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Abstract
Radon 222 is a colorless and odorless radioactive element with a half-life of 3.83 days which is emitted by different
sources such as igneous (granites) and sedimentary rocks. Humans are constantly exposed to radon 222 through
inhalation of air and water drinking. In this study, based on previous studies, concentration of radon 222 in tap
drinking water of Minab and Jask were compared.
The concentration of radon 222 in tap drinking water of Minab was 870±251 Bq/m 3 (Minab5˚C) >464±210 Bq/m3
(Minab15˚C)>198.8±61.39 Bq/m3 (Jask 12˚C), respectively. Concentration of radon 222 in the tap drinking water of
Minab at temperatures of 15 °C and 5°C was significantly more than the city of Jask at 12˚C (P value<0.001).
The concentration mean of radon 222 at 5˚C and 15˚C in Minab, and Jask (12˚C) ratio to EPA standard limit was
7.9%, 4.2% and 1.8% and relative to WHO guideline was 0.87%, 0.46% and 0.19%, respectively. The mean
concentration of radon 222 in tap drinking water of Minab and Jask cites was much lower than EPA standard limit
and guideline of WHO. Hence, health risks of radon 222 in tap drinking water does not threaten the inhabitants
Minab and Jask cites.
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1. Introduction
Water is one of the important natural resources for most life on the planet, and as such the water quality of drinking
water is an important parameter for a person’s health and for environmental studies because it is consumed and can
transport pollutants in the environment [1]. Radon 222 is a colorless and odorless radioactive element with a half-life
of 3.83 days which is at the end of the uranium 238 chain.
It can be emitted by various sources such as surface and groundwater, igneous (granites) and sedimentary rocks [2,
3]. Radon 222 has high solubility in water (mole refractive index; 1.25×10-5 at 37 °C), which is 90 times greater than
neon and helium [4,5]. Humans are constantly exposed to radioactive materials, especially radon 222 via inhalation
of air and drinking water [6,7]. The alpha radiation, due to high ionization power, is primarily at risk in terms of
internal exposure compared to other types of radiations[8].
Therefore, the long-term exposure to this radiation causes lung, stomach and blood cancer [9,10]. When a person
consumes water containing radon 222, alpha radiation emitted during its decay, causes DNA damage of the cell in the
stomach. On the one hand, it can penetrate through the stomach into the blood stream and spread throughout the body
[3,11]. It is estimated that 89% and 11% of the risk of cancer is related to inhalation of radon 222 and drinking water
containing radon 222, respectively [3].
The due to more contact of groundwater with the igneous rock substrates (granites) and sedimentary substrates, the
concentration of radioactive substances of groundwater

is more than surface waters [12-15]. Additionally,

concentration of radon 222 in groundwater and surface water resources is 2 to 3 times higher than other radioactive
materials [16]. Studies have shown that consumption of waters containing high concentration of radon 222 increases
the effective dose and subsequently increase in stomach and lung cancers in humans [17,18].
Although the amount of subjects' exposure to radon 222 by drinking water is much less than inhalation, many
international organizations have determined limits for the radio-nucleoside in drinking water especially radon 222
[19]. The guideline of WHO and Europe Committee for radon 222 of drinking water is 100 Bq/l [20]. EPA standard
has also proposed 11 Bq/l for radon 222 of drinking water [21].
The Minab and Jask cities are at 220 kilometers away from each other in a hot and humid climate (Figure 1) [22]. tap
drinking water source for both cites is wells (groundwater). In the study conducted by Fakhri et al, concentration of
radon 222 in tap drinking water was measured in the two cities [23,24]. Therefore, in this study, it was attempted to
compare and evaluate concentration of radon 222 in tap drinking water of these two cities.
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Figure-1: The Minab and Jask cities in the southeastern of Hormozgan province, Iran.
2. Materials and Methods
2.1. Samples collection
In these two descriptive cross sectional studies, 250 water samples were collected from 10 locations in Minab since
January 2013 to March 2013. Also in June 2013 in Jask, 8 regions of Jask city which includes Yakbeni, Louran,
Sarrig, Maghsa, Kampa, Zolm abbad, Sarkalleh and Gharib abbad, 24 water samples with 1.5 liter volume were
collected (each zone 3 samples in two different places).
2.2 Measurement concentration of radon 222
The measurement concentration of radon 222 in the tap drinking water was carried out at two temperatures of 5˚C
and 15˚C in Minab city and temperature of 12˚C in Jask city. Before the start of the measurement, two 300 ml
samples were extracted from a 1.5 liter volume sample; then, temperature of water sample was reached to the desired
temperature. The concentration of radon 222 were measured by radon 222 detector, RT1688 21 model manufactured
in Sarad Co. of Germany (figure 2) [25]. The high sensitivity along with alpha spectroscopy analysis leads to a short
response time even in low concentration. The 2-hour mean of radon 222 concentration was recorded for all samples
and were analyzed [26].

