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March 15, 19h9 

I .  

A. L. Holland, Jr., Y.D. 
Xedical Advisor 
Atomic k r g y  C o d s s i o n  
Oak Ridge, Tennessee 

Dear Dr. Hollard: 
Transmitted herewith is copy number l23A of 

a report e n t i t l e d  aTabulation of Available Data Relative 
t o  Radiation Biology." 

bring it with you t o  t he  cornnittee neeting t o  be held h 
Washington on Sunday, April  3, 15.9. It i s  par t i cu la r ly  
hoped tha t  you w i l l  cane prepared. t o  approve the sect ion 
on Acute Exeosure M, "Estimated Results t o  'riumans Exposed 
t o  Fi l tered 200-loo0 Kvp X-rays keasured in A b , "  pages 
34 and 35. 

-- 

I hope that you w i l l  reqriew t h i s  material and 

.. 1 

I wish a g a h  t o  c a l l  your at tent ion t o  my l a t t e r  .. 
of February a, 1949, i n  which I requested t h a t  you forward 
t o  me special  research problems not now i n  progress, but 
which you f ee l  would be of value t o  NWA. -. 

Very Sincerely yours, 

on Radiation Tolerance .of 
Military Personnel r 
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Table V I 1  
' I  

MORTALITY TABLE 

Type ' L.D. 50 
Species 1 Reference j Application Radiation Dose Time 

Guinea Ellinger ( 4 )  Total body 200 KVP 200 r 
P& Henshaw ( 5 )  

It Dog . Cole e t  a l .  ( 6 )  200 KVP 300 r 

I Rochester expt. 11 

#5 980 

I Henshaw ( 5 )  I Mouse 
C3H 

It 450 r I 2oo I 
I Mouse 11 

LAF 
600 r I I 

II Monkey ' Rochester 250 KVP 500  r 

Rat Cole e t  al. ( 6 )  200 KVP 590 r 

Report #5980 

I t  

I I I I 
1 I 

n 

' I 250 KvP I Rat Roc he ster 
YZbtar I Report #5980 

It Hampster Rochester . 250 Kvp 700 I: 
Report #5980 

It 200 KVP 790 r Rabbit Hagen e t  a l .  (7) 

- 
( 4 )  Ellinger, F. Radiology, &:125-142, 1945. 

. (5) Henshaw, P. S. J. Natl. Cancer Inst.8 ,&:485-501, 1944.. 
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PRIVACY- ACT MATERIAL REMOVED 
,e Table X-D 
' 1  

SWARY 

P O L C Y T H E X I C  AND LEUKEEIIC FATIENTS L I V I N G  1 YEAR OR UORE 

Submitted by Dr. Shields W a r r e n  
New England D e a c o n e s s  H o s p i t a l ,  Boston 

. , 

I n ' O n e  Y e a r  ' I n  O n e - Y e a r  I n * O n e  Y e a r  
1 0 , O O o  U.C. 10,000-20,000 U.C. 20,000 U.C. 

F32 P32 P32 TOTAL - 
C hurt  by 0 

radiation 

18 - no t  h u r t  by 
radiat ion 

TOTAL 18 

2 

12 

u 6 

3 

35 

38 

1 0 , O O o  U.C. P32 C a s e  N o .  

1. 6 HODGKIN'S D I S E A S Z  - 4,750 u.C. 

XONOCYTIC L E U K E U A  2. 10 - 4,645 u.e. 

3. 16 HODGKIN' S D I S E A S E  - 4,680 U.C. 

4. 27 T E W Z N A L  LMIPHATIC IEUKEKCA ' - 8,985 U.C. 

5. ~. 30 KYELOEA - 8,663 U.C. 

6 .  37 ACUTE LYMPHATIC IEUKDXU - 5,130 U.C. - 

7. 38 HODGKIiJ' S D I S E A S E  
-. 5,982 u.<. 

, . 8 .  '45 POLYCYTHZWXA , 

. .  . 
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PRIVACY ACT MATERIAL REMOVED 

10,Ooo U.C. P32 

11. - 7,720 U.C. 

C a s e  No. 

77 

79 

83 

88 . 

89 

92 

9c 

99 

LYE!HOSARCOIdA 

POLYCYTHEE!IL VERA 

LE1JKEXIA 

POLYCYTWLIA VERA 

P o L Y c - f l m I A  

12. - 7,EOO U.C. 

13. - 9,000 U.C. 

3-4. - -..- .-.- - 7,000 U.C. 

- ~- 
16. - 5,500u.c. 

POLYCYTHEiLIA 

LWLTIPLE UYEXUdA 

17 * - 4,000 U.C. 

18. - 6,700 U.C. 

