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i i  

PREFACE 

The Oak Ridge N a t i o n a l  Laboratory  was asked by the  D i v i s i o n  o f  

B io logy  and Medic ine,  U .  S .  Atomic Energy Commission, t o  s tudy  methods 

f o r  de te rm in ing  the  r a d i a t i o n  dose rece ived by persons i nvo l ved  i n  

a c c i d e n t a l  c r i t i c a l i t y  excurs ions .  A system o f  dos imet ry  f o r  t h i s  

purpose has been dev ised and p a r t i a l l y  implemented a t  va r ious  AEC 

c o n t r a c t o r  s i t e s  i n  the  Un i ted  S t a t e s .  One o b j e c t i v e  o f  P a r t  A o f  

t h i s  r e p o r t  i s  t o  serve  as an i n f o r m a t i o n  manual f o r  those persons 

respons ib le  f o r  implementing t h i s  system. A rev iew and r e - e v a l u a t i o n  

o f  t he  dos imet ry  o f  p rev ious  acc iden ts  i s  a l s o  inc luded i n  t h e  i n -  

t r o d u c t i o n  o f  P a r t  A .  

P a r t  B o f  t he  r e p o r t  dea ls  w i t h  a rev iew and a n a l y s i s  o f  t he  

med ica l  da ta  ob ta ined  f rom prev ious  c r i t i c a l i t y  acc iden ts .  I t  i n -  

c ludes a method o f  d e f i n i n g  human r a d i a t i o n  i n j u r y  and g i v e s  recom- 

mendations f o r  c l i n i c a l  and l a b o r a t o r y  obse rva t i ons  f o r  f u t u r e  cases. 

P a r t s  A and B together  fo rm a complete a n a l y s i s  o f  d o s i m e t r i c  and 

med ica l  i n f o r m a t i o n  p e r t i n e n t  t o  acu te  exposures o f  humans t o  mixed 

r a d i a t i o n s ,  and thus p r o v i d e  a b a s i s  f o r  t h e  c o r r e l a t i o n  o f  b i o l o g i c a l  

e f f e c t s  on man w i t h  r a d i a t i o n  dose. 
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1. REVIEW OF PREVIOUS ACCIDENT MEDICAL DATA 

1.1 I n t r o d u c t i o n  

Present  knowledge o f  the  e f f e c t s  o f  known doses o f  var ious  

r a d i a t i o n s  on normal humans i s  ob ta ined i n d i r e c t l y  f rom c o n t r o l l e d  

exper iments w i t h  mice, r a t s ,  r a b b i t s ,  and monkeys i n  t h e  r a d i o -  

b i o l o g i c a l  l a b o r a t o r y ,  f rom analyses o f  f i n d i n g s  i n  t h e r a p e u t i c a l l y  

i r r a d i a t e d  s i c k  humans, and f rom r e t r o s p e c t i v e  s t u d i e s  o f  a tomic bomb 

s u r v i v o r s  and a c c i d e n t a l  human r a d i a t i o n  exposure v i c t i m s .  

Severa l  drawbacks a r e  e v i d e n t  i n  these sources o f  i n f o r m a t i o n .  

Because of the  v a r i a t i o n s  i n  r a d i o s e n s i t i v i t y  o f  d i f f e r e n t  t i s s u e s  i n  

d i f f e r e n t  spec ies,  t h e  c o n t r o l l e d  l a b o r a t o r y  s t u d i e s  a r e  n o t  r e a d i l y  

e x t r a p o l a t e d  t o  man. The b i o l o g i c a l  response o f  r e c i p i e n t s  of  

t h e r a p e u t i c  i r r a d i a t i o n  a r e  n o t  n e c e s s a r i l y  those o f  normal humans. 

I n  a c c i d e n t a l  exposures o f  normal humans, d e t a i l e d  p r e c i s e  measure- 

ments of  dose and u n i f o r m  s e l e c t i o n  of t e s t  parameters and procedures 

have n o t  always been p o s s i b l e .  Because o f  these drawbacks, i t  i s  

deemed e s s e n t i a l  t h a t  c e r t a i n  med ica l  g u i d e l i n e s  b e  e s t a b l i s h e d  f o r  

t h e  management o f  cases o f  r a d i a t i o n  overexposure, no t  o n l y  t o  f a c i l i -  

t a t e  the  therapy o f  a c c i d e n t a l  c l i n i c a l  r a d i a t i o n  i n j u r y  i n  a p a t i e n t  

b u t  a l s o  t o  e x p e d i t e  t h e  accumulat ion o f  more u s e f u l  da ta  concern ing 

such i n j u r y ,  as a b a s i s  f o r  f u r t h e r  improvement i n  i t s  d iagnos is  and 

therapy.  

To make max 

i n  deve lop ing  gu 

mum use o f  pas t  exper iences w i t h  r a d i a t i o n  acc idents  

d e l i n e s  f o r  t h e i r  f u t u r e  c l i n i c a l  management, a l l  

1 
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p r e s e n t l y  a v a i l a b l e  da ta  concerning human exposure i n  c r i t i c a l i t y  

acc iden ts  have been r e v i  ewed. '-15 Only i n f o r m a t i o n  ob ta ined  from 

p a t i e n t s  whose r a d i a t i o n  exposure was acute,  ex- 

ng, and genera l i zed  has been considered. The c l i n i c a l  

p rev ious  h e a l t h y  

t e r n a l ,  p e n e t r a t  

synd romes res u 1 t ng from va r ious  p r o t r a c t e d ,  i n t e r n a l ,  s u p e r f i c i a l ,  

and l o c a l i z e d  exposures a r e  too  v a r i e d  f o r  t h e  p resen t  purposes. 

There have been seven major nuc lea r  acc iden ts  i n v o l v i n g  s i g n i f i -  

can t  overexposures o f  personnel  t o  i o n i z i n g  r a d i a t i o n  s i n c e  the  r a p i d  

development o f  t he  f i e l d  o f  nuc lea r  technology began 20 years ago. 

The chronology o f  these acc iden ts  i s  g i v e n  i n  Table 1 .  The sequence 

of  events and the c o n d i t i o n s  o f  exposure which a r e  p e r t  nent t o  an 

understanding o f  t he  p h y s i c a l  dos imet ry  were descr ibed n P a r t  A o f  

t h i s  r e p o r t ,  as w e l l  as a r e - e v a l u a t i o n  o f  t h e  doses es t imated  f o r  

t he  32 i n d i v i d u a l s  i nvo l ved  i n  these acc iden ts .  For  the convenience 

o f  readers who do no t  have immediate access t o  P a r t  A, t he  exposure 

da ta  a r e  summarized i n  Tab le  I I ;  t he  doses a r e  presented as recorded 

i n  t h e  o r i g i n a l  l i t e r a t u r e  and a l s o  as r e c a l c u l a t e d  acco rd ing  t o  the 

methods descr ibed i n  P a r t  A.  

16 

To make c l e a r  the sequence i n  d - t i c h  the s u b j e c t  m a t t e r  o f  t h i s  

r e p o r t  i s  presented, t h e  s teps  a r e  summarized here.  Present i n f o r -  

mat ion  about c l i n i c a l  r a d i a t i o n  e f f e c t s  p rov ides  t h e  b a s i s  f o r  es tab-  

l i shment  o f  an a r b i t r a r y  b u t  u s e f u l  c l a s s i f i c a t i o n  o f  f i v e  ca tegor ies  

of  i n j u r y  i n  i n c r e a s i n g  o rde r  of  s e v e r i t y .  A h y p o t h e t i c a l  case 

h i s t o r y  of  a t y p i c a l  p a t i e n t  i n  each o f  t he  f i v e  groups i s  descr ibed.  

The 32 p a t i e n t s  i nvo l ved  i n  c r i t i c a l i t y  acc iden ts  a r e  c l a s s i f i e d ,  

c 

1 
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Table I 

Ch ronology o f  Rad i a t  i on Acci dents 

Accident Date TY Pe 

Los Alamos I A u g .  21, 1945 C r i ti ca 1 i t y  
(Exp. assembly) 

Los Alamos I I  May 21, 1946 C r i t i c a l i t y  
(Exp. assembly) 

A rgonne June 2,  1952 C r i t i c a l i t y  
(Reactor) 

U.S .S .  R .  1953 - 1955 ? C r i t i c a l i t y  
(Reactor) 

Oak Ridge June 16, 1958 C r i t i c a l i t y  
(Processing) 

Y ugos lav i a Oct. 15, 1958 C r i t i c a l i t y  
(Reactor) 

Los Alamos I l l  Dec. 30, 1958 C r i t i c a l i t y  
(Process i ng)  



Table II 

Summary of Exposure Data 

Ca I cu I a ted*a 

Rad Dose 

Reported Total  Body Dose Accident Total  
Calculated Total  Body Dose ~~~b~~ Pat ient  Code* 

Pat ients R L Neutron Gamma Total  Neutron Gamma 

L A S L  - I 2 L A 1  1 480 rem*b 110 rem 590 rem 297 rad ? 297 + 

L A2 2 31 0.14 31 18.2 2 20.2 

L A S L  - II 8*' L A 3  3 1930ren1*~ 114 rem 2044 rem 1230 120 1350 

L A4 4 390 26.4 416 220 22 242 

L A 6  6 186 10.7 196 120 12 142 

L A 7  7 140 8.7 148 50 5 55 

L A 8  8 55 4.37 59 33 3 36 

L A 9  9 42 2.72 44 25 2.5? 27.5 

L A 1 0  10 33 2.41 35 20 2 22 

Argonne 4 A1 1 14.2 rep 145 rep 189 rem*d 14.2 145 159 

A2 2 9.6 116 146 9.6 116 126 

A3 3 5.5 55 71 5.5 55 60.5 

A4 4 0.8 10 12 0.8 10 10.8 

"First  column (R) designates code used in th i s  report. Second column ( L )  designates pctient code that appears in the literature. 

*"Recalculation based on serum Na24 data. 

*bThe rem values expressed in the LASL-I  and I I  cases  are based on an assumed RBE value of  5 for fast neutrons with an approximate 

*'Data on pat ient  L A 5  not available. 

*dBased on a n  assumed RBE value of 2 for fast neutrons. 

depth dose penetration equivalent t o  thot of 80 K V  unfiltered X-rays. 
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Tab le  II (continued) 

