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ABSTRACT 

Detailed dosimetry data from microfiche and microfilm source records for 
the years 1944-1978 for 139 Hanford workers were examined. Information on 
these records was compared with computerized dose equivalent estimates used 
in mortality analyses. Because of difficulties in reading some early source 
records, and because of variation in the format of records and in algorithms 
for calculating whole body dose, this validation was difficult. However, 
apparent discrepancies in cumulative dose were less than 0.1 rem for 88% of 
the workers in this study, never exceeded 1.5 rem, and would be unlikely to 
distort conclusions of dose-response analyses. Most discrepancies occurred 
in early years of Hanford operations, especially 1944-46, with very few problems 
with dose estimates from the 1960's and 1970's. The· study also provided data 
on dosimetry practices, by calendar year, on frequency of monitoring, the number 
and proportion of dosimeters yielding positive results, and the magnitude of 
doses recorded for individual dosimeters. 
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1.0 INmODOCTION 

The Hanford nortality study is an ongoing study of w:Jrkm:s at the Hanford 

Site conducted jointly by the Hanford Environmental Health Foundation (HEHF) 

and Pacific Northwest Lalx>ratOl:y (PNL). Several jow:nal. articles have 

described its findings with the m:>st recent analyses including deaths tlu:ough 

1981 (Gilrert et al. 1989). 

A major :ceason for conducting this study has been an intet:est in possible 

adverse effects resulting fran exposure to ext:emal radiation. Analyses have 

included tests for an association of cmnulative radiation dose and nortality 

fran many specific diseases, and have also included the estimation of excess 

risk per unit of dose( a). Tims, adequate data on externa1 radiation exposm:e 

is an extJ::aiely important catp:ment of the study. 

Data on external radiation exposure, used in published analyses, were 

obtained fran catprt:erized sunmaries of dosimeb:y for each ~ and each 

year of ncnitoring. These data were pmvided in 1978 by PNL's Dosimeb:y Recm:ds 

Group, currently part of the HazaJ:ds Assessment and Recm:ds Section, Health 

Physics Department, and were obtained fran the Hanford Oxupational Radiation 

Exposure (HRO) systan. 

The HRO was initially developed in 1965 by HEHF as part of the Atanic 

EneJ:gy Ccmnission Health and lmtal.ity Study (HEHF 1969) • '1hls systan served 

as a I.'ep)SitOl:y for Hanford historical exposure mcoi:ds, and included anrmal 

estimates of the whole body penetrating dose for each w:>rker included in the 

IIDrtality study. The HRO systan was transferred fran HEHF to PNL in 1979, 

and in 1983 was abscn:bed into the O::cupational Radiological Exposure (ORE) 

database management systan (Wilson 1987) • The ORE is the current systan for 

maintaining individual radiological exposure records for past and pi:esent 

Hanford w:>rkers. 

The main objective of the study descrilled in this i:eport was to examine 

detailed sOUI:Ce :cecoi:ds (available on microfiche and microfilm) for selected 

groups of w:>rkers, and to deteimine the extent to which infm:mation on SOUI:Ce 

mcoi:ds ag:ceed with dose estimates obtained fran the HRO and used in ncrtality 

(a) Throughout this .r:eport, the w:>J:d "dose" is used generically, and no 
attanpt is made to add.r:ess whether recorded doses m:e intended to estimate 

~ deep dose equivalent, effective dose equivalent, etc. 
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2. 0 STUDY DESIGN AND PRX:EDURES 

2 .1 SELEX:TICN OF STUDY stJBJE:TS 

Records of 139 workers mpresentinq eight special gmups were examined 

including 16 leukenia deaths, 12 natltiple Dljel.ana deaths, 39 randanly selected 

contmls, 19 additional cancer deaths with i:elatively high doses, 28 workers 

in job categories with high potential for extema1 radiation exposure, six 

workers with high potential for neutron exposure, 16 workers in job categories 

with little potential for radiation exposme, and three additional workers 

(see below for further description) • In general, the selected workers wem 

nme highly exposed and came fran earlier birth year cohorts than the average 

Hanford worker. For this mason, the specific quantitative :cesults presented 

may not be typical of the Hanford population as a whole. However, the 

understandinq of dos.inetl:y practices gained fran this study should be nore 

generalizable. The eight gmups ai:e described in detail below. 

1. IBukenia deaths. All deaths fran leukenia (excluding chronic lymphatic 

leukenia) in males with at least five years of m:mitoring for external 

radiation ( 16 workers) wez:e selected. Deaths occurring through 1985 

were included even though cohort-based nortality analyses included only 

deaths through 1981 (Gilbert et al. 1989). In addition, xecoJ:ds for 

deaths :fran leukenia in male workers anployed at least five :years, but 

not meeting the criteria noted ab:Jve, were examined to verify that the 

low recoi:ded doses were co:c:ect. '!his latter group included four deaths 

in males and one fena.le death. The low doses wez:e found to be cor:cect. 

