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SUMMARY

An updatedand expandeddatabasefor the HanfordMortalityStudy has

be_n developedby PNL's Epidemiologyand BiometryDepartment. The purposeof

this report is to documentthis process.

The primarysourcesof data were the OccupationalHealthHistory (OHH)

• files maintainedby the HanfordEnvironmentalHealth Foundation(HEHF)and

includingdemographicdata and job histories;the HanfordMortality(HMO)

. files also maintainedby HEHF and includinginformationof deaths of Hanford

workers; the OccupationalRadiationExposure(ORE) files maintainedby PNL's

Health PhysicsDepartmentand containingdata on externaldosimetry;and a

file of workerswith confirmedinternaldepositionsof radionuclidesalso

maintainedby PNL's Health PhysicsDepartment. This report describeseach of

these files in detail, and also describesthe many edits that were performed

to addressthe consistencyand accuracyof data within and betweenthese

files.

The study populationis definedto includeall workerswho were

initiallyemployedas operationsworkers1978 or earlier,and currently

includes44,284workers. This reportdescribeseffortsto determinewhich

workers are appropriatelya part of the study population,and to link and

consolidatethe informationfor each worker from the varioussourcefiles.

This was often difficultbecauseof discrepanciesin data from the various

files describedabove, and becausesome workershave been known under more

than one Social Securitynumber.

The HanfordMortalityStudy databasecurrentlyincludesseveralfiles,

which were preparedfrom the sourcefiles describedabove after resolutionof

various errorsand discrepanciesdiscoveredthroughnumerouschecks for

consistencyof information. The KEY file providesthe SocialSecuritynumber,

name, birthdateand sex currentlyjudgedmost likelyto be correctfor each

. Hanfordworker consideredfor inclusionin the database. The KEY file also

indicatesall other files on which the worker appears,and gives alternative

Social Securitynumbers,names, birthdatesand sex that may have been found on

various sourcefiles. The JOBB9 file is an abbreviatedform of the

OccupationalHealthHistory (OHH) file, and providesjob titles and codes that
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_,11owthe assignment of socioeconomic status. The DOS89file consolidates

information on external dosimetry taken from the several files in the

Occupational Radiation Exposure (ORE) system, and external dosimetry for

workers who were not on the OREfiles but had dosimetry on an earlier file

used for mortality analyses. The INT89 file provides information on workers

with internal depositions. Finally, the IARC89 files link selected

information from JOB89, DOS89, INT89, and the mortality data (HMO)to provide

a file that can be used for statistical analysis of the Hanford Mortality

data. This report provides a detailed description of the procedures used to

prepare these files and also gives their format.
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I.0 INTRODUCTION

1._ BACKGROUND

In 1979, a masterdata analysisfile was prepared,and is referredto in

this documentas MST79. Data for this file were extractedfrom three sources"

OccupationalHealth Histories(OHH),HanfordRadiationOccupationalExposure

• (HRO) files, and files containingmortalitydata. The OHH and mortalitydata

files are maintainedby the HanfordEnvironmentalHealth Foundation(HEHF);

the OHH file as it existedin 1979will be referredto as OHH79. The HRO

files were maintainedby PacificNorthwestLaboratory(PNL),and have

subsequentlybeen replacedby OccupationalRadiationExposure(ORE) files,

describedlater. Only workersemployedas operationsworkers, and doses

receivedas operationsworkerswere included. Constructionworkers, and

certainother groups such as employeesof the Departmentof Energy (DOE)and

its predecessorswere not included. Mortalitydata have been updatedseveral

times.

A descriptionof the processused to preparethe MST79 file is-attached

as AppendixA, and includesa descriptionof each of the variablesextracted

from OHH79 and HRO. A descriptionof variablesgivingmortalityinformation

is also given, and includesdesignationof the time the informationwas

receivedand its source. Analysespublishedin 1989 (Gilbertet al. 1989a;

Gilbert et al. 1989b)were based on data on MST79.

The Departmentof Energy is developinga public use databaseknown as

the ComprehensiveEpidemiologicData Resource (CEDR). The initialHanford

worker data file providedto CEDR was a file containingthe most important

variableson MST79. This file, which will be referredto as CEDR78,includes

dosimetrydata through 1978, and containsthe data needed to reproduce

• analysespresentedin Gilbertet al. (1989a).

In 1988, plans were initiatedto conductinternationalcombined

" analyses. These analysesare being conductedat the InternationalAgency for

Researchon Cancer (IARC). Contributinginvestigatorsare responsiblefor

planningand interpretinganalyses. A protocolfor these analyseshas been

completed(Cardisand Kaldor 1989) and specifiesa list of variablesto be
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supplied for each included study population. This list is included as

Appendix B. Someof the required variables were not included on MST79.

In 1988, we began the process of developing a more complete and up-to-

date Hanford worker database. New research interests, participation in the

international combined analyses, and CEDR, have generated a need for data on

variables that had not been included on MST79. Also, there was a need to

update the file to include more recent data on dosimetry, occupational
histories, and mortality.

p

1.2 FILES PROVIDINGSOURCE DATA FORTHE.PNLHANFORDMORTALITYSTUDY DATABASE

In 1988, an updatedversionof OHH79 was receivedfrom HEHF, and several

files providingdosimetrydata were receivedfrom PNL's Health Physics

Department. These files,which are describedbelow, containedsimilarbut

more up-to-datedata than those used previously. Also, some correctionsand

changeshad been made to older data. A detaileddescriptionof the these

files is found in AppendixC.

OHH88" Two files of OccupationalHealth Historieswere receivedfrom HEHF in
1988, one containingconstructionworkers and the other containing
operationsworkers. Both files includedworkers initiallyemployed in
the years 1979-1983(whowere not includedon OHH79). Only.the file of
operationsworkerswas used in creatingthe HanfordMortalityStudy
database.

OHH_OP: This designationis used to denote the subsetof OHH88 consistingof
operationsworkerswith initialhire date prior to 1979.

HEHF AKA: This is a file, maintainedby HEHF, that includesalternative
Social Securitynumbersand names under which workershave been known.
AKA stands for "also known as."

HM091: This is a file providing mortality information for both operations and
construction workers, and was based on data received from HEHF in 1991o
The file includes information on both date and cause of death.

ORE files: OREstands for Occupational Radiation Exposure. These are files
of annual external radiation exposure received from PNL's Health Physics
Department in 1990, and include information from 1944 through 1989. The
file includes doses for construction workers, who are not a part of the
study population, but each annual record had a code that allows one to
determine if the dose was received in operations or construction work.
Someoperations workers also performed construction work and these
construction doses are included in the files.
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INDEP: This is a file containinginformationon workerswith confirmed
internaldepositionsof plutoniumand other radionuclides,and includes
informationfrom 1944 through1989. lt was providedby PNL's Health
PhysicsDepartmentin 1991.

MSTT9: This is the master data file createdin ]979, referredto above, and
describedin detail in AppendixA. The file was createdfrom the
OccupationalHealth Historyfile receivedfrom HEHF in 1979 (OHH7g)and
a file of externaldosimetry(HRO)receivedfrom PNL's Health Physics
Departmentin 1979. lt is noted that in creatingMST79, some workers
were found only on OHH79, and thus have no dosimetrydata on MSTT9,

" while other workerswere found only on HRO, and thus have no OHHT9 data
on MSTT9. MSTT9 includesdosimetrydata from 1944-1978,and mortality
data from 1944-1981. Mortalitydata for deaths occurringin the State

" of Washingtonin the years 1982-I985is also included.

CEDR78: This file, which is noted above,containsthe requireddata to
reproduceanalysespresentedin Gilbertet al. (]989a),and was created
by extractingthe most importantvariablesfrom MSTT9.

1.3 FILES CREATEDFOR THEPNL HANFORDMORTALITYSTUDY DATABASE

A brief descriptionof the files that are being createdis given below.

A completedescriptionof the variableson each file is given in AppendixD.

KEY file: This file containsinformationon all workers found eitheron
OHH OP or on MST79. The file gives SocialSecuritynumbers,name, date
of birth, sex and a sequentialidentificationnumber, lt also includes
informationregardingalternativenames,Social Securitynumbers,and
birth dates that may have been used for a workerwith the sourceof both
correctand alternativeinformationindicated. The KEY file indicates
all other files on which the worker appears.

JOBS9" This is an edited and abbreviatedform of OHH OP, which can be used to
generatejob categoryand socialclass data.

DOS89: This file includesdetailedinformationon dosimetryfor each calendar
year ]944-1989. The dosimetrydata was obtainedfrom the ORE files and
from MST79. DOS89 includesa designationindicatingwhethereach annual
dose was receivedas an operationsworker or in other work such as
construction.

INT89: This file gives data on those workerswith confirmeddepositionsof
plutoniumand other radionuclides.

IARCS9" This file includesall variablesspecifiedin the IARC protocol. The
populationincludedon this file consistsof workersinitiallyemployed
as operationworkers prior to 1979 and for whom there was no reason to
suspectinadequatemortalityascertainment.The populationdiffers
slightlyfrom the study populationincludedon MSTT9 and CEDR78 as



describedin Chapter2. The differencesoccur becauseadditionaledits
that were performedamong the variousfiles revealed someworkerswho
appearedmore than once on MST79 (underdifferentSocial Security
numbers),some workerswho shouldnot have been a part of the original
study population,and some workersfor whom mortalityascertainmentmay
not have been adequatebecauseof incorrectSocial Securitynumbers. In
addition,the updatedoccupationalhistories(OHH_OP)identifiedsome
additionalworkersinitiallyemployedprior to ]979 who had not been
includedon MST7g. The file includesdosimetrydata from 1944-]989,
and, unlikeMST7g and CEDR78,includesdoses received in construction
work (althoughall workersmust have been employedat some time in
operationswork). The file includesmortalitydata from 1944-1986,and,
in addition,deathsoccurringin the state of Washington1987-1989.

ADDS9: This file identifiesworkerswho were not includedon IARCB9because
of questionsregardingadequacyof mortalityascertainment(seeChapter
2), but who were part of the cohortof subjectsinitiallyemployedas
Hanford operationsworkersprior to 1979.

The subsequentchaptersof this reportprovidea detaileddescriptionof

the steps in buildingthe PNL database. Chapter2 describesseveraledits

that were conductedto _fine the study population,and to resolveproblems

involvingworkers known under more than one Social Securitynumber. Chapters

3, 4, and 5 describethe respectiveprocessesof creatingthe condensed

occupationalhistoryfile (JOB89),the externaldosimetryfile (DOS89),and

the internaldepositionFile (INTSg). Chapter6 describesthe processused to

update the mortalitydata.

In severalplaces in the document,groups of workersthat were

identifiedin variousedits are described. This document indicatesonly the

number of workers in such groups. An unpublishedsupplementarydocument

providesthe identificationnumbers for these workers.

1.4
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2•0 DEFINITION_OFTHESTUDY POPULATION

The study populationis definedto includeall workerswho were

initiallyemployedas operationsworkers 1978 or earlier,and this group will

be referredto as "the study population",or sometimesas "the completestudy

population." Whether a worker is a part of the study populationis determined

throughexaminationof data on the MST79 (whichwas derivedfrom OHHT9 and

. dosimetryfiles),OHH_OP,and ORE files. Problemsin definingthe study

populationarise becauseof discrepanciesin data on these files, and because

• someworkers have been known under more than one SocialSecuritynumber.

Initialeffortswere directedat resolvingdi'_crepanciesamong the

variousfiles,and includedeffortsto identify,link, and consolidateworkers

who were known under more than one Social Securitynumber• These effortsare

summarizedin Section2.1, and describedin detail in Sections2.2, 2.3, and

2.4. The objectiveof these effortswas to identify,based on currently

availablerecords,those workersinitiallyemployedas operationsworkers 1978

or earlier. All workerswere assignedan identificationnumber (ID),with

known duplicatesunder a single ID number.

This process identifiedsome workerswho were judged to be membersof

the study population,but for whom there is some questionregarding

ascertainmentof mortalitydata, usuallybecauseof multipleSocial Security

numbers,or becauseworkerswere not found on the latestoccupationalhistory

files, which serve as the basis for mortalityfollow-up. These workers are

placed on a separatefile calledADD8g. Until it can be assuredthat

mortalityascertainmentfor t_ese workers is adequate,they will not be

includedin mortalityanalyses. The populationof workersemployedas

operationsworkersprior to 1979, but excludingworkerson ADD89, will be

referredto as "the currentstudy population." The IARC89file includesdata

• only on membersof the currentstudy population.

" 2.] OVI_RVIEW

In order to be considereda part of the completestudy population,

workerswere first requiredto satisfyat least one of the followingcriteria.
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1. Data on OHHOP (This meant that according to HEHFrecords in 1988, the
worker had been employed in operations work prior to 1979.) A total of
44,407 workers qualified by meeting this criterion.

2. OHH79data on MST79 (This meant that according to HEHFrecords in 1979
the worker had been employed in operations work prior to 1979.) An
additional 104 workers, who had not qualified under criterion 1, met
criterion 2. It is noted that there were 3 workers with OHH79data on
MST79where data on more recent OHH88files indicated that initial
employment was after 1978; these 3 workers were not considered to be
eligible for the study population. p

3. Current records (other than OHHOP) at HEHF indicating the worker was a
part of the operations worker cohort. To ascertain this, staff at HEHF
searched for records of workers who were on MST79, but not on OHHOP.
Many of these workers had only _osimetry data, and had not previously
had data on the OHH79file. These s,arches were primarily conducted in
1989.

An additional 36 workers, who had _ot q_lalified under criteria 1 or 2,
qualified under criterion 3. Thus, a total of 44,547 workers met at
least one of the three criteria.

Because lt is known that the OHHfiles sometimes erroneously included

workers who reported for initial physical examinations, but never actually

started work, it was also required that in addition workers meet at least one
of the three criteria listed below. The first two criteria involve use of

dosimetry records from both OREand MST79. The use of MST79was necessary,

because the OREsystem no longer includes the records of over 10,000 early

workers, for whomexternal dosimetry data were available in 1979 when MST79
was created. 1

A. Workers had to have at least one year of onsite operations dosimetry on
the OREfile prior to 1979. 26,375 workers qualified by meeting this
criterion. Dosimetry data for these workers were taken from ORE.

B. Workers had to have dosimetry data on MST79. An additional 10,305
workers, who did not meet criterion A, qualified under criterion B. For
these workers, dosimetry data were taken from MST79. In somecases,
workers had dosimetry on MST79, had a Social Security number match with
OREbut no onsite operations dosimetry on ORE (offsite or construction

ITheserecordsbelongedto employeeswho left Hanfordwith DuPontwhen
General ElectricreplacedDuPont as the major contractor. BecauseDuPont had
taken exposurerecordsof these personswith them, a decisionwas made that
these dose recordswere the responsibilityif DuPont ratherthan the Hanford
RadiologicalRecordsprogram.
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dosimetry only); these workers were not considered as qualifying under
criterion A or B.

C. Workers without dosimetry (as established under criteria A and B) had to
have current records at HEHF, either by being included on OHHOP or bym

having other records indicating they were a part of the operations
cohort. To establish this, HEHFstaff searched for records of workers
who were included on MST79, but without data on OHHOP. In addition,
workers without dosimetry were required to have more than just a hire
date on OHHOP (or on MST79 if they were not on OHHOP). Workers with

. only hire dates could have reported to HEHFfor physical examinations
(and thus were entered in the OHHftle), but may not have initiated
employment. These workers should not have been retained on the OHH

• files, but errors ma) have been made. An additional 7,604 workers
qualified under criterion C, who did not qualify under criteria A or B.
These workers do not have dosimetry data.

It may be useful to indicate the numbersof workers excluded for various

reasons. Of the 44,547 workers who were eligible for the complete study

population (under criteria 1-3), 7,867 workers did not have dosimetry data as

defined under criteria A and B. Of these 7,867 workers, 80 workers were

excl_lded from the study population because they had no current records at HEHF

(6_ f the 80 workers had only hire dates on MST7g), and 183 workers who had

current records at HEHFwere excluded because they had only hire dates. Thus,

the total number of workers in the complete study population is 44,284.

Certain workers qualifying for the study population according to the

above criteria were temporarily excluded from the current study population to
be included on IARC89. This was done because of uncertainty regarding the

adequacy of mortality ascertainment either because there was somequestion

about the correctness of the Social Security number on OHH_OP,or because

workers were not found on OHHOP. HEHF's OHHfiles have been used as the

basis for mortality follow-up. These excluded workers were placed on a

special file called ADD89.

• Specifically, the ADD89 includes four groups of workers as follows:

I. 27 workers for whomthe Social Security number found on OHHOP isw

• thought to be incorrect. This group included 17 workers who were known
under more than one Social Security number, and are referred to as
"duplicates." These workers are described in detail in Section 2.3.

2. 40 workers identified as having potential Social Security numbererrors
in probability linkages of OHH_OP and OREfiles. These workers are
described in detatl in Section 2.4.
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3. 59 workers who were not tncluded on OHHOP. Of these 59 workers, 50 had
other records at HEHF, while 9 did not,-but were found on HST79 with
both OHH79and dosimetry data.

4. 2 workers with no data on birth date.

Table 2.1 summarizes the status of workers who appeared either on HST79

or on OHH_OP. Categories not considered to be a part of the complete study

population are indicated with an asterisk. Table 2.2 shows the same

information for workers determined to be a part of the current study

population (on IARC89) and for workers placed on the addendum(ADD89).
t

TABLE2,|. Total numberof workers by status on HST79and according
to HEHFrecords

Status on HST79
StatUS at HEHF Dosimetry Not on

OHH79data data only HST79 Total

On OHHOP 43,986 314 107 44,407m

Not on OHHOP but
other records found 15 36 51

No records at HEHF 89 25(a) 114
On OHH88file but.hire

date after 1978_} 3(a) 2(a) 5(a)

Total 44,093 377 107 44,577

(a) Not eligible for complete study population.
(b) These workers are included in this table only because they appeared on

HST79.

