173 Egypt. J. Chem. Vol. 64, No. 4 pp. 1889 - 1895 (2021)

% < S euEmicn.

® Egyptian Journal of Chemistry of

http://ejchem.journals.ekb.eq/

o,
)
=

9

Y
‘v\u;. _Q\;,:‘i

Age-Dependent Health Risk Assessment for Radon Concentrations from
Drinking Water Available in the Iraqi Markets

Nabeel A. Kadhim?, Abdullah S.i Mdekil®, Hawraa H. abbas® and Ali A.
Abojassimd*

CrossMark

aMlinistry of Education, Najaf Education Office, Najaf, Iraq
bMinistry of Education, General Directorate for Wasit Education, Wasit, Iraq
°Physics Department, Collage of Science, Baghdad University, Baghdad, Iraq

dPhysics Department, Faculty of Science, University of Kufa, Najaf, Iraq

Abstract

Radon is occurring naturally, odourless, colourless, radioactive, tasteless, and a noble gas. It is the second most important
cause of lung cancer after smoking in many countries. The rate of lung cancers attributable to radon is estimated to range from
3 to 14%. The dose exposure relation is linear, i.e. the risk of lung cancer increases proportionally with increasing radon
exposure. So, it is necessary to measure radon concentrations in the drinking water that is of direct contact with human life
and health. The study included measurement of radon (?22Rn) concentrations in some selected samples of drinking water
(bottled water) are available in the Iragi market. 2Rn concentrations have been measured the usage of alpha spectroscopy
(RAD-7). The RAD-7 measuring process is based on detecting alpha particles produced from the disintegration of radon and
its products using a solid-state alpha detector (usually silicon), and then converting alpha radiation directly to an electrical
signal. The annual effective dose and lifetime cancer risk in six age groups (3 months, 1 year, 5 years, 10 years, 15 years and
adult) associated with the exposure due to an annual intake of 222Rn were calculated. Results show that the average value of
radon concentrations in drinking water samples was ranged from 28.4+2.7 mBg/L to 283+0.34 mBg/L. Also, it is found the
average value of annual effective dose in unit uSv/y for six age groups were 0.48+0.08, 0.62+0.11, 0.18+0.03, 0.22+0.04,
0.37+0.06, and 0.27+0.05,respectively. The average value of lifetime cancer risk in same age groups were (17.99+3.26,
31.13+5.65, 46+8.37, 107.33+19.41, 276.5+50, and 926.33+168)x10-° respectively. The results of 22Rn concentrations in
present study were found lower than the data of the recommended reference WHO 2008 (500 mBg/L or Bg/m3). Also, the
results showed that the annual effective dose from drinking water exhaustion in six age groups were found lower than the
permitted limit of (1mSv) suggested by UNSCEAR 2000. As well as, values of lifetime cancer risk were within the accepted
level (103). Therefore, there are no indications of significant threat from radon concentrations in bottled water brands, and it
is safe as far as a health risk is concerned.

Keywords: Radon concentrations, annual effective dose, excess cancer risk, drinking water and Irag.

1. Introduction

All humans acquire publicity from clearly going
on radioactivity in soil, water, air, and food. The
largest natural source of radiation exposure to
humans is radon gas, that exists on air, water, and soil
[1]. Radon is a mobile, chemically inert radioactive
element, a colorless and odorless mono-atomic gas,
boiling temperature is - 61.8°C and its density is 9.73
kg/m®[2]. It dissolves with water at a temperature of
20°C. It is a noble gas that is chemically and
atomically unreacted at normal temperatures due to
its atomic number equal to 86 [2]. Radon is a