Calculated*a 

Rad Dose 

~~~b~~ Pat ient  Code* Reported Tota l  Body Dose Calculated Tota l  Body Dose 
Accident To ta l  

Pat ients R L Neutron Gamma Tota I Neutron Gamma 

USSR 2 R 1  
R2 

Oak Ridge 8 OR1 

OR2 

OR3 

OR4 

OR5 
OR6 
OR7 
OR8 

Kh 

I$, 

Yugoslavia 6 Y1 V 

Y2 D 

Y3 M 

Y4 G 

Y5 H 
Y6 E3 

LASL - I l l  2 LA11 CWK 

LA12 RSD 

? ? 450 

? ? 300 

96 rad 269 rad 365 rad 

89 250 339 

86 24 1 327 

71 199 270 

236 

18 50.5 68.5 

18 50.5 68.5 

6 16.8 22.8 

Physical  E st imate 
Tota l * f  

840 rem 

1024 

856 

920 

696 

408 

C l i n i ca l  Estimate 
Tota l  

1000 - 1200 rem 

700 - 1000 

700 - 1000 

700 - 1000 

600 - 800 

300 - 500 

12000 rem*' 

135 

? 

? 

96 

89 

86 

71 

62 

18 

18 

6 

320 

250 

290 

300 

210 

175 

2300 

? 

? 

269 

25 0 

24 1 

199 

174 

50.5 

50.5 

16.8 

320 

25 0 

290 

300 

210 

1 75 

6900 

450*e 

300 

365 

339 

327 

270 

236 

68.5 

68.5 

22.8 

*eExpressed in  or ig inal  report i n  r only with no mention of neutron or gamma components. Total  rad doses are assumptions only. 

* fTo ta l  rem dose. Neutron and gamma dose estimates not speci f ied in  or ig inal  report. 

*gFemale patient whose weight i s  not avai lable in the l i terature and might be considerably l e s s  than 70 KG standard man, the value 

*hEst imate k 5 0  per cent. 

used i n  calculat ing th i s  dose. (See Table V, ORNL-2748, Part  A.) 

640 

500*g 

580 

600 

420 

350 

9200 
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each i n  accordance w i t h  h i s  c l i n i c a l  course. The c l i n i c a l  l a b o r a t o r y  

f i n d i n g s  assoc ia ted  w i t h  each c l i n i c a l  i n j u r y  group a r e  then analyzed. 

The p r e d i c t i v e  va lue  O F  c e r t a  n e a r l y  l a b o r a t o r y  t e s t  d e v i a t i o n s  as 

an i n d i c a t o r  o f  t h e  e x t e n t  o f  c l i n i c a l  i n j u r y ,  and o f  t h e  s e v e r i t y  

o f  t h e  course t o  be  a n t i c i p a t  d, i s  demonstrated. Recommendations 

f o r  d i a g n o s t i c  procedures i n  r a d i a t i o n  i n j u r y  as w e l l  as i t s  

t h e r a p e u t i c  management a r e  made on the  b a s i s  o f  pas t  exper ience.  

r e l a t i o n s h i p s  between c l i n i c a l  and l a b o r a t o r y  evidences o f  i n j u r y ,  

and t h e  exposure dose which produced them, a r e  analyzed. 

The 

1.2 C l i n i c a l  M a n i f e s t a t i o n s  o f  R a d i a t i o n  I n j u r y  

The c l i n i c a l  c h a r a c t e r i s t i c s  o f  t he  a c u t e  r a d i a t i o n  s y n d r m e  i n  

man have been compi led and reviewed by many authors,  i n c l u d i n g  a 

recen t  summary by  Gerstner .  17’18 

exposure, i n  the  h e a l t h  O F  the  r e c i p i e n t s ,  and i n  t h e  f e a s i b i l i t y  o f  

v a l i d ,  c o n t r o l l e d  c l i n i c a l  observa t ions  a l l  s e r v e  t o  confuse t h e  

o u t l i n e s  o f  a c l e a r - c u t  symptom complex, c e r t a i n  landmarks emerge. 

A l though v a r i a t i o n s  i n  r a d i a t i o n  

When man i s  exposed t o  a s i n g l e  whole-body dose o f  i o n i z i n g  

r a d i a t i o n ,  he e x h i b i t s  c e r t a i n  c l i n i c a l  s igns ,  symptoms, and l a b o r a t o r y  

f i n d i n g s  which a r e  c o l l e c t i v e l y  termed the  r a d i a t i o n  syndrome. The 

f requency and s e v e r i t y  o f  occurrence o f  these m a n i f e s t a t i o n s  a r e  

rough ly  r e l a t e d  t o  the  dose rece ived and t o  the  s e n s i t i v i t y  o f  t h e  
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i n d i v i d u a l  p a t i e n t .  

i n  c l i n i c a l  symptomatology; hence f o r  o u r  p resent  purposes t h e  

r a d i a t i o n  syndrome may be thought  o f  as those c l i n i c a l  f i n d i n g s  

assoc ia ted  w i t h  t o t a l - b o d y  doses o f  r a d i a t i o n  g r e a t e r  than 100 rads. 

Exposures t o  l e s s  than 100 rads”’ r a r e l y  r e s u l t  

The t y p i c a l  c h r o n o l o g i c  sequence o f  events f o l l o w i n g  a l a r g e  

whole-body rad 

the i n i t i a l  o r  

stage, and the 

i n c l u d e  anorex 

a t i o n  exposure can be d i v i d e d  i n t o  f o u r  c l i n i c a l  stages: 

prodromal stage, t h e  l a t e n t  stage, the m a n i f e s t  i l l n e s s  

recovery stage. The prodromal c l i n i c a l  f i n d i n g s  

a, nausea, vomi t ing ,  extreme sweat ing,  f a t i g u e ,  and 

p r o s t r a t i o n .  These changes r e m i t  i n  t h e  l a t e n t  p e r i o d  which begins 

about  two days l a t e r .  A f t e r  about two t o  t h r e e  weeks o f  w e l l - b e i n g ,  

a number o f  developments b e g i n  w i t h i n  a s h o r t  t ime o f  one another .  

These may i n c l u d e  f e v e r ,  o v e r t  o r  o c c u l t  i n f e c t i o n s ,  s c a l p  hyperes thes ia  

and e p i  l a t i o n ,  purpura and hemorrhage, d i a r r h e a ,  i l e u s ,  c a r d i o v a s c u l a r  

c o l l a p s e ,  severe l e t h a r g y ,  and changes i n  sensorium. By about t h e  end 

o f  t h e  s i x t h  week a f t e r  exposure the  s i  t u a t i o n  has u s u a l l y  been re -  

so lved and c l i n i c a l  improvement o f  the  s u r v i v i n g  p a t i e n t s  i s  rap id ,  

a l though f a t i g u e  may cont inue f o r  some t ime. 

1.2.1 Dose-Response R e l a t i o n s h i p s  

About 15% o f  p a t i e n t s  exposed t o  a dose o f  100 rads may be 

* 
The dose t o  a g i v e n  i n d i v i d u a l  i s  s p e c i f i e d  

dose ( i n  rads) which would have been received 
t i s s u e  l o c a t e d  i n  a i r  a t  t h e  p o s i t i o n  o f  t h e  
r e a l i z e d  t h a t  c o r r e l a t i o n s  o f  b i o l o g i c a l  da ta  
reading w i l l  be f a r  f rom p e r f e c t  un less o t h e r  
exposure a r e  s p e c i f i e d .  

n t e  

n d i v  
w i t h  

by a 

PhY s 

ms of the  absorbed 
smal l  mass o f  s o f t  
d u a l .  I t  i s  
a s i n g l e  dose 
c a l  condi t i o n s  o f  
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expected t o  show some of t h e  s igns  and symptoms o f  the  r a d i a t i o n  syn- 

drome. The frequency increases s h a r p l y  up t o  t h e  l e v e l  o f  approx imate ly  

200 rads, a t  which l e v e l  most o f  those exposed would be expected t o  

e x h i b i t  some c l i n i c a l  symptomatology. 

The occurrence o f  f a t a l i t i e s  has been considered g e n e r a l l y  t o  be- 

g i n  a t  about 200 rads, i n c r e a s i n g  t o  5% a t  about 450 t o  500 rads. 

f i n d i n g s  o f  t h i s  survey o f  r a d i a t i o n  a c c i d e n t s  do no t  s u b s t a n t i a t e  these 

es t imates ,  probably  as a r e s u l t  o f  t h e r a p e u t i c  i n t e r v e n t i o n .  Death d i d  

n o t  occur  i n  any o f  these t r e a t e d  p a t i e n t s  w i t h  known doses less  than 

500 rads. The LD50 i s  imposs ib le  t o  e s t i m a t e  a c c u r a t e l y  on t h e  b a s i s  

o f  t h e  smal l  amount o f  such d a t a  accumulated thus f a r .  A f a t a l  o u t -  

come appears l i k e l y  a t  a dose l e v e l  much above 800 rads. 

The 

I t  s e v i d e n t  t h a t  t h e  f o r e g o i n g  g e n e r a l i z a t i o n s  w i l l  be i n -  

f luenced by the  m i x t u r e  o f  v a r i o u s  r a d i a t i o n s  which comprise the  

exposure dose. However, s i n c e  t h e r e  a r e  i n s u f f i c i e n t  da ta  concern ing 

the normal human on which t o  base a d e f i n i t e  s ta tement  of t h e  r e l a t i v e  

b i o l o g i c  e f f e c t i v e n e s s  o f  any g i v e n  r a d i a t i o n ,  i t  has n o t  seemed w i s e  

t o  be more p r e c i s e  about these dose-response r e l a t i o n s h i p s .  

1.2.2 R a d i a t i o n  l n i u r y  Groups 

I n  s p i t e  o f  the i m p l i c a t i o n  i n  t h e  f o r e g o i n g  paragraph and i n  t h e  

r a d i o b i o l o g i c a l  l i t e r a t u r e  t h a t  t h e r e  i s  a u s e f u l  r e l a t i o n s h i p  between 

magnitude o f  dose and s e v e r i t y  o f  c l i n i c a l  sequelae, i t  i s  cons idered 

e s s e n t i a l  t o  approach t h e  problem o f  i n d i v i d u a l  p a t i e n t  management from 

a d i f f e r e n t  s t a n d p o i n t .  T h i s  approach i s  n e c e s s i t a t e d  i n  p a r t  by the  
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d i f f i c u l t y  i n  o b t a i n i n g  q u i c k  and accu ra te  dose es t imates  i n  acc iden t  

s i t u a t i o n s .  I n  a d d i t i o n ,  even i f  complete d o s i m e t r i c  i n f o r m a t i o n  were 

a v a i l a b l e ,  t he  b i o l o g i c a l  response o f  one i n d i v i d u a l  t o  a known dose 

would s t i l l  d i f f e r  f rom t h a t  o f  h i s  c o n f r e r e  exposed under i d e n t i c a l  

p h y s i c a l  c i rcumstances. I t  has, t h e r e f o r e ,  been deemed u s e f u l  i n  the 

management o f  r a d i a t i o n  acc iden ts  a r b i t r a r i l y  t o  d i v i d e  p a t i e n t s  

showing va r ious  symptoms and s igns  o f  t he  acu te  r a d i a t i o n  syndrome i n t o  

f i v e  d i f f e r e n t  " r a d i a t i o n  i n j u r y ' l  groups. 

The f i v e  r a d i a t i o n  i n j u r y  groups a r e  de f i ned  i n  terms o f  p resent  

r e c o g n i t i o n  and unders tand ing  o f  c e r t a i n  d e f i n i t i v e  c l i n i c a l  occurrences 

which have appeared i n  normal persons a c c i d e n t a l l y  exposed t o  e x t e r n a l ,  

p e n e t r a t i n g ,  whole body r a d i a t i o n  overdosage. B r i e f l y ,  the p e r t i n e n t  

c h a r a c t e r i s t i c s  o f  each group may be summarized as f o l l o w s :  

Group I :  Most o f  these p a t i e n t s  a r e  asymptomatic; a few may have 

min ima l  prodromal symptoms. 

Group 1 1 :  These p a t i e n t s  develop the  acu te  r a d i a t i o n  syndrome i n  

a m i  I d  form. A f t e r  t r a n s i e n t  prodromal nausea and vomi t i n g ,  l a b o r a t o r y  

evidence and m i l d  c l i n i c a l  m a n i f e s t a t i o n s  o f  hematopo ie t i c  derangement 

dominate the p i c t u r e .  

Group I l l :  A se r ious  course occurs i n  these p a t i e n t s .  Compli- 

c a t i o n s  o f  hemato log ica l  m a l f u n c t i o n  a r e  severe and some evidence o f  

g a s t r o i n t e s t i n a l  damage may a l s o  be present .  

Group I V :  An acce le ra ted  v e r s i o n  o f  the acu te  r a d i a t i o n  syndrome 

occurs.  Compl icat ions o f  g a s t r o i n t e s t i n a l  i n j u r y  dominate the  c l i n i c a l  

p i c t u r e .  The s e v e r i t y  of hematopo ie t i c  d i s tu rbances  a r e  r e l a t e d  t o  t h e  
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l e n g t h  o f  s u r v i v a l  t ime f o l l o w i n g  exposure. 

Group V:  A f u l m i n a t i n g  course w i t h  marked c e n t r a l  nervous system 

impairment occurs  i n  t h i s  group. 

1.2.3 H y p o t h e t i c a l  C l i n i c a l  Case I l l u s t r a t i o n s  

I n  o rde r  t o  e s t a b l i s h  b a s i c  p o i n t s  of  re fe rence  and t o  p r o v i d e  a 

b e t t e r  a p p r e c i a t i o n  o f  t he  r e l e v a n t  c l i n i c a l  c h a r a c t e r i s t i c s  and 

l a b o r a t o r y  f i n d i n g s ,  a h y p o t h e t i c a l  case r e p o r t  c o n t a i n i n g  t h e  expected 

f i n d i n g s  f o r  a p a t i e n t  i n  each i n j u r y  group w i l l  be presented. Fo r  

the  purpose o f  i l l u s t r a t i n g  a l l  o f  t h e  p o s s i b l e  c h a r a c t e r i s t i c  

phenomena, each case w i l l  be po r t rayed  as hav ing  exper ienced a l l  or 

most o f  these f i n d i n g s .  I t  must be borne i n  mind, however, t h a t  the 

r a d i a t i o n  syndrome i s  s i m i l a r  t o  any o t h e r  c l i n i c a l  e n t i t y  i n  t h a t  i t  

i s  unusual f o r  any i n d i v i d u a l  case t o  s h w  a l l  o f  the " textbook" 

f i nd i  ngs. 

Group I: H y p o t h e t i c a l  P a t i e n t  1, a 26-year -o ld  male t e c h n i c i a n ,  

was exposed t o  a t o t a l  body dose o f  14 rads o f  f a s t  neut rons  and 39 

rads o f  prompt gamma r a d i a t i o n .  

r e s u l t  o f  n o t  employing c e r t a i n  sa fe ty  f e a t u r e s  w h i l e  pe r fo rm ing  an 

exper iment w i t h  a low-power r e a c t o r .  

Th i s  exposure was exper ienced as the  

When f i r s t  seen by  the  f a c i l i t y  p h y s i c i a n  i n  the d ispensary ,  ten 

minutes a f t e r  t h e  acc iden t ,  the p a t i e n t  e x h i b i t e d  no c l i n i c a l  symptms 

o t h e r  than a moderate tachyca rd ia  and m o i s t  palms. Blood was 

immediately drawn f o r  b a s e - l i n e  b lood  counts and f o r  Na24 a c t i v a t i o n  

measurements. Bed r e s t  i n  t h e  d ispensary  was advised, pending t h e  

r e p o r t  of t h e  f i r s t  es t ima t ions  of  the magnitude of t h e  exposure. 
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The p a t i e n t  became i n c r e a s i n g l y  r e s t l e s s  and apprehensive over  the 

next  two hours;  s i n c e  no reasonably accu ra te  dose es t imates  were a t  

t a l  i ze the  t h a t  t ime a v a i l a b l e ,  i t  was thought adv 

pa ti e n t  . 
The i n i t i a l  b lood data,  wh ich  i n c  

sab le  t o  hosp 

uded hematocr 

cyte,  t o t a l  lymphocyte, t o t a l  n e u t r o p h i l  and p l a t e l e t  

t, t o t a l  leuko- 

counts,  and 

d i f f e r e n t i a l  formula,  were normal. One hour l a t e r ,  b lood  specimens 

were ob ta ined  f o r  repea t  counts, as w e l l  as b a s e - l i n e  b lood chemis t ry  

de terminat ions .  The l a t t e r  were a l l  w i t h i n  t h e  normal range, and 

t h e r e  was e s s e n t i a l l y  no change i n  the  counts. The p a t i e n t ' s  appre- 

hens ion  cont inued u n t i l  f o u r  hours a f t e r  h o s p i t a l i z a t i o n ,  a t  which 

h i s  dose was l e s s  than 

e s t i m a t e  and appra ised o f  

ess ness , tachyca r d  i a , and 

a t e l y ,  and he was d ischarged 

t ime i t  had been d e f i n i t e l y  determined t h a t  

100 rads. The p a t i e n t  was informed o f  t h i s  

the  f a v o r a b l e  c l i n i c a l  p rognos is .  H i s  r e s t  

vasomotor symptoms disappeared almost immed 

from the h o s p i t a l  t h e  next  day. 

He was observed i n  t h e  o u t p a t i e n t  department f o r  the next  month, 

d u r i n g  which t ime he was comple te ly  asymptomatic and showed no a l t e r -  

a t i o n s  i n  h i s  l a b o r a t o r y  f i n d i n g s .  He then re tu rned  t o  work i n  a non- 

exposure area. Therea f te r ,  he was observed a t  i n c r e a s i n g  i n t e r v a l s .  

A t  no t ime  were t h e r e  any c l i n i c a l  o r  l a b o r a t o r y  man i fes ta t i ons  (see 

F ig .  1) t h a t  cou ld  be  a t t r i b u t e d  t o  h i s  r a d i a t i o n  exposure. No ab- 

n o r m a l i t i e s  were noted i n  the  bone marrow s tud ies .  

Group I I :  H y p o t h e t i c a l  P a t i e n t  2, a 46-year -o ld  male l a b o r e r ,  was 

exposed t o  90 rads o f  f a s t  neutrons and 240 rads o f  gamma rays i n  a 
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c r i t i c a l i t y  type o f  acc iden t  a t  a p r o d u c t i o n  f a c i  

t a l i z e d  almost immediately b u t  a t  t he  t ime o f  adm 

i t y .  He was hosp i -  

s s i o n  f e l t  p e r f e c t l y  

w e l l .  The admission p h y s i c a l  examinat ion and l a b o r a t o r y  f i n d i n g s  were 

a l l  w i t h i n  normal l i m i t s .  About two hours l a t e r ,  he began t o  exper ience 

r a t h e r  p e r s i s t e n t  nausea and vomited f i v e  t imes w i t h i n  t h e  next  24 

hours. 

Dur ing  the nex t  f o u r  and one-ha l f  days he e x h i b i t e d  no abnormal 

symptoms o t h e r  than weakness and f a t i g u e .  H i s  a p p e t i t e  remained 

hear t y ,  and t h e r e  were no g a s t r o i n t e s t i n a l  symptoms. An u n e v e n t f u l  

c l i n i c a l  course, except  f o r  p e r s i s t e n c e  o f  t h e  weakness and f a t i g u e ,  

was observed u n t i l  Day 16 when t h e  p a t i e n t  s t a t e d  t h a t  h i s  s c a l p  was 

tender t o  the touch, e s p e c i a l l y  over  t h e  o c c i p i t a l  and r i g h t  p a r i e t a l  

reg ions .  These were t h e  areas most f r e q u e n t l y  i n  con tac t  w i t h  h i s  

p i l l o w .  Very l i t t l e  f u r t h e r  a t t e n t i o n  was g i ven  t o  t h i s  symptom u n t i l  

Day 18 when i t  was noted t h a t  f r a n k  e p i l a t i o n  was beg inn ing  over  these 

areas. The e p i l a t i o n  cont inued, i n v o l v i n g  n o t  o n l y  patchy areas o f  t he  

scalp,  b u t  the h a i r  on t h e  chest, t h i g h s ,  and legs as w e l l .  H i s  e p i -  

l a t i o n  stopped on Day 29. 

On Day 18 the  p a t i e n t  complained o f  a severe so re  t h r o a t .  He had 

a temperature o f  100.2' F accompanied by a p r o p o r t i o n a t e  tachyca rd ia .  

P h y s i c a l  examinat ion  revea led  an acute  f o l l i c u l a r  t o n s i l l i t i s  w i t h  

accompanying c e r v i c a l  adenopathy. 

t h e r e  was no l eukocy te  response t o  t h i s  i n f e c t i o n .  The e r y t h r o c y t e  

sed imen ta t i on  r a t e  increased t o  32 mm. Th i s  r i s e  preceded the c l i n i c a l  

i n f e c t i o n  by 24 hours.  Throat  c u l t u r e s  were made and the  p a t i e n t  was 

I t  should be noted from F i g .  2 t h a t  
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immediately s t a r t e d  on c r y s t a  

doses, i n t r a m u s c u l a r l y ,  every 

i n  the  a f t e r n o o n  t o  104.6’ F. 
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l i n e  proca ine  p e n i c i l  

s i x  hours. There was 

T h i s  was preceded by 

i n  i n  600,000 u n i t  

a temperature s p i k e  

a r i g o r o u s  c h i l l  

l a s t i n g  approx imate ly  20 minutes.  The p a t i e n t ’ s  t h r o a t  became s o  sore 

t h a t  he was unable t o  swal low even s i p s  o f  water .  H i s  fever  was reduced 

w i t h  sponge ba ths  and l a r g e  doses o f  a c e t y l s a l i c y l i c  a c i d  ( a s p i r i n )  per  

rectum. Two l i t e r s  o f  5$ dext rose  i n  s a l i n e  were admin is te red  i n t r a -  

venously through t h e  a f t e r n o o n  and evening. There were two more e p i -  

sodes o f  c h i l l s  and hyperpyrex ia  d u r i n g  the  next  12 hours. I t  then 

became e v i d e n t  t h a t  t h e  p a t i e n t  had an e a r l y  p e r i t o n s i l l a r  abscess. 

The growth from the t h r o a t  c u l t u r e  was i d e n t i f i e d  as an a lpha-  

h e m o l y t i c  Streptococcus, and tube s e n s i t i v i t y  s t u d i e s  revealed a h i g h  

s e n s i t i v i t y  o f  the organism t o  t e t r a c y c l i n e  and a r e l a t i v e  r e s i s t a n c e  

t o  p e n i c i l l i n .  He was then s t a r t e d  on a cont inuous slow in t ravenous 

i n f u s i o n  o f  1 gram o f  t e t r a c y c l i n e  i n  s a l i n e ,  over  a 24-hour p e r i o d .  

The t e t r a c y c l i n e  was cont inued b y  in t ramuscu lar  i n j e c t i o n s  o f  100 mg 

every s i x  hours. D u r i n g  t h e  n i g h t  o f  t h e  2 0 t h  day the  abscess dra ined 

spontaneously and t h e  p a t i e n t  was a f e b r i l e  on the  f o l l o w i n g  morning. 

He t o l e r a t e d  a l i q u i d  d i e t  i n  s u f f i c i e n t  amounts t o  m a i n t a i n  a s a t i s -  

f a c t o r y  i n t a k e  w i t h o u t  the use o f  p a r e n t e r a l  f l u i d s .  By Day 23, t h e r e  

was complete c l i n i c a l  recovery and the  a n t i b i o t i c  therapy was d i s -  

cont inued. 

On Day 15 t h e  p l a t e l e t  count began a p r o g r e s s i v e  f a l l  t o  a l e v e l  

of o n l y  20,000 on Day 26. I t  remained a t  e s s e n t i a l l y  t h a t  l e v e l  u n t i l  

Day 30, on which a s tepwise recovery began and was complete b y  Day 57. 
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P a r e l l e l i n g  the thrombocytopenia i n  i t s  genera l  p a t t e r n  o f  development, 

t h e r e  was a p r o g r e s s i v e  f a l l  i n  t h e  l e u k o c y t e  count, reach ing  a l e v e l  

of 850 on Day 27. The a b s o l u t e  n e u t r o p h i l  count decreased t o  a l e v e l  

o f  275 on Day 27. A moderate r e d u c t i o n  i n  t h e  h e m a t o c r i t  a l s o  

p a r a l l e l e d  the  o t h e r  cytopenias.  

Purpura appeared f i r s t  on the lower e x t r e m i t i e s  on Day 25 and be- 

came genera l i zed  by Day 30. On Days 27 and 28 t h e  p a t i e n t  noted t h a t  

h i s  gums b l e d  when he brushed h i s  teeth.  M i c r o s c o p i c  hematur ia  was 

a l s o  noted on Day 28. There was no o t h e r  evidence o f  hemorrhage. 

Dur ing  t h i s  p e r i o d  t h e r e  was marked h y p o c e l l u l a r i t y  o f  t h e  bone marrow. 

Hemato log ica l  f i n d i n g s  a r e  presented g r a p h i c a l l y  i n  F i g .  2. 

D u r i n g  t h e  f i r s t  45 days t h e  p a t i e n t  l o s t  14 pounds. The c l i n i c a l  

course f rom then on was unevent fu l .  There was a complete c l e a r i n g  o f  

h i s  purpura,  and a s tepwise  r e t u r n  t o  normal l e v e l s  o f  a l l  o f  t h e  com- 

ponents of h i s  hemogram by Day 60. It i s  i n t e r e s t i n g  t o  note,  however, 

t h a t  h i s  sed imenta t ion  r a t e  remained e l e v a t e d  f o r  e i g h t  months. There 

was complete r e s t o r a t i o n  o f  h a i r  growth by the  end of t h e  t h i r d  p o s t -  

exposure month. 

and he r e t u r n e d  t o  l i g h t  work i n  a n o n - r a d i a t i o n  area f i v e  months a f t e r  

t h e  acc ident .  P e r i o d i c  fo l low-up over  t h e  n e x t  t h r e e  years f a i l e d  to  

r e v e a l  any s i g n i f i c a n t  c l i n i c a l  or  l a b o r a t o r y  a b n o r m a l i t i e s ,  except  

f o r  the  p e r s i s t e n t  e l e v a t i o n  o f  t h e  sed imenta t ion  r a t e  f o r  e i g h t  

months. 

The p a t i e n t ' s  weakness and f a t i g u e  g r a d u a l l y  d imin ished 

Group 1 1 1 :  H y p o t h e t i c a l  P a t i e n t  3 ,  a 37-year-o ld  male worker,  re-  

ce ived an es t imated  t o t a l  body dose o f  182 rads o f  f a s t  neutrons and 

. 
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536 rads o f  promp t gamma r a d i a t i o n  i n  a c r i  t i c a l i  t y  type o f  r e a c t o r  

acc ident .  

He exper ienced no immediate r e a c t i o n s  t o  t h i s  exposure; however, 

w i t h  a few minutes a f t e r  h i s  a r r i v a l  a t  t h e  h o s p i t a l  a d m i t t i n g  room 

approx imate ly  45 minutes a f t e r  the  acc ident ,  he became nauseated and 

exper ienced v i o l e n t  r e t c h i n g  and vomi t ing ,  p e r s p i r e d  p r o f u s e l y ,  and 

f e l t  ext remely weak. I n i t i a l  p h y s i c a l  examinat ion f a i l e d  t o  r e v e a l  

any s i g n i f i c a n t  a b n o r m a l i t i e s  o t h e r  than a moderate tachycard ia ,  

sweat ing,  and a s l i g h t l y  increased r e s p i r a t o r y  r a t e .  The r e c t a l  tem- 

p e r a t u r e  was normal, as was t h e  b l o o d  pressure.  B lood and u r i n e  

samples were ob ta ined immediately f o r  complete b lood counts and base- 

l i n e  b iochemica l  values, u r i n a l y s i s ,  and Na measurement.. The 

i n i t i a l  b l o o d  counts and u r i n a l y s i s  were w i t h i n  normal l i m i t s .  

24 

D u r i n g  t h e  n e x t  12 hours o f  h i s  h o s p i t a l i z a t i o n ,  t h e  p a t i e n t  

con t inued t o  have nausea and vomi t ing .  The sweat ing subsided, b u t  t h e  

weakness p e r s i s t e d .  A second b lood count,  made on the  12th hour ,  r e -  

vealed a normal h e m a t o c r i t  and a normal p l a t e l e t  count .  The t o t a l  

leukocy te  count  was e l e v a t e d  t o  approx imate ly  13,000, a lmost  a l l  o f  

wh ich  were n e u t r o p h i l s .  The lymphocyte count had f a l l e n  t o  800. A 

temperature e l e v a t i o n  t o  100" F was noted. 

A m i l d  genera l i zed  erythema was noted toward t h e  end o f  Day 1. 

The p a t i e n t  a l s o  complained o f  vague sensat ions o f  numbness o f  the 

upper e x t r e m i t i e s .  The i n i t i a l  symptoms o f  anorex ia,  nausea, vomi t ing ,  

weakness, erythema, and low-grade f e v e r  p e r s i s t e d .  

There was a somewhat abrup t  remiss ion  o f  these i n i t i a l  symptoms 
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toward the  end o f  Day 4. H i s  a p p e t i t e  re tu rned and he was e s s e n t i a l l y  

asymptomatic f o r  t h e  nex t  n i n e  days. The weakness, low-grade f e v e r ,  

and excess ive  sweat ing,  however, p e r s i s t e d  throughout  t h i s  p e r i o d .  On 

Day 14 t h e r e  was a sudden temperature e l e v a t i o n  t o  103" F. P h y s i c a l  

examinat ion revealed an acute  p h a r y n g i t i s  accompanied by a d i f f u s e  

hyperemia o f  the  gums and bucca l  mucosa. Anorex ia r e t u r n e d  w i t h  t h e  

onset  of t h i s  i n f e c t i o n .  A t h r o a t  c u l t u r e  was made and a n t i b i o t i c  

therapy was immediately i n i t i a t e d .  He was g i v e n  i n t r a m u s c u l a r  doses 

of 600,000 u n i t s  of p e n i c i l l i n  and 0.5 gram o f  s t rep tomyc in  every s i x  

hours. There was a p r o g r e s s i v e  temperature r i s e  over t h e  n e x t  18 hours,  

reaching a l e v e l  o f  104.5" F. 

The hyperemia of t h e  gums became marked. 

the  tee th .  Tube a n t i b i o t i c  s e n s i t i v i t y  s t u d i e s  o f  the t h r o a t  c u l t u r e  

m a t e r i a l  revealed t h e  pathogen t o  be most s e n s i t i v e  t o  t e t r a c y c l i n e ,  

which was immediate ly  admin is te red  b y  cont inuous in t ravenous d r i p .  A 

t o t a l  o f  1 gram was g i v e n  b y  t h i s  method o v e r  t h e  n e x t  24 hours.  The 

p e n i c i l l i n  and s t r e p t o m y c i n  were a l s o  cont inued.  

dropped p r e c i p i t o u s l y  t o  i t s  p rev ious  l e v e l  o f  approx imate ly  100" F on 

Day 17. The t e t r a c y c l i n e  was then admin is te red  o r a l l y  i n  250-mg doses 

every s i x  hours.  E l e v a t i o n  of  t h e  sed imenta t ion  r a t e ,  f i r s t  noted on 

Day 12, decreased s l i g h t l y  a t  t h i s  t ime.  

E a r l y  u l c e r a t i o n  was noted i n  the  pharynx. 

There was s l i g h t  loosen ing  o f  

The temperature 

A t  the  same t ime, Day 17, beg inn ing  e p i l a t i o n  o f  t h e  s c a l p  was 

noted. 

b rush ing  h i s  t e e t h .  

s t o o l  examinat ions revealed o c c u l t  b lood.  Purpura o f  the  o r a l  mucosa 

The p a t i e n t  exper ienced p a i n  and b l e e d i n g  o f  t h e  gums when 

From t h i s  t i m e  on, u n t i l  death on Day 29, a l l  
