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Abstract

In this study, the amounts of activity concentrations of naturally
occurring in 10 soil samples of the Tigris river and surrounding areas
collected from deferent city of Baghdad have been investigated.
Tigris river is an important water source for irrigation and drinking in
Irag. This study was done during 2018 in Protection Center of the
Iragi Ministry of Health and Environment using a high purity
germanium detector. The resolution of (HPGe) at 2keV and 30%
efficiency. The results of soil sample obtained showed that the
effective activity concentration of “°K are ranged from 181.4 Bg/kg
in sample S6 to 286.4 Bg/kg in S7. For Raeq values are ranged from 6
Bg/m® in sample S5 to 17 Bg/m® in sample S3. The obtained data
revealed that the mean specific activity for *Ra, ??Ac and “k in
these samples were less than World average. The artificial
radionuclide represented by **'Cs was observed in some samples and
vary from minimum value of detector <MDA to 7.5Bq/kg in sample
S9 with an average value 3.842857 Bg/kg. Area around the site may
attributed to the nuclear activities of this site or may be due to the
nuclear accident (Chernobyl Catastrophe) which have been spread
throughout a large area of the world including the samples locations
were collecting.
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Introduction

Human has always been exposed to
ionizing radiation because of the
multiplicity of its sources as found in
the soil that we walk up on, the air we
breathe, the water we drink, the food
we eat and the building that we occupy
[1]. Natural occurring radionuclide's
are widespread in the earth’s
environment and it exists in all of
them, e.g. geological formations in
soil, water, air, rocks and plants. In
world average, 85 % of the annual total
radiation dose of any person comes
from natural radionuclide of both
terrestrial and cosmogenic origin.
Natural radioactivity arises mainly
from primordial radionuclide’s, such as
K and the radionuclide's from U
and 2*2Th series, which occur at trace
levels in all ground formations [2]. So,
radiation is all around us, it naturally
exists in our environment and it has
been since the birth of our planet.
Exposure to ionizing radiation is
generally considered undesirable at all
level because even a small amount of a
radiation substance may produce a
damaging biological effects and that
ingested and inhaled radiation can be a
serious health risk. The radiological
impact is due to the gamma-ray
exposure of the body and irradiation of
lung tissue from inhalation of radon
and its daughters. The *®U and #Th
series and “°K isotope, have very long
half-life up to 10 vyears, include
gamma energies greater than 1.022
MeV which is the threshold of pair
production  (electron-positron) [3].
Also, from the view point of biological
effect of radiation protecting, United
Nations Scientific Committee on the
Effects of  Atomic Radiation
established that the world mean dose
from natural radiation sources of
normal area is estimated to be 2.4
mSv/y while for all man-made is about
0.8 mSvly [4]. The objective of the
present study is to measure the
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radioactivity concentration and
gamma-ray absorbed dose of the
naturall occurring  radionuclides
(**°Ra, series and “°K) and man-
made radionuclide (**Cs) in the soil
samples from the Tigris river In
Baghdad Province using gamma-ray
spectrometry.

%ZTh

Materials and method
1-Study area

This study was carried out in
Baghdad province which is located
along the Tigers River and in the
center of Irag. The samples were
collected from several sites at 10 sites
at Karrada, Bab Al-Sharqgi, Al-
Kadhimiya, Al-Dawra and Medical
City of Baghdad province. On the
other hand, the samples were taken
during January to March 2018 was
taken up to almost one kilogram. Then
these samples are left 30 days to
reach aquarium. The samples were
taken from the bank and from inside
river. Table 1 demonstrates the sites of
which testing samples were collected
from Baghdad city. The measurement
were carried out at the Radiation
Protection Center of the Iraqi Ministry
of Health and Environment in 2018
using high purity germanium detector.

2- Sample collection and treatment
The samples soils preparation
depends on type of samples under
investigation, clay, dye and max soils
sampled cleaning and make one piece
with area about by placing each sample
in an oven for drying at temperature of
110 °C for one hour until complete
removal of any residual moisture and
ensuring that a constant weight was
reached. Then, the dried samples were
pulverized into a fine powder and
passed through a standard 1 mm mesh
size. The homogenized samples were
filled into 1L Marinelli beakers to
measure the radioactivity by HPGe.
All samples were weighed using a fine
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balance + 0.01g error. For all samples,
1kg of sample mass was used and
stored for at least one month prior to
measurements in order to attain
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radioactive secular equilibrium
between “*Ra and “®Ac and their
short-lived progeny.

