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Preface

In 1987, the U S. Department of Energy (DOE) directed the Pacific Northwest Laboratory,
which is operated by Battelle Memorial Institute, to conduct the Hanford Environmental Dose
Reconstruction (HEDR) Project. The DOE directive to begin project work followed a recommenda-
tion by the Hanford Health Effects Review (HHER) Panel in 1986. The HHER Panel was formed to
consider the potential health implications of past Hanford-Site releases of radioactive materials.

Members of a Technical Steering Panel (TSP) were selected to direct the HEDR Project work.
The TSP consists of experts in the various technical fields relevant to HEDR Project work and
representatives from the states of Washington, Oregon, and Idaho; Native American Tribes; and the
public. The technical members on the panel were selected by the vice presidents for research at
major universities in Washington and Oregon. The state representatives were selected by the
respective state governments. The Native American tribes and public representatives were selected by
the other panel members.

A December 1990 Memorandum of Understanding between the Secretaries of the DOE and the
U.S. Department of Health and Human Services (DHHS) transferred responsibility for managing the
DOE’s dose reconstruction and exposure assessment studies to the DHHS. This transfer resulted in
the current contract between Battelle, Pacific Northwest Laboratories (BNW) and the Centers for
Disease Control and Prevention, an agency of the DHHS, to continue the project.

The purpose of the HEDR Project is to estimate the radiation dose that individuals could have
received as a result of emissions since 1944 from DOE’s Hanford Site near Richland, Washington.
The HEDR Project work is conducted under several technical and administrative tasks, among which
is the Demography, Food Consumption, and Agriculture Task. The staff on this task provide the
demographic, food consumption, food production, and distribution information necessary to estimate
doses from radiation. That information is necessary because food is one pathway by which individ-
uals may have ingested iodine-131, the largest contributor to the historical radiation dose from
Hanford (Napier 1992a). To develop such information, sources and quantities of food and water
consumed by individuals must be estimated. In particular, milk, eggs, and leafy vegetables represent
potentially significant food pathways for iodine-131 (Napier 1992b). Therefore, the food consumption
habits of the population in the HEDR study area are being examined to estimate the likely ingestion of
potentially contaminated foods that contribute significantly to radiation dose as defined by the TSP
dose decision level (Shieien 1992).

A previous study, Estimation of Food Consumption (Callaway 1992), estimated the 1945 and
1965 food-consumption habits of those people living in the 10 counties nearest to the Hanford Site.
The purpose of that initial study was to demonstrate the feasibility of such a project. This study
builds on the findings of the initial study with improved detail and reliability.
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The primary purpose of this study is to provide food consumption data to be used in dose
calculations. This report fulfills HEDR Project Milestone 0602C. It is the final report, replacing the
previous version dated March 1993. Appendix D is a record of the TSP comments and BNW

responses that have been addressed in this final report. Changes from the March 1993 version are
shown in italics.
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Summary

Scope of Work

This report details the methods used and the results of the study on the estimated historic levels
of food consumption by individuals in the Hanford Environmental Dose Reconstruction (HEDR) study
area from 1945-1957. This period includes the time of highest releases from Hanford and is the
period for which data are being collected in the Hanford Thyroid Disease Study. These estimates
provide the food-consumption inputs for the HEDR database of individual diets. This database will
be an input file in the Hanford Environmental Dose Reconstruction Integrated Code (HEDRIC;
computer model that will be used to calculate the radiation dose.

The report focuses on fresh milk, eggs, lettuce, and spinach. These foods were chosen because
they have been found to be significant contributors to radiation dose based on the Technical Steering
Panel dose decision level (Shleien 1992).

Technical Approach

The technicial approach used to estimate the historical levels of food consumption was presented
in Anderson (1992) and reviewed by the TSP. The 1977-1978 Nationwide Food Consumption Survey
(NFCS) (USDA 1983) of individual food intake was used to perform the analysis. The 1977-1978
data were used because the individual intake data that exist for 1945-1957 do not provide the
necessary detail. The 3,735 coded food types of the NFCS were collapsed into 65 recognizable food
types. This aggregation still allows enough variation in food types to adequately discern specific diet
characteristics, and it allows histeric food-consumption trends to be represented. These 65 food types
will be further collapsed into the 9 groups used by the computer dose model.

Estimates of consumption for each type of food were derived for specific age/sex and
urban/rural groups according to season. These estimates were converted (backcasted) from the
1977-1978 period to the years of interest (1945-1954) using a set of estimated conversion factors
derived from national per capita food-disappearance (retail sales quantities) data maintained by the
U. S. Department of Agriculture (USDA 1965, 1981). The report provides the full analytical
methodology used to project consumption estimates back to the years in question.

This report also describes the aggregation of food groups to the level required for input to the
dose model. The intent in this report is to show consumption estimates for specific foods that are
dose relevant.



Results

The data used in this analysis will be compiled into a database to be used as an input file to the
HEDRIC dose model. This input file provides the dose model with the actual observations from the
1977-1978 NFCS and the backcasting ratios necessary to convert those estimates to any year in the
1945-1957 time span. These observations will be used within the dose model to reconstruct a
potential sequence of daily diets over time to be used in reconstructing a person’s potential ingestion
pathways (Snyder et al. 1992). The diet data will be used as reference for individual dose .
calculations and will not be used when data are available for specific individuals.
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1.0 Introduction

Part of the dose estimation process in the Hanford Environmental Dose Reconstruction (HEDR)
Project involves identifying pathways by which people could have been exposed to radionuclides.
One of these exposure pathways is consumption of food that may have contained radionuclides
released from Hanford-Site facilities. Thus, estimates are required of the dietary patterns of
individuals during the 1940s and 1950s for the area shown in Figure 1.1. These estimates provide the
food-consumption information for the HEDR database of individual diets. This database will be an
input file in the Hanford Environmental Dose Reconstruction Integrated Code (HEDRIC) computer
model that will be used to calculate the radiation dose individuals may have received.

Initial estimates of food consumption for the space and time of interest were provided by
Callaway (1992). The purpose of that first study was to demonstrate the feasibility of searching for,
evaluating, processing, and/or reconstructing the data needed. The purpose of this final study is to
develop the food consumption data necessary to estimate the dose of radiation received from food
consumption.

The methodology used in the study was designed to obtain reliable estimates of the diets of
individuals living in the HEDR study region with resolution by age, sex, geographic region, and other
factors relevant to dose estimation in the computerized model. In general, the methods used build on
the work of Callaway and are outlined in Anderson (1992).

Since the initial study, more information has been gathered about which foods are the greatest
contributors to dose. The foods of known contribution to dose from iodine-131 are fresh milk and
leafy vegetables (PNL 1991). “Leafy” vegetables are defined as any vegetables that have large,
exposed, edible surfaces, not just those vegetables with leaves. Further examination indicated that
lettuce and spinach were potentially greater contributors to dose from iodine-131 than all other
vegetables and fruits (Marsh et al. 1992). Eggs from free-ranging chickens were also shown to be
potentially significant contributors to radiation dose from iodine-131 (Napier 1992b). The level of
detail presented by Callaway (1992) was not adequate to reveal consumption estimates for specific
foods like spinach or lettuce. Therefore, this study expanded the number of food groups to 65 in
order to provide detailed information for the most significant foods.

This report will show that the reliability of the food aggregation for dose calculations has
improved. In the early food consumption analysis described by Callaway (1992), the 1977-1978
Nationwide Food Consumption Survey (NFCS) (USDA 1983) data were aggregated to 10 food
groups, and aggregated trend information was used to convert the consumption values to 1945.
However, in this study, the values to be used as dose model input are derived by first applying
specific trend information to 65 individual food groups before performing the aggregation to the level
required by the dose model.

The initial study provided consumption estimates for 1945 and 1965 only. This report provides
estimates specifically for 1945-1957. These years were chosen because they were the years of highest
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radionuclide releases from Hanford-Site operations and, therefore, the years for which local food
production information is being compiled. However, adequately detailed individual raw data on food
consumption are not available for the 1945-1957 period. To estimate the food consumption for those
years, the 1977-1978 NFCS data were used because they were the most sufficiently detailed individual
intake data available. Factors were developed to backcast the 1977-1978 data based on food-specific
consumption trends from the 1940s and 1950s. Information on trends from the 1940s and 1950s was
derived from the U. S. Department of Agriculture data (USDA 1965, 1981) on national per capita
retail sales quantities. These data series are intact for nearly all of the 65 food groups analyzed. This
report also details the backcasting methods used to convert the 1977-1978 values to 1945-1957
estimates.

The previous study did not include any analysis of inherent uncertainty in the food consumption

estimates, nor was any thorough statistical testing performed to improve the subsamples used in the
analysis. Such statistical testing and analysis of uncertainty was performed in this study.
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2.0 Methodology

The Technical Steering Panel (TSP) methods used in this work generally follow those outlined in
Anderson (1992). The analysis consisted of three stages. First, the 3,735 coded food types used in
the 1977-1978 NFCS were aggregated to form 75 potential groups for the HEDR analysis. Next,
national per capita gross consumption data for the 75 groups were compiled. Finally, 1977-1978
NFCS data were statistically analyzed to produce consumption estimates, which were converted to the
years of interest using the estimated conversion factors. Initial analysis of the data revealed there was
an insufficient number of observations to merit analyzing 15 of the 75 food groups. Those 15 groups
were apportioned into 5 groups. The result is the 65 food groups as outlined in Appendix A.

2.1 Foods Important to Dose

Four specific foods have been identified as potentially significant contributors to radiation dose:
milk (PNL 1991), eggs (Napier 1992b), lettuce, and spinach (Marsh et al. 1992). This report
provides detailed consumption information for these four foods with summary detail for all other
foods.

2.2 Local Consumption Data

Available local food-consumption information was reviewed as part of this study but was
determined to be not as detailed as national data for the purposes of calculating individual doses.
Some of the local consumption data, however, is offered for purposes of comparison with estimates
from the analysis.

Bustad and Terry (1956) blended data from several national sources to develop food consump-
tion estimates for 1950 to be used in estimating radiation doses from Hanford releases. That work
provided estimates of consumption of milk, flour, fats, eggs, sweets, fresh and processed vegetables,
fresh and processed fruits, beef, pork, poultry, and fish. That study adapted farm family survey data
on consumption collected by Clark and LeBovit (1955) and can provide a check of the consumption
estimates generated in this report. Local (Tri-Cities) fish consumption information (unpublished)
collected by Battelle scientists in the late 1960s was used to estimate historic fish consumption in the
initial report (Callaway 1992). Battelle collected and published other local (Tri-Cities) food consump-
tion data from that time period. Honstead (1966 and 1967) reported the results of dietary intake data
collection that took place during the Hanford-Site whole body radiation counts in 1965 and 1966.
Consumption distributions were presented for Tri-Cities residents’ consumption of water, milk,
coffee, tea, seafood, game birds, fresh meat, and Columbia River fish. However, these data are of
limited precision and accuracy because respondents were asked to provide data in terms of estimated
"glasses" of liquid or estimated "meals" of solids. No age or sex distribution of the sample is
provided. Soldat and Honstead (1968) studied the diets of elementary school children in the Tri-
Cities area of Washington. The information they reported was based on a self-administered 7-day
survey taken by 2,973 children, 6-14 years of age. Consumption information was collected on
drinking water, milk, other liquids, bread, Columbia River fish, game birds, beef, pork, and seafood.
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The precision and accuracy of these data are suspect because children collected the data and were
asked to estimate 8-ounce-equivalent "cups" in the case of liquids and "meals" in the case of solids.
Dietary information was gathered from a total of 5219 Tri-Cities elementary school children from
1965 through 1968, and the raw data are maintained as an appendix in Endres et al. (1972). Shipler
et al. (1972) conducted a study of 341 members of farm families in the Riverview area, west of
Pasco, Washington, in 1969. Consumption information is provided for milk, fresh vegetables, fresh
fruit, game birds, poultry, fish, eggs, leafy vegetables, and water. The data from that report also
have been used to check the results in this report.

To use the available local consumption information directly would have required additional
assumptions about age/sex distributions, glass equivalents, meal equivalents, season of consumption,
and representativeness of Tri-Citians compared to the rest of the HEDR region. The raw data on
individual consumption from the survey of Tri-Cities household fish consumption, the elementary
school children study, and the Riverview study still exist in printed form, but the information is not
entirely legible. Although not done for this report, such data could be entered into a computer for
analysis with some interpretation of the illegible characters required. Jata from these studies were
used to check estimates generated using the backcasting approach.

Honstead (1966) pointed out that the local consumption data referred to in his report were
collected in conjunction with the earliest efforts to identify potential ingestion pathways and were
considered quite preliminary at the time. There are no equivalent local time series data available to
identify the changing local trends in consumption. Such information would be required to reliably
estimate 1945-1957 consumption from 1965-1969 local data. Lack of reliable and detailed local
consumption data resulted in the use of national consumption data.

2.3 National Consumption Data

The USDA conducted food consumption surveys pertaining to the period of interest (USDA
1941, 1944), but these samples were taken during one season of the particular year, were based on
household income, not on geographic region, and, therefore, were only comparatively small samples
(USDA 1944). Other USDA studies (1955a, 1955b) were based on geographic region, but they
covered only the spring season. In addition, *he number and detail of the food types surveyed were
not extensive enough to provide the detailed data required to calculate dose.

The USDA conducted the only decennial comprehensive surveys of food consumption on a
national level in spring 1955, spring 1965, 1977-1978, and 1987-1988. The 1955 NFCS data provide
only household-level information. The data are not a useful source for deriving intake estimates of
consumption by individuals for the 1945-1955 period because no individual consumption information
is provided. However, the 1955 Household Food Consumption Surveys (HFCS) also produced a
study on home production of food for home use (USDA 1955b). Although presented at the household
level, some of the information has been adapted for application in this study in the cases of milk,
leafy vegetables, and eggs, to provide an estimation of "backyard" food consumption of dose-relevant
foods. Individual food intake lata from one day in spring 1965 form the only data set in existence
from the spring 1965 HFCS (USDA 1972). The 1977-1978 NFCS effort provided an increase in
detail and volume of individual intake data collected above that of the spring 1965 HFCS and was
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readily available to researchers. Although the 1987-1988 NFCS was also readily available, ir was
smaller and further removed in time from the period of interest. Therefore, the 1977-1978 NFCS
data set was chosen to develop the baseline estimates of consumption. The 1965 HFCS data set was
used to perform a sensitivity analysis (see Appendix B).

Table 2.1 provides a comparison of local and national consumption estimates for milk. The
5-14 age group is the only age/sex group common to several studies and has been used for
comparison here. This comparison shows that backcasting NFCS 1977-1978 estimates of
consumption to the 1965-1969 period for the population groups shown yields a result closer to values
from local data than does the 1965 HFCS for milk. Because there is no comparable method to
convert local consumption estimates to the 1945-1957 period, the comparison to the 1965-1969 period
was the only viable check of the backcast estimates against local data.

Table 2.1. Average Daily Milk Consumption Estimates for Children 5-14 Years of Age, from Local
and National Sources for 1965-1969

Males 5-9 Females 5-9 | Males 10-14 |Females 10-14
Year Data Source (grams/day) | (grams/day) | (grams/day) | (grams/day)
Local Data
1967 |[Soldat and Honstead (1968) 700 630 700 640
1969 |Shipler et al. (1972) 786 773 858 821
INational Data
1965 |HFCS 1965-1966 (USDA 1972) 620 570 660 560
1967® INFCS 1977-1978 770 850 710 700
(a) 1977-1978 NFCS values backcasted to 1967.

2.4 Database of Individual Diets

The database of individual diets (DID) will be created to provide a source of seasonal dietary
information for the HEDR Project food groups from the individual intake data of the 1977-1978
NFCS. This database will be used to reconstruct the diets of reference individuals required for input
into the dose calculations for reference individuals. The DID will be comprised of one file of the
actual observations from the 1977-1978 NFCS including the 1945-1957 backcasting ratios to convert
NFCS values to any year in the 1945-1957 period. The theoretical structure of the DID is shown in
Table 2.2. The final format of the DID will be established prior to the completion of the dose code.
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Table 2.2. Theoretical Example--1945 Database of Individual Diets Providing Information on
Demographics and Food Consumption in the 3-Day NFCS Survey Period

Urban/ Fresh Milk Ce Poultry

Sex Age Season Rural (grams) (grams) (grams) .
M 21 F 8] 465 R 699
M 21 F U 400 ce 700
M 21 F U 444 Ce 688 .
M 55 A\ R 401 e 688
M 55 w R 333 R 707
M 55 w R 350 ce 655
F 12 Sp R 355 R 551
F 12 Sp R 0 R 505
F 12 Sp R 0 ces 602
F 34 Su R 0 R 566
F 34 Su K 222 Ca 577
F 34 Su R 304 Ce 540
M 5 Su R 111 ce 55
M 5 Su R 233 Cs 110
M 5 Su R 400 Ce 77
F 1 F 8] 600 e 3

F 1 F u 454 ca 11
F 1 F 8] 467 R 8

F 46 w ] 225 c 680
F 46 w U 0 R 655
F 46 ' U 225 R 634
F 27 w U 231 . 577
F 27 w U 330 R 524
F 27 w U 304 R 666

2.5 Aggregating Types of Food

Food consumption data will be provided to the Environmental Pathways and Dose Estimates
Task staff for input into the HEDRIC dose model. The 65 food groups will be aggregated in the DID
to the 9 food groups used by HEDRIC. The principal food groups which the HEDRIC dose model
uses (Eslinger et al. 1992, p. 23) are as follows:

Fresh cow milk
Stored cow milk
Leafy vegetables -
Other vegetables
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Fruit
Grain

Eggs
Beef
Poultry

In the case of mixed foods such as cream pies, creamed vegetables, sandwiches with lettuce,
etc., the question was to which of the groups should the food be allocated. This problem was handled
using an approach similar to that of Nelson and Yang (1984). The mixed foods with dose-important
ingredients were allocated to one of the 65 food groups using an approximation of the proportion of
the components in the mixed foods. This exercise was carried out for NFCS mixed foods containing
(or likely to contain) fresh milk, cream, lettuce, spinach, and eggs. Special attention was given to
these foods because they are known to be the most dose relevant from the food pathway.

