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Accumulation of Strontium-90 into Human Fetal Teeth and Bone.* (32128) 
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Departments of Physiological Chemistry, Pedodontics, and Dental Medicine, Washington 

University School o f  Dentistry, S t .  Louis, M o .  

Previous studies have shown that the ac- 
cumulation of strontium-90 in the bone of 
fetuses is a function of the mother’s dietary 
intake of the nuclide and the discrimination 
factor against strontium-90 between her diet 
and her fetus( 1). In  order to determine the 
maximum amount of fallout strontium-90 
in fetal teeth and bone and to obtain addi- 
tional information relating the fetal nuclide 
incorporation to the mother’s dietary nuclide 
intake, the concentration of strontium-90 
in tooth buds and mandibular bone has been 
determined in human fetuses aborted in the 
St. Louis metropolitan area between 1961 
and 1966. This time interval coincides with 
the most rapid increase in milk strontium-90 
that peaked in late 1963 and early 1964 
and its slow decline thereafter. 

Materials and methods. Tooth buds and 
mandibular bone were separately obtained 
from fetuses during the last trimester of 
development; these were defleshed by boiling 
in distilled water. Comparable hard tissues 
from 1-5 fetuses were pooled for each analy- 
sis by methods previously reported in detail 
( 1,2). The strontium-90 concentrations in 
milk for the St. Louis area were obtained 
through the courtesy of the St. Louis Health 
Commissioner’s office. The fetal data and 
milk values are presented as arbitrary aver- 
ages for the first and last 6 months of each 
year. 

Results and discussion. The relative stron- 
tium-90 content between tooth buds and 

*We are grateful to John L. Sadowski, Deputy 
Health Comimissioner, Dept. of Health and Hospitals, 
St. Louis, Mo., for making the strontium-90 milk 
analysis available to us and to Sylvia Raymond, 
Sheila O’Neill, and Maura Moreno flor technical 
assistance. The fetus material was kindly supplied 
by Prof. Mildred Trotter, Washington Univ. School 
of Medicine and Ithe St. Louis Anatomical Board. 
This investigatiton was supported by USPHS Re- 
search Grant RH-00461, Nationd Center for Radio- 
logical Health. 

mandibular bone averaged 0.99 t 0.18 (S.D.) 
for 62 fetal samples. These data show that 
the strontium-90 content of calcified tissues 
in the fetus is equally distriibuted. Strontium- 
910 values in fetal mandibular ‘bone and bottled 
cow’s milk (Fig. 1) show the rapid increase 
of nuclide to peak values between 1963- 
1964 with a subsequent decrease thereafter 
as is to be expected(3). However, i t  may be 
noted that the peak milk strontium-90 con- 
tent occurs about 6 months earlier than that 
occurring in the fetuses. This lag period 
appears to be due to at least ‘two factors 
that are difficult to evaluate by direct analy- 
sis. In  the first instance, it needs to be 
recognized that fetal calcium (and stron- 
tium-901) is drawn from the mother’s body 
mineral pool in addition to the mother’s die- 
tary mineral intake. Consequently the fetal 
calcium represents, in part, a contribution 
from the mother’s calcium stores previously 
deposited before fetal calcification begins. In  
the second instance, part of the mother’s 
dietary intake of calcium and strontium-90 
includes dairy products (cheese, powdered or 
skim milk, etc.) and lother foods that have 
an appreciaible shelf life and are consumed 
at  some time interval after processing. It is 
important to note that when the dietary 
intake of strontium-910 is constant or chang- 
ing very slowly, the lag period would be 
absent. This situation appears to be occur- 
ring for the period after 1965. 

We have previously shown that the pre- 
natal contribution from the mother’s diet 
to fetal bone may be defined as: 

M 
CB = CD DM 1)  

where CB is the fetal bone Sr-90Jg Ca, C g  
is the mother’s dietary intake of Sr-90/g Ca 
and DM is the discrimination factor against 
strontium-90 between the mother’s dietary 
intake and her fetus. To solve the equation, 

values for DM and CE must be experimen- 
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FIG. 1. Strontium-90 content of fetal mandibular bone ( - 0 - ) and commercial cow's milk 

( - - 0 - - ) vs year for number of fetal samples in parentheses. 
FIG. 2 .  Strontium-90 content of fetal mandibular bone os milk Sr-90 content. Vertical bars 

represent standard error of the mean for number of bone samples in parentheses. Open circles 
represent values oibtained during increasing milk concentrations between 1961 and the peak year. 
Closed circles are values obtained for declining milk concentrations after the peak year. 

tally determined. A factor of 0.13 for DAf 
appears to be satisfactory ( 1 ) .  Because it is 
difficult to determine directly the mother's 

total dietary intake of Sr-90/g Ca ( C t ) ,  
the nuclide concentration of milk is used as 
an index of strontium-90 concentration in 
the diet. Milk values are available and are 
well characterized. Studies of composite diets 
for adult persons in the United States sug- 
gest that the average intake of strontium-90 
(4 ) ,  is 1.5 times the milk concentration. 
The value varies with food composition and 
may vary between 1-2. The 6-month lag 
period between the strontium-90 concentra- 
tions of bottle milk and fetal calcium sug- 
gests that the milk Sr-90/g Ca  intake of 
the mother 6 months previously leads to 
a better correIation. 

