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Fig. 1. Measurements of cosmic radiation ionization intensity made inside a C-47.

The first series of measurements
made in an automobile—made during
August 1957 (I)—are summarized
here, corrected for attenuation of the
terrestrial radiation component by ‘the
automobile. Measurements made in the
New England states in May 1958 and
in the southeastern states in August
1958 have been corrected similarly.

A portable scintillation detector with
a sodium jodide phosphor was used for
scanning purposes at locations inacces-
sible to the automobile. This detector
was also turned on and observed con-
tinuously in the automobile between
points of measurement. The detector,
though not capable of reading absolute
dose rate, can measure a change in
radiation level of about 0.4 ur/hr.

In all the measurements throughout
the United States, an effort was made
to obtain results which would be repre-
sentative of the unperturbed natural
background, affected as little as possible
by the occasional substantial variation
in the observed natural radiation levels
produced by localized sources (for ex-
ample, by grapite buildings, brick pav-
ing, and fallout).
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In Table 2 are summarized the meas-
urements for major cities in the United
States, including the range of total
radiation levels encountered and an
estimate of the mean annual dose (8).

Most of the readings taken in the
eastern United States are between 10
and 15 ur/hr. Low radiation levels
were found in New Haven, Connecti-
cut; in the state of Vermont; and in
the region north of Charleston, South
Carolina. Relatively elevated levels
were observed with the scintillation de-
tector along U.S. highway 40! north-
east of Raleigh, North Carolina, to the
Virginia line. The highest reading
found with the ionization chamber in
the 1958 measurements, 19.7 ur/hr,
was made on a dirt road off the afore-
mentioned highway, 2 miles south of
Louisburg, North Carolina.

Measurements in 1957 were made
during part of the period of Operation
Plumbbob, that year’s series of United
States continental weapon tests at the
National Test Station in Nevada, and,
as reported earlier, these tests in-
fluenced certain of the measured values
in an important way, particularly in
eastern Arkansas and in the Black Hills
of South Dakota.

The measurements made during
August 1958 were undertaken during
part of the period of Operation Hard-
tack, the series of United States weap-
on tests at the Pacific proving ground.
By comparing scintillation detector
readings taken over patches of bare
ground and grassy spots, it was inferred
that nuclear debris had some influence
on almost all of these observations.
Where test fallout is present, the larger
surface presented by patches of grass
or weeds results in elevated readings as
compared to readings for bare ground.

In April 1959, 84 of the measure-
ments were repeated as close to the
original positions as possible in order
to estimate the effects of fallout on the
initial readings as well as to check the
reproducibility of the data. Reductions
in the readings were observed at almost
all these locations and in some instances
were considerable. In six locations the
reductions were greater than 10 ur/hr,
ranging up to 54 ur/hr in one Ar-
kansas town. If these locations are
excluded, the average reduction was
about 2 ur/hr. These changes probably
are due in large part to the radioactive
decay and dispersion of fallout debris
which affected the original measure-
ments.

Table 2. Environmental radiation levels measured in principal United States cities. The number of

observations for each range is shown in parenthese

sources are shown in the last column.

