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A B S T R A C T 

Radon gas (
222

Rn) that is a radioactive noble gas is second important reason of lung cancer. The 

penetration of the radon gas into the houses mostly takes place through the cracks in the building and tap 

water. Because of these reasons, radon gas detection in water is important for human health. In this 

study radon gas activity levels have been determined in a total of 14 tap water and spring water samples 

taken from different parts of Ahlat/Bitlis by AlphaGuard active radon detection system. Radon gas 

activities ranged from 3.16 Bql
-1

 to 15.68 Bql
-1

 and mean value is 10.11 Bql
-1

. 
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1. Introduction 

The radon gas, the only gas intermediate product of the 238U 
natural decay chain, constitutes a large proportion of natural 
radioactivity. The radon has a half-life of 3.82 days and emits 
alpha particle with 4.89 MeV energy. After entering the 
respiratory system, radon gas causes a very rapid decay 
mechanism to spread α and β radiation (UNSCEAR, 2008). 
This decay mechanism also includes 210Po, a toxic 
radioisotope that leads to lung cancer. 

The World Health Organization report stated that the second 
most important cause of lung cancer is radon (WHO, 2014). 
For this reason, radon gas is an important parameter that 
should be considered in terms of human health. Radon gas 
can threaten human health by being found in high 
concentrations in its ambient. It can be occurred by the 
concentration of 226Ra in the building materials, penetration 
of the radon gas from the ground through the voids and 
cracks in the ambient and dissemination of radon dissolved in 
tap water by ventilation (Duggal et al., 2017; Mittal et al, 

2016). Because of its contribution to the radon concentration 
in the environment, it is important to determine the radon gas 
levels in the water (Singh et al., 2008). 

In this study, radon gas activities were determined in tap 
water in Ahlat / Bitlis. Radon gas activities were measured 
using an AlphaGuard radon counter in 14 tap and spring 
water collected from different parts of Ahlat to cover the 
general population. Distribution map of radon gas in tap 
water was created by using measurement results. In addition, 
dose calculations were made using measured activity values. 

2. Material and Methods 
2.1. Study Area and Sampling 

 

Ahlat was built on sloping plateau overlooking Van Lake 
between Suphan and Nemrut mountains. It is located within 
the borders of Bitlis province (Fig.1). In Ahlat District, the 
volcano 'Ahlat Stone', which is a locality, removes and sells 
the Ahlat Stone by primitive methods under the angry 
sunshine   of   stone  workers  at  the  stone  quarries   under 
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the soil of the Nemrut Mountain skirts, 15 kilometers away 
from the town. Ahlat stone has a very strong structure due to 
the high amount of silica. Again, because of the abundant 
amount of oxygen and mineral water in contact with the air, 
they are separated from the stone over time. This 
decomposition is completed within 10-15 days after airborne 
contact. The colors of the stone are red, black, ash, white, gray, 
light yellow.  The Ahlat township, consisting of a total of 10 

districts, has spread over an area of approximately 14 km2. In 
this study, water samples were collected from drinking water 
sources as well as tap water samples from 15 houses made 
with Ahlat Stone. The samples taken in 1 liter volume 
polypropylene sample bottles were quickly brought to the 
laboratory and analyzed.  

 

 

 

Figure 1. Location of Ahlat District on Turkey and Radon gas measurement points in Ahlat (Google Earth). 

 

2.2. Radon Measurement Procedure in Water 

In this study AlphaGUARD PQ2000 PRO radon measurement 
system was used for radon determination in water with 
AquaKIT and AlphaPUMP instruments (Fig.2). The 
AlphaGUARD has an ionization chamber with 0.56 liter active 
area and it runs with 750 V DC voltage supply. Alpha 
radiations emitted from radon are detected in this system. 

Radon gas detection in water was performed according to the 
manufacturer's quick count procedure. Sample and 
background counts were performed three times for each 
samples. Sample volume for each counting is 100 ml. 
Background counts were made at 10 minute intervals without 
pumping. Sample counts were made in totally 30 minute 
intervals that pump runs at first 10 minutes and stops last 20 
minutes (Schubert et al., 2006; Nikolopoulos D. and Luoizi A., 
2008; Nikolopoulos D. et al., 2010; Meisenberg et al., 2017). 
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Counting results are in Bqm-3 unit. Radon gas concentrations 
in water were calculated with following formula by using 
sample and background counts. 