10,ooo - 20,000 U.C. P32- 

1. ' 3  - ~U,038 U.C. 
SUBACUTE L W H A T I C  LEUICEXU 

2. 7 - 16,955 U.C. ' ,  

"'EZXINAL CHRONIC LYMPHATIC E U X E l I A  3. 26 
-- 4. 15,770 U.C. 

SuBilCuTE CHRONIC LYMPHATIC IEIKEMIA 28 
.!- U , U O  U.C. 

4. 

CHRONIC LYMPHATIC I E m  31 - - 12,528 U.C. . 

... 

..... . -  . . . .  ............ . .  . .  , .  

. .  . . . .  

. .  . .  

. . . . .  
, /i," . . . . .  
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PRIVACY ACT MATERIAL REMOVED Table X-D 
-Contd- 

‘ I  

s o 0 0  - 20,000 U.C. ~ 3 2  Case NO. 

8 .  39 
_ . ~  - 12,857 U . C .  

MULTIPLE : X X D I Y t  - GROUP b 9 0 . .  - 47 - 13,680 U.C. 

10. ‘ 65 CHFiONIC LY!PHATIC L?3UKEX!IA - 15,615 f U.C. 

12. 87 PoLYcYTmm* VER;; - 12,300 U.C. 

13. .95 LImLomNous LEumiIA - 16,000 U.C. 

u. . _  

20,Ooo U.C. P32 

1. - 25,440 :.c. 

2. - 20,080 U.C. 
3. ’ .. 

27,872-U.C. 

I -- + 24,150 U.C. 

5 .  

6. 

- 21,000 U.C. 

, .. ... ..... ._ ...... . , - . ,  . . . . . . . .  . .., . . .  . . . .  . . . . -  . .  
. . . . .  . ,. . . .  . . . .  - .~ , .  . .  . . . .  . . . . . . . . . . . . . .  

. . .  . . .  

I .  . 
. . . .  ,.. . . .  

I .  . .  
. . .  ...*. 

. .  . .  . . . .  
r 

. I . ’ . . ^ . ,  I . . . .  
; .. ,.,’ .. . . . .  . . . . . .  - . ._ . . . .  . . . . . . .  
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. . .  . . . . . .  

. I  . . . .  



H 
x 
0) 
rl 
D 
rd 
I3 . '> 

m 
0 

.!? c 
0 

i 

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

, _ .  . 
t. . - : . . . . . , . - ,  . -. . . . . .  

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

2003145 * 

27 



I 

-I- 
k 

0, m 

k 

0, In 

c 

. .  ..:_.. __. 
. .  . .. - .. 
kb;., . ..a. . . .  .. . /.. . , . .  .. 
,. . , . . . . . . . . _ I .  . .  

P 2003142 . 
28 



S U K M A R Y  

I. Genetics (Table I) 
* 

A. Mice 

The genetic hazard in mice is approximately 1% of bad sperm 

per 100 r. 

dominants or chromosome mutations with small e f f ec t s .  

This value apparently excludes recessives and 

(Donald Charles). See Appendix, page v, paragraph 3. 

B. brosophila 

1. 50 r doubled mutation frequency of control-group. 

2. Induced sex-linked l e t h a l  mutation i n  Drosophila in shgle 

exposure of 25 r - loo0 r is  linear and equal t o  O;OOl% 

per r. (Spencer ‘ami Stern) 

II. HistoEenetic (cytogenetic) (Table I) 

A. Rats 

1. Chromosome breaks in in t e s t ine  and lymph nodes are at 

least per 100 r (probably 18%). (Charles) 

B. Mice 

1. I n h i b i t i m  of mitotic a c t i v i t y  in mouse epidermis iS lOC$ 

with 35 r and 6M w i t h  5 r. 

quoted by Langham) 

(Knowlton k Hempelmann, 

2. Neuroblast of grasshopper, The mitotic rate a t  8 r drops 

t o  approximately 1/2 and a t  64 I’ t o  zero. 

within a f e w  hours. (Hollaender) 

Recovery 

, 

111. Gonads (Table 11) 

2003143 
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post-irradiation a f t e r  1 year continuous irradiation. 
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IiI. Gonads - conti:urd (Table 11) 

A. Dogs& 

2. 3 .0  r/day, 6 da;rs/v.eek t o  eccurrxlated t o t a l  of 1320 r - 
female conceived and ,slivered 6 n o r m 1  ;wps. (Boche) 

E. sapiens -. * .  

1. 

2. 

1?0 r -rodwed t e s t i c u l a r  cimnsL;e i n  male. 

138 r produced severe t e s t i c u l a r  damage. 

( K S  fW6) 

3. 625 r ( f rac t iona l )  t o  ovary ?reduced perrranent s t e r i l i t y .  

