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 ABSTRACT

Parts 1 and 2 of this report present data pertinent to the monitoring of long-range
fallout, particularly Sr? and Cs'*’. Values are tabulated for the fallout deposition,
air concentrations, water concentrations, and the amounts in foods and human
bone. In addition, results are given for some experimental investigations. The
report of these results is not interpretative although certain papers that do attempt
to interpret the present situation with respect to Sr¥ in particular are reprinted in
Part 4.

Part 3 presents bibliographies covering the period since the 1957 hearings
before the Joint Committee on Atomic Energy concerning the nature of radioactive
fallout and its effects on man. A document listof submissions to the United Nations
Scientific Committee on the Effects of Atomic Radiation is given to illustrate the
work done in other countries, and, finally, several papers on the subject, which
have not been generally available, are reprinted in Part 4.
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INTRODUCTION

The program of the Atomic Energy Commission on environmental contamination from weapons
tests is designed for the over-all evaluation of the hazard to humans from test operations. It
is limited to studies of the deposition of activity at long range rather than the problems as-
sociated with immediate, close-in fallout. The program has largely been a study of sr® since
considerations based on experience and measurement indicate that it is the isotope of greatest
potential hazard.

The data on fallout were last summarized in the report, The Nature of Radioactive Fallout
and Its Effects on Man (Hearings before the Special Subcommittee on Radiation of the Joint
Committee on Atomic Energy, Congress of the United States, May 27 —June 7, 1957). The next
important summary will be in the report to the United Nations General Assembly from its
Special Scientific Committee on the Effects of Atomic Radiation, which should appear during
the current year.

The present report has been prepared by the Health and Safety Laboratory, under the di-
rection of the Division of Biology and Medicine of the AEC to summarize, in tabular form, the
data available on the monitoring of Sr® and Cs!®? levels in man and his environment. Many of
the studies reported are documentary in nature, i.e., they are designed to produce a permanent
record of the concentration of Sr* existing in various materials at the time. Naturally, other
ideas in addition to specific monitoring programs are pursued where they may be fruitful as
an aid in understanding the processes involved. However, the material presented here is largely
the result of surveys rather than planned experimentation.

The data reported is not an evaluation of the hazard from weapons testing. The final
interpretation of data is a medical and biological problem, requiring studies of the uptake of
Sr by man from his environment and a knowledge of the level of Sr® that may be considered
permissible in man. From the data presented, however, it is possible to obtain an understanding
of some of the steps in the process leading to possible damage.

Even in the limited field of monitoring, there are many scientific problems that arise in
sampling, radiochemical analysis, and data evaluation. These problems are quite apart from
the more controversial interpretation of the possible hazard to man: (1) It is first necessary
to know, to the required degree of certainty, what the actual levels of Sr® contamination are in
various parts of the environment. The sampling should be directed not only toward obtaining
an estimate of the average contamination but also toward the probability that much higher than
the average values may exist in a small portion of the environment. Fallout is not uniform and
possible hazard to relatively small groups of people must be considered; facilities for extensive
work of this kind have not been available. (2) The analytical process is extremely involved, re-
quiring the utmost in care and the highest quality in measuring equipment. The radiochemical
properties of sr¥ and its extremely small concentrations in samples make the analysis a slow
process, and, under the best conditions, there is a considerable time lag between sampling and
final reporting of results. This is further accentuated by the need for accuracy, which means
that a system of checking and cross-checking of all data is a primary requirement. (3) The
evaluation mentioned here is merely the consideration of the validity of the analytical data
rather than its final interpretation. Such evaluation requires not only a knowledge of the quality
of the radiochemical analysis but also a knowledge of how the data received fit into the known
pictures of meteorology, soil chemistry, plant uptake, and the like.
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The study of long-range fallout has brought many organizations into the field, in the United
States and in other countries. These groups operate at widely varied levels of technical com-
petence and frequently with varied concepts of the relative importance of separate portions of
the program. A more concerted world-wide effort has been exerted since the inception of the
United Nations Scientific Committee on the Effects of Atomic Radiation. The AEC has assisted
this Committee by providing AEC data and in the training of laboratory personnel; standard
materials for intercomparison of analytical procedures have also been provided. A complete
listing of all measurements made on a world-wide basis is, of course, impossible in this re-
port, but references to the appropriate literature are given.

Part 3 of this report presents three bibliographies:

1. Supplement No. 2 to USAEC Report NYO-4753, Annotated Bibliography on Long-vange
Effects from Nuclear Explosions.

2. General bibliography of papers on fallout, particularly Sr*® and Cs!¥. This bibliography
covers only the period since the Congressional Hearings on fallout. The report on the Congres-
sional Hearings gave a comnrehensive bibliography on the subject for papers written up to the
Spring of 1957.

