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Introduction: Given that the groundwater is a radon contaminated and used as a source for drinking water, 
then measuring the amount contamination is of high necessity.  
Material and Methods: The measurement was performed using RAD-7 detector.  
Results: The measured radon concentration values ranged 1.20-15.43 Bq/l with the mean of 5.18±0.39 Bq/l. 
The estimated total annual effective doses based on radon concentrations in drinking water were within the 
range of 6.34-81.62 µSv/y for infants, 2.34-30.04 µSv/y for children, and 3.07-39.42 µSv/y for adults. 
Moreover, the corresponding mean values were estimated at 27.41±2.06, 10.08±0.76, and 13.23±0.99 µSv/y, 
respectively. 
Conclusion: The total annual effective dose in all samples were within the global average level of ingestion 
exposure dose value (0.1 mSv/y from radon concentrations) reported by the United Nations Scientific 
Committee on Effects of Atomic Radiations. Therefore, there are no risks for the consumption of these water 
samples.   
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Introduction 
The measurement of natural radioactivity in the 

environment allows the assessment of the 
population’s exposure to radiation [1]. The existence 
of natural radionuclides in water dated back to the 
origin of the water as well as human activities in 
specific areas, where fertilizers were used for 
agricultural purposes [2]. Certain products usually 
contain some trace elements, such as radon gas, which 
can increase the level of natural radionuclides in soil. 
The industrial activities in the extraction and 
processing of earth materials or their subsequent 
products can, to certain extent, contribute to the 
increase of radionuclides in the hydrosphere through 
surface and/or groundwater. For groundwater 
(boreholes and wells), radionuclides can be found in 
lithological solid aquifers or surrounding rocks, where 
groundwater is stored. These solid aquifers or rocks 
known as geological materials usually contains some 
trace amounts of radioactive elements, such as radon 
gas, which can be dissolved into the groundwater 
during water/rocks-soils interaction mechanism [3-
5].. As a result, the present study sought to evaluate 
the radon concentrations in the groundwater samples 
of Al Qassim region, located in Saudi Arabia. The 

reasons to select this region were firstly the effect of 
groundwater on the geological nature of this area, 
secondly the lack of radiation environmental studies 
in this region, and finally the agricultural nature of this 
site. Therefore, certain chemicals and pesticides are 
frequently used in this areas, compared to other 
regions in this province. In this regards, the process of 
radon level assessment has become one of the major 
issues of radiation protection that attracts the interest 
of researchers worldwide. Radon exposure is 
expected to happen when using water for showering, 
washing dishes, cooking, and drinking purposes. RAD-
7 and Rad H20 accessories are used to measure the 
radon concentration in water sample [6]. Many 
countries have recently aimed to measure 
radionuclide concentration in water samples through 
the implementation of different techniques [7-11]. In 
the present study, RAD-7 detector was used to assess 
the radon concentrations in groundwater samples 
that were collected from certain locations in Al Qassim 
area. Additionally, the annual effective dose was 
evaluated in all water samples with regard to different 
age groups. 
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Figure 1. Location of Al-Qassim 

 

Site of Study   
Al-Qassim is one of the administrative regions (1 

out of 13 regions) located in Saudi Arabia (see Figure 
1). It is situated at the heart of the country, and in the 
center of the Arabian Peninsula Al-Qassim is located at 
latitude 26° 5' 38.7168'' N and longitude 43° 58' 
24.4344'' E.  . It has an area of about 58,046 km².Al-
Qassim region is well known by “alimental basket” of 
Saudi Arabia for its agricultural nature. Moreover, Al-
Qassim is considered as the richest region per capita 
in Saudi Arabia [12].  

 

Materials and Methods 
In the present study, 61 water samples from different 

areas of Al-Qassim were chosen to provide a 
comprehensive representation of groundwater in this 
region. The employed methods to collect the sample 
were as follows. First, a sample of groundwater was 
taken from each location at a depth of 5-10 m. The 
samples were then kept in a plastic container of 250 ml 
volume. Afterwords, the radon concentrations were 
measured using portable RAD-7 detector. The RAD 
H2O is an accessory with the RAD-7 detector that 
enables the measurement of radon in water with the 
concentration of less than 10 pCi/l [13]. This detector is 
a portable battery-based device with a very fast 
measurement. Therefore, it takes around an hour for this 
system to detect the radon in the water sample 
accurately. As a result, it gives the reading after about 
30 min of analysis considering a sensitivity level that is 
close to or even exceeding that of liquid scintillation 
techniques [14]. Finally, over than 95% of the existed 
radon were removed from the water during 5 min of 
aeration.   

