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FOREWORD 

This  is the  fou r t een th  Annual R e p o r t  of t h e  Center  f o r  Human Radiobiology. 

The p a s t  year  w a s  marked by t h e  r e t i r emen t  of D r .  Robert E. Rowland, who w a s  

p r i n c i p a l l y  r e spons ib l e  for es tab l i shment  of the  Center a t  Argonne t o  

i n v e s t i g a t e  the b i o l o g i c a l  e f f e c t s  of radium and o the r  i n t e r n a l  emitters i n  

man. D r .  Rowland d i r e c t e d  t h e  Center  and the  Radio logica l  and Environmental 

Research Div is ion  (RER)  u n t i l  he w a s  appointed In te r im Associate  Laboratory 

Director for Biomedical and Environmental Research, the  Argonne post from 

which he r e t i r e d  i n  February 1983. Because of r e l a t e d  management changes, the 

o rgan iza t iona l  l i s t i n g s  i n  t h i s  Annual Report  were i n  e f f e c t  f o r  only a 

limited per iod  dur ing  t h e  year .  D r .  John Rundo w a s  Sec t ion  Head u n t i l  he w a s  
appointed In t e r im  Associate Laboratory Di rec to r  i n  February. The 

Environmental Research Div is ion  w a s  organized i n  May by merger of t h e  RER 

Div is ion  with t h e  Environmental Impact S tud ie s  Divis ion and po r t ions  of o t h e r  

Argonne groups. 

N e w  cases  of bone cancer  o r  carcinoma of head s i n u s e s  are s t i l l  occur r ing  

a t  the  rate of about one per year  i n  p a t i e n t s  who acquired radium burdens S O  

or 60 years  ago. The f i r s t  paper desc r ibes  t h e  t h r e e  most r e c e n t  cases; i n  

one of these,  t h e  radium burden w a s  the  lowest y e t  observed for bone cancer i n  

t h i s  populat ion,  and i n  another  case i t  w a s  the lowest f o r  mastoid carcinoma. 

A new approach to  a n a l y s i s  of time-dose r e l a t i o n s h i p s  f o r  bone cancers  i n  

radium cases is ind ica t ed  i n  t h e  second report. This  is followed by two 

r e p o r t s  on the  r i s k  of o t h e r  types of cancer  among female radium d i a l  workers 

and a paper on s k e l e t a l  e f f e c t s  o the r  than cancer  t h a t  have been found i n  

radium pat ients .  The s i x t h  paper r e f e r s  t o  electron-microscope measurements 

of ce l l  s i z e  and shape that  t h e  late E. L. Lloyd incorpora ted  i n t o  s t u d i e s  of 

t h e  effects of a lpha  p a r t i c l e s  on cells i n  s i t u  and i n  c u l t u r e .  

Papers 7 through 16 d e a l  wi th  the  measurement and/or dosimetry of a lpha-  

emi t t i ng  rad ionucl ides  i n  man, i n  animals, or i n  t h e  environment. Ongoing 

work t o  determine t h e  dose from 5.75-yr 228Ra i n  e a r l y  radium d i a l  workers is  

descr ibed  i n  paper 8 .  Paper 10 Is a summary of a widely disseminated report 

on t h e  Cen te r ' s  measurements of radon i n  houses. Paper 7 desc r ibes  a r e c e n t  

case of inha led  radium t h a t  w a s  ascribed t o  a maintenance procedure a t  a 

uranium m i l l ,  whi le  paper 16 is a report on lung doses  t h a t  were es t imated  on 

t h e  basis of repor ted  levels of a i rbo rne  uranium d u s t  and radon and gamma rays  
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a t  uranium p l a n t s  i n  t h e  mid-1940s. Paper 12 p r e s e n t s  experimental  evidence 

t h a t  t he  f r a c t i o n a l  t r a n s f e r  of uranium from the  gut t o  blood i n  humans is  

much less than  t h e  value of 0.2 that has been proposed f o r  use i n  s e t t i n g  

s a f e t y  s t anda rds  for uranium i n  d r ink ing  water. The measurements of 226Ra and 