TABLE2.2. Total numberof workers on IARC89 and on ADD89(in parentheses)
by status on HST79 and according to HEHFrecords

.... Status on HST79
Status at HEHF Dosimetry Not on

_Z9 data data only HST79 Total

On OHHOP 43,739 (66) 313 (]) 104 (2) 44,156 (69) '
Not on OHHOP butm

other records found 0 (]4) 0 (36) 0 (50)
No records at HEHF 0 (9) 0 (0) 0 (9)
On OHH88file, but hire

date after 1978 0 (0) 0 (0) 0 (0_
Total 43,739 (89) 3]3 (37) 104 (2) 44,156 (128)
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Table 2.3 shows the status of worker records on MST79, and also
additional workers found on OHHOP but not onMST79_ The column labelled

"Duplicates" describes the records of forty (40) workers with multiple Social

Security numbers. These duplicates produced 72 records on MST79, _nd an

additional 9 records on OHH_OP(with Social Security numbers that did not

match those on MST7g.) See Section 2.3 for additional detail on these

duplicates. Note that, because of the duplicates, the total of 44,502 records

• on MST79results from 44,470 workers, while the overall total of 44,623

records results from 44,582 workers.

TABLE2.3. Numberof entries on HST79 and number of entries from OHHOP
that were not on MST79

Duplicates Remainder Total
Both OHH79data and dosimetry data 28 35,864 35,892
OHHdata only 19 8,190 8,209
Dosimetry data only _5 376 401
Total entries on MST79 72 44,430 44,502
Entriesfrom OHHOP, not on MST79 9 112 121
Total 8] 44,542 44,623

Table 2.4 shows the statusof variousworkerswith respectto IARC89and

ADDB9. The 40 duplicatesare again shown separately. The designation"with

dosimetrylink" indicatesthat the worker eitherhad operationsdosimetryon

the ORE file prior to 1979, or that the worker had dosimetrydata on MST79o

lt is noted that of the 128 workerson ADD89, nearly half (60)were hired 1975

or later. Only nine workerson ADD89 had cumulativedoses exceeding10 mSv,

and none had cumulativedoses exceeding50 mSv.

TABLE 2.4. Numberof workerson IARC89and ADDB9

IARCB9 ADD8g Total
Duplicates- With dosimetrylink 21 14 35

" Remainder - With dosimetrylink 36,552 93 36,645
Total - With dosimetryllnk 36,573 107 36,680

• Duplicates- Withoutdosimetrylink 2 3 5
Remainder- Withoutdosimetry]ink 7,581 18 7,599
Total - Withoutdosimetrylink 7,583 21 7,604

TOTAL 44,156 128 44,284
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Workers in the study population were later linked with dosimetry for the

years 1979-1985. In addition, someworkers in the study population had also

been monitored while performing construction work either prior to or after

their period of operations employment. These doses were also added to the

file, and thus increased the number of workers with dosimetry data. To

summarize,of the 44,156workerson the IARC8gfile, 7183 had no onsite

dosimetrydata, 35,309 had only operationsdosimetry,],564 had both

operationsand constructiondosimetry,and 100 had constructiondosimetry

only. Of the total of 36,973with dosimetrydata (operations,construction,

or both), 36,603 had dosimetrydata prior to Ig/g.

2.2 COMPARISONOF DATA ON MST79 AND OHH OP

An importantstep in identifyingthe study populationwas comparingthe

informationon MST79 with informationon the more recent OHH files,

specificallyOHH_OP. The OHH_OP file includedboth Social Securitynumber and

name, and, in addition,could be linkedto the HEHF AKA file for other Socialw

Securitynumbersand names under which workershad been known. MST7g was made

from occupationalhealthhistories(OHH79)and dosimetrydata receivedin

]g7g, and includedonly a singleSocial Securitynumber,and no names.

Table 2.5 shows the resultsof linkingthe files based on exact matches

of the single Social Securitynumberson OHH_OP and MST79. Some workers (401)

on MST79 had dosimetrydata, but no data from the earlierOHH79 file. Some

entries in Table 2.5 were later found to representduplicates(i.e.different

Social Securitynumbersfor the same worker).

Workers In groups A, CI, C2, and C3 in Table 2.5 were checkedagainst

the HEHF AKA file, and were also checkedby clericalstaff at HEHF. Thism

processand other edits resultedin determiningthat some workers in C were

the same as workersin A (butunder differentSocial Securitynumbers),and in

determiningsome workerswho had been on MST79 twice under differentSocial

Securitynumbers,usuallyone numberwith only dosimetrydata and one number

with only OHH79 data. Detailsare given Section2.3.

2.6
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TABLE2.5. Results of linking the fiies OHH_OPand MST7g

OHH_OP MST79

Total on file 44,296 44,502

A. On OHHOP, but not on MST79 121m

B. On both OHHOP and MST79 44,296m

I. Dosimetry data only on MST79 (no OHH79data) 318
2. OHH7gdata on MST79 43,978

C. On MST79, but not on OHH_OP 206
I. Dosimetry data only 83
2. Both OHH79and dosimetry data 29
3. OHH79data only 94

For someworkers in group C, records of workers were found at HEHFeven

though these workers had not appeared on OHH_OP. It is also noted that of the

123 workers with previous OHH79data in group C, 71 had only hire dates.

For those workers who linked (B in Table 2.5), edits for agreement of

birth year, sex, and hire year between OHH_OPand MST79were performed. In

addition, the age at hire was checked to determine if tt fell within the range

of 15-70 years on one or both files. In cases failing to pass these edits,

discrepancies were resolved at HEHF. The correct information, in addition to

the incorrect (with flag) is carried on the KEY file. (See list of variables

on KEY file in Appendix D).

These edits identified 64 cases where sex did not match, 94 cases where

birth year did not match, one instance where both mismatched, 17 instances

where hire year did not match, and 8 instances where the age at hire was not

in the range 15-70. The information on the more recent OHH_OPwas usually

judged correct, although there were exceptions.

" 2.3 DUPLICATESAND INCORRECTSOCIAl,SECURITYNUMBERS

Examinationof workers in groupsA, CI, C2, and C3 in Table 2.5 and
Q

other work performedin buildingthe worker database,led to the

identificationof forty workerswith multipleSocial Securitynumbers,and

nine workerswith incorrectSocial Securitynumbers. Whetheror not a given

SocialSecuritynumberwas correctwas determinedby staff at HEHF and/or
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PNL's Health Physi:s Department, who examined available source records.

Although the words "correct" and "wrong" are used in discussing the status of

Social Security numbers, in fact, these are Judgmentsbased on available data.

Both the HEHF_AKAfile (file of alternative Social Security numbersmaintained

by HEHF) and forms provided to us by the Health Physics Department indicating

modification o_ Social Security numberswere used in this process. This

process identified 50 workers as indicated in Table 2.6.

TABLE 2.6. Status of workerswith more than one Social Securitynumber
or with incorrectSocialSecuritynumberon MST79 and OHH OP

Number of
Group workers Description

A. 6 CorrectSocialSecuritynumber on MST7g,
but wrong Social Securitynumberon OHH_OP.

B. 4 Wrong Social Securitynumberon MSTTg, but correctSocial
Securitynumberon OHH OP.u

C. 7 On MST7g under two Social Securitynumbers,both with old
OHHlg data.

D. 6 Wrong Social Securitynumber for the MST7g entry that
includedOHH7g data, but correctnumberfor the MST79
entry with dosimetrydata only. Two workershad the
correct SocialSecuritynumber on OHH OP; four workers
did not (that is, the SocialSecuritynumberon OHH_OP
agreedwith the incorrectSocialSecuritynumber on
MST79).

E. 16 Wrong SocialSecuritynumber for the MST79 entry with
dosimetryonly, but correctnumberfor the MST7g entry
that IncludedOHH7g data.

F. ] Two Social Securitynumberson MST7g, both with dosimetry
only. One of the numberslinkedwith the OHH_OP.

G. 10 Social Securitynumber incorrecton both MST7g and OHH_OP
(same number).

The 27 workersin groupsA, B, D, F, and G were placed on the ADD8g

file, and will not be includedas a part of the study populationuntil it can

be assuredthat mortalityascertainmentis adequate. The 23 workers in groups

C and E were includedon IARCBg;these workershad correctSocial Security
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numberson both MST7g and on OHH_OP,the files that have servedas the basis

for mortalityascertainment.

2.4 PROBABILITYLINKAGESOF OHH OP AND ORE DOSIMETRYFILES

Files createdfrom the OHH OP files and from the ORE files were sent tou

Advanced LinkageTechnologiesof America(ALTA). The purposeof this linkage

was to resolveinstancesin which workersmay have been known under different

Social Securitynumberson the two files, lt is known that in some cases HEHF

or PNL's Health PhysicsDepartmenthave modifiedSocial Securitynumbers.

' Changes at HEHF shouldlead to an entry on the HEHF_AKAfile, but some changes

could have been missed. PNL has providedus with change recordsonly

recently.

The informationobtainedfrom these linkageshas been used only to

identifycertainworkerswho may have incorrectSocial Securitynumbers(and

thus inadequatemortalityascertainment).These are excludedfrom IARCSg,but

appear on ADD8g. They will not be includedin analysesuntil resourcespermit

further investigationof these linkages.

The extractsent to ALTA from the OHH_OP file includedSocial Security

number, name, date of birth, sex, and alternativeSocial Securitynumbers,

names, etc. that had been used for the worker. The extractfrom the ORE file

includedsimilardata for workerswith at least one year of dosimetry

designatedas operationsor as "X". (The "X" designationwas used for workers

employed by more than one contractorin the designatedyear, including

workers employedin both operationsand constructionwork). This allowedthe

identificationof possiblelinkagesbetweenthe two files in cases where the

Social Securitynumbersdisagreed. Availabledata on SocialSecuritynumber,

name, sex, and birth date were used to assigna probabilitylinkageweight for

all matches, includingthose where SocialSecuritynumbersmatchedexactly.

Linkagesassignedweights of g or more are consideredto be "high likelihood

linkages",while those assignedweightsbetween4-8 are consideredto be "low

likelihoodlinkages."

The ALTA linkagesdid not considerdates of employmentfrom OHH_OP and

dates of dosimetryfrom ORE. This informationcan be used to provide
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additional information on which to judge whether a particular linkage is

correct. Because lt is known that someSocial Security numbers in the ORE

system had been modified after MST79was created, lt is also useful to compare

doses on MST79with doses from ORE in evaluating whether or not a linkage is
correct.

We first evaluated low likelihood linkages (weights 4-8) that involved

exact Social Security matches. Linkages that were based on exact Social

Security number matches would have been linked previously, but might have been

incorrectly linked. With one possible exception, these were judged to be

correct. High likelihood linkages with weights g+ involving exact Social

Security number matches were accepted without further examination; these would

have been identified in our own linkages.

We then evaluated all linkages with weights of 4 or higher that did not

involve exact Social Security number matches. These are potential candidates

for new linkages. Results are shown in Table 2.7.

In order to fully use this information, lt is necessary to conduct

detailed checks of information with HEHFand PNL's Health Physics Department

to determine which Social Security number is correct, and in somecases, which

dosimetry is correct. Because we did not wish to delay progress on these

files, this task has been postponed. For the time being, the only way these

results are used is to assign a flag equal to the group numbergiven above,

and to exclude all workers in groups 2, 4, and 6 from the current study

population on IARC89. These workers are included on ADD89(see Section 2.1).

Note that for workers in these groups, Social Security numbers from OHH_OPand

OREdisagreed, and thus there is a possibility that the OHH_OPnumber is

wrong, and we cannot be certain that mortality data was sought under the

correct Social Security number. Workers on ADD89will not be included in

analyses planned for the near future.

Workers in Group 1 are duplicates which have been dealt with separately

in Section 2.2. Workers in Groups 3 and 5 did not seem likely to be correct

matches, and thus the original data is likely to be correct. These workers

were retained on IARC89, with the dosimetry from MST79.
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TABLE 2.7. Statusof probabilitylinkagesthat did not involveexact Social
Securitynumbermatches

Hiqh likelihoodlinkaqes(weiqhtsof 9+).
Group and
numberof
workers Description
IH. 2 Already identifiedas duplicatesor incorrectSocial Security

numbers(Section2.3)
2H. 4 New linkagesjudged to be correctbased on a

. comparisonof OHH_OP and ORE dates. No dosimetrydata on
MST7g.

3H. 1 New linkagejudged not to be correctbased on a
comparisonof OHH OP and ORE dates. No dosimetryon MSTT9 or

' on ORE under OHH OP Social Securitynumber.
4H. 3 New linkagejudged not to be correctbased on a

comparisonof OHH OP and ORE dates. Workershad dosimetryon
MST79 (whichdid not agreewith the new linkages),but did not
have an exact match betweenOHH OP and ORE.u

5H. I Same as Group 4H except that this worker also had an exact
match betweenOHH OP and ORE.

6H. 7 New linkagejudged correctbased on a comparisonof OHH OP and
ORE dates.Workersalso had dosimetryon MST7g,which agreed
with the new linkages.

Low likelihoodlinkages{weiqhtsof 4-8).
Group and
number of
workers Description
IL. 2 Already identifiedas duplicatesor incorrectSocialSecurity

numbers(Section2.3)
2L. 1 New linkagejudged to be correctbased on a

comparisonof OHH_OP and ORE dates. No dosimetrydata on
MSTTg.

3L. 3 New linkagesjudged not to be correctbased on a
comparisonof OHH OP and ORE dates. No dosimetryon MSTT9 but
one of the workershad dosimetryon ORE under the OHH_OP
SocialSecuritynumber.

4L. I New linkagejudged not to be correctbased on a
comparisonof OHH OP and ORE dates. Worker had dosimetryon
MST7g (whichdid not agree with the new linkages),but did not
have an exact match betweenOHH OP and ORE.

SL. 9 Same as Group 4L except that these workersalso had an exact
' match betweenOHH OP and ORE.

6L. 10 New linkagesjudgedcorrectbased on a'comparisonof
OHH OP and ORE dates.Workersalso had dosimetryon MST79,D

' which agreedwith the new linkages.
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In addition,the OHH OPP file was linkedwith workerson the ORE file

who had no dosimetrydesignatedas operationsor "X" prior to 1979. This

yielded 14 linkageswhich appearedto be correct,but where the Social

Securitynumbersdiffered. These workerswere also excluded from IARC89,but

includedon ADDS9.
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3.0 PREPARATIONOF A CONDENSEDOHH OP"FILE AND THE ASSIGNMENTOF SOCIALCLASS

OHH_OP is an extremelylarge file containinga sequenceof entriesfor

each worker,presumablyan entry for each time that certainchangesin job

categoryand organizationalcode occurred. In practice,many of these changes

are not of interestto us so that the file can be condensedwithoutlosing

useful information. In addition,we were aware of many problemsin the manner

• that job categorycodes were assigned. To some extent,these problemscould

be reducedthroughcomputerediting.

Each entry on OHH_OP includesan alphanumericdescriptionof the job,

beginningand endingdates, a three digit Bureauof Census (1971)job code,

and possiblya job status code (hire,termination,etc.). Additional

informationon work locationsand organizationalcodes is also included,but

was not used in preparingJOB8g. The formatfor the OHH_OP file is given in

AppendixC.

An objectivein creatingJOBB9 was to use the occupationalhistorydata

to assignjob categoryand/or socioeconomicstatuson a time specificbasis.

We were particularlyinterestedin using the job categorydata to developa

socioeconomicindex comparableto the socialclass index used in some United

Kingdomnuclearworker studies,and, thus, had a specialconcernfor

correctingerrors that would assignworkers incorrectsocioeconomicindices.

We were also interestedin identifyingworkers in certainjob categoriesthat

are specificto the nuclear industry. Some of these categoriesdo not have

Bureau of Census Codes, and thus neededto be assignedspecialcodes.

Section3.] describesthe processused to edit and condensethe OHH_OP

file to form JOB89. Section3.2 describesthe summaryinformationon job

categoryand socioeconomicindex that was extractedfor the IARC89file.

3.1 DEVELOPMENTOF THE CONDENSEDOHHOP FILE, JOB89

• 3.1.1 Modificationsof Bureau of Census Codes

The first step in creatingJOBS9 was to modify certainBureauof Census

codes based on the alphanumericdescriptions. These changes,with

explanations,are as follows. The Bureauof Censu_ codes are summarizedin

3.1
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AppendixE. The changesbelow do not correctall inconsistenciesbetween

alphanumericdata and Bureau of Census codes,but do correct the

inconsistenciesthat occurredfrequentlyor that were importantfor use in

assigningsocialclass, and for designatingspecialcategoriesof nuclear

workers.

Code 085: If the designationRAD MON was used, the code 085 was changedto
691, a new code for radiationmonitors. (The code 085 was intendedto
be used for healthtechnologistsand technicians,but at Hanfordwas
used for radiationmonitors. The specialcode 691 was createdfor these
workers,who can be consideredas semi-skilledmanual workers,not
professionaltechnicalworkers as is impliedby the code 085.)

Code 151: If the designationsCHEM HELPER,CHEM TRNE, NUC CHEM LDR, or NUC
CHEM LDR OPER were used, the coded 151 was changedto 692, a special
code for chemicalprocessworkers. (The code 151 was intendedto be
used for chemicaltechnicians,but at Hanfordwas sometimesused for
chemicalprocessworkers. The specialcode 692 was createdfor Chese
workers,who can be consideredas semi-si.illedmanual workers,not
professionaltechnicalworkers as is impliedby the code 151.)

Code 162: If the designationTECH INSTRUMENTwas used, the code 162 was
changedto 492, the code for mechanicsand repairmen. (Thecode 162 was
intendedto be used for engineeringand sciencetechnicians,but at
Hanfordwas sometimesmistakenlyused for workerswho should have been
assigned492 for mechanicsand repairmen.)

