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in Man from Nuclear Tests 

The results of recent experimental work in the determination of the stratospheric inventory 
of fission products-i.e., the fraction of Sryo and Csl3; taken up directly from rain-and 
new measurements of the concentration of Srgo in human bone at this laboratory make 
possible a more accurate prediction of the future radiation doses from these isotopes to the 
world population. It i s  concluded that the U. S. diet has passed its peak concentration of 
Sryo and Cs13', that Sryo probably will remain the largest contributor to the radiation dose 
to an individual, and that Cs13' measurement can be used to monitor Srgo in milk in emer- 
gency situations. These results also suggest that in the event of large-scale nuclear warfare, 
the general radioactive contamination would not preclude the existence of large popula- 
tions if short time (6 to 12 months) survival were possible. 

N 1953, when the potential serious- I ness of world-wide fallout was first 
clearly identified, virtually nothing was 
known of the mechanisms, or rates of 
movement of nuclear debris from the 
point of detonation to the human popu- 
lation. In  the intervening. years, as a 
result of a major research effort a t  many 
laboratories. the larger aspects of the 
fallout problem have been solved. The 
previous speakers and their associates 
have played a large role in this develop- 
ment and their papers have treated many 
key problems in the movement of fission 
products to and through the food chains. 
It is my lot to summarize briefly the 
present stat1.m of the situation from these 
papers and other sources? and to report 
on some of the work a t  the Geochemical 
Laboratory of Columbia University on 
the levels of some of the critical radio- 
nuclides in man. 

Production and Distribution of 
Nuclear Debris 

A comprehensive stud!, of the strato- 
spheric reservoir has been operative 
for the past 3 years. By using a mer- 
idional net woven by flights of manned 
aircraft and supplemented by the bal- 
loon program of the Atomic Energy Com- 
mission. results were obtained which 
now make it possible to state the rate 
and mechanism of removal of the debris 
from the stratosphere ( 8 ) .  Figure 1 
shoivs the tropical and polar tropopauses, 
the discontinuity, and the ground level. 
Debris injected into the polar strato- 
sphere has a half residence time of about 
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Figure 1. Transfer of fission product debris from strato- 
sphere to surface of earth 

6 months and essentially all comes out 
into the Northern Hemisphere. Debris 
injected by megaton weapons at  the 
equator has a half residence time of about 
1 year. These values were determined 
by actually measuring the change in the 
stratospheric reser\.oir \vith time. 

The dominant transfer mechanism 
of stratospheric debris is throuyh the 
break between the polar and equatorial 
tropopauses. The quantit)- of debris 
which passes through this gap is greater 
during the winter than at  any other time 
of year, as this is the period of greatest 
activity of the jet stream which is located 
in this discontinuity. Once in the tropo- 
sphere, stratospheric debris is removed 
by precipitation with a 3-Lveek half 
life. The debris also moves laterally 
a t  the rate of about 10" per month, 
Since the polar regions have very low 
precipitation, this volume of the trop- 
osphere merely acts as a storage space: 

and thus? the average specific activity 
of rain is essentially constant from 30° 
to 90" N or S. Toward the equator. 
hoivever. the washout is effective so that 
a minimum in the deposition occurs 
in the O'to 10's latitude belt. 

Figure 2 s h o w  that the sprcific ac- 
tivity of rain increases in the spring 
of each year: following the Iyinter strato- 
spheric transfer: and then reaches a 
minimum in the fall. The  fact that 

a tracer introduced in the I;. S. 
Hardtack series at 10" S in the slimmer 
of 1958, also sho\vs a spring peak in 
1959, proves that this seasonal pattern 
has a meteorological origin and is not 
primarily due to Russian testing. 

The distribution of the SrgO on the 
surface of the earth is also fairly \vel1 
known. The  more recent estimatr is 
shoivn in Figure 3 (7s) where the ratio 
of specific activity on the ground between 
the latitude zones 40" to 50" N to 
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40' to 50' S is about 3. T h e  asym- 
metry \could not be as great Jvere ir not 
for the C. S. S. R. testing in the north 
polar latitudes. 

