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October 9, 1974 

:-I i,' , .. 

A R E A  C O D E  7 0 2  
? C L C P t I O N C  302 - D I G 0  

70590A , 

: Re: 133x3, et al. adv. IGAnr z 3 3  B & l U & R R Y  
~. Dear MI:. AI-1-en: 

Enclosed is a copy of a d r a f t  of the report  
of P l a i n t i f f  ' s e x p e r t ,  Dr. Shields Warren, a l o n y  w i t h  

w e k  12y Larry J O h i I S .  
copy l a s t  F r i d a y .  
cncloscd t o  D r .  Cavencier and any o the r s  you deen 
applicable. 

- . .  medical data on whic!1 was g i v e n  me last 
Mr. Anderson received a co;np.l.ete 

Please p r o v i d e  a copy of the 

cc: Dr. Savino Cavciidcr - REECo - wo/cnc. 
. .  Davj-d J. Anderson - Justice - v:o/er.c. 

b t .  .( 
" /, f\ 'I; ,: ;!. !I . __ .. . . ..- . , ,, : .-'.I=-. 
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PRIVACY ACT MATERIAL REMO~ED 

kni-  B l r .  Johtis: 

- 
lniles vest and 'no r th  of t he  s i t e .  The witid a t  the  tirne G f  v e n t i n g  cjf' the 

device  vas t h r e e  t o  four knots  Fer !IOU:-. The rad ioac t ive '  c loud of d u s t  vaz  
. .  

dcscri'ueci as advancing, i n  two Dartions \.hich nerr;?d a t  Area 13 Car:!p and 

These v ind  readings were obtained st a t'ower 1500 ft. SSV of 5rou.nd. zci-c ir, 

u l o c n t i c n  t h a t  x'noulb g i v e  us reasanably a c c u m t o  d a t a  as t o  the xind con- 

d i t i o n s  f e r  t he  gene ra l  a r e s  of t he  t e s t  s i t e  incl.udine Area 1 2  Czmp. 

e .  

. . .  

Quc1.y: Arc- t he re  F i n d  speeds an6 ci l rcct ions xmilahle  bctwcen 

8:OP Ab1 and l a t e r ,  j?refcrnbly ts 1 ; : 3 O  PM? 

",ke YadSafe n:onitor on t h e  I?ali.~te F!csn Zoad j u s t  outside :And south  of 

PRIVACY ACT MATERIAL REMOVED 
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-2- .. .. , 

' . ;one hour npparcnt ly  at; obout 11 o 'c lock .  
_ .  

It i s  probzblc t h i s  dose WHS 

. .  . .  . . .. 
exceeded bccnuse t h e  monitor was €orccd t o  charigc f rorn a Gciger-I.ii.llle1- 

. .  .. . 
This  would imply, i f  

c a p a b i l i t i e s  of the instnunent .  It i s  s t a t e d  t h a t  t h e  ir istrunent t o  vhich 
. .  

he chsngeci, EL p i c  G A ,  was recording o. r a t e  of 500 t o  000 riiill.iroentgcn y r  

c our \;hen unot.ficr monitor c m e  by  \:hose instrur.cn@, a c u t i e  p ie  ( i o n i z c t i o n  

.--chaqber) j .  -wzs . . reading .~~3..milI.irocut~en. per .hour,, ,which . , i ' ~ L h c r  .sccg?s.is 
. .  --- 

s a t u r a t i o n  of and t o o  low Q reodinG by  t h e  f i r s t  t v o  1nstrv.ncnts.  

readings a t  11 Abl were not  recorded properly by t h e  RadSGfe 

The permanent telenetry s t a t i o n  a t  Area 12 Can? vas scndine i n  
- .  

. ,  

D' 
. monitor. 

. readings of approximatcly 700 mil l i roen tgen  for D per iod  of c!ie hour. 
. .  

- _  

. . . . . . . - . .. 
. .  . . .  

. .  
. .  

. . . - . . . . _ _  . _ .  .. _. .. 

' . Query: ht vhai time vas t h e  700 mi l l i roen tgen  Der hour reading 
. .  .. . 

. .. 
. .  

. . obtained by t h e  peimancnt t e l e m e t r y  s t a t i o n  a t  Area 12 Cmp? Y?.s . . ,  

,' 
, .  

an  i o n i z a t i o n  c h d x r ?  