Code 226: If the designationCONDUCTORwas used, the code 226 was changedto
550. (Theseworkerswere really probablyswitchmen,and were
arbitrarilyreassigneda code that would place them as skilledmanual
workers. There were only five instancesof the use of "CONDUCTOR".)

Code 245: If any of the designationsMAINT, SHIFT,RAD MON, CREW, PROC, CRAFT,
SUPP, OPER, ELEC, MT, JANITOR, SHOPS,SUBSTATIONwere used, the code 245
was changedto 590, a new code definedfor supervisorymanualworkers.
(The code 245 was intendedto be used for managersand administrators,
but at Hanfordwas sometimesused for supervisorsof those performing
manual work. The specialcode 590 was createdfor these workers,who
can most appropriatelybe consideredas skilledmanual workers,not
white collarmanagersas impliedby the code 245.)

Code 525: This code was changedto 695, a new code for power operators.
(Theseworkers are most appropriatelyconsideredas semi-skilledmanual
workers, ratherthan skilledmanualworkers. The new code reflects
this.)

Code 545: If either of the designationsPILE or REAC occurred,the code 545
was changedto 693, a new code for reactoroperators. (Reactor
operatorswere sometimesassignedthe non-specific545 code for
stationaryengineers. 693 is a specialcode for reactoroperators.)
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Codes 690-699: The followingsteps were conductedin the order listed. Only
one code was assignedwith prioritiesas indicated.

1. If any of the designationsCHEM, PROC, or SEP occurred,the worker
was coded 692.

2. If either of the designationsPILE or REAC occurred,the workerwas
coded 693.

3. If the designationUTIL occurred,the workerwas coded 694.
4. If the designationPOWER occurred,the worker was coded 695.
5. If none of the above designationsoccurred,the worker was coded

. 696.

The resultingnew codes are as follows:

691: Radiationmonitors
692" Processoperators
693: Reactoroperators
694: Utilityoperators
695: Power operators
696: Other operators

(Thecodes 690, 692, 694, and 695 were all generalBureau of Censuscodes for
operatives. At Hanford,processoperatorsand reactoroperatr_swere often
assignedthese codes. The scheme above providesspecificcodes for these two
major nuclearworker groups If only the term "UTIL"occurred,it was
impossibleto determineif a worker was in processor reactoroperations.)

3.1.2 Assiqnmentof social Class

Using the job categorycodes, as modifiedabove,each code was assigned

a more generalcode as indicatedin Table 3.1. The first digit of these codes

indicates"SocialClass" in a manner that is reasonablycomparablethe

classificationsystem used in the United Kingdom. The seconddigit keeps

track of certainsubdivisionswithin Social Class.

3.1.3 Condensationof the OHH OP file
w

The abbreviatedfile JOB89 combinessequentialentriesfor which the

social class codes describedin 3.1.2 did not change,and for which the worker

. did not terminateemployment. Sequentialentrieswere also combined if the

time intervalbetweenthe terminationcode and the next code on the filewas

• less than one month. Each of the entrieson JOB89 includesthe beginningdate

for the entry, the endingdate for the entry, and the length of time in the

socialclass code indicatedfor the category (thedifferencein the two

3.3
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TABLE3.1. The assignment of general occupational codes and
Social Class from Bureau of Census codes

Code Description Bureau of Censuscodes to be included

10 Social Class 1 001-073 except 032, 056
21 Social Class 2 032, 056, 074-195

Technical
22 Social Class 2 201-245, 265

Managerial
31 Social Class 3 301-395, 280

Clerical, non-industrial
32 Social Class 3 401-575,.961, 964-995

Industrial
33 Supervisors 590
40 Social Class 4 600-689, 694-726, 755, 912-916
41 Radiation Monitor 691
42 Process Operator 692
43 Reactor Operator 693
44 Security 962
50 Social Class 5 740-954 except 912-916

dates.) Using the length of time variable, it is easy to determine the total

length of time spent in each social class or job category.

3.2 VARIABLESDEFINEDFROMJOB89

The condensed file JOB89was used to define the summarysocial class/job

category information that was extracted for IARC89. For this purpose, only

information through 1985 and before the worker reached age 60 was used. The

date 1985 was chosen because the next mortality analyses will include deaths

through 1986. The reason for considering only information before workers

reached age 60 was that someworkers may have changed to physically les_

demanding jobs as they approached retirement age, or may have returned to work

part-time in less demanding jobs after retirement. For workers initiating

employment after age 60, the variables below were based on the first job

category code.

The followingvariableswere definedfor each worker.

LASTSC"the last social class/jobcategoryheld by the worker.

SCXX: the number of years spent with SC = XX;
XX = 10, 21, 22, 31, 32, 33, 40, 41, 42, 43, 44, 50
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LONGSC:the social class/job category held the longest, defined as the social
class associated with the largest of SClO, SC2], ..., SC50

in addi_ion, four "general" social classes were defined as follows.

General social class 1 consists of the combined categories 10, 21, and 22;

general social class 2 consists of 31; general social class 3 consists of the

combined categories 32, 33, 40, 41, 42, 43, 44; and general social class 4

consists of 50. Within these general categories, distinctions concerning

socioeconomic status were not clear-cut, and it was thus thought desirable to

combine them for somepurposes. Variables indicating the length of time spent

. within each general category were defined as follows. IARC89 includes the

variables LASTSC,LONGSC,LONGGEN,and TLENG.

LENGI: SC]O + SC2! + SC22
LENG2: SC31
LENG3: SC32+ SC33 + SC40 + SC41+ SC42+ SC43 + SC44
LENG4: SC50
TLENG: LENG1+ LENG2+ LENG3+ LENG4
MAXSC: maximumof LENGI, LENG2, LENG3,LENG4.
LONGGEN:the general soctal class held the longest.

It should be noted that there are many instances of long gaps in

workers' histories without OHH_OPentries, lt is not knownwhether these gaps

represent periods for which there was no change in status, or whether certain

changes simply were not entered on the OHH_OPfile. To the extent that the

latter occurred, there will be errors in the variables described above.

Because there is not a great deal of movementacross general social classes,

the variable LONGGENis less subject to error than variables giving more

detail on the occupational history.
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4.0 EXTERNALDOSIMETRYDATA

4.1 INTERNALEDITS OF THE ORE FILES

The ORE files were obtainedfrom the PNL's Health PhysicsDepartment.

These files includean enLry for each worker for each year of monitoringfor

externalexposure. Each entry includesthe r_cordeddose from photons(PENE),

from X-rays (XRAY,recordedseparatelyonly in the years 1957-1971),neutrons

(NEUTRON),and tritium(TRITIUM). For earlieryears, dose from slow neutrons

is separatedfrom dose from fast neutrons. Dose from non-penetrating

• radiationand doses to extremitiesare also included,but are not considered

for the discussionhere. The file also includesseparateentries indicating

dose receivedoffsite,which is describedbelow. The currentORE files are

describedin detail in AppendixC. Additionalinformationon dosimetry

recordsis given by Gilbert (1990).

Severaledits were performedwith potentialproblemsresolvedby PNL's

Health PhysicsDepartmentstaff. Editswere initiallybased on data through

1982,with later edits conductedon the 1983-1989data. An initialedit

checkedfor out-of-rangedates and exact duplicatss. Discrepancieswere

resolved,and exact duplicateswere deleted.

4.1.1 Annual Whole Body Doses Exceedinq50 mSv

For each year, the whole body dose (WB)was calculatedas

WB I PENE + 35% XRAY + NEUTRON(fast & slow) + TRITIUM. Only dose received

onsitewas included. There were 44 instancesin the period 1944-1982,where

WB exceeded50 mSv. These cases were printedout for examination. For 28 of

these cases, the doses were only slightlyover 50 mSv (lessthan 70 mSv), and

doses receivedby the worker in nearbyyears indicatedthat the workerwas in

a job involvinghigher radiationexposures. In these cases_ it did not appear

. that an error had been made in recordingthe dose, and furthercheckingwas

judged unnecessary. In addition,three high doses from an incidentin 1962

. had been previouslyverified,so that no furthercheckingwas considered

necessary.

The remaining13 cases were checkedby the PNL's Health Physics

Department. In seven cases the recordeddoses were verified• In six cases,

4.1

2_

1



the recorded doses were found to be incorrect and were modified as indicated

in Table 4.1. The indicated changes were made both in our files and the

source OREfiles maintained by PNL's Health Physics Department.

4.1.20ffsite Doses Exceedinq 250 mSv

Offstte doses are occupational doses received at locations other than

Hanford. These doses are usually entered as a lump sum in the year that

worker initiates employment, or returns to Hanford after visiting or being

employed at another location. It ts not knownhow completely these exposures

are ascertained, and doses received after final termination of employment at

Hanford cannot be obtained by this system. Past analyses of the Hanford data

(Gilbert et al. 198ga) have tncluded these doses as having been received in

the year they were recorded. Other options for handling these doses will be

considered in future analyses.

There were 24 workers for whomthe total offsite dose for the years

1944-1982 was greater than 250 mSv. Because such doses could potentially have

strong effects on statistical analyses, these were checked by the PNL's Health

Physics Department. For 18 of the 24 workers, the offsite doses were

confirmed with results for the remaining 6 workers indicated in Table 4.2.

The year listed is the year the information was received and represents

cumulative dose received prior to that time. The codes IF, OL, etc. indicate

where the dose was received. (See codes in Appendix C.) Someworkers had

more than one entry representing multiple years and/or locations.

TABLE4.1. Hodifications in recorded annual doses exceeding 50 mSv

Worker Yea.____rrWB (mSv) Resolution

1. 1963 96.6 Changedto 0.6
2. 1954 105.5 Changedto 10.6
3. 1971 65.0 Changedto 6.5
4. 1962 70.6 Onsite dose d_leted

(An offsite dose of 70.6 mSv was also
given for 1962, and was retained.)

5. 1987 201.2 Changedto 0.0
6. 1987 201.1 Changedto 1.1
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TABLE4.2. Modificationsin recorded offsite doses exceeding 250 mSv

Worker Year Location-Dose (mSv) Resolution

1. 1964 ]F-700.O 700.0 changed to 192.9

2. 1978 0L-77.0 1979 readings removed
1978 NT-63.5
1979 0L-77.0

• 1979 NT-63.5

3. 1969 BA-134.9 One reading of 134.9
1969 0L-134.9 removed.

4. 1978 0L-280.0 1978 reading removed
1979 0L-280.0

5. 1968 IF-404.6 404.6 changed to 134.6

6. 1979 0L-355.0 355.0 changed to 35.5

A later edit was conducted for the 1983-1989 data. All cases in which

the total offsite dose for the years ]983-1989 was greater than 50 mSvwere

checked. Ten cases were identified. All were checked and were correct.

However, in one case, the recorded offsite dose was the total for 1966 through

1983 (instead of 1983-1989), and an earlier offsite dose needed Lo be deleted.

4.2 COMPARISONOF DOSES TAKEN FROM ORE WITH THOSE ON MST79

Analysesof Hanfordmortalitydata (Gilbertet al. 1989a)have been

based on the dosimetryon MST79, which was obtainedfrom the HRO file, a

predecessorof the currentORE file. Between1979 and 1989, correctionswere

made to the earlierHRO data, and we were thus interestedin whether these

differenceswould be likely to affectthe resultsof dose-responseanalyses.

The edits in this sectionaddressthis issue.

For workersdying of cancer,annualdoses based on ORE, and annualdoses

. based on MST79 were compared. Discrepanciesof more than I mSv in any single

year, or discrepanciesof more than 10 mSv in the total dose through1978 were

examined.
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Only 12 such discrepancies were found, and most were trivial. Only one

instance of a substantive change was found, where the dose for 1969 (mostly

offsite) was changed from 301.3 mSv to 135.3 mSv. This worker died in 1977

with ICD code 154 (cancer of the rectum).

4.3 ADDITIONALDOSIMETRYEDITS COMPARINGDATA ON ORE WITH THAT ON OHH OP

Workerson OHH_OP and/orMST7g were linkedwith ORE files using exact

matches on Social Securitynumbers includingconsiderationof other Social

Securitynumbers under which workersmay have been known. In order to qualify

as a link, a worker was requiredto have one or more externaldosimetry

recordsbefore 1979 that was indicatedas an operationsreadingor as an "X"

reading (The "X" designationwas used for workersemployed by more than one

contractorin the designatedyear, includingworkers employed in both

operationsand constructionwork). As discussedin Section2.1, a group of

early workers are no longer includedon the ORE files. If a worker had

dosimetryon MSTT9, but failedto link with ORE, dosimetrydata were taken

from MSTTg. The status of workerswith respectto these linkageshas been

previouslysummarizedin Section2.1.

4.3.1 Edits for DosimetryOutsidethe Ranqe of EmplovmentDates

The edits describedin this sectionprimarilyinvolvecheckingthe

initialand final dates of employmentfrom OHH_OP with dates of monitoring.

Althoughworkersmay be employedat Hanfordwithout being monitored,dosimetry

data outside the range of employmentdates may indicatean error.

In preparingthe earlieranalysis file MST79, there were many instances

in which the initialdate of dosimetryprecededthe initialemploymentdate on

the OHH7g file. There were too many such workersto make it feasibleto check

them all, but a sampleof these cases were checkedagainst source recordsby

staff in the PNL's Health PhysicsDepartment. These checks indicatedthat

when there was a gap of severalyears withoutdosimetry,the date on OHH79 was

usuallycorrect and the dosimetryreadingsoutsidethe range of employment

dates were in error. However,when a worker had dosimetryfor most years

during the intervalin question,the dosimetryrecordswere usuallycorrect,
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although in somecases the worker might have been employed in construction

work during the period in question.

Discrepancies were too numerous for it to be feasible to check all cases

individually so it was necessary to develop rules, based on the findings noted

above, to handle these cases. Similar rules were developed to handle cases

where the date of last dosimetry exceeded the final date on the OHH79, and

• were also based on checking a sampleof cases.

In buildingour new database,we used the same rules developed

, previouslyfor handlingthose cases where the initialdate from ORE preceded

the initialdate on OHH OP, or when the final date from ORE was later than them

final date on OHH OP. These rules providedthe basis for excludingsome

dosimetrydata outside the range of the OHH_OP employmentdates. The rules

also provided a basis for defininginitialand final monitoringdates.

Although annualdoses incurredin constructionwork were includedin our

database as discussedat the end of Section2.I, these doses were not

consideredin the edits describedbelow.

The dates referred to below as "initialOHH date", "initialOHH year",

"last OHH date" or "last OHH year" are defined as follows. If no OHH_OP data

were available,the first and last dates were taken from MSTTg; these had been

previouslyextractedfrom the OHHTg file in 1979. In all other cases, the

first and last dates were taken from the OHH OP file, with the last date

definedas the latest date on the file prior to 1986. The initialand final

dosimetryyears were based on ORE data from 1944-1985. For those workers

withoutORE data, but with dosimetryon MST7g, the dates were taken from

MST79.

The followingprocedurewas appliedwhen the initialdosimetrydate

precededthe initialOHH date:

Let NY = InitialOHH year - Initialdosimetryyear
Let ND = Number of dosimetryentrieswith year less than initialOHH

• year
If ND/NY is greaterthan or equal to 0.5, the dosimetrydata (dosesand

initialdosimetryyear) are not altered)
If ND/NY is less than 0.5, the initialdosimetr_year is set equal to

the initialOHH year, and earlierdoses removedfrom the file.
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An edit was performedto determine if substantialdoses might be deleted by

this practice. There were no instancesin which the excludeddose exceeded10

mSv.

The followingprocedurewas appliedwhen the final dosimetryyear was

later than final OHH year:

Let NY = Final dosimetryyear - Final OHH year
Let ND = Number of dosimetryentrieswith year greater than final OHH

year
If ND/NY is greater than or equal to 0.5, the dosimetrydata (dosesand

final dosimetryyear) are not altered
If ND/NY is less than 0.5, the final dosimetryyear is set equal to the

final OHH year, and later doses removed from the file.

Again, an edit was performedto determineif substantialdose might be deleted

by this practice. There was only one instancein which the excludeddose

exceeded 10 mSv. The exceptionhad an OHH_OP terminationdate of 1945, and

dosimetry in 1g45, 1954, 1955, 1956, and 1957. This worker was not on ORE,

and dosimetrywas thus taken from MSTTg. Doses for this worker were verified

by the PNL's Health PhysicsDepartment,and the terminationdate was changed.

A furtheredit examined instanceswhere the final OHH OP year or the

final dosimetryyear was after the date of death. Two cases were found where

one of the dates had been incorrect;these were corrected. In an additional

gl cases, the death had occurred in the year precedingthe latest dosimetry

date, and it appearedthat dosimetrydata had simply been recordedlate. In

these cases, the final dosimetrydate was changed to the date of death and any

dose recorded in this final year added to the year that death occurred.

Using the various availabledates, a variable,"last known employment

date" (referredto below as LED) was definedas follows.

If the last OHH date prior to ]986was in ]gB5 and designatedas a
termination(T), retirement(R), or inactive(1) date, then LED was set
equal to the last OHH date prior to 1986.

If the last OHH date prior to 1986was in 1985 and no___ttdesignatedas T,
R, or I, then the LED was set equal to December31, 1985.

If the year of the last OHH date was earlier than 1985, and greater than
or equal to the year of last operationsdosimetry,the LED was set equal
to the last OHH date.
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If the year of last OHH date was earlierthan 1985, and less than the
year of last operationsdosimetry,the LED was set equal to June 30 of
the year of last operationsdosimetry. However, if the last date of
operationsdosimetrywas 1986 or later, the LED was set equal to
December31, 1985.

lt should be noted that the subtractionof the initialemploymentdate

from the LED will not alwaysyield the same value as TLENG, defined in Chapter

3. TLENG excludes periodswhen workersmay have terminatedemploymentand

• returned at a later date. Also, TLENG is based exclusivelyon the OHH_OP

file, and thus does not includeperiodswhen workerswere monitoredfor

, radiation,but with no indicationof employmentat Hanfordon the OHH_OP

files. In particular,there are some workerswith only hire dates on the

OHH_OP file, and for whom TLENG=O even thoughthey may have a few years of

dosimetry.

