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ABSTRACT

In the present study, natural radioactivity (238U, 232Th and 40K) was measured in soils of selected schools of
Al-Mishkab district at Al-Najaf Governorate. These measurements were carried out by the use of NaI (TI)
detector, that has the dimensions of (3"× 3"). The results showed that the average specific activity for 238U
was found to lie in the range of 0.79±0.10 to 9.30±0.34 Bq/kg with an average value of 5.44±0.27 Bq/kg.
The values for 232Th was found to lie in the range of 0.77±0.06 to 8.43±0.10 Bq/kg with an average value
of 3.68±0.16 Bq/kg and the value for 40K was found to lie in the range of 73.51±1.0 to 246.28±1.83 Bq/kg
with an average of 159.89±1.415 Bq/kg. The resulted average radioactivity was compared with the average
values reported by UNSCEAR 2008 for 238U, 232Th and 40K which were  33, 45 and 420 Bq/kg, respectively,
so they were within the permissible limits. The average value of radium equivalent activity, absorbed dose
rate in air, external hazard index, internal hazard index, the annual effective dose (indoor and outdoor)
and excess life mite cancer risk were calculated. It was concluded that all the results of natural radioactivity
and radiological hazard in the present study were within the permissible limits.
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INTRODUCTION

Natural radioactivity is on a large scale in the
earth and exists in different geological formats
in each of the soil and rocks, plants and water,
food, air and building materials (Shultis and
Faw, 2016). So, the natural radioactivity of
environmental studies is essential not only for
the radiation impact, but has a great deal of
interest and significance in health physics line
(Knoll, 2010). Natural radionuclides existed in
soil emanates from the 238U series, 40K and
232Th, the concentration of these radionuclides
in soil was found to differ considerably from
one place to another (Thabayneh and Jazzar,
2012). The gamma radiation emanated from
natural radioactive isotopes, such as 226Ra and
232Th series and decomposition products, and
40K are found in trace levels in all
configurations. Land is the primary outer
source of radiation that human body receive,
(Spiers, 2013). Environmental radioactivity of
natural and related external exposure due to
gamma radiation relies basically on the local
geographical and geological conditions. The rate
of natural gamma dose of the ground is a
significant contributor to the dose that the
population of the world receives (Nasir et al.
2012). Natural radioactivity existed in the soil

measurement represents a great significance
to countless researchers all over the world,
which have resulted in series of worldwide
national surveys in the past two decades.
Measurement of natural radioactivity in the soil
is very essential to determine the magnitude
of change of the natural background activity
with time due or leak radioactive (Sroor et al.,
2001). There are many researchers who used
NaI (Tl) technical for different materials in Iraq
(Al-Hamidawi, 2014; Abojassim et al., 2015;
Abojassim et al., 2016a; Abojassim, 2017;
Salman et al., 2018; Abojassim, 2019). The
main purpose of this work was to evaluate the
concentration of the natural radioactivity in soil
samples from Al-Mishkab district at Al-Najaf
Governorate, Iraq as well as to assess the health
risks from background radiation through
evaluating the hazard index, absorbed dose
rate, radium equivalent activity, annual
effective dose equivalent and excess lifetime
cancer  risk.
Al-Mishkabis a district located in south of Najaf
Governorate in Iraq and its center is Al-Mishkab
city (Fig. 1). Al-Mishkab is an agricultural area
surrounded by extensive fields of shrubs and
palm groves and passes through the river Al-
Mishkab, a branch of the Euphrates river, 25
km long. Al-Mishkab is located within Najaf



Governorate 375 km square, 30 km south of
Najaf and 230 km south-west of the Iraqi capital
Baghdad, with latitudes 31,804 and longitudes
44,489 and a population density of 23,000.

