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INTRODUCTION

s
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Dr. Samuel ﬁi]ham, Jr., M.D., Washington State.Department of Social
and Health Services, Health Services Diyision; is studying occupational
mortality patterns in Hashington;State. He has studied the occupatiodal
mortality in the nuclear industry (Hanford Works in Richland) and he feels

that the findings of this study support the hypothesis that higher incidence

of cancer deaths among Hanford employees are attributed to external radiation

‘exposure.

The purpose of our study is to evaluate Dr. Milham's findings and to

" analyze the available data on Dr. Milham's Hanford study popu]ation and

see if our findings agree with Dr. Milham's findings. Utilizing the Hanford

study population data base, we will first compare mortality rates not only

RIETR Ny | — e T4 | O N | + ur 3 o A 1l
v. Hilham's results but-alse to Washington State and United States

mortality ates. The second major task will be to investigate the'bqssibie

relationship between cancer deaths and radiation exposure.

STUDY POPULATION DESCRIPTION

Dr. Milham identified the gtudy popuiation by examining all death records
for the three countfes around Richland, Washington, (Benton; Franklin anq
Yakima), fi]ed.in the years 1950-1973. Records of men whose occupation
statemeni Misted Hawfvid, Atomic Energy Coﬁmission or an AEC contractor were
co;sidéred those of Hanford employees. -In all, 843 such records were
identified but two of these had to be omitted from the study when it was

determined they had not worked at Hanford. A brief review of Pr. Milham's

methodology is given in Append{x A.
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Some characteristics of the study population are shown in Tﬁb]c I. The
study popu]atioh is all male and the race distribution is 832 thnites, 5 Hegroes,
3 Indians, and 1 Mexican. Information as to whether an autopsy was performed
was évai]ab]e on 831 individuals and 28.3% of these were autopsied.

Distribution of age at death broken down into 10 year intervals shows'
that 35.8% of the study population died when they were 65 years old or older.
The distribution of the year of death sﬁoWs that 57.9% of the study bopu]ation
died duriné the hine-year time perioﬂ 1965 through 1973 whereas only 42.1%

died during the 15-year time period 1950 through 1964. Over 72% of the group ‘

worked at Hanford for 10 years or longzer and over 50% of the study population

~startad to work at Hanford during thebyears 1943-1945. This indicates the

uniquzness of the group in that many of them started to work'at Hanford at
the s?art of the.project anB worked on the project until they-died.

The nuclear industry has many unique occupations which are diffiéu]t,to
ciassffy using standard ocuupation'codeS; However, by utilizing broad occupation
classes it is possible to Took.at the occupation distribution of the study

populaticn. Approximately 17% of the study population. are professional and

managars, 7% clerical, 24% craftsmen, 30% operatives, 7% laborers and service

werkers; and 15% are protective service workers.

One very important point should be made regarding the study popu]étion.

The.piant being that the 841 Hanford deaths which occurred in the-three

Hashington Counties is only a fraction of the total number of Hanford
deaths which occurred in the United States for the same time period. The
AEC Health and Mortality Study has death certificates for 3,486 male Hanford

employess who died at ages 20+ during the years 1943-1972.

S
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Problems in Analysis

The point of major interest in this study is whether or not there is-
anything about fhe Hanford deaths which suggests that-éxposure to radiafion
has played a role in causing.somg of them. Since we do not have information
concerning the number and age distﬁ;bution of the ba;e population from
‘which these deathsboccurred (in fact we do not even have all the deaths—-
just those occurring in three Washington counties), we have 'no way of
assessing i%ﬁthe number of deatﬁs observed is excessive. Instead we must
détefmine if there is anything unusual about the distribution of deaths
aﬁong various causes. In particular we will atfempt to determine if the
proport%on of'deaths due td cancer is in ahy way excessive since this |
cause is thought by many to be associated with radiation exposure.

_ The approach used by both Milham and Sanders was-io compére the observed
Hanford cause of death distribution witﬁ that found in the State of Washington
over thg\&ears ]950—]97].. That is, the age specific proportions for va;ious
causes“é% death were applied to the number of deaths in eacﬁ“age group of
the Hanford deaths to determine the number of deaths from a given cause
that would be expected if the Washington rates prevailed. The obsefved
énd expected number of deaths are then compﬁred and teéted for statistical
significance. (See Appendix A for mcre detail.)

This method has tﬁé potential to establish that the cause of death
distribqtﬁon for the Hanford deaths is different.from the_distribu;ﬁon for
the state.of Washington (or any other base of comparison which is chosen),
but it Teaves much to be desired ag a method of establishing that radiation

1s causing excess cancer deaths. First, looking at proporticnal Tmortality

can be deceptive. An excessive proportion of cancer deaths jay, for example,
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represent a deficiency of cardiovascular deaths. Second, the Hanford

population differs in many respec%s other than exposure to radiation from .

the population of the total state of Washington (and p%obab]y from any other

base that one could find). Listed bg]aw are a number of differences which

could effect the cause of death distribution.

1. A1l the deaths in the study are those of persons wﬁo were dﬁce
employed at Hanford. Employed persons are known to-have some-
what different death patterns than non-employed.

2. Most of these deaths are of those wﬁo'came to work on a special
project in the 1940's. The type of person who would choose to
participate in such an undertakiné very likely differs somewhat
from the average Washingtonian. For one thirg, a pre-employment

| physical was requfred screening. out‘the obviously ill. |

3. Hanford brovides yearly physicais.for its workers, possibly

ﬁ]eading to better than average hea]th-pare. bne can imagine a o
number of ways this might effect proportional mortality. .FQr

T €aanpie, ear?y'detecLioﬁ-and subsequent treatment"éf iiyn blood

pressure could prevent scme cardiovascular deaths.