3. Bibliography of reports submitted by Member Nations of the United Nations Scientific
Committee on the Effects of Atomic Radiation. Although a number of these reports are not gen-
erally available, this bibliography indicates the type of material presented for consideration to
the Committee.

' Part 4, Selected Papers, contains three reports on Sr®® and Cs!¥ data from the United King-
dom, reproduced in full through the courtesy of the authors. One of these papers, Report AERE-
HP/R.2353, appears in the Journal of Nuclear Energy, June 1958. The data from the United
Kingdom are in general agreement with those from the United States and Canada for the cor-
responding periods. No attempt has been made to tabulate these values along with the results
from the United States, but comparisons can be made by reference to the tables in Parts 1 and
2 of this report.

A group of reports and speeches from the United States that are not as yet generally avail-
able has been reproduced in full. Some of these deal with the interpretation of fallout data, and
others deal with more specific experimental work. These papers complete Section 4.

-

R4



Part 1
FALLOUT MONITORING AND DOCUMENTATION



®»

ol

W



(4o

o

FALLOUT MONITORING AND DOCUMENTATION

Any prediction of the possible effects of radioactive materials from weapons tests requires a
continuing program of monitoring and documentation. Such programs have been in operation
in a few countries for several years. Other countries have begun monitoring programs since
the formation of the United Nations Scientific Committee on the Effects of Atomic Radiation.

This report is limited chiefly to the tabulation of results obtained in the United States by
various laboratories. The studies include measurements of deposition, air concentrations,
water concentrations, and uptake.

Some early data based on mixed fission product determinations have been included, since
there were very few Sr® measurements made before 1954. For samples collected since that
time, however, an attempt has been made to use only radiochemical data, since the interpreta-
tion of mixed fission product analyses is very difficult under present conditions of weapons
testing.

1. DEPOSITION

The level of fallout deposition on the ground is not a direct measure of hazard to man from
radioisotopes such as Sr® or Cs!%", For example, Sr® has to pass through the food chain be-
fore it can be incorporated into the human body. This passage may consist of several steps,
all of them biologically complex. The determination of geographical distribution of fallout,
however, is the first step in a scientific study leading to the possibility that unusually high or
low concentrations may appear in the food chain or in man himself.

The two important features of deposition are the total accumulated fallout and the fallout
rate. The Sr® chain from soil to plants to cattle to milk to humans, for example, is dependent
on the accumulated deposit present in the soil. The corresponding chain resulting from retention
of fallout on plant surfaces, on the other hand, would be rate dependent. In addition to obfaining
data for possible correlation with the uptake of the isotopes by humans, the study of fallout
deposition is also important for obtaining a material balance of particular isotopes from the
amount produced, the amount deposited, and the amount still in the atmosphere.

The measurement of fallout rate requires collection over relatively short periods, usually
on the order of one month, and radiochemical measurement for Sr®. Two types of collectors
are in current use —a stainless-steel open vessel or pot and a plastic funnel. These units,
when exposed continuously, collect both dry fallout and the material carried down by precipita-
tion. It is also possible to collect the material carried down by individual rainfalls and obtain
meteorological information as to the probable atmospheric source of the fallout. Such short
term collections may also be analyzed for shorter-lived isotopes to estimate the approximate
age of the radioactive debris.

The radiochemical analysis of soils allows direct measurement of fallout accumulated
since the start of testing. These analyses, however, are extremely time consuming, complex,
and subject to considerable sampling error. They are most useful, therefore, for presenting a
broad picture of world-wide fallout rather than for detailed studies.

Although the gummed film technique of deposition measurement allows estimation of Sr%
only by calculation from amount of mixed fission products obtained, it has the advantage of
simplicity and, therefore, possible operation at a large number of sampling stations.
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1.1 POT FALLOUT COLLECTIONS

The Health and Safety Laboratory (HASL), AEC, has set up a network of fallout collection
stations using stainless-steel pots with an open area of approximately 1 sq ft. The sampling
period is one month, and the pot residues are collected and are analyzed for Sr¥. The original
collecting station in New York has been in operation since the beginning of 1954, and other
stations have been added where laboratory facilities are available for transfer and shipment of
the samples. This operation is carried out through the cooperation of scientists at the indi-
vidual stations.

The present network consists of 13 stations in the continental United States and 17 stations
outside the continental United States.

The data for New York City are shown in Table 1 and Fig. 1. The data for other United
States stations are given in Table 2. Data for stations outside the continental United States are
given in Table 3. (Not all the 30 stations mentioned have submitted samples in time for this
report.)