4.3.2 Neutron and OffsiteDoses for Workerswith Dosimetryon MST7g but not
on ORE

As indicatedabove, some workersdid not link with ORE, and dosimetry

data was taken from MST7g. MST7g did not includedosimetrydata that were as

detailedas that on ORE, and, in particular,did not includethe annual

neutrondoses or the annualoffsitedoses that are requiredby the IARC

protocol (seeAppendix B). MSTTg includesannualwhole body doses (the sum of

contributionsfrom photonsand neutronsand of onsite and offsitecomponents),

and also includesthe total neutrondose (addedup over all years of

employment),and the first and last years that neutrondose was received.

MST7g also includesthe total offsitedose, the year and amount of the first

offsitedose, and the number of offsiteexposurerecords.

There were 8 workerswith positiveneutrondoses, and without ORE data.

Four of these workershad only a single reading,and thus their annual neutron

doses could be constructedexactly. The other four had two readingseach as

follows: 64,65 - 3.6 mSv; 67,70 - 0.8 mSv; 68,69 - 0.4 mSv; 71,72 - 19.3 mSv.

For the IARCBg file, the neutrondose was allocatedin proportionto the

' recordedwhole body dose. The photon dose (fromgamma and x-rays),also

required by the IARC protocol,could then be obtainedby subtractingthe

neutrondose from the recordedwhole body dose.
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There were 13 workers with positive offsite doses, and without OREdata.

In only one case was there more than one offsite dose; for this worker the

total offsite dose was only 0.2 mSv, and the year was indicated as 1978.
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5.0 INTERNALDEPOSITIONDATA

The INDEP file, which contains data on each worker with one or more

confirmed internal depositions of plutonium or other radionuclides, was

provided by the PNL's Health Physics Department in September of 1991. Review

of this file for missing data and for workers with multiple entries resulted

in the additions and corrections listed in Table 5.1. These were determined

. by the PNL's Health Physics Department.

, TABLE5.L. Additions and corrections to the ]NDEPfile

Worker Chanae

1. 1971 added as the year of deposition.
2. Two plutonium entries combined. The year of deposition is 1972.

The total amount is 6.0%.
3. 1972 added as the year of deposition.
4. Duplicate record removed. Also, amountof Americium

deposition modified from 5.0% to 5.8%.

The INDEP file was linked with the KEYfile using exact Social Security
number matches. There were 63 workers on INDEPwho did not 1ink with the KEY

file. Of these, 47 workers were not operations workers, or the dates given

were such that it ,was possible workers had been Initially employed after 1978,

and thus not a part of the study population. The remaining16 workers

appeared to be operationsworkers,and had depositions1978 or earlier,and

thus should have been includedon the KEY file. As is describedbelow, it was

determinedthat one of the 47 workersand 9 of the 16 workers had incorrect

Social Securitynumberson INDEP,and did in fact link with the KEY file under

their correctnumbers, lt is not known why the remaining7 workers (from the

group of 16) were not found on the KEY file. All but one of these workers

were found on the source llst used in 1979 to providedepositioninformation;

these workers did not link at that time either. None of the workershad

depositionsexceeding5% of a maximumpermissiblebody burden.

An additionaledit identifiedworkerswho had internaldepositiondata

on MST79, but who did not have exact Social Securitynumbermatcheswith

INDEP. Twelve (12)workerswere found. Of these, 10 had Social Security

5.1
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numbers and deposition data that were very similar to the workers noted in the

previous paragraph, who were on the [NOEPfile, but did not link with MST79.

Checks with staff in PNL's Health Physics Department verified that the Social

Security numbers on INDEP for these 10 workers were incorrect. The checks

also found that two workers with depositions on MST79 but not on [NDEPhad

been reevaluated, and were no longer considered to have depositions.
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6.0 MORTALITY DATA

6.1 OVERVIEW

Mortalitydata ic obtainedby HEHF throughperiodic submissionsof

terminatedworkersto the Social SecurityAdministrationand, more recently,

to the NationalDeath Index. Death certificatesare obtainedby the Death

CertificateRetrievalOffice at Oak Ridge AssociatedUniversities.

" In addition,direct probabilitylinkagesare made with computerizeddeath

files in the states of Washington and California.
q

Death certificatesare sent to certifiednosologistsat the National

Center for Health Statistics (NCHS),and all medical conditionsrecordedon

the certificateare coded accordingto the Ninth Revisionof the International

Classificationof Diseases (ICDg, WHO 1977). The death certificatesand codes

are then returned to HEHF, where the informationis computerizedand again

sent to NCHS. NCHS software is then used to verify the consistencyof the

codes, and to assign the underlyingcause of death. Submissionsare made

periodicallyto NCHS, and in one of the submissionsmade since the latest

analyseswere conducted(Gilbertet al. lg8ga),all Hanforddeathswere

resubmitted. This allows for consistencyin assignmentof the underlying

cause of death in the event of changes in NCHS's system.

NCHS assigns ICDg codes (WHO, 1977),which are then translatedback to

ICD8 codes (WHO, Ig65) at PNL. For cancersand for broad categoriesof other

diseases,this translationis straightforward.The translationmay not be

adequate for detailed non-cancercauses,but we have not been interestedin

analyzingdata at this level. The translationcode as it involvescancer is

includedas Appendix F.

For 15 deaths, the NCHSwas not able to assign a code because of

_ problemswith the informationsent to them. These 15 deaths were resubmitted

to NCHS and resolved.
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6.2 EDITS INVOLY]NGHH091 DATA

6.2.1 Linkaqes of HH091with Oata from Other Files

All workers on HH091 who were designated as operations workers, or as

both operations and construction workers, should have been included on the KEY

file described in Section 1.3. Linkage with the KEY file was addressed at

determining possible differences in Soctal Securtty numbers that needed

resolution. The results of linking HH091 and the KEYfile are shown in Table
6.1.

o

TABLE6.1. Numberof Operations Workers on HH091 by Status on Other Files

]. Workers with exact Soctal Security numbermatches
between HH091 and the correct Soctal Security
number on the KEYftle 10,917
a. Workers included tn the current study

population (on IARC89) 10,767
b. Workers on ADD89 18
co Workers on the KEY file, but excluded from the

current study population 132

[1. Workers without exact Soctal Security number matches
between HH091 and the correct Social Security number
on the KEY file 9_22
a. Workers found to ]ink with an alternative Social

Security number on the KEY file 4
b. Workers found to link with the KEYfile but where

the Social Security number on HH091 was not on the
KEYfile 15

c. Workers who do not link, and are not an appropriate
part of the study population 73

The 92 workers tn group l! were checked by staff at HEHF. ]n most

cases, the 73 workers in group ]]c were determined to be construction workers.

in a few cases, the deaths had been Identified through probability linkage,

but examination of available records indicated they were probably not

appropriate matches. For the 19 workers in [[a and [[b, HEHFstaff determined

which Social Security number was most ltkely to be correct, and necessary

corrections were made.
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6.2.2 Comparison of Mortality Data on HR091with Data on MST79

These edits checked for inconsistencies between mortality status on

MST79 and that on HM091. Recall that the mortality data on MST79 included all

deaths that had been inc]uded in ana]yses described in Gilbert et al. (1989).
Deaths that were on HM091but not MST79, or deaths that had causes on HM091

but not MST79were simply additions of information, and were not considered as
inconsistencies.

We first checked for workers who were dead with causes according to

MST79, but were not found on HM091. One such death was found. The MST79data

on this death was judged to be correct, and this death was included on
IARC89.

We next checked for workers who were dead with causes according to

MST79, were on HM091, but who had no cause information on HM091. Three such

deaths were found. The MST79 data on these deaths was judged to be correct,
and causes of death were tnc]uded on IARC89.

We then checked for workers who were dead without causes according to

MST79, but were not found on HM091. For one death, the data on MST79was

judged correct, and the death included on IARC89. For two cases, the data on

MST79 was judged incorrect, and the deaths were not included on IARC89.

Fina]]y, we checked for workers who were dead with causes on both MST79

and HM09], but either the underlying cause of death was different, or the date
of death was different.

For 11 deaths, the ICD8 codes for the underlying cause disagreed, and

these are listed in Table 6.2. Note that only three deaths involved cancer

codes _140-209), and none of these three deaths had doses exceeding 10 mSv.
Examination of the death certificates for these workers at HEHF indicated that

there was probably an error in the assignment of 199 to worker 1, and in the

assignment of 410 to worker 6. These deaths thus appear with their MST79 [CD

codes on [ARC89. For the remaining deaths, the new [CD codes were used. In

most of these cases, HEHFhad sent additiona] information to NCHS(that had

been added because of autopsies or other reasons), and this resulted in a new

under]ying cause of death being assigned.
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TABLE6.2. Workers with different 1CD8codes on HST79 and HH091

ICD8 on HST79 1CD8on HH091 Total Dose (mSv)
1. 157 199 0.0
2. 286 572 10.2
3. 189 187 Unmonitored
4. 519 485 Unmonitored
5 560 531 2.4
6. 150 410 5.3
7. 389 038 16.7
8. 430 442 5.4 •
9. 515 517 12.8
10. 429 427 16.5
11. 434 436 2.8 .

For six deaths, the years of death disagreed, and these deaths are
listed in Table 6.3. The new dates were used on 1ARC89.

_ABLE6.3. Workers with different dates of death on HST79 and HH091

Worke_ Date on MST79 Date on_HH091 :LOJ_)Dose (mSv)
1. i973 1972 29.6
2. 1978 1977 Unmonttored
3. ]978 1973 Unmonttored
4. ]980 1981 74.8
5. 1977 1982 Unmonttored
6. 1959 1958 3.8

Wealso checked for final OHHOP dates or final dosimetry dates thatn

were after the date of death. Only negligible differences were found; in

these cases, the final dosimetry date was changed to be consistent with the

death date.
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APPENDIXA

DETAILEDDESCRIPTIONOF ,THED_.VELO,PMENTOF MST79

Tile documentation that follows was prepared in 1979 and 1980, but never

formally published. The file that resulted is MST79, which is described in
APPENDIXC.

I. Edits and ExtracUons from the OccupationalHealth History (OHH) File

The OHH file was provided to PNL early in 1979. This file containsdata

on 44,095 workers includingan identificationnumber,date and place of birth,

sex, race and occupationalhistory. The latterconsists of a seriesof

entries, each includinga date, a code to indicateif the entry is a hire

date, terminationdate, etc., a job title,a job code, and in some instancesa

job location. We performeda seriesof edits on this file; with problems

checked by the HEHF staff. In some instancesthis resulted in changeson our

file as well as the sourceOHH file. See SectionA below for documentationof

t_e edit procedures.

Our next step was to prepare a file of extractedinformationeventually

to be linkedwith exposure and mortalitydata. This extract,which is

described in Section B, required the coding and summarizingof occupation,a

processwhich is describedin SectionC.

SECTIONA: Edits

Below is a list of the computeredits performedand the outcomeof the

edits.

I. The dates of the occupationalhistoryfor each worker were checkedto
• ensure they were in the proper sequence(earliestthroughlatest). No

errors of this type were found.

• 2. The range of year, day and month of a11 dates were checked. That is, we
checked to see if each year was in the range of 44 throughlS
(birthdateswere not so restricted),each month from 1-12, and each day
from 1-31. No out-of-rangeyears were found. Out-of-rangemonths or
days were found for 21 birthdatesand I hire date. These were checked
(at HEHF) and corrected. In three instancesthe requiredchange
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resulted in a changeof more than one year in the date of birth (i.e.,
the year, althoughnot out of range, was alsowrong).

An additionalthree cases were found with no birthdates. Since one of
these proved to be a non-start;andthe other two had been employedless
than 2 years, these workers were removedfrom our file.

3. We checked to see if each worker was at least 15 years old at the time
of hire. That Is, we listed those workersfor whom the differencein
the hire date and the birthdatewas less than 15. Fifty-eight(58) such
workers were identifiedand investigatedwith the followingresults.

For 31 workers,the birthdateproved incorrectand was corrected.
(For 24 of these workersthe birth year was equal to the hire year
-- these cases were early in the Ig70's.)

For 7 workers the hire date provedto be incorrectand was
corrected.

For Ig workers, the dates were correctbut the worker had been born
in the 1800's. (The edit programsassumedthat any birth year
earlierthan '80 had occurred in the IgOO's,but these Ig workers
had been born in the 1870's and hired at an advancedage in ]944.)

4. We listedworkers whose last entry on the OHH occurredbefore ]972with
no indicationthat the worker terminatedemployment. There were 65 such
workers. These workerswill later be checkedagainstthe HRO and those
with no dosimetrywill be investigatedto see if in fact terminationhas
occurred.

5. We looked for workerswith a terminationcode, a subsequententry but no
indicationof rehiring. A sampling indicatesthat there are
approximately700 workerson the file with this problem. We did nothing
about this problembut it must be taken as an indicationthat the
occupationalhistory is not alwayscomplete.

_SECTIONB: ExtractedFile

The followingitems were includedin our OHH extract.
+

1. ID number

2. Date of birth*

3. Sex (! = male, 2 = female)

4. Race (] = white, 2 = nonwhite)

5. Initialemploymentdate*

6. Final date on file*
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7. Code for final date (letters refer to codes on the original OHH)

I - Hire date (H)
2 - Termination of employment(T)
3 - Inactive (1)
4 - Retirement(R)
5 = Still employed (No code)
6 = Died (D)
7 --DisabilityRetired (DR)

8. GeneralOccupationalCode (See SectionC)
r

I - White collar
2 = Nuclear

. 3 - Craftsmen
4- Service

9. Specific occupational codes (up to 2) (See Section C)

I = Radiation monitor
2 = Millwright
3 = SteamFitter
4 - Power operator
5 = Reactor operator
6 - Chemicaloperator

*Dates are indicatedwith decimalsusing the followingformula
Year + Month-]+ Days..-0.5

12 365

SECTIONC: OccupationalCodinq

Workersfrequentlyhave a large number of entrieson the OHH file often

includingseveraldifferentoccupationalcodes• We could not reasonably

include(or utilize in analysis)the completeoccupationalhistoryof each

worker,but we did wish to includea general indicationof occupationaltype

and to signalthose workers who had worked in specificoccupationsof special

interestto us. The methodsused to determinethese codes is describedbelow.

GeneralCodes

• These codes were definedas followswith the 3-digitnumbersreferring

to the occupationalcodes of the Bureauof the Census

! = white collar = 000-399 (except085)
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2 = nuclear - 085 (radiation monitor) and 690,692 (misc. operators--
used for reactor and chemical operators)

3 - craftsmen = 400-599

4 = service workers, etc. = 600-999 (except 690, 692)

These categorieswere chosen partiallybecausemovement acrossthese general

categorieswas limited,i.e., most workerstended to remain in one of these

generalcategories.

Our systemof codingwas to use the generalcode of the las____tt(most

recent) entry in a worker's historyprovidedthis general code agreedwith at

least half of the generalcodes of the remainingentries. When this criterion

was not met, the worker's historywas printedout for hand coding. Of the

44,095 workerson the OHH file, all but 1526 workersmet this criterionand

could thus be coded by computer.

The remaining1526 were coded and checkedby E. Gilbertaccordingto the
l

followingconsiderations:

In most cases, one generalcategorydefinitelypredominated,both with
respectto the number of entriesand the number of years spent in the
category. Usuallythe reason the criterionfor computercoding was not
met was that the last code on the OHH was in disagreementwith the
remainingcodes.

In cases where there was no obviousdominance,the followingrules were
observed.

I. If one occupationwas somewhatborderlinewith respectto the
competinggeneralcategories,the worker was coded to the other.
For example,

a) Combinationsof clerical(1) and service (4) codes were
coded to 4.

b) Combinatlonsof clerical (1) and craftsmen (3) codes were
coded to 3.

c) Combinations of technical (]) and craftsmen (3) codes were
coded to 3.

d) Combinations of less skilled craftsmen (3) (such as helpers
and metal fabricators) and service workers (4) were coded to
4.
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e) Technicianswere coded ! (althoughin some instancestheir
Bureauof Census codes were in the 400's).

2. If a worker had terminatedbefore ]970, prioritywas given to his
most recent occupation.

3. If a worker continuedto work into the 1970's his recent
experiencewas given low priority.

Obviouslythe above codes are fairlycrude and must be interpretedand

used with caution. Recall howeverthat 96.5% of the workersmet the criterion

for computer coding. For the vast majorityof workers,the generalcode

shouldgive a good indicationof generaloccupationalcategory.i

Special Codes

Wheneverthe followingspecialcodes occurredat least twice, they were

included as a specialcode. Up to two specialcodes could be used. If more

than two occurred,prioritywas in the order listedbelow.

085 = radiationmonitor (coded1)

690,692 = reactoroperator (coded5)

chemicaloperator (coded6)

502 - millwright(coded2)

522 = steamfitter(coded3)

525 = power operator (coded4)

Because both codes 690 and 692 were used for both reactor and chemical

operators,the computersearchedfor certainkey lettercombinationsto

distinguishthe two. If "PILE" or "REAC"occurred,the worker was coded 5.

" "PROC"If "CHEM, or "SEP" occurred,the worker was coded 6. If none of these

occurred,the worker's historywas printedout for hand coding. This list

included224 workerswhich were coded as describedbelow.

In some instancesother occupationaltitles of the workers or work

. locationsclarifiedthe situationand he was coded accordingly. In other

cases, it was clear from the job title that the worker was neithera reactor

• nor chemical operator (examples"back tender"or "calibrator")in _hich case

he was not given a specialcode. In the remaininginstances,the specialcode

5 was used. Usuallythese were workerswith the designation"utility

operator."



