where:
K = edible fraction of fish (0.25 to 0.5 depending on
species);
F = frequency of fishing/year;
E = number of fish eaters in family/living group;
W = average weight of (grams) fish in catch; and
N = number of fish in catch.
Page Exposure Factors Handbook
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Table 10-24. Cumulative Distribution of Total Fish/Shellfish
Consumption by Surveyed Sport Fishermen
in the Metropolitan Los Angeles Area

Percentile Intake rate (g/person-day)
5 ‘ 23 '
10 4.0
20 8.3
30 15.5
40 23.9

50 36.9
60 532
70 79.8
80 120.8
90 224.8
95 338.8

L Source: Puffer et al. (1981).

Table 10-25. Catch Information for Primary Fish Species Kept
by Sport Fishermen (n = 1059)

Percent of
Average Weight - Fishermen who
Species (Grams) Caught
White Croaker 153 34
Pacific Mackerel 334 25
Pacific Bonito 717 . 18
Queenfish 143 17
Jacksmelt 223 13
Walleye Perch 115 10
Shiner Perch 54 7
Opaleye 307 6
Black Perch : 196 5
Kelp Bass 440 5
California Halibut 1752 4
Shellfish* 421 3

# Crab, mussels, lobster, abalone.

{_Source: Modified from Puffer et al., 1981.

As mentioned in the Background to this Chapter,
intake distributions derived from analyses of creel surveys
which did not employ weights reflective of sampling
probabilities will overestimate the target population intake
distribution and will, in fact, be more reflective of the
“resource utilization distribution”. Therefore, the
reported median level of 37.3 g/day does not reflect the
fact that 50 percent of the target population has intake
above this level; instead 50 percent of recreational fish
consumption is by individuals consuming at or above 37.3
g/day. In order to generate an intake distribution
reflective of that in the target population, weights
inversely proportional to sampling probability need to be
employed. Price et al. (1994) made this attempt with the
Puffer et al. (1981) survey data, using inverse fishing
frequencies as the sampling weights. Price et al. (1994)
was unable to get the raw data for this survey, but using

frequercy tables and the average level of fish consumption
per fishing trip provided in Puffer et al. (1981), generated
an approximate revised .intake distribution. This
distribution was dramatically lower than that obtained by
Puffer et al. (1981); the median was estimated at 2.9
g/day (compared with 37.3 from Puffer et al., 1981) and
the 90th percentile at 35 g/day (compared to 225 g/day
from Puffer et al., 1981).

There are several limitations to the interpretation of
the percentiles presented by both Puffer et al. (1981) and
Price et al. (1994). As described in Appendix 10A, the
interpretation of percentiles reported from creel surveys in
terms of percentiles of the “resource utilization
distribution” is approximate and depends on several
assumptions. One of these assumptions is that sampling
probability is proportional to inverse fishing frequency.
In this survey, where interviewers revisited sites numerous
times and anglers were not interviewed more than once,
this assumption is not valid, though it is likely that the
sampling probability is still highly dependant on fishing
frequency so that the assumption does hold in an
approximate sense. The validity of this assumption also
impacts the interpretation of percentiles reported by Price
et al. (1994) since inverse frequency was used as sampling
weights. It is likely that the value (2.9 g/day) of Price et
al. (1994) underestimates somewhat the median intake in
the target population, but is much closer to the actual
value than the Puffer et al. (1981) estimate of 37.3 g/day.
Similar statements would apply about the 90th percentile.
Similarly, the 37.3 g/day median value, if interpreted as
the 50th percentile of the “resource utilization
distribution”, is also somewhat of an underestimate.

It should be noted again that the fish intake
distribution generated by Puffer et al. (1981) (and by Price
et al., 1994) was based only on fishermen who caught fish
and ate the fish they caught. If all anglers were included,
intake estimates would be somewhat lower. In contrast,
the survey assumed that the number of fish caught at the
time of the interview was all that would be caught that
day. If it were possible to interview fishermen at the
conclusion of their fishing day, intake estimates could be
potentially higher. An additional factor potentially
affecting intake rates is that fishing quarantines were
imposed in early spring due to heavy sewage overflow
(Puffer et al., 1981).

Pierce et al. (1981) - Commencement Bay Seafood
Consumption Study - Pierce et al. (1981) performed a
local creel survey to examine seafood consumption
patterns and demographics of sport fishermen in
Commencement Bay, Washington. The objectives of this
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survey included determining (1) seafood consumption
habits and demographics of non-commercial anglers
catching seafood; (2) the extent to which resident fish
were used as food; and (3) the method of preparation of
the fish 1o be consumed. Salmon were excluded from the
survey since it was believed that they had little potential
for contamination. The first half of this survey was
conducted from early July to mid-September, 1980 and the
second half from mid-September through most of
November. During the summer months, interviewers
visited each of 4 sub-areas of Commencement Bay on five
mornings and five evenings; in the fall the areas were
sampled 4 complete survey days. Interviews were
conducted only with persons who had caught fish. The
anglers were interviewed only once during the survey
period. Data were recorded for species, wet weight, size
of the living group (family, place of residence, fishing
frequency, planned uses of the fish, age, sex, and race
(Pierce et al., 1981). The analysis of Pierce et al. (1981)
did not employ explicit sampling weights (i.e., all weights
were set to 1).

There were 304-interviews in the summer and 204
in the fall. About 60 percent of anglers were white, 20
percent black, 19 percent Oriental and the rest Hispanic or
Native American. Table 10-26 gives the distribution of
fishing frequency calculated by Pierce et al. (1981); for
both the summer and fall, more than half of the fishermen
caught and consumed fish weekly. The dominant (by
weight) species caught were Pacific Hake and Walleye

Pollock. Pierce et al. (1981) did not present a distribution

of fish intake or a mean fish intake rate.

Table 10-26. Percent of Fishing Frequency During the
Summer and Fall Seasons in
Commencement Bay, Washington

Fishing Frequency Frequency Frequency
Frequency Percent in Percent in Percent in the
the Summer’ the Fall® Fali*
Daily 10.4 8.3 5.8
Weekly 50.3 52.3 ’ 51.0
Monthly 20.1 15.9 21.1
Bimonthly 6.7 3.8 4.2
Biycarly 4.4 6.1 6.3
Yearly 8.1 13.6 11.6

Summer - July through September, includes 5 survey days

and 4 survey arcas (i.e., area #1, #2, #3 and #4)

Fall - September through November, includes 4 survey days

and 4 survey areas (i.c., area #1, #2, #3 and #4)

€ Fall - September through November, includes 4 survey days
described in footnote ® plus an additional survey area (5
survey arecas) (i.e., area #1, #2, #3, #4 and #5)

Source: Pierce et al., 1081,

b

The U.S. EPA (1989) used the Pierce et al. (1981)
fishing frequency distribution and an estimate of the
average amount of fish consumed per angling trip to create
an approximate intake distribution for the Pierce et al.
(1981) survey. The estimate of the amount of fish
consumed per angling trip (380 g/person-trip) was based
on data on mean fish catch weight and mean number of
consumers reported in Pierce et. al. (1981) and on an
edible fraction of 0.5. EPA (1989) reported a median
intake rate of 23 g/day.

Price et al. (1994) obtained the raw data from this
survey and performed a re-analysis using sampling
weights proportional to inverse fishing frequency. The
rationale for these weights is explained in Section 10.1 and
in the discussion above of the Puffer et al. (1981) study.
In the re-analysis Price et al. (1994) found a median intake
rate of 1.0 g/day and a 90th percentile rate of 13 g/day.
The distribution of fishing frequency generated by Price
et al. (1994) is shown in Table 10-27. Note that when
equal weights were used, Price found a median rate of 19
g/day, which was close to the approximate EPA (1989)
value reported above of 23 g/day.

Table 10-27. Selected Percentile Consumption Estimates (g/d)
for the Survey and Total Angler Populations Based
on the Reanalysis of the Puffer and Pierce Data

50th Percertile 90th Percentile

Survey Population

Puffer 37 225
Pierce , 19 155
Average 28 190
Total Angler Population
Puffer 2.9 35
Pierce 1.0 13
Average 2.0 24
* Estimated based on the average intake for the O - 90th percentile
anglers.

b Estimated based on the average intake for the 9ist - 96th
percentile anglers.
Source; Price et al., 1994

The same limitations apply to interpreting the
results presented here to those presented above in the
discussion of Puffer et al. (1981). The median intake rate
found by Price et al. (1994) (using inverse frequency
weights) is more reflective of median intake in the target
population than is the value of 19 g/day (or 23 g/day); the
latter value reflects more the 50th percentile of the
resource utilization distribution, (i.e., that anglers with
intakes above 19 g/day consume 50 percent of the
recreational fish catch). Similarly, the fishing frequency
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distribution generated by Price et al. (1994) is more
reflective of the fishing frequency distribution in the target
population than is the distribution presented in Pierce et al.
(1981). Note the target population is those anglers who
fished at Commencement Bay during the time period of
the survey. '
© As with the Puffer et al. (1981) data, these values
(1.0 g/day and 19 g/day) are both probably underestimates
since the sampling probabilities are less than proportional
to fishing frequency; thus, the true target population
median is probably somewhat above 1.0 g/day and the
true 50th percentile of the resource utilization distribution
is probably somewhat higher than 19 g/day. The data
from  this survey provide an indication of consumption
‘patterns for the time period around 1980 in the
Commencement Bay area. However, the data may not
reflect current consumption patterns because fishing
advisories were instituted due to local contamination.
Health Study to Assess the Human Health Effects of
Mercury Exposure to Fish Consumed from the Everglades
- A health study was conducted in two phases in the
Everglades, Florida for the U.S. Department of Health
and Human Services (U.S.DHHS, 1995). The objectives
of the first phase were to: (a) describe the human
populations at risk for mercury exposure through their
consumption of fish and other contaminated animals from
the Everglades and (b) evaluate the extent of mercury
exposure in those persons consuming contaminated food
and their compliance with the voluntary health advisory.
The second phase of the study involved neurologic testing
of all study participants who had total mercury levels in
hair greater than 7.5 ug/g. Study participants were
identified by using special targeted screenings, mailings to
residents, postings and multi-media advertisements of the
study throughout the Everglades region, and direct
discussions with people fishing along the canals and
waterways in the contaminated areas. The contaminated
areas were identified by the interviewers and long-term
Everglade residents. Of a total of 1,794 individuals
sampled, 405 individuals were eligible to participate in the
. study because they had consumed fish or wildlife from the
Everglades at least once per month in the last 3 months of
the study period. The majority of the eligible participants
(> 93 percent) were either subsistence fishermen,
Everglade residents, or both. Of the total eligible
participants, 55 individuals refused to participate in the
survey. Useable data were obtained from 330 respondents
ranging in age from 10-81 years of age (mean age 39
years + 18.8) (U.S.DHHS, 1995). Respondents were
administered a three page questionnaire from which

demographic information, fishing and eating habits, and
other variables were obtained (U.S.DHHS, 1995).

Table 10-28 shows the ranges, means, and standard
deviations of selected characteristics by subgroups of the
survey population. Sixty-two percent of the respondents
were male with a slight preponderance of black individuals
(43 percent white, 46 percent black non-Hispanic, and 11
percent Hispanic) (Table 10-28). Most of the respondents
reported earning an annual income of $15,000 or less per
family before taxes (U.S. DHHS, 1995). The mean
number of years fished along the canals by the
respondents was 15.8 years with a standard deviation of
15.8. The mean number of times per week fish
consumers reported eating fish over the last 6 months and
last month of the survey period was 1.8 and 1.5 per week
with a standard deviation of 2.5 and 1.4, respectively
(Table 10-28). Table 10-28 also indicates that 71 percent
of the respondents reported knowing about the mercury
health advisories. Of those who were aware, 26 percent
reported that they had lowered their consumption of fish
caught in the Everglades while the rest (74 percent)
reported no change in consumption patterns (U.S.DHHS,
1995). ‘

Table 10-28. Means and Standard Deviations of
Selected Characteristics by Subpopulation
Groups in Everglades, Florida
Variables Mean + Std.
(N*=330) Dev.® Range
Age (years) 38.6 + 18.8 2-81
Sex
Female 38% -
Male : 62% -
Race/ethnicity
Black 46% -
White 43% -
Hispanic 11% -
Number of Years Fished 15.8 + 15.8 0-70
Number Per Week Fished in 1.8 425 0-20
Past 6 Months of Survey
Period
Number Per Week Fished in 1.5+14 0-12
Last Month of Survey Period ‘
| Aware of Health Advisories 1% -
*  Number of respondents who reported consuming fish
®  Std. Dev. = standard deviation
Source: U.S. DHHS. 1995

A limitation of this study is that fish intake rates
(g/day) were not reported. Another limitation is that the
survey was site limited, and, therefore, not representative
of the U.S. population. An advantage of this study is that
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it is one of the few studies targeting subsistence

fishermen.
10.6. KEY FRESHWATER RECREATIONAL
STUDIES
Chemrisk - Consumption of Freshwater Fish by
Maine Anglers - Chemrisk conducted a study to
characterize the rates of freshwater fish consumption
among Maine residents (Chemrisk, 1991; Ebert et al.,
1993). Since the only dietary source of local freshwater
fish is recreational fish, the anglers in Maine were chosen
as the survey population. The survey was designed to
gather information on the consumption of fish caught by
anglers from flowing (rivers and streams) and standing
(lakes and ponds) water bodies. Respondents were asked
to recall the frequency of fishing trips during the 1989-
1990 ice-fishing season and the 1990 open water season,
the mumber of fish species caught during both seasons, and
estimate the number of fish consumed from 15 fish
species. The respondents were also asked to describe the
munber, species, and average length of each sport-caught
fish caught and consumed that had been gifts from other

members of their households or other household. The -

weight of fish consumed by anglers was calculated by first
multiplying the estimated weight of the fish by the edible
fraction, and then dividing this product by the number of
intended consumers. Species specific regression equations
were utilized to estimate weight from the reported fish
length. The edible fractions used were 0.4 for salmon,
0.78 for Atlantic smelt, and 0.3 for all other species
(Ebert et al., 1993).

A total of 2,500 prospective survey parnmpants '

were randomly selected from a list of anglers licensed in
Maine. The surveys were mailed in during October,
1990. Since this was before the end of the open fishing
season, respondents were also asked to predict how many
more open water fishing trips they would undertake in
1990.

distributions of freshwater fish intake for two populations,
“all anglers” and *“consuming anglers”. All anglers
were detined as licensed anglers who fished during either
the 1989-1990 ice-fishing season or the 1990 open-water
season (consumers and non-consumers) and licensed
anglers who did not fish but consumed freshwater fish
caught in Maine during these seasons while “consuming
anglers™ were defined as those anglers who consumed
freshwater fish obtained from Maine sources during the
1989-1990 ice fishing or 1990 open water fishing season.
In addition, the distribution of fish intake from rivers and

Chemrisk (1991) and Ebert et al. (1993) calculated
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streams was also calculated for two populations, those
fishing on rivers and streams (“river anglers™) and those
consuming fish from rivers and streams (* consuming
river anglers™).

A total of 1,612 surveys were returned, giving a
response rate of 64 percent; 1,369 (85 percent) of the
1,612 respondents were included in the “all angler”
population and 1,053 (65 percent) were included in the
“consuming angler” population. Freshwater fish intake
distributions for these populations are presented in Table
10-29. The mean and 95th percentile was 5.0 g/day and
21.0 g/day, respectively, for “ all anglers,” and 6.4 g/day
and 26.0 g/day, respectively, for “consuming anglers.”
Table 10-29 also presents intake distributions for fish
caught from rivers and streams. Among “river anglers”
the mean and 95th percentiles were 1.9 g/day and 6.2
g/day, respectively, while among “consuming river
anglers” the mean was 3.7 g/day and the 95th percentile
12.0 g/day. Table 10-30 presents fish intake distributions
by ethnic group for consuming anglers. The highest mean
intake rates reported are for Native Americans (10 g/day)
and French Canadians (7.4 g/day). Because there was a
low number of respondents for Hispanic, Asian/Pacific
Islander, and African Americans, intake rates within these
subgroups were not calculated (Chemrisk, 1991).

The consumption, by species, of freshwater fish
caught is presented in Table 10-31. The largest specie
consumption was salmon from ice fishing (~ 292,000
grams); white perch (380,000 grams) for lakes and ponds;

. and Brooktrout (420,000 grams) for rivers and streams

(Chemrisk, 1991).

EPA obtained the raw data tapes from the marine
anglers survey and performed some specialized analyses.
One analysis involved examining the percentiles of the
“resource utilization distribution™ (this distribution was
defined in Section 10.1). The 50th, or more generally the
pth, percentile of the resource utilization distribution is
defined as the consumption level such that p percent of the
resource is consumed by individuals with consumptions
below this level and 100-p percent by individuals with
consumptions above this level. EPA found that 90
percent of recreational fish consumption was by
individuals with intake rates above 3.1 g/day and 50
percent was by individuals with intakes above 20 g/day.
Those above 3.1 g/day make up about 30 percent of the
“all angler” population and those above 20 g/day make up
about 5 percent of this population; thus, the top 5 percent
of the angler population consumed 50 percent of the
recreational fish catch.
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Table 10-29. Estimates of Fish Intake Rates of Licensed Sport Anglers in Maine During the 1989-1990
Ice Fishing or 1990 Open-Water Seasons®

Intake Rates (grams/day)

Percentile Rankings ) All Waters® . o Rivers and Streams
All Anglers® Consuming Anglers® River Anglers* Consuming Anglc:rsd
(N = 1.369) (N=1 053) (N = 741) (N = 464)
50th (medxan) ’ 1.1 2.0 .0.19 . 0.99
66th 2.6 4.0 0.71 1.8
75th 4.2 5.8 1.3 235
90th 11.0 13.0 3.7 6.1
95th 21.0 26.0° 6.2 12.0
Arithmetic Mean’ 5.0 6.4 1.9 3.7
[79] 77 [82] [81]

N Estimates are based on rank except for those of arithmetic mean.

. All waters based on fish obtained from all lakes, ponds, streams and rivers in Maine, from other household sources and from other
non-household sources.

¢ Licensed anglers who fished durmg the seasons studied and did or did not consume freshwater fish, and licensed anglers who did not
fish but ate freshwater. fish caught in Maine during those seasons.

