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Abstract: Radon 222 is an odorless and colorless natural radioactive element which can endanger human
health through the air inhalation and ingestion of contaminated food or water. The increase of the received
effective dose of Radon 222 causes lung and stomach cancers in longtime. In the cross-sectional descriptive
study, 24 samples of tap drinking water were collected from 8 regions of Jask City in June 2013. The
concentration of Radon 222 was measured by Radon meter (model RTM1688-2). The effective dose of Radon
222 received by drinking water was calculated for various age groups by the equation of UNSCEAR. The range
and the geometric mean of Radon 222 concentration was 105-304 Bg/m® and 198.8+61.9Bq/m®, respectively.
The mean of effective dose received by the age group of adult men, adult women, children and infants was
0.0020+0.006, 0.0015+0.005, 0.0002+#0.0006 and 0.0003+0.0008 mSvly, respectively. The order of effective
dose in the different age groups is: Adult men> adult women> infants> children. Since the effective dose
received by all age groups, particularly adult men, was less than standard limit (0.1mSvly), so, there are no
needs to remove the Radon222 from the tap drinking water in the water treatment plant Jask City.

Key words:Radon 222, tap drinking water, effective dose and age groups

I.  Introduction

Radon 222 is an odorless and colorless natural radioactive element which is a product of Uranium 238
chain. This element can be emitted from different sources such as surface water, groundwater, soil, igneous rock
(granites) and sedimentary rocks [2 ,1]. Radon222 is ninety times more soluble in water than neon and helium
[3].Humans are constantly exposed to radioactive materials, particularly Radon 222, through the inhalation of
air and drinking water [4]. It is estimated that 89% and 11% of cancer risks are related to the inhalation of
Radon 222 gas and drinking water containing Radon 222, respectively [5]. Because of the more contact of
groundwater with igneous rocks (granites) and sedimentary beds, the concentration of radioactive material in
groundwater can be more than in surface water [7 ,6]. Also, the concentration of Radon 222 in groundwater
resources is 2 to 3 times more than the concentration of other radioactive materials [8]. When a person drinks
the water containing Radon 222, this element enters the bloodstream by penetrating into the lining of the
stomach and then spreads throughout the body [10,9 ,5]. The exposure of Radon 222 for a long time can cause
blood, lung and stomach cancers [13-11]. The world Health Organization and European Committee has
announced that the effective dose of Radon 222 resulting from drinks water must be 0.1 mSv/y [14]. This
amount is separate from the doses of other radioactive materials of water (°*H, ?°Rn, *°K) [15]. Many studies had
measured the concentration and effective dose of Radon 222 in bottled water and tap drinking water [19-16 ,3].
In the study by me and my colleagues, the concentration of Radon 222 in the tap drinking water of Jask City
was measured but its effective dose was not calculated [20]. So, in this study, it was tried to calculate the
effective dose of it in the age groups of infants, children, adult men and women and also compare it with
standard limit.

Il.  Materials and methods

1.2. Case study and sampling

The port town of Jask is located in N 25°39°11"N and 57°47°21"E, in the east-south of Hormozgan
Province and at the 220 km of Bandar Abbas City (Capital of Hormozgan province) [21]. Its height is 2 meters
above the sea level and its weather is hot and humid [22]. The drinking water of residents is provided from the
surrounding wells. In the cross-sectional descriptive study, given to the similar studies in June 2013, 24 samples
of water were gathered from the 8 regions of Jask City, including; Yekbeni, Loran, Sarrig, Maghsa, Kampan,
Zolm abbad, Sarkaleh and Gharib abbad (3 samples from 2 different points in each region)[23].
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2.2. Measurement concentration of Radon222

Regarding the effect of water temperature on Radon 222emissions, the temperature of all samples was
reached to 12 C [25,24]. The concentration of Radon 222 was measured by Radon meter (model RTM1688-2),
manufactured in Sarad Company in Germany. The concentration of Radon222 water samples was measured in
accordance with the instructions provided by the Sarad Company. The 2 hour mean concentration of Radon 222
samples was analyzed and recorded [26].

2.3. Calculate Annual effective dose received

To determine the annual received effective dose resulting from the drinking water containing Radon
222, the equation of The United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR)
was used [27].