I n  a inenorandun dctcd Fcbrurr-y 10, 1971 from I!. J. 3?rc...dy t o  E.  A .  Bicker 
/' I 

of Reynolds E l e c t r i c  and 3ogineer ing Conpan;, I nc . ,  it i s  s t a t e d  (P. 3) t h a t  

from the probe t e l emc te red  measurenlents during t h e  t h e  m was i n  t h e  

Camp, an e s t ima te  was made t h a t  he received a nairnum dose of 300 m i l l i -  

It i s  f u r t h e r  estiniated t h a t  t h e  beta/Cunma r a t i o  -?:as . ' roentgen o r  less. 

more t h a n  one and less than  t w o ,  so t h a t  u s i n g  a b e t a / p m I a  r a t i o  of two it 

i s  cz t imated  t1ie.t; -' s k i n  vould have reccived a i o t a 1  Close OC 900 nrcn  

l'rom a i rbo rne  b e t a  and ganrna c m i l t c r s .  A gm?inu c s t i i m t c  of ?80 inillirocnt~cn 

. .  
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mast ..: ' 
... . :. !.* , 

I e.. ' 
.. 

. :* .  
. .  

- 
- .  . . . .  . . I . .  . . . .  

. .  t o  the monitor inf i  probe in Area 1 2  Cmp i s  pos tu l a t ed .  

diction t o  the estimate of 700 n i l l i r c c n t c c n  as s t a t e d  on 1'. 2 of your l c t t c r  . 

This is in contra-  
. , . .  ....... , __. -4 

of A p r i l  29, 1974. As you say, t h e r e  is, Lhmforc,  question with regard t o  
- -  ... 

t h i s  reading; also, as mentioned ubove, of t h c  readings ob ta ined  by the 

-. 

. , -. _. 

hand-carried measuring devices. . .  .. . .  ' .  
' - ' -Af t e r  c 1' 15'' a t  Area 12 Cw.p s:hcre - was cont inuously cxposed t o  

t h e  r a d i o a c t i v e  cloud 2nd r e c e n t l y  deposited r a d i o a c t i v e  dust and where his 

c lo th ing ,  sk in  and h a i r  b e c a m  contzminated w i t h  the zir-M:-ne r a d i o a c t i v i t y ,  

he proceeded as i n s t r u c t e d  t o  t h e  junc t ion  of 
. ~ ' .  . .  8- . . 

readings were 300 mR and a t  h:3O Pld they were 

t o  t h e  decontamination cen te r .  
c 

c 

. /  

Stockade \.!ash and P a i u t e  %sa . 

. .  . .  . .  , 
. .  

tha% he was t o l d  a t  11 AI.'. his 

90 L?. A t  5r30 P1.l he was sen t  

' I  . .  . .  
1 .  

. .  , .  . . .  . . . .  
. . . . .  

' . - .  

. . .  
suming- t h a t  0 en te red  Area 12 C a q  bet.r!cen 

.. . .  . .  .!.. 
. .  

' .:'8:3O and 9 4 4  December 18th and rcmzinca t h e r e  oi'lc h & c  and 7.5 minu'Les. 

It is stated on t h e  rhap you s e n t  me that t h e  RadSafe s o n i t o r - o n  the 

.... 
.A. 

. .  

.,I 

: .Pa iu te  Mesa Road J u s t  outside of P-ea 12 C m p  . .  obtained readings of 
:..a' 

.. ' r a d i o a c t i v i t y '  f l u c t u a t i n g  between 500 an3 8-30 n i l l i r o e n t g e n  pe r  
. .  
... hour and t h a t  another  monitor c a m  by with z d i f f e r e n t  %ype i n s t r u -  

. .  
i mcnt which read 1200 mi l i i roen tgen  pe r  hour.  This was at; 11 N4. 

. What was t h e  p r e c i s e  location at  t;hich t h e s e  measwerzcnts are made, 

and urn I correct t h a t  t h e  t ime was 11 AM? I a m  co&red because 

on the c h a r t  you drew it is s t u t c d  t h a t  hc was s t a t i o n e d  a t  Dcnd .. , 

Norse Flats from 11 AM t o  h:3O I]:<, and it is  n l s o  stnLccl on t h c  inap 

vherc t h e  Area 12 C m p  Road lcavcr, the rnergcd Rainier hlcsa Road and 

. . Orange Road that t h e  r u d l u t i o n  iao3itor t ias  locatcd at; that p o i n t .  

t 0 \ 0 8 1 9 .  PRIVACY ACT MATERIAL REMOVK 
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.- 

. . . . .  
. .  