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and s k i n  o f  t h e  t r u n k  was f i r s t  noted on Day 19. T h i s  became 

genera l i zed ,  and d u r i n g  t h e  t e r m i n a l  stages o f  the  i l l n e s s  m u l t i p l e  

l a r g e  ecchymotic areas o f  t h e  s k i n  were present .  

Bone marrow b iopsy  revealed a lmost  complete a c c e l l u l a r i t y ,  which 

was r e f l e c t e d  i n  the p e r i p h e r a l  counts by a profound pancytopenia.  

F i g u r e  3 p rov ides  a g r a p h i c  i l l u s t r a t i o n  o f  a l l  b l o o d  counts.  

23 t h e  p a t i e n t ' s  genera l  c o n d i t i o n  had p r o g r e s s i v e l y  d e t e r i o r a t e d  t o  

t h e  p o i n t  t h a t  he was p r o s t r a t e  w i t h  profound weakness, l e t h a r g y ,  and 

i n t e r m i t t e n t  d i s o r i e n t a t i o n .  The t o t a l  u r i n a r y  o u t p u t  was reduced t o  

l e s s  than 400 cc per  24 hours.  T h i s  o l i g u r i a  p e r s i s t e d  u n t i l  death.  

Fresh whole b lood and p l a t e l e t  t r a n s f u s i o n s  were admi n i s t e r e d  over  the  

next  f o u r  days. 

By Day 

D iar rhea,  accompanied by abdominal p a i n  and cramps, began on Day 

25 and increased i n  s e v e r i t y  u n t i l  Day 28, a t  which t ime massive 

hemorrhage f rom t h e  lower  g a s t r o i n t e s t i n a l  t r a c k  ensued. There was 

a l s o  cont inuous ooz ing  o f  b lood f rom the  gums and one episode o f  

hematemesis. M ic roscop ic  hematur ia  was a l s o  observed. 

There was a lmost  complete e p i l a t i o n  o f  a l l  o f  the  h a i r  o f  t h e  

body b y  t h i s  t ime. E a r l y  on Day 29 f u r t h e r  severe b l e e d i n g  f rom t h e  

lower g a s t r o i n t e s t i n a l  t r a c k  began. The p a t i e n t  went i n t o  profound 

shock, became comatose, and i n  s p i t e  o f  v igorous t r a n s f u s i o n  therapy, 

d i e d  d u r i n g  t h e  l a t t e r  p a r t  o f  Day 29. 

Group I V :  H y p o t h e t i c a l  P a t i e n t  4 was a 31-year-o ld  male s c i e n t i s t  

who rece ived a t o t a l  body exposure t o  f a s t  neutrons and gamma rays i n  

a c r i t i c a l i t y  r e a c t o r  a c c i d e n t .  I t  was es t imated t h a t  h i s  exposure 
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r e s u l t e d  i n  a dose o f  124 rads o f  f a s t  neutrons and 830 rads o f  gamma 

rays. He immediately r a n  f rom t h e  r e a c t o r  b u i l d i n g  and was taken t o  

the  l a b o r a t o r y  d ispensary.  He exper ienced nausea, vomi t ing ,  and 

r e t c h i n g  30 minutes a f t e r  t h e  exposure. He was h o s p i t a l i z e d  

immediately.  The nausea and v o m i t i n g  increased i n  s e v e r i t y  and 

frequency d u r i n g  t h e  n e x t  f o u r  hours.  Dur ing  t h e  t h i r d  hour  he ex- 

per ienced severe i n t e r m i t t e n t  abdominal cramps f o l l o w e d  by two watery  

bowel movements w i t h i n  a p e r i o d  o f  20 minutes.  He was weak and pros-  

t r a t e ,  b u t  t h e r e  was p r o g r e s s i v e  improvement and by t h e  16th hour  he 

had entered the  l a t e n t  phase o f  r e l a t i v e  c l i n i c a l  w e l l - b e i n g .  He had 

a low-grade f e v e r  d u r i n g  the f i r s t  24 hours.  On Day 1 t h e r e  was an 

i n i t i a l  l e u k o c y t o s i s ,  a lmost  a l l  o f  which was due t o  an inc rease i n  

n e u t r o p h i l s  as h i s  a b s o l u t e  lymphocyte count f e l l  t o  600. H i s  

l e u k o c y t o s i s  p e r s i s t e d .  The lymphopenia was progress ive ,  reach ing  a 

l e v e l  o f  250 on Day 3. Throughout t h e  remainder o f  h i s  i l l n e s s ,  t h e  

a b s o l u t e  lymphocyte count  never rose above t h i s  l e v e l .  

Except f o r  a c o n t i n u a t i o n  o f  h i s  f a t i g u e  and a temperature e l e -  

v a t i o n  t o  100.5" F on Day 2, he was asymptomatic f o r  t h e  nex t  f i v e  days. 

The low-grade f e v e r  p e r s i s t e d  u n t i l  Day 7. 

About noon on Day 7 t h e r e  was a recurrence o f  h i s  nausea, vomi t ing ,  

and watery  d i a r r h e a .  T h i s  was accompanied by a r i s e  i n  temperature t o  

103.2" F and a corresponding e l e v a t i o n  i n  t h e  p u l s e  r a t e .  Almost 

s imultaneous w i t h  t h e  onset  o f  these c l i n i c a l  symptoms, t h e r e  was a 

p r e c i p i t o u s  f a l l  i n  the c e l l u l a r  elements o f  h i s  p e r i p h e r a l  b lood.  The 

t o t a l  leukocy te  count  decreased t o  1200 w i t h  a corresponding f a l l  i n  

. 
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t h e  neut roph i  1s. The p l a t e l e t  count decreased from i t s  p rev ious  normal 

l e v e l s  t o  120,000. Hematologic r e s u l t s  a r e  shown i n  F i g .  3.  

The nausea and v o m i t i n g  became i n c r e a s i n g l y  severe,  and e a r l y  on  

Day 8 nasa l  g a s t r i c  s u c t i o n  was e s t a b l i s h e d .  There was a l s o  an increase 

i n  t h e  s e v e r i t y  o f  t h e  d i a r r h e a .  

and e l e c t r o l y t e s  as w e l l  as whole b l o o d  was s t a r t e d ,  and he was p laced 

on in t ramuscu lar  p e n i c i l l i n  and s t rep tomyc in .  H i s  temperature reached 

a h i g h  o f  103.8" F and t h e  b l o o d  count showed 300 leukocytes and 

80,000 p l a t e l e t s .  There was h y p o c e l l u l a r i t y  o f  the bone marrow. On 

Day 9 h i s  c o n d i t i o n  was e s s e n t i a l l y  unchanged. 

P a r e n t e r a l  a d m i n i s t r a t i o n  o f  f l u i d s  

On t h e  10th day, t h e  f requency o f  the  d i a r r h e a  increased and the 

watery  s t o o l s  became b loody.  H i s  temperature rose t o  104" F and h i s  

p u l s e  was r a p i d  and weak. Extreme p r o s t r a t i o n  ensued; he was c y a n o t i c ,  

g i ven 

o f  

For a few 

w i t h  n t r a -  

1 the  

and he d ied .  

Group V :  H y p o t h e t i c a l  P a t i e n t  5, a 37-year-o ld  p r o d u c t i o n  

s p e c i a l i s t ,  received an es t imated  t o t a l  body exposure t o  2000 rads o f  

f a s t  neutrons and 5000 rads of g a m a  rays.  By a complex s e r i e s  o f  

t e c h n i c a l  e r r o r s ,  a l a r g e  volume o f  enr iched uranium i n  a l i q u i d  form 

was a l lowed t o  become s u p e r c r i t i c a l .  

The p a t i e n t  s t a t e d  t h a t  he immediately f e l t  a b u r n i n g  s e n s a t i o n  

and h i s  r e s p i r a t i o n s  were sha l low and r a p i d .  T e t r a c y c l i n e  was 

s p i  t e  i n t r a v e n o u s l y ,  and he was p laced i n  an oxygen t e n t .  I n  

whole b l o o d  t r a n s f u s i o n s ,  t h e  shock became more pro found 

hours the  c i  r c u l a t o r y  c o l l a p s e  was s u c c e s s f u l l y  overcome 

venous methoxamine H C 1  (Vasoxy l ) ;  however, e a r l y  on Day 

temperature rose t o  105.8" F, the  shock became profound, 

* 
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over  h i s  e n t i r e  body. He was a b l e  t o  stagger o u t  o f  t he  b u i l d i n g  and 

at tempted t o  reach a v e h i c l e  parked on the road. A maintenance man 

work ing  across the road s t a t e d  t h a t  he  staggered a i m l e s s l y  about l i k e  

a drunken man f o r  a minu te  o r  so and then co l l apsed  on the  ground. He 

began t o  r e t c h  v i o l e n t l y  w i t h i n  e i g h t  minutes a f t e r  t h e  exposure. 

at tempted t o  walk t o  the ambulance b u t  was markedly a t a x i c  and confused. 

He 

On admission t o  the  h o s p i t a l ,  20 minutes a f t e r  exposure, t he  

p a t i e n t  was v o m i t i n g  and had an e x p l o s i v e  i n v o l u n t a r y  watery  bowel 

movement. He was c y a n o t i c  and i n  acu te  r e s p i r a t o r y  d i s t r e s s .  A 

genera l i zed  erythema was noted, and he was i n  c l i n i c a l  shock as e v i -  

denced by a b lood pressure  o f  70 /50 .  

t r a n s f u s i o n s  was employed b u t  f a i l e d  t o  combat the c l i n i c a l  shock. 

ln t ravenous methoxamine H c l  (Vasoxyl)  was begun d u r i n g  t h e  f o u r t h  hour.  

The response t o  t h i s  therapy was i n s u f f i c i e n t  t o  r a i s e  the p a t i e n t ' s  

b lood pressure  o u t  of  t he  range of  c l i n i c a l  shock. The vomi t i ng  and 

con fus ion  p e r s i s t e d .  The sensorium remained clouded. On the  t e n t h  

hour, 90 cc o f  u r i n e  was ob ta ined  by  c a t h e t e r i z a t i o n ,  i n d i c a t i n g  t h a t  

t h e r e  was an almost complete a n u r i a  f rom the  onset .  

p r o s t r a t i o n  was marked. 

d i s o r i e n t e d ,  and t w i t c h i n g  o f  v a r i o u s  muscles was noted. He became 

comatose i n  t h e  21s t  hour ,  convulsed, and d i e d  a few minutes l a t e r .  

Vigorous therapy w i t h  whole b lood  

By the 16th hour,  

The p a t i e n t  became p r o g r e s s i v e l y  more 

The b lood counts made d u r i n g  the  f i r s t  hour were normal i n  every 

respec t .  Blood taken h o u r l y  f o r  counts revea led  a p rog ress i ve  inc rease 

i n  t h e  l eukocy te  count t o  a l e v e l  of 41,000 i n  t h e  16th hour f o l l o w e d  

by a steady decrease t o  the l e v e l  o f  16,000 j u s t  p r i o r  t o  death.  By 

. 
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t h e  t h i r d  hour  the lymphocyte count  had decreased t o  950, and by t h e  

seventh hour t h e r e  was a complete disappearance o f  lymphocytes f rom 

the p e r i p h e r a l  b lood.  

d u r i n g  t h e  e a r l y  hours were n o t  remarkable. Hemato log ica l  d a t a  a r e  

presented g r a p h i c a l l y  n F i g .  3 .  

The f i n d i n g s  o f  t h e  bone marrow b iopsy  made 

Only 180 cc o f  u r  ne was ob ta ined f rom the  t ime o f  the  i n i t i a l  

c a t h e t e r i z a t i o n  u n t i  1 death.  Cons is ten t  w i t h  t h i s  o l i g u r i a ,  t h e r e  

was a steady r i s e  i n  t h e  NPN and BUN l e v e l s  reaching 82 and 19 mg 4 ,  
r e s p e c t i v e l y .  

1.3 A n a l y s i s  o f  Acc ident  Cases 

U t i l i z i n g  the avai  l a b l e  d a t a  concern ing the  r a d i a t i o n  a c c i d e n t  

cases r e s u l t i n g  f rom known c r i t i c a l i t y  episodes i t  was p o s s i b l e  t o  

c l a s s i f y  each case accord ing  t o  t h e  c r i t e r i a  presented i n  S e c t i o n  

1.2.2. Table I l l  l i s t s  t h e  a c t u a l  cases c l a s s i f i e d  by r a d i a t i o n  

i n j  u r y  groups. 

1.3.1 C l i n i c a l  Siqns and Symptoms 

A l l  repor ted  c l i n i c a l  s igns  and symptoms a r e  l i s t e d  i n  the  

headings o f  F i g s .  4 and 5 as w e l l  as those o f  Tab es I V  and V .  For 

the sake o f  c l a r i t y  these phenomena have been d i v  ded i n t o  those 

o c c u r r i n g  d u r i n g  t h e  i n i t i a l  s tage o f  i l l n e s s  and those which occur  

a f t e r  the  subsequent l a t e n t  p e r i o d  i n  t h e  s tage of  m a n i f e s t  i l l n e s s .  

T h e i r  occurrence among t h e  members o f  each of t h e  f i v e  i n j u r y  groups 

i s  g i v e n  f o r  t h e  i n i t i a l  s tage i n  F i g .  4 and f o r  t h e  s tage o f  m a n i f e s t  

i l l n e s s  i n  F i g .  5 .  
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Tab le  1 1 1  

P a t i e n t s  C l a s s i f i e d  by C l i n i c a l  R a d i a t i o n  I n j u r y  Groups 

Group No. P a t i e n t s  Pat i en t s  by Code 

I 14 

I t  8 

I l l  6 

I V  2 

V 1 

LA2 A 1  
LA6 A2 
LA7 A3 
LA8 A 4  
LA 9 
LA10 
LA 12: 

LA4 

LA 1 

LA3 

LA1 1 

0r6 
0r7 
0r8 

R2 OR 1 
0r2 
0r3 
0 R 4  
0 R5 

R 1" 

Y 6  

Y2 
Y3 
Y 4  
Y5 

Y1 

T o t a l  
P a t i e n t s  - 31 

rl. -6- 

I n s u f f i c i e n t  da ta  f o r  complete p r o f i 1 e s ; n o t  inc luded i n  averages. 
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FIG. 5 
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TABLE I V  - TIME OF ONSET AND DURATION OF CLINICAL SIGNS AN0 SYMPTONS - INIT IAL STAGE 

I I I  Ill I V  V ~- Group 
LA2 LA6 L A 7  LAB L A 9  L A 1 0  LA12 A1 A2 A 3  A4  OR6 OR7 ORE L A 4  R 2  OR1 OR2 OR3 OR4 OR5 Y6 LA1 R I  Y2 Y3 Y4 Y5 L A 3  Y1 L A 1 1  

A"OreXi0 .... 
N0"Seo 
Vomiting .. . 
Dibrrheo 
Abdominal pain .,.. 
Coniunct iv i t i r  ... 
Erythema .,.. 
Fever 
Sweoting 
Oliguria 

Weokners* .... 
Prortrotion . . 
Hyperesthesia . . 
Poresthesio . . 
Atoxim 
Disorientation . _ .  
Shock 
Coltlo .... 
Death 

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

l ( < l )  . . 
. .  . .  
... . .  
. ,  .... 
. .  ... 

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

.. . 

.... 

.... 

.... 

.. . 

.. . 

.. . 

.... 

.... 

.... 

.. . 

.. . 

.... 

.... 

.... 

.... 

60(<1) 
6 a ( < l )  

.... 

.... 

.... 

.... 

.. . 

.. . 

.... 

.... 

.. . 

.. . 

.... 

.... 

__ 
6 ( 1 )  . 
S(1) .... 
S(1) 
... ... 
.... . .  
. .  . .  
... . .  
. .  . .  
... . .  
. . . . . . . . 
.... . .  
. .  . . .  
.. . .  
.. ... 
. .  . .  
... ... 
. .  . 
... ... 
. .  ... 

~ 

3(1) ... 
3(1) . .  
3(1) . .  
3(1) .. . 
.... . .  
. .  ... 
... .. 
.... . .  
. . . . .. . 
... ... 
. . . . . . . . 
.... . .  
. ... 
. .  . .  
... . .  
. . . . . . . 
... ... 
.. . . . 
.. . . .. . 

.. . 
2( l l )  

.. . 

.. . 

.. . 

.. . 
2(1) 

.. . 

6 ( 1 )  

.. . 

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

l ( 4 )  2(2) 
. . ... 
... ... 
. .  . 
.... . .  
... ... 
.... . .  
... ... 

l(70) 1(4) . . 
1(10) J(4) .... 
. .  . . .  
.. . . . . . 

l ( < l )  . .  . . .  
. . . . . . . . . . . . 

... . . 
l(4) 1(>120) 
l (4)  ... 

1(>120) 1124) 

l ( 2 0 )  

1 ( 2 d  
.. . 
.. . 

I(- )  
1(14) 

1 (> 90) 

1(> 120) 

N o )  

.... 

.... 

.... 

. .. 

.. . 

.. . 

.... 

.... 

.... 

1 ( 2 d  
l ( 2 0 )  
l ( 2 0 )  

.... 
I ( - )  
1(14) 

1 (> 90) 

1(>120) 

l ( 2 0 )  

.... 

.. . 

.... 

.. . 

.... 

.... 

.... 

1(2) 
I(: 120) l(1) 

.... l(1) 
... l (9 t )  

1 ( 2 0 )  I ( - ? )  
. . . . . . . 
.. .. ... 
... ... 
. . . . . . . 
. . . . . .. . 

1(-) 30m(3% 
l(14) 30m(35) 
.... 30m(12) 

l(31) 30(5) 
.... <lQ(35) N 

l (31) 5 m ( ? i )  @ 
.... 5m(?5) 
. . lm(35) 

m a )  . . 
.. . l m ( ? i p )  
... lm(35p) 
.... 30mo(35p) 
.... 33(2) 
.... 35 

Arabic number indicates postirradiation day of on- 
*et. Includes fatigue. p Presumed. NASpeci f ic  information about occurreoce not ovoilable. 
Arobic number rn italics indicates postirradiation 
hour of onset. 

Number in  (porentheses) indicates duration. 

?Limited to burned ore01 of upper extremities. 
o Approximate time. 
i Intermittent 

m Minutes. 

t Includes terminol recurrence. 
-Known t o  have occurred, but t ime unknown. 

>More thon, or Inter thon. 

<Less thon, or earlier thon. 

Leoderr  (....) indicate nonoccurrence. 

. a . 



TABLE V-TIME OF ONSET AND DURATION OF CLINICAL SIGNS AND SYMPTOMS - MANIFEST ILLNESS STAGE 

I I1 Ill IV V 
~~ 

LA2 LA6 LA7 LA8 LA9 LA10 LA12 A1 A2 A3 A4 OR6 OR7 OR8 LA4 R2 OR1 OR2 OR3 OR4 OR5 Y6 LA1 R1 Y 2  Y3 Y4 Y5 LA3 Y I  LA11 
Glow 

171161 

IS(< 30) 

6(51 24(20) lO(9t) 19(17) 3016) 24(61 30(61 3217) 6(4) 22(1 I1 l S m ( i 0  
IO(91) 3016) 2416) 30(61 32(71 614) 22(111 lhliil 
17(11 6148) 15rnliil 
121 15) 7134 45rnliil 
10(4a) 31(6a) 29160) 29160) 291601 6148) 221911 

b ( 2 4  

2 4 l ) t  210(-1 

3110) 

X61 24191 3113) 
31131 lOo(1311 19117~) 3N-) 291-1 

19021 
19(221 261181 26dKi.d 

171101 NA 14li90) 16(i901 
190(>22) 11.90) 11.90) 

26121 -1-1 
16(401 
171141 20(1901 

16(44 
171141 17(1271 17(101 

l(1901 

l(25) 
6121) 

' lo(, 120) lPl25) 

151101 

12 mo. 
58 mo. 

Arablc number Indicates p s t  irrodiotton doy of onset. 
Ar&c number ~n milcs  indicates p s t  ~rradiation hour of onset. 

Numb" ~n (parcnthsrcsl mdicmtes dumiion. 
'Includcr fotigue. I Intem,ttent. < Less than. or earlier Ihon. 
tPoticnt hod hjrtDry of mtemtttent abdom~nal discomfort for several years. * Epaitmxis a lso  occurred on day 14. p Presumed. Leoder ( 1 mdicder nonoccurrence. 

8 Ep~r+ax,r 01so occurred on day 12. * Episode of rupravenhtculm tochycardio. (History of pcev io~s  episode.) - Known to  have occurred but t ime unknown. 
0 Approx,mnte m e .  

rn Minutes. 

+ Includes term,nal r e ~ ~ r r e n ~ e .  

, More than, or later than. 

NA Speciflc Information about occurrmce not ovolloble 
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The t ime o f  onset  and d u r a t i o n  o f  c l i n i c a l  s igns  and symptoms i n  

t h e  e a r l y  p o s t i r r a d i a t i o n  p e r i o d  a r e  g i v e n  i n  Table I V .  A s i m i l a r  

c o m p i l a t i o n  i n  Table V presents  the  c l i n i c a l  phenomena o f  the s tage o f  

m a n i f e s t  r a d i a t i o n  i l l n e s s .  Where an e a r l y  f i n d i n g  disappeared and 

then r e c u r r e d  a f t e r  t h e  l a t e n t  p e r i o d ,  i t  has been recorded as a new 

event .  I f ,  on t h e  o t h e r  hand, i t  p e r s i s t e d  f rom t h e  s t a r t ,  i t  has 

been recorded i d e n t i c a l l y  i n  bo th  t a b l e s .  Great  v a r i a t i o n s  i n  t h e  

completeness w i  t h  which observa t ions  were made and repor ted ,  the  many 

form o f  therapy employed, and the  s m a l l  number o f  cases i n v o l v e d  a f f o r d  

a somewhat imprec ise b a s i s  upon which t o  e s t a b l i s h  f i r m  d i a g n o s t i c  

and p r o g n o s t i c  conc lus ions .  Never the less,  c e r t a i n  g e n e r a l i z a t i o n s  

appear warranted.  

1.3.1.1 I n i t i a l  Staqe. The c l a s s i c  prodromal g a s t r o i n t e s t i n a l  

symptoms o f  the a c u t e  r a d i a t i o n  syndrome, i . e .  anorex ia,  nausea, and 

vomi t ing ,  were present  i n  a l l  p a t i e n t s  i n  Groups 1 1 1 ,  I V ,  and V w i t h i n  

an hour  a f t e r  exposure. 

I n  Group I I  the  t r i a d  was somewhat s lower  i n  appear ing, b e g i n n i n g  w i t h -  

i n  s i x  hours,  b u t  c o n t i n u i n g  i n t e r m i t t e n t l y  for  another  s i x  hours.  

Two of the  e i g h t  p a t i e n t s  d i d  n o t  vomi t  a t  a l l .  

p a t i e n t s  i n  Group I had anorex ia  o r  nausea, and o n l y  two of them 

vomited. 

were considered by t h e  p h y s i c i a n  i n  charge as ''a m a n i f e s t a t i o n  o f  

a n x i e t y  and t e n s i o n  r a t h e r  than r a d i a t i o n  s ickness" .  

They g e n e r a l l y  cont inued f o r  about two days. 

Only f o u r  o f  t h e  14 

I n  one o f  these, the  symptoms occur red  on t h e  t h i r d  day and 

3 

The occurrence of  d i a r r h e a  i n  t h i s  s tage seemed t o  be o f  s e r i o u s  
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p r o g n o s t i c  impor tant .  Wi th  the  except ion  o f  the p a t i e n t  i n  Group I 

who had t h e  a n x i e t y  r e a c t i o n ,  t h i s  symptom occur red  o n l y  i n  t h e  Group 

I V  and V cases, a l l  t h r e e  o f  h i c h  were f a t a l .  I t  appeared on Day 4 

i n  b o t h  Group I V  p a t i e n t s .  I n  t h e  Group V p a t i e n t  i t  s t a r t e d  i n  45 

minutes a f t e r  i r r a d i a t i o n ,  s h o r t l y  a f t e r  t h e  onset  o f  abdominal pa in .  

Weakness and f a t i g u e  were found i n  o c c a s i o n a l  p a t i e n t s  i n  Groups 

I and I I  b u t  were present  and pro longed i n  a l l  cases above t h a t  l e v e l  

o f  i n j u r y .  

t imes i n  Group I I  and above. 

E a r l y  p r o s t r a t i o n  o f  s h o r t  d u r a t i o n  was a l s o  noted some- 

Other symptoms which were f r e q u e n t  a lmost  e x c l u s i v e l y  i n  Group 

I I I and above inc luded c o n j u n c t i v i t i s ,  erythema, sweat ing,  and 

pares thes ias .  O l i g u r i a  was seen i n  o n l y  one p a t i e n t  i n  Group I V  and 

one i n  Group V .  

Immediate c e n t r a l  nervous system symptomatology, i n c l u d i n g  a t a x i a ,  

d i s o r i e n t a t i o n ,  and c a r d i o v a s c u l a r  c o l l a p s e ,  were seen o n l y  i n  t h e  

l a t t e r  p a t i e n t .  

a f t e r  r a d i a t i o n  exposure w i t h  no e v i d e n t  l a t e n t  p e r i o d  i n  h i s  i l l n e s s .  

Each of t h e  o t h e r  p a t i e n t s  had a p e r i o d  o f  remiss ion  o f  e a r l y  symptoms 

b e f o r e  t h e  m a n i f e s t  i l l n e s s  s tage began. 

He l a t e r  became comatose and d i e d  about 36 hours 

1.3.1.2 M a n i f e s t  I l l n e s s  Staqe. P a t i e n t s  i n  Group I showed no 

c l i n i c a l  ev idence o f  i l l n e s s  o f  any k i n d  a f t e r  the i n i t i a l  s tage sub- 

s ided,  except  f o r  one upper r e s p i r a t o r y  i n f e c t i o n ,  one smal l  r e t i n a l  

hemorrhage, and two compla in ts  of weakness. 

The most f r e q u e n t  f i n d i n g  above Group I was weakness and f a t i g u e ,  



32 

which occur red  i n  a l l  cases. Onset i n  Group I I  was most o l  

f i f t h  o r  s i x t h  week. I n  Group I l l  and above i t  appeared a lmost  

immediately.  D u r a t i o n  was v a r i a b l e  b u t  g e n e r a l l y  the  symptom l a s t e d  

f o r  s e v e r a l  months. 

Another common f i n d i n g  i n  a l l  groups above t h e  f i r s t  one was e p i -  

l a t i o n .  Time o f  onset  ranged f rom 13 t o  20 days, w i t h  10 o f  14 

p a t i e n t s  beg inn ing  t o  l o s e  h a i r  between Days 16 and 18. 

p a t i e n t s ,  d y i n g i n  one and o n e - h a l f  and i n  n i n e  days, d i d  n o t  e p i l a t e .  

No da ta  a r e  g i v e n  i n  t h e  remaining case. No c l e a r  r e l a t i o n s h i p  o f  

t ime o f  onset  or  of d u r a t i o n  t o  i n j u r y  group i s  e v i d e n t .  

Two o t h e r  

Scalp hyperes thes ia  o r  p a i n  occur red  i n  most Group II p a t i e n t s  

one o r  two days b e f o r e  e p i l a t i o n .  No s i m i l a r  f i n d i n g  was noted i n  t h e  

h i g h e r  groups. 

Sporadic  episodes o f  f e v e r  were observed i n  h a l f  o f  t h e  p a t i e n t s  

i n  Group I I  and i n  a l l  o f  those i n  Groups I V  and V .  These were o f  

s h o r t  d u r a t i o n  i n  Group I I ,  b u t  l a s t e d  one o r  more weeks i n  most o f  

t h e  more s e v e r e l y  i n j u r e d  p a t i e n t s .  

C l i n i c a l  evidence o f  i n f e c t i o n  was seen between t h e  second and 

f o u r t h  weeks i n  h a l f  o f  Group I I ,  i n c l u d i n g  two o f  the  f o u r  f e b r i l e  

p a t i e n t s .  I n  Group I l l  a l l  cases shmed such i n d i c a t i o n s .  D e f i n i t e  

c l i n i c a l  i n f e c t i o n  was n o t  noted i n  Groups I V  and V .  

Hemorrhagic phenomena, such as g i n g i v a l  b leed ing ,  e p i s t a x i s ,  

petechiae,  and purpura,  were observed i n  most cases above Group I who 

s u r v i v e d  beyond t h e  t h i r d  week. Ser ious  hemorrhage was l i m i t e d  t o  two 

p a t i e n t s  i n  t h e  f o u r t h  postexposure week. One, i n  Group I l l ,  had 
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menorrhagia and another  i n  Group I V  d i e d  w i t h  u n c o n t r o l l a b l e  hematemeses 

and, f i n a l l y ,  hemoptyses. 

I n  

anorex ia  

appeared 

e a r l i e r  

symptoms 

o r i e n t a t  

Ja 

Groups I l l ,  I V ,  and V a number o f  symptoms i n c l u d i n g  r e c u r r e n t  

and nausea, abdominal d i scomfo r t ,  p r o s t r a t i o n ,  and o l i g u r i a  

a t  the peak o f  man i f  s t  i l l n e s s .  These f i n d i n g s  occur red  

n the  more a c u t e l y  i ~ l l  p a t i e n t s ,  who a l s o  had the  a d d i t i o n a l  

o f  vomi t ing ,  d ia r rhee ,  and abdominal d i s t e n t i o n .  

on, shock, coma,  and^ death fo l l owed  i n  s e v e r a l  ins tances .  

e 
I 

D i s -  
I 

nd i ce  was noted i n  mii I d  t rans  

p e r i o d  i n  two i n d i v i d u a l s  i n  roup I l l  

n a l l y  i n  t h e  two Group I V  p a t ~ i e n t s .  

G 
i 

I 
Weight l o s s  was m i l d  anb n o t  o f  

e n t  fo rm a t  t h e  end o f  t h i s  

and i n  more marked fo rm terrni- 

ong d u r a t i o n  i n  Group I I .  I n  

h i g h e r  groups i t  appears t o  have been severer  b u t  d e t a i l s  a r e  l a c k i n g .  

The o n l y  long- term e f f e c t  thus f a r  repo r ted  has been t h e  develop-  

ment o f  c a t a r a c t s  i n  one member o f  Group I I .  

1.3.2 C1 i n i  c a l  Labora tory  F i nd i ngs 

The r a d i a t i o n  a c c i d e n t  p a t i e n t s  d iscussed i n  t h i s  r e p o r t  under- 

went a l a r g e  number o f  l a b o r a t o r y  examinations o f  many v a r i e t i e s .  

These a r e  summarized i n  Appendix Tables A - I ,  A-11,  A - I l l ,  and A - I V ,  

cover i ng hematology, b lood  b i ochemi s t ry ,  u r  i ne b i ochemi s t r y  , and 

misce l laneous ca tegor ies .  I n  o r d e r  t o  cons ider  and compare t h e  

numerous l a b o r a t o r y  observa t ions ,  i t was c l e a r l y  necessary t o  develop 

a procedure f o r  t h e i r  a n a l y s i s  which would a l l o w  broad conc lus ions  t o  

b e  drawn d e s p i t e  d i f f e r e n c e s  i n  d e t a i l s  o f  methodology employed i n  t h e  
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d i v e r s e  s tudy c e n t e r s .  

1.3.2.1 Method o f  P r e s e n t a t i o n  and A n a l y s i s .  The accepted nor -  

mal range o f  r e s u l t s  o f  each t e s t  procedure which was w i d e l y  used 

among t h e  cases under s tudy,  o r  which i s  recommended f o r  such f u t u r e  

use, was compi led.  A s c o r i n g  system was then devised which ass igned 

va lues i n c r e a s i n g  f rom one t o  f o u r  t o  i n c r e a s i n g  d e v i a t i o n s  f rom t h e  

normal range. Using t h e  r e s u l t a n t  va lues,  " p r o f i l e s  o f  i n j u r y ' '  c o u l d  

b e  scored f o r  t h e  i n d i v i d u a l  p a t i e n t s  whose l a b o r a t o r y  f i n d i n g s  were 

a v a i l a b l e .  These have been c a l l e d  " p r o f  i l e  scores". The va lues 

assigned t o  t h e  v a r i o u s  d e v i a t i o n s  f rom the  normal range t h e r e f o r e  

have been des ignated " p r o f i l e  values".  

The p r o f i l e  values f o r  hemato log ica l  t e s t s  a r e  g i v e n  i n  Tab le  V I .  

P r o f i l e  values f o r  c o a g u l a t i o n  t e s t s  and fo r  b iochemica l  t e s t s  o f  

b l o o d  and u r i n e  a r e  presented i n  Appendix Tables A-V, A - V I ,  and A - V I I .  

P r o f i l e  va lues were n o t  assigned t o  t e s t s  f o r  which t h e r e  i s  i n -  

s u f  f i c i e n t  c l  i n i ca 1 l a b o r a t o r y  exper ience. 

P r o f i l e  scores were determined for  a l l  p o s s i b l e  t e s t s  i n  each 

i n d i v i d u a l  case. These were analyzed on t h e  bas is  o f  s i n g l e  t e s t  

scores h e r e a f t e r  r e f e r r e d  t o  as " t e s t  score". Cumulat ive t o t a l s  o f  

these t e s t  scores over  t h e  postexposure t ime p e r i o d  were a l s o  analyzed,  

These cumula t ive  t o t a l s  a r e  r e f e r r e d  t o  h e r e a f t e r  as "cumulat i  ve 