4. Hanford employees Tive in a dry, desert, small city environment --

quite different from the moist, fo%ested, urban environment of
the Puget Sound Regicn.

5. Cause of death classification as recorded on death certifiéétes

‘may be slightly different from that of the state as a whole.

6. MWe are examining only those deaths whiéh occurred 5n three counties

in the state of Washington represegtfng only 841 out of a total of

3486. Health factors could have played a role in persons leaving

or staying in the Hanford area.

1007431
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7. Some of these workers may have been exposed to other occupational

hazards (chemicals, for example).

. Fortunately, there is an a1ternative approach made possible by the
fact that we have information on theAextana] and internal doses of
radiatfon received by those in our study. This information permits us
to.re]ate the cause of death distribution to the dose réceived avoiding
mény of the difficulties noted‘above. 1t is still possible of course,
that those receiving high doses differ from the remainder in ways other

véﬁan the dose received, but the differences are probabiy not as great as
when an outside population i1s used for comparison.
In thé néxt %wo'sections we describe the results of the two methods

of analysis discussed above.

/

Comparison of the Hanford Deaths With Vital Statistics for the United States
and for Machinoton

.Ag a first steé in our analysis, we felt it was of interest to establish
if the Hanford cause of death distribution differs in any way from;an out-
side comparison population. ThisAwas Mijham‘s approach, and since one
purpose of this work is to evaluate Mi]ham‘s findings, we should at least
determine if he is on sound grounds in concluding that the Hanford cause of
death distribution is significantly different from that of the state of
Washington as a“whole, régard]ess of whether he.is correct in atiributing
such -a differcnce to exposure from radiation.

Dur main baﬁis of comparison is the United States as a whole, primarily
because of the avai];biIity of reliable vital statistics for spgcific years,
age groups, and!types of cancer. We also used data frbm the state of
Hashington for comparing broad cause classifications, but:?ear qnd age

-Specific rates were not available to us for specific types of cancer. We
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had access to Milham's data for Yashington deaths only as pfoportiona1
mortality pooled over the years 1950-1971. Since cancer rates have been
increasing over time,(7) and since the Hanford deaths are not uniformly
distribﬁted over the considered time interval (see Table 1), we felt it was
important to consider the year of déath as well as the age of death. We
did not feel that Washington data necessarily provided a better basis of
éomparjson than.data for the U.S. as a whole. The majority o% Washing-
ton’'s popu]afign lives in the Puget Sound area. It has already been noted
t@at'this area differs from Hanford with respéct to climate, population
dénsity, and probably many other factors. :-Further a comparison of U.S.
and Washington proportional mortality does not reveal much difference in
proportional mortality for the various cancer types.

The source of our U.S. vital statistics are shéwn below. Data
for white ma]eé only were used.
Source ot Vital Statistics fdr Comﬁaring
* - _Hanford Deaths With the 1I.S.

Years of Hanford Deaths
- This Data Was

Source : 4 Year(s) of Data Compared With
End Resuiis and Mortaiily Trends

in Cancer(3) 1950 1850-1952
- " " 1855 ) 1953-1957
Caricer+in the United Siztos (6] 1959-61 1958-1961
Vital Statistics of the U.S.(12) 1962 1962-1963
! _ " " 1966 1964-1967

" " " 1969 . 1968-~1970
Monthly Vital Statistics Repﬁrt(B) 1972 1971-1973

N \ >

A7,
¥y
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The last source did not contain sex or race specific rates. To obtain
this estimate, the overall proportion for 1972 was multiplied by the
ratio of the 1969 proportions for white méles and for total deaths.

The source of our Washington data were the Hashingfon Vital

Statistics Summary‘s(]3)- The table below gives the years available to us and the

yéars.of Hanford deaths.with which comparison was made. Data for all
. males was used since this was all that was available. (Only aSout 4% of

Washington's deaths are non-whites).

Source of Vital Statistics for : .
Comparing Hanferd Deaths Hith Washington -

Years of Hanford
R Scaths This Baia
Source Year of Data Was Compared With
_ HWashington Vital - ' )
Statistics Summary 1951 1950-1954
" 1958 - 1955-1859 -
, " 1962 - 1960-1963
. ' 1964 1964-1965 T
" 1968 1966-1968
" 1969 1969 ,
) " 1870 1970
" ' 1971 ' 1971-1972

o . 1973 1973

To.calculate expected values using either U.S. or Washington gata, the
.age:year Qf death specific proportions (for the U.S. or Washirgton) were
multiplied by the number of Hanford deaths in the particular age-year
-category. These numbers weré then summed over years to obtain the expected
deaths for each age group, and then over ages to obtain the togél number of.

expected deaths. o _ =
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The results of these calculations using U.S. Statistics are presented

in Table II for each ten year age group along with the observed Hanford

deaths -in each category.* The cancer categories are those given in_the
Vvital Statistics cof the U.S. volumes. Tab1e-III presents a summary of
these same calculations for the total group and for those under and over
65 years of age. In the over 65 group genital and urinary cancers vere
pooled, and leukemia and Tyhphigfic cancers were pooled. This was done
to qbfain high enough expected values to make the use of chi-square tests
valid. The exprassions (Observed-Expected)z/Expected are also presented so
that it can be'seen whjch categories are making the greatest contribution
td the\tota] chi-scuare. The chi-square statistic is the sum of these
egpressinns.
For each of th= tables, a total éhi—square for all 12 (10 for the
€l’ over 65 group)'cétegories was calculated. This total chi-square was then
partitlg%ed into three independent chi-squares testing the fo]]oWing hybotheses.
1. {Major categories) The distribution of deaths into cancer,. cardio-

vascular, and all other causes is the same for Hanford deaths ds

for the U.S. as a whole.
2. (Within Cancer) The distribution of cancer deaths {ntobspecific
types of cancer is the same for Hanford deaths as for the U.S. as
~for the U.S. as a whole.
3. (Within Cardiovascular) The distribdtion of cardiovascular deaths
into heart disease, cerebrovascular and other is the same for
- .Hanford deaths as for the U.S. as a whole. W -
. 4. (Total) The distribution of'deafhs into the 12 (10)_categorie§ in
5?‘ : Table III (those not in pafentheses) is the same for Hanford deaths