22%a i n  w e l l  water (paper 9) were done i n  c o l l a b o r a t i o n  with t h e  I l l i n o i s  

State Geological Survey# and the work on the  g a s t r o i n t e s t i n a l  absorp t ion  of 

a c t i n i d e  elements  i n  animals (papers 13  and 15) w a s  done i n  co l l abora t ion  wi th  

Argonne's Biological and Medical Research Divis ion.  Radiochemical methods 

t ha t  were developed i n  t h e  Center  f o r  measurement of t h e  a c t i n i d e  elements are 

described i n  paper  14. Papers 11, 17, and 18 are reports of work done a t  

Argonne by v i s i t i n g  s c i e n t i s t s .  

The report concludes wi th  t h e  u s u a l  appendices;  Appendix A conta ins  d a t a  

on the  exposure of 2312 persons whose radium con ten t  has  been determined, 

w h i l e  t h e  tables i n  Appendix B l ist  the classical radium-related malignancies 

(osteosarcomas and carcinomas of the pa ranasa l  s inuses  and mastoid). The 

s e c t i o n  on unmeasured cases i n  Appendix B con ta ins  a lengthy d iscuss ion  on 

ob ta in ing  u s e f u l  estimates of radium burdens from hard- to- in te rpre t  measure- 

ments reported i n  t h e  e a r l y  l i t e r a t u r e  on radium cases. 
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AN UNUSUAL CASE OF RADIUM EXPOSURE 

R. E. Toohey, J. Y. Sha, P. W. Urnezis and E. Y. Hwang 

W e  have determined the body content ,  d i s t r i b u t i o n ,  r e t e n t i o n ,  and 
exc re t ion  rate of 226Ra for a uranium m i l l  worker who inha led  226Ra 
i n  an unknown form. R a d i u m  w a s  r e t a ined  i n  the  lung wi th  a 
biological h a l f - l i f e  of 120 days, and the amount i n i t i a l l y  inha led  
w a s  es t imated  to  be 180 f 30 Bq. These values,  combined with a n  
observed radon r e t e n t i o n  factor of 715, implied a 50-year dose 
commitment of 0.16 f 0.04 Sv to the  lung. Although it is be l i eved  
t h a t  t h i s  case r e p r e s e n t s  an i s o l a t e d  inc iden t ,  it is possible t h a t  
some uranium m i l l  workers may form a contemporary popula t ion  t h a t  is 
occupat iona l ly  exposed t o  radium. 

In t roduct ion  

A t  t he  r eques t  of t h e  U.S. Nuclear Regulatory Commission, we determined 

the  body content  of 226R, of a uranium m i l l  worker (CHR C a s e  No. 30-206) on 

four  occasions over 13 months. me s u b j e c t  was a 47-year-old whi te  male i n  

gene ra l ly  good h e a l t h  who w a s  a rubber worker a t  the  m i l l .  Among o the r  t a s k s ,  

h i s  j o b  included t h e  removal of o l d  rubber l i n e r s  from ion-exchange tanks by 

use of a hand-held grinder. It is be l ieved  that he inha led  226Ra-cantaminated 

p a r t i c l e s  generated during t h i s  operat ion.  The midpoint of t h a t  p a r t i c u l a r  

work period w a s  taken as the time of exposure. 

Me as ur  eme n t s  

The body con ten t  of 214Bi was determined wi th  a 152 X 203 mm N a I ( T 1 )  

d e t e c t o r  i n  the  r e c l i n i n g  c h a i r  geometry, and the  emanating radium con ten t  w a s  

determined by c o l l e c t i n g  and determining exhaled 222Rn by means of our 

s tandard  procedures. '  The r e s u l t s  are listed i n  Table 1. The '14Bi values 

were calculated on t h e  assumption t h a t  t h e  a c t i v i t y  was i n  t h e  c h e s t  only,  as 

determined f r o m  t he  seven-posi t ion scan data given b e l o w .  

The emanating radium values  were lower i n  the af te rnoons  than i n  the 

mornings of days 182 and 270. This may have been due to  a p o s t p r a n d i a l  

effect, s i n c e  the s u b j e c t  ate b reak fas t ,  b u t  no lunch, on those  days.' 