Fallout Monitoring by Other Countries. A number of other countries are reporting radio-
chemical analyses on pot type samples in submissions to the United Nations Scientific Com-
mittee on the Effects of Atomic Radiation. Although several countries are now producing
reliable results, the only country, other than the United States, that has released any large
number of Sr®° analyses is the United Kingdom. Their results are reprinted in Part 4
of this report.

1.2 PRECIPITATION COLLECTIONS FOR RADIOSTRONTIUM AND RADIOBARIUM

The collection and analysis of individual rainfalls was begun at the University of Chicago
and later at the laboratories of Nuclear Science Corporation, Pittsburgh, Pa. The latter col-
lection, the most complete set of individual collections, was begun in February 1955. These
collections are carried out in duplicate with open vessels having an area of about 2.6 sq ft.
They are exposed continuously, and, if a period of one week occurs without rainfall, the ves-
sels are washed out and the residue is analyzed. The cumulative value, therefore, represents
the total fallout since the beginning of the collection period.

In addition to Sr* measurements samples taken since the end of August 1957 have also
been analyzed for Sr® and Ba!%’. These analyses can indicate the relative age of fallout debris
in a qualitative way. The ratios of the three isotopes are subject to some variation from frac-
tionization and do not follow the theoretical ratios obtained from thermal neutron fission suf-
ficiently well to give exact ages of the radioactive material. This situation is complicated
even more by the fact that current fallout is a composite material resulting from many indi-
vidual weapons tests. The ratios, however, do give a reasonable indication as to whether a
particularly high fallout value is probably fresh tropospheric material or older stratospheric
material.

The data for both types of analyses are given for Pittsburgh in Table 4 and are plotted in
Fig. 2. The earlier Chicago rainfall samples are recorded in Table 5.

1.3 sr¥ IN SOIL

Strontium-90 analyses of soils have been made for several years to study geographical
distribution and the amount of isotope available for uptake by plant systems. In both cases the
measurements can be considered to be for monitoring purposes.

In the geographical studies it is desirable to measure all the Sr® present in the soil per
unit area regardless of the depth of penetration or the composition of the soil. Such measure-~
ments have been made in this country on soils from the United States and on samples collected
in other countries. With the exception of the United Kingdom, other countries are just beginning
soil analysis programs; hence foreign samples analyzed in the United States have been for the
purpose of documentation until the various countries obtain their own data.

For uptake studies it is desirable to measure the Sr¥ that is available to the plant and, in
addition, to relate this to the available calcium in the soil. Comparative studies have shown
that the results from the two techniques are not interchangeable, and the data reported here
are exclusively those designed for revealing geographical distribution.
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a. Seventeen Sites Within the Continental United States (1955—1957). Yearly collections
of soil have been made at 17 sites within the continental United States since 1955. The sites
were selected at airports where continuous gummed film sampling has been carried out since
1952. The analyses were intended for comparison with Sr% estimates from gummed film
measurements, but they have also provided direct data for fallout within the United States.

The sites were selected without consultation with soil scientists, and it is believed that a
few of the airports may not be ideal sampling locations because of soil grading and packing.
These sites will be reviewed before collection of future samples.

b. Measurements made at Lamont Geological Observatory, Columbia University, Palisades,
N. Y. The Lamont Geological Observatory has been carrying out soil analyses for several
years. Like other laboratories a considerable portion of their early data was obtained by am-
monium acetate leaching of the soil. This is of interest in studies of availability for uptake, but
it is of dubious value in studying geographical distribution, since there is considerable variation
from soil to soil in the efficiency of the acetate leaching process. Therefore, the data reported
here are chiefly limited to samples leached with hydrochloric acid.

c. S¥? in Soils Collected Outside the United States. Collections of soil samples have been
made in several countries outside the United States for determination of accumulated Sr®® fall-
out. These samples were taken to obtain results for the countries concerned and for com-
parison with other fallout sampling techniques. In general, the countries sampled were not
making their own Sr® measurements at the time, and, even at present, soil analyses are being
carried out in very few laboratories.

Soil sampling represents our best method of obtaining cumulative fallout measurements,
but the sampling is extremely difficult and is subject to many possible errors. It is some-
times impossible to obtain representative samples because of soil drainage or packing con-
ditions. The samples reported in Table 9 are limited largely to those collected for determina-
tion of Sr% fallout per unit area, in which the measurement was made by leaching the soil with
hydrochloric acid. A number of early samples were analyzed by leaching with ammonium
acetate. Although this may have value in uptake studies, the results are not valid for fallout
measurements. These samples have been omitted for the tabulation. It is expected that the
number of samples from other countries will be reduced as the particular countries begin
their own programs of soil and other fallout analyses.

d. Sr% in Soil Collected and Analyzed in the United Kingdom. Annual samples of soil from
several sites in the United Kingdom have been collected and analyzed for several years. A
description of these sites and the results of the analyses are included in Part 4 of this

report.

