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SUMMARY

This letter report was written to provide the food consumptionmethod-
..

ology to be usedin the Hanford EnvironmentalDose Reconstruction(HEDR)

Projectbeyond Phase I (whichended in July 1990). Phase I effortswere

judged by the TechnicalSteeringPanel to be adequatefor use in preliminary

dose estimates,but greaterprecisionis now requiredfor consumptionesti-

mates of food types that are dominantcontributorsto dose.

In Phase I (Callaway1992),baseline food consumptionestimates(grams

per day) for 10 primary food types in the original 10-countystudy regionwere

derivedfrom the 19//-1978National Food ConsumptionSurvey (USDA 1983).

Callaway (1992)developedfood consumptionratios to projectthese estimates

into the past (1945) using other U.S. Department of Agriculture(USDA) sources

of food consumptioninformation. The baseline estimateswere multipliedby

the 1945"1977ratios to produceconsumptionestimatesfor 1945 (e.g., see

AppendixA). This ratio backcastingmethod used in Phase I to project con-

sumptionestimatesfrom 1911 back to 1945 will be refinedusing additional

USDA data to improveand documentthe acceptabilityof the ratios for deriving

backcastconsumptionestimates. The number of food types and population

groupswill be expandedto providemore disaggregatedestimatesof food con-

sumption. Food consumptionestimateswill be developedfor 1945, 1951, and

1957.

A database of individualdiets will be createdfrom which daily diets

will be randomly selectedFor use in the dose model to calculatedoses for

referenceindividuals. Existingdata on historicalfood consumptionpatterns

in the expanded 19-countyHEDR Project study region will continue to be

evaluatedfor reliabillityin adjustingnationwideconsumptionestimatesfor

use in the HEDR Project study region. Much of the existingdata comes from

local surveysof varyingdegreesof quality and completeness,and some may

prove unreliablefor verifyingestimatesderived in this work.

Resolution,preci:_ion,and acceptabilityof the estimateswill be

improvedfrom those used in Phase I. This letter report describesactivities

that will be conductedby the Food ConsumptionSubtaskof Task 06 during
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FY 1992 and FY 1993. Results of these activitieswill be reported in the

Task 06 final report due in 1993 (Milestone0602C, Food ConsumptionReport,

General Population).
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INTRODUCTION

The primaryobjectiveof the Hanford EnvironmentalDose Reconstruction

(HEDR)Project is to developestimatesof radiationdoses that individuals

could have receivedfrom operationsof the HanfordSite since 1944, with

descriptionsof the uncertaintiesinherent in such estimates.

Part of the dose estimationprocess involvesidentifyingpathways by

which people could have been exposedto radionuclides. One of these exposure

pathways is ingestionof food productsthat may have been contaminatedby

radionuclidesreleasedfrom Hanford-Sitefacilities(PNL 1991). Thus, esti-

mates of food consumptionare required to reconstructthe dietary patterns of

individualsduring Hanfordreleases from the 1940s and 1950s. Specifically,

consumptionestimatesand relateddistributionstatisticsare required inputs

to dose modelingeffortsas describedby Napier et al. (1992),and as specific

input parametersin the dose model code (Ikenberryet al. 1992). Milk and

leafy vegetablesare particularlyimportantpathways for ingestionof radio-

nuclides (Napier1991).

Estimatesof food consumptionfor a limitedgeographicalarea were

providedfor Phase I of the HEDR Project in Callaway (1992). After Phase I

ended in July 1990, the geographicalstudyarea was expandedto include 19

countiessurroundingHanford.(a)

This report describesthe methodologythat HEDR staff at the Pacific

NorthwestLaboratorydevelopedfor use in estimatingfood consumptionfor the

expanded study region. The report completesMilestone0602B (Shipler1992)

for the HEDR Project. This letter report describesactivitiesthat will be

conductedby the Food ConsumptionSubtask of Task 06 during FY 1992 and

FY 1993. Resultsof these activitieswill be reported in the Task 06 final

reportdue in 1993 (Milestone0602C_ Food ConsumptionReport,General Popula-

tion). The methodologyis designed to obtain reliableestimatesof the diets

(a) Counties are Adams,Asotin, Benton, Columbia,Douglas, Franklin,
Garfield,Grant,Kittitas,Klickitat,Lincoln,Spokane,Walla Walla,
Whitman, and Yakima in Washington,and Gilliam, Morrow, Sherman, and
Umatilla in Oregon.



