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T/~TRODUCTI Oi4 

Dr. Samuel fkilham, Jr . ,  M.D.,  lalashington S t a t e  Department of Socia l  

and Health Services ,  Health Services Div i s ion ,  i s  studying occupational 

mor ta l i ty  pa t te rns  i n  liashington Sta te .  He has s tudied the occupational 

mor ta l i ty  i n  t he  nirclear industry (Hanford Horks i n  Richland) and  he f e e l s  

t h a t  the  f indings of this study s u p p o r t  the  hypothesis t h a t  higher incidence 

of cancer deaths among Hanford employees a re  a t t r i b u t e d  t o  ex terna l  r ad ia t ion  

expos urc. 

The purpose o f  our study is t o  evaluate  Dr, f4 i lham's  f i n d i n g s  and t o  

analyze the ava i l ab le  data o n  Dr. Etilham's Hanford study population and 

s e e  if o u r  f i n d i n g s  agree with Dr. Milham's findings.  

study p o p u l a t i o n  data base, vie will f i rs t  compare mor t a l i t y  r a t e s  n o t  o n l y  

U t i l i z i n g  the  Hanford 

Lv , I ,  1 1 , ~ 1 , 1  2 --.--*l+ L a . *  -1r-  4.0 I f - . - h < m  IL - Iu IL .s  u u L  u 1 3 v  Lu zIuJI l l l l~ ts i i  Stztc x d  !hSted S t a t e s  . I ,  n.. #A:-IL--I 

- m r t e l i t ,  .L tes .  T!:? hecond major t a s k  wil l  be t o  i n v e s t i g a t e  the poss ib l e  
7" 

. r e l a t ionsh ip  between cancer d e a t h s  and rad ia t ior ,  exposure. 

.. .r -. - . .  
STUDY POPULATION DESCRIPTION 

Dr. i-lilham i d e n t i f i e d  the study population by examining aT1 death records 

f o r  the  three  count ies  around Richland, blashington, (Benton, Frank1 i n  and 

Yakima), f i l e d  i n  the  years  1950-1973. 

statelnerli i-isted Ha~iPui d ,  Atomic Energy Commission o r  an AEC con2ractor were 

considered t h o s e  of  tlanford employees. . In a l l ,  843 such records were 

i d e n t i f i e d  b u t  two of these h a d  t o  be omitted froin the s tudy iihen i t  was 

determined they had n o t  worked a t  llanford. 

Records of men whose occupation 

- 
- *  

9 
s -  

- 
A b r i e f  review o f  Dr. Milharn's 

methodology i s  given in Appendix A. 
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One very important point  s h o u l d  be made regarding the study population. 

t 

: .. 

.-3- 

S o x  c h a r a c t e r i s t i c s  of the  study population ar2 shown i n  Tablc I. The 

stgdy population i s  a17 male and the race d i s t r ibu t ion  i s  832 \.!bites, 5 flegroes, 

3 Incizns,  and 1 bkxican. Information a s  t o  whether an autopsy was perfomed 

was 2:rzilable on 831 ind iv idua ls  and 28.3% of  these were autopsied.  

Dis t r ibu t ian  of age a t  death broken do:.in i n to  70 yea r  i n t e r v a l s  shmts 

t h a t  35.8: of the s tudy population died \;hen they were 65 yea r s  o ld  o r  o lde r -  

The d i s t r i b u t i o n  o f  the year  of death shows t h a t  57.9% of t h e  study population 

died during t h 2  nine-year time period 1965 through 1973 whereas only 42,1X 

died during the 15-year t i n e  period 7950 through 1964. Over 72% o f  the group 

worked a t  Hanford f o r  10 years  o r  l o n g e r  and  over 50% of  t h e  s t u d y  poptilation 

s t a r t i d  t o  work a ' t  Hanford during the  years  1943-1945. This  ind ica t e s  the 

GniqLcsnsss o f  t h 2  group i n  t h a t  niany of them s t a r t e d  t o  work a t  Hanford a t  

t h i !  s tar t  of t he .p ro jec t  and worked on the  pro jec t  u n t i l  they d i e d .  

The nuclear indus t ry  has many u n i q u e  occupations whi ch a r e  d i  i f i c u l  t , t o  
J 

c?d>s?fy u s i l l y  stand;lt.d oii i jpation codes;  However, by u t i 1  i z i n g  broad occujat ion 

c l a s s e s  i t  i s  poss ib le  t o  l o o k  a t  the occupation d i s t r i b u t i o n  o f - t h e  study 

popul at'cn. 

managsrs, 7% c l e r i c a l ,  242 craftsmen, 302 operat ives ,  7% l abore r s  and se rv ice  

nul T\cI  

Approximately 172 o f  the study population a r e  professional  and 
.1. 

. ._ -1, m -c and 15Z a r e  p x t e c t i v e  serv ice  workers. 

The ~:h-Tit being t h a t  'he 94: Hanford deaths which occurred i n  the-.three 

\.lashington Counties is only a f r a c t i o n  of the t-otal number of Hanford 

deaths xhich occurred i n  the  United S ta t e s  f o r  the same time period. The 

AEC fie21 t h  and Nortal i t y  Study has death- c e r t i f i c a t e s  fo r  3,486 male  i-tanford 

ernployels Mho died a t  ages 20+ d u r i n g  t h e  years  7943-1972. 
0 
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Problems i n  Analysis 

The p o i n t  of major interest  i n  this study i s  whether o r  n o t  t he re  i s ’  

anything about the  Hanford deaths which suggests t h a t  .exposure t o  r ad ia t ion  

h a s  played a r o l e  i n  causing some of them. Since we do no t  have information 

concerning the  nuinber and age d i s t r i b u t i o n  of the base population from 

which these deaths occurred ( i n  f a c t  vie do not  even have a l l  t h e  deaths-- 

just those occurring i n - t h r e e  Idashington count ies ) ,  we have ‘no way o f  

assessing i f  the  number of deaths observed is  excessive. 

determine i f  the re  is anything unusual about the d i s t r i b u t i o n  o f  deaths 

among various causes. 

proportion of  deaths due t o  cancer i s  i n  any way excessive s i n c e  this 

\ 

Ins t ead  we m u s t  

t 
In p a r t i c u l a r  we will a t t e n p t  t o  determine i f  the 

cause i s  thought by many t o  be associated w i t h  r ad ia t ion  exposure. 
&L? 

. The approach used by both  I4i1ham and Sanders wa.s t o  compare the observed 

Wanford,cause of death d i s t r i b u t i o n  w i t h  t h a t  found i n  the S t a t e  of Hashington 

over the  yea r s  1950-1971. 

causes-of death were applied t o  the number of deaths i n  each’age group o f  

the Hanford deaths t o  determine the number of  deaths from a given cause 

I 

That is, the age s p e c i f i c  proportjons f o r  various 

t h a t  would be expected if  the Washinston r a t e s  prevailed.  The observed 

and expected number of deaths a r e  then compared and t e s t e d  f o r  s t a t i s t i c a l  

sfgiiificance. (See Appendix A f o r  mcre de t a i l . )  

This method has the po ten t i a l  t o  e s t a b l i s h  t h a t - t h e  cause of dea th  

d i s t r i b u t i o n  f o r  the Hanford deaths i s  d i f f e r e n t  from the distriblC4on f o r  

t he  s t a t e  of blashington (or  any o the r  base of comparison which is chosen), 

bu t  i t  l eaves  much t o  be desired a s  a method G f  e s t a b l i s h i n g  t h a t  r ad ia t ion  

is causing excess 

can be deceptiQe, 

cancer deaths, First, looking a t  proportioiial m o r t a l i t y  

An excessive proportion of  cancer deaths ,pay, f o r  example, 

1 0 0 1 4 5 0  
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represent  i! deficiency o f  cardiovascular deaths. 

population d i f f e r s  i n  many respec ts  other than exposure t o  r ad ia t ion  from 

the population of t he  t o t a l  s t a t e  of Nashington (and probably from any o ther  

base t h a t  one could f ind ) .  

Second, t he  Han ford 

. .  
Listed below a re  a number o f  d i f f e rences  which 

- could e f f e c t  the cause of death d i s t r i b u t i o n .  

I,, A l l  the dezths i n  t he  study are  those of persons who \yere once 

employed a t  Hanford. 

what' d i f f e r e n t  death pa t te rns  t h a n  non-employed. 

Employed persons a r e  knom t o  hive some- 

2. Most o f  t hese  deaths a r e  of those who'came t o  work on a spec ia l  

p ro j ec t  i n  t he  1940's.  The type o f  person krho would choose t o  

p a r t i c i p a t e  i n  such an undertaking very 1 ike ly  d i f f e r s  somewhat 

from the average blashingtonian. 

physical was required screenicg o u t  the obviously i l l .  

For one thing, a pre-employment 

3. ' Hanford provides yea r ly  physicals for i t s  workers, possibly . 