Data :fran these latter five workers were not included in the analyses 

presented in this chapter, and cont.J:ols were not selected for these 

workers. 
2. Multiple myelana deaths. All deaths :fran natltiple myelana in males with 

at least five years of m:mitoring for external radiation ( 12 workers) wm:e 

selected. Multiple myelana has been linked with occupational radiation 

exposure both in HanfoJ:d workers (Gil~..rt et al. 1989) and in Sellafield 

workers (Smith and D:>Uglas 1986). Deaths occurring thxough 1985 wem 

included, and in addition, deaths noted on the certificate but not 

considered to be the underlying cause of death were included; two such 

deaths occurred. and wei:e noted in ::cecent analyses. .As with leukania, 
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For the job categories considered to be of SJ?SCial interest, all lung 

cancer deaths and three controls were selected for the dosimet?:y study. 

Controls were selected randanly fran those available in each categoxy. 

All selected subjects were m:>nitored at least five years for external 

radiation. The distribution by job categoxy was as follows: radiation 

nonitors (one case, three controls), reactor operators (three cases, 

three controls), PJ:OCess or chanical operators (five cases, three 

controls) , steamfitters (three cases, three controls) , and millwrights 

(one case, three controls) • 

6. Neub:on workers. Six workers with potential for neutron exp:>sw:e were 

selected. Shortly after intrcx:luction of the 'llll in 1972, a special study 

of workers anployed at the Z-plant and considered to have high potential 

for neutron exp:>sw:e was conducted. The study included 14 operations 

workers; six were randcmly selected for the dosimetl:y mcord study. 

7. Workers with low exposw:e JX?tential. Sixteen workers whose job histories 

indicated little potential for radiation exp:>sw:e were selected. 

SJ?SCifically, these workers were chosen fran those who had been classified 

only as managers and administrators, clerical and kindred workers, or 

service workers over a specified time period. The Bureau of Census (1971) 

ccxies for these groups were 201-244, 301-344, and 901-965. Workers with 

the code 245 ("managers and administrators, not elsewhel:e classified") 

were not selected for this group, because this code had saretimes been 

used for supervisors of persons perfoi::ming radiation work. Five workers 

in this group were chosen fran those anployed at least five years over 

the period 1944-1956, and whose occupational ccxies fell in the categories 

indicated during this period. Eleven workers were chosen fran those 

anployed at least five years over the period 1957-1978, and whose ccxies 

fell in the designated categories during this later period. The mason 

for including these workers was to leai:n nore about dosimetl:y practices 

for those with minimal exp:>sw:e potential. 

8. Other workers. Three workers were included who did not fall into any of 

the groups above. One worker was selected as a process operator dying of 

lung cancer, but subsequent examination of his occupational histoxy 

indicated this designation was an en:or, and the worker had actually 

been a pab:olman. Two workers dying of cancer had their mcords extracted 
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Figure 1 . Example of Record From the Period 1944- 56 
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~ in sunmary spaces on the i:ecords, and a sumnacy of the individual dosineter 

readings. The latter illc:luded t.hte number of dos.illet:ers and the sum of the 

i:ecorded doses for each radiation type. In addition, for ganma and beta 

radiation (or for "penetrating" and "non-penetrating" in the years 1972-78), 

the number of zero readings and the minim.ml and maximum of the positive 

i:eadings were extracted. 
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3. 0 VALIDATION OF OCSFS USED IN MJRrALI'l'Y ANALYSF.S 

The main reason for conductinq this study was to detemine the extent to 

which dose estimates used in analyses relating cause-specific DDrtality to 

external radiation dose could be verified by examining infOJ:mation included. 

in the arumal pump-outs. The dose estimates used in DDrtality analyses were 

obtained £ran the Hanfcm:i Occupational Radiation Exposum (HR:>) systan, and 

pmvided in 1978 by PNL's Dosimetry RecOl:ds Group, cun:ently part of the 

HazaJ:ds Assessment and RecOl:ds Section, Health Physics Department. As noted 

in Section 1. 0, this validation effort was addl::essed only at assessinq en:o:cs 

in record keeping, and did not address bias and uncertainties in the 

perfcmnance of the dos.ineters. 

3 .1 INl'ERNAL COOSIS'l'ElCY OF SOURCE RF.CORDS 

Analyses to examine internal consistency were perfonned, and were ained 

at deteililininq if the stnDS of individual maclings ag:ceed with the smnna.cy 

numbers pmvided on the mcoJ:ds. Because dose-i:esponse analyses have been 

~ concerned only with penetrating radiation, we did not examine internal 

consistency for beta or non-penetratinq radiation. 