1.4 SUMMARY OF GUMMED FILM FALLOUT MEASUREMENTS THROUGH JUNE 1957

A primary technique in studying long-range fallout is the measurement of the rate of
deposition and the cumulative deposit per unit area. For this purpose, three types of samples
are currently used: soil, pot or funnel, and gummed film.

There can be no absolute sampling procedure for fallout deposition because the deposition
in a given situation will be influenced by the type of surface. However, the collection perform-
ance of the gummed film has been studied in relation to collections by pots to permit some
basis of comparison.

In earlier reports it has been shown that the gummed film, under conditions of moderate
rainfall in a temperate climate, yields fallout samples with an over-all efficiency of about 63
per cent compared with the values from high-walled pots. In regions where much of the fallout
occurs with snow, the gummed film method may grossly underestimate the true fallout values.
Despite this objection the gummed film technique has proved desirable because of the simplicity
with which daily samples can be accumulated from a large number of widely scattered loca-
tions.

Since late 1954 the computation of Sr® from the total beta activity of the gummed film
samples has become increasingly difficult because the computed values are sensitive to the
assumed age of the debris. The accumulation of long-lived fission products in the stratosphere
and the greater frequency of weapons tests has greatly complicated the problem of assigning
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an age to the debris. However, a method of computation has been devised by which this latter
difficulty can be minimized.

Methods of Computation. The adhesive-coated films, which have been exposed for 24 hr,
are shipped to HASL. The total beta activity of the ashed samples is measured and corrected
by the 63 per cent efficiency factor. The Sr* component of the fallout is calculated from
modified Hunter and Ballou ratios. In addition, an estimate of the infinity external gamma dose
in air is made from the beta activity.

19
44
013 026 >
o 13 20
®27 @48 25 it ® g 20
22
19
° e3g 27q 22 25 Ne26
54 %
14 39
24
< F "
186,
i 045 24
®20
2.5 25®
13
284
12
b 16

Fig. 5—~Cumulative Sr?0 deposition in United States as of June 1957, gummed film measurements.

The original calculations of Sr? deposition from measurements of total beta activity on
ashed gummed film samples were performed as follows:

1. The activity measured on a given sampling day was attributed to the test immediately
preceding that sampling day.

2. The measured activity on counting day was extrapolated to a fixed day by the formula
A=A +-12,

3. The Sr® fraction of the total beta activity on this day was taken from modified Hunter
and Ballou curves.

4. The sr¥ activity values for the individual days were summed by months, and these
sums were added for the desired period of accumulation.

The assigning of activity on a given day to the most recent test was a reasonable approxi-
mation during the period of tropospheric fallout. The deviations between gummed film esti-
mates and radiochemical analyses became larger as the contribution from stratospheric fall-
out increased. A system to improve the estimation of Sr* was devised which takes stratospheric
debris into account. Tests of this simplified model yielded values that are in good agreement
with computations from more complex models. This method, which has been applied to data
subsequent to May 1956, is as follows:

1. Estimates of the yields of total fission products and of Sr% are obtained for each
weapons test.

2. The total fission product yield for each test is added to the calculated fission product
residue from previous tests. (The + —1.2 law is used for decaying total fission product
activity.)
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3. The Sr¥ activity from each test is added to the accumulated Sr*® activity from previous
tests.

4. For each sampling day the sr? to total fission product activity ratio is calculated.

5. Each day’s measured beta activity is converted to sr% activity by use of this factor.

This method of calculation would give high strontium values for locations near test sites
on days of high fallout. This is caused by attributing the activity to the total accumulated pool
of fission products rather than to the immediate burst that caused the fallout. This can be
corrected by treating these few cases individually.

The only practical evaluation of the new calculations technique is by comparison with
radiochemical analyses of open samplers. During the period May 1956 —June 1957, several
locations had parallel sampling units for at least part of the time. These data are shown in
the following table in which one finds that the gummed film system, together with the above
method of computation, yields estimates of Sr® deposition which tend to be higher than the
estimates derived by radiochemical analyses of pot samples. The mean ratio of sr? estimated
from gummed film to pot analyses is 1.45 with a maximum ratio of 1.66 at Salt Lake City and
a minimum of 0.90 in New York City.