‘as for the U.S. as a whole. ‘ )
*A detailed cause of death breakdown for the Hanford deaths is presented in
Appendix B. , ' C o ' C T
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QE’ The results of the chi-square tests are presented in Table IV. The:
observed cancer deaths for the under 65 group‘are soméwhat in excess of
those expected (115 vs. 100.4) bu@‘this difference is significant only at the
- .10 Tevei. It is seen that the Jérgest'individua] contribution to the
total chi-square for this ége group is for cancers of the digestive system.

If we examine specific types of cancer within this category we obtain the

following results for thef under 65 group.

Cancer Observed Expected | Level of
Type Deaths Deaths X Significance
Stomach 6 6.02 .00 N.S.
Colon 14 7.85 4,82 .05 &
Rectum 2 3.59 _— N.S.
Pancreas 13 5.62  9.69 005 "
- 0 Cancer of the colon and pancreas snow significant excesses for this age group..

~ These_ cancers were also examined for the total group and for those over 65.

Only cancer of the pancreas in the total group showed a significant excess

/
(S
———

a2t the L00E Tovel) ywith 18_cbscrvc¢ deaths versus 8.1 coxpected.
v 'fhe within cancer chi-square for the over 65 gréup also reaches signifi-
cance at the .10 ieve1. Exam%ning the contributions of individual cancerA
types to this statistic, we find that buccal cancer with an individual chi-
square of /.78 yields by far the Targest vajue. Since the expected value for
;A . this cancer type is ]ess fhan five, it is not Qa]id to use the chi-square
statistic to test this cancer type individually. However, Poisson tables
can be appropriately used to obtain a valid test (see Guenther p. 55).(5) This
test reveals that-the buccal cancer excess is significant at the .02 level.
Table V presents the observed and expected deaths bgsed on Washington

_ Qi’ data for three age groups and for the total group. The causes selected are

those for which data is available for the particular age group. Chi-square
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tests were caicu]ated %or each age group. Although none of the results are
significant, we note that the chi-square value for cancer alone is quite
high in the 45-64 age group. If cancer a]one.is tested for significance in
this age group, with all other caﬁées érouped together we obtain a chi-
square of 4.32 which'is significant at the .05 Tevel.

In summary, we can say that our data suggest that Hanford has a higher

proportion of cancer deaths for those under 65 than the U.S. as a whole or

' ;han the state of washingfon as a whole. More data would be required to

establish this firmly. There definitely appear to be excess cancers of the
pancreas and very Tikely excess cancers of the colon in the under 65 group

as well as excess buccal cancers in the over 65 group.

Comparison with Milham's Findings

Our study included 841 of the 842 deaths originally analyzed by.Hi]ham.
Mi}ham?claimed that:his excess of cancers 1in the;unde} 65 group is signifi-
cant at the .025 level, and if his test statistics were carrectly calculated
he would obtain significance at the..Of 1eve1.*- The p;{ﬁary reason for the
disérepancy between his conc]usjohs and ours is the difference in expected
frequencies. lle used U.S. data and took the year of death into account while

Milham used Washington déta pooled for the years 1550—197]. It is our belief

. that it is taking the year of death into account rather than the nuse of the

U.S. as a base that is primarily responsible for the different results. We '
calculated the expected deaths for all cancer using Washington data (again
taking year of death into account) and obtained 155.5 as compangd with 157.8

*The correct statistic for testing the agreement of a single cause is the sum
of the expressions (Observed—Expected)2/Expected for the .cause of interest
and Tor all other causes combined. When the cause of interest is relatively
rare (Such as a specific cancer type), the second term is negligible and
‘Milham's use of a single term is an appropriate approximation. However,
when considering a more common cause, such as all cancer, both terms need

to be inc]yded.

1007451
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using U.S. data. By contrast Milham obtained 148 expected cancer deaths.’
Milham also claimed a significant excess for a number of specific
types of cancer. These are presented in Table VI along with a comparison
of his and our expected and obserﬁed values. Many of our expected values
are higher than Milham's, causing the significance of cancer of the tongue

(buccal) and lung to disappear; In addition there are a few discrepancies

in the observed cancer deaths. After careful review with the Hanford

gnvironmental Health Foundation, we determined that MiTham had one too few
cancers in each of the categories lung, bone, and prostate cancer, while

he had two too many deaths from Teukemia and'one extra.death from aplastic
anemia (hoh—cancer). In addition, there were a few errors in age classifi-
cation inc]udjng two tongue cancers and one cancér of the colon misclassified
into the 20—64 age group. Correction of these errors eliminates the "
significance. of aplastic anemia and cancer of the tongue. The age
classification errors also contribute to the claimed significance of

excess. cancers in the 20-64 age group.

‘Milham's statistical tests are sometimes invalid. The chi-square .

