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ABSTRACT

The objective of the present study was to investigate the natural isotopes in soil of Salah Aldeen
Governorate, 200 km north Baghdad, Iraq and the possible contamination from **Cs and depleted
uranium (DU). High-resolution gamma spectrometric system with a relative efficiency of 50% was
employed for the measurement of ??Th, ?Ra, “°K, and **'Cs activity in the soil samples. The ratio
25U/*8U was calculated to indicate the presence of DU and possible contamination. In general, all
values of the natural isotopes are within the range of normal expectation found in soils. Activity
concentration of “°K exhibited higher values in the range 200 to 400 Bq/kg although these values
seem lower than values reported in soils of other countries. Although the magnitudes of “*’Cs
concentration were low as compared with natural isotopes, the range value was very wide. Based on
25U/%8U ratio, it is evident that the investigated soil samples were none contaminated with depleted

uranium.

Keywords: Soil, Natural Radioisotopes, **'Cs, Depleted Uranium.

INTRODUCTION

The primary radioactive elements in the earth’s crust
are uranium, thorium, potassium, radium, and their
radioactive decay products or derivatives (NSC, 2005).
Natural uranium consists of a mixture of three radioactive
isotopes which are identified by the mass numbers: **®U
(99.2836% by mass), *U (0.711%) and **U (0.0054%).
These radionuclides have very long half-lives of 4.5 x10°,
7 x 10% and 2.5 x 10° years, respectively. In surface soils,
its concentration ranges from 0.1 to 20 mg/kg with a
world average value of 2.8 mg/kg (UN SCEAR, 2000).
Al three isotopes are radioactive and produce decay
products upon radioactive  disintegration.  The
concentration of thorium in earth’s crust is between 1.1-
10.0 ppm (Bikit et al., 2005). This corresponds to
maximum activity concentration of 39.4 Bqg/kg.

Potassium is the seventh most abundant element in
the crust of the earth (NSC, 2005). Potassium-40 is a
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radioactive isotope of potassium, which has a very long
half-life of 1.248x10° years. It is an important
radionuclide in terms of the dose associated with
naturally occurring radionuclides and comprises a very
small fraction (about 0.012%) of naturally occurring
potassium (ANL, 2005).

Contamination of the environment can occur from a
variety of sources of radionuclides, including radiation
accidents and recently the use of depleted uranium in
military conventional weapons. Cesium-137 in the
environment came from a variety of sources. The largest
single source was fallout from atmospheric nuclear
weapons tests in the 1950s and 1960s, which dispersed
and deposited **¥'Cs worldwide (Mabit et al, 2002).
However much of the *’Cs from testing has now
decayed. The accident at the Chernobyl nuclear power
plant in 1986 has resulted in atmospheric deposition of
long-lived radiocesium (**Cs) with half-life of 30.2 years
over vast areas of Europe (Anspaugh et al. 1988). Areas
further away from Chernobyl were also affected by
relatively high levels of deposition due mostly to rainfall
as the radioactive cloud passed over these areas (De Cort
et al., 1998). Cesium is very soluble in water, but also is
readily adsorbed by clay minerals (Cremers et al., 1988)
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and becomes irreversibly fixed to clay minerals over time
(Absalom et al., 1995). Once **Cs reaches the soil
surface, it is strongly and quickly adsorbed by the fine
soil particles and is essentially nonexchangeable in most
environments (Ritchie, 2004). Therefore, there may be a
risk for ecosystems, agro-systems and health.

The depleted uranium (DU) ammunitions were
heavily used in the southern region of Iraq during war
times of 1991 (Robicheau, 1999) and in many locations
during 2003 (Bem and Bou-Rabee, 2004). The concern
should be manifest not only at the southern region, but
also across the country where there have been huge
contaminated scraps moved from battlefields to other
places.

Soil is a valuable environmental monitoring medium
because it can accumulate contaminants that have been
introduced from many sources. Hence, soil sampling and
analysis evaluates long-term contamination trends and
monitors environmental radionuclide inventories (DOE
1991). The objective of the present study is to monitor
natural radioactive isotopes and possible contamination
from radioactive isotopes in soil of Salah Alden
Governorate, Iraqg.