. .  
. . .  Y..L-~::: Another unce r t a in  point--you s ta te  In your note t h a t  . . -  - 

came i l l to  Area 12 CLlnp f r o m  t h c  cast; t ! ~ c  inked rci! l i n e  \iould 
, ..:: -, . . . . . . . . .  .. .- .. . , -  . .  L:.. ... 

I . .  . . . . . . .  . .  . . . .  . . .  . 

, \  . .  

. .  I .  .. ! 

... . .  - .  . -. \ * .  . . .  
' 1. 

. .  
;i ' .  .'i . . i nd lcu te  tiiat he c m e  i n -  from the v e s t .  .. - , a .  

I '. .- . . -. 

... , . .  - .- . 0 .  .: . - 
. * - .  -.. ThcGe t lmes and d i s t a n c e s  are importnnt because on Pqe 3 of 

-:' . :  . . . .  
I .  

. I  - .  . '  ..... . .  . .  
. . I  

2. - 
, -  

. I  

- ,  

. .< - 

. .  5 :. 
;. . 1,: . . .  . .  .....) agsy,...:&% .g.:.30. p.;.:., . . ~ . ~ ~ ~ i f i - , . u ~ ~ l , 2 .  ..~ssn:.Lf;ct ..Lh:.,.p.eeti,L\~ . Jrith . the  ,rcdi - 

. .  ~ 

' 

-. ..'':.. ! \  ' -__ .: . ' I  

'. . 

:ti,i..:ation monitors and t h e i r  readings = t a t e d  t o  have occurred a t  11 AI4 
I . . . . . .  . .  _l.. . 

. L  
.- . .  . I  

. .  - .  . 
. .  . ! :. . . , , . , .T:, - 

. : . .  
' ..: .. !. .,-:-must have been 'nade ai Dead Horse F l a t  r a t h e r  t h a n  a t  Area 1 2  C-kp. 

. .  
. :.. 

. . . .  - .  ..... ... . . . . .  _ .  ... . .  . . .  
I .  1 :  

i .  . ?..I 

- .  . f'. . , 
.i' , 

. .  . .  
'. ' . If EO,' t h i s  would mean t h a t  .exposure i n  t h e  ! 2 s p  would 

I .  .... 
. .  

: t  
. .  . ,  

. .  

. . .  
'*, , , :. * 
:;have be& h ighe r  t h a n ' i s  recorded e i t h e r  'by. these readinzs  o r  by  

. . . .  . .  - vi . ' '1 . L .  . ' 
< . .  

. . . . .  
. . _ _  '-. . ,. 

- .  _ .  

. ... ... ... - l e  . . . . . . .  . . . . .  . . .  , .  . . . .  . .  ......... ... . - ,  - -,. .I - 

t h e  t e l eme te r  probe at'camp 12. 

O n  P.. &'of the dose estimote r e v i s i o n  r e f e r r e d  t o  
. 

. .  

. . . . . .  
. .:. , 

_ .  . . 1,. 

. *  1.' 

,_. 5 .  . .  I ? . .  '-: ,.. , ' - -  
I .  

: L -  

. ,  * 

. .  . . . .  _. - 
. .  

..,' . ,I . . .  ,. . .  

-' c lo th ing  gave a ,vzlue of 200 rR/hour at 11 AI4 and. 30 ?:!I/hr. at . 

... 
. .  '.:. -. - 

1330 . . . .  hours .  .' A t  1800 hours con tac t  rendings on the  c lo th ing  riez.2 50 inR/hr., 
. .  

. ' . on . . .  h a i r  1.5 fi~?/hr., on h i s  nose 10 ni3/hr: ) ' end 'hands 5 n l / h r .  

a v a r i e t y  ._I - of possible reasons d u r i n g . t h e  period from 900 t o  1800 1i'I)urs.'' 

. .  . . .  . .  . - .: 
. .  . .; 

/' 

- .  

. , .- 

., As it i s  sts.lcd (P.  h'of t h i s  same dose e s t ima te  r c v i s i c n )  "It i s  
- - . .  ,. . 

a .  

. .  . .  . -  

. . .  
pro'bable thn.1; some of t h e  c l o t h i n 6  contamLnntion f e l l  froin t!ie c l o i h i n ~  f o r  . L . -  . , 

. . 
. .  

. 

. . ,  There is appa ren t ly  on ly  one f i l m  badge reading avail.ablc for- 
. .  . .  . .  . .  . .  . . _  . 

i n  s p i t e  of the f a c t  that t h e m  i s  tes t i rnoni  t h z t  more than'one f i lm badge :Ic'r(? 

used consecut ively.  

m a d  could n o b  be r e e d  nccurutcly because of c o n t m i n a t i o n  due to Clircct 

- '.' 