COMPARISON OF Sr¥ ESTIMATES FROM GUMMED FILM
WITH RADIOCHEMICAL ANALYSES OF MONTHLY POT COLLECTIONS

Total
Period of Sr® mec/sq. mile Film /pot Monthly ratios L. /pot
Location observation Film Pots ratio Low High mean
New York City May 1956 —June 1957 12.3  13.7 0.90 0.32 2.2 1.1
Pittsburgh May 1956 —June 1957 12,1 10.6 1.14 0.62 2.5 1.2
Chicago Dec. 1956 —June 1957 6.3 4.6 1.37 1.0 1.9 1.4
Salt Lake City Dec. 1956 —June 1957 15.1 9.1 1.66 1.1 3.3 1.8
Los Angeles Dec. 1956 —June 1957 3.5 3.1 1.13 0.78 2.4 1.4
Hiroshima Oct. 1956 —June 1957 5.6 3.7 1.51 0.82 3.7 1.7
Nagasaki Aug. 1956 —June 1957 6.7 5.5 1.22 0.64 5.5 1.6

The calculation of external gamma dose is less sensitive to variations in the source of
fallout. In addition, it appears that the important gamma dose from fission products is from
internal Cs'¥" rather than the external gamma from distributed fission products after suitable
allowance for shielding and weathering.

11
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Table 1—POT FALLOUT COLLECTIONS, NEW YORK CITY

Collection Cumulative
period sr®/sq mile, mc Sr®/sq mile, me  Sr3%/Sr®* Precipitation, in.
1954

2/1-2/8 1.3 +£0.031 1.3 +0.031 0.31
2/8—-2/15 0.35 +0.025 1.65 + 0.040 0.05
2/15~2/23 0.32 = 0.015 1.97 + 0.043 1.29
2/23-3/1 0.40 =+ 0.031 2.37 £ 0.053 0.16
3/1-3/8 0.20 +0.033 2.567 £ 0.062 1.28
3/8—-3/15 0.060 + 0.019 2.63 £ 0.065 0.81
3/15-3/22 0.075 + 0.048 2.70 £ 0.081 0.69
3/22-~-3/29 0.18 = 0.075 2.88 + 0.11 0.44
3/29-4/5 0.075 £ 0.075 2.96 + 0,13 0.06
4/5—-4/12 0.083 + 0.083 3.04 £+ 0.16 0.51
4/12—-4/19 0.18 +0.08 3.22 £ 0.18 1.63
4/19-4/26 Sample lost 0.35
4/26-5/3 0.15 =0.08 3.37 £ 0.19 0.18
5/3-5/10 Sample lost 1.88
5/10-5/17 0.18 +0.08 3.565 £ 0.21 0.26
5/17-5/24 0.15 +0.08 3.70 £ 0.22 0.88
5/24-5/31 Sample lost 0.08
5/31-6/8 0.10 +0.046 3.80 + 0.23 0.11
6/8—6/14 0.074 + 0,033 3.88 £ 0.23 0.52
6/14—6 /21 0.075 £ 0.075 3.95 £ 0.24 0

6/21—-6/28 Sample lost 0.59
6/28-7/5 0.21 +0.070 4,16 = 0.25 0.35
7/5-17/12 0.033 = 0.033 4.20 = 0,26 0.22
7/12-7/19 0.033 + 0.033 4.23 + 0.26 0.37
7/19-7/26 0.045 £ 0.033 4.27 £ 0.26 0

7/26—-8/2 0.033 = 0.033 4.31 + 0.26 0.12
8/2-8/9 0.038 + 0.038 4.34 + 0.26 0.83
8/9—-8/16 0.053 £ 0.053 4.40 £ 0,27 1.88
8/16—8/23 0.053 + 0,053 4.45 + 0.27 1.67
8/23—-8/30 0.050 + 0.050 4.50 £ 0.28 0

8/30-9/6 0.073 + 0.046 4.57 £ 0,28 1.71
9/6-9/13 0.044 + 0.044 4.62 +0.29 3.57
9/13-9/20 0.21 =+ 0.050 4.83 + 0.29 0.94
9/20-9/27 1.1 +£0.073 5.93 +0.30 0.23
9/27-10/4 0.046 = 0.046 5.97 = 0.30 0.07
10/4-10/11 0.055 + 0.050 6.03 = 0.31 0.04
10/11—-10/18 Sampie lost 0.37
10/18-10/25 0.038 + 0.038 6.07 = 0.31 0.02
10/25—-11/1 0.10 + 0.080 6.17 £ 0.32 1.50
11/1-11/8 0.24 + 0.055 6.41 + 0.32 1.95
11/8-11/15 Sample lost 0

11/15—11/22 0.073 + 0.055 6.48 £ 0.33 2.05
11/22—-11/27 0.26 =+ 0.044 6.74 £ 0.33 0.35
11/27—-12/6 0.078 + 0.078 6.82 + 0.34 0.58
12/6-12/13 0,073 + 0.073 6.89 £ 0.35 0.50
12/13-12/20 0.099 + 0.099 6.99 + 0.36 1.29
12/20-12/27 0.065 + 0.063 7.06 £ 0.37 0

12/27-1/3/55 0.10 +0.055 7.15 + 0.37 1.55
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Table 1 (Continued)

Collection period

sr¥/sq mile, me

Cumulative

sr¥®/sq mile, me

sr#/sr*

Precipitation, in.