2.6 Nonconsumers

Information in the DID is provided for each 3-day sequence of consumption information from
the 1977-1978 NFCS data and converted to 1945 in the theoretical example shown in Table 2.2.
Because the individuals represented iu the DID provided three days of consumption data, selecting the
entire three-day sequence of consumption from any single sample observation controls the between-
day correlation effect. However, because there are only 3 days of data per individual, it cannot be
reliably determined from NFCS data whether specific individuals are nonconsumers of a specific
food. For example, an individual, who did not report consuming milk during the 3-day period of the
survey, would be given an average consumption of O grams per day in the database, but, in fact, may
have consumed milk over a longer time frame than the 3 days covered by the survey.

2.7 Backcasting Ratios

Because the 1977-1978 NFCS data were used in this analysis, the estimates generated from the
1977-1978 NFCS data had to be converted to 1945-1957 terms. A food-specific conversion factor
called a backcasting ratio was used. Use of these ratios is based on the assumption that national
average changes in consumption patterns over time would adequately reflect the dietary changes over
time for the 1977-1978 subsample that included Oregon and Washington.

2.7.1 Disappearance Data

It is important to note that data denoting national per capita consumption are measured in terms
of estimated "disappearance” of retail quantities into the marketing and distribution system. By
definition, home-produced food is not measured in retail disappearance data. It can be reasonably
concluded that in the 1940s and 1950s in the HEDR study region, individuals consumed significant
quantities of home-produced food. These foods could include fresh milk and cream from the
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backyard cow, fresh produce such as lettuce and spinach from the garden, and eggs from the
backyard chicken, among many other foods. Although home-produced food is not measured in
disappearance data, it is assumed that trends reflected in retail sales quantities are trends for all food,
whether the source is retail or a home product.

However, it was possible, using USDA (1955b), to evaluate whether those eating home-
produced foods were likely to consume more of those foods than individuals who consumed from
retail sources only. Table 2.3 compares per capita consumption by source, whether retail or home
produced. It appears that individuals consuming home-produced supplies of milk and leafy vegetables
consumed nearly 20 percent more of those foods in 1954 than individuals consuming milk and leafy
vegetables from retail sources. Retail egg consumption was higher than home-produced egg
consumption. This may reflect that households producing eggs at home supplemented their egg
consumption from retail sources.

Table 2.3. 1954 Per Capita Food Consumption by Source, Based on Data Presented in USDA
(1955b) and USDA (1965)

1954 Household Leafy Vegetables
Food Source Milk (Ibs/yr) | Eggs (Ibs/yr) (Ibs/yr)
Home produced 378.4 37.2 55.1
Retail 317.9 47.4 459
Home surplus 60.5 -10.2 9.2
Home/retail ratio 1.19 0.78 1.20

2.7.2 Ratio Calculations

Backcasting ratios were derived using the per capita retail sales quantities data series maintained
by USDA (1965, 1981) to apply changing trends in consumption over time to the 1977-1978
estimates. These data series are consistent and intact for the analysis period being considered.
However, Manchester and Farrell (1981) describe what potential improvements in the series data
would enhance their data reliability for use in food consumption analysis. They point out that, while
the time series data are plentiful and comprehensive at the farm (producer) level, data on end-use
consumption are compiled from sources with purposes other than measuring food consumption.
Appendix B provides a characterization of the uncertainty inherent in the per capita consumpticn data.
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The backcasting ratio for a specific food type is given by the formula:

D;
. =
lx Dl
T
where

R, = the backcasting ratio for food i for year x
D, = per capita consumption (retail disappearance) of food i
x = year of interest in the 1945-1957 time period.

The conversion factor was applied using the for nula:

éi . R,’x = Cix
where
¢ i = estimated consumption of food i from NFCS data
R, = backcasting ratio for food i for year x (1945-1957)
C’i = estimated consumption of food i in year x (1945-1957).

The backcasting ratios used for fresh milk, eggs, lettuce, and spinach are displayed in Table 2.4.
Multiply the values in Table 2.4 by 1977-1978 NFCS consumption estimates to obtain estimated
consumption in the reference year. This procedure was used to derive the mean consumption values
shown in Tables C.61-C.63 of Appendix C. This procedure can be illustrated using a hypothetical
example of 1945 lettuce consumption. If the NFCS data reveal that a specific individual consumed a
daily average of 20g of lettuce in 1977, the estimated 1945 daily lettuce consumption for that
individual would be calculated:

20g - 0.6 = 12g

2.8 Database Backcasting Ratios

In the case of the diet database to be used for dose calculation, backcasting ratios were estimated
for the aggregated food groupings required in HEDRIC. This was accomplished using the formula
shown below. Table 2.5 presents the backcasting ratios to be used in the HEDRIC dose model. The
ratios of Table 2.4 differ slightly from those in Table 2.5 because of the aggregation process.
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Table 2.4. Estimated Backcasting Ratios for Example Foods (1945-1957)

Year Milk Eggs Lettuce Spinach
1945 1.79 1.40 0.60 1.69
1946 1.73 1.32 0.67 1.76
1947 1.64 1.36 0.68 1.46
1948 1.58 1.39 0.65 1.40
1949 1.58 1.38 0.62 1.55
1950 1.59 1.41 0.64 1.39
1951 1.62 1.43 0.64 1.55
1952 1.64 1.43 0.69 1.40
1953 1.62 1.39 0.69 1.35
1954 1.63 1.38 0.70 1.09
1955 1.64 1.36 0.75 1.18
1956 1.65 1.35 0.79 1.28
1957 1.63 1.33 0.77 1.16

n

D
RAX lé lx
n
> Dipy

where

backcasting ratio for any database aggregate

national per capita consumption of food i in year x

number of foods to be aggregated in a single database aggregate food
the year of interest in the 1945-1957 period.

= .P:f"

2.9 Reliability of Backcasting

Appendix B provides a characterization of the inherent uncertainty that the backcasting method
introduces into the food consumption estimates. In general, changes over time in measurement and
statistical error generated in the conversion from farm production quantities to retail sales quantities
are the source of the most uncertainty passed on to any particular backcasting ratio. The calculation
used to determine retail disappearance is described in Appendix B.
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Table 2.5. Backcasting Ratios Used to Convert the Values in the Database of Individual Diets (DID)
to the Year of Interest (1945-1957)

DID Food Type | 1945 | 1946 | 1947 | 1948 | 1949 | 1950 | 1951 | 1952 | 1953 | 1954 | 1955 | 1956 | 1957
Fresh milk 1.77] 1.72} 1.63} 1.57| 1.57| 1.58] 1.61] 1.62| 1.60}1.61 | 1.62 | 1.63 | 1.61
Stored milk 0.92| 1.12] 1.05| 0.98] 0.98| 1.00| 0.96] 0.98; 0.97/0.97 | 0.99 |0.98 | 0.97
Leafy vegetables | 1.15] 1.13| 1.04] 1.04] 0.99| 1.00] 0.98| 0.97| 0.97/0.95 |0.95 |0.99 | 0.97
Other vegetables | 1.13] 1.13] 1.06] 0.99] 0.98] 1.00f 0.99| 0.96| 0.98]/0.98 | 0.98 | 0.98 | 1.01

Fruit 1.39] 1.49] 1.50] 1.40| 1.41} 1.24] 1.33] 1.26/ 1.22]1.19 |1.10 | 1.14 | 1.11
Grain 1.35| 1.29] 1.16] 1.14] 1.13] 1.12{ 1.11} 1.09| 1.06}1.04 | 1.02 } 1.01 | 0.99
Eggs 1.40f 1.32} 1.36| 1.39] 1.37| 1.41] 1.43] 1.43] 1.39]1.37 |1.36 | 1.35] 1.33
Beef and pork 0.71{ 0.74f 0.75| 0.70{ 0.70} 0.70] 0.66] 0.70] 0.76/0.76 10.79 | 0.81 | 0.77
Poultry 0.49| 0.45] 0.42] 0.42} 0.45| 0.48] 0.51] 0.52] 0.52}0.54 }0.51 |0.57 | 0.60

2.10 Classification and Subsetting of the 1977-1978 NFCS Individual Data

The 1977-1978 NFCS individual data were analyzed to determine if all of the data or only a
selected subset should be kept and whether or not certain subpopulations should be defined. This
analysis assured that only the most pertinent data to the HEDR Project were used for a particular
individual in the reconstruction of food consumption for dose estimation purposes.

The 1977-1978 NFCS data contain records for each food item consumed over a 3-day period by
approximately 30,000 individuals as well as relevant information that can be used to provide different
groupings or subpopulations of these individuals. The 1977-1978 NFCS did not collect consumption
data for different ethnic groups. Information that was expected to have the greatest potential effect on
the usability of the data for reconstructing consumption is listed below:

¢ Sex of the individual

® Age of the individual

¢ Nursing status of children and mothers
e Region of the country

¢ Time of the year

e Degree of urbanization.
2.10.1 Sex/Age/Nursing Classification

The first three items listed above were used to create one classification scheme for the
individuals in the survey. It was generally expected that these three items would not only lead to very
different consumption patterns but also contribute to an individual’s physiological response once food
was ingested. Accordingly, Table 2.6 depicts how the individuals were grouped into the sub
populations which were selected to agree with the groupings defined by Napier et al. (1992,

Table 2.1).
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2.10.2 Geographic Classification

The most detailed geographic information available for individuals in the 1977-1978 NFCS data
were the geographic divisions shown in Table 2.7.

The Pacific division, even though it includes California, would be expected to be the most
representative for the HEDR study region because Washington and Oregon are included in that
division. The data were analyzed to see if consumption in other regions of the country was
sufficiently similar to consumption in the Pacific region to be included in the HEDR subset as either
representative or sufficiently different so that it should be excluded.

Table 2.6. Sex, Age, and Nursing Status Classifications

Sex Age Nursing Status
Male & Female NA® Suckling children
" 0 to 6 months NA
" 7 to 11 months NA
" 1to 4 years NA
Male S5to 9 years NA
" 10 to 14 years NA
! 15 to 19 years NA
" 20 to 34 years NA
" > 34 years NA
Female 5to 9 years NA
" 10 to 14 years NA
" 15 to 19 years NA
" 20 to 34 years NA
" > 34 years NA
" NA Pregnant/Nursing
(a) NA = Not Applicable.
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Table 2.7. Geographic Divisions According to the 1977-1978 NFCS

Geographic
Division States Included
- New England Maine, New Hampshire, Vermont, Connecticut, Rhode Island
Middle Atlantic New York, New Jersey, Pennsylvania

East North Central Ohio, Illinois, Indiana, Wisconsin, Michigan
West North Central | Minnesota, lowa, Missouri, North Dakota, South Dakota, Nebraska, Kansas

South Atlantic Maryland, Delaware, District of Columbia, Virginia, West Virginia, North Carolina,
South Caroline, Georgia, Florida

East South Central Kentucky, Tennessee, Alabama, Mississippi

West South Central Arkansas, Louisiana, Texas, Oklahoma

Mountain Montana, Idaho, Wyoming, Utah, Colorado, New Mexico, Arizona, Nevada
Pacific Washington, Oregon, California

2.10.3 Urbanization Classification

23 The ‘ndividuals in the 1977-1978 NFCS data were identified as to the urbanization of the area in
which they lived. Urbanization was defined using a Standard Metropolitan Statistical Area (SMSA) as
the point of reference:

Urbanization Level SMSA Relationship

Central City Central city or cities of an SMSA
Suburban Within an SMSA but not the central city
Nonmetropolitan Not within an SMSA

There was sor.ie concern that one or more of these urbanization levels, especially the central
city, might not be representative of the populations in the HEDR study area znd that urbanization
level would have an influence on consumption patterns.

2.10.4 Seasonal Classification

Among other areas of investigation, the 1977-1978 NFCS was specifically designed to identify
seasonal patterns in food consumption. This classification was analyzed to verify that it was
important to consider potential differences in consumption patterns as a result of the time of the year.
Although the identical houses were not revisited every quarter (season) during the survey, small
neighborhoods, called area segments, were resampled each quarter. The following seasons are
defined in the 1977-1978 NFCS:

2.11
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Season Nominal Period

Spring Apr, May, Jun 1977
Summer Jul, Aug, Sep 1977
Fall Oct, Nov, Dec 1977
Winter Jan, Feb, Mar 1978

2.11 Statistical Analysis of the Classifications

A statistical analysis of the classifications described above for the 1977-1978 NFCS individual
data was used to determine which factors needed to be considered in categorizing and subsetting the
1977-1978 NFCS data for the purposes of the HEDR Project. The tests conducted as part of the
analysis were not used to develop consumption estimates. Therefore, no pre-specified alpha or beta
errors were used, no probability and confidence limits nor results reported.

The statistical analysis was conducted in a manner somewhat similar to the statistical analysis
presented in Nelson and Yang (1984). Each of the 65 HEDR food types was analyzed individually.
The basic data used as input to the statistical model were average daily total intake for each
individual; i.e., the total amount in grams of each HEDR food type an individual consumed divided
by the number of days the individual had participated in the survey.

The statistical analysis used was a generalized linear model procedure (SAS 1989). Each of the
four classifications listed above was included as a factor in the statistical model as well as each two-
and three-factor interaction among the classifications. The full four-factor interaction was not
included due to the inability of the analytical software to handle such a large model. The same
sampling error term used in Nelson and Yang (1984) was used in testing the hypotheses of this
statistical model.

Although each HEDR food type was analyzed separately, it was necessary to reach conclusions
about the classifications that would apply in general to all the HEDR food types. In the review of the
output from the statistical analysis, most of the conclusions were based on the results for the HEDR
fresh milk food type, although the results for all food types were reviewed to arrive at a general sense
of consistency.

The first conclusion reached from the statistical analysis was that a main-effects analysis-of-
variance model was appropriate; that is, interactions among the main classifications were usually
nonsignificant. Accordingly, the 1977-1978 NFCS data were re-analyzed as a main-effects model.
Means separation tests (SAS 1989) were used to identify which levels of a classification led to
statistically significant differences. The general conclusions reached from these analyses for each of
the classifications are summarized below.

2.11.1 Sex/Age/Nursing Classification

In general, this classification was by far the most statistically significant. This means that the
consumption patterns of individuals are strongly influenced by their age and sex. Therefore, it is
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important to maintain this classification to form subpopulations in the HEDR food database that will
be used to reconstruct consumption. There was no consistent pattern between HEDR food groups as
to which of the defined subpopulations of this classification were different from each other so that
there was no obvious utility in collapsing the classification to fewer subpopulations.

2.11.2 Geographic Classification

This classification did not appear to be as important as the sex/age/nursing classification but was
still statistically significant for many of the HEDR food types. A test was used to compare each of
the other geographic divisions to the Pacific division. All divisions were different from the Pacific
division for at least one HEDR fond type. However, the geographic divisions clearly fell into two
groups, those that were different from the Pacific division on a regular basis and those that were
different from the Pacific division only for a small number of the HEDR food types. Those divisions
that were distinguishable from the Pacific division were the South Atlantic, East South Central, and
West South Central divisions. The southeastern part of the country showed consumption patterns that
were decidedly different from the Pacific division. Therefore, the southeastern data were not
considered representative of the HEDR study region, and they were not included in the HEDR subset
of the 1977-1978 NFCS data. All other geographic divisions were included.

2.11.3 Urbanization Classification

This classification led to the least definite conclusions of the four classifications. In general, it
was the classification that least frequently showed statistically significant differences, although there
were some. In addition, there was not a consistent pattern about which of the three levels of
urbanization differed from each other. Based on the analyses, the Central City data were removed
from the HEDR subset of the 1977-1978 NFCS data. The subpopulation classification of suburban
and nonmetropolitan were maintained for the remaining data.

2.11.4 Seasonal Classification

The conclusions regarding this classification generally fell into two groups: those where there
appeared to be little or no seasonal effect and those where the seasonal effect was quite significant.
As expected, the majority of the food types where the seasonal effect was quite significant fell into the
general category of fresh produce. Because fresh produce as a group is second only to fresh milk in
its importance to dose, it is necessary to leave the seasonal classification scheme in th:e HEDR subset
of the 1977-1978 NFCS data.

