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RADIOACTIVE FALLOUT 

I. INTRODUCTION 

The radioactivity prcduced by the fission reaction 
changes its chsracteristics continuously and rapidly follow- 
ing the explosion of an atomic weapon and the conditions of . A_ 
firing are of extreme imnortance in determining the ratepf .\ A 

which the radioactivity ‘idescends to earth. As a result there 
are in general three different kinds of radioactive fallout 
the relative i-zportance of which is determined by the naturi 
of the weacon, 
firing. These 

principally its Iyield, and the conditions of 
three types are: First, the local fallout, 

which is insignificant unless the firebartas or comes 
close to the ground, but which in case the firebali does 
touch the grou:-.J can amount to a major fraction in 
instances as -..ch as 80 percent of the total de&is. 

err-n c _ .:,\a 

This 
,type of fallou: consists of radioactivity which is carried 
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down b;? the larger particles. It consists largely -f matter 
drawn :p ints the fireball from the surface which i either 
totail;- cr ~1rtialiy-va~ori~ed. Under these condit:ons so 
rnU~i Iztter II.& Is vazorize: 
ini'the ground thit 

by virtue of the fireballfd touch- 
the particle sizes formed in the freshly 

cooled vapor are large. 

The second and third types of radioactive fallout 
are world-wide in nature and consist of finer material and 
are divided according to whether the material happens to lie 
in the lower part of the atmosphere, the troposphere, where 

, rain and xeather phenomena occur, or the higher part of the 
atmosphere, the stratosphere, which is free of such pre- 
cipitating mechanisms. The tropo,s heric fallout occurs in a 
matter of two or three -or so; It occurs weeks or a mont 
largely as a resuit of rain and snow, and water precipita- 
ticn in general, and falls in the general latitude of the 
test site. The stratospheric fallout, in contrast, takes 
years. Ve are not conpie;eiy certain, but it appears that 
an average time of something like ten years, or perhaps 
somewhat less, is a reasonable figure, and during this time 
the distribution becomes nearly world-wide. When the 
stratospheric fallout manages finally to pass into the 
troposphere it is quickly 
mechanism that brings down 

removed by the same type CZ 
the world-wide tropospheric fall- 

out, namely rain and moisture. 

The precipitatin 
of the collision of the 

g mechanisms consist in general 

in clouds, together with 
tiny particles with moisture droplets 

falling rain5rops. The 
the interception of particles by 

gested by Dr, Greenfield 
first mechanism was recently sug- 
in connection with Sunshine prob- 

lems--the sturdy of world-wide fallout is called Project 
Sunshine. In addition to the scavenging action of rains and 
fogs, there is definite evidence for a considerable prob- 
ability of pick-up on direct contact of air with surfaces 
such as the leaves of grass and trees. Frequently, grasses 
are found to have higher strontium-90 content than wouid 
correspond tc the soils in which they grow, and this is 
due undoubtetiiy to direct pick-up. 

t 

The- dissemination of strontium-90 and all fallout 
is greatly dependent upon the firing conditions. There is 

. 
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due to the slightiy higher fission yield. The con: yt of 
radiocesim in rainwster is cozlparable to that of _nontiu;n- 
90, x15-0, the content of radiocesium in the human ody as 
measured by i.Iarinelli at Argcnne and Anderson and I_ ngham 
at Los Alamos agrees well with the fact that it has an 
average residence time in the human body of about iLve 
months as compared to many years for strontium-90. The 
radiocesium data are very interesting because of their 
bearing on the fallout dissemination mechanism and the 
confidence with which we can establish the probable future 
.behavior of radioactive strontium. The data confirm pre- 
. vious suggestions as to the dissemination mechanism, that 
is, we find that radiocesium fallout except of the local 
variety is carried down very largely in the form of mois- 
ture droplets and that there is some direct pick-up by 
leaves and grass on surfaces. It is captured and held 
tightly by the top two inches of most soils, so the water 
which falls and runs off in the form of rivers is clean 
by the time it has drained a short distance through soil. 
All of this is very similar to the radiostrontium behavior. 

The plants pick the 
to'a lesser extent, 

strontium-90, and radiocesium 
out of the soil and also off of their 

leaves and take it into their systems. There appeal's to be 
a discrimination mechanism which operates in most plants so 
that the strontium-90 content of the plant is considerably 
less relative to its calcium content than in the case of the 
soil. On the average, the dis crimination factor between the 

’ top soil and plants against strontium relative to calcium 
seems to be about 1.4. When the cows eat grass they further 
discriminate by about a factor of 7 in making milk SG there 
3s en over-all protection factor for strontium-90 from the 
top soil to milk of about 1.4 x 7 or 10. Also, there is a 
further discrimination factor against strontium relative to 
calcium in the human body. This factor is not known too 
well, but is known definitely to be at least as large as 2 
and is thought possibly to be as high as 8. Researches are 
now in progress to settle this. Therefore, there is a series 
of protective factors which makes the concentration of radio- 
strontium derived from milk relative to calcium in human bone 
not over l/20 and possibly as little as l/80 of that in the 
top soil.. 01 course, it shculd be pointed ol;.t thaz. there is a 
considerable part of the fallout which is picked uy, directly 

i on-the leaves and to this the r"actor of 1.4 does no: apply, 

. : 
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so for this fraction of the fallout the protective fL tor 
may be reduced to 14. Since milk is the source of m: 2 

7' of our calcium, this means that the actual ratio of r;dio- 
strontium concentration in new human bones relative TV 
that in the top soil should approach these numbers. 

It must be realized that though only a small part 
of the calcium is derived from vegetables and meat, a similar 
calculation must be made for this portion and the total 
average ratio obtained. It seems that the meat-vegetable 
overall discrimination factor is about 10 so if 20 percent 
of the calcium is derived from such sources on the average 
the average overall factor will be between 1/13vand l/30. 
The experimental data on new human bone in children appear 
to give a smaller figure, l/60, as mentioned later. 