The  integrated surlace deposition for 
the past 6 years and the predicted value 
for July 1960 (78) are given in Table I .  
-Tile absolute values are probably good 
only to *207,. but the relative yearly 
inventories are  probably more precise. 
T h e  total SrgO deposited hy April 1960 
should be about 4.0 MC.  (mesacuries). 
- I t  this smie  time the residual strato- 
spheric inventor) should be only 0.6 
MC.. with about two thirds of this being 
in the northern stratosphere. 'I'herefore. 
the present surfacr distribution will re- 
main unchanged and that the total cuinu- 
lative deposit byill increase to a maxi- 
muin in 1961, but this maximum \vi11 
onl! be about 10:;; greater than the 
surfzce deposit in early 1960. 

'I'he measured specific activity of rain 
for t!ie zone 30' to 60' N Tor t!ie past 

3 years and the predicted levels for 
1960 are given in Table 11. Sore the 
sharp reduction in 1960, bcherc. the spe- 
cific activity in the summer months is 
predicted to be half of 1955-58 and one 
quarter t'iat of 1959. 

The  mechanism of removal of the par- 
ticulate debris is by precipitation. The 
SrgO and CsI3' of stratospheric origin are 
essentially in \vater-soluble form (76). 
Some of the Nevada debris is insoluble; 
this represents less than 5%, of the total 
in the eastern L.. S. Further, the SrgO, 
CS'~; ratio is essentially constant so that 
the more comprehensive SrgO data may 
be used to calculate CsI3; deposition. 
Pu239 is essentially in insoluble form. 

When the rain hits the surface of the 
earth, the isotopes are distributed ver- 
ticalll; in the soil according to their 
chemical behavior. SrgO penetrates most 
deeply, CS'~? much less) and Pu239 prob- 
abl! is held in rhe upper quarter inch. 
Subsequent to initial deposition and 
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Ground level inventory of SrgO in late 1959, 

,201 

vertical distribution there is littie or no 
vertical movement on a time scale of a 
few years. 

Table 111 summarizes measurements 
of Srg0 \.iith depth from various local- 
ities and laboratories. Detailed work 
a t  this laboratory has shown no sig- 
nificant change in the vertical profile 
from 1953 unril the present. At least 
70yc of the Srgo still appears to be in the 
upper 2 inches of untilled soil and a t  
least 90%) of it remains in the upper 6 
inches in the average soil. 

Carbon-14, as produced in the nu- 
clear explosion. is mostly in the form of 
COP. As such it probably follows the 
particulate debris into the troposphere, 
but there its similarity ends, for the C O ?  
is not \cashed out by rain but rather is 
mixed Lcith the pre-existing COr of the 
Lroposphere and thus enters the CO? 
cycle. Some exchanges with the ocean, 
some with the biosphere? and some is 
returned to the stratosphere ( 3 ) .  

Table 1. World Surface Inventory 
of Sr90 with Time (18) 

Dote 

.July 1954 
July 1955 
July 1956 
July 1957 
Julv 1958 
Julv 1959 
July 1960 

u Predicted value. 

Megacuries 
of Sr9O 

0 . 2  
0 . 6  
0 . 9  
1 . 4  
2 . 0  
3 . 2  
4 .  l g z  

Table II. Specific Activity of SrgO in 
Rain 30" to 60" N during Each 

Quarter from 1954-60 
Year Millicvries/Sq. Mile/lnch/Qoarter 

1954 0 11 0 16 0 09 0 10 
1955 0 23 0 36 0 24 0 10 
1956 0 33 0 47 0 18 0 19 
1957 0 24 0 30 0 20 0 16 
1958 0 25 0 58 0 30 0 35 
1959 0 80 1 24 0 18 0 0' 
1960 0 141 0 20' 0 11' 0 04' 

'1 Predicted d u e s  

CIRCLED NUMBER INDICATES 
NUMBER OF SAMPLES 

0 
CONSTANT 

A W L T  LEVEL 
I I I  1 1 / 1 1 , , , , , , , ,  
0 2 4 6 8 10 12 14 16 18 20 22 % 26 28 30 

AGE IN YEARS 

Figure 4. Theoretical curve and experimental data showing 
relation of specific activity of SrgO in skeleton with age of in- 
dividual for 1957-58 in Western culture, 30" to 90" N 
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Table 111. Summary of Experiments on Vertical Penetration of SrgO in Soil 

E -  
w -  
z -  
3 -  z -  

m 5  

Set of Samples 

Lamont campus 
Midwest farms 
England and Wales 
U. S. collection 
Utah and Montana 
U. S. collection 
Ecuador and Venezuela 
Rome and Lausanne 
New York City area 
Mandan, N. D. 
U. S. collection 

This  laboratory. 