3 .1.1 Description of F.dits for Internal Consistency 

For the years 1944-56, the sum of the individual gamna readings was 

mquil:ed to be within 10% of the recorded smnna.cy gamna total to pass the 

test for internal consistency. Because of readability pmblans, a IIDJ::e 

stringent criterion (such as that used for later reco:cds) would have :cesulted 

in a large number of reco:cds that did not pass this test and, thus, would have 

needed z:e-examination. 

In both 1957 and 1958, smnna.cy numbers labeled GAMMA and X-RAY were given, 

but I1DI1thly :cesults were available on the annual pung;xJUts only for gamna 

radiation. For these years, it was deteimined that the sumnary number labeled 

GAMMA reflected the sum of the individual gamna readings and the sumnary number 

under X-RAY. Our edit mquil:ed the sum of the individual gamna readings to 

be within 20 mran of GAMMA - 65% X-RAY. Exact agi:eenent was not mquil:ed 

because of mmu:ling to the nearest centil:em that saretimes occw:md (although 

I1Dstly in later years). 
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("""\, doses. In several of these cases, the sumnai:y number had failed to include 

entries on one of the two pages o~ the :cecon:l. 

In 1957, the sumnai:y nmnbers entei:ed under GAMMA were larger than the 

sums of the individual readings for 46 of 109 records examined (42%). It 

was not clear ha.or these sumnai:y rumbers had been calculated, but in ncst cases, 

the con:ect sum appeared elsewhere on the recon:l. Since it appeared that 

deliberate adjustnent of the total had taken place in these recon:ls, TRUlX>S 

was assigned a value equal to the St.ll11llaJ:y number.. By 1958, this apparent 

discrepancy was not found, and the sums of the individual readings agmed 

with the St.ll1lllaJ:y numbers presented. 

In 1959, the value "59" appeared in the column for x-ray exposure in 73 

of the 110 (66%) recon:ls examined. In no case examined, did any other value 

for x-ray appear. These 59 's had not been included in calculating the smmm:y 

numbers given on the records, but in seven (7) cases, canparison of the entl:y 

under GAMMA with the sum of ncnthly ganma readings indicated that scree x-ray 

dose had been included. In these cases, TRUIX>S was assigned. the value of PENET. 

In addition to separate records for 1962 and 1963, ncst workers also had 

a joint record giving readings for the last part of 1962 and the first part 

of 1963. Also, recon:ls were in two parts when a worker had changed the 

contractor he worked for during the year. For scree two-part recon:ls, the 

second part of the recon:l gave the cmmtlative dose fran the first part as the 

initial entl:y. 

In recon:ls for several of the later years, particularly 1972-78, dashes 

sacetimes followed entries for individual readings, and these readings were 

subtracted rather than added to obtain the St.ll11llaJ:y totals. Since this was 

done consistently, it was assumed that the pi:ocedure was intentional (perhaps 

a con:ection) and TRUOOS was set to coo:espond to the value obtained by 

treating these entries as negative values. 

Certain other features of the recon:ls needed attention before canparing 

TRUIXS with entries on the analysis file. First, although there was no place 

on the 1958 annual pumpouts for neutron dose, analysis files indicated neutron 

doses for 16 workers in 1958. These neutron doses were included in calculating 

TRUOOS. Second, although a place for tritium dose was provided only for 

pumpouts for 1962-1971, the analysis file showed tritium dose for one worker 
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Table 1. Number (and pa-cent) of annual mcords by calendar year and status 
of agreement of som:ce mcords and entries on analysis file. 

( 1) Number and pa-cent where TRmX>S (:Eran sow:c:e i:ec:ords) agrees with ANALIX>.S 
(:fran analysis file). 

( 2) Number and pa-cent with c:li.scI:epancies less than 0 .1 z:an in TRmX>S ( :fran 
sow:c:e i:ecorc1s) and ANALIXlS (:Eran analysis file). 

( 3) Number and pa-cent with discrepancies gi:eater than or equal to 0 .1 z:an in 
TRmX>S (:fran som:ce i:ec:orc1s) and ANAu:OS (:fran analysis file). 

( 4) Number and pa-cent with som:ce i:ecorc1s but no con:esponding entries on 
analysis file. . 

( 5) Number and pa-cent with entries on analysis file but no con:esporiding 
som:ce records. 

( 6) Total rrumber of workers with annual som:ce i:ecoi:d or entry on analysis 
file. 