radioactive gas decays by the emitting alpha particle
to give a series of radionuclides that disintegrate also
by emitting alpha particles, as well as beta and
gamma radiation. Radon gas has of a significant
health hazard which leads to radon monitoring in
different environments around the world. It is
contributes by over 50% of the total natural radiation
that human received. Radon (**?Rn) is the most
important isotope because of his long half-life
relative to the other isotopes and due to the health
risk that caused by exposure to its radioactive
daughters. It is formed by the alpha decay of Radium
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(?**Ra) which belongs to the decay chain of 23U [3].
The second leading cause of lung cancer deaths in the
United States is exposure to ionizing radiation from
radon. The Environmental Protection Agency
estimates that radon is in charge of for about 21,000
lung cancer deaths per year, and 2,900 of these deaths
happen in patients who were non-smokers [4]. The
risk of lung cancer increases significantly by 16% per
100 Bg/m? increase in radon concentration. Water is
one such natural source that is fundamental for life.
The principal health necessity for any developing
country is a plentiful stockpile of clean water. Water
is the most essential and valuable regular asset that is
assumed to be released from pollution, specially
pollution by radon. The direct route involves for
drinking water, while the indirect route requires the
ingestion of polluted water or cattle fed by
contaminated fodder. Indirect intake, however, is
commonly considered to be non-hazardous to health
because of the small dose received. The EPA and the
WHO recommended guidelines (separately) for the
concentration of isotopes in drinking water, based on
estimates of the person annual radiation and the type
of radiation [5]. Drinking water in Iragi markets were
selected to measure 2?2Rn concentrations for several
reasons, the lack of radiation environmental studies
around it, it is possible to effect drinking water in
geological form of such regions, the source of water
in these samples such as rain water that penetrates
into the ground through its rock layers, or geological
water originating from rocks between fresh water or
seas that store water between its rocks, and its
exposure to bombardment and environmental neglect
more than the other countries. The human in Irag may
be exposed to radon gas during the drinking of
contaminated water. So, the measurement of radon
concentrations in drinking water samples provides an
obvious picture of radioactive and chemical
contamination of the exposed persons. Measurement
of the radon levels and environmental safety were
scrutinized by several recently studies in countries
around Iragq and other countries in the world [6-11].
Recently, it has been observed that many harmful
radioactive elements are present in drinking water
which adversely affects the exposed living beings.
So, the study focuses on the evolution of 222Rn
concentrations in drinking water samples in Iraqi
markets using RAD-7 detector which is available in
the nuclear laboratory of Physics department. The
device used in this research is a RAD-7 detector, it is
a versatile detector that is useful for detecting radon
gas, and it includes a number of special features that
distinguish it from other reagents, as well as it is an
advanced measuring instrument that is widely used in
laboratories and researches all over the world for all
purposes various for example continuous monitoring
in the air, radon or thorn inhalation, radon gas
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measurement in water, soil gas testing and radon and
throne emissions from materials and surfaces.

2. Materials and Method

60 samples (4 samples for one sample) of
different types of drinking water (product in Iraq)
were obtained from the local markets in Iraqi for
January 2020 to measure the radon levels. In the
present study, the concentrations of drinking samples
of water were estimated using the RAD-7 device
(Durridge company, Inc.- Bedford, MA, U.S.A) as
can be seen in Figure.l. To conduct the above
measurements, the Rad-7 was provided with
accessories specified for water detection, namely
RADH20(11-13). These accessories allow the
detection of a wide range of radioactivity in water
samples (i.e. 3.7 mBqg/ L up to 3 kBg/ L [14]. The
accuracy of its reading can be reached within 30 min
acquisition runs. The total duration of the test was
half an hour for one sample at (4) cycles per five-
minute session, the arithmetic average for radon
concentration and effective dose was calculated.
It can be calculated the annual effective dose (Eqg) in
six age groups based on current age-specific (ICRP
1996) [15] that received from ingestion of water
containing radon to different age groups using the
equation [11,16]:

Eys=A A G (1)
where, A is the ???Rn concentrations, A; is the
annual water consumption and Cs is the dose
conversion factor. It is 23, 5.9 and 3.5 (nSv/Bq) for
different age groups infants, children and adults
respectively [17]. The values of Ai for in six age
groups based on the public (IAEA 1996) [18].
While, the lifetime cancer risk due to radon
concentrations in drinking water can be found, using
the equation [19]:
lifetime cancer risk

= Annual ef fective dose

X Average lifespan

X Risk coef ficient (2)
where, average lifespan in six age groups[18] and the
risk coefficient is 0.055 Sv! based on the public
(ICRP,2007) [20].
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Fig. 1. Schematic representation: (a) RAD-7
(RADH0), (b) RAD-7 device diagram [14]

3. Results and Discussions

Our attention in this study focused on the nuclear
radiation that was represented by the alpha particles
emitted from 222Rn gas in the drinking water, as it
constitutes a good percentage of the radiation
background that can be exposed to the human or the
organism, and the human skin is considered a barrier
to radon in the event of external exposure to it the
only way to enter it into the body is either by
inhalation or ingestion, that is, to drink water or the
substances involved in its composition. The results of
222Rn concentrations in 15 samples name of drinking
water (bottled water) using RAD-7 are indicated in
Table 21. Generally, from Table 1 radon
concentrations in mBg/L unite ranged from 28.4+2.7
(sample H1, Aquafina, Baghdad) to 283+8.4 (sample
H6, Live, Duhok) with an average mean of
104.14+18.91. From Table 1. And Figure 2, it can be
seen that all results of the 2??Rn concentrations of
drinking water (bottled water) were lower than the
allowed limits of the world (0.5 Bg/L or 500 Bg/m?)
for 222Rn concentrations in drinking water for human
conception given by the as reported in world health
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organization WHO [21, 22]. The variation or
difference in 222Rn concentrations values for drinking
water samples in the present study to many reasons
such as the source of water that used to produce
bottled water, climate factor and time made of bottled
water. Also, It is found that, the average value of
22Rn concentration in samples that product in
Baghdad, Kirkuk, Duhok, Babylon, and Najaf were
109.9 mBg/L, 56.5 mBg/L, 158.5 mBg/L, 106
mBg/L, and 98.4 mBag/L, respectively, as shown in
Figure 3. Figure 3 presents a comparison for the
radon concentrations according to the origin that is
product in Iraq Baghdad, Kirkuk, Duhok, Babylon
and Najaf. The Duhok samples were characterized by
the highest value of 222Rn, while the lowest value was
in Kirkuk samples, this reason may be attributed to
the geological structure of an area.