A matter of importance in connection with the 
amount of strontium -90 which one would expect to be de- 
posited in human bone as a result of atomic weapon detona- 
tions is the calcium concentration in the top soii. Since 
calcium is so similar to strontium, it seems very likely, 

and the evidence confirms this, that high available c_.leium 
content of the soil will reduce the probability of strontium- 
90 being taken up into the plants. Of course this probably 
does not have nearly as great an effect on the uptak? of the 
material which is picked up directly on the leaves. Ye might 
expect therefore that soils which are particularly 10:~ in 
calciu_m might show higher strontium-90 contents for the 
grasses grown cn them. This is, in fact, so, and shec:, and 
goats and cattle feeding on such pasture display a higher 
strontium-90 bone content. 

How such calcium deficiencies in the soii should 
affect the strontium-90 uptake by the human population is a 
most important question. One sees immediately that food 
distribution systems are such that the food supply is de- 
rived from large areas, and 
sharp reduction 

that there is consequently a 
in the sensitivity of the human population 

to calcium deficiencies in local soils. This is broczht 
out particularly well by the data on the radium conte*_;ts of 
human bones and their obvious lack of strong dependence on 
the radium contents of local waters. But for people -.~'ho 
consistently drink milk from cows grazing on such ground 
there should be a definite effect on the amount of redio- 
strontium, uptal-:e an d the effect should be proportion:_ to 
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the radiostrontium content of the milk. So'the ques ion resolves 
itself largely into What are the stronti-&m-90 conte:"Js of the 
foods people in such regions actually consume?" Trle :ind on 
.inspection of the food eatin, 0‘ habits and calculation of the 
strontium-90 intake relative to calcium, that the inerease in 
average strontiuz+90 concentration of the food due to the low 
calcium content of the particular soils can hardly be more 
than five-fold for a soil calcium deficiency of 50-fold. That 
is, whereas normal soil carried about 20 grams of available 
calcium in the top 2.5 inches, a region with soil of only ‘4 
grams per square foot would produce a human body burden 
equilibrium of about five times that which the normal soil 
would produce. . 

In order to understand the hazard of radiostrontium, 
which is generaliy agreed to be the most hazardous of the 
long-lived fission products, we try to establish the maximu! 
permissible concentration both for occupational workers and 
for the population in general. These numbers have been set 
at 1 microcurie and .l microcurie for the standard man, re- 
spectively, That is, an occuFationa1 worker may carry 1 
microcurie of strontium-90 in his body, whereas the c:r?nerai 
public should not have over .l of a microcurie of strontium- 
90 in the average standard adult. This last figure corre- 
sponds to a concentration of 100 micromicrocuries per gram 
of body calcium or what we call 100 Sunshine Units, that 
is;1 micromicrocurie of strontium-90 per gram of body 
calcium is defined as 1 Sunshine Unit. 

Now, we must try to see in some other way how our 
normal experien ces can be brought to bear on the question: - 
**How dangerous is atomic weapons testing from the point of 
view of radioactive fallout?" At the present time we have 
in our bodies about .l or .2 of a Sunshine Unit and children 
have about one-half of a Sunshine Unit. In a few minutes 
I will speak about the question of the variation from these 
dverage values, but assuming at the moment that these are 
the values, what is the threat or the hazard fro-m these 
quantities? Obviously, they are much smaller than the 100 
Sunshine Unit tolerance figure mentioned above. To cbtain 
a comparison ydith normal experience, let us consider the 
fact that we know in a general way the magnitude of the 
radiation levels to which we are normally subjected by the 
cosmic rays, potassium in our own bodies, and the uranium, . 
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thorium and sotassixi; in the ground and in our surr Indings. 
We know these quantities amount to something like 1 3 milli- 
roentgens per year fcr an average person in this la itude. 
But we also know that there are considerable variations 
with conditions, 

For example, a perscn living in a brick hcuse may 
~Gry well get 25 to 50 milliroentgens per year nore than one 
living in a wooden house, because of the natural radioactiv- 
ity of the bricks. It is aiso very well known that whereas 
.at sea 3_evel in this latitude the cosmic ray dosage is 37 
I milliroentgens per year, 
Colorado, 

at 5C30 feet altitude as in Denver, 
the dosage from cosmic rays is 60 milliroentgens 

per year, or a difference of 23 milliroentgens per year. What 
is this in terms of strontium-30 body burden? 

First, we must consider what gart of the natural 
radiation, if any, is similar to the radiation of strontium- 
90 3_n biological effect so we can say without doubt and 
hesitancy that the physiological effects, whatever they 
are, will be the same for the same energy absorbed. Fortu- 
nately, the cosmic rays seem to fit this bill. In other 
wmiis, we are at liberty to compare the cosmic ray xdia- 
tion dosages with the dosages from radiostrontium in our 
'ticne structure. 'i'he reason this is permissible is chat the 
ionization density along the tracks of the mu-mescns which 
are the principai cosmic ray components at sea level and at 
al,Situdes of 5000 feet are nearly the same as those of the 
yttrium-90 beta rays, the principal radiation which radio- 
strontium emits; that is, radiostrontium has a radicsctive 
dzwhter, yttrium-90, which emits a very energetic beta ray 
and the ionization density along the track of this radiation 
is very similar to that of the mu-mesons of the cosmic rays 
and their disintegration electrons, and it is generally ac- 
cepted by health physicists and radiobiologists that radia- 
tions of the same ionization density have very similar, if 
not identical biological effects for the same energy ab- 
scrbed. The high energy of the yttrium-90 gives it an 
.average distance of penetration in tissue of 2 millimeters 
so any effect of local non-uniformity of deposition of 
strontium-90 in the bone is removed. 
posure is, of course, 

The cosmic ra:.- ex- 

Therefore, we 
uniform throughcut the bone ssructure. 

can equate cosxiic ray dosage with stroctium- 
. 90 dosage and thus it is possible for us to say that the 

- 
__- _. . . _ ..-.__ 
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difference'between one altitude and another is equal in ef- 
fect, other ef'fects being equal, to a certain number cf Sun- 
shine Units in bone. J\Jow to follow this thought thri_ugh, 1 
Sunshine Unit is equal to 3 milliroentgens per year. There- 
fore, the difference in annual cosmic ray radiation dosage 
between Washington, D. C., or any place at sea level in this 
latitude, and Denver, Colorado, is equal to 8 Sunshine Units, 
that is, 16 times the present body burden of equilibrium bone 
or bone near equilibrium as we see it in young children who 
are growing now. 

