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Abstract—Background radionuclide concentrations in surface soil across the U.S. have
been measured by the Remedial Action Survey and Certification Activities Group of the
Health and Safety Research Division at Oak Ridge National Laboratory (ORNL). These
measurements have been made as part of the ORNL program of radiological surveillance
at inactive uranium mills and sites formerly utilized during Manhattan Engineer District
and early Atomic Energy Commission projects. The background soil sampling program
involved determination of **°Ra, ™?Th and *U concentrations in surface soil samples for
comparative purposes to determine the extent of contamination present at the survey
sites and surrounding off-site areas.

The sampling program to date has provided background information at 356 locations in
33 states. The nationwide average concentrations of **Ra, **Th and **U in surface soil
were determined to be 1.1, 0.98 and 1.0 pCi/g, respectively. This paper summarizes the
results of these background measurements and provides a brief analysis of regional
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differences and similarities in data values.

INTRODUCTION

IN 1974, THE Atomic Energy Commission
(AEC) initiated a study of 22 inactive
yranium mill sites in cooperation with the
Environmental Protection Agency (EPA) and
health authorities in the eight affected west-
ern states (DOE79; DOES1). This study
developed into the Uranium Mill Tailings
Remedial Action Program (UMTRAP), the
purpose of which has been to conduct an
engineering assessment of existing conditions
at these sites, determine the remedial action
required, develop plans and specifications for
implementing remedial action, perform the
necessary remedial action, verify the results
and release the sites for unrestricted or
limited use, as required. The Remedial Action
Survey and Certification Activities (RASCA)

*Research sponsored by the Environmental and
Safety Engineering Division, U.S. Department of
Energy, under Contract W-7405-ENG-26 with the
Union Carbide Corporation.

tNow with the Eberline Instrument Corporation,
Oak Ridge, TN.

Group of the Health and Safety Research
Division at Oak Ridge National Laboratory
(ORNL) provided radiological assessments of
each of the 22 sites for the Energy Research
and Development Administration [now the
Department of Energy (DOE)). To develop a
basis for a radiological assessment of the
impact that these sites had on their respective
locations, natural background radiation levels
in the affected western states were deter-
mined by ORNL.

In addition to the inactive mill locations,
over 150 sites (primarily in the eastern U.S))
were involved in research, processing, and
storage of radioactive ores and residues of
the uranium and thorium decay chains during
the early days of this country’s development
of nuclear energy. Work at these federally.
privately, and institutionally owned facilities
was directed by the Manhattan Engineer
District (MED) and later the AEC. As a result
of these activities, materials. equipment,
buildings and land at these sites became con-
taminated, primarily with naturally occurring
radionuclides from the uranium and thorium
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632 CONCENTRATIONS OF SELECTED RADIONUCLIDES IN SURFACE SOIL

decay chains (DOES80). Contracts for needed
services at each site were made and ter-
minated as required. However, at termina-
tion. the sites were to have been decon-
taminated according to guidelines then in use.
Most of these sites were decontaminated, but
since that time, many of the radiological
records have been lost. In addition, radiolo-
gical criteria for the unrestricted release of
these sites have become more stringent. A
DOE program was initiated in 1977 to iden-
tify all formerly utilized sites, characterize
their current radiological status, determine
the extent of remedial action (if necessary),
perform the required remedial measures. and
release the sites for unrestricted or limited
use, as appropriate. This program is called
the Formerly Utilized MED/AEC Sites
Remedial Action Program (FUSRAP). The
ORNL-RASCA Group has assumed a major
role in characterizing the current radiological
status of these sites. As with the inactive
uranium mill sites, background radiation
levels were determined in the surrounding
areas in order to understand the significance
of radiation levels present at FUSRAP sites.

The continuing background measurement
program at ORNL began in 197S. Since that
time, concentrations of **Ra, **Th and **U
in surface soil samples have been determined
at 356 locations in 33 states. This paper
summarizes the results of the measurement
program and provides a brief analysis of
regional differences and similarities in data
values.