 

Figure 2. AlphaGUARD, AquaKIT and AlphaPUMP radon measurement 
system. 

 

Cwater(Bq𝑙
−1)=

Cair. (
Vsystem-Vsample

Vsample
+k) -C0

1000
 

 

Where Cwater, Cair, C0, Vsystem, Vsample and k are radon 
concentration in water (Bql-1), measured radon activity (Bqm-

3), background activity (Bqm-3), system volume (560 ml), 
sample volume (100 ml) and radon spread coefficient that 
varies depending on the temperature. 

 

3. Results and Discussion 

The measurement results of drinking water samples (11 from 
tap water, 3 from spring water) collected from different parts 
of Ahlat district of Bitlis/Turkey are tabulated in Table 1. 
Radon concentration results are varies from 3.95 Bq.l-1 to 
10.36 Bq.l-1 mean 7.09 for spring water and 3.16 Bq.l-1 to 
15.68 Bq.l-1 mean 11.29 for tap water. It’s clear that mean 
radon concentration of spring water is less than tap water. 
This is a results of continuous ventilation of water due to the 
high flow of the spring water. USEPA (United States 
Environmental Protection Agency) has assigned the maximum 
radon concentration allowed in water to be 11 Bq.l-1 (USEPA, 
1991). 73% of tap water samples were exceed this value, but 
the spring water samples were below this value. 

Dose values were calculated from measured radon 
concentration values. The annual mean effective doses of 
drinking water samples caused ingestion and inhalation were 
calculated by using following formulas (UNSCEAR, 2000): 

𝐸𝑖𝑛𝑔(𝑛𝑆𝑣𝑦
−1) = 𝐶𝑅𝑛 × 𝐶𝑤 × (𝐸𝐷𝐶) 

𝐸𝑖𝑛ℎ(𝜇𝑆𝑣𝑦
−1) = 𝐶𝑅𝑛 × 𝑅𝑎.𝑤 × 𝐸𝐹 × 𝑂 × (𝐷𝐶𝐹) 

in first formula Eing, CRn, Cw and (EDC) are the annual effective 
dose caused ingestion, the radon activity in water (Bql-1), 

water consumption for adult for a year (2 l.day-1 × 365 
day.year-1) and Effective Dose Coefficient for ingestion 3.5 
nSvBq-1 respectively (Mittal, Rani, & Mehra, 2016). 

In the second formula Einh, CRn, Ra.w, EF, O and (DCF) are the 
effective dose due to inhalation, the radon activity in water 
(Bql-1), ratio of the radon in air to radon in tap water (10-4), 
average indoor occupancy time per person (7000 hy-1) and 
Dose Conversion Factor for radon exposure 9 nSvh-1(Bqm-3)-1 
respectively (Mittal et al., 2016).  

The total annual effective doses of drinking water samples 
were calculated with summing of dose values due to ingestion 
and inhalation. 

𝐸𝑤𝑎𝑡𝑒𝑟 = 𝐸𝑖𝑛𝑔 + 𝐸𝑖𝑛ℎ  

Total annual effective dose values were below the 
recommended value 100 µSv.y-1 (WHO, 2017). 

 

 

4. Conclusions 

In the paper radon gas activity concentration levels in 14 
drinking water samples collected from Ahlat district 
(Bitlis/Turkey) were determined by AlphaGuard PQ2000 PRO 
and its apparatus for detection in water. 

From the radon gas activity concentration results for water 
samples, 57% of the samples exceeded the recommended 
level. Spring water samples were below the recommended 
level but 8 of 11 tap water samples (73%) exceeded the 
recommended level. Additionally mean radon gas activity 
concentration is near to the recommended level. The 
calculated total annual effective dose values were also below 
the recommended level. 
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Table.1 Radon concentration in water samples in Ahlat district of Bitlis/Turkey 