2.12 Average Daily Consumption
The concept of average daily consumption for a particular food typically takes two forms:
1. Average daily consumption for all days is calculated by taking an average of all days recorded,

including those days (denoted as zero) when that food type was not consumed. This represents
the amount consumed on the average.
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2. Average daily consumption for those days in which consumption occurred is calculated by taking
an average of only those days when consumption was recorded.

It is relatively simple to convert from one concept to the other if the proportion of days the food
was consumed is known.

Let
ADC = Average daily consumption over ail days
ADCC = Average daily consumption on days consumed
PC = Proportion of days the food was consumed.
Then ADC = PC * ADCC and ADCC = ADC/ PC
Example:
ADC = 4
ADCC = 10 !}
PC = 4
ADC = PC*ADCC = 4*10 = 4
ADCC = ADC/PC = 4/ .4=10
16, 30 The number of days referred to in the tables of this report are simply the days for which

consumers reported consuming. For example, if there are 200 consumers in a particular category,
consuming cach day in the 3-day period, there would be a maximum of 600 days for that category.
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3.0 Data Quality Objectives

The analysis performed conforms to the data quality objectives outlined in Shipler (1992) and
Anderson (1992).

3.1 Accuracy

The objective was to develop food consumption estimates that can be used by the HEDRIC dose
model to estimate doses for reference individuals in the HEDR study region. The construction of the
food group aggregations was overseen by staff of the Environmental Pathways and Dose Estimates
and Statistics Tasks to ensure that the foods with the most significant contribution to dose were
accurately represented and measured. The Statistics Task staff were involved at various key stages of
the analysis to ensure that the statistical procedures used were being employed correctly. Foods
included in the database of individual diets were aggregated to the most effective level that the dose
model will currently accept.

3.2 Precision

The objective was to provide food consumption estimates and a diet database that were estimated
and developed using accepted statistical techniques, and that have a quantified level of uncertainty
associated. Statistics on the distributions of consumption data were calculated by food group and
population group. Associated means, medians, and percentiles were reported for each food group.
The conversion factors used to convert 1977-1978 data to the years of interest were calibrated using
the most reliable consumption estimates available from raw data. The uncertainty introduced by using
backcasting ratios is characterized in Appendix B.

3.3 Completeness

The objective was to provide food consumption estimates and daily diets that apply to
representative individuals in the population of the 1945-1957 HEDR study region. Such estimates
were developed for all dose-relevant food and population groups. Detailed results are presented for
fresh milk, lettuce, spinach, and eggs. Analytical results for other food types, not found to be
relevant to dose, are not reported in detail in this report but will be turned over in the DID to the
staff of the Environmental Pathways and Dose Estimates Task.

3.4 Representativeness

The objective was to develop food consumption estimates for foods likely to be produced in the
HEDR study region and most relevant to dose calculation. Based on research to date for the HEDR
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Project, the food groups selected for analysis represent the likely types of food produced and
consumed in the HEDR Project region during the study period and are believed to be the most
relevant to dose. The foods included in the DID fit this description.

3.5 Comparability

The objective was to provide more detailed food consumption information than was presented in
the HEDR Phase I effort. Results are presented in greater detail than those reported earlier (Callaway
1992). Resolution has been enhanced by expanding the population groups and food categories to
better distinguish types of food and types of people. More descriptive statistics are included.
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4.0 Results

The distribution characteristics of dose relevant foods are provided in Tables 4.1-4.17 and
Figures 4.1-4.27. Specific information, including plots of the distribution, is presented for milk,
lettuce, spinach, and eggs. The number of people surveyed ("No. of Persons") are given in relation
to those of that group ("Consumers") who actually consumed the particular food. All consumption
numbers reported are in grams per day when food was consumed. Graphic information depicts the
characteristics of the consumption distribution for children ages 10-14 and adults ages 20-34. These
two population groups were chosen for graphical display because they represent different stages of
physiological development. Sample sizes attributable to the information displayed graphically are
found by referring to the associated table for the food type being considered. Appendix C provides
summary statistics of the other food types analyzed.

The data used in this analysis will be compiled into a database and turned over to the
Environmental Pathways and Dose Estimates Task staff to be used as an input file to the dose model.
This input file will provide the dose model with the actual observations from the 1977-1978 NFCS
and the conversion factors needed to estimate 1945-1957 values. These observations will be used
within the dose model to reconstruct a potential sequence of daily diets over time to be used in
reconstructing a person’s potential ingestion pathways.

The number of true nonconsumers (those who never consume a given food) of any of the foods
in the NFCS data cannot be determined from a 3-day record as was collected for the NFCS. The
number of nonconsumers presented throughout the results refers only to those individuals who did not
consume the given food during the 3-day period of the survey. In general, the number of
nonconsumers is more reliable for food aggregates that are consumed relatively more frequently, such
as milk, and less reliable for food aggregates consumed less frequently, such as leafy vegetables and
fruits. Medians and averages were calculated based on the days when food was consumed.

The annual daily average consumption of foods as they are listed in the DID appears in Table
4.18. Because the averages are annual, they include all seasons of the year. Days with no
consumption are included.

4.1 Human Milk

None of the data published by USDA provided human milk intake. The NFCS data provided a
classification indicating whether a child was a "suckling child," but no quantities of human milk
consumption were given. To provide an estimate of human milk consumption, published estimates
for the 1957-1962 period by Durbin et al. (1970) were used. Table 4.1 provides gram/day
consumption for each of the first 6 months of life and a weighted average for the 0 to 6-month period
provided in the database of individual diets.
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Table 4.1. 1957-1962 Human Milk Consumption in the First Six Months of Life, from Data
Presented in Durbin et al. (1970)

Age Number of | Mean Human Milk | Standard Deviation
(days) Observations Intake (g/day) (g/day)
0 - 3 30 396 73
31 - 60 42 469 42
61 - 90 33 464 52
91 -120 42 497 51
121 - 150 39 505 41
151 - 180 36 529 31
0 -180 222 480 47

4.2 Milk

Analytical results for the consumption of fresh milk are provided in Tables 4.24.5 and Figures
4.2-4.5. Nonconsumption of milk is shown in Figure 4.1. Although sample sizes for children in the
first year of life are low, the expected shift from breast milk or formula to cow’s milk after the first
6 months of life can be inferred. The diminished frequency of milk consumption with increasing age
also seems apparent. The differences in milk consumption distributions by sex are demonstrated in
Figures 4.2 and 4.3. Differences in milk consumption distributions by season are displayed in
Figures 4.4-4.7 for the four age/sex groups being considered. Figures 4.8 and 4.9 denote the
differences in milk consumption by urbanization.

4.3 Lettuce

Analytical results for the lettuce consumption distribution are provided in Tables 4.6-4.9 and
Figures 4.10-4.18. Note that just one individual under the age of 1 year was reported as consuming
lettuce, and approximately 75 percent of those from 1 through 4 years of age were not reported as
consuming any lettuce for the 3-day survey period.

4.4 Spinach

Analytical results for the distribution of fresh spinach consumption are provided in
Tables 4.10-4.13. In general, 95 percent of the respondents in all population groups did not report
consuming any fresh spinach during the 3-day survey period. Because there were so few responses
for the population groups being compared graphically, no such graphical display has been presented
for spinach consumption.
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4.5 Eggs

Information about the consumption distribution for eggs is displayed in Tables 4.14-4.17 and
Figures 4.19-4.27. Of the dose-relevant foods considered in this report, eggs are the second most
frequently consumed food after milk. However, those reporting no consumption of eggs during the
3-day period generally number in excess of 50 percent.

4.6 General Note on Distribution Shapes

In referring to the distribution plots for the foods presented, the reader may notice the somewhat
"sawtoothed" shapes of the curves. This shape results from the effect of portion size on the
distribution.

For example, consider the distribution of egg consumption. In Figures 4.19-4.27, spikes occur
in the distribution plots generally around each 25- or 50-gram increment along the X-axis. One egg
is given a consumed weight of 50 grams (USDA 1979). The distribution plot in this case is picking
up the distribution of portions or weight-units within any day in addition to the simple gram-
consumption pattern.

43



yovi ZEL | ssv svz | €6 99 ST 97 ugjijodonjowuoN

povi €0L | SvE sz | St oy 81 174 (oo ) ueqngng |  oewej SuismN uBudag
8111 oze | #¥T 44| 1 969 80¢ 91 uejtjodosjouItoN

oLyl 91g | ¥81 6 4 668 08¢ LIS (onP|y) uBqIngng sreak g < ‘oBuIs]
69L1 68y | S¥T 81 | ol 86¢ €61 107 ugjtjodonawuoN

89%1 88y | S+T w | b T6v Lot LST (onp) uBqngng | s1Eaf g 0) OT OEWRA
L81T TeL | 88¥ svz | S1 e 8 96 uejijodonjawuoN

891 1ss | 99¢ e | S 867 $01 L1 (onopy) weqingng | syeak 6] 0} S1 O[EWA]
8PEl TEL | 88Y T | 1€ e LL 8 ugjijodonjouwruoN

561 169 | 88F svT | S1 SIE szl 671 (o1o) URQINQNS s1Baf ] 03 01 ‘opEWa]
0191 ZeL | 68 ol | 8 100 | €L vL ug)ijodosjouruoN

80L1 €29 | 6T v | 19 sTT 8 L8 (onPW) uBqINgNS siBak 6 0) ¢ ‘o[BWIA
908T Ly | svt | s ¥L9 067 S9€ uejijodonauoN

L9ET 88y | SPT (44| 1 08 oge 234 (oneW) weqimqng sreak pg < ‘BN
0p6T L19 | Stv e | S v £91 S61 ugyijodonsuuoN

8767 LSS | 89¢ we | S Sl 6L1 617 (onep) ueqIngng s1Bak $€ 01 0T ‘OB
876 st8 | zos 99¢ | 6T At £8 6 usjijodojouruoN

#897 086 | 9.9 vy | 6T 967 €11 911 (on9N) uBqIngng s1eak 6] 01 §I ‘S[EW
9802 seL | €os 99¢ | § S8 £01 901 ujijodoljowruoN

SE1T ovL | 1SS 90¢ | I€ 867 ol1 €11 (o10y) ueqIngng sreak ¢ 0) 01 “O[EW
871 zeL | 68¥ 99¢ | 19 L1T LL 08 ugjijodonjswuoN

9771 €L | 88¥ T | Ot €97 001 $01 (o113 N) ueqIngng srBak 6 01 G ‘O[BN
9861 6bs | 89¢ T | 1€ 997 ¥6 L6 ueyjodosjourtioN

SILI 08S | 89¢ T | 6C 85S¢ €€l 6€1 (onN) uBqIngng s18af  0) | S9X3s [V
888 pOL | bES €81 | 6 € £ ugjijodosawuoN

€cll g6L | 019 90¢ | 891 L 6 6 (o1o) uBqIngng | sqpuOW [ O} L SIXIS ||V
9L6 s88 | €6L 019 | 99¢ 6 € i uejijodosjouIuoN

9L6 ozL | 08S stz | ot 4! v 6 (onoy) UeqINgng |  SUOW g O} ( SIX3S ||V
1§99 1§ | 9LT vz | 9L 6 € ol uejijodosjowuoN

91z 91z | €1z y81 | v81 £ 1 L (o1oN) uBqINgng ua1p|1y> 3uipyong
(Kep/3) %GL (£ep/3) %67 (Kep/3) skeq | siownsuo) | suosiag uonEZIuBGI) xag/38Vy
Wnnep uBIpON WU jo "oN

Sunidg sy ut uondwinsuo) Yy 103 SOUSHEIS uoNNqIISIA SOAN 8L61-LL6] T’V AEL

4.4



9.6 ¥€9 88Y [S74 S 9¢ 1 91 usyjodonowuoy | epeme) SusinNAusudald
r4AN 6% o€ 881 6T w 61 w (onp) weqingng | o[emay SmsinNUBLIald
ozl 1€€ e (441 S 09% 002 9t mgodonemuoN sIBaf pf < ‘o[BWag
99%1 99¢ 441 (44 S s (Y44 60€ (oney) weqIngns sIBf pg < ‘oemag
€291 1197 SHT €81 S 002 6 szl ueyjodonjouIuoN 51834 g 01 07 ‘oW
80L1 88Y (874 74 o1 $97 LIl 091 (o1 wBQqInqng §J8a4 pg 03 O ‘o[ewmad
(Y43 £0S 99¢ e 19 681 18 S6 ugIjodon)aWUON sJ82£ 6] 03 G| ‘oEWag
el 1413 OLE e S peT v6 o1l (030 wBqINqNg 183K ] 01 G| ‘ofema]
7561 L9 88% (974 19 LLT so01 1 wejodonaWUoON s1eaf p1 03 O] ‘oW
9LLY TeL 88V SHT S 6C€ Lzl 1€1 (o) weqingng s18a4 p1 03 O] ‘o[BI
oLb1 709 88% e 19 [$274 96 86 uejjodonjemuoN 518k 6 03 § ‘IeWI]
81€C S19 1454 3 74 91 (4% +8 S8 (o1RN) wBqIngng s183L 6 01 ¢ ‘o[Emag
SYLT 88% (344 st S 68T 44| 051 weyjodonawuoN sk pg < ‘o
6202 387 e (44! 1 (344 061 we (onepy) UBqINgNg s1eah pE < ‘OB
9LLY 1L9 I8€ 144 91 991 69 +6 asjijodonamwuoN s1ea£ ¢ 01 0T ‘SlEN
LEST 019 9E€ e S L1z L6 szl (o1 UBQINGNS s1eak $¢ 03 0T ‘RN
8767 €6L y6v SST S 191 9 99 wejjodoemWUoN s1eak 6] 01 G ‘AN
LSIY 788 6¥S SLT S LET L8 6 (onepy) wBqIngng sreaf 6] 01 G ‘9B
798¢ WL £09 99¢ 9% $0€ 601 o1t wejodonemuoN sxeak ¢ 03 01 ‘BN
8861 TEL 06¥ ¥8¢ 9! 60€ SIt Il (o139 UBqINqRS sreaf ] 01 0] ‘OB
0961 TEL 88Y (74 1£3 L8] L9 1L meyrjodonauruoN 5183k 6 01 § ‘OB
7561 1L9 88y (S 74 1£3 6+ 6 86 (onep) TEqQINgng s183k 6 01 G ‘OB
0961 (439 LY v 113 182 701 11 weyjodonewuoN sreak p 01 ] NIV
SILI S19 LY 44 19 L9€ otl sel (ondW) weqinqng s1wak ¢ 01 | IV
19L EL 88% 9€€ 444 61 L L uEjijodonjomuoN squom [ 03 £ NIV
0zl 9L6 zeL 1§99 €81 [/ 6 €l (on_W) weqingng squuow || 03 £ ‘IIV
el 086 808 ¥L9 88Y Al ¥ 9 ue)jodonemuoN sqauow 9 03 0 ‘[IV
LEOT 688 58 88¥ 18% 8 € 91 (o19)N) UBqIngng sqyuow 9 01 § ‘IIV
89€ 43 £0¢C 6 18 L £ €1 ugijodojemuoN walppyo SuIpjong
086 €61 19 9 Sl 6 2 3 (010N UBqINgng UaIp[IYo uIp{ong
(Kep/3) %G/ (4Kep/3) %6T (Kep/3) ske(q sIomWnsuo)) | suosidg uonBZIOBGI) xag/e8y
E:memz nd:uos Eﬂa_ﬁz .«o .OZ

sounung o ur uondwnsuo) YN 10j SINSHEIS uonnqisia SOAN 8L61-LLEL “€'F A1GBL

4.5

b e AR R

LTI TR

Rt



7861 8€L (187 (%4 19 137 9 91 uerjodonowiuon | dpeway SuisiN Hueudaig
sTTl 108 9lg T ol 9¢ 4 91 (onepy) mequngng | opewe) SuisinN/ueUSal]
veL yLE 444 44 S %49 ¥z 962 uejijodosawuoN siaf pg < ‘Spewa]
98¢s1 €1€ e 9L £ ¥69 90¢ 66€ (oxvpy) ueqingns sieak pg < ‘oppwaf
yop1 1§34 SHT €Tl S $97 141 0s1 uejtjodosjewIuoN s1Bak g 0) T ‘OBW]
288 88% (%4 (441 S v6€ €91 4174 (o119|) ueqingng s1eak ¢ 03 O ‘o[eWw]
8651 TeL 06 €6 S 96T 66 Lol uejijodosjomruoN s1ak 6] 0) ] ‘o[EWd]
9pel 619 oLy 444 6 082 1 174! (ox1°|y) ueqIngng 5183k 6] 0) ] ‘ofewra]
£p8l1 veL v6¥ 99¢ 19 ST 18 L8 uejtjodosjamuoN s1eak ] 0) O] ‘OfEWa]
80L1 TEL 68Y olg S LEY LS1 861 (c31) weqIngng sI8a p1 0} O] ‘O[EW]
80LI TeL (34 99¢ 19 9T L8 L8 uejtjodosjouruoN sk 6 01 ¢ ‘oW
8oLl TeL 88y 62€ 67 yre 44! 74 (031°9) uweqIngng s1Bak 6 01 G ‘o[BS
00SZ (434 S0g 81 S 9€€ 1 L91 usjtjodosjeuruoN sreak pg < ‘SN
¥o¥1 89¢ 44 (44| S L8 961 b (o119y) weqingng 1Bk pg < ‘S[EN
80L1 TEL 88y ¥ S 44 98 96 uejtjodonouruoN s1eak p¢ 01 0T ‘OB
$9L1 L9 L9€E 44 S 913 43! 8Pl (oxpPpy) weqingng sseaf g 0) 0T ‘BN
182 (413 919 0o 18 181 89 vL uejtjodosjomuoN s18a£ 6] 01 ST ‘OB
8761 L8 pES 89¢ Sl 662 o1l Sl (0319|N) weqingng s18af 61 01 1 ‘[N
1697 €6L 019 99¢ 19 1 41 €11 uejtjodosjouruoN sieak §1 01 01 ‘BN
vLOT ys8 L19 L6E £6 1844 951 8¢1 (o119y) uweqingng s1eak $1 03 01 ‘3B
vetl veL £0S 89¢ $9 192 68 68 uejtjedosjowiuoN sreak 6 03 § ‘B
8091 TEL 68Y So€ Sl 69¢ Lzl 821 (o1191) weqingng s;ak 6 01 6 “OEN
98zl 423 99¢ a4 19 TLe 621 €1 ugjtjodosjomuoN sieak § 03 | IV
89¢1 019 6S¥ SHT 67 69% 91 VA (onsN) weqingng sigak § 01 | IV
616 WL 149 pLE 19 8l L L uejijodojouruoN sqyuow [| 01 L ‘[IV
ozl 616 859 L9S . 1414 123 4\ ¥l (onpPN) wBqIngng stpuout || 01 L ‘[IV
1$01 ors vTL 6vS 9 oz L L1 uejijodonjemuoN sguowt g 0) O ‘IIV
868 SEL TEL vL9 LTy 6 € 8 (o319) weqIngng sqyuowt 9 03 O ‘[IV
1§99 S8z €61 44! 19 8 £ 11 uejtjodoxjouruoN ua1p[Iyo 3ulpyong
4z €81 £21 6 19 zl S 4! (0319]) weqingng U21p|IYo Sulpjong
{(£kep/8) gt | (Kep/8) | %6z (Aep/8) ske slownsuo) | suosiod uonezIueqi(} x9g/28y
E:E_KQ—Z 5—@02 E:E::E jo "ON