METHODS

Soil sampling and radionuclide analysis
Background surface soil samples (top 6 cm
of soil) were collected and approx. 600 cm’ of
soil was placed in a plastic bag for each
sample. All samples were returned to ORNL.
where they were dried for 24 hr at 110°C and
then pulverized to a particle size no greater
than 500 um in diameter (~35 mesh). A 30-
cm’ aliquot of the pulverized sample was
then sent to the Anpalytical Chemistry
Division at ORNL for “*U concentration
analysis by neutron absorption techniques
(Dy62). This analysis involves irradiation of
the soil sample in the Oak Ridge Research

Reactor with subsequent counting of delayeq
neutrons in a high-efficiency BF. counter.
The sensitivity of this technique for U i
approx. 40 ppb (107° pCifg). with an error of
about =3% at the 95% confidence level. Other
aliquots from the pulverized sample were
transferred to plastic bottles. weighed. and
stored for approx. 30 days to allow buildup
of radon and radon daughters. These aliquots
were counted using a germanium lithium.
drifted (Ge(Li)] detector. and the spectrg
obtained analyzed for the “*Ra and Tk
concentrations using computer curve-fitting
techniques. The detector system is systema-
tically calibrated using soil standards pro-
vided by New Brunswick Laboratory. These
samples contain “‘certified’ concentrations of
38y and **Th (by weight), with associated
daughter concentrations calculated assuming
secular equilibrium. In identifying “*Ra, six
principal y-ray lines are analyzed. Most of
these are from the daughter product *“Bi and
correspond to 295, 352, 609, 1120, 1765 and
2204 keV. For analysis of **Th, seven v lines
of its daughters are analyzed (239, 338, 583,
795, 911, 969 and 2615 keV). With a 300-cm’
sample and a graded shield developed for use
with the system, it is possible to measure less
than 1 pCilg of *Th or ***Ra with an error of
+10% or less. The minimum detectable con-
centration (MDC) for the system, considering
the background of the counting system. is
generally about 0.3 pCi/g.

LOCATIONS OF STATE BACKGROUND SAMPLES

The locations of the background soil sam-
ples in the U.S. are shown in Fig. 1. From
this map. it is evident that these locations are
nonrandom and are positioned along major
highways. These locations were selected by
several considerations: (1) proximity to or
along a route to a site undergoing a radiolo-
gical survey: (2) accessibility (i.e. closeness
to highway): and (3) the degree to which the
location was undisturbed. Locations were
selected which appeared to have been un-
cultivated or at least fallow for a number of
years. At the present time 33 states have been
included in the sampling program. Those
states are as follows:
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Alabama Mississippi
Alaska Missouri
Arizona Nevada
Arkansas New Jersey
California New Mexico
Colorado New York
Delaware North Carolina
Florida Ohio

Georgia Oregon
Idaho Pennsylvania
Illinois Tennessee
Indiana Texas

Kansas Utah
Kentucky Virginia
Louisiana West Virginia
Maryland Wyoming.
Michigan

Additional sampling within these states, as
well as sampling in other states, will occur as
radiological surveys continue to be perform-
ed in conjunction with the FUSRAP and
UMTRAP programs.

RESULTS
Summaries of the state background soil
radionuclide concentrations and U.S.

averages are provided in Tables 1-3 for Ra,
2Th and 2*U concentrations, respectively.
Included in these tables are the number of
data entries for each state as well as the
range of values, the arithmetric mean and
S.D., and the geometric mean and S.D. The
geometric statistical analysis is included since
environmental samples are often represented
by a lognormal distribution. It should be
noted, however, that the geometric S.D. of
the mean is not an additive value, but rather
is multiplicative. Hence, for these data,
values of the geometric S.D. between one and
two indicate a ‘‘relatively” good fit to the
lognormal distribution. The geometric S.D.s
reported contain 68% of the frequency
values, and represent a lo bound. The
arithmetric S.D.s are reported as the 95%
confidence {(or 2¢) values. ‘

