of the generality of these findings. Such
studies are now being initiated with final-
ists in the National Merit Scholarship
Program. ~

Summary

A method for comparing the effec-
tiveness of undergraduate colleges in
stimulating their students to seek the
Ph.D. is described. The procedure yields
separate measures of productivity in the
natural sciences and in the arts, humani-
ties, and social sciences, adjusted to con-
trol differences in college talent supplies.
The results suggest that the productivity
measures have substantial validity, and
argue for the importance of faculty be-
haviors in stimulating or inhibiting intel-
lectual achievement.
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locations in the United States and
abroad. In addition, beginning in 1955,
soil samples have been collected an-
nually from a number of locations and
have been analyzed radiochemically for
strontium-90 (3). A third method is the
collection of deposited or precipitated
dust in pots. Such sampling was begun
by the United States in early 1954, and
the program now includes 41 stations
in the United States and elsewhere (4).

Although it is the most difficult of the
three methods, radiochemical analysis
of soil is the best indicator of the pos-
sible human hazard in that it is a direct
measure of the strontium-90 potentially
available for introduction into biological
processes. However, for some purposes
it is desirable to know not only how
much strontium-90 has accumulated in
the soil at any given time but what the
fallout rate is over a given period of
time. The use of pots or gummed film
is convenient for determining both.

A serious limitation to the use of
gummed films is the fact that the
amount of strontium-90 is not deter-
mined directly but is computed from a
measurement of total beta activity. This
computation requires access to classified
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information concerning the dates and
size of nuclear detonations (5). Until
June 1957, estimates of cumulative
strontium-90 fallout based on gummed-
film data were in approximate agree-
ment with estimates obtained from di-
rect radiochemical analyses of samples
collected in pots. Figure 1, which has
been developed from published data
(5, 6), illustrates the comparative data
for that time.

Previous articles (9, 7) have called
attention to the increasing difficulty
of estimating the strontium-90 content
of the radioactivity collected by the
gummed films. During late 1957 and
for the first 10 months of 1958, the
tempo of testing was such that the mix-
tures of tropospheric and stratospheric
debris of various ages and in uncertain
ratios greatly increased the difficulty of
calculating the strontium-90 component
from the estimated age of the total beta
activity. For this reason, the estimates of
strontium-90 from gummed-film meas-
urements have not been continued be-
yond June 1957. The loss of this source
of information has been offset by the
fact that the network of monthly pot
collections has been expanded greatly
since 1957. In addition, an excellent set
of soil samples has been collected by the
Department of Agriculture at 76 locali-
ties in 36 countries.

Pattern of Fallout

The data of the gummed-film net-
work for the years 1955 through 1957
are plotted together with the results of
the 1958 soil analyses in Fig. 2. The
gummed-film data for the United States
and the islands of the trust territories of
the western Pacific Ocean were excluded
from this figure because the deposition
pattern in these areas is affected pri-
marily by local meteorological factors
and the location of the testing grounds.
For example, the winds in the western
part of the United States are such that
the strontium-90 deposition at San Fran-
cisco, to the northwest of the Nevada
proving grounds, was 11 millicuries per
square mile in mid-1957 compared with
54 millicuries per square mile at Salt
Lake City, located at a comparable dis-
tance to the northeast. This difference,
which is due entirely to the pattern of
the prevailing winds, would mask the
less pronounced variations which are at-
tributable to other factors at greater dis-
tances from the sites of detonation.
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The data for all soil samples collected
by the Department of Agriculture (8)
are included, but the results from four
samples collected in Oahu have been
averaged and included as a single value
so as to not unduly weigh the average
value for the band at 20° to 30° north
latitude.

The fallout pattern has varied syste-
matically with latitude during the three
years since 1956, but the relatively high
North Temperate Zone values were not
evident in 1955. The latitudinal .varia-
tion for the latter three years proves
to be in agreement with the work of
Stewart et al. (9) in the United King-
dom and tends to support the suggestion
first made by Stewart and his colleagues
that the global pattern of strontium-90
deposition is influenced by the manner
in which stratospheric-tropospheric ex-
change takes place. Citing the model of
the exchange mechanism advanced by
Brewer (10), Stewart noted that radio-
active debris injected into the strato-
sphere should deposit preferentially in
the North Temperate Zone.