Table 1: The local soil samples taken from Tigris river —Bagdad.

Sample No Sample Location of sample
S1 bank Karrada
S2 bank Bab Al-Sharqi
S3 bank Kadhimiya
S4 bank Al-dawra
S5 clay Bab Al-Sharqi
S6 clay Karrada
S7 clay Kadhimiya
S8 clay Al-Dawra
S9 Bank Medical City

S10 clay Medical City

Theoretical concepts
Determining of hazard Indices in soil
one important index that may be using
to investigate the risk by metals of
presenting the exterior exposing and
named the exterior risk index using the
following Equation [5]
ARa , ATh Ak
Hex = 370 + 259 ' 4810

(1)

where Ag,, At and Ay are activation
of *"Ra, 2271 and “°K. On the other
hand, the interior risk index H;, that
exposing to radon and written by
following Equation [6]

_ Ara | Amn | Ax

Hi, = 2
Mmoo 185 * 259 * 4810 @

The representative level index Iyr used
to estimate the level of gamma-
radiation hazard associated with the
natural radionuclides in  specific

Raeq(Bq/kg = Ag, + 1.43Aqy, + 0.077A)

The published maximal admissible
(permissible) Ra.qis 370 Bq/kg [9,
10].

Due to gamma radiations in air at 1m
above the ground surface for the
uniform separation of the naturally
occurring radionuclide's (**Ra, #*2Th
and “°K) were calculated based on
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investigated samples is defined from

the following equation [7].
_ ARa 4 Arth | Ak

v ="T50 100 1500 . @

2-The specific activity A of radiation

could be written by following

Equation [8]

R 4
B eV orM )

where A is the specific activity of the
radionuclide in (Bq/kg ) or in (Bq/1),
Cg is the count of net peak area per
second at energy gamma ray, M is the
mass soil sample in kg, V is the
volume of the sample in L, B. is the the
transition probability of gamma-decay
at energy and &, is the detector
efficiency atenergy [8]. On the other
hand ,the estimation of of ?*?Ra, ®**Th
and “°K the risk that connect with, and
substance named Radium equivalent
activity in (Bg/kg) and given by

()

guidelines provided by (UNSCEAR,
2000) and the effective doses rate
D(nGy/h) are evaluated using
following Equation [11]

D(nGy/h = 0.462Ag,) + 0.621A7,
+ 0.0417 A, (6)
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Annual  effective  dose, annual
radionuclide intakes and yearly
influential effective doses of Sv/y had
been counted for Indoor effective dose
Indoor effective dose is calculated
using the fallowing equation [12]
Eieq(mSv/y) = D(nGy/h * 8760h
0.8 % 0.7Sv/Gy * 107°)) (7)
Outdoor effective dose is calculated
using the fallowing equation [13]

Eoeq (mSv/y) = D(nGy/h = 8760h
0.2 % 0.7) Sv/Gy * 107° (8)

Results and discussion

Tigris river were rich natural area
for soil as well as of mix soil
surrounding from every side of rivers
clay and sediment. The radiological
calculations for all soil samples that’s
collection from rivers, inside and bank
rivers in cities at Al- Karrada, Bab Al-
Sharqi, Kadhimiya, Al-Dawra and
Medical City of Baghdad province are
presented in Table 2. The radiological
calculation including the measurement
of the concentration activity (***Th,
B¥7cs, 28y “°K). Also calculated the
hazard index (H.4 and H;,), the gamma
radio hazard index (I,), the radium
equivalent hazard index (Ra.q) and the
annual effective doses rate D for all
soil samples. Tablel shows the
radiological calculated corresponding
to the effective activation
concentration (Bg/kg). The activity
concentration for “°K are ranged from
181.4 Bg/kg in sample S6 to 286.4
Bg/kg in S7 with an overall average
about 239.96Bg/kg. While the activity
concentration of 2?Th series are
ranged from 7 Bg/kg in S4 to 21.8
Bg/kg in sample S7 with an overall
average about 13.46Bg/kg. And the
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activity concentration of 22U series are
ranged from 7.6 Bg/kg in S6 to 16
Bg/kg in sample S7 with an overall
average about 29.45Bq/kg, and are the
activity concentration of *'Cs are
ranged from 0.4 Bg/kg in S2 to 7.5
Bg/kg in S8 sample. According to the
UNSCEAR report 2000, the worldwide
specific activity of U, %2Th and °K
in soil. The results in this work were
compared to the worldwide population
mean  specific  activity of the
radionuclides %°Ra, %**Th and “°K in
soil of 50, 50 and 500Bq/kg
respectively, (UNSCEAR, 1993). The
overall results for the investigated
samples are lower than the accepted
values. All results are presented in
Tablel. The artificial radionuclide
represented by **'Cs was observed in
some samples and vary from <MDA to
7.5Bg/kg in sample S9 with an average
value 3.843 Bqg/kg. area around the
berms of site may attributed to the
nuclear activities of this site or may be
due to the nuclear accident (Chernobyl
accident) which have been spread
throughout a large area of the world
including the samples locations were
collecting [10]. The important indices
for calculating the different soil sample
such that were estimated to known
how can effective on human health.
The most important effective index is
hazard index (H;,) that estimation
using Eg.(2) and we show from
Table 2 the 0.151 mSv/y was minimum
values that calculated in S1 sample and
the maximum value was 0.342 mSv/y
in S9 sample, whereas the overall
average value was 0.261 mSv/y as
shown in Figs. 1-3.
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Table 2: Results data of radiological testing for soil samples.

