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AN UNUSUAL CASE O F  RADIUM TOXICITY * 

H. F. Lucas,  Jr . ,  R. E. Rowland, C. E. Miller,** R. B. Holtzman, 
R. J. Haster l ik , t  and A. J. Finkel** 

Abstract  

A case  history of a patient with radium toxicity is presented. The 
patient, before death at age 54, was found to have large amounts of RaZZ6 
in a femur amputated in the treatment of an osteoblastic osteogenic sar- 
coma. The total body burden was  estimated by severa l  methods. 
body counting showed a body burden of about 0.60 5 0.06 PC of Ra226. 
Radiochemical analyses of small sections of the amputated femur gave an  
estimated burden of about 0.4 pC and RnZZ2 breath measurements  indicated 
a burden of about 0.17 pC RaZLb. Autoradiographic studies indicated a 
total burden of about 2 p C ,  an estimate in agreement  with that f rom bone 
damage observed in Roentgenograms. 

Whole- 

It w a s  estimated that the RaZt6 had been incorporated into the skele- 
ton about 40 yea r s  pr ior  to these measurements.  
a se r i e s  of weekly injections at about this age,  there  is  a lack of d i rec t  
evidence that they contained radium. 
ratio of RaD to RaZZ6 in bone samples ,  and Roentgenographic findings a r e  
consistent with exposure to RaZZ6 at about 18 yea r s  of age. 

While the patient received 

The coefficient of excretion, the 

The route and ra te  of intake of the original exposure,  as deduced 
f rom the hot-spot-to-diffuse ratios in the autoradiographs, a r e  consistent 
with injection over a period of 3 months and correspond to an intravenous 
dose of about 360pC. 

The discrepancies in the estimate of the body burdenwere ap- 

The 
parently due to the extensive turnover of large a r e a s  of bone which were 
subsequently seen in the autoradiographs and microradiographs.  
whole-body gamma counting and the chemical methods showed only ave r -  
ages of the remaining RaZ2', while the autoradiographs, indicating where 
activity was  present ,  showed the nature of the original deposits. The 
importance of the initial amount of radium in the body on the carcinogenic 
process  is discussed. 

*Published in Am. J. Roentgenol. 90, 1 0 4 2 -  1051 (1963) .  

**Health Division. 

tArgonne Cancer Research Hospital, Chicago, Illinois. 
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Pb'" (RaD) IN INHABITANTS O F  A CARIBBEAN ISLAND 

Richard B. Holtzman 

Abstract  

The mean concentration of lead-210 in ver tebrae  of 
Pue r to  Ricans was 0.118 pC/g ash. The value in males ,  
0.133 pC/g ash,  was significantly higher than the 0.088 pC/g 
ash in females.  These  values are  significantly lower than 
those in s imilar  groups of mid-continent (midwestern U.S.) 
res idents ,  0.196 for males and 0.156 f o r  females .  These 
lower values in island dwellers a r e  attr ibuted to the lower 
atmospheric  concentration of Pb2l0 over the oceans with the 
consequently lower exposure of these people. 

Discus s ion 

The distribution of Pb'" (RaD) in human populations is of par t icular  
in te res t  because this nuclide, along with i t s  daughter Po2lo, contributes 2070 
or m o r e  of the natural  radiation dose to  the skeleton.(l)  In turn,  the dose 
f rom natural  radiation (cosmic r a y s ,  gamma rays ,  RatZ6, etc.) accounts for 
90% or m o r e  of the total skeletal radiation dose  (natural  and fallout) ex- 
clusive of the uncertain dose received f rom medical X-ray exposure. (2)  

Geographical variations in Pb'" concentration a r e  to be expected 
on the bas i s  of a previously proposed mechanism for the acquisition of the 
nuclide. 
f r o m  food and the r e s t  by inhalation, the contribution f r o m  skeletal Ra226 
being negligible.(l) The concentration of Pb2l0 in a i r ,  however, should be 
lower over the ocean than over the continents because of the known lower 
concentrations over the ocean of the Pb'" p recu r so r ,  Rn222.(394) The at- 
mospheric  concentrations of Pb'" measured in England(5) and those meas-  

concept.(6) Consequently, the Pb'" content in populations breathing ocean 
air should be  lower than that in  similar populations breathing continental 
air. This effect may be fur ther  enhanced by a lower intake f rom food, if, by 
analogy with the uptake of Sr9' in plants, a substantial fraction of the Pb'" 
in  food is acquired f r o m  atmospheric  p r e ~ i p i t a t i o n . ( ~ )  