s. Elevated radiation levels produced by localized

Range of Meanl Cosmic Atypical
City radiation annua radiation: radiation levels
levels dose (ur /bir) (ur /hr)
(ur /hr) (mrad) i
New York, N.Y. 8.2-15.6 (19) 91 3.8 i
Harrisburg, Pa. 11.3-14.3 (2) 104 40 374
Pittsburgh, Pa. 11.5-16.8 (3) 114 43 3746
Cleveland, Ohio 12.4-14.1 (2) 108 4.2 3.7 .
Toledo, Ohio 10.1-11.8 (2) 89 4.1 >=y.. 18.1 (over granite
paving stone)
Chicago, Ill. 12.2-139 4) 105 4.1 3§+ 20.9 (adjacentto
granite U.S. post
office building)
Madison, Wis. 11.8-12.2 (3) 98 43 7.
Minneapolis—St. Paul, Minn.  10.6-15.0 (4) 109 4.2 2, .
Sioux Falis, S.D. 13.6-14.0 (2) 112 4.5 344
Cheyenne, Wyo. 19.8-20.4 (2) 164 8.5 y.¢
Denver, Colo. 19.2-22.9 (9) 172 79 ;. 268 (between U.s.
mint and city and
county buildings)
Colorado Springs, Colo. 22.5-26.4 (4) 197 8.7 L.
Grand Junction, Colo. 18.2-20.8 (3) 159 72 uyo
Albuquerque, N.M. 15.7-16.5 (4) 132 75 53
Amarillo, Tex. 14.9-15.8 (4) 126 64 -.,.-
Oklahoma City, Okla. 11.5-12.3 (4) 99 4.6 4.3
Tulsa, Okla. 12.8-13.9 (4) 109 4.2 30.¢
Little Rock, Ark. 15.5-16.1 (2) 129 3.9 34 > J
Memphis, Tenn. 11.0-13.2 (2) 99 3.9 74- 16.2 (near brick
apartment house)
Chattanooga, Tenn. 13.2-14.8 (2) 114 40 7o 18.0 (near brick-
faced motel units)
19.7 (on narrow
business street)
Bridgeport, Conn. 10.8-13.8 (2) 100 3.8 237
New Haven, Conn. 8.7- 9.1 (2) 73 3.8 31
Hartford, Conn. 11.9 ) 97 38 5.5
Springfield, Mass. 12.9-13.9 (2) 109 3.8 2352
Worcester, Mass. 14.0-16.4 (2) 124 4.0 3,70
Providence, R.I. 11.1-13.8 (2) 101 38 530
Boston, Mass. 11.0-14.3 (4) 103 3.8 5353
Portland, Me. 12.5-13.5 (3) 106 3.8 1, .9
Philadelphia, Pa. 11.7-12.5 (3) 99 38 453
Baltimore, Md. 9.0-12.1 (3) 86 39 ...
Washington, D.C. 11.1-13.3 (3) 99 3.9 v,
Lynchburg, Va. 12.4-15.4 (2) 113 4.2 4,%
Winston-Salem, N.C. 12.9-14.7 (2) 112 43 -.
Charlotte, N.C. 10.6 2) 86 4.1 ~r 4
Columbia, S.C. 15.0-15.2 (2) 123 3.9 “u >
Charleston, S.C. 13.5-14.5 (3) 114 3.7 -z«
Raleigh, N.C.~ 12.1-13.5 (2) 108 4.0 3;.0
Richmond, Va. 9.8-11.1 (3) 85 39 L4 >

Table 3. Radiation levels in dwellings in the metropolitan New York area. The number of observa-

tions for each range is shown in parentheses.

Construction and location

Radiation levels (ur /hr)

Indoors Outdoors
Apartments

Second floor, brick private dwelling, Bronx 10.2-12.3 (6) 12.4
Third floor, brick apartment house, Manhattan 9.9-12.0 (6) 10.9
Fourth floor, brick apartment house, Bronx 10.4-10.8 (2)
First floor, brick apartment house, Manhattan 9.6-11.0 (2) 10.7
Third floor, brick apartment house, Manhattan 11.9-13.5 (2)

9.0~ 9.3 (2) 9.5

Fourth floor, brick apartment house, Manhattan

One-family dwellings, Long Island
Ranch type, cedar shingle, concrete basement; Roslyn
Split level, cedar siding, concrete basement; East Norwich

Two-story contemporary, brick veneer, glass, cypress

siding; Sea CIiff
Two-story, stone; Freeport

7.4- 9.2 (13)
8.0- 9.1 (12

8.5~ 9.4 (4)
9.6-11.2 (5)

One-family dwellings, Staten Island

Native serpentine stone, Radcliff Road
Stone, Bard and Forest Aves.
Westchester granite veneer, Beacon Ave.