.4. 500 r ( f rac t iona l )  t o  ovary produced permanent s t e r i l i t y  

ir.  94s.  (Peck et a l . )  

IV. Leukenia (Table XI) 

A. Rets 

1. 0.1; 0.5; 1.C ar.d 10.0 r/iay, 6 days/week (x-rays) Produced 

ledcemia in 1.s; 2.w; j.O$ and U . M ,  respectively. 

(Rochester) 

2. 0.U: rnd l.SN/day, 6 days/week produced 4.0% and 16.@, 

respectively, (Biochemical) 

B. Physicians 

1. Incidence i n  -h;-sicians i s  0.53% a s  contrasted t o  0.39s 

i n  general population. (Henshaw) 

2. Incidence ir. rad ic logis t s  is 3.9% as contrasted t o  0,449 

i n  yhysicians other than radiologists.  (Ulrich) 

V. Hzematology (acute rad ia t ion)  (Tables IV; IV-A)  

A. Rats 
. _  

r r e s u l t s  i n  t r ans i en t  ?.,ymphopenies dmr, 

- 
2 .  100 r r e s u l t s  i n  appreciakle t rans ien t  -. . - 

'1' 
reticulocytes,  p l a t e l e t s ,  and neutrophils. (Dordy)  

2003144 . 30 - 
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V. Haenatology (acute rcdintion) contl d. ( n b l e s  N ;  n - k )  

A.  Rats 

3. 300 r r e s u l t s  i n  rpproximately 165 temporary reduction 

i n  Rbc. and Hb. (Dowdy) 

B. %mens, acute (Table X) 

1. 60 - 120 r produce inconsistent mild t o  moderate lympho- 

penias which iq some instances l a s t  164 days. 

(CH-3668, LAXS #8m) 

2. 18 r and above r e s u l t s  in increased number of r e f r a c t i l e  

bodies i n  the 1p.phocytes. 

60 - 120 r produce inconsistent n i l d  reduction in., 

neutrophils. (CH-3S68, LX?S REOG) 

(Lklis #608) 

3. 

4. 106 and 180 r produce marked depression of lymphocytes 

and neutrophils. (LASS $608) 

C. Humans," seni-acute (Tables X; L A ;  X-B: X-C; X-D) 

1. 67.5 r (in 6 RA over 9 days) resul ted i n  reduction 

(delayed -- 80-120 days) Hb, p la te le t s ,  2nd lymphocytes. 

(CIb-3665) 

2. 300 r (in 22 & over 33 days) marked lymphopenia, neutro- 

penia, end sliE;:t bone marrow depression. (CH-3868) 

3. 502 r ( i n  6 & over 30 dsys) produced profound lympho- 

peric,  Ililutropcria, with t rmsfus ion  required. (CH-3668) 

D. Animals, chronic (Tzble IV) 

1. 1 r/day, 6 dcys/vroek f o r  1 - 2 yezrs produced no unequivocd 

a l t e r e t i o n  i n  peripheral  blood picture.  

lcvel, however. (Dowdy) 

Probnbly a t  c r i t i c a l  

, I _ _ _ .  .. - - 2.. 3 r/day, 6 days/week (dog), first detectable blood c h w o  

. i n  reticulocytes end lymphocytes et.accumuleted dose of 
. - 

. _  282 r. (Dowdy) . - _ _  . 

. . .  
9 
(1) C. 71. 'KLdon; Padiology, Vol. 46, p. 364, 1946 \ 
(2) Supplement t o  beta Radiolojicn, 1946-48 c 

, *  
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V. Hzernatoloa 

D. Animals, chronic - contd. (Table IV) 

1.7 N/day, 6 days/week (dog),. accumulated doses of 25 N - 
50 N, first change i n  p l a t e l e t s ,  lymphocytes, and neutro- 

ph i l s .  (Dowdy) 

10 r/day, 6 days/weelc (dog), accumulated dose 60 - 120 r, 
reduction i n  lymphocytes and neutrophils (Dowdy) 

10 r/day, 6 days/week (dog), accumulated dose 960 r, 

f i r s t  drop i n  Rbc. and Hb. (Dowdy) 

1.7 N/day, 6 days/week (dog), accumulated dose 385 NJ 

Rbc. drop. (Dowdy) 

V I .  Embryoloa 

P.. P a t s  

1. 

2. 

3. 

(Table V) 

50 r t o  10 day gravid uterus--no e f f ec t .  

100 r t o  10 day gravid uterus-results in increased 

reabsorption, reduced f e t a l  weight, eye and lens  

abnormalities, and i n  some instances other developmental 

processes. (Wilson) 

200 r (v:hole body radiztion) t o  9 - 3.2 day gravid uterus 

resul ted i n  pronounced e f f ec t s  character is t ic  of embryo 

age. 

(Russell, quoted by Hollaender) 

100 r suggests similar effects .  