In the United States about one half the activity is acquired by intake 

l ured at the 80th meridian air sampling stations a re  consistent with this 
, 

Skeletal concentrations of Pbz1* have been determined previously 
in res idents  of var ious geographical locations: in England, by Hill and 
Jaworowski;(*) in the eastern United States, by Hursh;(9) in the midwestern 
United States,  by Holtzman;(l)  and in Germany by Groos ,  Sat t ler ,  and Stahl- 
hofen.( lO) However, little variation i s  to be expected among these groups,  
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Sex 

F 
F 
M 
F 
M 
F 
M 
M 
F 
M 
M 
M 
F 
M 
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Pb2l0, 
pC/g a s h  ? E* 

0 .049  5 0.005 
0 . 0 5 3  ? 0.007 
0.064 C 0.006 
0 .064  i 0.010 
0.074 f 0.009 
0.080 ? 0.004 
0.083 c 0.012 
0.083 f 0.009 
0.085 ? 0.007 
0 .093  i 0.011 
0.100 * 0 .011  
0.107 i 0.007 
0.107 ? 0.011 
0.108 f 0.012 

since the subjects a r e  mainly f rom continental regions with the exception 
of England. Unfortunately, since only a few samples were  reported f rom 
England and the concentrations were  given in units of activity per g r a m  of 
wet bone, no accura te  comparison i s  possible (vide -- i n f r a ) . ( l l )  To verify 
the hypothesis of regional variation, the Pb'" concentration in bone f rom 
residents of a Caribbean island, Puerto Rico, was measured. 

Specimens of ver tebra  were  obtained at autopsy f rom each of 28 r e s -  
idents, 19 male  and 9 female, in the vicinity of the city of San Juan between 
January and August of 1961. Each specimen was ashed in a muffle furnace 
a t  9OO0C, dissolved in concentrated hydrochloric acid,  and diluted to 0 .5  E 
acid. 
plating out i t s  daughter PoZlo onto a silver disk, which was then counted for 
alpha par t ic les . ( l )  Although some Po21o was probably lost  during the ashing 
process ,  the interval of one year  between ignition and measurement  allowed 
the Poz*' to reach virtual radioactive equilibrium with the Pb'", a fact con- 
f i rmed by subsequent re-analysis  of the samples.  

The Pb'" was determined by the previously described method of 

The loss  of Pb'" a t  the 9OO0C ashing temperature appears to be 
negligible as shown by tes t s  with samples of human rib,  ver tebra ,  and joint, 
and bovine mandible. 
ashed a t  9OO0C and another par t  wet-ashed in nitric and perchloric acids . ( ' )  
The rat io  of Pb2" in the dry-ashed to wet-ashed samples was 1.06 k 0.10 
(standard e r r o r ) .  

Each was homogenized in a mor ta r ;  par t  of each was 

Table 12 presents  the data on the Puerto Rican subjects a r ranged  
in o rde r  of increasing Pb'" concentration. 
years  and the concentrations from 0.049 to 0.237 pC/g ash.  

The ages range f rom 2 1  to 109 
Little 

Tab le  12 

Pb2l0 concen t r a t ion  in  the bone of r e s i d e n t s  of San  J u a n ,  P u e r t o  R ico  

S a m p l e  
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14  

Age ,  
y e a r s  

34 
2 3  
45 
66 
24 
29 
61 
67 
39 
8 5  
7 3  
46 
26 
24 

Sample  
No. 