The number of sampling locations within
any particular state ranges from 1 (in Arkan-
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sas) to 33 (in Pennsylvania). Obviously, th,
characterization of the average backgmund
levels in each state is highly dependent upq,
the sample size, as well as the randomness of
the sample, neither of which could be cqp,
trolled adequately in this measurement prq.
gram. In addition, local variability in g
types and geologic conditions can result ip ,
wide range of “‘background” values for any
particular area. Therefore, use of the meay
state values for comparative purposes mus;
be exercised with caution, as the valyes
reported may not adequately characterize the
state as a whole. However, continued sam.
pling, as part of this program, will help to
further define both state and regional back.
ground levels.

The soil sample analysis resulted in esti.
mates of the mean values for *Ra, ®*Th, angd
38 concentrations in surface soil in each of
the surveyed states. Figures 2-4 depict the
distribution of the state averages, with a
strikingly similar pattern occurring for all
three radionuclides. This pattern groups the
states with lower concentrations generally in
the coastal regions, with the higher concen-
trations occurring in the continental interior
states. The state average 2*Ra concentration
in surface soil was found to vary from 0.65
pCi/lg (Alaska) to 1.5 pCi/lg (Kentucky,
Nevada, New Mexico and Ohio). Relative
arithmetic S.D.s ranged from 12 to 158% for
the state averages. Individual “Ra
measurements ranged from 0.23 to 4.2 pCi/g.
For ’Th, concentrations in individual sam-
ples were found from 0.10 to 3.4 pCi/g, with
the state averages ranging from 0.24 pCi/g
(Florida) to 1.6 pCi/g (Arkansas). Again, the
relative arithmetic S.D.s indicate the variabil-
ity of the sample concentrations and the
small sample size, with values of 12-173%.
State averages for U concentration in sur-
face soil vary from 0.58 pCi/g (Louisiana) to
1.6 pCi/g (Kentucky), with relative arithmetic
S.D.s from 8 to 183%. Individual samples
had U concentrations from 0.12 to
3.8 pCi/g. The average concentrations in the
U.S. for all three nuclides were 1.1, 0.98 and
1.0 pCilg for **Ra, “’Th and U, respec-
tively.



Table t. Summary of state background concentrations of **Ra in surface soil
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Arithmetic mean

Geometric mean

State Gomotes values  anostandaggand standsca
analyzed (oCi‘g) deviation® gevistion
(pLi/g) {pCi.g)
Alabama 8 0.47 - 1.4 0.82 ¢ 0.62 0.77:1.5
Alaska 6 0.33 - 0.92 0.65 £ 9.32 0.64:1.3
Arrzona 6 0.23 - 2.0 0.95 ¢« 1.5 0.70:2.4
Arkansas : : d 4
California 3 0.24 1.3 0.77 ¢ 1.0 0.62:2.4
Colorado 32 0.38 - 3.4 1.4 211 1.3:1.9
Delaware 2 1.1 - 1.2 1.2 2 0.14 1.2:1.1
Florida 11 0.25 - 2.3 0.84 ¢+ 1.2 0.67:2.0
Georgia 9 046 - 1.6 0.88 £ 0.77 0.81:1.6
{dano 12 2.64 1.6 1.1 ¢ 0.5} 1.1:1.3
11linois 7 085 - 1.2 0.37 ¢« 0.41 0.95:1.3
Indiana 2 1.0 - 1.1 I.t £0.07 1.1:1.1
Kansas 6 0.34 - 1.4 0.97 ¢ 0.8% 0.86:1.8
Kentucky 13 0.81 - 4.2 1.5 ¢ 1.7 1.4:1.5
touisiana 2 0.58 - 0.84 0.71 + 0.36 0.70:1.3
Maryland 6 .49 1.2 0.72 ¢+ 0.50 0.69:1.4
Michigan 10 043 -20 1.1 20.97 0.95:1.6
Mississippi 3 Q.77 1.6 1.2 £ 0.82 1.2:1.5%
Missouri 10 0.31 - 1.4 1.1 £0.61 1.0:1.6
Nevads 6 0.89 - 2.0 1.9 £ 0.72 1.5:1.3
New Jersey 24 0.2 - 1.4 0.87 £ 0.67 0.78:1.7
New Mexico 13 0.722 - 2.7 1.9 ¢ 1.1 1.5:1.4
New York 6 0.48 - 1.2 0.85 ¢ 0.51 0.81:1.4
North Carelina 8 0.48 - 1.2 0.78 £ 0.48 0.74:1.4
Onhio 12 g.81 - 2.5 1.9 ¢0.93 l1.4:1.4
Oregon 8 0.2¢ - 2.1 0.82 2 1.1 0.68:1.9
Pennsylvania 1 0.46 -~ 2.4 1.2 £ 0.75 1.1:1.4
Tennessee 10 0.65 -~ 1.4 1.1 £ 0.51 1.0:1.3
Texas 10 0.54 1.4 0.89 ¢ 0.54 0.85:1.4
Utah 32 0.93 - 1.9 1.3 2 0.74 1.2:1.4
Virginia 13 0.60 - 1.1 0.85 ¢ 0.38 0.83:1.3
West Virginia 11 0.78 ~ 1.6 1.3 £ 0.97 1.2:1.3
wWyoming 13 0.6% - 1.7 1.0 £ 0.99 1.0:1.3
Y. 5. Average 327 0.2 - 4.2 1.1 £ 0.48 1.0:1.6