[l 2y ut uondwnsuo) Y[ 0§ SAsHEIS uonnquIsiQ SOAN 8L61-LL61 "' AGEL

4.6



$eo01 LES 86€ e £Cl ¥C ol 01 weyjodonemuoN opema) Suisinpy Aueudald
SETT 619 69¢€ e Sl oL Y4 9 (o1e) eqINgng oremsy SuisinN AusuSald
LEOT 89¢ e €21 1 LLY 70 09¢ weyjodosemuoN 8183 pg < ‘9[emway
ozl 90¢ 81 L8 £ 0L 68T 9LE (o) weqIngng s183L pg < ‘o[eway
(Y44 88P 9.7 £81 S 10T 8 sol wejodonemuoN s18a£ pg 01 0T ‘W
6102 88% 74 44! S €LE 191 161 (one) weqingng s183£ $£ 03 07 *o[BWwa
r#4A! 719 1937 44 S L61 18 16 ueijodonamWuoN 81834 6] 01 G ‘oA
80L1 9.9 88Y S ¢4 S 12 £01 I (oxp|N) weqIngug 183K 6] 0} G ‘IEma4
9052 1L9 88% 0S? 9 LLT 86 001 wejijodonamuoN s1waf ] 01 O ‘o[ewag
1LET 19 88% 0S¢ S 66€ 44! 9pl (one) weqingng s18ak p] 01 0] ‘oW
9L¥1 EL yov 97t & T 68 06 usjijodonaw@uoN s1wak ¢ 01 G ‘o[EmWa,
[ATA EL 96¥ 99¢ 19 L€ 671 ogl (onp) weqIngng 518K ¢ 0} G ‘94
9612 88¥ €L 8€1 S 487 891 80¢ meyjodoljamuoN s183f pf < ‘9B
SiL1 86€ i [4A! S 149 1 ZA4 662 (onepy) weqingng 51804 g < PN
ovve 1L9 88Y e S 907 98 601 meyjodonawuoN s1eak p¢ 01 07 ‘SBN
7561 €19 99¢ e S 1€ el 191 (oneN) weqingng s1wak pg 01 0T ‘OB
8957 998 019 99¢ 4 692 101 €01 weyjodosomuoN s183£ 6] 03 G] ‘3[EN
118 ¢4 9L6 019 SOE S 0S¢ 6Tl sel (o121 UEBQITQNS sreak 61 01 §1 ‘S=
LO8Z 868 019 89¢ (4A| 90€¢ o1l i Lah (W B EL N s1eaf ] 031 0f ‘SN
998C $s8 879 8T sl 82¢ L1N 611 (onp) meqingng s1eak p] 01 01 ‘3B
oesl 86L 719 88¥ i9 90¢ SL 9L mtjodoljamwuoN s1eak g 01 G ‘OB
860 8€L 06v 99¢ wi we 611 w (o1 weqingng s5eak 6 01§ ‘OB
7561 €19 LT 874 8 80€ el LIt weyrjodonowuoN s5wak p 01 | ‘IIV
9p1 1L9 88¥ [S7 19 wr 091 991 (o1RN) UeqIngng g8k p 01 | ‘lIV
561 SEL 68% 374 19 w ¥1 91 meyjodonamwuoN sqymowt | 0) £ “[IV
vl $58 1SS L8Y r4A| LE €l sl (033N meqingng squuowt [] 01 L ‘IIV
wel €Tl £68 123 06t 4! v Sl weyjodonamiuoN sqiuow 9 O3 ¢ ‘[IV
€807 086 8iL 99¢ i€ 123 Al Ll (o) weqingng sqyuow 9 03 0 “IiV
S 74 691 €6 ¥s ol % [4 L usjijodonowuoN ualppigo duIpjong
(44 LO] 19 1€ sl 6 14 1§ (019N wBqIngng walppiyd duipjong
(Aep/3) %S (Kep/3) %6T (Aep;3) sAB( slamInsuo)) suos1ad uonsvzIuBqi() xag/98y
WoWYe A weIp3]N wnuiuy Jo "oN

1o oy ui uondwinsuoy) N[N 10) soNsHeIS uonngiisia SOAN 8L61-LL61 “S'Y AMEL

4.7



80

eled SO:AN 8.6l

3

-LL6T WOy

uojyrodoid 3jdwes $H4N

RIUIM [
el g
1pwwns 7

bupds g

LRIV PART

poisad Ae(l-¢ & unng Yt Suiwinsuo)) JON S[enpiAlpu] °1°p dundig

uaIp|iyd buippdINg

syiuow g 01 Q 'YV

syluow {{ 01/ ‘v

sieaA p O1{ iy

sieaA g 016G ‘djen

siedA p| 0101 '3ENW

sjeah gl 031 §1 ‘3N

siect &, 01 0C ‘3lEN

sJedA pg < 'djen

siedA g 01 ‘3jeway

s1eadA p| 01 0| ‘?jeWwd4
sieaA g 01 G| 'deway
sIe3A pg 0102 ‘2PWa4

si1edh pE < 'ajeway

ajew?y BuisinN/iueubaly

4.8




o
O

00 000000000
e NWAR VO N®ON

oo
® O

A,‘.L’A '.L,+.L4’~l ’J ‘,L{ N '—-A i '.A ‘<L ‘ + ..l. '.l § ’..L.* L | ]

coo
[eYoNe)
v

0.04
0.03
0.02
0.01

Proportion of Consumers in Sample

Figure 4.2.

o
o
i

0.09
0.08
007

0.05
0.04
0.03

0.02
0.01

Proportion of Consumers in Sample

0.06

Male consumers

—————— Female consumers

pp—

0

(=4
o

100
20C
300
400
500
600
700

(a2}

—

Average Daily Intake (grams)

1200 A
1400
1500
1600
1700
1800
1900
2000

Distribution of Fresh Milk Consumption for Ages 20-34, from 1977-1978 NFCS Data

AN
A
- i ————— Male consumers
- { ‘u“
K S U Female consumers
; " ‘l! \‘;'l /‘\ v\
h oy [
! / V WA
3 “"‘ \\‘*./\
S A v'l \ S
= I 1 \\ \
v \
- : \j{ Vo
- 1 L ‘~‘
b (AN
\
- A
B \\/\\
\ ~
i L \;f‘\\\/\/\
'''''''' DN £ P e 0
T T T T T Phas SRR | T == T Y Y T
oocoooooooooocooaooococ
o (=] [=] (=] (o) (=) o [=2 o Q o [=] o Q o Q o (=] (=] o (=] Q
— ~ m T W (Vo] ~ -] [+)] (=] — ~N m < w (Vo] ~ o0 o3] o Loud ~N
— - — — — - Ll p— — — ~ ~N ~N

Average Daily Intake (grams)

Figure 4.3. Distribution of Fresh Milk Consumption for Ages 10-14, from 1977-1978 NFCS Data

il

49



0091

B0 SOAN 8L61-LL6] WOY ‘pE-0F $38Y ‘sofewa] Joj uondwinsuo) JIHA YSL JO UONNQUISI(Y [EUOSESS “p'p 2anSiy

00s1t

oovl

00€l

o7 0011

(swesb) uondwnsuo) Ajieqg abessay
0001

006

008

004

009

00§
1

oov
{

00¢
i

002
1

001

0

UM
ied
BRuiwng

Bupds

100
<00
€00
#00
s00
900
00
800
600
o

1o
¢to
€Lo
vt o
Sto
910
FANY
810
610

3jdwes u{ sJawnsuo?) jo uoiodold

~
=]

120
220
€20
[ Z4
ST0
920
£20
820

4.10




eleq SOAN 8L61-LL6T WOY ‘pE-07 $ITY ‘Sa[e 10j uondwnsuo) Y1 Ysaid Jo uonnquisi(y [euoseas

(swesb) uonduinsuoy Ajjeq abeiaay

000¢ 0081t 0091t oovi 0021 0nal 008 009 ooy
L B O R S D P Poy W Wy s ) N U B I
N DR N N | N
‘ ~ . RN 1 L
A RN
\ .s
[
\ !
.—,\
FEITITT Y S
ied
Jeunung .
bupdsg . ___. —
1 4 -

*§°p a3y

o

LN

Znn

f£00

[AAKR

SO0

a0

00

/00

600

{to

tn

2t o

£Lo

rto

St n

al n

/10

fl1n

ajdwes ul si3wnsuo’) Jo uoiluodoly

4.11



e12Q SN 8L6I-LLG] WO “pI-0] $9BY ‘So[ewia 10} uondwinsuo)) YA Usald Jo UORNQLISI [EUOSESS 9" N3N

(swesb) uondwnsuo) Ajreq abesany
0081 0091 oovi 00c1 0001 008 009 ooy 00¢Z

FTI 1177 .

TLZ [—
FETT 11T, T~ —

funids

I
H

}
T

|
|

1
U

wn
e
[=4

©
S
(=]

~
I
o

©
e
o

=)
e
=3

-
(=}

Lo

1o

€10

3jdwes u} sJawnsuo) Jo uoiuodold

4.12



eleq SJAN 8L61-LL6T WOY ‘bl

UM - - n -
fred -
Rpwumns .

bupds . .

-] se8y ‘safepy Jojy uondwnsuo) YA Ysalg o uonnquIsi( [BUOSBIS “L°p dIN3ig

(swe1b) uonduinsuo) Ajieq abriaAy

00¢ci

000t

008

009 cov 0z

YR YR S TR VS TN UK O QR DO QS B

CRCSE S

100

00

f£00

oo

S00

90 0

00

K|}

60 o

o

31dWes ul SI3WNSUOD JO UOILIOdOId

4.13



eI SOAN 8L61-LL6] WOL ‘pe-07 $93Y 10y uoneziuequr) AQ uondwinsuod YU Usa1g JO UoNNQUISIq gy N3ty

(swesb) uondwnsuod Ajeq 2besaAy

000¢ 008l 0091 00k L 00c1 0001 008 009

s3jeway UeljodoNFWUON - - .. - .-
sajewaj ueqInqgns - —————-
sajew ue)})odoIIPWUON .-

sajew ueqingns

Tl ol
T e e ———————— o
e

-
e e S e
— s B e e B B
A

B T

t00
200
€00
¥0'0
S00
900
£00
800

600

oot
(=}

110
o
€L0
i o
S10
91’0
10
8L0
610
20
120

o

3jdwes u) siawnsuo) jo uojuodoid

4.14




EIRQ SOAN 8L61-LL6] WOl ‘p1-0] $98Y 10} uoneziveqsn) Aq uondwnsuoD Y| 4seid JO UONNGIISIA. 6P N31d

(sweib) axyeiuj Ajreq abesany

~N ~N ~N —_ — — —_ —_ - — —
N - [=} Vel [+ ~ [} w S w N
o o o o [=4 o o o o o o
o o o o o o o o o o o

ootl

000t

006

oos

004

009

00s

sajew’) uelljodosIdWUON
sajew’y ueqIngns - —--—--
sajew uejijodonnawiuoN

sajew ueqingns

100

<00

€00

¥00

S0°0

900

200

800

600

1o

o

ajdwes uj s13wnsuo?) jo uoruodold

4.15



L8 99 (113 1 8 1T 31 9 usmnjodonewoy |  9[emej SuisinN Hueudald
99 9¢ 87 91 6 61 ¥l (174 (o119) Ueqingng |  opemsj SwsinN weudalg
8yl 99 € w 4 Y47 9 91p uejrjodonearioN sI8af pg < ‘S[BIa]
09¢ S 43 ¥ r4 709 ovE Li5 (oneW) weqingng 58 pg < ‘OB
6€S LS € 0z £ L0T YA 102 wejrjodonjauuoN sI84 ¢ 01 07 ‘S[eway
Sig [49 (43 T4 S 144 $S1 LST (one\) weqinqng s18af H¢ 03 0T ‘opemIad
o1l 49 r43 (14 1 08 6v 96 weyjodoneuuoN sI18aK 6| 03 G ‘opemaj
09¢ S 1€ ¥l 3 901 +9 L1t (o1 uBqingng s18ak 6] 03 G| ‘o[BI
08¢ ov 8 o1 S £9 8¢ 8 wejjodonRWUON srwaf (| 03 g ‘opewag
SEl 8¥ i€ 91 S 901 69 6Cl (o119 weqINgng sJ834 $1 01 O] ‘Orewad
orl 43 (174 12! £ sS LE yL wejodoljouIuoN 8I8ek g 0) ¢ ‘o[emWog
€8 43 9l €l S oL 18% L8 (o1) wBQINqNg s18af 6 01 ¢ ‘o[BI
ot S ré3 (174 T LSE 1414 S9¢ weyrjodoljouruoN 81834 pE < ‘OB
09¢ 199 Sy 14 € £0S 0Lz vey (onepy) weqingng s184 $§ < ‘O
0LT 8¢ 43 9T S #81 911 s61 wenjodonamWuoN s1eaf E 03 0T ‘S[BN
€1 €9 r43 174 9 681 ozl 612 (xR weqinqng smwaf g 03 0T ‘BN
SEl S 1€ 0z S vL (1]9 6 wejodonouuoN s18a£ 6] 01 §T ‘9B
syl 49 43 1T 9 €l L9 911 (xR weqINgRS sJ6o£ 6] 01 G ‘9B
08¢ SS 62 9] L 99 Ly 901 weyjodonouruoN s1eaf ] 03 0f ‘OB
o1l 187 74 91 € €8 ¥s el (o139) wBqQIngng s1eak $1 03 01 ‘BN
L9 8T 0T 91 S 154 123 08 weodoIRWUoN s1sak g 01 G ‘O8N
06 1€ 8T 91 8 89 Ly $01 (o1pPW) weqingng 558k 6 01 G ‘OB
w 8¢ 91 ¥1 S 6T ra L6 we[odosjouruoN siwak ¢y 01 [ NIV
99 8¢ 91 11 r4 49 6€ 6€1 (o1e) weqIngng srwak ¢ 01 [ NIV
. ° : * * * 0 € ﬁﬂ:&ob&-ﬁﬁcz mﬁﬂoa 11 0 [ .=<
: 0 6 (o1 |N) weqInqng squuow || 0 £ ‘NIV
0 1 wejtjodonauruoN squowt 9 03 0 ‘IIV

0 6 (ox ) weqINqng sqyuow 9 0} 0 NIV

€ € r4 [4 ré r4 1 ol wejodoXjuIuoN uaIp[Igo Surpjong

. * . * N * 0 L Achué ﬂu&uﬂn:m ﬂmu—...—mdo Mﬁﬂu—uzm

(Kup/8) %SL (Aep/3) %ST (Ksp/3) sA8(] sIomnsuo) su0sIod uonypzIueqi() pCINEY LY
wWnuixepy uBIpaj\ Liliniigi gAYy Jo 'ON