Table 1: Results of Radon concentrations for drinking water
samples in this study

Sample _ Sample Radon_
No. Name Origin Code concentrations
(mBg/L)
1 Aquafina H1 28.4+2.7
2 Ganaen Baghdad H2 88.7+4.7
3 Venezia H3 212.5+7.3
4 Mona Kirkuk H4 33+2.9
5 Crown H5 80+4.5
6 Live Duhok H6 283+8.4
7 Zalal H7 34+2.9
8 Waha H8 70+4.2
9  Sawa  DAOYIOn Ho 142+6.0
10 Sage H10 141.545.9
11 Paratha H11 189+6.9
12 Mazya Najaf H12 47.3+34
13 Tour H13 106.3+5.2
14 Sanam H14 71+4.2
15 Noire H15 35.4%£3.0
AveragexS.E 104.14+18.91
500
H15 = 354
71
H13 s 106.3
e 47.3
o H1l |peesssssssss 189
3 — 1415
o HY |me— 147
° 70
E H7 = 34
w EEeseesss——— )33
H5 s 80
= 33
H3 |pesssssssssss 2125
s 88.7
H1 = 28.4 i i .
0 200 400 600
222Rn mBq/L or Bg/m?3

Fig. 2. Comparison of radon concentration with world limit by
WHO
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Table 2: Results of annual effective dose in six age groups for

180.0 - drinking water samples in this study
158.5 Annual effective Dose (USv/y)
160.0 - ®
k=)
8 e - =
— —_ —_ —
E 140.0 - 2 %- 'g' § § § § g
€ 1200 | 109.9 E§ £ 4 o g 5 <
@ . . 106 2] ®
o 98.4
E 100.0 1 Hl 013 017 005 006 010 007
€ 800 4 2 H2 041 053 016 018 031 023
g 3 H3 098 127 038 044 075 054
S 600 - 56.5 4 H4 015 020 006 007 012 008
_§ 5 H5 037 048 014 017 028 020
S 400 - 6 H6 130 1.69 050 058 100 0.72
7 H7 016 020 006 007 012 0.09
20.0 - 8 H8 032 042 012 014 025 018
9 H9 065 085 025 029 050 0.36
0.0 - 10 H10 065 085 025 029 050 0.36
Baghdad Kirkuk Duhok Babylon Najaf 11 H11 087 113 033 039 067 048
Origin of | 12 H12 022 028 008 010 017 012
rigin ot sample 13 H13 049 064 019 022 038 027

Fig. 3. Comparison of radon concentration in different origin

samples % ] b 3 3 8 83
The results of the annual effective dose (Eq) in six g S ¢ 2 ¥ 2 ¥y
age groups (3 months, 1 year, 5 years, 10 years, 15 <
years and adult) based on ???Rn concentrations in
drinking water (bottled water) are shown in Table 2.
From Table 2, it can be seen the values of Eq for 3 UNSCEAR 1 mSv/y
months age were ranged from 0.13 to 1.30 uSv/y, for 0.27 uSv/y
1 year age group were ranged from 0.17 to 1.69 Adult
uSvly, for 5 years age groups were ranged from 0.05 g 15year 037 uSv/y
to 0.50 uSvly, for 10 years age groups were ranged € 10year 0.22 puSv/y
from 0.06 to 0.58 uSvly, for 15 years age groups & 5 year 0.18 uSv/y
were ranged from 0.10 to 1.00 pSvly, and for adult < 0.62uSv/y
age groups were ranged from 0.07 to 0.72 pSvly. Lyear
Also, from Table 2 it is found that the average value 3 months 0.48 usv/y
of annual effective dose in uSv/y for six age groups (‘) 0‘5 1 1‘5
were 0.48+0.08, 0.62+0.11, 0.18+0.03, 0.22+0.04, ' . ’
0.37+0.06 and 0.27+0.05 respectively. All values of Average of annual effective dose
annual effective dose for six age groups of the
presgnt study was Iess{ than the natural !'m'ts for_ the Fig. 4. Comparison of average of annual effective dose in six age
public (1 mSvly) given by the United Nations groups with world limit by UNSCEAR
Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) [23], then average values of 0.60 -
annual effective dose for age groups were lower than - 0.48
value of WHO (See Figure 4). Figure 5 includes 3 0-20 1
comparisons of annual effective dose due to 22Rn ; 0.40 -
concentrations in drinking water under study for main 2 0.27
age groups (infinite, children and adult). It is found g 0.30 1 0.23
that the annual effective doses consumption by 2 020
infants is larger than the dose from consumption by ©
adults and children (1-15 years old). This larger value 3 010 -
for infants is due to the high sensitivity of tissues of < 000 -
infants' body. Infant Children Adult