- statistic with one degree of freedom is appropriate for testing only when

the expected freduencies are at least five (see Cochran(z)). In many instances.
this condition is not met. It is still possﬁblé to perform a valid test

by Jsing a Poisson approximation to the binomial distribution'(Guenther(s)

p. 55). In Table VI we redid Mitham's tests using his observed and expected
values to obtain the correct significance levels. In every case the level of
significance is increased (making the result less signifiéant),’but with

the exceptiqn of aplastic anemia in the 20+ group, all results remain

significant at least at the .05 level. Thus, it is the method of pa]cu1ating

1007458 | - .
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exbected frequencies rather than statistical technique which pfimarily
accounts for the discrepancies between Mitham's and QUr conclusions.

We did not calculate expectedxfréquencies for cancer of the bone (these
cancers are included in our "other" category), aplastic anemia, or amyot}ophic
lateral sclerosis (non-cancers). We did recalculate the levels of |

‘significance using Milham's expected frequencies with our observed deaths
and.a'correCt statistical test. The exéess of bone cancers and of
amyotrophic lateral sclerosis remain significant and it seems unlikely that
recaléu]ation of the expected frequencies to take year -of death into account
would substantially alter these findings. With respect to amyotraﬁhip Tateral
sclerosis, it must be noted that this cause was singled out for, testing
precisely because it appeared excessive. In any pobu?ation of deaths there

is Tikely to be some cause which will show a cluster of excess deaths with

hS

-~

many possible explanations for such clusters.’
o MiTham later redid his calculations, eliminating those who died in 1972

and 1973 (with obvicus lass of information), ahd conside}ing the year of

d::th.fn calculating his expected frequencies. He also added a few cases =~

who died in other parts of Washington. Since we do not have data on these

additional deaths and since we do not have access to the detailed data from

which his expected frequencies Qere calculated, it is imposs{ble to completely

evaltate these later calculations. He again dfd,his statistical tests

incorrectly, and since his errors inc1udea rounding off the expected frequencies

to the nearest integer, we cannot redo his'tesfs correctly._ HOﬁ?ver, it

appears that we will be left with the same Xélig.excesses as before except

that amyotrophic lateral sclerosis is no longer significanfr(B.of the 6

deaths occurred in 1972 and 1973).

1001459
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Finally we note that in this section we are evaluating bn]y whether
Milham is correct in concluding that the Hanford deaths have a cause of death
distribution which is different from that of the state of Washington. As
we have discussed earlier, this does not establish that radiation is thé

cause of any significant differences. To gain further insight into this

question we turn to a consideration of our information on radiation exposure

and its relation to cause of death.

- . , RS 4

100Tub0



e A o

~15-

EXTERIAL RADIATION EXPOSURE

Radiation exposure information is based on radiation exposure racords

maintained by personnel dosimstry. Rems of whole body penetrating radiation

are accumulated over the years to determine the total occupational exposure.

Prior to 1972 at Hanford, whole body penetrating radiation is interpreted
as the combined exposure from gamna, 35% X—raysx fast neutrons, slow neutrons

and tritium. The rem js the unit of radiation exposure and as used here

" includes only ionizing radiation which is able to reach critical organs of
¢ B

the body.

The National Council on Radiation Protection and Measurements (NCRP),

since its founding, has recommended maximum permissible limits .for radiation

exposure received by individuals in the course of their occupation. The

L TRN]

~NCRP .recommendations Tor occupational exposure to whole body penetrating
' t

h Y

radfat&on are:

1. The accumulated whole body penetrating exposure shall not
xcead § rems multiplicd by the number of years beyond age 18..
”2; The whole body penetrating exposure in any calendar quarter

_ shall not e%ceed 3 rems.

o046
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Total External Dose Related to Cause of Death

Information on the total external dose in rems is available for 811

of the Hanford deaths. Various percentiles of the dose distribution are

as follows:

Dose in Dose 1in Dose in

Percentile Rems Percentile Rems Percentile °~ Rems
5 .00 - 40 .65 75 . 2.24

10 .05 .- 45 . .80 - 80 2.8
15 .12 50. 1.00 85 4.3 -

.. 20 24 55 1.2 30 - 6.60

. 25 .32 60 1.4 95 20.0
30 .46 £5 1.6 100 2.0 .

35 .56 70 1.9

>

The distributicn is highly skewed to the right, in fact, exponential in

shape,. Hone of the doses are particularly high at Teasf relative to the

-

standards noted above.

_For the purposes of examining the relationship of dose to other varlabTes,

an omt

we have’ dividad the deaths into five dose groups wwth cut p01an corresponding

to the 25th, 50th, 75th, and 90th percentiles.

Dose Group 1  dose <.32R
Dose Group 2 .32 R < dose <1.00R

Dose Groun 3  1.00R < dose <2.Z24R

Dose Group 4  2.24R < dose <6.60R ~
Dose Group 5 6.60R < dose

It would be desirable to separate]y examine 1nd1v1dua]s with doses much

higher than required by dose group 5, but there are not enough of these

~ to make such an analysis feasible.

Table VII shows the relationship of dose to cause of death (cancer,

cardiovascular, and other). It is seen that the percent of deaths due to

.

cancer increases with dose shewing a particularly striking  jump between

1007ub2



doses 4 and 5. Pooling the four lowest dose groups, ve -have a cancer
percent of 19.7 versus 33.3 for the highest group. That the difference
should be observed primarily in the -top group is probably not too surprising
since none of the doses in the ]owg} groups are partiéu1ar1y high.

