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Abstract

This work was directed towards finding out the natural radioactivity and effective dose due to
ingestion of frozen chicken samples that are created regionally and foreign from outside Iraq
taking in account different age groups. The samples were collected from markets in Al-Najaf
city. This food analyzed in the laboratory using gamma spectrometer. The average of specific
activity of 40K, 226Ra and 232Th of the samples under study were found to be 65.40+11.14 Bq/
kg, 4.53+0.89 Bq/kg and 0.87+0.19 Bq/kg respectively. These results were less than the worldwide
vary for 40K, 226Ra and 232Th in food according to UNSEAR 2000 that it's four hundred Bq/kg,
thirty Bq/kg and thirty two Bq/kg, respectively. While the average total value of annual effective
dose for persons eating these samples in different age groups (infant, children and adult) were
112.25+16.98 nSv/y, 165.32+28.00 nSv/y and 93.65+15.25 respectively. The average of the annual
effective dose found to be below the limit of (1.0 mSv/y) that is the value that suggested by the
International Commission on radiological Protection. In general, it is complete that foodstuffs
that were analyzed are safe for human consumption as a result of their natural radioactivity

levels are under the utmost permissible level.
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Introduction

Radioactivity is found in all foodstuffs. Recent reports
have made the general public aware of this and most of
people do not understand radioactivity and risk [1]. Every
type of food has some a small percentage of radioactivities.
Some common radionuclides in food are potassium-40,
uranium-238 and Thourium-232 [2]. In global scale,
radionuclides in food are coming from the fallout that
included in biosphere. These radionuclides found in
soil, plants and water, contaminate the environment.
Transference occurs among the three primary components:
vegetation, soil and water [3]. Radioactivity can enter the
body through ingestion, inhalation, absorption or injection
of the food and nutrients. It may be ingested as the result of
ingestion plants and animals or drinking water. Following
a major contamination incident, all potential pathways of
internal exposure should be considered [4]. The food taken
by animal can be contaminated by the deposit of natural
radioactive materials falling on that from the air or through
rain water. When radioactive substances in the plume are
deposited on plants, soil or water, it possible then those
they enter food chain. To illustrate, plants and animals
surface could be contaminated by tissue contamination
after either inhalation or after the ingestion of radiologically
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contaminated nutrients. In turn, this tissue contamination
will be reduced throughout time [5]. The aim of the present
work was to identify the activity levels of different samples
of frozen chicken, a part of national food in Iraq, since the
primary factors contributing to the Effective dose is due to
ingestion in human organs might be contaminated by this
type of food. Therefore determining baseline intake levels
in food the use of a diet, giving a radionuclide control is
an important means of protection. For this purpose the
maximum and least activity measurements have been
made in frozen chicken.

Collection and Preparation of Samples

The samples consisted of ten of frozen chicken samples
were collected from various local market in Al-Najaf city,
Iraq. Frozen chicken samples were divided into groups, as
shown in Table 1, and the cursor in front of each sample
represent, trade name, sample code and the origin sampling.
After the frozen chicken samples were collected, the
natural radioactivity level was measured directly without
heating, where the parts that are not valid for human uses
were removed. For example, this includes the bones. The
samples were cut into small pieces using electric mincer
to ensure the homogeneity and then weighed by 0.750 kg
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Table 1. Frozen chicken samples

Sample

No. Tare of name Original
Code
1 KAFEL CH1 IRAQ (KARBALA)
2 SHEMAL CH2 IRAQ (ERBIL)
3 ROYAL CH3 KUWIAT
4 GARIP CH4 TURKY
5 BANVIT CHS5 TURKY
BARAKAT
6 AL.BAQIE CH6 IRAN
7 MAGAN CH7 IRAN
8 KOCH FOODS CH8 USA
9 FIDUCCIA CH9 BRASEL
10 QUALIKO CH10 UKRINA

each one. Then the food samples were packed into one
liter Marinelli beakers (polyethylene plastic) of constant
volume to ensure geometric homogeneity around Nal(TI)
detector.