Consequently, we decided t h a t  the best estimates of body con ten t  could be 

obta ined  by t ak ing  t h e  weighted mean of the morning and af te rnoon 214Bi 

measurements for days 182 and 270, and adding the  afternoon va lues  f o r  
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TABLE 1. 214Bi i n  t h e  lungs,  emanating 226R,a, and to t a l  
226Ra values  for case 30-206. One s t anda rd  
d e v i a t i o n  is  listed w i t h  each en t ry .  

i , 

Days post- Emanating T o t a l  
exposure 214Bi,  B q  226Ra, Bq 226Ra, Bq 

100 f 17 109 59 f 16 41 2 6 

182 ( a . m . )  52 +, 14 51 +, 13 

182 (p.m.) 36 f 10 31 f 7 73 f l l a  

270 ( a .m . )  29 i 10 34 f 4 

270 (p.m.1 28 f 10 16 8 45 f l l a  

508 30 f 1 1  23 f 3 53 f 1 1  

a Sum of the  a f te rnoon emanating radium and t h e  weighted 
mean of the 214Bi measurements. 

emanating radium. Unfortunately,  t i m e  d id  n o t  permit replicate measurements 

on days 109 and 508. The body burdens of  226Ra are l i s ted  i n  t h e  f i n a l  column 

of Table 1, and it is apparent  t h a t  they  d id  n o t  follow a simple func t ion  of 

t i m e  post-exposure.  It should be poin ted  out ,  however, t h a t  t h e  214Bi values  

on days 270 and 508 were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  (more than 30 above 

zero), and so the r e s u l t i n g  body burden numbers may be unre l i ab le .  The mean 

radon r e t e n t i o n  w a s  71% ( range  69-75%). 'Ibis value w a s  c o n s i s t e n t  wi th  values  

ranging from 48-90% observed by Mar ine l l i  e t  a l .  i n  s i x  s u b j e c t s  who had 

inha led  radium s u l f a t e  dust .  

The d i s t r i b u t i o n  of 214Bi i n  t h e  body w a s  determined by a seven-posi t ion 

scan  performed each day. As shown i n  Figure 1, the data from one of t he  two 

c r y s t a l s  used ind ica t ed  that no detectable amounts of a c t i v i t y  were 

t r ans loca ted  from the  lung to  o t h e r  parts of the body as the lung con ten t  

decreased. It was p o s s i b l e  to  determine the h a l f - l i f e  f o r  r e t e n t i o n  i n  t h e  

lung from these  da ta .  The n e t  count ing  rates i n  the  upper and lower c r y s t a l s  

a t  p o s i t i o n  2 ( tho rax )  were added, and t h e  sums are shown i n  Figure 2. A 

s i n g l e  exponent ia l  func t ion  of t i m e  was f i t t e d  to these  data and a l s o  is shown 

i n  Figure 2. The h a l f - l i f e  w a s  120 f 20 days, and the  i n t e r c e p t  was 
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85 f 16 cpm. This  la t ter  value w a s  converted to  an a c t i v i t y  by determining 

the mean r a t i o  of the  summed count ing rates i n  p o s i t i o n  2 to t h e  '14Bi c o n t e n t  

of t h e  c h e s t  as measured i n  t h e  r e c l i n i n g  cha i r .  The r a t i o  w a s  0.67 cpm/Bq, 

so t he  estimated i n i t i a l  lung con ten t  w a s  127 f 23 Bq '14Bi. The i n i t i a l  

radium burden was then obta ined  by d i v i d i n g  the  '14Bi con ten t  by 0.71, t h e  

observed mean radon r e t e n t i o n .  The r e s u l t  w a s  180 f 30 B q  226Ra. A f i t  t o  

t h e  f i r s t  three body burden va lues  gave r e s u l t s  c o n s i s t e n t  wi th  these  values ,  

equal  to  170 f 60 Bq i n i t i a l  burden and 140 f 35 day h a l f - l i f e .  Since t h e  

r e s u l t s  from t h e  scan  geometry had greater prec is ion ,  they were used i n  

c a l c u l a t i o n s  of exc re t ion  rate and dose commitment presented  b e l o w .  