scores". Then, t o  f a c i l i t a t e  i n t r a g r o u p  comparisons, an a t tempt  was 

made t o  determine t h e  mean p r o f i l e  score  f o r  each r a d i a t i o n  i n j u r y  

group on each type o f  t e s t  procedure a t  v a r i o u s  convenient  postexposure 

-- 
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Table V I  

. I I 

Prof  i l e  Values Assigned f o r  Var ious Ranges o f  Abnormal i ty  

Hematology - P e r i p h e r a l  Counts 

Increase (above) Decrease (below) 

Test  U n i t s  Norma 1" 

1 2 3 4 1 2 3 4 

Hemog l o b  i n gms k 
3 

E ry th rocy tes  m i  l l / m m  

Hema t o c r  i t v o l .  $ 

3 Leucocy t e s  1000/mm 

Neutrophi  I s  1000/mm3 

Lymphocytes 1 OOO/ mm3 

P l a t e l e t s  1000/mm 
3 

Rees - Ec ke r 
B recher-C ronk i t e  
Fonio 
Dames hek 

R e t i c u l o c y t e s  % RBE 

E r y  t h  r o c y t e  mm/ h r 
Sed i men t a  t i on 
Rate 

M-15.8 
F-13.9 

M- 5.4 
F- 4.8 

M-47 
F -42 

7.4 

4.4 

2.5 

405 
257 
234 
7 16 

1.5 

M- 5 
F-10 

18 
16 

6.0 
5.5 

54 
47 

12 

7.7 

4.8 

545 
440 
350 
900 

4 

10 
20 

19 
17 

7.0 
6.5 

56 
49 
18 

14 

7.0 

700 
600 
500 

1000 

8 

20 
30 

20 
18 

8.0 
7.5 

58 
51 

24 

21 

10 

850 
750 
650 

1500 

15 

30 
40 

21 
19 

9.0 
8.5 

60 
53 

30 

28 .O 

12.0 

1000 
900 
800 

2000 

25 

40 
50 

14 
11.5 

4.5 
4.0 

40 
37 

4.0 

1.8 

1 .o 

273 
140 
130 
500 

0.5 

12 
10 

3.5 
3.0 

35 
32 

3.0 

1.3 

0.75 

200 
100 
100 
350 

0 

10 
8.5 

2.5 
2.0 

30 
27 

2.0 

0.9 

0.5 

100 
50 
50 

100 

8 
7 

1.5 
1 .o 

25 
22 

1 .o  
0.5 

0.3 

30 
30 
30 
30 

w 
u1 

19 J. -0 

Expressed as "un i ve rsa l  mean" va lue - taken f rom A l b r i  t t o n .  



36 

t ime i n t e r v a l s .  

U n f o r t u n a t e l y ,  i t  was found t h a t  o n l y  i n  t h e  ca tegory  o f  hema- 

t o l o g i c a l  t e s t s  was t h e r e  a s u f f i c i e n t  number o f  observa t ions  performed 

a t  t imes which were s u f f i c i e n t l y  u n i f o r m  i n  a s u f f i c i e n t l y  l a r g e  number 

o f  t h e  a c c i d e n t  p a t i e n t s  t o  permi t d e t e r m i n a t i o n  o f  mean p r o f i l e  

scores f o r  each c l i n i c a l  r a d i a t i o n  i n j u r y  group. I t  i s  p o s s i b l e ,  how- 

ever ,  t h a t  p r o f i l e  scores f o r  o t h e r  t e s t s  migh t  be u s e f u l  i n  t h e  f u t u r e ,  

p rov ided t h a t  they a r e  performed a t  r e l a t i v e l y  f r e q u e n t  and c o n s i s t e n t  

i n t e r v a l s .  For  t h i s  reason, suggested p r o f i l e  values f o r  ranges o f  

a b n o r m a l i t i e s  o f  s tandard b lood c l o t t i n g ,  b lood chemist ry ,  and u r i n e  

chemis t ry  t e s t s  were inc luded i n  the Appendix t a b l e s ,  as were a l l  

a v a i l a b l e  i n d i v i d u a l  scores.  

1.3.2.2 Hematology 

P e r i p h e r a l  Blood Counts. Prev ious r e p o r t s  have i n d i -  

the  usefu lness o f  one o r  more o f  t h e  components o f  t h e  p e r i p h e r a l  

b lood count as an i n d i c a t o r  o f  r a d i a t i o n  i n j u r y .  2 y 8  '20' 21 G ranu 10- 

cy tes ,  lymphocytes, monocytes, p l a t e l e t s ,  and r e t i c u l o c y t e s  have been 

shown t o  c o n t r i b u t e  h e l p f u l  i n f o r m a t i o n .  The h e m a t o l o g i c a l  da ta  i n  

the a c c i d e n t  cases have been reviewed w i t h  two main c o n s i d e r a t i o n s  i n  

mind. The f i r s t  i s  t h e i r  p o t e n t i a l  v a l u e  i n  t h e  assignment o f  an un- 

known case t o  a s p e c i f i c  i n j u r y  group, w i t h  a l l  t h e  d i a g n o s t i c  and 

t h e r a p e u t i c  i m p l i c a t i o n s  invo lved.  The second i s  t h e  use fu lness  o f  

these da ta  i n  t h e  d e t e c t i o n  of c o m p l i c a t i o n s  o r  t h e r a p e u t i c  responses 

i n  t h e  subsequent course o f  t h e  case. 
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. 

The t o t a l  b lood count p r o f i  l e  score i s  made up f rom t h e  scores 

f o r  counts o f  e r y t h r o c y t e s  or h e m a t o c r i t ,  leucocytes,  g ranu locy tes ,  

lymphocytes, and p l a t e l e t s .  Other b lood components were o m i t t e d  on 

the grounds o f  in f requency and i r r e g u l a r i t y  o f  t e s t i n g .  The r e s u l t s  

were considered on an i n d i v i d u a l  and group b a s i s .  Tes t  scores and 

t h e i  r cumula t ive  scores were t a b u l a t e d .  

The i n d i v i d u a l  b l o o d  count p r o f i l e  scores,  i n c l u d i n g  t e s t  scores 

and Cumulat ive scores,  a r e  g i v e n  i n  Appendix Table A - V I I I .  The t e s t  

scores a r e  a l so  presented g r a p h i c a l l y  i n  F i g s .  A - 1  through A-16. The 

cumula t ive  b lood count  scores w i t h  the ranges and means f o r  a l l  the  

i n j u r y  groups a r e  g i v e n  i n  Appendix Table A - I X .  The range and mean 

o f  t h e  t e s t  scores and t h e i r  cumula t ive  scores a l s o  a r e  t a b u l a t e d  by 

groups i n  a d i f f e r e n t  way i n  Appendix Table A-X.  A g r a p h i c  t rea tment  

o f  t h e  mean and range of t o t a l  b l o o d  count t e s t  scores i s  shown i n  

F i g s .  6 through 9 .  

count scores of a l l  p a t i e n t s  t o  120 days a f t e r  exposure. A graph o f  

the  range and mean o f  group cumula t ive  scores i s  shown i n  F i g .  11. 

F i g u r e  10 d e p i c t s  g r a p h i c a l l y  t h e  cumula t ive  b l o o d  

Study of these da ta  shows t h a t  v a r i a t i o n s  i n  t h e  r a t e  and magni- 

tude o f  accumulat ion o f  i n j u r y  over  t ime, as measured b y  hemato log ic  

t e s t s ,  a r e  c l o s e l y  r e l a t e d  t o  t h e  s igns o f  c l i n i c a l  i n j u r y  upon which 

i n j u r y  group c l a s s i f i c a t i o n  was based i n  each case. I t  i s  p o s s i b l e  t o  

separa te  t h e  mean score of  cases f a l l i n g  i n t o  Group I and I I  f rom 

those o f  the  more s e v e r e l y  i n j u r e d  groups a t  48 hours o r  less .  Group 

V was d i s t i n g u i s h a b l e  f r o m  the  o u t s e t .  By the  s i x t h  day, Group I was 

d i s t i n c t  f rom I I ,  and I l l  f rom I V .  
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Examinat ion o f  t h e  ranges o f  the cumula t ive  group mean scores 

p o r t r a y e d  i n  F i g .  11 emphasizes t h e  v a l u e  o f  t h e  b l o o d  count  i n  i n d i -  

c a t i n g  r a d i a t i o n  i n j u r y .  I t  a l s o  makes c l e a r  the d i f f i c u l t y  of r e -  

l y i n g  s o l e l y  on t h i s  measure i n  t h e  i n i t i a l  s tage o f  r a d i a t i o n  i l l n e s s  

when t h e r e  i s  cons iderab le  o v e r l a p p i n g  o f  the ranges o f  t h e  group 

p r o f  i e scores.  

f one wishes t o  r e f i n e  t h e  e s t i m a t i o n  o f  i n j u r y  group assignment, 

c e r t a  n i n d i v i d u a l  t e s t s  which were added t o g e t h e r  t o  form t h e  prev ious  

t o t a l  scores may be considered s e p a r a t e l y .  To f a c i l i t a t e  t h i s  a n a l y s i s ,  

t h e  mean cumulat ives of each component o f  t h e  t o t a l  b lood  count pro-  

f i l e  score  have been graphed i n  Appendix F i g s .  A-17, A-18, A-19, A-20, 

A-21, and A-22. 

The lymphocyte 

i n d i c a t o r  o f  r a d i a t  

a r e  w e l l  separated 

symptoms i n  a d d i t i o n  t o  t h e  

these two groups, the  l i k e 1  

The neutroph i 1 score  d 

I and I I .  Never the less,  i t  

scores appear t o  be t h e  b e s t  e a r l y  s i n g l e  l a b o r a t o r y  

on i n j u r y .  I n  48 hours Group 1 1 ,  1 1 1 ,  I V ,  and V 

n mean score.  However, a few o f  the Group I I  cases 

show l i t t l e  e a r l y  lymphocyte f a l l  w h i l e  t h e  o p p o s i t e  occurs i n  Group I 

thereby produc ing  some o v e r l a p p i n g  o f  the  lowest  two groups. I f  one 

considers t h e  presence o r  absence of prodromal (nausea and/or v o m i t i n g )  

lymphocyte score i n  a s s i g n i n g  p a t i e n t s  t o  

hood o f  c o r r e c t  d e c i s i o n  i s  enhanced. 

d n o t  f a c i l i t a t e  d i f f e r e n t i a t i o n  o f  Groups 

was u s e f u l  s u p p o r t i v e  ev idence i n  

s e p a r a t i n g  t h e  two lower  groups from the  t h r e e  h i g h e r  ones by Day 3. 

A lso  Groups I l l  and I V  were becoming d i s t i n c t  on  Day 3 b y  t h i s  c r i -  

t e r i o n .  However, Group I and I I  were n o t  d i s t i n g u i s h a b l e  f o r  t h e  f i r s t  
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mon t h  . 
The leucocy te  score gave r a t h e r  s i m i l a r  i n f o r m a t i o n  b u t  no t  as 

d i s t i n c t l y  as d i d  t h e  n e u t r o p h i l  score.  This  was, o f  course, a re-  

f l e c t i o n  o f  t h e  f a c t  t h a t  n e u t r o p h i l  v a r i a t i o n s  account f o r  most o f  

the  w h i t e  count  changes, a l though lymphocyte s h i f t s  a r e  a l s o  invo lved.  

Thus the  d i s t i n c t i o n  between Group I and I I  was present  e a r l i e r  h e r e  

than i n  t h e  n e u t r o p h i l  score.  

The p l a t e l e t  score was n o t  very u s e f u l  i n  the  e a r l y  days a f t e r  

exposure. However, the  d i f f e r e n t i a t i o n  o f  Group I V  f rom Group I l l  was 

apparent by t h i s  t e s t  as e a r l y  as Day 6. A f t e r  t h e  t h i r d  week, sharp 

changes separated Groups I I  and I l l  f rom u n a l t e r e d  Group I .  

E r y t h r o c y t e  s c o r i n g  was t h e  l e a s t  h e l p f u l  o f  t h e  b l o o d  count  t e s t s .  

The s e v e r i t y  o f  i n j u r y  o f  Group I I I was g r e a t e r  than t h a t  o f  Group I V  

by t h i s  t e s t .  A d i f f e r e n c e  between Groups I I  and 1 1 1  was d i s c e r n a b l e  

a f t e r  t h e  f i r s t  month. Therapeut ic  e f f e c t s  such as t r a n s f u s i o n ,  and 

some pre-exposure a b n o r m a l i t i e s  confused t h e  i n t e r p r e t a t i o n  o f  the da ta  

f rom t h i s  t e s t .  

The va lue  of  hemato log ica l  p r o f i l e  scores as a n  i n d i c a t o r  o f  c m -  

p l i c a t i o n s  i s  not  c e r t a i n .  Genera l l y ,  neut roph i  1 o r  p l a t e l e t  l e v e l s  

were lowest  when i n f e c t i o n  o r  b l e e d i n g  began b u t  t h i s  was n o t  always 

so. D i s t i n c t  d e v i a t i o n s  o f  an i n d i v i d u a l  case from t h e  group p a t t e r n  

d u r i n g  t h e  course migh t  i n d i c a t e  compl ica t ions .  However, more da ta  

a r e  needed t o  d e f i n e  t h e  ranges o f  the  group p a t t e r n s  b e f o r e  t h i s  r e -  

l a t i o n s h i p  can be evaluated adequate ly .  

D e v i a t i o n s  caused by therapy o t h e r  than b l o o d  t r a n s f u s i o n s  a l r e a d y  

. 



46 

mentioned may have occur red  i n  the Yugoslav cases. The near normal 

n e u t r o p h i l  scores o f  Y 1  on Days 15 and 18 f o l l o w  embryonal mye lo id  

t i s s u e  t r a n s f u s i o n  and t h e  one on Day 30 f o l l o w s  a d u l t  marrow t r a n s -  

f u s i o n .  The p l a t e l e t  score  on Day 30 a l s o  i s  normal.  S ince  Group I V  

data  a r e  based on Y1 a lone a f t e r  Day 9 because o f  t h e  death o f  LA3 a t  

t h a t  t ime, t h e  r e s u l t s  i n  t h i s  group a r e  a f f e c t e d  thereby.  S i m i l a r  

e f f e c t s  of  marrow t r a n s p l a n t a t i o n  i n  cases Y2, Y3, Y4, and Y5, a l l  i n  

Group I l l ,  may be r e s p o n s i b l e  f o r  t h e  improvement o f  t h a t  g roup 's  

n e u t r o p h i l  and p l a t e l e t  scores somewhat e a r l i e r  than those o f  Group I t .  

Other Hemato log ica l  Tests:  Bone Marrow. Examinat ions were made 

a t  v a r i o u s  t imes i n  many o f  the  cases. However, c l a s s i f i c a t i o n  o f  

r e s u l t s  on q u a n t i t a t i v e  b a s i s  i s  n o t  p o s s i b l e  so no p r o f i l e  s c o r i n g  

cou ld  be dev ised.  

I n  genera l ,  t h e  r e l a t i o n s h i p  between t h e  appearance o f  t h e  bone 

marrow and t h e  degree o f  i n j u r y ,  o r  i t s  prognosis ,  i s  n o t  obv ious .  

There i s  h y p o c e l l u l a r i  t y  beg inn ing  i n  t h e  e a r l y  postexposure p e r i o d ,  

c h a r a c t e r i z e d  by depress ion o f  t h e  g r a n u l y c y t i c  s e r i e s  i n  p a r t i c u l a r .  

Mononuclear c e l l s  o f  t h e  r e t i c u l u m  and plasma c e l l  v a r i e t i e s  remain, 

w i t h  v a r i a b l e  c o n c e n t r a t i o n s  o f  e r y t h r o i d  p recursors .  Numerical  

d i m i  n u t  i on and morpholog i c d e t e r  i o r a  t i on o f  megakaryocytes develop a 

l i t t l e  l a t e r .  Regenerat ion o f  e r y t h r o i d  and mye lo id  p recursors  may 

develop even when t h e  p e r i p h e r a l  counts a r e  f a l l i n g  and t h e  outcome 

i s  subsequent ly f a t a l .  

R e t i c u l o c y t e s .  These da ta  were i n s u f f i c i e n t  f o r  q u a n t i t a t i v e  

a n a l y s i s .  Depression i n  number was g e n e r a l l y  prompt, b u t  i t s  magnitude 
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was n o t  c l e a r l y  r e l a t e d  t o  i n j u r y  l e v e l .  R e t i c u l o c y t o s i s  was an i n d i -  

c a t i o n  o f  recovery.  A p o s s i b l e  d i r e c t  r e l a t i o n s h i p  between t h e  l e v e l  

o f  r e t i c u l o c y t o s i s  and t h e  e x t e n t  o f  prev ious i n j u r y  has been postu-  

l a t e d .  
8 

E r y t h r o c y t e  Sedimentat ion Rate. The r e s u l t s  o f  t h i s  t e s t  were 

a v a i l a b l e  s e r i a l l y  o n l y  i n  the  Oak Ridge cases. They a r e  presented i n  

Tab le  V I I .  Here a c l o s e  r e l a t i o n s h i p  o f  e l e v a t i o n  t o  t h e  e a r l y  stages 

o f  i n f e c t i o n  seems t o  have been present .  However, t h e  abnormal i t y  

p e r s i s t s  f a r  beyond t h e  d u r a t i o n  o f  t h e  i n f e c t i o n  which i t  seemingly 

hera lded.  F u r t h e r  d a t a  would be h e l p f u l  i n  e v a l u a t i n g  the apparent 

usefu lness o f  t h i s  t e s t  as a warn ing o f  i n f e c t i o n  a t  a t ime when the  

usua l  s igns,  such as f e v e r  o r  leucocy tos is ,  may n o t  be present .  

Blood Coagu la t ion  Tests.  I n s p e c t i o n  o f  Appendix Table A - X I  

revea ls  t h a t  c o a g u l a t i o n  t e s t s  were n o t  made w i t h  any r e g u l a r i t y .  The 

c o a g u l a t i o n  t ime was t h e  t e s t  most c o n s i s t e n t l y  performed. 

LA3, LA4, and LA6 showed s i g n i f i c a n t  t i m e  p r o l o n g a t i o n s .  The maximum 

d e v i a t i o n  occur red  on Day 6 f o r  LA4 and LA6. LA3, a Group I V  p a t i e n t ,  

showed a p r o g r e s s i v e  p r o l o n g a t i o n  o f  the  c l o t t i n g  t ime. J u s t  p r i o r  t o  

death on Day 9 ,  h i s  b l o o d  was uncoagulable.  An increase i n  c l o t t i n g  

t i m e  was noted on many occasions i n  v a r i o u s  p a t i e n t s  f rom the Yugoslav 

acc i dent .  

P a t i e n t s  

A v a r i e t y  o f  t e s t s  designed t o  measure components o f  t h e  pro-  

thrombin complex were c a r r i e d  o u t  i n  some o f  t h e  cases. I n  genera l ,  

t h e r e  was no ev idence o f  derangement, except  i n  a few o f  t h e  most 

s e v e r e l y  i n j u r e d  p a t i e n t s .  The plasma pro thrombin  t ime was moderate ly  

. 
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Table VI1 

Erythrocyte  Sedimentation Rate P r o f i l e  Scores 

Group I I  - Oak Ridge P a t i e n t s  

Day O R 1  O R 2  0 R3 0 R4 0 R5 

1 0 
2 0 
3 - 
6 0 
9 0 

12 0 
15 0 
18 0 
21 0 
24 0 
27 - 
30 1 31 

0 0 
0 0 
0 0 
0 0 

1 0 
1 0 
1 0 
1 0 
1 0 

1 ( 1 0 )  1 

- - 
=;: 2 1 

0 0 
0 0 
0 0 
0 0 

2 (13J” 0 
3 0 
3 0 
2 0 
2 0 

2 0 

1 ( lo).,; 0 

- 

Total  

33 
36 
40 
44 
4% 
52 
60 
75 
90 

105 
120 
150 
180 
270 

1 

1 
1 
1 
1 
0 
1 
1 
1 
0 
1 
1 
3 
2 
0 

8 

2 
2 
1 
2 
2 
1 
1 
2 
1 
1 
1 
1 
1 
1 

2 

1 
0 
1 
0 

0 
1 
1 
0 
1 
2 
1 
1 
1 

- 

15 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 

~~ - 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- 

Total  15 27 12 32 0 

.b 

Day on which in fec t ion  became c l i n i c a l l y  e v i d e n t  
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increased i n  lA3. A decrease i n  A c - g l o b u l i n  and p r o c o n v e r t i n  was 

noted i n  Y2. The t o u r n i q u e t  t e s t  was p o s i t i v e  i n  many de terminat ions  

made on t h e  Yugoslav p a t i e n t s ,  e s p e c i a l l y  p a t i e n t s  Y4, Y5, and Y6. O f  

t h e  f i v e  Oak Ridge p a t i e n t s  i n  I n j u r y  Group 1 1 ,  f o u r  had e l e v a t e d  

l e v e l s  o f  A c - g l o b u l i n ;  a l l  had d i s t i n c t l y  e l e v a t e d  l e v e l s  o f  a n t i -  

i n  a t  t h e  peak o f  t h e i r  thrombocytopenia.  These 

t h e  plasma c l o t t i n g  f a c t o r s  a r e  b e l i e v e d  t o  be r e -  

n p a r t ,  t o  t h e  thrombocytopenia. 

hemoph i l i c  g lobu 

a b n o r m a l i t i e s  o f  

l a t e d ,  a t  l e a s t  

1.3.2.3 B iochemis t ry .  The b lood e l e c t r o l y t e s  were measured i n  

p r a c t i c a l l y  a l l  of  t h e  p a t i e n t s .  Scores, t a b u l a t e d  i n  Appendix Tab le  

A - X I I ,  f a i l e d  t o  r e v e a l  any s i g n i f i c a n t  a b n o r m a l i t i e s ,  o t h e r  than those 

assoc ia ted  w i t h  pro longed v o m i t i n g  o r  d i a r r h e a .  N i t r o g e n  r e t e n t i o n  was 

noted i n  a l l  p a t i e n t s  e x h i b i t i n g  o l i g u r i a .  Calcium and phosphorus 

metabol ism appeared t o  be una l te red ,  except  i n  the  case o f  LA3, i n  

which t h e r e  was a decrease i n  b l o o d  calc ium, as would be expected i n  a 

p a t i e n t  w i t h  severe n i t r o g e n  r e t e n t i o n .  

T o t a l  p r o t e i n  measurements and e l e c t r o p h o r e t i c  f r a c t i o n a t i o n  

were c a r r i e d  o u t  on  p r a c t i c a l l y  a l l  Group-11, 1 1 1 ,  and I V  p a t i e n t s .  

The r e s u l t s  o f  these de terminat ions  were ex t remely  v a r i a b l e  and incon- 

s i s t e n t .  There was evidence o f  h y p e r b i l i r u b i n e m i a  i n  p a t i e n t s  lA3, 

LA1, and Y1, e i t h e r  t e r m i n a l l y  o r  a t  p o s t  mortem. A number o f  o t h e r  

b iochemica l  procedures were c a r r i e d  o u t ,  none o f  which revealed any 

s i g n i f i c a n t  a b n o r m a l i t i e s .  

U r i n a r y  o u t p u t  was recorded f o r  a l l  p a t i e n t s  except  R 1  and R2, 
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as i nd i ca ted  i n  Appendix Table A - X I I I .  I n  a l l  cases i n  Groups 1 1 1 ,  I V ,  

and V ,  except L41, a decrease t o  o l i g u r i c  l e v e l s  was noted du r ing  the 

c r i t i c a l  pe r iod  o f  the man i fes t  i l l n e s s  stage. There were no s i g n i f i -  

cant e f f e c t s  i n  e i t h e r  t o t a l  n i t rogen,  amino n i t rogen,  o r  u r i c  a c i d  

exc re t i on  i n  the  Group I I  Oak Ridge p a t i e n t s .  

Q u a n t i t a t i v e  determinat ions o f  u r i n a r y  amino ac ids were made i n  

most of the  cases i n  a l l  groups. Al though normal values a r e  g iven i n  

Appendix Table A - X I V ,  no p r o f i l e  values a r e  presented due t o  pas t  

procedura l  v a r i a t i o n s .  Increased e x c r e t i o n  o f  a v a r i e t y  o f  these was 

noted as e a r l y  as 12 hours p o s t i r r a d i a t i o n ,  b u t  t he re  was no apparent 

q u a n t i t a t i v e  r e l a t i o n  t o  r a d i a t i o n  dose (see Appendix Table A-XV). A 

newly d i scovered u r i nary ami no ac i  d, beta-ami no i  sobutyr  i c ac i  d (BA I BA) 

was excreted i n  increased amounts by the Oak Ridge p a t i e n t s  i n  Group 

II. 

and returned t o  normal by Day 10. As shown i n  Appendix Table X V I ,  the 

magnitude o f  the increase i n  e x c r e t i o n  o f  BAIBA i n  these cases appears 

t o  be r e l a t e d  t o  dose. 

Excre t ion  was maximum dur ing  the  f i r s t  few days a f t e r  exposure 

S i g n i f i c a n t  increases i n  b i l e  pigment exc re t i on  was noted i n  LA3, 

LA4, and occas iona l l y  i n  some o f  the Yugoslavs. There was presumptive 

evidence o f  an increase i n  LA1. The increase i n  coproporphyr in  ex- 

c r e t i o n  i n  LA4, Group I I ,  f i r s t  occurred and was a t  the h ighes t  l e v e l  

on Day 2. I t  recurred i n t e r m i t t e n t l y  through Day 13. An increase i n  

u r o b i l i n o g i n  was noted o n l y  on Day 6. 
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1.3.2.4 Miscel laneous Observations. B a c t e r i o l o g i c  procedures 

c a r r i e d  ou t  on a number o f  p a t i e n t s  i n  a l l  groups were not  p a r t i c u l a r l y  

h e l p f u l .  Occu l t  b lood was found i n  the s t o o l s  o f  seve ra l  p a t i e n t s  i n  

Groups I I  through V a t  the time o f  the o ther  hemorrhagic man i fes ta t ions .  

Seminal f l u i d  examinations made on the male Argonne pa t ien ts  

showed an aspermia by the ten th  month i n  A l ,  the p a t i e n t  rece iv ing  the 

h ighes t  dose. I n  a l l  o f  the s u r v i v i n g  male Yugoslav p a t i e n t s  there  

were marked q u a n t i t a t i v e  and morphologic changes i n  the sperm. A t  

autopsy on p a t i e n t  Y1 ,  a t o t a l  depopulat ion o f  the semini ferous tabules 

was found. S i m i l a r  f i n d i n g s  were noted i n  LA1 and LA3 a t  autopsy. 

lA4 had an aspermia a t  the seventh month which pe rs i s ted  f o r  17 months. 

T e s t i c u l a r  b iops ies  i n  t h i s  p a t i e n t  revealed marked at rophy a t  t h e  

ten th  month. Biopsy 50 months p o s t i  r r a d i a t i o n  again revealed at rophy 

b u t  there  was evidence o f  p a r t i a l  regenerat ion.  

S l i t  lamp examinations o f  the  o p t i c  lens were made i n  most o f  the 

non- fa ta l  cases. Only one, LA4, has developed lens o p a c i t i e s  t o  date.  

The f i r s t  was noted i n  the l e f t  eye a t  32 months postexposure and by 

58 months an i n c i p i e n t  ca ta rac t  i n  the lens o f  h i s  r i g h t  eye had de- 

veloped. Trans ien t  changes occurred i n  the Yugoslav pa t ien ts .  

1.3.3 C l i n i c a l  Management 

The methods o f  therapy u t i l i z e d  i n  the c l i n i c a l  management o f  the  

r a d i a t i o n  acc ident  cases w i l l  be considered i n  t h i s  sec t i on  together  

w i t h  the  r e s u l t s  obtained. A tremendous v a r i e t y  o f  therapeut ic  

ma te r ia l s  have been employed. Only genera l  c lasses o f  agents, 



summarized i n  Tab le  V 

I t  w i l l  be noted 
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I I , w i  11 b e  d iscussed 

t h a t  o n l y  i n  cases wh ch f a l l  i n t o  I n j u r y  Groups 

I I  through V was a c t i v e  therapy necessary.  I n  genera l ,  the  c l i n i c a  

approach has been s u p p o r t i v e  w i t h  s p e c i f i c  t reatment  b e i n g  reserved 

f o r  symptomatic i n d i c a t i o n s .  However, a c t i v e  p r o p h y l a c t i c  t reatmen 

was c a r r i e d  o u t  i n  t h e  two Russian cases. C e r t a i n  o t h e r  cases a l s o  

rece ived p r o p h y l a c t i c  a n t i b i o t i c s .  

A n t i o b i o t i c s  were t h e  most w i d e l y  used form o f  therapy i n  these 

cases. i n d i c a t i o n s  ranged f rom o v e r t  p r o p h y l a x i s  i n  t h e  t w o  Russian 

cases t o  a g r a n u l o c y t o s i s  i n  Ml, and t o  v a r i o u s  i n d i c a t i o n s  of p o s s i b l e  

i n f e c t i o n  such as temperature e l e v a t i o n  and the  l i k e  i n  t h e  remain ing 

cases so t r e a t e d .  Agents employed covered t h e  gamut o f  a n t i b i o t i c  

forms o f  therapy, t h e  cho ice  depending p i m a r i l y  on t h e  d a t e  o f  

occurrence o f  the  a c c i d e n t  and t h e  a n t i b  o t i c  i n  vogue a t  t h a t  t ime.  

I t  i s  d i f f i c u l t  t o  e v a l u a t e  t h e  b e n e f i t s  of  t h i s  form o f  therapy.  

When used as s p e c i f i c  t rea tment  f o r  an obvious i n f e c t i o n ,  t h e  u s u a l  

b e n e f i t  was noted. A s  a l e s s  s p e c i f i c  t rea tment  f o r  l e s s  obv ious 

symptomatology, i t s  v a l u e  cannot b e  measured. There were no unusual  

s i d e  e f f e c t s .  

Whole b l o o d  t r a n s f u s i o n s  comprised t h e  n e x t  most popu lar  fo rm o f  

t reatment .  These a l s o  were used bo th  p r o p h y l a c t i c a l l y  and thera-  

p e u t i c a l l y .  The s i x  Yugoslav cases each rece ived 150 cc o f  whole 

b l o o d  on t h e  t h i r d  day a f t e r  exposure i n  o r d e r  t o  o f f s e t  t h e  l a t r o -  

gen ic  b lood l o s s  which preceded t h e  t r a n s f u s i o n .  The Russian p a t i e n t s  

bo th  rece ived t r a n s f u s i o n s  o f  200 cc o f  whole b lood once every t h r e e  
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Table  V I  I I 

Summary o f  Therapeut ics  Employed i n  R a d i a t i o n  Acc ident  Cases 

~ ~~~ 

Group I I Group I 1 1  Group I V  Group V 
Therapy 

LA4 R1 R2 OR1 OR2 OR3 OR4 OR5 Y 6  LA1 Y2 Y3 Y 4  Y5  LA^ y 1  LA11 

Seda t i on  

Ana lges  i cs 

A n t i  emet i cs 

Ant i  spasmod i cs 

P a r e n t e r a l  f l u i d s  

Whole B lood 

P l a m a  

P l a t e l e t s  

Bone marrow 

A n t i  b i o t  i cs 

Vascocons t r i c to rs  

V i  tamins 

Hemat in ics  

M i  s c e l  laneous 

X 

X 

X 

X 

x x x  
X 

x x x x  

x x  
x x  
x x  

~ ~~~ 

X X 

X X X X 

x x x  
X 

X X X 

x x x x x x  x x  
X X 

x x  X 

x x x x  X 

x x x x x x  x x  

x x x x x x  X 

X X 

X 

X 

X - Therapy used one o r  more times 

cn w 
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t o  f i v e  days from the f i r s t  day on. The o the r  cases received t rans-  

fusions as t h e i r  c l i n i c a l  s i t u a t i o n s  warranted. Plasma t rans fus ions  

were used i n  the var ious Los Alamos cases t o  combat p r o t e i n  dep le t i on  

from l o c a l  burn  i n j u r y .  Also,  i n  the most recent  Los Alamos case, LA11, 

plasma was used as a b lood volume expander i n  an e f f o r t  t o  combat 

c l i n i c a l  shock. P l a t e l e t  t rans fus ions  were employed i n  Y1, Y2, and 

Y3 du r ing  a phase of  c l i n i c a l  b leeding.  

o f  therapy was ev iden t  bo th  c l i n i c a l l y  and by l abo ra to ry  t e s t s .  

Some b e n e f i t  from t h i s  form 

Bone marrow t ransp lan ta t i on ,  a r e l a t i v e l y  new form o f  therapy, was 

u t i l i z e d  t o  t r e a t  a l l  the  Yugoslav cases except Y6.  

the  l a s t  mentioned case was n o t  s u f f i c i e n t l y  i n j u r e d  t o  j u s t i f y  the 

u t i l i z a t i o n  o f  t h i s  novel  form o f  therapy. The most severe ly  i n j u r e d  