1955

1/3-1/10
1/10—1/17
1/17-1/24
1/24-2/1
2/1-2/7
2/7-2/14
2/14—2/21
2/21-3/1
3/1-3/7
3/7—3/14

3/14-3/21
3/21-3/28
3/28—4/4
4/4-4/11
4/11—-4/18
4/18—4/25
4/25-5/2
5/2-5/9
5/9—-5/16
5/16-5/23

5/23-5/30
5/30—6/6
6/6—-6/13
6/13-6/20
6/20—-6/27
6/27-1/4
7/4-7/11
7/11-7/18
7/18-17/25
7/25-8/1

8/1-8/8
8/8—8/15
8/15—8/22
8/22—-8/29
8/29—-9/5
9/5-9/12
9/12—-9/19
9/19-9/26
9/26-10/3
10/3—-10/10

10/10—10/17
10/17-10/24
10/24—10/31
10/31-11/7
11/7-11/14
11/14—11/21
11/21-11/28
11/28—-12/5
12/5~12/12
12/12-12/19
12/19-12/26
12/26—1/3/56

0.053 + 0.053
0.053 + 0.053
0.068 + 0.053
0.055 + 0.055
0.055 = 0.055
0.17 +0.17
0.34 +0.063
0.30 +0.060
0.60 =+ 0.082
0.56 + 0.064

0.73 +0.078
0.060 + 0.060
0.48 +0.11

0.31 +0.072
0.34 +0.057
0.33 +0.063
0.26 =+ 0.063
0.17 + 0.055
0.055 + 0.055
0.065 = 0.057

0.60 =+ 0.068
0.050 + 0.050
0.21 +0.068
0.087 + 0.053
0.48 =+ 0.068
0.050 + 0.050
0.035 + 0.035
0.17 = 0.068
Sample lost

0.043 + 0.043

0.19 +0.099
0.38 + 0.060
0.053 + 0.048
0.056 + 0.056
0.056 + 0.056
0.078 + 0.078
Sample lost

0.19 =+ 0.064
0.099 + 0.063
0.20 +0.064

0.094 = 0.063
Sample lost

0.063 + 0.063
0.063 £ 0.063
0.064 + 0.064
0.16 =+ 0.064
0.063 = 0.063
0.068 + 0.068
0.092 + 0.072
0.083 + 0.056
0.068 + 0.068
0.31 +0.064

7.21 + 0.38
7.26 +0.38
7.33 £+ 0.38
7.38 £ 0.39
7.44 £ 0.38
7.61 + 0.43
7.95 + 0.43
8.25 + 0.44
8.85 + 0.44
9.41 + 0.45

10.14 £ 0.45
10.20 + 0.46
10.68 + 0.46
10.99 + 0.48
11.33 + 0.48
11.66 + 0.48
11.92 £ 0.49
12.09 + 0.49
12.14 + 0.49
12.21 = 0.50

12.81 £ 0.50
12.86 + 0.50
13.07 £ 0.51
13.16 £ 0.51
13.64 + 0.52
13.68 + 0.52
13.72 + 0.52
13.89 = 0.52

13.93 + 0.53

14.12 + 0.54
14.50 + 0.54
14.56 + 0.54
14.61 + 0.54
14.67 £ 0.55
14.75 £ 0.55

14.94 + 0.56
15.04 + 0.56
15.24 + 0.56

15.32 + 0.57

15.39 = 0.57
15.46 + 0.57
15.52 + 0.58
15.68 + 0.58
15.74 £ 0.58
15.81 + 0.59
15.90 + 0.59
15.98 + 0.60
16.05 = 0.60
16.36 + 0.60

0.26
0.14
0.05
0.01
1.55
0.49
0.38
0.59
1.32
0.03

0.56
1.80
0.04
0.29
0.32
0.53
0.79
0.22

1.80
0.92
0.40
0.02
1.80
0.20
0.29

0.02

1.00
7.33
2.36
0.06
0.11
0.08

1.60
0.99
2.92

2.45
0.24
1.26
1.57
0.74
1.76
0.05
0.06

0.16
0.03
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Table 1 (Continued)

Collection period

sr*/sq mile, me

Cumulative

sr/ sq mile, mc

Sras /SrW *

Precipitation, in.