VTI. N - r Ratio (based on mortali ty) (Table V I )  

A. Acute: 1 N e 5  - 1 2 . 5  r 

E. Chronic: 1 . ~ + 6  - 21 r 
‘ I  

.. . . .  
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VIII. Mortalitg: (Tables VII; VIII; I X )  

A.  Acute, L.D. 50 

1. I n  warm-blooded maxnals, the  spread is from 200 r t o  

790 r. (Table VII) 

B. Chronic (dog) 

1. 10 r/day, 6 days/week. 5% mortal i ty  a t  accumulated 

dose of Uc40 r. 

3 dogs survived 5000 r. 

2. 6 r/day, 6 days/week. 5odp mortali ty a t  accumulated 

dose of 2940 r. 

5 dogs survived 3000 r. 

3. 3 r/day, 6 days/vreek. 

1500 r. 

7 out of 9 were surviving a t  

C. C&ONC ( ra t ,  mouse, .guinea pig) 

1. 10 r/day, 6 days/week ( r a t ) .  5C$ surviml a t  accumu- 

l a t ed  dose of 3500 r. 

2.  8.8 r/8-hour day (mouse). 50% sund.va1 at  accumulated 

dose of 4400 r. 

dose of 2300 r. 

Guinea pig, 5% &viva1 at accumulated, 

. . . .  

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

I .  . . . . . .  _ .  
. .  . .  . .  

. .  
. .  

. I  . . . .  

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

. . .  
1 . .  # 
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' 1  a Estimated Results t o  Humans Exposed t o  i l t e r e d ,  

I 

A. 25 r and below; no detectable c l i n i c a l  e f fec ts .  

1. From animal experiments it would appear t h a t  i f  man 

behaves l i k e  the  mouse and drosophila, there w i l l  be, 

due t o  radiation, a genetic e f f ec t  which i s  much 

smaller than the spontaneous r a t e  of mutations. In  

other words, the  combined r e su l t  of the  spontaneous 

and the  radiation-induced genetic abnormallties vrould 

be s l i gh t ly  increased but much le3S than double the  

spontaneous r a t e  alone. 

2. Delayed effects* po8si:le but highly improbable. 

B. s l igh t ,  t rans ien t  reductions i n  lymphocytes and neutro- 

pMls .  No other c l i n i c a l l y  detectable e f fec ts .  

1. Incidence of radiation-induced genetic abnormalities 

i s  expected t o  be a p p r o m t e l y  the  same o r  smaller 

than the  spontaneously occurring abnormallties. 

2. Delayed e f f ec t s  possible but serious e f f ec t s  on the  

average individual very improbable. 

C. 100 r; a t  this level, nausea and fa t igue  may be a problem. 

Reductions i n  lymphocptes and neutrophils with delayed 

recovery. 

problem. 

Above 125-150 r, vomiting may become a 

1. Incidence of radiation-induced genetic abnormalities, 

which are  quant i ta t ive ly  proportional t o  the  dose, 

w i l l  probably s t i l l  be comparable t o  o r  somewhat 

. . . . . .  

.-.. .-.. . .  . . . . . .  d observations on animals,,can ..be extrapolated . . . . .  
. ~ .  ... : . . . . . .  . .  , . .  ... _. .. . . . . .  
.,.I., ,;<, $ ... 

.,.e. . : - * L I  I . .  ... ... ... . . .  ; to.  -* . '. . '  .,; 

- .  * /IcccLHn A. 
l.. .-..,.* - .. ,.. - 

. '  
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at  this level,  f a t a l i t i e s ,  2-6 weeks a f t e r  exposures, 

might occur i n  a small proportion of the i r r ad ia t ed  

individuals.  Nausea, vomiting, and Patigue n i l 1  

probably occur i n  most persons within 24 hours. 

Definite depression of  p rac t i ca l ly  all blood elements, 

reduced v i t a l i t y ,  i n  most cases with a convalescent 

period of  3 t o  6 months. 

cases and possi++ly FF?rmulent-s.~c?~!.i4ry.in-P~P~- 

& & M i  

' 

Temporary s t e r i l i t y  i n  some 

1. Incidence of radiation-induced genetic abnormalities 

w i l l  be expected t o  be r t  l e a s t  twice as frequent as 

t h e  spontaneously occurring abnormalities. 

2. Delayed effects--that these would be of major conse- 

quence i n  a small percentage of individuals would 

seem very probable. 

E. 400; it would be expected t h a t  v i r t u a l l y  everyone would 

be immeaately incapacitated by such an amount of 

radiation, and many would never recover completely, 
\prmr 

heaths 3 occur i n  Z t o  6 weeks. 
b 

. .  
as used here, r e f e r s  t o  
radiation, manifested 

a t  any time subsequent t o  the period when acute react ions 
may occur, 

\ 

... 