FSummary of data contained in My8O for individual states.

bgtandard deviation of arithmetic mean is the 20 value.

“The geometric standard deviation is a multipiicative parameter to the geo-
metric mean containing 68% (lo) of the frequency values.

4
“No data on 3?%Ra concentration avaiiable for state.
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Table 2. Summary of state background concentrations of *“Th in surface soil

Numper of Range of Arithmetic mean Geometlric mean

e I - oy
analvzed {pCi/q) (pCi/g) (pCirq)
Alabama 8 0.36 - 1.5 0.77 £ 0.71 0.70 : 1.6
Altaska 7 0.19 - 2.3 0.87 ¢ 1.4 0.67 : 2.2
Arizona 6 0.20 - 1.3 0.63 ¢ 0.8) 0.52 : 2.0
Arkansas 1 1.6 16 167
California 3 0.30 - 0.76 0.54 ¢ 0.45 0.50 : 1.6
Colorado 20 0.10 - 3.1 1.3 ¢ 1.4 1.1 2.1
Delaware 2 1.2 [.2 20.04 l.Zf
Florida 10 0.12 - 0.%7 024 ¢£0.13 0.23 : 1.3
Georgia 0.28 - 3.4 1.1 ¢ 1.9 0.85: 2.1
[daho 13 0.42 - 1.9 1.2 £0.73 1.1 : 1.%
IMinois 8 0.49 - 1.2 0.96 ¢« 0.43 0.93 : 1.3
Indiana 1.1 - 1.2 1.2 £ 0.14 1.2 1.1
Kansas 4 0.32 - 1.6 1.3 ¢ 1.2 1.1 2.2
Kentucky 12 0.88 - 1.5 1.2 £0.39 1.2 1.2
Louisiana 2 0.60 - 0.72 0.66 ¢+ 0.17 0.66 : 1.1
Maryland 6 0.48 - 0.86 0.70 £ 0.28 0.69 : 1.2
Michigan 10 0.2¢ - 0.82 0.56 ¢ 0.35 0.3 : 1.%
Migsissippi 3 0.81 - 1.7 1.1 ¢ 0.50 1.1 : 1.5
Missouri 10 0.32 - 1.3 1.0 £ 0.56 0.95 : 1.5
Nevada 6 0.62 - 3.0 1.5 1.6 1.e ;17
New Jersey 23 0.31 - 1.5 0.90 ¢ 0.66 0.82 : 1.6
New Mexico 13 0.48 - 1.8 0.95 ¢t 0.73 0.89 : 1.5
New York 6 0.40 - 1.1 0.71 ¢ 0.52 0.67 : 1.5
North Carolina 8 0.42 - 1.5 0.92 ¢t 0.8) 0.83 : 1.6
Ohio 12 0.71 - 1.5 1.0 ¢t 0.50 1.0 : 1.3
Oregon 9 0.43 - 1.5 0.72 ¢ 0.66 0.66 : 1.9
Pennsylvania 33 0.38 - 1.7 1.1 ¢ 0.53 1.1 : 1.3
Tennessee 11 0.66 - 1.5 0.95 ¢ 0.50 0.92 : 1.3
Texas 10 0.40 - 1.1 0.73 ¢ 0.40 0.70 : 1.4
utan 28 0.20 - 2.3 1.1 £ 0.92 0.97 : 1.7
virginia 13 0.42 - 1.4 0.85 ¢t 0.47 0.83 : 1.4
wWest Virginia 11 1.1 - 1.6 1.4 £ 0.3% 1.3 1.2
wWyoming 12 0.59 - 1.8 1.1 £ 0.68 1.0 1.4
U. S. Average 331 0.10 - 3.4 0.98 ¢ 0.46 0.87 : 1.7