7.3~ 8.7 (4)
6.5- 7.5 (#)
6.7~ 9.8 (4)

One-family dwellings, Westchester County

Three-story dolomite and sandstone, New Rochelle

Wood frame, Pelham
Wood frame, Pelham

W mnd Fancnn Waur Danhaila

12.0-13.8 (5)
7.3-12.9 (5)
8.7-11.3 (O

mi-te

8.4 (concrete patio)
11.8 (4 ft from brick
wall)

10.9
11.0 (50 ft in front
of house)
13.8 (9 ft in front of
house) .
10.6
114
9.8

13.6
121
9075



Environmental Radiation
Measurements in Houses

Seventeen single-family and multiple-
family dwellings in the metropolitan
New York area, including three bor-
oughs of New York City, nearby Long
Island, and Westchester County, also
have been investigated. The apparatus
used was essentially the same as that
used for the outdoor measurements,
-except that the ionization current was
measured with a Cambridge Linde-
mann-Ryerson quadrant electrometer
rather than with a vibrating-reed elec-
trometer.

A summary of these measurements is
shown in Table 3. The general con-

clusion that may be reached is that the
radiation level inside houses in this area,
essentially irrespective of construction
materials, is generally somewhat lower
than, but not very different from, the
outdoor level in the same location.

Measurements in Western Europe

A 20-liter ionization apparatus which
had been exhibited at the second Inter-
national Conference on the Peaceful
Uses of Atomic Energy was taken to
Radiofysika Institut in Stockholm,
Sweden, by one of us (H. B.) for com-
parison with the environmental radia-
tion equipment of Rolf Sievert’s labora-

Table 4. Radiation measurements in Western Europe, September 1958.

Radiation (ur /hr)

Location Notes
Cosmic Terrestrial Total

Geneva, Switzerland 4.6 6.9 11.5 Airport

Geneva, Switzerland 4.6 9.0 13.6 Near Cathedral of St.
Pierre

Geneva, Switzerland 4.6 8.1 12.7 Residential area

Montreux, Switzerland 4.6 9.0 13.6 Center of town

Offenburg, Germany 4.1 11.6 15.7 Center of town; block
pavement

Heidelberg, Germany 4.0 11.8 15.8 Business district

Cologne, Germany 4.0 8.3 12.3 Near cathedral

Wesel, Germany 3.9 10.4 14.3 Center of town

Delft, Netherlands 3.9 10.0 13.9 Center of town; brick
pavement

Leeuwarden, Netherlands 3.8 9.2 13.0 Center of town; brick

' roadway

Hamburg, Germany 3.8 9.9 13.7 Business district

Schleswig, Germany 3.7 12.4 16.1 Center of town; Bel-
gian block pavement

Nyborg, Denmark 3.7 9.9 13.6 Off highway

Granna, Sweden 4.4 12.1 16.5 Off highway

Nykoping, Sweden 3.9 19.1 23.0 Center of town

Stockholm, Sweden 3.9 13.4 17.3 Business district

Stockholm, Sweden 3.9 19.5 234 Residential area; stone

paving blocks

tory (9). En route between Geneva and
Stockholm, a number of measurements
were made. Some of these observations
were made over granite paving blocks
or near granite buildings, which pre-
sumably produced somewhat higher
readings than would have been obtained
over unpaved or more open areas.

A tabulation of these measurements
is given in Table 4. In general, the
radiation levels observed are similar to
measurements made at corresponding
altitudes in the United States. The
four measurements made in Sweden
are consistent with the published work
of Sievert (10).
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SPECTROMETRIC DETERMINATION
OF DOSE RATES FROM NATURAL
AND FALL-OUT GAMMA-RADIATION
IN THE UNITED STATES, 1962—63