4 Licensed anglers who consumed freshwater fish caught in Maine during the seasons studied.

. Those of the "all anglers™ who fished on rivers or streams (consumers and nonconsurmers).

! Values in brackets [ ] are percentiles at the mean consumption rates.

Source: Chemrisk, 1991; Ebert et al., 1993,

Table 10-30. Analysis of Fish Consumption by Ethnic Groups for "All Waters" (grams/day)*

Consuming Anglers®
French Canadian ) Native " Other White
Heritage Irish Heritage Italian American Non-Hispanic Scandinavian
Heritage Heritage Heritage Heritage
N of Cases 201 138 27 96 533 37
Median (50th percentile)*? 2.3 2.4 1.8 23 1.9 1.3
66th percentile®* 4.1 4.4 2.6 4.7 3.8 2.6
75th percentile®® 6.2 6.0 5.0 6.2 5.7 4.9
Arithmetic Mean® 74 5.2 4.5 10 6.0 53
Percentile at the Mean® ‘ 80 70 74 83 76 78
90th percentile™* 15 12 12 16 13 9.4
95th percentile™ 27 20 21 51 24 25
Percentile at 6.5 g/day® 77 75 81 77 77 84

* "Al Waters” based on fish obtained from all lakes, ponds, streams and rivers in Maine, from other household sources and from other non-
household sources.

v "Consuming Anglers” refers to only those anglers who consumed freshwater fish obtained from Maine sources during the 1989-1990 ice
fishing or 1990 open water fishing season.

¢ The average consumption per day by freshwater fish consumers in the household.

4 Calculated by rank without any assumption of statistical distribution.

*  Fish consumption rate recommended by EPA (1984) for use in cstabllshmg ambient water quality standards.

Source: Chemrisk, 1991.
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Table 10-31. Total Consumption of Freshwater Fish Caught by All Survey Respondents During the 1990 Season

Species Quantity

Consumed

Ice Fishing
Grams

(x10%
# Consumed (%)

Rivers and Streams

Grams Quantity
(x10° Consumed
Consumed &

Lakes and Ponds
Quantity

Consumed

Grams

(x10°%)

Consumed

Landlocked salmon , ¢ 832
Atlantic salmon 3
Togue (Lake trout) 483
Brook trout 1,309
Brown trout 275
Yecllow perch 235
White perch 2,544
Bass (smallmouth and largemouth) 474
Pickerel 1,091
Lake whitefish i1
Hormpout (Catfish and bullheads) 47
Hettm fish (Suckers, carp and sturgeon) 50
Club 0
Smelt 7,808
Other 201
TOTALS 15,463

028 340 305
33 9.9 17
459 160 33
3,294 210 10,185
375 56 338
1,649 52 188
6,540 380 3,013
73 5.9 787
553 91 303
558 13 55
1,291 100 180
62 2 100
252 35 219
428 4.9 4,269
90 110 54
16,587 1,590 20,046

| _Source: Chemrisk, 1991,

EPA also performed an analysis of fish
consumption among anglers and their families. This
analysis was possible because the survey included
questions on the number, sex, and age of each individual
in the household and whether the individual consumed
recreationally caught fish. The total population of licensed
anglers in this survey and their household members was

4,872; the average household size for the 1,612 anglers in

the survey was thus 3.0 persons. Fifty-six percent of the
population was male and 30 percent were 18 or under.

A total of 55 percent of this population was
reported to consume freshwater recreationally caught fish
in the year of the survey. The sex and ethnic distribution
of the consumers was similar to that of the overall
population. The distribution of fish intake among the
overall household population, or among consumers in the
household, can be calculated under the assumption that
recreationally caught fish was shared equally among all

members of the household reporting consumption of such

fish (note this assumption was used above to calculate
intake rates for anglers). With this assumption, the mean
intake rate among consumers was 5.9 g/day with a median
of 1.8 and a 95th percentile of 23.1 g/day; for the overall
population the mean was 3.2 g/day and the 95th percentile
14.1 g/day.

The results of this survey can be put into the
context of the overall Maine population. The 1,612
anglers surveyed represent about 0.7 percent of the

estimated 225,000 licensed anglers in Maine. It is
reasonable to assume that licensed anglers and their
families will have the highest exposure to recreationally
caught freshwater fish. Thus, to estimate the number of
persons in Maine with recreationally caught freshwater
fish intake above, for instance, 6.5 g/day (the 80th
percentile among household consumers in this survey),
one can assumie that virtually all persons came from the
population of licensed anglers and their families. The
number of persons above 6.5 g/day in the household

- survey population is calculated by taking 20 percent (i.e.,

100 percent - 80 percent) of the consuming population in
the survey; this number then is 0.2%(0.55%4872)=536.
Dividing this number by the sampling fraction of 0.007
(0.7 percent) gives about 77,000 persons above 6.5 g/day
of recreational freshwater fish consumption statewide. The
1990 census showed the population of Maine to be 1.2
million pedple; thus the 77,000 persons above 6.5 g/day
represent about 6 percent of the state’s population.
Chemrisk (1991) reported that the fish consumption
estimates obtained from the survey were conservative
because of assumptions made in the analysis. The
assumptions included: a 40 percent estimate as the edible
portion of land locked and Atlantic salmon; inclusion of
the intended number of future fishing trips and an
assumption that the average success and consumption rates
for the individual angler during the trips already taken
would continue through future trips. The data collected
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for this study were based on recall and self-reporting
which may have resulted in a biased estimate. The social
desirability of the sport and frequency of fishing are also
bias contributing factors; successful anglers are among the
highest consumers of freshwater fish (Chemrisk, 1991).
Over reporting appears to be correlated with skill level and
the importance of the activity to the individual; it is likely
that the higher consumption rates may be substantially
overstated (Chemrisk, 1991). Additionally, fish
advisories are in place in these areas and may affect the
rate of fish consumption among anglers. The survey
results showed that in 1990, 23 percent of all anglers
consumed no freshwater fish, and 55 percent of the river

anglers ate no freshwater fish. An advantage of this study -

is that it presents area-specific consumption patterns and
the sample size is rather large.

Michigan Sport Anglers Fish Consumption Survey,
1989 - West et al. (1989) surveyed a stratified random
sample of Michigan residents with fishing licences. The
sample was divided into 18 cohorts, with one cohort
receiving a mail questionnaire each week between January
and May 1989. The survey included both a short term
recall component recording respondents’ fish intake over
a seven day period and a usual frequency component. For
the short-term component, respondents were asked to
identify all household members and list all fish meals
consumed by each houschold member during ‘the past
seven days. The source of the fish for each meal was
requested (self-caught, gift, market, or restaurant).
Respondents were asked to categorize serving size by
comparison with pictures of 8 oz. fish portions; serving

- sizes could be designated as either “about the same size”,
“less”, or “more” than the 8 oz. picture. Data on fish
species, locations of self-caught fish and methods of
preparation and cooking were also obtained.

The usual frequency component of the survey asked
about the frequency of fish meals during each of the four
seasons and requested respondents to give the overall
percentage of household fish meals that come from
recreational sources. A sample of 2,600 individuals were
selected from state records to receive survey
questionnaires. A total of 2,334 survey questionnaires
were deliverable and 1,104 were completed and returned,
giving a response rate of 47.3 percent ‘among individuals
receiving questionnaires.

In the analysis of the survey data by West et. al.
(1989), .the authors did not attempt to generate the
distribution of recreationally caught fish intake in the
survey population. EPA obtained the raw data of this

survey for the purpose of generating fish intake
distributions and other specialized analyses.

As described elsewhere in this handbook,
percentiles of the distribution of average daily intake
reflective of long-term consumption patterns can not in
general be estimated using short-term (e.g., one week)
data. Such data can be used to estimate mean average
daily intake rates (reflective of short or long term
consumption); in addition, short term data can serve to
validate estimates of usual intake based on longer recall.

EPA first analyzed the short term data with the
intent of estimating mean fish intake rates.. In order to
compare these results with those based on usual intake,
only respondents with information on both short term and
usual intake were included in this analysis. For the
analysis of the short term data, EPA modified the serving
size weights used by West et al. (1989), which were 5, 8
and 10 oz., respectively, for portions that were less, about
the same, and more than the 8 oz. picture.  EPA
examined the percentiles of the distribution of fish meal
sizes reported in Pao et al. (1982) derived from the 1977-
1978 USDA National Food Consumption Survey and
observed that a lognormal distribution provided a good
visual fit to the percentile data. Using this lognormal
distribution, the mean values for serving sizes greater than
8 oz. and for serving sizes at least 10 percent greater than
8 oz. were determined. In both cases a serving size of 12
oz. was consistent with the Pao et al. (1982) distribution.
The weights used in the EPA analysis then were 5, 8, and

" 12 oz. for fish meals described as less, about the same,

and more than the 8 oz. picture, respectively. It should be
noted that the mean serving size from Pao et al. (1982)
was about 5 oz., well below the value of 8§ oz. most
commonly reported by respondents in the West et al.
(1989) survey.

Table 10-32 displays the mean number of total and
recreational fish meals for each household member based
on the seven day recall data. Also shown are mean fish
intake rates derived by applying the weights described
above to each fish meal. Intake was calculated on both a
grams/day and grams/kg body weight/day basis. This
analysis was restricted to individuals who eat fish and who
reside in households reporting some recreational fish
consumption during the previous year. About 75 percent
of survey respordents (i.e., licensed anglers) and about 84
percent of respondents who fished in the prior year
reportcd some household recreational fish consumption.

" The EPA analysis next attempted to use the short
term data to validate the usual intake data. West et al.
(1989) asked the main respondent in each household to
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Table 10-32. Mean Fish lméke Among Individual_sl Who Eat Fish and Reside
in Households With Recreational Fish Consumption
) Recreational Total Fish Recreational

All Fish Recreational Fish Total Fish Fish grams/ Fish grams/
Group meals/week meals/week n grams/day grams/day kg/day ke/day
All houschold 0.686 0.332 2196 21.9 11.0 0.356 0.178
members
Respondents (i.e., 0.873 0.398 748 29.4 14.0 0.364 0.168
licensed anglers)
Age Groups (ycars) 0.463 0.223 121 11.4 5.63 0.737 0.369
1-5
610 10 0.49 0.278 151 13.6 7.94 0.481 0.276
1t020 0.407 0.229 349 12.3 7.27 0.219 0.123
21 to 40 0.651 0.291 793 22 10.2 0.306 0.139
4010 60 0.923 0.42 547 29.3 14.2 0.387 0.186
6010 70 0.856 0.431 160 28.2 14.5 0.377 0.193
71 to 80 1.0 0.622 45 32.3 20.1 0.441 0.271
80+ 08 0.6 10 26.5 20 0.437 0.345

Source: U'.S. EPA analysis using data from West et al., 1989.

provide estimates of their usual frequency of fishing and
eating fish, by season, during the previous year. The
survey provides a series of frequency categories for each
season and the respondent was asked to check the
appropriate range. The ranges used for all questions
were: almost daily, 2-4 times a week, once a week, 2-3

times a month, once a month, less often, none, and don’t .

know. For quantitative analysis of the data it is necessary
to convert this categorical information into numerical

frequency values. As some of the ranges are relatively -

broad, the choice of conversion values can have some
effect on intake estimates. In order to obtain optimal
values, the usual fish eating frequency reported by
respondents for the season during which the questionnaire
was completed was compared to the number of fish meals

reportedly consumed by respondents over the seven day
short-term recall period. The results of these comparisons
are displayed in Table 10-33; it shows that, on average,
there is general agreement between estimates made using
one year recall and estimates based on seven day recall.
The average number of meals (1.96) was at the
bottom of the range for the most frequent consumption
group with data (2-4 meals/week). In contrast for the
~ lower usual frequency categories the average number of
meals was at the top, or exceeded the top of category
range. This suggests some tendency for relatively
infrequent fish eaters to underestimate their usual
frequency of fish consumption. The last column of the
table shows the estimated fish eating frequency per week
that was selected for use in making quantitative estimates

Table 10-33. Comparison of Seven-Day Recall and Estimated Seasonal Frequency for Fish Consumption

Usual Fish Consumption

Frequency Category 7-day Recall Data

Mean Fish Meals/Week

Usual frequency Value Selected for

Data Aanalysis (times/week)

| Source:_1°S. EPA analysis using data from Wté_s( etal., 1989,

Almost daily no data 4 [if needed]

2-4 times a week 1.96 2

Once a week 1.19 1.2

2-3 times a month 0.840 (3.6 times/month) ' 0.7 (3 times/month)
Once a month 0.459 (1.9 times/month) 0.4 (1.7 times/month)
Less often 0.306_ (1.3 times/month) 0.2 (0.9 times/month)
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of usual fish intake. These values were guided by the
values in the second column, except that frequency values
that were inconsistent with the ranges provided to
respondents in the survey were avoided. ‘

Using the four seasonal fish ealing frequencies
provided by respondents and the above conversions for
reported intake frequency, EPA estimated the average
number of fish meals per week for each respondent. This
estimate, as well as the analysis above, pertain to the total
mumber of fish meals eaten (in Michigan) regardless of the
source of the fish. Respondents were not asked to provide
a seasonal breakdown for eating frequency of
recreationally caught fish; rather, they provided an
overall estimate for the past year of the percent of fish
they ate that was obtained from different sources. EPA
estimated the annual frequency of recreationally caught
fish meals by multiplying the estimated tota! number of
fish meals by the reported percent of fish meals obtained
from recreational sources; recreational sources were
defined as either self caught or a gift from family or
friends. '

The usual intake component of the survey did not
include questions about the usual portion size for fish
meals. In order to estimate usual fish intake, a portion
size of 8 oz. was applied (the majority of respondents
reported this meal size in the 7 day recall data).
Individual body weight data were used to estimate intake
on a g/kg-day basis. The fish intake distribution estimated
by EPA is displayed in Table 10-34. ‘

The distribution shown in Table 10-34 is based on
respondents who consumed recreational caught fish. As
mentioned above, these represent 75 percent of all
respondents and 84 percent of respondents who reported
having fished in the prior year. Among this latter

. populdtion, the mean recreational fish intake rate is

14.4*%0.84=12.1 g/day; the value of 38.7 g/day (95th
percentile among consumers) corresponds to the 95.8th
percentile of the fish intake distribution in this (fishing)
population. ‘ o .

The advantages of this data set and analysis are that
the survey was relatively large and contained both short-
term and usual intake data. The presence of short term
data allowed validation of the usual intake data which was
based on long term recall; thus, some of the problems

. associated with surveys relying on long term recall are

mitigated here.

The response rate of this survey, 47 percent, was
relatively low. In addition, the usual fish intake
distribution generated here employed a constant fish meal
size, 8 oz.. Although use of this value as an average meal
size was validated by the short-term recall results, the use
of a constant meal size, even if correct on average, may
seriously reduce the variation in the estimated fish intake
distribution.

This study was conducted in the winter and spring
months of 1988. This period does not include the summer
months when peak fishing activity can be anticipated,
leading to the possibility that intake results based on the 7
day recall data may understate individuals’ usual (annual
average) fish consumption. A second survey by West et
al. (1993) gathered diary data on fish intake for
respondents spaced over a full year. However, this later
survey did not include questions about usual fish intake
and has not been reanalyzed here. The mean recreational
fish intake rates derived from the short term and usual
components were quite similar, however, 14.0 versus 14.4
g/day.

Table 10-34. Distribution of Usual Fish Intake Among Survey Main Respondents
Who Fished and Consumed Recreationally Caught Fish
Recreational ] Recreational -

Al Fish Recreational Fish All Fish Intake Fish Intake All Fish Intake Fish Intake

Meals/Week Meals/Week grams/day grams/day prams/ kp/day grams/ kg/day
n 738 738 ' 738 738 726 726
mean : 0.859 ©0.447 27.74 14.42 0.353 0.1806
10% 0.300 0.040 9.69 1.29 0.119 0.0159
25% 0.475 0.125 15.34 4.04 0.187 0.0504
50% 0.750 0.338 24.21 10.90 0.315 0.1357
5% 1.200 0.672 38.74 21.71 0.478 0.2676
90% 1.400 1.050 45.20 33.90 0.634 0.4146
95% . 1.800 1.200 58.11 38.74 0.747 0.4920
Source: U.S. EPA analysis using data from West et al., 1989, )
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Michigan Sport Anglers Fish Consumption Study,
1991-1992 - This survey, financed by the Michigan Great
Lakes Protection Fund, was a follow-up to the earlier
1989 Michigan survey described above. The major
prupose of 1991-1992 survey was to provide short-term
recall data of recreational fish consumption over a full
year period; the 1989 survey, in contrast, was conducted
over only a half year period (West et al., 1993).

This survey was similar in design to the 1989
Michigan survey. A sample of 7,000 persons with

Michigan fishing licenses was drawn and surveys were

mailed in 2-week cohorts over the period January, 1991 to
January, 1992. Respondents were asked to report detailed
fish consumption patterns during the preceding seven
days, as well as demographic information; they were also
asked if they currently eat fish. Enclosed with the survey
were pictures of about 2 half pound of fish. Respondents
were asked to indicate whether reported consumption at

_Chapter 10 - Intake of Fish and Shellfish

each meal was more, less or about the same as the
picture. Based on responses to this question, respondents
were assumed to have consumed 10, 5 or 8 ounces of fish,
respectively.

A total of 2,681 surveys were returned. West et al.
(1993) calculated a response rate for the survey of 46.8
percent; this was derived by removing from the sample
those respondents who could not be located or who did not
reside in Michigan for at least six months.