1956

1/3—-1/9
1/9-1/16
1/16-1/23
1/23-1/30
1/30-2/6
2/6—2/13
2/13-2/20
2/20-2/27
2/27-3/5
3/56-3/12

3/12—-3/19
3/19-3/26
3/26—4/2
4/2—-4/9
4/9-4/16
4/16—-4/23
4/23-4/30
4/30-5/7
5/7—-5/14
5/14—5/21

5/21-5/28
5/28-6/4
6/4-6/11
6/11-6/18
6/18—-6/25
6/25-7/2

7/2-1/9

7/9-7/16
7/16-17/23

7/23-7/30

7/30—8/6
8/6—-8/13
8/13-8/20
8/20-8/27

8/27-9/3

9/3-9/10

9/10-9/17
9/17-9/24
9/24-10/1
10/1-10/8

10/8-10/15

0.10 =+ 0.056
0.29 +0.080
2.01 +0.089
0.30 = 0.060
0.19 +0.060
0.32 +0.064
0.23 +0.056
0.28 =+ 0.063
0.25 +0.073
0.51 +0.080

0.73 + 0.083
0.30 +0.068
0.073 £ 0.070
0.30 =+ 0.070
0.18 +0.080
0.20 =+ 0.080
0.099 + 06.080
0.38 =+ 0.070
0.068 + 0.068
0.21 +0.080

0.38 +0.070
0.18 + 0.070
0.070 + 0.070
0.14 +0.070
0.28 +0.080
0.14 =+ 0.080
0.26 =+ 0.07

0.26 +0.07

0.080 + 0,066
Sample lost

0.089 + 0.055
0.15 + 0.060
0.12 +0.069
0.067 + 0.067
0.30 +0.072
0.067 £ 0.067
0.067 + 0.067
0.12 +0.06

0.067 + 0.067
0.11 £ 0.06

0.12 +0.07

0.26 0,07

0.020 + 0.020
0.019 + 0.019
0.024 + 0.012
0.014 + 0.014
0.19 +0.019
0.12 +0.018
0.037 + 0.020
0.020 + 0.020

16.47 + 0.60
16.78 + 0.61
18.77 + 0.62
19.07 x 0.62
19.26 + 0.62
19.57 = 0.62
19.80 + 0.63
20.08 £ 0.63
20.33 £ 0.64
20.84 £ 0.64

21.56 = 0.65
21.87 + 0.65
21.94 = 0.65
22.23 + 0.66
22.41 + 0.66
22.61 + 0.67
22,71 + 0.67
23.09 + 0.68
23.16 + 0.68
23.37 + 0.68

23.75 + 0.69
23.92 + 0.69
23.99 = 0.69
24.13 £ 0.70
24.41 £ 0.70
24.55 £ 0.71

24.81 £ 0.71
24.89 £ 0.71

25.01 £ 0.71

25.13 £ 0.72
25.20 + 0,72
25.50 £ 0.72
25.56 £ 0,73

25.66 = 0.73

25.75 £ 0.73

25.94 £ 0.73

25.96 + 0.73

25.98 £ 0.73

26.13 £ 0.73

26.16 + 0.73

0.11
0.71
0.05
0.15
1.23
1.30
1.23
0.49
0.59
1.21

2.46
0.89
0.33
1.61
0.33
0.43
0.29
1.12
0.23
0.37

0.48
1.57
0.07
0.07
0.67
0.73

0.70
0.53
1.37
0.53

0.05
0.77
0.35
0.98

0.65

0.74

0.63

0.36

0.35

0.55
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Table 1 (Continued)

Cumulative
Collection period Sr”/sq mile, mc Sr%/sq mile, mc¢  Sr®/Sr®* Precipitation, in.

