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NATURAL RADIOACTIVITY IN SOIL SAMPLES
FROM SELECTED AREAS IN NINEVEH GOVERNORATE, IRAQ

The activity distribution of natural radionuclides 232Th, ??°Ra, “°K and *3'Cs were determined in soil samples. The
samples were collected from four different regions in Nineveh governorate north-west of Iraq (Tall Kayf, Badush,
Al-Hamdaniya, Hammam Al-alil) and measured by the gamma-ray spectrometry with high purity germanium (HPGe)
detector with relative efficiency 50 %. The specific radioactive activity of the samples was in the range of 1.75 - 45.56,
8.63 -43.72, 147.92 - 502.49 and MDL - 69.32 Bqg/kg, respectively, at the selected areas. The calculated hazard indices
that estimate the potential radiological health risk such as radium equivalent activity (Raeq) were in the range 40.33 -
122.12 Bq/kg. The absorbed dose rate in the air was also calculated for the samples and it was in the range 20.51 -
56.72 nGy/h. External hazard index (Hex) is in the range 0.11 - 0.33, internal hazard index (Hi,) is in the range 0.13 - 0.4
and gamma index was 0.32 - 0.89. The annual effective dose equivalent (AEDE), annual gonadal dose equivalent
(AGDE), and excess lifetime cancer risk (ELCR) were also calculated and their ranges were 25.15 - 69.56, 151.63 -
396.05 and 0.09-103 - 0.24-10° respectively. This study showed that there is no radiation hazard to the public due to
natural radionuclides in the selected areas.

Keywords: activity concentrations, gamma-ray spectrometry, hazard indices, natural radioactivity, HPGe detector.

1. Introduction

Natural environment components such as soils,
rocks, plants, and water contain some of the natural
radioactive materials. Nearly 60 radioactive nuclides
have been identified, which contribute to radiation
doses received by humans and other mammies [1].
The most important of these radioactive isotopes are
from the 23U, 2°U and #2Th series and the “°K [2]. In
addition to the natural radioactive isotopes, artificial
radionuclides such as **Cs that results from the use
of nuclear applications in different areas cause an in-
crease in the radiation dose [3]. Modern scientific and
technological activities also contribute to radiation
levels in the environment. Therefore, the improper
use of the natural environment may cause an increase
in the rates of natural radioactivity [4, 5].

Humans are exposed to natural radiation activity
continuously and without intervention. It cannot be
controlled or reduced so it is important to study the
natural radiation activity and its impact on human
health. Gamma rays emitted from radionuclides rep-
resent the main external radiation source and known
as the background radiation [6]. It is represented at
different levels depending on the geological structure
of the area such as the surface of the earth, rocks,

water, plants and even the air and geographical con-
ditions of each region [7]. Therefore, the radioactive
levels have a different effect on human health [8, 9].

The monitoring and the measurement of natural ra-
dioactivity are crucial to ensure that the background
levels dose not exceeds the recommended limits. It is a
precautionary and necessary process to retain data as a
reference for subsequent measurements and to observe
possible changes in the radiological environment re-
sulting from nuclear, industrial activities and other
possible causes [10, 11]. These measurements and the
complete survey of the areas are of great importance in
the research fields and have an important role in the
radiation protection programs [12, 13].

The aim objective of the present work is to deter-
mine the specific activity concentrations of ?*Ra,
22Th, “K and *¥'Cs in surface soil samples in some
selected districts in Nineveh province in Iraq using the
gamma spectrometry with HPGe detector. The results
can serve as a database in the monitoring of any radio-
activity variation in the environment. It is very im-
portant to assess the health impact of radionuclides to
the human population, by calculation of radium equiv-
alent activity, absorbed gamma dose rate, external and
internal hazard indices, annual effective doses equiva-
lent (AEDE), annual gonadal dose equivalent
(AGDE), and excess lifetime cancer risk (ELCR).