1 . I  

:\leading t o  b e t t e r  than average heal th  care.  One can imagine a - 
number of ways this m i g h t  e f f e c t  proportional nioi-tality. For 

4. 

5. 

6. 

pressure could prevent some cardiovascular deaths. 

Hanford employees l i v e  i n  a dry, dese r t ,  small c i t y  environment -- 

q u i t e  d i f f e r e n t  from the  moist, fores ted ,  u rban  environment o f  

t h e  Puget Sound Region. 

Cause of death c l a s s i f i c a t i o n  as recorded on death c e r t i f i c a t e s  

may be s l i g h t l y  d i f f e r e n t  from t h a t  of t he  s t a t e  as  a whole. 

Ne are examining only those deaths which occurred i n  t h r e e  counties - 

i n  t h e  s t a t e  o f  CIashington representing only 841 o u t  of"a t o t a l  of 
\ .  

3486, Health f a c t o r s  could have played a role i n  persons leaving 

o r  s t ay ing  i n  the  Hanford area.  
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7. Some of these workers may have been exposed t o  o t h e r  occupational 

hazards (chemi cal  s , f o r  examp3 e) .  

a '. 
. 

Fortunately,  t he re  i s  an a l t e r n a t i v e  approach made poss ib l e  by the 

f a c t  t h a t  we have information on t he  external and i n t e r n a l  doses of 

r ad ia t ion  received by those i n  our study. 

t o  r e l a t e  the cause of death d i s t r i b u t i o n  t o  the dose received avoiding 

many of  t h e  d i f f i c u l t i e s  noted above. 

This information permits us 

' I t  is s t i l l  poss ib l e  of course, 

t h a t  those receiving high doses d i f f e r  from the remainder i n  ways o t h e r  

than the  dose received, bu t  the differences are probably n o t  a s  g r e a t  a s  
L. 

when an outs ide population is  used f o r  coinparison. 

I n  t h e  next two s e c t i o n s  \JP describe the results of the  two methods 

of ana lys i s  discussed above, 

Comparison of t h e  Hanford Deaths N i t h  Vital S t a t i s t i c s  f o r  t h e  United S t a t e s  
and f o r  .!-1?ch5 nnton 

. .- 
AS a f i r s t  s t e p  i n  our ana lys i s ,  \e f e l t  i t  was of i n t e re s t  t o  e s t a b l i s h  

i f  the  Hanford cause o f  death d i s t r i b u t i o n  d i f f e r s  i n  any way from an out- 

s i d e  comparison population. This was Milham's approach, and s i n c e  one 

purpose o f  this  Nork is t o  evaluate  Milham's f indings,  we should a t  l e a s t  

detennine if he is  on sound grounds i n  concluding t h a t  the  Hanford cause of 

death d i s t r i b u t i o n  i s  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  of  the  s t a t e  of 

NaShington a s  a ' kho le ,  regardless  of whether he is c o r r e c t  i n  a t i r i b u t i n g  

such -a diffc;.cz:c,n t g  exposure from rad ia t ion .  

Our m a i n  bas i s  o f  comparison i s  t h e  United S t a t e s  as a whole, primarily 

because o f  t he  a v a i l a b i l i t y  of  r e l i a b l e  v i t a l  s t a t i s t i c s  f o r  s p z c i f i c  yea r s ,  
- 

age groups, and types of cancer, 

Washington f o r  comparing broad cause c l a s s i f i c a t i o n s ,  b u t  y e a r  and age 

Ne a l s o  used da ta  from the s t a t e  of 
r C  

. s p e c i f i c  r a t e s  were not a v a i l a b l e  t o  us f o r  s p e c i f i c  types of  cancer. 

1 0 0 1 4 5 2  



-7- 

had access t o  Milham's d a t a  f o r  ilashington deaths only a s  proportional 

mor t a l i t y  pooled over the yea r s  '1950-1971. 

increasing over t i n ~ ~ , ' ~ )  and since the Hanford deaths are not  un i fomly  

Since cancer r a t e s  have been .- 

d i s t r i b u t e d  over the considered t i n e  in te rva l  (see Table I ) ,  we f e l t  i t  was 

important i o  consider  the y e a r  of death a s  well a s  the age of  death. Zi'e 

t 
d id  not  f ee l  t h a t  \<lashington da ta  necessar i ly  provided a b e t t e r  bas i s  o f  

comparison than da ta  f o r  the U.S. as a whole, The ma jo r i ty  o f  Washing- 

. .  t o n ' s  population l ives  i n  the  P u g e t  Sound area,  

t h a t  t h i s  a rea  d i f f e r s  from Hanford w i t h  respect t o  climate,  population 

densi ty ,  and probably many o the r  f ac to r s . ,  Further a comparison of  U.S. 

and Washington proportional mor t a l i t y  does n o t  reveal much difference i n  

I t  has a l ready  been noted 

1 

proportioixil mor ta l i ty  for the various cancer types. 

The source of our  U.S. v i t a l  s t a t i s t i c s  a r e  shown below, Data 

for w h i t e '  males only were used. 

Source o f  Vita l  S t a t i s t i c s  f o r  Comparing 
. -Hanford Deat.lis I4it.h t h e  IJ-S, 

Years o f  Hanford Deaths 
This  Data \alas 

-- Source Year(s) of Data Compared Hi t h  
Eiid &sui is i i i i t i  i4or ta l j  i.y Trends 
i n  Cancer (3)  1950 

1955 

- - 
I t  I 1  7 - 1950-1 952 

1953-1 957 

Cdl icer.  :.n t h e  United S i i - h  I6 1 1959-61 1958-1 961 

- Vita l  S t a t i s t i c s  of t he  U.S. 0 2 )  1962 1962-1 963 
I I  11 1964-1 967 

II  I 1  1968-1 970 

Flonthly Vi t a l  S t a t i s t i c s  Report - (8) 1972 1 971 -1 973 

--. I- -. 
--_I - -- -I_ 

1966 
1969 11 

\ Ih x. 

1 0 0 7 4 5 3  
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The l a s t  source d i d  n o t  contain sex or  race s p e c i f i c  r a t e s ,  

this estimate, the overal l  proportion f o r  1972 was m u l t i p 7 5 e d  by the 

To obtain 

r a t i o  of the 1969 proportions for white males and f o r  t o t a l  dzafhs. 

The source of  our Illashington d a t a  were the  Uashinqton ','i?af 

( 1 3 ) -  The , t ab le  below gives the years  avz i lab le  t o  u s  and the  

years  of Hanford deaths. w i t h  which comparison was made. 

males was used s ince  this was a l l  t h a t  was avai lable ,  

Washington's deaths a r e  non-whi t e s ) .  

Data f o r  a l l  

(Only ?bout  4% o f  

I 

A :- 
Source of Vital S t a t i s t i c s  f o r  

Comparing Hanfcrd Deaths I.ii t h  \,lashington 

. .  

Source 

S t a t i s t i c s  Summary 
. _  \lashington V i  t a l  

I1 

I 1  
I 

L1 

11 

11 

- I 1  

I t  

II 

. .__ - 

Year o f  Data 

1951 
1958 
1962 
1964 . -  * 

1968 
1969 
1970 
1971 
1973 

Years of Hanford 
S c ~ t h s  JhSs 2 ; t z  
\!as Compared Idi t h  

r -  ' 

1950-1 954 
1955-1 959 - . .  

1964-1 965 
7 966-1 968 

1960-1 963 -- 

1969 . 
1970 

1971-1972 - 

- - _ .  - -  1973 

To. ca lcu la te  expected values u s i n g  e i t h e r  U.S. o r  blashincton d a t a ,  i ?  the 

age-year of death s p e c i f i c  proportions ( f o r  the U.S. o r  Clash icg ton)  were 

mult ipl ied by the  number of  Hanford deaths i n  the  p a r t i c u l z r  zge-year 

category. These numbers were thm summed over years  t o  o 5 t a i n  th t .  expected 

deaths f o r  each age group, and then over ages t o  obtain the t o t a l  number of 
* 

expected deaths. 
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The r e s u l t s  of these calculat ions using U.S. S t z t i s t i c s  a re  presented 

i n  Table I1  fo r  2 a r h  t en  year age g roup  a l o n g  ! g i t h  t h ?  observed Hanford 

deaths . i n  each c2tegory. 

.Vital S t a t i s t i c s  of  the U.S. vcjlumes. Table 111 pr2sen'is a sumary  o f  

these same ca lcu la t ions  f o r  the t o t a l  g roup  and  f o r  thcse  under and  over 

* The cancer categories  a r e  those given i n .  the  

65 years  o f  age. En the over 65 g r o u p  geni ta l  and  uririzry cancers ware 

pooled, and leukemia and  lympha t i c  cancers were pooled, T h i s  was done 

t o  obtain h i g h  enough expected values t o  make the  use of chi-square t e s t s  

va? i d .  

P( 
.. 