It would be unwise to draw any conclusions before examining the relation-
ship of dose to other factors which are related to cancer incidence and which

may account for some of the dose-cancer relationship observed qbbve.
T?bles VIIT and IX present the relationship of dose to age and year of
death, respectively. It is seen that the age group 55-64 has an unusually
high dose distributioh while those over 75 are on the 1qw side. Since cancer
incidence is relatively high and low in the same respective agé groups,
~age could well account for at least a part of the observed cancer-dose
" relation. Yea? of death also shows a strong relationship to dose. Onljk
2.52.§5%ihe deaths in the highest dose group occurred before 1950 com?ared
.with 36.6% in the lowest dbse group. Nearly 52% of the deaths in the
highest -dose group occurred in 1970 or after compared with about 20% of
those below the median. Since the incidence of cancer between 1950 and 1954
is particularly low (9.1%), this relationship could also effect our conclusions
about dose and the cancer proportion.

The first thing that was done in order to reduce bias due to the
diffe;ence in age distribution was to calculate an age adjusted cancer

percent for each age group. That is, for each dose the age-dose specific

cancer proportion was multiplied by the total number of Hanford deaths in

. '\ : ay
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the particular age group. These quanfities wéré summed over age aﬁd then
divided by the grand total of deaths. The resulting percent can be

interpreted as the cancer percent;fhat would be observed in the total

group of deaths if it had experienced the age specific rates for the particulér
dose group of interest. This is the direct method of age adJUSt]ng and is.
described 4n Spiege]man( 0)" (pp. 67-69).

_ The age adjusted percents are 17.3, 19.1, 21.9, 20. 8, and 30 7 for
deSe groups 1, 2, 3, 4, and 5, respectively. Thus this adjustment slightly
lessens, but certainly does not-e]iminate, the effect of dose on fhe.
cancer percent.

- The second thing that was done to remove age-year of death biases was
to 1imit our more detailed ana]ysis fo the age group 45-74 and to those

deaths occurring 1960 and after. The cancer proportion does not vary much

-over these age and year intervals. Further, one really does not lose much

information by limiting the group in this way. In making comparisons
regarding the dose groupings of primary interest, it is the size of the
smallest group, dose group 5, which primar%]y effects validity and power
of the statistical tests. In dose group 5, 71 of the original 81 are in
the age group 45-74 and died 1960 or after. a

In the table below are presented the crude cancer percents for each
dose group for éges 45-74, year of death 1960-1973. These are then agé
adjusted {for the age groups 45-54, 55-64, 65-74). Also presented are data
for dose groups 1-4 pooled versus dose group 5. This pooled dita is adjusted
for both age (as above) and year of death, (for the groups 1960-19569 and

®

1970-1973).

100TubY
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Percent Dying from Cancer for Various Dose Groups for
* Those With Age at Death 45-74, Year of Death 1560-1973

Dose Group o 2 3 4 5
Crude Cancer %' 17.4  21.9 23.6 22.1 36.6
Age Adjusted Cancer % 18.17 22,3 23.5 21.0 36.8
Dose Group o 1-4 5 ‘
Crude Cancer % : 21.7 36.6
_ Age-Year Adjusted Cancer % 21.8  37.3

%

WE still see a slight increase in the cancer percent over doses 1-4 with quite
a jump as we move to dose 5. Note that aQe-year adjustment makes very little
aifference within this group due to the uniformify of the cancer percent over
this age-year of death range.

Tables X and XI summarize the observed dose—ééncer_re]ationship. Results
inc]udiﬁg q]].five dose groups are given for each 10—year age group and for
the tofa] group. The numbers for those dyiné at age 45-54 are tooAsmail to
pe very meaningful. The 55-64 age group shows a s]ightly-higher cancer
percerit in all dose groups than the 65-74 age group with the largest difference
v dose group 4 (30.6% vs iG.D%). The three age groups wefe pobled for the
purpose of performing a statistical test. |

'_We wish to test the null hypothesis tﬁat the cancer proportion is

indepehdent of dose veréus the alternative that cancer increasés with dose.
A possible test is, of course, the chi-square test, but this test doesAnot
take into account the ordered nature of the dose groups and thus is not

~particularly sensitive to the kind of differences in which we are interested.

\

¥
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éa’ An alternative is a test for Tinear trend in propoftionS'described in Snedecor
and Cochran(g) (pp. 246-248). The procedure essentially involves performing
a linear regression of the proportions on scores assigned to the dose groups
and then testing the significance of the regression coéfficient b. The
method may, of course, be sensitive to the scores assigned. Two sets of
scores were used; the first were'simply the numbers 1, 2, 3, 4 ;nd 5, while
the second were the median.doses for the 5 groups (.09, .64, ].49; 3.39, and
20.63, respectively). In both cases the results were highly significant.v
With the simpje scores we have z = 2.41, significant at the .01 Tevel, and
with the median dose scores we have z = 2,80, significant at the .005 level.
SigniTicance levels are based on a one-tailed test. |
Table XI presents comparisons for the pooled dose groups 1-4 versus
dose group 5. In addition to individual age groups, this comparison is
shown feir’ the two year of death groups 1960-1969 and 1970-1974. The -most
striking observation regarding these age-year of death specific tables is
the low cancer percent for the top dosé gfoup age 55-64 in deaths Qccurring
"i{970 and after. No ready exp]éﬁation comes to mind for this observation.
However, tﬁe fairly high cancer percent (30.6) observed for this age group
for, dose group 4 Qhen'considering all yeérs of death 1960-1973 suégested that
e examine this next highest dose group. In dbing so we found that 35.0%
of the—ZO in dose group 4, age 55-64, year of death 1970-13873 had.died from
cancer. It could well be that the result observed for this age-year of death
group is a fluke which is partially a result of the somewhat arbitrary cutpoint
of 6.6 rems.and partially a result of.the 55311 numbers invo]ved.m We cannct,
' éﬁb however, rule out the possibility that we are Tookiﬁg at a réal phencmena

-whose explanation escapes us.
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A Yates corrected chi-square was ﬁa]cu)ated fér all tables with a
sufficient number cf deaths to make sucﬁ a test valid. Of greatest
interest is the chi-square for thg total group which has a value of 6.75 and thus
is significant at the ,01 level.