© Jamal K. Alsaedi, Nada M. Hasan, Ali A. Abdulhasan, 2020

187


http://jnpae.kinr.kiev.ua/
https://doi.org/10.15407/jnpae2020.02.187
mailto:nada66_altai@yahoo.com

JAMAL K. ALSAEDI, NADA M. HASAN, ALI A. ABDULHASAN

2. Materials and methods

The study areas. Nineveh is located at 465 km
from Baghdad to the northwest of Irag. This study
was carried out for this area. Six samples from four
areas have been selected, these areas are (Tall Kayf,

Badush, Al-Hamdaniya, and Hammam Al-alil). The
coordinates are 36°29'22"N 43°7'9"E, 36°24'55.0"N
42°58'17.0"E, 35°35'17"N 42°43'6"E, 36°09'29.2"N
43°15'33.8"E in Tall Kayf, Badush, Hamdaniya, and
Hammam Al-alil respectively. Fig. 1 depicted the
four areas the samples were collected from.

Fig. 1. The areas where the samples were selected.

Samples preparation. Four regions were selected
from Nineveh governorate, and six samples were col-
lected from each region at 25 cm depth from the
ground surface. The samples were stamped, stored
and preserved for at least one month to allow the ra-
dioactive equilibrium among the daughter products of
222Ra, ?°Rn to decay their short-lived isotopes [14].
An electric agate mill was used to crush the samples
converting them to a fine powder with approximately
200 um particle size to obtain homogenize samples to
reduce the error due to the preparation of the samples.
The samples then were dried in an oven at a constant
temperature of 200 °C for 2 h to ensure the moisture
is removed from the samples. The weight of each
sample was fixed at 500 g using Marinelli beaker
model 533 N.

The measurement system. Gamma-ray spectro-
metry analysis of the soil samples for natural radio-
activity was carried out by using the HPGe detector
attached to the digital spectrum analyzer model
(DSA-2000) (Canberra Industries, USA). The system
was controlled via a personal computer through the
Ethernet. The data were collected and saved for fur-
ther analysis via the Genie-2000 software (Canberra
Industries, USA). The background radiation levels
were reduced by shielding the detector with lead
bricks. The energy resolution of the detector is
2.0 keV at the 1332 keV gamma emission of ®Co,
with a relative efficiency 50 %. The system was cali-
brated using standard radioactive sources **’Cs and
%Co with energies 661, 1172 and 1332 keV. The
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relative efficiency of the system was calibrated using
the area under the full energy peak from standard
Marinelli beaker calibration. The standard source
contains %*Am, *'Co, %°Co, ®sr, 8y, 1%°Cd, ¥Cs,
139Ce and 2®Hg. The linearity and the reliability of the
system were checked by measuring and analyses of
the standard source (MG651095), which contained a
mixed radionuclide of *Am, 1®Cd, ’Co, **Ce, 2®Hg,
13gp, gy, ¥'Cs, ¥y and *°Co with total activity
1.1 pCi. The comparison results between experimental
data and the certificate data proof that the HPGe unit is
reliable for such measurements. The collected samples
were placed over the detector and the measured dead
time was approximately 0.08 - 0.3 %. The counting
time was fixed at 7200 s for each sample.

The activity concentration of ?*°Ra was deter-
mined by measuring the energy peak 351.9 keV from
21%pph and 609.2 keV from #Bi. The activity concen-
tration of 2°Th was determined by measuring the
energy peak of 583.1 keV from 2%®Tl and 911.1 keV
from #8Ac. The activity concentration of “°K and
137Cs was determined using a single peak of 1460 and
661 keV respectively [15].

The concentration of natural radionuclide of 28U
series,®2Th series and “°K in four soil sample was
estimated using the following equation [16]:

A(%J:ZN—ZB.G, 1)
kg eff 1tm

where A — the active concentration; N — net peak area
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at corresponding energy; ~B.G — net peak area of B.G;
eff — the detectors’ efficiency; | — the absolute intensity;
t — the counting time; m — the weight of the sample.

Calculation of radiological effects.

Radium equivalent activity. The term radium
equivalent activity (Raeg) is used to the purpose of
uniform the distribution of radioactivity of radionu-
clides which is not uniform in soil. Total radiation
exposure represents the equivalent radiation activity
and it is calculated by the equation [17]:

Ra, [i’g] A, +143A +0077A,  (2)

where Agra, Ath, Ak are the specific activities concentra-
tion of *®Ra, #2Th, “K in Bg/kg. The highest allow-
able value of Raeq is 370 Bg/kg corresponding to the
annual dose of 1.5 mGy. This item is very useful to
determine the standards of radiation safety for the
public [13].

