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TROSTICXI-90 has become a com- S mon term in the general public’s 
\ ocabulary in the few years since the 
truly Xvorld-wide nature of nuclear 
fallout was made clear in early 1953. 
It has become increasingly common in 
iresy recent months. As numerous 
ne\vspaper articles ha\ e pointed out, 
radioactive debris in general, and 
strontium-90 in particular, is now dis- 
persed throughout the world as a re- 
sult of nuclear bomb testing. This 
debris is probably present in measur- 
able quantities on every square foot of 
soil on earth. It is present in our 
foods so that we probably ingest some 
at every meal. Nuclear fallout there- 
fore represents a problem of universal 
interest and concern. 

Three main facets of this problem 
will be considered here. The first 
involves the physical aspects of fall- 
out, including the manner in which 
the debris produced at detonation is 
transmitted through the atmosphere to 
the soil, plants, foodstuffs, and man. 
The second deals in detail with the 
particular aspects which relate to food. 
The third is a question of the magni- 
tude of the danger which strontium-90 
represents. 

Broad Physical Factors 
\\%ereas strontium-90 is the most 

hazardous bomb-produced isotope 
from the standpoint of possible direct 
damage to the human body, it is only 
one of many produced in nuclear 

bombs. In Table I the fission-pro- 
duced radioisotopes are classified ac- 
cording to half life. Of the 189 pro- 
duced, more than two-thirds (131) 
have half lives of less than one day 
and thus present no long range hazard 
in relation to weapons testing. An- 
other 26 mith half lives ranging from 
one day to one month are also of 
lesser importance, although iodine-131 
(half life 8 days) has been measured 
in human thyroid, and barium-140 
(half life 12 days) has been found in 
milk. At the other end of the scale, 
the ten 11 hich have half lives of greater 
than 104 years are not a current prob- 
lem in view of the low specific activity 
concomitant with their long half lives, 
although one such isotope, carbon-14, 
has recently attracted attention be- 
cause of its possible long-term genetic 
effects o\ er many generations. 

Thus attention is centered on the 22 
isotopes which have half lives rang- 
ing from one month to 100 years. 
\\’hen other factors are considered, 
principally the matter of gastiointes- 
tinal absorption, attention is focused 
on strontium40 and cesium-137 as 
the two most potent hazards 

Strontium is chemically similar to 
calcium, and strontium-90 lodges in 
the bone where it resides for long peri- 
ods of time. Since its concentration 
in soft tissue is cornparati\ ely very 
small, and since strontium-90 as \vel1 
as its radioactive yttrium daughter 
emits only the short range beta rays, 
the gonads are not irradiated appreci- 
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Station on roof 0.F Municipal Building in downtown Washington, D. C., samples 
air, rain, and snow for measuring radioactivity of fallout 

ably by these isotopes; hence stion- 
tium-90 is primarily a somatic or di- 
rect body hazard lather than a genetic 
hazard. Cesium-137, on the other 
hand, is more uniformly distributed 
throughout the body and is considered 
to be the principal genetic hazard. 

Radioactive bomb debris is classified 
in three categoiies: local, tropo- 
spheric, and stratospheric. Local de- 
bris falls out in the immediate vicinity 
of the bomb explosion. Tropospheric 
is more widely dispersed into the at- 
mosphere, but does not penetrate the 
tropopause which exists at about 
40,000 feet. This debris has an aver- 
age residence time in the atmosphere 
of about one month; it comes down 
with the rain. Thus it has time to be 
distributed around the world longi- 
tudinally (in bands) through the pre- 
vailing westerly winds. It does not 
have time, however, to become widely 
distributed latitudinally. Strato- 
spheric debris ptiietrates the tropo- 
pause and, being above the weather, 
filters down very slowly. The aver- 
age residence time in the stratosphere 
is not actually known, but is estimated 
to be about three years. 

Figure 1 shows the average meas- 
ured fallout of strontium-90 in milli- 
curies per square mile in the various 
latitude bands. The high value in the 
north temperate zone reflects the facts 
that most bomb tests have been car- 
ried out in this latitude and that tropo- 
spheric debris stays largely within a 
given band. Presumably the strato- 

spheric debris can spread uniformly 
over the whole globe, but whether or 
not it falls out uniformly is open to 
question. It has been suggested that 
because of meteorological phenomena 
greater amounts would come out in 
the temperate zones. Note that the 
high fallout band is also the high popu- 
lation band. Furthermore, certain 
areas in this band are somewhat higher 
than 20 millicuries of Sr-90 per square 
mile; for example New York is now 
about 50. 