p a t i e n t ,  Y1,  was f i r s t  g iven a t rans fus ion  o f  embryonic myelo id  c e l l s  

on the 14th day a f t e r  exposure. No c l i n i c a l  o r  hematological  changes 

were observed i n  the days t h a t  fo l lowed.  About two weeks l a t e r  he  and 

the o the r  f o u r  p a t i e n t s  received a d u l t  bone marrow t rans fus ions .  The 

marrow was obta ined by m u l t i p l e  a s p i r a t i o n s  f rom i n d i v i d u a l  homologous 

donors who were matched i n  sex and i n  major and most minor b lood sub- 

groups . 

I t  was f e l t  t h a t  

I n  the  case of Y 1 ,  a rap id  improvement i n  the granu locy te  and 

p l a t e l e t  counts appeared w i t h i n  f o u r  days. Unfor tunate ly ,  however, 

d e t e r i o r a t i o n  of the  c l i n i c a l  p i c t u r e  continued, w i t h  i n t e s t i n a l  

o b s t r u c t i o n  and rena l  f a i l u r e  ensuing. Fo l low ing  hemodialysis,  the 

p a t i e n t  d ied  o f  a major hemorrhage i n  the r e s p i r a t o r y  t r a c t .  The 

o ther  f o u r  cases showed prompt hemato log ica l  and c l i n i c a l  improvement 
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a f t e r  t h e  bone marrow t r a n s f u s i o n  was g iven.  Fever,  weakness, anorex ia,  

and we igh t  l o s s  ceased. S i g n i f i c a n t  e l e v a t i o n s  o f  g ranu locy te ,  p l a t e -  

l e t ,  r e t i c u l o c y t e ,  and, l a t e r  on, o f  e r y t h r o c y t e  counts was observed. 

A l l  o f  these phenomena occur red  a t  an e a r l i e r  t ime than they d i d  i n  

t h e  one p a t i e n t  who d i d  n o t  r e c e i v e  the  marrow t r a n s f u s i o n  because he 

was deemed l e s s  s e r i o u s l y  i n j u r e d  than the o thers .  There was some 

ev idence (based on Ashby techniques o f  e r y t h r o c y t e  a g g l u t i n a t i o n  

count ing)  t h a t  the improvement was accompanied by an i n c r e a s i n g  number 

o f  c e l l s  o f  t h e  donor t y p e  i n  t h e  r e c i p i e n t s .  The r i s e  and subsequent 

f a l l  i n  t h e  inc idence o f  donor c e l l s  i n  these p a t i e n t s  occupied a 

p e r i o d  o f  about one month. The r a t e  and t ime o f  appearance of these 

donor e r y t h r o c y t e s  i n  the  hos ts  suggests t h a t  t h e r e  may have been 

a c t u a l  b l o o d  p r o d u c t i o n  by the  t r a n s p l a n t e d  donor t i s s u e  f o r  a s h o r t  

p e r i o d  o f  t ime. There was no c l i n i c a l  evidence of any form o f  f o r e i g n  

t i s s u e  r e a c t i o n ,  so c a l l e d  "secondary disease", l5 i n  these p a t i e n t s  

a t  t h e  t ime when t h e  donor c e l l s  were d isappear ing  f rom the c i r c u -  

l a t i o n .  

Ant  

expos ure 

emet ics were used i n  the  e a r l y  

n t h e  Oak Ridge cases. There 

prodromal s tage a f t e r  

s no c o n c l u s i v e  evidence o f  

t h e i r  e f f i c a c y .  Var ious o t h e r  s u p p o r t i v e  measures such as sedat ion ,  

analges ia,  ant ispasmodics,  v i t a m i n s ,  hemat in ics ,  and p a r e n t e r a l  f l u i d s  

were employed i n  v a r i o u s  ins tances .  

1.4 C o r r e l a t i o n  o f  C l i n i c a l  I n j u r y  w i t h  R a d i a t i o n  Dose 

Having reviewed t h e  c l i n i c a l  and l a b o r a t o r y  f i n d i n g s  o f  the 
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a c c i d e n t a l  rad i a t  

would be o f  g r e a t  

on i n j u r y  cases i n  t h e  f o r e g o  

i n t e r e s t  t o  determine how we1 

ng s e c t i o n ,  1.3, i t  

t h e  evidences o f  

c l i n i c a l  i n j u r y  c o r r e l a t e  w i t h  the  p h y s i c a l  dos imet ry  da ta  i n  these 

cases. Unfor tunate ly ,  the  v a r i e t y  of c l i n i c a l  observa t ions  o f  s igns  

and symptoms and the  absence of any s tandard ized methods o f  c o l l e c t i n g  

and r e p o r t i n g  these r e s u l t s  p rec lude any t e s t i n g  o f  t h e i r  c o r r e l a t i o n  

w i t h  t h e  dos imet ry  da ta .  However, some ev idence has been presented i n  

the  fo rego ing  s e c t i o n  t o  i n d i c a t e  t h a t  hemato log ica l  l a b o r a t o r y  

f i n d i n g s  do c o r r e l a t e  w e l l  w i t h  t h e  genera l  c l a s s i f i c a t i o n  o f  p a t i e n t s  

i n  terms o f  t h e  o v e r a l l  e x t e n t  o f  c l i n i c a l  s i g n s  and symptoms. The 

hemato log ica l  f i n d i n g s ,  t h e r e f o r e ,  have been t e s t e d  f o r  t h e i r  re -  

l a t i o n s h i p  t o  t h e  b e s t  es t imates  o f  p h y s i c a l  dose i n  each case. Some 

aspects o f  t h i s  a n a l y s i s  w i  11 b e  presented h e r e i n .  

The cumula t ive  b l o o d  count  i n j u r y  score  f o r  120 days f o l l o w i n g  

r a d i a t i o n  exposure was s e l e c t e d  as an a p p r o p r i a t e  index f o r  t h i s  

a n a l y s i s .  T h i s  was used because i t  was f e l t  t h a t  a l l  o r  a lmost  a l l  

o f  t h e  m a n i f e s t a t i o n s  o f  hemato log ica l  damage had occur red  and t h a t  

recovery was q u i t e  complete a t  the  end o f  120 days i n  most o f  t h e  

cases s t u d i e d .  One unavoidable r e s u l t  o f  t h i s  s e l e c t i o n  was t h a t  

the  f o u r  cases, LA11, Y1, LA3, and LA1, who d i e d  b e f o r e  120 days were 

n o t  inc luded i n  t h e  a n a l y s i s .  I n  F ig .  12 t h e  t o t a l  cumula t ive  b l o o d  

count p r o f i l e  scores through the 120 days a r e  p l o t t e d  a g a i n s t  t h e  

b e s t  e s t i m a t e  o f  dose f o r  each case. F i g u r e s  13 through 17 d e p i c t  a 

s i m i l a r  p l o t t i n g  of  the  w h i t e  count, t h e  lymphocyte count,  the  

neut roph i  1 count,  the  e r y t h r o c y t e  count,  and the  p l a t e l e t  count,  
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respec t ive ly ,  as a f u n c t i o n  o f  dose. 

On inspec t ion  of these f igures ,  c e r t a i n  r e l a t i o n s h i p s  a re  noted. 

I n  F ig .  12 the p l o t t i n g  of t o t a l  score aga ins t  dose ind ica tes  tha t  

12 o f  the  25 cases which have a dose of less than 150 rads accumulated 

a score o f  t en  o r  lower. The i n d i v i d u a l  score bears no apparent re- 

l a t i o n s h i p  t o  dose a t  t h i s  l o w  l e v e l  o f  exposure. The 13 cases i n  

which the exposure was t o  more than 150 rads appear t o  demonstrate a 

d e f i n i t e  r e l a t i o n s h i p  between dose and cumulat ive score. A s i m i l a r  

phenomenon appears i n  F i g .  13 which dep ic t s  the w h i t e  count alone. 

The same p a t t e r n  i s  d iscernable,  though no t  as c l e a r l y ,  i n  F ig .  14, 

the lymphocyte graph. I n  F igs.  15 and 16 which present  n e u t r o p h i l  and 

e ry th rocy te  l e v e l  r e l a t i o n s h i p s  respec t i ve l y ,  t h i s  p a t t e r n  may s t i  11 

be seen, a l though now the  break-point  above which an e f f e c t  i s  ev ident  

occurs a t  a h igher  dose. This i s  about 260 rads f o r  the neu t roph i l s  

and about 320 rads f o r  the ery throcytes.  The increase i n  score w i t h  

increased dose i s  n o t  as s t r i k i n g  i n  these l a s t  two instances. 

The p l a t e l e t  data, presented i n  F ig .  17, appear t o  s h w  a some- 

what d i f f e r e n t  r e l a t i o n s h i p .  There i s  v i r t u a l l y  no score a t  a l l  f o r  

the cases under 150 rads. Whi l e  the cases above t h a t  dose l e v e l  do 

show a d e f i n i t e  score accumulation, there  i s  no perceptable r e l a t i o n -  

s h i p  between increas ing  dose and the e l e v a t i o n  o f  t h e  p l a t e l e t  score. 

A1 though the poss i b i 1 i t y  o f  a threshold phenomenon seems con- 

ce ivable,  p re l im ina ry  mathematical ana lys i s  o f  the data suggests t h a t  

the response curve i s  bes t  descr ibed by a quadra t ic  f u n c t i o n  o f  the 

dose. This  i n  t u r n  might  be taken t o  imply the p o s s i b i l i t y  o f  a two-h i t  
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mechanism f o r  p r o d u c t i o n  o f  t h e  hemato log ic  derangements demonstrated 

by t h e  da ta .  

Caut ion  must be observed about drawing such a c o n c l u s i o n  i n  view 

o f  t h e  complex s e r i e s  o f  b i o l o g i c a l  a l t e r a t i o n s  o f  i n j u r y  and recovery 

s e p a r a t i n g  t h e  i n i t i a l  exposure f rom t h e  cumula t ive  q u a n t i t a t i o n  o f  

hemato log ic  derangement over  a 120-day p e r i o d .  Never the less,  a n a l y s i s  

of the  30-day cumula t ive  i n j u r y  scores produces a s i m i l a r  r e s u l t .  

Also,  a recent  s tudy  by P .  R. J. Burch g i v e s  a s i m i l a r  dose-response 

p a t t e r n  f o r  r a d i a t i o n - r e l a t e d  leukemia. F u r t h e r  a n a l y s i s  o f  these 

da ta  i s  i n  progress and w i l l  be repor ted  s e p a r a t e l y .  

22 

1.5 Summary 

C e r t a i n  genera l  conc lus ions  r e s u l t i n g  f rom t h e  f o r e g o i n g  rev iew 

of  p rev ious  a c c i d e n t  med ica l  data may b e  summarized a t  t h i s  p o i n t .  

I t  has been p o s s i b l e  t o  c l a s s i f y  i n d i v i d u a l  r a d i a t i o n  over-exposure 

a c c i d e n t  p a t i e n t s  i n  accordance w i t h  t h e i r  o v e r a l l  c l i n i c a l  course 

and eventua l  outcome. These c l a s s i f i c a t i o n s  have been c a l l e d  r a d i a t i o n  

i n j u r y  groups. 

s igns  and symptoms has been shown t o  be r e l a t e d  c l o s e l y  t o  t h e  

r a d i a t i o n  i n j u r y  group c l a s s i f i c a t i o n  determined by cons i d e r a t i o n  o f  

t h e  e n t i  r e  course. Var ious l a b o r a t o r y  f i n d i n g s ,  p a r t i c u l a r l y  i n  t h e  

area o f  hematology, a l s o  have been shown t o  be r e l a t e d  t o  t h e  group 

c l a s s i f i c a t i o n s .  A r a t h e r  s p e c i f i c  range o f  doses has been shown t o  

be assoc ia ted  w i t h  each of  the  var ious  c l i n i c a l  i n j u r y  group c l a s s i -  

f i c a t i o n s  as w e l l .  

The e a r l y  presence or absence o f  a few key c l i n i c a l  

The second s e c t i o n  o f  t h i s  r e p o r t  w i l l  u t i l i z e  t h e  
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re la t i onsh ips  der ived  from the fo rego ing  ana lys i s  t o  recommend c l i n i -  

c a l  procedures which w i l l  a i d  i n  the management o f  f u t u r e  exposure 

cases and i n  the accumulation o f  f u r t h e r  data which w i l l  augment our  

knowledge o f  the e f f e c t s  o f  human r a d i a t i o n  overexposure. 
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2.  RECOMMENDED MEDICAL PROCEDURES 

2.1 I n t r o d u c t i o n  

The s e  e c t i o n  and t i m e  o f  performance o f  a p p r o p r i a t e  d i a g n o s t i c  

and c l i n i c a  procedures w i l l  be s t r o n g l y  i n f l u e n c e d  by t h r e e  k i n d s  o f  

knowledge. The f i r s t  i s  the  c l i n i c a l  acumen and judgment which would 

be brought  t o  bear  on t h e  med ica l  management o f  any p a t i e n t .  The second 

i s  an awareness o f  t h e  u n d e r l y i n g  pathophysio logy o f  t h e  acu te  r a d i a t i o n  

syndrome i n  man. The t h i r d  i s  a genera l  idea o f  the  magnitude and type 

of r a d i a t i o n  t o  which t h e  p a t i e n t  has been exposed. D i s c u s s i o n  o f  t h e  

f i r s t  o f  these i s  beyond t h e  scope o f  t h i  s paper.  The n e x t  two have 

a l r e a d y  been discussed, b u t  t h e i r  a p p l i c a t i o n  i n  t h e  i n d i v i d u a l  case 

war ran ts  some f u r t h e r  c o n s i d e r a t i o n .  

I n  a g i v e n  acc ident ,  the  exposure dose would seem t o  b e  the  

l o g i c a l  p i e c e  o f  i n f o r m a t i o n  which upon c l i n i c a l  management can b e  

planned. As has a l r e a d y  been i n d i c a t e d ,  however, i t  i s  n o t  n e c e s s a r i l y  

h e l p f u l  i n  t h e  i n d i v i d u a l  case f o r  two reasons: F i r s t ,  t h e  dose, i f  i t  

can be determined, i s  n o t  u s u a l l y  a v a i l a b l e  as soon as needed. Second. 

no one i n d i v i d u a l  w i l l  n e c e s s a r i l y  respond exac t  as do o t h e r s  i n  a 

g i v e n  dose category.  Therefore,  the  h i g h e s t  p r i o r i t y  i s  g i v e n  t o  

d i a g n o s t i c  recommendations i n  the  e a r l y  postexposure p e r i o d  which w i  11 

accumulate s u f f i c i e n t  i n f o r m a t i o n  t o  e s t a b l i s h  t h e  response " p r o f i l e "  

of  the  i n d i v i d u a l  under s tudy i n  comparison w i t h  the  responses o f  

o t h e r s  who were s t u d i e d  i n  a s i m i l a r  manner. When t h i s  i n f o r m a t i o n  i s  

a v a i l a b l e ,  a reasonably a c c u r a t e  prognosis  can b e  made and p l a n n i n g  o f  

c l i n i c a l  management can proceed even i n  t h e  absence o f  dos imet ry  
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i n f o r m a t i o n .  I t  i s  h i g h l y  d e s i r a b l e ,  o f  course, t o  o b t a i n  p h y s i c a l  

dos imetry  da ta  as soon as p o s s i b l e  t o  supplement t h e  c l i n i c a l  e s t i m a t e  

o f  i n j u r y .  

Subsequent t e s t s  w i l l  be recommended t o  serve  f o u r  purposes: 

1) t o  v a l i d a t e  t h e  o r i g i n a l  d i a g n o s t i c  and p r o g n o s t i c  conc lus ions about 

t h e  p a t i e n t ;  2) t o  d e t e c t  p rompt ly  t h e  development o f  c l i n i c a l  compl i -  

c a t i o n s  i n  the  p a t i e n t ’ s  course; 3) t o  p r o v i d e  a d d i t i o n a l  da ta  f o r  

improved p r o f i l e  s c o r i n g  i n  f u t u r e  cases; and 4) t o  supply  more i n f o r -  

mat ion  about r a d i a t i o n  pathophysio logy.  

2.2 D i a g n o s t i c  Procedures 

Given one o r  s e v e r a l  i n d i v i d u a l s  who have a c c i d e n t a l l y  received,  

i n  a l l  p r o b a b i l i t y ,  a s i g n i f i c a n t  acu te  i n j u r i o u s  r a d i a t i c n  over-  

exposure o f  neut ron  and/or gamma-ray type, how should t h e  a t t e n d i n g  

p h y s i c i a n  proceed? I t  i s  d i s t u r b i n g l y  obvious t h a t  i n  o u r  p resent  

s t a t e  o f  knowledge o f  human r a d i a t i o n  i n j u r y  t h e r e  r e a l l y  i s  no pro-  

cedure which migh t  n o t  be p r o d u c t i v e  of some new i n f o r m a t i o n  o f  

immediate o r  eventua l  a p p l i c a b i l i t y .  However, i t  i s  a l s o  obvious t h a t  

d i a g n o s t i c  t e s t s  must i n c l u d e  those t h a t  a r e  most e s s e n t i a l  and none 

t h a t  a r e  d e t r i m e n t a l  t o  t h e  i n d i v i d u a l s  invo lved.  The r e s u l t a n t  l i m i -  

t a t i o n  i n  number and frequency makes a w e l l - i n f o r m e d  s e l e c t i o n  a l l  the  

more impor tan t .  

I n  the  course of t h i s  a n a l y s i s  o f  c r i t i c a l i t y  acc idents ,  c e r t a i n  

d i a g n o s t i c  h i n t s  have emerged which may a i d  i n  d e a l i n g  w i t h  s i m i l a r  

s i t u a t i o n s  i n  t h e  f u t u r e .  F u r t h e r  exper ience may a l t e r  these 
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recommendations complete ly ,  b u t  a t  t h i s  t i m e  t h e  procedures l i s t e d  i n  

Table I X  seem t o  be the  most l i k e l y  t o  f a c i l i t a t e  p r e l i m i n a r y  c l i n i c a l  

e v a l u a t i o n  and subsequent management. 

The d i a g n o s t i c  t e s t s  have been o u t l i n e d  i n  t a b u l a r  fo rm f o r  

convenience o f  the  reader .  Frequency and d u r a t i o n  of  t e s t  performances 

a r e  g iven.  

made f o r  each o f  t h e  f i v e  c l i n i c a l  i n j u r y  groups. I n  l i n e  w i t h  t h e  

o b j e c t i v e s  o f  these d i a g n o s t i c  recommendations, t e s t  procedures have 

been c a t e g o r i z e d  as Type A ,  B, o r  C .  Type A procedures a r e  o f  p a r t i -  

c u l a r  a p p l i c a b i l i t y  i n  t h e  e a r l y  d i a g n o s t i c  and p r o g n o s t i c  a p p r a i s a l  

o f  c l i n i c a l  r a d i a t i o n  i n j u r y .  Type B procedures a r e  o f  more h e l p  i n  

c o n f i r m i n g  t h e  e a r l i e r  e s t i m a t i o n s  o f  i n j u r y  and i n  r e c o g n i z i n g  and 

managing t h e  development o f  c o m p l i c a t i o n s .  Type C procedures a r e  o f  

p o s s i b l e  b u t  n o t  y e t  v e r i f i e d  v a l u e  f o r  f u t u r e  use i n  e i t h e r  o f  t h e  

two prev ious  c a t e g o r i e s .  I n  o r d e r  to  determine t h e i r  s u i t a b i l i t y ,  

they should b e  u t i l i z e d  when f e a s i b l e .  

Suggest ions based on the  a n a l y s i s  o f  p rev ious  s t u d i e s  a r e  

Al though t h e  rad ioassay t e s t s ,  such as d e t e r m i n a t i o n  o f  Na a c t i -  

v a t i o n  i n  u r i n e ,  b lood,  and whole body f o l l o w i n g  neut ron  exposure, 

a r e  dos imet ry  t e s t s  performed by t h e  H e a l t h  P h y s i c i s t  r a t h e r  than 

c l i n i c a l  l a b o r a t o r y  procedures, they a r e  mentioned i n  Tab le  I X  s i n c e  

t h e i r  performance r e q u i r e s  the  coopera t ion  and judgment o f  t h e  

p h y s i c i a n .  I f  a t  a l l  p o s s i b l e ,  the  accomplishment o f  these p ocedures 

should be encouraged s i n c e  knowledge o f  t h e  p h y s i c a l  exposure dose i s  

a most v a l u a b l e  supplement t o  t h e  c l i n i c a l  i n j u r y  es t imate .  

a l l o w  f o r  e a r l y  i d e n t i f i c a t i o n  o f  the  hyperresponsive p a t i e n t  and 

t may 

. 
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TABLE IX. RECOMMENDED DIAGNOSTIC PROCEDURES FOR C L I N I C A L  MANAGEMENT OF RADIATION INJURY 

I V  v 
Time (d) 1 2 3 STT STT 18-48 STT 4-48 STT 4 1 

- -  l-ll-lll-lv I II Ill 

Type A Procedures 

History 
Symptoms) onset 
Signs ) duration 
Pas t  Medical 

Physical  Examination 
General 

Body weight 
Urinary output 

Laboratory Tests 

Hematocrit 
Leucocyte s 
Dif ferent ia l  Count 
Calculation of Total  

Neut. and Lymph 
Platelets 
Bone Marrow Aspiration 

Hematology 

Radioassay 
Blood NaZ4 
Whole Body Counting 

Type B Procedures 
Laboratory Tests 

Hematology 
Sedimentation Rate 
Reticulocytes 

Times 
Bleeding) 
Clot t ing ) 

Biochemistry 
Blood 

N PN 
Sodium 
Chloride 
Potassium 
pH or CO, 

Urine 

Stool 
Routine ono l ys is  

Occult blood 

Optha lmology 
S l i t  lamp 

Type C Procedures 

Serum bi l i rubin 
Ur ine BAIBA 

Biochemistry 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

d 30 

X 

X 

6 mo+ 

-30 d 

X 

X 

X 

X 

X 

X 

X 

X 

X 

14d 

X 

X 

X 

X 

X 

D 
D 

d 21 
D 
D 

D 
D 
D 
D 

D 
14d 

D 
D 

STT 

D 

D 

STT 
D 

X 

X 

3 mo' 
X 

X 

X 

X 

X 

X 

mo6 

X 

X 

X 

6 mo+ 

D 
D 

d 15-30 
D 
D 

STT 
D 
D 
D 

STT 
14d 

D 
STT 

S T T  

prn 
prn 

prn 
Prn 

Prn 

D 

d 12' 

STT 
D 

X 

X 

6 mo' 
X 

X 

X 

X 

X 

X 

mo 6 

X 

X 

-75 d 

X 

6 mo' 

-30 d 

D 
D 

d 6  
D 
D 

D 
D 
D 
D 

D 
7 d  

D 
D 

3 d  

STT 

Prn 
Prn 

prn 

prn 

D 

D 

D 
D 

D 
D 

D 
D 
6 h r  

6 h r  
6 h r  
6 h r  
6 h r  

6 h r  
d l  

6 h r  
6 h r  

6 h r  

6 h r  
d l  
d l  
d l  
d l  

6 hr 

A l l  

6 hr  
D 

RECOMMENDED FREQUENCY OF TIME OF PERFORMANCE 
STT = Standard Test ing Times: 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36, 40, 44, 48, 60, 90, 105, 120 days; 6 months, 1 year, and 

annually. 
x = at times indicated in column heading. 
d = day(s). 
D = dai ly during time indicated in  column heading. 

nD = frequency in days. 
-Dn = up to and including day a t  times indicated in column heading. 
Dn* = on and after day a t  times indicated in  column heading. 
Dn = speci f ic  day recommended. 

prn = a s  indicated by c l in ica l  course. 
n = a l l  time after d3y specified. 
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make c l i n i c a l  management e a s i e r  thereby.  D e t a i l s  o f  t h e  dos imet ry  

techniques a r e  g i v e n  i n  t h e  companion s e c t i o n  o f  t h i s  r e p o r t ,  

ORNL-2748, P a r t  A .  16 

Whi le  t h i s  p rocedura l  o u t l i n e  i s  p a r t i t i o n e d ,  somewhat a r b i -  

t r a r i l y ,  f o r  t h e  sake o f  c l a r i t y  of p r e s e n t a t i o n ,  i t  should be c l e a r l y  

understood t h a t  each i n d i v i d u a l  case must be viewed and s t u d i e d  i n  

i t s  own r i g h t  as the  p a r t i c u l a r  symptomatology and course r e q u i r e .  I t  

should a l s o  be recognized t h a t  i t  i s  beyond t h e  purpose o f  t h e  o u t -  

l i n e  t o  i n c l u d e  s p e c i f i c  recommendations f o r  f u t u r e  s c i e n t i f i c  l i n e s  

o f  i n v e s t i g a t i o n  o f  t h e  acu te  r a d i a t i o n  syndrome. Such r a d i o b i o l o g i c a l  

s t u d i e s ,  w h i l e  assured ly  d e s i r a b l e ,  must emanate f rom t h e  i n t e r e s t  and 

a v a i l a b i l i t y  o f  a p p r o p r i a t e  research personnel  i n  each p a r t i c u l a r  

i n s t a n c e .  F o r  the  purposes which have s t i m u l a t e d  the p r e p a r a t i o n  o f  

t h i s  r e p o r t  i t  should s u f f i c e  t o  p o i n t  o u t  t h a t  t h e  accumula t ion  o f  

good b a s i c  c l i n i c a l  and l a b o r a t o r y  da ta  i n  a c o n s i s t e n t  and l o g i c a l  

form i n  any f u t u r e  a c c i d e n t s  w i l l  be a d i s t i n c t  c o n t r  b u t i o n  t o  

r a d i o b i o l o g i c a l  knowledge as w e l l  as a means o f  f a c i l  t a t i n g  c l i n i c a l  

pa t i en t ma nag emen t . 

2.2.1 P r e l i m i n a r y  E v a l u a t i o n  o f  R a d i a t i o n  I n j u r y  

An a t tempt  has been made, u t i l i z i n g  t h e  e a r l y  c l i n i c a l  da ta  

recorded i n  p a s t  acc idents ,  t o  i d e n t i f y  those f i n d i n g s  which have t h e  

g r e a t e s t  e a r l y  p r o g n o s t i c  v a l u e  i n  i n d i c a t i n g  the  c o r r e c t  i n j u r y  

group assignment and, thus,  the  subsequent c l i n i c a l  course. On t h i s  

b a s i s  a p r o c e d u r a l  o u t l i n e  has been drawn up which should a i d  i n  

. 
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p l a n n i n g  f o r  subsequent p a t i e n t  care. I t  i s  b r i e f l y  summarized i n  

F i g .  18. 

formance of two f a m i l i a r  d i a g n o s t i c  procedures c a l l e d  f o r  i n  Table 

I X -  cont inuous, d e t a i l e d ,  c l i n i c a l  observa t ions  i n c l u d i n g  a complete 

h i s t o r y  o f  the  immediate episode as w e l l  as o f  p rev ious  and pre-  

e x i s t i n g  a b n o r m a l i t i e s  i n  h e a l t h .  A complete p h y s i c a l  examinat ion i s  

i n d i c a t e d  b o t h  t o  f i n d  any a b n o r m a l i t i e s  p resent  and t o  serve as a 

b a s e - l i n e  o b s e r v a t i o n  f o r  subsequent changes. I tems o f  p a r t i c u l a r  

i n t e r e s t  a r e  t h e  exact  t i m e  of onset  and d u r a t i o n  o f  symptoms and 

s i g n s  l i s t e d  i n  Table I V .  C e n t r a l  nervous system and g a s t r o i n t e s t i n a l  

f i n d i n g s  a r e  o f  g r e a t e s t  importance i n  t h e  p r e l i m i n a r y  e v a l u a t i o n  

process.  

This  e v a l u a t i o n  p l a n  r e s t s  on the  e a r l y  and accura te  per -  

The b l o o d  counts should i n c l u d e  e r y t h r o c y t e  count,  o r  hemoglobin 

l e v e l ,  o r  h e m a t o c r i t ;  leukocy te  count;  d i f f e r e n t i a l  count;  c a l c u l a t e d  

t o t a l  lymphocytes and neut roph i  I s ;  and p l a t e l e t  count.  They should b e  

performed a t  l e a s t  once d a i l y  f o r  the f i r s t  t h r e e  days. To e v a l u a t e  

t h e  r e s u l t s ,  the b lood count  p r o f i l e  s c o r i n g  method i s  recommended. 

2.2.2 D i a g n o s t i c  Use o f  t h e  P r o f i l e  Scor ing  Method 

To demonstrate t h e  use o f  t h e  s c o r i n g  method, t h e  hemato log ica l  

f i n d i n g s  o f  H y p o t h e t i c a l  Case 3 a r e  presented i n  Table X .  The leuko- 

c y t e  count on Day 1 i s  13,000, g i v i n g  a t e s t  score  o f  1. On Day 2, 

a count o f  12,100 i s  found. Whi le  t h i s  t e s t  score  a g a i n  i s  1, the 

cumulat ive leukocy te  score i s  now 2. These s teps a r e  c a r r i e d  o u t  f o r  

a l l  components o f  t h e  b lood count.  
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Table X 

Blood Counts and P r o f i l e  Scoring-Hypothetical Case 3 

Hernatocr i t Leucocy t e s  Neutrophils Lymphocytes P l a t e l e t s  To ta l  
Day Score 

x 1000 - T C  
V O ~ . $  Score Count Score Count Score Count Score Count Score 

T C  T C  T C  T C  T C  

1 48 0 0  13,000 1 1 13,000 1 1 800 1 1  320 0 0 3 3  
2 47 0 0  12,100 1 2 11,200 1 2 290 4 5  330 0 0 6 9  
3 47 0 0  5,300 0 2 5,000 0 2 100 4 9  350 0 0 4 13 
4 47 3,900 3,700 150 
5 2,900 2,550 280 
6 48 0 0  1,400 3 5 1,160 2 4 260 4 13 300 0 0 9 22 
7 1,550 1,300 200 

10 2,000 1,800 100 
11 2,050 1,950 90 
12 47 0 0  2,100 2 10 2,000 0 5 90 4 21 60 2 4 8 4 0  
13 2,050 1,800 300 
14 1,950 1,500 400 
15 47 0 0  1,950 3 13 1,250 2 7 650 3 24 50 2 6 10 50 
16 2,050 1,280 760 
17 2,150 1,300 8 20 
18 47 0 0  2,250 2 15 1,350 2 9 880 1 25 40 3 9 8 58 
19 2,250 1,300 900 30 
20 2,150 1,200 920 20 
21 45 0 0  2,100 2 17 1,150 2 11 950 1 26 10 4 13 9 67 
22 1,750 1,000 750 20 
23 1,300 700 600 30 
24 44 0 0  900 4 21 550 3 14 300 3 29 50 4 17 14 81 
25 850 500 250 30 
26 800 550 200 20 
27 39 1 1  750 4 25 600 3 17 100 4 33 10 4 21 16 97 
28 31 600 500 8 4  10 
29 32 2 3  500 4 29 400 4 21 75 4 37 10 4 25 18 115 

8 1 , 600 1,350 180 
9 48 0 0  1,700 3 8 1,500 1 5 150 4 17 90 2 2 10 32 

T = tes t  sco re ;  C = cumulative sco re  



t h i s  

c l i n  

d i s t  

men t 

The t e s t  and cumula t ive  scores o f  i n d i v i d u a l  counts and t o t a l  

b l o o d  counts a r e  then compared w i t h  those presented as group mean 

scores and t h e i r  ranges i n  Appendix Tab le  A-X.  The t o t a l  cumula t ive  

scores o f  H y p o t h e t i c a l  Case 3 f o r  Days 1, 2, and 3 a r e  3, 9,  and 13. 

S ince  t h e  mean scores o f  Group I l l  a r e  1.6, 7.6, and 14.0, w h i l e  those 

o f  Group I I  a r e  1.4, 2.4, and 3.3, i t  appears t h a t  H y p o t h e t i c a l  Case 

3 i s  most l i k e l y  t o  p r e s e n t  a r a t h e r  severe v e r s i o n  o f  t h e  c l i n i c a l  

course o f  Group 1 1 1 .  R e f e r r i n g  t o  F i g .  18, one a l s o  can narrow down 

t o  t h a t  o f  Groups I l l  o r  I V .  F u r t h e r  

a r e  needed t o  make a more d e f i n i t e  

and I V .  The amount o f  p l a t e l e t  derange- 

b e  determined by l o o k i n g  a t  t h e  

Tab le  A-X. 

t h a t  when more f requent  counts a r e  per -  

formed than the  recommendations c a l l  f o r ,  t h e  most abnormal one ir! t h e  