Radiation hazard indices. The external gamma ra-
diation dose is the external hazard index (He). It is
assumed that 370 Bg/kg of ?°Ra, 259 Bg/kg of ?Th
and 4810 Bg/kg of “°K produce the same gamma-ray
dose rate. The external hazard index was calculated
from equation [18]:

e AT

Normally, Hex should be <1. The maximum value
of Hex equal to unity corresponds to the upper limit of
Raeq (370 Bg/kg).

The internal exposure. Radon and its daughter
products are quantified as the internal hazard index
(Hin) which is given by the equation [19]:

A AL A @

n 185 259 4810

Normally, Hi, should be <1.
Gamma index. The gamma index (l,) for soil sam-
ples is calculated using the equation [20]:

O

The values of the hazard indices and gamma index
should be less than unity to keep the radiation hazard
to be negligible [21].

Gamma absorbed dose rate (D). The total air
absorbed dose rate in nGy/h at 1 m above the ground
surface due to the activity concentrations of **Ra,
22Th and “°K (Bg/kg) can be calculated using the
equation [22]:

D(”ﬁy) 0.462A, +0.621A, +0.041A . (6)

Annual effective dose equivalent (AEDE). The
AEDE in the air was calculated using the equation
[20]:

AEDE[“SVJ D(nGy] 8760 h -0. 7[SVJ .02-10°
yr h Gy
(7)
Annual gonadal dose equivalent (AGDE). Go-
nadal and bone marrow have a significant effect on
human life and genetic changes of living cells. There-
fore, to calculate the AGDE due to the radioactivity of
228Ra, #2Th, “0K is necessary to the population of the
study area using the equation [23]:

AGDE(“SVJ 3.09A, +4.18A, +0.314A . (8)
y

Excess lifetime cancer risk (ELCR). The probabi-
lity of cancer is determined by the indicators of
AEDE, life-span exposure 70 years (LS) and hazard
factor (HF) 0.05 Sv'. This index can be calculated
using this equation [24]:

ELCR = AEDE LS HF. 9)
3. Results and discussion

The activity concentration of the natural radionu-
clides of the ?*°Ra, #°Th, K and the artificially
occurring **Cs in four soil samples from Nineveh
governorate were calculated. The results are given in
Fig. 2 and Table 1. The activity concentration values
were in the range 8.63 - 43.72, 1.75 - 45.56 and
147.92 - 502.49 Bg/kg for **°Ra, #?Th and “°K re-
spectively. These radioactivity concentration values
obtained in this study are below the international
range of 11 - 64, 17 - 60 and 140 - 850 Bqg/kg for
282Th, 2Ra and “°K respectively. **'Cs does not exist
in natural radioactivity, but its existence is due to the
nuclear weapon tests conducted by several countries
in addition to the Chornobyl Nuclear Power Plant ac-
cident that occurred in April 1986 [25]. The artifi-
cially occurring *’Cs were in the range MDL - 69.32,
where MDL is the minimum detection limit; the mean
values of **'Cs are lower than the world’s average
values in all selected soil samples except
Al-Hamdaniya. The average as shown in Table 2
shows the activity concentration of ?°Ra, #2Th,*K,
and **¥Cs in soil samples compared with the other soil
samples in Iraq and other countries.
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Fig. 2. The average value of the concentration of activity and comparison with the global average.

Table 1. The activity concentration of the natural radionuclides of the 2Ra, 22Th, “°K, and **'Cs
in four soil samples from Nineveh governorate, Bg/kg