The strontium-90 reaches the soil 
with rain, and remains primarily in 
the upper layer of soil. Approximately 
70% is usually found in the upper 
two inches in soil which has not been 
disturbed. The concentration varies 
markedly with depth, and this varia- 
tion, along with many other factors, 
affects uptake for given plants. Up- 
take will be discussed further. 

There are two principal factors to 
consider in the transfer of strontium-90 
from dietary food to the human body- 
to bone: 1) the biological fractiona- 
tion of strontium and calcium, and 2 )  
the slow metabolic turnover of bone. 
We have noted that strontium is 
chemically similar to calcium, and 
therefore follows calcium through the 
biological chain. However, the body 
does prefer calcium, and discriminates 
against strontium. There is a discrim- 
ination factor of two in intestinal ab- 
sorption, Ghich is to say that the ratio 
of calcium to strontium in material 
which traverses the intestinal wall is 

v o  L. 

twice the ratio of calcium to stron- 
tium in the diet. There is also a dis- 
crimination factor of approximately 
two between the blood and the bone, 
due to the preferential excretion of 
strontium by the kidneys. 

Thus the over-all discrimination 
from diet to bone is about four. Hence 
a person on an average U. S. diet 
which contains about 8 micromicro- 
curies (wc ,  or 10-12 curies) of stron- 
tium-90 per gram of calcium is de- 
positing bone which contains about 2 
micromicrocuries of strontium-90 per 
gram of calcium (the unit micromicro- 
curie of strontium-90 per gram of cal- 
cium has been designated as the Sun- 
shine Unit, or Strontium Unit, S.U.). 
However, because of the very slow 
turnover rate of bone the actual values 
lag considerably behind this figure, 
especially in adults. 

Figure 2 shows the average stron- 
tium-90 level in the U. S. diet and 
the level in the bones of New York 
cadavers for the past few years; note 
that whereas both are increasing, the 
ratio between the two is a factor of 
50 or 60 rather than 4. 

Figure 3 shows that children are 
much closer to equilibrium, i.e., they 
have much higher values. Thus the 
concentration in young children is 
about 1 S.U. whereas in adults it is 
about 0.1 S.U. 

It has been predicted that if bomb 
testing continues indefinitely at the 
average rate of the past several years, 
the equilibrium level in the human 
body will ultimately reach 20 S.U., 
at which point the intake of strontium- 
90 would be balanced by losses 
through excretion and radioactive de- 
cay according to its 28-year half life. 
This level of 20 S.U. is one-fifth the 
maximum permissible concentration of 
100 S.U. for whole populations, based 
on recommendations of the Interna- 
tional Commission on Radiological 
Protection. 

Food Aspects of the Problem 

Of the many factors which affect the 
quantity of strontium-90 which enters 
plants grown for food, the first to con- 
sider is the amount of material on the 
ground. This is a function of latitude, 
as noted. It is also a function of rain- 
fall; in a given meteorological area the 
fallout is generally proportional to the 
rainfaI1. Thus in the eastein Mediter- 
ranean and the Middle East, where 
fallout data have been obtained in 
seven areas varying in rainfall from a 
low of 2 inches per year in Aden, 
Saudi Arabia, to 35 inches per year 
in Beirut, Lebanon, fallout follows 
rainfall very closely. Also, among 
thirty stations in southeastern United 
States which varied in rainfall by a 
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factor of 10 during the spring of 1956, 
strontium-90 fallout values, with the 
exception of two or three, follow 
closely the line of proportionality with 
rainfall. 

A rather dramatic example of this 
effect is seen in samples of foodstuffs 
from three locations in Ecuador. 
Shellmera is at the base of a mountain 
range and is so situated that water- 
logged clouds rise at this point and 
dump tremendous quantities of rain- 
exceeding 100 inches per year. 
Guayaquil, on the other hand, has less 
than 20 inches of rainfall per year; 
foodstuffs here have one-tenth or less 
the concentration of strontium-90 
found in the same foodstuffs of Shell- 
mera. Rainfall is not the only factor 
at work here, however, since the soil 
of Shellmera-having been leached for 
ages-is undoubtedly lower in calcium 
than that of Guayaquil. 

