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Monthly milk samples from the milk sheds serving Atlanta, Austin, Chicago, Cincinnati,
Fargo-Moorhead, New York City, Sacramento, Salt Lake City, Spokane, and St. Louis

were analyzed for Ca and K content, 1'*?, Ba'*?, Cs'*7, Sr*, and Sr®.
applied to these data indicated geographical and seasonal variations.

Analysis of variance
The average Sr®

and Cs'*7 content of milk samples from Sacramento was the lowest, while that from St. Louis

was the highest.
categories.

The remaining stations were grouped into one of two intermediate
Samples collected during early spring and fall showed higher Sr®® and Cs'™’

than at other times, probably associated with changes in seasonal feeding practices.
No relationship was observed between the concentration of Sr® and Cs'*” in milk and

publicly announced weapons tests.

In contrast, a direct relationship was observed be-

tween the weapons tests and the concentration of 1'*!, Ba'*®, and Sr®*, which was influenced
by the half life of the radionuclides, the meteorological conditions, and the geographical
location of the sampling stations with respect to the test site.

radionuclides were below maximum permissible concentrations.
timating concentration of Sr* in milk, in terms of gross 3-activity or Cs

SAMPI.ES representing a wide variety
of environmental media have been
analyzed to provide information on the
amounts and kinds of radioactive ma-
terials found in air. water, biota, soil,
etc. The conuibution of radioactive
material from the diet represented a
major Tsource of environmental ex-
posure and was worthy of special atten-
tion in evaluating the effect of radio-
active materials on man.

Inasmuch as milk is produced through-
out the United States at all times of the
vear and is consumed extensively by all
segments of the population, this food
was selected as the first item for analysis.
Even though milk has been studied most
intensively, analyses have been made on
other foods as time and circumstances
permitted.

In mid-1957, five stations were selected
for study within the milksheds serving the
metropolitan areas of Sacramento, Salt
Lake City. St. Louis, Cincinnati, and
New York. The results of the first
vear of operation were published in
1959 (3). The Public Health Service
study differs from other milk surveil-
lance programs in that each sample taken
from a milkshed is representative cf the
same production area. and radionuclides
with short half lives. such as I3, Ba!*,
and Sr®%. are determined in addition to
Cs'™ and Sr#.

Early results indicated variations in
specific radionuclide levels with respect
to time and geographical location and
emphasized the need for continuation of
the sampling program to provide a
better understanding of the transfer of
radioactive materials from their source,

fallout, through the food chain of the
domestic animal to man.

In mid-1958, the sampling points
were increased to include portions of
10 milksheds. The new locations in-
cluded the cities of Spokane, Fargo-
Moorhead, Chicago,  Austin, and
Atlanta. Since the publication of the
first year’s results, reports have been
submitted to the Public Health Service’s
Divisions of Radiological Health and
Engineering Services, and have formed
the basis of the monthly releases made
by the Department of Health, Education,
and Welfare.

Many laboratories in this country and
abroad are currently engaged in the de-
termination of Sr¥® and other radio-
nuclides in milk and other foods, and
among those of special interest are in-
cluded two surveys in 1958 and 1959
(4, 5). These samples represent the
largest geographical coverage of the
nations’ milk supply on a short-term
basis insofar as the Sr% content is con-
cerned. Their reports show that, on
the average, the Sr® content of market
milk was slightlv higher during July
and August 1959, than in the correspond-
ing period of 1958—i.e., the level in-
creased from 8.0 to 8.8 sirontium units,
respectively.

Extensive measurements of Sr® in
milk and other environmental media
have been made by the Health and
Safety Laboratory of the Atomic En-
ergy Commission as part of its program
on radionuclides in the environment.
Similar studies are now under way in
certain state health departments in-
cluding New York and Minnesota. Of

Observed concentrations of

Impracticability of es-
137 is discussed.

special note is the work by Anderson and
associates (7, 2) on Cs'¥ in dried milk.

The purpose of this paper is to review
the results of analyses from May 1957
through December 1959, and to extend
our observations on seasonal and geo-
graphical variations in the radionuclide
content of milk.

Methods

The sampling procedures are the same
as described in the previous report (3).
All the y-emitting radionuclides are de-
termined according to the method de-
scribed by Hagee ¢t al. (6), while Sr® and
Sr% are determined by radiochemical
methods (70, 73).

Since the initiation of this project
several modifications in techniques have
been developed which have resulted in
substantial savings in manpower and
expense. The most significant improve-
ment in the determination of Sr®® is
the elimination of the ashing step (72).
A nonspectrometric method for the de-
termination of 133 in milk has also been
developed and may be used in conjunc-
tion with Sr®® analysis (77).

Results

The results of analysis of milk samples
collected in the Public Health Service
study during the period May 1958
through December 1959 for Ca and K
content, I3, Ba!? (Cs'%7, Sr® and Sr®
are presented in Table 1.