2 The exprzssi  ons (Observed-Expected) /Expected a re  a1 s o  presented so  

t h a t  i t  can be s 2 5 1  which categories  a re  n iak ing  the g r e z t e s t  contr ibut ion 

t o  t he  t o t a l  c h i - s q a r e .  The chi-square s t a t i s t i c  is the s u m  o f  these 

expresqinns. 

For each of tk  tab le s ,  a t o t a l  chi-square for a l l  12  (10 f o r  the  

over 6 5  g r o u p ) '  categories  was calculated.  

p a r t i t i & i e d  

This t u t z l  chi-square was then 

i n t o  three  independent chi-squzres t e s t i n g  the f o l  loiying hypotheses. 

?. (Major ca tegor ies )  The d i s t r ibu t ion  o f  deaths i n t o  cancer, cardio- 

. vascular ,  ar?d a l l  o ther  causes i s  the sarns f o r  ilant'ord deaths 'as 

for the U.S. as  a whole. 

2. (blithin Cancer) The d i s t r i b u t i o n  of cancer 6zaths i n t o  s p e c i f i c  

types o f  cancer is the same f o r  Hanfgrd deaths 2s f o r  t h 2  U.S- as  

f o r  the U.S. as a whole. 

3. (Nithin Czrdiovascular) The d i s t r ibu t ion  o f  card iovascul i r  deaths 

i n t o  hea r t  disease,  cerebrovascular and o ther  is  the  same f o r  

.- 
'4 

1 . Hanford deaths a s  f o r  the U.S. as. a whole. 

4. ( T o t a l )  

Table  111 (those n o t  i n  parentheses) i s  the sane ?or Hanford deaths 

a s  for  the U.S. as  a whole. 

The d i s t r ibu t ion  of d e a t h s  i n t o  the 12 (10) categories  i n  

'A detailed cilusp o f  death breakdown for the Hanfoi-d d s a t h s  i s  presented i n  . .  . .  Appendix B. 

1 0 3 1 4 5 5  I 
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The r e s u l t s  of the chi-square t e s t s  a r e  presented i n  Table I\!. The: 

observed cancer deaths f o r  the under 65 g roup  a r e  sornobihat i n  excess of 

those expected (115 vs. 100.4) b u t  this difference is  s i g n i f i c a n t . o n l y  a t  the 

.10 l eve i .  I t  i s  seen t h a t  the l a rges t  - ind iv idua l  contr ibut ion €0 the 

r .- 
t o t a l  chi-square f o r  t h i s  age group i s  fo r  cancers o f  the d iges t ive  system. 

If pie examine spec i f i c  types of cancer w i t h i n  this category’we obtain the 

, following results 

: 
Cancer Observed Expected 
Type Deaths Deaths x2 

Stomach 6 6.02 -00 
Colon 14  7.85 4.82 
Rectum 2 3.59 __. 

Pancreas 13 5.62 9.69 

Level o f  
Signif icance 

N.S. 
-05 <- 
N.S. 
.oos.c’c---9 * 

Cancer v f  %i2 m 1 0 a  afiii ijiiiici-eGs 5hsi.j s i g n j f i c s n t  excesses f o i -  this age group. 

TJiese,cancers were a lso examined f o r  the t o t a l  g roup  aad f o r  those over 65. 

- 
< 

Only cancer of the pancreas i n  the to t a l  g r o u p  showed a s i g n i f i c a h t  excezs 

The within cancer chi-square fo r  the over 65 group a l s o  reaches s i g n i f i -  

cance a t  t h e  .10 leve l .  Examinir?g the  contr ibut ions o f  individual  cancer - 
types t o  this s t a t i s t i c ,  we f ind  t h a t  buccal cancer w i t h  a n  individual chi- 

square o f  7.78 y i e lds  by f a r  the l a r g e s t  value, 

t h i s  cancer type is  l e s s  t h a n  f i v e ,  i t  is n o t  vaJid t o  use the  chi-square 

Since the  expected value for . 

: - -* . 

s t a t i s t i c  t o  t e s t  this cancer type individually.  

can be a7propriately used t o  o h t a i n  a v a l i d  t e s t  (see Guenther p .  55). ( 5 )  T h i s  

However, Poisson t ab le s  
A 

- - 
. t e s t  reveals t h a t  the buccal cancer excess i s  s i g n i f i c a n t  a t  the  -02 l eve l .  

Table V presents the observed and expected deaths b3scd on lJashington 

The causes se lec ted  a re  
-. 

d a t a  f o r  three age groups and f o r  the to t a l  group. 

. those f o r  \ghich d a t a  i s  ava i lab le  f o r  the p a r t i c u l a r  a g e  g roup .  Chi-square 



t e s t s  were calcu1at.ed f o r  each age g roup .  

s i g n i f i c a n t ,  we note t h a t  the  chi-square va lue ' for  cancer alone i s  q u i t e  

Although none o f  the  r e s u l t s  a r e  

h i g h  i n  the 45-61! age group.  

this age g roup ,  w i t h  a l l  o ther  causes grouped together  vi? obtain 2 chi-  

I f  c m c e r  alone i s  tes ted  f o r  significarice i n  

square o f  4.32 which i s  s i g n i f i c a n t  a t  the  .05 level .  

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

proportion of cancer deaths f o r  those undi . r  65 than t h e  U.S. a s  a whole o r  

than the s t a t e  of Nashington as a whole. 

e s t a b l i s h  this firmly. 

More data would be required t o  

There d e f i n i t e l y  appear t o  be excess cancers o f  the 

pancreas and very 7ikely excess cancers o f  the colon i n  the  under 65 group 

as  well as excess buccal cancers i n  the  over 65 group, 

Comparison w i t h  Milham's F i n d i n g s  

O u r  study included 841 o f  the  842 deaths o r i g i n a l l y  analyzed by 1-lilhan. 
1. 

Id i~hm'c la imxi  t l i c t  liis excess af cancers i n  the under 65 group i s  s i g n i f i -  

cant  a t  the .025 l e v e l ,  and i f  his t e s t  s t a t i s t i c s  were c o r r e c t l y  calculated 

he would obtain s ign i f icance  a t  t h e  . O l  level.* The  primary reason f o r  the  

discrepancy between h i s  conclusions and ours is the d i f fe rence  i n  expected 

. _.. . .  

frequencies. \le used U.S. data czd took the year  of  death i n t o  account while 

Milham used Uashington da ta  pooled f o r  the years  1950-1971. 

. .. t h a t  i t  i s  taking the y e a r  of death i n t o  account r a t h e r  than t h e  rise of the 

U.S. as a base t h a t  i s  primarily responsible f o r  the d i f f e r e n t  r e s u l t s .  

calculated the expected deaths f o r  a l l '  cancer u s i n g  Idashington data (again 

I t  i s  o u r  be l ie f  

Ne . 

t a k i n g  year  of death i n t o  account) and obtained 155.5 a s  compayd w i t h  157.6 

w r e c t  s t a t i s t i c  f o r  t e s t i n g  the agreement of a s i n g l e  cause i s  the s u m  
of the expressions (Observed-Expected)*/Expected f o r  the  -cause of i n t e r e s t  - c t i l u  l o r  a l l  o ther  calises combined. \,!hen the cause o f  i n t e r e s t  i s  r e l a t i v e l y  
r ~ r e ~ u ' c 7 l a ~ p ~ c i i i c  cancer type) ,  t i l e  second t e r n  i s  negl ig ib le  and  
M i l h x ' s  use of a s i n g l e  term i s  an appropriate approximation. t!owcver, 
Hhen considering a more common cause, such as a l l  cancer,  b D t h  terns  need 
t o  be included. 