II. E_tractiQns from the Hanford Mortality System (HMO)

The latest HMOfile, containing data on 5,441 deaths occurring before

May !, 1977, was provided to PNL in mid-1979. Deaths from the latest Social

Security Administration (SSA) search (those occurring from April 1, 1974 to

Ray 1, 1977) were included in HMOonly if death certificates were subsequently

obtained. PNL edits of this file are described in the section on OHHversus

HMOedits.
The information on HHOwas used to make PNL's mortality file. Since

receiving the HMOreferred to above, the following additions and deletions

have been made in PNL's mortality file.

I. (9/12/79) Seventy-five (75) deaths identified in the latest SSA search
without certificates were added. This list was obtained from Oak Ridge
and is labeled "Hanford-No Death Certificates." (List I) (Eleven
workers on this list noted as "alive" were no___ttadded.)

2. ( ) Fifteen (15) workers who were previously on HMOas dead
without certificates were deleted from PNL's mortality file. These are
listed as "SSA-Alive on Rort. File" (List 2).

3. ( ) Twenty-one (21) new certificates were obtained, and the
information added to PNL's file. Of the 21, five had been included in
the list described in 2 above. These deaths are listed on a memodated
8/24/79 and entitled "SSA Death Clearance" (List 3).

III. Edits of HMO(MQrtality) versus OHH (Occupational)

1. Wechecked to see if workers on HMOwere included on OHH. Three workers
were found that were not on OHHand were checked at HEHF. Two had
incorrect research numbers and were corrected. One should not have been
in the study and was deleted.

2. We listed those workers whose last entry on OHHoccurred after the date
of death. There were 307 such workers= In all but ]3 cases, the
discrepancy was less than one year. For the 294 workers with these
sltght discrepancies, we changed the final OHHdate to the date of
death. For 13 workers, the final OHHdate occurred more than one year
after the date of death. These 13 workers were checked at HEHF. In 10
cases the date of death was verified and the final OHHdate adjusted.
Of the remaining three, two had incorrect dates of death and were
corrected. The final worker was still living--after this edit he was
found on a list of deletions (see HMOdocumentation).

3. Dates of birth on HMOand OHHwere compared. We found 327 workers with
conflicting years of birth. The OHHdate is move likely to be accurate.
Also there is no opportunity for possible alteration of birthdates for
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live workers. There were five workers with the date of birth equal to
the date of death on HMO,an obvious error. Of the 327 workers, an
additional 91 workers had discrepancies in birthdates of five or more
years while 41 workers had discrepancies of 10 or more years. This
latter group was checked by HEHF. In seven instances, the date on HMO
proved correct. In the remaining cases no evidence could be found to
indicate the OHHdate was in error. Both dates were retained on our
master file.

IV. Edits andExtractions from the Hanford Radiation Occupational (HRO) File

The HROfile used to produce our master file was provided to PNL in

. September1979. (PNL edits of an earlierversionof HRO, providedearly in

1979, identifiedproblemswith offsiteexposuredata. These problemswere

resolvedat PersonnelDosimetryand 1978 data added to produce the current

file.) This file contains 277,644yearly exposurerecordsfor 36,546workers.

A payrollnumber record for each worker is also included. Each exposure

record includesthe worker's researchnumber,the site code, an indicatorfor

on-siteversus off-siteexposure,the year of exposure,and the amount (in

centirems)of the followingtypes of exposure: beta, gamma, x-ray, neutron,

tritium,rings, penetrating,skin, and extremity. We first performeda series

of edits on this file (describedin SectionA), and then prepareda file of

extractedinformationto be linkedwith occupationaland mortalitydata

(SectionB).

SectionA: Edits

The followingedits were performed.

I. We checkedfor years of exposurethat were out of range (44-78)or not
in the proper sequence. No such errorswere found.

2. We checkedto see if the researchnumber for exposurerecordsmatched
the precedingpayrollrecord researchnumber. All matched.

' 3. We checkedfor exact duplicatesof records. Three were found and
deleted.

I( ' 4 We checked for multiple onsiterecords in a singleyear which were not
duplicates. No such multiple recordswere found.l

i 5. All annualonsite penetratingdoses which exceeded 5 rem were printed
out. From this printoutwe identified3 workerswith ]000 rem neutron
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exposures erroneously entered in 1977 (keypunch error). After checking
with Personnel Dosimetry, these were removed from the file.

6. The offsite exposure records for all workers with multiple entries were
printed out. From this printout we identified seven instances in which
the same or very similar offsite exposure had been included on the file
twice (eitherin differentyears for the same site, or for different
sites in the same _ear). These cases were checkedout by Personnel
Dosimetry,resulti_,gin 22 correctionsto our file.

7. We found that in 1974, a limitednumber of charactershad been used for
offsiteexposure so that exposuresover 10 rem were includedin two
differententries. A subsequentedit by PersonnelDosimetryremoved one
of the entriesas a duplicate. We are still workingon resolutionof
this problem.

SectionB: ExtractedFile

The followingitems were includedin our HRO extract.

1. Research number.

2. Penetratingdose for each year 1944-1978. This dose is the sum of
offsite and onsite exposurefor the particularyear. A -7 is used for
years the person did not have exposuredata.

3. Number of onsite records.

4. First, second, and last dates with onsite records.

5. Total offsite exposure.

6. Year of first positiveoffsiteexposure.

7. Amount of first positiveoffsiteexposure.

8. Number of offsiteexposurerecords.

9. total neutronexposure.

10. Number of positiveneutronexposures.
m

11. Year of first and last positiveneutronexposures.

12. Code to describe payrollnumbers. The purposeof these codes is to
identifyworkerswho should not be on HRO (an aid in resolving
discrepanciesbetweenOHH and HRO). See the attachedlist of companies
correspondingto variouspayrollnumbers.

I - only codes presentare codes containingY or Z
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2 - only codes present are OG, AG, EG, FG, HG, G, IG (and possibly
code containing Y or Z) (Those workers with codes 1 and 2 should
not be on file)

3 - only codes present are BG, DG (and possibly those listed in 1 and
2)

4 - Vitro code included (CG, CV, V)

5 - Y or Z + valid code

' 6 - OG, AG, FG, G or IG + valid code

7 - BGor DG+ another valid code

In addition, a special file was created for the 3,215 workers with positive

neutron exposure. This special file includes all the items above plus neutron

exposure for each year 1944-1978.

V. Edits of OHH(Occupational) versus HRO(Dosimetry)

1. All workers on HROshould be on OHHalthough the reverse need not be
true. However, preliminary runs indicated that HROcontained some
workers who were employed only by contractors that would not have been
included on OHH. In particular those workers with payr'oll codes 1 and 2
(see HROdocumentation) should not have been included in H_
Preliminary runs also indicated that in some instances workers had
different research numbers on HROand OHH. Apparently the number had
been changed on OHHbut had not on HRO. This problem was identified by
checking numbers against our old master file made in 1975.

To handle this problemwe first listed all workers on HRO who did not
have matcheson OHH and did not have payrollcodes I or 2. There were
459 such workers. We also listed 22 workerswith a payrollcode of I
and 189 workerswith a payrollcode of 2. (This group shouldnot have
been includedon OHH.)

Of the 459 workerson the above list 317 had dosimetryonly in 1978. In
these instancesthe problemwas probablythat OHH was not sufficiently
up-to-dateto includethese very recentworkers. No attemptwas made to
find matches for these workers. Until furtherupdating,the study will

, be restrictedto workers employedprior to 1978. An additionalthree
workers had only a single offsiteexposure.

. Of the 139 remainingworkers, 89 were very recentworkers initially
employed 1974 or later. Fifty workershad been employedmuch earlier,
generally in the forties. As an initialstep in checkingfor research
numberswhich differedbetweenthe two files,we listed all workerson
OHH but not HRO. This list shouldcontainall potentialmismatches.

A.9



We then tried to find possibleresearchnumber discrepanciesby
comparingresearchnumbersas well as calendaryears of employmentand
dosimetry. Using this method,matches for 26 of the early workers and
15 of the recent workerswere found. These potentialmatcheswere then
verified at HEHF. The remaining24 early workers were furtherchecked
at HEHF. Final resultsof the outcomeof these investigationsis
summarizedbelow.

All discrepanciesfor the 50 early workerswere resolved. Of the 50, 35
had differentnumberson the two files. In these cases the incorrect
number (usuallyHRO) was corrected. Eight workers should have been on
OHH but were not. These workerswere added to OHH. Seven workers
should not have been on HRO and were removed.

Of the 89 recentworkers, 15 matcheswere found. The dosimetryrecords
for the remainingworkerswill be retainedon our files,but no further
effort was made to track down their OHH records. Of the 74 workers in
question,37 had a single dosimetryentry, 25 had two entries,7 had
three entries,2 had four entries,2 had five entries,and ! had six
entries.

Summarytable for 670 workers
Qn HRO but not on OHH

211 with invalidpayrollcodes
317 with dosimetryonly in ]978
3 with offsitedosimetryonly

..7 identifiedby HEHF.as incorrectlyincludedon HRO
538 workers to be excluded from master file

35 early workerswith differentnumberson HRO and OHH
15 recent workers (initialemploymentdate 1973 or later)

with differentnumberson HRO and OHH
8 early workers who should have been includedon OHH but were not
58 workers requiringcorrectionsbut who are now on file with matches

74 recent workerswho are unresolved- retainedon file without
OHHdata

2. A) We made a list of workers for whom the initiald_te of dosimetry
(on HRO) precededthe initialemploymentdate (OHH). There were
109 such workers. For 32 workers, the discrepancyexceededone
year.

B) For terminatedworkers,we made a llst of workersfor whom the
final dosimetrydate (on HRO) was later than the final employment
date (OHH). There were 1200 such workers. For 354 workersthe
discrepancyexceededone year.
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Complete resolution of these discrepancies did not seem feasible
at this time. All annual dosimetry values as well as OHHdates
will be retained on the master file for treatment as desired.

3. We listedworkerswith final active status and with last entrieson both
OHH and HRO 1977 or earlier. These 594 workersmay need to be checked
for possibletermination.

A.1I



APPENDIXB

THEIARCPROTOCOL

i
[
:m
m
_im



APPENDIXB

THE IARC PROTOCOL

The material that follows is taken from Cardis and Kaldor (1989),

Protocolof combinedAnalysesof Cancer MqrtalityAmonq NuclearIndustry.

, Workers. InternalReportno 89/005, InternationalAgency for Researchon

Cancer (IARC),Lyon, France.

MINIMUM SET OF VARIABLESFOR INDIVIDUALSIN EACH COHORT

In order for a cohort to be includedin the study, investigatorsmust

providethe followingvariablesfor each individualin the cohort (see

Appendix C for detailsof format).

I. Withln-studyidentificationnumber (this shouldnot be any number, such
as social securityor health insurancenumbers,that could a11ow
identificationof the worker outsidethis study);

2. Sex;

3. Date of birth (year of birth is acceptable);

4. Date of end of study (i.e., date of last complete follow-up of the
cohort) ;

5. Date of lasL known vital status,definedas follows: if individualhas
died, give date of death; if individualis known to be lost to follow-up
or to have emigrated,give date last known to be alive or date of
emigration;otherwise,give the end of study date (year is acceptable);

6. Date of start of employmentas a member in the cohort under
consideration(year is acceptable);

7. Date of start of study follow-upif later than the date of start of the
facility (year is acceptable);

$

8. Date of last known employmentin the cohort under consideration(year is
acceptable);

g. Whole body externalradiationexposurefor each year of employmentin
the facillty:

- year

_] B.I
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- facility(codes,including"other"or unknown,to be providedby
participants)

- availableestimate(inmSv)of wholebodyexposureto the following
radiationtypes(pleasecode"NM"if notmonitoredand "NA"if
monitoredbut not available;if exposurewas receivedin several
facilities,givethe totalof the exposureestimatesfor theyear,
fromeachfacilitywheretheworkerwas employed)

• X and e-rays
I

® neutrons

• tritium

• total

I0. Internalexposures(seedosimetrysectionfor details)

Use the followingcodesfor allvariablesin thissection: -I if the

informationis not availablefor anyworkerin thisfacility;0 if not

applicable,i.e.,theworkerwas neithermonitorednorexposed;99 if unknown.

- plutonium:

• year of firstconfirmeddeposition

• year of firstmonitoring

- uranium:

• year of firstexposure

• year of firstmonitoring

- otherradionuclides:

• year of firstexposure

• year of firstmonitoring

II. Socioeconomicstatus(seesocioeconomicsectionfordetailsp. 17);

IZ. For cohortmemberswho are knownto havedied,the underlyingcauseof
death,givenas ICDcode (4digits,if available),and accompaniedby
the ICDrevisionnumberusedfor the coding.
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ADDITIONALVARIABLES

Apart from the minimum set of variables given in 1-12 above, there are a

number of other variables which are of interest. It is, however, recognized

that they will not be available for all membersof study cohorts; their

availability is therefore not given as criteria for inclusion of a study in

the combined analyses.

13. Race (l=caucasian; 2=black; 3=astan; 4=others);
T

14. Associated causes of death (from death certificate), if cancer, given as
ICD code (4 digits if available) and ICD revision number used for
coding;

15. Exposure to plutonium:

- year;

- estimatedcurrent systemicdeposition,in _Ci, for each year of
exposure;

16. For exposurestakingplace outsidethe facilitiescoveredby the study,
and which were not includedin variable9 above, give, for each year of
exposure:

- year;

- availableestimate of externalexposure in mSv.

If only cumulativeexposureestimate is available,give last year
of exposure and cumulativedose.
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APPENDIX C

DESCR.IP.TION OF SOURCE FILES

This appendix provides additional detail on files that

served as sources of information for the Hanford Mortality Study

• database, and which are briefly described in Section 1.2. In

some cases, these files included variables that we did not use,

and for which we do not have adequate information to interpret

appropriately. Such variables are either omitted, or, in some

cases, are listed without detailed descriptions. Readers

interested in more information need to contact personnel at the

Hanford Environmental Health Foundation or PNL's Health Physics

Department.
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QCCUPATIQNAL HEALTH HISTQRIE$ {0HH88 and 0HH OP)

The OHH88 file was received from HEHF in 1988 and includes

both operations and construction workers. OHH OP is a subset of

this file consisting of operations workers hired prior to 1979.

Each worker has one personnel identification record and usually

several work history records indicating his/her status at various

points in time. These two types of records are described below.

The file also included additional variables that were never used

in creating the mortality study database.

PersQnnel identification recora:

variabl% Columns

I) Record type i - 2

10 = Personnel Identification record

2) Social Security number 3 - Ii

3) Payroll number 12 - 18

4) Last name 19 - 36

5) First name 37 - 51

6) Middle initial 52

7) Birth date 53 - 58

month (i - 12)
day (I - 31)
year (0 - 99)

8) Sex 78

M = Male, F = Female

9) Race 79

W = White, other than W = Non-white

I0) Century for birth year 105

8 = 1800's
9 = 1900's
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WQrk histQrTrecord:

Variable Columns_

1} Record type 1 - 2

20 = Work History record

2) Social Security number 3 - 11

3) Job status 12 - 13

H = Hired
I = Inactive

• T = Terminated
D = Dead
R = Retired

4} Job title 14 - 31

Alphanumeric description of the job

5) Beginning date I 38 - 43

month ( 1 - 12)
day ( 1 - 31)
year (44 - 88)

6) Ending date I 44 - 49

month ( 1 - 12)
day ( I - 31)
year (44 - 88)

7) Bureau of Census job code 59 - 61

See Appendix E.

1 A given work history record will have either a beginning date
or an ending date, but not both. These are on the file in
sequence.
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"ALSO KNOWN AS" FILE.(HEHF_AKA)

This file contains alternative Social Security numbers and

names under which workers have been known as indicated below.

The file is part of a larger file that also contains data on

siblings and other relatives of workers.

Variable Columns

1) Record type 1 - 2 .

15 = Relative/Sibling/Also Known As record

2) Current Social Security number 3 - 11

3) R_lation 12

' A = Also Known As record

4) Alternative Social Security number or name 13 - 25

5) _irst name if 4) is last name 26 - 41

6) Middle _nitial if 4) is last name 42

7) Birth date 75 - 80

month (i - 12)
day (I - 31)
year (0 - 99, century can be determined from year)
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HANFORD MORTALITy.FILE {HM091)

Several files containing mortality data have been received

from HEHF at different times, and these serve as the basis for

updating mortality data. The file described below was created at

PNL by merging a file containing mortality data from HEHF with

cause of death codes from the National Center for Health

Statistics (NCHS).

' Vari_bl_ Columns

1) Social Security Number 1 - 9

• 2) First name 11 - 23

3) Middle initial 25

4) Last name 27 - 40

5) Birth date 42 - 48

month (1 - 12)
century (18 or 19)
year (0 - 99)

6) State of death code 50 - 51

AL - 01 IL - 17 MT - 30 RI - 44
AK - 02 IN - 18 NE - 31 SC - 45
AZ - 04 IA - 19 NV - 32 SD - 46
Ar - 05 KS - 20 NH - 33 TN - 47
CA - 06 KY - 21 NJ - 34 TX - 48
CO - 08 LA - 22 NM - 35 UT - 49
CT - 09 ME - 23 NY - 36 VT - 50
DE - i0 MD - 24 NC - 37 VA - 51
DC - 11 MA - 25 ND - 38 WA - 53
FL - 12 MI - 26 OH - 39 WV - 54
GA - 13 MN - 27 OK - 40 WI - 55
HI - 15 MS - 28 OR - 41 WY - 56
ID - 16 MO - 29 PA - 42

Canal Zone - 07 Virgin Islands - 52
Guam - 14 Foreign country - 99
Puerto Rico - 43

7) Death date 53 - 57
• month ( I - 12}

year (44 - 91)

• 8) Sex 59

M = Male, F = Female



9) Type of work code 67

O ffiOperations, C = Construction,
X = Operations & Construction

10) Death certificate status 69

Blank = HEHF has death certificate
X = HEHF does not have death certificate

11) ICD9 underlying cause of death 73 - 76

12) ICD8 underlying cause of death 78 - 81

13) First ICD9 associated cancer cause of death 87 - 90

14} First ICD8 associated cancer cause of death 92 - 95

15} Second ICD9 associated cancer cause of death 97 - 100

16) Second ICD8 associated cancer cause of death 102 - 105

17} Third ICD9 associated cancer cause of death 107 - 110

18) Third ICD8 associated cancer cause of death 112 - 115

19) Fourth ICD9 associated cancer cause of death 117 - 120

20} Fourth ICD8 associated cancer cause of death 122 - 125

21} Fifth ICD9 associated cancer cause of death 127 - 130

22) Fifth ICD8 associated cancer cause of death 132 - 135

NOTE: A value of -777 for variables 11 or 12 indicates "not
available" A value of -777 for variables 13 - 22 indicates "not

applicablei"
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QCCUPATIONAL RADIATION EXPOSURE FILE_ (ORE}

These files are provided by PNL's Health Physics Department

and are the source of information on external radiation exposure.