It I s  also s ta ted  t h a t  thc one f i l m  bcdce dcvcloped and 
. . .  . .  

cmtczct of contaninntcd r ad ioac t ive  parLiclc:: v i t h  t h e  f i l n .  Of coursc,  

. .  

PRIVACY ACT MATERIAL REMOVEC 
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..: . . I . .  -2- , , . . .  -. 

- .  . _ -  -: . I  

, : . w t i c l c s  like thesc would have been i n  contact  v i t h  ex?oscd arcas of 
. . .  . ..... . . . . . .  . . . . . . . . . . . . . . . . .  ..,. ..<.: .'.>.'.' , .,. .. " ... . . . .  . . . . . . . . .  . . . _  

I.... -- . . .  - s k i n  and with his c l o t h e s .  It is d i r f l c u l t  t o  understand trhy 
. . .  . .  

. .  

. .  

. .  
a7'contractor cxpcrienced i n  r a d i a t i o n  cxpcriments had not spcc i f i cd  the use 

foj5.inoniLoring of fihn badGcs properly p ro tec t ed  against; r ad ioac t ive  dust 
. .  

aurinc a tcst'in vhich par+Aculate c o n t m i n a t i o n  should  have been a n t i c i p a t e d .  

The film badge reading recorded i s  clearly erroneous and rep resen t s  o n l y  an 

unkkown f r a c t i o n  of t h e  dose received. 

. . .  , .  .: 
r&ej.ved, "A reasonable estinEte of the  raxirnun 

'receivid.  by  -is 2420 mi." 
. . .  . . . . .  . .  . .  

. . .  . . . . . .  . . .  . .  
. .  

.-.e . I . i ' .  
. .  . .  . . .  - . .  -, . . .  - . .  - - - .  . 

.:,::., , - . . . .  . .  . .  . . . .  
i . - 

:.- . .  . June 19, 1973 zt I a m c  Linda it F ~ . S  s t a t e d  

approxinately 100 rads of totel-body ' r ad ia t ion  

.'Studies of the blood shoved I;BC c .1 ,  D C  2.75, 

.. .., 

. . . .  

I .  . '. . . .  

. 
dGse t o  the  l e n s  of t h e  eye 

, -  

i n  his c l i n i c a l  h i s t o r y  

hzd been received'  a t  t h e  t e s t .  

p la te le t s .  Bone marroii 1005 c e l l u l t t r .  b;ega:sz*yocytez increased.  Es: r z t i o  

l:l, All v h i t c  and r e d  cell. fcms clcre seen. The i r  naf;u-p.ti.on %;as cbnor;nal. 

Zlia&osis : ~ , i y e l o p r o l i ~ ~ r n f i v e  syndrane u i t h  murked _. erythroid h y p r p l a s f a  ar.d 

s'omc lnegak arp c yt i c 117y-p e rpl. a s i a. 

. 

count verc  s t i l l  p re sen t .  

5 r a d s  of atomic r a d i a t i o n  18 rnonths ago. 

c e l l u l a r i t y  an3 a c t i v e  e r y t h r o p o i e s i s  w i t h  s l i c h t ;  m c p l o b l a s t i c  c h a n p .  

Granulopoiesis was nornal, '  c o n s i s t e n t  with I ~ ; L I T O V  recovering from injur:: 01  

with a myc lopro l i f c ra t ive  d i so rde r .  

. - .  

- --... ._-.-- .. ~ . ---- - .. ......... ....... . . . . . .  ..- . .  
F-  

.. - r - . _.-- - ,. . 
. At Lmia Linda  under d a t e  of J u l y  2 b ,  1973 czncrnia and a low white  blood. 

The h i s t o r y  s t a t e d  t h a t  the' p a t i e n t  had received 

A bone carrow biopsy shoved 6C$ 

... 

Thc p a t i e n t  vas s tud ied  bcginnir.:: iii:Lust 16, 1373 at t!ie Oak Ridge 

~ l o s p i t a l  i n  a d r l i t i o n  t o  the s t u d l c s  ;mde  a t  1,o.z Liada.  '&ilc at Oak 3idjc 

1 0 1 0 8 2 1  PRIVACY ACT MATERIAL REMOVED . 