15 
16 
17 
18 
19 
20 
21 
22 
23  
24 
25 
26 
27 
28 

Age. 
y e a r s  

45  
29 

109 
45 
51 
51 
54 
66 
67 
25  
68 
58 
78 
44 

S e x  

F 
M 
F 
M 
M 
F 
M 
M 
M 
M 
M 
M 
M 
M 

PbZ1O, 
pc/g ash E+ 

0.111 i 0.009 
0.113 5 0.013 
0.115 5 0.012 
0.117 f 0.012 
0.125 C 0 . 0 1 3  
0.126 -L 0 .011  
0.139 ? 0.008 
0.165 C 0.015 
0.170 f 0 .013  
0.180 r f :  0.012 
0.187 c 0.011 
0.187 5 0.013 
0 .195  ? 0.014 
0.237 f 0.016 

*E = 90% confidence l i m i t  

0 0  I b 5 0 3  
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correlat ion between age and concentration i s  apparent. Table 13 shows, for  
the ent i re  group and for the males  and females  separately,  the mean con- 
centrations of Pb'", the range of values and the number of samples; s imilar  
data a re  presented for the "trabecular" bone samples (rib, ver tebra ,  iliac 
c re s t ,  and talus) taken f rom the Midwest study.(l)  

Table 13 

Mean concentrations of PbZ1O found in the specimens of bone 
obtained from residents of Puerto Rico and of the Midwest 

Region 

Puerto Rico Midwest 
P* * 

Pb'", Age. Pbz lo, 
Subjects 

Age, 
years pC/g ash 2 E* years pC/g ash 2 E* 

Total 51 t 2 1  0.118 t 0 . 0 5 4  57 k 1 3  0.184 + 0 . 1 4 4  (0 .005  
Range 23 - 109 0.049 - 0.237 18 - 90 0 .053  - 0.454 
No. of samples 28 67 

Male 53 t 19 0.133 t 0.049 60 + 1 1  0.196 +0 .096  (0.001 
Range 24  - 85 0.064 - 0.237 34 - 85 0 .059  - 0.453 
No. of samples 19 47 

Female 47 2 27 0.088 C 0 .028  52 +- 16 0.156 + 0.108 < 0.005 
Range 23 - 109 0.049 - 0.126 18 - 90 0 .053  - 0.454 
No. of samples 9 20 

*E is the standard deviation (of a single measurement). 

**P is the probability that the mean value for a given Puerto Rican group i s  essen- 
tially identical with that of the analogous Midwest group. 

The data f rom each study appear to be approximately normally 
distributed. 
the Puer to  Rican subjects being slightly, but not significantly, younger 
than those of the Midwest study. 
each Puer to  Rican group i s  about 60% that of i ts  Midwest analog. The 
differences a r e  significant based on Student's t' - tes t  ( t - tes t  modified for 
the nonidentities of the variances of the groups);(12) for the complete 
groups and female groups, P(0.005; for the male groups, P < O . O O l .  The 
Puerto Rican male  group also shows a mean value significantly higher 
than that of the female (P(0.005). It might be noted that the significance 
of the difference between the mean values of the Midwest male and female 
groups i s  questionable (P<O. l ) ,  possibly because of the grea te r  Midwest 
population inhomogeneity a s  indicated by the la rger  fractional variance 
and the m o r e  extensive geographical a r e a s  sampled. 

The mean age and sex  classifications a re  also comparable, 

The mean value of Pb'" concentration in 

That the mean Pb'" concentrations a r e  higher in the male  than in 
the analogous female groups i s  probably due to the grea te r  metabolic ac-  
tivity of the former .  This greater  activity im l ies  (and is seen in the 
"Recommended Daily Dietary Allowances")( 37 that, per unit body weight, 
males  consume more  food (and a i r )  and consequently m o r e  Pb'" than 
females .  

0 0  I b 5 0 4  
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Bone 

Trabecular 

Cor t ical  

These  comparisons a r e  consistent with the hypothesis that, for 
human skeletons, the atmosphere constitutes a significant source of Pb'", 
whether absorbed through d i rec t  inhalation o r  precipitation on foodstuffs. 
The relative contributions of diet and inhalation cannot be determined 
f rom the present  data. 