c u r v e  i s  a p l o t  o f  t h e  
f u n c t i o n  y = 8 S e -  0 . 6 3 9 t / 1 2 0  

0 Day 109 

t ." 
0 0.25 0.50 0.75 1.00 

Froctlm of helght from vertex 

F I G .  1 . - - R e s u l t s  o f  s e v e n -  
p o s i t i o n  s c a n  m e a s u r e m e n t s  
o f  '14Bi  i n  C a s e  30-206 
w i t h  a n  u n c o l l i m a t e d  292  x 
1 0 2  m m  N a I ( T 1 )  d e t e c t o r  
b e l o w  t h e  s u p i n e  s u b j e c t .  
The  f o u r t h  p o i n t  o f  e a c h  
s c a n  i s  a t  t h e  m i d p o i n t  o f  
t h e  s u b j e c t ' s  s u p i n e  b o d y ,  
a n d  t h e  r e m a i n i n g  p o i n t s  
a r e  s e p a r a t e d  f r o m  o n e  
a n o t h e r  by  1 5 %  o f  h i s  
h e i g h t .  

0 0 1  9 5 2 1  
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On each  day t h a t  t h e  s u b j e c t  v i s i t e d  CHR, 24-hour u r i n e  and f e c e s  samples 

were c o l l e c t e d .  The samples were later analyzed f o r  uranium and thorium by 

a lpha  spec t romet r i c  isotope d i l u t i o n ,  and for radium by de-emanation of radon. 

No uranium or thorium i so topes  i n  excess of n a t u r a l  l e v e l s  were observed, 

i n d i c a t i n g  t h a t  t h e  s u b j e c t  w a s  exposed to  226Fta r a t h e r  than t o  any of i t s  

precursors .  The radium e x c r e t i o n  rates are listed i n  Table 2. The mean 

e x c r e t i o n  rate w a s  (0.58 i: 0.421% of t h e  lung burden per day. Despite t h e  

wide range of ind iv idua l  values ,  t h i s  mean w a s  e x a c t l y  t h a t  predicted by t h e  

observed h a l f - l i f e  of t h e  lung conten t ,  and confirmed t h a t  t h e  radium l eav ing  

the  lungs w a s  being exc re t ed  r a t h e r  than depos i ted  elsewhere i n  the  body. It 

seemed l i k e l y  t h a t  t h e  radium w a s  f i rmly  a t t ached  to  d u s t  particles t h a t  were 

cleared from the  lung, swallowed, and excreted.  As a matter of i n t e r e s t ,  the 

e x c r e t i o n  rates i n  t h i s  case were q u i t e  comparable t o  those observed i n  t h e  

only one of M a r i n e l l i ' s  cases for whom exc re t a  w e r e  analyzed. I n  t h a t  s u b j e c t ,  

t h e  e x c r e t i o n  rate decreased from 6% of the  body burden a t  2 days post- 

exposure, t o  0.6% a t  80 days, and 0.5% a t  250 days.3 

TABCE 2. Daily e x c r e t i o n  rates of 226Fb for case 30-206. 
For t h e  exc re t a ,  one s tandard  dev ia t ion  is  
approximately 2% of t h e  listed value. 

Days post- 226R, excre ted ,  B q  day" % of lung 
exposure Urine Feces T o t a l  con t e n t s  

109 0.009 0.78 0.79 0.79 f 0.13 

182 0.008 0.17 0.18 0.25 0.04 

270 0.007 0.47 0.48 1.07 f 0.26 

508 0.009 0.10 0.1 1 0.21 f 0.04 

Discussion 

The 50-year dose commitment to  t h e  lungs of this subject can  be c a l c u l a t -  

ed accord ing  to the  method of ICRP 30.4 The data t abu la t ed  i n  ICRP 30 for 

i n h a l a t i o n  of 226Fb cannot  be used d i r e c t l y  because they assume r e t e n t i o n  i n  

the  lung has  a mean ha l f t ime  of 50 days (class W compound) and t h a t  30% of t h e  

radon produced is r e t a i n e d  i n  t h e  body. 
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-- 
The SO-year dose commitment t o  a t a r g e t  organ, TI is given 