By WAYNE M. LOWDER, HAROLD L. BECK and
WILLIAM J. CONDON

Health and Safety Laboratory, U.S. Atomic Energy Commission,
New York

r l*HE Health and Safety Laboratory of the U.S. Atomic
Energy Commission has been examining for nearly a
decade the dosimetric propertiss of environmental radia-
tion, particularly the natural components. Instrumenta-
tion and analytical techniques have been developed
which are directed toward securing preciso interpretations
of in situ radiation measurements in terms of air dose
rate!-3, from which quantities of biological interest may
be derived. Because of the importance of total body and
genetic exposure in considerations of the long-term inter-
action between ionizing radiation and man, our interest
has been focused on the more penetrating radiations.
These include tho vy-radiation from potassium-40 and
the daughters of radium-226 and thorium-232 in the
Earth and the ionizing component of the cosmic radiation,
consisting primarily of the high-energy muons and
olectrons. We have also had to take account of the
presence of fall-out in the environment, and havo devel-
oped techniques for determining the individual dose-rate
contributions to tho total environmental vy-field of the
various significant natural and fall-out y-emitters. These
techniques are described in this article and a summary
of the field data obtained during 1962 and 1963 is given.
During the late 1950’s, the importance of the y-radiation
from locally deposited fission products from weapons
tosts was first noted. Gamma dose rates considerably in
oxcess of the ambient natural levels were recorded by a
number of investigators either by direct monitoring?-¢ or
by inference from soil andjor air sample analyses’-!°.
Sunilar increases were noted during the testing period
that began in September 1961 (refs. 11-14). Under such
conditions, ionization chambers have proved valuable as
monitors of changes in total environmental radiation-
levels at individual locations, particularly when the
mean natural radiation-levels are known from readings
taken during periods of little or no fall-outé-¢.1¢, Other
techniques are needed if such readings are not available
or if it is desired to survey new locations.
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Table 1. IMPORTANT FALL-0UT y-EMITTERS
Isotope Half-life  y-Energy (MeV) y/d*
"»Zr 65-0 d. 0-724

*“Nb 35-4 d. 0-768
Ry 39-7d. 0-498

4 Rh 30s.1 0513
143bt 60-1d. 0-603

o
BEODEROES e
SB88CE
o Svon

w

Gy 30 yr, 0-662
lhad - 7.9 i2-8d. 0-030

I ROOD-J0

Rl #1 40-2h . 0325

=D A RO e S

H
(=]
©
Percoccoccosooogcoro
3

-3
<

MiCe 32:5d. 0-145 .
4Ce 284-5d. 0-134
* y-lines with y/d<0-05 are omitted ; data frem NAS-NRC Nuclear
Data Tables (to date).
+ Effective half-life is that for 19*Ru, or approximately 1 year.
$ Not a fission product.

(=3
—_
(=1
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obtained from laboratory measurements with standard
radioactive sources, a simple ocalculation yielded the
calibration constants of the measured peak areas in
terms of dose rate. These results are given in Table 2.

A second method for determining -natural radiation
dose rates utilizes a well-known energy band technique
(for example, refs. 16-18), where the total counts in the
spectrum between energy values that bracket significant
peaks are related to the dose-rate contribution from
the radiation that contributes to these peaks. Three bands
were therefore chosen to include the three total absorption
peaks already calibrated, that is, from 1-32 to 1-60 MeV
to include the 1-46-MeV 4K peak, from 162 to 1-90 MeV
to include the 1-76-MeV 214Bi peak, and from 2-48 to 2:75
MeV to include the 2:62-MeV 2°°T] peak. The band
and peak methods have given essentially identical values
for the inferred natural radiation dose rates. The band
method has the advantage of providing greater precision
for individual measurements and being more easily amen-
able to routine data analysis, although it is sensitive to
the instrument gain drift and to our determinations of
the zero onergy channel and energy per chanmnel for the
field spectrum.

The energy-band approach has also been extended to
provide a measure of the total y-dose rate. The total
energy in the spectrum between 0:15 and 3-4 MeV has
been found to correlate very well with total y-dose rate
as measured by a high-pressure ionization chambers.
Further, the calibration factor determined in the labora-
tory using a standard radium-226 source is consistent with
that inferred from the ionization chamber readings's.

The fall-out y-dose rate can be estimated by taking the

3



Table 2. DUSE-RATF CALIBRATION OF SPECTROMETER

R C W o- Peak energy (MeV) Isotope Souree Peak counts/ur./b
' 0H (UL [PERIL) Y Exponential 6,000
s LR 1-199R N 35,000
1 R-1"Rh N 18,000
75 “7r-**Nb . 20,000
. . . 146 g Uniform 5,550
‘ 1-76 1R (U series) » 7nn
W : , 2:82 98T (Th scries) " 700
10°
N .
. ) 0.75 MEV.
C h Zr 95 Nb 95
- ' 100
* v , 1.46 MEV.