. -rhS'podiploid L .  (45 - C)." This  dcletictl or' a C chronc.sone has been ussocinted 

rcidiatfor! reccivcd by -dwing t h i s  euisodc i n  t e m s  of t h e  s k i n  

.-.dboe most probably received.  I n  terms of t h e  s t o n d x d s  o f  t he  I n t c r n a t i c n z l  

CoiiLxdssion on Radiat ion P ro tec t ion ,  such 3 sk in  dose i s  the equiva len t  of a 

vholc-body dose. 

Glnsstone, e d i t o r ,  U.  S. Atonic Enc.rl;y Comiss ion ,  Jurlc 1957, p. 393, and 

t a k i n g  t h e  readings  g i v e n  cis 0btcinc.d from 

a t  13C3, 1330 Bnd 1800 hours ,  I c a l c u l a t e  a s k i n  dose of le50 millirads o r  

Using F i e r e  9.8 from "Effec ts  of fluc3.caz- Weapons, 'I  S a m e 1  

contaminated c!cthing 

thereabouts. It should be uotcd t h a t  l u r t h c r  nnalysis of c q o c u r c s  t I 1 2 . t  

~~ou3:I be based on anskers  t o  t h e  qucrics thrrt; I hzve r a i s e d  may I.cad to a 

" PRIVACY ACT MATERiAL REMOVED 
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1 . -  e .  

I . -  
C .  

Gomewhat hipher  e s t ima te .  T h i o  is i n  Ccncral  ogrcencnt v i t h  t h e  rcv ised  dose 
._ - 

.- 
4 .  

dated February 10, 1971 t h a t  " the m a x i m u m  dose to' t h e  lens of the  eye rcccivcil 
' 

by 0 1s 2120 mmd.'' If one assumes t h e  accuracy of t h e  r a d i a t i o n  

s a f e t y  monitor 's  cutie p i e  r ead ing  of 1200 mil l i ro?ntCcn pe r  hour my dose 

cc t imatc  could be doubled. 

-.  

. '  On the basis of t h e  s tandard  recomrrznclations of t h e  Nat ional  Council on . . 
. .  

---'RcldY'st%on r ' ro tec l ion  and -the. -Fedem1 fiad. ic t  13c Co.it:rc .i I t h i s  0 60 f.c cvcn .itouiblnil - _  
. .  

would be v i t h i n  t h e  pe rmis s ib l e  range,'assurring t h a t  he had had no f u r t h e r  

. -  
. .  . .. . . ':. . ,_ . 

r a d i a t i o n  i n  t h a t  y e a r ' s  time ( the  occupat ional  s tandard  i s  5 rem/ycar). It 

is iniTortant t o  notc, t h e r e f o r e ,  t h a t  he a i d  not. r ece ive  excessj.ve r a d i a t i o n  

dur ing  t h i s , t e s t  per iod  under ord inary  oge ra t iona l  s tandards .  

" . .  '. 'IIovever, t h e r e  \;.:ere a number of in s t ances  of poor p r a c t i c e s  r e l a t i n 2  t o  

' 

. .  . . . .  
.., ~. ..I. , 

. .. 

. .. . 
. .  

I,.' 

. .  . .  
. .  

. .  -. 
T .  

. .~ 
. .  

.. . 
.< r 

.. 
. . . r a d i a t i o n  safety i n  t h e ' h i s t o r y  of h i s  case ,  aqong which a r e  1) a t-De of 

f l l m  badge t o t n l l y  unsui%ed t o  t h e  c i r c w s t a n c e s  under which it vas uscd; 

2) ' f a i l u r e  t o  providc monitors  v i t h  monitoring: Cevices t h a t  could not  be 

s a t u r a t e d  by r e a s o n a b l ~ '  z n t i c i p a t e 2  contaninat ion;  3) breakdowr. and confusion 

:. i 

. .  ... 

. .  

. .  

. - .  

i n  inoni tor inc proccdcrcs;  I + )  Iy c l o t h e s  were not chansed nor vas he 

dccontaminatcd u n t i l  6.5; or 7 hours z f t e r  t h e  dis'covery by monitors of gross 

r a d i o a c t i v e  con tan ins t ion  of them (he should have been deccntaninated Imiedi- 

a t e l y ) ;  and 5) fa i lure  or maintcnance of adequate r eco rds  by n o n i t o r s .  

According t o  t h e  same Reynolds '  rcyart (P. 2) "some ch'anged t h e i r  

contaminated c l o t h i n g  sooner than  o t h e r s  v i t h  t h e  r e s u l t  t h a t  o p t i c a l  

densities of the f i l m  yorn by mnie pcrsouncl  waG considcrably less t h a n  

optical d e n s i t i e s  of films worn by -and o t h c r s . "  
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In spite of t h e r e  prokcdurcll e r r o r s  and irregularities -aid not . 