The identifier on these files is the variable Occupational

Radiation Exposure Number (OREN), which is a special number used

by PNL's Health Physics Department. The first file described

below (personnel identification file) provides both the OREN and

the Social Security numbers, which allow us to link dosimetry

data with data from other sources. The file also provides other

• demographic data, which can be used to verify similar data from

HEHF. Additional records (not described here) provide data on

addresses and alternative Social Security numbers and names under

which workers may have been known.

Separate files were provided for data for the period 1944-

1982 and for the period 1983-1989, and the format and names of

variables are slightly different for these two periods. For the

period 1944-1982, the whole body dose, used in most dose-response

analyses, is calculated as the sum of the penetrating dose, 35%

of the x-ray dose, the fast neutron dose, and the slow neutron

dose. The shallow dose is calculated as the sum of the whole

body dose, 65% of the x-ray dose, and the non-penetrating dose.

For the period 1983-1989, the whole body dose is calculated as

the sum of the deep dose and the neutron dose. The shallow dose

is as given.

The company codes and payroll numbers were used as indicated

to determine if the dose was received in operations work. It is

noted that the basic determination of whether workers were ever

employed in operations work is based on data from HEHF. In

future analyses, we plan to include all doses for these workers,

even those not received in operations work.
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Personnel identifi_atiqn file:

V_riable

I) Occupational Radiation Exposure Number (OREN) 4 - 9

2) First and middle initials II - 12

3) Last name 14 - 31

4) Social Security number 33 - 41

5) Birth date 49 - 54

year (0 - 99, century can be determined from year)
month (I - 12)
day (I - 31)

6) Sex 58

M = Male, F = Female

7) Death Date 82 - 87

year (44 - 89)
month ( 1 - 12)
day ( 1 - 31)

1944 - 1982 HanfQrd dosimetry filQ:

vari_blQ _Columns,

I) OREN 4 - 9

2) Company code I II

3) Payroll number I 13 - 17

4) Beginning wear date for dosimeter 35 - 40

year (44 - 82)
month ( 1 - 12)
day ( 1 - 31)

5) Ending wear date for any dosimeter 42 - 47

year (44 - 82)
month ( 1 - 12)
day ( 1 - 31)

6) Type of measurement 51 - 52

B = Badge (film badge or TLD)
FR = Finger Ring
TR = Tritium

7} Non-penetrating dose (mrem} 54 - 59

8) Penetrating dose (mrem) 61 - 66

9) Fast neutron dose (mrem) 68 - 73

10} Slow neutron dose (mrem) 75 - 80
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11) Extremity dose (mrem) 82 - 87

12) X-ray dose (mrem) 89 - 94

13} Tritium dose 96 - 100

14} Offsite location code 102 - 103

The presence of such a code indicates the
dose was received offsite.

AR Argonne National Laboraory, IL
BA Bettis - Pittsburgh, PA

' BR Brookhaven National Laboratory, NY
HQ AEC, ERDA, or DOE Headquarters
IF Idaho Falls, ID

• KA K.A.P.L., NY
LA Los Alamos, NM
NT Nuclear Test Site, NV
OR Oak Ridge, NN
RF Rocky Flats, CO
SR Savannah River, SC
US Department of the Interior, U.S. Military,

or Civil Defense Disaster Council
UN Universities
OL Other Locations
PT Pacific Test Site
VA Vallecitos Nuclear Center, Pleasanton, CA

1Company codes and payroll numbers indicate whether doses were
received while employed as a operations, construction or other
type of worker. If the company code is T, or if the first two
columns of the payroll number contain a Y or Z, then the dose was
received in construction work. If the company code is 9, then
the dose was received while employed by AEC, ERDA or DOE. If the
company code is G, then the dose was received while employed by
General Telephone Company. AEC, _RDA, DOE, and General Telephone
are not considered operations contractors. If the company code
is X, then the worker was employed by more than one contractor in
that year; we have included the X code in the operations
definition. All other designations indicate the dose was
received while employed by an operations contractor.
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1983 - 1989 Hanfqrd dosimetry file:

V_ri_blQ Columns

1) OREN 4 - 9

2) Company code I 11

3) Payroll number I 13 - 17

4) Beginning wear date for dosimeter 35 - 40

year (83 - 89)
month ( 1 - 12)
day ( 1 - 31)

5) Ending wear date for dosimeter 42 - 47

year (83 - 89)
month ( I - 12)
day ( 1 - 31)

6 ) Dosimeter type 51 - 52

The following codes indicate badge for monitoring whole
body radiation:
'B ' beta-photon badge
' 5' multi-purpose badge
' 1' basic badge
' ' undefined, but treated as beta-photon badge
'B5' multi-pupose badge
' B' beta-photon badge

The following codes indicate rings for monitoring dose to
extemities of the body body:
'BR' ring on right hand
' R' ring
'FR' finger ring
'AR' ring on left hand

1Company codes and payroll numbers indicate whether doses were
received while employed as a operations, construction or other
type of worker. If the company code is T, or if the first two
columns of the payroll number contain a Y or Z, then the dose was
received in construction work. If the company code is 9, then
the dose was received while employed by AEC, ERDA, or DOE. If
the company code is G, then the dose was received while employed
by General Telephone Company. AEC, ERDA, DOE, and General
Telephone are not considered operations contractors. If the
company code is X, then the worker was employed by more than one
contractor in that year; we have included the X code in the
operations definition. All other designations indicate the dose
was received while employed by an operations contractor.

7) Penetrating dose (mrem) 61 - 66

- 8) Neutron dose (mrem) 68 - 73
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9} Extremity dose (mrem) 82 - 87

10) Offsite location code 102 - 103

The presence of such a code indicates the
dose was received offsite. See 1944-1982
file for codes.

_ILE WITH DATA ON INTERNAL DEPOSITION {INDEP)

. This file includes all Hanford workers with one or more

confirmed internal depositions of plutonium or other

radionuclides. There is a separate record for each deposition

that includes type and date, although the date is not available

in some cases. Only variables indicated with an asterisk were

used in creating INT89, and detailed descriptions of other

variables are not given. Estimated doses from depositions

(variables 15-19) were available only for very recent

depositions, and are thus not useful to us at this time.

variable CQlumns

I) Last name, first and middle initials 1 - 26

2) Payroll number 32 - 36

•3) Social Security Number 38 - 46

4} Company 48 - 54

5) Hanford termination date for former employees 56 - 63

6) Offsite intake flag 65

•7) Value I 67 - 71

•8) Pu value I 75 - 79

9) Intake flag 81

• 10} Isotope code 85 - 89

PU238, PU239, and PUTOT all indicate that deposition
is plutonium, with PUTOT indicating a plutonium

. mixture. Standard chemical or radioisotope symbols
denote other isotopes.

11 ) Pu-238 indicator 91

12) Intake information 97 - 110

13) Status as of January 6, 1989 112

14) Notes 114 - 123

15) Maximum annual lung .dose from internal deposition 125 - 128
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16} Lung dose for 1987 130 - 133

17) Lung dose for 1988 135 - 138

18) Lung dose for 1989 140 - 143

19) Year maximum lung dose calculated 145 - 148

1Variables 7 and 8 indicate the magnitude of the deposition
expressed as a percentage of the ICRP-2 maximum permissible body

• burden (% MPBB) for the particular isotope. When variable 10 is
indicated as "PUTOT", then variable 7 indicates the Pu-239 or the
Pu-alpha deposition, and variable 8 indicates the sum of variable
7 and thg estimated %MPBB from Pu-241; Pu-241 is a beta emitter
not readily detectable by direct or indirect bioassay. When
variable 10 is something other than "PUTOT", variable 7 indicates
the % MPBB, and variable 8 is 0.0. In creating INT89 from INDEP,
we extracted the maximum of variables 7 and 8.
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FILES USED FOR pREVIQU_ ANALYSES OF _NFORD MORTALITY DATA
(MST7__I

As indicated in the introduction to this report, the file

providing the data used in recent analyses was made in 1979, and

is referred to as MST79. The description of this file given

below refers to the original file as it existed in 1980. The

file was created (as described in Appendix A) by merging the

. Occupational Health History file (as it existed in 1979) with the

file of external dosimetry, and then adding mortality data,

Several versions of this file have been made as mortality was

updated, but the basic format has remained very similar to that

given here.

The file CEDR78 is also described. This is the first file

sent to CEDR, and is the same as MST79, except that a few

variables that were intended primarily for internal use, were

excluded.

Var_bl_ Columns

1) Research number 1 - 9

A unique number assigned to each worker in the study

2) Date of birth I 10 - 16

3) Sex 17

1 = Male, 2 = Female

4) Race 18

1 = White, 2 = Non-white

5) Date of initial employment I 19 - 25

6) Year of last recorded employment I 26 - 32

7} Last recorded employment code 33

1 = hire date, 2 = termination date,
3 = inactive, 4 = retirement,

° 5 = still employed, 6 = died,
7 = disability

• 8) General occupation code 34

1 = white collar, 2 = nuclear,
3 = craftsman, 4 = service



9) Specific occupation code #1 35

1 = radiation monitor, 2 = millwright,
3 = steam fitter, 4 = power operator,
5 = reactor operator, 6 = chemical operator

10) Specific occupation code #2 36

(same definitions as those for code #1)

11) Total penetrating dose (in centirem) 37 - 42

12) Estimated penetrating dose for 1944 (in centirem) 43 - 47

13) Estimated penetrating dose for 1945 (in centirem) 48 - 52

• 0

46) Estimated penetrating dose for 1978 (in centirem) 213 - 217

47) Number of onsite dosimetry records 218 - 219

48) Year of first onsite dose 220 - 221

49) First onsite flag 222

0 = year of first onsite dose is as recorded
on HRO

1 = year of first onsite dose set equal to
initial employment year

50) Year of second onsite dose 223 - 224

51) Year of last onsite dose 225 = 226

52) Last onsite flag 227

0 = year of last onsite dose is as recorded
on HRO

1 = year of last onsite dose set equal to
1ast employment year

53) Total offsite penetrating dose (in centirem) 228 - 233

54) Year of first offsite dose 234 - 235

55) Amount of first offsite dose (in centirem) 236 - 240

56) Number of offsite dosimetry records 241 - 242

57) Total neutron dose {in centirem) 243 - 248

58) Number of positive neutron dosimetry records 249 - 250 ,

59) Year of first positive neutron dose 251 - 252

60) Year of last positive neut:_n dose 253 - 254 •

61) Payroll number flag 255

62) Birth date from death certificate 256 - 262

63) Year of internal deposition 289 - 290

64) Amount of internal deposition 291 - 293
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Recorded as % of MPBB, <5 recorded as 1

65) Internal deposition type #1 294

I = Plutonium, 2 = Americium, 3 = Cesium,
4 = Curium, 5 = Europium, 6 = Promethium,
7 = Strontium, 8 = Uranium

66) Internal deposition type #2 295

Same definitions as those for type #1

68) Date of death I 304 -307

• month ( 1 - 12)
year (44 - 81)

70) ICD8 primary cause 312 - 315

71) State of death code 316 - 317

See codes from HM091

1Dates were calculated as follows: year + (month-I)/12 + (day-
0.5)/365. If the date was December 31, the result was corrected
by subtracting .001.
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This file, consisting of five records for each worker, was

created at PNL by extractingthe most important variables from

MST79. Like MST79, the file includes dosimetry data for 1944-

1978 and mortality data for 1944-1981. In addition, mortality

data for 1982-1985 is provided for deaths occurring in the State

of Washington•

_ Variabl_ _Record # Columns

1} Study identification number 1 1 - 5

2) Date of Birth I 1 6 - 13 "

3) Sex 1 14 - 15

1 = Male, 2= Female

4) Race 1 16 - 17

1 = White, 2 = Non-white

5) Initial employment date I 1 18 - 24

6) Last date known to be employed I 1 25 - 31

7) General occupational code 1 32 - 33

1 = White collar
2 = Nuclear

3 = Craftsmen or operative
4 = Service

8) Total (cumulative) whole body
penetrating dose (in centirem} 1 34 - 39

9) Whole body penetrating dose recorded
for 1944 (in centirem) 2 1 - 5

10) Whole body penetrating dose recorded
for 1945 (in centirem) 2 6 - 10

24} Whole body penetrating dose recorded
for 1959 (in centirem) 2 76 - 80

25) Whole body penetrating dose recorded
for 1960 (in centirem) 3 1 - 5

40) Whole body penetrating dose recorded
for 1975 (in centirem) 3 76 - 80
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41) Whole body penetrating dose recorded
for 1976 (in centirem) 4 1 - 5

42) Whole body penetrating dose recorded
for 1977 (in centirem) 4 6 - 10

43) Whole body penetrating dose recorded
for 1978 (in centirem) 4 11 - 15

44) Number of years with on-site dosimetry
records 5 1 - 3

45) Year of first on-site dosimetry record 5 4 - 6

" 46) Year of last on-site dosimetry record 5 7 - 9

47) Total off-site penetrating dose
. (in centirem) 5 10 - 16

The doses given by variables 8-43 include
off-site dose.

48) Year of first off-site dosimetry record 5 17 - 19

49) Amount of first offsite dose (in centirem) 5 20 - 25

, 50} Number of off-site dosimetry records 5 26 - 28

51) Year of internal plutonium deposition 5 29 - 31

• (-7 indicates no plutonium deposition)

52} Amount of plutonium deposition 5 32 - 35

Recorded as percent of maximum permissible
body burden, < 5% coded as 1, -77 indicates
no plutonium deposition

53) Depositions other than plutonium 5 36 - 37

0 = No deposition
1 = Plutonium only
2 = Americium
3 = Cesium
4 = Curium

5 = Europium
6 = Promethium
7 = Strontium
8 = Uranium

54} Month of death 5 38 - 40

° 55} Year of death 5 41 - 42

56) State of death 5 43 - 45

• See codes from HM091.

57) ICD8 underlying cause of death 5 46 - 48

(-77 = not available)

58) Associated cause of death #i 5 49 - 51
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(-77 = not applicable)

59) Associated cause of death #2 5 52 - 54

(-77 = not applicable)

60) Associated cause of death #3 5 55 - 57

(-77 = not applicable)

61) Associated cause of death #4 5 58 - 60

(-77 = not applicable)

62) Associated cause of death #5 5 61 - 63 "

(-77 = not applicable)

IThese dates are indicated with three decimal places. They were
calculated in this manner: year - 1900 + (month-l)/12 + (day-
0.5)/365. If the date was December 31, the result was corrected
by subtracting .001.
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APPENDIX D

_DESCRIPTION QF FILES IN HANFORD MORTALITY STUDY DATABASE

A complete description of the files listed in Section 1.3 is

given in this appendix.

KEY FilQ

• This file contains information on all workers found either

on OHH88 or on MST79, that is, on all workers who are candidates

for inclusion in the complete Hanford study population. Each

worker has 11 records on this file indicating his/her identifying

information as it appears on each of 11 files. The first record

gives the Social Security number (SSN), name, sex, and birth date

judged most likely to be correct. The remaining records with

their codes are as follows:

2 = MST79
3 = OHH88
4 = ORE
5 = HM091

6 = SSN change forms from PNL's Health Physics Department
7 = HEHF AKA (Alternative SSNs)
8 = List--of SSN changes received from HEHF on 8-27-87
9 = Probability linkages and other sources
A = HEHF AKA (Alternative names)
B = ORE Fame change file

If a worker does not appear on a particular file, the record for

that file will be blank except for the file sequence number

(which is the same for all records for a given worker), and the

information source. Formats for each of the 11 records follow:
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Re_ord I: For all variables, this record gives the data that is
currently judged most likely to be correct

var_ablQ Columns

1) File sequence number (to enable sorting} 1 - 6

2) Information source 8

1, designates that file contains information
judged most likely to be correct

3) SSN 9 - 18 •

4) Last name 20 - 37

5) First name 38 - 52 .

6) Initial 53

7) Sex 55

1 = Male, 2 = Female, 7 = Unknown

6) Birth date 59 - 64

Two-digit numeric codes for year, month and day,
blank or -7-7-7 to indicate not available

7) Death date 66 - 71

Two-digit numeric codes for year, month and day,
blank or -7-7-7 to indicate not available

8) Research number 73 - 78

9) Date of last change to this record 80 - 85

Year, month and day



Record 2:

Variable .... Columns

1) File sequence number (to enable sorting) 1 - 6

2) Information source 8

2 = MST79

3) SSN 10 - 18

4) Sex 55

• 1 = Male, 2 = Female, 7 = Unknown

5) Birth date 58 - 64

• Recorded with three decimal places. Blank or -77.000
to indicate not available. Calculated in this manner:

year - 1900 + (month-I}/12 + (day-0.5)/365

6) Death date 66 - 71

Two-digit numeric codes for year, month and day,
bi_nk or -7-7-7 to indicate not available

7) Alternate SSN 73 - 81

Some workers appeared on MST79 under 2 different
SSNs as described in Section 2.3.