’ . . - K 40

. -
ey z

s

- S j ; - E

. : " » E

L : =] 2.62 MEV
, . - . 0 TI 208
R
10?
"

. . ol L [ 1 | | 1

0 20 40 60 80 100 120 140 160 180 200 220 240 260
Channel No.
Fig. 1. Two typical field spectra obtained during late 1962, Top carve :
Colorado Springs, Colo., October 11, 1962 : bottom curve : Argonne,

IIL, October 15, 1962. The cosmic ray, natural and fall-out levels are
all somewhat higher at the Colorado Springs location

difference between the total y-dose rate, as measured by
the spectrometer and ionization chamber, and the natural
y-dose rate, as determined by the peak or energy-band
analysis. A second method involves the determination
of the areas of the 0-5- and 0-75-MeV total absorption peaks
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2 CALIBRATION OF SPECTROMETER
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Fig. 2. Fall-out y-dose rates at three locations in Westchester Co., N.Y.

(.4, Mamaroneck ; B, West Harrison ; ¢/, Pelham,) The triangles refer

to spectrometer readings and the circles to readings with the ionization
chamber only

in a manner analogous to that for the higher energy peaks
characteristic of the natural emitters. These areas can
also be related to the incoming primary flux in the field
situation and thus to thoe total dose rate from the con-
tributing isotopes.
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However, two problems arise with the peak method as
applied to fall-out that are not encountered in the case
of the natural emitters. First, the source distribution in
the ground is less well defined than for the natural emitters,
where the assumption of uniform concentration in the
ground half-space is a reasonable one on the scale of our
measurements. Fission products are, of course, not noces-
sarily distributed uniformly in the upper layers of the
ground, nor is the assumption of a uniform plane source
distribution adequate for any but the most recently
deposited fall-out. Measured soil-depth distributions of
the significant y-emitters!®-*? indicate that an exponential
source distribution as a function of depth with a ‘relaxa-
tion length’ of 3 cm may be a reasonable model. Of
course, significant deviations from this average situation
would not be unexpected at some locations, particularly
where there has been substantial recent deposition.

Secondly, several radionuclides contribute to the
0-5-MeV peak (Table 1). Since the total y-dose rate per
unit 0-5-MeV flux depends on the decay scheme of the
nuclide or series of nuclides under consideration, the dose-
rate calibration of the 0-5-MeV peak area depends on the
reiative population of these nuclides, which in turn is a
function of the mean age of the fall-out. Since rhodium-
106 dominates the 0-5-MeV activity for fall-out more than
several months old and has an intermediate value for its
peak calibration factor, the use of the rhodium-106
poak calibration and the exponential source distribution
provides a reasonable ostimate for the dose contribution
of the 0-5-MeV emitters in most circumstances.

The peak calibration factors for the main fall-oat
y-emitters are given in Table 2, along with those for the
natural emitters. Part of the dose rate contribution of
ceesium-137 (0-66 MeV) would be included with that of
zirconium-95 (0-75 MeV), since the two peaks overlap in
our spectra, the 0-66-MeV peak generally being com-
pletely hidden by the larger 0-75 MeV peak. Other fall-out
y-emitters gonerally give only a very small proportion of
the dose rate.

The overall consistency of the two methods for determ-
ining the fall-out dose rates, obtained over a wide range
of natural y-fields, and the apparently high degree of
precision of individual total vy-dose-rate measurements
suggost that a standard deviation of about + 0-5 ur./h
would be appropriate for individual fall-out dose-rate
estimates. The individual natural dose-rate components
have standard deviations conservatively estimated at
+ 10 per cent; the total dose-rate values have somewhat
smaller deviations.

Since July 1962, a number of survey trips have been
undertaken to various parts of the United States. These
surveys have generally been motivated by an interest in
natural radiation-levels in certain areas (for example,

6
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Table 3. SUMMARY OF 1962-63 SURVEY RESULTS
No Dose-rate range (ur./h)