Therefore, we must examine whether anything in our 
experience indicates that these differences are significant 
in terms of the occurrence of the principal effects expected 
of radiostrontium, namely leukemia and bone cancer. ETow of 
course when one looks for such vital statistics, one finds 
that they are very hard to acquire. However, the National 
Institutes of Health and the Department'of J-iealth, Education 
and Welfare, have given us statistics for the occurrence of 
leukemia and bone cancer for the year 1947 for the three 
cities, New Orleans, San Francisco and Denver. They are 
shown in Table I. 

TABLE I 
Occurrence of Bon-r and Leukemia 

(New Cases per Year per 100,000 Population) 

Bone Cancer Leukemia 

Denver 2.r, 
New Orleans 2.8 
San Francisco 2*9 

It is clear from this table there is no obvious effect of 
altitude, and it is also clear that there are other factors 
which are noticeably more important than cosmic ray dosage. 
Of course there may still be a considerable effect ol" alti- 
tude hidden in iarg e fluctuations caused by other factors, 
which presumably are la rgely unknown and we cannot say that 
this troves anything. it does, however, give us some assur- 
ance lrom normal experience that the effect of eight Sunshine 

. 
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Units ?~ill not cause a detectable increase in bone :ncer or ’ 
1euke:nia. 

This fits well with the laboratory data c animals 
and the limited experience or- humans with radium. T_ :laz is, 
1 microcurie being 1COO Sunshine Units, is still cc:.;idered 
to be pretty safe on the basis of the laboratory dzua. It 
is set as a tolerance for occupational workers and it is 
therefore reascxable that eight Sunshin_= IJnits should give 
an effect so small as to be very, very difficult to detect. 
It is, I think, helpful for us, however, to realize that the ’ 
present 'ccdy burden of stronttilm-00 in new bon2 from the 
weapons tests that have occurred in the past is equal to 
the increase in cosmic ray intensity that goes with an in- 
crease of some 403 feet in altitude, 
-of the difference in c0s.mi.c 

a very small fraction 
radiation intensity between 

Denver and sea level. Therefore, at the same time that we 
consider tk;=, possible effects of strontium-90 frcm such con- 
centrations, we may deduce from cur everyday ordinary ex- 
perience limits on the effects to be expected. Fone of the 
evidence on the occurrence of bone cancer or leukemia as a 
.function of altitude has given us any reason to believe that 
the present tolerance limits are in any way in error. The 
‘present body burdens in new bones are small compare:‘. to these 
1imitS. 

Separate from the strontiuv &O effects are the ef- 
fects of general gamma radiation, the radiation that is re- 
ceived mainly 
mainly from 

from outside the human body, and which comes 
the very youn g fission prod acts in the local 

fallout area, but which can come in smallest Tart from radjo- 
cesium accumulating on the ground in the case of the stratc- 
spheric fallout, or more importantly, from the shorter-lived 
fission prcducts deposited by the tropospheric failcut. Of 
course, 
to local 

weapons tests are so conducted as to avoid exposures 
fallout, so our present discussion of the effects of 

weapons G.il be restricted to the much smaller gamma ray 
doses from the 
of fallout. 

offsite tropospheric and stratospheric types 
In time of war, of course, it would be the 

local fallout which would be of more direct concern, next to 
blast and thermal effects, and it is to this aspect of faiiout 
which FCC.4 addresses itself in the main. 
clear tests, 

In regard fo nu- 
*;le have to study the effects on human gcne.fIcs 

and the posslbie effects of such doses of radiation on health. 
. - _. e..* . . . . :.... _ 
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Let us again 
to this. 

apply the criterion of normal human exy -ience 
Keas*urenenGq have shcwn that the general a. zrage 

intensity of fallout gamma rays from tests-is 1 to 5 :nilii- 
roentgens per year. Now the general magnitude of thl effects 
to be expected from this can be compared with the nazural 
radiation intensit-y. We find, 
such things as living 

as mentioned earlier, that 
in a brick house instead of a wooden 

house can amount to as much as 25 to 50 milliroentgens ex- 
tra dosage per year, that there are certain areas in the 
world where the average dose in this country of 150 nilli- 
roentgens per year is exceeded by ten-fold, that people 
-living on granitic rock as compared to those living on 
sedimentary rock receive about 70 milliroentgeqs per year 
more dosage due to the higher content of uranium and thorium 
in these rocks and that people living at higher altitudes 
have a higher natural cosmic ray dosage. Also, of course, 
we know that medical uses of X-rays can be considerably 
larger than any of these fallout dosages. 

We do have experience and valid evidence that the 
somatic effects ot'=?er. than cancer and leukemia, that is, 
the effects of radiation on ordinary human health, require 
dosages which are very much larger, of the order of Zj to 
50 roentgen units in order to be observed as changes in 
the blood and 100 to 200 roentgens for injury symptczs; 
whereas the dosages we are speaking of from test falLout 
are about one hundred thousand fold smaller. 