Calendar 
Year ill 

1944 23 (76.7) 
1945 40 (81. 6) 
1946 43 (89.6) 
1947 63 (96.9) 

1948 74 (98.7) 
1949 71 (94.7) 
1950 74 (100.0) 
1951 84 (95.5) 

1952 83 (94.3) 
1953 93 (98.9) 
1954 88 (93.6) 
1955 95 (96.0) 
1956 97 (97.0) 

Subtotal (1944-1956) 

ill 
1 (3.3) 
0 
1 (2.1) 
0 

0 
3 (4.0) 
0 
4 (4.5) 

4 (4.5) 
1 ( 1.1) 
4 (4.3) 
2 (2.0) 
2 (2.0) 

928 (94.8) 22 (2.2) 

ill 
1 (3.3) 
4 (8.2) 
2 (4.2) 
0 

0 
0 
0 
0 

1 ( 1.1) 
0 
2 (2.1) 
2 (2.0) 
1 (LO) 

13 (1.3) 

3.5 

ill 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

ill 
5 (16.7) 
5 (10.2) 
2 (4.2) 
2 (3.1) 

1 (1.3) 
1 ( 1.3) 
0 
0 

0 
0 
0 
0 
0 

16 (1.6) 

ill 
30 
49 
48 
65 

75 
75 
74 
88 

88 
94 
94 
99 

100 

979 



r-"1. corrections made for reasons that are not obvious, and that .ANAI£OS was 

coo:ec:t. 

Only two discrepancies exceeding 0.1 :can (of -0.22 and -0.41 :can) occ:un:ed 
in the years 1957-78. In both cases, the discrepancies resulted because the 

worker changed contractor during the year, and the dose fran the second part 

of his mcord had not been illcluded in .ANAIL'QS. This pmblem also accounted 

for several of the smaller discrepancies. Of the smaller discrepancies (Column 

2) , seven wez:e only two centi%an ( 0. 02 :can) • 
Column 4 of Table 1 sh:Ms the number of instances where source records wem 

found, but the worker was indicated as unm:mitored in that year on the analysis 

file. Thm:e wez:e 10 such records, all after 1965, with four of the records 

fran 1978, the last year for which dosimetJ:y data was supplied in makinq our 

analysis file. The 10 records cane fran six workms, with one worker missing 

data in 1966, and 1975-78. The dose missed fran these records was zexo in 

eight cases, 0.1 :can in one case, and 1.03 :can in another case. 

Column 5 of Table 1 sh:Ms instances where the analysis file indicated a 

worker had been mmitored in the particular year, but no source recoi:ds wez:e 

~ found. TheI.'e wez:e no missing recoi:ds after 1950, and 10 of the 16 missing 

records occurred in 1944 and 1945. The missing source recoi:ds cane fran 10 

diffei:ent ~ with total doses fran the missing :years (as indicated on 

the master file) of 0.0, 0.0, 0.0, 0.03, 0.09, 0.12, 0.41, 0.69, 1.18, and 

1.46 :can. 
In addition to the records for the 139 records sunmarized in Table 1, 

source records for 1945 were sought for 10 workers with ammal. doses on the 

analysis file exceeding one :can. The number of doses exceeding one :can in 

1945 appeamd wmsual. because there wez:e few doses of this magnitude in the 

1940's or early 1950's. Source records for five of the ten workms could not 

be found. Of the five that wez:e found, it was detem1ined that in all cases, 
dose estimates obtained fran pencils had been recorded, and were llUlCh higher 

• 
than the estimates fran film badges that should have been recorded. 

3. 3 <X>NSISTEtCY OF CUMI.JLATIVE DlSES OBTAINED FRCM SOURCE RECOROO AND 
CUMtJLATIVE DlSES USED IN IDRTALITY ANALYSES 

M:>rtality analyses have been ~ed. on cmmtlative dose, or dose sumned 

over the relevant pericx:l of workms' exposure histories. Table 2 presents a 
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r--.., theI:efoi:e, these "'1Drkers can be i:egarded as mxe i:epresentative of the full 

cohort, or at least of males with. at least five years of m::>nitoring for 

external exp::>sui:e. For the canbined gmup of leukania deaths and controls, 

exact agreerrent was found for 75%, and agi:eenent within 0.1 rem for 93% of 

~ 

the 55 subjects. However, for the canbined g:coups of high dose cancer deaths, 

radiation "'1Drkers, and neutron "'1Drkers, exact agreerrent was found for only 

60%, and agree:rent within 0.1 ran was found for 81% of 53 subjects. As might 

be expected, theI:e is m::>i:e opportunity for discrepancies anong those with 

larger doses. 

Table 3. Number of subjects by study group and absolute differences in the 
cumulative dose fran analysis file and cumulative dose fran sow:ce 
i:ecoms . 