1 
.... ............... -. . .  

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

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

- .  
... 
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k P P E N D I X  

1. A human sperm contains 24 chromosones. Each chromosome contains a 

Ilstringll of some hundreds 3f genes. 

2 .  I. humn egg contains a s imilar  s e t  of chromosomes and genes. 

3. So i n  the nucleus of a f e r t i l i z e d  egg there  are  48 chromosomes al to-  

gether - 24 !Ands, each i n  duplicate - and perhaps 10,ooO kinds of. 

genes also each i n  duplicate. 

4. Euch gene has two r a i n  types or" r.ction: 

a. each catalyses s o m  pzrt icular  cheLmical process, given the 

proper miter ia ls ;  

b. each reduplicates i t s e l f  a t ,  o r  sone time before, each c e l l  

division. 

i n  t h e  s'me chroriosone also reduplicate.) 

( I n  t h i s  l a t t e r  act ion the bonds between genes 

5 .  So each new c e l l  of a developing embryo i s  equipped with 2f+ pairs 

of chromosones with t h e i r  associated genes. 

6 .  Sone penes come in to  act ion a t  o r  sko r t ly  a f t e r  f e r t i l i z a t i o n .  

operate i n  a lIfield1l of liroited conplexity, i.e., the cytoplasnic 

differences already e-sisting i n  the f e r t i l i z e d  egg. Their a c t i v i t y  . 
probably incroases the regional differences znd pemdts  other genes 

i n  turn t o  come i n t o  ?lay. 

They 

7. In  general different  b a t t e r i e s  of genes cone i n t o  act ion a t  different  
t 

e s  are very slightly unstable. Anong'for wslnple * 

. . . X  - .  , a million descenckts  by reduplication from a single  o r i g i n a l  gene 

perhaps one o r  a few w i l l  lwve EL somewhat d i f f e ren t  structure.  
. r  

.- 
* 

i 
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7. . Gnce a gene has undergone such a change (mutation) it reduplicates 

.. 

. )  
.~ . 

. .  
-.. - . .  

the  changec? s t ructure  thereaf ter ,  except fo r  the occurrence of 

fur ther  mta t ions .  

10. A!utation probably decreases the catalyt ic  ac t iv i ty  of genes. 

mutant gene 

So a 

ac t s  i n  the same process as  the nt.;-ml gene K from 

which it arose, but less effect ively.  

11. A chi ld  who i n h e r i t s  a mutant hig from one parent and the nonnal 

gene M from the  other parent may or  may not show e f f e c t s  of the 

mutant. 

a. If E! c e l l s  a r e  able t o  do more of the specif ic  &catalysis 

than i s  necessary, :.%I c e l l s  may be able t o  ,do enough so 

t h a t  the presence of !!I i s  not indicated by any deviation 

from normal s t ruc tu re  o r  function. The mutant l i t  i s  said 

t o  be recessive.  

I f  lill c e l l s  do j u s t  enough of the &catalysis, 1iM' n%ll 

not. 

course and some d e t a i l  of  s t ructure  o r  function w i l l  

become abnormal, though not necessarily harmful. 1. mtant 

of  this s o r t  is sa id  t o  be dominant. 

b. 

Some enbryonic process w i l l  deviate from its normal 

12. Radiation-induced mutants, l i k e  the spontaneous, may be e i t h e r  

recessive or  dominant. 

13. I n  man the po ten t i a l ly  dangerous nutants 2re the dominants, and the 

recessives i n  t h a t  one p a i r  of chromosomes wluch determines sex. 

Uc. A t h i r d  c l a s s  of po ten t i a l ly  dangerous inheri table  changes can be 

induced by radiation: chromosome mutations. A piece may be broken 

off  one chromsome and attached to another. A section mar be inverted 

i n  s i t u .  Chromosomes 

the thousands of bonds between genes. 

. ,. . . .  

" . 

ii 



16. Since any one of these changes has 2 -Jew low probabi l i ty  a t  moderate 

exposure, the a j o r i t y  of exposed sperrn will not undergo any nutation. 

I n  the ninori ty  which are affected one gene vii l lmutate  i n  one spern, 

, a different  gene ir, another spern, i n  s t i l l  a t h i r d  c e l l  there  w i l l  

be a chromosome mutation, and so on. 

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

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

2003152 .- 

i .  . - I  . .  . -. 

- .  . . . . . . .  ___. . ._. . . . . . . . . .  ..- 
. . . .  3 ....... , .  ... -... .. -. . . . . . . .  * .  . . . . . . . .  

. .  

. . .  . ,  ~ 
. .  

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

. .  . . .  . .  .-. 



Submitted by D r .  Donald Charles 

Until  data fro;a Hiroshima an6 Nagasaki:. a r e  studied, we can only 

assume t h a t  radiation would a f f ec t  reproduction and heredity i n  humans 

much as  it does i n  other a n h a l s .  