Suuidg o ur uondwnsuoy) 2onA 10§ SIISHEIS UOHNQLISIA SDAN 8LEI-LLET "9’ 2IGEL

4.16



6 99 ot 1 ) 1 6 91 weyijodonamuoN |  opewaj SuisimN usudalg
Sel £9 LE 17 S 91 oi w (o1opy) ueqangng |  oewsy SumsinN/UeuSald
80€ 99 i€ 91 0 oLt 149! 79¢ uejijodoseWuoN sIBaf pg < ‘SEwaf
LS 99 43 (174 £ 8LE 19174 60€ (o1vW) uBqIngng sIBaA pE < ‘O[BUIg
0zs £9 9¢ (44 1 16 19 YA weytjodonouruoN sJwaf g 03 O ‘oI
(744 99 € 9T I 081 48! 091 (o13N) weqIngng ssBaf pg 0) OT ‘S[eW
SEl Ly 43 #1 S £9 oy 6 UB)1[0d0J)AWUON sI8ak 6] O3 G ‘IMEWR
Sel SS (43 (174 1 86 19 orl (o3Pp) uBqIngng s18ah 6] 0} §] ‘o[EWd
341 43 8T 14! € 4} sS 1 ugyijodosowinoN sreak ¢] 01 O] ‘oreuwrod
Il W 87 ol ¥ St (43 1€l (039) uBqIngng 8184 | 01 O] ‘o[ewaq
L6 8T %4 12! r4 79 187 86 uejijodoneuWuoN s18K 6 0} § ‘oMWY
SS €€ €T 4 L 4y S€E $8 (o19N) uBqINgng 8B 6 01 § ‘o[ewdg
6L1 sS € 9T o1 6€1 ¥8 091 ujtjodoxjewuoN sieah pg < ‘SN
e £9 €€ 8T 4 1Lz 091 we (o3"N) weqIngng sk pE < ‘OEW
SEl €9 43 Sl S vL Ly ¥6 wgjijodosjouruoN s3eaf ¢ 01 0T BN
082 09 € 9T ol 1zl €L (¥4 (o3Py) uBqIngnS sxeaf p¢ 01 0T ‘BN
971 Ly 1€ (174 8 1s o€ 99 ugjjodospmuoN s1834 61 03 ST ‘o[
yel S €3 (174 o1 99 w 76 (oxRIN) ueqIngng s38ok 61 01 S1 ‘BN
S91 43 8 91 L £9 9 o1l uejtjodorjouIuoN s1eaf 1 01 01 ‘9B
Ll Ly 8T SI I 16 09 811 (o1RN) UeqIngng sxeak ] 01 01 ‘°FFIN
111 43 €7 o1 € Ly (14 1L ugjijodonowinoN 558K 6 01 § ‘BN
sel € ¥T 4| S LS 144 86 (o19N) uBqIngng sieak 6 01 G ‘SN
€9 91 14! 8 4 LE ST 111 wejijodonauuoN sreak ¢ 03 [ ‘[IV
L9 8T ¥ 91 S 1S 43 SEl (onpPy) weqIngng sieak § 01 | ‘[IV
° * * * ° * 0 h E.S:O&O._uoenoz meuoa —— 0} L a=<
: 0 €l (onpPW) weqingng sqyuow || 0 L NIV
0 w 1 :.Szomohoauoz mﬁuoe 9 0190 .:<
: 0 91 (o39N) ueqingng sgyuow 9 01 0 ‘NIV
0 €1 uejtjodorjourue N ua1pigo Suipong
: 0 8 (0JRIN) ueqIngng uIpjIYo SuIpong

(Aep/8) %G/ (Aep/8) %6T (Kep,3) sAeq slauInsuo) suosIad uolnjezIUBqI() x2g/08y

WNWIXBA uBIpS LALBH Jo 'oN

Jounwng ot U1 uondwnsuoD) 25013 10j SONSHEIS UONNQLISIA SOAN 8LEI-LL6] L' AEL

4.17



18 sS 43 ¥1 o1 1 6 91 ueyjodonouruoy |  opewo) SuisinN/ususaid
€9 9¢ 67 81 ol 4! 6 91 (onapy) weqingng | 9pewa) uwsinNUBUSAl]
$91 sS 1€ €7 1 £ 44 (34! 967 wejrjodonewuoN sIBaf pg < ‘ofemiag
(1193 sS 43 9 ¥ T6€ SET 66€ (o1p|) ueqingng sreaf pg < ‘opwajg
$91 SS 43 (174 S LOI €L os1 ugjijodonemwuoN 53834 g 0) 0T ‘A[BWI]
6€S S 143 1§4 € 81 SI1 707 (capR) weqingns srgaf ¢ 0) O ‘ofewa]
(1144 6 L Pl € 9 18 LOT u)ijodosjomUON sIBaf §] 01 G ‘Iewdo]
o1l ¥s 43 (174 £ o1l $9 74! (o3 weqIngng s1ak 6] 03 G| ‘Iewa]
oll sS 6T ¥1 L 0 ¢ L8 uejijodonjomuoN sIgaf ¢ 3 O] ‘9ewa]
oll 8¢ 87 91 44 otl 9L 8s1 (cxppy) teqingns sreaf p 03 01 ‘9ea]
SL 1€ 9 vl £ £9 8 L8 uejijodosjemuoN SIBak ¢ 01 ¢ ‘oewd]
06 43 87 91 ¥ 06 LS 44! (oxpepy) ueqIngns SIBak ¢ 01 G ‘O[]
0T sS 1€ 91 4 LEL 98 L91 ueyjodonourioN sieak pg < ‘OB
L91 €9 €€ 8T € 182 r4y! T (oae) ueqingng sreaf pg < ‘oW
£61 sS 43 91 € yL Ly 96 wejijodosomuoN s1eaf g 01 0T ‘S[BIN
08! €9 9€ (174 L €Tl 18 8yl (o19) ueqIngns s1eaf € 0) 0T ‘OB
oll sS €3 (174 S v o¢ YL ugjijodosjomuoN s1eaf 6] 01 S ‘OB
oLT sS 1€ 0z 8 01 LS SIi (o112 weqINgNg sreak 6] 03 1 ‘Sl
€61 Ly ¥z ¥1 £ 8L 43 €11 uejijodonjomwruoN s1894 p 03 O] ‘9B
i Ly 8T 9l I ¥4 8 851 (csp) weqINgng s1eaf p] 0) 01 ‘OFEW
oLz 87 ¢4 ¥1 € Ly SE 68 ugjijodosjouInoN sreak 6 01 G ‘SN
€8 43 8T SI € LL 9¢ 8Tl (o19) weqingng sk 6 01 G ‘O
sS 82 #1 8 I 6 143 1€l uE)tjodosjourdoN s;ak p 03 [ NIV
L9 8T 91 01 € 96 44 1Ll (oxR) ueqingng sk ¢ 01 | ‘NIV
: : . . : . 0 L uzjijodonjomuoN sqyuowt [ 01 L ‘[IV
0 1l (oxppy) ueqingng sqyuowt [] 0) L ‘[IV
: : 0 Ll uejijodonjourioN sqyuow 9 0) O ‘[IV
: 0 8 (onepy) ueqingns sipuout g 0} Q “[IV
0 1 ugjtjodosjomuoN uaIp[IYo SuIpjong
: 0 4! (o3PW) teqingng URIp[IYo uipjong

(Kep,3) %GL (Kep/3) %6T (Kep,3) ske(] SIQUINSUOD) suosiad uonjeziueqli(} XaG /a8y

Wnuxep UBIpIN WnWiury Jo "oN

[[e4 oy ul uondwnsuo) 201 1oy SISHEIS UoNNQLISIA SIAN 8L61-LL6T "8'Y AIqEL

4.18




orl £8 £9 (3% 1€ L S o1 wsrjodonawuoy | opmay SuisinN/ueuSald
081 S €€ 8 ol 144 91 Y4 (c3ey) meqingns |  oreway SuismNUBUSAld
$91 SS 143 8T I 8€T LP1 092 uejijodoljamuoN sIBof pg < ‘o]
0Lt 99 €€ 74 I 69¢ %4 9LE (o39N) UeqIngng sIBaL pg < ‘oEWd]
oLt £9 Ly 1T L €8 9¢ S0l wejtjodonamuoN sIeaf g O} OT ‘oW,
SSL €9 ov 9T S 681 1741 161 (o3 ) wEqINgnS s184 p¢ 0} GT ‘oreW]
oLz £9 14 12! 4 69 24 16 wsjijodosowuoN s1ak 6] O) G| ‘O
L8] SS 1€ 91 € o011 9 1481 (o19) weqINqNS s1eak 6] 03 G| ‘S
o011 43 w 1 1 99 op 001 we)ijodonowioN sIB3K 1 0) 01 ‘oEWweq
991 w 87 (174 4 8€l 88 opl (03 W) weqIngns sreaf ] 0) 0] ‘SpEwR]
8¢ 1€ 87 o1 £ ot 87 06 uEjijodoNjomwuoN sIBak 6 0) ¢ ‘OEW]
98 € 8T #1 14 91l SL otl (oney) weqingng SIBOA 6 01 § ‘9[EWa]
€Sl 99 (43 ¥ L 781 801 807 mejijodosjewuoN smah pg < ‘BN
0L S 43 74 £ £2€ 981 667 (03 ) weqingng sIBah pE < ‘OB
$91 ¥9 Ly o7 € 6 6S 601 uejtjodosjomruoN syeaf pg 03 0T ‘W
807 [99 (43 0z S 1Ll 101 191 (onep) uweqingng s18a4 ¢ 0} 0T BN
1z sS 1€ 91 S LS 147 €01 wejijodosjomuoN sIwak 61 01 ST ‘BN
08! SS oy 87 S L01 vL SEl (o) weqingng sseah 6] 03 G1 "o
991 Ly 8T 91 £ 19 Ly 11 wejijodosjouruoN sreak $1 01 01 ‘SN
SEl S 1€ (114 L 901 69 611 (0IRN) ueqIngng sreaf p1 01 Q1 ‘BN
11 82 91 1 £ S€ ST 9L us)ijodonamuoN s;ak 6 01§ ‘O
otl 43 87 1 S 911 89 (44! (on9py) UBqINQNS s;ak 6 01§ ‘SN
(43 174 14 8 £ 43 9T L1 uejijodosjouruoN s;ghk § 01 [ IV
€8 87 9] ol 14 oS 144 991 (o3W) ueqIngns sk ¢ 01 | ‘[IV
: : : . : : 0 91 wegijodosjamuoN sqyuow ] 03 L ‘[IV
: 0 9 (onop) weqIngng sqpuow | 03 L ‘[IV

0 Sl ugjijodonawuoN sqyuow g 01 0 IV

0 Ll (onsjy) ueqIngng sjpuow 9 03 0 ‘[IV

0 L uejijodosjomwuoN uaspyigo Suipjang

: 0 11 (0J9) UBgIngng naup[Iyo Supyong

(kep/3) %L | (Kep/8) | %ST (4ep/3) skeq | siownsuo) suosiagd uonEZIUeqI() x3g/°8V
WnWIxe TBIpSN Wy J0 "ON

sau1p o ur uondwnsuo)) nNa] 10 sANSHEIS uonnqusia SOAN 8L61-LL6] “6°Y AABL

4.19



80

et SOAN 8L61-LL61 WOl ‘podg Ae(l-¢ & uuing 350197 Sulunsuo) 10N S[ENpAIpU]

uolliodold ajdwes SN

S0 o £0 0 1o 0

}

1 _ 1 _ i | I ! 1 { 1

V722222222 \\\\\\\\\\ NN

1RIUM [
lied gg
1Rwwng 7

bunds g

R A

222

A, \\\ 7770222777002

\\\\\\\.\\\\\ 22 \\\\\\\\\\\ 7777 \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 7777 A

HSNSRA IS

72z

§§§§§§ 722, \\\\\\\\\\\\\\\\\\\\\\\\\\\ V2 23

,\.\\N\\\\\\\\x\\\.\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ ALV, i i i

\\\.\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ NN

V7777777777777 .\\\\\\\\\\ D777 70

7 DU

N \\\ \\\\\\\\\\\\\\\\\\\\\\\\\ Z AL, \\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 7272

0

v T . \\ 7777777777772

WY

iz 77 iz

AN,

V7777227 \\\\\\\ 277770

§§§

‘01'p 2an3iy4

sjeah p 01 { WV

siedA g 01§ 'aeN

siedA p| 01 0| '3en

siedA 61 0161 ‘BEN

sle3A p§ 0107 '3en

SIBdA £ < ‘djenw

siead ¢ 01 ‘djewsay

siedA | 01 0} ‘sjewajy

sieaA g| 01 G| 'djeway

siedA pg 01 Q7 '?jeway

SJedA pg < 'ajeway

ajeway bujsinN/iveubald

4.20




0.15
0.14
0.13
0.12

p—t—t—1

o
o L
TN
4 §
+ 1

Male consumers

-------- Female consumers

o oo 090909

Proportion of Consumers in Sample
29232823388
i

o o
o O
- N
t
T

o
—+

- T T T M M T . - o o T s i o
O 10 20 30 40 S0 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240
Average Daily Consumption (grams)

Figure 4.11. Distribution of Lettuce Consumption for Ages 20-34, from 1977-1978 NFCS Data
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Figure 4.20. Distribu.ion of Egg Consumption for Ages 20-34, from 1977-1978 NFCS Data
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Figure 4.21. Distribution of Egg Consumption for Ages 10-14, from 1977-1978 NFCS Data
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Appendix A

Final Food Groupings

This appendix contains the 65 potential foods that were analyzed to obtain consumption
estimates. A brief description of the specific foods in each group is provided. These groups were
formed by aggregating 3,735 coded foods from the 1977-1978 NFCS that are described in USDA
(1979). The description of the resulting 65 food groups analyzed appears in Table A.1. Initially 75
groups were identified for analysis, but lack of a sufficient number of survey observations caused the
reclassification of 15 groups into 5 groups, reducing the number of groups to 65. This reclassifi-
cation is shown in Table A.2. Table A.3 depicts the aggregation to the level used in the database of
individual diets for input to the dose-calculation model. Most of the food group titles for the dose-
calculation model are self explanatory. However, it should be noted that vegetables such as beans,
cauliflower, and peas are classified as "leafy vegetables” because they, like most leafy vegetables,
have large, exposed, edible surfaces.

Table A.1. Sixty-Five Food Groups Analyzed to Obtain Consumption Estimates

Dairy Products
1 Fresh milk

Fluid milk, fluid milk used as a major ingredient, puddings and
other fresh milk desserts, milk-reconstituted dry milk products

2 Fresh cream

Fluid cream, whipping cream, butter, buttermilk, fluid cream
used as a major ingredient (salad dressings, pies)

3 Cottage cheese
Other cheese

All noncottage types of cheese
5 Ice cream and other frozen desserts

\ll ice cream and yogurt

6 Baby formula and canned milk products

Fluid baby formula (milk-based), evaporated milk, condensed
milk

7 | Dried milk products

All dry milk products and water-reconstituted dry milk products
8 Goat milk
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Table A.1. (contd)

Fresh Vegetables Including Fresh-Cooked

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

29

Green peas

Corn

Asparagus
Tomatoes

Snap beans
Cabbage

Lettuce

Spinach
Cauliflower
Celery

Broccoli

Carrots

Onions

Beets

Turnips, rutabagas
Squash, pumpkin
Cucumbers

Green peppers
Lima beans

Leafy vegetables not classified elsewhere

Beet greens, chard, kale, collards, cress, endive, dandelion
greens, escarole, etc.

Other fresh vegetables not classified elsewhere
Chives, eggplant, mushrooms, radishes, etc.

Canned and Frozen Vegetables

30
31
32

Tomatoes
Stored vegetables
Vegetable mixes, soups

Mixed vegetables, vegetable soups, vegetable dishes, etc.

Other Vegetables

33
34
35

36

Fresh white potatoes
Fresh sweet potatoes
Processed potatoes
Canned and frozen potatoes
Vegetable juices
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Table A.1. (contd)

Fruits
37 | Apples
38 | Pears

39 | Strawberries

40 | Other berries

Raspberries, blackberries, blueberries, loganberries, etc.
41 | Sweet cherries

42 | Melons

Watermelons, cantaloupe, etc.

43 | Grapes
44 | Apricots
45 | Peaches

46 | Plums and prunes
47 | Other noncitrus (excluding banana and pineapple)

All other locally grown fruits, fruit salads or mixes, etc.
48 | ' »ncitrus fruit juices (excluding banana and pineapple)

Fresh Meat and Eggs

49 | Beef
50 | Pork
51 | Chicken

52 | Other poultry

Turkey, cornish hen, etc.

53 | Game

Venison, rabbit, duck, goose, quail, etc.

54 | Cured pork

Smoked ham, bacon, sausage, etc.

55 | Lunchmeat

Prepared sandwich meats like bologna, salami, etc.
56 | Other fresh meat products

57 | Eggs
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Table A.1. (contd)

Fresh Seafood
58 | Local fish
Salmon, sturgeon, trout, bass, catfish, crappie, etc.
59 | Other fish

60

Shark, pike, cod, halibut, eel, frog legs, squid, etc.
Shellfish

Grain Products

61 | Bread and rolls

62 | Other baked products
Pie shells, pasta, cake desserts, etc.