Sample code Code No. 2%Ra 22Th K 187Cs
S-1 13.42 + 0.61 2.91+0.11 395.64 + 20.63 8.73+0.53
S-2 8.63+0.41 1.75 £ 0.07 440.42 + 22.63 9.94 +0.62
S-3 12.94 + 0.62 3.11+0.15 502.49 + 26.61 8.25+0.51
Tall Kayf S-4 9.45+0.42 2.11+0.09 361.82 + 20.11 13.29+1.21
S-5 14,18 £ 0.81 1.91 +£0.09 453.79 + 22.89 12.43+1.11
S-6 12.32+0.71 2.15+0.09 445,82 +22.21 9.63+0.73
Range 8.63-14.18 1.75-3.11 361.82 - 502.49 8.25-13.29
Average 11.82 2.32 433.33 10.38
M-1 2216 £1.52 14,74+ 0.81 221.23+10.52 B.D.L.
M-2 17.87+1.21 24.31+1.24 218.65+10.31 B.D.L.
M-3 18.93 +1.07 23.53+1.56 147.92 +£7.85 B.D.L.
M-4 21.34+1.21 21.45+1.22 163.48 + 8.41 B.D.L.
Badush M5 2534+ 126 | 19.47+0.95 178.93+9.11 B.D.L.
M-5 12.64 +0.74 22.11+1.42 155.62 + 7.83 B.D.L.
Range 12.64 - 25.34 14,74 - 24.31 221.23 - 147.92 -
Average 19.7 20.93 180.97 —
R-1 20.61 +1.09 35.86 + 2,56 341.42 +17.65 B.D.L.
R-2 19.98 + 0.95 38.98 + 2.86 333.29+17.15 B.D.L.
R-3 2269+ 141 44.23 + 3.52 393.84 + 20.22 B.D.L.
dani R-4 25.36 £1.72 42.31 £ 3.26 325.63 + 16.84 B.D.L.
Hamdaniya R-5 2616=1.78 | 39.96=3.11 363.54 + 18.95 B.D.L.
R-6 27.04+£1.83 45.56 + 3.87 388.73 +20.13 B.D.L.
Range 19.98 - 27.04 35.86 - 45.56 341.42 - 393.84 —
Average 23.64 41.15 357.74 —
N-1 36.63 +£2.96 2.21 308.45 + 15.73 62.44 +1.31
N-2 3241 +2.62 1.28 294.51 + 15.63 62.83 + 1.52
N-3 40.51+3.11 1.97 236.61 +12.94 69.43 + 2.37
Hammam Al-alil N-4 43.72 +£3.51 1.53 240.53 + 13.52 69.32 +3.11
N-5 39.94 +3.11 2.14 265.47 +£13.73 65.34 +1.84
N-6 39.23 +3.11 1.57 270.6 £ 14.41 65.14 + 1.83
Range 32.41 - 43.72 1.28-2.21 236.61 - 308.45 62.44 - 69.32
Average 38.744 1.78 269.36 65.75
B.D.L. — Below detection limits.
Table 2. Activity concentrations of 232Th, ?%Ra, and “°K measured in lraq
and compared with surrounding countries, Bg/kg
Country 22Th 226Ra K B¥7Cs Ref.
Egypt 12.53+£0091 - 6.98 £0.51 - 383.90+27.95 - 0.36+0.03 - [26]
32.81+£2.39 26.01 = 1.89 71198 +51.83 9.73+0.71
27.3+0.5- 30.5+0.6- 328.0+4.6 -
Iran 571+ 1.1 45.4+0.9 768.5 = 13.4 08-7.43 [27]
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Continuation of Table 2

Country 232Th 26Ra 0K B¥7Cs Ref.
0.8+0.1- 7.5+0.5- 13.6+1.5- 0-
Qatar 7.6+02 633+32 1795+9.1 37403 [28]
T 74+1.0- 108+13- 98+ 13-
Saudi Arabia 214429 253+3.4 320 + 44 08-31 [29]
Vermen 19.00  0.48 - 17.6+0.88 - 1105+ 5525 - B (301
112.4 £ 5.62 76.36 + 1.64 555.18 + 18.41
Turkey 95+06- 79+08- 1578+ 897 - 0- (31]
170.8 £ 10.2 79.8+9.1 320.7 + 105.2 1543 £ 4.7
Syria 1843 +5 222+9 247 £ 100 - [32]
Gordon 6.3-855 18-764 84 -516.7 - [33]
Najaf 5.94+0.76 - 1928 +3.91- 22349 + 11.46 - ~ (34]
14.29+0.76 1118.16 + 23.13 655.25 + 34.99
723+27- 921+30- BD.L.- BD.L.-

Baghdad 16.40 + 4.0 20.20 + 4.4 104.26 + 37.3 6.32+25 [35]
Present work 1.79-41.15 11.82-38.74 180.97 - 433.30 B.D.L. -71.32 -
World’s range 11- 64 17 - 60 140 - 850 - [36]
World’s average 30 35 400 51 [31]