50 t o  300r absut which we know least ,  even i n  mice and rats, so far as 

genetic e f f ec t s  a r e  concerned. 

400r and above; Kanhattan work has been mainly on chronic e-xposures of 1Or 

and l e s s .  

from low o r  high exposure t o  internediate,  and from other mammals t o  man. 

Unfortunately it i s  j u s t  t he  range from 

Pre-war experinents were done ch ie f ly  a t  

So the folloxing statements r e s t  on a double extrapolation: 

1. I n  exposed nales, the anount of sperm available f o r  

ejaculation would vary Y&th time a f t e r  e-xposure roughly a s  follows: 

-_._-- ~ _. . normal 

m u n t  
\ 

". I \ 
l eve l  f o r  - . 

- fer t i l izat ion-  
\ ,/' 
?-L/ &I 

1 2 3 4 , 5 6 7 8  
weeks I 

I I 

~ i n i t i a l  , : .  s t e r i l e  ,I: recovery 
period ; period ; period 

* 

Hovi f a r  the count drops and when the  recovery begins both depend 
.I 

on the number of roentgens received. The s t e r i l e  period night  last 

1-2 weeks a t  200r znd 3 weeks a t  300r. 

2. Eggs f e r t i l i z e d  by sperm released i n  the i n i t i a l  period have 

poor prospects. 

received. 

(a) About 1% would die f o r  each lOOr the fi ther 'had 
-- .. _ . _ I _ -  - - .  - . I  - -  

l b s t  of these eggs would d i e  before implantation, and so cause 

' the. mdther l i t t l e  trouble. But perhaps one-third of them m u i d  implant, 

die l a t e r  and be resorbed a s  embxyos or 5e sti l l-born.  

live-born cliildrcn there  would be roughly 0.5% with detect ible  structural 

abnormalities fo r  eech l00r the f a t h e r  had received. 

(b) Aiong t h e  
. 

(c) Anong these _ .  

2003153  
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children there would also be some who, as adults, viould themselves be 

permanently sed - s t e r i l e :  half of t h e i r  children (grandchildren of the  

exposed 

roughly 

mzle) would die i n  utero. The proportion so affected varies with 

the  square of the dose and i s  represented i n  the following graph. 

t 

. .  
2003154 

1 
I of 

pregnanc i e  s 
ending in 
resorbed 
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3. Eggs f e r t i l i z e d  by sperm released i n  the  recovery period have 

f a i r  prospects. Of the  three  e f f ec t s  shown i n  the  previous graph 

deaths i n  utero (top curve) would be reduced by perhaps hex; 

sec5.-sterility i n  children would be nearly absent; 

s t ruc tu ra l  changes would p e r s i s t  i n  the  same frequency. 

Thus a t  3001- only' about 6-7% of recovery-period pregnancies would be 

affected, i n  contrast  t o  16-17:: of i n i t i a l  period pregnancies. And of t he  

6-7% affected, perhaps % would be ear ly  resorptions, so t h a t  the  over-all 

genetic hazzrd a f t e r  the i n i t i a l  period night be about l,$ per lOOr. 

4. 

periods i s  a s  follows. 

The reason f o r  the  difference between in i t ia l  and recovery 

(a) The i n i t i a l  period sperm were i n  the t e s t i s  : 

ducts a t  t h e  time of exposure. 

the  exposure, froin tlotem ce l l s "  i n  the  t e s t i s .  

chronosome breaks i n  both mature sperm and s t e n  ce l l s .  

may s t ay  so, o r  may recombine in various ways. 

able t o  f e r t i l i z e  

the  rearranged chromosomes are  not d i s t r ibu ted  noraally so t h a t  aome cella 

get too much o r  too l i t t l e  chromosome mater ia l  and the  embryo dies. 

The recovery period spcmr. were f o m d ,  after 

(b) Radiation proc!uces 

The broken ends 

(c) The affebted sperm are , 
- _- . . -  _ -  -- - . . .  - ._ - _ - -  .. - .- . - -  

s but, i n  t h e  divisions which follow fel-tillzation, 
. . .L 

.. 

6 

..% / .  
(d) The affected stem c e l l s  go through a c e l l  division i n  forming sponn. 

Only those ce l l a  without rajor chromosome change give r i s e  t o  spenn which . y  
4 



are  viable. 

abnomali t ies  from recovery period sperm. 

This divis ion then ac t s  t o  f i l t e r  out  many of the chromosome 

5. Ne have a t  present no basis  f o r  e s t h a t i n g  the frequency of 

genetic changes i n  the eggs produced by exposed wome.?. 

probably be of the same order of magnitude a s  i n  spern, and worse i n  the 

f i r s t  egg released a f t e r  exposure than i n  subsequent eggs. 