of reference individualsliving in the 19-countyHEDR region with resolution

by age, sex, geographicregion,and other factorsrelevantto dose estimation

for 1945, 1951, and 1957, years for which air releasesof radionuclideswere

high relativeto other time periods (PNL 1991).
i



METHODOLOGY

This sectionsummarizesthe methodologyused in Phase I Of the HEDR

Projectto estimatefood consumption,and describesthe currentmethodology.

PHASE I CONSUMPTIONESTIMATES

In Phase I, the 1977-1978NationalFood ConsumptionSurvey (NFCS)indi-

vidual food intakedata were used as baselineconsumptionestimates. Second-

ary sourcesof food consumptionestimates(USDA 1965a, 1975, and 1985) were

used to developratiosof food consumption,1965:1977and 1945:1977. The

1977-1978NFCS consumptionestimateswere multipliedby the ratiosto provide

an estimateof consumptionin 1965 and 1945, backcastedfrom 1977 raw data. A

gereralconcernraised in the commentson the Phase I food consumptionreport

(Callaway1992)was the need for greaterprecisionin the food consumption

estimates. Ten food types were derivedfrom the aggregationof the 3,725

groups for which individualintakedata were collectedin the 1977-1978NFCS.

The mean daily gram intakeof each of the 10 food types was reportedfor each

populationsubgroupor cell (age, sex, season,etc.). Most of the standard

deviationsreportedfor these means were largerthan the means themselves.

This problemwas common across all cells, regardlessof sample size, and is

partiallyexplainedby the wide variationin food consumptionamong indi-

vidualson any given day.

£ONSUMP!IONRATIOS

The ratio backcastingmethod used in Phase I to estimatehistorical

levels of food consumptionin the HEDR study area (Callaway1992) will be

validatedusing other secondarysourcesof consumptiontrend data (USDA 1955,

1965b,and 1972). Specifically,concernsabout ratiosestimatedfor consump-

tion of leafy green vegetableswill be addressed. For example, the Phase I

resultsindicatedthat the 1945:1977ratio of leafy vegetableconsumptionwas

1.55 (Callaway1992). TechnicalSteeringPanel (TSP) reviewersindicatedthat

the inverseshouldbe expected (Callaway1992,Appendix D). However,
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preliminaryanalysisof availabletrend data (USDA 1965b) indicatesthat the

Phase I backcastingratios are generallyreliablefor estimatingconsumption,

with some fine tuning required. For historicalcontext,Wnrld War II was

ending in 1945. Part of the war effort involvedthe plantingof "victory

gardens." These gardensservedto augmentthe domesticfood supplywith home-

producedfood, while freeingcommercialquantitiesof fruits and vegetables

for military consumption.

For post-PhaseI work, similarratioswill be developedto backcast from

1977 to 1949, 1951, and 1957. With assistancefrom Task 08 (Statistics),the

degree of uncertaintythat these ratios introduceinto consumptionestimates

will also be assessed (seethe exampleprovided in AppendixA).

POPULATIONGROUPS

Populationgroups or cells refer to the specificgroupingsof survey

respondentsaccordingto age, sex, race, and geographiclocation (see Appen-

dix C). In Phase I, TSP reviewersindicatedthat becauseof insignificant

differencesin consumptionestimatesamong variouspopulationsubgroups,

furthercollapsingof subgroupcategorieswould be desirable(Appe,qdixD of

Callaway1992). This was found to be true for milk, but significantdiffer..

ences are expectedto exist across age/sexgroups for others of the revised

food types to be used for post-PhaseI work (seeAppendixB). TSP reviewers

also commentedthat finer resolutionof populationgroupsmight be neededto

more preciselymeasurethe food intakeof infantsand adults. Age groups for

post-PhaseI analysiswill be consistentwith those presentedin Napier et al.