Of these 2,681 respondents, 2,475 (93 percent)
reported that they currently eat fish; all subsequent
analyses were restricted to the current fish eaters. The
mean fish consumption rates were found to be 16.7 g/day
for sport fish and 26.5 g/day for total fish (West et al.,
1993). Table 10-35 shows mean sport-fish consumption
rates by demographic categories. Rates were higher
among minorities, people with low income, and people
residing in smaller communities. Consumption rates in

Table 10-35. Mean Sport-Fish Consumption by Demograpmc Variables, chlugan Sport
Anglers Fish consumption Study, 1991-1992

N . Mean (g/day) 95% C.1.
Income* ‘
<$15,000 290 21.0 16.3 - 25.8
$15,000 - $24,999 369 " 206 15.5-257
$25,000 - $39,999 662 17.5 15.0-20.1
>$40,000 871 14.7 12.8 - 16.7
Education ]
Some High School 299 . 16.5 12,9 - 20.1
High Schiool Degree 1,074 : 17.0 14.9 - 19.1
Some College-College Degree - 825 . 17.6 14.9-20.2
Post. Grad 231 145 10.5 - 18.6
Residence Size® : ‘ .
Large City/Suburb (> 100, 000) 487 14.6 11.8-17.3
Small City (20,000-100,000) 464 ‘ 129 10.7- 15.0
Town (2,000-20,000) 475 19.4 15.5-23.3
Small Town (100-2,000) 272 22.8 16.8 - 28.8
Rural, Non Farm 598 17.7 15.1-203
Farm 140 15.1 10.3 - 20.0
Age (years) ' :
16-29 266 . 18.9 13.9-23.9
30-39 583 - 16.6 13.5-19.7
40-49 556 16.5 13.4-19.6
50-59 419 16.5 13.6 - 19.4
60+ 596 - 16.2 13.8-18.6
Sex* .
Male 299 17.5 . 15.8-19.1
Female 1,074 13.7 11.2-16.3
Race/Ethnicity® ‘ o
Minority 160 23.2 13.4 - 33.1
White 2,289 16.3 14.9-17.6

* P < 01, Ftest
Y P < 05, Flest
Source: West et al,, 1993
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g/day were also higher in males than in females; however,
this difference would likely disappear if rates were
computed on a g/kg-day basis.
West et al. (1993) estimated the 80th percentile of the
© survey fish consumption distribution. More extensive
percentile calculations were performed by U.S. EPA
(1995) using the raw data from the West et al. (1993)
survey and calculated 50th, 90th, and 95th percentiles.
However, since this survey only measured fish
consumption over a short (one week) interval, the
resulting distribution will not be indicative of the long-
term fish consumption distribution and the upper

percentiles reported from the EPA analysis will likely

considerably overestimate the corresponding long term
percentiles. The overall 95th percentile calculated by
U.S. EPA (1995) was 77.9; this is about double the 95th
percentile estimated using year long consumpnon data
from the 1989 Michigan survey.

The limitations of this survey are the relatively low
response rate and the fact that only three cateogries were
used to assign fish portion size. The main study strengths
were its relatively large size and its reliance on short-term
recall.

Sportfish Consumption Patterns of Lake Ontario
Anglers and the Relationship to Health Advisories, 1992 -
The objectives of this study were to provide accurate
estimates of fish consumption (overall and sport caught)
among Lake Ontario anglers and to evaluate the effect of
Lake Ontario health advisory recommendations (Connelly
etal., 1996). To target Lake Ontario anglers, a sample of
2, 500 names was randomly drawn from 1990-1991 New
York ﬁshmg license records for licenses purchased in six
counties bordering Lake Ontario. Participation in the
study was solicited by mail with potential participants
encouraged to enroll in the study even if they fished
infrequently or consumed little or no sport caught fish.
The survey design involved three survey techniques
including a mail questionnaire asking for 12 month recall
of 1991 fishing trips and fish consumption, self-recording
information in a diary for 1992 fishing trips and fish
consumption, periodic telephone interviews to gather
information recorded in the diary and a final telephone
interview to determine awareness of heaith advisories
(Connelly et al., 1996).

‘ Participants were instructed to record in the diary
the species of fish eaten, meal size, method by which fish
was acquired (sport-caught or other), fish preparation and
cooking techniques used and the number of household
members eating the meal. Fish meals were defined as

. may have been generated

finfish only. Meal size was estimated by participants by

. comparing their meal size to pictures of 8 oz. fish steaks

and fillets on dinner plates. An 8 oz. size was assumed
unless participants noted their meal size was smaller than
8 oz., in which case a 4 oz. size was assumed, or they
noted it was larger than 8 oz., in which case a 12 oz. size
was assumed. Participants were also asked to record
information on fishing trips to Lake Ontario and species
and length of any fish caught.
From the initial sample of 2,500 license buyers,

1,993 (80 percent) were reachable by phone or mail and

1,410 of these were eligible for the study, in that they
intended to fish Lake Ontario in 1992. A total of 1,202 of
these 1,410, or 85 percent, agreed to participate in the
study. Of the 1,202 participants, 853 either returned the
diary or provided diary information by telephone. Due to
changes in health advisories for Lake Ontario which
resulted in less Lake Ontario fishing in 1992, only 43
percent, or 366 of these 853 persons indicated that they
fished Lake Ontario during 1992. The study analyses
summarized below concerning fish consumption and Lake
Ontario fishing participation are based on these 366
persors.

Anglers who fished Lake Ontario reported an
average of 30.3 (S.E. = 2.3) fish meals per person from
all sources in 1992; of these meals 28 percent were sport
caught (Connelly et al., 1996). Less than 1 percent ate no
fish for the year and 16 percent ate no sport caught fish.
The mean fish intake rate from all sources was 17.9 g/day
and from sport caught sources was 4.9 g/day. Table 10-36
gives the distribution of fish intake rates from all sources
and from sport caught fish. The median rates were 14.1

. g/day for all sources and 2.2 g/day for sport caught; the

95th percentiles were 42.3 g/day and 17.9 g/day for all
sources and sport caught, respectively. As seen in Table
10-37, statistically significant differences in intake rates
were seen across age and residence groups, with residents
of large cities and younger people having lower intake
rates on average. ‘

-The main advantage of this study is the diary
format. This format provides more accurate information
on fishing participation and fish consumption, than studies
based on 1 year recall (Ebert &t al., 1993). However, a
considerable portion of diary respondents participated in
the study for only a portion of the year and some errors
in extrapolating these
respondents” results to the entire year (Connelly et al.,
1996). In addition, the response rate for this study was
relatively low, 853 of 1,410 eligible respondents, or 60
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percent, which may have engendered some non-response
bias.

Table 10-36. Distribution of Fish Intake Rates
(from all sources and from sport-caught sources)
For 1992 Lake Ontario Anglers

Percentile of Lake Fish from Al Sources Sport-Caught Fish
Ontano Anglers (g/day) (g/day)
25% 88 0.6
50% 14.1 22
75% 232 6.6
0 342 13.2
95% 423 17.9
2% S56.6 398

Source Connelly et al., 1996

Table 10-37. Mean Annual Fish Consumption (g/day)
For Lake Ontario Anglers, 1992,
By Socio-demographic Characteristics

Mean Cons ion
Demogpraphic Group Fish from all Sources Sport-Caught Fish
Overall 17.9 4.9
Residence
Rurat 17.6 5.1
Small City 20.8 6.3
City {25-100,000) 19.8 58
City (> 100,000) 13.1 2.2
Income .
< $20.000 20.5 4.9
$21,000-34,000 17.5 4.7
$34,000-50,000 16.5 4.8
>$50,000 20.7 6.1
Age
<30 13.0 4.1
30-39 16.6 . 43
40-49 18.6 5.1
50+ 21.9 ) 6.4
Education ’ :
< High School 17.3 ' 7.1
High School Grad 17.8 4.7
Some College 18.8 5.5
College Grad 17.4 4.2
Some Post Grad. 20.5 5.9

Note - Scheffe’s test showed statistically significant differences between

residence types (for all sources and sport caught) and age groups (all

sources). .
Source: Connelly et al., 1996,

The presence of health advisories should be taken
into account when evaluating the intake rates observed in
this study. Nearly all respondents (>95 percent) were
aware of the Lake Ontario health advisory. This advisory
counseled to eat none of 9 fish species from Lake Ontario
and to eat no more than one meal per month of another 4
species. In addition, New York State issues a general
advisory to eat no more than 52 sport caught fish meals
per year. Among participanis who fished Lake Ontario in
1992, 32 percent said they would eat more fish if heaith

advisories did not exist. A significant fraction of
respondents did not totally adhere to the fish advisory,
however, 36 percent of respondents, and 72 percent of
respordents reporting Lake Ontario fish consumption, ate
at least one species of fish over the advisory limit.
Interestingly, 90 percent of those violating the advisory
reported that they believed they were eating within
advisory limits.

10.7. RELEVANT FRESHWATER

RECREATIONAL STUDIES

Sport Fish Consumption and Body Burden Levels of
Chlorinated Hydrocarbons: A Study of Wisconsin Anglers.
This survey, reported by Fiore et al. (1989), was
conducted to assess sociodemographic factors and sport
fishing habits of anglers, to evaluate anglers’
comprehension of and compliance with the Wisconsin Fish
Consumption Advisory, to measure body burden levels of
PCBs and DDE through analysis of blood serum samples
and to examine the relationship between body burden
levels and consumption of sport-caught fish. The survey
targeted all Wisconsin residents who had purchased
fishing or sporting licenses in 1984 in any of 10 pre-
selected study counties. These counties were chosen in
part based on their proximity to water bodies identified in
Wisconsin fish advisories. A total of 1,600 anglers were
sent survey questionnaires during the summer of 1985.

The survey questionnaire included questions about
fishing history, locations fished, species targeted,
kilograms caught for consumption, overall fish

* comsumption (including commercially caught) and

knowledge of fish advisories. The recall period was one
year,

A total of 801 surveys were returned (50 percent
response rate). Of these, 601 (75 percent) were from
males and 200 from females; the mean age was 37 years.
Fiore et al. (1989) reported that the mean number of fish
meals for 1984 for all respondents was 18 for sport-caught
meals and 24 for non-sport caught meals. Fiore et al.
(1989) assumed that each fish meal consisted of 8 ounces
(227 grams) of fish to generate means and percentiles of
fish intake. The reported per-capita intake rate of sport-
caught fish was 11.2 g/day; among consumers, who
comprised 91 percent of all respondents, the mean sport-
caught fish intake rate was 12.3 g/day and the 95th
percentile 37.3 g/day. The mean daily fish intake from all
sources (both sport caught and commercial) was 26.1
g/day with a 95th percentile of 63.4 g/day. The 95th
percentile of 37.3 g/day of sport caught fish represents 60
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fish meals per year; 63.4 g/day (the 95th percentile of
total fish intake) represents 102 fish meals per year.
Fiore et al. (1988) assumed a (constant) meal size
of 8 ounces (227 grams) of fish which may over-estimate
average meal size. Pao et al. (1982), using data from the
1977-78 USDA NFCS, reported an average fish meal size
of slightly less than 150 grams for adult males. EPA
obtained the raw data from this study and calculated the
distribution of the number of sport-caught fish meals and
the distribution of fish intake rates (using 150
grams/meal); these distributions are presented in Table

10-38.  With this average meal size, the per-capita
estimate is 7.4 g/day.
Table 10-38. Percentile and Mean Intake Rates for
Wisconsin Sport Anglers
Percentile Annual Number of Intake Rate of Sport-
Sport_Caught Meals Caught Meals (g/day)
25th 4 1.7
50th : 10 4.1
75th 25 10.2
90th 50 20.6
95th 60 24.6
98th 100 41.1
100th 365 150
Mean 18 7.4
Source:  Raw data on sport-caught meals fror Fiore et al.,
1989. EPA calculated intake rates using a value of
150 grams per fish meal; this value is dervied from

Pao et al.. 1982,

This study is limited in its ability to accurately
estimate intake rates because of the absence of data on
weight of fish consumed. Another limitation of this study
is that the results are based on one year recall, which may
tend to over-estimate the number of fishing trips (Ebert et
al., 1993). In addition, the response rate was rather low
(50 percent).

Effects of Health Advisory and Advisory Changes
on Fishing Habits and Fish Consumption in New York
Sport Fisheries - Connelly et al. (1992) conducted a study
to assess the awareness and knowledge of New York
anglers about fishing advisories and contaminants found in

fish and their fishing and fish consuming behaviors. The .

survey sample consisted of 2,000 anglers with New York
State fishing licenses for the year beginning October 1,
1990 through September 30, 1991. A questionnaire was
mailed to the survey sample in January, 1992. The
questionnaire was designed to measure catch and
consumption of fish, as well as methods of fish
preparation and knowledge of and attitudes towards health

advisories (Connelly et al. , 1992). The survey adjusted
response rate was 52.8 percent (1,030 questionnaires were
completed and 51 were not deliverable).

The average and median number of fishing days
per year were 27 and 15 days respectively (Connelly et
al. 1992). The mean number of sport-caught fish meals
was 11. About 25 percent of anglers reported that they
did not consume sport-caught fish.

Connelly et al. (1992) found that 80 percent of
anglers statewide did not eat listed species or ate them
within advisory limits and followed the 1 sport-caught fish
meal per week recommended maximum. The other 20
percent of anglers exceeded the advisory recommendations
in some way; 15 percent ate listed species above the limit
and 5 percent ate more than one sport caught meal per
week.

Connelly et al. (1992) fourd that respondents eating
more than one sport-caught meal per week were just as
likely as those eating less than one meal per week to know
the recommended level of sport-caught fish consumption,
although less than 1/3 in each group knew the level. An
estimated 85 percent of anglers were aware of the health
advisory. Over 50 percent of respondents said that they
made changes in their fishing or fish consumption
behaviors in response to health advisories.

The advisory included a section on methods that
can be used to reduce contaminant exposure. Respondents
were asked what methods they used for fish cleaning and
cooking. Summary results on preparation and cooking
methods are presented in Section 10.9 and in Appendix
10B.

A limitation of this study with respect to estimating
fish.intake rates is that only the number of sport-caught
meals was ascertained, not the weight of fish consumed.
The fish meal data can be converted to an intake rate
(g/day) by assuming a value for a fish meal such as that
from Pao et al. (1982) (about 150 grams as the average
amount of fish consumed per eating occasion for adult
males - males comprised 88 percent of respondents in the
current study). Using 150 grams/meal the mean intake
rate among the angler population would be 4.5 g/day; note
that about 25 percent of this population reported no sport-
caught fish consumption. ‘

The major focus of this study was not on
consumption, per se, but on the knowledge of and impact
of fish health advisories; Connelly et al. (1992) provides
important information on these issues.

Hudson River Sloop Clearwater, Inc. - Hudson
River Angler Survey - Hudson River Sloop Clearwater,
Inc. (1993) conducted a survey of adherence to fish
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consumption health advisories among Hudson River
anglers. All fishing has been banned on the upper Hudson
River, where high levels of PCB contamination are well
documented; while voluntary recreational fish
consumption advisories have been issued tor areas south
of the Troy Dam (Hudson River Sloop Clearwater, Inc.,
1993).

The survey consisted of direct interviews with 336
shore-based anglers between the months of June and
November 1991, and April and July 1992. Socio-
demographic characteristics of the respondents are
presented in Table 10-39. The survey sites were selected
based on observations of use by anglers, and legal
accessibility. The selected sites included upper, mid-, and
lower Hudson River sites located in both rural and urban
settings. The interviews were conducted on weekends and
weekdays during morning, midday, and evening periods.
The anglers were asked specific questions concerning:
fishing and fish consumption habits; perceptions of
presence of contaminants in fish; perceptions of risks
associated with consumption of recreationally caught fish;
and awareness of, attitude toward, and response to fish
consumption advisories or fishing bans.

Table 10-39. Socio-Demographic Characteristics
of Respondents

Percent of
Subcategory _Total®

Upper Hudson 18 %
Mid Hudson ' 35%
Lower Hudson 48 %

Age Dustribution (years) <14 ‘ 3%
15-29 26 %
30-44 35%

45-59

> 60

< $10,000
$10 - 29,999
330 - 49,999
350 - 69,999
$70 - 89,999
> $90,000

Caucasian American
African American
Hispanic American
Asian American
Native American
* A total of 336 shore-based anglers were interviewed
Source: Hudson River Sloop Clearwater, Inc.. 1993

Approximately 92 percent of the survey
respondents were male. The following statistics were
provided by Hudson River Sloop Clearwater, Inc. (1993).

Catepory
Geographic Distribution

Annual Houschold Income

Ethnic Background

The most common reason given for fishing was for
recreation or enjoyment. Over 58 percent of those
surveyed indicated that they eat their catch. Of those
anglers who eat their catch, 48 percent reported being
aware of advisories. Approximately 24 percent of those
who said they currently do not eat their catch, have done
so in the past. Anglers were more likely to eat their catch
from the lower Hudson areas where health advisories,
rather than fishing bans, have beenissued. Approximately
94 percent of Hispanic Americans were likely to eat their
catch, while 77 percent of African Americans and 47
percent of Caucasian Americans intended to eat their
catch. Of those who eat their catch, 87 percent were
likely to share their meal with others (including women of
childbearing age, and children under the age of fifteen).

For subsistence anglers, more low-income than
upper income anglers eat their catch (Hudson River Sloop
Clearwater, Inc., 1993). Approximately 10 percent of the
respondents stated that food was their primary reason for
fishing; this group is more likely to be in the lowest per
capita income group (Hudson River Sloop Clearwater,
Inc., 1993).

The average frequency of fish consumption
reported was just under one (0.9) meal over the previous
week, and three meals over the previous month.
Approximately 35 percent of all anglers who eat their
catch exceeded the amounts recommended by the New
York State health advisories. Less than half (48 percent)
of all the anglers interviewed were aware of the State
health advisories or fishing bans. Only 42 percent of
those anglers aware of the advisories have changed their
fishing habits as a result. The advantages of this study
include: in-person interviews with 95 percent of all anglers
approached; field-tested questions designed to minimize
interviewer bias; and candid responses concerning
consumption of fish from contaminated waters. The
limitations of this study are that specific intake amounts
are not indicated, and that only shore-based anglers were
interviewed.

10.8. NATIVE AMERICAN FRESHWATER

STUDIES

Columbia River Inter-Tribal Fish Commission
(CRITFC) - A Fish Consumption Survey of the Umatilla,
Nez Perce, Yakama, and Warm Springs Tribes of the
Columbia River Basin - CRITFC (1994) conducted a fish
consumption survey among four Columbia River Basin
Indian tribes during the fall and winter of 1991-1992. The
target population included all adult tribal members who
lived on or near the Yakama, Warm Springs, Umatilla or
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Nez Perce reservations. The survey was based on a
stratified random sampling design where respondents were
selected from patient registration files at the Indian Health
Service. Interviews were performed in person at a central
location on the member’s reservation. '
Information requested included annual and
seasonal numbers of fish meals, average serving size per
fish meal, species and part(s) of fish consumed,
preparation methods, changes in patterns of consumption
over the last 20 years and during ceremonies and festivals,
breast feeding practices and 24 hour dietary recall
(CRITEC, 1994). Foam sponge food models
' approximating four, eight, and twelve ounce fish fillets

were provided to help respondents estimate average fish-

meal size. Fish intake rates were calculated by
multiplying the annual frequency of fish meals by the
average serving size per fish meal.