As for genetic effects, these are extremely 
difficult to evaluate, since there is so little knOw1~ 

about human genetics. Eut judging from experience with 
plants, insects, animals, and lower organisms, there is 
every reason to e_xpect some genetic effects of radiation. 
The question is how much 
level of effect. 

radiation is required for a given 
There are a certain number of mutations 

in every new human generation. Are these largely induced 
by natural radiation or are they mainly of chemical, or 
rather biochemical origin, or both? From a chemical 
of view, it seems likely that not all the spontaneous 

point 

mutations in the human or any other species are caused by 
radiation effects, because it see,ms likely that radi;.zion 
acts in inducing mutations mainly via molecules which it 
generates in the human cell, and that the mutations zre 
caused by these chemicals.and therefore in a sense are 

(more) 
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chemical in nature, Now if this be so, and the rat .tion in- 
duced mutati-,ns are nearly always caused by chemic: : t;hich 
are produced in the first instance by radiation, tf : cheni- 
cals themselves which are not produced by radiatior. .;ut have 
other origins, can ca$Jse mlstations, so is seems lik: ;_y that a 
major part of the natural or spontaneous mutations LZ any 
species is not radiation induced. This point is an important 
one to settle, for the reason that we have to compare the 
effects of fallout radiation with the fraction of the natural 
spontaneous mutations which is due to the radiation we are 
normally subjected to, In other words, if the normel muta- 
tions are ail due to radiation,, then the effects of the 
additional radiation from general test fallout, or from 
other sources of radiation such as atomic power, or the 
medical uses of isotopes and X-ray, will be larger. it . 
seexs likely, and many genetic authorities agree on g;eneGic 
grounds with this conclusion, that a major portion of the . 
spcntaneous mutations of the human species is not due to 
radiation but due to other causes. 
the spontaneous mutations 

Therefore, a fraction of 

being due to irradiaticn, 
in the human species is taken as 
FGW , what this fraction is, it 

is difficult to say, but Professor 3. J. Nuller has esti- 
mated that this might be 10 percent. Therefore, one esti- 
mates the i50 milliroentgens per year fro-m natural radiation 
now causes about 10 percent of the spontaneous mutations, 
and therefore, that the test fallout if continued i:.rie:'inite- 
'Qwill, at the present level of about 1 to 5 mkllircentgens 
per year, cause an increase in the natural spontaneous muta- 
tion rate of something like l/50 of ten percent, or ,Z,2 oi 
a percent of the spontaneous mutations, In the extreme 
it should prove that all of the spontaneous mutation rate 

if 
. 

radiation induced despite the chemical arcuments, the ef- 
Gzct would be ten times 2s great or two perzent. Dr. Dunning 
of the Division of Biology and &dicine of the XEC estimated 
1.4 percent in 1955 on similar assumptions. 
Mcnthly 81, 

(The Scientific 
265-December 1955.) This effect is one which is 

comparable to moving to a slightly different locality and is 
much less serious than changing from one house to another or 
doing any of 2 dozen things. The only important point is 
that genetic effects show only if large numbers cf peopie 
are subjected to them. Therefore, 
effects of i&r&e populations 

we would expect t-rat the 
changing their envirorzent , 

such as living at a higher altitude, or living in a region 
of naturally higher radioactivity, should cause genetic 

' (more) 
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effects, if test fallout does so. An examination of vital 
records should be made to test for such effects and t‘?e 
Atomic Energy Commission is doing so as best it can. The 
United Nations Scientific Committee on the Effects of Atomic 
Radiation has been comparing the data on natural background 
dosages, and it is hoped that this study will be continued 
and that the search will be made for observable effects of 
variations in the natural background dosage, for it is cer- 
tain that any effects due to gamma rays from fallout must 
be already present in much larger measure due to the natural 
dosage. 

. 

II. VARIATION IN INDIVIDUAL STRONTIUM-90 BURDENS 

What is the likelihood that even though the average 
strontium-90 content be well within tolerance limits, that a- 
few individuals should exceed tolerance limits? Let us con- 
sider first the case which 7,311 ultimately hold, the situa- 
tion of complete equilibrijum with the environment in so far 
as the strontium-90 burden is concerned. The only way we 
can make judgments about the expected individual variations 
from the mean concentration is by direct experiment on human 
body composition, not only for strontium-90 but for other 
analogous constituents. Most of the recent data on the 
strontium-90 body burden are from odd bits of bone removed 
during surgical operations, but fortumtely we have actual 
data for the strontium-90 content of t 

3 
e entire bodies of 

some several dozen stillborn childre& in the city of 
Chicago in the year 1953. A strenuous effort is now being 
made on the Sunshine Project to continue this series and 

1. ;iaz* ;f;“Y, "Radioactive Strontium Fallout,lt Proc. Nat. 
. 

L2 No. 6. 365-390 (1.956): University of 
.Chi&o, ;roJect 
1956, 

Sunshine Bulietin No, 12, August 1, - 

(more) 



. 

. 

- 13 - 
. 

also to check the human bone data by analyses of cc' :lete 
skeletons. Ge ;?resent the distribution of the strc ;ium- 
90 data for the stillborn children in Figure 1. Da:-a for 
the occurrence of ordinary non-radioac ive strontil;'. in 
human bones also have been pub1ished.Z 7 These obviously 

2. K. K. Turekian and J. L. Kulp, Science , 405 (1956). 

refer to the full steady state condition and are obviously 
at Least as nearly in equilibrium with the environment as 
the fallout radioactive strontium ever will be. These data 
are presented ;n Figure 2. The occurrence of radium in the 
human body al.so has been used since it is chemically similar 
to both calcium and strontium, and therefore is a bent 
seeker and because it is obviously also in steady state 
equilibri,um. The data used were those by Talmer and &uee& 

3. Hanford Report, HY-31242. 

in Figure 3. And, finally, we use the recent data on occur- 
rence of normal potassium in human bodies as determined by 
Anderson and Langham&/at the Los Alamcs Scientific Laboratcry 