MATERIALS AND METHODS

Study Site and Sampling of soils:

The investigated area was at Salah Aldeen
Governorate, 200 km north Baghdad, Iragq with
coordinates of 34° 32 latitude and 43° 28 longitude and
elevation of 129.5 m. Soils are arid and semi-arid, which
have low water content under natural conditions for the
growth of crop. Farming is possible only if land is
irrigated. The major source of irrigation water is the
Tigris river. The physiographic units are Tigris Flood
Plain in the north part of the Governorate (e.g., Shirgat
and Baiji) with secondary gypsum to gypsiferous
alluvium and River Teraces in the south (e.g., Sammara)
(Buringh, 1960). Therefore, Soil conditions differ in
different localities, due to diverse processes of soail
formation in terms of clay content, type of dominated
clay mineral, and the content of gypsum. Accordingly,
the content of natural isotopes and the behavoir of
deposited radionuclides will be different.

Sampling of soils was carried out to cover different
locations of the Governorate including all towns and
districts starting from the north, Shirgat and Baiji down
Tikrit, and far in the south Balad and Al-Fares. Fifteen

soil samples were taken from different locations (Fig. 1).
Table 1 presents the locations of soil samples. Each soil
sample represents a cube of 90 cm x 90 cm and 5 cm
deep. The soil samples were then air dried and screened
through a 2.00 mm sieve.

Measuring of radioactivity (gamma ray spectrometry):

High-resolution gamma spectrometric system with a
relative efficiency of 50% and a resolution of 2.2 keV at
the 1.17 and 1.33 MeV was employed for the
measurement of the 22Th, ?*Ra, U, “K, and *¥Cs
activity in the soil samples. The efficiency of the detector
is defined as the ratio between the numbers of out pulses
to the number of incident y-ray photons (Allen, 1981).

Where,
= efficiency of the Germanium detector.
>N = total measured area under peak.
t = time of measurement.
I = relative intensity of energy from radioactive source.

For estimation of detector efficiency, Europium-152
standard source of multi energies (121.8 to 1409.1 keV)
was placed in Marinelli Beaker. The efficiency was 0.98
for the energy 121.8 keV, 0.72 for the energy 444.6 keV,
and 0.24 for the energy 1409.1 keV.

This system was used for measuring energy spectrum
of the emitted gamma rays in the energy range between
50 keV and 2000 keV. The gamma spectroscopy system
consists of a pure germanium (HPGe) detector connected
to a multi-channel analyzer through amplifier (Ministry
of Science and Technology, Baghdad, Iraq).

Energy calibration was accomplished using standard
sources with known peaks energy. We used “°K with
energy of 1460 keV, ®Co with energy of 1332-1173 keV,
and "¥'Cs with energy of 661 keV (Fig. 2). There was a
linear relation between energy source and channel
position. For estimation background in working zone, the
spectrum of y-ray for empty Marnelly beaker was
calculated (Muhammed et al., 2012). The following
equation was used to get an estimate of specific activity
of certain isotope:

Where,
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Sp.A = specific activity.
CR = count rate (counts/s).
BG = background.

Eff = percent of system efficiency for a specified energy.
m = soil mass (1 kg)
The measurement time for each soil sample was

| = percent of energy intensity. 7200s.
| = the absolute transition probability of y- decay
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Fig. 1. Location map of soil sampling at Salah Aldeen Governorate.

Table 1. Locations for soil sampling at Salah Aldeen Governorate

(from North to South or South East).

Sample
No.

Location

S1

Shirkat city center

S2

Baije city

S3

Baije city near electricity office (EO)

S4

Al Boajeel Tikrit city

S5

Al Quads army from Tikrit

S6

Al Door city collection residential near stadium

S7

Al Door city games town

S8

Ragah Sammara city

S9

Intersection Alfalojah/Sammara city

S10

Al Efraz from Sammara

S11

Al Jebereh from Sammara

S12

Al Door city center

S13

Region of Al Dloaeh Balad

S14

Al Eshagee, Balad near EO

S15

Al Dejail city near midway
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Fig. 2. Spectrum of the “°K, ®°Co, and **Cs for energy calibration system of measurement.