Calculated assessment of radiation hazards in this
work are shown in Table 3. Owing to activity concen-
tration of 2*Th, ?°Ra and *°K, presents Raeq natural ra-
dionuclides from all sites varies in the range 40.33 -
122.12 Ba/kg which is much less than the threshold
value of 370 Bg/kg. External and internal radiation

hazard indices (Hex, Hin) and gamma index (1I,) are 0.11

Table 3. Radium equivalent (Raeq), external hazard index (Hex), internal hazard index (Hin),

- 0.33, 0.13 - 0.4 and 0.32 - 0.89 respectively. Mean
value of air absorbed gamma radiation dose rate (D)
and AEDE are 20.51 - 56.72 nGy/h and 25.15 - 69.56
uSv/y respectively. AGDE and ELCR were also calcu-
lated and their range are 151.63 - 396.05 uSv/y and
0.09-10- 0.24-107 respectively.

gamma Index (ly), gamma absorbed dose rate (D), annual effective dose equivalent (AEDE),
annual gonadal dose equivalent (AGDE), excess lifetime cancer risk (ELCR)

Sample code Code No. g qa/elgi;] Hex Hin Iy nCI-D3}/h AP\LEB/I}E/ A},\lg\[f)/s ELCR

S-1 48.04 0.13 | 0.16 | 0.38 24.23 29.71 177.86 0.10-10°3

S-2 45.04 0.12 | 0.14 | 0.36 23.13 28.37 172.27 0.10-10°°

S-3 56.08 0.15 | 0.18 | 0.45 28.51 34.96 210.76 0.12:10°3

S-4 40.33 0.11 | 0.13 | 0.32 20.51 25.15 151.63 0.09-10°°

Tall Kayf S-5 51.85 0.14 | 0.18 | 0.42 26.34 32.31 194.29 0.11-10°°
S-6 49.71 0.13 | 0.16 | 0.40 25.30 31.03 187.01 0.11-10°3

min. 40.33 0.11 | 0.13 | 0.32 20.51 25.15 151.63 0.09-10°°

max. 56.08 0.15 | 0.18 | 0.45 28.51 34.96 210.76 0.12-10°3

ave. 4851 0.13 | 0.16 | 0.39 24.67 30.26 182.30 0.10-10°®

M-1 60.27 0.16 | 0.22 | 0.44 28.46 34.90 199.55 0.12-10°°

M-2 69.47 0.19 | 0.23 | 0.51 32.31 39.63 225.49 0.14-10°°

M-3 63.97 0.17 | 0.22 | 0.46 29.42 36.08 203.29 0.13-10°°

M-4 64.60 0.17 | 0.23 | 0.46 29.88 36.64 206.93 0.13-10°°

Badush M-5 66.96 0.18 | 0.25 | 0.48 31.13 38.18 215.86 0.13-10°®
M-6 56.24 0.15 | 0.18 | 041 25.95 31.82 180.34 0.11-10°°

min. 56.24 0.15 | 0.18 | 041 25.95 31.82 180.34 0.11-10°°

max. 69.47 0.19 | 0.25 | 0.51 32.31 39.63 225.49 0.14-10°°

ave. 63.58 0.17 | 0.22 | 0.46 29.52 36.21 205.24 0.13-10°°

R-1 98.18 0.26 | 0.32 | 0.72 45.79 56.15 320.78 0.19-10°®

R-2 101.38 | 0.27 | 0.33 | 0.74 47.10 57.76 329.32 0.20-10°°

R-3 116.26 | 0.31 | 0.37 | 0.85 54.10 66.34 378.65 0.23-10°°

R-4 110.93 | 0.29 | 0.37 | 0.81 51.34 62.96 357.46 0.22-10°°

Hamdaniya R-5 111.29 0.30 | 0.37 | 0.81 51.81 63.53 362.02 0.22:10°3
R-6 122.12 0.33 | 0.40 | 0.89 56.72 69.56 396.05 0.24-10°°

min. 98.18 0.26 | 0.32 | 0.72 45.79 56.15 320.78 0.19-10°°

max. 122.12 033 | 04 | 0.89 56.72 69.56 396.05 0.24-10°3

ave. 110.02 0.29 | 0.36 | 0.80 51.14 62.71 357.38 0.22-10°°
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Continuation of Table 3