Survey area Date Loc. (naturaly) (fall-outy)
New York State
(1) South and west 8/63 35 5-7 34
(2} North 8/63 19 4-8 3-5
(3) New York City 5-9/62 3 5-10 3-5
5-0/63 3 7 4-5
Vermont 7/62 26 4-8 2-3
8/63 8 4-8 4-5
New Hampshire 7/62 39 6-15 2-3
5/83 5 6-8 3-b
9/63 10 6-15 3-5
South-eastern U.S.* 4/83 8 3-7 4-7
(1) South Carolina 4/63 6 3-10 4-7
(2) North Carolina 4/063 2 15-1¢9 2-4
Western U.S.
(1) Black Hills, 8.D. 10/62 6 68 2-5
10/63 4 6-3 3-4
(2) Seattle, Wash. 10/62 3 4 2
(3) Olympic Peninsula, Wash. 10/62 9 3-5 1-4
(4) San Francisco, Cal. 10/62 6 4-8 1-2
10/63 6 5-8 1
(5) Nevada—Utah 10/62 [ 5-9 1-4
10/63 3 5-9 2-8
(6) Denver—Colorado 10/62 9 9-14 2-3
Springs, Col. 10/63 10 8-15 1-2
Central U.S.t 10/62 15 74 3-6
10/63 11 -9 2-4

* Includes locations in Texas (2), Louisiana (1), Arkansas (1), Alabama (2),
Tennessee (1), and Georgia (1).

1 Includes locations in Wisconsin (1), Minnesota (1), Eastern South Dakota
(4), lilinois (4), Kansas (3) and Missouri (2).
near entrances from outside. Spiers® has observed dose
rate increases inside various structures during periods
of high fall-out deposition, although these were generally
of lesser amplitude than the corresponding outdoor
changes. It is evident that the effect of deposition of
fission products in the environment on indoor y-radiation
levels must be strongly dependent on the type of building
material, thickness of the walls, the number and size of
apertures in the walls (that is, doors and windows), the
location of rooms, the presence of other buildings nearby,
as well as the degree to which the fall-out is tracked
indoors. Spiers® has suggested applying a shielding factor
of about two to outdoor measurements as a means of
estimating an upper limit to the dose-rate contribution
of fall-out to general population exposure, this figure being
derived from ground-floor observations in houses. The
removal of artificial radioactivity from hard surfaces by
weathering processes plays a part in reducing the outdoor
exposure-lovel of the population, particularly in urban
areas where a large number of people see very little open
ground. It is probable that open field measurements
provide a substantial overestimate of the total exposure
of the population to fall-out y-radiation.

Table 3 presents a summary of the results obtained
during the 1962 and 1963 survey trips with respect to
both natural and fall-out y-levels. The dose-rate ranges
quoted generally include about 80-90 per cent of the
individual measurements at various locations in the
particular areas. The detailed data for individual loca-
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area were carried out after periods of very little rainfall.
The highest fall-out readings were observed during the
spring and summer of 1963, when levels of 4-6 ur./h were
found at a number of locations scattered throughout the
eastern states.

Beginning in May 1963, an effort was made to monitor
tho changes in fall-out y-levels in the New York City area
by repeated measurcments at several locations. Three
flat grassy areas in Westchester County, New York, were
chosen. separated by about 5 miles from one another.
The spectrometer readings indicated that the natural
y-dose rates at the three locations were all approximately
7 ur./h. The measured total y-dose rates were generally
slightly more than 12 pr./h until September. Our best
estimates for the fall-out y-levels at these sites are shown
in Fig. 2. These data provide strong evidence that open
field fall-out y-levels in the New York area remained
roughly constant at a high level (~ 5 pr./h) from at least
May until September 1963 and then decreased, roughly
exponentially with an apparent ‘half-life’ slightly longer
than that of *Zr-*Nb. This is consistent with the
evidence provided by the field spectra that **Zr—**Nb
has been contributing 60-80 per cent of the fall-out dose
rates during the periods of measurement.

During the 1962 survey trip to the Pacific coast, a
specific effort was undertaken to obtain measurements on
the northern part of the Olympic peninsula (Clallam Co.),
Washington. Over a distance of approximately 50 milos,
the mean annual rainfall varies by a factor of nearly ten
from east (Sequim) to west (Forks); under such conditions
one might expect a substantial variation in the fall-out
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determining the fall-out y-dose rate indicates that the
agsumptions involved in carrying out the peak method
of analysis are reasonable. Thus, practically all the
fall-out y-radiation during late 1962 and 1963 derived from
85Zr-%Nb, 19%¥Ru-12*Rh, 19¥Ru-1Rh, and *'Cs, with the
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95Zr-»Nb contributing 60-80 per cent of the fall-out dose-
rate. This is consistent with Gustafson’s results?? during
a comparable period in 1959, when more than 90 per cent
of the inferred fall-out y-dose rate at a location at Argonne
National Laboratory was found to be derived from these
isotopes. Peirson and Salmon?® obtained similar results at
several locations in Great Britain at about the same time.