---I II 
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I 

u s i n g  U.S. data.  By cont ras t  Hilharn obtained 148 expected cancer deaths. '  

Milham a l s o  claimed a s i g n i f i c a n t  excess f o r  a number o f  s p e c i f i c  

types o f  cancer. 

of his and  ou r  expected and observed values. 

a r e  higher t h a n  Mi lham's ,  causing the s ign i f icance  of cancer of the  tongue 

(buccal) and l u n g  t o  disappear: In addition there  a r e  a few discrepancies  

i n  the  observed cancer deaths. After  carefu l  review w i t h  the Hanford - 

Environmntal Hsalth Foundation, we deternined t h a t  Mil ham had one too few 

cancers i n  each of the  categories  l u n g ,  bone, and p r o s t a t e  cancer, while 

he had two too many deaths from 'leukemia and one e x t r a  death from a p l a s t i c  

These a r e  presented i n  Table V I  a?ong w i t h  a comparison 

Many of  our expected values 

anemia (non-cancer). 

cation including two tongue cancers and one cancer of the  colon misc lass i f ied  

i n t o  the 20-64 age group, 

s ign i f icance .of  a p l a s t i c  anemia and cancer o f  t h e  tongue. 

c l a s s i f i c a t i o n  e r r o r s  a l s o  contr ibute  t o  the  claimed s i g n i f i c a n c e  of 

excess.canccrs i n  the  20-64 age group, 

In addi t ion,  there  were a few e r r o r s  i n  age classifi-  

. *- 
Correction o f  these  e r r a r s  e l iminates  the 

The age 

I4ilharn's s t a t i s t i c a l  t e s t s  a r e  sometimes invaJid,  The chi-square 1 

s t a t i s t i c  w i t h  one degree of  freedom is appropriate  f o r  t e s t i n g  only when 

the expected frequencies a re  a t  l e a s t  f i v e  ( see  Cochran")). In many instances 

this condition is  not  met. 

by u s i n g  a Poisson approximation t o  the binomial d i s t r i b u t i o n  (Guenther 

P. 5 5 ) .  

I t  is  st i l l  p o s s i b l e  t o  perform a v a l i d  t e s t  
(5 )  

In Table VI we redid I * l i l h m ' s . t e s t s  u s i n g  h i s  observed a n d  expectGd 

values t o  obtain the cor rec t  s ign i f icance  leve ls .  In  every case the level of 

s ignif icance is increased (making the r e s u l t  less s i g n i f i c a n t )  ,*but w i t h  

the  exception of a p l a s t i c  anemiA i n  the  20+ group, a l l  r e s u l t s  remain 

s i g n i f i c a n t  a t  l e a s t  a t  the  .OS level .  Thus, i t  i s  t h e  method of ca lcu la t ing  

1 0 0 1 4 5 8  
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expected frequencies r a the r  than  s t a t i s t i c a l  technique which primarily 

accounts for  the  discrepancies between Hi7 ham's and olir conclusions. 

\le d i d  n o t  ca lcu la te  expected frequencies f o r  cancer o f  the  bone ( these  

cancers a re  included i n  o u r  "other" category),  a p l a s t i c  anemia, o r  amyotrophic 

l a t e ra l  s c l e ros i s  (non-cancers). Gle 'did reca lcu la te  the l e v e l s  of 

s ignif icance using frtilhan's expected frequencies w i t h  our obs'erved deaths 
. .  

and a cor rec t  s t a t i s t i c a l  t e s t .  

amyotrophic l a t e r a l  sc7erosis  remain s i g n i f i c a n t  and i t  seems unl ikely t h a t  

recalculat ion of the  expected frequencies t o  take year  o f  death in to  account 

would s u b s t a n t i a l l y  a l t e r  these findings.  

s c k r o s i s ,  i t  m u s t  be noted t h a t  this cause was s ingled o u t  f o r - t e s t i n g  

precisely because i t  appeared excessive. 

i s  .likely t o  be some cause which will  show a c l u s t e r  o f  excess deaths w i t h  

many possible explanations for such  c lus te rs .  

The excess o f  bone cancers and o f  

I 4 i t h  respec t  t o  arnyotraphic l a t e r a l  

In any population o f  deaths there  

1 

* .  

Hi lham l a t e r  redid his  ca lcu la t ions ,  eliminating those biho died i n  1972 

and 1Y73 ( w i t h  obvious loss of informationj,  and  considering the year o f  

ck5rf3.rji-1 ca lcu la t tng  h i s  expected frequencies. He a l s o  added a few cases . 

who died i n  other  pa r t s  of Washington.Since we do not have d a t a  on these 

a d d i t i j n a l  deaths and s ince \.re do not  have access t o  the de ta i l ed  data  from 

which  his expected frequencies were calculated,  i t  i s  impossible t o  completely 

evaluate these ' l a te r  calculat ions.  

incor rec t ly ,  and s ince  his e r ro r s  included r o u n d i n g  o f f  the expected f r e q t m c i e s  

He again d i d .  h i s  s t a t i s t i c a l  t e s t s  

t o  the  nearest  in teger ,  we cannot redo his t e s t s  cor rec t ly , -  However, i t  

appears t h a t  we will be l e f t  w i t h  the same __I v a l i d  excesses as  before except 

t h a t  amyotrophic l a t e r a l  s c l e r o s i s  is  no longer s ignif ican 'c ; ; (3  of the 6 

deaths occurred i n  1972 and  1973). 

* 
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I 

FinalJy we note t h a t  i n  this section we a r e  evaluating only whether 

Milham i s  cor rec t  i n  concluding t h a t  the Hanford deaths have a cause of death 

d i s t r i b u t i o n  w h i c h  i s  d i f f e r e n t  from t h a t  of the  s t a t e  o f  blashington. 

. 

As 

0 we have discussed ear’ l ier ,  this does n o t  estab7ish t h a t  rad ia t ion  i s  the  
\ 

cause o f  any s i g n i f i c a n t  differences.  To g a i n  f u r t h e r  i n s i g h t  into this 

question we t u r n  t o  a consideration of  our  information on rad ia t ion  exposurs 

and i t s  re7,ation t o  cause o f  dea th .  

.- 
-a 
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EXTERIML RAUTATIOU EXPOSURE 

R a d i a t i o n  e x p o s u r e  i n f o r x t i o n  is  based on r a d i a t i o n  e x p o s u r e  r e c o r d s  

m a i n t a i n e d  by p e r s o n n e l  d o s i m t r y .  Rems of who1 e body p e n e t r a t i n g  r a d i a t i o n  

a r e  accumulated o v e r  t h e  yc?ars t o  d e t e r m i n e  t he  t o t a l  o c c u p a t i o n a l  expos.ure. 

Prior t o  1972 a t  Hanford,  Pihole body p e n e t r a t i n g  r a d i a t i o n  is  i n t e r p r e t e d  

as  the  combined e x p o s u r e  f ro3  gamia,  35% X-rays,  \ f a s t  n e u t r o n s ,  slow n e u t r o n s  

and tritium. The rem is the  u n i t  of radiatior. e x p o s u r e  and a s  used here 

i n c l u d e s  o n l y  i o n i z i n g  r a d i a t i o n  which is  a b l e  t o  r e a c h  c r i t i c a l  o r g a n s  o f  

the body. 
d 

The t h t i o n a l  Counci l  on R a d i a t i o n  P r o t e c t i o n  and Measurements (t:CRP) 

since i t s  found ing ,  h a s  r ecozzended  rzaximurn p 2 r m i s s i b l e  limits for r z d i a t ' i o n  

e x p o s u r e  r e c e i v e d  by i n d i v i d z a l s  i n  the c o u r s e  o f  their  o c c u p a t i o n .  The 

. -. .F!C?P r z c z m s n d a t i o n s  f ~ r  ~ c c + a ? ? ~ n ~ l  c x p s s z r c  t o  whG1 e body p e n e t r a t i n g  
f 

raJi.ct.t:m ??-e: 
a .  

1 

1, The accumula t ed  whole body p e n e t r a t i n g  e x p o s u r e  s h a l l  n o t  

cxc22d 5 YEZS x ? t j p : < z d  by, th.2 nnmher cf ; e r s  beyond a g e  18. 

T h e  whole body p e n e t r a t i n g  exposure  i n  any  c a l e n d a r  q u a r t e r  

shall n o t  exceed  3 rerrs. 

2. 
, 

! 

I 

. .  
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T o t a l  External' Dose Relz.tpd t o  Cause o f  Death 

Information on the t o t a l  external dose in rems is  a v a i l a b l e  f o r  811 1 

of the Hanford deaths. 'Various percent i les  o f  the  dose d i s t r i b u t i o n  a r e  

as follows: 

Dose i n  Dose i n  Dose i n  
Percent i le  Rems Percent i 1 e Rems 

80 2.8 

Percent i le  Rems 

5 -00 40 .65 75 * 2.24 
10 .05 4 5  - .80 . 
75 -12 5 0 .  1.00 85 4.3 . 

20 -24 55 1.2 90 . 6.60 - 
30 -46 65 7.6 7 00 52.0 35 

l .4 95 20.0 5 25 32 60 

.56 70 1.9 
, 

The d i s t r i b u t i o n  i s  highly skewed t o  the r i g h t ,  i n  f ac t ,  exponential i n  

sltapr: ;;me of the  doses a r e  par t icu lar ly 'h igh  a t  ? e a s t  r e l a t i v e  t o  t h e  

standards noted above. 

For t h e  purposes o f  examining the re la t ionship  of  dose t o  o ther  var iabJes ,  
.? -. 

FC h:i:2-d~~:~icd the  deaths i n t o  f i v e  dose g roups  w i t h  cut poin ts  corresponding 

t o  t h e  25th, 50th, 75th,  arld 90th percent i les .  
. .  

Dose Group 1 dose <.32R 
Dose Group 2 
Dose Group 3 
Dose Group 4 
Dose Grocp 5 

- 3 2  R < dose <1,00R 
1.00R 7 dose <2.24R 
2.24R 7 dose <6,60R 
6.60R 7 dose - - 

I t  would be des i rab le  t o  separa te ly  examine i n d i v i d u a l s  w i t h  doses much 

higher t h a n  required by dose group 5, b u t  there  a r e  not  enough of these 

t o  make such an ana lys i s  feas ib le .  