= 1.6 x UT CSEE , H50,T 

where: Ut = t h e  number of nuc lear  t ransformat ions  i n  50 years ,  

and CSEE = C Y E.AF (T + T)QihlT , i i r  

by : 

where: Yi = t h e  y i e l d  of a rad ia t ion ,  i, per n u c l e a r  t ransformation,  

Ei = its energy i n  MeV, 

AF(T + T) = 1.0 f o r  a lpha  particles emitted i n  t h e  target organ, 

Qi = the  q u a l i t y  f a c t o r  f o r  alpha p a r t i c l e s  (201,  

% = mass of t a r g e t  organ i n  grams = 1000 f o r  lung. and 

For 226Fta with 71% radon r e t e n t i o n ,  C S E  = 0.372 MeV g-'. 

- A t  In  this case,  UT = I:OU(t)dt = 0 e d t  = Uo/X , 
where Uo = 180 Eq, and X = 6.77 x lo'* sec" (120-day h a l f - l i f e ) .  

%0, T 

Therefore ,  

= 1.6 x 10-l' x [180/(6.77 x x 0.372 = 0.16 SV. 

Propagation of e r r o r s  r e s u l t s  i n  an  estimated standard dev ia t ion  of 

0.04 Sv. The dose l i m i t  for non-stochast ic  e f f e c t s  is 0.5 Sv, and the l i m i t  

f o r  (weighted) s t o c h a s t i c  effects i s  0.05 SV.~ Since the weighting f a c t o r  for  

s t o c h a s t i c  e f f e c t s  is 0.12 for t h e  lung, 0.12 x 0.16 Sv = 0.02 Sv, and so t h i s  

i nc iden t  did not  r ep resen t  an overexposure. 

Perhaps the most i n t e r e s t i n g  aspect of this case, however, was tha t  it 

demonstrated that uranium m i 1 1  workers could be exposed t o  226Ra f r e e  from i t s  

precursors .  I n  a r e c e n t  report on whole-body counting of uranium m i l l  

workers, Helgeson reported that of 321 persons whose '14Bi con ten t s  w e r e  

measured, 77, or 24%, had amounts g r e a t e r  than the minimum detectable.' 

Although the minimum detectable amount w a s  no t  s p e c i f i e d ,  it may be presumed 

t o  be 75 or 100 Bq. Measurements a t  t h e  m i l l  s i t e  were d i f f i c u l t  to  i n t e r p r e t  

because of high background count ing rates and the  p o s s i b i l i t y  that '14Bi 

observed i n  vivo may have r e s u l t e d  from the  i n h a l a t i o n  of radon and i ts  

daughters,  rather than from an i n t a k e  of radium. 
-- 

Body r a d i o a c t i v i t y  measurements i n  a low background f a c i l i t y  and a n a l y s i s  

of exhaled brea th  f o r  radon may be necessary to determine the  t r u e  l e v e l s  of 

i n t e r n a l  radium I n  t h e s e  workers. Furthermore, exc re t a  samples can be 
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analyzed f o r  a -emi t t ing  i s o t o p e s  of t h e  238U and 232Th decay cha ins  i n  a n  

e f f o r t  to determine e x a c t l y  to which isotopes uranium lei11 workers are 

exposed, s i n c e  whole body count ing cannot  d e t e c t  230Th nor e s t a b l i s h  the r a t i o  

of 234m to its p a r e n t  2380.5 
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GASTROINTESTINAL ABSORPTION OF URANIUM IN MAN 

R. P. Larsen and K. A. O r l a n d h i *  

A method has been e s t a b l i s h e d  f o r  determining t h e  f r a c t i o n a l  
absorp t ion  of uranium d i r e c t l y  i n  man. Measurements are made of the 
u r ina ry  excre t ion  rates of uranium for ind iv idua l s  whose d r ink ing  
water has  a high 234U to 238U a c t i v i t y  ra t io  and is  the  primary 
source of  234U i n  t h e i r  d i e t s .  For two ind iv idua l s ,  the  Values 
obtained f o r  t he  f r a c t i o n a l  absorp t ion  of 234U were 0.004 and 
0.006. The values obtained f o r  t he  f r a c t i o n a l  absorp t ion  of 238U, 
us ing  a l i t e r a t u r e  value for t h e  238U i n t ake  from food, were 0.008 
and 0.015. The p resen t  ICRP value is 0.20. 