Gamma-Ray Spectroscopy

The measurements were done by gamma spectrometry
systems from ORTEC, furnished with scintillation
detector Nal(Tl) of (3"%3") crystal dimensions that has
resolution of (7.9 %) at Cesium-137 (661.7 keV). The
detector was protected by a 10cm thick shield of lead
to decrease the radiation background , and in addition
for the previous shield another 0.3 cm copper layer
to weaken x-rays that may escape the lead shield .
The detector was linked to standard electronics and the
spectra were gathered in MCA (ORTEC -Digi Base,
contains a 4096 channel connecting). The detector
was energy of calibration was done and the gamma
ray standard sources made in the same from (marinelli
beaker) as the analyzed samples. The capacity calibration
was done and the curves were acquired by befitting the
experimental efficiencies for each sample density. The
back ground spectra are continually measured under the
same circumstances as the specimens measurements and

applied to validate the calculated sample activities . The
normal counting time is 86400 seconds (24 hour) for
every sample, to make sure a well statistical significance.
The radiation background spectra is continually measured
under the same influences as the specimens measurements
and used to validate the calculated sample activities. The
normal counting time is 86400 seconds for every sample,
to guarantee a good statistical significance . The spectra
is analyzed by computers with no connection to the net
( off-line )by the use of MAESTRO-32 program which
can be obtained from ORTEC which contain peak search
nuclide identification , and activity and uncertainty
calculation program me . Figure (1) as displayed Nal(T1)
detector which can be bought from ORTEC and the
steps applied to this research . The specific activity
measurement is conceivable with perfect resolution
power at elevated energy levels like that was seen in
the existing outcomes of gamma rays released by the
progenies of every one of ?2Ra and **Th, that were in
a secular balance or equilibrium with them, while , “K
was valued immediately by its gamma-line of 1460.8
KeV. For this reason, the specific activity of »*Ra was
calculated by using the gamma-lines 1765 KeV (*“Bi).
The identical outcomes of 22Th were decided by the use
the gamma-ray lines 2614 KeV(***T1).

Calculations

In present study, It is calculated four parameters namely;
specific activity, radium equivalent activity, internal
hazard index and annual effective dose, as following:

Specific Activity
The value of specific activity (A) in unit (Bg/kg) can be
found by equation [6,7]:
B (N-N,)
e
g I emt

where (N-No) is the net area under photo peak of sample,
Iy is the probability of gamma photons per disintegration, €
is the efficiency detector at the specific gamma-ray energy,
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Figure 1. The experimental setting of Nal(Tl) detector system
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m is the weight of the measured sample in kilogram (kg)
and t is the time for collecting the spectrum for the sample.

Radium Equivalent Activity

One used radiation hazard index (Ra_) is called the
radium equivalent activity. The radium equivalent activity
is the weighted sum of activities of the three radionuclides
which it is specific activity of ?*Ra, 2**Th and “’K, Raeq
activity is given by [8]:

R, (f—:J =A,, +1.434,,+0.077 4, 2)
Internal Hazard Index

The internal index (H,) was also determined using the
following equations [9]:

A A A
n :ﬂ+i+_’< (3)
180 259 4810

Effective Dose Due to Ingestion

Annual effective dose is a useful term that enables
the radiation doses from different radionuclides and
from different sources of radioactivity to be estimated.
Estimates of the radiation induced health effects which
would associate with radionuclides intake into the
body are proportional to the total dose delivered by the
radionuclides into the various organs. Radiation doses are
obtained by measuring radionuclide activity in foodstuffs
(Bg/kg) and then by multiplying these by the masses of
food consumed over a period of time in unit of kg/y. In
this study, annual intake was 50, 35 and 15 in unit kg/y for
Adults, Children (old 10 year) and Infants respectively by
UNSCEAR 1998 [10]. A dose conversion factor (Sv/Bq)
can then be applied to give an estimate of ingestion dose.
Thus, the ingested dose is given [11,12].

Table 2. The standard dose conversion factor in unit (nSv/
Bq) [13]
Age groups Radiun-226 Thouruim-232 Potasium-40

Adults 280 230 6.2
Children
(old 10 800 290 13
year)
Infants 960 450 42
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AED{S—V] = A(ﬂj x Annual intake(g]xDCF(s—Vj 4
y kg y Bq

Where DCF is the standard dose conversion factor for
226Ra, 22Th and “K at different age group such as adults,
children (old 10 year) and infants, as shown in Table 2.