Other Foods

63 | Mixtures
Mixed dishes such as frozen plate meals (TV dinners),
casseroles, meat and vegetable mixtures, soups, etc.

64 | All other foods
Fats, sugars, sweeteners, coffee, prepared drinks, soft drinks,
alcoholic beverages, exotic fruits, breakfast cereals, candy, etc.

65 | Human milk
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Table A.2. Food Types Regrouped Based on Insufficient Number of Observations to Permit

Meaningful Statistical Analysis

New Food Type

Previous Food Types

Fresh onions

Stored vegetables

Stored leafy
vegetables

Stored other
vegetables

Game

Other fish

Bread and rolls

Fresh green onions
Fresh other onions

Spinach, canned/frozen

Leafy vegetables,
canned/frozen

Peas, canned/frozen

Snap beans, canned/frozen

Snap beans, canned/frozen

Com, canned/frozen
Other vegetables
Dried vegetables

Game meat
Game poultry

Other fish
Other seafood

Flour and prepared mixes
Bread and rolls
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Table A.3. Translation of Foods Reported in this Study to Their Equivalent Database Aggregation
for Use in Dose Calculation

Group of 65 Database Aggregate

N

Vi

(BN

Fresh milk and as ingredient
Cream and as ingredient
Cottage cheese

Other cheese

Ice cream & other frozen deserts
Baby formula and canned milk product-.
Dried milk products

Goat milk

Fresh green peas

Fresh corn

Fresh asparagus

Fresh tomatoes

Fresh snap beans

Fresh cabbage

Fresh lettuce

Fresh spinach

Fresh cauliflower

Fresh celery

Fresh broccoli

Fresh carrots

Fresh onions

Fresh beets

Fresh turnips, rutabagas
Squash, pumpkin

Fresh cucumbers

Fresh green peppers

Fresh lima beans

Other fresh leafy vegetables
Other fresh vegetables
Tomatoes, canned/frozen
Stored vegetables

Vegetable mixes, soups
Fresh white potatoes
Fresh sweet potatoes

Fresh milk
Fresh milk
Fresh milk
Stored milk
Stored milk
Stored milk
Stored milk
Fresh milk
Leafy vegetables
Other vegetables
Other vegetables
Other vegetables
Leafy vegetables
Leafy vegetables
Leafy vegetables
Leafy vegetables
Leafy vegetables
Leafy vegetables
Leafy vegetables
Other vegetables
Other vegetables
Other vegetables
Other vegetables
Other vegetables
Other vegetables
Other vegetables
Other vegetables
Leafy vegetables
Other vegetables
Other vegetables

Leafy Vegetables/
other vegetables

Other vegetables
Other vegetables
Other vegetables
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Table A.3. (contd)

Group of 65 Database Aggregate
Processed potatoes Other vegetables
Vegetable juices Other vegetables
Apples Other vegetables
Pears Fruit
Strawberries Fruit
Other berries Fruit
Sweet cherries Fruit
Melons Fruit
Grapes Fruit
Apricots Fruit
Peaches Fruit
Plums/prunes Fruit
Other noncitrus fruits Fruit
Noncitrus fruit juices Fruit
Beef Beef/Pork
Pork Beef/Pork
Chicken Poultry
Other poultry Poultry
Game; deer, elk, rabbit, goose, duck Beef/Pork
Cured pork Not included
Lunch meat Not included
Other fresh meat Beef/Pork
Eggs Eggs
Local fish Not included
Other fish Not included
Shellfish Not included
Bread and rolls Grain
Other bakery products Grain
Food mixtures Not included
Other food Not included
Human milk Not included
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Appendix B

Backcasting 1977-1978 Consumption Estimates to 1945-1957

Introduction

Under ideal circumstances, survey data for individual food intake reported for population
subgroups would have been collected in 1945-1957 for the counties of interest. Because average daily
ingestion rates for specific food types that distinguish among socioeconomic characteristics, seasonal
consumption differences, and urban/rural attributes of populations were not available for this period,
backcasting ratios were constructed earlier (Callaway 1992) to convert (backcast) average daily
ingestion rates from 1977 to 1945. Average daily ingestion rate estimates (based on age, sex, season,
and urban/rural status) constructed from the raw data of the 1977-1978 NFCS (USDA 1983) were
used as the baseline consumption estimates. The backcasting ratios for individual food types were
constructed from a consistent annual time series of per capita gross disappearance estimates
maintained by the USDA for most of this century (USDA 1965 and 1981). The annual gross
disappearance estimates for a given food type are the consumption of food per capita in weights at the
retail level. The use of backcasting ratios in the calculation of food consumption estimates assumes
that the percentage of change in the average daily consumption of food from 1945-1957 in the HEDR
region is proportional to the percentage of change in the U.S. average per capita daily gross
disappearance estimates.

The objective of this analysis is to consider the application of the backcasting ratio as a way to
project food ingestion estimates into the past. As indicated by Anderson (1992, pp.3-4) such an
analysis should include a discussion of tie ratio backcasting methodology to estimate historical levels
of food consumption, validate the calculated estimates using other secondary sources, and address the
question of the uncertainty that the backcasting ratios introduce into food consumption estimates.

Of particular interest are the average daily ingestion rates for the years 1945-1957, the seiected
reference years in the study period of this report. Because the estimated average ingestion rates are
backcasted from the 1977-1978 NFCS data to 1945-1957, the reliability of these estimates needs to be
examined. The estimates of fresh milk consumption are of greatest interest because milk has been
found to be potentially thie most significant contributor to dose from iodine-131 (Napier 1992b). This
appendix will focus on the ability of the backcasting ratios to reliably estimate food consumption in
the 1945-1957 period.

B.1
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Data on Retail Disappearance of Food

Annual per capita civilian consumption data are estimated in USDA (1965 and 1981). These
annual estimates are compiled from balance sheet tables that attempt to equate weights of farm-level
production of food (supply) with the weights of food that "disappear” into the marketing and distri-
bution system (utilization). Food supply includes stocks at the beginning of the year, annual produc-
tion, and imports. Food utilization includes exports and the various domestic end-uses such as
non-food uses, military consumption, and civilian consumption. Civilian food consumption is the
residual supply after subtracting all other known uses and provides the basis for the annual average
per capita consumption estimate for a given food. The per capita calculation is based on the
estimated July 1 population of the United States. The civilian consumption of a given food is derived
by calculating a retail equivalent of the food’s primary weight or weight at which the food enters the
distribution system from farm production. The total retail weight of the civilian supply of the food is
divided by the U.S. population on July 1 to obtain national average consumption per capita of the
given food in a given year. The retail weight includes any waste associated with the food (apple
cores, pits, fat, shrinkage, rot, for example). What is actually consumed is less than retail
disappearance.

This means all statistical and measurement error that accumulates through the calculations from
farm production to per capita consumption is passed to these estimates (USDA 1965). Because the
backcasting ratios are calculated directly from the national per capita consumption estimates, they also
receive the sum of all error incurred. However, the same level of error is incurred each year, which
gives the estimates from 1 year relative to another usefulness in determining national trends for
specific foods. This relative comparison of food-specific per capita consumption in any 2 years, x
and y, yields a factor that, when multiplied by consumption in year x, yields consumption in year y.
This factor is the backcasting ratio and is calculated for any food as follows:

D;
Rl T e—
» Dy
y
where
R, =  backcasting ratio for food i for converting consumption in year y to year x
xy
D, = national per capita consumption (retail disappearance) of food i in year x
D, = national per capita consumption (retail disappearance) of food i in year y (the

reference year).
Sources of Introduced Error in Backcasting Ratios

Uncertainty exists in the backcasting ratios because it is inherent in the underlying per capita
consumption values used to construct the ratios. No quantification of statistical or measurement error
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is available for the national per capita consumption data. However, it is possible to characterize what
type of error occurs at the calculation steps leading from farm production to civilian consumption.

Data are required for the years of interest (1945-1957) and the reference year for which NFCS
data were collected (1977). Measurement errors occur when any source of consumption is omitted
from calculations or when consumption reported in official documents or receipts differs from what
actually took place. Some military consumption data include amounts that were consumed by
civilians partaking of military supplies, but the incidence or error value is not given. Additional
measurement error occurs when home production of foods, the food use of wild fish and game, and
manufacture of secondary and retail products are not adequately measured in food consumption terms
(Manchester and Farrell 1981).

Surveys have also been used extensively to collect consumption data at various stages of food
utilization. Statistical error is introduced through sampling error any time surveys are employed.
Statistical error also enters the utilization calculations that carry rounded values through different
calculation stages. Additional error occurs when census data are used to estimate annual averages for
the inter-census period. Because civilian consumption is the net of supply after all other end-uses
have been deducted, total food available for civilian consumption is dependent on the error passed
through all the calculations leading up to that point. Deriving per capita estimates using the estimated
July 1 population incurs additional error from the error in the population census and subsequent
estimations of non-census-year and mid-year population.

There is no quantitative measurement available of the cumulative uncertaincy inherent in the
backcasting ratios. It should be noted that, given the numerous sources of error attributable to any
national average per capita consumption estimate, the error is consistent. The same statistical and
measurement errors are carried through the calculations of civilian consumption year after year.

Evaluating this food-specific time series of per capita consumption in relative terms is useful for
estimating consumption trends. Table B.1 provides the backcasting ratios developed for the analysis
in this report and the source of the data used to estimate them. Figures B.1-B.4 present backcasted
estimates of consumption for the four dose-relevant foods analyzed in the report. These estimates are
compared with estimates of per capita consumption from local and other national data. They compare
backcasted NFCS estimates with estimates from the 1965 HFCS data (USDA 1972) for fresh milk,
eggs, lettuce, and spinach for specific age/sex classifications. The backcasting method comes closest
in estimating the actual HFCS values for the fresh milk group and is less reliable for estimating fresh
spinach consumption.
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Comparison With Other Estimates

Table B.2 shows a comparison of per capita consumption derived from the consumption values
of the several studies listed. Milk and eggs were the only foods defined well enough in all studies to
use for comparison. Daily per capita consumption values were the only compatible units of measure
to use for comparison and still be able to compare backcasts to representative rural consumption data.
The backcasting method seems to consistently underestimate rural consumption. The 1950, 1954, and

1969 rural studies (Bustad and Terry 1956; USDA 1955b; Shipler et al. 1972) consistently estimated
per capita egg consumption over 50 percent higher on average than the backcasting method. On
average, per capita milk consumption was backcast over 15 percent lower than the rural studies.
Backcasting performed well when compared with per capita estimates from the 1965 HFCS (USDA
1972), which included urban and rural classifications.

The backcasting method’s inability to predict rural consumption could be offset by applying a
rural adjustment factor, especially to obtain a more reliable estimate for milk. That factor should
probably be at least 15 percent to fully offset underestimation of rural milk consumption. There is
not enough information to determine the implications of underestimating rural consumption within
specific age/sex groups. There are no compatible local data for any group other than children ages
5-14. That comparison is shown in Table 2.1 of this report and indicates that backcasting performed
better when the projection period was shorter and specific age groups were compared. It was not
unexpected that the backcasting method’s ability to predict consumption would decrease as the
projection horizon lengthens.

Table B.2. Comparison of Local and National Average Daily Per Capita Consumption of Milk and
Eggs to Estimates Backcasted from NFCS Data.

Backcast Backcast Difference Difference
Milk Eggs Estimate Estimate in Milk in Eggs
for Milk for Eggs Backcast Backcast
Year Data Source (g/day) (g/day) (g/day) (g/day) (percent) (percent)
1950 | Bustad and Terry (1956) 870 81.5 536 29.0 ~38.4 -64.4
1954 | USDA (1955b) 470 46.2 550 28.2 +17.0 -40.0
(Rural households)
1969 | Shipler et al. (1972) 580 52.5 435 23.4 -25.0 -55.4
1965 | 1965 HFCS (USDA 1972) 495 23.4 485 23.7 -0.02 +0.01
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Appendix C

Summary Consumption Statistics

This appendix contains the summary consumption distribution statistics for the food groups
analyzed for this report (Tables C.1-C.59), except those presented in the body of the report. The
statistics were calculated from the raw responses to the 1977-1978 NFCS and do not account for
differences in consumption by season. These tables were derived from the same NFCS subsample as
those in the body of the report. All "central city" responses were excluded as were those from the
regions located in the South.

Table C.60 provides the food groups associated with the column headings in Tables C.61-C.63.
The estimated averag: daily consumption (grams) in 1945, 1951, and 1957 for each food has been
included in Tables C.61-C.63. The means presented are calculated for days when consumption
occurred and represent mean consumption per day. These means are higher than overall means
(means that are calculated to include days with no consumption). Tables C.64-C.66 provide the
estimater) average daily consumption for those foods that are in the DID.
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Table C.60. Food Groups Corresponding to Column Headings in Tables C.61-C.63

Column Food Column Food

1 Fresh milk and as ingredient 33 Fresh white potatoes
2 Crezin and as ingredient 34 Fresh sweet potatoes
3 Cottage cheese 35 Processed potatoes

4 Other cheese 36 Vegetable juices

5 Ice cream and other frozen 37 Apples

6 Baby formula and canned milk 38 Pears

7 Dried milk products 39 Strawberries

8 Goat milk 40 Other berries

9 Fresh green peas 41 Sweet cherries

10 Fresh corn 42 Melons

11 Fresh asparagus 43 Grapes

12 Fresh tomatoes 44 Apricots

13 Fresh snap beans 45 Peaches

14 Fresh cabbage 46 Plums/prunes

15 Fresh lettuce 47 Other noncitrus fruits
16 Fresh spinach 48 Noncitrus fruit juices
17 Fresh cauliflower 49 Beef

18 Fresh celery 50 Pork

19 Fresh broccoli 51 Chicken

20 Fresh carrots 52 Other poultry

21 Fresh onions 53 Game

22 Fresh beets 54 Cured pork

23 Fresh turnips, rutabagas 55 Lunch meat

24 Squash, pumpkin 56 Other fresh meat

25 Fresh cucumbers 57 Eggs

26 Fresh green peppers 58 Local fish

27 Fresh lima beans 59 Other fish

28 Other fresh leafy vegetables 60 Shellfish

29 Other fresh vegetables 61 Bread and rolls

30 Tomatoes, canned/frozen 62 Other bakery products
31 Stored vegetables 63 Food mixtures

32 Vegetable mixes, soups 64 Other food
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Appendix D

Summary of Technical Steering Panel Comments and
Battelle, Pacific Northwest Laboratories Responses



‘uonde oON = VN

VN SJUSWOod ON yodsy [ind Jozeld “TIN £

VN SJUAWWOD ON yodoy ng doysig "m z

VN SHUSWWOd ON yoday jnd siag( 'S I
uonnjosay Arewwing Juawiwo) gdeidereg JOJUAWWO)) Joquunp
‘a8ed Juamio))

londmnsuo) poo] LG61 OF Gp61 JO UOEWNSH  9pILL wswndoq

$1 jo | 98ed

JGTH €1TTAMNd JequinN juswnso(

sosuodsay $91101RI0QET ISSMULION dYIdoed ‘dfeneqd
pUIE SJUAWWO)) [Sueq Sulialg [eduYdd| jo Areurung

@ xtpuaddy

D.1



“uoIe ON = VN

*aoul oyoads Aue 10j SOpBUINSd
UreIqo 0} SUONEBAISSqO Y3noud
urejuod j0u op uoldal YAdH P
Sunuosaidol ejep Aoalns oy ‘ajow
-Ioyun “juoWnNoOp Sig; jo 2doos
o w jou are sdnoid uorejnded
syroads 10} sayes uondwns

-U0) "S[enplAIpUl DU

10} sapel uondwnsuod JO UONBUINSS
oy st s[qesoaliep st ‘(€661
Jo1diyg) suejd yse) pajeidajul
AQIH 2y 03 SuIpiondy - VN

"ouo pifeA € [is
st poyowi oYy Inq ‘A3ojopoyiomt
jeq) Jo uonEWI| PIZIU300a1 € SI

-seale uejijodolowi-uou pue ueqingns

oy ul %18 PUE T°TI 2I9m 1S3 Sy Ul
sofejnooied ojqeredwos ag], -woajqoid snouas
slow ® oq Aem ,Joyjo, dnoid [eroel Y], “YoB[q
sem uone[ndod oxjow-uou g3 JO %4 ¢ SYm
yoelq seam uonejndod ueqingns aY; JO % L€
woiSal 1sop Yl UI ‘JoAdmOH Ao [enuad
Suisn jou Aq peonpal sem uonendod ajiym aqy
10§ seiq ay], -uone[ndod yoejq 3y} 10§ soEWNSd
uTelqo ©) payie) aaey osfe noj -uopendod
a)IgM 9y} Joj paselq dJe sajewnss uondunsues
alqeie8aa Ayes] pue Y[iw Y, “3[qelrea

€ SB skl asn 0} aInjrej o3 s1 wa[qoid Jayjouy

‘PleA 3q

pinoys anbruyosy Sunsesyoeq 9y jo uondmnsse
sIg) ‘sojqelaSoa AJes] se yons Ajrurej aInud

oy Aq pewInsuod are Yoiym spooj Joj ‘synpe
10} yey) uey) ssof oq Aew wondunsuod Njim

ul suloap 2y ouls N[iw Joj juepodul st SIY]
suosiad [fe jo uondwnsuod se 32130p dures Y
0} SpuUa1} 9} PaMojjoj UaIp[iyo Jo uondmnsuoed
sel :si uonsonb diseq 9y} ‘I2A3MOH