This brings up the second important 
factor which influences the transport 
of strontium-90 into the plant: the 
amount of available calcium in the 
soil. Although this factor is a complex 
one, it is generally true that increasing 
the calcium content of the soil-thus 
decreasing the strontium :calcium ra- 
tio-results in a lower strontium-90 
entry into the plant. Hence, as our 
own data and the work of others have 
shown, liming the soil will usually re- 
duce strontium uptake. Some striking 
data which we attribute primarily to 
variations in soil calcium are shown in 
Table 3. These are values obtained 
at the same time from five segments of 
a single milkshed in the northern Great 
Plains. The extreme values differ by 
a factor of four. 

Some other variables which influ- 
ence plant uptake are soil tillage, 
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topography, and soil type. Soil till- 
age factor (called the plowing factor 
by Libby) takes into account the mix- 
ing of debris to the depth of plowing, 
perhaps 10 to 12 inches. For shallow 
rooted plants such as grasses, tillage 
appears to reduce the amouct of stron- 
tium-90 which gets into the plant. 
As a result of the topography effect, 
uptake from hillsides is less than that 
from level land in the same area, be- 
cause much of the strontium-90 which 
falls on hillsides runs off before it can 
be absorbed by the soil. 

Milk and other dairy products rep- 
resent the major source of calcium in 
the U. S. diet. The cow very effec- 
tively discriminates against strontium, 
so that the ratio of strontium-90 to 
calcium in the cow's milk is only one- 
seventh that in her diet. This does 
not mean, however, that the ratio in 
milk which humans consume is only 
one-seventh the ratio in other food- 
stuffs they eat, since cows and humans 
differ in dietary habits. For example, 
the ratio of strontium to calcium differs 
throughout a given plant used for food 
or feed. Thus if the ratio in the stalk 
of a bean plant is taken as 1, the ratio 
in the leaf is 0.85 and the ratio in the 
bean is 0.5. A cow which consumes 
stalk and all, therefore, gets a higher 
concentration of strontium-90 in her 
diet. A second factor is that the ratio 
in grasses seems generally to be higher 
than in other vegetable plants. Still 
another contributing factor is that 
grazing animals inhale appreciable 
quantities of surface dust containing 
strontium-90. 

The average concentrations of stron- 
tium-90 in U. S. foods today are: 
cereals, 20 S.U.; vegetables, 12 S.U.; 
milk, 8 S.U. 

F O O D  C H E M I S T R Y  

There are data to suggest that the 
strontium-90 in soil is becoming less 
available with time. In Figure 4 are 
shown data of the New York Health 
and Safety Laboratory of the Atomic 
Energy Commission, both for total fall- 
out and for the average milk levels, in 
the summer months of each year. In 
the units given, this ratio varies from 
0.27 in 1954 to 0.13 in 1957. 

What Is the Hazard? 

The hazard represented by current 
rates of strontium-90 fallout is not 
completely known, although it prob- 
ably is very small in comparison with 
many other hazards to which large 
populations expose themselves. No 
effect has been demonstrated at ra- 
diation levels anywhere near as low as 
those involved in fallout, 

A principal uncertainty involves the 
question of whether or not there ex- 
ists a threshold radiation dose below 
which no damage is done. Geneti- 
cists almost universally believe that 
there is no threshold for genetic darn- 
age, although recently some data have 
been interpreted as casting some 
doubt on this point. The general con- 
sensus is that there is likely a thresh- 
old for somatic damage, but it is rec- 
ognized that the dose-response curve 
may be defined all the way to zero 
dose. If one assumes no threshold for 
somatic injury and on this basis ex- 
trapolates the known damage at high 
levels down to the low levels, one can 
calculate the effects that might be 
produced. Thus using the data of 
Marinelli of Argonne National Lab- 
oratory and Hasterlik of the Univer- 
sity of Chicago, it is computed that if 
nuclear testing were to continue at 
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the average rate lof recent years, the 
equilibrium level of strontium-90 in 
bone would result in three to four 
thousand cases of bone cancer per 
year in the total world population. 
The equilibrium level would not, of 
course, be reached for many years. 
Using the data of Lewis of California 
Institute of Technology, it is calcu- 
lated that the number of leukemia 
cases produced would be approxi- 
mately one-tenth iof this value. 

