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fallout can cover tens of square miles from kil.otonyield weapons and 

thousands of square miles from megaton yield weapons so that 50% 

or more of the United States can be blanketed with lethal radiation 

levels coming from local fall.out by a multiweapon attack of 200 to 



with fallout in the early and final phases. 

Early Phases : 

From the standpoint of quantity available, body retention, radioactive 

half -life andbiological half -life, the following radionuclides present the major 

problems of irradiation inside the body; Neptunium-239, 

strontium-90 { yttrium-90, yttrium-9 1,  zirconium-95 
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iodine -,131, strontium-89 

C niobium -9 5, 



i 

after approximately 90 day8 the Sr90 contribution to the chronic doee to 

bone becomes far greater than the contribution by other nuclides to the dose 

to their respective critical organa. 

Final Recovery Phase: 

As we approach the final phase of recovery or the period involved in 

living with a contaminated environment, Sr90 becomes of major concern 
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special occupations; however this is not auitable 

whole population made up of children with their g 

ectascy and of individuals having v 

The commission has recently recornmen strains. the pe rmis 8 ible 

level of Sr9* for large populations be set at 1/10 of 

level (0. l p c  in the body or 100 micro-microcuries 
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the occupational 

sr9O per gram of 

, 



Sarcomata were 88811 in five other patients' included in this study, but 

these patient6 m y  well have ingested a mixture of radium and meso- 

thorium. 

production of a tumor was 0 . 5 2  microcurie of Ira 

Among these five, the lowest level aaso 

The British Medical Research Council further states "with all these 

considerations in mind, it would be unwise to fix the maximum allowable 
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induced leukemia is proportional to the accumulated d 

beta particles from the Sr9* - Y9O radionuclides damag 

d also that the 

he matopo etic 

centers of the bone a8 is the case in external whole b 

view is not shared by many scientists who believe th a threshold 

for radiation induced somatic damage and/or by those who do not believe 

that the beta particles reach the blood farming centers of bone marrow. 
0 

a 
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Lake City. According to Kulp, Eckelmann and Sc 

eetfmated that the average Sr9* fallout by the end 

in the upper midweetem region of the United  state^. 

Hardy and Morse (9) suggest an average of about 

United States. 

The amount of Sr90 in the soil which geta taken up by the p lat8  
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from soil to human bone. 

the chain it is discriminated against in most of the steps along the 

path. 

values for the discrimination factors. 

have reported that strontium is discriminated against by a factor of 

about 1 .4  when it goes from soil t o  plant and by B factor of about 8 in 

Although SrY0 will follow calc t 

* .  

The ecological problem here ia to get adequate e 

Kulp, Eckelmann 
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ORbone -stock diet 

OR is the 11Strontium-Calcium Observed Ratio" and is 'defined as follows : 

I 

the  diagran &QWX in Figure 2. 

eporttd by Kulp et  a.1 (8) that the average Ameri 

aQtains BD percent of hie calcium from dairy products and th 

mainly from vegetation. Therefore the overall observed ratio (0Rbes) is 

given by: 

- - . 0 8  

The values of (ORb,,) and (ORb-p) are  approximate values 

extrapolated from animal data (11). However Harrison et al (13) have 
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Milkand Com- 
mercial Diet Milk corn 

No. of animals 4 3 * 44 

ge at start and 30-50 

O%,eo,, .t ,462 .04 ,433 
1.99-c .01 1.47% %:::: :: 1.412 .OS 1,332 

70 excretion4 
Cn45inuriiie 4.5 k1.l 5.7 2 .6 1.8 f .3 

Ca45infeces 44 &2 50 2 3  1 71 

Excretion during last 4 days of exp. 

Intake during last 4 days of exp. 
x 100. t 





reported that an adult man, 

intake than normal, absorb alcium about twice as 

eiving a some 

the value one 

Wed according to human 

.456 + . 0 5 :  .506). 

To obtain the body burden, (SrSO/Ca)b, from the above vdue of 

(ORbmS), the value of the ratio (SrS0/Ca), in Soil is needed. 

of this may be made from knowledge of the s u r  

+,be value for the exchapgeable calcium in the 60il. 