4. %. C. Anderson, R. 5. Schuch, 'rJ. R. Fisher and W. 
Langham, "Fotassium and Cesium Radioactivity in People 
and Foodstuffs." (In press.) 

as presented in Figure 4. All of these data show a normal 
frequency distribution as indicated by the theoretical curves@ 
The respective widths of the curves (standard deviations) are 
36 percent for radiostrontium, 40 percent for normai strontium, 
40 percent for radium ,and 18 p ercent for natural radiopotassium. 
It is comp1etcl.y clear from these data that they agree with 
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vario-2s Lcnrs in the given icdividual*s body which ?pens 
to be s2mple::., However I the specific csncentraticr- 2 the 
strcntiLzm-.90 deposited will not exceed that in new _ IIC 

developxi entirely in the present b:ologicai enviro: ::ent, 
i.e.: she local concentration in aduit bone will no: EX- 
teed that for the whole bone in young children, -,%sse total 
bcdies are composed cf the mixture of strcntium-90 a;ld 
calci-xx 2lhich now is present in food. Since the present 
ratio for children to adults is about four to one fcr 
.aver;ge total strontiunl-3'2 content, the factor of concen- 
tration in a*dults! active bone regions may be as much s&s 
four-foid greater than the whole body average. Thus the 
Spparznt s?:aead for random bone samples taken from adults 
should be -rery large compared to the true equilibrium 
spread for these reasons, As equilibrium is approacned, 
however, the spread must decrease very, very markedly, 

The data on human bones indicate a very wide 
scatter, . but it seems extremaly clear that the variation 
1s G," *. v-cflytiop of tk 
adult i:lJi\:id&ls 

,Lc ikct that *she msin skeleton of 

r’OOd 

is net in equilibrium with the present 
supply, and that t,ne variations reflect the different 

rates zt which the ;-arious bon2s in the bodies of ir!i- 
vid&s are coming into equilibrium i\;ith Che food sc;~piy 
in -the ger?l*al A a 
skel!e~c;1;s 

bioi.ogi.zal environment. A study of P.:M_e 
ta%eiI f'rm ciriz given locality which is nok under 

way as a part of Project Sunshine will :larify the paint 
about the varii:z;ions among individuals in their rate of 
coining into equilibrium with the general biological en- 
vircxiient. This study 
tory. 

is under way in Dr. Kulp's lajora- 

It should appear from these studies that the 
variaticn from the mean of adults will be larger than the 
factor of' cne-third wlhich apparently is normal for the 
typss of equilibrium distribution considered above. It 
. 

of c!ourse 
Chris predicti& 

very important to establish the truth 05' 
clearly. However, the general agreement 

in shape of the distiribution curves for such widely dFI- 
f'erent materials as normal potassium in whole bodies. 
radim, and nJrma1 elementary strontium in fragmentct*y 
human bone, and actual fallout radicactivz strontiuz in 
ths whole bodies of stillborn children, give us gooci rea- 
son.to belieye that there is nothing extraordinary in the 
distribution.of radiostrontium in h-man bone. 

(more) 
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III, VARIATIC1 OF "ffS STROETIUX-90 EODY BURDEN WTE 8OCALITY 

Most impcrtant cf the causes of variation (.f the 
strontium-90 content of individuals with locality is, of 
course, the amount of fallout in a given region. The general 
rules about the intensity of fallout have been described 
above. For air-fired megaton weapons our present indication 
is that the fallout is almost world-wide and for reasons 
of simp1icit.y and in the absence of better information at the 
present time, we work on the model that this is a uniform 
distribution,over the entire world,of material that falls 
from the stratosphere. Further evidence and data on this 
point are rapidly bein g collected which will undoubtedly 
settle the stratospheric horizontal mixing question. 

At the present time, the generai latitudes in the 
.Northern Hemisphere which are between loo and 600 Morth have 
the highest strontium-90 content. In the United States, 
which because of our proximity to the Nevada Test Site has 
unusually high fallout, there are at the present time about 
25 millicuvi +&es per square mile of strontium-90. 
soil this means a concen4* 

For average 
,,ation in the top soil of a'r;ut 

50 Sunshine Units. Kith the factors of discrimination men- 
tioned above, this means that an equilibrium body burden 
between 1.7 Sunshine Units and 3.9 Siu-,shine Units is to be 
expected. Actually, the present body burden in young chil- 
draQ indicates that the lower value is probably more real- 
.latic. The presen: body burden in children -- about 0.5 
Sunshirle Units -- probably was derived from an average 
strontium-90 content in the top soil of something like 15 
millicuries per square mile, or abcut 25 to 30 Sunshine 
Units during the time the strontium-90 was being acquired. 
Thus we find that the experimental value for the ratio 
between the body burden of young children and the average 
concentration in the top soil is about 50 to 1; rather 
closer to the higher range of the laboratory results than 
to the lowest range. 

Table II contains the latest data for the total 
strontium-90 fallout as measured in U. S. soils, and Figure 
5 displays these data graphically. 

L. . 

c . 

(more) 
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The Nor?hern part-of the United States hz about 
20 to 30 milliccries of stroctiw-90 per square mil the 
Southern Sta',=,s are sonewhat lower. The low figure 3f 7 
millicuries per square mile for Grand Junction, Coi _+ado, 
is probably due to local climatic and sample site cc ndi- 
tions, 

. 

. (more) 
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, Table II . 
-- 

EcLlth ar,d Safei:.- Ltbora'iary 1956 Survey of U, S. Soils fdr Str:_kiw+Xl 
Sam&es taken betveE-2 Cc:oGer 8 and 13, 1956n Strontium extract& with -- 
6N HCl at room tezr?:*ature, Zeolicates raprssenL individual soil iq_mt.s 
taken after sar?.clin:z and air c!~+_ng~ I+cn error terz represents c 

’ rtandard de-ziation dze to countir!! error. 