(1992,Table 2.1).

Urban and rural geographicdistinctionswill continueto be included.

Based on preliminaryanalysisof availableUnitedStates Departmentof Agri-

culture (USDA)trend data, it is apparentthat consumptiondiffersdepending

on whether food was purchasedor nonpurchased. Therefore,this distinction

will be added to assist in determininghome-producedor local consumption,and

thus the geographicsourceof the food consumed. Race groups will include



white, black, hispanic,and other nonwhite.(a) Distinctionswill continue

to be included in the analysisfor spring,summer,fall, and winter seasons.

lt should be noted that, as in Phase I, becauseof the large number of'popu-

lation groups being considered,individualpopulationcells may not have a

sufficientnumber of observationsto make meaningfulestimatesin all cases.

For example, if the NFCS data containonly 10 observationsof rural females,

ages 10-14,who ate nonpurchasedspinach,the reliabilityof an estimate that

representsall rural females, ages 10-14, is less than if there were 50 such

obser_ations.

DISTRIBUTION.INFORMATION

The 1977-1978NFCS individualintakedata (USDA 1983) will be aggregated

from 3,725 seven-digitfood types to 74 food types (see AppendixB). Histo-

grams and accompanyingunivariate statisticswill be calculatedand reported

for each populationsubgroup (e.g.,urban, female,over 20 years, black,

nonpurchasedfood). These statisticswill includethe numberof observations,

mean, median,range, percentiles,standarddeviation,and standarderror for

each cell, as well as the histogramshowingthe distributionof grams of food

consumptionper day. o

DATABASE OF INDIVIDUALDIETS

Future food analysiswork will involvecreatinga databaseof individual

diets (DID) to be used by Task 07 (EnvironmentalPathwaysand Dose Estimates)

when estimatingdoses for individuals. The concept is to create a source of

seasonaldietary informationbased on the HEDR Projectfood types and the

individualintakedata from the NFCS. Each individualobservationin the NFCS

data will have the reportedconsumedfoods aggregatedto the 74-type level.

This information,in addition to all demographicinformationavailable,will

form one record in the DID. Each column in the DID will representone of th_

HE_R Projectfood types, and each row will representan individualof a given

age, sex, region, and socioeconomicclassification(see example in Appen-

dix A).

(a) Native American food consumption estimates are being studied in a
separate HEDRsubtask (0505, Native American Data).



Using the DID for a particularseason,the dose model will be able to

randomlyselect from daily diet informationfor specific representativeindi-

viduals. T,_,isinformationwill be providedto Task 07 to allow the recon,

structionof a possiblechain of daily diets for specific individualsfor a

month or more in time. This approach avoids'the need for between-food

correlationmatrices. These correlationswill be includedautomatically

becausedaily diets, rather than individualfoods, will be randomly selected.

However, this approachdoes not control for correlationof food consump-

tion among days or for reguiarfood eating cycles. This problemwill be

addressedto some extent by stratifyingor dividing the database by selected

food consumptionpatterns exhibitedto form strata or divisioi_sthat contain

similartypes of individuals. Additionally,NFCS data from the 1977-1978

survey are providedfor three consecutivedays per individual. Correlations

betweendays I and 2, I and 3, and 2 and 3 will be calculatedto identify any

between-daycorrelationsover the three-dayperiod. If strong between-day

correlationsare present,then attemptswill be made to incorporatethese cor-

relationsinto time sequencesof daily diets that are generated from the 'DID.

Daily diets from the appropriatestrata will be sampled to generate a time

sequenceof diets. The sequencesof daily diets will be reviewed by nutrition

experts to evaluatetheir credibilityand reliabilityin representingactual

eating habits. Based on nutritionistevaluation,changes in the approachwill

be made as needed to improvereliability.