- - 

I 

No. of 
Samples 

3 
6 
4 

17 
5 

5 
3 
4 
1 

23 

17 

Dafe o f  
Collection 

Aug. 1953 
1953.1954 
July 1956 
Oct. 1956 
.4ug. 1957 
Oct. 1957 
Sov. 1957 
Mar. 1958 
May 1958 
Aug. 1958 
Oct. 1958 

Weighted av.  

70 Sr90 in 
0-2 Inches 

80 
80 

74 
2 8 0  (0-4 in.) 

74 
73 
80 
88 
76 
75 
62 
72 

v) I 5 t  I /  

p p c  sr90/9 co 

Figure 5. Histogram of New York and Chicago fetuses, 1957-58 

Concentration of Sr90 and Csl37 
in P h t s  

The basic question dS to what deter- 
mines the quantitv of a fission product 
in a plant is more complex and was one 
of the major unknowns in the fallout 
equation until recently. The weight 
of evidence noM points to direct absorp- 
tion as more important than uptakr 
through the roots of plants. Or, put 
anothrr way, the concentration of, sav. 
SrgO or CsI3' in grass, is primarily de- 
pendent on the rate of fallout (specific 
activity of rain X quantity of rain per 
month) rather than the cumulative de- 
posit in the soil. 

Langham (73) has shown that in 1959 
the CS'~' level in milk did not climb with 
the cumulative ground deposit, but 
after the spring peak i t  dropped to 
levels below that even in 1957. 

Christenson and Fowler (7)  have 
shown that the plants get most of their 
Ca  and Sr from soil levels well below 
those containing most of the SrgO. 

Nishita, Romney, and Larson (75) 
showed that the uptake of fission prod- 
ucts by plants from contaminated 
soils from the Nevada test site is small, 
and Tukey, \Vittwer, and Bukovac 177) 
demonstrated that aboveground parts 
of plants readily absorb radionuclides 
from external spray applications. 

By field experiments using Srq9 to 
simulate the distribution of SrgO in the 
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soil! Burton, Milbourn? and Russell 
16) could predict the quantity of fall- 
out SrgO in the soil that would move into 
rye grass. This proved to be only 10 to 
207, of the observed Srgo from fallout. 
Thus they attributed at least 80%, of 
the uptake to the rate factor, that is: 
to direct fallout. and less than 20% to 
the cumulative factor. 

An experiment is in progress which 
will make it possible to obtain a fairly 
accuratr estimate of the relative im- 
portance of these two factors for all of 
North Plmerica. The  procedure will 
be to compare the SrgO concentration 
in milk from all stations, including the 
40 powdered milk plants by the Los 
Alamos Scientific Laboratory, the domes- 
tic liquid milk stations maintained by 
the Public Health Service in about a 
dozen cities, and other U.  S. and Cana- 
dian localities for the summers of 1958, 
1959! and 1960. The  cumulative deposit 
by the summer of 1960 will be double 
that of 1958, but the rate of fallout will 
only be one third. Thus, if Russell's ex- 
periment (6)  holds for the average North 
American milk farm, it would be ex- 
pected that in 1960 the SrgO concentra- 
tion in milk will drop to about one half 
the 1958 level, or to about 4 ppc. of 
Srgo per gram of Ca, whereas in 1959 
it averagcd 12 ppc. of SrgO per gram 
of Ca. I t  might level off a t  about 2 ppc. 
of SrgO per gram of C a  in 1961-62. 

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

Table IV. Micromicrocuries of SrgO 
per Gram of Ca Found in North 

America 
Sample 1957 1958 1959 

Milk 5 7  8 0  1 2 2  
Diet 6 6  9 2  1 3 7  
New bone, cal. 1 6 2 3 3 4 

Fetus, cal. 0 8  1 2  1 '  
obs. 0 5  0 7  0 9  

0 to 4 years 1 0  1 7  

Sincr there is reasonably compre- 
hensive coverage of the SrgO concentra- 
tion in North American milk, it is use- 
ful to obtain the relation between the 
level in milk and the total diet. In- 
dividual plant foods vary grratly in their 
SrgO content and their average con- 
centration of SrgO is somewhat higher 
than milk. \Veighting each food b) 
the average contribution of that  food 
to the diet. several investigators have 
estimated the total SrgO in the diet of the 
U.  S. and the U. K. (5, 72). The average 
diet appears to be 15 to 207, higher than 
milk. 