The study was designed to give essentially equal
sample sizes for each tribe. . However, since the
population sizes of the tribes were highly unequal it was
necessary to weight the data (in proportion to tribal
population size) in order that the survey results represent
the overall population of the four tribes. Such weights
were applied to the analysis of adults; however, because
the sample size for children was considered small, only an
unweighted analysis was performed for this populatlon
(CRITFC, 1994).

The survey respondents consisted of 513 tribal
members, 18 years old and above. Of these, 58 percent
were female and 59 percent were under 40 years old. In
addition, information for 204 children 5 years old and less
was provided by the participating adult respondent. The
overall response rate was 69 percent.

The results of the survey showed that adults
consumed an average of 1.71 fish meals/week and had an
average intake of 58.7 grams/day (CRITFC, 1994).
Table 10-40 shows the adult fish intake distribution; the
median was between 29 and 32 g/day and the 95th
percentile about 170 g/day. A small percentage (7 percent)
'of respondents indicated that they were not fish
consumers. Table 10-41 shows that mean intake was
slightly higher in males than females (63 g/d versus 56
g/d) and was higher in the over 60 years age group (74.4
g/d) than in the 18-39 years (57.6 g/d) or 40-59 years
(55.8 g/d) age group. Intake also tended to be higher

among those living on the reservation. The mean intake
. for nursing mothers, 59.1 g/d, was Similar to the overall
mean intake.

A total of 49 percent of respondents reported that
they caught fish from the Columbia River basin and its
tributaries for personal use or for tribal ceremonies and
distributions to other tribe members and 88 percent
reported that they obtained fish from either self-
harvesting, family or friends, at tribal ceremonies or from
tribal distributions. Of all fish consumed, 41 percent came

- from self or family harvesting, 11 percent from the
harvest of friends, 35 percent from tribal ceremonies or
distribution, 9 percent from stores and 4 percent from
other sources (CRITFC, 1994).

Exposure Factors Handbook

Table 10-40. Number of Grams Per Day of Fish Consumed by
All Adult Respondents (Consumers and Non-consumers,
Combined) - Throughout the Year
Number of -~ Cumulative Number of Cumulative
Grams/Day Percent -__Grams/Day Percent
0.00 8.9% 64.8 80.6%
1.6 9.0% 72.9 81.2%
3.2 10.4% 71.0 81.4%
4.0 10.8% 81.0 83.3%
4.9 10.9% 97.2 89.3%
6.5 12.8% 130 92.2%
713 12.9% 146 93.7%
8.1 13.7% 162 94.4%
9.7 14.4% © 170 94.8%
12.2 - 14.9% 194 97.2%
13.0 16.3% 243 97.3%
16.2 22.8% 259 97.4%
19.4 24.0% 292 97.6%
20.2 24.1% 324 98.3%
24.3 27.9% 340 98.7%
29.2 '28.1% 389 99.0%
324 52.5% 486 99.6%
38.9 52.9% 648 99.7%
40.5 56.5% 778 - 99.9%
48.6 67.6% 972 100%
N = 500
Weighted Mean = 58.7 grams/day {gpd)
Weighted SE = 3.64
90th Percentile: 97.2 gpd < (901}1) < 130 gpd
95th Percentile = 170 gpd
99th Percentile = 389 gpd
Source: _ CRITFC, 1994
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Tablc 10-41. Fish Intake Throughout the Year by Sex, Age, and
Location by All Adult Respondents
N Weighted Mean ~ Weighted
(grams/day) SE

Sex

Female 278 55.8 4.78
Male 222 62.6 5.60
Total 500 58.7 3.64
Ape. fyears)

1839 287 57.6 4.87
40-59 155 55.8 4.88
60 & Older 58 74.4 15.3
Total 500 58.7 3.64
Location
On Reservation 440 60.2 3.98
Off Reservation 60 47.9 8.25
Total 500 587 3.64
Seurce:  CRITFEC, 1994,

The analysis of seasonal intake showed that May
and June tended to be high consumption months and
December and January low consumption months. The
mean adult intake rate for May and June was 108 g/d
while the mean intake rate for December and January was
30.7 g/d. Salmon was the species eaten by the highest
number of respondents (92 percent) followed by trout (70
percent), lamprey (54 percent), and smelt (52 percent).
Table 10-42 gives the fish intake distribution for children
under 5 years of age. The mean intake rate was 19.6 g/d
and the 95th percentile was approximately 70 g/d.

The authors noted that some non-response bias may
have occured in the survey since respondents were more
likely to live near the reservation and were more likely to
be female than non-respondents.
hypothesized that non fish consumers may have been more
likely to be non-respondenis than fish consumers since non
consumers may have thought their contribution to the
survey would be meaningless; if such were the case, this
study would ovestimate the mean intake rate. It was also
noted that the timing of the survey, which was conducted
during low fish consumption months, may have led to
underestimation of actual fish consumption; the authors
conjectured that an individual may report higher annual
consumption if interviewed during a relatively high
consumption month and lower annual consumption if
interviewed during a relatively low consumption month.
Finally, with respect to children’s intake, it was observed
that some of the respondents provided the same
information for their children as for themselves, thereby
the reliability of some of these data is questioned.

Although the authors have noted these limitations,
this study does present information on fish consumption

In addition, they"

Table 10-42. Children's Fish Consumption Rates
- Throughout Year
Number of Grams/Day Unweighted Cumulative Percent
0.0 21.1%
0.4 21.6%
0.8 22.2%
1.6 24.7%
2.4 25.3%
3.2 28.4%
4.1 32.0%
4.9 33.5%
6.5 35.6%
8.1 47.4%
9.7 48.5%
12.2 51.0%
13.0 51.5%
16.2 72.7%
19.4 73.2%
20.3 74.2%
24.3 76.3%
32.4 87.1%
48.6 91.2%
64.8 94.3%
72.9 96.4%
81.0 97.4%
97.2 98.5%
162.0 100%
N = 194
Unweighted Mean = 19.6 grams/day (gpd)
| _Unweighted SE = 1.94
Source:  CRITFC. 1994.

patterns and habits for a Native American subpopulation.
It should be noted that the number of surveys that address
subsistence subpopulations is very limited.

‘Wolfe and Walker - Subsistence Economies in
Alaska: Productivity, Geography, and Development
Impacts - Wolfe and Walker (1987) analyzed a dataset
from 98 communities for harvests of fish, land mammals,
marine mammals, and other wild resources. The analysis
was performed to evaluate the distribution and productivity
of subsistence harvests in Alaska during the 1980s.
Harvest levels were used as a measure of productivity.
Wolfe and Walker (1987) defined harvest to represent a
single year's production from a complete seasonal round.
The harvest levels were derived primarily from a
compilation of data from subsistence studies conducted
between 1980 to 1985 by various researchers in the Alaska
Department of Fish and Game, Division of Subsistence.

Of the 98 communities studied, four were large
urban population centers and 94 were small communities.
The harvests for these latter 94 communities were
documented through detailed retrospective interviews with
harvesters from a sample of households (Wolfe and
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Walker, 1987). Harvesters were asked to estimate the
quantities of a particular species that were harvested and
used by members of that household during the previous
12-month period. Wolfe and Walker (1987) converted
harvests to a common unit for comparison, pounds
dressed weight per capita per year, by multiplying the
harvests of households within each community by standard
factors converting total pounds to dressed weight,
sumnming across households, and then dividing by the total
number of household members in the household sample.

Dressed weight varied by species and community but in

gereral was 70 to 75 percent of total fish weight; dressed
weight for fish represents that portion brought into the
kitchen for use (Wolfe and Walker, 1937).

Harvests for the four urban populations were
developed from a statewide data set gathered by the
Alaska Department of Fish and Game Divisions of Game
and Sports Fish. Urban sport fish harvest estimates were
derived from a survey that was mailed to a randomly
selected statewide sample of anglers (Wolfe and Walker,
1987). Sport fish harvests were disaggregated by urban
residency and the dataset was analyzed by converting the
harvests into pounds and dividing by the 1983 urban
population.

For the overall analysis, each of the 98
communities was treated as a single unit of analysis and
the entire group of communities was assumed to be a
sample of all communities in Alaska (Wolfe and Waiker,
1987). Each community was given equal weight,
regardless of population size. Annual per capita harvests
were calculated for each community. For the four urban
centers, fish harvests ranged from 5 to 21 pounds per
capita per year (6.2 g/day to 26.2 g/day).

“The range for the 94 small communities was 25 to
1,239 pounds per capita per year (31 g/day to 1,541
g/day); For these 94 communities, the median per capita
fish harvest was 130 pounds per year (162 g/day). In
most (68 percent) of the 98 communities analyzed,
resource harvests for fish were greater than the harvests
of the other wildlife categories (land mammal, marine
mammial, and other) combined.

The communities in this study were not made up
entirely of Alaska Natives. For roughly half the
communities, Alaska Natives comprised 80 percent or
more of the population, but for about 40 percent of the
communities they comprised less than 50 percent of the
population. Wolfe and Walker (1987) performed a
regression analysis which showed that the per capita
harvest of a community tended to increase as a function of
the percentage of Alaska Natives in the community.

Although this analysis was done for total harvest (i.e.,
fish, land mammal, marine mammal and others) the same
result should hold for fish harvest since fish harvest is
highty correlated with total harvest.

A limitation of this report is that it presents (per-
capita) harvest rates as opposed to individual intake rates.
Wolfe and Walker (1987) compared the per capita harvest
rates reported to the results for the household component
of the 1977-1978 USDA National Food Consumption
Survey (NFCS). The NFCS showed that about 222
pounds of meat, fish, and poultry were purchased and

“brought into the household kitchen for each person each

year in the western region of the United States. This
contrasts with a median total resource harvest of 260
lbs/yr in the 94 communities studied. This comparison,
and the fact that Wolfe and Walker (1987) state that
“harvests represent that portion brought into the kitchen
for use”, suggest that the same factors used to convert
household consumption rates in the NFCS to individual
intake rates can be used to convert per capita harvest rates
to individual intake rates. In Section 10.3, a factor of 0.5
was used to convert fish consumption from household to
individual intake rates. Applying this factor, the median
per capita individual fish intake in the 94 communities
would be 81 g/day and the range 15.5 to 770 g/day.

A limitation of this study is that the data were based
on l-year recall from a mailed survey. An advantage of
the study is that it is one of the few studies that present
fish harvest patterns for subsistence populations.

Fish PCB Concentrations and Consumption
Patterns Among Mohawk Women at Akwesasne -
Akwesasne is a native American conmmmunity of ten
thousand plus persons located along the St. Lawrence
River (Fitzgerald et al., 1995). The local food chain has
been contaminated with PCBs and some species have
levels that exceed the U.S. FDA tolerance limits for
human consumption (Fitzgerald et al., 1995). Fitzgerald
et al. (1995) conducted a recall study from 1986 to 1992
to determine the fish consumption patterns among nursing
Mohawk women residing near three industrial sites. The
study sample consisted of 97 Mohawk women and 154
nursing Caucasian controls. The Mohawk mothers were
significantly younger (mean age 24.9) than the controls
(mean age 26.4) and had significantly more years of
education (mean 13.1 for Mohawks versus 12.4 for
controls). A total of 97 out of 119 Mohawk nursing
women responded, a response rate of 78 percent; 154 out
of 287 control nursing Caucasian wonien responded, a
response rate of 54 percent.
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Potential participants were identified prior to, or
shortly after, delivery. The interviews were conducted at
home within one month postpartum and were structured to
collect information for sociodemographics, vital statistics,
use of medications, occupational and residential histories,

behavioral patterns (cigarette smoking and alcohol
consumption), drinking water source, diet, and fish

preparation methods (Fitzgerald et al., 1995). The dietary
data collected were based on recall for food intake during
the index pregnarncy, the year before the pregnancy, and
more than one year before the pregnancy.

The dietary assessment involved the report by each
participant on the consumption of various foods with
emphasis on local species of fish and game (Fitzgerald et
al., 1995). This method combined food frequency and
dietary histories to estimate usual intake. Food frequency
was evaluated with a checklist of foods for indicating the
amount of consumption of a participant per week, month
or year. Information gathered for the dietary history
included duration of consumption, changes in the diet, and
food preparation method.

Table 10-43 presents the mmber of local fish meals
per year for both the Mohawk and control participants.
The highest percentage of participants reported consuming
between 1 and 9 local fish meals per year. Table 10-43
indicates that Mohawk respondents consurned statistically
significantly more local fish than did control respondents
during the two time periods prior to pregnancy; for
thetime period during pregnancy there was no significant
difference in fish consumption between the two groups.
Table 10-44 presents the mean number of local fish meals
consumed per year by time period for all respondents and
for those ever consuming (consumers only). A total of 82

(85 percent) Mohawk mothers and 72 (47 percent) control
mothers reported ever consuming local fish. The mean
number of local fish meals consumed per year by Mohawk
respordents declined over time, from 23.4 (over one year
before pregnancy) to 9.2 (less than one year before
pregnancy) to 3.9 (during pregnancy); a similar decline
was seen among consuming Mohawks only. There was
also a decreasing trend over time in consumption among
controls, though it was much less pronounced.

Table 10-45 presents the mean number of fish
meals consumed per year for all participants by time
period and selected characteristics (age, education,
cigarette smoking, and alcohol consumption). Participants
over 34 years of age had the highest fish consumption.
The most common fish consumed by Mohawk mothers
was yellow perch; for controls the most common fish
consumed was trout.

An advantage of this study is that it presents data
for fish consumption patterns for Native Americans as
compared to a demographically similar group of
Caucasians. Although the data are based on nursing
mothers as participants, the study also captures
consumption patterns prior to pregnancy (up to 1 year
before and more than 1 year before). Fitzgerald et al.
(1995) noted that dietary recall for a period more than one
year before pregnancy may be inaccurate, but this data
was the best available measure of the more distant past.
They also noted that the observed decrease in fish
consumption among Mohawks from the period one year
before pregnancy to the period of pregnancy is due to a

*secular trend of declining fish consumption over time in

Mohawks. This decrease, which was more pronounced
than that seen in controls, may be due to health advisories

Table 10-43. Number of Local Fish Meals Consumed Per Year by Time Period for all Respondents
Time Period
Number of Local Fish .
Meats Cor d Per During Pregnancy <1 Yr. Before Pregnancy* > Yr. Before Pregnancy®
Year Mohawk Control Mohawk Control Mohawk Control
N % N % ' % N % i % N %

None 63 64.9 109 70.8 42 43.3 9 64.3 20 20.6 93 60.4
1-9 2% 4.7 24 15.6 40 41.2 31 20.1 42 43.3 35 22.7
10-19 5 5.2 7 4.5 4 4.1 6 3.9 6 6.2 8 5.2
26-29 1 1.0 5 33 3 3.1 3 1.9 9 9.3 5 3.3
30- 39 [} 0.0 2 1.3 0 0.0 3 1.9 1 1.0 1 0.6
40 - 49 0 0.0 1 0.6 1 1.0 1 0.6 1 1.0 1 0.6
504+ 4 4.1 6 3.9 7 7.2 11 7.1 18 18.6 i1 7.1
Total 122) 100.0 154 100.0 91 100.0 154 100.0 97 100.0 154 100.0
* p <0.05 for Mohawk vs. Control.
* p <0.001 for Mohawk vs, Control.
a N = number of respondents.
Source:_Fitzgerald ct al,, 1995,
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‘Table 10-44. Mean Number of Local Fish Meals Consumed Per Year by Time Period for all Respondents and Consumers Only

All Respondents
(N=97 Mohawks and 154 Controls)

Consumers Only
(N=82 Mohawks and 72 Controls)

During <1 Yr. Before- . >1 Yr. Before ‘ During ‘<1 Yr. Before >1 Yr. Before
Pregnancy Pregnancy Pregnancy Pregnancy Pregnancy Pregnancy
Mohawk 3.9(1.2) 9.2(2.3) 23.4 4.3 4.6 (1.3) 10.9 2.7 27.6 (4.9)
Control 1302.1D 10.7 (2.6) 10.9 3.7 15.5 (4.2)° 23.0(5.5)

: p <0.05 for Mohawk vs. Control
e p <0.001 for Mohawk vs. Control.
( ) = standard error.
Test for linear trend:
P <0.001 for Mohawk (All participants and consumers only);
?p=0.07 for Controls (All participants and consumers only).

230 (5.1

L Source: Fitzgerald et al., 1995.
Table 10-45. Mean Number of Local Fish Meals Consumed Per Year by Time Period and Selected Characteristics for all Respondents
Time Period
During Pregnancy <1 Year Before Pregnancy >1 Year Before Pregnancy |
Background Variable Mohawk Control Mohawk. Control Mohawk Control
Age (Yrs) o
<20 7.7 0.8 13.5 13.9 27.4 10.4
20-24 L3 5.9 5.7 14.5 20.4 15.9
25-29 3.9 9.9 15.5 6.2 25.1 5.4
30-34 12.0 1.6 9.5 2.9 12.0 5.6
>34 1.8 11.2 1.8 26.2 523 22.1
Education (Yrs)
<12 6.3 7.9 14.8 12.4 24.7 8.6
12 13 54 8.1 84 15.3 11.4
13-15 1.7 10.1 8.0 15.4 292 13.3
>15 0.9 6.8 10.7 0.8 18.7 2.1
Cigarette Smoking : e
. Yes 3.8 8.8 10.4 13.0 31.6 10.9
No 3.9 6.4 8.4 83 18.1 10.8
Alcohol Consumpuon
Yes 4.2 9.9 6.8 13.8 18.0 14.8
No 3.8 6.3" 12.1 4.T 20.8 2.9¢
* F (4,149) = 2.66, p=0.035 for Age Among Controls.
b F (1,152) = 3.77, p=0.054 for Alcohol Among Controls.
¢ F (1,152) = 5.20, p=0.024 for Alcohol Among Controls.
d "F(1,152) = 6.42, p=0.012 for Alcohol Among Controls.
L Source: Fitzgerald et al., 1995,

promulgated by tribal, as well as state, officials. The
authors note that this decreasing secular trend in Mohawks
is consistent with a survey from 1979-1980 that found an
overall mean of 40 fish meals per year among male and
female Mohawk adults.