Age groups

Fig. 5. Comparison of annual effective dose in main age groups
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The results of lifetime cancer risk in the same six age
groups were shown in Table 3. From Table 3., it can
be seen lifetime cancer risk (x10°) for 3 months, 1
year, 5 years, 10 years, 15 years and adult age groups
were ranged from 4.9 to 48.8, from 8.5 to 84.5, from
12.5 to 125, from 30 to 290, from 75 to 750, and
from 245 to 2520, respectively. As well as, from
Table 3. the average lifetime cancer risk in Nano unit
for all age groups was 17.99+3.26, 31.13+5.65,
46+8.37, 107.33+19.41, 276.5+50 and 926.33+168
respectively. While, the average value of lifetime
cancer risk in main age groups were (18.0, 115.2 and
926.3)x10° respectively. The results of lifetime
cancer risk for the collected drinking water samples
understudy in six age groups were lower than the
acceptable level of cancer risk that it is equal to
10 [19,24], therefore the cancer risk of cancer is
negligible.

Table 3: Results of lifetime cancer risk in six age groups for
drinking water samples in this study

Lifetime cancer riskx10®

3

S 2 . L 3 5 =
2 2 58 & g s =2 3

& E ~ o S 3 <
1 HL 49 85 125 30 75 245
2 H2 154 265 40 90 2325 805
3 H3 368 635 95 220 5625 1890
4 H4 56 10 15 35 90 280
5 H5 139 24 35 85 210 700
6 H6 488 845 125 290 750 2520
7 H7 60 10 15 35 90 315
8 H8 120 21 30 70 1875 630
9 H9 244 425 625 145 375 1260

10 H10 244 425 625 145 375 1260
11 H11 326 565 825 195 5025 1680
12 H12 83 14 20 50 1275 420

14 H14 12:4 21 325 75 1875 630
15 H15 6.0 105 15 35 97.5 315

AveragexS.E
17.99+3.26
31.1345.65

4618.37
107.33£19.41
276.5+50
926.33+168

The results of the current study were compared with
the results of other studies in different countries of
world, which were conducted to measure 2??Rn
concentration in drinking water as shown in the Table
4. This Table reveals that the highest 2??Rn
concentrations values are observed in Jamaica [28]
and lowest was in Saudi Arabia[29]. The values of
222Rn in the current study are lower than the results of
Malaysia [8], India[25], Pakistan[26], Iran[27],
Jamaica [28], and Egypt[30].
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Table 4. Comparison of 22Rn concentration in drinking water of
present study to other research.

Country 222Rn concentrations (Bg/L)  Reference
Malaysia 5.7+0.68 [8]
India 3.75 [25]
Pakistan 5.67+1.34 [26]
Iran 9.02 [27]
Jamaica 18+2 [28]
Saudi Arabia 0.10 £0.02 [29]
Egypt 0.125 [30]

Iraq 0.104+0.018 This Study

4. Conclusions

In this research, 2??Rn concentrations were
estimated using RAD-7 (RADH:0), in drinking
water (bottled water) samples produced in Irag. Also,
the annual effective dose (Eq) was calculated in six
age groups (3 months, 1 year, 5 years, 10 years, 15
years, and adult) in this study. The average value of
222Rn concentrations was 0.104+0.018 Bg/L, on the
other hand; the average values of Ed for six age
groups in the drinking water samples were 0.48+0.08,
0.62+0.11, 0.18+0.03, 0.22+0.04, 0.37+0.06, and
0.27+0.05 respectively. The findings demonstrate that
the levels of 22Rn concentrations and Egq in drinking
water samples from a six age group lower than in the
acceptable limits according to WHO 2008 and
UNSCEAR 2000. It is found annual effective dose
from drinking water consumption by infants is larger
than the dose from consumption by adults and
children. Also, it is found lifetime cancer risk due to
radon concentrations in six age groups is very little,
therefore, it may be decided that the risk of cancer is
negligible. There are no health hazards when drinking
water samples under this study. This study gives a
sensitive and reliable procedure for determining the
levels of ??2Rn concentrations for drinking water in
Irag that are consumed daily. Certainly, this study
was conducted to provide a health-oriented radon
concentration assessment of drinking water in Iraq,
address long term management goals, especially from
the environmental point of view. The results provide
a framework for future studies that should include a
large and broader survey of radon concentration in
Irag.
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