Equation 1; E=KxGxCxTx1000

Where E is the annual received effective dose (mSv/y); K is a factor to convert the concentration of
Radon222 to the effective dose (Sv/Bq); G is the daily consumed water (I/d); C is the concentration Radon 222
(Bg/l); T is the time of water consumption (365 days) and 1000 is a factor to convert Sv to mSv. K is 18x10
Sv/Bq, 26x10 ° Sv/Bq and 35x10  Sv/Bq for adult men and women (17-65 years old), children (4-14 years old)
and infants (less than 2 years old), respectively [29,28]. Many studies showed that the daily amount of water
consumed by an individual is less than 2 liters which is different in various age groups. The daily amount of
consumed water depends on the weather condition, physical activities, culture, economy and etc. Since there is
no information on the exact amount of water used daily in different age groups of Jask City, EPA per capita
water consumption in the regions with hot and humid weather (the statistical error of 5%) was used. Daily
amount of water consumed by the age groups of adult men, adult women, children and infants is 2.723, 2.129,
0.431 and 0.327 I/p-d, respectively [30].

2.4. Statistical analysis

To compare the effective dose received by different age groups with the standard effective dose, T-test
was used which was done by Spss16 software. Also, the P value<0.05 was selected as a significance level (a-
5%).

I11.  Results
The range and the geometric mean concentration of Radon 222 was 105-304 Bg/m® and
198.8+61.9Bg/m?, respectively. The mean of effective dose received by the age group of adult men, adult
women, children and infants was 0.0020+0.006, 0.0015+0.005, 0.0002+0.0006 and 0.0003+0.0008 mSvl/y,
respectively (Table 1).

Tablel. Effective dose received Radon 222 from the tap drinking water by different age groups
Humans in the Jask City

Group age Concentration of G (m*/d) K (Sv/Bq) E(mSvly)
radon 222 (Bg/m°)
Mature (Male) 198.8 +61.9 0.002787 1x10°® 0.0020+ 0.0006
Mature (Female) 198.8 +61.9 0.002129 1x10° 0.0015+ 0.0005
Children’s 198.8 +61.9 0.000431 2x10° 0.0006+0.0002
Infant 198.8 +61.9 0.000327 35x10° 0.0008+0.0003

IV.  Discussion

In this study, likes the study by me and my colleagues on this issue in Bandar Abbas City, the order of
effective dose received by the different age groups is Adult men> adult women>infants>children [16]. Since
the adult age groups consumed more water than children and infants (adult men: 2.723 I/d; adult women: 2.129
I/d), the annual effective dose received by this groups is more than one by children and infants. Since the P
value, between the effective dose received by adult men and women, was obtained more than 0.05 (P
value=0.33), it can be said that there are no significant differences between these two groups. Also, P
value=0.18 shows that there are no significant differences between the mean of effective dose received by
children and infants. P value=0.017, between the mean of effective dose received by children and adult men and
P value=0.011, between the mean of effective dose received by children and adult women, show that there are
significant differences between the effective dose received by children and adult men and women. Also, P
value=0.026, between the mean of effective dose received by infants and adult men and P value=0.035, between
the mean of effective dose received by infants and adult women, show that there are significant differences
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between the effective dose received by infants and adult men and women. These significant differences between
the age groups of infants and children and adult men and women are due to the less consumption of water. The
effective dose received by the age groups of infants and children is more than by the age groups of adult men
and women because their conversion factor is more.
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Figurel. Radon 222 effective dose received by different age groups humans in Jask City

The effective doses received by all age groups are less than standard of WHO (E=0.1 mSv/y). Even, at
the maximum concentration of Radon 222 (304 Bg/m?®), it is much less than 0.1 mSv/y. In the study by me and
my colleagues on the Radon 222 effective dose of bottled water received by different age groups, it was
observed that in all age groups, the Radon 222 effective dose of bottled water is more than of Jask City’s tap
drinking water [16]. In the study, by Binesh et al. in the Mashhad City, the effective dose received by drinking
water was more than one in our study (0.04 mSv/y) [31]. Because the concentration of Radon 222 in their study
was more than one in our study. In the study by Somlai et al., the mean of effective dose received by the age
groups of adult and children is 20.3 (1.13-88.7) and 40.6 (2.26-177 uSvly), respectively. The received effective
dose in their study is more than one in our study because the concentration of Radon 222 in their study was
more than it in our study [15].

V.  Conclusion
The effective dose received by all age groups, particularly adults, was less than standard limit (0.1
mSv/y). Therefore, there are no needs to remove Radon 222 from the tap drinking water of Jask City. However,
with the change of the drinking water resource of Jask City from underground resource (well) to the surface
resource (Jagin dam) in near future, it is expected that the concentration of Radon 222 and then the received
effective dose will be more reduced.
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