Figure-2: The measurement concentration of radon 222 by radon meter device model RTM1688-2.
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2.3. Statistical analysis
The Kolmogorov-Smirnov test was used to determine the normality of the data in Minab and Jask cites and
subsequently type of statistical analysis to compare data. To compare concentration of radon 222 in Minab and Jask
cites, independent sample t test was used.
Also, one sample t test was conducted in SPSS16 for the comparison of radon 222 concentration with standard limits.
P value<0.05 was selected as the significance level (α=5%).
3. Results
The mean concentration of radon 222 in tap drinking water in the regions Yakbeni, Louran, Sarrig, Maghsa, Kampa,
Zolm abbad, Sarkaleh and Gharib abbad were 180, 161, 115, 200, 212.5, 302, 199 and 286.5 Bq/m3, respectively. The
range and mean concentration of radon 222 was 105-304 Bq/m3 and 198.8±61.9 Bq/m3, respectively.
The highest and lowest concentration of radon 222 was related to Zolm abbad and Sarrig regions, respectively[24] .
The range and mean concentration of radon 222 in Minab at temperature of 5 ˚C was 200-1800 Bq/m3 and 870±251
Bq/m3 and 15 ˚C was 200-1450 Bq/m3 and 464±210 Bq/m3[24].
In the Kolmogorov-Smirnov test, p value> 0.05 concentration of radon 222 in tap drinking water of Minab and Jask
cites showed that the data are normally distributed. Therefore, T Test used to determine a significant difference.
Table-1: Kolmogorov-Smirnov test of radon 222 concentration in tap drinking water of Jask, Minab (5 °C)
and Minab (15 °C).
Kolmogorov-Smirnov test

P value

Jask

Minab

Minab

(12˚C)

(5˚C)

(15˚C)

0.534

0.998

0.989

Table-2: Independent Samples Test between concentration of radon 222 in drinking tap water of Minab and
Jask at temperature of 12 ˚C.
p value Mean difference Standard error

95%Confidence Interval
low

high

Minab (5 ˚C) and Jask

<0.001

578

64

442

710

Minab (15 ˚C) and Jask

<0.001

289

55

176

404

Minab (5 ˚C) and Minab (15 ˚C)

0.013

286

104

68

504
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Figure-3: The mean and standard deviation of radon 222 concentration in tap drinking water of Minab 15 °C
and Minab at temperatures of 5 ˚C and 12 ˚C compare to standard EPA and guideline WHO.
4. Discussion
We conducted that concentration ratio of radon 222 at 5 ˚C and 15 °C in Minab and Jask cites to EPA standard was
7.9%, 4.2% and 1.8% and relative to guideline WHO was % 0.87, 0.46 % and 0.19 % respectively. One-Sample test
showed that concentration of radon 222 in drinking water of Minab and Jask is much lower than standard EPA and
guideline WHO (p value<0.001).
Whenever most radon-related deaths are due to radon 222 aggregated in houses, 30 to 1,800 deaths per year are
related to radon 222 from domestic or tap water. High dissolved radons 222 are found in the groundwater in some
areas flowing through granite or granitic sand and gravel formations [27]. If you live in an area with high radon in
groundwater it can get into your private well. Showering, washing dishes, and laundering can disturb the water and
emission radon 222 into the air our breathe [13].
Table-3: The comparison of concentration of radon 222 in the tap drinking water of Minab and Jask Cites
with other countries and Iran (Bq/m3).
Type of water Concentration of radon 222

Countries

Sources

Tap water

910-125800

Turkey

]28[

Tap water

12000

China

]29[

Tap water

3700

Iran (Tehran)

]30[

Tap water

3240±270

Turkey (Kastamonu)

]28[

Tap water

179000

Iran (Neyshabour)

]28[

Tap water

16230

Iran (Mashhad)