8) Date of the information 83 - 88

79-7-7 for all workers
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RecQrd_:

v_ri_ble Columns

1) File sequence number (to enable sorting) 1 - 6

2) Information source 8

3 = OHH88

3) SSN 10- 18

4) Last name 20 - 37 .

) First name 38 - 52

6) Initial 53

7) Sex 55

M = Male, F = Female, U or blank = Unknown

8) Birth date 59 - 64

Two-digit numeric codes for Year, month and day,
blank or -7-7-7 to indicate not available

9) Death date 66 - 71

Two-digit numeric codes for year, month and day,
blank or -7-7-7 to indicate not available

10) Date of this information 73 - 78

8808-7 for all workers
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Record 4:

V_ri_blQ Columns

1) File sequence number (to enable sorting) 1 - 6

2) Information source 8

4 = ORE

. 3) SSN 10 - 18

4) Last name 20 - 37

5) First initial 38

6) Middle initial 53

• 7) Sex 55

M = Male, F = Female, U or blank = Unknown

8) Birth date 59 - 64

Two-digit numeric codes for year, month and day,
blank to indicate not available

9) Death date 66 - 71

Two-digit numeric codes for year, month and day,
blank to indicate not available

10} OREN 73 - 78

A unique number assigned to each worker in the ORE
System

11) Date of this information 80 - 85

8905-7 for all workers

!i
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Record 5:

v_r_ablQ columns

1) File sequence number (to enable sorting) 1 - 6

2) Information source 8

5 = HM091

3) SSN i0 - 18 '

4) Last name 20 - 37

5) First name 38 - 52

6) Initial 53

7) Sex 55

M = Male, F = Female, U or blank = Unknown

8) Birth date 57 - 64

Two-digit numeric codes for century, year, month and day,
blank to indicate not available

9) Death date 66 - 71

Two-digit numeric codes for year, month, and day,
blank to indicate not available

10) Date of this information 73 - 78

9106-7 for all workers

Record _:

Variable Columns

1) File sequence number (to enable sorting) 1 - 6

2) Information source 8

6 = SSN change forms from PNL Dosimetry Records
through August, 1992

3) Old SSN 10 - 18

4) New SSN 20 - 28

5) Old name 30 - 51

6) New name . 53 - 74

7) Other OREN #I 76 - 81

8) Other OREN #2 83 - 88

7) Date of 1ast change to this record 90 - 95

_o-digit numeric codes for year, month, and day,
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Record 7:

V_riablQ Columns

1) File sequence number (to enable sorting) 1 - 6

2) Information source 8

7 = HEHF_AKA (alternative SSNs)

3) Currently accepted SSN 10 - 18

4) AKA SSN #I 20 - 28

5) AKA SSN #2 30 - 38

6) AKA SSH #3 40 - 48

• 7) Date of this information 50 - 55

8808-7 for all workers

RecordS:

Variab19 Column_

1) File sequence number (to enable sorting) 1 - 6

2) Information source 8

8 = List SSN and name changes received from HEHF (8/27/87)

3) New SSN #1 10 - 18

4) Old SSN #1 20 - 28

5) New Name #1 30 - 48

6) New SSN #2 50 - 58

7) Old SSN #2 60 - 68

8) Hew Name #2 70 - 88

9} Date of this information 90 - 95

870827 for all workers



_ecord 9:

v_riable Columns

1) File sequence number (to enable sorting) 1 - 6

2) Information source 8

9 = Probability linkages and other sources

3) SSN #i 10 - 18

4) SSN #2 20 - 28

51 SSN #3 30 - 38

61 Other research number #11 40 - 45

71 Other research number #21 47 - 52 '

81 Other research number #31 54 - 59

91 Date of last change to this record 61 - 66

1Many of the "duplicates" described in Section 2.3 had been
assigned more than one research number before it was discovered
that they were duplicates.

_ecord 10:

VariablQ Columns

11 File sequence number (to enable sorting) 1 - 6

21 Information source 8

A = HEHF AKA (alterntive names)
|

31 First alternative name 10 - 39

41 Second alternative name 41 - 70

51 Third alternative name 72 -101

61 Fourth alternative name 103 -132

71 Date of this information 134 -139

8808-7 for all workers

D.8
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Record 11:

Variable ..... Columns

1) File sequence number (to enable sorting) 1 - 6

2) Information source 8

B = ORE (alternative names)

3) First alternative name 10 - 30

4) Second alternative name 32 - 52

• 5) Third alternative name 54 - 74

6} Fourth alternative name 76 - 96

• 7) Fifth alternative name 98 -118

8) Date of this information 134 -139

8808-7 for all workers

D.9
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This file is an edited and abbreviated form of OHH OP,

described in Appendix C. As with OHH OP, each worker has one

personnel identification record and usually several work history

records, one for each time that a change in work status occurs

(as described in Chapter 3). These two types of records are

described below.

Personnel identification record:

var_blQ Columns

1) Record type 1 - 2

10 = Personnel Identification record

2) Research number 6 - 11

3) Birth date 53 - 58

month (1 - 12)
day (I - 31)
year (0 - 99)

4) Sex 78

M = Male, F = Female

5) Race 79

W = White, other than W = Non-white

6) Century for birth year 105

8 = 1800's
9 = 1900's
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._ork histor_ record:

...... Variable _Columns

I) Record type I - 2

20 = Work History record

2) Research number 6 - 11

3} Date of entry into this job or social class 16 - 21

year (44 - 88)
month ( 1 - 12)

' day ( 1 - 31 )

4) Bureau of Census Job code (see Appendix E} 24 - 26

• 5) Social class code (see Section 3°1.2) 29 - 30

6} Date of exit from this job or social class 33 - 38

year (44 - 88)
month ( 1- 12)
day ( 1 - 31)

7) Job status at date of exit 41

H = Hired
I = Inactive
T = Terminated
D = Dead
R = Retired

D.ii
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DOS89 :

This file was created at PNL from the ORE and MST79 files.

For workers who were monitored for external radiation, it

contains records giving detailed dosimetry data for each year of

monitoring.

Variab!Q _ .

1) Research number 1 - 6

2} Sex 7

1 = Male, 2 = Female

3) Birth date 8 - 15

century (18 or 19}, year (0 - 99)
month (1 - 12), day (I - 31)

4) Year of external exposure 16 - 17

5) Type of employment during monitoring period 18 - 19

O = Operations
C = Construction

X = Undetermined or both operations and construction
D = DOE, ERDA, AEC, GTr and early service crew

(FBI, Army, BPA, etc.}

6} Penetrating dose.from photons (mSv} 20 - 27

Including gamma rays and 35% of x-rays

7) Dose from neutrons (mSv) 28 - 35

8} Dose from tritium 36 - 43

9) Total whole body penetrating dose (mSv) 44 - 51

Sum of variables 6, 7 and 8

I0) Dose from x-rays (mSv) 52 - 59

Available only from 1957-1972

11) Extremity dose (mSv) 60 - 67

Measured with a finger ring.
-7.000 to indicate no extremity monitoring,
0.000 to indicate an actual zero reading

12) Non-penetrating (beta} dose (mSv) 68 - 75 "

13) Dose from fast neutrons (mSv) 76 - 83

Not available after 1982

14) Dose from slow neutrons 84 - 91

Not available after 1982
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INT89

This file was created at PNL from the INDEP file, and

includes data on all workers with confirmed depositions of

plutonium and other radionuclides.

..... Variable Columns

I) Research number 4 - 9

• 2) Year of plutonium deposition II - 12

-7 = no Pu deposition or year of
Pu deposition not available

3) Amount of plutonium deposition 14 - 19

Expressed as a percentage of the ICRP-2 Maximum
Permissible Body Burden (MPBB} for the particular
isotope. -7 = no Pu deposition.

4) Type of deposition other than plutonium 21

0 = no deposition
(includes strontium depositions with 0.0 amount}
1 = plutonium depositions only
2 = americium
3 = cesium

" 4 = curium

5 = europium
6 = promethium
7 = strontium (included here only if amount > 0.0)
8 = uranium

5} Year of deposition other than plutonium 23 - z4

-7 = no non-Pu deposition or
year of non-Pu deposition not available

6) Amount of deposition other than plutonium 26 - 32

Expressed as a percentage of the ICRP-2 Maximum
Permissible Body Burden (MPBB} for the particular
isotope. -7 = no non-Pu deposition or amount not
available.

7) Flag for strontium deposition < I% MPBB 34

• 0 = no Sr deposition or a Sr deposition > 1% MPBB
1 = Sr deposition < 1% MPBB
(These depositions are considered insignificant,

• and can be ignored for most purposes.}
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IARC89

These files were created at PNL, and include 1944-1989

dosimetry data, 1944-1989 mortality data for deaths occurring in

the state of Washington, and 1944-1986 mortality data for deaths

occurring outside the state of Washington. The first two files

follow the format specified in the IARC protocol (Appendix B).

The first and third files include one record for each worker.

The second file, which contains external dosimetry data, include

one record for each year that a worker was monitored for external

radiation exposure. The ADD89 files are coded in the same manner

as IARC89, but include workers not on IARC89 as explained in

Section 1o3o

First filQ:

V_riabl_ Columns

1) Research number I - 6

2) Sex 7

1 = Male, 2 = Female

3) Date of birth 8 - 15

century (18 or 19)
year (0 - 99)
month (i - 12)
day (1 - 31)

4) End of study 16 - 21

861231 on all records

5) Date of death 22 - 27

year (44 - 891 , -7 if not dead)
month (1 - 12, -7 if not dead)
day (-7 for all workers)

6) Date of initial employment 28 - 33 •

year (44 - 78)
month ( 1 - 12)
day ( 1 - 31)

1The end of the follow-up period is considered to be December 31,
1986, and deaths occurring after this date should not be included
in cohort-based analyses. However, deaths occurring in the State
of Washington in the period 1987-89 are included on the file.
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7) Date of start of follow-up 34 - 39

-7-7-7 on all records

8) Date of last known employment 40 - 45

year (44 - 89)
month ( 1 - 12)
day ( 1 - 31)

9) Year of plutonium deposition 46 - 47

-7.indicates no plutonium deposition
' 0 indicates date not available

10) Year of first plutonium monitoring 48 - 49

. -7 on all records to indicate not available

11) Year of first uranium deposition 50 - 51

-7 indicates no plutonium deposition
0 indicates date not available

12) Year of first uranium monitoring 52 - 53

-7 on all records to indicate not available

13) Type of deposition other than plutonium 54 - 55

0 = No internal deposition (including
strontium depositions with a zero amount}

_! 1 = Plutonium deposition only
t 2 = Americium
i 3 = Cesium

4 = Curium
5 = Europium

i 6 = Promethium
1 7 = Strontium (only if amount > 0.0)

8 = Uranium

14) Year of deposition other than plutonium 56 - 57

-7 indicates no plutonium deposition
0 indicates date not available

15) Longest general social class (see Section 3.1.2) 58 - 59

-7 = not available

16) Underlying cause of death 60 - 63

• -777 to indicate alive as of 1/1/89 or
death occurred outside of WA after 1986 or
not available

t

17) ICD revision number 64

8 = 8rh revision on all records

J
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18) Number of external exposure records 65 - 66

0 = No external exposure data,
>0 = Number of records on second file

Second file:

Variable Columns

1) Research number 1 - 6

2) Sex 7 '

1 = Male, 2 = Female

3} Date of birth 8 - 15 .

century (18 or 19), year (0 - 99),
month (I - 12}, day (1 - 31)

4) Year of external exposure 16 - 17

5) Facility 18 - 19

01 on all records to indicate Hanford

6} Dose from gamma and x-rays (mSv} 20 - 27

7) Dose from neutrons (mSv) 28 - 35

8) Dose from tritium (mSv} 35 - 43

9} Total whole body penetrating dose (mSv) 44 - 51

Sum of variables 6, 7 and 8

10} X-ray dose (mSv) 52 - 59

11) Extremity dose (mSv) 60 - 67

-7.000 to indicate no extremity monitoring,
0.000 to indicate an actual zero reading



Third file:

Variabl@ Columns

1) Research number 1 - 6

2) Sex 7

1 = Male, 2 = Female

3) Date of birth 8 - 15

century (18 or 19), year (0 - 99),
• month (I - 12), day (i - 31)

4) Race 16

_I ' 1 = White, 2 = Non-white

_i 5) Amount of plutonium deposition 17 - 21

!' Recorded as percent of Maximum Permissible

i Body Burden (MPBB), 0.0 indicates <5%,
i_ -7.0 = no plutonium deposition

6) Amount of other type of deposition 22 - 28

Recorded as percent of MPBB,
<5% coded as 1.0, -7.0 = no other deposition

7) Strontium deposition flag 29

0 = No Sr deposition or a Sr deposition • 1% MPBB
1 = Strontium deposition < 1% MPBB
(These depositions are considered insignificant,
and can be ignored for most purposes.)

8) State of death code 30 - 31

See codes on HMO91,

-7 = not applicable or not available

9) Overlap flag 32

0 = Not in Rocky Flats or ORNL study population
1 = Also in ORNL study population
2 = Also in Rocky Flats study population

10) Study # in population indicated by overlap flag 33 - 38

0 = Not applicable

. 11) Associated cancer #1 39 - 42

-777 = No associated cancer

. 12) Associated cancer #2 43 - 46

-777 = Less than 2 associated cancers

13) Associated cancer #3 47 - 50

-777 = Less than 3 associated cancers
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14) Associated cancer #4 51 - 54

-777 = Less than 4 associated cancers

15) Associated cancer #5 55 - 58

-777 = Less than 5 associated cancers

16) Last social class code (see Section 3.1.2) 59 - 60

-7 = Not available

17) Longest general social class {see Section 3.1.2) 61 - 62

-7 = Not available

18) Longest social class 63 - 64

-7 = Not available

19) Length of employment 65 - 71

Length of actual employment at Hanford (in years), 1944
through 1985. Does not count periods between termination
and rehire dates. Because this variable is based entirely
on the OHH file, it also does not count periods where
monitoring data are available, but where there was no
indication of employment based o_ the OHH file.

20) Year of first off-site exposure record I 72 - 73

-7 = Not applicable

21) Amount of first offsite exposure (mSv) 74 - 81

-7.000 = Not applicable

22) Year of second off-site exposure record I 82 - 83

-7 = Not applicable

23) Amount of second off-site exposure (mSv) 84 - 91

-7°000 = Not applicable

24) Year of third off-site exposure record I 92 - 93

-7 = Not applicable

25) Amount of third off-site exposure (mSv) 94 -101

-7.000 = Not applicable

26) Year of fourth off-site exposure record I 102 -103

-7 = Not applicable

27) Amount of fourth off-site exposure (mSv) 104 -111
i

-7.000 = Not applicable

28) Year of fifth off-site exposure record I 112 -113

-7 = Not applicable

18
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29) Amount of fifth off-site exposure (mSv) 114 - 121

-7.000 = Not applicable

30) Year of sixth off-site exposure record I 122 - 123

-7 = Not applicable

31) Amount of sixth Off-site exposure (mSv) 124 - 131

-7.000 = Not applicable

1Off-site exposures are recorded in the year the information was
. received, and often indicate dose accumulated over several years.
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APPENDIX E

BUREAU QF CENSUS JOB CATEGORY CODES

The codes that follow were extracted from Bureau of Census

(1971), Alphabetical IndQx qf industries and Occupations, 1970.

' Census of the PopulatiQn, U.S. Government Printing Office,

Washington, DC. The codes were used to assign job categories on

- the OHH files, and in preparing the file JOB89, described in

Section 3, and in Appendix D.
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, OCCUPATIONAL CLASSIFICAIION SYS]EM

Equivalent numeric code._follow the alphabetic codes. Either cndo may be utillzed, dependingon the proce._slilqm_tlmd. "f,l.e c."
means"not elsewhereclassified."

Occtl- Occu-
pation PROFESSIONAL, TECIINICAL, AND KINDRED potion PROFESSIONAL, TECItNICAL, AND KINDFIED
Code WORKERS Code WORKERS-Cent inued

00! Accountants Nurses,dietitians, and therapists
002 Architects 07.1 Dietitians

Computerspecialists 075 Registerednurses .
003 Computerprogrammers 076 Thornptsts
004 Computer systemsanalysts Health technologistsand technician_
005 Computer specialists,n.e.c. 080 Clinical labowatorytechnologistsand tertmicians

Engineers 081 Denial hygienists
006 Aeronauticaland astronauticalenginems 082 #1ealthrecord technologistsawedtechnicinns
010 Chemicalengineers 083 Radiologic technologistsand technicions
011 Civil engineers 084 Therapy as_istants
0! 2 Electricalandel_tronic engineers 085 _lqalthtechnologlst._and technicians,n.e.c.
013 Industrialengineers Religiousworkers
014 Mechanicale,gineers 086 Clergymen
015 Metalluwgicaland materialsengineers 090 Religiousworkers, n.e.c.
020 Miningengineers Social scientists
021 Petroleumengineers 091 Economists
022 Salesengineers 092 Political scientists
023 Engineers,n.e.c. 093 Psychologists
024 Farm managementadvisors 094 Sociologists
025 Forestersand con,:ervationlsts 095 Urban and regional planners
026 ttome manecjeme,_tadvtso_s 096 Socialrien!isis, t_.e.c.