But it would 

6 .  All of the genetic exposure e f f ec t s  are,  so  f a r  as we know, 

iden t i ca lv r i th  changes t h a t  occur i n  the absence of radiation. 

simply increases the proportion of eggs o r  sperm i n  which they happen. 

Furthermore f au l ty  parent nutr i t ion,  disease, etc., may produce shilar end 

e f f ec t s  on embryos. 

The exposure 

Therefore, not a l l  s t i l l -born o r  abnormal children of 

Hiroshima o r  Nagasaki parents a f t e r  Hay 1946 can be blaaed on radiat ion 

effects .  

we had adequate pre-blast vital  s t a t i s t i c s .  

What proportion must be 30 credited could only be determined if 

Experimental Procedure 

1. The general plan of the work i s  indicated by the follovnng table .  

Pure s t r a i n s  bred i n  Jackson Laboratoq ----- 
"C57" I'Bagg albino!' x Y3niss albino" 

1 
albino hybrids 

Crosses made a t  Rochester 

vi 



2. Gene and chromosome m t n t i o n s  which occurred i n  the spem of e.uposed 

and control &des were detected as follows: 

If the sDem contained g --- 

dominant gene mutation 

recessive gene mutation 
i n  the sex chromosome. 
(transmittcd t o  F1 yy, 
not F~ 86) 

chromosome mutation 
(transmitted t o  F1 bd 
or ?! ; studied only 
in $0' 

t t )  

The e f f ec t  i n  M of f s r r ing  
forned frorr. t h e t  sperm was 

dcviation from noma1 
s t ructure  or function 

none i n  F1; but haL* of 
the sons of F1 YO, a r e  
affected 

roduced fcrt i l i t jr  

3. I n  brief,  the  procedure was t o  hunt among the offspring of e-yos 

control male mice f o r  

d nd 

a. 

b. 

sons and daughters with some abnormality of st ructure  o r  function; 

daughters producing de f in i t e ly  fewer than normel offsprmg i n  

four l i t t e r s ;  

c. daughters producing only half a s  many sons a s  daughters (i.e., 

daughters receiving sex-chronosome recessive nutants with ' 

l e t h a l  e f f ec t s ) .  

4. The procedure was complicated by two main factors :  ' 

e. a l l  of the e f f ec t s  of nutark genes or chramsones may be 

duplicated by developaenta: and post-natal accidents qui te  

indopindent of heredity. 

b. the e f f ec t s  of mutant genes range from h r g e  and conspicuous 

down t o  very s l i g h t  an8 d i f f i c u l t  t o  detect. 

5 .  So the  procedure involved a double s i f t i ng :  

t o  be c l a s s i f i ed  a s  normal o r  abnormal (with respect t o  ,the three- 

first, each F1 muse had 

. . _, .. . ,.. . . .  .. -. . .  . , . .  .. . .- . 
. mall t ies  &e -transmitted by the individual  carrging them t o  half of. . . . . .  .. . .. . . . .. - .  its offspring. - 

. .  



Results 

1. The essent ia l  r e su l t s  a re  shown i n  graph 1. 

the proportion of sperm, from control males, i n  which there was a 

mutant gene or chromosome. The next point t o  the  r igh t  shows the 

proportion of mutant-bearing sperm from males receiving 0.1 r/day. 

point i s  plotted above t h a t  point on the dose scale which represents‘ 

t he  average t o t a l  roentgens received by those spern from which the  

offspring of 0.1 r males had been formed. 

sent corresponding data fo r  sperm of males exposed t o  0.5, 1.0 and 

10.0 r/day. 

The leftmost point shows 

T h i s  

The remaining points repre- 

2. The slope of graph 1 i s  t he  probabili ty per roentgen t h a t  a mutation 

(of the magnitude and types we studied) w i l l  occur: 

6 . W O - 5  per r. 

undergo mutation i n  one o r  another gene o r  chromosome. I f  one of t he  

unaffected sperm happens t o  be used i n  f e r t i l i z a t i o n  no harm has been 

done; i f  one of the  affected, the  r e s u l t  w i l l  be one of the  abnormallties 

l i s t e d  above. 

t he  value is 

. Thus of a mill ion sperm exposed t o  30r about 1900 

3. The mutation hazard indicated by graph l i s  lower than the  t r u e  value 

because of defects i n  our procedure, 

were not tes ted  by breeding, nor were a l l  defects i n  F1 $?g 

space and time l h t t a t i o n s .  

some due t o  dominant gene mutations. 

not l i k e l y  t o  have occurred more than a few times i n  the  experiment t he  

missed mutants should be among those aberrations nhich were not found 

more than a few times altogether.  

graph 1, the proportions of sperm from which were formed Fl mice showing 

some.type of s t r u c t u r a l  abnonnallty that appeared altogether four or 

Abnormalities found in F1 

because of 

Among the  untested abnormalities should be 

Since any pa r t i cu la r  mutation is 

. 