The data are presented as number of fish meals per |

year; the authors did not assign an average weight to fish
meals. If assessors wanted to estimate the weight of fish
consumed some average value of weight per fish meal

would have to be assumed. Pao et al. (1982) reported 104

. grams as the average weight of fish consumed per eating
occasion for females 19-34 years old.

. Peterson et al. (1994) - Fish Consumption Patterns

and Blood Mercury Levels in Wisconsin Chippewa Indians

- Peterson et al. (1994) investigated the extent of exposure

of methylmercury to Chippewa Indians living on a

Northern Wisconsin reservation who consume fish caught

in northern Wisconsin lakes. . The lakes in northern
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Wisconsin are known to be contaminated with mercury
and the Chippewa have a reputation for high fish
consumption (Peterson et al., 1994). The Chippewa
Indians fish by the traditional method of spearfishing.
Spearfishing (for walleye) occurs for about two weeks
each spring after the ice breaks, and although only a small
number of tribal members participate in it, the
spearfishing harvest is distributed widely within the tribe
by an informal distribution network of family and friends
and through traditional tribal feasts (Peterson et al., 1994).

Potential survey participants, 465 adults, 18 years of
age and older, were randomly selected from the tribal
registries (Petersonet al., 1994). Participants were asked
to complete a questionnaire describing their routine fish
consumption and, more extensively, their fish
consumption during the two previous months. They were
also asked to give a blood sample that would be tested for
mercury content. The survey was carried out in May
1990. A follow-up survey was conducted for a random
sample of 75 non-respondents (80 percent were
reachable), and their demographic and fish consumption
patterns were obtained. Peterson et al. (1994) reported
that the non-respondents' socioeconomic and fish
consumption were similar to the respondents.

A total of 175 of the original random sample (38
percent) participated in the study. In addition, 152
nonrandomly selected participants were surveyed and
included in the data analysis; these participants were
reported by Peterson et al. (1994) to have fish

Consumption rates similar to those of the randomly
selected participants. Results from the survey showed that
fish consumption varied seasonally, with 50 percent of the
respondents reporting April and May (spearfishing season)
as the highest fish consumption months (Peterson et al.,
1994). Table 10-46 shows the number of fish meals
consumed per week during the last 2 months (recent
consurmiption) before the survey was conducted and during
the respondents’ peak consumption months grouped by
gender, age, education, and employment level. During
peak consumnption months, males consumed more fish (1.9
meals per week) than females (1.5 meals per week),
respondents under 35 consumed more fish (1.8 meals per
week) than respondents 35 and over (1.6 meals per week),
and the unemployed consumed more fish (1.9 meals per
week) than the employed (1.6 meals per week). During
the highest fish consumption season (April and May), 50
percent of trespondents reported eating one or less fish
meals per week and only 2 percent reported daily fish
consumption (Figures 10-1 and 10-2). A total of 72
percent of respondents reported Walleye consumption in
the previous two months. Peterson et al. (1994) also
reported that the mean number of fish meals usually
consumed per week by the respondents was 1.2.

The mean fish consumption rate reported (1.2 fish
meals per week, or 62.4 meals per year) in this survey

~ was compared with the rate reported in a previous survey

of Wisconsin anglers (Fiore et al., 1989) of 42 fish meals
per year. These results indicate that the Chippewa Indians

Table 10-46. Sociodemographic Factors and Recent Fish Consumption |
Peak Consumption® Recent Consumption®
Average® 234 (%) Walleye N. Pike Muskellunge Bass

All participants (N-323) 1.7 20 42 0.3 0.3 0.5
Gender

Male (n-148) 1.9 26 51 0.5 0.5 0.7°

Female (n-175) 1.5 15 3.4 0.2 0.1 0.3
Age ()

<35 (n-150) 1.8 23 5.3° 0.3 0.2 0.7

235 (n-173) 1.6 17 3.2 0.4 0.3 0.3
High School Graduate

No (n-105) 1.6 18 3.6 0.2 0.4 0.7

Yes (n-218) 1.7 21 4.4 0.4 0.2 0.4
Unemployed

Yes (n-78) 1.9 27 4.8 0.6 0.6 1.1

No (n-245) 1.6 18 4.0 0.3 0.2 0.3
* Highest number of fish meals consumed/week.
. Number of meals of each species in the previous 2 months.
¢ Average peak fish consumption,

Percentage of population reporting peak fish consumption of >3 fish meals/week.
Source: Peterson et al., 1994,
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50 .
Which month$ of the year do you

40 eat the most fish? .

Percent
S

o B i B N S
Jan Feb Mar Apr May Jun. Jul Aug Sep Oct Nov Dec
Month
* Participants could list more than one month.

Figure 10-1. Sesonal Fish Consumption: Wisconsin Chippewa, 1990

50
Owring those months of the year when you eat the most fish,
how many fish meals do you eat in a week?
40 RET
é 30 4
e
fal
10
o 1 2 3 -4 5 8 7
Fish mesis per waek

Figure 10-2. Peak Fish Consumption: Wisconsin Chippewa, 1990,

Source: Peterson et al., 1994,
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do not consume much more fish than the general
Wisconsin angler population (Peterson et al., 1994). The
differences in the two values may be attributed to
differences in study methodology (Peterson et al., 1994).
Note that this number (1.2 fish meals per week) includes
fish from all sources. Peterson et al. (1994) noted that
subsistence fishing, defined as fishing as a major food
source, appears rare among the Chippewa. Using the rate
from Pao et al. (1982) of 117 g/meal as the average
weight of fish consumed per fish meal in the general
population, the rate reported here of 1.2 fish meals per
week translates into a mean fish intake rate of 20 g/day in
this population.

AIHC (1994) - Exposure Factors Sourcebook - The
Exposure Factors Sourcebook (AIHC, 1994) provides data
for non-marine fish intake consistent with this document.
However, the total fish intake rate recommended in AIHC

(1994) is approximately 40 percent lower than that in this

document. The fish intake rates presented in this
handbook are based on more recent data from USDA
CSFII (1989-1991). AIHC (1994) presents probability
distributions in grams fish per kilogram of body weight
for fish consumption based on data from U.S. EPA
Guidance Manual, Assessing Human Health Risks from
Chemically Contaminated Fish and Shellfish. The @Risk
formula is provided for direct use in the @Risk simulation
software. The @Risk formula was provided for the
distributions that were provided for the ingestion of
freshwater finfish, saltwater finfish, and fish (unspecified)
inthe U.S. general population, children ages 1 to 6 years,
and males ages 13 years and above. Distributions were
also provided for saltwater finfish ingestion in the general
population and for females and for males 13 years of age
and older. Distributions for shellfish ingestion were
provided for the general population, children ages 1 to 6
years, and for males and females 13 years of age and
above. Additionally, distributions for “unspecified” fish
ingestion were presented for the above mentioned
populations.

The Sourcebook has been classified as a relevant
rather than key study because it was not the primary
source fo rthe data used to make recommendations in this
document. The Sourcebook is very similar to this

OTHER FACTORS
Other factors to consider when using the available
survey data include location, climate, season, and ethnicity
of the angler or consumer population, as well as the parts
of fish consumed and the methods of preparation. Some
contaminants (for example, some dioxin compounds) have
the affinity to accumulate more in certain tissues, such as
the fatty tissue, as well as in certain internal organs. The
effects of cooking methods for various food products on
the levels of dioxin-like compounds have been addressed
by evaluating a number of studies in U.S. EPA (1996).
These studies showed various results for contamination
losses based on the methodology of the study and the
method of food preparation. The reader is referred to
U.S. EPA (1996) for a detailed review of these studies.
In addition, some studies suggest that there is a significant
decrease of contaminants in cooked fish when compared
with raw fish (San Diego County, 1990). Several studies

10.9

. cited in this section have addressed fish preparation

methods and parts of fish consumed. Table 10-47 -
provides summary results from these studies on fish
preparation methods; further details on preparation
methods, as well as results from some studies on parts of
fish consumed, are presented in Appendix 10B.

The moisture content (percent) and total fat content
(percent) measured and/or calculated in various fish forms
(i.e., raw, cooked, smoked, etc.) for selected fish species

'are presented in Table 10-48, based on data from USDA

(1979-1984). The total percent fat content is based on the
sum of saturated, monounsaturated, and polyunsaturated
fat. The moisture content is based on the percent of water
present.

In some cases, the residue levels of contaminants in
fish are reported as the concentration of contaminant per
gram of fat. When using residue levels, the assessor
should ensure consistency in the exposure assessment
calculations by using consumption rates that are based on
the amount of fat consumed for the fish species of
interest. Alternately, residue levels for the "as consumed”
portions of fish may be estimated by multiplying the levels
based on fat by the fraction of fat (Table 10-48) per
product as follows:

document in the sense that it summarizes exposure
factor data and recommends values. Therefore, it
can be used as an alternative information source on

residue level/g product = (

residue levcl\ x g-fat
g-fat } g~product

(Eqn. 10-4)

fish intake.
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Table 10-47. Percentage of Individuals Using Various Cooking Methods at Specified Frequencies
Use - Pan  Deep Broil or S
Study Frequency Bake Fry Fry Grill Poach . Boil Smcke Raw Other
Connelly et al., - Always 24(@) - St 13 24@@).
1992 o Ever 75(a) .. 88 . 597 75¢a)
Connelly et al., Always 13 4 4
1996 Ever 84 72 42
CRITFC, 1994 At least 9 . 51 14 27 11 - 46 31 1 34(b)
. monthly . 29(c)
‘ ] 49(d)
Ever 98 80 25 - 39 17T 66 3. 67m)
‘ ‘ Ti(c)
75(d)
_ Fitzgerald et al., Not 94(eX(H) TieXg)
1995 Specified ‘
Puffer et al., As Primary 16.3 52.5 12 0.25 19¢h)
1981 : Method
* 24 and 75 listed as bake, BBQ, or poach
* Dried )
¢ Roasted
4 Canned
* Not specified whether deep or pan fried
f Mohawk women :
t Control population .
L. boil, stew. soup. or steam
Exposure Factors Handbook - Page
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Table 10-48. Percent Moisture and Fat Content for Selected Species®
Moisture
Content Total Fat Content
Species (%) (%) Comments
FINFISH
Anchovy, European 73.37 4.101 Raw
50.30 8.535 Canned in oil, drained solids
Bass 75.66 3.273 ' Freshwater, mixed species, raw
Bass, Striped 79.22 1.951 Raw
Bluefish . 70.86 3.768 Raw
Butterfish 74.13 NA Raw
Carp 76.31 4.842 Raw
69.63 6.208 Cooked, dry heat
Catfish 76.39 3.597 Channel, raw
58.81 12.224 Channel, cooked, breaded and fried
Cod, Atlantic 81.22 0.456 Atlantic, raw
75.61 0.582 Canned, solids and liguids
75.92 0.584 Cooked, dry heat
16.14 1.608 Dried and salted
Cod, Pacific 81.28 0.407 Raw
Croaker, Atlantic 78.03 2.701 Raw
59.76 11.713 Cooked, breaded and fried
Dolphinfish, Mahimahi 77.55 0.474 Raw
Drum, Freshwater 71.33 4.463 Raw
Flatfish, Flounder and Sole 79.06 0.845 Raw
73.16 1.084 Cooked, dry heat
Grouper : 79.22 0.756 Raw, mixed species
73.36 0.970 Cooked, dry heat
Haddock 79.92 0.489 Raw
74.25 0.627 Cooked, dry heat
71.48 0.651 Smoked
Halibut, Atlantic & Pacific 77.92 1.812 Raw
71.69 2.324 Cooked, dry heat
Halibut, Greenland 70.27 12.164 Raw
Herring, Atlantic & Turbot, domestic species 72.05 7.909 Raw
64.16 10.140 Cooked, dry heat
59.70 10.822 Kippered
55.22 16.007 Pickled
Herring, Pacific 71.52 12.552 Raw
Mackerel, Atlantic 63.55 ) 9.076 Raw
53.27 15.482 Cooked, dry heat
Mackerel, Jack 69.17 4.587 Canned, drained solids
Mackerel, King 75.85. 1.587 Raw
Mackerel, Pacific & Jack 70.15 6.816 Canned, drained solids
Mackerel, Spanish 71.67 5.097 Raw
68.46 5.745 Cooked, dry heat
Monkfish 83.24 NA Raw
Mullet, Striped 77.01 | 2.909 Raw
70.52 3.730 Cooked, dry heat
Qcean Perch, Atlantic 78.70 1.296 " Raw
72.69 1.661 Cooked, dry heat
Perch, Mixed species 79.13 0.705 " Raw
73.25 0.904 . Cooked, dry heat
Pike, Northern 78.92 0.477 Raw
72.97 0.611 Cooked, dry heat
| _Pike, Walleye 79.31 0.990 Raw
Page _ ‘ Exposure Factors Handbook
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Table 10-48. Percent Moisture and Fat Content for Selected Species® (continued)
Moisture Total Fat
: Content + Content
Species (%) . (%) : Comments
Pollock, Alaska & Walleye . . 81.56 0.701 Raw
‘ ' - 74.06 0.929 Cooked, dry heat -
Pollock, Atlantic 78.18 | 0.730 Raw
Rockfish, Pacific, mixed species . 79.26 1.182 Raw (Mixed species)
' . 73.41 . 1.515 Cooked, dry heat (m:xcd spccles)
Roughy, Orange ’ : 75.90 3.630 Raw .
Salmon, Atlantic 68.50 5.625 Raw
Salmon, Chinook 73.17 9.061 Raw
72.00 3.947 Smoked
Salmon, Chum 75.38 ’ 3.279 Raw
70.77 - 4,922 Canned, drained solids with bone
Salmon, Coho ' 72.63 4.908 Raw .
65.35 6.213 - Cooked, moist heat
Salmon, Pink 76.35 - 2.845 Raw
: ’ 68.81 5.391 Canged, solids with bone and lquld
Salmon, Red & Sockeye 70.24 4.560 . Raw
‘ 68.72 ‘ 6.697 Canned, drained solids with bone
. 61.84 9.616 Cooked, dry heat
Sardine, Atlantic 59.61 10.545 Canned in oil, drained SOlldS wuh bone
Sardine, Pacific 68.30 " 11.054 Canned in tomato sauce, drained solids with bone
Sea Bass, mixed species 78.27 1.678 Cooked, dry heat
‘ 72.14 2.152 Raw
Seatrout, mixed species 78.09 2.618 Raw
Shad, American : 68.19 NA Raw
Shark, mixed species 73.58 3.941 Raw
60.09 12.841 Cooked, batter-dipped and fried
Snapper, mixed species 76.87 0.995 Raw
7035 1.275 Cooked, dry heat
Sole, Spot ‘ 75.95 3.870 Raw
Sturgeon, mixed species 76.55 3.544 Raw
' 69.94 4.544 Cooked, dry heat
‘ 62.50 3.829 Smoked
Sucker, white 79.71 1.965 Raw-
Sunfish, Pumpkinseed ~ 79.50 0.502 Raw
Swordfish 75.62 3.564 Raw
68.75 - 4.569 Cooked, dry heat
Trout, mixed species - : 71.42 5.901 Raw
Trout, Rainbow 71.48 2.883 Raw
63.43 3.696 . Cooked, dry heat
Tuna, light meat 590.83 7.368 Canned in oil, drained solids
. 74.51 0.730 Canned in water, drained solids
Tuna, white meat 64.02 NA Canned in oil
69.48 L2220 Canned in water, dramed solids
Tuna, Bluefish, fresh 68.09 4,296 Raw - ,
59.09 5.509 Cooked, dry heat
Turbot, European . 76.95 NA Raw
Whitefish, mixed species 72.77 -, 5.051 Raw
. 70.83 0.799 Smoked
Whiting, mixed species 80.27 0.948 Raw
i 74.71 1.216 . Cooked, dry heat
L_Yellowtail, mixed species 74.52 NA Raw
Exposure Factors Handbook : o : : . ‘ . Page
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Table 10-48. Percent Moisture and Fat Content for Selected Species® (continued)
Moisture Total Fat
Content Content
Specics ) (%) (%) Conunents
SHELLFISH
Crab, Alaska King 79.57 NA Raw
77.55 0.854 Cooked, moist heat
Imitation, made from surimi
Crab, Blue 79.02 0.801 Raw
79.16 0.910 Canned (dry pack or drained solids of wet pack)
7743 1.188 Cooked, moist heat
71.00 6.571 Crab cakes
Crab, Dungeness 79.18 0.616 Raw
Crab, Queen 80.58 0.821 Raw
Crayfish, mixed species 80.79 0.732 Raw
75.37 .+ 0.939 Cooked, moist heat
Lobster, Northern 76.76 NA Raw
76.03 0.358 Cooked, moist heat
Shrimp, mixed species 75.86 1.250 Raw .
72.56 1.421 Canned (dry pack or drained solids of wet pack)
52.86 10.984 Cooked, breaded and fried
77.28 0.926 Cooked, moist heat
Spiny Lobster, mixed species 74.07 1.102 Imitation made from surimi, raw
Clam, mixed species . 81.82 0.456 Raw .
63.64 0.912 Canned, drained solids
97.70 NA Canned, liquid
61.55 10.098 Cooked, breaded and fried
63.64 0.912 Cooked, moist heat
Musscl, Blue 80.58 1.538 Raw
61.15 3.076 Cooked, moist heat
QOctopus, common 80.25 0.628 Raw
Qyster, Eastern 85.14 1.620 Raw
' 85.14 1.620 Canned (Solids and liquid based) raw
64.72 11.212 Cooked, breaded and fried
70.28 3.240 Cooked, moist heat
Qyster, Pacific 82.06 1.752 Raw
Scallop, mixed specics : 78.57 0.377 Raw
58.44 10.023 Cooked, breaded and fried
73.82 NA Imitation, made from Surimi
Squid 78.55. 0.989 Raw
64.54 6.763 Cooked, fried
*  Data are reported as is in the Handbook
*  Total Fat Conlent - saturated, monosaturated and polyunsaturated
NA = Not available )
Source: USDA, 1979-1984 - U.S. Agricultural Handbook No. 8
Page . - Exposure Factors Handbook
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The resulting residue levels may then be used in
conjunction with "as consumed" consumption rates.
Additionally, intake rates may be reported in terms
of units as consumed or units of dry weight. It is essential
that exposure assessors be aware of this difference so that
they may ensure consistency between the units used for
intake rates and those used for concentration data (i.e., if
the unit of food consumption is grams dry weight/day,
then the unit for the amount of pollutant in the food should
~be grams dry weight). If necessary, as consumed intake
rates may be converted to dry weight intake rates using the
moisture content percentages of fish presented in
Table 10-48 and the following equation:

(Egn. 10-5).