Group 
s -1 

1. Isukemia deaths 0 
2. l-fultiple myelana 

deaths 1 
3. Contx:ols 0 
4. High dose cancer 

deaths 0 
5. Radiation "'10rkers 0 
6. Neutx:on "'1Drkers 0 
7. Vk:>rkers with low 

exp::>sw:e p:>tential 0 
8. Other "'10rkers 0 

Absolute difference {in ran} 
> -1 >-.1 0 > 0 ~ .1 
s-.1 < 0 < .1 < 1 

0 0 13 1 2 

0 1 9 1 0 
0 5 28 4 1 

1 2 12 1 3 
2 0 19 4 2 
0 0 1 4 1 

1 2 11 1 0 
0 1 2 0 0 

~ 1 

0 

0 
). 

0 
1 
0 

1 
0 

16 

12 
39 

19 
28 

6 

16 
3 

Table 4 lists thS 17 "WC>rkers with discrepancies exceeding 0.1 rem, and 

indicates the mason for each disci:epancy. Nine of these disci:epancies, 

including all but one of those exceeding 0.5 ran, i:esulted fran difficulties 

with doses fran 1944-46. Only~ of the disci:epancies i:esulted fran 

difficulties within the 1957-78 period. 
Table 5 canpares cumulative doses fran the analysis file and sow:ce files 

using various alteI:native nethods for calculating these doses. In the second 

r:ow of the table, the canparison is made with 1944-46 doses excluded. This 

improves the percent that agree within 0 .1 rem fran 88% to 94%, and reduces 

the number with discrepancies exceeding one ran fran four. to one. 
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Table 5. Number (and percent) of subjects by absolute differences in the 
cmmtlative dose :fran analysis file and cumulative dose fran source 
recoms.* 

1. Cumulative dose calculated as 
in Tables 2-4*. 

2. As in 1. , but doses in 1944-46 
excluded. 

3. As in 1. , but source record 
cumulative dose uses 1957 dose 
obtained as sum of entries on 
record 

Absolute value of difference 
o > o J:elll >= 0.1 J:elll >= 1 J:elll 

< 0.1 J:elll < 1 J:elll 

95 (68.3) 27 (19.4) 13 (9.4) 4 (2.9) 

104 (74.8) 27 (19.4) 7 (5.0) 1 (0.7) 

67 (48.2) 38 (27.3) 30 (21.6) 4 (2.9) 

4. As in 1., but dose calculated 98 (70.5) 24 (17 .3) 13 (9.4) 4 (2.9) 
through 1970. 

* Except as noted, cmmtlative doses were calculated through 1978 using TRIJim 
and .ANAUXlS as described in text. In calculating the cumulative dose fran 
analysis file, doses with missing entries were taken to be zero. In 
calculating the cumulative dose :fran source recoms, doses for :years with 
missing source recoi::ds were taken to be zero 

It was noted in Section 3 .1 that in 1957, the sumnary mnnbers fran the 

source recoi::ds were laJ:ger than the smns of the individual madings for 46 of 

109 recol.'ds examined. For results presented in the first rem of Table 5, 

TRIJim was assigned a value equal to the smtl1laJ:y number in these cases, and 

this value agmed with doses on the analysis file. In the third rem of Table 

5, the source recom cumulative dose used the sum of the individual i:eadings 

for the 1957 dose, instead of the sumnary number. This i:educed the percent 

that agree within 0.1 J:elll fran 88% to 76%, but did not change the number of 

workers with discmpancies exceeding one J:elll. As noted above, it appeared 

that an intentional correction had been made to the 1957 :readings and, thus, 

the SUlll'l'laI.Y numbers, and the canparison in the first rem of Table 5 {and in 

Tables 2-4) ai:e m:>xe likely to be cor.rect. 

M:>st dose-xes1xmse analyses of the Hanfoi:d data (Gilbert et al. 1989) 

have incOl:porated a 10-year lag and have included deaths only through 1981. 

Thus, these analyses have not included doses received. after 1970. For this 

reason, the fourth rem of Table 5 shows a canparison of doses calculated 

3.11 



.. 

Table 7. Analyses of multiple myelana based on cunW.ative dose ( 10-:year lag) 
fran analysis file and cunW.ative dose fran source mcol.'ds. 

Source i:ecoz:ds Analysis file 

'lbtal dose for cases (12) 117.81 rem 117.83 rem 
'lbtal dose for matched contr::ols (adjusted 27. 68 rem 28. 83 :can 

to allOW' for multiple contr::ols per case) 
Trend test statistic (approximately 

oomally distributed) 2.61 2.58 
Maxim.Im likelihood estimate of linear 58.6% 46. 7% 

excess :celative risk coefficient 
(pm:cent increase per rem) 

90% confidence Umits for risk coefficient (S.2%, 2700%) (4.3%, 860%) 

Results of analyses based on source i:ecol.'ds and those based on the analysis 

file did not differ substantially. Differences in the estimated excess relative 

risk wex:e neqligible in canparison to the statistical W1Certainty in these 

estimates as reflected in the confidence Umits. 