p a r t i c u l a r  t ime p e r i o d  i s  used f o r  s c o r i n g .  

p a t i e n t ' s  i n j u r y  p a t t e r n  

c a l  and b l o o d  count  da ta  

n c t i o n  between Groups I I  

mentioned i n  F i g .  18 can 

a p p r o p r i a t e  space i n  Appendix 

I t  should be p o i n t e d  o u t  

2.2.3 

When t h e  p r e l i m i n a r y  r a d i a t i o n  i n j u r y  group assignment o f  a g i v e n  

p a t i e n t  has been made, f u r t h e r  d i a g n o s t i c  t e s t s  a r e  designed t o  v e r i f y  

the  assignment, t o  i d e n t i f y  compl ica t ions ,  and t o  a i d  i n  t h e i r  manage- 

ment. Only  a few Type B t e s t s  have been mentioned i n  Tab le  X .  These 

a r e  n o t  in tended t o  exc lude o t h e r s ,  b u t  a r e  mere ly  t h e  ones which 

seemed t h e  most u s e f u l  i n  p a s t  cases and t h e  ones f o r  which e a r l y  

b a s e - l i n e  va lues m i g h t  be d e s i r e d .  

Subsequent D i agnos t i c Procedures . 
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The few Type C procedures i n  Table X were used i n  some o f  t h e  

cases and seemed t o  be r e l a t e d  t o  the  e x t e n t  o f  i n j u r y .  I n s u f f i c i e n t  

f requency o f  a p p l i c a t i o n  p r o h i b i t s  any d e f i n i t e  o p i n i o n  about  t h e i r  

va lue  as y e t .  

a p p l i c a b l e  t o  t h i s  type  o f  c l i n i c a l  problem. 

O f  course, many o t h e r  procedures may a l s o  prove t o  be 

2.3 C l i n i c a l  Management 

As i n  t h e  case o f  d i a g n o s t i c  procedures, a c o n s i d e r a t i o n  o f  the 

cho ice  and r e s u l t s  o f  p a s t  methods o f  therapy he lps  t o  shape the  

present  recommendations. The types o f  agents employed i n  t h e  acc idents  

repor ted  h e r e i n  a r e  l i s t e d  i n  Table X .  I t  w i l l  be seen t h a t  o n l y  i n  

cases which f a l l  i n t o  Group I I  o r  a h i g h e r  one has s p e c i f i c  t reatment  

appeared necessary. I n  genera l ,  s i n c e  t h e  means f o r  r e v e r s i n g  the  

b a s i c  c e l l u l a r  mechanisms which u n d e r l i e  r a d i a t i o n  e f f e c t  a r e  n o t  y e t  

a t  hand, the  c l i n i c a l  approach has been, and should be c o n s e r v a t i v e  

and suppor t i ve ,  w i t h  s p e c i f i c  therapy b e i n g  reserved f o r  symptomatic 

i nd i c a t  ions .  

As has a l r e a d y  been i n d i c a t e d ,  i t  i s  d e s i r a b l e  f o r  a l l  cases w i t h  

a p r o b a b i l i t y  o f  s i g n i f i c a n t  acu te  i n j u r i o u s  r a d i a t i o n  overexposure t o  

be h o s p i t a l i z e d  f o r  c l o s e  o b s e r v a t i o n .  The accomplishment o f  t h e  pre-  

l i m i n a r y  e s t i m a t i o n  o f  c l i n i c a l  r a d i a t i o n  i n j u r y  as descr ibed i n  t h e  

preceding s e c t i o n  on d i a g n o s t i c  procedures should i n d i c a t e  w i t h i n  72 

hours those cases f a l l i n g  i n t o  Group I I  o r  above. These should be 

cont inued as h o s p i t a l i z e d  p a t i e n t s .  The o t h e r s  can b e  reassured o f  

t h e i r  benign prognosis  and re leased f rom i n p a t i e n t  c a r e  when 

asymptomatic. 

. 
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2.3.1 Recommendations f o r  I n j u r y  Groups: 

Group 1 .  These pa t i en ts  can be fo l lowed as ou tpa t i en ts ,  us ing  

the p rev ious l y  suggested tes ts .  There i s  no s p e c i f i c  medical  con t ra -  

i n d i c a t i o n  t o  a r e t u r n  t o  work as soon as dosimetry,  c l i n i c a l  symptoms 

and f i n d i n g s ,  and labora tory  data have es tab l i shed the low l e v e l  o f  

overexposure. Considerat ions o f  p u b l i c  op in ion,  medicolegal  sequelae 

and the l i k e  doubt less have played a r o l e  i n  the more conserva t ive  . 
p r e s c r i p t i o n  o f  a r e s t  per iod  o f  vary ing  length  which has been u t i l i z e d  

i n  severa l  cases w i t h i n  Group 1 .  I t  i s  d e f i n i t e l y  recommended t h a t  

subsequent work should be i n  a capac i ty  i n  which f u r t h e r  r a d i a t i o n  

overexposure i s  u n l i k e l y .  

Group I I .  Pa t ien ts  i n  t h i s  group w i l l  e x h i b i t  t r a n s i e n t  nausea 

and vomi t ing  which w i l l  probably not  requ i re  more than the adminis- 

t r a t i o n  o f  an t i emet i c  agents, i f  that .  There i s  no d e f i n i t e  the rapeu t i c  

procedure f o r  r a d i a t i o n  e p i l a t i o n  o ther  than reassurance concerning 

i t s  probable impermanence. 

Compl icat ions of  the  e x i s t i n g  bone marrow damage such as anemia, 

i n f e c t i o n  and evidences o f  b leed ing  have been m i l d  when present  a t  a l l  

i n  Group I I .  I t  i s ,  there fore ,  considered adv isab le  t o  adopt a con- 

s e r v a t i v e  a t t i t u d e  o f  wa tch fu l  wa i t i ng ,  w i t h  the means f o r  v igorous 

and d e f i n i t i v e  t reatment a v a i l a b l e  i f  and when needed. Thus, b lood 

and perhaps plasma t ransfus ions,  a n t i b i o t i c s  and the l i k e  should be 

ready i n  reserve. An at tempt  t o  reduce the  l i k e l i h o o d  o f  i n f e c t i o n s  

by emphasis on personal  hygiene and the use o f  aspec t i c  i s o l a t i o n  

methods may w e l l  be warranted. 
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. 

The mechanism of  the observed weakness and f a t i g u e  o f  these 

p a t i e n t s  i s  no t  c l e a r  and the re fo re  no s p e c i f i c  therapy can be recom- 

mended a t  t h i s  time. Rest i s  i nd i ca ted  u n t i l  symptoms and major 

labora tory  abnormal i t ies  subside. Fu ture  occupat ional  r a d i a t i o n  ex- 

posure should be avoided. 

Group 1 1 1 .  I t  i s  the therapeut ic  management o f  p a t i e n t s  i n  Group 

1 1 1  t h a t  presents the  most cha l leng ing  oppor tun i t -y  t o  a l t e r  an o ther -  

wise unfavorable prognosis.  

the major compl icat ions o f  ser ious bone marrow damage, some gas t ro -  

i n t e s t i n a l  i n j u r y ,  and secondary rena l  and card iovascular  problems. 

Prompt bed res t ,  b land d i e t ,  good nurs ing care and a r e a l i s t i c  

I n  t h i s  group one can expect t o  dea l  w i t h  

app ra i sa l  o f  the medical  s i t u a t i o n  a re  i nd i ca ted  as soon as symptoma- 

to logy  hematological  "p ro f i le " ,  and dosimetry make c l a s s i f i c a t i o n  i n  

Group 1 1 1  apparent. 

Ant iemet ics a r e  i nd i ca ted  f o r  severe and prolonged nauses and 

vomi t ing  i n  the i n i t i a l  phase o r  l a t e r .  Intravenous feeding may be 

necessary as w e l l ,  t o  ma in ta in  f l u i d  and c a l o r i c  balance i n  t h e  e a r l y  

stage o r  i n  the l a t e r  phase when g a s t r o i n t e s t i n a l  symptoms may recur.  

The maintenance o f  acid-base and e l e c t r o l y t e  balance should be 

attempted a lso,  w i t h  f requent  serum pH, acid-base, and e l e c t r o l y t e  

s tud ies  as a guide. 

When inc reas ing l y  severe depression o f  bone marrow f u n c t i o n  

ensues toward the second and t h i r d  weeks a f t e r  exposure, c e r t a i n  pre-  

caut ions a r e  ind ica ted .  To reduce in fec t i ons ,  an e f f o r t  t o  minimize 

b a c t e r i a l  exposure should be attempted u t i l i z i n g  i s o l a t i o n  and asep t i c  
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techniques i n  a l l  contacts  w i t h  the pa t i en ts .  Al though p r o p h y l a c t i c  

a n t i b i o t i c s  have been employed i n  many instances, r e a l  proof  o f  t h e i r  

value f o r  t h i s  purpose i s  not  too c lea r -cu t .  There a r e  i n d i c a t i o n s  

t h a t  such use has b lun ted  t h e i r  e f fec t i veness  i n  subsequent i n f e c t i o n s  

du r ing  the  course. B a c t e r i o c i d a l  a n t i b i o t i c s  i n  pa ren te ra l  form 

should be reserved f o r  therapeut ic  use i n  h igh  dosage when i n f e c t i o n s  

of o v e r t  o r  even o c c u l t  na ture  occur.  

symptoms, by fever ,  o r  s imply  by a sharp r i s e  i n  a p rev ious l y  low 

sedimentat ion ra te ,  desp i te  the absence o f  any r e s u l t a n t  leucocy tos is .  

B a c t e r i a l  s e n s i t i v i t y  s tud ies  should be performed i f  poss ib le ,  and 

t h e i r  r e s u l t s  used as a therapeut ic  guide. 

These may be suggested by 

Hemorrhagic phenomena a re  d i f f i c u l t  t o  t r e a t  by any convent ional  

means. P l a t e l e t  t rans fus ions  have been t r i e d  w i t h  no c l e a r  and 

l a s t i n g  b e n e f i t  r e s u l t i n g .  This  may be due t o  the  f a c t  t h a t  the 

p l a t e l e t s  were no t  g iven  prompt ly a f t e r  c o l l e c t i o n .  Anemia, which de- 

velops i n s i d i o u s l y ,  w i l l  respond t o  convent ional  t rans fus ion  therapy. 

This  should be used o n l y  when a c l i n i c a l l y  s i g n i f i c a n t  f a l l  i n  red c e l l  

volume has developed. 

A new form o f  therapy may be u t i l i z e d  t o  t r e a t  severe pancytopenia 

accompanied by d i s t i n c t  c l i n i c a l  sequelae, such as u n c o n t r o l l a b l e  

i n f e c t i o n  o r  b leeding,  w i t h  a c l e a r l y  grave prognosis.  Th is  i s  t h e  

performance o f  bone marrow t rans fus ion  us ing c e l l s  from a homologous 

donor, matching i n  sex, and i n  major, and most minor blood subgroups. 

The t ime f o r  successful  performance o f  t h i s  procedure had p rev ious l y  

been considered t o  be l i m i t e d  t o  a few days a f t e r  r a d i a t i o n  exposure. 

. 



79 

Now, t h e  recent ,  a p p a r e n t l y  h e l p f u l  use o f  such a procedure i n  the 

Yugoslav a c c i d e n t  p a t i e n t s  about a month a f t e r  exposure suggests 

t h a t  the d e c i s i o n  concern ing i t s  use can a w a i t  t h e  u n f o l d i n g  o f  t h e  

c l i n i c a l  course. T h i s  d e l a y  removes t h e  n e c e s s i t y  t o  base such a c t i o n  

on t h e  p r e l i m i n a r y  p h y s i c a l  dos imetry  and e a r l y ,  f ragmentary da ta  con- 

c e r n i n g  the  e x t e n t  o f  r a d i a t i o n  i n j u r y .  

12 

Very l i t t l e  i s  known as y e t  about t h e  u t i l i t y  o r  even d e s i r a b i l i t y  

o f  bone marrow t r a n s f u s i o n  i n  man. I n  t h e  t r e a t e d  Yugoslav p a t i e n t s ,  

J prompt r i s e  t o  a peak occur red  i n  the  l e v e l  o f  g ranu locy tes ,  p l a t e l e t s  

and r e t i c u l o c y t e s  b e f o r e  such improvement was found i n  a lower dose 

p a t i e n t  recover ing  spontaneously.  Also,  t h e  p a t t e r n  o f  p l a t e l e t  

response was somewhat d i f f e r e n t .  Furthermore, red c e l l  a g g l u t i n a t i o n  

t e s t s  i n d i c a t e d  a phase o f  inc rease i n  t h e  number o f  donor c e l l s  over  

a t i m e  p e r i o d  i n  which t rans fused c e l l s  should have been decreasing. 

However, i t  must be noted t h a t  the hemato log ica l  improvement occur red  

a t  a t i m e  when recovery o c c u r r i n g  spontaneously would have become 

e v i d e n t .  Thus, i t  cannot be s t a t e d  w i t h  c e r t a i n t y  t h a t  a t r u e  " take" 

o f  t h e  marrow t r a n s p l a n t  developed. Ins tead t h e  donor marrow may have 

served as a t e m p o r a r i l y  f u n c t i o n i n g  b r i d g e  over  t h e  h i a t u s  i n  the 

p a t i e n t s '  b lood f o r m a t i o n  process.  What the  o v e r a l l  va lue  o f  the  

re-  

u n t  i 1 

t r a n s p l a n t  procedure w i l l  be cannot y e t  be s ta ted .  I t  should be 

served as a desperate measure agai n s t  overwhelmi ng c l  i n i  c a l  odds 

more da ta  become a v a i l a b l e .  

I n  the  more s e r i o u s l y  a f f e c t e d  p a t i e n t s  i n  Group I I I, occu 

o f  r a t h e r  severe g a s t r o i n t e s t i n a l  symptomatology, i n c l u d i n g  p a r t  

rence 

a1 



80 

i n t e s t i n a l  o b s t r u c t i o n ,  may take  p lace.  A b l a n d  d i e t  i n  t h e  a c u t e  

i l l n e s s  phase may be h e l p f u l  i n  m i n i m i z i n g  such d i f f i c u l t i e s .  

Group I V .  The p a t i e n t s  i n  t h i s  range e x h i b i t e d  a course s i m i l a r  

t o  t h a t  o f  the  more s e v e r e l y  i n j u r e d  G r o u p - I l l  p a t i e n t s  b u t  te lescoped 

i n t o  a s h o r t e r  t ime per iod ,  and w i t h  a f a t a l  outcome. G a s t r o i n t e s -  

t i n a l  d i f f i c u l t i e s  r e q u i r e  t h e  major  s u p p o r t i v e  t h e r a p e u t i c  e f f o r t  

b e f o r e  hemato log ica l  d is tu rbances  reach f u l l  f r u i t i o n .  V igorous 

t reatment  i n c l u d i n g  t u b a l  g a s t r o i n t e s t i n a l  decompression, f l u i d  

replacement w i t h  c o r r e c t i o n  o f  e l e c t r o l y t e  and c a l o r i c  d e f i c i t s ,  t h e  

use o f  a n t i e m e t i c s ,  a n t i h y p o t e n s i v e  agents,  a n t i b i o t i c s ,  and bone 

marrow t r a n s f u s i o n  a r e  advocated i n  t h i s  s i t u a t i o n .  

Secondary c a r d i o v a s c u l a r  and r e n a l  f a i  l u r e  may f u r t h e r  compl ica te  

t h i s  grave c l i n i c a l  s t a t e .  Response t o  hemodia lys is  i n  one such 

ins tance was poor.  D e t a i l e d  b i o l o g i c a l  da ta  c o l l e c t i o n  i s  p a r t i c u l a r l y  

i n d i c a t e d  i n  these d i f f i c u l t  cases i f  present  day t h e r a p e u t i c  inadequacy 

i s  t o  be a l t e r e d  i n  t h e  f u t u r e .  

Group V .  The one case i n  t h i s  group showed t h e  ev idence o f  t h e  

exper imenta 1 l y  a n t i  c i  pated c e n t r a l  nervous system i n j  u r y  assoc ia ted  

w i t h  very  h i g h  r a d i a t i o n  dose. P a l l i a t i o n  o f  the  accompanying hypo- 

t e n s i o n  and g a s t r o i n t e s t i n a l  symptoms was c a r r i e d  o u t .  No s p e c i f i c  

recommendations a r e  y e t  a v a i l a b l e  f o r  t h i s  s i  t u a t i o n ,  o t h e r  than 

s u p p o r t i v e  therapy .  

L a t e  Sequelae: The o n l y  l a t e  sequelae o f  r a d i a t i o n  overexposure 

i n  t h e  a c c i d e n t  cases repor ted  h e r e i n  has been the  development o f  

l e n t i c u l a r  c a t a r a c t s .  There i s  no known p r o p h y l a x i s  a g a i n s t  t h i s  
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occurrence, b u t  i f  the usual  spontaneous regress ion o f  the r a d i a t i o n  

ca ta rac t  i s  inadequate, the  ord inary  s u r g i c a l  procedure f o r  i t s  removal 

is s a t i s f a c t o r y .  

No other  long term e f f e c t s  can be a n t i c i p a t e d  i n  any g iven case 

al though the  general  s t a t i s t i c a l  probabi l i  t y  o f  leukemogenesis o r  

genet ic  muta t ion  may be s l i g h t l y  enhanced. 

repor ted i n  any o f  these cases. 

There a r e  no such f i n d i n g s  

2.4 Conclusion 

The genera l  medical  f i n d i n g s  i n  the r a d i a t i o n  acc ident  p a t i e n t s  

reviewed i n  t h i s  repo r t  a r e  n o t  novel .  They correspond w i t h  those re-  

por ted i n  a number o f  o ther  s i t u a t i o n s  i n  which humans have been ex- 

posed t o  s i g n i f i c a n t  whole-body r a d i a t i o n  overexposure. However, 

these p a r t i c u l a r  f i n d i n g s  stem from the types o f  acc idents  which a r e  

o f  spec ia l  i n t e r e s t  t o  an inc reas ing  number o f  phys ic ians now coming 

i n t o  contact  w i t h  the  fas t -g rowing  f i e l d  o f  nuc lear  technology. Fo r  

t h i s  reason, conclusions drawn from t h i s  se r ies  may be e s p e c i a l l y  

use fu l  . 
I t  i s  ra the r  reassur ing t o  f i n d  tha t ,  desp i te  the d i s t u r b i n g  

phys i ca l  complexi t y  of nuclear  c r i t i c a l i t y  acc idents ,  t he  key procedures 

f o r  c l i n i c a l  eva lua t i on  of r e s u l t a n t  i n j u r y  a r e  such f a m i l i a r  ones as a 

de ta i  led  medical  h i s t o r y ,  thorough phys i ca l  examinations, and accurate 

b lood counts. The a d d i t i o n a l  support  provided by improvements i n  

r a d i a t i o n  dosimetry and modern c l i n i c a l  l abo ra to ry  procedures i s ,  o f  

course, very h e l p f u l  as w e l l .  
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I n  the  therapy o f  such p a t i e n t s  a lso ,  good medical  management, 

f i r m l y  based on an understanding o f  the  pathophysiology o f  t he  acute 

r a d i a t i o n  syndrome, does no t  r e a l l y  d i f f e r  from the t reatment  o f  l ess  

modern maladies. The development o f  bone marrow t rans fus ion  as a 

poss ib le  s p e c i f i c  form o f  t reatment f o r  t h i s  syndrome does prov ide ,  

however, a somewhat spec ia l i zed  therapeut ic  procedure. 

Concerning the  r e l a t i v e  value o f  phys i ca l  dose measurements and 

b i o l o g i c a l  s igns o f  i n j u r y  as a ids  i n  the  care of  human r a d i a t i o n  over-  

exposure, t he  na ture  o f  the  exposure i nc iden t  i s  most impor tant .  What 

i s  s u i t e d  t o  the t r  age o f  v i c t i m s  o f  a nuc lear  war fa re  catast rophe i s  

not necessar i l y  app o p r i a t e  f o r  the i n d u s t r i a l  acc ident  v i c t i m .  The 

u t i l i z a t i o n  o f  prec se c l i n i c a l  observat ions and f requent  l abo ra to ry  

t e s t s  as advocated here in ,  w i t h  c a l c u l a t i o n  o f  the i n j u r y  p r o f  i l e  score, 

may n o t  be f e a s i b l e  under o the r  circumstances. However, i t  i s  con- 

s idered to  be o f  p a r t i c u l a r  value, e s p e c i a l l y  when supplemented w i t h  

good mixed r a d i a t i o n  dosimetry,  i n  medica l  management of the acc idents  

o f  nuc lear  technology. 

I n  summary, t o  disseminate c u r r e n t  concepts about the  d iagnos is  

and management o f  a r a r e  b u t  i nc reas ing l y  f requent  c l i n i c a l  e n t i t y ,  the 

acute r a d i a t i o n  syndrome, a l l  p e r t i n e n t  c r i t i c a l i t y  acc iden t  cases have 

been reviewed. Circumstances; dosimetry;  c l i n i c a l  s igns,  symptoms, 

and course; l abo ra to ry  f ind ings ;  and therapy a r e  considered. On the  

bas is  of  these data, recommendations f o r  d iagnosis  and t reatment  a r e  

made t o  a i d  i n  c l i n i c a l  management, t o  f a c i l i t a t e  the development of 

improved d i a g n o s t i c  procedures, and t o  increase the  fund o f  b iomedica l  

data from which stems our understanding o f  human r a d i a t i o n  i n j u r y .  
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3. OUTLINE AND SYNOPSIS OF ORNL-2748, PART A 

. 

3.1  O u t l i n e  o f  ORNL-2748, P a r t  A 

R a d i a t i o n  Acc idents :  D o s i m e t r i c  Aspects of Neutron and Gamma-Ray 
Exposures 

G .  S .  H u r s t  and R .  H .  R i t c h i e ,  E d i t o r s  

1. REVIEW OF PREVIOUS ACCIDENT DOSIMETRY DATA 

1.1 I n t r o d u c t i o n  

1.2 Los Alamos Acc ident  LASL-I 

1.3 Los Alamos Acc ident  LASL-II 

1.4 Argonne Cases 

1.5 U.S.S.R.  Cases 

1.6 Oak Ridge Cases 

1.7 Yugoslav ia  Cases 

1.8 Los Alamos Acc ident  LASL- I l l  

2. RECOMMENDED DOSIMETRY SYSTEM 

2.1 General  D e s c r i p t i o n  o f  t h e  Dosimetry System 

2.2 Threshold D e t e c t o r  Techniques 

2.3 Blood Sodium Techniques 

2.4 Gamma Dosimetry w i t h  Chemical Techniques 

2.5 Glass Dosimetry 

2.6 

2.7 Assignment of I n d i v i d u a l  Exposure Doses 

F i l m  Badge f o r  C r i t i c a l i t y  Acc ident  A p p l i c a t i o n s  

. 
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3.2 Synopsis o f  ORNL-2748, P a r t  A 

As t h e  o u t l i n e  i n d i c a t e s ,  ORNL-2748, P a r t  A,  d e a l s  w i t h  two main 

t o p i c s :  (1) a sys temat ic  rev iew o f  the  dos imet ry  o f  p r e v i o u s  nuc lear  

a c c i d e n t s  i n  which persons have been exposed t o  a p p r e c i a b l e  amounts 

of i o n i z i n g  r a d i a t i o n ,  and (2)  a recommended system o f  dos imet ry  w h i c h ,  

when implemented, w i l l  lead t o  much more r e l i a b l e  and f a s t e r  es t imates  

o f  i n d i v i d u a l  exposure doses. 

The f i r s t  c o l l i s i o n  t i s s u e  dose (neutrons and gamma rays 

s e p a r a t e l y  i n  rad u n i t s )  has been es t imated f o r  i n d i v i d u a l s  exposed t o  

i o n i z i n g  r a d i a t i o n s  i n  the f o l l o w i n g  major  i n c i d e n t s :  Los Alamos (1945) ,  

Los Alamos (1946),  Argonne (1952), U . S . S . R .  ( b e f o r e  J u l y  1956), Oak 

Ridge Y-12 P l a n t  (1958),  Yugoslav ia  (1958),  and Los Alamos (1958).  

Wherever p o s s i b l e ,  i n d i v i d u a l  neut ron  exposures were normal ized on t h e  

b a s i s  o f  t h e  r a t i o  Na 

t o g e t h e r  w i t h  knowledge o f  the  i n c i d e n t  neut ron  spectrum p r o v i d e s  a 

bas s f o r  t h e  d e t e r m i n a t i o n  o f  t h e  f i r s t  c o l l i s i o n  neutron dose f o r  an 

i n d  v i d u a l .  The f i r s t  c o l l i s i o n  gamma dose was then es t imated under 

the  assumption t h a t  a gamma t o  neut ron  r a t i o  may be u n i q u e l y  ass igned 

t o  a g i v e n  s e t  o f  exposure c o n d i t i o n s .  

The system of dos imetry  recommended i n  P a r t  A ,  when implemented, 

24 /Na23 i n  the i n d i v i d u a l ' s  b lood.  The r a t i o  

should e l i m i n a t e  the need f o r  many of t h e  assumptions which a r e  

n e c e s s a r i l y  in t roduced when the  system i s  n o t  used. F o r  example, t h e  

neut ron  spectrum may be measured w i t h  a s e t  o f  t h r e s h o l d  d e t e c t o r s ,  

and t h e  r a t i o  of  gamma t o  neut ron  dose may be determined f rom t h e  

readings on chemical  dos imeters and g l a s s  rods combined w i t h  t h r e s h o l d  
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d e t e c t o r s .  A s  be fo re ,  t h e  assignment o f  i n d i v i d u a l  exposure doses i s  

based on the a n a l y s i s  o f  b l o o d  serum Na24. A g e n e r a l  d e s c r i p t i o n  o f  

t h e  proposed system i s  fo l l owed  by a d e t a i l e d  d e s c r i p t i o n  o f  a l l  t he  

techniques needed t o  implement t h e  system. 

. 
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APPEND I X  



Table A-1 

Summary o f  Laboratory Procedures Performed on P a t i e n t s  - Hematology 

. I 

Group I 
Procedure 

P t .  LA2 LA6 LA7 LA8 LA9 LA10 LA12 A1 A2 A3 A 4   OR^ OR7 OR8 

E r y t h r o c y t e  Count x x x x x x  x x x x  

Hema t o c r  i t X X 
Leucocyte Count x x x x x x x x x x x x x x  
D i f f e r e n t i  a1 

T o t a l  Neu t roph i l s  x x x x x x x x x x x x x x  
To t a  1 Lymphocytes x x x x x x x x x x x x x x  
T o t a l  Eos inoph i l s  x x x x x x  

T o t a l  Manocytes x x x x x x  
P l a t e l e t  Count x x x x x x x x x x x x x x  
Ret i cu 1 ucy t e  Count x x x x x x  x x x x x x x  
B i lobed Lymphocytes x x x x x x x  

R e f r a c t  I ve Bod i es (L) x x x x x x  x x x x  

Bone Marrow B iopsy  x x x x x  x x x x x x x  

Coagu la t ion  Time x x x x x  
P Prothrombin Time x x x x x  
S Prothrombin Time 
Thrombop las t in  Genera t ion  
Ac-Globul i n  
An t ihemoph i l i c  G l o b u l i n  
F ib r i nogen  
F i b r i n o l y s i n  
P a r t i a l  Thromboplast in Time 

Hemoglob i n x x x x x x x x x x x x x x  x x x  

x x x x x x x x x x x x x x  

T o t a l  Basoph i 1s 

x x x  Ac id  Phosphatase S t a i n  

Fe59 Uptake (P) 
x x x  H3 Thymidine 
x x x  Sed imenta t i o n  Rate X 

x x x  B . M .  M i t o t i c  Index 
B leed ing  Time 

X - Test  performed one or  more t imes. 

B lank  - Performance of  t e s t  n o t  repor ted .  

C 
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Table A - 1  (con t inued)  

Summary of Labora tory  Procedures Performed on P a t i e n t s  - Hematology 

Group I I  
Procedure 

P t .  LA4 R2 OR1 OR2 OR3 O R 4  OR5 Y 6  

E r y t h r o c y t e  Count X X 
Hemoglob i n X X X X X X X X 
Hema t o c r  i t X X X X X X X 
Leucocyte Count X X X X X X X 
D i f f e r e n t i  a 1 X X X X X X X X 

Tota 1 Neutroph i 1s X X X X X X X X 
Tota 1 Lymphocytes X X X X X X X X 
T o t a l  Eos inoph i ls  X X 

Tota 1 Monocytes X 

R e t i c u l u c y t e  Count X X X X X X X X 
B i lobed Lymphocytes X X X X X 
Ac id  Phosphatase S t a i n  X X X X X 
R e f r a c t  i ve Bod i es (L) X 

H3 Thymidine X X X X X 
Sedimentat ion Rate X X X X X X X 

B . M .  M i t o t i c  Index X X X X X 

Coagulat ion Time X X X X X X 
P Prothrombin Time X X X X X X 
S Prothrombin Time X X X X X 
Th romboplas t i n Generat ion X X X X X 
Ac-Globu l in  X X X X X 
An t i hemoph i l i c  G l o b u l i n  X X X X X 
F ib r i nogen  X X X X X 
F i b r i no lys  i n X X X X X 
P a r t i a l  Thromboplast in Time X X X X X 

T o t a l  Basoph i IS 

X X X X X X X X P l a t e l e t  Count 

Fe59 Uptake (P) 

X X X X X X X X Bone Marrow Biopsy 

B leed ing  Time 



Table A-1 (cont inued)  

Summary of Laboratory Procedures Performed on P a t i e n t s  - Hematology 

Procedure 
Group I l l  I V  V 

P t .  LA1 R1 Y2 y3 y 4  y5 LA3 Y 1 L#'i1 1 

E r y t h r o c y t e  Count 
Hemoglob i n  
Hema t o c r  i t 
Leucocyte Count 
D i f f e r e n  t i a1 

T o t a l  N e u t r o p h i l s  
T o t a l  Lymphocytes 
T o t a l  Eos inoph i l s  
T o t a l  Basoph i 1s 
Tota 1 Monocytes 

P l a t e  Count 
R e t i c u l u c y t e  Count 
B i lobed Lymphocytes 
Ac id  Phosphatase S t a i n  
Ref r a c t  i ve Bod i es (L) 
Fe59 Uptake (P)  
H3 Thymidine 
Sed i men t a  t i on Rate 
Bone Marrow B iopsy  
B . M .  M i t o t i c  index 
B leed ing  Time 
Coagu la t ion  Time 
P Prothrombin  Time 
S Pro thrombin  Time 
Thrombop las t in  Genera t ion  
Ac-Globu l in  
A n t i  hemoph i 1 i c G l o b u l  i n 
F i b r i n o g e n  
F i b r i no 1 ys i n 
P a r t  i a 1  Thrombop las t in  Time 

X X X X X X 
X X X X X X 

X X X X X X 
X X X X X X 
X X X X X X 
X X X X X X 
X 

X 
X X X X X X 
X X X X X X 

X 

X X 
X X X X X 

X X 
X X 

X X 
X X 
X X 
X X 

X 
X X 
X X 

X 

X X 

X 
X 

X 

X 
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Tab le  A - I  I 

Summary o f  Labora tory  Procedures Performed on P a t i e n t s  - B iochemis t ry -B lood 

Group 1 
Procedure 

X X X X X 
X X X X X 

X 
X 
X 

P t .  - LA2 LA6 LA7 LA8 LA9 LA10 LA12 A1 A2 A3 A 4   OR^ OR7 OR8 

Sod i um X X X X X X X X 
Potass i um X X X 
C h l o r i d e  X X X X X X X X 
c02 X X X 
Calc ium X X X 
Phosphor us X X X 
NPN X X X 
BUN 
U r i c  A c i d  
Creatan ine  

X X X 

Glucose X X X 
P r o t e i n - T o t a l  X X X 

A and G X X X 
E lec t rophores i s  X X X 

A lk .  Phosphatase X X X 
L a c t i c  Dehydrogenase X X X 
Transaminase ( G . 0  .T.)  X X X 
Transam i nase ( G  . P .T . ) X X X 
Cho 1 es t e r o  1 -Tota 1 X X X 

Es te rs  X X X 
I c t e r u s  Index 
BSP F 
Ceph.-Chol. F loc .  F F F 
Thymol T u r b i d i t y  F F F 
Benzoic Ac id  E x c r e t i o n  F F F 

Plasma a: Amino N 