IRy, = IRye* [(100-W)/100]

"Dry weight" intake rates may be converted to "as
consumed" rates by using:

IR, = IRy, /[(100-W)/100] -

(Eqn.' 10-6)
where: :
IRy, = dry weight intake rate;
IR, = as consumed intake rate; and
w = percent water content,

10.10. RECOMMENDATIONS

- The survey designs, data generated, and
limitations/advantages of the studies described in this
report are summarized and presented in Table 10-49
(found at the end of this chapter). Fish consumption rates
are recommended based on the survey results presented in
the key studies described in the preceding sections.
Considerable variation exists in thé mean and upper
percentile fish consumption rates obtained from these
studies. This can be attributed largely to the
characteristics of the survey population (i.e., general
population, recreational anglers). and the type of water
body (i.e., marine, estuarine, freshwater), but other
factors such as study design, method of data collection and
geographic location also play a role. Based on these
study variations, recommendations for consumption rates
were classified into the following categories:

General Population;’
¢ Recreational Marine Anglers;
*  Recreational Freshwater Anglers; and

e Native American Subsistence Fishing
Populations

, The recommendations for each of these categories
were rated according to the level of confidence the Agency
has in the recommended values. These ratings were
derived according to the principles outlined in Volume I,
Section 1.3; the ratings and a summary of the rationale
behind them are presented in tables which follow the
discussion of each category.

For exposure assessment purposes, the selection of
the appropriate category (or categories) from above will
depend on the exposure scenario being evaluated.
Assessors should use the recommended values (or range
of values) unless specific studies are felt to be particularly
relevant to their needs, in which case results from a
specific study or studies may be used. This is purticularly
true for the last two categories where no nationwide key
studies exist. Even where national data exist, it may be
advantageous to use regional estimates if the assessment
targets a particular region. In addition, seasonal, age, and
gender variations should be considered when appropriate.

It should be noted that the recommended rates are
based on mean (or median) values which represent a
typical intake or central tendency for the population
studied, and on upper estimates (i.e., 90th-99th
percentiles) which represent the high-end fish consumption
of the population studied. For the recreational angler
populations, the recommended means and percentiles are
based on all persons engaged in recreational fishing, not
just those consuming recreationally caught fish.

10.10.1. Recommendations - General Population

The key study for estimating mean fish intake
(reflective of both short-term and long-term consumption)
is the USDA CSFII 1989-1991. The recommended values
for mean intake by habitat and fish type are shown below.
The confidence in recommendations is presented in Table
10-50 (found at the end of this chapter).

For all fish (finfish and shellfish) the values are 6.6
g/day for freshwater/estuarine fish, 13.5 g/day for marine
fish and 20.1 g/day for all fish. Note these values are in
terms of uncooked fish weight. Because the CSFII was
based on short-term data, however, it could not be used to
estimate the distribution over the long term of average
daily fish intake. The long-term average daily fish intake
distribution can be estimated using the TRI study which
provided dietary data for a one month period. However,
because the data from this study are now over 20 years
old, it was felt that the distribution generated from these
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Recommendations - General Population

Mean Intake
(g/day)

95th Percentile of Long-term
Intake Distribution (g/day)

Study (Reference)

63 (Value of 42 from Javitz was
adjusted upward by 50 percent to

TRI (Javitz, 1980; Ruffle et al.,
1994)

account for recent increase in fish

consumption)
20.1 (Total Fish)
13.5 (Marine Fish)
6.6 (Freshwater/Estuarine Fish)

U.S. EPA Analysis of CSFII,
1989-91

data should be adjusted to account for the recent increase
in fish consumption. The CSFII estimate of per capita
intake, 20.1 g/day, is about 50 percent higher than the
per-capita intake from the TRI study (13.4 g/day). Then,
as suggested by Ruffle et al. (1994) the distributions
generated from TRI should be shifted upward by 50
percent to estimate the current fish intake distribution.
Thus, the recommended percentiles of long-term average
daily fish intake are those of Javitz (1980) adjusted 50
percent upward (see Tables 10-3, 10-4). Alternatively,
the log-normal distribution of Ruffle et al. (1994) (Table
10-6) may be used to approximate the long term fish
intake distribution; adjusting the log mean p by adding
log(1.5)= 0.4 to it will shift the distribution upward by 50
percent.

The distribution of serving sizes may be useful for
acute exposure assessments. The recommended values
are 123 g/day for mean serving size and 305 g/day for the
95th percentile serving size (i.e., the midpoints of the
values below).

Recommendations - Recreational Marine
Anglers ,

The recommended values presented below are
based on the surveys of the National Marine Fisheries
Service (NMFS). The intake values are based on finfish
consumption only. The confidence rating for recreational
marine anglers is presented in Table 10-51 (found at the
end of this chapter).

10.10.2.

Recommendations - General Population - Fish Serving Size

Mean Intake (grams) 95th Percentile (grams) Study (Reference)
117 284 1977-78 NFCS (Pao et al., 1982)
129 326 1989-1991 CSFII (U.S. EPA, 1996)

Recommendations - Recreational Marine Anglers

Mean Intake 95th Percentile
(g/day) (g/day) Study Location Study
5.6 18.0 Atlantic NMFS, 1993
7.2 26.0 Gulf
2.0 6.8 Pacific
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10.10.3. Recommendations - Recreational
~ - Freshwater Anglers ‘

. The data presented below are based on mailed
questionnaire surveys (Ebert et al., 1993 and West et al.,
1989; 1993) and a diary study (Connelly et al., 1992).

The mean intakes ranged from 5-17 g/day. In two

from the West et al. (1993) study. Confidence in fish

intake recommendations for recreational freshwater fish
consumption is presented in Table 10-52 (found at the end
of this chapter).

10.10.4. Recommendations - Native American

Recommendations - Freshwater Anglers

Mean Intake Upper Percentile -
(g/day) (g/day) Study Location Reference
5 v 13 (95th percentile) - Mgine Ebert et al., 1992
5 : 18 (95th percentile) New York Conrnelly et al., 1996
12 © 39 (96th percentile) Michigan West et al 1989
17 — Michigan West et al, 1993

relevant studies, (Connelly et al., 1992 and Fiore et al.,
1989). only the number of fish meals was ascertained.
Using average meal sizes taken from Pao et. al. (1982) to
calculate intake rates for these studies gives mean rates
similar to those reported above (4.5 g/day and 7.4 g/day).

The recommended mean and 95th percentile values for

recreational freshwater anglers are 8 g/day and 25 g/day,

respecnvely, these were derived by averaging the values
from the three populations surveyed in the key studiés.
Since the two West et al. surveys studied the same
population, the average of the means from the two studies
was used to represent the mean for this population. The
estimate from the West et al. (1989) survey was used to
represent the 95th percentile for this population since the
long term consumption percentiles could not be estimated

Subsistence Populations

Fish consumption data for Native American
subsistence populations are very limited. The CRITFC
(1994) study gives a per-capita fish intake rate of 59 g/day
and a 95th percentile of 170 g/day. The report by Wolfe
and Walker (1987) presents harvest rates for 94 small
communities engaged in subsistence harvests of natural
resources. A factor of 0.5 was employed to convert the
per-capita harvest rates presented in Wolfe and Walker to
per capita individual consumption rates; this is the same
factor used to convert from per capita household
consumption rates to per capita individual consumiption
rates in the analysis of homegrown fish consumption from
the 1987-1988 NFCS. Based on this factor, the median

Recommendatlons Native Amerlcan Subsistence Populations

Per-Capita (or Mean) Upper Percentile
Intake (g/day) (g/day) §t_udy Popgl_g;_ion Reference
59 . 170 (95th) - ‘4 Columbia River Tribes CRITFC, 1994
16 ‘ - 94 Alaska Communities Wolfe and Walker 1989
(Lowest of 94)
81 --- 94 Alaska Communities Wolfe and Walker 1989
) ‘ " (Median of 94)
770 : - 94 Alaska Communities Wolfe and Walker 1989

(Highest of 94)
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per-capita harvest in the 94 communities of 162 g/day
(and the range of 31-1,540 g/day) is converted to the
median per capita intake rate of 81 g/day (range 16-770
g/day) shown in the table below. The recommended value
for mean intake is 70 g/day and the recommended 95th
percentile is 170 g/day. The confidence in ratings are
presented in Table 10-53 (found at the end of this
chapter).

It should be emphasized that the above
recommendations refer only to Native American
subsistence fishing populations, not the Native American
population generally. Several studies show that intake
rates of recreationally caught fish among Native
Americans with state fishing licences (West et al., 1989;
Ebert et al., 1993) are somewhat higher (50-100 percent)
than intake rates among other anglers, but far lower than
the above rates shown for Native American subsistence
populations.

In addition, the studies of Peterson et al. (1994)
and Fiore et al. (1989) show that total fish intake among
a Native American population on a reservation (Chippewa
in Wisconsin) is roughly comparable (50 percent higher)
to total fish intake among licensed anglers in the same
state, and the study of Fitzgerald et al. (1995) showed that
pregnant women on a reservation (Mohawk in New York)
have sport-caught fish intake rates comparable to those of
a local white control population.
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Table 10-50. Confidence in Fish Intake Recommendations for General Population

» Adequacy of data collection period

« Validity of approach
 Study size
. chresemaliveness of the population

» Characterization of variability

» Lack of bias in study design (h:gh
rating is desu‘able)

. Measuremem error
Other Elements

¢ Number of studies

e Agreement between researchers

Overall Rating

Long-term distribution based on one month data

collection period

Diaries and ane-day recall

Range 10,000 -37,000

chresemaﬁve of overall U.S. population.
Long-terrﬂ distribution (generated from 1973-
1974 data) was shifted upward based on recem

increase in mean COﬂSUanIIOXI

Response rates fairly high; no obvxous source of
bias.

Estimates of intake amounts imprecise

1 for mean, 2 for serving size distribution, results
of 2 studies utilized for long-term distribution

Considerations Rationale Rating

Study Elements

« - Level of peer review ' USDA and EPA review High

¢ Accessibility

. Repréducibility

» Focus on factor of interest Yes High

¢ Data pertinent to U.S. U.S. studies High

¢ Primary data Yes High

e Currency - Studies from 1973-1974 to 1989-1991 High (Mean, Serving-size

Distribution)
Low (Long-Terin Distrihuti()n)

High (Mlean,‘Sew;lng-sizc
Distribution)

Medium (Long-term distribution)
High-

High

High

Medium

High

Medium

Medium

Medium

High (Mean, Serving-size
distribution)
Medium (ang-term distribution)
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Table 10-51. Confidence in Fish Intake Recommendations for Recreational Marine Anglers

Considerations Rationale Rating

Study Elements .

* Level of peer review NMFS and EPA review High

¢ Accessibility Details in Handbook and NMFS publications

*  Reproducibility See above : High

« Focus on factor of interest Focus on fish catch rather than fish consumption per se. Medium

» Data pertinent to U.S. U.S. studies High

+ Primary data Yes High

» Currency Data from 1993 High

+ Adequacy of data collection period Data collected once for each angler. Yearly catch of angler Medium
estimated from catch on intercepted trip and reported fishing
frequency. ’

» Validity of approach " Creel survey provided data on fishing frequency and fish Medium

weight; telephone survey provided number of anglers. Average
value used for number of intended fish consumers and edible

fraction.

»  Study size Over 100,000 High

« Representativeness of the population Representative of overall U.S. (;oastal state population. High

» Characterization of variability Distributions generated High

» Lack of bias in study design (high Response rates fairly high; no obvious source of bias. High

rating is desirable) ’ ‘

* Mecasurement error ' Fish were weighed in field High
Other Elements

+ Number of studies 1 Low

* Agrcement between researchers N/A
Overall Rating : o ‘ : Medium

Page ' Exposure Factors Handbook
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Table 10-52. Confidence in Recommendations for Fish Consumption - Recreational Freshwater
Considerations Rationale Rating
Study 'Elements '
» Level of peer review Peer reviewed journals and EPA review High
* Accessibility - Original study analyses reported in accessible journals. High
) : Subsequent EPA analyses detailed in Handbook. .
» Reproducibility ‘See above High
» Focus on factor of interest Yes High
« Data pertinent to U.S. U.S. studies High
. Primary data Yes High
« Currency Studies range from 1988-1992 High
* Adequacy of data collection period Data for one year period collected for 3 studies; one week High
period for one study. .
« Validity of approach One year recall of fishing trips (2 studies), one week recall of Medium
fish consumption (1 study), and one year diary survey (1
study). Weight of fish consumed estimated using approximate
weight of fish catch and edible fraction or approximate weight
of fish meal. ‘
» Study size 800-2600 High
+ Representativeness of the population Each study localized to a single state. Low
. Characterizaﬁon of ‘variability Distributions generated High
+ Lack of bias in study design (high Response rates fairly high. One year recall of fishing trips Medium
‘rating is desu'able) . may result in overestimate. - .
» Measurement error. Weight of fish portions estimated in one stixdy, fish weight Medium
estimated from reported fish length in another.
Other Elements
. 'Numbér of studies 4 High
« Agreement between researchers Rates in different parts of country may be expected to show Medium
some variation.
Overall Rating Main drawback is studies are not nationally representative. Medium
Exposure Factors Handbook . .. Page
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Table 10-53. Confidence in Recommendations for Native American Subsistence Fish Consumption

Considerations

Rationale

Rating

Study Elements

« Level of peer review

»  Accessibility
Reproducibility
Focus on factor of interest
Data pertinent to U.S.
Primary data
Currency
» Adequacy of data collection period

Validity of approach

Study size
Representativeness of the population
Characterization of variability

Lack of bias in study design (high
rating is desirable)

¢ Mcasurcment error
Other Elements

+ Number of studies

« Agreement between researchers

Overall Rating

Peer reviewed journal (1 study), technical report
(1study)

See ébove

Studies adequately detailed

Yes

U.S. studies ‘

One study ﬁscd primary data, the other secondary data
Data from carly 1980's to 1992.

Data for one year period collected.

One study used fish harvest data; EPA used factor to

« convert to individual intake. Other study measured

individual intake directly.

500 for study with primary data
Only two states represented.
Individual variation not described in summary study

Response rate 69% in study with primary data. Bias
hard to evaluate in summary study.

Weight of fish estimated

2; only one study described individual variation in intake
Range of per-capita rates from summary study includes
per-capita rate from study with primary data.

Studies are not nationally representative. Upper .
percentiles based on only one study.

Medium

Medium
High
High
High
Medium
Medium
High

Medium

Medium
Low
Medium

Medium

Mediuvm

Medium
High

Medium (pcr caﬁila intake)
Low (upper percentiles)
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Appendix 10A. Resoufce Utilization ADistﬁbution

For any quantity Y that is consumed by individuals in a population, the percentiles of the “resource utilization
distribution” of Y can be formally defined as follows: Y, (R) is the pth percentilé of the resource utilization distribution
if p percent of the overall consumption of Y in the population is done by individuals with consumption below Y, (R) and
100-p percent is done by individuals with consumption above Y (R).

The percentiles of the resource utilization distribution of Y are to be distinguished from the percentiles of the
(standard) distribution of Y. The latter percentiles show what percentage of individuals in the population are consurning
below a given level. Thus, the 50th percentile of the distribution of Y is that level such that 50 percent of individuals
consume below it; on the other hand, the 50th percentile of the resource utilization distribution is that level such that 50
percent of the overall consumption in the population is done by individuals consuming below it.

The percentiles of the resource utilization distribution of Y will always be greater than or equal to the corresponding
percentiles of the (standard) distribution of Y, and, in the case of recreational fish consumption, usually considerably
exceed the standard percentiles. g '

To generate the resource utilization distribution, one simply weights each observation in the data set by the Y level
for that observation and performs a standard percentile analysis of weighted data. If the data already have weights, then
one multiplies the original weights by the Y level for that observation, and then performs the percentile analysis.

Under certain assumptions, the resource utilization percentiles of fish consumption may be related (approximately)
to the (standard) percentiles of fish consumption derived from the analysis of creel studies. In this instance, it i$ assumed
that the creel survey data analysis did not employ sampling weights (i.c., weights were implicitly set to one); this is the
case for many of the published analyses of creel survey data. In creel studies the fish consumption rate for the ith
individual is usually derived by multiplying the amount of fish consumption per fishing trip (say C,) by the frequency
of fishing (say f). If it is assumed that the probability of sampling of an angler is proportional to fishing frequency, then
- sampling weights of inverse fishing frequency (1/ £, ) should be employed in the analysis of the survey data. Above it
was stated that for data that are already weighted the resource utilization distribution is generated by multiplying the
original weights by the individual’s fish consumption level to create new weights. Thus, to generate the resource
utilization distribution from the data with weights of (1/ f; ), one multiplies (1/ f;) by the fish consumption level of f;
C, to get new weights of C,. : ‘

Now if C; (amount of consumption per fishing trip) is constant over the population, then these new weights are
constant and can be taken to be one.  But weights of one is what (it is assumed) were used in the original creel survey
data analysis. Hence, the resource utilization distribution is exactly the same as the original (standard) distribution
derived from the creel survey using constant weights.