In t roduct ion  

The concent ra t ion  of uranium i n  the dr inking  water consumed by about 3% 

Of t h e  U.S. populat ion exceeds 10 pCi/L, a value t h a t  the U . S .  Environmental 

P ro tec t ion  Agency ( E P A )  may propose as a “hea l th  e f f e c t s  guidance level .”’  

This value is based i n  p a r t  on the  ICRP value of 0.2 f o r  f , ,  the f r a c t i o n  of 

Uranium t r a n s f e r r e d  from the g u t  t o  blood.2 This  value of f ,  is  based, t o  a 

l a rge  e x t e n t ,  on the uranium i n t a k e s  from foods tu f f s  as repor ted  by Welford 

and Baird3 f o r  t h e  United States and by Hamilton4 f o r  t h e  United Kingdom, and 

the  exc re t ion  rate of uranium f o r  Chicago r e s i d e n t s  as repor ted  by Welford and 
Baird3 and for  r e s i d e n t s  of t h e  United Kingdom as repor t ed  by Dean. 5 

The values  repor ted  by Welford and Baird and by Hamilton f o r  t he  amounts 

of uranium i n  U.S. and U.K. s k e l e t a l  remains, 46 and 67 Pg, r e spec t ive ly ,  are 

c o n s i s t e n t  with a value of 0.20 for f l ,  bu t  t he  values reported recen t ly  by 

FiSenne e t  a l e 6  for t h e  amounts i n  Nepalese and Aus t r a l i an  remains, 10 and 

3 W r  r e spec t ive ly ,  are not .  The p o s s i b l e  reasons f o r  t he  d i f f e rences  i n  

amounts of uranium i n  s k e l e t a l  remains would appear t o  be: ( 1 )  t h e  f r a c t i o n a l  

absorp t ion  of uranium is indeed about  0.2, and the  concent ra t ions  of uranium 

i n  foods tu f f s  consumed i n  Nepal and A u s t r a l i a  are much lower than those i n  

foods tu f f s  consumed i n  the  United S t a t e s  and the  United Kingdom, or ( 2 )  the 

value of f, f o r  uranium is much lower than 0.2 and t h e r e  were u n i d e n t i f i e d  

Sources of uranium i n  the  d ie t s  of t h e  ind iv idua l s  from t h e  United States and 

Environmental E f f e c t s  Research Program. 
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United Kingdom. I n  t h e  U.K. s tudy t h e  concent ra t ion  of uranium i n  d r ink ing  

water w a s  no t  measured; i n  t h e  U.S. s tudy  it w a s  determined i n  New York C i t y  

water and found to  be i n s i g n i f i c a n t .  Consequently, t h e  concent ra t ion  w a s  

considered to  be i n s i g n i f i c a n t  i n  Chicago water. 

A s t r o n g  argument can be made on t h e  basis of e x i s t e n t  information t h a t  

t he  I C R P  value of f l  f o r  uranium, 0.20 ,  is a f a c t o r  of 4 too high. This is 

done by cons ider ing  j u s t  t h e  Chicago populat ion,  the only  popula t ion  f o r  which 

a l l  the  parameters are known. The i n t a k e  from food, 1.5 pg/day, is t h a t  

r epor t ed  by Welford and B i r d  for Chicago r e s i d e n t s ;  t h e  i n t a k e  from water, 

0.42  ug/day, i s  c a l c u l a t e d  from the  concent ra t ion  of uranium i n  Chicago 

d r ink ing  water, 0.28 pg/L; and t h e  exc re t ion  rate, 0.09 pg/day, is based on 

the  values  f o r  nine Chicago r e s i d e n t s  as repor ted  by Welford and Baird. ( lbo 

of t h e i r  11 values  were r e j e c t e d  as being s ta t i s t ica l  ou t l ie rs . )  Using this 

information, one o b t a i n s  a value f o r  f ,  of 0.05 (0.047 rounded to one 

s i g n i f i c a n t  f i g u r e ) .  