It is pertinent to compare the radia- 
tion level from fallout with the radia- 
tion level to whit-h the human race 
is subjected from other causes. Thus 
fallout a t  the present level gives the 
human body a radiation of about 5 
milliroentgens per year. Potassium-40 
gives about 19 per year and cosmic 
rays give 35 to 60 per year. In the 
medical area, a chest x-ray gives 
from 100 to 500 milliroentgens, and a 
fluoroscopy may give 20,000 milli- 
roentgens. Thus the fallout contri- 
bution is comparatively very low, al- 
though this of coiirse does not of it- 
self justify the continuance of fallout 
if it can be avoided. 

It is also of interest to consider as 
a basis for comparison the non-radio- 
active hazards of modern living. The 
geneticist Crow of the University of 
Wisconsin states: “It is quite possible, 
indeed likely, that among the many 
new chemicals in our complex indus- 
trial society-smoke, food coloring, 
insecticides, smog, automobile ex- 
haust, preservatives, drugs-some will 
be found to be a greater somatic or 
genetic hazard than radiation.” Brues 
of Argonne Nation,d Laboratory makes 
an interesting calculation by which he 
determines, using the same methods as 
are used to determine the MPC (max- 
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Figure 3. Strontil~m-90 concentration in human bone as a g 
function of age. 
tary level if discrirnination i s  four. 
discrimination i s  two.) I 

(Solid line gives result expected from die- 
Dotted line gives value if 71 

imum permissible concentration) for 
radiation, that the MPC for cigarette 
smoking for the population as a whole 
is about one cigarette every four days. 
One might also consider the fact that 
the use of automobiles causes about 
40,000 deaths per year in the United 
States, most of which are unjustifiable. 
Such facts again do not excuse un- 
necessary fallout, but they do suggest 
that this hazard is probably very slight 
compared to others which we com- 
monly accept. 

Obviously, we are not yet near the 
state where we choose our diet on the 
basis of its strontium-90 content. It 
is nonetheless important to investigate 
means by which strontium-90 intake 
can be reduced, in the event that such 
measures are needed in the future. 
The two avenues of approach are to 
prevent the isotope from getting into 
the food, or to remove it by purifying 
the food after its production. 

In the preventive area more research 
should be conducted on methods of 
soil treatment to reduce strontium-90 
uptake. Consideration might also be 
given by the food processing industry 
to shifting food production to regions 
of lowest fallout in the event of a 
nuclear war. 

Purification is a much more difficult 
situation. In the case of milk, how- 
ever, it is possible to remove the stron- 
tium-90 by ion exchange; perhaps the 
nation should be prepared to do this 
on a large scale should the necessity 
arise in connection with nuclear war. 

6 z  
0 c -  
* D  

- 5 :  u“ 

-4%: o m  

-38 ; 
x -  

- 2 5  

Lamont Contribution No.  344, pre- 
sented before the Division of Indus- 
trial and Engineering Chemistry of the 
American Chemical Society in Chi- 
cago, 111. on Sept. l l ,  1958. 

___ 

Table 1. Half-Life Classification 
of Fission-Produced Radio- 

isotopes 
 UMBER 

HALF-LIFE ISOTOPES 
O F  

Less than 1 day 131 
2 1  day <10 days 17 
2 1 0  days <30 days 9 
2 3 0  days <1 yr.  12 

>10 yr. <100 yr. 3 
>lo2 yr.  <lo4 yr.  0 
>lo4 yr .  10 

21 yr. <10 yr. ? 

TOTAL 189‘ 
SOURCE: General Electric Chart of Nuclides (1956 
edition) pre ared bs  G. Fricdlander and h l .  
Perlman, a n f  revised by J. R.  Stehn and E. F.  
Clancy 

Table II. SrgO Concentration in 
Vegetables of Ecuador 

ppc SRgO/GM. CA 
Shellmera 

Yuca 4 5 . 0  =t 1 . 7  
Platano 4 4 . 9  i 4 . 0  

Pano 
Yuca 2 8 . 0  f 0 . 9  

28.2 3~ 1 . 2  Platano 
Guayaquil 

Yuca 3 . 2  f 0.3 
Platano - < 7 . 2  

SOURCE: Lamont analyses 

Table I 11. Variation in Milk Srw 
Within Single Milkshed 

ppC S R g 0  GM. C A .  
1 2 1 . 3  i 0 . 4  
2 35 .8  i 0 . 8  
3 1 1 . 2  f 0 . 4  
4 18.5 =k 0 . 6  
5 8 . 7  f 0 . 4  

SOURCE: Lamont analyses 
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