]28[
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Tap water

3400

Iran (Ramsar)

]28[

Tap water

187-14800

Iran (Yazd)

]31[

Tap water

602

Pakistan (Kulachi)

]32[

Tap water

198±61

Iran (Jask)

]24[

Tap water

870±251

Iran (Minab, 5˚C)

]23[

Tap water

464±210

Iran (Minab, 15˚C)

]23[

Concentration of radon 222 in tap drinking water of Minab and Jask has been compared with some cities in Iran and
the other countries (Table 3). The mean concentration of radon 222 in Jask and Minab cites was less than Ramsar,
Mashhad, Tehran, Neyshabour, Kastamonu as well as Turkey and China. The mean concentration of radon 222 in
Kulachi was less than Minab at 5 ˚C temperature. This difference in concentration of radon 222 in drinking water
may be due to type of water sources (groundwater or surface water)[33,34] , retention time of water [35], geological
texture, [36] and water temperature [37]. Thabayneh et al, concentration of radon 222 in drinking water was
measured in 96 samples in different parts of southern Palestine that an mean of 660 Bq/m 3 was obtained which was
approximately similar to the results of this study [38]. Malakootian et al, concentration of radon 222 in water of
villages adjoining Lalehzar fault in Kerman province (distance of 150 to 200 kilo meters Minab and Jask cites) was
measured by RAD7. The concentration range of radon 222 in this study (26880-74000 Bq/m3) was much higher than
our study [39]. Erdogan et al study was measured concentration of radon 222 in tap drinking water of some houses in
Konya by Alpha GUARD radon gas analyzer, concentration range of radon 222 (3150-10200 Bq/m3) was higher
than our study [40]. But in the study of Asadi et al, concentration range of radon 222 in 18 sources in the city of
Rafsanjan (13900-320 Bq/ m3) was close to our study [41]. The mean concentration of radon 222 in our study was
also close to mean concentration of radon 222 in the study carried out by Sahin et al (40Bq / m3 ± 610) in Kutahya in
Turkey [42].Ahmed et al, concentration of radon 222 in tap drinking water of Sungai Petani in Malaysia was 5370
Bq/m3 that has been reported much more than cities of Minab and Jask [4]. The order of concentration of radon 222
in tap drinking water of is Minab, 5 ˚C > Minab, 15 C˚ > Jask, 12 ˚C. Since the temperature is a very influencing
variable on the emission rate of radon 222 gas from water [37], radon 222 emission in different temperatures will be
different. Although the measurement temperature in Jask city (12˚C) is less than measurement temperature in Minab
city (15 ˚C), concentration of radon 222 in drinking water of Minab was greater than it. Since there was a short period
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between time of sampling and measurement, the impact of retention time on concentration of radon 222 can be
ignored. Thus, the significant variation was different geological textures of aquifer between the two cities [36]. On
the other hand, some studies have shown that the measurement concentration of radon meter devices such as RAD7,
RTM1688-2 etc. can be different [43].
5. Conclusions
The mean concentration of radon 222 in the tap drinking water in Minab and Jask cites was less than EPA standard
limit and WHO guidelines (P value <0.001). Hence health risks of radon 222 in tap drinking water does not threaten
the inhabitants. The concentration of radon 222 in tap drinking water of Minab, was significantly higher than Jask
city.
6. Acknowledgments
Student’s research office of Shahid Beheshti University of Medical Science was the financer of this review research
(Code 2661, Date: 2016/03/01)
7. References
1. Ravikumar, P. and R. Somashekar, Natural 3H radioactivity analysis in groundwater and estimation of committed
effective dose due to groundwater ingestion in Varahi and Markandeya river basins, Karnataka State, India.
Journal of Radioanalytical and Nuclear Chemistry, 2011. 288(1): p. 271-278.
2. Hadad, K., R. Doulatdar, and Mehdizadeh, Indoor radon monitoring in Northern Iran using passive and active
measurements. Journal of Environmental Radioactivity, 2007. 95: p. 39-52.
3. Oner, F., et al., The measurements of radon concentration in drinking water and the Yeşilırmak River water in the
area of Amasya in Turkey. Radiation protection dosimetry, 2009. 133(4): p. 223-226.
4. Ahmad, N., M.S. Jaafar, and M.S. Alsaffar, Study of radon concentration and toxic elements in drinking and
irrigated water and its implications in Sungai Petani, Kedah, Malaysia. Journal of Radiation Research and
Applied Sciences, 2015.
5. Le, C.H., N.P.T. Huynh, and Q.B. Le, Radon and radium concentration in drinkable water supplies of the Thu
Duc region in Ho Chi Minh City, Vietnam. Applied Radiation and Isotopes, 2015. 105: p. 219-224.
6. M.Rožmaric, et al., Natural radionuclides in bottled drinking waters produced in Croatia and their
7. contribution to radiation dose. Science ofthe Total Environment, 2012. 437: p. 53-60.