Experimental 

A d i r e c t  measurement of t h e  g a s t r o i n t e s t i n a l  absorp t ion  of uranium i n  man 

can be made by determining the u r ina ry  exc re t ion  rate of 234U i n  Chicago 

suburban-area r e s iden t s .  

The value of the r a t i o ,  Rq, of t h e  a c t i v i t i e s  of 234U and 238U i n  some 

of these  suburban water supp l i e s  is as high as 30 t o  1, and the  concen t r a t ions  

of 234U and 238U i n  such waters are about  3000 and 100 f C i / L ,  r e spec t ive ly .  

If t h e  i n t a k e s  of t h i s  water by t h e  r e s i d e n t s  of these  suburbs were 1.5 L/day, 

t h e i r  d a i l y  i n t a k e s  of 234U and 238U from d r ink ing  water would be 4500 and 
6 150 f C i ,  r e spec t ive ly .  The value of R i n  food is known to  be 1.1 or less, 

4 I 8  
and t h e  d a i l y  i n t a k e  each of 238U from food and hence t ha t  of 234U,  have been 

es t imated  to  be 500 f C i e 3  Thus, the  primary source of 234U i n  t h e  d i e t s  of 

t h e s e  ind iv idua l s  is  d r ink ing  water, and the primary source of 238U is food. 

If an ind iv idua l  has  been consuming t h i s  water a t  a c o n s i s t e n t  and known ra te  

for  a pro t r ac t ed  per iod,  t h e  exc re t ion  rate of 234U will be equal t o  t h e  

in t ake  rate. 

The u r ina ry  e x c r e t i o n  rates of 234U of such ind iv idua l s  can be used 

t o  e s t a b l i s h  the f r a c t i o n a l  absorp t ion  of the  uranium t h a t  is consumed i n  

d r i n k i n g  water, W f t ,  and their u r ina ry  exc re t ion  rates of 238U can  be used 
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t o  e s t a b l i s h  the f r a c t i o n a l  absorp t ion  of uranium consumed i n  food, 'fl. 

The value of 'fl is ("E4 + FE,)/(w14 + 'I4) and the  value of  'fl is 

('E8 + F~8)/(W18 + F18), h e r e  E and I are rates of exc re t ion  and input ,  

r e spec t ive ly ;  the s u p e r s c r i p t s  W and F refer to  t h e  uranium from water and 

food, r e spec t ive ly ;  and t h e  subscripts 4 and 8 i d e n t i f y  234U and 238U, 

r e spec t ive ly .  

For t h e  i n d i v i d u a l  i n t a k e s  cited above, it is apparent  t h a t  t h e  errors i n  

the  values  of 'f1 due t o  the  i n t a k e  of  234U from food w i l l  be small. Over- or 

underest imat ing t h e  i n t a k e  of 234U from food by a f a c t o r  of 2 would have an 

inconsequent ia l  e f f e c t  on the  value of 'fl s i n c e  'I4 is a f a c t o r  of about 10 

wi th  h ighe r  than  'I4, and 'E4 i s  hence a f a c t o r  of about  10 higher  than  

the value of 'fl w e l l  e s t a b l i s h e d  and t h e  i n t a k e  of  238U from dr inking  water 

known wi th in  a factor of 1.5 (due to  unce r t a in ty  i n  t h e  i n d i v i d u a l ' s  estimate 

of h i s  d r ink ing  water consumption), t he  error i n  the  value of 'f, would be 

dominated by t h e  e r r o r  i n  t h e  estimate of 238U i n t ake  from food i f  t h e  values  

of 'fl and 'fl do n o t  d i f f e r  markedly. The value of FE8 would be a f a c t o r  of 