MATERIALS  AND  METHODS

Measurement of specific activity was
conducted in the environmental laboratory
located in the Physics Department at Faculty
of Science, University of Kufa. Estimations
were carried out using NaI (Tl) gamma-ray
spectrometer. The measurements were
conducted in March 2019.  All soil samples
were collected from Ur residential complex, for
making the analysis : by drying and keeping
them moisture-free by placing them for 24 h
in an oven at 100°C. The samples were
crushed in mechanical way to reach a suitable
homogeneity in 1 L Marnelle beaker of
constant volume. The samples were packed
in it and left for 30 days to reach radioactive
equilibrium before measurement.
Radioactivity (gamma rays) measurements were
measured by gamma ray spectrometry (ORTEC
Part Number 931000), which was composed of

NaI (Tl) detector. The dimensions of crystal were
3"×3" supplied by (AlphaSpectra,Inc.-12I12/3),
coupled with a multi-channel analyzer (MCA;
ORTEC – Digi Base) with range of 4096 channel
connected with ADC (Analog to Digital
Convertor) through interface. The spectroscopic
measurements were analyzed by a computer
program titled (MAESTRO-32) software in the
PC in the laboratory.
The natural radioactivity of soil samples is
usually determined from 238U, 232Th and 40K
contents. In order to reduce the scattering
radiation from the radiation interactions in the
sample with shield, the sample was placed in
the middle of room shield for 30000 sec. in
accordance with radioactivity for each of 232Th,
40K and 238U using (EC and ORTEC) program.
The specific activity of 232Th and 238U was
determined from 208Tl (99% possibility) with the
gamma transition energy about 2614keV and
from 214Bi (15.96% possibility) with the gamma
transition energy 1764.49keV, respectively,
whereas by using the 1460keV gamma ray line
(11% possibility) determined activity of 40K
(Abojassim et al., 2016b). The  specific activities
in units of curies per kg were calculated using
the following equation (Al-Hamarneh and
Awadallah, 2009).

    N
A (Bq/kg)=––––––––––––––– ...(1)

       t × ε × I γ × m

Where, N is the net area under photo peak, (t)
is the counting time in sec., (Iγ) is gamma
emission probability, (m) is the sample weight
(kg) and ε is efficiency of the detector at
particular gamma energy.
Calculation of radiation hazard indices to
measure the radiation hazards depends on the
values of 40K, 238U and 232Th. The radiation
danger for all soil samples can be calculated
as absorbed dose rate (D), the radium
equivalent activity (Raeq), internal danger index
(Hin) and the external danger index (Hex) as :
The radium equivalent activity was calculated
as Abojassim and Rasheed (2019) :

Raeq. (Bq/kg)=ARa+1.43ATh+0.77Ak     ...(2)

An extensively used danger index, the external
danger index (Hex) and the internal danger index
(Hin) were calculated from the equations
(Ademola et al., 2014) :

Fig. 1. Area of study.
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          ARa      ATh AK
Hex = ––––––+––––––+–––––– ...(3)
          370      258    4810

          ARa       ATh       Ak
Hin = ––––––+––––––+–––––– ...(4)
         185      259    4810

Where, ARa, ATh and AK were the activities of
238U, 232Th and 40K in Bq/kg.
Absorbed Dose Rate (DR) : The measured
activities of 40K,238U and 232Th in soil samples
were used in calculation of the gamma-
absorbed dose rate in the air at 1 m over the
ground calculated (DR) rates by following
equation (Sleziak et al., 2010) :

DR (µGyh-1)=0.462 ARa+0.604ATh+0.042AK   ...(5)

To estimate the Annual effective dose rates,
from absorbed  dose  the conversion coefficient
in  air  to  effective dose (0.7 SvGy-1) the fraction
of  time spent indoors and outdoors was 0.2
and  0.8, respectively (Ademola et al., 2014).

Indoor (nSv) = Absorbed dose nGyh-1 × 8760 h
× 0.8 × 0.7 SvGy-1  ...(6)

Outdoor (nSv) = Absorbed dose nGyh-1× 8760
h × 0.2 × 0.7 SvGy-1       ...(7)

The representative level index Iγ of the soil was
used to estimate the level of gamma radiation
hazard associated with natural gamma emitters
in the soil. It was evaluated using the relation
given by UNSCEAR (UNSCEAR, 2008) :

I γ=AU/300(Bq/kg)+ATh/200(Bq/kg)+Ak/
3000(Bq/kg)       ...(8)

Where, AU, ATh and AK are the specific activities
(Bq/kg) of radium, thorium and potassium in
the soil samples, respectively.
Excess lifetime cancer risk (ELCR), which
depends on annual effective dose value, was
calculated for outdoor and indoor by following
equation (Qureshi et al., 2014) :

ELCR=E × LE × RE ...(9)

Where, E is annual effective dose generally, LE
is life expectancy (70 years ), whilst RF is fatal
risk factor in per Sievert and it was set at 0.05
per Sievert.