He next examined the re}étionship of dese end specific types of cancer,
again 1imiting.ourse1ves to those with age 45-74 and year of death 1960-1974.
In th%s group (inc]uding deaths frém'a77 causes) there are 13.5% with doses
over 6.6 (dose group 5) and 62,0% with doses'l.CG and greaéer (dose groups

3, 4, and 5). {For the total group these percents would be 10% and 50%, but

they are altered for the Timited group.) For each type of cancer, we examine

the percent of deaths over 6.6, and over 1.00 and then test whether these

percents are greater than 13.5 and 62.0, respectively. Tables of the
R ’ T
binomial distribution(’]) were used to yield an exact test. Results are

presented in_Table XII. In only two cases was statistical significance

- {at .05 or less) obtained; for lymphaetic cancers {only for the percent with

doses over 6.6), and for respiratory cancer wheara 27.1% had doses over 6.1
aid ?9;2% nad doses over 1.C0. In fact, out of 25 cancer deaths'occurring
in the top dose group, 13 were due to lung cancer. A relationship of dose
with cancer of the pancreas and cancer of the celon is suggested, but doe$
not reach statistical significance. It is perhaps interesting to note that_
3 out of 5.of the buccal cancers in the over 65 age group had doses befow ‘

1.00 suggesting that the excess observed in comparison to U.S. data is unlikely
to be radiation related. - | -

The relationship of dose to ab]astic\anemia and amyotroph?c lateral

sclerosis is also examined since Milham showed an interes¥ in these causes.
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. fhe one death from aplastic anemia had a dose of 0.0. Of the six deaths
from amyotrophic lateral sclerosis, one had a.dose of 20.28, 4 had a dose
between 1 and 2, and one had a dose of 0.0. Although 5 6ut of 6 had doses
over the median, this result is nof statistically significant.

As a further verification of the cancér—dose relation, the U.S. vfta1
statistics data was used to ca?cu1ate the expected cancer dedths for the ‘
top_dése ﬂroup'only. These ca]cu]ationg shéw a statistically sjgﬁifihant
"excess for cancer (26 observed vs 16.5 expected) and specifically for )

1

respiratory cancer (13 observed vs 6.1 expected).

10074b38 | -
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APPENDIX A, Vs

BRIEF RECVIEW OF DR. MILHAM'S METHODOLOGY

Dr. Milham's first step in studying occuoational mortaTity patterns
in'washington State, was to search toe doafh records of all male residents,
age 20 plus, dying in the years 1956;]971. The occupational statement was
abstracted and coded, based on the U.S. Census Bureau occupaoiona] code.
Thié information along with age at death and cause of death wao filod on

magnetic tape‘for 307,828 records; The age at death and cause of death

: inforﬁation was utilized to calculate the propoftion of deaths due to various

causes by age for Washington State male residents. His second step in the '
study was to examine all death records for the three counties around

Richland, Hashington (Benton, rranklin and Yakima), filed in the years 1950-

. 1973. Records of men whose occupation statement Tisted Hanford, Atomic

Energy Commission or an A.E.C. contractor were considered those of Hanford

’ erployees. In a?iﬁ 843 such records were identified and tabulated by

o8
cause of death and age at death.

Expected number of deaths for Hanford employees were derived by using
a proportionate morto]ity approach. Total deaths for Washington state during
the years 1950-1973 and the cause of death to be examined are counfed by 5
year-age groups for the entire file, and the proportion of deaths due to the

examined cause is calculated in each age class. The proportion is then

mu]tip]iéd by the total Hanford deaths in each age class to get the expected‘.

deaths due to that cause in each age class in Hanford employees. Observed

- deaths for that cause are tabulated by age, and observed and expect:d deaths

-,

o

are sumred over age and compared using a chi-squared test.

Dr. Mitham discussed his work with Dr. Barker S. Sandexs and decided to

analyze Hanford deaths for the years 1950 through 1971 which corresponds to

the same years as his proportionate morto]ity statistics. Dr. Milham's second

1007490
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€§' nal&sis is based on Hanford white males dying anywhere in the State of
a . |

washingtbn during the years 1950 through 1971.

i

1007491




| ?

1007492

APPENDIX B



APPENDIX B

@ - DETAILED LIST OF HAHFORD STUDY POPULATION BY CAUSE C.’: DEATH
(EIGHTH REVISIOH INTERNATIONAL CLASSIFICATIC! CF D SEA SES)

Humber of v
Deaths Cause of Death
I. INFECTIVE AND PARASITIC DISEASES (000-136)
Poliomyelitis and other enterovirus diseases of central
. nervous system (040-046) _
1 . _ 040 Acute paralytic poliomyeiitis specified as bulbar
’ Other viral diseases (070-079)
B . - 070 Infectious hepatitis
II. NEOPLASMS (140-239) ' .
Malignant neoplasm of buccal cavity and phanynx (140- 149)
4 141 Malignant neoplasm of tongu=
T 145 Malignant neoplasm of other cnd unspec1f1°d
g . parts of mouth
1 146 Malignant neoplasm of orcohzrvnx .
O 1 ’ . 147 Malignant neoplasm of nasopiarynx N
1 _ . 148 Malignant neoplasm of .hypoprarynx
Malignant neoplasm of digestive orgzns and peritoneum (150-159)
3 - 150 Malignant ncoplasm of escohagu
9 151 Malignant neoplasm of sto*acn 4
1 ' 152 Malignant neoplasm of small intesting,
- including duodenum : :
16 153 HMalignant neoplasm of Targe intsstine, except
) rectum
A= - 154 Malignant neoplasm of rectum and rectesigmoid
. - Jjunction
2 155 Ma11gnant neoplasm of liver and intrahepatic
- , .bile ducts, specified as primary
18 » 157 Ma]}gnant neoplasm of. pancreas
Malignant neoplasm of respiratory system (160-163)
1 : 161 Malignant neoplasm of larvnx