- ~~ ~~ 

X - Tes t  performed one or  more t imes.  
B lank  - Performance of t e s t  n o t  repor ted .  

F - Test  performed o n l y  du r ing  fo l l ow-up  p e r i o d .  



Table A - l I  ( con t inued)  

a 

Summary of Labora tory  Procedures Performed o n  P a t i e n t s  - B iochemis t ry -B lood 

Sod i urn 
Potass i urn 
Ch l o r  i de 
c02 
Calc ium 
Phosphorus 
NPN 
BUN 
U r i c  A c i d  
Creatan i  ne 
Glucose 
P r o t e i  n - T o t a l  

A and G 
E l e c t r o p h o r e s i s  

Plasma a Amino N 
A l k a l i n e  Phosphatase 
L a c t i c  Dehydrogenase 
Transaminase (G.O.T.) 
Transami nase ( G  . P .T. ) 
C ho les  t e  r o l - T o  t a  1 

1 c t e r u s  I ndex 
BSP 
Ceph.-Chol.Floc. 
Thymol T u r b i d i t y  

E s t e r s  

X x x x x x x  x x x x x  x 
x x x x x x  x x x x  X 

x x x x x x x x  x x x x x x  x 
x x x x x  
x x x x x  X 
x x x x x x  x x x x  X 
x x x x x  x x  X X 

X X x x x x x  x 
X x x x x x  X X X 

x x x x x  
x x x x x x x x  
x x x x x x x x  

x x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  

X 
X 
X 

- L i v e r  f u n c t i o n  t e s t s  were performed, b u t  no s p e c i f i c  t e s t s  a r e  repor ted .  
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Table A - I  I I 

Summary o f  Laboratory Procedures Performed on Pa t ien ts  - Biochemist ry-Ur ine 

~- ~ 

P roced u re  
Group I 

P t .  LA2 LA6 LA7 LA8 LA9 LA10 LA12 A1 A2 A3 A 4   OR^ O R 7  O R 8  

Routine Ana lys is  
Measure 24 h r .  Vol. 
Tota 1 N i t rogen 
a Amino N i t rogen  
U r i c  Ac id  
Amino Acids 
B"4l BA 
Creat ine  
Crest  i n i  ne 
Potass i urn 
Ch l o r  i de 
Phosphorus 
Urob i l inogen 
Corprophorphyr i n 
C o r t i c o i d  F rac t i ons  
PS P 

x x x x x x x x x x x x x x  
x x x x x x  x x x x x x x  

x x x x x  x x x x x x x  
x x x  

x x x x x  
x x x x x  
x x x x x  

F F F F F F  

X - Test  performed one o r  more times. 
F - Test  performed on ly  dur ing  fo l low-up per iod .  
B lank - Performance o f  t e s t  n o t  repor ted.  



Table A - I  I I (cont inued)  

Summary o f  Laboratory Procedures Performed on Pat ien ts  - Biochemist ry-Ur ine 

Rout ine Ana l y s  i s  
Measure 24 h r .  Vol .  
T o t a l  NI t rogen 
Q: Amino N i t rogen  
U r i c  Acid 
Amino Acids 
5/41 BA 
Crea t i ne 
Crea t i n i ne 
Potass i um 
Ch lor ide  
Phosphorus 
Urob i 1 i nogen 
Corprophorphyri n 
Cor t i co i d F r a c t i o n  
PS P 

x x x x x x x  x x x x x x x x x  
x x x x x x x  x x x x x x x  
x x x x x x  x x x x  X 
x x x x x  
x x x x x  

X x x x x x x x  x x x x x x  
x x x x x  
x x x x x  
x x x x x  

X 

X 
X x x x x  X 
X x x x x  X 
x x  x x x x x x  X 

X X X 
X X X 
F 

. 



Tab le  A-IV 

* 

Summary o f  Labora to ry  Procedures Performed on P a t i e n t s  

M isce l l aneous  

~- 

Group I 

P t .  LA2 L A 6  LA7 L A 8  L A 9  LA10 LA12 A1 A2 A3 A4  OR^ OR7 OR8 
P roced u r e  

B lood C u l t u r e  
T h r o a t  C u l t u r e  
Serum B a c t e r i c i d a l  . A c t i v i t y  
S t o o l  Examina t ion  
S t o o l  O c c u l t  B lood  
Seminal  F l u i d  Examina t ion  
T e s t i c u l a r  B i o p s y  
S l i t  Lamp-Lenses 
Rad i o a s s a y - T o t a l  Body 

B lood  NaZ4 
Blood P32 
U r i n e  Na24 
U r i n e  ~ 3 2  

x x x  
x x x  

X 
x x  X 

X x x  X 

x x  X x x x x  

x x x x x x x  
x x x x x x  
x x x x x x  
x x x x x x  

x x x  

X - T e s t  performed one o r  more times. 
B l a n k  - Performance of  t e s t  n o t  r e p o r t e d .  



Table A - I V  (cont inued)  

Summary of Laboratory Procedures Pzrformed on Pa t ien ts  

M i sce 1 l a  neous 

Blood Cu l tu re  
Th roa t Cul t ure 
Serum B a c t e r i c i d a l  

A c t i v i t y  
S t o o l  Exam i n a t i o n  
S t o o l  Occu l t  Blood 
Seminal F l u i d  Exarni- 

T e s t i c u l a r  Biopsy 
S 1 i t Lamp-Lenses 
Radioassay-Total Body 

n a t i o n  

Blood Na24 
Blood P32 

24 Ur ine  Na 
Ur ine  ~ 3 2  

X 

X 
X 
X 

X 
X 
X 
X 

X 
x x x x x  

x x x x x  

x x x x x  x x  
X 

X 
X 

X 
X 

X x x x  X 

x x x x x  
x x x x x x x  x x x x x x x  

X X 
X X 
X X 

. e . 



T a b l e  A-V 

P r o f i l e  Values Ass igned f o r  Va r ious  Ranges o f  A b n o r m a l i t y  

Hema t o l o g y  - C o a g u l a t i o n  Tes ts  

T e s t  

.L.% 

I ncrease o r  Decrease>"-" 
.b (above o r  below) 

U n i t  Norma 1.'. 

1 2 3 4 

C o a g u l a t i o n  Time 
(Lee Whi te)  1 Tube m 
(Lee Whi t e )  3 Tubes m 

(Duke) m 
B l e e d i n g  Time 

C l o t  R e t r a c t  i on 

n 6 . 5  10 15 20 25 
n 12 20 25 30 35 

n 2.0 5 10 15 20 

(D i ggs) 
f T o u r n i q u e t  T e s t  

m i  n 45 

pe tech  i ae 
5 cm diam < 10 

90 120 150 180 

10 20 30 40 

Plasma Pro th romb in  
Time (Qu ick )  sec 12 14 18 25 40 

Q normal  ++ 100 65 30 16 10 

Serum Pro th romb in  
Cons ump t i on ( 2  s tage) % 100 90 70 50 30 

~ ~ - ~~ ~ ~~ 

.I_ 1- 

Only a u n i d i r e c t i o n a l  v a r i a t i o n  i s  p o s s i b l e  o r  s i g n i f i c a n t .  

Expressed as " u n i v e r s a l  mean" va lue.  (See Ref .  19 ) .  

P ressu re  m a i n t a i n e d  E min a t  m i d p o i n t  between s y s t o l i c  and d i a s t o l i c  p ressu res  o f  t h e  i n d i v i d u a l  

.!*.I* *,. -,. 

' 
" Based o n  a 12 sec normal .  



Table A-VI 
Profile Values Assigned for Various Ranges of Abnormality 

Biochemistry - Blood 

Increase (above) Decrease (below) 
Test Uni ts Norma 1 

1 2 3 4 1 2 3 4 

Sod i urn 
Chloride 

BUN 
NPN 
Uric Acid 

Calcium 

Bilirubin 
Total Protein 

Alburni n 

Globulin 

136 - 145 

100 - 108 

12 - 20 

20 - 40 

3.0 - 5.0 

9.5 - 11.0 
0.2 - 0.5 

5.9 - 8.0 

3.5 - 5.0 

1.5 - 3.2 

148 

110 
24 

45 

6.0 
11.5 
1. 
8.4  

5.4 

3.5 

152 

113 
40 

70 

7.0 
12.0 
2 

8 .8  

5.8 

3.8 

156 160 130 128 124 120 

116 120 95 90 85 80 

60 75 

85 100 

8 .0  9.0 

12.5 13.0 9.1 8 .7  8.3 7.9 

5 10 
9.2 9.6 5.5 5 .1  4.8 4.4 

2.4 2.0 6.2 6.6 3.2 2.8 

4.1 4 . 4  1.3 1.0 0.7 0.4 

c.l 
0 
0 
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Table A-VI I 

Profile Values Assigned for Various Ranges of Abnormality 

B iochemi s try-Ur i ne 

Test Uni ts Increase" (above) Norma 1 

1 2 3 4  

4.9 10 15 20 30 
30 - 100 140 180 230 300 PSI "3 day 7b 

Coproporphyrin 

Urobilinogen mg/day 0 - 2  4 5 6 7  

rlr 1. 

Decrease of no significance. 
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Table A - V I I I  

Individual Profile Scores 
Hematology-Peripheral Counts 

LA 1 - 

E RY WB C NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  
DAY 

1 
2 
3 
6 
9 
12 
15 
18 
21 
24 
27 
30 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

x x  

1 1  

1 2  
1 3  
2 5  
0 5  
0 5  
0 5  
0 5  
1 6  
4 10 
3 13 
x x  

2 2  
2 4  
2 6  

3 9  
1 10 
0 10 
1 11 
1 12 
1 13 

4 17 
3 20 
x x  

1 1  
3 4  
4 8  
3 11 
4 15 
4 19 
2 21 
1 22 
1 23 
3 26 
4 30 
x x  

0 0  

0 0  
0 0  

0 0  
2 2  
2 4  
2 6  
0 6  

2 8  
2 10 

2 12 
x x  

4 4  
6 10 
7 17 
8 25 
7 32 
6 38 
5 43 
2 45 
5 50 
13 63 
12 75 
x x  

E RY Erythrocytes (includes hemoglobin or hematocrit) 
WBC Total leucocyte count 
NEUT Absolute neutrophile count 
LYMPH Absolute lymphocyte count 
PLAT Platelet count 
TOTAL Summation of all components 
I 1 ntegral 
C Cumulative 



103 

Table A - V I  I I (cont inued) 

. 

I n d i v i d u a l  P r o f i l e  Scores 

Hema tology-Per i phera 1 Counts 

LA2 - 

ERY WB C NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  

1 

2 

3 

6 

9 
12 

15 

18 

21 

24 

27 

30 

33 

36 

40 

44 

48 

60 

75 

90 

105 

120 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

2 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  



104 

Tab le A-V I I I (con t i nued) 

Individual Profile Scores 
Hematology-Peripheral Counts 

LA 3 - 

E RY WBC NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  
DAY 

1 0 0  1 1  2 2  2 2  0 0  5 5  
2 0 0  1 2  2 4  4 6  0 0  7 12 
3 0 0  2 4  4 8  4 10 0 0  10 22 
6 0 0  4 8  4 12 4 14 2 2  14 36 

9 0 0  4 12 4 16 4 18 4 6  16 52 
12 x x  x x  x x  x x  x x  x x  

. 
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Table A-VIII (continued) 

I nd i v i  dual Prof i le Scores 

Hematology-Peripheral Counts 

LA4 - 

ERY WB C NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  
DAY 

1 
2 

3 

6 
9 
12 

15 
18 
21 
24 
27 
30 

33 

36 
40 
44 

48 
60 
75 
90 
105 

120 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  

0 1  
0 1  
0 1  
1 2  
0 2  
0 2  
0 2  
1 3  

1 4  
1 5  
1 6  

1 1  
0 1  

0 1  
0 1  
0 1  
0 1  
0 1  
0 1  
0 1  
0 1  
0 1  
0 1  

0 1  
0 1  
0 1  
0 1  
0 1  
0 1  
0 1  
0 1  
0 1  
0 1  

1 1  

1 2  
2 4  
4 8  
2 10 
1 11 
0 11 
0 11 
0 11 
0 11 
0 11 
0 11 

0 11 
0 11 
0 11 
0 11 
0 11 
0 11 
0 11 
0 11 
0 11 
0 11 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  
0 0  
0 0  

2 2  

2 4  
2 6  
1 7  

1 8  

1 9  
1 10 
0 10 
0 10 
0 10 

0 10 
0 10 
0 10 
0 10 

3 3  

1 4  
2 6  

4 10 
3 13 
1 14 
0 14 
0 14 
3 17 
3 20 
3 23 
2 25 

2 27 

2 29 
2 31 
0 31 
0 31 

0 31 
0 31 
0 31 
0 31 
0 31 

. 



106 

Table A-VIII (continued) 

Individual Profile Scores 

Hematology-Peripheral Counts 

- __ 

ERY WB C NEUT LYMPH PLAT TOTAL 
DAY 

I C  I C  I C  I C  I C  I C  

1 
2 

3 

6 
9 
12 

15 

18 

21 

24 

27 

30 

33 

36 
40 

44 

48 

60 

75 

90 
105 

120 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  

1 2  

1 3  
0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

1 1  

1 2  

1 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 0  

0 0  

1 1  
1 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

2 2  

2 4  

3 7  

1 8  

0 8  

0 8  

0 8  

0 8  

0 8  

0 8  

0 8  

0 8  

0 8  

0 8  

0 8  

0 8  

0 8  

0 8  

0 8  

0 8  

0 8  

0 8  

. 



107 

Table A - V I I I  (cont inued) 

I n d i v i d u a l  P r o f i l e  Scores 

Hema to logy-Per i phera 1 Counts 

E RY WB C NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  
DAY 

1 

2 

3 

6 

9 
12 

15 

18 

21 

24 

27 

30 

33 

36 

40 

44 

48 

60 

75 

90 

105 

120 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

1 1  

0 1  

0 1  

1 2  

0 2  

0 2  

1 3  

1 4  

1 5  

1 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

1 7  

1 8  

0 8  

0 8  

0 8  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

2 2  

0 2  

0 2  

1 3  

0 3  

0 3  

1 4  

1 5  

1 6  

1 7  

0 7  

0 7  

0 7  

0 7  

0 7  

0 7  

0 7  

1 8  

1 9  

0 9  

0 9  

0 9  
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Table A-VI  I I  (continued) 

Individual  P r o f i l e  Scores 

Hematology-Peri pheral  Counts 

LA8 - 

E RY WB C NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  
DAY 

1 

2 

3 

6 
9 

12 

15 

18 

21 

24 

27 

30 

33 

36 

40 

44 

48 

60 

75 

90 
105 

120 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  

1 2  

1 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

1 1  

1 2  

1 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

2 2  

2 4  

2 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

. 
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Tab l e  A-V I I I (cont i nued)  

I n d i v i d u a l  Prof i le  Scores 

Hematology-Peripheral Counts 

- LA 9 

E RY WB C NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  
DAY 

1 

2 

3 

6 

9 
12 

15 

18 

21 

24 

27 

30 

33 

36 

40 

44 

48 

60 

75 

90 

105 

120 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

1 1  

0 1  

1 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  
0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

1 1  

1 2  

0 2  

0 2  

1 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

2 2  

1 3  

2 5  

0 5  

1 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  

0 6  
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Table A-VI I I (continued) 

Individual Profile Scores 

Hematology-Peripheral Counts 

LA 10 - 

- 

E RY WB C NEUT LYMPH P LAT TOTAL 

I C  I C  I C  I C  I C  I C  
DAY 

1 

2 

3 

6 

9 
12 

15 
18 

21 

24 

27 

30 

33 

36 

40 

44 

48 

60 

75 

90 

105 
120 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

2 2  

1 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

2 2  

1 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

4 4  
2 6  

0 6  

0 6  

0 6  

0 6  

0 6  
0 6  

0 6  
0 6  

0 6  

0 6  

0 6  
0 6  
0 6  

0 6  
0 6  

0 6  

0 6  
0 6  
0 6  

0 6  
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Table A - V I  I I (cont inued)  

I n d i v i d u a l  P r o f i l e  Scores 

Hematology-Per ipheral  Counts 

A1 - 

E RY WBC NEUT LYMPH PLAT TOTAL 
DAY 

I C  I C  I C  I C  I C  I C  

1 

2 

3 

6 

9 
12 

15 

18 

21 

24 

27 

30 

33 

36 

40 

44 

48 

60 

75 

90 

105 

120 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

0 9  

0 9  

0 9  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  

1 2  

1 3  

2 5  

2 7  

0 7  

0 7  

0 7  

0 7  

0 7  

0 7  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

2 2  

1 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 3  

0 0  

0 0  

0 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

0 8  

0 8  

0 8  

1 9  

1 10 

0 10 

0 10 

0 10 

0 10 

0 10 

0 10 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

2 2  

3 5  

0 5  

0 5  

0 5  

0 5  

0 5  

0 5  

0 5  

0 5  

0 5  

0 5  

0 0  

0 0  

0 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

4 11 

5 16 

2 18 

2 20 

6 26 

5 31 

1 32 

1 33 

1 34 

0 34 

0 34 

0 34 

. 
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Tab le A-V I I I (con t i nued) 

Individual Profile Scores 

Hematology-Peripheral Counts 

E RY WBC NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  
DAY 

1 
2 

3 
6 
9 
12 

15 

18 

21 
24 

27 
30 

33 
36 

40 
44 
48 

60 
75 

90 

105 

120 

0 0  
0 0  

0 0  

0 0  

0 0  
0 0  

0 0  

1 1  

1 2  
1 3  

1 4  
1 5  

0 5  

0 5  
0 5  

0 5  

0 5  

0 5  
0 5  
0 5  

0 5  
0 5  

1 1  
0 1  
0 1  

0 1  
0 1  
0 1  
0 1  
0 1  

0 1  
0 1  

0 1  

0 1  

0 1  
0 1  

0 1  
0 1  
0 1  

0 1  

0 1  

0 1  

0 1  
0 1  

1 1  
0 1  
0 1  
0 1  

0 1  
0 1  

0 1  

0 1  
0 1  

0 1  

0 1  

0 1  

0 1  
0 1  
0 1  
0 1  
0 1  
0 1  

0 1  
0 1  

0 1  

0 1  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  
0 1  

0 1  
0 1  
0 1  

0 1  

0 1  
0 1  

0 1  
0 1  
0 1  

0 1  

2 2  

0 2  

0 2  

0 2  

0 2  
0 2  

0 2  

1 3  
1 4  
1 5  
2 7  

1 8  

0 8  

0 8  

0 8  

0 8  

0 8  
0 8  

0 8  

0 8  

0 8  

0 8  
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Table A-VIII (continued) 

. 

Individual Prof i le  Scores 

Hematology-Peri pheral Counts 

~~ 

E RY WBC NEUT LYMPH PLAT TOTAL 
" I ,  I 

I C  I C  I C  I C  I C  I C  

1 

2 

3 

6 

9 
12 

15 

18 

21 

24 

27 

30 

33 

36 

40 

44 

48 

60 
75 

90 
105 

120 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  

1 2  

0 2  

0 2  
0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  

1 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  
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Table A-VI I 1  (continued) 

Individual Profile Scores 

Hematology-Peripheral Counts 

-- 

E RY WB C NEUT LYMPH P LAT TOTAL 

I C  I C  I C  I C  I C  I C  
DAY 

1 
2 

3 
6 
9 
12 

15 

18 
21 

24 

27 
30 

33 
36 

40 
44 

48 

60 
75 

90 
105 

120 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  
1 2  

0 2  

1 3  

1 4  
1 5  

3 8  

3 11 
3 14 
2 16 
2 18 

0 18 

0 18 
0 18 

0 18 
0 18 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

3 3  
3 6  

3 9  
2 11 
2 13 

0 13 

0 13 

0 13 

0 13 
0 13 

2 2  

2 4  
2 6  

2 8  
2 10 

2 12 

3 15 

3 18 

3 21 

0 21 
2 23 

2 25 

2 27 

2 29 
2 31 
2 33 

2 35 

0 35 

0 35 

0 35 

0 35 

0 35 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  
1 2  
2 4  
2 6  

4 10 
3 13 

3 16 
2 18 
2 20 

1 21 

0 21 

0 21 
0 21 

0 21 

2 2  

2 4  

2 6  

2 8  

2 10 
2 12 

4 16 
4 20 
4 24 
2 26 

5 31 
5 36 

12 48 

11 59 
11 70 
8 78 

8 86 
1 87 

0 87 
0 87 

0 87 

0 87 

. 
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Table A-VI I I (continued) 

. 

Individual Profile Scores 
Hematology-Peripheral Counts 

E RY WBC NEUT LYMPH P LAT TOTAL 

I C  I C  I C  I C  J C  I C  
DAY 

1 
2 

3 

6 
9 
12 
15 

18 

21 

24 

27 

30 

33 

36 

40 

44 

48 

60 

75 

90 
105 

120 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

1 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  
0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

0 1  

1 1  

1 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

3 3  

1 4  

0 4  

0 4  

0 4  

0 4  

0 4  

0 4  

0 4  

0 4  

0 4  

0 4  

0 4  

0 4  

0 4  

0 4  

0 4  

0 4  

0 4  

0 4  

0 4  

0 4  
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Table A - V I  1 I (continued) 

. 

Individual Prof i le Scores 
Hematology-Peripheral Counts 

E RY WBC NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  
Day 

1 
2 
3 
6 
9 
12 
15 
18 
21 
24 
27 
30 

33 
36 
40 
44 
48 
60 
75 
90 
105 
120 

0 0  
0 0  
0 0  
0 0  
1 1  
0 1  
0 1  
1 2  
1 3  
1 4  
2 6  
0 6  

0 0  0 0  
0 0  0 0  
0 0  0 0  
0 0  0 0  
2 2  0 0  
2 4  0 0  
2 6  0 0  
1 7  0 0  
1 8  0 0  
2 10 0 0  
3 13 4 4  
4 17 4 8  

0 0  0 0  0 0  
1 1  0 0  1 1  
2 3  0 0  2 3  
3 6  0 0  3 6  
2 8  0 0  5 11 
2 10 0 0  4 15 

4 19 2 12 0 0  
1 13 2 2  5 24 
2 15 2 4  6 30 
2 17 4 8  9 39 
1 18 4 12 14 53 
1 19 4 16 13 66 

3 9  3 20 
3 12 3 23 
3 15 ' 2  25 
3 18 2 27 
2 20 0 27 
1 21 0 27 
1 22 0 27 
0 22 0 27 
0 22 0 27 
0 22 0 27 

4 12 1 20 
4 16 0 20 
3 19 0 20 
1 20 0 20 
0 20 0 20 
0 20 0 20 
0 20 0 20 
0 20 0 20 
0 20 0 20 
0 20 0 20 

3 19 14 80 
2 21 12 92 
0 21 8 100 
0 21 6 106 
0 21 2 108 
0 21 1 109 
0 21 1 110 
0 21 0 110 
0 21 0 110 
0 21 0 110 
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Table A-VI11 ( c o n t i n u e d )  

Individual Profile Scores 
Hematology-Peripheral C o u n t s  

E RY WB C NE UT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  
DAY 

1 0 0  

2 0 0  

3 0 0  
6 0 0  

9 0 0  
12 0 0  

15 0 0  
18 0 0  

21 1 1  
24 1 2  
27 0 2  
30 1 3  

33 2 5  
36 2 7  

40 2 9  
44 2 11 
48 2 13 
60 2 15 
75 2 17 

90 2 19 
105 1 20 
120 0 20 

1 1  
0 1  
0 1  
0 1  
0 1  
0 1  
0 1  
0 1  
1 2  
2 4  
3 7  
4 11 

3 14 
3 17 
1 18 
0 18 

0 18 
0 18 
0 18 
0 18 
0 18 
0 18 

1 1  
0 1  
0 1  
0 1  

0 1  
0 1  

0 1  
0 1  
0 1  
2 3  
4 7  
4 11 

3 14 

3 17 
0 17 
0 17 
0 17 
0 17 
0 17 
0 17 
0 17 
0 17 

0 0  

0 0  
0 0  
0 0  

1 1  
1 2  
1 3  
1 4  
2 6  
1 7  
0 7  

2 9  

2 11 
2 13 
0 13 
0 13 

0 13 

0 13 
0 13 
0 13 
0 13 
0 13 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  
1 1  
3 4  
4 8  
4 12 

4 16 

4 20 

3 23 
2 25 
0 25 
0 25 
0 25 

0 25 
0 25 
0 25 
0 25 

2 2  
0 2  
0 2  
0 2  

1 3  
1 4  
1 5  
2 7  
7 14 
10 24 
11 35 
15 50 

14 64 
13 77 
5 82 
2 84 
2 86 
2 88 

2 90 
2 92 

1 93 
0 93 
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Table A - V I  I I (continued) 

Individual  P r o f i l e  Scores 

Hematology-Peri pheral  Counts 

E RY WBC NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  
DAY 

1 0 0  

2 0 0  

3 0 0  

6 0 0  

9 0 0  

12 0 0  

15 0 0  

18 0 0  

21 1 1  

24 1 2  

27 0 2  

30 0 2  

33 1 3  

36 1 4  

40 1 5  

44 1 6  

48 1 7  

60 1 8  

75 1 9  

90 0 9  

105 0 9  

120 0 9  

0 0  

0 0  

0 0  

1 1  

2 3  

2 5  

1 6  

0 6  

1 7  

0 7  

1 8  

2 10 

2 12 

2 14 

2 16 

1 17 

1 18 

0 18 

0 18 

0 18 

0 18 

0 18 

0 0  

0 0  

0 0  

0 0  

1 1  

1 2  

0 2  

0 2  

0 2  

0 2  

0 2  

2 4  

1 5  

2 7  

2 9  
1 10 

1 11 

0 11 

0 11 

0 11 

0 11 

0 11 

1 1  

0 1  

0 1  

1 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  

1 2  

2 4  

2 6  

3 9  

3 12 

3 15 

3 18 

1 19 

0 19 

0 19 

0 19 

0 19 

0 19 

0 19 

0 19 

0 19 

1 1  

0 1  

0 1  

2 3  

3 6  

4 10 

2 12 

2 14 

4 18 

4 22 

4 26 

7 33 

7 40 

6 46 

5 51 

3 54 

3 57 

1 58 

1 59  

0 59 

0 59 

0 59 
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Tab l e  A-V I I I (cont  i nued) 

I n d i v i d u a l  P r o f i l e  Scores 

Hematology-Peripheral Counts 

O R 4  - 

E RY WB C NEUT LYMPH PLAT TOTAL 
DAY 

I C  I C  I C  I C  I C  I C  

1 0 0  

2 0 0  

3 0 0  

6 0 0  

9 0 0  

12 0 0  

15 0 0  

18 0 0  

21 1 1  

24 1 2  

27 0 2  

30 0 2  

33 0 2  

36 0 2  

40 1 3  

44 1 4  

48 0 4  

60 1 5  

75 1 6  

90 0 6  

105 0 6  

120 0 6  

0 0  

0 0  

0 0  

1 1  

0 1  

1 2  

0 2  

1 3  

1 4  

2 6  

3 9  

3 12 

3 15 

3 18 

2 20 

2 22 

1 23 

1 24 

0 24 

0 24 

0 24 

0 24 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  

1 2  

3 5  

3 8  

3 11 

2 13 

1 14 

1 15 

0 15 

0 15 

0 15 

0 15 

0 15 

2 2  

2 4  

0 4  

2 6  

0 6  

0 6  

0 6  

0 6  

2 8  

2 10 

1 11 

0 11 

1 12 

0 12 

0 12 

0 12 

0 12 

0 12 

0 12 

0 12 

0 12 

0 12 

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  

0 1  

1 2  

2 4  

3 7  

3 10 

3 13 

3 16 

2 18 

1 19 

0 19 

0 19 

0 19 

0 19 

0 19 

0 19 

0 19 

2 2  

2 4  

0 4  

3 7  

0 7  

2 9  

0 9  

2 11 

6 17 

9 26 

8 34 

9 43 

10 53 

8 61 

6 67 

4 71 

2 73 

2 75 

1 76 

0 76 

0 76 

0 76 
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Tab le  A - V I  I I (con t inued)  

I n d i v i d u a l  P r o f i l e  Scores 

Hemato logy-Per iphera l  Counts 

0 R5 - 

E RY WB C NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  
DAY 

1 

2 

3 

6 

9 
12 

15 

18 

21 

24 

27 

30 

33 

36 

40 

44 
48 

60 

75 

90 
105 

120 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  

0 1  

0 1  

0 1  

1 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 2  

0 0  

0 0  

0 0  

2 2  

1 3  

1 4  

1 5  

1 6  

2 8  

1 9  
1 10 

2 12 

2 14 

2 16 

2 18 

2 20 

1 21 

0 21 

0 21 

0 21 

0 21 

0 21 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  

1 2  

1 3  

1 4  

0 4  

0 4  

0 4  

0 4  

0 4  

0 4  

1 1  

1 2  

0 2  

1 3  

1 4  

1 5  

0 5  

0 5  

1 6  

2 8  

1 9  

1 10 

2 12 

1 13 

0 13 

1 14 

0 14 

2 16 

0 16 

0 16 

0 16 

0 16 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  

2 3  

3 6  

4 10 

3 13 

3 16 

2 18 

1 19 

0 19 

0 19 

0 19 

0 19 

0 19 

0 19 

0 19 

1 1  

1 2  

0 2  

3 5  

2 7  

2 9  

1 10 

2 12 

5 17 

6 23 

6 29 

7 36 

8 4 4  

6 50 

4 54 

5 59 

1 60 

2 62 

0 62 

0 62 

0 62 

0 62 

. 



Table A - V I  1 I (continued) 

Individual Profile Scores 

Hematology-Per i phera 1 Counts 

E RY WBC NEUT LYMPH P L A T  T O T A L  

I C  I C  I C  I C  I C  I C  
DAY 

1 0 0  

2 0 0  

3 0 0  

6 0 0  

9 0 0  

12 0 0  

15 0 0  

18 0 0  

21 0 0  

24 0 0  

27 0 0  

30 0 0  

33 0 0  

36 0 0  

40 0 0  

44 0 0  

48 0 0  

60 0 0  

75 0 0  

90 u o  
105 0 0  

120 0 0  

0 0  

0 0  

0 0  

2 2  

0 2  

1 3  

0 3  

0 3  

0 3  

1 4  
1 5  

0 5  

0 5  

0 5  
0 5  
0 5  
0 5  

0 5  

0 5  
0 5  
0 5  
0 5  

0 0  

0 0  

0 0  

2 2  

0 2  

1 3 

0 3  

0 3  

0 3  

1 4  
1 5 

0 5  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 5  0 0  

0 5  0 0  

0 5  0 0  

0 5  0 0  

0 5  0 0  

0 5  0 0  

0 5  0 0  

0 5  0 0  

0 5  0 0  

0 5  0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

4 4  

0 4  

2 6  

0 6  

0 6  

0 6  
2 8  

2 10 

0 10 

0 10 

0 10 

0 10 

0 10 

0 10 

0 10 

0 10 

0 10 

0 10 

0 10 
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Tab le  A-VI I I ( con t inued)  

I n d i v i d u a l  P r o f i l e  Scores 

Herna to logy-Per  i p h e r a l  Counts 

OR7 - 

E RY WBC NEUT LYMPH PLAT TOTAL 
DAY 

I C  I C  I C  I C  I C  I C  

1 0 0  

2 0 0  

3 0 0  

6 0 0  

9 0 0  

12 0 0  

15 0 0  

18 0 0  

21 0 0  

24 0 0  

27 0 0  

30 0 0  

3 3  0 0  

36 0 0  

40 0 0  

44 0 0  

48 0 0  

60 0 0  

75 0 0  

90 0 0  

105 0 0  

120 0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  
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Table A-VI I I (continued) 

Individual Profile Scores 

Hematology-Peripheral Counts 

0 R8 - 

E RY WBC NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  
DAY 

1 

2 

3 

6 
9 
12 

15 
18 
21 

24 

27 

30 

33 

36 

40 

4 4  

48 

60 

75 

90 

105 

120 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  
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Table A-VIII (continued) 

Individual Profile Scores 

Hematology-Peripheral Counts 

E RY WBC NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  
Day 

1 

2 

3 
6 
9 

12 

15 

18 

21 

24 

27 
30 

1 1  

0 1  

0 1  

0 1  
0 1  

0 1  
1 2  

1 3  
1 4  

1 5  

1 6  

0 0  0 0  0 0  0 0  1 1  

1 3  0 0  4 4  0 0  5 6  
2 6  0 0  4 8  2 2  8 14 
3 10 3 3  3 11  2 4  11 25 

4 12 3 6  4 15 3 7 14 39 
2 15 0 6  4 19 3 10 9 48 

3 19 1 7  3 22 4 14 12 60 
4 22 4 11 3 25 4 18 16 76 
3 26 3 14 1 26 4 22 12 88 

4 27 4 18 4 30 3 25 16 104 
1 0 18 4 34 0 25 6 110 

. 
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. 

Table A-VIII (cont inued) 

I n d i v i d u a l  P r o f i l e  Scores 

Hematology-Peri phera l  C o u n t s  

Y2 - 

ERY WB C NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  

Day 

1 1  1 1 1  0 0  0 0  0 0  
2 
3 
6 
9 

12 
15 
18 
21 
24 
27 
30 

33 
36 
40 
44 
48 
60 
75 
90 

105 
120 

1 2  3 3  
1 3  3 6  
1 4  3 9  
1 5  4 13 
1 6  3 16 
1 7  3 19 
1 8  3 22 
2 10 3 25 
2 12 4 29 
2 14 4 33 

2 16 4 37 
2 18 4 41 
2 20 4 45 
2 22 4 49 
2 24 3 52 
2 26 3 55 
1 27 1 56 
1 28 2 58 
1 29 2 60 
1 30 2 62 

1 1  4 4  
1 2  4 8  
1 3  3 11 
4 7  2 13 
1 8  3 16 
2 10 1 17 
1 11 4 21 
2 13 3 24 
4 17 4 28 
4 21 4 32 

4 25 4 36 
4 29 4 40 
4 33 4 44 
3 36 3 47 
2 38 1 48 
2 40 3 51  
0 40 1 52 
0 40 2 54 
0 40 4 58 
1 41 3 61 

9 10 
9 19 

0 0  8 27 
0 0  11 38 
1 1  9 47 
2 3  9 56 
2 5 11 67 
2 7 12 79 
4 11 18 97 
2 13 16 113 

3 16 17 130 
2 18 16 146 
2 20 16 162 
2 22 14 176 
1 23 9 185 
0 23 10 195 
0 23 3 198 
1 24 6 204 
0 24 7 211 
1 25 8 219 
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Table A - V I  I I (continued) 

Individual Profile Scores 

Hematology-Peripheral C o u n t s  

E RY WB C NEUT LYMPH PLAT TOTAL 
Day 

I C  I C  I C  I C  I C  I C  

1 
2 
3 
6 
9 
12 
15 
18 
21 
24 
27 
30 

33 
36 
40 
44 
48 
60 
75 
90 
105 
120 

1 1  

0 1  
0 1  
0 1  
1 2  
1 3  
1 4  
1 5  
1 6  
2 8  
2 10 

2 12 
2 14 
1 15 
L 17 
1 18 
1 19 
1 20 
0 20 
0 20 
0 20 

0 0  1 1  0 0  0 0  

2 2  0 0  
2 4  0 0  
2 6  1 1  
3 9  2 3  
3 12 2 5  
3 15 3 8  
3 18 3 11 
4 22 4 15 
4 26 4 19 
4 30 4 23 

3 33 3 26 
3 36 2 28 
2 38 1 29 
1 39 0 29 
0 39 0 29 
0 39 0 29 
0 39 0 29 
0 39 0 29 
0 39 0 29 
1 40 0 29 

3 3  5 6  
3 6  2 2  7 13 
2 8  1 3  6 19 
1 9  0 3  7 26 
1 10 2 5  9 35 
4 14 2 7  13 48 
2 16 3 10 12 60 
4 20 4 14 17 77 
4 24 3 17 17 94 
4 28 3 20 17 111 

0 28 
3 31 
1 32 
0 32 
3 35 
1 36 
0 36 
1 37 
2 39 
7 40 

2 22 10 121 
0 22 10 131 
0 22 5 136 
0 22 3 139 
0 22 4 143 
1 23 3 146 
0 23 1 147 
0 23 1 1 4 8  
0 23 2 150 
0 23 2 152 

. 
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Table A-VIII (continued) 

Individual  P r o f i l e  Scores 

Hematology-Peripheral Counts 

Y 4  - 

E RY WB C NEUT LYMPH PLAT TOTAL 
Day 

I C  I C  I C  I C  I C  I C  

1 
2 
3 
6 
9 

12 
15 
18 
21 
24 
27 
30 

33 
36 
40 
44 
48 
60 
75 
90 

105 
120 

1 1  0 0  

1 2  2 2  
1 3  2 4  
1 4  3 7  
1 5  1 8  
1 6  2 10 
1 7  2 12 
1 8  2 14 
1 9  2 16 