The accuracy of this approximation of the resource utilization distribution of fish by the (standard) distribution of
fish consumption derived from an unweighted analysis of creel survey data depends then on two factors, how
approximately constant the C, ‘s are in the population and how approximately proportional the relationship between
sampling probability and fishing frequercy is. Sampling probability will be roughly proportional to frequency if repeated
sampling at the same site is limited or if re-interviewing is performed independent of past interviewing status.
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Table 10B-1. Percent of Fish Meals Prepared Using Various Cooking Meéthods by Residence Size®
Large . . ] Rural Non- ‘
Residence Size ~ City/Subutb Small City Town Small Town Farm Farm
.. Total Fish '
Cooking Method' . B o ‘ S - S
Pan Fried ‘ - 327 - 31.0 36.0 - 324 386 - 51.6
Deep Fried 19.6 ) 24.0 h 233 247 26.2 15.7
Boiled 6.0 3.0 3.4 3.7 3.4 35
Grilled/Broiled 23.6 20.8 13.8 21.4 13.7 13.1
Baked 12.4 12.4 -10.0 10.3 12.7 6.4
Combination 2.5 6.0 83 5.0 2.3 7.0
Other (Smoked, etc.) 32 2.8 . 5.2 1.9 2.9 1.8
Don't Know . 0.0000 0.0000 0 0000 . 0.5 0.2 -
Total (N)* 393 317 388 256 483 94
Sport Fish
Pan Fried 45.8 45.7 47.6 41.4 51.2 63.3
Deep Fried 12.2 14.5 17.5 15.2 21.9 73
Boiled 2.8 2.3 2.9 0.5 3.6 0
Grilled/Broiled 20.2 17.6 10.6 25.3 8.2 10.4
Baked 11.8 © 8.8 6.3 8.7 9.7 6.9
Combination 2.7 8.5 104 6.7 1.9 9.3
Other (smoked, etc.) 4.5 2.7 4.9 1.5 3.5 2.8
Don't Know 0 0 ) 0 0.7 0 ' 0
Total (N) 205 171 257 176 3i4 62
* Large City = over 100,000; Smail City = 20,000-100,000; Town = 2, 000-20,000; Small Town = 100-2,000.
b N = Total number of respondents .
Source: West et al., 1993,
Table 10B-2. Percent of Fish Meals Prepared Using Various Cooking Methods by Age
| Age (years) . 17-30- 31-40 41-50-. 51-64 >64 Overalt
‘ ‘ Total Fish ' :
Cooking Method . o ‘ ) ‘ . .
Pan Fried 45.9 31.7 30.5 33.9 40.7 35.3
Deep Fried 23.0 24.7 26.9 : 23.7 14.0 235
Boiled ) 0.0000 6.0 3.6 3.9 4.3 3.9
Grilled or Boiled : 15.6 15.2 24.3 16.1 18.8 17.8
Baked 10.8 13.0 8.7 12.8 11.5 i1.4
Combination 31 5.2 2.2 6.5 6.8 4.7
Other (Smoked, etc.) . 1.6 4.2 35 2.7 4.0 3.2
Don't Know 0.0000 0.0000 0.3 0.4 0.0000 0.2
Total (N)* 246 448 417 502 287 1946
Sport Fish
Pan Fried 57.6 42.6 43.4 46.6 54.1 47.9
Deep Fried 18.2 21.0 17.3 14.8 7.7 16.5
Boiled 0.0000 4.4 0.8 32 3.1 2.4
Grilled/Broiled 15.0 10:1 : 25.9 122 12.2 14.8
Baked 3.6 ) 10.4 6.4 11.7 9.9 8.9
Combination . 3.8 7.2 3.0 75 8.2 5.9
Other (Smoked, etc.) 1.7 4.3 T 3.2 3.5 4.8 3.5
Don't Know 0.0000 0.0000 0.0000 0.4 0.0000 0.1
Total (N) 174 287 246 294 163 1187
' N = Total number of respondents, ) :
LSource: -West et al., 1993,
Exposure Factors Handbook ‘ ' o e Page
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Table 10B-3. Percent of Fish Meals ﬁreﬁéréd Using Various Cégking M‘etﬁoc-i'snby Ethnicity
Ethnicity Black Native Ameriqan Hispanic - White Other
Total Fish
Cooking Method
Pan Fried 40.5 375 16.1 35.8 18.5
Deep Fried 27.0 22.0 83.9 22.7 18.4
Boiled 0 . 1.1 0 4.3 0
Grilled/Broiled 19.4 9.8 0 17.7 57.6
Baked 1.9 16.3 0 11.7 54
Combination 9.5 6.2 0 4.5 0
Other (Smoked, ctc.) 1.6 4.2 3.5 2.7 4.0
Don't Know 0 0 0.3 ' 0.4 0
Total (N) 52 84 12 1,744 33
Sport Fish
Pan Fried 44.9 47.9 52.1 48.8 22.0
Deep Fried 36.2 20.2 47.9 15.7 9.6
Boiled 0 0 0 2.7 0
Grilled/Broiled 0 1.5 Q 14.7 61.9
Baked 53 18.2 0 8.6 6.4
Combination 13.6 8.6 0 5.6 0
Other (Smoked, etc.) 0 3.6 0 3.7 0
Total (\N) 19 i 60 4 i 39 0
* N = Total nrumber of respondents.
| Sousrce: West et al., 1993,

Table 10B-4. Percent of Fish Meals Prc-épred Using Various Cooking Methods by Education
Post Graduate
Education Through Some H.S. H.S. Degree College Degree Education
Total Fish
Cooking Method
Pan Fried 44.7 41.8 28.8 22.9
Deep Fried 23.6 23.6 23.8 19.4
Boiled 22 2.8 ‘ 5.1 5.8
Grilled/Broiled 8.9 10.9 23.8 34.1
Baked 8.1 12.1 1.6 12.8
Combination 10.0 5.1 3.0 3.8
Other (Smoked, etc.) 2.1 34 4.0 1.3
Don't Know 0.5 0.3 0 0
Total (N)* 236 775 704 211
Sport Fish
Pan Fried 56.1 52.4 41.8 36.3
Decep Fried 13.6 15.8 18.6 12.9
Boiled 2.8 2.4 3.0 0
Grilled/Baked 6.3 9.4 21.7 28.3
Baked 7.4 10.6 6.1 14.9
Combination 10.1 6.3 3.9 6.5
Other (Smoked, etc.) 2.8 3.3 4.6 1.0
Don't Know 0.8 0 0 0
Total (N) 146 524 421 91
* N = Total rumber of respondents.
Source: West ef al., 1993.
Page ’ ‘ Exposure Factors Handbook
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Table 10B-5. Percent of Fish Meals Prepared Using Various Cooking Methods by Income
Income 0- $24,999 . $25,000 - $39,999 $40,000 - or more
' Total Fish :
Cooking Method ‘
Pan Fried 44.8 '39.1 26.5
Deep Fried 21.7 222 234
Boiled 2.1 35 5.6
Grilled/Broiled 11.3 15.8 25.0
Baked 9.1 12.3 13.3
Combination 8.7 o 2.9 2.5
Other (Smoked, etc.) 2.4 4.0 35
Don't Know 0 0.2 0.3
Total (N)* 544 518 714
Sport Fish ‘
Pan Fried 51.5 . 51.4 42.0
Deep Fried 15.8 15.8 17.2
Boiled 1.8 2.1 3.7
Grilled/Broiled 12.0 12.2 19.4
Baked 7.2 10.0 10.0
Combination 9.1 ’ 3.8 35
Other (Smoked, eic.) 2.7 4.6 3.8
Don’t Know 0 0 0.3
L Total {N) 387 . 344 369
* N = Total number of respondents. :
L Source: West et al., 1993, )
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Table 10B-6. Percent of Fish Meals where Fat was Trimmed or Skin was Removed, by Demographic Variables
Total Fish - - Sport Fish .
Population Trimmed Fat (%) Skin Off (%) Trimmed Fat (%) Skin Off (%)
Residence Size ‘
Large City/Suburb 51.7 31.6 56.7 28.9
Small City 56.9 T 34.1 59.3 36.2
Town 50.3 334 51.7 33.7
Small Town 52.6 45.2 55.8 51.3
Rural Non-Farm 42.4 © 324 46.2 34.6
Farm 37.3 38.1 39.4 42.1
Age (years)
17-30 50.6 36.5 53.9 39.3
31-40 49.7 29.7 51.6 29.9
41-50 53.0 32.2 58.8 37.0
51.65 48.1 35.6 48.8 372
Over 65 41.6 43.1 43.0 429
Ethnicity
Black 25.8 37.1 16.0 40.1
Native American ‘ 50.0 41,4 56.3 36.7
Hispanic 59.5 7.1 50.0 23.0
White 49.3 34.0 51.8 35.6
Other 71.1 61.6 75.7 65.5
Education '
Some H.S. 50.8 439 49.7 47.1
H.S. Degree: 47.2 37.1 . 49.5 37.6
College Degree 51.9 319 55.9. 33.8
Post-Graduate 47.6 - 26.6 53.4 38.7
Income
<$25,000 50.5 43.8 50.6 47.3
$25-39,999 418 340 54.9 "34.6
$40,000 or morc 50.2 28.6 51.7 ‘ 27.7
Qverall 49.0 34.7 52.1 36.5
L Source: Modified from West et. al., 1993.
Page Exposure Factors Handbook
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Table 10B-7. Method of Cooking of Most Common Species Kept by Sportfishermen
Species - Percent of Anglers C Use as Primary Cooking Method (Percent)
Catching Species ‘
- Deep Fry Pan Fry Bake and Charcoal Broit ‘Raw Other®
White Croaker ‘ T 34% . C19% c 64% R% . ‘ 0% 5%
Pacific Mackerel 25% 10% 41% 28% ‘ 0% 21%
Pacific Bonito 18% 5% 33% 43% C 2% " 17%
Queenfish 17% 15% 70% 6% 1% 8%
Jacksmelt 13% : 17% 57% 19% 0% 7%
Walleye Perch 10% 12% 69% 6% 0% 13%
Shiner Perch 7% 11% 2% 8% 0% 11%
Opaleye 6% 16% . 56% 14% 0% - 14%
Black Perch ‘ 5% 18% 53% 14% 0% 15%
Kelp Bass 5% 12% 55% 21% 0% 12%
California Halibut 4% 13% 60% 24% 0% 3%
Shellfish® 3% 0% 0% 0% 0% 10%
= 1059
* Crab, mussels, lobster, abalone
* Boil, soup, steam, stew
Source: Modified from Puffer et al., 1981.

Table 10B-8. Adult Consumption of Fish Parts
Weighted Percent Consuming Specific Parts
Number " }

Species' Consuming Fillet Skin Head Eggs Bones e Organs
Salmon ‘ 473 95.1% - 55.8% 42.7% 42.8% 12.1% © 3.7%
Lamprey 249 86.4% 89.3% 18.1% 4.6% ' 52% "3.2%
Trout - 365 89.4% 68.5% 13.7% 8.7% C11%- 2.3%
Smelt 209 78.8% 88.9% 37.4% 46.4% 28.4% 279%
Whitefish 125 93.8% 53.8% 15.4% 20.6% 6.0% 0.0%
Sturgeon 121 94.6% 18.2% 6.2% 11.9% 2.6% 0.3%
Walleye 46 100% 20.7% 6.2% 9.8% 2.4% 0.9%
Squawfish 15 89.7% 34.1% 8.1% 11.1% 5.9% 0.0%
Sucker 42 89.3% 50.0% 19.4% 30.4% 9.8% 2.1%
Shad . 16 93.5% 15.7% 0.0% 0.0% 3.3% 0.0%
Source: : CRITFC, 1994,
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APPENDIX 10C

PER CAPITA ESTIMATES BY SPECIES
BASED ON THE USDA CSFII DATA
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Chapter 11 - Intake of Meat and Dairy Produds

" 11. INTAKE OF MEAT AND PAIRY PRODUCTS
Consumption of meat, poultry, and dairy products is
a potential pathway of exposure to toxic chemicals. These
food sources can become contaminated if animals are
exposed to contaminated media (i.e., soil, water, or feed
_crops). .
‘The U.S. Department of Agriculture’s (USDA)
Nationwide Food Consumption Survey (NFCS) and
Continuing Survey of Food Intakes by Individuals (CSFII)
are the primary sources of information of intake rates of
meat and dairy products in the United States. Data from the
NFCS have been used in various studies to generate
consumer-only and per capita intake rates for both
individual meat and dairy products and total meat and dairy
products. CSFII 1989-1991 survey data have been
analyzed by EPA to generate per capita intake rates for
various food items and food groups. As described in
Volume H, Chapter 9, consumer-only intake is defined as
the quantity of meat and dairy products consumed by
individuals who ate these food items during the survey
period. Per capita intake rates are generated by averaging
consumer-only intakes over the entire population of users
and non-users. In general, per capita intake rates are
appropriate for use in exposure assessments for which
average dose estimates for the general population are of
interest because they represent both individuals who ate the
foods during the survey period and individuals who may eat
the food items at some time, but did not consume them
during the survey period.

Intake rates may be presented on either an as
consumed or dry weight basis. As consumed intake rates
(g/day) are based on the weight of the food in the form that
it is consumed. In contrast, dry weight intake rates are
based on the weight of the food consumed after the moisture
content has been removed. In calculating exposures based
on ingestion, the unit of weight used to measure intake
should be consistent with those used in measuring the
contaminant concentration in the produce. Fat content data
are also presented for various meat and dairy products.
These data are needed for converting between residue levels
on a whole-weight or as consumed basis and lipid basis.
Intake data from the individual component of the NFCS and
CSFII are based on "as eaten" (i.e., cooked or prepared)
forms of the food items/groups. Thus, corrections to
account for changes in portion sizes from cooking losses are
not required. . '

The purpose of this section is to provide: (1) intake
data for individual meat and dairy products, total meat, and
total dairy; (2) guidance for converting between as

-

consumed and dry weight intake rates; and (3) data on the
fat content in meat and dairy products. Recommendations
are based on average and upper-percentile intake among the
general population of the U.S. Available data have been
classified as being either a key or a relevant study based on
the considerations discussed in Volume 1, Section 1.3.1 of
the Introduction. Recommendations are based on data from
the CSFI survey, which was considered the only key intake
study for meats and dairy products. Although Pao et al.
(1982) was not considered a key study for intake of meats
and dairy products because it is based on data from NFCS
1977-1978, it was included as a key study for serving size.
Other relevant studies are also presented to provide the
reader with added perspective on this topic. It should be
noted that most of the studies presented in this section are
based on data from USDA's NFCS and CSFIL. The USDA
NFCS and CSFII are described below.

. INTAKE STUDIES
U.S. Department of Agriculture Nationwide
Food Consumption Survey and Continuing
Survey of Food Intake by Individuals
The NFCS and CSFII are the basis of much of the
data on meat and dairy intake presented in this section.
Data from the 1977-78 NFCS are presented because the
data have been published by USDA in various reports and
reanalyzed by various EPA offices according to the food
items/groups commonly used to assess exposure. Published
one-day data from the 1987-88 NFCS are also presented.
Recently, EPA conducted an analysis of USDA's 1989/91

11.1.
11.1.1.

'CSFIL These data are the most recent food survey data that

are available to the public. The results of EPA’s analyses
are presented here. Detailed descriptions of the NFCS and
CSFII data are presented in Volume I, Chapter 9 - Intake
of Fruits and Vegetables.

Individual average daily intake rates calculated from
NFCS data are based on averages of reported individual
intakes over one day or three consecutive days. Such short
term data are suitable for estimating average daily intake
rates representative of both short-term and long-term
consumption. However, the distribution of average daily
intake rates generated using short term data (e.g., 3 day) do
not necessarily reflect the long-term distribution of average
daily intake rates. The distributions generated from short
term and long term data will differ to the extent that each
individual’s intake varies from day to day; the distributions
will be similar to the extent that individuals’ intakes are
constant from day to day.
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Day-to-day variation in intake among individuals will
be great for food item/groups that are highly seasonal and
for items/groups that are eaten year around but that are not
typically caten every day. For these foods, the intake
distribution generated from short term data will not be a
good reflection of the long term distribution. On the other
hand, for broad categories of foods (e.g., total vegetables)
which arc eaten on a daily basis throughout the year with
minimal scasonality, the short term distribution may be a
reasonable approximation of the true long term distribution,
although it will show somewhat more variability. In this
and the following section then, distributions are shown only
for the following broad categories of foods: meats and dairy
products. Because of the increased variability of the short-
term distribution, the short-term upper percentiles shown
will overestimate somewhat the corresponding percentiles
of the long-term distribution.

11.1.2. Key Meat and Dairy Products Intake Study
Based on the CSFII v

U.S. EPA Analysis of 1989/91 USDA CSFII Data -
EPA conducted an analysis of USDA's 1989-91 CSFII data
set. The general methodology used in analyzing the data is
presented in Volume II, Chapter 9 (Fruits and Vegetables)
of this Handbook. Intake rates were generated for the
following meat and dairy products: total meats, total dairy,
beef, pork, poultry, game, and eggs. These data have been
corrected to account for mixtures as described in Volume I,
Chapter 9 and Appendix 9A. Per capita intake rates for
total meat and total dairy are presented in Tables 11-1 and
11-2 at the end of this Chapter. Table 11-3 presents per
capita intake data for individual meats. The results are
presented in units of g/kg-day. Thus, use of these data in
calculating potential dose does not require the body weight
factor to be included in the denominator of the average daily
dose (ADD) equation. It should be noted that converting
these intake rates into units of g/day by multiplying by a
single average body weight is inappropriate, because
individual intake rates were indexed to the actual body
weights of the survey respondents. However, if there is a
need to compare the total intake data presented here to other
intake data in units of g/day, a body weight less than 70 kg
(i.c., approximately 60 kg; calculated based on the number
of respondents in each age category and the average body
weights for these age groups, as presented in Volume I,
Chapter 7) should be used because the total survey
population included children as well as adults.