Jsummary of data contained in My80 for individual states.
bStandard deviation of arithmetic mean is the 20 value.

“The geometric standard deviation is a multiplicative parameter to the geo-
metric mean containing 68% (1o) of the frequency values.

"{Values for standard deviation cannot be computed.
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Tahle 3. Summary of state hackground concentrations of “"U in surface soil
el VR o e O
analyzes (pCilg) devlellon devxghon—
(pCi/q) (pCi/g)
Alabama 8 0.51 - 1.1 0.8% = 0.36 0.83: 1.3
Alaska 7 0.39 - 0.80 0.61 ¢ 0.30 0.61 : 1.3
Arizona 6 0.27 - 1.83 0.8 1.1 0.67 : 2.0
Arkansas 1 1.5 1.5 l.Sj
California 3 0.19 - 1.3 0.78 ¢ 1.1 0.59 : 2.7
Colorado 32 0.47 - 3.0 1.2 :0.91 1.2 : 1.4
Delaware 2 1.1 - 1.2 1.2 t0.10 1.2 : 1.0
florida 11 0.12 - 2.0 0.71¢£1.3 0.47 : 2.7
Georgia 9 0.48 - 1.6 0.85 ¢ 0.72 0.79 - 1.5
[dano 13 0.66 - 2.2 1.1 +0.88 1.1 : 1.4
Iiinois 8 0.64 - 1.4 1.1 ¢ 0.45 1.0 : 1.3
Ingiana 2 1Ll - 1.4 1.3 £0.3] 1.3 @ L1
Xansas 6 0.58 - 1.4 1.1 ¢ 0.60 1.0 : 1.4
Kentucky 13 1.1 - 3.8 1.6 ¢ 1.4 1.9 : 1.4
Louisiana 3 0.44 - 0.81 0.58 ¢t 0.40 0.56 : 1.4
Maryland 6 0.5 - 0.9 0.78 £ 0.30 0.77 : 1.2
Michigan 10 0.3¢ - 1.2 0.73 ¢t 0.55 0.68 : 1.5
Mississippi 3 0.69 - 1.7 i1 t1.1 0.98 : 1.6
Missouri 10 0.33 - 1.7 1.1 £0.73 0.99 : 1.6
Nevada 6 0.74 - 1.8 1.3 ¢ 0.6% 1.3 1.3
New Jersey 24 0.13 - 1.4 0.86 ¢+ 0.68 0.76 : 1.8
New Mexico 13 0.%53 - 1.5 1.1 £0.55 1.0 . 1.3
New York 6 0.76 - 1.2 0.95 ¢ 0.26 0.94 : 1.2
North Carolina 8 0.39 - 1.6 0.87 £ 0.7 0.81 - 1.5
Ohio 12 0.76 - 2.2 1.4 £ 0.79 1.3 : 1.4
Oregon 9 0.50 - 2.0 0.84 = 0.89 0.76 : 1.5
Pennsylvania n 0.41 - 1.9 1.2 £ 0.59 1.1 : 1.4
Tennessee 12 0.72 - 1.3 1.0 ¢ 0.39 1.0 12
Texas 10 0.48 - 1.5 0.82 ¢ 0.59 0.78 : 1.4
Utah 32 0.46 - 2.4 1.1 2 0.82 1.0.. 14
Virginia 13 0.68 - 1.3 0.99 ¢ 0.34 094 )2
wWest virginia 11 1.1 - 1.8 1.4 2 0.53 1.4 ;12
Wyom:ng 13 0.66 - 1.9 1.0 ¢ 0.63 0.97 .13
U. S. Average 3% 0.12 - 3.8 1.0 :0.83 0.96 : 1.6