3. 4 CON:LUSIONS AND RECGfMENDM'IONS 

Fiatl the results described above and quantified in Tables 1-7, it is clear 

that there are many instances in which the dose estimates on our analysis 

file could not be verified exactly. However, nest of the apparent 

discrepancies led to only minor nodifications of cumulative dose, and 88% of 

the doses could be verified to be within 0.1 rem of the cor.rect dose. Even 

if all discxepancies wex:e en:ors, they would be wll.Utely to seriously distort 

conclusions of dose-response analyses. This is illustrated by the leukania 

and multiple myelana. analyses presented in Tables 6 and 7. 

Because of difficulties in reading sane early sow::ce i:ecol.'ds, and because 

of the variation in the foi:mat of reconis and in algorithms for calculating 

whole J:xxiy dose, interpreting available source reconis was not simple. Our 

resow:ces did not pellllit a thorough investigation of each case in our study, 

and had this been done, it is p:>ssible that additional doses would have been 

verified. 

Most of the discrepancies occurred in the early years of the study, 

especially 1944-46·, with very few problems in the 1960 's and 1970 's. Source 

i:ecoi:ds could not be fowld for many of the 1944-46 i:ecoi:ds, and frequently 

doses on the analysis file appeared to be based on pencil readings, which 
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4. 0 D~ OCSIME:rRY CHARACTERISTICS 

The material in this section focuses on dosinetz:y characteristics that 

could not be obtained :fJ::an catpJ.terized sumnaries that ai:e available for the 

full cohort. The analyses presented were conducted before the canpletion of 

the validation study described in Section 3. Because the validation study 

resulted in resolution of sate di.scl:epancies, in locating sane additional 

reconis, and in excluding a few recOI.'ds, sate mnnbers presented in this section 

do not agree exactly with those presented in Table 1. 

Table 8 sunmarizes certain featm:es of dosinetcy for each calendar year 

1944-1978 for the entire group of 139 workers. Table 9 shows the sane 

infox:mation for leukemia deaths and controls only. The selection of these 

subjects was not based on exposure characteristics and, thus, this group can 

be conside:ced as nore representative of the full cohort than the total study 

group. Table 10 shows results for workers selected because of their high 

doses or potential for high doses, and includes the high dose cancer deaths, 

neutron workers, and radiation workers. These workers may not have been in jobs 

involving high exposure for their entire histoi:y. Table 11 shows results for 

workers with !CM exposure potential. Only the five workers with !CM exposure 

over the period 1944-1956 ai:e included in the results for 1944-1956, while 

only the 11 workers with !CM exposure potential over the period 1957-1978 ai:e 

included in the results for 1957-1978. Tables 12 and 13 show" results for 

annual doses less than 0. 5 i:em, and annual doses gmater than or equal to 

O. 5 i:em, respectively; data for a given worker can contribute to Table 12 for 

sate years and to Table 13 for other years. 

4 .1 FREQUEtCY OF M:lNI'IORrm 

During the period 1944-1956, rconitoring generally occun:ed weekly or bi­

weekly, and workers could have rcore than one dosineter for a given week if 

they worked in m::>re than one location. The nedian nmnber of dos.i.neters was 

ab::rut 52 for the years 1945-1947 and 1955-1956, and ranged fi:an 28 to 40 for 

the years 1948-1954. However, as indic~ted by the maximum nmnbers, a few 

workers had nD.1Ch larger numbers of dos.i.neters. The maximum identified in this 

study over all years was 399, which occurred in 194 7. Vk:>rkers with larger 
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Table 9. Characteristics of extexnal dos.imetzy for leukania deaths and 
controls 

( 1) Number of ammal recoms 
(2) Number of dosimeter i:esults per worker* 
(3) Pel:'cent dosimeter i:esults with positive gamna dose** 
(4) Number of dosimeter i:esults with positive ganma dose per worker 
(5) Ga1Tma dose (in mJ:an) per dosimeter :r:esult with positive ganma. 