Sampling 
Site 

Albuquerque, N.M. 

Atlanta, Ga. 

Binghamton, N. Y. 

Eoise, Idaho 

* Des Moines, Iowa 

Detroit, Michigan 

Depth 

0-2n 

2-109 

o-2n 

2-6” 

o-2" 

2-&t 

o-2" 

2-6" 

O-2" 

2-6" 

O-2'? 

2-6" 

Grar?d Junction, Colo.O-2" 

2-x&t 

d/m/m soil 

0.078 + 0,001 
0.075 + 0,001 
0.008 + 0,002 
0.005 2 0.002 

oe35 2 0.007 
o.&? 2 0.009 
0.018 + 0,004 
0.021 L 0.003 

0.32 2 0.007 
0.35 2 0.007 
0.019 L 0.003 
0.023 2 0,005 

0.23 2 0.006 
0~26 2 0,006 
0.012 + 0.002 
0.015 2 0,002 

0.31 + 0.007 
0.31 + 0.007 
0.028 L 0.002 
0.024 2 0.003 

0~26 2 0,006 
0.27 + 0.006 
0.038 2 0.003 
o*oJ!&& 2 0.003 

0.10 2 0.001 
0.091 + 0.001 
0.l.l 2 0.019 
0.070 L 0.013 
& 0.002 
GO.002 

(more) 

mc/mi2 
mc/:. _2 

Ave. -I Total ,. , 
.,*:-9 

s 0.45 
LO.51 

" Y_ ri 

17 2 0.4 18 
18 + 0.4 
4,4 + 0.8 4.8 
5.2 2 1.1 

20 + 0.6 22 
23 7 0,6 
301 + 0.6 

5 
3.5 

490 0.6 

23 2 0.5 23 
23 2 0.5 
a*! + ;*; 7.1 

. + l 

20 2 0.5 20 
20 2 0.5 
7.3 + 0.5 7e8 
8.4 L 0.6 

7.8 + 0.1 7.0 
7.1 L 0.1 
8.2 : 1.4 
5.1 2 1.0 

SO.48 

. 

2 L 

7.5 ” 001 7.3 
7e2 : 0.1 
404 ” 0.9 3.4 
204 2 0.8 

u, 2 003 15 
16 t 0*4 
2.8 + 0.6 
3.3 - 

3.0 
0.5 * 

23 

26 

30 

28 

7 



Sampling 
Site 

Jacksonville, Fla, 

Los Angeles, Calif* 

Memphis, Term, 

New Orleans, Ia, 

Ned York, New York 

Philadelphia, Pa0 

Rapid City, Se Do 

Rochester, 11, Y. 

Salt I&e City, Utah. 

Seattle, Washingtar. O-2" 

Depth 

O-2" 
2-6'1 

O-2" 

2-7" 

O-2" 

2-6" 

O-2" 

2-6” 

0-P 

2-6" 

o-2n 

2-6" 

O-2" 

2-6" 

o-2" 
2-6" 

o-2n 

.2-8" 

2-6" 

-19- 

d/m/m soil m&d2 

Oclll 2 0,009 
0,013 2 0,004 
0,020 2 0,005 

0,X? + 0,008 
oelJ+' 7 0,009 
0,009 + 0,002 
0,006 5 0,002 

0~27 2 0,036 
0~26 t o&o6 
0,028 L 0,003 
oeo29+oJIO3 

0,212 2 0,006 
0,22 + 0.006 
o&o9 7 0,002 
0,006 z 0,002 

0,21 2 0,006 
0.29 2 0,007 
0,072 2 0,004 
0,068 2 0,004 

0017 e 0,005 
0,16 2 0,005 
0,029 L 0,003 
0,026 + 0,003 

0.29 + 0,006 
0034 2 0,006 
0,053 + 0,004 
0,045 .+, 0,003 

0022 + 0,006 
0,013 2 0,004 
0,013 2 0,002 

0,32 2 0,007 
0033 2 0,007 
0031 2 0,007 
0,016 + 0,002 
0,016 5 0,002 

0~46 z 0,011 
+ OoOlO 

E$l r 0,007 
0,052 5 0,004 

(more) 

. 

. 

. 

703 L ..,6 
207 + 
400 5 

c,9 
Ii.0 

609 + oc.5 
800 L 005 
303 t 009 
2*2 2 007 

15 2 004 
15 2 o-4 
605 + 
,606 z 

007 
O"7 

8*8 2 002 
803 t 002 
303 + 009 
202 2 O"7 

10 t 003 
2 2 * 0,8 003 

11, f 008 

12 + 004 
11 + 004 
703 ', 008 
604 2 007 

20 2 004 
23 2 004 
I2 2 LO 
10 2 007 

16 2 0*4 
205 2 004 
2.5 2 0,4 

22 + 005 
23 2 005 
22 2 0.5 
507 2 007 
509 2 008 

17 2 004 
16 + c,,rc 
9d4 + i-,2 
956 z (X.7 

m&d2 
Ave. Total -- 

;:: ll 

705 

208 10 

15 

636 22 

806 

208 Jl 

l2 

UC 26 

12 

6c.8 19 * 

22 

l-l 33 

16 
205 19 

22 

508 28 
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The differential rat_ #;-s at which the fallc -’ has been 
occurring probably 
collection" method. 

zre best meastrred by the so--call1 -1 "pot 

able height is placed 
A buc!<et with vertical walls 01 appreci- 
out in the open and allowed to collect 

the total fallout for a given period including the rain snow, 
dust, etc, The bucket is left out whether it has raine; or 
not and covers the to%al fallout for a given period. 
6 and 7 give the curves 

Figures 
so obtained for New York and Pittsburgh 

areas together with the estimated errors of measurement, It 
is interesrlng to note the changes in slope and to correlate 
them with the occurrence of test 
short-lived tropospheric fallow-;, 

activities and the relatively 

appear during 
The minimum slopes which 

quiet periods when no one is testing are the 
stratospheric fallou" CI of which we hzve spoken-and these 
slopes when ,;e have enough pot s o:?erating all over the world 
will, when taken tcgether with the results of the meaaure- 
ments of the amounts of radio+ O,rontium and radiocesium in 
the. stratosphere, give an accurac.e value fcr the strato- 
spheric residence time and settle the mixing question. 