Results and Discussion

The natural radioactivity in frozen chicken samples shown
in Table 3. The results of radionuclides in frozen chicken
samples were obtained using gamma spectrometry systems.
Table 4 illustrates the specific activity of K, **Ra and
22Th in samples under study. From data obtained in Table
4, the specific activity levels of ““K were ranged from 18.95
+ 1.14 Bg/kg in KAFEL sample (CH1) to 116.83 + 2.91
Bg/kg in KOCH FOODS sample (CHS), with an average
65.40 = 11.14 Bg/kg. Also, the same Table 4 shows that
the specific activity for ?°Ra were ranged from 0.85 +0.25
Bg/kg in SHEMAL sample (CH2) to 8.58 + 0.72 Bg/kg in
MAGAN sample (CH7), with an average 4.53 + 0.89 Bq/
kg. While for 2**Th was ranged from 0.28 = 0.06 Bg/kg in
BARAKAT AL.BAQIE sample (CH6) to 2.12 = 0.19 Bg/
kg in GARIP sample (CH4),with an average 0.87 = 0.19
Bq/kg, as shown in Table 3.

The differences are significant in all samples in these
values of specific activities in frozen chicken samples due
to geochemical composition and origin of soil cultivation
kinds in this location which it is eating of chicken samples
under study (These differences are attributable to soil
for cultivation type in this location which is taken of
feeds consumption by chicken samples). The results of
specific activity in natural radioactivity for the collected
frozen chicken samples under study were lower than the
world median according toUNSCEAR 2000 [14] which
are 32 Bg/kg, 30 Bg/kg and 400 Bq/kg for Radium-226,
Thouruim-232 and Potasium-40 respectively, as shown in
Figures 2-4. Also, it can be seen the Table 4 and Figure
5, the average value of specific activity for Radium-226
level is higher than Thorium-232 in all samples. It is also
noticed that the specific activity of “K exceeds markedly
the values of each **°Ra and ?**Th, as it is that the most
abundant radioactive element among other element.
Furthermore, the excessive use of potassium containing

Table 3. Results of natural radioactivity in frozen chicken samples

No. Sample Name Sample Code
1 KAFEL CHI1
2 SHEMAL CH2
3 ROYAL CH3
4 GARIP CH4
5 BANVIT CHS
6 BARAKAT AL.BAQIE CH6
7 MAGAN CH7
8 KOCH FOODS CHS8
9 FIDUCCIA CH9
10 QUALIKO CH10

Average = S.D
522

Potassium-40 Radium-226 Thorium-232
1895+1.14 2.86 £0.42 0.45 +£0.09
58.28 £2.251 0.85+0.25 0.33+0.08
37.82+1.85 4.56 £0.61 1.38+0.17
111.15+2.78 8.56+0.73 2.12+0.19
56.46 +1.75 2.61+0.35 0.93+0.11
30.74 £ 1.41 6.73 £0.62 0.28 £0.06
64.25 £2.09 8.58 £0.72 1.27+0.11
116.83 £2.91 5.13+0.57 0.42 £0.07
61.54+£2.22 2.52+0.42 0.80 £0.09
98.00 £2.70 2.86+0.44 0.73 +£0.08
6540+ 11.14 4.53+0.89 0.87+£0.19
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Table 4. Results of radium equivalent and internal hazard indices in frozen chicken samples
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Sample Name
KAFEL
SHEMAL
ROYAL
GARIP
BANVIT
BARAKAT AL.BAQIE
MAGAN
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Figure 2. Percentage of specific activity for “’K in frozen
chicken

CH1_#= CH3
1% CH2 4%
5%
CH4
11%
UNSCEAR 2000
38%
CH5
5%
CHE
3%
CH7
6%
CH10 f:‘;
9% CH9
6%

Figure 3. Percentage of specific activity for **Ra in frozen
chicken

Curr Pediatr Res 2017 Volume 21 Issue 3

Raeq (Bqg/kg) H

4.96 0.021
5.81 0.017
9.45 0.037
20.15 0.077
8.28 0.029
9.49 0.043
15.34 0.064
1473 0.053
8.40 0.029
11.45 0.038
10.80 + 1.56 0.041 < 0.006
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Figure 4. Percentage of specific activity for **Th in frozen
chicken

fertilizers in the adjacent to the sampling sites might
contribute to the upper values of “°K activity.

Ra,and H have been determined for various samples
of frozen chicken as shown in Table 4. The values of
Ra and H_were ranged from 40.9 Bg/kg to 20.15 Bq/
kg with an average 10.80 + 1.56 Bq/kg and 0.017 to
0.077 with an average 0.041 £ 0.006, respectively. The
values for the Raeq and Hin were lower than the value
of world permissible of 370 Bg/kg [15] and unity [14]
respectively.