Sample code Code No. gqielgiq Hex | Hin Iy nGDy h A;\E?/I; A;SS/E ELCR
N-1 63.54 0.17 | 0.27 | 0.47 30.94 37.95 219.27 0.13-10°
N-2 56.92 0.15 | 0.24 | 042 27.84 34.14 197.97 0.12:10°
N-3 61.54 0.16 | 0.27 | 0.45 29.64 36.35 207.70 0.13-10°
N-4 64.43 0.17 | 0.29 | 0.47 31.01 38.03 217.01 0.13-10°
Hammam Al-alil N-5 63.44 0.17 | 0.28 | 0.46 30.66 37.61 215.71 0.13-10°
N-6 62.31 0.19 | 0.27 | 0.46 30.19 37.03 212.75 0.13-10°
min. 56.92 0.15 | 0.24 | 042 27.84 34.14 197.97 0.12:10°
max. 64.43 0.19 | 0.29 | 0.47 31.01 38.03 219.27 0.13-10°
ave. 62.03 0.17 | 0.27 | 045 30.04 36.85 211.73 0.13-10°
67® 270®
World’s average 370@ | <1® | <1® | <1@ 55 70@ <300 0.29-103@®

@ Ref. 36.
® Calculated.

4., Conclusions

The measurement of radioactivity in the environ-
ment is of great importance to monitor and control the
levels of radiation to which man is exposed directly
or indirectly. Humans are affected by the environ-
mental radioactivity and ionizing radiation from the
air. Hazard indices have been calculated to assess the
potential radiological health risk in soil. The activity
concentration of 22Th,?*Ra, “°K and *'Cs in Bg/kg
in soil sample in Nineveh showed that the levels are
relatively low and uniformly distributed in soil
except for the *¥’Cs activity concentrations in one
place which are higher than the global limit. This can
be attributed to the Chornobyl Nuclear Power Plant
accident and the atmospheric nuclear weapon tests

conducted by several countries. The Raeq is less than
the acceptable limit 370 Bg/kg. The average absorbed
dose rate value also less than the acceptable limit of
55 nG/h. The Hex, Hin and I, of soil samples were less
than unity. It was concluded that no harmful radiation
effects may pose to the population who live in the
study areas. The repeating of similar studies periodi-
cally to conduct measurements of natural and artifi-
cial radioactivity resulting from nuclear accidents is
very important in terms of monitoring the area of
human health.

The authors would like to acknowledge the sup-
port of the Iragi Ministry of Science and Technology
in supporting this work.
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MPUPOJHA PATIOAKTUBHICTDL 3PA3KIB IPYHTY
Y BUBPAHUX PATIOHAX ITPOBIHIIII HIHEBIS, IPAK

AKTHBHICTb TIpHPOAHUX pamionykiigis 22Th, 22Ra, 4K ta ¥’Cs Oyna Bu3HaueHa 3a JOMOMOIOK raMMa-CIEKTPO-

MeTpii y 3pa3kax IPYHTY 3 YOTHPBHOX perioHiB y mposinuii HineBis Ha miBHiuHOMY 3axoni Ipaky (Tall Kayf, Badush,
Al-Hamdaniya, Hammam Al-alil). BukopucroByBascs aeTektop i3 repmanio Bucokoi yucrotd (HPGe) 3 BigHOCHOO
edextuBHicTiO 50 %. [TuTOMa paioakTUBHICTH 3pa3KiB 3HaxouIacs B Mexax 1,75 - 45,56, 8,63 - 43,72, 147,92 - 502,49
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JAMAL K. ALSAEDI, NADA M. HASAN, ALI A. ABDULHASAN