It has been noted by others that the

North Temperate Zone of maximum
deposition coincides with the latitudes
in which much of the testing has oc-
curred and that the relatively high
deposition values may therefore result
from the fallout of tropospheric debris.
A strong argument against this possi-
bility is that the 1958 cumulative depo-
sition in the band at 30° to 70° north
latitude is about 1.5 megacuries. If all
of the tropospheric debris of United
States and Soviet origin were deposited
in this band, this would account for a
maximum of only 25 percent of the ob-
served amount. In view of the fact that
some of the debris was known to be de-
posited outside the 30° to 70° band,
one can conclude that stratospheric de-
bris accounts for more than 75 percent
of the observed deposition. This is con-
sistent with the estimate of 80 percent
I made in 1956 (2).

The areas under the deposition curves
may be integrated to yield approxima-
tions of the global fallout of strontium-
90. The values thus obtained are 0.59,
1.1, 1.9, and 2.3 megacuries, respec-
tively, for each of the four years of ob-
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Fig. 1. Comparison of cumulative deposition of strontium-90 at various places as esti-

mated from pot and gummed film samples.
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servations. The estimates for 1955 and
1956 have been revised from -earlier
estimates of 1.0 and 1.5 megacuries
(1, 2).

The cumulative estimates through
1957 are-calculated from measurements
of total beta activity (5). However, a
correction ‘previously used (7) on the
basis of earlier comparisons of soil
analysis with gummed-film estimates has
been eliminated in view of the more re-
cent comparative data (5).

There has been increased emphasis on
stratospheric sampling for strontium-90
both in the United States and abroad.
However, data from these studies are as
yet ‘preliminary, and one must continue
to depend on estimates derived from
material balance studies. The starting
point in this calculation
fied data of the yields of the individual
detonations and estimates of the frac-
tion of the debris that is deposited
initially in the vicinity of the detona-
tion. The total amount of strontium-90
distributed in the atmosphere can then
be apportioned between the troposphere
and stratosphere. This apportionment de-

utilizes classi-

Table 1. Concentration of strontium-90 in cow’s milk during the last three months of

1958.

Pl Laboratory* T £ milk Date sampling Concentration

ace aboratory ype ol mi was begun  (puc/g of Ca)

New York, N.Y. HASL Liquid June 1954 9.8
New York, N.Y. USPHS Liquid May 1957 8.7
Perry, N.Y. HASL Dry April 1954 8.2
Mandan, N.D. HASL Dry April 1955 20
Sacramento, Calif. USPHS Liquid April 1957 4.2
Salt Lake City, Utah USPHS Liquid April 1957 4.8
St. Louis, Mo. USPHS Liquid April 1957 16
Cincinnati, Ohio USPHS Liquid March 1957 10
Atlanta, Ga. USPHS Liquid June 1958 8.8
Austin, Tex. USPHS Liquid June 1958 3.8
Chicago, Ill. USPHS Liquid July 1958 7.4

* HASL, U.S. Atomic Energy Commission, Health and Safety Laboratory, New York; USPHS, U.S.
Public Health Service, Robert A. Taft Sanitary Engineering Center, Cincinnati, Ohio.

pends on the energy released in the deto-
nation, the height of burst, and mete-
orological factors.

I originally estimated the stratospheric
inventory in September 1955 to be 3.0
megacuries (). It now appears that a
value of 2.0 megacuries would have been
more reasonable. The inventory was esti-
mated to be 1.8 megacuries in June 1956
(2) and again in June 1957, indicating
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Fig. 2. Estimates of cumulative strontium-90 deposition as a function of latitude for
1955-1959.
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that the stratospheric burden remained
essentially unchanged during that pe-
riod. As Libby has previously noted
(11), the debris injected into the strato-
sphere apparently compensated for the
deposition that took place during those
years.

Although global data on the soil con-
tent of strontium-90 do not exist beyond
the period of collections in early 1958,
it is of interest to extrapolate the ob-
served depositions to 1 November 1958,
when the suspension of weapons tests
took effect. One observes that the increase
in global deposition between June 1957
and April 1958 was 0.4 megacuries, or
0.04 megacuries per month. Assuming
that this rate continued until the end of
October 1958, one may estimate the
global deposition to have been 2.6 mega-
curies of strontium-90 at that time.

Future Deposition

In order to estimate the maximum
future deposition from strontium-90, it
is assumed that the debris now stored in
the stratosphere will be deposited on the
earth in approximately the same pat-
tern as that observed in the spring of
1958. It is estimated that 6.4 megacuries
of strontium-90 were injected into the
stratosphere by all detenations up to 31
October 1958. Of the 2.6 megacuries
deposited globally, 20 percent is as-
sumed to be of tropospheric origin. We
have thus accounted for 2.1 of the
original 6.4 megacuries leaving an esti-
mated stratospheric reservoir of 4.3
megacuries.