In considering the results here, how-
ever, the radionuclides have been di-
vided into groups based on their half
lives. The first group consists of Sr®
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Figure 1. Radionuclide content of milk samples s )

the variation in levels of this radio-
nuclide was similar to that of Sr®%,
The milk from Sacramento had the
lowest Cs'®" content while that of St.
Louis had the highest. The remaining
areas fell into one of two intermediate
groups as indicated in the table. Sam-
ples produced during the spring of 1959
contained significantly more Cs'¥ than
samples produced at other times. Sim-
ilarly, no clear association was ohserved
between the concentration of Cs'" and
weapons tests.

In contrast to the findings with Sr
and Cs'¥, a correlation between weapons
test activity and the occurrence in milk
of radionuclides with short half lives was
observed in all areas.

In Figure 1 the radioactivity con-
tributed by each radionuclide deter-
mined (other than K4%%) in the samples
received from the St. Louis, New York,
and Sacramento milksheds has been
summed and plotted as a function of time
since May 1957. At the top of the graph
the number of weapons tests conducted
inside and outside the continental United
States have been marked on the same
time scale. The Cs¥ values employed
in this figure were derived from radio-

120

chemical analysis (73) to be consistent
with the first year’s results. The highest
levels of radioactivity coincide with pe-
riods of weapons tests and were largely
due to the presence of the shorter half-
lived nuclides, I, Bal4’ and Sr®.
This relationship is not precise, however,
since the number of tests do not reflect
the fission yield of the explosion and the
collection of samples was made independ-
ent of the testing program. This is
especially evident during the last period
of tests in which most of the explosions
were very small.

The pattern of activity observed for the
New York and St. Louis samples appears
to be true for all of the areas studied
except Sacramento, in which the levels
of activity are relatively nonresponsive
to continental weapon tests. This dif-
ference is presumably related to the
location of the milkshed with respect
to the test area and the prevailing west
to east movement of air.

In all locations I'*! and Ba!® had de-
caved to negligible values by the end
of 1958 or about 3 months after the last
weapons tests. The half life of Sr®® is
sufficiently long that measurable con-
centrations of this radionuclide were

AGRICULTURAL AND FOOD CHEMISTRY

cessation of testing that the seasonal
character of the variation in Sr®, Cs'¥7,
and Sr®* in milk could be confirmed.
This phenomenon appears to be generally
true for all geographical areas studied.

In order to gain more insight into the
influence of season on the level of radio-
activity in milk, the concentration of
Sr*® in the samples received from the
St. Louis area from January 1959
through December 1959 has been
plotted in Figure 2. During this period
no weapons tests were conducted, but
levels of Sr*® increased steadily from
January to reach a peak in April, which
coincided with the maximum concentra-
tion of Sr%. The value obtained in
May also reflected an increase in the Sr??
content since this value is above that
which would have been expected as a
result of the decay applied to the April
sample, thus indicating that additional
Sr#? was deposited during this period
or was otherwise made available to the
cattle. The June levels are falling at a
rate faster than that evidenced by decay
alone, while the July, August, and
September values approximately follow
the rate of decay.

The calcium and potassium contents
of milk samples shown in Table I are
provided so that strontium and cesium



units may be calculated. An analysis
of variance applied to these data in-
dicates a significant difference in the
concentration of calcium both by month
and geographic location. The samples
from New York and Chicago had the
lowest calcium content while those from
St. Louis were the highest.  Seasonally,
samples received during July and August
had the lowest calcium values. In con-
trast to calcium, the potassium content
of milk samples from St. Louis was sig-
nificantly lower than that {rom other
milksheds with the samples from New
York being highest.

In view of the inherent difficulties as-
sociated with the radiochemical de-
termination of Sr®’, any procedure which
will provide evidence concerning the
concentration of this radionuclide but
not requiring the tedium associated with
the direct analysis would be welcome.
One approach to this problem has been
the estimation of Sr% from the gross
8-activity of the sample. This approach
was not satisfactory, however, since the
errors involved in the measurement of
gross B-activity were usually greater than
the observed concentration of Sr%,
Furthermore, the gross B-activity of a
sample may vary considerably with re-
speet to time if radionuclides with short
half lives are present. Correction of
gross B-activity for K* did not appreci-
ably improve its usefulness.

The second approach to estimating
Sr# concentration may be found in the
relation between Cs'® and Sr®®.  Van
Dilla and Anderson (74) and Low and
Edvarson (9) have observed a relation-
ship between these two radionuclides
in which samples containing high con-
centrations of Cs™" contain high levels
of Sr®. In a general way similar ob-
servations may be made from the data
presented here. However, the data
presented in Table III for all samples
from August 1958 through December
1959 show that the swength of the rela-
tionship between Cs'*7 and Sr®0 is vari-
able and in no case sufficiently great
to be particularly useful in closely es-
timating the concentration of one radio-
nuclide from an observed value of the
other.