Earlier in this symposium, Was- 
serman (79) has revielved the situation 
on discrimination factors and has pointed 
out that on normal diets the Sr'Ca 
Observed Ratio, O.R.d,ct.human hone, is 
0.2.5. Further. the placental discrim- 
ination presents another factor of 2 
against strontium for a net O.R.dlet.fetua 
of 0.12 if the mother's skeleton is not 
involved. 

Table I \ '  gives the experimental milk 
values for the last 3 years and the com- 
puted diet lebels for the U. S. From the 
latter the concentration of SrgO in newly 
depositing bone tissue can be estimated 
as shown. The observed average values 
for bones of young children are in ex- 
cellent agreement when the newborn 
child has a relatively low SrgF concentra- 
tion in his skeleton and those more than 
one year old have lived on diets with 
lower specific activity of SrgO in previous 
vears. The bone level for I-year-olds 
approaches the theoretical value for 
new bone. 

The  concentrations of SrgO in fetuses 
from New York and Chicago are lower 
than the calculated value assuming a n  
O.R.mOthel d,et-,etua = 0.12. The  reason 
for this is probably dilution of the dietary 
calcium in the mother's blood with cal- 
cium from her bones which wotlld have 
much less Firg0. 

Age Effect 

As a result of the changing dietary 
levels since 1953, the average concentra- 
tion of Sr90 in the bones of growing 
children is a complex function of age. 
Figure 4 gives the theoretical curve of 
the Sr90 concentration in bone in the 
U. S. in 1957-58 as a function of age of 



the individual. This plot was first 
suggested by Langham (73) and is based 
on the following parameters: the cal- 
culated diets for r\-orth American chil- 
dren since 1953, an  O.R.di,t-bone of 
0.25, the average Ca  depcsited each 
year after Mitchell et a / .  (74), and 
0.R.diet-fet , ,60f 0.12 all for 1957-58. The  
points are the experimental averages of 
all samples measured. Bryant ( 4 )  ob- 
tained a similar result but with a lower 
curve for the same period for chil- 
dren's bone in Australia. This suggests 
that the assumptions on which the theo- 
retical curve is based are correct. 

The  Sr9" concentration in the average 
adult skeleton from a given geographical 
area is independent of the age of the 
individual a t  death. The  concentration 
of SrgO in the adult skeleton depends on 
thr dietary level and the rate of ex- 
change. This latter is probably a func- 
tion of time with the most rapid ex- 
change occurring in the first few years. 
At present the results are consistent with 
a turnover rate of about 376 per year. 

Geographical Distribution and 
World Average 

The geographical distribution of ac- 
tivity levels in human bone is essentially- 
the same as for the gross fallout. For a 
given type of diet-for example, the 
\Vestern-type diet, which encompasses 
all of North America above 30' S and 
most of Europe-the average bone con- 
tent of Sr90 is the same everywhere. 
At 30' to 60" Y in the oriental rice- 
diet areas there is evidence that the 
bone levels may be sornewhat higher. 
The bone levels in the Korthern Hemi- 
sphere are about twice those of the 
Southern Hemisphere. The ratio of 
bone levels between the hemispheres is 
greaier than the ratio of the absolute 
fallout as a result of the exchange of 
food between the hemispheres. 

Sonie comparative data are given for 
one station near Bonn. Germany, for 
which reasonably large numbers of 
samples are available (Table V). The  
average values for the \vorld population 
in April 1960 are probably about 0.3 
picocuries (pc.) of Sr9O per gram of Ca 
for adults and 2.5 pc. of SrgO per gram 
of Ca for 1 -year-olds. 

Distribution Curves 

The average bone level lor people at  
any age. in large population groups a t  
anv location on earth. a t  any time in the 
future ma\ now be prcadicted on the 
basis of the information discussed above. 
The distribution around the mean of 
the population is a more difficult prob- 
lem. Each group has its distinct prob- 
lems. .4dults. for example, do not have 
an  age dependency but their bones have 
had such lo\v activities that fairly large 
experimental errors were encountered. 
One-year-olds might be considered. but 

Table V. SrN in Human Bone Near Bonn, Germany" 
(Micromicrocuries of SrQO per gram of Ca) 

1958-59 1957-58 Age 1955-56 
.4dult 0 .15 (90) 0 .35  (61)* 0.46(87)  
0-4 years . . .  1.47 (34) 1 .80 (17) 

Std. dev., iz4Oy0 Std. error on mean, &57< 
No samples available for 1956-57. 