VERIFICATIONWITH PREVIOUSWORK

The USDAconductea the only decennial comprehensive surveys of food con-

sumption on a national level in 1955, 1965, 1977-1978, and 1985. The 1955

NFCSdata provide only household-level information (not by individual) and are

not a useful source for checking the reliability of estimates of consumption

by individuals for the 1945-1955 period. NFCSindividual food intake data

were collected during the spring of 1965. The 1977-1978 NFCSeffort provided

an increase in detail and volume of individual intake data collected above

that of the 1965 NFCS. The 1985 NFCSwas targeted to measure food consumption

of low-income households and single mothers in particular.



The 1977-1978NFCS data set will be used to develop baselineestimates

of consumptisnto which backcastingratioswill be applied. The 1965 NFCS

data set will serve to verify an estimatedconsumptionratio for 1965. If it

is determinedthat other secondarysourcesof consumptiondata, such as the

1955 NFCS, can provideper capita co°nsumptt_onby food type, then they will

also be used to verify backcastingratiosand consumptionestimates.



DATA QUALITYOBJECTIVES

Future work will producerefined estimatesof food consumptionto be

used as inputsto the dose model. Data qualityobjectivesfor this work build

on those presentedin Shipler (1992, p. 7.4).

" Accuracy - The estimationof likely daily diets over time will be evaluatedby

nutritioniststo assessaccuracy. Uncertaintiesand sources of error that

" diminish accuracywill be characterizedwith assistancefrom Task 08.

Precision- Frequencydistributionsof consumptiondata will be calculatedby

food type (AppendixB) and populationgroup (AppendixC). Associated means,

medians, percentiles,standarddeviations,and standarderrors will be

reportedfor each group. Precisionalso will be assessed_y comparingfood

consumptionestimatesto known consumptionestimatesderived from independent

data sources°

Completeness- Food consumptionestimatesand daily diets will be developed

for all dose-relevantfood types and po_:_latlongroups using the entire 1977-

197B NFCS data set. As in Phase I, detailedresultswill be presentedfor

fresh dairy categoriesand leafy dark green vegetablecategories. Analytical

results for other food tyoes will be presentedin summarydetail.

Representativeness- The s_lectedfood .typeswill representthe likely foods

produced and consumed in the HEDR Project regionduring the time period being

consideredand that are believedto be dominantcontributorsto radiation

dose.

Reliabilityo This work will produce estimatesof consumptionthat are

acceptableand consistentwith availablesecondarydata sources such as USDA

trend data. Estimatesshouldwithstand peer review.

Comparability- Estimatedbackcastingratios will be refined to incorporate

sourcesof historicconsumptiondata. Resolutionof the consumptionestimates

will be improvedfrom Phase I by expandingthe number of food types from 10 to

74, allowing a greaterdistinctionbetween types of food.
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APPENDIXA

ET'_AMPLEOF RATIO BACKCASTINGTO 1945 AND

DATABASE OF INDIVIDUALDIETS

Steps

• • Identifyper-capitafood consumptionestimatesfor 1945 from
secondarydata in terms of grams consumedper day for each food
type.

• Use 1977-1978NationalFood ConsumptionSurvey (NFCS) individual
intake data as the base, per-day,food consumptionestimatefor
each food type.

° Divide the USDA per capita food consumptionin 1945 by the USDA per
capita food consumptionin 1977 to get a ratio (1945:1977).

• Multiply the base-level(1977-1978)consumptionestimate from sur-
vey data by the 1945:1977ratio to get estimatedconsumptionin
1945.

° Providean estimateof uncertaintyassociatedwith the estimated
ratio.

Summary: Food consumptionestimatesfor 1945, 1951, and 1957 will be pro-

jectionsof the 1977-1978NFCS sample back to the respectiveyears

using food consumptionratios.