IJPT| March-2016 | Vol. 8 | Issue No.1 | 3634-3643

Page 3640

Hassan Keramati *et al. /International Journal Of Pharmacy&Technology
8. Radiation, U.N.S.C.o.t.E.o.A., Sources and effects of ionizing radiation: sources. Vol. 1. 2000: United Nations
Publications.
9. Hamanaka, S., et al., Radon concentration measurement in water by means of α liquid-scintillation spectrometry
with a PERALS spectrometer. Nuclear Instruments and Methods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment, 1998. 410(2): p. 314-318.
10. Smith, B.J., L. Zhang, and R.W. Field, Iowa radon leukaemia study: a hierarchical population risk model for
spatially correlated exposure measured with error. Statistics in medicine, 2007. 26(25): p. 4619-4642.
11. Saeid Motesaddi, Y., et al., Effective dose of Radon222 and thoron220 in the indoor air of Genow hot springs of
Bandar Abbas. Advances in Environmental Biology, 2014. 8: p. 453-9.
12. Colmenero Sujo, L., et al., Uranium-23 8and thorium-232 series concentration in soil, radon-222 indoor and
drinking water concentration and dose assessment in the city of Aldama, Chihuahua, Mexico. Journal of
Environmental Radioactivity, 2004. 77(2): p. 205-219.
13. Akawwi, E., Radon-222 Concentration in the Groundwater along Eastern Jordan Rift. Journal of Applied
Sciences, 2014. 14(4): p. 309-316.
14. Ali, N., et al., Estimation of mean annual effective dose through radon concentration in the water and indoor air
of Islamabad and Murree. Radiation protection dosimetry, 2010. 141(2): p. 183-191.
15. Rangela, J.D., et al., Radioactivity in bottledwaters sold in Mexico. Applied Radiation and Isotopes, 2002. 56: p.
931-936.
16. Forte, M., et al., The measurement of radioactivity in Italian drinking waters. Microchemical Journal, 2007. 85(1):
p. 98-102.
17. Lee, K.Y ,.K.S. Ko, and Y.Y. Yoon, Radon reduction apparatus. 2013, Google Patents.
18. Rožmarić, M., et al., Natural radionuclides in bottled drinking waters produced in Croatia and their contribution
to radiation dose. Science of the Total Environment, 2012. 437 :p. 53-60.
19. Bem, H., et al., Radon (222Rn) in underground drinking water supplies of the Southern Greater Poland Region.
Journal of Radioanalytical and Nuclear Chemistry, 2014. 299(3): p. 1307-1312.
20. Organization, W.H., Guidelines for drinking-water quality: recommendations. Vol. 1. 2004: World Health
Organization.
21. Agency, U.S.E.P., Water Quality Standards Regulations and Federally Promulgated Standards. 2006.
IJPT| March-2016 | Vol. 8 | Issue No.1 | 3634-3643