* Values in parentheses are number of samples. 

the great individual differences in the 
rate of development would cause such 
a large apparent variation that the true 
equilibrium distribution would be nar- 
rower. Fetuses will vary as a result 
of the mother's dietary habits in a more 
complex way than the adult population. 
O n  the other hand, a reasonable sample 
of fetuses will permit a fair estimate of 
the distribution curve for fetuses a t  
least over the large fraction of the fetus 
population. 

Figure 5 shows a histogram for the S e w  
Yrrk-Chicago fetuses. This curve is 
slightly ske\ved to the right. It can be 
fitted roughly by a log normal plot or 
by an  infinite number of other func- 
tions. \.$'hat these data do provide 
is a good estimate of the distribution 
among fetuses in the LT. S. and western 
Europe \vithin a factor of three of the 
mean. I t  does not permit reliable extrap- 
olation far to the right. These results 
suggest that about 95% of the fetuses 
in North America will be tvithin a factor 
of two of this mean. Similar figures 
Tvere obtained for the analyses of the 
200 to 300 whole body ashes of S e w  York 
cadavers. 

Little can be said about the proper 
extrapolation to the right. One thing 
appears certain, few people in modern 
society can maintain a high level for 
any sustained period unless they eat a 
limited abnormal diet. The total ef- 
fect of different food sources with time 
is to produce uniformity in the popula- 
tion. As the concentration of Sr90 
in the diet levels off, variations due to 
different rates of metabolism among the 
population \vi11 also be reduced. .Thus. 
the present empirical distribution curves 
all represent an  exaggerated situation. 

Estimates of the small fraction of 
people who live on special diets or a 
food from restricted geographical areas 
such a3 the primitive Indians of the upper 
Amazon must be made by analyzing the 
suitable foods. This has been done a t  
this laboratory. The maximum level 
that has been found for a group of peoFle 
was from the jungle of Ecuador bvhere 
one Indian village in late 1957 \vas con- 
suming a major calcium source that 
carried 40 to .50 pc. of Sr90 per gram of 
Ca  when the U. S. diet was about 7 
pc. of Sr90 per gram of Ca. I t  is un- 
likely that people in such an environ- 
ment exceed 0.00170 of the world popula- 
tion. Since this occurred in an  area of 
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Figure 6. Increase in specific activity 
of C" in ground level CO2 as a result of 
nuclear detonations 

200 inches of mean annual rainfall, the 
concentration of Srw in this diet should 
drop very rapidly with the depletion of 
the stratospheric reservoir. Present data 
do permit conservative prediction of the 
distribution curve for 9.5% of the popula- 
tion, but are not adequate to predict 
the upper end of the world population 
histogram. 

Predictions 

If the fraction of SrgO in food due to the 
cumulative soil deposit in 1959 is taken 
as 10 to 20% (6),  the U. S. diet has al- 
ready passed its peak and i t  should level 
off toward the end of 1960 a t  about 2 
~ p c .  of SrgO per gram of Ca. This is 
equivalent to a new bone level of 0.5 
PPC. of Srgo per gram of Ca. It should 
then decay- slightly faster than the radio- 
active half life. This vvould yield a max- 
imum radiation dose of 1% of natural 
background. The skeletons of young 
children have also, therefore. reached 
their peak and will decrease in all cases. 
Adults will increase slightly to equi- 
librium. 

The Cs137 level in 1958 {\.as about 54 
PPC. of CsI37 per gram of K. Since little 
Cs137 uptake from the soil is expected 
based on Langham's report ( 7,?)! the 
internal concentrations should drop by 
the end of 1960 to about 10 ppc. of 
Cs137 per gram of K and to 1 ppc. of 
Cs137 per gram of K by the end of 1963. 
The  long-term hazard of this isotope 
would, therefore, be entirely due to its 
contribution to external gamma radia- 
tion and would yield a dose of 3 to 4 
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Table VI. Carbon-14 Inventory 
(lo2' atoms on July 1 )  

Bomb-Produced C'* __ Nafural 
Reservoir S feady -Sa fe  1958 1960 2000 

Stratosphere 7 8 4  h 0 
Troposphere 28 3 5  12 5 
Biosphere 8 0 2  1 1 
Ocean 1960 0 . 8  3 18 

a Through 1959. 

milliroentgens imr.) prr  year beginning 
in 1960, from a geometrically planar 
surface. or if the usual factor of 10 for 
shielding is accepted, 0.3 to 0.4 mr.  per 
year to average man. This will prob- 
ably decay away slightly faster than the 
radioactive half life due to mixing in the 
soil: surface Lvashing: etc. This level 
is about 0.3% of the natural background 
dose rate. 