RESULTS  AND  DISCUSSION

The specific activity values of 238U, 232Th and
40K radionuclides with samples code are given
in Table 1. The average of specific activity for
238U, 232Th and 40K was 5.44±0.27, 3.68±0.16
and 159.89±1.415 Bq/kg, respectively. Table
2 shows the results of radiation hazard indices
in all samples of soil under study. From Table
2, it is found that the average value of Raeq is
21.567, while the average value of DR is 0.05
nGhy-1. But, the average values of Hex, Hin,
annual effective dose (indoor and outdoor) and
Iγ have been found 0.013, 0.054, 0.066 and
0.0775 mSvy-1 (2.30916), respectively.
Table 1. Results of specific activity in all samples of soil

under study

S. Sample Specific activity± S. D.  in  Bq/kg
No. code

238U 232Th 232K

1. A1 9.30±0.34 5.87±0.17 131.49±1.33
2. A2 2.17±0.16 4.34±0.14 145.79±1.41
3. A3 1.15±0.12 0.77±0.06 73.51±1.00
4. A4 3.49±0.21 1.80±0.09 95.29±1.14
5. A5 0.79±0.10 7.70±0.19 144.09±1.40
6. A6 2.02±0.16 2.54±0.11 86.90±1.08
7. A7 0.96±0.11 1.97±0.10 109.58±1.22
8. A8 3.02±0.19 5.00±0.15 183.49±1.58
9. A9 0.79±0.10 3.02±0.12 242.35±1.81

10. A10 2.02±0.16 2.12±0.10 206.92±1.67
11. A11 2.20±0.17 8.43±0.10 201.65±1.18
12. A12 3.02±0.19 5.09±0.20 250.47±1.84
13. A13 3.19±0.20 4.83±0.16 111.99±1.23
14. A14 6.84±0.29 4.87±0.15 176.22±8.62
15. A15 6.44±0.28 5.48±0.15 101.25±1.17
16. A16 3.49±0.21 4.39±0.16 208.76±1.68
17. A17 6.79±0.29 1.03±0.14 204.23±1.66
18. A18 5.30±0.26 4.64±0.15 246.28±1.83
19. A19 6.96±0.29 1.70±0.09 236.72±1.79
20. A20 1.32±0.13 1.80±0.09 226.07±1.75
Min. 0.79±0.10 0.77±0.06 73.51±1.00
Max. 9.30±0.34 8.43±0.10 246.28±1.83
Mean 5.44±0.27 3.68±0.16 159.89±1.415
Worldwide 33 45 412
average

The findings can be compared with the world
average activity concentrations which are 420,
32, and 45 Bqkg-1 for 40K, 238U and 232Th
respectively as reported by UNSCEAR
(UNSCEAR, 2008). The differences between
activities of the same nuclide are significant in
different samples for these values of specific
activities at schools under study due to
geochemical composition and origin of soil
kinds in these locations, which is sandy, and
clay soils. The radium equivalent activity value
is well and less the permissible limits of 370
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Bq/kg (OECD, 1979). Also, the absorbed dose
rate was less than the world average outdoor
exposure due to terrestrial gamma-ray (55 nG/
h), depending on the UNSCEAR (UNSCEAR,
2000).The calculated indoor, outdoor and total
of AEDE values are less than the corresponding
worldwide values of 0.42, 0.08 and 0.50 mSv/
y respectively (EC-European Commission,
1999). The external hazard index and the
internal exposure by radon were less than unity
according to the radiation protection report
(ICRP, 1994). Excess lifetime cancer risk of this
location is very low. According to these results,
the risk of cancer is negligible. The specific
activity of 238U, 232Th and 40K in soil samples
from the studied areas was compared with
those from similar investigations in other
countries and summary results were given in
Table (3).