Page 3641

Hassan Keramati *et al. /International Journal Of Pharmacy&Technology
22. Center, I.S., Iran Statistical Year Book. 2000, Tehran.
23. Fakhri, Y., et al., Effective Dose Radon 222 of the Tap Water in Children and Adults People; Minab City, Iran.
Global journal of health science, 2015. 8(4): p. 234.
24. Fakhri, Y. and M. Mirzaei, Determination concentration of Radon 222 in tap drinking water, Jask City, Iran .
IOSR Journal of Environmental Science, Toxicology and Food Technology, 2015. 9(8): p. 6-9.
25. Ursulean, I., et al. estimation of indoor radon concentration in the air of residential houses and mines in the
republic of moldova. in Paper presented at theFirst East European Radon Symposium–FERAS. 2012.
26. GmbH, S. application note AN-003_EN: Measurement of the Radon concentration of water samples. June 2007;
Available from: www.sarad.de.
27. Singaraja, C., et al., Radon levels in groundwater in the Tuticorin district of Tamil Nadu, South India. Journal of
Radioanalytical and Nuclear Chemistry, 2016. 307(2): p. 1165-1173.
28. Schubert, M. and A. Paschke, Radon, CO2 and CH4 as environmental tracers in groundwater/surface water
interaction studies− comparative theoretical evaluation of the gas specific water/air phase transfer kinetics. The
European Physical Journal Special Topics, 2015. 224(4): p. 709-715.
29. Tarim, U.A., et al., Evaluation of radon concentration in well and tap waters in Bursa, Turkey. Radiation
protection dosimetry, 20(2)150.12P.207-212.
30. Xinwei, L., Analysis of radon concentration in drinking water in Baoji (China) and the associated health effects.
Radiation protection dosimetry, 2006. 121(4): p. 452-455.
31. Malakootian, M. and H.S. Marvast, Determination Of Radon Level In Drinking Water In Mehriz Villages And
Evaluation The Annual Effectiveabsorbed Dose. J Commun Health Res (in press), 2014.
32. Nasir, T. and M. Shah, Measurement of annual effective doses of radon from drinking water and dwellings by
CR-39 track detectors inKulachi City of Pakistan. Journal of Basic & Applied Sciences, 2012. 8: p. 528-536.
33. Forte, M., et al., The measurement of radioactivity in Italian drinking waters. Microchemical Journal, 2006. 85 p.
98–102.
34. Kesari, K.K., et al., Biophysical evaluation of radiofrequency electromagnetic field effects on male reproductive
pattern. Cell biochemistry and biophysics, 2013. 65(2): p. 85-96.
35. Bollhöfer, A. and C. Doering, Long-term temporal variability of the radon-222 exhalation flux from a landform
covered by low uranium grade waste rock. Journal of environmental radioactivity, 2016. 151: p. 593-600.
IJPT| March-2016 | Vol. 8 | Issue No.1 | 3634-3643

Page 3642

Hassan Keramati *et al. /International Journal Of Pharmacy&Technology
36. Georgy, C., Z. Rafael, and B. Ivan, Radon Monitoring in Groundwater and Soil Gas of Sakhalin Island. Journal of
Geoscience and Environment Protection, 2015. 3(05): p. 48.
37. Schubert, M., et al., On-site determination of the radon concentration in water samples: methodical background
and results from laboratory studies and a field-scale test. Radiation Measurements, 2006. 41(4): p. 492-497.
38. Thabayneh, K.M., Measurement of 222 Rn concentration levels in drinking water and the Associated health
Effects in the southern part of west bank-Palestine. Applied Radiation and Isotopes, 2015.
39. Sahin, L., et al., Determination of radon and radium concentration in drinking water samples around the city of
Kutahya. Radiation protection dosimetry, 2013. 155(4): p. 474-482.
40. Sorimachi, A., et al., An intercomparison done at NIRS, Japan on continuous monitors for measuring 220 Rn
concentration. Applied Radiation and Isotopes, 2016. 107: p. 145-151.
41. Mowlavi, A.A., A. Shahbahrami, and A. Binesh, Doseevaluation and measurement of radon concentration in
some drinking water sources of the Ramsar region in Iran. Isotopes in environmental and Health Studies, 2009.
45(3): p. 269-272.
42. Malakootian, M., Z.D. Fard, and M. Rahimi, Determination ofradon concentration in drinking water resources of
villages nearby Lalehzar fault and evaluation the annual effective dose. Journal of Radioanalytical and Nuclear
Chemistry, 2015. 304(2): p. 805-815.
43. Erdogan, M., K. Manisa, and F. Tel, THE MEASUREMENTOF RADON ACTIVITY CONCENTRATION IN
TAP WATER IN SOME DWELLINGS OF KONYA PROVINCE–TURKEY. Carpathian Journal of Earth and
Environmental Sciences, 2015. 10(1): p. 273-278.
44. Asadi, A. and M. Rahimi. Determination of the annual effective dose absorbed bythe people of Rafsanjan City
and surrounding areas with measurement of radon gas concentration in drinking water using active method, vol.
23. in Iran Conference Paper. 2013.
Corresponding Author:
Hassan Keramati *,
Email: Hkramatee@gmail.com

IJPT| March-2016 | Vol. 8 | Issue No.1 | 3634-3643

Page 3643