. . . .  . . . .  .--.. . . . . . . . . . . . . . . . . . . .  . . . . .  &:..I- . - . .  . . . . . .  . . . . . . . . .  - -  . .  . _. _ .  . . - . _ . . . . . . . . . .  . A  . - - .  , - .:- - i .  ._la. . .  
receive enouch r a d i a t i o n  t o  induce lcukcnia had he bcen ~7 1iorm:rl. j.tidivlGuz1. 

. . . .  - .  . . .  . .  . -,.-. 
. I .  

Ilowever, the medical examination a t  Oak RidEc in '  t h e  sumner of 1.3'13 showed 
. --. 

;I. . 
him t o  be not a normal i n d i v i d u a l  b u t  t o  be a person w i t h  a n  abuorn!al numbcr . 

. of: chrcmosomcs (145 r a t h e r  t h a n  th'e s t anda rd  46). . T h i s  missing chromosane xes 

determined t o  be a inenher of group C. Hmbcrt 112s d e s c r i b e d ,  as nicntioned 

above, a "new m y e l o p r o l i f e r a t i v e  d i s o r d e r "  t h a t  i s  a s s o c i a t e d  u i t h  absence 

.of -a .C- ,you:, ,,cBI.onosone,-,anr!~~, -wi.';h-*cther blood ir>norrnc.lil;.ics .sone o f  vhich 
' , '.i ,< : 

match the .changes found i n  D. 

1cul;eqia h t h i n  3.5 y e a r s  af ter  t h e  chromosomal d e f i c i e n c y  was found. 

. .  

+ . .  

. .  . . .  . . . .  
. 

. '' 

. 

' . ' f i n d i n g  of t h i s  chromosomal d e f i c i e c c y  i n  - togethcr' v i t h  a b n o r m l i t i e s  

.. . ..... .-- . . . . . .  . . . .  
"VO t h i r d s  of t h e s e  p a t i e n t s  dcveloped 

. . . . .  * . '  _ .  '. .._ 

The 
. . _ .  .... . . . .  ' *. . .  . .  . . .  

. %  

. . .  

- .  

. .  . .  

. - .  

. of blood c e l l  p r o l i f e r a t i o n  shown by  l a b o r a t o r y  s t u d i c s  cluring h i s  h o s p i t a l -  

' i za j t ions  wou1.d i n d i c a t e  t h a t  -J belonzed t o  this s p e c i a l  Group with 
. .  . ' : A  . . . . . . . .  : . ' * . .  : 

........ . . .  /.a . .  
' .  . t . .  . .  

. .  - .  *. . .' . high r i s k  02 , leukemia. There i s  evidence t h a t  t h e  C group of chroip.osomcs :: .;. :!*. 

. .  " are concerned with r e p a a t i o n  o f ' b l o o d  c e l l  formation and hence, t h e  
. .  .; . .  

\:,. 
. .  

. maintenance of normal b lood  counts .  

There nre two a l t c r n a t i v e s  t o  c x p l a i n  t h e  presence of t h i s  chronosGnc1 

E i t h e r  he had had it a l l  h i s  l i f e  and hence 142s 

. I  

d c f i c i e n c y  of 0. 
'a inember of a very small group u i t h  a v e r y  hich f i s k  of l e u k c n i a ,  perhups as 

much os 10,000 times t h e  risk of a n o r m 1  i n d i v i d u a l ,  so t h a t  u r e l a t i v e l y  

s l i g h t  m o u n t  of r a d i a t i o n  t o  him ccu ld  induce leukcmi3 o r  e lse  he had been 

rrithwt this chromosomal change a l l  h i s  prcviotis l i f e ,  cni! ' t h i s  chro3oson:cl 

change was brought  about through random damage t o  chroraosoms by t h e  m a l l  

dose of r a d i a t i o n  which he r ece ived  as a r e s u l t  of t h e  t e s t .  It i s  e s t ab -  

l i s h e d  t h a t  chromosomal. a b n o r ~ i u l i t i e s  can be produccd b y  as l i t t l c  IL:; 

. .  . 1  . -  
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_ - . .  .. .. ._. . .; 000 nillirads, appreciably -. . l ess  . .  t h a n  - - thc  ..- . . dose . .  0 .  . . rc.cr:ivcd. . .  . , ,  Once . 7 may _ _  ~. .. 
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