The comparison showed that the values of soils
under consideration were extremely low
compared with others. It was found that the
mean values of 238U, 232Th and 40K in the present
study were lower than reported for soils of
Najaf, Tanzania and Missan, but 238U and 232Th
were found to be lower than that reported in
Kurdistan, Najaf, Tanzania, Babylon, Missan
and Wassit, where 40K was found to be lower
than reported for Najaf, Tanzania and Missan.
The comparison of 40K specific activity showed
that the values of this radionuclide in the soil
of Kurdistan, Babylon and Wassit were lower
than the present mean value. The variations
in the concentrations of the radioactivity in the
soil of the various locations of the world depend
upon the geological and geographical conditions
of the area and the extent of fertilizer applied
to the agricultural lands.

Table 2. Radiation hazard indices in all samples under study

S. Sample Raaq DR Indoor Outdoor Hex Hin (ELCR)
No. code (Bq/kg) (nGhy-1) (mSvy-1) (mSvy-1) × 10-3

1. A1 28.91 13.89 0.06 0.017 0.078 0.103 2.98297
2. A2 14.03 6.684 0.03 0.008 0.038 0.044 1.43462
3. A3 9.594 4.97 0.02 0.006 0.026 0.029 1.06672
4. A4 17.16 8.703 0.04 0.011 0.046 0.056 1.86776
5. A5 18.5 8.643 0.04 0.011 0.05 0.052 1.85493
6. A6 14.09 7.036 0.03 0.009 0.038 0.044 1.510004
7. A7 17.9 9.282 0.04 0.011 0.048 0.051 1.99206
8. A8 28.82 14.51 0.07 0.018 0.078 0.086 3.11486
9. A9 21.05 10.82 0.05 0.013 0.057 0.059 2.32226

10. A10 20.55 10.6 0.05 0.013 0.056 0.061 2.27549
11. A11 33.54 16.54 0.08 0.02 0.091 0.097 3.55167
12. A12 18.91 9.129 0.04 0.011 0.051 0.059 1.95923
13. A13 27.7 13.92 0.06 0.017 0.075 0.083 2.98749
14. A14 21.6 10.31 0.05 0.013 0.058 0.077 2.21268
15. A15 30.35 14.97 0.07 0.018 0.082 0.099 3.21473
16. A16 25.48 12.76 0.06 0.016 0.069 0.078 2.74055
17. A17 27.22 14.01 0.06 0.017 0.074 0.092 3.00765
18. A18 30.16 15.11 0.07 0.019 0.082 0.096 3.24357
19. A19 26.79 13.65 0.06 0.017 0.072 0.091 2.93036
20. A20 24.76 12.99 0.06 0.016 0.067 0.07 2.78905
Min. 9.594 4.97 0.02 0.006 0.026 0.029 1.06672
Max. 33.54 16.54 0.08 0.02 0.082 0.103 3.55167
Mean±S. D. 21.567 5.3825 0.05 0.013 0.054 0.066 2.30916
Worldwide average <370 55 0.41 0.07 <1 <1 -

Table 3. Comparison of activity concentration levels in different areas of the world

S. Country Average of specific Ref.
No. activity (Bq/kg)

238U 232Th 40K

1. Kurdistan (Iraq) 83.337 19.147 284.86 Yousuf and Abullah (2013)
2. Najaf (Iraq) 77.33 9.36 426.31 Gazaly et al. (2014)
3. Tanzania 37.3 51.1 874.9 Kimaro and Mohammed (2015)
4. Babylon (Iraq) 16.07 9.60 308.24 Abojassim et al. (2016c)
5. Missan (Iraq) 21.19 9.72 453.91 Jassim et al. (2016)
6. Wassit (Iraq) 19.42 18.48 204.26 Najam et al. (2017)
7. Present study 5.44 3.68 159.89 -
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CONCLUSION

The values of specific activity of 238U, 232Th and
40K in  soil samples of the studied area were
found to be lower than the world allowed
maximum values 33, 35 and 420 Bq/kg,
respectively, except the specific activity of 40K
where it was found to be higher in samples A9,
A18, A19  and A20. The values for the radium
equivalent activity (Raeq) turned to be within
the international average allowed maximum
value of 370 Bq/kg. This study could be of help
as a data base for radionuclide concentration
and radium equivalent activity. The value of
internal hazard was lower than the
international permissible value of unity. In
general terms, it can be concluded that the
implemented technique showed good results
when compared with other literature data. Also
it can be concluded that samples under study,
which have been analyzed, are safe for human
life because their radioactivity levels are less
than the maximum permitted level.
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