1 10 4 20 
1 11 4 24 

1 12 
1 13 
1 14 
1 15 
1 16 
1 17 
1 18 
1 19 
1 20 
0 20 

4 28 
2 30 
0 30 
0 30 
1 31 
0 31 
0 31 
2 33 
2 35 
1 36 

1 1  0 0  0 0  

0 0  4 4  7 8  
0 0  3 7  0 0  6 14 

9 23 2 2  3 10 0 0  
0 2  1 11 1 1  4 27 
0 2  2 13 0 1  5 32 
0 2  2 15 0 1  5 37 
0 2  2 17 1 2  6 43 
0 2  3 20 2 4  8 51 
4 6  3 23 4 9 16 67 

14 81 4 10 3 26 2 10 

4 14 1 27 
0 14 0 27 
0 14 0 27 
0 14 0 27 
0 14 1 28 
0 14 1 29 
0 14 0 29 
0 14 2 31 
0 14 2 33 
0 14 1 34 

2 12 12 93 
1 13 4 97 
1 14 2 99 
0 14 1 100 
0 14 3 103 
0 14 2 105 
0 14 1 106 

0 15 5 117 
0 15 2 119 

1 15 6 112 
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Table A - V I 1  I (cont inued)  

Individual  P r o f i l e  Scores 

Hematology-Peri pheral  Counts 

E RY WBC NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  
Day 

1 
2 
3 
6 
9 

12 
15 
18 
21 
24 
27 
30 

33 
36 
40 
44 
48 
60 
75 
90 

105 
120 

1 1  

0 1  
0 1  
0 1  
0 1  
0 1  
0 1  
0 1  
1 2  
1 3  
2 5  

3 8  
2 10 
2 12 
2 14 
1 15 

1 17 
0 17 
0 17 
0 17 

1 16 

0 0  0 0  

2 2  0 0  
1 3  0 0  
2 5  1 1  
3 8  0 1  
2 10 0 1  
2 12 0 1  
2 14 0 1  
2 16 0 1  
2 18 1 2  
3 21 0 2  

4 25 
3 28 
3 31 
3 34 
1 35 
0 35 
0 35 
2 37 
0 37 
0 37 

4 6  
4 10 
3 13 
3 16 
0 16 

0 16 
0 16 

0 16 

0 16 
0 16 

1 1  0 0  0 0  

2 2  0 0  
4 6  0 0  
2 8  0 0  
2 10 0 0  
2 12 0 0  
1 13 0 0  
1 14 1 1  
2 16 2 3  
0 16 4 7  
1 17 3 10 

4 5  
5 10 
5 15 
5 20 
4 24 
3 27 
4 31 
7 38 
8 46 
9 55 

4 21 2 12 17 72 
1 22 2 14 12 84 
0 22 1 15 9 93 
0 22 0 15 8 101 
0 22 1 16 3 104 
2 24 0 16 3 107 
1 25 0 16 2 109 
3 28 0 16 5 114 
1 29 0 16 1 115 
1 30 0 16 1 116 
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Table A - V I  I I (continued) 

. 

Individual Profile Scores 
Hematology-Peripheral Counts 

-~ 
E RY WBC NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  

1 0 0  

2 
3 0 0  

6 0 0  
9 0 0  
12 0 0  

15 0 0  

18 0 0  

21 0 0  

24 0 0  

27 0 0  

30 0 0  

33 1 1  
36 1 2  
40 1 3  
44 1 4  
48 1 5  
60 0 5  

75 0 5  

90 0 5  

105 0 5  

120 0 5  

0 0  

0 0  

0 0  
0 0  
2 2  

1 3  
0 3  

0 3  

0 3  
0 3  

1 4  

2 6  
2 8  

2 10 

1 11 
0 11 
0 11 

0 11 
0 11 
0 11 
0 11 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

2 2  
2 4  

1 5  
0 5  
0 5  
0 5  

0 5  

0 5  

0 5  

0 5  

0 0  

1 1  
2 3  

3 6  

3 9  

0 9  
1 10 

1 11 
2 13 
0 13 

0 13 

0 13 
0 13 
0 13 
0 13 
0 13 
0 13 

0 13 

4 17 

1 18 
2 20 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

1 1  
2 3  

2 5  
2 7  

1 8  

1 9  
1 10 

0 10 
0 10 

0 10 

0 10 

0 10 

0 10 
0 10 

0 0  

1 1  
2 3  

3 6  

5 11 
1 12 
1 13 

2 15 

4 19 
2 21 

3 24 

6 30 
6 36 
5 41 
2 43 
1 4 4  
0 4 4  

0 4 4  

4 48 

1 49 
2 51 
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T a b l e  A - V i  I I ( c o n t i n u e d )  

I n d i v i d u a l  Prof i le  S c o r e s  

Hemato logy-Per i  p h e r a l  Counts  

LA1 1 

E RY WB C NEUT LYMPH PLAT TOTAL 

I C  I C  I C  I C  I C  I C  

1 2 2  3 3  4 4  4 4  13 13 
2 0 2  3 6  4 8  4 8  11  24 



. 
13 1 

Table A-IX 

Cumulative Total Profile Scores through 120 Postexposure Days 
Hema to logy-To ta 1 B lood Count 

Group I 

Day Pt. LA2 LA6 LA7 LA8 LA9 LA10 A1 A2 A3 A4 OR6 OR7 OR8 Range Mean 

1 
2 
3 
6 
9 
12 
15 
18 
21 
24 
27 
30 

- ~- -~~ 

2 2 2 2 2 4  0 2 0 3  0 0 0  
2 4 2 4 3 6  0 2 0 4  0 0 0  
2 7 2 6 5 6  0 2 0 4  0 0 0  
2 8 3 6 5 6  1 2 0 4  4 0 0  
2 8 3 6 6 6  2 2 0 4  4 0 0  
2 8 3 6 6 6  3 2 0 4  6 0 0  
2 8 4 6 6 6  4 2 0 4  6 0 0  
2 8 5 6 6 6  5 3 0 4  6 0 0  
2 8 6 6 6 6  6 4 0 4  6 0 0  
2 8 7 6 6 6  7 5 0 4  8 0 0  
2 8 5 6 6 6 11 7 1 4  10 0 0 
2 8 7 6 6 6 16 8 2 4 10 0 0 

0- 4 
0- 6 
0- 7 
0- 8 
0- 8 
0- 8 
0- 8 
0- 8 
0- 8 
0- 8 
0-11 
0- 16 

1.46 
2.07 
2.61 
3.14 
3.29 
3.53 
3.68 
3.91 
4.14 
4.53 
5.23 
5.77 

33 
36 
40 
44 
48 
60 
75 
90 
105 
120 

2 8 7 6 6 6 18 8 2 4 10 0 0 
2 8 7 6 6 6 20 8 2 4 10 0 0 
2 8 7 6 6 6 26 8 2 4 10 0 0 
2 8 7 6 6 6 31 8 2 4 10 0 0 
2 8 7 6 6 6 32 8 2 4 10 0 0 
2 8 8 6 6 6 33 8 2 4 10 0 0 
2 8 9 6 6 6 34 8 2 4 10 0 0 
2 8 9 6 6 6 34 8 2 4 10 0 0 
2 8 9 6 6 6 34 8 2 4 10 0 0 
2 8 9 6 6 6 34 8 2 4 10 0 0 

0- 18 
0-20 
0- 26 
0-3 1 
0-32 
0-33 
0-34 
0-34 
0-34 
0- 34 

5.93 
6.09 
6.55 
6.94 
7.02 
7.18 
7.34 
7.34 
7.34 
7.34 
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Table A-IX (cont inued)  

Cumulative Tota l  P r o f i l e  Scores through 120 Postexposure Days 

Hematology-Total Blood Count 

Group I I  

Range Mean Day P t .  L A 4  R2 OR1 OR2 OR3 OR4 OR5 Y6 

1 
2 
3 
6 
9 

12 
15 
18 
21 
24 
27 
30 

~~ -~ 

3 2 0 
4 4 1 
6 6 3 

10 8 6 
13 10 11 
14 12 15 
14 16 19 
14 20 24 
17 24 30 
20 26 39 
23 31 53 
25 36 66 

2 
2 
2 
2 
3 
4 
5 
7 

14 
24 
35 
50 

1 2 1 0 
1 4 2 - 
1 4 2 1 
3 7 5 3 
6 7 7 6 

10 9 9 11 
12 9 10 12 
14 11 12 13 
18 17 17 15 
22 26 23 19 
26 34 29 21 
33 53 36 24 

0- 3 
1- 4 
1- 6 
2- 10 
3- 13 
4- 15 
5- 19 
7- 24 

14- 24 
19- 39 
21- 53 
24- 66 

1.38 
2.38 
3.26 
5.64 
8 .02  

10.65 
12.28 
14.53 
19.16 
25.04 
31.67 
39.30 

33 
36 
40 
44 
48 
60 
75 
90 

105 
120 

27 48 80 
29 59 92 
31 70 100 
31 78 106 
31 86 108 
31 87 109 
31 87 110 
31 87 110 
31 87 110 
31 87 110 

64 
77 
8 2  
84 
86 
88 
90 
92 
93 
93 

40 52 44 30 
46 60 50 36 
51 66 54 41 
54 70 59 43 
57 72 60 44 
58 74 62 44 
59 75 62 44 
59 75 62 48 
59 75 62 49 
59 75 62 51 

27- 80 
29- 92 
31-100 
3 1- 106 
3 1- 108 
31-109 
31-110 
31-110 
31-110 
31-110 

48.43 
56.43 
62.18 

68.31 
69.44 
70.07 
70.82 
71.07 
71.32 

65.93 
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Table A - I X  (continued) 

Cumulative Total Profile Scores through 120 Postexposure Days 
Hematology-Total Blood Count 

Group I I I 

Day Pt. LA1 Y2 Y3 Y4 Y5 Range Mean 

1 
2 
3 
6 
9 
12 
15 
18 
21 
24 
27 
30 

33 
36 
40 
44 
48 
60 
75 
90 
105 
120 

4 1 1 1 
10 - - 
17 10 6 8 
25 19 13 14 
32 27 19 23 
38 38 26 27 
43 47 35 32 
45 56 48 37 
50 67 60 43 
63 79 77 51 
75 97 94 67 

113 111 81 

1 

5 
10 
15 
20 
24 
27 
31 
38 
46 
55 

- 

130 121 93 72 
146 131 97 84 
162 136 99 93 
176 139 100 10 1 
185 143 103 104 
195 146 105 107 
198 147 106 109 
204 148 112 114 
21 1 150 117 115 
219 152 119 116 

1- 4 
10 
5- 17 
10- 25 
15- 32 
20- 38 
24- 47 
27- 56 
31- 67 
38- 79 
46- 97 
55-113 

72- 130 
84- 146 
93- 162 
100-176 
103- 185 
105- 195 
106-198 
112-204 
115-21 1 
116-219 

1.60 
7.60 
14.00 
21 .oo 
28.00 
34.60 
41.00 
47.40 
55.00 
66.40 
80.60 
94.60 

108.60 
119.10 
127.10 

138.35 
142.85 

149.10 
152.85 
156.10 

133.60 

144.60 
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Tab le A- I X (cont  i n u e d )  

Cumulative Total  P r o f i l e  Scores through 120 Postexposure Days 

Hematology-Total Blood Count 

Group IV Group V 

~~ 

Day P t .  LA3 Y 1 Range Mean LA1 1 Mean 

1 

2 

3 

6 
9 

12 

15 

18 

21 

24 

27 

30 

5 1 1- 5 

12 12 

22 6 6- 22 

36 14 14- 36 

52 25 25- 52 

39 39 
40 48 

60 60 

76 76  

a8 a8 

104 104 

110 110 

3.00 13 13.00 

10.00 24 24.00 

17.50 

28.50 

42.00 

56,OO 
65.00 

77.00 

93.00 

105.00 

121 .oo 
127.00 



. 1 

N e u t r a p h i  

I n teg ra l  

i a n g e  Mean 

0-2 0.69 

0-1 0.23 

0-1 0.23 

0-2 0.15 

0 0 

0-1 0.08 

0 0 

0 0 

0 0 

0-1 0.08 

0-1 0.08 

0 0 

0 0 

0 0 

0-2 0.15 

0-1 0.08 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

TABLE A-X. GROUP PROFILE SCORES - HEMATOLOGY-PERIPHERAL COUNTS 

GROUP I 

I s  

C u m u l a t i v e  

Range Mean 

0-2 0.69 

0-3 0.92 

0-3 1.15 

0-3 1.30 

0-3 1.30 

0-3 1.38 

0-3 1.38 

0-3 1.38 

0-3 1.38 

0-4 1.46 

0-5 1.54 

0-5 1.54 

0-5 1.54 

0-5 1.54 

0-5 1.69 

0-5 1.77 

0-5 1.77 

0-5 1.77 

0-5 1.77 

0-5 1.77 

0-5 1.77 

0-5 1.77 

1 E r y t h r o c y t e s  

12 

L Range Mean 

I O  0 

2 0  0 

3 0  0 

6 0  0 

9 0  0 

0 0 

15 

18 

21 

24 

27 

30 

33 

36 

40 

44 

48 

60 

75  

90 

105 

120 

0 0 

0-1 0.08 

0-1 0.08 

0-1 0.08 

0-1 0.23 

0-1 0.23 

0-1 0.08 

0-1 0.08 

0-1 0.08 

0-1 0.08 

0-1 0.08 

0-1 0.08 

0-1 0.08 

0 0 

0 0 

0 0 

C u m u l a t i v e  

Range  Mean 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0-1 0.08 

0-2 0.16 

0-3 0.24 

0-4 0.47 

0-5 0.70 

0-5 0.78 

0-5 0.86 

0-5 0.94 

0-6 1.02 

0-7 1.10 

0-8 1.18 

0-9 1.26 

0-9 1.26 

0-9 1.26 

0-9 1.26 

L e u c o c y t e 5  

In teg ra l  

Iange Mean 

0-2 0.54 

0-1 0.23 

0-1 0.23 

0-2 0.15 

0 0  

0-1 0.08 

0 0  

0 0  

0 0  

0-1 0.08 

0-1 0.08 

0-1 0.08 

0-1 0.08 

0-1 0.08 

0-2 0.15 

0-2 0.15 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

C u m u l a t i v e  

Range Mean 

0-2 0.54 

0-3 0.77 

0-3 1.00 

0-3 1.15 

0-3 1.15 

0-3 1.23 

0-3 1.23 

0-3 1.23 

0-3 1.23 

0-4 1.31 

0-5 1.39 

0-5 1.47 

0-5 1.55 

0-5 1.63 

0-5 1.78 

0-7 1.93 

0-7 1.93 

0-7 1.93 

0-7 1.93 

0-7 1.93 

0-7 1.93 

0-7 1.93 

L y m p h o c y t e s  . .  

ln teg ro l  

i a n g e  Mean 

0-1 0.23 

0-1 0.15 

0-1 0.08 

0-1 0.23 

0-1 0.15 

0-1 0.08 

0-1 0.15 

0-1 0.15 

0-1 0.15 

0-1 0.15 

0-1 0.08 

0 0  

0 0  

0 0  

0-1 0.08 

0-1 0.08 

0 0  

0-1 0.08 

0-1 0.08 

0 0  

0 0  

0 0  

C u m u l a t i v e  

Range Mean 

0-1 0.23 

0-2 0.38 

0-2 0.46 

0-2 0.69 

0-3 0.84 

0-3 0.92 

0-4 1.07 

0-5 1.22 

0-6 1.37 

0-7 1.52 

0-8 1.60 

0-8 1.60 

0-8 1.60 

0-8 1.60 

0-9 1.68 

0-10 1.76 

0-10 1.76 

0-10 1.84 

0-10 1.92 

0-10 1.92 

0-10 1.92 

0-10 1.92 

P l a t e l e t s  

In teg ra l  

Range  Meal 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0-2 0.2: 

0-3 0.2: 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

C u m u l a t i v e  

Range  Meon 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0-2 0.23 

0-5 0.46 

0-5 0.46 

0-5 0.46 

0-5 0.46 

0-5 0.46 

0-5 0.46 

0-5 0.46 

0-5 0.46 

0-5 0.46 

0-5 0.46 

0-5 0.46 

T o t a l  

In tegra I 

R a n g e  Mean 

0-4 1.46 

0-2 0.61 

0-3 0.54 

0-4 0.53 

0-1 0.15 

0-2 0.24 

0-1 0.15 

0-1 0.23 

0-1 0.23 

0-2 0.39 

0-4 0.70 

0-5 0.54 

0-2 0.16 

0-2 0.16 

0-6 0.46 

0-5 0.39 

0-1 0.08 

0-1 0.16 

0-1 0.16 

0 0  

0 0  

0 0  

C u m u l a t i v e  

i a n g e  Mean 

0-4 1.46 

0-6 2.07 

0-7 2.61 

0-8 3.14 

0-8 3 2 9  

0-8 3.53 

0-8 3.68 

0-8 3.91 

0-8 4.14 

0-8 4.53 

0-11 5 3 3  

0-16 5.77 

0-18 5.93 

0-20 6.09 

3-26 6.55 

3-31 6.94 

3-32 7.02 

3-33 7.18 

3-34 7.34 

3-34 7.34 

3-34 7.34 

1-34 7.34 



TABLE A-X (continued) 

GROUP II 

Integral 

!onge Mean 

0-1 0.25 

0 0 

0 0 

0-2 0.50 

0-2 0.75 

0-2 1.00 

0-2 0.75 

0-1 0.50 

0-2 0.88 

0-2 1.13 

0-3 1.63 

1-4 2.25 

1-3 2.38 

1-3 2.38 

1-3 1.88 

0-2 1.25 

0-2 0.63 

0-1 0.13 

0 0 

0 0 

0 0 

0 0 

1 

2 

3 

6 

9 

12 

15 

18 

21 

24 

27 

30 

33 

36 

40 

44 

48 

60 

75 

90 

105 

120 

Cumulative 

Range Mean 

0-1 0.25 

0-1 0.25 

0-1 0.25 

0-2 0.75 

0-3 1.50 

0-5 2.50 

1-6 3.25 

2-7 3.75 

2-8 4.63 

3-10 5.76 

3-13 7.39 

4-17 9.64 

6-20 12.02 

8-23 14.40 

9-25 16.28 

9-27 17.53 

9-27 18.16 

9-27 18.29 

9-27 18.29 

9-27 18.29 

9-27 18.29 

9-27 18.29 

Erythrocytes 

Integral 

7ange Mean 

0 0  

0 0  

0 0  

0 0  

0-1 0.13 

0 0  

0 0  

0-1 0.13 

0-1 0.50 

0-1 0.50 

0-2 0.25 

0-1 0.25 

0-3 0.88 

0-3 0.88 

0-3 1.00 

0-3 1.13 

0-2 0.75 

0-2 0.63 

0-2 0.63 

0-2 0.25 

0-1 0.13 

0 0  

Cumulative 

Range Meon 

0 0  

0 0  

0 0  

0 0  

0-1 0.13 

0-1 0.13 

0-1 0.13 

0-1 0.26 

0-3 0.76 

0-4 1.26 

0-6 1.51 

0-6 1.76 

0-9 2.64 

0-12 3.52 

0-15 4.52 

0-18 5.65 

0-20 6.40 

0-21 7.03 

0-22 7.66 

0-22 7.91 

0-22 8.04 

0-22 8.04 

Leucocvtes Neut 

Integral 

Range Mean 

0-1 0.25 

0 0  

0 0  

0 0  

0-1 0.13 

0-1 0.13 

0 0  

0 0  

0 0  

0-2 0.38 

0-4 1.13 

0-4 1.63 

0-4 2.13 

0-4 2.25 

0-3 1.50 

0-2 0.75 

0-2 0.50 

0 0  

0 0  

0 0  

0 0  

0 0  

>ht Is  

C u m u  lati ve 

Range Mean 

0-1 0.25 

0-1 0.25 

0-1 0.25 

0-1 0.25 

0-1 0.38 

0-2 0.51 

0-2 0.51 

0-2 0.51 

0-2 0.51 

0-2 0.89 

0-6 2.02 

0-10 3.65 

1-13 5.78 

1-16 8.03 

1-19 9.53 

1-20 10.28 

1-20 10.78 

1-20 10.78 

1-20 10.78 

1-20 10.78 

1-20 10.78 

1-20 10.78 

L y w  

Integral 

iange Mean 

0-2 0.88 

0-2 1.00 

0-2 0.88 

0-4 1.88 

0-3 1.38 

0-3 1.25 

0-3 0.75 

0-3 0.75 

0-3 1.38 

0-2 1.13 

0-2 0.63 

0-2 0.75 

0-2 1.00 

0-2 0.63 

0-2 0.25 

0-2 0.38 

0-2 0.25 

0-2 0.25 

0 0  

0-4 0.50 

0-1 0.13 

0-2 0.25 

cytes 

Cumu I at  i ve 

Range Mean 

0-2 0.88 

0-4 1.88 

0-6 2.76 

0-8 4.64 

1-10 6.02 

2-12 7.27 

2-15 8.02 

2-18 8.77 

2-21 10.15 

2-21 11.28 

2-23 11.91 

2-25 13.03 

2-27 13.66 

2-29 14.29 

2-31 14.54 

2-33 14.92 

2-35 15.17 

2-35 15.42 

2-35 15.42 

2-35 15.92 

2-35 16.05 

2-35 16.30 

Platelets 

Integral 

i a n g e  Mean 

0 0  

0 0  

0 0  

0 0  

0 0  

0-1 0.25 

0-1 0.13 

0-2 0.88 

1-3 1.88 

1-4 2.75 

2-4 3.00 

1-4 2.75 

1-4 2.75 

1-3 1.8E 

0-3 1.13 

0-2 0.2! 

0-2 0.2; 

0-1 0.1; 

0 0  

0 0  

0 0  

0 0  

Cumulative 

Range Mean 

0 0  

0 0  

0 0  

0 0  

0 0  

0-1 0.25 

0-2 0.38 

0-4 1.26 

1-6 3.14 

2-9 5.89 

4-12 8.89 

6-15 11.64 

8-18 14.39 

9-20 16.17 

10-21 17.30 

10-21 17.55 

10-21 17.80 

10-21 17.92 

10-21 17.93 

10-21 17.93 

10-21 17.93 

10-21 17.93 

Total  

lntegrol 

Range Mean 

0-2 1.38 

0-2 1.00 

0-2 0.88 

0-4 2.38 

0-5 2.38 

1-4 2.63 

0-4 1.63 

0-5 2.25 

2-7 4.63 

2-9 5.88 

2-13 6.63 

2-14 7.63 

2-13 9.13 

2-13 8.00 

2-11 5.75 

0-8 3.75 

0-8 2.38 

0-2 1.13 

0-2 0.63 

0-4 0.75 

0-1 0.51 

0-2 0.25 

Curnu la ti ve 

7ange Mean 

0-3 1.38 

1-4 2.38 

1-6 3 3 6  

2-10 5.64 

3-13 8.02 

4-15 10.65 

5-19 12.28 

7-24 14.53 

14-24 19.16 

19-39 25.04 

21-53 31.67 

24-66 39.30 

27-80 48.43 

29-92 56.43 

31-100 62.18 

31-106 65.93 

31-108 68.31 

31-109 69.44 

31-110 70.07 

31-110 70.82 

31-110 71.07 

31-110 71.32 



e 

Integral Cumulative 

?ange Mean Range Mean 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0-2 0.40 0-2 0.40 

0-2 0.60 0-3 1.00 

0-2 0.60 0-4 1.60 

0-2 1.00 0-6 2.60 

0-2 0.80 0-7 3.40 

2-3 1.80 2-10 5.20 

2-4 2.40 4-13 7.60 

2-4 3.40 7-16 11.00 

2-3 2.50 10-19 13.50 

a 

Integral 

Range Mean 

1-4 1.60 

6 6.00 

4-9 6.40 

5-9 7.00 

5-9 7.00 

4-11 6.60 

4-9 6.40 

2-13 6.40 

5-11 7.60 

7-16 11.40 

12-17 14.20 

9-17 14.00 

TABLE A-X (continued) 

GROUP 111 

Integral 

lange Mean 

0-1 0.80 

0 0 

0-1 0.40 

0-1 0.40 

0-1 0.40 

0-1 0.60 

0-1 0.60 

0-1 0.60 

0-1 0.60 

0-2 1.00 

0-2 1.20 

1-2 1.75 

e L 

Cumulative 

Range Mean 

0-1 0.80 

0-1 0.80 

0-2 1.20 

0-3 1.60 

0-4 2.00 

0-5 2.60 

0-6 3.20 

0-7 3.80 

0-8 4.40 

0-10 5.40 

0-12 6.60 

4-14 8.35 

b a 

1-3 2.00 

1-2 1.75 

1-2 1.50 

1-2 1.75 

1-2 1.25 

1-2 1.25 

1 1.00 

0-1 0.50 

0-1 0.50 

0-1 0.25 

1 

2 

3 

6 

9 

12 

15 

18 

21 

24 

27 

30 

33 

36 

40 

44 

48 

60 

75 

90 

105 

120 

7-16 

8-18 

10-20 

12-22 

15-24 

16-26 

17-27 

17-28 

17-29 

17-30 20.10 

Erythrocytes 

12-21 15.75 

13-21 17.00 

14-21 18.00 

14-22 18.50 

14-23 19.00 

14-23 19.25 

14-23 19.25 

15-24 19.75 

15-24 19.75 

15-25 20.00 

10-17 14.00 

4-16 10.50 

2-16 8.00 

1-14 6.50 

3-9 4.75 

2-10 4.50 

1-3 1.75 

1-6  4.50 

1-7 3.75 

1-8 3.25 

10.35 

12.10 

13.60 

15.35 

16.60 

17.85 

18.85 

19.35 

19.85 

Leucocytes 

Integra I 

?ange Mean 

0-1 0.20 

1 1.00 

1-3 2.00 

1-3 2.00 

0-3 2.00 

0-4 2.20 

0-3 2.00 

0-3 2.00 

1-3 2.20 

2-4 3.00 

2-4 3.40 

3-4 3.75 

3-4 3.75 

2-4 3.00 

0-4 2.25 

0-4 2.00 

0-3 1.25 

0-3 0.75 

0-1 0.25 

0-2 1.50 

0-2 1.00 

0-2 1.00 

Cumulative 

? m g e  Mean 

0-1 0.20 

0-2 1.20 

2-3 3.20 

3-6 5.20 

5-9 7.20 

5-13 9.40 

5-16 11.40 

5-19 13.40 

6-22 15.60 

10-25 18.60 

13-29 22.00 

21-33 25.75 

25-37 29.50 

28-41 32.50 

30-45 34.75 

30-49 36.75 

31-52 38.00 

31-55 38.75 

31-56 39.00 

33-58 40.50 

35-60 41.5C 

36-62 42.50 

Neutrophils 

Integral 

?ange Mean 

0-2 0.40 

2 2.00 

0-2 0.60 

0-3 0.80 

1-2 1.20 

0-4 1.20 

0-2 0.80 

0-3 1.20 

0-3 1.00 

0-4 2.00 

1-4 3.20 

0-4 3.00 

3-4 3.75 

0-4 2.50 

0-4 2.00 

0-3 1.50 

0-2 0.50 

0-2 0.50 

0 0  

0 0  

0 0  

0-1 0.25 

Cumulative 

Range Mean 

0-2 0.40 

0-4 2.40 

0-6 3.00 

0-9 3.80 

1-10 5.00 

1-10 6.20 

1-11 7.00 

1-12 8.20 

1-13 9.20 

1-17 11.20 

2-20 14.40 

2-21 17.40 

6-25 21.15 

10-29 23.65 

13-33 25.65 

14-36 27.15 

14-38 27.65 

14-40 28.15 

14-40 28.15 

14-40 28.15 

14-40 28.15 

14-41 28.40 

Lymphocytes 

Integral Cumulative 

longe Mean Range Mean 

0-1 0.20 

3 3.00 

2-4 3.40 

3-4 3.40 

2-4 2.80 

1-4 2.00 

1-3 2.00 

1-4 1.80 

1-4 2.00 

2-4 3.00 

0-4 3.00 

1-4 3.00 

0-4 2.25 

0-4 2.00 

0-4 1.25 

0-3 0.75 

0-3 1.25 

1-3 1.75 

0-1 0.50 

1-3 2.00 

1-4 2.25 

1-3 1.50 

0-1 0.20 

0-4 3.20 

2-8 6.60 

6-11 10.00 

8-15 12.80 

9-19 14.80 

10-21 18.80 

13-22 18.60 

14-23 20.60 

16-26 23.60 

16-30 26.60 

17-32 29.60 

21-36 31.85 

22-40 33.85 

22-44 35.10 

22-47 35.85 

22-48 37.10 

24-51 38.85 

25-52 39.35 

28-54 41.35 

29-58 43.60 

30-61 45.10 

I Total  Platelets 

2-3 2.25 

0-2 1.25 

0-2 1.00 

0-2 0.50 

0-1 0.50 

0-1 0.25 

0 0  

0-1 0.50 

0 0  

0-1 0.25 

Cumulative 

Range Mean 

1-4 1.60 

1-10 7.60 

5-17 14.00 

10-25 21.00 

15-32 28.00 

20-38 34.60 

24-43 41.00 

27-56 47.40 

31-67 55.00 

38-79 66.40 

46-97 80.60 

55-113 94.60 

72-130 108.60 

84-146 119.10 

93-162 127.10 

100-176 133.60 

103-185 138.35 

105-195 142.85 

106-198 144.60 

112-204 149.10 

115-211 152.85 

116-219 156.10 



TABLE A-X (continued) 

GROUP IV 

:ytes 

Cumulative 

Range Mean 

0-1 0.50 

0-1 0.50 

0-1 0.50 

0-1 0.50 

0-1 0.50 

1.0 0.50 

1.0 0.50 

2.0 1.50 

3.0 2.50 

4.0 3.50 

5.0 4.50 

6.0 5.50 

Eryth 

Range Mean 

Leu< 

Integral 

Range Mean 

0-1 0.50 

1 1.00 

1-2 1.50 

2-4 3.00 

3-4 3.50 

4 4.00 

2 2.00 

3 3.00 

4 4.00 

3 3.00 

4 4.00 

1 1.00 

2 1 0  O 

:ytes 

Cumulative 

Iange Mean 

0-1 0.50 

0-2 1.50 

1-4 3.00 

3-8 6.00 

6-12 9.50 

IO 13.50 

12 15.50 

15 18.50 

19 22.50 

22 25.50 

26 29.50 

27 30.50 

Neutrophi I s L y m d  

lntergral Cumulative Integral 

Range Mean Range Mean Range Mean 

0-2 1.00 0-2 1.00 0-2 1.00 

2 2.00 0-4 3.00 4 4.00 

0-4 2.00 0-8 5.00 4 4.00 

0-4 2.00 0-12 7.00 4 4.00 

3-4 3.50 3-16 10.50 3-4 3.50 

3 3.00 6 13.50 4 4.00 

0 0 6 13.50 4 4.00 

1 1.00 7 14.50 3 3.00 

4 4.00 1 1  18.50 3 3.00 

3 3.00 14 21.50 1 1.00 

4 4.00 18 25.50 4 4.00 

0 0 18 25.50 4 4.00 

1 .oo 

12 

3 0  0 

6 0  0 

9 0  0 

0 0 

0 0 

2 2.00 

4-6 5.00 

7 8.00 

IO 11.00 

14 15.00 

18 19.00 

22 23.00 

25 26.00 

25 26.00 

:ytes 

Cumu Io t i  ve 

Range Meon 

5-10 

8-14 

11-16 

14 

9 

12 

16 

12 

16 

6 

0-2 1.00 

0-6 5.00 

4-10 9.00 

8-14 13.00 

11-18 16.50 

15 20.50 

19 24.50 

22 27.50 

25 3 0 3  

26 31.5C 

30 35.51 

34 39.51 

7.50 

11.00 

13.50 

14.00 

9.00 

12.00 

16.00 

12.00 

I6.M) 

6.00 

Platelets I Tota l  

6-22 

14-36 

25-52 

39 

48 

60 

76 

88 

104 

110 

Integral 

?ange Mean 

0 0  

0 0  

0 0  

2 2.00 

2-4 3.00 

3 3.00 

3 3.00 

4 4.00 

4 4.00 

4 4.00 

3 3.0C 

0 0  

Day 

1 

2 

Erythrocytes Leucocyte s Neutrophils Lymphocytes Plate le ts  Total 

Integral Cumulative Integral Cumulative Integral Cumulative Integral Cumulative Integral Cumulative Integral Cumulative 

Range Meon Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean 

2.00 2.00 3.00 3.00 4.00 4.00 4.00 4.00 13.00 13.00 

0 2.00 3.00 6.00 4.00 8.00 4.00 8.00 11.00 24.00 
I i 

3.00 

10.00 

17.50 

28.50 

42.00 

56.00 

65.00 

77.00 

93.00 

105.00 

121.00 

127.00 
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Tab le  A - X I  

. 

I n d i v i d u a l  I n t e g r a l  P r o f i l e  Scores':' 

Hematology-Coagula t i o n  

Pat i en t Day C l o t  Time PPT S PT 

LA 2 

LA6 1 
5 
6 
7 
8 

18 
F 

LA 7 AT 

LA8 AT 

LA 9 AT 

LA10 AT 

Group I 

0 
2 
3 
1 
1 
0 
0 

0 

0 

0 

0 

LA12 X X 

A1 X 0 

A2 X 0 

A3 X 0 

A 4  X 0 

 OR^ 

OR7 

OR8 

0 

0 

X 

0 

0 

X 

:: 
I n d i v i d u a l  non-cumulat ive scores o n l y  because o f  i ncons is tency  
i n  performance o f  t e s t s .  

PPT - Plasma Prothrombin Time; 5PT - Serum Prothrombin Time. 

AT - A l l  t imes tes ted ,  i n c l u d i n g  f o l l o w - u p  p e r i o d ;  F - A l l  t imes 
t e s t e d  d u r i n g  f o l l o w - u p  p e r i o d .  

x - No i n f o r m a t i o n  a v a i l a b l e  concern ing  t e s t .  

B lank - Tes t  n o t  performed. 

- - Tes t  performed; r e s u l t  unknown 
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Table A - X I  (continued) 
.r. 

Individual Integral Profi le Scores*” 

Hematology-Coagulation 

Patient Day Clot Time PPT S PT 

LA4 

R2 

OR1 

OR2 

OR3 

O R 4  

0 R5 

5 
6 
7 
8 
9 
10 
1 1  
12 
14 
16 
F 
x 

1 1  
29 
67 

1 1  
29 
67 

1 1  
29 
67 
1 1  
29 
67 

1 1  
29 
67 

Group I I 

4 
4 
4 
3 
2 
2 
1 
0 
0 
0 
0 

X 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

X 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

X 

v6 - X 
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Tab le  A-XI  ( con t i nued)  

I n d i v i d u a l  I n t e g r a l  P r o f i l e  Scores" 

Hematology-Coagulat ion 

Pat i e n t  Day C l o t  Time PPT S PT 

Group I I I 

LA 1 

R 1  

Y2 

Y3 

Y4 
Y5 

LA 3 

Y 1  

Group I V  

X 

Group V 

LA1 1 X X X X 
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Table A-XI 1 

Individual Integral Profile Scores" 

B i ochemi s t ry-B lood 

- - 

Protein 
Patient Day Na c1 BUN NPN Uric Ca 

A G Total Acid 

Group I 

LA2 
LA6 

X 

1 
2 
3 
8 
14 
19 
23 
27 

X 

0 
0 

X X X X X X X X 

0 
0 

0 
0 

0 
0 0 0 0  

0 0 0  
0 0 0  
0 0 0  
0 0 0  

0 LA7 1 
2 0 0 0 

LA8 0 
0 0 0 

LA 9 0 
0 0 0 

LA10 0 
0 0 0 

A1 
A2 
A3 
A4 

X 

X 

X 

X 

X 

X 
X 

X 

X 
X 

X 

X 

X X 

X X 

X X 
X X 

X 
X 
X 

X 

X 

X 

X 
X 

X X X 

X X X 

X X X 
X X X 

0 ~6 
0 R7 
0 R8 

AT 
AT 
AT 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 0  0 
0 0 0  
0 0 0  

.II *r 

Individual non-cumulative scores only because of inconsistency in 
performance of tests. 

x - No information available concerning test. 
Blank - Test not performed. 
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Table A - X I 1  (continued) 

Individual l n t eg ra l  P r o f i l e  S c o r e 8  

B i ochemi s t ry-B lood 

Protein 
Ca Uric Pa t i en t  Day Na C 1  B U N  NPN A c i d  

A G Total 

Group I I 

L A 4  1 
2 
3 
7 
8 

17 
21 
28 

0 
0 
0 0 

0 
0 
0 

0 
0 

0 0 0  
0 3 3  
0 0 0  
0 0 0  
0 0 0  

R2 19 2 0 

OR 1 AT 
0 R2 AT 
0 R3 AT 
0 R4 AT 
OR5 AT 

0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  

Y6(a) AT 0 0 0 0 0 0  X 

c LA 1 14 0 0 

R1 23 0 
28 0 

0 0 0  
0 0 0  

Y2(a) AT X 0 0 
Y3(a) AT X 0 0 
Y4(a) AT X 0 0 
Y5(a) AT X 0 0 

0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  

AT - A l l  times t e s t e d ,  including follow-up period. 

a - K and P were a l s o  normal f o r  a l l  times tested. 
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Tab le  A - X I  I (cont inued)  
.I. 

I n d i v i d u a l  I n t e g r a l  P r o f i l e  Scores" 

B i ochem i s t r y  -B 1 ood 

P r o t e i n  U r i c  P a t i e n t  Day Na C1 BUN NPN Acid 

A G T o t a l  

LA3 1 
2 
3 
4 
8 
9 

d b )  x 

LA1 1 1 

0 
0 0 
0 
0 2 

2 
3 

- - 

Group I V  

0 

1 

4 
1 

X X 

Group V 

0 

0 0  1 
0 1 0 0 0  

0 0 0 0  

X X X X X 

1 4 

b - Na and C1 l e v e l s  were decreased and K l e v e l  was increased d u r i n g  
t h e  f i r s t  p o s t i r r a d i a t i o n  week and t e r m i n a l l y ,  b u t  degrees o f  
a b n o r m a l i t i e s  were n o t  repor ted .  

- T e s t  performed; r e s u l t  unknown. 
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Table A-X I  I I 

. 

I n d i v i d u a l  I n t e g r a l  Prof  i l e  Scores* 

Biochemist ry-Ur ine 

Coproporphyr i n Urob i 1 i nogen 

LA2 
LA6 AT 
LA7 1 
LA8 1 
LA9 1 
LA 10 1 

Group I 

0 0 
0 0 
1 0 
0 0 
0 0 

Group II 

LA4 1 
2 
5 
6 
7 
8 
9 

11 
18 
21 
24 
26 

2 0 
2 4 
1 1 
1 0 
0 0 
0 0 
0 1 
0 0 
0 0 
0 2 
0 0 
0 1 

0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 

.L *,- 
I n d i v i d u a l  non-cumulative scores on ly  because o f  inconsis tency 
i n  performance o f  t es ts .  

No in fo rmat ion  i s  a v a i l a b l e  concerning the  performance o f  
these t e s t s  i n  any b u t  the  Los Alamos p a t i e n t s  except f o r  the  
n o t a t i o n  t h a t  there  was an i r r e g u l a r  increase i n  b i l e  pigment 
exc re t i on  i n  some o f  the Yugoslav p a t i e n t s .  

AT - A l l  times tested, i nc lud ing  fo l low-up per iod.  

Blank - Test n o t  performea o r  reported. 



146 

Table A-XI I I 

Individual Integral Profile Scores" 

B i oc hem i s try - U r i ne 

Coproporphyrin Urobilinogen 

Group 1 I I  

LA 1 24 3 3 

Group IV 

LA3 1 0 
2 0 0 
5 2 2 0 
6 3 4 0 
7 3 0 3 

LA1 1 X X X X 

x - No information available concerning tests. 

. 
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Table A-XIV 

Amino Acids and Acid Hydrolysates of Normal Urine 

Amino Acids Uni ts Average Range Range of 
Hydrolysates 

Taur i ne m 9 b Y  156 
As part i c 
Th reon i ne 
Ser i ne 
Aspa ragi ne 
Glutamic 
Pro1 i ne 
Glycine 
Alan i ne 
Aminoadipic 
Cyst i ne 
Valine 
Methionine 
I soleuci ne 
Leuc i ne 
Tyros i ne 
Phenylalanine 
His t i d i ne 
Methylh is t id i ne 
Lys i ne 
Arg i ni ne 

10 
28 
43 
54 
10 
10 
132 
46 
10 
10 
10 
10 
18 
14 
35 
18 
216 
180 

19 
10 

Total - 979 
- 

0 -  1 

19 - 25 
21 - 27 

0 - 61 
7 - 15 

120 - 737 

40 - 108 
4 - 12 
2 -  8 
4 - 14 
0 - 13 
11 - 23 
3 - 16 
69 - 188 

1 - 47 
4 - 21 

Beta Aminoisobutyric Acid - 150 pM/day (maximum) 

70 - 175 
40 - 103 
70 - 206 

343 - 420 
43 - 86 
300 - 714 
81 - 142 

88 - 200 
8 - 60 

18 - 59 
20 - 94 
55 - 70 
24 - 66 
130 - 378 

42 - 100 
Trace 57 

Procedures not sufficiently standardized to warrant assignment of pro- 
file values of any significance or reliability. 
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Table A-XV 

Ur inary  Amino Acid Excre t ion  

~~ 

Pat i ents  
1 ncreased Excre t ion  

(pos t  i r rad  i a t  i on day) 
LA1 LA3 LA4 LA8 LA9 A 1  A2 A3 A 4  O R 1  OR2 OR5 

Onset 2 3 1 1 1 1  1 3 1 1 1 1  

Peak 2 3 6 6 1 1  6 6 8 6 4 4 4  

Dura t ion  9 12 150 120 155 120 16 

A m i  no Acids Excreted 
(by acc i dent g roups) LASL-1-1 I Argonne Oak Ridge Yugoslavia 

Alan i ne 
A rg in ine  
As p a r t  i c 
Cys te ic  Ac id 
Cyst i ne 
Glutamic Acid 
Glutamine 
Glycoco l le  
G lyc ine  
H i  s t  i d  i ne 
Hyd roxypro l  i ne 
Leuc i ne 
Lyc i ne 
Meth ion ine 
Methy l h  1 s t i  d i ne 
Phenylalanine 
P r o l i n e  
Ser i  ne 
Taur ine 
Th reon i ne 
Tryptophane 
Tyros i ne 
Va l i ne  

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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Table A-XVI 

Urine Beta Aminoisobutyric Acid (BAIBA) Excretion in Oak Ridge Patients 

Patient -- O R 1  OR2 OR3 OR4 OR5  OR^ OR7 OR8 

Dose (rad) 

Nf 

Y 

To ta 1 

96 89 86 71 62 18 18 6 

269 250 241 199 174 50.5 50.5 16.8 

365 339 327 270 236 68.5 68.5 22.8 
- --  - - - 7- 

3 U + U  0 - + + 0 0  

4 + I + * *  + + 0 0 0  

5 + - + - U + + 
6 U + + + 0 - 

+ - + - 7 + + + 
8 + - + - + - + + 

~- ~- - ~ 

0 - 
f - - 
+ - 

50 p M/L BAlBA 
75 p M/L BAlBA 
125 p M/L BAlBA 

U - 250 p M/L BAlBA 
ti+ - 500 p M/L BAIBA 

Extracted from Rubini, J. R.  in Reference 7.  

. 
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