ISummary of data contained in My80 for individual states

13 . - . . .
“Stangard deviation of arithmetic mean is the 2u value.

“ne jeometrtc standard deviation is a multiplicative parameter <> i=2 el
metric mean zontaining 538% (lu) of the frequency .aiues

value

s for geometric standard deviation Cannot De computed
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DISCUSSION

Isotopic distribution of radionuclides in soil

A common feature in many environmental
radiation measurement programs is the
determination of radionuclide distributions
and concentrations in surface soil. Data of
this type have been accumulated during
recent years by many investigators. This
large and varied data base has been sum-
marized by the United Nations Scientific
Committee on the Effects of Atomic Radia-
tion in a number of reports, most recently in
its UNSCEAR 1977 edition (UN77).

The natural radioactivity of soil depends
upon that of the parent rock as well as the
soll formation and transport process that
were involved. In the course of such rock
weathering and soil formation, chemical and
biochemical interactions influence the dis-
tribution patterns of uranium and thorium, as
well as all the radionuclides created by the
radioactive decay of these elements. Typical
uranium, thorium and radium contents of a
wide variety of soils in North America and
Europe are listed in Table 4. These observed
concentrations are a strong function of soil
type and soil horizon, with significant varia-
tion of soil radioactivity with location and
depth being common (Ba73). The values
obtained during the measurement program
presented in this paper compare favorably
with the literature values. The mean U.S.
concentrations for *Ra, 2*U and ®Th of 1.1,
0.98 and 1.0 pCi/g fall within the range of
observed values and are only slightly above
the tabulated world averages.

The relatively few simultaneous measure-
ments of the uranium and radium concen-
trations in soil indicate that radioactive equil-

Table 4. Background radionuclide concentrations in
surface soil-World averages

Radionuclide concentration

Radionuclide in soil (pCi/q)
Typical range World average
226, 0.43-1.98 0.79
238y 0.33-1.32 0.66
2327 0.22-1.31 0.65

aAdapted from NCRP76.

ibrium is roughly obtained in many soils, but
large deviations from equilibrium are also
observed due to the different geochemical
properties of uranium and radium compounds
(NCRP76). Departure from equilibrium
occurs even more readily for those U
daughters beyond ““Rn because of the escape
of gaseous radon from the soil matrix. The
correlation between the radium and uranium
concentration data presented in the previous
section was computed for 346 sampling loca-
tions where simultaneous measurements had
been made. The correlation coefficent for
these data was determined to be 0.77. in-
dicating good correlation, especially for field
measurements. The U.S. average concentra-
tions of radium and uranium showed a nearly
1: 1 correlation, signifying that at least on such
a gross level, radioactive equilibrium exists.

CONCLUSIONS

Based on the results to date of the ORNL
background measurement program, regional
differences in radionuclide concentrations
(**Ra, ®*U and ’Th) in surface soil are
evident. Radioactive equilibrium within the
uranium decay series was found to exist in
most soil samples analyzed, with a 1:1 cor-
relation between average 2*U and “*Ra con-
centrations for the country as a whole.

Additional soil sampling will be taken as
ORNL's participation in DOE's radiological
survey programs continues. These data will
help to further define both state and regional
natural background levels.
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