Region 

En land, Germany, 
pC 7 g a s h  Pc/g a s h  

Midwest, Puerto Rico, 
Pc/g a sh  PC/P a s h  

0.184 -F 0.144 0.118 k 0.054 0.103 k 0.019 

0.105 2 0.100 0.110 ? 0.037 

(67) (28) ( 5) - 

(61) - - (20) 

- - 

Additional support for  the hypothesis that the atmosphere i s  a 
significant source of Pb'" could be  inferred f rom Table 14. 
of 0.110 k 0.037 pC/g a sh  in cor t ical  bone f rom Germany is essentially 
identical to the 0.105 2 0.100 pC/g a s h  found in cor t ical  bone from the 
Midwest study. In England, where one would expect a lower atmospheric 
concentration of Pb'", the few available measurements(8) indicate an 
average concentration in ver tebrae  (assuming an ash-to-wet weight ra t io  
of 0.25(11)) very similar to that of the Puerto Rican samples.  The mean 
values of both groups appear to be significantly lower than the com a rab le  

eas te rn  U.S. a r e  not directly comparable since whole-body rather  than 
skeletal  a sh  was measured.  

The average 

Midwest value for " t rabecular"  bone (P(0.005). The data of Hursh P 9 )  for 

Table 14 

Regional variation of the Pb'" content of bone ash* 

*Numbers in parentheses - number of samples in study. 

In summary  then, skeletal  concentrations of Pb'" appear to be  
higher in residents of continental regions than in those of islands. 
information is needed, however, before definite conclusions can be drawn 
concerning the importance of the atmosphere a s  a source of this nuclide. 
The concentration of Pb'" should be determined in the diet and in the a tmos-  
phere,  and a l a rge r  sampling of the populations should be taken. Most im-  
portant, comparison should be made of data f rom populations which, except 
for Pb'" concentrations in the a i r ,  a re  more  nearly similar than those 
s tudi ed her  e. 

Fu r the r  

I thank Dr. J .  Rivera  of the U.  S. Atomic Energy Commission Health 
and Safety Laboratory and Dr .  C. Galindo of the University of Puerto Rico 
for  supplying the samples.  
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THE KINETICS OF ALKALINE EARTH TRACER METABOLISM* 

! 

I 

Richard B. Holtzman 

Ab s tr a c  t 

In mammals the fractional retention R a t  t ime t af ter  a single in- 
jection of an alkaline ear th  t r a c e r  has  been shown to follow a power function 
which has  only two adjustable constants: 

It i s  suggested h e r e  that this equation is  theoretically sound; it is der ived 
from a differential equation describing an nth o rde r  kinetic reaction, and 
i t  is otherwise consistent with the principles of react ion kinetics. 
assumed that 1) the t r a c e r  i s  deposited onto a purely inorganic sys t em of 
bone c rys t a l  (hydroxyapatite) of constant m a s s  and surface a r e a  and i s  
bathed in a solution of constant calcium concentration; 2) the fraction of 
the t r a c e r  in solution is negligible; and 3) the specific activity of the calcium 
deposited with the t r a c e r  at t = 0 remains  constant throughout t ime, i.e., 
the t raced  calcium does not mix with the other calcium in the system. 
parameters  of the equation a r e  then b = l/(n- 1) and Y = (b/k)c;l'b where n 
is the o rde r  of the reaction, k the r a t e  constant, and co the rat io  of the 
calcium deposited with the t r a c e r  to that present  in  the sys tem.  
posed mechanism is recrystall ization (only the dissolution component i s  ob- 
served).  
independent of the amount of t r a c e r  injected and that R and the apparent  
value of b a re  dependent on the calcium content of the diet. 

It is 

The 

The pro- 

This  theory i s  consistent with the experimental  resu l t s  that  R is 

Application of these equations to the c a s e  of a continuous and con- 
stant uptake of t r a c e r  yields finite values for  the predicted retention, r a the r  
than the infinite level predicted by the s imple power function. 

*Abstract  of paper presented at the Twelfth Annual Meeting of the 
Radiation Research  Society, Miami Beach, F lor ida ,  May 17-20, 1964. 
Abs t rac t  published in Radiation Resea rch  - 2 2 ,  198 (1964). 