Lawyersandjudges Socialand recreationworkers
030 Judges 100 Social warke,s
031 Lawyers 101 Recreationworkers

Librarians,archivists,and curators Teachers,collegee,d university
032 Librarians 102 Agriculture teachers
033 Archivistsandct,raters 103 Atmospheric. earth, marine, end _pm:P.teachers

Mathematicalspecialists 104 Biology teacher
034 Actuaries 105 Chemistry teachers
035 Mathematicians 110 Physicsteache,s
036 Statisticians l I I E,glneering teachers

Life andphysicalscientists l 12 Mathematicsteache,s
042 Agricultural scientists 113 Health specialtiesteachers
043 Atmospheric and spacescler_tlsts 114 Psychologyteab.hers
044 Biologicalscientists 115 Businessmid commerceteacilers
045 Chemists 116 Economicsteachers
051 Geologists 12U History teachers "
052 Marine sclentist_ , 121 Sociologyteachers
053 Physicistsand8.qtronomers !22 Social._cienct_tethers, n.e.c.
054 Life andphysicalsclentist_l,n.e.o. !23 Amt,drama, andm,v_lcteachers ,
055 Operationsand wste,nsresemchersandanalysts 1:24 Coachesand physicaleducationteacher_
056 Personnelandlabor relationsworkers 125 Educationtethers

Physicians,dentists,andrelated practitioners 126 Englishteachers
(36! Chiropractors 130 Foreign lan_Jngnt_achers
062 Dentists 13! Homeeconomicsteachers
063 Optometrists 132 Low teachers
064 Pharmacists !33 Theologyte,_hers
065 Physicians,medicalandosteopathic 134 Trade, industrial,and technicalte._.he,s
071 Podiatrists !35 Miscellaneoust_.nchers,college andunivevsity
072 Veterinarians 140 Teachers, college and university, sztbiect not
073 Health practitioners,n.e.c, specified
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Code WORKERS-Continued Code FARM-Continued

Teachers, except college end university 230 Restaurant, cafeteria, and bar managers
141 Adult education teachers 231 Sales managers and department heads, retail trade
N (142) Elementary school teachers 233 Sales managers, except retail trade
143 Prekindergarten and kindergarten teachers 235 School administrators, college
144 Secondary school teachers 240 School administrators, elementary and secondary
145 Teachers, except college and university, n.e.c. 245 Managers and administrators, n.e.c.

Engineering and science technicians
150 Agriculture and biological technicians, except health
15 ! Chemical technicians SAL ES WORK ERS
152 Draftsmen
153 Electrical and electronic engineering technicians 260 Advertising agents and salesmen
154 Industrial engineering technicians 261 Auctioneers
155 Mechanical engineering technicians 262 Demonstrators
156 Mathematical technicians 264 Hucksters and peddlers

161 Surveyors 265 Insurance agents, brokers, and underwriters
"162 Engineering and science technicians, n.e.c. 266 Newsboys

270 Real estate agents and brokers

Technicians, except health, and engineering and 271 Stock and bond salesmen
science 280 Salesmen and sales clerks, n.e.c, i

"163 Airplane pilots
164 Air traffic controllers
165 Embalmers
170 Flight engineers CLERICAL AND KINDRED WORKERS
171 Radio operators
172 Tool programmers, numerical control 301 Bank tellers
173 Technicians, n.e.c. 303 Billing clerks
174 Vocational and educational counselors P (305) Bookkeepers

Writers, artists, and entertainers 310 Cashiers
175 Actors 31 ! Clerical assistants, social welfare
180 Athletes and kindred workers 312 Clerical supervisors, n.e.c.
181 Authors 313 Collectors, bill and account
182 Dancers 314 Counter clerks, except food
183 Designers 315 Dispatchers and starters, vehicle
184 Editors and reporters 320 Enumerators and interviewers
185 Musicians and composers 321 Estimators and investigators, n.e.c.
Ig0 Painters and sculptors 323 Expediters and production controllers
191 Photographers 325 File clerks
192 Public relations men and publicity writers 326 Insurance adjusters, examiners, and investigators
193 Radio and television announcers 330 Library attendants end assistants
194 Writers, artists, and entertainers, n.e.c. 331 Mail carriers, post office
195 Research workers, not specified 332 Mail handlers, except post office

333 Messengers and office boys

MANAGERS AND ADMINISTRATORS, EXCEPT 334 Meter readers, utilities
Office machine operators

FARM 341 Bookkeeping and billing machine operators

201 Assessors, controllers, and treasurers; local public 342 Calculating machine operators
administration 343 Computer and peripheral equipment operators

:202 Bank officers and financial managers 344 Duplicating machine operators
203 Buyers and shippers, farm products
:205 Buyers, wholesale and retail trade SCategory "280 Salesmen and sales clerks, n.e.c." was
:210 Credit men subdivided in the Census into 5 occupation groups dependent
211 Funeral directors on industry. The industry codes are shown in parentheses.

• 212 Health administrators
213 Construction inspectors, public administration Occ. Code
:215 Inspectors, except construction, public administration 281 Sale3 representatives, manufacturing industries (Ind.

• 216 Managers and superintendents, building 107-399)
220 Office managers, n.e.c. 282 Sales representatives, wholesale trade (Ind. 017.058,
221 Officers, pilots, and pursers; ship 507-599)
222 Officials and administrators; public administration, 283 Sales clerks, retail trade (Ind. 608-699 except 618,

n.e.c. 639, 649, 667, 668, 688)

223 Officials of lodges, societies, and unions 284 Salesmen, retail trade (Ind. 607, 618, 639, 649, 667,

224 Postmasters and mail superintendents 668, 688)
:225 Purchasing agents and buyers, n.e.c. 285 Salesmen of services and construction (Ind. 067-078,
226 Railroad conductors 407-499, 707.947)
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Occu- - Occu.
pation CLERICAL AND KINDRED WORKERS-Continued pation CRAFTSMEN AND KINDRED WORKERS-
Code Code Continued

Office machine operators-Continued

345 Key punch operators 453 Jewelers and watchmakers
350 Tabulating machine operators 454 Job and die setters, metal
355 Office machine operators, n.e.c. 455 Locomotive engineers
360 Payroll and timekeeping clerks 456 Locomotive firemen
361 Postal clerks 461 Machinists
362 Proofreaders 462 Machinist apprentices
363 Real estate appraisers Mechanics and repairmen
364 Receptionists 470 Air conditiqning, heating, and refrigeration

Secretaries 471 Aircraft

370 Secretaries, legal 472 Automobile body repairmen
371 Secretaries, medical S (473) Automobile mechanics
Q (372) Secretaries, n.e.c. 474 Automobile mechanic apprentices
374 Shipping and rece.;vingclerks 475 Data processing machine repairmen
375 Statistical clerks 480 Farm implement

376 Stenographers 481 Heavy equipment mechanics, incl. diesel
381 Stock clerks and storekeepers 482 Household appliance and accessory installers ant
382 Teacher aides, exc. school monitors mechanics
383 Telegraph messengers 483 Loom fixers
384 Telegraph operators 484 Office machine
385 Telephone operators 485 Radio and television
390 Ticket, station, and express agents 486 Railroad and car shop
391 Typists 491 Mechanic, exc. auto, apprentices
392 Weighers 492 Miscellaneous mechanics and repairmen
394 Miscellaneous clerical workers 495 Not specified mechanics and repairmen

395 Not specified clerical workers 501 Millers; grain, flour, and feed
502 Millwrights

CRAFTSMEN AND KINDRED WORKERS 503 Molders, metal
504 Molder apprentices

401 Adtomobile accessories installers 505 Motion picture projectionist_
402 Bakers 506 Opticians, and lens grinders and polishers
403 Blacksmiths 510 Painters. construction and maintenance
404 Boilermakers 511 Painter apprentices
405 Bookbinders 512 Paperhangers
410 Brickmasons and stonemasons 514 Pattern and model makers, exc. paper
411 Brickmasons and stonemasons, apprentices 515 Photoengravers and lithographers
412 Bulldozer operators 516 Piano and organ tuners and repairmen
413 Cabinetmakers 520 Plasterers

R (415) Carpenters 521 Plasterer apprentices
416 Carpenter apprentices 522 Plumbers and pipe fitters
420 Carpet installers 523 Plumber and pipe fitter apprentices
421 Cement and concrete finishers 525 Power station operators
422 Compositors end typesetters 530 Pressmen and plate printers, printing
423 Printing trades apprentices, exc. pressmen 531 Pressman apprentices
424 Cranemen, derrickmen, end hoistmen 533 Rollers and finishers, metal
425 Decorators and window dressers 534 Reefers and daters
426 Dental laboratory technicians 535 Sheetmetal workers and tinsmiths
430 Electricians 536 Sheetmetal apprentices
431 Electrician apprentices 540 Shipfitters '
433 Electric power linemen and cablemen 542 Shoe repairmen
434 Electrotypers and stereotypers " 543 Sign painters and letterers
435 Engravers, exc, photoengravers 545 Stationary engineers ,
436 Excavating, grading, and road machine operators; exc. 546 Stone cutters and stone carvers

bulldozer 550 Structural metal craftsmen

440 Floor layers, exc. tile setters 551 Tailors
441 Foremen, n.e.c. 552 Telephone installers and repairmen

442 Forgemen and hammermen 554 Telephone linemen and splicers
443 Furniture and wood finishers 560 Tile setters
444 Furriers 561 Teel and die makers
445 Glaziers 562 Teel and die maker apprentices
446 Heat treaters, annealers, and temperers 563 Upholsterers
450 Inspectors, scalers, and g,'a_s; log and lumber 571 Specified craft apprentices, n.e.c.
452 Inspectors, n.e.c. 572 Not specified apprentices
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575 Craftsmen and kindred workers, n.e.c. 701 Boatmen and canalmen
580 Former members of the Armed Forces 703 Bus drivers

704 Conductors and motormen, urban rail transit
705 Deliverymen and routemen
706 Fork lift and tow motor operatives

OPERATIVES, EXCEPT TRANSPORT 710 Motormen; mine, factory, logging camp, etc.
71 1 Parking attendants
712 Railroad brakemen

601 Asbestos and insulation workers 713 Railroad switchmen
T (602) Assemblers 714 Taxicab drivers and chauffeurs
603 Blasters and powdermen U (715) Truck drivers
604 Bottling and canning operatives
605 Chainmen, rodmen, and axmen; surveying
610 Checkers, examiners, and inspectors; manufacturing LABORERS, EXCEPT FARM
611 Clothing ironers and pressers
612 Cutting operatives, n.e.c. 740 Animal caretakers, exc. farm
613 Dressmakers and seamstresses,except factory 750 Carpenters' helpers
614 Drillers, earth V (751) Construction laborers, exc. carpenters' helpers
615 Dry wall installers and lathers 752 Fishermen and oystermen
620 Dyers 753 Freight and material handlers
621 Filers, polishers, sanders, and buffers 754 Garbage collectors
622 Furnacemen, smelterrnen, and pourers 755 Gardeners and groundskeepers, exc. farm
623 Garage workers and gasstation attendants 760 Longshoremen and stevedores
624 Graders and sorters, manufacturing 761 Lumbermen, raftsmen, and woodchoppers
625 Produce graders and packers, except factory and farm 762 Stock handlers
626 Heaters, metal 763 Teamsters
630 Laundry and dry cleaning operatives, n.e.c. 764 Vehicle washers and equipment cleaners
631 Meat cutters and butchers, exc. manufacturing 770 Warehousemen, n.e.c.
633 Meat cutters and butchers, manufacturing 780 Miscellaneous laborers
634 Meat wrappers, retail trade 785 Not specified laborers
_35 Metal platers
,336 Milliners

;40 Mine operatives, n.e.c. FARMERS AND FARM MANAGERS
c.11 Mixing operatives
r_12 Oilers and greasers,exc. auto W (801) Farmers (owners and tenants)
_,13 Packers and wrappers, except meat and produce 802 Farm managers
£,44 Painters, manufactured articles
6,15 Photographic process workers

Precision machine operatives FARM LABORERS AND FARM FOREMEN
650 Drill press operatives
651 Grinding maclline operatives 821 Farm foremen
652 Lathe and milling machine operatives 822 Farm laborers, wage workers
653 Precision machine operatives, n.e.c. 823 Farm laborers, unpaid family workers
656 Punch and stamping press operatives 824 Farm service laborers, self-employed
660 Riveters and fasteners
661 Sailors and deckhands

662 Sawyers SERVICE WORKERS. EXC. PRIVATE
663 Sewers and stitchers HOUSEHOLD

664 Shoemaking machine operatives
665 Solderers Cleaning service workers

666 Stationary firemen 901 Chambermaids and maids, except private household
Tex tile operatives 902 Cleaners and charwomen

• 670 Carding, lapping, and combing operatives X (903) Janitors and sextons
671 Knitters, loopers, and toppers
672 Spinners, twisters, and winders Food servi-e workers
673 Weavers 910 Bartenders

' 674 Textile operatives, n.e.c. 911 Busboys
61:J0 Welders and flame cutters 912 Cooks, except private household

681 Winding operatives, n.e.c. 913 Dishwashers
690 Machine operatives, miscellaneous specified 914 Food counter and fountain workers
692 Machine operatives, not specified Y (915) Waiterl
fJO,l Miscellaneous operatives 916 Food service workers, n.ec, except private
695 Not specified operatives household
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Occo- ()cco-

Italian SERVICE WOI1KEfIS, EXC. PFIIVAIE palioll Pr{IVAIE tlOUSEIlOLD W(IIlI'FIl_
Code IIOUSEI IOLD--Contlnued Code

ttealth service workers 9[}0 Cl_ild care wofkels, plivate houseltl)l_!
921 Dental assistallts 9[I1 Cooks. private hotlseliold
922 Ileallh aide_, exc. I_lursillg 9112 IIo.sel:eepels, privnte hotlsPtloht
923 Ilealth trahlees ' 9113 Latll_dtesses,private hoils_.ll(}ld
924 Lay midwives Z (904) Maids arz(t servanls, private Iiousel.)hl
925 Nursing aides, otdmlles, and attendants
926 Practical nm ses 9!15 OCCUPA I ION NO I I1EP()I I 1E[ )'

Persotml service we=Ep.rs ALLOCATION CAT EGOIll E5 _
931 Ahline stewardesses

932 Attendants, recrentiotl ,_ndarr_use.rnmlt 196 PIofosslonal, techrllcal, al_d ki,_thed wool:m-, oll,,c_
933 Attendants, pmserial sr'.,vice, n.e.c. 246 Ma,mg_s and ndmil_lstrators, except la,,v_ allr,-ale,
934 Baggage porters end bellhops 296 Sales wo, kers - allocaled
935 Barbe, s 396 Cle, ical a, zdkil_dred wo, kezs .allocat,,,I "

910 Boarding a,ld Iodgillg house keepers 586 Cvalt.';,menallyl kln(h etl worf:e, s all,_c_led
941 Bootblacks 696 Operatives, exc_l)t t, ar_spolt alh)c.nlr'_l
942 Child cameworkers, exc. private household 726 Transport eql_ipme,lt operatives -all(_calr'fl
9,13 Elevator operators 796 Lal)ofers, excPpt farm- allocated
9'14 Itahdressers arid cosmetologists B0O Farme, s al_(! fa,m maw_aqe_s -allocat_,_t
945 Personal service apprentices 819 Farm lot)afars a,l(t far,, fr_reme,1• all,,'nl_,d
950 Itousekeepets, exc. private household 976 Service wotkels, e,'<c,private ho_ssf,l_,_hlatlc)cale(I
952 School monltms 986 P_ivate household wo_ke, s- allocale(I
953 Usher s, recreation a,ld amusemmlt
954 Welfare se_ice aides

Protective service workers z ll_is code ts lised to idr,_Hily I_ot tepottP.d r_c,'upaliol_s
960 Crossh_gguai,ls and br idge tenders surveys whet e the not tel)Orted casesare.r_otnllrlc,_i_,rt
961 Firemen, fire ptotection _ lhose returl_s from tl_e Populati,)_l C_._s,,__l_i(:tl ,I,, ,_
962 Guerds andwatchmen llave ali occupatiol_ P.rltry mP. allocalP.(J a_lmlq tire _n i
963 Marsl_alsamidcorlstal)les (_.r:_pallol_ groups dl.lrhlg C(H11puter pl(}Ce_Si,_g !l_n_P.rn_'S a
964 Policemen altrl detectives lal}eled with ti_e COi!P.|,_r Ibr' "ellocalh)n" CrllPq{Ify tr) v.l_i_
965 Sheriffs and bailiffs Illey are asslglle(I. {See text, pagn IV).
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APPENDIX F

ALGORITHM FOR CONVERTING ICD9 TO ICD8 CAUSE OF DEATH CODES

The system used to convert ninth revision cause of death

codes (WHO, 1977) to eighth revision cause of death codes (WHO,

1965) is given below for those codes that would be considered as

" malignant neoplasms under either the ICD8 or ICD9 system.

ICD9 ICD8 ICD9 ICD8 ICD9 ICD8 ICD9 ICD8
cod@ _ code code code code code code
140 140 164 1631 192 192 2048 2049
141 141 1640 1942 193 193 2049 2049
142 142 1641 1711 194 194 2050 2050
143 143 165 I_39 195 195 2051 2051
1431 1431 170 !70 196 196 2052 2059
144 144 171 i71 197 197 2053 2022
145 145 " 172 _72 1970 1970 2058 2059
146 146 173 173 1971 1971 2059 2059
147 147 174 174 1972 1972 2060 2060
148 148 175 174 1973 1973 2061 2061
149 149 179 1829 1977 1977 2062 2069
150 150 180 180 198 198 2068 2069
151 151 181 181 199 199 2069 2069
152 152 182 182 2000 2000 2070 2072
153 153 1821 1829 2001 2001 2071 208
154 154 183 183 2002 2022 2072 2079
155 155 184 184 2008 2022 2078 2079
1552 1978 185 185 201 201 2080 2070
156 156 186 186 2020 2020 2081 2071
157 157 187 187 2021 2021 2082 2079
158 158 1877 1735 2022 2022 2088 2079
159 159 188 188 2023 2022 2089 2079
160 160 1890 1890 2024 2022 2384 208
161 161 1891 1891 2025 2022 2898 209
162 162 1892 1892 2026_2022
1620 1620 1893 1899 2028 2022
1622 1621 1894 1899 2029 2022
1623 1621 1898 1899 203 203
1624 1621 1899 1899 2040 2040
1625 1621 190 190 2041 2041
163 1630 191 191 2042 2049
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