Pu239 is a potentially hazardous isotope. 
but its insolubility permits very great 
discrimination against it from soil to 
plant or plant to man: as Langham (73) 
and Nishita (75) have shown. I t  may 
be inhaled, however. Krey (17)  has 
reported finding PuZ39 in human tissue 
a t  levels u p  to 1% of maximum per- 
missible concentration (M.P.C.). This 
suggests inhalation of direct fallout. 
and thus, the Pu239 levels will also de- 
crease as the rate of fallout. 

Broecker and coworkers (2, 3 )  and 
others have examined the increase in 
specific activity of CI4 in the lower at- 
mosphere and biosphere. Figure 6 shows 
the increase with time. The  atmosphere 
toward the end of 1959 was 30% higher 
than prebomb background. This level 
should increase somewhat in 1960, and 
if C14 folloivs the fission products out of 
the stratosphere, it will begin to de- 
crease in 1961 as it exchanges with the 
carbon in the oceans with a half time 
of 7 years. The time lag for equilibra- 
tion with the human body is about 1 
year. The  perturbation that the bomb 
C14 has given the natural reservoir can 
be readily seen in Table VI. I n  1958 
the stratospheric concentration of C14 
had doubled. By 1960 this concentration 
should already be lower than it was in 
1958: the troposphere held near its 
maximum representing a 407, in- 
crease over the natural background, but 
by the year 2000 the bomb CI4 M-ould 
largely be in the ocean. 

The contribution to the body dose 
from natural CI4 is about 1 mr.  per year. 
hence in 1960 this Mould have increased 
to about 1.4 mr.  per year: an increase of 
about 0.3% of the natural background 
dose. This \vi11 disappear more rapidly 
than the Sr90 or CsI3': but the integrated 
dose to the world population may be 
larger. 

Conclusions and Observations 

The evidence suggests that the greatest 
dose rate from weapon debris produced 
to date has already been experienced. 
During 1960 the contributions of SrgO, 
CS'~', and CI4 may be comparable. 
Thereafter? CsI37 will contribute only 
to the external gamma dose and C11 
will be gradually taken up by the sea 
a t  a somewhat faster rate than the radio- 
active decay of Sr90 and C P .  I n  all 
cases after 1960 the total radiation dose 
rate from all of these isotopes should 
contribute less than 1% of the natural 
background dose. 

Two other observations that result 
from the work reported in this symposium 
may be in order. 

Since concentration of both SrgO 
and CsI3' appear largely to depend on the 
rate of fallout. the analbses of 
in milk should permit a reasonable es- 
timation of the SrgO content. Indeed 
some hundreds of powdered milk sam- 
ples that were run at  the Los Alamos 
Scientific Laboratory for Cs13' and a t  
Lamont for SryO show a standard devia- 
tion in the ratio of less than a factor of 
2. Thus. since the CsI3' analysis can be 
made in a matter of a minute or two 
and the Sryo radiochemical assay takes 
several weeks. it is clear that CsI3' 
assay should be used and, indeed, is 
probably adequate for monitoring in an  
emergency situation. 

Much has been said about the effect 
on the Fvorld population of a nuclear 
xvar. From the data presented here to- 
day, i t  can be ca1culatc.d that nuclear 
\var using 3000 megatons of bombs, a 
common estimate if most major cities 
in the U. S .  and C.  S. S. R .  are considered 
targets. the average human bon? level 
a t  equilibrium from \vorld-ivide fallout 
tvould only increase h) a factor of 15 
over that \vhich would be present in 
1961 as a result of weapon tests to date,  
This in time ~sou ld  yield a total annual 
radiation dose of about 15% of the nat- 
ural background. The  radiation haz- 
ard in a nuclear !car is local and acute. 
The  long-range effects to noncombarants 
is therefore relatively small. Even in 
the areas of intermediate fallout, it 
appears unlikely that the long-term 
dietary levels from food grolvn on this 

soil lvould exceed the maximum per- 
missible dose for industrial ivor-ken. 
This is not to minimize the gravity of 
the acute situation for some months after 
the event but does serve to clarify the 
problem of survival. 
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