. 

cardiovascular,  and o ther ) .  

cancer increases with dose shcwing a p a r t i c u l a r f y  striking ,jump between 

Table  VI1 shoiJs the re la t ionship  of dose t o  cause of death (cancer, 
- 

I t  i s  seen t h a t  the percent o f  deat'hs due t o  
... 
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doses 4 and 5 .  

percent ’of  19.7 versus 33.3 f o r  the highest  group, 

P o o l i n g  the four lotrest  dose groups, r.;e h a v e  a cancer (. 

That the d i f f e rence  

. 

. 

s h o u l d  be observed pr imari ly  i n  t h e . t o p  gr.oup i s  probably not t oo  s u r p r i s i n g  

s i n c e  none of the  doses i n  t he  lower groups a r e  p a r t i c u l a r l y  h i g h ,  
\. 

I t  would be unwise t o  draw any conclusions before examining the r e l a t i o n -  

s h i p  o f  dose t o  o t h e r  fac.tors wh ich  a r e  r e l a t e d  t o  cancer incidence and w h i c h  

may account f o r  S O R ~  o f  the dose-cancer re1 at ionship observed above, 

Tables VII! and I X  present  the  r e l a t ionsh ip  of  dose t o  age and y e a r  of 

death,  respect ively.  
- 1  

I t  is  seen t h a t  the age group 55-64 has  iin unr;sua!ly 

high dose d i s t r i b u t i o n  i h i l e  those over 75 a r e  on t h e  low s ide .  Since cancer 

incidence is  r e l a t i v e l y  Iii’gh and low i n  the same re spec t ive  age groups, 

age coEld we71 account f o r  a t  l e a s t  a p a r t  o f  t h e  observed cancer-dose 

’ r e l a t i o n .  Year o f  death a l s o  shows a s t rong r e l a t i o n s h i p  t o  dose. O n l y .  
-& 2-52 U T  iiie deaths i n  t h e  highest dose group occurred before  7950 con-iipared 

5‘ 

w i t h  36.6% i n  t h ?  lowest dose group. 

h ighes t .dose  group occurred -in 7970 o r  a f t e r  compared w i t h  about 20% o f  

Nearly 52% of the deaths  i n  “Le 
. .  

those below the median. Since the incidence o f  cancer between 7950 and 1954 

- i s  pcii-tfcularly low ( 9 . ? % ) ,  this r e fa t ionsh ip  could a l s o  effect  ou r  conclusions 

abou t  dose and t h e  cancer proportion. 

The f i rs t  t h i n g  t h a t  \gas done i n  order  t o  reduce b i a s  due t o  the 

d i f fe rence  i n  age  d i s t r i b u t i o n  was t o  ca l cu la t e  an age a d j u s t e d  cancer 

percent  f o r  each age group. T h a t  i s ,  f o r  each dose the age-dose s p e c i f i c  

cancer proportion was mult ipl ied by the  t o t a l  number o f  Hanford deaths i n  
. I  

. \  43 
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t h e  par t i cu la r  age group. These quant i t ies  were sunrned over age and  then 

divided by the grand  t o t a l  of deaths. 

in te rpre ted  a s  the cancer percent, t h a t  vrould be observed i n  t h e  t o t a l  

The r e su l t i ng  percent can be 

* - group of deaths i f  i t  had  experienced the age s p e c i f i c  ra tes  f o r  the  p a r t i c u l a r  

, dose group of i n t e r e s t , .  T h i s  i s  the d i r e c t  method o f  age adjus t ing  and i s  

described i n  Spiegelman " O )  '(pp. 67-69). 

, dose group of i n t e r e s t , .  T h i s  i s  the d i r e c t  method o f  age adjus t ing  and i s  

described i n  Spiegelman " O )  '(pp. 67-69). 

. The age a'djtisted percents a re  17.3, 19.1, 21-9, 20.8, and 30.7 for  

'dose g roups  1, 2, 3, 4, and 5, respect ively.  

Jessens,  b u t  c e r t a i n l y  does n o i  el iminate,  the e f f e c t  o f  dose on t he .  

Thus  this adjustment s l i g h t l y  

cancer percent. . 

The second t i r i t i g  t h a t  was done t o  remgve age-year o f  death bSases was . -- 

t o  limit our more de t a i l ed  ana lys i s  t o  the age g roup  45-74 and t o  those 

deaths occurring 1960 and a f t e r .  

- - m s  these age and year  i n t e r v a l s .  

The cancer proportion does n o t  vary much 

Further, one r e a l l y  does n o t  l o se  much 
-.. 
I 

i n f o r m t i o n  by l i m i t i n g  the  group i n  this way. In h a k i n g  comparisons 

regarding the dose g r o u p i n g s  o f  primary i n t e r e s t ,  i t  is  the s i z e  o f  th-e 

smallest  g r o u p ,  d o s e  group 5, w h i c h  primarily e f f e c t s  v a l i d i t y  and  power 

of the s t a t i s t i c a l  tes ts ,  

the age group 45-74 and died 196c) o r  a f t e r .  

In dose g roup  5, 71 o f  the  o r ig ina l  81 a r e  i n  

In  the t a b l e  below a re  presented the crude cancer percents  f o r  each 
1 

i 
: -  

dose  group f o r  ages 45-74, y e a r  of .death 1960-1973, 

ad jus t ed  ( for  the age g r o u p s  45-54, 55-64, 65-74), 

for dose g roups  1-4 pooled-versus d o s e  g r o u p  5, 

f o r  b o t h  age (as  above) and year o f  death, ( f o r  the groups 1960-1969 and 

These a r e  then age 
\ 
! 

Also presented a re  data 

T h i s  pooled d a t i ;  i s  adjusted - .  
B 

1970-1 973). Q 
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Percent D y i n g  from Cancer f o r  Various Dose Groups f o r  
Those W i t h  Age a t  Death 45-74, Year o f  Death 1960-1373 

Dose Group 1 2 3 4 5 
Crude Cancer % 17.4 21.9 23.6 22-1 36.6 
Age Adjusted Cancer % 18.7 22.3 23.5 21-0 36.8 

Dose Group 7-4 5 

Crude Cancer % 21.7 36.6 
Age-Year Adjusted Cancer % 21.9 37-3 

t 

IJe s t i l l  see  a s l i g h t  increase i n  the cancer percent over doses 1-4 w i t h  qui te  
I 

a j u m p  as  we move t o  dose 5. Note t h a t  age-year adjustment makes very l i t t l e  

difference w i t h i n  t h i s  group due t o  the uniformity o f  the  cancer  percent over  

i i l l a  age-year of  death range. 4.L : 

.- 
Tables X and XI sunvarize the observed dose-cancer re la t ionship .  Results 

including a l l  f ive dose groups a r e  given f o r  each 10-year age g roup  and f o r  

the  t o t a l  group. The numbers f o r  those dying a t  age 45-54 a r e  too small t o  
1' 

. be very meaningful. The 55-64 age group shows a s l i g h t l y  higher  cancer 

percent i n  a l l  dose g r o u p s  thzn the  65-74 age group w i t h '  the  l a r g e s t  d i f fe rence  

ili dcse group 4 (30.6% vs 16.0%)- 

purpose of  performing a s t a t i s t i c a l  t e s t .  

The three  age g r o u p s  were pooled f o r  t h e  - 

We w i s h  t o  t e s t  the n u l l  hypothesis t h a t  the cancer proportion i s  

in$ependent o f  dose versus the a l t e r n a t i v e  t h a t  cancer increases  w i t h  dose. 

A possible  t e s t  i s ,  of course,  the chi-square t e s t ,  b u t  this tes t  does n o t  

t a k e  i n t o  account the ordered nature o f  the  dose groups and t h u s  is not  

. ?ar t icu lar ly  s e n s i t i v e  t o  the  kind of differences i n  which we *are i n t e r e s t e d .  

i . 1. - 
1 -  
! -  
I '  

I -  

\ 
%. 
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An a l t e r n a t i v e  is a t e s t  f o r  l i n e a r  trend i n  proportions .described i n  Snedecor 

and Cochran") (pp.  246-248). The procedure e s sen t i a l ly  involves performing 

a l i n e a r  regression o f  the  proportions on scores assigned t o  the dose groups 

and  then tes t ing  the  s ign i f icance  of the  regression c o e f f i c i e n t  b ,  

method may, o f  course, be sens i t i ve  t o  the scores  assigned. Two s e t s  of 

scores were used; the  f i r s t  were simply the nurnbers 1 ,  2 ,  3,  4 and 5 ,  while 

the second were the median doses f o r  the 5 groups (.09, .64, 1.49, 3.39, and 

20.63, respect ively) .  

. The 

In b o t h  cases the r e s u l t s  were highly s ign i f i can t .  