Calendar 
~ ill (2) ill {4} {5} 

Median Mean Max. Mean Max. Mean~ 
1944 9 3 4.3 lT 7.7 0.3 -r 53 40-60 
1945 16 51.5 64 182 1.0 0.6 2 35 20-90 
1946 19 64 97 251 6.3 6.1 26 36 5-1170 
1947 24 55 101 399 5.9 6.0 27 24 5-105 
1948 28 37.5 55 205 5.2 2.9 19 25 1-70 
1949 26 37 53 138 8.6 5.5 26 29 10-85 
1950 25 34 59 180 6.3 3.7 17 29 10-65 
1951 31 30 49 175 5.0 2.4 26 38 10-250 
1952 30 36 49 170 6.6 3.3 27 61 20-240 
1953 34 36.5 45 195 9.1 4.0 22 62 15-230 
1954 31 45 46 205 9.7 4.5 31 68 10-220 
1955 32 46 55 234 8.4 4.6 30 65 10-220 
1956 33 45 58 227 7.3 4.2 39 67 15-325 
1957 33 12 12.0 12 15 1.8 11 136 20-518 

~ 1958 36 12 12.0 12 29 3.5 12 126 8-626 
1959 35 2 4.0 12 29 3.5 12 104 2-540 
1960 35 2 4.6 13 31 4.1 13 97 1-505 
1961 36 3.5 5.5 13 40 5.2 13 94 2-547 
1962 34 8.5 8.6 13 62 8.1 13 81 1-669 
1963 32 6.5 7.2 13 49 6.4 13 68 1-673 
1964 34 7 7.4 12 76 5.6 12 93 1-455 
1965 32 4 5.9 12 77 4.5 12 171 20-850 
1966 33 4 5.7 12 69 3.9 12 122 20-520 
1967 28 4 5.8 12 60 3.5 12 117 20-570 
1968 26 4 4.9 12 78 3.8 12 109 20-560 
1969 20 4 5.6 12 55 3.1 12 130 20-520 
1970 19 2 4.2 12 51 2.1 11 128 20-510 
1971 18 1.5 3.3 12 52 1. 7 10 104 10-920 
1972 11 1 3.5 12 95 3.4 12 78 10-270 
1973 10 2.5 3.6 12 86 3.1 12 65 10-600 
1974 9 3 3.7 12 64 2.3 12 52 10-120 
1975 9 2 3.8 13 71 2.7 11 70 10-370 
1976 8 2.5 3.8 12 77 2.9 12 48 10-250 
1977 7 4 5.6 14 82 4.6 13 38 10-170 
1978 6 4.5 6.3 12 87 5.5 11 26 10-120 

* See Table 8. 
** See Table 8. 
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Table 11. Characteristics of external dosimet:J:y for workeis with low exp:>sum 
potential 

(1) Number of annual ::cec:oms 
(2) Number of dos:imeter results per worker* 
(3) PeJ:Cent dos:imeter i:esults with positive gannia. dose** 
(4) Number of dos:imeter i:esults with positive gamna dose per worker 
(5) Gamna dose (in mran) per dosimeter result with positive gamna 

calendar 
~ ill {2} ill {4} (5} 

.z.B:lian lean Max. lean Max. M3an Range 
1944 1 1 1.0 -1- o.o o.o -0 
1945 3 43 31 45 o.o o.o 0 
1946 3 52 50 54 4.0 2.0 4 23 10-40 • 1947 3 52 52 53 6.4 3.3 4 30 15-40 
1948 5 33 30 53 2.0 0.6 1 15 5-25 
1949 4 30 35 52 5.0 1.8 3 21 15-45 
1950 4 36 38 52 5.3 2.0 3 26 15-40 
1951 4 38.5 39 52 3.2 1.3 2 26 10-55 
1952 4 35 38 52 2.7 1.0 2 63 55-75 
1953 4 44 43 54 4.1 1.8 3 46 25-55 
1954 4 53.S 49 60 1.5 0.8 2 28 25-35 
1955 4 52 67 133 2.2 1.5 2 32 25-55 
1956 4 50 ' 67 135 o.o o.o 0 
1957 10 12 12.0 12 o.o o.o 0 
1958 11 12 12.0 12 o.o o.o 0 
1959 9 1 1.1 2 2.8 0.3 1 27 7-44 
1960 7 1 1.0 1 1.1 0.1 1 15 15-15 
1961 10 1 1.2 2 2.3 0.3 2 15 7-27 
1962 8 6 6.0 8 42 5.5 7 16 1-50 
1963 8 6 6.0 8 30 3.9 6 14 3-41 
1964 11 7 5.5 8 72 4.0 6 26 ·1-108 
1965 11 5 3.9 6 74 2.9 4 133 20-700 
1966 11 4 3.9 6 37 1.5 4 123 20-400 
1967 11 4 3.4 5 14 0.5 1 124 20-360 
1968 11 4 3.3 5 47 1.5 4 42 20-170 
1969 11 4 2.9 4 31 0.9 2 37 30-60 
1970 11 2 2.0 4 4.5 0.1 1 60 60-60 
1971 10 2 2.0 4 so 1.0 2 78 50-140 
1972 10 1 1.1 2 73 0.8 2 76 20-140 
1973 10 1 1.2 3 75 0.9 1 46 20-100 
1974 10 1 1.1 2 64 0.7 1 71 50-90 
1975 10 1 1.1 2 45 0.5 1 24 10-50 
1976 10 1 1.0 1 30 0.3 1 20 10-30 
1977 10 1 1.1 2 18 0.2 1 20 10-30 
1978 10 2.5 2.4 4 71 1. 7 4 24 10-60 

*See Table 8. 
**See Table 8. 
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~ Table 13. Characteristics of external dosimetry when total anrmal dose gi:eater 
than 0.5 rem. 