The advantages of using the CSFII data set are that
the data are expected to be representative of the U.S.

population and that it includes data on a wide varicty of food
types. The data set is the most recent of a series of publicly
available data sets (i.e., NFCS 1977/78; NFCS 1987/88;
CSFII 1989-91) from USDA, and should reflect current
eating patterns in the United States. The data set includes
three years of intake data combined. However, the CSFII
data are based on a three day survey period. Short-term
dietary data may not accurately reflect long-term eating
patterns. This is particularly true for the tails of the
distribution of food intake. In addition, the adjustment for
including mixtures adds uncertainty to the intake rate
distributions. The calculation for including mixtures
assumes that intake of any mixture includes all of the foods
identified and the proportions specified in Appendix
Table 9A-1. This assumption yields valid estimates of per
capita consumption, but results in overestimates of the
proportion of the population consuming individual meats;
thus, the quantities reported in Table 11-3 should be
interpreted as upper bounds on the proportion consuming
beef, pork, and poultry, not as valid point estimates.
11.1.3. Key Meat and Dairy Products Serving Size
Study Based on the USDA NFCS

Pao et al. (1982) - Foods Commonly Eaten by
Individuals - Using data gathered in the 1977-78 USDA
NFCS, Pao et al. (1982) calculated percentiles for the
quantities of meat, poultry, and dairy products consumed
per eating occasion by members of the U.S. population.
The data were collected during NFCS home interviews of
37,874 respondents, who were asked to recall food intake
for the day preceding the interview, and record food intake
the day of the interview and the day after the interview.
Quantities consumed per eating occasion, are presented in
Table 11-4. .

‘The advantages of using these data are that they were
derived from the USDA NFCS and are representative of the
U.S. population. This data set provides distributions of
serving sizes for a number of commonly eaten meat,
poultry, and dairy products, but the list of foods is limited
and does not account for meat, poultry, and dairy products
included in complex food dishes. Also, these data are based
on short-term dietary recall and may not accurately reflect
long-term consumption patterns. Although these data are
based on the NFCS 1977-78 survey, serving size data have
been collected but not published for the more recent USDA
surveys.
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11.1.4. Relevant Meat and Dairy Products Intake -
Studies

) The U.S. EPA's Dietary Risk Evaluation System
(DRES) - U.S. EPA, Office of Pesticide Programs (OPP) -
EPA OPP's DRES contains per capita intake rate data for
various items of meat, poultry, and dairy products for 22
subgroups (age, regional, and seasonal) of the population.
As described in Volume II, Chapter 9 - Fruits and
Vegetables, intake data in DRES were generated by
determining the composition of NFCS food items and
disaggregating complex food dishes into their component
raw agricultural commodities (RACs) (White et al, 1983).
The DRES per capita, as consumed intake rates for all
age/sex/demographic groups combined are presented in
Table 11-5. These data are based on both consumers and
non-consumers of these food items. Data for specific
subgroups of the population are not presented in this
section, but are available through OPP via direct request.
The data in Table 11-5 may be useful for estimating the
risks of exposure associated with the consumption of the
various meat, poultry, and dairy products presented. It
should be noted that these data are indexed to the actual
body weights of the survey respondents and are expressed
in units of grams of food consumed per kg body weight per
day. Consequently, use of these data in calculating potential
dose does not require the body weight factor in the
denominator of the average daily dose (ADD) equation. It
should also be noted that conversion of these intake rates
into units of g/day by multiplying by a single average body
weight is not appropriate because the DRES data base did
not rely on a single body weight for all individuals. Instead,
DRES used the body weights reported by each individual
surveyed to estimate consumption in units of g/kg-day.

* The advantages of using these data are that complex
food dishes have been disaggregated to provide intake rates
for a variety of meat, poultry, and dairy products. These
data are also based on the individual body weights of the
respondents. Therefore, the use of these data in calculating
exposure to toxic chemicals may provide more
repreéentative estimates of potential dose per unit body
weight. However, because the data are based on NFCS
short-term dietary recall, the same limitations discussed
previously for other NFCS data sets also apply here. In
addition, consumption patterns may have changed since the
data were collected in 1977-78. OPP is in the process of
translating consumption information from the USDA CSFII
1989-91 survey to be used in DRES.

. Food and Nutrient Intakes of Individuals in One
Day in the U.S., USDA (1980, 1992) -USDA (1980; 1992)

calculated mean per capita intake rates for total meat, total
pouitry, and dairy products using NFCS data from 1977-78
and 1987-88. The mean intake rates for meat and dairy
products are presented in Tables 11-6 and 11-7 for meats
and Tables 11-8 and 11-9 for dairy for the two survey years.
These values are based on intake data for one day for
consumers and non-consumers from the 1977-78 and 1987-
88 USDA NFCSs. ‘

The advantages of using these data are that they

" provide mean intake estimates for all meat, pouliry, and

dairy products. The consumption estimates are based on
short-term (i.e., 1-day) dietary data which may not reflect
long-term consumption. ‘
U.S. EPA - Office of Radiation Programs - The U.S.
EPA Office of Radiation Programs (ORP) has also used the
USDA 1977-1978 NFCS to estimate daily food intake.
ORP uses food consumption data to assess human intake of
radionuclides in foods (U.S. EPA, 1984a; 1984b). The
1977-1978 NFCS data have been reorganized by ORP, and
food items have been classified according to the
characteristics of radionuclide transport. The mean per
capita dietary intake of food sub classes (milk, other dairy
products, eggs, beef, pork, poultry, and other meat) grouped
by age for the U.S. population is presented in Table 11-10.
The mean daily intake rates of meat, poultry, and dairy
products for the U.S. population grouped by regions are
presented in Table 11-11. Because this study was based on
the USDA NFCS, the limitations and advantages associated
with the USDA NFCS data also apply to these data.
 U.S. EPA - Office of Science and Technology - The
U.S. EPA Office of Science and Technology (OST) within
the Office of Water (formerly the Office of Water
Regulations and Standards) used data from the FDA
revision of the Total Diet Study Food Lists and Diets
(Pennington, 1983) to calculate food intake rates. OST uses
these consumption data in its risk assessment model for land
application of municipal sludge. The FDA data used are
based on the combined results of the USDA 1977-1978
NFCS and the second National Health and Nutrition
Examination Survey (NHANES II), 1976-1980
(U.S. EPA, 1989). Because food items are listed as
prepared complex foods in the FDA Total Diet Study, each
item was broken down into its component parts so that the
amount of raw commodities consumed could be determined.
Table 11-12 presents intake rates for meat, poultry, and
dairy products for various age groups. Estimated lifetime
ingestion rates derived by U.S. EPA (1989) are also
presented in Table 11-12. Note that these are per capita
intake rates tabulated as grams dry weight/day. Therefore,
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these rates differ from those in the previous tables because
Pao ct al. (1982) and U.S. EPA (1984a, 1984b) report
intake ratcs on an as consumed basis.

The EPA-OST analysis provides intake rates for
additional food categories and estimates of lifetime average
daily intake on a per capita basis. In contrast to the other
analyses of USDA NFCS data, this study reports the data in
terms of dry weight intake rates. Thus, conversion is not
required when contaminants are provided on a dry weight
basis.

USDA (1993) - Food Consumption, Prices, and
Expenditures, 1970-92 - The USDA's Economic Research
Service (ERS) calculates the amount of food available for
human consumption in the United States annually. Supply
and utilization balance sheets were generated. These were
based on the flow of food items from production to end
uses. Total available supply was estimated as the sum of
praduction (i.e., some products were measured at the farm
level or during processing), starting inventories, and
imports (USDA, 1993). The availability of food for human
use commonly termed as "food disappearance” was
determined by subtracting exported foods, products used in
industries, farm inputs (seed and feed) and end-of-the year
inventories from the total available supply (USDA, 1993).
USDA (1993) calculated the per capita food consumption
by dividing the total food disappearance by the total U.S.
population.

USDA (1993) estimated per capita consumption
data for meat, poultry, and dairy products from 1970-1992
(1992 data are preliminary). In this section, the 1991
values, which are the most recent final data, are presented.
The meat consumption data were reported as carcass
weight, retail weight equivalent, and boneless weight
equivalent. The poultry consumption data were reported as
ready-to-cook (RTC) weight, retail weight, and boneless
weight (USDA, 1993). USDA (1993) defined beef carcass
weight as the chilled hanging carcass, which includes the
kidney and attached internal fat (kidney, pelvic, and heart
fat), excludes the skin, head, feet, and unattached internal
organs. The pork carcass weight includes the skin and feet,
but excludes the kidney and attached internal fat. Retail
weight equivalents assume all food was sold through retail
foodstores; therefore, conversion factors (Table 11-13)
were used to correct carcass or RTC to retail weight to
account for trimming, shrinkage, or loss of meat and
chicken at these retail outlets (USDA, 1993). Boneless
equivalent values for meat (pork, veal, beef) and poultry
excludes all bones, but includes separable fat sold on retail
cuts of red meat. Pet food was considered as an apparent

Chapter 11 - Intake of Meat and Dairy Products

source of food disappearance for poultry in boneless weight
estimates, while pet food was excluded for beef, veal, and
pork (USDA, 1993). Table 11-13 presents per capita
consumption in 1991 for red meat (carcass weight, retail
equivalent, and boneless trimmed equivalent) and poultry
(RTC, retail equivalent for chicken only, and boneless
trimmed equivalent). Per capita consumption estimates
based on boneless weights appear to be the most
appropriate data for use in exposure assessments, because
boneless meats are more representative of what people
would actually consume. Table 11-14 presents per capita
consumption in 1991 for dairy products including eggs,
milk, cheese, cream, and sour cream.

One of the limitations of this study is that
disappearance data do not account for losses from the food
supply from waste, spoilage, or foods fed to pets. Thus,
intake rates based on these data will overestimate daily
consumption because they are based on the total quantity of
marketable commodity utilized. Therefore, these data may
be useful for estimating bounding exposure estimates. It
should also be noted that per capita estimates based on food
disappearance are not a direct measure of actual
consumption or quantity ingested, instead the data are used
as indicators of changes in usage over time (USDA, 1993).
An advantage of this study is that it provides per capita
consumption rates for meat, poultry, and dairy products
which are representative of long-term intake because
disappearance data are generated annually. Daily per capita
intake rates are generated by dividing annual consumption
by 365 days/year.

National Live Stock and Meat Board (1993) -
Eating in America Today: A Dietary Pattern and Intake
Report - The National Live Stock and Meat Board (1993)
assessed the nutritional value of the current American diet
based on two factors: (1) the composition of the foods
consumed, and (2) the amount of food consumed. Data
used in this study were provided by MRCA Information
Services, Inc. through MRCA's Nutritional Marketing
Information Division. The survey conducted by MRCA
consisted of a 2,000 household panels of over 4,700
individuals. The survey sample was selected to be
representative of the U.S. population. Information obtained
from the survey by MRCA's Menu Census included food
and beverage consumption over a period of 14 consecutive
days. The head of the household recorded daily food and
beverage consumption in-home and away-from-home in
diaries for each household member. The survey period was
from July 1, 1990 through June 30, 1991. This ensured that
all days carried equal weights and provided a seasonally
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balanced data set. In addition, nutrient intake data
calculated by the MRCA's Nutrient Intake Database (NID)
(based on the 1987-88 USDA Food Intake Study) and
information on food attitudes were also collected. It should
be noted, however, that the 14 daily diaries provide only the
incidence of eating each food product by an individual, but
not the quantity eaten by each person. The intake rate for
each individual is estimated by multiplying the eating
frequency of a particular food item by the average amount
eaten per eating occasion. The data on the average amount
eaten per eating occasion was obtained from the USDA
NFCS survey.

Table 11-15 presents the adult daily mean intake of
meat and poultry grouped by region and gender. The adult
population was defined as consumers ages 19 and above
(National Live Stock and Meat Board, 1993). Beef
consumption was high in all regions compared to other
meats and poultry (Table 11-15). The average daily
consumption of meat in the U.S. was 114.2 g/day which
included beef (57 percent), veal (0.5 percent), lamb (0.5
percent), game/variety meats (8 percent), processed meats
(18 percent), and pork (16 percent) (National Live Stock
and Meat Board, 1993). Table 11-16 shows the amount of
meat consumed by the adult population grouped as non-
meat eaters (1 percent), light meat eaters (30 percent),
medium meat eaters (33 percent), and heavy meat eaters
(36 percent).

The advantage of this study is that the survey period
is longeér (i.e., 14 days) than any other food consumption
survey. The survey is also based on a nationally
representative sample. The survey also accounts for foods
eaten as mixtures. However, only mean values are
provided. Therefore, distribution of long-term consumption
patterns cannot be derived. In addition, the survey collects
data on incidence of eating each food item and not actual
consumption rates. This may introduce some bias in the
results. The direction of this bias is unknown.

'AIHC (1994) - Exposure Factors Sourcebook - The
ATHC Sourcebook (AIHC, 1994) uses the data presented in
the 1989 version of the Exposure Factors Handbook which
reported data from the USDA 1977-78 NFCS. In this
Handbook, new analyses of more recent data from the
USDA 1989/91 CSFII are presented. Numbers, however,
cannot be directly compared with previous values since the
results from the new analysis are presented on a body
weight basis.

The Sourcebook was selected as a relevant study
because it was not the primary source for the data used to
make recommendations in this document. However, it is an

alternative information source. The advantage of using the
CSFII and USDA NFCS data set instead, is they are the
largest publicly available data source on food intake
patterns in the United States. Data are available for a wide
variety of meat, poultry, and dairy products and are intended
to be representative of the U.S. population.

11.2. FAT CONTENT OF MEAT AND DAIRY
PRODUCTS
In some cases, the residue levels of contaminants in

" meat and dairy products are reported as the concentration of

contaminant per gram of fat. When using these residue
levels, the assessor should ensure consistency in the
exposure assessment calculations by using consumption
rates that are based on the amount of fat consumed for the
meat or dairy product of interest. Alternately, residue levels
for the "as consumed" portions of these products may be
estimated by multiplying the levels based on fat by the
fraction of fat per product as follows:

g-fat
~ g-product

residue level _ residue level x

g-product g-fat (Eqn. 11-1)

The resulting residue levels may then be used in conjunction
with "as consumed" consumption rates. The percentages of
lipid fat in meat and dairy products have been reported in
various publications. USDA's Agricultural Handbook
Number 8 (USDA, 1979-1984) provides composition data
for agricultural products. It includes a listing of the total
saturated, monounsaturated, and polyunsaturated fats for
various meat and dairy items. Table 11-17 presents the
total fat content for selected meat and dairy products taken
from Handbook Number 8. The total percent fat content is
based on the sum of saturated, monounsaturated, and
polyunsaturated fats.

The National Livestock and Meat Board (NLMB)
(1993) used data from Agricultural Handbook Number 8
and consumption data to estimate the fat contribution to the
U.S. diet. Total fat content in grams, based on a 3-ounce
(85.05 g) cooked serving size, was reported for several
categories (retail composites) of meats. These data are
presented in Table 11-18 along with the corresponding
percent fat content values for each product. NLMB (1993)
also reported that 0.17 grams of fat are consumed per gram
of meat (i.e., beef, pork, lamb, veal, game, processed meats,
and variety meats) (17 percent) and 0.08 grams of fat are
consumed per gram of poultry (8 percent).
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The average total fat content of the U.S. diet was
reported to be 68.3 g/day. The meat group (meat, poultry,
fish, dry beans, eggs, and nuts) was reported to contribute
the most to the average total fat in the diet (41 percent)
(NLMB, 1993). Meats (i.e., beef, pork, lamb, veal, game,
processed meats, and variety meats) reportedly contribute
less than 30 percent to the total fat of the average U.S. diet.
The milk group contributes approximately 12 percent to the
average total fat in the U.S. diet (NLMB, 1993). Fat intake
rates and the contributions of the major food groups to fat
intake for heavy, medium, and light meat eaters, and non
meat eaters are presented in Table 11-19 (NLMB, 1993).
NILMB (1993) also reported the average meat fat intake to
be 19.4 g/day, with beef contributing about 50 percent of
the fat to the diet from all meats. Processed meats
contributed 31 percent; pork contributed 14 percent; game
and varicty meats contributed 4 percent; and lamb and veal
contributed 1 percent to the average meat fat intake.

The Center for Disease Control (CDC) (1994) used
data from NHANES III to calculate daily total food energy
intake (TFEI), total dietary fat intake, and saturated fat
intake for the U.S. population during 1988 to 1991. The
sample population comprised 20,277 individuals ages 2
months and above, of which 14,001 respondents (73
percent response rate) provided dietary information based
on a 24-hour recall. TFEI was defined as "all nutrients (i.e.,
protein, fat, carbohydrate, and alcohol) derived from
consumption of foods and beverages (excluding plain
drinking water) measured in kilocalories (kcal)." Total
dietary fat intake was defined as "all fat (i.e., saturated and
unsaturated) derived from consumption of foods and
beverages measured in grams.”

CDC (1994) estimated and provided data on the
mean daily TFEI and the mean percentages of TFEI from
total dietary fat grouped by age and gender. The overall
mean daily TFEI was 2,095 keal for the total population and
34 percent (or 82 g) of their TFEI was from total dietary fat
(CDC, 1994). Based on this information, the mean daily fat
intake was calculated for the various age groups and
genders (see Appendix 11 A for detailed calculation). Table
11-20 presents the grams of fat per day obtained from the
daily consurfiption of foods and beverages grouped by age
and gender for the U.S. population.

11.3. CONVERSION BETWEEN AS CONSUMED

AND DRY WEIGHT INTAKE RATES

As noted previously, intake rates may be reported in
terms of units as consumed or units of dry weight. It is
essential that exposure assessors be aware of this difference

so that they may ensure consistency between the units used
for intake rates and those used for concentration data (i.e.,
if the unit of food consumption is grams dry weight/day,
then the unit for the amount of pollutant in the food should
be grams dry weight). If necessary, as consumed intake
rates may be converted to dry weight intake rates using the
moisture content percentages of meat, poultry and dairy
products presented in Table 11-21 and the following
equation:

IRy, = Ir,, * [(100-W)/100] (Eqn. 11-2)

Dry weight" intake rates may be converted to "as consumed”
rates by using:

IR, = IR, /[(100-W)/100] " (Egn. 11-3)
where:

IR;, = dryweight intake rate;

IR, = as consumed intake rate; and

w . = percent water content.

11.4. RECOMMENDATIONS

The CSFII data described in this section was used in
selecting recommended meat, poultry, and dairy product
intake rates for the general population and various
subgroups of the United States population. The general
design of both key and relevant studies are summarized in
Table 11-22. The recommended values for intake of meat
and dairy products are summarized in Table 11-23 and the
confidence ratings for the recommended values for meat and
dairy intake rates are presented in Table 11-24. Per capita
intake rates for specific meat items, on a g/kg-day basis,
may be obtained from Table 11-3. Percentiles of the intake
rate distribution in the general population for total meat and
tot