So i n  graph 2 are plotted, as i n  

,. 
.. 4. Adding the  two values together gives an overa l l  mutation hazard of 

l . & l O ~ ~ p e r  r. 
. -  . .  

This value still excludes recessives and dominants 

or  chromosome mutations with small ef fec ts .  2,0031 5’; ., 
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5. The t o t a l  mutation r a t e  i s  dis t r ibuted roughly a s  follows m n g  the 

several  c lasses  of mutations: 

dominants with s t r u c t u r a l  e f f ec t s  4G 

recessive l e tha l s  i n  sex chrcnosome lC$ 

chromosome mutations 5G 

? 

6. Two major uncertainties r e J a n :  

a. 

b. 

Is the x-ray mutation r a t e  i n  man a s  high a s  i n  mice? 

\%at proportion of the mutants we have found would be serious 

if they occurred i n  man? 

Obviously nei ther  question can be answered. 

we might b e t t e r  work on t h e  conservative assumption t h a t  thb mutation 

With respect to t he  first, 

r a t e  w i l l  not be lower i n  man than in mouse. 

be wise t o  take a similar at t i tude.  

genetics we know best, Drosophila, n e a r 4  every mutant gene has 

deleterious effects .  We may f i r s t  notice the  presence of a mutant by 

an a l t e r a t ion  of some minor morphological detai l ,  l i k e  eye c o b r ,  but 

on fur ther  study he f ind  t h a t  supe r f i c i a l  change t o  be adcompanied by 

a greater  o r  less reduction of general vigor o r  of l i f e  span. 

On t h e  second, it might 

Certainl$ in  the  creeture whose 

7. If we take this v i e w  we a re  forced’to wonder whether a human exposure 

of 0.1 r/day i s  acceptable. It means an increase of l$ i n  the  hazard 

of transmitt ing a new mutaqt gene fo r  each lOOr a parent has received 

a t  time of conception. 

(Note: the values given in paragraphs 2-4 above have since 
been revised t o  about 5.7, 2.0 and 7.7x10-5 per F.) 

i . .  . 
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Induced Mutation Rate 

How often do Renetic chanaes occur i n  x-rayed reproductive m? 
Available figures a re  few and not very accurate, except f o r  sex-Unked 

l e tha l s  i n  Drosophila. 

l ined have been obtained by exhapolat ion from experimental resul ts ;  numbers 

i n  parentheses a re  note and l i t e r a t u r e  references. 

I n  the following t ab le  values which a re  not under- 

I 

Percent of Sperm Affected 

Gene Mutations chromosome 
sub-lethal' I Mutations l e t h a l  

One 10r dose: 

Drosophila 0.11 0.06 0.42 0.004 

One 600r dose: 

Drosophila _. 6.6 ( 4 )  3.6 ( 4 )  25.2 (4) 1.8 ( 5 )  

Mouse - 2.k+( 6) - 22 (7) 

- 29- (8) Tradescantia - - i 

How does the  induced mutation r a t e  vary with dosaKe? 

Gene mutations seem t o  occur i n  d i r e c t  proportion t o  t o t a l  dose down at 

l e a s t  t o  25r (4,9,10) no matter how the dose is  applied - continuously or 

intermittently,  a t  l o w  o r  high in t ens i ty  (4) .  

very llmited: 

---- 
. .  

i 
c 

The evidence however is 
7 

one class of mutations i n  one chromosome of one organism. 

The frequency of chromosome mutations va r i e s  not on ly  with total 

dose, but also with i n t e n s i t y  and i n t e r v a l  between doses. H e r e  the evidence 

- I is stih more-remote from man, mainly from microscopic observption of x-rayed - 

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

, . . . .  ., - .- , - _ ~ .  

. . .  

. .  - .  . ,  . . 4 

, .  
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- .  . 

2003159 ; 



i 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8.  

Notcs and Rcfercnces i 

Obtained by extrapolation from Snel l ' s  resu l t s  (7) on tho assumption 

t h a t  chromosome mutation rate is proportional t o  the 2 and 1.5 povrer 

of dose, rcspectivoly. The former would be more probable, according 

t o  (31, for 10r given i n  17-18 minutes as  i n  the  Lfanhattan Department 

work, since Snol l ' s  600r exposure was administored i n  16.5 minutoe. 

Extrapolation from . .  Sncl l ls  resu l t s  by Marinell l 's  f o m l a  ( 8 )  gives 8 

value of about 0.02. 

Report of Genetics Division, Mouse Section, Manhattan 'Department, a t  
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