The ultimate global deposition may
thus be estimated to be the 6.4 mega-
curies originally injected to the strato-
sphere plus 0.5 megacuries of tropo-
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spheric origin. This totals 6.9 mega-
curies from which one must subtract
the 25 percent which will have decayed
in the next 10 years, by which time over
90 percent of the debris will have been
deposited. This is based on the estimate
that approximately 50 percent of the
stratospheric debris is eliminated every
3 years (12). Thus, the deposit on earth
will reach approximately 5 megacuries,
roughly twice the levels observed in
1958.

Absorption by Man

In the United States and other west-
ern countries at least half of the cal-
cium deposited in the skeletons of human
beings through adolescence originates
from dairy products. Milk has therefore
been used as one basis () for estimat-
ing the concentration of strontium-90
which may be expected in human skele-
tons that reach equilibrium with an en-
vironment contaminated with stron-
tium-90.

The Atomic Energy Commission and
the U.S. Public Health Service have
been analyzing milk from a number of
areas in this country and abroad for vari-
ous periods of time since 1954 (3, 13).
The concentration of strontium-90 dur-
ing the last quarter of 1958 is given in
Table 1, which also indicates when sam-
pling at each location first began. It is
shown that in recent months the con-
centration of strontium-90 in milk has
varied from 4.2 to 20 micromicrocuries
per gram of calcium at the locations
sampled.

Estimates of the future exposure of
human beings to strontium-90 may be
based on the assumption that over a
period of several months the average
concentration of strontium-90 in milk is
directly proportional to the strontium-90
in the soil in which the cow’s forage is
grown. Estimates made in this way are
apt to be in error on the high side, be-
cause one thus ignores absorption due to
foliar deposition of strontium-90. More-
over, this assumption implies that the
isotope, once deposited in soil, remains
fixed in the root zone of the forage from
which cows derive their nourishment.

For New York state, for which data
are available for the years since 1954, a
coarse proportionality between the con-
centration of strontium-90 in soil and in
milk is demonstrated in Fig. 3. The soil
values are derived from radiochemical
analyses of soils collected annually at
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Table 2. Summary of estimates of strontium-90 contamination.

pi’; d Maximum expected Sr”
global content (pupc/g of Ca)
) d'eposit
Cumu- Strato- content u; ;S_ New
Time lative  sphere of New siming Yc?rk Human
of global  reser- York 90% milk, s‘keleto'n
estimate fallout  voir milk* from  in equi-
(Mc) (Mc)  (puc/g tiolzl of tests llb{lum Reference
of Ca) strato- prior to  with
heri time of  New
sg gr}c esti- York
(idzl)s mate milk
Sept. 1955 0.6 1.9 1.9 1.7 5.5 2.8 I
June 1956 1.1 1.8 3.3 2.0 6.0 3.0 2
June 1957 1.9 1.8 3.9 2.6 5.3 2.7 This report
Oct. 1958 2.6 4.3 5.9 4.9 11.0 5.5 This report

* Mean of monthly values for calendar year.

Rochester and Binghamton, New York.

Should the trend shown in Fig. 3 con-
tinue, the strontium-90 content of milk
can be expected to increase when the
strontium-90 now stored in the strato-
sphere is deposited on the earth. From
the previous estimate of the stratospheric
inventory in late 1958, it follows that if
the geographic pattern of future deposi-
tion is similar to the pattern of the past,
the strontium-90 concentration in both
the soil and milk of New York may be
expected to double in the years to come.

The milk from New York state con-
tained an average of 5.9 micromicro-

curies of strontium-90 per gram of cal-
cium during 1958. It can be anticipated
that the level of strontium-90 in the
milk in this area may eventually rise to
11 micromicrocuries per gram of calcium
from tests conducted up to November
1958. Values of about three times this
level would define the upper limit for
other areas in the United States.

As was noted previously, the propor-
tionality discussed above will not apply
if strontium-90 is leached from the root
zone over a period of years. That such
leaching does occur is suggested by soil
analyses which have shown that during
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Fig. 3. Mean concentration of strontium-90 in milk from western New York plotted
against the mean soil content of stontium-90 at Rochester and Binghamton.
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the past three years increasing propor-
tions of strontium-90 have been found in
the lower levels (3). Estimates of future
contamination of foods based on the as-
sumption that strontium-90 is retained
in the upper few inches of soil may,
over a period of decades, yield estimates
which will possibly err on the side of
safety.