Estimation of the ratio 2°U/?®U in soil:

In the absence of DU in soil samples (nhatural non-
contaminated soil), the ratio of 2°U/28U (UR) will be
(UNEP, 2000):

(0.72009%/99.2745%) = 0.00725

However, in a mixture of natural U and DU with DU
defined as U = 0.35%, the ratio of 2U/*®U was
calculated using the following Eq. (UNEP, 2000),

3

where,
UR = 235U/238U
x = the part of DU in soil sample in mg.
Eq.1 was used to calculate UR in soil samples based on

the followings:

A xis the ratio of DU in mg/*®U in mg, and

A ?U in mg estimated from **Ra activity divided
by 12.4 (to convert radioactivity in Bg to mass in mg),
and

A DU in mg equals to: radioactivity of ***U for the
soil sample - reading of background reference sample.
The reference sample is undisturbed soil sample taken
from uncontaminated area.

RESULTS AND DISCUSSION
Statistical parameters of isotopes specific activity:

The specific activity for “°Ra isotopes at 182 keV
was equivalent to specific activity of 28U and for *®Ac

isotopes at 911 keV was equivalent to specific activity for
22Th (Eisenbud and Gesell, 1997). Specific activity of
the natural isotopes (**Ac, 2°U, ?*Ra, and “°K) and **Cs
for the 15 locations at Salah Al-Deen Governorate is
presented in Table 2. Statistical parameters (mean,
maximum, and minimum) for the six isotopes are also
given. The mean values of specific activity were 15.83
(*®Ac), 45.67 (**U), 56.28 (**Ra), 323.61 (*K), and
4.43 (%'Cs) Bg/kg. The range values (maximum —
minimum) were low for ?®*Ac increased for both **U and
%Ra and reached the highest for “°K. In general, all
values of the natural isotopes are within the range of
normal expectation found in soils. Karadeniz and Yaprak
(2011) reported close values in forest soils of West
Anatolia in the range 14-51 for **Ra, 17-79 for *°Th,
and 308-879 Bq/kg for “°K. Therefore, uranium as a
natural component of the human environment is likely to
be present in trace amounts in environmental components
(Brenda, 2004). It occurs in soils in typical concentrations
of a few parts per million and decays into other
radioactive elements (Stegnar, and Benedik, 2001). Also,
uranium occurs together with its radioactive decay
products in numerous minerals such as pitchblende,
uraninite or carnotite and also found in higher
concentrations 50-300 mg/kg (ppm) in phosphate rocks,
lignite or monazite sands (UN SCEAR 2000). On the
other hand, the reported values for “°K are much less than
values reported by researchers worldwide. In this respect,
Holmgen et al. (1993) reported values nearly 5474 Bg/kg
for K in soil of the USA and this value is not high
enough to be hazardous.
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Although the magnitudes of **'Cs concentration are
low as compared with natural isotopes, the range value
was very high (Table 2). For instance, the specific
activity in soil of Baije City (S1) was 12.2 decreased to
1.04 Bg/kg in soil of Sherkat City (S3). Aslani et al.,
(2003) reported close values in the range 2.81-20.75
Bqg/kg for **'Cs in soils of Buyuk Menderes basin in
Turkey in 1997-1998. Since the distribution of fallout
B37Cs generated from 1960s nuclear tests and Chernobyl
accident in 1986 is assumed to be uniform on soil surface,
the variability of radioactivity concentration observed in
soil samples is affected by many site specific factors
including soil type, rainfall, drainage, terrain, vegetation
and local activities and conditions. Furthermore, local
meteorological conditions can have significant impact on
the fallout deposition and transport in a given area.

However, these values are still within the acceptable
limit and no contamination had occurred. In this regards,
Moscovitch et al. (1994) reported values between 2.4 to
35 Bag/kg for the 0-5 cm depth as an estimates of potential
37Cs concentration in soils by latitude from 0 to 80 N and

to 80 S. These values are typically compared to baseline
estimates of 137Cs concentrations world-wide. Much
higher values on **Cs in the range 20-82 Bag/kg were
reported by Karadeniz and Yaprak (2011) in forest soils
of West Anatolia, Turkey 16 years after the Chernobyl
accident.

Spectral analysis of gamma radiation measured by
HPGe detector for only two selected soil samples are
given in Fig. 3 (Sample 5, Al Quads army from Tikrit and
Sample 15, Al Dejail city near midway). In general,
nearly the same spectrum was observed for the
investigated 15 soil samples. The difference was in
magnitude of energy peaks for ?*Pa, **’Cs, and “°K. The
spectrum given is a natural-gamma energy spectrum,
which is caused by the decay of uranium, thorium, and
potassium-40, along with anthropogenic radioactive
isotopes “3'Cs. Natural gamma rays are emitted by
isotopes that are the natural products (daughter products)
of the uranium decay series, the thorium decay series, and
potassium-40 (Pritchard, 2004).