1 MDL - 69,32 Bx/kr BiamoBinHO, HAa BUOpaHUX AinssHKaX. OOUYUCIIeH] iHAEKCH MOTSHITIHHUX PaioNOTIYHIX PU3UKIB IS
3II0POB’s; EKBIBAJIEHTHA aKTUBHICTH pajito (Raeq) 3Haxoamnacs B mexxax 40,33 - 122,12 br/kr. [HTEHCHUBHICTD TOTJIMHE-
HOT JT03H B TIOBITPI TAKOXK OyJjIa po3paxoBaHa Juis 3pa3KiB; BoHa Oyna B Mexkax 20,51 - 56,72 ul'p/rox. IHaeKC 30BHIITHBOTO
pusuky (Hex) 3HaxoauThbest B gianaszowni 0,11 - 0,33, ingexc BHyTpitmaboro pusuky (Hin) — y Mexax 0,13 - 0,4, a ramma-
innexc — 0,32 - 0,89. Takox Oyno po3paxoBaHO piuHy ekBiBaieHTHY edektuBHy n03y (AEDE), piunuii exBiBajeHT
ronaanoi 1o3u (AGDE) ta nagnmvmkoswii pusuk paky (ELCR); ixni gianazonu cranosmwin 25,15 - 69,56, 151,63 - 396,05
ta 0,09-1072 - 0,24-1073 BignosigHo. J{aHe HOCIiIKEHHS IIOKA3aII0, IO pagialiiiHoi HeOe3MeKH Ul HACEIECHHS, 3yMOBJIE-
HOI IPUPOJHUMH PATIOHYKITiJaMU B 00paHUX paliOHaxX, HE iCHYE.

Kniouosi cnosa: KOHIEHTpAIlisl aKTHBHOCTI, TaMMa-CIIEKTPOMETPisl, 1HAEKCH PU3UKY, MPUPOIHA PaTiOaKTUBHICTD,
nerekrop HPGe.
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ECTECTBEHHAS PAJHOAKTUBHOCTD OBPA3IIOB I'PYHTA
B BbIBGPAHHBIX PANOHAX ITPOBMHIIMY HUHEBUSI, UPAK

AKTHBHOCTb MPMPOHBIX PaJMOHYKIMI0B 2°2Th, 226Ra, 4°K u *¥’Cs Obuia ompeseneHa ¢ IOMOIBIO raMMa-CIEKTPO-
MeTpHHu B 00pa3liax MoYBbI M3 YETHIPEX PETHOHOB B NMpoBHHIMK HuHeBHs Ha ceBepo-3anane Mpaka (Tall Kayf, Badush,
Al-Hamdaniya, Hammam Al-alil). Hcmons3oBaincst aetektop u3 repMmanust Bsicokoi urctotsl (HPGe) ¢ oTHOCHTENBHOM
a¢¢extuBHOCTRIO 50 %. YIenbHas paguoaKTUBHOCTH 00pa3lloB HAaXOAWIack B mpexaenax 1,75 - 45,56, 8,63 - 43,72,
147,92 - 502,49 u MDL - 69,32 BK/KT COOTBETCTBEHHO, Ha BEIOPAHHBIX yYaCTKaX. BRIUMCICHBI HHIEKCHI ITIOTCHIUATEHBIX
paIUOIOTHYECKUX PUCKOB JUISl 3[I0POBBSI; SKBHBAJIECHTHAs aKTUBHOCTH panus (Raeq) Haxommmace B mpenenax 40,33 -
122,12 Bx/kr. IHTEeHCHBHOCTD TOTJIOIIEHHOM 03Bl B BO3AyX€e TakXke ObLTa paccynTaHa Ui 00pas3IoB; OHa ObLIa B TIpe-
nemax 20,51 - 56,72 ul'p/a. Uanekc BHemHero pucka (Hex) Haxomures B quamazone 0,11 - 0,33, wHIEKC BHYTpEHHETO
pucka (Hin) — B npenenax 0,13 - 0,4, a ramma-unnexc — 0,32 - 0,89. Takxke ObUta paccunTaHa ro0Basi SKBUBAJICHTHAS
a¢¢exruBHas no3a (AEDE), ronoBoii sxBuBanenT roHagHon 1036l (AGDE) u u36srTounsnii puck paka (ELCR); ux qma-
Ma30HBI COCTABILLIHN 25,15 - 69,56, 151,63 - 396,05 1 0,09-107 - 0,24-10° cooTBeTCTBEHHO. JJaHHOE HCCICIOBAHUE TIO-
Ka3aJi0, 4TO PaJUaIlHOHHON OMACHOCTH ISl HACEJICHHS, O0YCIIOBIICHHON MPUPOIHBIMU PaTHOHYKIIUAAMHU B BRIOPAHHBIX
paiioHax, He CYILIECTBYET.

Kiouesvie crosa’ KOHIEHTpAIMs aKTHBHOCTH, TaMMa-CIIEKTPOMETPHSI, HHICKCHI PHCKA, €CTECTBEHHAS PaIHOAKTHB-
HOCTb, netektop HPGe.
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