If, however, we assume that the stron-
tium-90 will remain fixed in the root
zones of forage, the only mechanism for
diminishing the strontium-90 content of
milk will be radioactive decay. Children
who are born at the point of maximum
soil deposition and who derive their cal-
cium from dairy products, will, for all
practical purposes, form a skeleton which
is in equilibrium with the strontium-90
contamination of the environment from
which their food is derived. Comar (14)
has shown that skeletons forined from
milk diets contain about 0.5 times the
strontium-calcium ratio of the original
milk. With this discrimination against
strontium, human skeletons formed from
dairy products in the northeastern
United States could reach a maximum
strontium-90 concentration of 5.5 micro-
microcuries per gram of calcium.

Actual measurements of strontium-90
in human bone have been undertaken by
Kulp (15) during the past several years.
In 1957-58 bones of children in the 1- to
2-year age group contain 1.8 micro-
microcuries of strontium-90 per gram of
calcium. Kulp’s work demonstrated that
the values observed in human beings are
consistent with the levels of strontium-90
currently found in food.

This is the fourth consecutive year in
which it has been possible to make esti-
mates of the maximum foreseeable skele-
tal contamination for dairy diets in the
New York area. The data for these four
years are summarized in Table 2. It may
be seen from these data that the forecast
values have increased markedly during
the past year, due in a large measure to
the heavy test schedule of the U.S.S.R.

The estimates of future strontium-90
contamination of milk and bone are be-
lieved to be conservative estimates of the
upper limits of maximum sustained con-
tamination in the New York area. In
view of the fact that this mode of com-
putation ignores foliar deposition, and
because there is no provision for possible
removal of strontium-90 from the soil
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by natural means other than decay, it
is expected that the observed values will
in fact be lower than those forecast. On
the other hand, during, and for some
months following, actual testing, excur-
sions above the forecast levels may be
expected in view of the fact that some
measure of foliar deposition of stron-
tium-90 is known to occur during such
periods.

The United Nations Scientific Com-
mittee on the Effects of Atomic Radia-
tion calculated (/6) that 1 micromicro-
curie of strontium-90 per gram of
calcium is equivalent to a dose of 1
millirems per year to the bone marrow.
An individual having 5.5 micromicro-
curies of strontium-90 per gram of cal-
cium in his skeleton will therefore re-
ceive a dose of 5.5 millirems per year in
addition to the dose from natural radia-
tion of cosmic and terrestrial origin. Ac-
cording to the United Nations Scientific
Committee, skeletal irradiation from
natural sources is 125 millirems per year.
The 5.5 micromicrocuries of strontium-
90 per gram of calcium will therefore in-
crease the natural dose to the bone mar-
row by about 5 percent.

Summary

It is estimated that the global deposi-
tion of strontium-90 increased from 1.9
to 2.6 megacuries during the period from
June 1957 to October 1958. During this
time the stratospheric reservoir of stron-
tium-90 increased from 1.4 to 4.3 mega-
curies. Approximately 90 percent of the
deposition of debris now stored in the
stratosphere will have occurred by 1970.

In 1958, the strontium-90 content of
powdered milk in the New York area
averaged 5.9 micromicrocuries per gram
of calcium in comparison with 3.9 mi-
cromicrocuries per gram of calcium for
the previous year. For this region of the
country, the strontium-90 content of
milk appears to be increasing in propor-
tion to the strontium-90 content of the
soils from which the cows derive their
forage.

The upper limit of foreseeable con-
tamination in milk can be estimated by
assuming that this proportionality will
continue until all of the strontium-90
has been deposited from the upper at-
mosphere. This procedure should yield

e D)

estimates which tend to err on the side
of safety. In this manner, it is estimated
that the maximum foreseeable sustained
level of milk contamination in the New
York area is 11 micromicrocuries per
gram of calcium. A child deriving its
calcium from dairy sources may be ex-
pected to develop a skeleton having 5.5
micromicrocuries per gram of calcium.
This estimate is double that made in
June 1957 and reflects the increased
stratospheric inventory due to U.S.S.R.
detonations in 1958.

The radiological dose to the skeleton
from natural sources such as cosmic
rays, radium, potassium, and so forth,
is approximately 125 millirems per year.
A skeletal burden of 5.5 micromicro-
curies of strontium-90 per gram of cal-
cium will deliver a dose of approxi-
mately 5.5 millirems per year to the
bone marrow. The maximum foreseeable
dose from strontium-90 in the New York
area is thereby estimated to be about 5
percent of the dose due to natural radio-
activity.
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