In addition to the intensity of fallout, the ques- 
tion of the fraction of the radisstrontium and, fcr tropo- 
spheric .falicut, the radioiodine of eight-$ay half-life, that 
_is .in assimilable form is an important one, So far most fall- 
out strontillm appears no be combletely F:aSer soluble and 
therefore most assimilable, though consinusd tests C;T; this 
point should be made. Direct leaf pick-up of course promotes 
assimilation of the strontium because the plant differentiation 
against strontium when it assimilates it from soil C,hus is 
avoided, Another factor is of course, the concentration 2 
available calci-um in t.!:e so!l, Cy svailabl a calcium we mean 
calcium which is a-JailabLe to ;lan+,s and Eat *;he tctal talciulm 
in the soil. It is knolqn tha,L so 2. s which are high in avail- 
able calcium produce plants cf lotier radioactive strontl-Lx 
content; that is, the radicaccive strontium to calcium ratio 
in the plant is lower as a dire:: consequence of the lower 
concentration of radiostrontium in the available soil calcium, 
In addition, as mentioned previo5zly, plants tend to prefer 
calcium to strontium with a discrimination factor of about 
1040 Sheep which grow in cert.ain areas of Wales have sho-d.n 
concentrations in their bones approaching 153 Sunshize Units 
while sheep and cattle growing in the CT, S. have hardly ever' 
exceeded one,-fifth of this0 The Welsh soil in certain areas 

(more) 
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is very low in calcium and as a result grows grasses of high 
radiostrontium content. Of course, it is clear that Yertili- 
zation with calcium will immediately relieve this dizficulty, 
but in the absence of such fertilization, the questic:? is: 
How'serious is the effect of calcium deficiency in.promoting 
strontium-90 pick-up through the food chain? 

As was remarked earlier, there is an averaging 
which occurs in food distribution systems and calcium deficient 
soils are naturally rather poor producers and as a consequence 
the weight of the food so produced is less than for a good 
well fertilized, well balanced soil. This factor reduces the 
flow into the general food system of material of exception- 
ally high strontium-90 content. It therefore will probably 
be sufficient to consider the radiostrontium of milk, since 
milk is the main source of calcium, in order to test for the 
radiostrontium content of the food in given areas. Direct 
measurements have shown that a factor of five encompasses the 
total variation due to all factors including calcium de- 
ficiencies in acid scils. 

The general intake must depend on the food distri- 
bution pattern and the relatively small fluctuation in miik 
contents must reflect this. The number of individuals who 
rely totally on the food output of soil of very low calcium 
content is very small indeed, but it.must be true that 
these individuais if they grew up on such a provincial, 
isolated farm would have as much as ten to 50 times the 
normal average strontium-90 content. The normal caicim 
concentration in soils in the United States is about 20 
grams per square foot for the top 2.5 inches and about 
the poorest soil known has about 0 .4 gram available calcium 
per square foot for the top 2.5 inches--a deficiency factor 
of 50. 

It is clear from a detailed examination made by 
the author for people living in calcium deficient areas with 
normal food distribution patterns, that a factor of 5 is about 
a& large an effect as can be expected from a fifty-fold 
deficiency of calcium in the soil. The food from outside of 
the calcium deficient area red,uces by a factor of about ten 
the increase in strontium-90 pick-up rate which would be ex- 
p.octed.from the calcium deficiency in the soil if people iived 

(more) 
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entirely off the soil for their whole growing period of 20 
years or so0 

The food of~lowest's~rontium-90 content iz fish 
flesh, because of the great dilution the fallout rec.:ives 
by the hundred meters of sea water above the thermoc>ine, 
which rapidly mix with the falloutwithin a few hours or 
days, This means that the specific concentration of radio- 
active strontium, or any other fallout constituent in sea 
water, is relatively very much lower then it would be in 
soil, For example, 100 meters of sea Mater has 370 grams 
of dissolved c&..fcium per square foot as compared to the 

-average of 20 grams per cq-usre foot for the top 2,5 inches 
of soil which absorbs and holds the fallout radiostrontium, 
Therefore, in principle sea food and fish are lowest among 
foods in content of radiostrontium fallout, - 

Iv* EFFECTS OF CONTINUED TESTING AND GENERAL CONCLUSIONS 

In summary, then, we see that the present body 
burden of strontium-90 from atomic weapons tests in the 
United States corresponds to the radiation dosage to the 
bones which would result from a few hundred feet increase 
in altitude, and the Eresent vital statistics show no 
observable effect on "he. occurrence of bo.ne cancer or 
leukemia of much larger changes in altitude, The tolerance 
figure of 100 Sunshine Units, or .f of a microcurie for an 
average individual, or 100 micromicrocuries per gram of 
body calcium, that is recommended now is about two hundred 
times the present level for new bone in the IT, So, and it 
will not be exceeded by fallo*& frcm weapons tests in any 
foreseeable circ-umstanceso 

The distribution of strontium-90 burdens among 
individuals for a given localitv will be a normal error -_ 
curve with a standme==-:of about one-t.hird of 
the average concentration, This means that. about one in- 
dividual in ;";OO will have more than twice the normal aver- 
age value for a given locality, and that about 1 in several 
million will have three times the average value, 