Th
Sample U/Ra Balkg Ba/kg K40 | Cs137 | Raw | D | o | Eff,, Effo |
- 3 ex in w
No Ra-226 2Pf4 AC-228 Pb-212 Ba/kg Ba/kg | Bg/m® [ (nGy/h) (mSvly) (mSvly)
s1 1329 9+0.8 219 213 | 10+14 | 219 2+13 - 116 | 2086 |0.116 | 0.151 0.102 0256 | 0.325
S2 | 16.4%21 | 126422 | 232498 8207 232408 | 04201 | 116 | 2334 |0130| 0175 | 0.114 0.286 | 0.362
3344
s3 10.8£1.9 | 251.5+10.6 | 12.4+0.7 | 251.5+10.6 - 17 | 3070 |o0.172]| 0.262 0.151 0377 | 0.468
sS4 81221 | 98406 | 226#124 | 106209 | 226+12.4 - 125 | 2809 |0.158 | 0.242 0.138 0.345 | 0.427
25.8%3.6
S5 14.6£0.8 | 273.8+24.9 | 15.6+15 | 27384249 | 62405 | 6 3588 |0.205| 0274 | 0.176 0.440 | 0557
32.2.2+4
S6 76£06 | 18144202 | 8+l | 18144202 | 38204 | 9 3039 | 0.174 | 0.261 0.149 0373 | 0.464
35.0+4.1
s7 16£0.8 | 286.4425.4 | 13.4+1.4 | 28644254 | 5405 | 116 | 4174 |0239 | 0334 | 0.205 0512 | 0.644
S8 3301 | aea12 | 25074107 | 15221 | 25074107 | 75205 | 16 | 3481 |o0.198 | 0.287 0.171 0.427 | 0534
41.3%5.3
s9 15.6£12 | 2514239 | 13.7¢16 | 2514239 | 28207 | 116 | 4023 |0.230 | 0.342 0.197 0493 | 0615
33.624.1
510 114407 | 226.6422.6 | 8.4+05 | 22664226 | 08+0.2 | 116 | 3367 |0192| 0283 | 0.165 0413 | 0515
Average 3197 | 0.181 | 0.261 0.157 0392 | 1.167
World 75 043 | 057 0.37 009 | 0941
average
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W Ra-226
W Ac-228

Ss1 S2 S3 sS4 S5 S6 S7 S8 S99 S10

Fig. 1: Activity concentration A of radiation for, *°Ra and **Ac, soil sample.
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Fig. 2: Activity concentration of “°K in soil sample.
Cs-137
W Cs-137
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Fig.3: Activity concentration A of radiation for **'Cs at soil sample.
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Fig. 4 shows that the Radium
equivalent activity and the effective
doses rate at soil sample are large for
both samples S9 and S7 and lowering

Vol.16, No.38, PP. 147-154

for sample S1. The radiological hazard
parameters of absorbed dose Dy,
annual effective (AEDE) as shown in
Fig. 5.

Ra-226

W Ra-226

S1 S2 S3

S4

S5 S6 S7 S8 S9

Fig.4: Radium equivalent activity in (Bg/kg) at soil samples.
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Fig. 5: The effective doses rate D(nGy/h) at soil sample.

Conclusion
Radium equivalent activities (Raeq),
external hazard index (Hex) and the
internal hazard (Hin) for all samples
found to be below than average
worldwide.
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