(1) Number of animal records 
(2) Number of dosimeter results per worker* 
(3) Percent dosimeter results with positive gamria dose** 
(4) Number of dosimeter results with positive gamria dose per worker 
(5) Gamna dose (in DD:Bll) per dosimeter result with positive ganna 

calendar 
~ ill {2} ill {4} {5) 

M9cli.an Mean Max. Mean Max. --- Mean Range 
1944 0 
1945 0 
1946 5 138 129 251 9.6 12.4 26 79 10-1800 
1947 3 119 190 399 13 24.0 27 25 10-105 
1948 2 131.5 132 205 9.9 13.0 18 57 15-575 
1949 3 74 76 101 31 23.3 26 33 10-80 
1950 5 66 73 103 18 13.2 18 40 10-180 
1951 12 44.S 52 103 28 14.8 45 60 10-500 
1952 17 53 57 105 29 16.S 27 65 20-310 
1953 28 46.S so 104 29 14.7 31 68 10-340 
1954 30 51 56 106 32 18.0 46 69 10-315 
1955 37 70 79 134 26 20.8 39 67 5-340 
1956 41 71 79 141 30 23.6 45 68 5-325 
1957 46 12 12.0 12 77 9.3 11 170 3-717 

.~ 1958 58 12 12.0 12 88 10.S 12 169 8-781 
1959 57 12 11.0 12 90 10.8 12 151 1-540 
1960 58 12 12.1 13 92 12.0 13 147 2-532 
1961 60 13 12.3 13 94 12.2 13 158 3-679 
1962 60 13 12.s 13 96 12.S 13 i51 1-715 
1963 54 13 12.5 13 94 12.3 13 149 1-957 
1964 60 12 11.3 12 95 10.8 12 164 1-1228 
1965 71 12 9.9 12 88 8.7 12 186 20-990 
1966 53 12 11.0 13 89 9.8 12 166 10-910 
1967 45 12 11.1 12 95 10.6 12 178 20-850 
1968 49 12 10.8 13 94 10.l 13 174 10-1260 
1969 40 12 11.6 13 89 10.3 13 189 20-1490 
1970 30 12 11.l 15 89 9.9 12 193 20-1660 
1971 28 12 10.4 12 81 8.4 12 193 20-950 
1972 27 12 11. 7 12 96 11.2 12 153 10-970 
1973 23 12 11. 7 12 97 11.3 12 170 10-830 
1974 22 12 11.1 12 95 10.6 12 159 10-1150 
1975 18 12 15.6 25 67 10.5 14 162 10-910 
1976 14 13.5 15.4 26 70 10.8 14 130 10-860 
1977 13 14 16.0 23 80 12.8 16 112 10-900 
1978 7 12 13.4 17 95 12.7 16 117 10-840 

*See Table 8. 
**See Table 8. 

~ 
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~ For the pericxl 1957-1978, a lai:ger proportion of dosmeters showed 

.. 

p:>Sitive msults than during the ~lier period, and this probably msul.ted 

primarily because dosmeters wei:e exchanged. less frequently. Sane years, 

notably 1964 and 1965, showed very high proportions with positive results 

even am:>nq those who probably had no cx::cupational exposw:e (Table 11). The 

variation in the proportion of p:>Sitive dosimeters by calendar year very likely 

reflects variation in dos.inetl:y practices in neasuring and reconlinq very !CM 

doses. 

4. 3 MAGNITUDE OF POSITIVE RECORDED GAM?om. IXSES 

The average positive gamna dose per dosineter increased over the pericxl 

1944-1956. Doses during this period wei:e rep:>rted to the nearest five mrem. 

The lowest rep:>rted positive gamna dose by year never exceeded 10 mran; thus, 

it appears that all indicated doses wei:e recol:ded, without setting doses belCM 

sore specified threshold value equal to zem. 

With less frequent dos.imeter exchange, the average p:>aitive gamna dose 

per dosmeter was lai:ger during the period 1957-1978 than in earlier years. 

As w:ntld be expected, larger values wei:e found for those with higher doses 

(Tables 10 and 13). For the years 1957-1964, doses were reported to the 

nearest no:an. Beqinninq in 1965, doses were reported to the nearest centiran . 

.Again, there was no indication that doses less than sane specified threshold 

value had been set equal to zem. 
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