Discussion

Adequate interpretation of the health
significance of the data from a surveil-
lance program for milk presents some
formidable obstacles. The contribution
of radioactivity {rom any one item of the
diet or other environmental media does
not reflect tctal exposure.  Since
maximum permissible concentrations
(M.P.C.) for water and air were es-
tablished primarily in terms of accept-
able body burdens of the various radia-
tion sources, a concept based on total
intake appears to be a feasible approach
for evaluating potential exposure. For

example, from the Recommendations
of the International Commission on
Radiological Protection (7), the per-
missible daily intake calculated {rom the
M.P.C. for Sr®® in water amounts to
2200 ppc. per day and for air, 2000
upc. per day, giving an average value
of 2100. This level of intake will not
exceed a body burden of 2 uc. over a
50-year perod. This is, however, an
occupational exposure for radiation
workers and is based on a 168-hour
week. If it is divided by 30, the factor
recommended by I.C.R.P., one ob-
tains an average general population per-
missible level (&) of exposure, or 70
puc. of Sr% per day. This may be used
as a point of reference in evaluating the
total amount of Sr% received by man
irrespective of source, (The Federal
Radiation Council has been instructed
to review the whole problem of radia-
tion exposure and permissible levels
and to advise the President of their
conclusions.) A sample calculation of
total intake is shown in Table IV based
on analysis of samples made in the Cin-
cinnati area during 1958-59. If this
concept is accepted, these levels of Sr®°
activity, including that from milk,
do not exceed the reference value.
Recognition of the metabolic relation-
ships of Ca and Sr® may be accomplished
through the calculation of strontium
units based on total Sr®® and Ca intake.
Although this concept is useful in es-
timating exposure levels. certain signif-
icant parameters are not included in the
calculations of the M.P.C. Some of
these include the nature of the chemical
eompounds with which the radionuclides
are associated and the concentration of
the stable elements corresponding to or
very similar to the radionuclide. Further-
more, M.P.C, values have been developed
on the basis of standard man and are not
in fact directly applicable to certain
segments of the population of great
concern—namely, fetal life and the very
young.

Unitil sufficient factual information on
the biological effects of low levels of
radiation is available, the interprera-
tion of data from surveillance programs
will be of only limited usefulness for
evaluating the health effects of radia-
tion exposure. Meanwhile. the need
exists to continue the surveillance pro-
grams, to investigate the factors in-
fluencing the concentraticn of fallout
products in foods, and to develop prac-
tical methods for the control, reduction,
or removal of these substances from
man’s environment.
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Spokane 0.77 40.7
Austin 0.71 49.6
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The results of recent experimental work in the determination of the stratospheric inventory
of fission products—i.e., the fraction of Sr* and Cs'¥" taken up directly from rain—and
new measurements of the concentration of Sr*® 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 is concluded that the U. S. diet has passed its peak concentration of

Sr* and Cs!'¥, that Sr® probably will remain the largest contributor to the radiation dose
to an individual, and that Cs'*” measurement can be used to monitor Sr® 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.

IN 1953, when the potential serious-
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 vears, as a
result of a major research effort at 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 status of the situation from these
papers and other sources, and to report
on some of the work at 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 study of the straro-
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
shows 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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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 vear. These values were determined
by actually measuring the change in the
stratospheric reservoir with time.

The dominant transfer mechanism
of stratospheric debris is through the
break between the polar and equatcrial
tropopauses. The quantity of debris
which passes through this gap is greater
during the winter than at anv other time
of year, as this is the period of greatest
activity of the jet stream which is locared
in this discontinuity. Once in the tropo-
sphere, stratospheric debris is removed
by precipitation with a 3-week half
life. The debris also moves laterally
at 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,
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Transfer of fission product debris from strato-

and thus, the average specific activity
of rain is essentially constant from 30°
to 90° N or S. Toward the equator,
however, the washout is effective so that
a minimum in the deposition occurs
in the 0° 10 10° § latitude belt.

Figure 2 shows that the specific ac-
tivity of rain increases in the spring
of each vear, following the winter strato-
spheric transfer, and then reaches a
minimum in the fall. The fact that
Wi a tracer introduced in the U. S.
Hardtack series at 10° N in the summer
of 1958, also shows a spring peak in
1959, proves that this seasonal pattern
has a meteorological origin and is not
primarily due 1o Russian testing.

The distribution of the Sr®® on the
surface of the earth is also fairly well
known. The more recent estimate is
shown in Figure 3 (78) where the ratio
of specific actvity on the ground between
the latitude zones 40° to 50° N 1o