Tables 5-7 show annual effective doses due to frozen
chicken consumption by adults, children (10 years
old) and infants respectively which it calculated using
equation (4). From Table 5 it is found that, the total
annual effective for adults were ranged from 33.76 uSv/y
to 178.65 uSv/y with an average 93.65 + 15.25 uSv/y.
From Table 6 it is found that, the total annual effective
for children were ranged from 53.66 uSv/y to 311.77
puSv/y with an average 165.32 + 28.00 uSv/y. From Table
6 it is found that, the total annual effective for children
were ranged from 51.18 pSv/y to 207.59 uSv/y with an
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Table 5. Results of AED due to ingestion frozen chicken sample in adult

AED (uSvly)
No Sample Code Potasuim-40 Radium-226 Thorioum-232 Total
1 CH1 5.87 40.04 5.175 51.08
2 CH2 18.06 11.9 3.795 33.76
3 CH3 11.72 63.84 15.87 91.43
4 CH4 34.45 119.84 24.38 178.65
5 CHS5 17.50 36.54 10.69 64.73
6 CH6 9.52 94.22 3.22 106.96
7 CH7 19.91 120.12 14.605 154.64
8 CHS 36.21 71.82 4.83 112.86
9 CH9 19.07 35.28 9.2 63.55
10 CH10 30.38 40.04 8.39 78.81
Average £ S.D 20.27 £ 3.45 63.36 £12.51 10.01 £2.22 93.65 + 15.25
Table 6. Results of annual effective dose (uSv/y) due to ingestion frozen chicken sample in children
No. Sample Code AED(K-40) AED(Ra-226) AED(Th-232) Total
1 S1 8.62 80.08 4.56 93.26
2 S2 26.51 23.8 3.34 53.66
3 S3 17.20 127.68 14.00 158.89
4 S4 50.57 239.68 21.51 311.77
5 S5 25.68 73.08 9.43 108.20
6 S6 13.98 188.44 2.84 205.26
7 S7 29.23 240.24 12.89 282.36
8 S8 53.15 143.64 4.26 201.06
9 S9 28.00 70.56 8.12 106.68
10 S10 44.59 80.08 7.40 132.07
Average 29.75+5.07 126.72 £25.00 8.84+£1.96 165.32 £ 28.00
Table7. Results of annual effective dose (uSv/y) due to ingestion frozen chicken sample in infants
No. Sample Code AED (K-40) AED (Ra-226) AED (Th-232) Total
1 S1 11.93 41.18 3.03 56.16
2 S2 36.71 12.24 2.22 51.18
3 S3 23.82 65.66 9.31 98.80
4 S4 70.02 123.26 14.31 207.59
5 S5 35.56 37.58 6.27 79.43
6 S6 19.36 96.91 1.89 118.16
7 S7 40.47 123.55 8.57 172.60
8 S8 73.60 73.87 2.83 150.30
9 S9 38.77 36.28 5.4 80.45
10 S10 61.74 41.184 4.92 107.85
Average 41.20+7.02 65.17+12.86 5.87+£1.30 112.25 +£16.98

average 112.25 + 16.98 uSv/y. Results of AED as shown
in Figure 6, it is found that the annual effective doses of
frozen chicken consumption by children (10 years old)
is larger than the dose from consumption by infants and
adults. This biggest value for infants is due to the high
sensitivity of tissues of children (10 years old) body. The
indicate that the AED altogether frozen chicken samples
was below the permissible limit of ImSv suggested
by ICRP " International Commission on tomography
Protection"[16], as shows in Figure 6.

Conclusion
The values of specific activity (A) of 2“Bi (**U series),
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28T1 (**?Th series) and “K in all samples of frozen
chicken found to be less than the globe average allowed
by UNSEAR 2000. The values for the radium equivalent
activity (Ra_ ) are found to be within the world average
allowed value of 370 Bqg/kg. Also, it is found that the
values of internal hazard indices are lower than the
global permissible value of unity. Afterwards assessed
radiological parameters show that the overall value of
annual effective dose (AED) in samples under study at
different age groups are found to be below the limit of
ICRP report, which is the value recommended by the
International Commission on Radiological Protection, for
the general public.
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Figure 5. Percentage of average of the natural
radioactivity in frozen chicken
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