Table 2. Statistical parameters of specific activity of radioactive isotopes measured
in soil samples of Salah Aldeen Governorate.

Position 28 5 o* 235 Specifi Ig;(é:;tty (Ba/kg) a0 E7
mean 15.83 45.67 56.28 323.61 4.43
max 20.5 71.53 66.35 403.7 12.2
min 10.7 22.12 33.13 209.8 1.04

st. dev. 3.09 17.62 9.18 68.57 3.22

+ Equivalent to **?Th,
++ Equivalent to 2°U.
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Fig. 3. Gamma spectral analysis of soil samples for Site 5(S5) and Site 15 (S15).

Pattern of activity concentration of natural isotopes
for Sites:

Specific activity of natural isotopes “®Ac, ?°Ra, 2°U,
and “K in soils of the 15 Sites, Salah Aldeen
Governorate is presented in Figure 4. Magnitudes of
activity concentration were different with the lowest for
8¢ and the highest for “°K. Since *Ac and **°Ra are
decay daughters products, the specific activity of the
former is equivalent to 22Th and the later to ***U (Knoll,
1979). For specific activity of *®Ac, values fluctuated
within 10.7 to 20.5 Bg/kg soil with the minimum in Site 5
(Al Quads army from Tikrit) and the maximum in Site 7

(Al Door city games town) and Site 8 (Ragah Samara
city). With the exception of Sites 2 and 4, which showed
the lowest specific activity (less than 30 Bg/kg), values of
Ra for most Sites, were nearly 60 Bg/kg. Unlike “®Ac
and ?*Ra, the activity concentration of **U was
fluctuated among Sites with Sites 6, 7, and 8 exhibited
the highest values. On the other hand, activity
concentration of “°K exhibited higher values in the range
209.8 to 403.7 Bg/kg although these values seem lower
than values reported in soils of other countries (Holmgen
et al., 1993; Karadeniz and Yaprak, 2011).
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Activity concentration of *¥Cs

Specific activity of *'Cs for the 15 Sites is given in
Figure 5. Although the magnitude of values was low
(nearly 1 to 12 Bqg/kg soil), the variation among Sites was
high. That stems from the fact that **’Cs radionuclides
have been introduced to the environment (land surface)
mainly after the Chenobyl accident and the expected
change in soil due to human activities was behind the
great variation in '*'Cs concentration. The uniform
distribution of *¥'Cs on soil surface is expected probably
few years after deposition. However, the long time past
1986 Chernoby accident would change pattern of **Cs
redistribution in surface soil samples.

Based on the slope of regression line relationg the
activity concentration of *’Cs in Bg/kg to Sites location
starting from north, it is observed a slight decrease in the
concentration toward samples of the south (Fig. 5). This

behavior may be explained on the basis that the rate of
deposition of fallout radionuclides would decrease toward
the south.

Ratio of *°U/?®U (UR) in soil samples

Table 3 presents values of the ratio UR in the 15 soil
samples. The values ranged from 0.00662 to 0.00722
with most samples exhibited values close to the highest
ratio (no contamination with DU). It is indicated that with
zero concentration of DU in sample, the UR reaches
0.00720 and 1/UR equals to 139 (UNEP, 2000). Also, the
presence of 0.1 mg DU in soil resulted in UR of 0.00688
and 1/UR of 145. However, most samples given in Table
3 were greater than the ratio 0.00688 and corresponding
to 1/UR less than 145. Therefore, based on these data, it
is evident that the investigated soil samples were none
contaminated with depleted uranium.

Table 3. Values of the ratio UR in soil samples.

Sites UR = #u/®y 1/JUR
s1 0.00687 146
S2
S3 0.00715 140
S4
S5 0.00686 146
S6 0.00700 143
S7
S8 0.00705 142
S9 0.00722 139
S10 0.00662 151
S11 0.00702 142
S12 0.00712 140
S13 0.00672 149
S14 0.00710 141
S15 0.00707 141
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