25 . 162 Malignant neoplasm of'trafnea, bronchus, and lung

™
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Malignant neoplasm of bonL, connective tissue, skin, and
breast (170-174)
@ 4 170 Malignant reoplasm of bone
: 1 - 171 HMalignant neoplasm of connective and other
soft tlSSUQ
2 172 Matignant rmelanomz of skin
1 173 Other malicnant neoplasm of skin
1 174 Malignant neoplasm of breast
Malignant neoplasm of genitourinary organs (180-189)
- 10 185 Ma]ignanf nzoplasm of prostate -
2 , 188 Malignant neoplasm of bladder
7 ’ 189 Malignant ncoplasm of other and unspecified
urinary organs
3 Malignant neoplasm of other and unspecified sites (]90 169)
7 191 Malignant neoplasm of brain
3 197 Secondary malignant neoplasm of resp1ratony and
digestive systems
1 198 Other secondary malignant neoplasm
2 199 HMalignant neoplasm without specification of site
Neopiasuws of 7ympﬁatic and hematopoietic tissue (200—209)
Q 5 200 Lymphosarcoma and reticulum-cell sarcoma
3 201 Hodgkin's disease
4 203 Multiple myeloma
K 204 Lymphatic leukemia
2 205 Myeloid Teukemia
. 1 206 Monocytic leukemia )
1 209 Myelofibrosis
. ) Benign neoplasms (210-228)
2 L 211 Benign neoplasm of other parts of digestive system

Neoplasm of unépecified nature (230-239)

0 . 238 HNeoplasm of unspecified nature of other
) genito-urinary organs

III. ENDOCRINE, NUTRITIOHAL, AND METABOLIC DISEASES (240-279)

i: . Diseases of thyroid giand (240-246)
1 - - 244 Hyxedema ' LT
. Diseases of other endocrine glands (250 258)
S 250 Diabetes mellitus "

e
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B-3

Cause of Death

ther metabolic diseases {270-279)

272 Congenital disorders of 1ipid metabolism
276 Amyloidosis
279 Other and unspecified metabolic diseases

DISEASES OF THE BLOOD AND BLOOD-FORMING ORGANS (280-289)

284 Aplastic anemia
289 Other diseases of blood and blood-forming organs

MENTAL DISORDERS (290-315)

Neuroses, personality disorders, and other nonpsychobwc
mental disorders (300-309)

303 Alcoholism
309 Mental disorders not specified as psychotic
associated with physical conditions

DISEASES OF THE NERVOUS SYSTEM AND SENSE ORGANS (320-389)

. Hereditary and familial diseases of nervau;-system:(330—333)

331 Hereditary diseases of the striatona]]idal éystem

Other diseases of central nervous system (340- 3A9)
342 Paralysis agitans

248 Motor neurone digeasge

SR aar i s SO

DISEASES OF THE CIRCULATORY SYSTEM (390-458)

'Chronié rheumatic heart disease (393-398)

394 Diseases of mitral valve

395 Diseases of zortic valve.

396 Diseases of mitral and aortic valves
397-.. Diseases of other endocardial structures

Hypertensive disease (400-404)

400 Malignant hypertension

401 Essential benign hypertension
402 Hypertensive heart disease
403 ‘Hypertensive renal disease

e
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T

Ischemic heart disease (410-414)

gt sioma

282 410 Acute myocardial infarction &
1 . 411 Other acute and subacute forms of ischemic &

' heart disease ﬁ

48 412 Chronic ischemic heart disease 3
ther forms of heart disease (420-429) - §

1 420 Acute pericarditis, nonrheumatic
2 _ 424 Chronic disease of endocardium

1 R 426 Pulmonary heart disease

8 427 Symptomatic heart disease l
1 428 Other myocardial insufficiency :

] 429 IV1-defined heart disease -

Cerebrovascular disease (430-438)

3 430 Subarachnoid hemorrhage
19 431 Cerebral hemorrhage
2 432 Occlusion.of precerebral arteries
' 13 : 433 Cerebral thrombosis ’ :
@ 13 436 Acute but il1l-defined cerebrovascular disease
-8 : 457 Generalized isciiemic cerebrovascuiar disease
Diseases of arteries, arterioles, and capillaries (440-448)
) 440 Arteriosclerosis
12 441 Aortic aneurysm (nonsyphilitic)
- 1 442 Other aneurysm
1 ~ 445 Gangrene

<

Diseases of veins and lymphatics, and other diseases of
circulatory system (450-458)

4 R 450 Pulmonary embolism and infarction

VIII. DISEASES OF THE RESPIRATORY SYSTEM (460-519)

v . Influenza (470-474) ' :
i 1 : 470 Influenza, unqualified
~ h Pneumonia (480-486)
1 " 481 Pneumococcal pneumonia
2 : 486 Pneumonia, unspecified *




@ Humber of A
Deaths Cause of Death

Bronchitis, emphysema, and asthma (490-493)

3 481 Chronic bronchitis
18 : 492 Emphysema

s 2 ' 493 Asthma

Other diseases of respiratory system (570 519)