The Health and Safety Laboratory has therefore devel-
oped techniquos for the accurate determination of environ-
mental y-dose rates and the partial dose-rate contributions
of the significant natural and fall-out emitters utilizing
high-pressuro ionization chamber and y-spectrometric
measurements directly in the field. These techniques
depend on reasonable assumptions as to the distributions
in the environment of the various radioisotopes and on
relatively unsophisticated procedures for interpreting the
spectral data.

Measurements at more than 200 sites in the United
States indicate that the open-field y-dose rates from
natural sources do not vary over a wide range from place
to place in this country, generally falling between 5 and
9 ur./h. In those areas where high natural levels (up to
20 pr./h) have been observed, high thorium and potassium
content of the soil is generally responsible. The relatively
small magnitude and narrow range of the observed dose-
rate contributions from the uranium series are interesting
results deserving of further study, and are probably
related to the leaching of uranium-238 and radium-226
from weathered material and the migration of free
radon-222 from the upper layers of the soil’s.

During the second half of 1962 and 1963 it was observed
that y-emitting fall-out in the environment had elevated
the y-background by a measurable amount at every loca-
tion and that increases of 50 per cent or more in the total
v-level appeared to be quite common over open ground.
The highest fall-out levels were observed, during the spring
and summer of 1963 ; the autumn 1963 readings were lower,
and generally comparable with those a year earlier in the
western States and in northern New England. A decline
in fall-out levels set in at the New York City area sites in
September of 1963 after at least four months of quite large
elevations above the normal background-levels. These
results are consistent with those of Burch et al.'* in Eng-
land between August 1962 and April 1963, who recorded
with an ionization chamber somewhat elevated readings
at one location during August—November 1962 and then
a jump to roughly 50 per cont above normal y-background
in November, which was maintained except for the effect
of snow cover until at least April 1963. There is also rough
agreement with Gustafson’s data?®, which seem to indicate
a rather steady increase in fission product dose rate at a
site at Argonne National Laboratory from 2 pr./h to
7 ur./h between September 1962 and July 1963 and then a

i2



data?®, which seem to indicate
fission product dose rate at o
Laboratory from 2 pr./h to
962 and July 1963 and then a

53 .

r

e . A., and Smith, A. R., in The Natural Radiation Environ-
" w%%b%%i.nb);\‘id:lms, J. A. 8., and Lowder, W. M. (Univ. Chicago
Press, 1964).

i V. v L-5967, 156 (1959).

1» Gustafson, P. F., Argonne Nad. Lab. Rep. AN L-5967,

20 Priend, J. P. (ed.), Defense At. Support Agency Rep. DASA-1300, Part 3,
Chap. 3 (1961).

13



-

# Telfair, D., and Luetzelschwab, J., Science, 138, 829 (1962), .

** Walton, A., J. Geophys. Res., 68, 1485 (1963).

 Lowder, W. M., Segall, A., and Condon, W. J., in The Natural Radiation
Environment, edit. by Adams, J. A. 8., and Lowder, W. M. (Unlv.
Chicago Press, 1964).

* Franke, T., Rajewsky, B., and Schraub, A., Atomprazis, 9, 219 (1063).

* Alexander, L. T., Meyer, M., Allen, J, S., and Hardy, E. P., Health and
Safety Lab, Rep. HASL-142, 325 (1964).

¢ Salter, L. P., Health and Safely Lab. Rep. HASL-140, 170 (1963).

7 Gustafson, P. F., Argonne Nal. Lab. Rep. ANIL—6049, 53 (1959).

* Gustafson, P. F. (private communication).

Printed in Great Britain by Fisher, Knight & Co.. Ltd., St. Albans

/4