W i t h  the simple scores  we have z = 2.41, s i g n i f i c a n t  a t  the . O l  l e v e l ,  and 

w i t h  the median dose scores we have z = 2,80, s i g n i f i c a n t  a t  t h 2  .005 leve l .  

Siyrii-Ficance leve ls  a r e  based on a one-tailed t e s t .  

Table X I  presents cornparisofis for the pooled dose groups  1-4 versus 

dose group 5. In addi t ion t o  individual age groups ,  this comparison is c . 

I 

I 

I 

sL'. .- The .most  

striking observation regarding these age-year of death s p e c i f i c  t ab le s  is 

the low cancer percent f o r  the  t o p  dose group age 55-64 i n  deaths occurring 

l l h , , r l !  Ts;-' the t,,o y e a r  of  death groilps 1960-1 969 and  7 970-1 974, 

. ,  

. i Y / U  and a f t e r .  No ready explanation cones t o  mind  f o r  t h i s  observation. 

L flwever, the f a i r l y  h i g h  cancer percent (30.6) observed f o r . t h i s  age group ! .  

for, dose group 4 when 'considering a77 years  of death 1960-1973 suggested t h a t  i- , '  ..we examine t h i s  next highest  dose group. I n  doing s o  we found that..35.0% 

o f  t he  20 i n  dose group 4,  age 55-64, year  o f  d e a t h  7970-7973 had d i e d  from 

cancer. 

group is  a f l u k e  which i s  p a r t i a l l y  a r e s u l t  of the somewhat a r b i t r a r y  cutpoint  

of 6.6 rems-and p a r t i a l l y  a r e s u l t  o f  the  small numbers involved- 

ho\.rever, r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  we a re  l o o k i n g  a t  a rgal phencmena 

. 

I t  cculd ~ e 1 1  be t h a t  the resu l t '  observed for this .age-ycar o f  death 
I .~ 

; 
r - 

. .  a 
cannct, 

. .  
-whose explanation escapes US. 
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A Yates corrected chi-square was calculafzd fo r  a77 t a b l e s  w i t h  a 

s u f f i c i e n t  nuinber cf deaths t o  make such a t e s t  t i a l i d .  

i r i t e r c s t  is the c h i - s q u a x  f o r  the t o t a l  g r c ~ : ?  :.,hich has a value of 6.75 and thus 

O f  g r e a t e s t  

i s  s i g n i f i c a n t  a t  t h e  ,01 leveJ. 

, Me next  examined the  r e l a t i o n s h i p  o f  d z s ?  z.nd s p e c i f i c  types o f  cancer,  

again l i m i t i n g  ourselves t o  those w i t h  age 45-74 and year  of 'dea th  1960-1974. 

In this group (including deaths from a77 cau52s) t h e r e  are '13.5% with doses 

ovek 6.6 (dose group 5) and 62,0% with doses 1.CO and g r e a t e r  (dose g r o u p s  

3, 4, and 5). 

they a r e  aJ te red  for the  l imited group.) 

! 

(For the t o t a l  group these percents w u l d  be 10% and 50Z, b u t  

F o r  2 d - 1  type of cancer, we examine 

t h e  r)Qr:t?nt of deaths over 6.6, and over 1.00 an3 then t e s t  whether these  

percents a r e  g r e a t e r  t h a n  13.5 a n d  6 Z 0 0 ,  respec t ive ly .  

binornia 1 d i s t r i b u t i o n  (") were used t o  y i e l d  zn a a c t  t e s t .  Results are  

presented . .__ i n  Table XII. In only two cases WS s t a t i s t i c a l  s ign i f icance  

( a t  -55 or  l e s s )  obtained; f o r  lymphaetic cancers (only f o r  t h e  percent w i t h  

Tables o f  t h e  

doses over 6 . 6 ) ,  and for r e s p i r a t o r y  cancer whzt-2 27.1% had doses over 6.1 

::id 73.2% iied doses over 1.CO. 

i n  the t o p  dose group3 13 were due t o  l u n g  cancer. 

In f a c t ,  out  of  25 cancer deaths occurring 

A r e l a t i o n s h i p  of dose 

with cancer of the pancreas and cancer of the  colon i s  suggested, b u t  does 

n o t  reach s t a t i s t i c a l  s ignif icance.  

3 o u t  of 5 of the buccal cancers i n  the  over  65 age g roup  had doses belo:.r 

1-00 suggesting t h a t  t he  excess observed i n  conpsrison t o  U.S. d a t a  is unl ikely 

I t  i s  p e r h q s  i n t e r e s t i n g  t o  note t h a t  

- t o  be rad ia t ion  related:  - 

The re7at ionship o f  dose t o  aplastic,anemia and  amyotroph?c l a t e r a l  

s c l e r o s i s  i s  a l s o  exarnined s ince f4ilhani showed a n  i n t e r e s t  i n  these causes. 
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The one death from a p l a s t i c  anernia had a dose of 0.0, 

from qGyotrophic f a t e ra :  sc1erosis ,  one had  a dose o f  20.28, 4 h a d  a dose 

between l a n d  2 ,  a n d  one had  a dose of 0.0. 

over t h e  m d i a n ,  this r e s u l t  i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  

O f  the  six deaths 

A l t h o u g h  5 o u t  of  6 had doses  * 

b 

f i s  a f u r t h e r  ve r i f i ca t ion  of the cancer-dose r e l a t i o n ,  t he  U.S. v i t a l  

s t a t i s t i c s  data  was used t o  ca lcu la te  t h P  expected cancer deaths for t h e  

top  d x e  g r o u p  only. 

excess f o r  cancer (26 observed vs 16.5 expected) and s p e c i f i c a l l y  f o r  

resp i ra tory  cancer (1 3 observed vs 6.1 expected). 

These calculat ions show a s t a t i s t i c a 1 J y  s i g n i f i c a n t  

t 

' .\ 

. -- 

c 

a 



t 
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APPCIIDIX A. 

B R I E F  R E V I E l l  OF DR. MILHAH'S tlETt1ODOLOGY 

Dr. Milham's  f i r s t  s t e p  i n  studying occupational rno'rtality pa t t e rns  

i n  CIash ing ton  S t a t e ,  was t o  search the dea'th records o f  a11 male residents, 

age 20 p l u s ,  dying i n  t he  years  1950-1971. The occupational statement was 

abstracted and coded, based on t h e  U.S. Census Bureau occupational code. 

T h i s  information along w i t h  age a t  death and cause o f  death was f i l e d  on 

magnetic t a p e ' f o r  307,828 records: 

infornation was u t i l i z e d  t o  c a l c u l a t e  the  proportion of deaths  due t o  var ious 

The age a t  death and cause o f  death 

causes by age f o r  Washington S t a t e  male residents.  

study was t o  examine a l l  death records for t h e  three count ies  around 

Richland, Iiashiilglon (Benton, 7 ,  d n k l i n  and Yakima), f i l e d  i n  the years  1950- 

1973. 

Energy Comniscim nr an A.E.C. contractor  were considerprf those  of Hanford 

ecF!2:yccs, IR 843 such r9cQrds were ident i f ied and ' tabula ted  by 

cause of  death and age a t  death. 

HSs second s t e p  i n  the 

Records of men whose occupation statement 1 i s i e d  Hanford, Atonic 

Expected number of  deaths f o r  Hanford employees were derived by using 

a proportionate mor ta l i ty  approach. 

the years  1950-1973 and the cause o f  death t o  be examined a r e  counted by 5 

year  age groups f o r  t h e  en t i re  f i l e ,  and the proportion of deaths  due t o  the 

examined cause i s  ca l cu la t ed  i n  each age c lass .  

multiplied by the t o t a l  Hanford deaths i n  each age c l a s s  t o  get the  expected 

deaths due t o  t h a t  cause i n  each age c l a s s  i n  Hanford employees, 

deaths f o r  t h a t  cause a r e  tabulated by age, and observed and expectcd deaths 

a r e  sumed over age and compared u s i n g  a chi-squared tes t .  

Total deaths f o r  Washington s t a t e  during ' 

The proportion i s  t h e n  

Observed 

-e. 

Dr. N i l h a m  discussed his work w i t h  Dr, Barker S. S a n d c q  and decided t o  

analyze H a n f n r d  deaths f o r  the  years  1950 through 1971 which corresponds t o  

the same years  a s  h i s  proportionate mortal i ty  s t a t i s t i c s .  Dr.. f4 i lham ' s  second 



analysis i s  based o n  Hanford white males dying anywhere i n  the S t a t e  of  

\ l a s h i n g t o n  d u r i n g  the years 1950 t h r o u g h  1971. 

I 

. 