An estimate 

st al (8) the concentration of Sr9' in soil drops rapidly d sck'that ' . , 
most of the strontium is found in the top two inches of soil, Libby (9)  

has aaoumed that the soil contains an avera 

calcium per square foot of soil depth 

90 2 Thus one millicurie of Sr /mi is equivalent to 1.8 

of Sr9O per gram of available c h u m .  T 

calcium content reported by Libby was ac 

per square foot. 

is 90 to 0.36 for one mulicurie of Sr9O per square mfle. AB atated 

before the surface contamination values range from 1.8 to 24 milli- 

curies per square mile. 

possib1.e minimum and maximum values of the ratio of SrS0/avaUable 

Ca were-determined and are ahown in the second column of Table 5. 

Using these minimum and maximum values and the estimated observed ratio 

Thus the range in the r e  

From the ranges in data reported thus far the 

for hu=ans 

&re lhown in the third rrolumn bf Table 5 .  hcluded in this table are 

-soil ) of. 08 the body burden values were calculatedand 
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TABLE 5 

.65 .in. 0.05 rin. 

162 &. l3 A. 
( \  

8.6 rin. .7 rin. 

a60 .LI. 173 ..I. 
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values obtained from a city in Wales. 

The e a W a q , g i v e n  above assumed that Sr90 in the 8 

e equi l ibr iumdthths  andace contarnination. Also the c 

not inclded (or corrected) for the amo&t entering the e 

through direct surface contaminat ion on vegetation. 

Direct Andpi8 

A djxect detection of body burden m a y  be obtainsd f 

analysis of bone oampleo from hurnana as reported by italp et  

and from 17 statio- throughout the world. The disadvantage to 

asproach in predkthg  the future body burden io  that equillb 

m a y  not have been reached at the time of s 

show an average Sr9* value for all ages of .12 

children's bonea showed three to fowr time 

value and a few values for individual@ of various ages wbrs 

twenty times Q. 2 to 2.4) the average. One value in Van 

Prediction of Future Body Burden: 

According to K d p  et al (a), taking decay into account, a total 

quantityof 26 mfllicuries per square mile fromburstB through the fallof 1956 

1 1  



The 1970 predictions are based on the e 

ince according to Libby (10) 

neceseary to result in the world-wide and occ 

The results are  shown in Table 7. 

It can be seen that individuals, obtaining food primarily from soils 

such as that in Cardigan, Wales, would exceed the body burden of 

lOO$pc Sr9'/ gm Ca if 20 megatons of fission are added to the 50 

megatons that have been released as of the f a l l  of 1956. Further if the 

maximum possible ratio of 2160 p p c  Sr90/ gm Ca in plant producing 
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(THIS REPOF??) 

, A'iALYSIS 

EASED ON U.S. 

AVKXACE VALUS 

Born 

ANALYS IS 

TABLE 6 

PUDICI'ION OF FUTUiiE BOD? BURDEN 
(BESSD 011 KEAPONS TWED TPROUGH 1956) 

AVERAGE 

AVERAGE 

UAX r:uu 

1955 

13 to 17,1 

32 

1955 

AT EXUILIB!tIIJIs 

1.9 

1956 

0.6 

3?.5* 

I 1970 i 
i 

AT 4 ; J I L I B R T U Y  I 

26 to 3L6 I 
I 

bG I 

1 0.1 to 1.4 ! 
i 

Y 
1 9 0  

1 

i 
- 1  

I 
I 

1970 
4 
I 

I 

j 1.3 
I 

I 

72* 

Calculated by author f ro% 6 . 7  of 1 9 5  usinr: 8 m e  proportionality 
used by Kulp et &. to a r r i v e  a t  0.6 for 1956 and 1 . 3  for 1970 a v e r a p  
value8 from .12 averfire .:nlue d s t e r m i w d  in 1955. 
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calcium deficient area reduces by a factor o 

pick-up rate which would be expected from t 

soil if people lived entirely off the soil for 

of 20 years or so. 

The minimum and maximum values are  presented in this report to- 

point out the possibility of certain individuals exceeding the maximum 

permissible body burdens from material already released. The exact 

numbers in this category await detailed analysis of Sr9' along the 

ecological chains in various geographical areas, and the parameters 

(such as discrimination ratios) involved along these chains. 
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