‘e

‘ ] 512 Spontaneous pneumothorax
1 513 Abscess of lung
1 514 Pulmonary congestion and Lkypostasis
1 517 Other chronic interstitial pneumonia
1 518 Bronchiectasis
¢ 2 519 Other diseases of respiratory system
IX. DISEASES OF THE DIGESTIVE SYSTEM (520-577)
_ - Diseases of oral cavity, salivary glands, and jaws (520-529)
1 - 520 Disorders of tooth development and eruption

Diseases of esophagus, stomach, and duodenum (530-537)

@ 1 530 Diseases of esophagus ) , -
2 - S 531 .Ulcer of stomach . ‘
2 532 Ulcer of duodenuin
27 533 Peptic ulcer, site unspecified
_ Hernia of abdominal cavity (550-553)
- . 1 551 Other hernia of abdominal cavity without mention
of obstruction . .
; " Other diseases of intestine and peritonetm (560-569)
% . I - 560 Intestinal obstruction without mention of hernia
: 1 561 Gastroenteritis and colitis, except ulcerative,
of nor infectious origin
o 1 - _ 563 Other diseases of intestines and per1toneum
N ‘ . Diseases of liver, ga]]b]adder, and pancreas (570-577)
i 1 571 Cirrhosis of liver.

6
i 1 573 Other diseases of liver
2 574 Cholelithiasis
) 2 577 Diseases of pancreas
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DISEASES OF THE GENITOURINARY SfSTEM (580-629)

Nephritis and-hebhrosis (580-584)
580 Acute nephritis
582 Chronic nephritis

Other diseases of urinary system (590-599)
590 Infections of kidney '

Diseases of male genital organs (600-607)

602 Other diseases of prostate

COFPLICATIOPS OF PREGHANCY, CHILDBIRTH, AND THE
PUERPERIUM (630-678)-

Complications of the puerperium (670-678)

- 673 Puerperal pulmonary embolism
DISEASES OF THE SKIN AND SUBCUTANEOUS TISSUE (680-686)

Other inflammatory conditions of skin and subcutaneous
tissue (690-698) N

695 Erythematous conditiqns

DISEASES OF THE MUSCULOSKELETAL SYSTEM ARD CONMECTIVE
TISSUE (710-738)

Arthritis and rheumatism, except rheumatic fever (710-718)

716 Polymyositis and dermatomyositis

Other diseases of musculoskeletal system (730-738)

733 Other diseases of muscle, tendon, and fascia
734 Diffuse.diseases of connective tissue

SYMPTOMS AND ILL-DEFINED COMNDITIONS (780-796)

Symptoms referable to systems -or organs (780-789)

782 Symptoms referable to cardlovascular and
]ymphat1c system <

K
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Senility and ill-defined diseases (790—796)

792 Uiemia
796 Other i11-defined and unknown causes of
morbidity end mortality

ACCIDEMTS, POISONINGS, AND VIOLENCE. (EXTERNAL CAUSE)
(E800- E990)

Railway accidents (E800-E807)

E801 Railway accident involving collision with

other object
E803 Railway accident involving exp]os1on, fire, burning
“E805 Hit by rolling stock

~Motor vehicle traffic accidents (EBI0-EB19)

E810 Motor-vehicle traffic accident involving collision
with train
E811 HMotor vehicle traffic accident involving collision
with streest car
EB12 Moter vehicle traffic accident involving co]11s1on
. with another motor vehicle
E813 Moter vehicle traffic accident involving collision
with other vehicle
" E814 Motor vehicle traffic accident 1nvolv1ng collision
with pedestrian
EB16 Honcollision motor vehicle traffic acc1dent due to
: loss of control
E818 Other noncollision motor vehlc]e traffic accident
E819 Motor vehicle traffic accident of unspacified nature

‘Water transport accidents (E830-E838)

E830 Accident to watercraft causing submersion
E832 Other accidental submersion or drowning in
-, Wwater transport
Air and space transport accidents
EB41 Accident to powered aircraft, other and unspecified

Accidental poisoning by gases and vapors (E870-E877)

E873 Accidental poisoning by motor veh1c1e exhaust gas
E875 Accidental peisoning by other carbon “monoxide

. Accidental falls (E8B80-EB87) @

E880 Fall on or from stairs or steps
EBB7 Other and unspecified fall
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Accidents caused by fires and flames (E890-E899)
1 . EB90 Accident caused by conflagration in private
' dwelling
Other accidents‘(EQTO-E929)
1 E913 Accidental mechanical suffocation
5 E922 Accident caused by firearm missiles
1 F923 Accident caused by explosive materijal
] EG25 Accident caused by electric current
1 ES29 Qther and unspecified accidents

Surgical and medical complications and misadventures
] (E930-£936)
1 E930 Complications and misadventures in operative
therapeutic procedures

Suicide and self-inflicted injury (E950-E£953)

5 - E852 Suicide and self-inflicted poisoning by other gases
25 : __E955 Suicide and self-inflicted injury by firearms and
T explesives .
@ 1 E958 Suicide and self-inflicted injury by other and
‘ B N . unspecified means .

Homicide énd~injury purposely inflicted by other persons
(E950-E959)

1 - E966 Assault by cutting and piercing instruments

Injury undetermined whether accidentally or purposely
inflicted (E980-£989) R

1 - ‘ , F980 Poisoning by solid or liquid substanczs, undetermined
_ i whether accidentally or purposely inflicted
1 E985 Injury by firearms and explosives, unde termined
. "{_ . whether accidentally or purposely “i:.7Ticted
I . E986 Injury by cutting and piercing instruments, undeter-
’ mined whether accidentally or purposely inflicted
1 E988 . Injury by other and unspecified means, undetermined

whether accidentally or purposely inflicted

W
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