A.I



BACKCASTINGEXAMPLE

Lettuce
Per-Capita

Year Consumption (Ib) Source(a)

1945 13.7 , USDAf,_Iriculture Statistics
1951 14.9 USDAAgriculture Statistics
1957 17.1 USDAAgriculture Statistics
1965 19.5 USDAAgriculture Statistics
1977 22.7 USDA AgricultureStatistics

Yea____zr Ratio

1945 13.7/22.7= 0.6035
1951 14.9/22.7= 0.6564
1957 17.1/22.7= 0.7533
1965 19.5/22.7= 0.8590

UncertaintyCheck

The 1965 exampleestimateof 19.5 Ib of lettuce from trend data is

acknowledgedto includepoundageof all lettuce sales,and thereforeincludes

lettucewaste. To partiallyquantifythe uncertaintyintroducedby including

food waste,we can compare 19.5 Ib to an example estimatefrom the 1965 NFCS

data that includesonly consumed (eatenor drunk) food of 16.9 lb. This

resultsin an estimateof the amount of food waste includedin the 1965 ratio

of 2.6 Ib, or 13.3%. This means that the food consumptionratio estimated

from data that includesfood waste over estimatesthe amountof food actually

consumedby approximately13.3%,assumingthat food waste as a proportionof

actual consumptionremainedrelativelystable over the 1945-1965period.

EXAMPLE: > 20 year-old,nonmetropolitan,white, female

1977NFCS data might indicatea mean daily consumptionof lettuceof

I000 grams or 2.2 lb.

Estimatedaveragedaily consumptionby study year for this population

cell would be

1945 0.6035 • 1000 g = 603.5 g
1951 0.6564 • 1000 g = 655.4 g
1957 0.7533 • 1000 g : 753.3 g
1965 0.8590 • I000 g = 859.0 g

(a) Sourcesand numbersare for example purposes.
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APPENDIXB

FOODTYPES

FOOD

. Dairy Products

I Fresh milk
2 Cheese
3 Cottage cheese
4 Other cheese
5 Ice cream and other frozendesserts
6 Baby formulaand canned milk products
7 Dried milk products
8 Goat milk

Fresh Veqetables (includingfresh-cooked)

9 Green peas
10 Corn
11 Asparagus
12 Tomatoes
13 Snap beans
14 Cabbage
15 Lettuce
16 Spinach
17 Cauliflower
18 Celery
19 Broccoli
20 Carrots
21 Green onions
22 Other onions
23 Beets

24 Turnips, rutabagas
25 Squash, pumpkin
26 Cucumbers
27 Green peppers
28 Lima beans
29 Leafy vegetables,Not ElsewhereClassified
30 Other fresh vegetables,Not ElsewhereClassified

Canned and FrozenVegetables

31 Spinach
.32 Leafy vegetables,Not ElsewhereClassified
33 Tomatoes
34 Peas

B.I



35 snap beans
36 Corn
37 Asparagus
38 Other canned/frozenvegetables

Other Veqetab]es
J

39 Dried vegetables
40 Fresh white potatoes

' 41 Fresh sweet potatoes
42 Processedpotatoes
43 Vegetablejuices

Fruits

44 Apples
45 Pears
46 Strawberries
47 Ot',lerberries
48 Sweet cherries
49 #felons
5.0 Grapes
51 Apricots
52 Peaches

53 Plums (Italian prunes)
54 Other noncitrus (bananaand pineappleincludedin O_ther)

... 55 Noncitrusfruit juices (bananaand pineappleincluded in
Other)

a

Fresh Meat

56 Beef
57 Pork
58 Chicken
59 Other poultry
60 Game meat

61 Game poultry
62 Cured pork
63 Lunchmeat
64 Other fresh meat products
65 Eggs

Fresh Seafood

66 Local fish
67 Other fish
68 Shellfish
69 Other seafood

Grain Products

70 Flour and preparedmixes
71 Bread, rolls
72 Other bakery products

B.2



Other

73 Mixtures
74 All other foods

B.3
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APPENDIX C

,POPULA.T.,IONGROUPINGS
i

Aqe/Sex

I Ali < I year
" 2 Ali I to 4 years

3 Male 5 to 9 years
4 ,Female 5 to 9 years
5 Male I0 to 14 years
6 Female 10 to 14 years
7 Male 15 to 19 years
8 Female 15 to 19 years
9 Ma_,e>_20 years
10 Female> 20 years
11 Pregnantfemale

Geoqraphi.c

I Urban
2 Suburban
3 Nonmetro

Rac____ee

i White
2 Black
3 Hispanic
4 Other

Purchased

I Purchased food
2 Nonpurchased food

d
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