3 l a r g e r  than  'E8, and hence t h e  value of F ~ 8  would be a f a c t o r  of 3 larger 

than  'I8. It would appear that t h e  i n t a k e  of 238U from food would not  vary 

wi th  the i n d i v i d u a l  by more than  a f a c t o r  of 1.5. The range i n  t h e  values  of 

the i n t a k e  rates by r e s i d e n t s  of New York, Chicago, and San Francisco, which 

were based on t h e  a n a l y s i s  of a wide v a r i e t y  of foods tu f f s ,  was 462 t o  

523 Pg/year, and the  v a r i a t i o n  i n  concen t r a t ion  with type of foods tuf f  w a s  n o t  

l a rge .  

F 
E4. 

Two 24-hr u r i n e  samples from one of t h e  au tho r s  (XAO) and one from h i s  

w i f e  (DMO) have been analyzed. The value of R i n  t h e i r  domestic water i s  

27, and the 234U concent ra t ion  is 1800 fCi /L .  A known amount of 236U was 

added t o  each sample, the  sample w a s  digested with n i t r i c  acid, the s o l u t i o n  

w a s  evaporated t o  a small volume, and t h e  uranium w a s  separated by t h e  method 

reported by Orlandini .7  The s o l u t i o n  is made 1.5 M i n  aluminum n i t r a t e  and 

0.5 - M i n  n i t r i c  acid, and then  passed through a Dowex-1 anion exchange column. 

The column, which s t r o n g l y  retains the  uranium, is washed first with a so lu -  

t i o n  of t h e  same composition and then  wi th  a 9 M hydrochlor ic  acid so lu t ion ,  

and t h e  uranium is e l u t e d  with 1 M hydrochlor ic  acid. The uranium is then  

electrodeposited and the p lanchets  assayed i n  an a lpha  spectrometer f o r  about  

one week. 

4,8 

- 

- 
- 
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Resu l t s  and Discussion 

The d a t a  obtained (Table 1 )  are obviously q u i t e  l imi ted ,  b u t  they sugges t  

s t r o n g l y  t h a t  t he  value of fl f o r  uranium is i n  the  order  of 0.005 to  0.01 

rather than 0.20 ( t h e  $PA va lue ) ,  or 0.05 ( t h e  value c a l c u l a t e d  above from the 

Welford and Baird d a t a ) .  Our values  f o r  the ur inary  excretion rate of 238U 

range from 3 t o  9 fCi/day, w i t h  an average v a l u e  of 6 fCi/day, while those  of 

Welford and Baird average 30 fCi/day (range 20 to  40 fCi/day, two o u t l i e r s  

aga in  being excluded).  The d i f f e r e n c e  between their value f o r  fl and ours  may 

be the consequence of our  having a very l imi t ed  da ta  set. The number of 

s u b j e c t s  i n  our s tudy should obviously be increased.  It also appears  t h a t  t he  
value of fl should be based on the  da ta  f o r  234U r a t h e r  than t h a t  for 23823, 

t h e  r e l i a b i l i t y  of t he  in t ake  rate of 234U being q u i t e  supe r io r  to t h a t  of 

23%. 

TABLE 1. Uranium g a s t r o i n t e s t i n a l  absorpt ion i n  t w o  human s u b j e c t s  based on 
t h e i r  d i e t a r y  i n t a k e s  and ur inary  exc re t ions  of 234U and 238U. 

Uranium In take ,  fCi/day Excretion, Percent  
Sub j e c t i so tope  Fooda Waterb Total fCi/day absorp t ion  

KAO-1 234 500 1800 2300 9 f 1  0 . 4  
2 38 500 70 570 3 f 0.5 0.5 

KAO-2 234 500 1800 2300 7 f 0.7  0 .3  
2 38 500 70  570 6 f 0.6 1.1 

DMO 234 500 2700 3200 18 f 1 0.6 
238 5 00 100 600 9 f 0.6 1.5 

a From Welford and Ba i rdO3  

Based on t h e  subjects' estimates of t h e i r  water consumptions. 
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