0.055 + 0.015

10/15—-10/22 0.044 4 0.015 26.21 + 0.73 0.02
0.089 + 0,014

10/22—-10/29 0.070 & 0.014 26.29 + 0.73 0.63
0.64 % 0.035

10/29-11/5 0.12 +0.020 26.67 + 0.73 3.18
0.065 + 0.018

11/5-11/12 0.088  0.014 26.74 + 0.73 0.11
0.071 + 0.021

11/12-11/19 0.21 +0.025 26.88 + 0.73 0.95
0.18 =+ 0.028

11/19-11/26 0.31 +0.031 27.13 £ 0.73 0.69
0.019 + 0.012

11/26—-12/3 0.075 < 0.016 27.18 £ 0.73 0.10
0.095 + 0.018

12/3-12/10 0.090 + 0.018 27.27 + 0.73 0.57
0.28 + 0.022

12/10—-12/117 0.22 <0092 27.52 £ 0.73 1.76
0.15 +0.02

12/17-12/24 0.20 +0.02 27.70 + 0.73 0.59
0.03 =+ 0.01

12/24—12/31 0.04 < 0.02 27.73 + 0.73 0.37
0.32 0,02 26

12/31—1/31/57 0.91 %002 28.00 = 0.73 23 1.57

1957

0.56 =+ 0.03 20

1/31-2/28 0.49 +0.03 28.52 = 0.73 21 2.50
1.01 +0.013

2/28-38/31 1.06 0.013 29.56 + 0.73 2.05
6.66 = 0.22

3/31-4/30 995 % 0.016 34.37 £ 0.74 4.51
0.95 =+ 0.04 7.4

4/30-5/31 0.93 +0.04 35.30 + 0,74 17 3.67
0.78 +0.04 28

- + .

5/31-6/28 0.86 +0.06 36.12 + 0.74 28 1.66
1.22 +0.05 11

6/28-8/1 0.46 +0.03 36.96 + 0.74 o5 1.66

8/1-8/31 0.50 37.46 + 0.74 59 2.87

9/1-9/31 0.41 37.87 + 0.74 47 3.01

10/1-10/31 0.38 38.25 = 0.74 61 3.27

11/1-11/31 0.42 38.67 £ 0.75 21 4.46

12/1-12/31 0.60 39.27 + 0.75 20 5.26

* Extrapolated to middle of sampling period.
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Table 2—MONTHLY POT FALLOUT COLLECTIONS AT OTHER

UNITED STATES LOCATIONS

Cumulative Precipitation,
Collection period sr’/sq mile, me Sr*/sq mile, me Sr*®/sr¥* in.
Lemont, 111.

Dec. 1956 0.14 + 0.02 0.14 =0.02 18 1.26
Jan, 1957 0.30 +0.02 0.44 +0.03 15 2.06
Feb. 1957 0.27 +0.01 0.71 0,03 1.77
Mar. 1957 0.47 +0.04 1.18 £0.05 1.98
Apr. 1957 1.15 + 0,01 2,33 *0.05 6.09
May 1957 0.27 = 0.02 2.60 = 0.06 8.3 3.21
June 1957 0.48 +0.03 3.08 +0.06 17 5.94
July 1957 1.567 + 0.012 4.649 = 0.064 8.98
Aug. 1957 0.747 £ 0.008 5.396 + 0.065 5.36
Sept. 2—O0ct. 7, 1957 0.123 + 0.010 5.519 + 0.065 62 1.08
Oct. 7—Nov. 11, 1957 0.218 + 0,013 5.737 + 0.067 28

Nov. 11—Dec. 19, 1957 0.198 = 0.012 5.935 = 0.069 14

Birmingham, Ala.

Apr. 1957 0.83 +0.02 0.83 +=0.02 5.41
May 1957 0.39 +0.03 1.22 +0.04 9.4 2.96
June 1957 0.950 + 0.061 2.170 + 0.071 31 7.70
July 1957 0.799 + 0.088 2.969 + 0.093 2.62
Aug. 1957 1.103 + 0.061 4,072 £ 0.112 8.4 4.19
Sept. 1957 0.421 + 0.043 4.493 + 0.120 67 9.59
Oct. 1957 0.342 = 0,018 4,835 £ 0.121 75

Nov. 1957 0.221 = 0,017 5.050 + 0,122 20

Dec. 1957t

Salt Lake City, Utah

Dec. 1956 0.31 +0.02 0.31 +0.02 1.67
Jan. 1957 0.8 +0.1 1.11 +0.10 16 1.37
Feb. 1957 0.83 +0.04 1.94 =0.11 14 0.72
Mar. 1957 2.39 =+ 0.09 4.33 +0.14 9.3 2.18
Apr. 1957 2.30 = 0,01 6.63 =0.14 3.24
May 1957 0.81 +0.03 7.44 *=0.14 1.3 3.37
June 1957 1.61 =+ 0.061 9.05 +0.16 24 1.47
July 1957 0.941 + 0,093 9.991 = 0.187 0.31
Aug. 1957 1.277 +£ 0.015 11.268 + 0.187 1.69
Sept. 1957 0.150 + 0.015 11.418 + 0.187 40 0.33
Oct. 1957 0.590 + 0.029 12.008 + 0.187 49

Nov. 1957 0.409 + 0.023 12.417 + 0.187 15

Dec. 1957 0.643 + 0.031 13.060 + 0.190 12

Vermillion, S. Dak.

Apr. 1957 0.51 +0.01 0.51 +0.01 1.35
May 1957