(more) 
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The effect of locality is more important, '..owever, 
particularly in the effect of caiciu!m deficiency in -->e 
soils. Careful consideration of this question indic ;es 
that there will be very few individuals who show a s rontium- 
90 content which is strictly inversely proportional 3 r,he 
available calcium concentration of the soil in their region, 
This is due to the fact that food distribution sysce..;s 
automatically average over a wide area and people assimilate 
their calcium slowly, Most people drink milk and eao cheese 
and other calcium-bearing foods from a rather wide area, and 
this effect reduces by an estimated factor of ten the poten- 
tial effect of calcium deficiency in the local soils, 

On the basis of laboratory experiments the human 
body concentration of strontium-90 at equilibrium will be 
between 13 and 30 times less than that in the top soil, 
The present data indicate that the higher figure is closer 
to the truth, and so we wii 1 be conservative in taking the 
figure of 20 for this ratio., Therefore, the present burden 
of 50 Sunshine Units in the top soil of the United States 
may eventually lead to as much as 2.5 Sunshine Units in the 
human bones, but more likely will lead to about l.70 

Of course, as testing continues and more fallout 
occurs, the levels will rise, The strontium-90 that still 
resides in the stratosphere at the present will fali out 
according to our expectations at a rate which just about 
compensates for the decay of the material already deposited, 
so that no great additional increase from this source is GO 
be 'expected from weapons fired in the past, If the testing 
should continue at about the same rate as it has averaged 
over the last five years, then we should at equilibrium, 
after an infinite time, approach a level of 8 times the 
present rate, since the average life of strontium-90 is 40 * 

years, This assumes that the future testing will be con- 
ducted so as to give in each future five-year period the 
same as the last five have, And so we would expect in the 
United States at that time an average human strontium-90 
concentration of 20 Sunshine Unir,s with the conservative 
factor of 20 between the tcp soil concentration and $he 
concentration in hu;nan bone, or 5 Sunshine Units if the 
factor of 80 is used, In other words, in the United States 
something between 5 and 20 Sunshine Units would be the 

(more) 
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equilibrilum cczcentration of human bones if testing cO*nticcad 
indefiniTely at the average rate of the past five yea. yu 
This levsl wowI_= be approached only after a few decad :, 
After 2s" years the level would be half of this equili- rium 
value, and after another 28 years, 56 years total, frL.n an 
arbitrary be= Ginning which we have set as 1952, we would ex- 
pect'in the year 2008 three-fourths of the equilibrium 
figures. So somewhere between 4 and 15 Sunshine Units of 
strontium-90 in human bones in the United States might re- 
sult from the present type of testing being continued for 
the next 50 years. 

In those certain areas'in the world where the soil 
is low in calcium, this level might go five-fold higher, At 
the present rate of testing we might indeed approach the 
figure of 100 Sunshine Units, the tolerance limit for large 
populations, zt the beginning of the 21st century for these 
certain limited regions in the world. The observed condi- 
tions in these regions could be relieved, however, by 
fertilization of the soil with calcium, either calcium 
nitrate or lime being used, as appropriate from other con- 
siderations& 

The Sunshine Project continues to study the prob- 
lems of world-:bjide fallout--the stratospheric inventory of 
radiostrontium and radiocesium, the occurrence of these 
isotopes in thh.cj soils and water and the biosphere all over 
the earth, the biological effects at certain levels of 
contamination -,;ith strontium-90, and to a lesser degree with 
cesium-137, an: the possible genetic effects of the Icw gamma 
ray dosages associated with world-wide fallout from atomic 
tests. All of these are studied not only with the point in 
mind of devising methods of protection against atomic warfare, 
but also with,the thought of possible application in the re- 
mote event of industrial accidents which may happen in con- 
nection with certain of the peaceful uses of atomic energy, 
particularly atomic power. Certainly an understanding of 
the basic principles of world-wide fallout is applicable to 
the control and safe-handling of isotopes. All of this is 
done in collabcration with the United Nations Scientific 
Committee on the Effects of Atomic Radiation, and it is to 
be hoped that as the data appear all of the countries in 
the world wili ,join together in this international effort 
to under stand 'r.stter the effects of the great new fact in 
life, the nuclear atom. 
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Fig. 2 

NORMAL STRONTIUM 

(TUREKIAN g KuLP) 

Region 

Colorado 

Texas 

Cologne 

Bonn 

Venezuela 

Chile 

Voncouves 

China 

India 

No. of 
Specimens 

28 

12 

21 

15 

47 

47 

21 

19 

29 

. 

Average 
%Sr/%Co 

x 1000 
Standard 

Deviation 

0.61 0.27 

0.54 0.16 

0.36 0.11 

0.35 ’ 0.12 

0.60 0.24 - 

0.62 0.16 

0.50 0.15 

0;67 0.16 

0.69 0.28 

. 

0 - I I . 
I r w 

0 0.5 * 1.5 2.0 
(X Sr/%SYx lo3 

. 
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Fig. 3 
RADIUAI 

(PALMER 8, QUEEN MW - 31242) 
(No Correlation with Drinking Water) 

. 
. 

0 0.5 1.0 1.5 1.0 

RADIUM BURDENS (gm x 10”) 
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Fig. 4 

POTASSIUM 

(ANDERSON d LANGHAM, UNPUBLISHED) 

(Age Group, 20 - 39 Years) 

Frequency of natural potassium radioactivity levels 

in people (histogram) compared with normal distribu- 

tion curve (solid line). Note the doubly exponded 

scale of the abscissa OS compared with Figures l-3; 

the potassium distribution has a width of only 18% 
because of the homeostatic regulation of potossium 

balance. 

. 

1.0 2.0 

DISJSECJLB. 

3.0 4.0 5.0 

FROM K40 COMPONENT OF NATURAL POTASSIUM 
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Fig. 5 

srqo IN u. s. SOlI_ ,(HASL - OCT. 8, 1956) (HCI EX’TRACTION METHOD) 

Numbers are in mc/mi2 at individual site. 
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