-dnoi$ jeq) Joj ajeIndoe 3q pinoys anbruyoa)
Sunseoyoeq oy ‘uonejndod oY) jo isow
aymnsuod synpe aouis -dnoid a3 Aq anbrugod)

} SHOpe SNSISA UAIP[IYO JOJ jIom IsBOYoRq ) Jo AoRINOdE 9y} SI UOISSNISIP Lielitiilvg]
jou saop ABojopoyjow Y] - VN penu| pey sey yorym swojqoid oy Jo auQ LASliETS) soudg 'd v
uonnjosay Arewiuing juswiwio)) ydeigered JoyusumIuio) JoquinN
‘a8eq JWSWWOD)

IoNAWNSU0) PO0] LG61 O Sp6l JO UONERWNST  dPL], wswndoQg

71 Jo 7 98eq

JYATH CTITAMNA 12quiny sunaodg

D.2



‘uonde oN = VN

‘SUBSLISWY SANEN

30} ejep uonduwnsuod Jo UONIS[{0d
a3 spnjoul (§090 ¥seL) YsEL Bied
WBOLISUIY SANEN dY) Jo saniAnoe
syl ‘juamnoop sigy jo adoos

oY) UIYIIM JOT S| STBDUIWY dANEN
go uoremIojul oIoadg "1xe) o
Ul mou [Iejap dIowW Ul paquIosap
are SPOYIoW [ednsues 9y,

-suioyed pue suLiou
uondwnsuod Pooj UBdUISWY JAUEN 133[J3J
jou op suraped pue suuou 34, -(JPAP[ED

‘0 Aq SJEOWWIOS OS[e 39s) UONEBIYLIB]D
JoyIny posu pakojdua sisoy [ednsuEls YL
-sAoaIns pue Sunseoyoeq usamaq Aouedasosip
%G 2§ Jo UONedLLIe[d JOYUn] pIdu |

FLEYI1 (v)g)
[BIdU2D)

YEM d

‘poyiom
Sunsesyoeq 9y WOIJ J0uU ‘BIEp
KaAIns oY) WIOJJ SOWOD SRS
ag Ul Ajurepsoun IV - VN

-Jeajo j0u s (Aurepooun) ejEp )

30 o3ue1 2y 10} siseq oY), "UONUIRE JUIIDLINS
2410091 jou saop dnoid xos/a8e juepodu

jsow 2} Inq “a1ay jjms poos Jo 10f B SI 319,

jusmwmo)
[eIouan

RIS 'd

VN

-zondmnsuod pooj

Jseoxoeq 0} poyieuw oyel oduris ag) Jo anbyuo
pouLIOUl e SYeW O} WoY) 3[qeua [[im asippadxa
asogm JS.L Y} JO sJoquuioml JO S)USTWWOD 3} 0}
pIemio} Sunjoof wre | “eiep 9g) 1o ASojopoyiew
o) JagIe UO JSWWOD ou 3aey | -oido)
pezpeioads Aqdiy e uo st podas siy ‘felouad uf

FLEY i (v
[e1ouan

uniqod "W

‘nok yueyy, - VN

" Aaro
[enuao, jweasfal jou ayy Surddoip -89 ‘11°C
‘01" d suolsioop uonesyisse[o Y} {in o218k |

-uondwinsuod pooj Jo sI0INOS
[00] SI0WI pUNOJ 9ARY 0) [Iyosn AIoA sem

N (@1rzd) ydey st siskjeue feonshels Ay,

“gJEp | 95BYq JOA0 9OUBAPE JUBOYIUSIS

e sjuasardor )] “ejep Joyjo 3uULISPISUOD UL pue
‘spooj Jeonuo ayy Joj suonnquisip Sutpiaoxd
ut )sanbal Ino 03 [jom spuodsal podal siy),

juswwo))
jclicls)

[\t AT |

uonnjosay

Arewnung JUSWWO)

ydeiBered
‘adeq

Jojuamwwo)

JaqunN
JUSWWOD)

{ONdWNSUO0,) P00 LG6T O P61 JO UOHBWNST  J[LL, udwndoq

71 30 € adeq

AA3H CITC-AMNA Jequny juswnaoq

D.3



‘unpoe ON = VN

1X3) Ul pAYLELD

-9)sem POOJ Sopnjoul Ydlym ejep pjoyasnoy
sem 3] -suoidai o1ydei3ood pue sjoas] awooul
Ire pauasaidas Asaing pjoyasnoH 661 UL

¢ "ered
7T ?8ed

oLd 'd

4!

-sodA} pooj om) 353U} 0} PaIoLiisal
Ua9q seq asn am 1SI| oY} ‘a10JaIsY |,
‘so[qejadaa AJea] a4} Jo JueAd[al
-as0p SO oM} 343 9q 03 (Z661)

‘[e 12 YsIe Aq pajesjsuomiap

slom yoeulds pue 9on)oT - VN

-juepodunr aq Aew yorym sajqejeSon AJes| usaid
Auew ag) Jo om} AJuo are yoeulds pue 200337

7 "ered
1'7 93ed

aud ‘d

*apod 3sop 3y} jo sanijiqedes
ay} yojew o) paieSai3de
usaq 2aey ®ep ay], ‘padRd

-Suipeayst si aseryd jeq) 013y

jyodar sigy

woij [reep 3y jo sejueape Sunye) am J uale Jo
om a1y jouwr Auom pinoys jey) Suryouwos osje
Jreop 191ea13 ut indut Sundsooe Jo sjqedes
j0U SI [opoul 3sOp 3y -, "OYIE, aseryd ay; S|

1'1 98ed

[ d 4 R |

0i

—

-a1e8a138e pooj

[opoW 2sOp B UlYjim PappaquId
sdigsuone[ar [eonsnes Surkjiopun
Qy} 93s UBD SISPEdI PajsAIANuU]
‘sopjel 3unjseayoeq -1 parordul
sdnoig ¢g Ioj s)jnsai [eolA[eue
Suimoyg ‘| aseyd o) paredwod
|lelop [euonippe Ioj jsenbai
s.dS.L oY AJsues 01 pazAfeue
a1am sdnois pooj g9 Y|, - VN

;Ueaul SIy) S0p jeym Jo ‘ouwil

JO d)sem B Sem YIom SiY) [Je jey) uesul [spows
oy £q pasn sdnoid ¢ ayy ot pasderjod 3q
11w sdnoid pooj 69 Yy ey) Yiewal 3y} s30(

||t A TR

6

£rzaiuing JUSWWo))

ydesSereq
+3ed

pejlieligiiiog]

JoquinN
WAWWo)

ToNduWnsu0) pooy LS61 03 Gy6] JO wONEWNST  9ILL uswndoq

71 16 § 93ed

JATH CTT-AMNd 1quInN Juswioog

D4

»



"uooE ON = VN

-QUIl} JOAO paseaIdp sey uononpoid
awoy jo junoure ay} aouls uondwnsuod
utod s1p 03 Ul SPuUaJ} JO SOjeINSa paselq PoIA pinom Aagy
punoj ejep uondmnsuod edes-sad | ‘jou jj -uondwnsuco umoIs omwoy JoJ pajodlIed
Jo sodInos 3y} Jo Aue up paynuapl useq aAey onbruyos) Supseoyoeq ag) Ul pasn p ‘vied
SI UO1931I00 Yons ON - VN sajpwyse souereaddesip Ajxeak oy} jo swiog ¢z °8ed soud ‘d Ll
‘Koains i = shep
oy Jo Y3us] Aep-¢ 9y} J9A0 JSWNSUOS-UOU JO J3GUInU - SABp JOWNSUOd JO
pouodal sem uondmnsuod @ wogam | JaqunN ;SABp JIWINSUOD JO SIQWINU = shep ¢
10J 250y} 21om sIomnsuoouou el | X sispuodsal Jo JoqunN ‘popiaoid uonrULIOJuE
sojeoipul 9° ydeidereq ‘uonippe o1 AJire[o pinom pajejnofed aom SIWNSU0D 9" Bred
U] "T1°T uonoss ul payLIe[n -Uou pue SISWNSUOd MOy Jnoqe Saul] maj v ‘g’z 98ed [leApED "D 91
‘Plo syjuow [1-03-L JO jiw
Jo ayeut o8xe] smoys /g o5ed uo |g aundif
‘IJoASMOH ‘PJIYo Jo azis 0} anp (sweid gof) Plo
‘o5 €1ep SOAN 8L61-LL6] W Teak oA ® Uy} (SWRI3 (09) I S1ouW YuLIp T'T 2IqeL
ur paylodas se are ejep oL - VN | Pp[nom o[emaj pjo Jeak auo e jeqy pasudins w, | ‘p g 98ed puocuvLI3D "N Gl
:KoAIns aywul [enplAlpul
6961 Suuds o) Jo 3P [EIOLJO {BIEp A)EIUT [EnplAIpUl
oY) sem Aoang uondwnsuo) SOAH $961 2Yys s] “Suisnyuod st §O:IN
pooy pjoyasnoy 10 §D4H - VN pue §OJH 3uisn  (SOJH 961 241 St 1e4m ¢'Z oded Ud ‘d 4!
195 ©iEp 88-L861
o) uey) sojel uonedionyed Jomo| WO sIdJJns
ospe 3] ‘sesodind Ino ioj JueAS[SX SB J0U SI )
‘sny], ‘39S ®ep 8/ -,/ Y} UEY) JUIDAI 3lowW pue
Ioffewss st 3] -seare oiydeiZoad je pue ‘suordal
1@ ‘souogajes xos-ofe ‘s[oas] swodul [fe
sopnjour J] -aAlsusyaidwoos si elep 88-£861 YL
"88-L861 PUB 8L-LL6] ¢ "eled
"JXa) Ul payLre[) ‘6961 Buudg ‘coe] Suuds :a1om sajep YL 7T 28 U4 ‘d £l
uonnjosay Aewiwing jusumImio)) gdeiSereq JoJuSWmio)) quinN
‘a8e. JusWwWo)

fiondwnsuo,) poo] /561 O3 Sp6] JO UONEWNST  dNLL uswnooq

71 30 ¢ 98ed

Jd3H €T1-AMNd  J2quinN juswndoq

D.5



"uonoe oN = VN

‘)1 9AOWAI -- OS plom 171177 vied
‘padueyy -s218y | oy Joye (‘) BWWOO, B SI AI9Y], :30UUSS JSE] Z1°'7 98ed puowan) “f'N 74
() pouad, €'01°C ved
‘peduey) -s1dy 8 5q P[NOYS I3y} ¢, PpaAl], Jaye 30UAUSS Ay} U] 11°7 98ed puowsan ‘['N €
*1X9) Ul
poyue|D "uoSelQ pue UOISUIGSEM
JO sajels 9Y) UTeIuod S0P -uoiSal YAIH
3 18y s1 uoida1 oyioed Yy Suisn a3 Jo sApeuasaidal oJow 2q PINoYs [B1UID Z "vred
Joj juownsre ay) ‘JOASMOH “dniL YUON 159\ 1O urejunoly jeyy andre pjnod uQ 01°7 ?3ed aud d w
"Ejep djejul [enplalpul
ay) 0} peydjew 2q ued Aaains pjoyasnoy g}
woiy eep dsiydeidowsp Yy, -sIoydIeasal JdYlo
£q posn usaq aABY S3[qeLIEA UISLIO pue 3del
‘SUESLISWY SANEN J0J SUop U3dq | oyj uwiduo Jo aoel Jdwes o} pousisap jou sem
sey se gons ‘suone[ndod rerosds 10§ owres Surjdures agy Jey) anJj st )| "pjoyssney
paynuapt adoos ) Japun pspodal oY} JO sIoquiawl [enplAlpyl [[e 0} 3deJ Sy}
pUE Pajoa]j0d 3q 0} 2ABY p{nom pousisse seq SINH “IueA]al st uosiad siyy jo
uoneuLojul a%el oy1eds Apms aoe1 ay) ‘voneredaid pooj jo a8reyo ut uosiad
vonendod jeronad sy jo adoos 2 sem sigy 9oulg “wiSuo pue does ‘Aoalns
oy puokaq s208 saoel oyroads pioyesnoy ayj 0} juspuodsal ay jo ,3del, ¢ "ered
1oy uoneunojui Suipiaold - VN oy AJnuapl goigm So[qeLieA om) oJe Iy 6T 39ed soud 'd 1Z
JUSUIRINSEW Ul SI0LId dJnjosqe
SY) Ul JOU PUB SWN) JIAO JUSWIINSLaU Ul
‘1xa) w1 payuer) | sious ui safueyd ayy uo spuadop Ajiqerjal Ay, 8 98eg aoud "d oz
-om} J9A0 saSueyo 3jseMm JO Junoule Ay}
‘suongyI| | SSo[uUN JuUBAS[a) jou SI SIY) ‘soyel Buisn Kfuo e
1) Jo UoISSNOSIP paielap | NOA oUIS "S)Sem POOJ SI SSAUNBIM U  (EBIBP y ered
alow e sapiaoid mou g xipuaddy aouereaddesip 2y} Jo suonew] G} 0% JBYM 97 a5ed 2aud 'd 6l
"£661 "¢ 12 JopAus 998
ap0d YAAID 9Y} Ul JOJ pajunosde /S[ENPIAIPUI 30UaI3J31 i0) SUONEjndfed ul
S1 pooj ysalj Jo 3oInog - YN | 1unoode ojul usaye) onel uononpoid awoy 3y} S| 97 28ed o oA 81
uonnjosay Krewuing juswInIo) ydeiSereg IoUSWWo) JaquinN
‘a8eqd JUSWIWo)

{oNdWnsuo,) poo] £G61 01 Sy61 JO UONBWNST 9L, JuawndoQ

71 30 9 33eq

JddTH €ITT-AMNd Fequny juswndoq

D.6



‘uondke oN = VN

"uaIpjiyo

Suipjons Jopun paprjoul a1e sode
ITe jo ualp[iy> 3uisinN ‘SDAN
ay} ut papodal SJom SHOIIBOLISSE]D
Suisinu pue ‘a3e ‘xos

-ajqeoijdde
3q pjnom ,smes Suissiw,, Yy ‘puokaq
soses awos ul sdegied pue syppuowr j| 03 dn jey

goigm smoys Ajduis 9jqe] - VN SWNSSE PINOM | "W 0} 3SUSS fEW 10U SA0(] 9°7 9lqelL uale[ys ‘g 6T
‘ualp[iyo pue
symeyul asayy Joy uondmnsuod agy pspodal ogm
aquosap 03 9)e]duiod slow 3q pinom 3t ‘ApRXIun
swoas Suppodal-jjes 2oulg -EONETINSUOD
sonye] Sunodal-jjes se p-| sd8e oY) ul pue € P Lonsag
"1X9) Ul payjily, > | Jo 23e 3y} Jopun S[enplAIpul S3qLIdSAp YSBL ‘T 98ed unqoy ‘W 8¢
‘sojqeiasaa AJes|
se gons sdnoid 1o] uey) yjlul pue Jesw se yons
‘sdnoid pooy ajedo133e ‘pournsuos Ajrejn3al
10} a[qeljal 2JoW AJSANE]3I S] SISWASUOD € "ered
“1X3) Ul paygue|) -UOU JG JUSWAINSEAW Ay} Jey) 3)0U pinoys nox 1t 98eq ud ‘d LT
*SOJBWINSd
wondwmnsuos dojoasp o3 pasn jou
alom §)s9) asay L sisAeue YAIH ‘s)jnsal oy} Yim Suope
o) ul pasn 3q pjnod jey) sasuodsal ‘papodal syl 2ouapyuod pue Ajjiqeqoid
Ksaans §OIN =43 jo monuod gy a1 ‘peytoads Joid vieq pue eyde sy 2°11'7 vied
SUIULIZJSP 0] Pasn dIom pauoluaw ‘powreu oq pnoys 1s3) Yy 3A3ij2q | inq ‘suop | pue [T vled
§]59) AL °1X4) Ul payue[) Sem 1S9} [edl}sIe}s B JBY) S3)edIpul Uoydas yoeq €] a8ed [I2MpIED 'O 9z
‘sa)Iym op ueyl
so[qe1edaa AJes| 210w pue Y[IW SSI| JWNSUOD
syoejg -10ofoid sy o3 yuepodwi e sa|qelddan
‘12 "©N Ayes} pue Y[iwl 3dUIS J[qeLIEA UOLEBILISSE|O
juswwiod 0y asuodsar 33§ - VN & se ooel asn o} juepodwi osfe st j] €1°7 98eq asud ‘g Gz
uonnjosay Arewuing juswiuo) ydeiSeieq Io)uamImo)) Jaquinj
‘a8eq W)

ondWnsu0) PoO] 7661 OF SF6] JO UONBWINST 31 ] juawnio(

71 Jo L 3deg

4d3H €T1-AMNd  #equnp juswino(



"uoie ON = VN

dnoid 28e

1eq) 1oj uoneuLIojul uondwnsuod
N[IW s,M00 puirelap spiaoid
SP-T'v SOIqel "jl] Jo syuom XxIs
151y a1 Joj ejep uondwnsuod yjiw
uewny pajrejop sopiacid |°f SIqEL,
*31qe) 2} Ul paredwod saIpmys

oy} [[e 0} HowWwod sauo A[uo

aq) a1om umoys sdnoid <3e oy

‘dnoid a8e

wrepodunt K1aa sigy 0) sasop proiq [¢[-] 3o
UOIJBZLISJORIEYD o) 3ouanjjui Apeaisd pjnom nq
‘sajem)sa asop proIAy) SA.LH 9y uo yedur
j0u pjnom ejep asoy], "dnoid sy Aq yjrm