\ 

'\ 

1 0 0 1 4 9 1  
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1 0 0 1 4 9 2  
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t 

D E T A I L E D  LIST CF HAtlFO2D STUDY POPULATIOi! B Y  CIilLjSf CF DEATH 
( E I G t 1T H R E:’ I S I O i l  I I: T E R PI A T  I Oli  A L  C L A S S  I F I CliT I ‘2: i G F 2 T SEAS ES ) 

Hurnber o f  
D e a t h s  Cause of  Death 

I .  IIjFECTIVE AIID P A R F t S I T I C  DISEASE3 (5.5.3-1 36) 
Pol iomyel i t is  and o ther  en te rov i r c s  d i seases  o f  central 
nervous sys t en  (040-046) 

Other v i r a l  d i  seases (070-079) 
1 .  040 Acute p a r a l y t i c  polionye!itis s p e c i f i e d  as b u l b a r  

1 070. Infec t ious  hepati t is 
: 

11. NEOPLASMS ( 1  40-239) 

Malignant neoplasm o f  buccal ci*iSty and pharynx (140-749) 
4 141 Malignant neoplasm o f  tur;gu? 
1. 145 Malignant neoplasm of  otk2r  2nd unspecified 

Darts of  m o u t h  
1 ’146 Maiignant neo~ lasm o f  orcahzrynx 

1 748 Mal ionant neoplasm o f  .hyr;3?hsrynx 

t 

1 147 Hal ignant neopl asm of nasophzrynx -.. 

!(a1 ignan t neopl asm o f  d i  g e s t i  v3 orgzr,s and peri toneuin (1 5 0 4  59) 

. 3 
9 
7 

76 

J?. . --. 

2 
- 

78 

!51) fki?;’g;,znt iz;;;lasm af ~ ;e$zscs  
151 Mal ignant neoplasm of  stczach 
?52 Malignant neoplasm o f  s n a l l  i n t z s t i n g ,  

753 Malignant neoplasm of  l a r g e -  i n t e s t i n e ,  except 

754 t lalignant neoplasm of rectuz and x c t c s i g n o i d  

755 Malignant neoplasm of l i v &  2nd i n t r a h e p a t i c  

157 Malignant neoplasm of  pancreas 

inc3 udi ng  duodenum 

r e c t m  

junct ion 

-.. . b i l e  ducts ,  spec i f i ed  2s 7rimr-y 

bia1 i gnant neoplasm of  respi r a t o r y  system ( 7  60-1 63) 
- 1 161 Malignant neoplasm of la rynx  

- 5 5  - . 162 Malignant neoplasm of  t r ~ t h 3 3 ,  bronchuso and lung 



Cause o f  De,,n 

Malignant neoplasm of bonc, connective t i s s u e ,  s k i n ,  and  
breas t  ( 1  70-1 7 4 )  

4 170 Malignant neoplasm o f  bone 
1 177 Haliynant c?oplasm of  connective and other  

s o f t  t i s s u e  
2 172 Mal i g n a n t  r,il anorna of s k i n  

.: 7 
1 

173 Other maliscant neoplasm o f  s k i n  
174 blal i g n a n t  neopl  aSrn o f  b r e a s t  

Malignant neoplasm o f  geni tourinary organs (180-189) 

10 
2 
7 

I 

7 
3 

-1 
2 

185 M a l i g n a n t  neoplasm o f  p r o s t a t e  - 
188 K a l i g n a n t  neoplasm of bladder 
189 Malignant ncop!asm of o t h e r  and unspecified 

urinary organs 

Malignant neoplasm of o ther  and unspecified s i t e s  (790-199) 
191 Malignant neoplasm of  brain 
197 Secondary Ea1 i g n a n t  ceoplasin o f  r e s p i r a t o r y  and 

d iges t ive  systems 
198 Other secor?dary malignant neopl a m  
199 H a l i g n a n t  neoplasm without s p e c i f i c a t i o n  of s i t e  

. Neopiams of  lymphatic and hematcpoietic t i s s u e  (200-209) 
200 Lymphosarcom and reticu!urn-cell sarcoma 
201. H o d g k i n ' s  d isease 
203 Mu1 t i p ?  e myeloma ' 

204 Lymphatic leukemia 
205 Nyeloid leukemia 
206 Nonocyti c 1 eakemi a 
209 Myelofibrosis 

2 

. -  
Benign neopl asns (21 0-228) 

211 Benisn neoplasm of o ther  pa r t s  of d iges t ive  system 

Neoplasm o f  unspecified nature (230-239) 
0 238 Heoplasrn o f  unspecified' nature  of o t h e r  

.'- geni  to-urinary organs 

I 11. E N D O C R I N E ,  NUTRITIOIIAL, AND H E T A B O L I C  DISFASFS (240-279) 

Diseases of  thyroid g i  and  (240-246) 

Diseases of other  endocrine g l  ancis (250-258) 

. -  - 7  244 Myxedema 

9 250 Diabetes nielli\tus 
.*. 

- . .  
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tjuxbe r of 
Dcaths -- 

2 
1 

. *. 
I 
1 

Cause o f  Death' 

Other metabol i c di scascs (270-279) 

Congenital disorders of 1 i p i  d metabol i sm 

Other and unspecified metabolic diseases  

272 
276 Amyl o i  d0s.i s 
279 

IV. DISEASES OF THE BLOOD Ai jD  BLOOD-FORI4ING ORGAIiS (280-289) 

284 Aplast ic  anemia 
289 Other diseases of blood and blood-forming organs 

' V. MENTAL DISORDERS (290-315) 
I 

Neuroses; personal i t y  disorders ,  and other  nonpsychoti c 
mental disorders  ( 3007309) 

7 .  303 A1 coho1 i srn 
1 309 bfental disorders not spec i f ied  as  psychotic 

associated w i t h  physi cal cocdi t i  ons 

VI. DISEASES OF THE IjERVOUS SYSTEM AIlD SENSE ORGAtlS (320-389) 

- Hereditary ;nd farni 1 i a1 diseases o f  ner'r'3;'s system (330-333) 
1' 331 Hereditary diseases o f  the s t r i a t o p a l l i d a l  system 

Other diseases  of central  nervous system (340-349) 
1 
6 

342 Paralysis  agi tans  
348 M C t C Y  R22?-c!?.!2 b.ise.se 

VII. DISEASES OF THE CIRCULATORY SYSTEM (390-458) 

3 .  
3 
2 
1 

- 
. *  

' 2  
4 
4 

- 2  
- 

. Chronic  rheumatic hear t  disease (35l3-398) 
394 Diseases o f  m i t r a l  valve 
395 Diseases of a o r t i c  valve. 
396 Diseases of mitral  and a o r t i c  valves 
397- ... Diseases of other endocardi a1 s t r u c t u r e s  

Hypertensive disease (400-404) 
400 M a l i g n a n t  hypertension 
401 Essential  b e n i g n  hypertension 
402 Hypertensive hear t  disease 
403 -Hypertensive renal disease 
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. .- 
Cause of Death  

Number of 
Deaths 

282 
1 

48 

1 
2 
1 

5 18 
1 
1 

Ischemi c h e a r t  disease (41 0-41 4) 
410 Acute myocardial in farc t ion  
411 Other acute a n d  subacute forms of ischemic 

41 2 
h e a r t  disease 

Chroni c i schemi c h e a r t  disease 

Other forms of hear t  disease (420-429) . 
420 Acute p e r i c a r d i t i s ,  nonrheumati c 
424 Chroni c disease o f  endocardi urn 
426 Pulmonary hear t  disease 
427 Symptornati c hear t  d i  sease 
428 'Other myocardial insuf f ic iency  
429 I1 1 -def i ned hear t  d i  sease 

Cerebrovascular disease (430-438) 
3 430 Subarachnoid heizorrhage 

2 
19 431 Cerebral hemorrhage 

13 433 Cerebral thronbosi s 

1 3  . 
. 8  

432 Occlusion of precerebral a r t e r i e s  

436 Acute b u t  i 11 -defined cerebrovascul a r  d i  sease 
457 G2nei-a; i z e j  < S L i ; f l l l i t  cerebt.uvasCu; a r  disease 

Diseases of a r t e r i e s ,  a r t e r i o l e s ,  and c a p i l l a r i e s  (440-448) . 
. - ,  

6 
12 

. 1 .  
1 

. 

4 .  

I '  

1 
\ .  

- 1  
2 

440 Ar ter iosc le ros is  
441 Aorti c aneurysn ( n o n s y p h i  1 i t i  c )  
442 Other aneurysm 
445 Gangrene 

- Diseases of veins and lymphatics, and o t h e r  diseases  of 
e 

c i r c u l a t o r y  system (450-458) 
450 Pulmonary embolism and i n f a r c t i o n  

VIII. DISEASES OF THE RESPIRATORY SYSTEE.1 (360-519) 

Inf7 uenza (470-474) 1 

470 Influenza,  unqualified 

Pneumonia (450-486) 
- 481 Pneumococcal pne6moni a 

486 Pneumonia, unspecified 9 

. .  
-x 



thnbe r 0 f 
Bea ths 

3 
18 
2 

1 
1 
1 
1 
1 

' 2  

1 

1 -  
2 

' 2  - 
2 -' 

1 .  