The data for 73 fetal samples of man- 
dibular bone are plotted against the milk 
concentration existing 6 months previous to 
abortion (Fig. 2) and the line has been fitted 
through the origin by the method of least 
squares. The experimental points adequately 
fit the line for both increasing and decreas- 
ing strontium-90 concentrations of milk. From 

this line a value of 1.6 CE is obtained which 
is in excellent agreement with that of Michel- 

son et aZ( 5) and the Federal Radiation Coun- 
cil(4). Equation 1 may be written as: 

31 where CD-G is the mother's strontium-90 
intake for the previous six month interval. 
With 0.13 for DM, the final equation becomes: 

M Cg = 0.21 CD--6 (Eq. 3)  

The data presented in this report sub- 
stantiate the discrimination factor of one- 
eighth between the mother's diet and her 
fetus. This value was previously found to 
be adequate by Rosenthal et aZ( 1) in human 
mothers and by Comar(6) in animals but 
differs from the finding of Kulp(7) who ob- 
served that the concentration of strontium-90 
in fetal bone averaged one-twelfth of that 
of the mother's diet. 

The  present value of 1.6 times the milk 
Sr-90/g Ca differs from the value of 1.2 pre- 
viously based on limited data for fetuses 
aborted between 1961 and 1963(1). The 
difference of 25% between the two values 
is probably within experimental error. A 
value of 1.6 times the milk Sr-9f)/g Ca, de- 
termined for a larger number of samples over 
a longer period of time and for periods of 
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increasing and decreasing milk strontium-90 
levels, appears to be a more valid estimate. 
The present data show that the maximum 
values for fetal strontium-90 a t  peak fallout 
nuclide concentrations in milk, reached an 
average value of 6.03 pC Sr-90Jg Ca. The 
linear relationship between milk strontium-90 
and the deposition of the nuclide in fetal 
calcified tissue may be useful to estimate 
fetal concentrations of nuclide from milk 
values. Conversely, a knowledge of the fetal 
strontium-90 content may lead to an esti- 
mation of the mother’s dietary strontium-90 
when milk or diet data are not available. 

Summary. The strontium-90 content of 
mandibular bone and tooth buds of 73 fetuses 
aborted in the St. Louis metropolitan area 
between 1961 and 1966 has been correlated 
with the mother’s dietary intake of the nu- 
clide. The data obtained during increasing 
and decreasing periods of fallout may be 
expressed !by a linear equation, CB = K 
CD--O, where CB is fetal bone Sr-9lO/g Ca, 
11 

M 
Cr>-,; is the mother’s dietary strontium-90 
intake for the first 6 months of pregnancy 
and K is a constant equal to 0.21. The equa- 
tion is useful to calculate the amount of 
strontium-90 accumulating in fetal calcified 
tissues from known milk strontium-910 values 
or conversely, to obtain data concerning the 
mother’s dietary strontium-90 intake when 
fetal strontium-90 values are knoiwn. 
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PHYLLIS KIND, PRISCILLA CAMPBELL, AND DAVID T. ROWLANDS, J R . ~  
(Introduced by M. F. La Via) 

Department of Pathology, University of Colorado Medical Center, Denver 

Bacterial endotoxins acting either directly 
or indirectly cause a transient depletion in 
thymic wieigbt and an alteration of the 
morphology of the thymus of the mouse and 
rabbit(l,2). The work reported here was 
undertaken to characterize further the effect 
of endotoxin on the mouse thymus. First, 
since the thymus changes morphologically 
and functionally with the age of the animal, 
experiments were designed to determine if 
the effect of endotoxin on the thymus also 
varied with age. Endotoxin was found to 
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affect the thymus of mice of all ages equally. 
Second, serial injections of endotoxin were 
given to neonatal and young mice in an 
attempt to induce a wasting syndrome simi- 
lar to that seen following neonatal thymec- 
tomy (3)  or treatment with cortisol acetate 
(4).  Third, when i t  was found that bac- 
terial endotoxin induced only a temporary 
wasting syndrome, the ability of mice to 
become tolerant to the effect of endotoxin 
on the thymus was demonstrated. 

Materials and methods. Bacterial endo- 
toxin was prepared from Salmonella typhosa 
0-9011 by the phenol-water extraction method 
of Nowotny et aZ(5) ,  and was injected in 
non-pyrogenic saline. The mice used through 