JO UOHBZLISJORIEYO Y} Yim Palsiies joU We uo
J0j [ “q0u 3] ;Suigyomos Suissiw | wy -osreds
aq o) sreadde ejep oy -oyerul yjiw s dnoid
siy) 03 pred aq 0} spaou UONUANE SIOW NUIY |
-ponmij AIoA si noseas Aue 10} d|qejiese sl gjep
goiym Joj dnoig siy) ut s[enplalput jo Jaquinu
agl -dnoig aSe siy) 10j ejep jo suosiredmod
ou are a1, ‘(1861 Moqe Y sepinH

uonOy 3AR0sj0ld S, V.l 39s) sasop aulpoloipel
se 1ej se juepodur jsom ayy A[qeqoid

18 sojedipul 1xa) Joud 9y - VN sI squow g o) ulogmau dnois ade Ay, 7'd 2198l watelys ‘d r{y
‘gale Apmjs 3y} Ul UISLIO
ou seq Ajqeqoad 31 ‘e[nuLio} paseq-Aos e se yons
yonpoxd ® st 3t J| ¢ Ui yonpoid Aurep Aue aaeq
"B[NULIO) paseq-Yjiw apn[oul ) s30(F ;Pooj SIY} St YA ¢Sponpoad Airep 1'V @|qel
s0p SIY], "1Xa) Ul poyue[) | Ul papnjoul ejnuLio} Aqeq pinjy Y|I-uod S| Kam ‘1'V °3ed unjqod "IN It
*S3|qe) JOYI0 JOJ SNI) OS[Y PAPadu Si paje[ndfed
aIom 359y} moy pue uesw sKep jeym Apoexs
30 UonEOYLIE]) "IJoAau suosiad swos pue Aep
Iad 2oU0 uey) I0W Sje JUOCSWOS Jey) }edIpul
sig) soop 1o skep gg/ 10 skep ¢o¢ ueyy d10wW 1’y 21qelL
"71°T uondes Ul payue[y aaey nok we) ;pajenojed ,skep, a1om moH 7¢'y 98ed [lPAPRD "D 0t
uonnjosay Arewnuang jJuswiwo) qdeiSered Iojusmwuwio) JaquinN
‘aded JWAWUO))

IONAWNSUO) PO0] 2G61 O3 Gp6] JO UOHEWNST  3[IL], uswndo(

71 30 g 9ded

JdddH CT1TCTAMNd  J2quinN juaunsoq

D.8

[

nie



‘uonde oN = VN

‘sonfeA

Je[eos are soyel Sunseoyoeq

oy -esloioxe Funsedyoeq

oY) woly jou ‘loud Juidures
PoJBIOOSSE SYf) puB Bjep AoaIns
SOAN 9Y) wolj pasnponul 1
Ayureprooun Jo anseaw 9YJ - VN

(T'v 21981 ‘vonnquisip Ajiqeqoid

8 ow 03 sofjdwl yogm WnIXew pue ‘wWnIpaw
‘mnuuim B gis stieq)) (suonnquusip
Anqiqeqoid se pajussaid aq p[nod Aogy

1eqy os sdnoi8 pooj ‘xas ‘ade oy Joj paurelqo
BJEp oY) Sem moy soljel Suljsesyoeq aq)

ul Ajurejssoun oY) JO JUSWSINSEBIW OU SI 13Y) J]

¢'d 98ed waIo[ys g 143

*1x3) ur paisnipe GonyejoN

‘K pue X s1eak yjoq uo douspuadap
sjouap 0} ¥y se “x ‘reaf 0} ‘A ‘reak
w01 OYEl 1SBOYORq SY) SJOUSP 0} ISUIS JIOW

aYew pinom ji JuswWmod feuoljeion djduis € sy

"Payire]d> 3q pInoys

XL juondwnsuod [empoe pue douereaddesip
[Te1o] USaMaq 2OUSIIYYIP Sy} pUunole pajusLio
onel Supsesyoeq Y} JO UOISSNOSIP oY) 3, US| ‘N
J5BO)0Rq 0} 9ABY NoA Op AUm ‘umouy sI X Jeak
w1 TopdmWnsaos pooj ay) J] -onel unsesyoeq
oy Suruyop se A pue X sieak Ul TORAUINSTOd
poOJ JO OnEl 0] SI9JAl ejnuwiio) SUIQLISSIP 1X3],

7'd 28ed upjqoy "W 133

uonnjosay

Arpwming jJuswwo)

ydeidereq Bl g) JaquinN
‘ageq lichitiilig

ToRdWNsu0,) PO0] 2561 03 Gp6] JO UOHBWNST 9L Juawndoq

1 Jo 6 9ded

AQ3AH CT1-AMNd JequnN juswmaoq

[«

A



"uo1de ON = VN

ipapnjout uaaq (uoneredard pooy/3uissasord
Suunp ssoj) a8ejsem pue (uonnquIsip
1X9) U1 payue|) juodsuey 3uunp ssof) S3eULY: SeH [4: IIPMPED 'O LE
(swnyd 1o sounud Aseurpio woly
“Ixo} Ul payure]) | Joyp Aoq op moH ,seunid uelEl], ST JEYM £tV [1°MP[ED "D 9¢
‘sojel uondumnsuods 119Y)
Ul pappaquil 2q [jim uoheuLojul
[eIni/ueqin 3y, -oyloads yoolqns
aq s ‘Apms SALH 34 10)
se yons ‘s[enpiAlpul [ed1 jo sajer
uondwnsuod ayj -suonyenoled
asay) Jo} paisje 2q j0U -saSe [eonud asayy 03 d11oads 10w JfWY ©
[Im eep SOAN 94l "s[enpialpul [ aq sdegiod ued suonoaLI0d 3y} 05 “3J2 ‘6-C sage
25US15J21 0) SISOP SJBWNSS | JEONLIO 9Y) JOJ SSJRWINSS 2pn|jdul Op EJEp Y1 Jey)
0} Pasn 3q [Jim ¥jep JIp [enpiAipul pueisiopun | “ %06 s333 jo Ajqeqoid pue %G|
oyl -uonemis ag) yum Suiesp o} Jo aSeioae ue dn Y[ J0f SIJEWNSI [BInI Y}
yoeoidde sjqissod suo si podal o) | 1snfpe 03 st Op 0} 3UIY) SAIBAISSUOD PUE JOALI0D
Ul paUOHUAW UOLI3LI0d YL - VN syl -wuepodwi 9)nb ase suosuredwod asay | 11°d [[uIo i S¢
uonnjosay Arewiuing juswwo) ydeidei g IgjuawIo)) JoquInp
‘a8eqd Jawwo)

ondWnsuo,) poog 2661 O3 SH6] JO UONEWNST  3pi ] uawndoq

Tt Jo o1 93ed

JdddH €117-AMNd  JequinN Jusuindog

D

-

=)



‘uonde oN = VN

‘jeos o) ysiidwodoe 0} Aressasou
junowe 9y} puads Ao o) yuoprud
si )1 ‘Asuous o1jqnd Suipuadxd
uoyMm Ing "duOp 3q UEd By}

iom [euonippe sAem[e st aIaY [
"PRIIYIY useq sey DD Y Yim
10BIJUOD 3y} Aq pauLsp Se jiom Jo
adoos oq] : . ANUNWIOd SYNUIOS
pue oijqnd fessusd oy Suowre
Ainqipaio jo sa133p 431 B daey
0}, JIom [eUONIppe JOj padu Y}
Suaoto) 2IMRISN| pomdladl
-12ad 15110 Ul punoy axam jooford
AAgH 2y jo adods oy Aysnes

0) SOJRUINSS JUSIOLINS ISNBIq
pomalaal J0U 219m s[easnof
ouEIpad ‘pepuny yJom jo adoos
oy jo yred 1oAaU SEm JeY) ISNESq
PAmMaIAISNUI Jou 21m sueoisAyd
[e007] -9[qE[TBAR 219m el y[iw
Juejui Jo sojewnsd paysyqnd jegm
Jo sisAJeue [eOLIOISIY Pamaladl
-103d e st goigm (0L61) ‘T8 12
uIqing] Ul sajqe) wolj Aposilp
paridiaut axom sjnsal oY
:3uipssy juejul UO ,papadu sisA[eue
Po[IElop puB UOLBULIOJUI d10W,
Sunwsouo) laqunu e pousdisse
10U SjuUSWWod Arewruns 3y}
sassalppe A[uo 219y ssuodsar a1
-Joquunu juswwod ajeudoidde

*S[EJUSLI0 SPN|oul ISAY) 3dUls

jou 318 Aoy} jey) 10adxs | saiym Joj asoy;

0} IBJIWIS 98 }SAAN S} Ul 301 ,JAY0,, 10}
suoped wondwinsuod 3y Ji 31943 9q jou Aew
asoy] -uonejndod ,a1ym, oY) JOj SIIBUWINSD
paselq papiaoid aaey nok jeyy 231eyd Y

0} 10ofqns MoU 3J8 NOA  "SI[qELIBA UOLZOYISSED
[BUONIPPE SB PAsn UJ3q ABY P[NOD puE
sjqejreae are  uiduo, pue ,3oel, sdjqeLIEA 3],

‘Adoo © pey yoog uo( "M d1eo0] A[jeipaumul
jouues Inq ‘S[oNJe JueAd[al Alre[morded e [[esal
we> | ‘[nyesn aq pinoys spewnof ougeipad sy
se sooe[d gons Ui MIIA3L SINJEINI] [EUOHIPPY
-auop jou A[Snoiaqo sem SIQ] ‘S,0661 Alres
pue s,0p61 €] a1 Suuinp uoidal YJIH @
ui psonorad ogm sueoisAyd [eo0] SUImalAIAUL
paisadsns pey om aul U0}y “papesu

st sisA[eue pa|lejop puB UOIBUL OJUI IOW

‘auo snoiaaxd ayy pip uey; Suipss) juejul uo
uoneuuiojur arow saAld podar ay) g3noy) uaAg

‘syinpe ‘sa uaip[iyo 1oj Ayjiqeorydde

§)1 SSIppE 0} pajie} dAey o} -anbiuysay
Sunseoyoeq ay; jo sulwoopoys pue sagejueApe
Sy} pajeauljap Apusloyyns jou 3ABY NOL  “pasn
2AEBY NOA YoIym S13s Blep Y} JO SONSUORIRYD
oy} 10 )1 passnasip Ajojenbape jou aaey

oY) Jopun passaippe usaq | nox -anbruyssy Junseoydeq Sy} JIA0 UOISIYUOD sjuaUmo))

JARY S)USWWOD ATewIdwIns JSOWN MOYS YoIym SIUSUILIOD STOISWINU I8 2IdY |, aoud 'd Arewwing
uonnjossy Arewimng JuswWwo) ydesdereq Jojuawwo) JoqunN

‘agdeq juawwo)

{oNdINsu0,) poo 7561 0 Gh61 JO UONBWNST  S[LL uawndo(

Z1Jo 1] 93ed

YAFH CITTAMNA PqUBN Juawnmoq

D.11



"(Z661 UOSISPUY)

dSL 2y £q peaoidde pue
PoM3IAGI U123q SBY SOJBUI)Sd 3S3Y)
1e aALLE 0) pasn ASojopoyoul YL
‘suolje[no[es 9sop 3U) Ul pasn aq
0} uonduInsuod Pooj JO SJBWNSD
A1ddns o} st “ased sig) ul ‘goIgm

‘uonoe oN = VN

-fyunwwos oynuatos oY) pue dsijqnd [ereusd oY)
Suowre AJijiqIpaIo Jo 33180p Y31y € 2AeY O} SI )t
31 Jom [eUOnIppe SpadU )i “JAMOH “dSL
Aq spewm suopnsa33ns ay) jo Isow sojerodioout
3] "uondwnsuod pooj o podas snolaaid oy
10980 Juouraroidunr fenuelsqns e st Jodax sigl,

*sjgewwod syidads o) ul pajou
a1 asoy, -sisA[eue [eousuels gy Aprenonred
‘gonjeIOqe[d PadU YoIyM Seale JOY)0 3Ie JIAY]

uonnjosay

Arewwing JusWwWo)

ydeiSereq
‘a8eq

J2)USWO))

JaquinN
WSWWOD)

fondwnsuo;) poo] LG61 01 Sp6I JO UONBWASH  d[LL juswndo(

1 30 71 98

YATH €11-AMNd JqunN juswmoq

D.12



No. of
Copies

OFFSITE
Techni ring Panel

D. S. Barth

University of Nevada
4505 Maryland Parkway
Las Vegas, NV 89154

W. A. Bishop
2503 Wedgewood Court S.E.
Olympia, WA 98501

M. L. Blazek

Oregon Department of Energy
625 Marion Street N.E.
Salem, OR 97310

G. G. Caldwell

Tulsa City-County Health Dept.

4616 East 15th Street
Tulsa, OK 74112

S. N. Davis

Dept. of Hydrology and Water
Resources

Building 11

University of Arizona

Tucson, AZ 85721

N. J. Germond
224 Iron Mountain Blvd.
Lake Oswego, OR 97034

P. C. Klingeman

Civil Engineering Dept.
Apperson Hall 202
Oregon State University
Corvallis, OR 97331-2302

PNWD-2113 HEDR
UC-000

Distribution

No. of
Copies

Distr.1

K. J. Kopecky
Fred Hutchinson Cancer

Research Center
1124 Columbia Street
Seattle, WA 98104

P. D. McGavran

Dept. of Health and Welfare
450 W. State Street, 4th Floor
Boise, ID 83720-5450

R. L. Morrill

Dept. of Geography, DP-10
University of Washington
Seattle, WA 98195

A. H. Murphy
3115 NW McKinley Drive
Corvallis, OR 97330

D. W. Price

Agricultural Economics
Hulbert Hall Room 211
Washington State University
Puliman, WA 99164-6210

M. A. Robkin

Radiological Sciences, SB-75
University of Washington
Seattle, WA 98195

G. S. Roessler
Route 1, Box 139H
Elysian, MN 56028

B. Shieien
2421 Homestead Drive
Silver Springs, MD 20902



No. of No. of
Copies Copies
A. P. Slickpoo, Sr. M. R. Donneily

18

809 Nez Perce Lane
P.O. Box 311
Kamiah, ID 83536

J. E. Till
Route 2 Box 122
Neeses, SC 29107

D. E. Walker, Jr.
P.O. Box 4147
Boulder, CO 80306
Other

DOE Office of Scientific and
Technical Information

Technical Informition Center ONSITE
P.O. Box 62
Oak Ridge, TN 37830 6 DOE Richl
B. G. Brooks, EH-421 R. F. Brich, TSD
Room J-112 Public Reading Room (5)
Department of Energy
Germantown, MD 20545 51 Battelle, Pacific Northwest
Laboratories
K. CharLee
Office of Nuclear Waste Mgmt. D. M. Anderson (5)
Department of Ecology D. J. Bates
719 Sleater Kinney Road, S.E. G. L. Black (5)
Suite 200 S. D. Cannon
Olympia, WA 98504 D. E. Deonigi
P. W. Eslinger

L. E. Denham W. T. Farris
Centers for Disease Control M. D. Freshley

and Prevention R. O. Gilbert
4770 Buford Highway N.E., F-35 W. A. Glass (14)
Atlanta, GA 30341-3724 R. H. Gray

Distr.2

Public Health Service

Centers for Disease Control

and Prevention

2201 Sixth Avenue, RX-22

Seattle, WA 98121

H. A. Haerer

Golden Associates, Inc.

4104 148th N.E.

Redmond, WA 98052

J. P. Thomas

HEAL

1720 N. Ash
Spokane, WA 99205

eration

PNWD-2113 HEDR
UC-000

ffi

AS5-55
A1-65

K8-15
K7-34
K1-25
K1-25
K8-11
K6-96
K3-54
Ké6-77
K7-34
K4-13
K1-33



S. P. Gydesen
G. L. Harvey
C. M. Heeb

T. A. Ikenberry
T. L. Marsh

B. A. Napier

S. J. Ouderkirk
J. V. Ramsdell
D. B. Shipler

P8-55
K1-77
K8-34
K3-54
K6-57
K3-54
K7-34
K6-03
K1-25

No. of
Copies

Distr.3

J. C. Simpson

C. D. Taylor

W. L. Templeton

M. E. Thiede

W. H. Walters
Publishing Coordination
Records Center (2)
Technical Library (2)

PNWD-2113 HEDR

K7-34
B1-40
K1-30
K6-13
K6-09
K1-06
K3-70
P8-55

UC-000