1 '  
1 

1 

16 
1 
2 

- 2  

B-5 ..-/ 
T .? 

Cause o f  Dcath 

Bronchi t i s  , emphysema and asthma (490-433) 
491 Chronic bronchi t i s  
492 Emphysema 
493 Asthma 

Other diseases o f  r e sp i r a to ry  system (51 0-51 9 )  
51 2 Spontaneous pneumothorax 
513 Abscess o f  l u n g  
514 Pulmonary congestion and hypostasis  
517 Other chronic i n t e r s t i t i a l  pneumonia 
518 Bronchiectasis 
519 'Other d iseases  of r e sp i r a to ry  system 

IX. DISEASES OF THE DIGESTIVE SYSTEM (520-577) 

Diseases of oral  ca s i  t y ,  s a l i v a r y  g l  ands, and jaws (520-529) 
520 Disorders of tooth development and eruption 

Diseases o f  esophagus, stomach, and duodenum (53G-537) 
- 

530 Diseases o f  esophagus 
531 Ulcer of stomach 
532 Ulcer o f  duodenurn 
533 Pept j  c u l  ce r  , si tz unspeci f i ed . .  

Herni a of abdorni nal cav; t y  (550-553) 
551 Other hernia of abdominal c a v i t y  without mention 

o f  obstruction , 

. Other diseases of i n t e s t i n e  and peritonelin (560-569) 
560 
561 

569 

I n t e s t i n a l  obstruct ion witnout mention of hernia 
Gas t roen te r i t i s  and c o l i t i s ,  except u l ce ra t ive ,  

Other diseases  of i n t e s t i n e s  and peritoneum 
o f  nor in fec t ious  o r i g i n  

Diseases o f  1 i v e r ,  gal 1 bladder,  and pancreas (570-577) 
. 

571 Cirrhosis o f  1 i v e r  . 
573 Other diseases  of ' l iver  
574 Chol e l  i t h i  a s i  s 
577 Diseases o f  pancreas. - 
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,.- 
a/.- \ 

hrnber of 
Deaths 

1 
5 

t -  

1 

' 1  

-2 
i 

Cause o f  Dea th  

X. DISEASES OF THE G E f / I T O U R I t ~ A R Y  SYSTEM (580-629) 

Nephr'tis and nephrosis (580-584) 
580 Acute n e p h r i t i s  
582 Chronic n e p h r i t i s  

Other diseases  of  P urinary system (5901599) 
590 Infec t ions  o f  kidney 

Diseases o f  male geni ta l  organs (600-607) 
602 Other d iseases  of p r o s t a t e  

XI. COMPLICATIOIIS OF PREGilAIICY , CHILDBIRTH, AIiD THE 
PUERPERIUM (630-672) 

Compl i ca t ions  of  the  puerperi urn (6707678) 
'I - 673 Puerperal pulmonary ernbol ism 

XTI. DISEASES OF THE SKIN At4D SUBCUTATIEOUS TISSUE (680-686) 

I . 

' \  

l *  .. 

1 

Other inflammatory conditions of  sk in  and subcutaneous 
t issue (690-698) 

695 Erythematous condi t ions - 

XIII. DISEASES OF THE MUSCULOSKELETAL SYSTEbl AN.D CONNECTIYE 
TISSUE (71 0-738) 

Arthritis and rheumatism, except rheumatic f eve r  (710-718) 
716 Polymyositis and dermatomyositis 

Other d i seases  o f  cluscul o ske le t a l  system (730-738) 
733 Other d i seases  of muscle, tendon, and f a s c i a  
734 Diffuse-diseases  of connective t i s s u e  

SYMPTOIIIS AI!D ILL-DEFIIIED CO?lDITIONS (780-796) XYI. 
. Symptoms r e fe rab le  t o  systems - o r  organs (780-789) 

782 Symptoms r e fe rab le  t o  cardiovascular  and 
lyrnphati c system - 

P 
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/{umber of 
Deaths Cause o f  Death 

S e n i l i t y  a n d  i l l -def incd  diseases  (793-796) 

792  Ui-cnia 
796 Other i l l -def ined  and  unknown causes o f  

norbidi t y  and nortal  i t y  

E XVII ACCIDENTS, POISC)iIII;GS, Ail0 V I O L E K E  (EXTERIIAL CAUSE) 
(E800-E999) 

Rai ]way acci dents (EEgO-E807) 
E801 

E803 
E805 Hit by r o l l i n g  stock 

R a i l ~ a y  accid2nt involving c o l l i s i o n  w i t h  

Railv:ay accident involving explosion, f i r e ,  b u r n i n g  
other. object  

Motor vehicle  t r a f f i c  accidents (E810-EOl9) 

1 .  

'4 
1 

~ 8 i  o 
E87 7 

E81 2 

E81 3 

ttlotor- vehicle t ra f f i ' c  accident involving col.1ision 2 
w i t h  t r a i n  

H o t o r  vehicle t r a f f i c  accident involving c o l l i s i o n  I 
w i t h  s t r 2 2 t  c a r  

w i t h  another motor  vehi cl e 

wi t h  o ther  vehi cl e 

i4otcr vehicle t r a f f i c  accident involvin9 c o l l i s i o n  

Motor vehicle t r a f f i c  accident involving c o l l i s i o n  

Motor vehicle t r a f f i c  accident involving c o l l i s i o n  

5 

3. 
? 

i 
. )I 

'E814 

E81 6 
wi t h  pedes t r i  an 

~ ~ o n ~ o l l i s i o n  r o t o r  vehicle t r a f f i c  accident due t o  7 
loss  of control 

Other noncollision m o t o r  vehicle t r a f f i c  accident 
Hotor vehicle t r a f f i c  accident of unspzcified nature  

. . .  
1 
'1 

E81 8 
E81 9 

Water t ranspor t  accidents (.E830-E838) 
E830 
E832 Other accidsntal  submersion o r  drowning i n  

Accident t o  watercraf t  causing submersion 

. . water t ranspor t  

Air and space t r a n s p o r t  accidents 
E841 Accident t o  poiiered a i r c r a f t ,  o t h e r  and znspecified 

.2 
1. 

5 . .  

Accidental poisoning by gases and  vapors (E870-E877) 
E873 Accidental poisoning by motor veh ' ic l5  exhaust gas 
E875 Accidental poisoning by o ther  carbon monoxide 

Accidental fa1 1 s (E8SO-E887) ii: 

-7 
1 

1 
2 

E880 F a l l  en o r  from s ta i r s  o r  s t e p s  
E887 Other and unspecified f a l l  I 

- .  



0-8 

Number of  
Deaths 

1 

7 
5 
7 
1 
1 '  

'I 

Cause o f  Death 

Accidents caused by f i res and  f 1 ames (E890-E839) 
E890 Accident caused by conflagrat ion i n  p r iva t e  

dwell i ng  

Other accidents '(E97O-E929) 
E933 Accidental mechanical suffocat ion 
E922 Accident caused by firearm miss i les  
E923 Accident caused by explosive material  
ES25 Accident caused by e l e c t r i c  cur ren t  
E929 Other and unspecified accidents  

Surgi.cal and  medical complications and misadventures 

E930 Complications and  misadventures i n  operat ive 
(EgJ"O-ES36) 

therapeutic procedures 

Suicid? and se l f - in f l i c t ed  injury (E950-E959) 

. .E955 Suicide a n d  s e l f - i n f l i c t e d  ifijvt-y by -firearms and 
5 

25 

1 

E352 Suicide a n d  s e l f - i n f l i c t e d  poiscning by other  gases 

E958 Suicide and s e l f - i n f l i c t e d  in ju ry  by o ther  and 
exp 1 os i vzs 

cr\ unspecified means 
Homicide a n d  in jury  purposely i n f l i c t e d  by o ther  persons 
( E ~ ~ O - E W J )  

1 .  E966 Assaul t  by cut t ing and p ie rc ing  ins t runents  

-._ 1 

1 
.r 'i 

Injury undetermined \thether accidental  7y o r  purposely 
i n f  7 i cted (E9804989) 

E980 

E985 

E986 

E988 

Poisoning 
whether 

Injury by 
whgther 

Injury by 
mined wl 

Injury by 
whether 

by sol id o r  l i q u i d  substacczs ,  undetermin 
accjdental l y  o r  purposely i n f l  !'cted 
f i rearns  and explosives ,  undetermined 
accidental ly  o r  purposely .'i:.;l icted 
c u t t i n g  and  p ie rc ing  ins t runents ,  undeter 

icther acc identa l ly  o r  purposely i n f l i c t e d  
o the r  a n d  unspecified means, undetermined 
accidental ly  o r  purposely i n f l i c t e d  

ed 

- 

\ 
I 

\ 
.- 
-P 

I 

I 

l 0 0 3 5 0 0  


	analysis is based on Hanford white males dying anywhere in the State of