The radon concentration in the internal cell of RAD-
7 was determined by the following differential 
Equations. 

dC(t) / dt = −λ C(t) ,                                                     (1) 
dCPo(t) / dt= λPoC(t) – λPoCPo(t),                                   (2) 
 

where, C(t) refers to the radon concentration in the 
internal cell of RAD-7, λ is the decay constant of radon, 
Cpo (t) denotes 218Po concentration, and λpo signifies 
218Po decay constant that equals to 0.0037 s−1. 

After a certain time of pumping, the radon 
concentration in the internal cell of RAD-7 equals to 
that of the environment C0. Equation 2 can be rewritten 
as follows: 
dCPo(t) dt = λPoC0 − λPoCPo(t).                                      (3) 

 
The initial condition is:         CPo(0) = 0                 (4) 
 
By solving Equation 4, one can obtain the following      

CPo(t) = C0(1 −  e−  t )                                               (5) 
 
In case the time is much longer than the half-life of 

218Po, Equation 5 can be rewritten as follows: 
CPo(t) = C0.                                                                   (6) 

 
Radon concentration can be obtained from Equation 

6, and this is the measurement principle of RAD-7. 
The estimation of annual effective dose Ed (Sv/y) for 

an individual with regard to the consumption of 222Rn in 
the sachet groundwater as drinking water was calculated 
according to the following relationship [15]: 

𝐸𝑑 = 𝐴𝑐 𝐴𝑖 𝐶𝑓                                                                      (7) 

 
where, Ac is the activity concentration of the 

radionuclide in the sachet water (Bq/l), Ai refers to the 
annual intake of sachet drinking water (l/y), and Cf 
signifies the ingested dose conversion factor for 
radionuclides (Sv/Bq). This estimation was calculated 
by the United Nations Scientific Committee on Effects 
of Atomic Radiations (UNSCEAR) in 2000 at 23, 5.9, 
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and 3.5  nSv/Bq for the individuals in the age groups of 
≤ 1 (infants), 2–17 (children), and ≥ 17 (adults) years, 
respectively [16]. The annual intake of sachet drinking 
water for the age groups of ≤ 1, 2–17, and ≥ 17 years 
were 230, 330, and 730 liters, respectively [17]. 

 

Results 
The Measurements of radon level in each of the 61 

groundwater samples using RAD-7 are indicated in Table 

1. Generally, the obtained results of radon concentrations 

ranged 1.20-15.43 Bq/l with the mean of 5.18±0.39 Bq/l. 

According to Table 2, the total annual effective doses 

received by infants through drinking water ranged 6.34-

81.62 µSv/y. For children, the radon level was within the 

range of 2.34-30.04 µSv/y. Furthermore, the obtained 

results for adults ranged 3.07-39.42 µSv/y, and the 

corresponding mean values were 27.41±2.06, 10.08±0.76, 

and 13.23±0.99 µSv/y, respectively. The findings 

demonstrated significant variations in the dose rate across 

different age groups as can be seen in Table 2.  

 
Table 1. Radon concentrations in the investigated region 

 

No. Sample code Radon concentrations (Bq/l) 

1 Q1 2.05 

2 Q2 2.15 

3 Q3 3.3 

4 Q4 7.15 

5 Q5 4.6 

6 Q6 3.75 

7 Q7 6.75 

8 Q8 4.42 

9 Q9 4.52 

10 Q10 4.24 

11 Q11 4.44 

12 Q12 3.2 

13 Q13 4.49 

14 Q14 2.05 

15 Q15 2.15 

16 Q16 3.3 

17 Q17 7.15 

18 Q18 4.6 

19 Q19 4.49 

20 Q20 9.15 

21 Q21 8.26 

22 Q22 5.12 

23 Q23 5.52 

24 Q24 7.88 

25 Q25 3.4 

26 Q26 3.12 

27 Q27 1.51 

28 Q28 1.45 

29 Q29 2.6 

30 Q30 2.05 

31 Q31 2.15 

32 Q32 3.3 

33 Q33 5.69 

34 Q34 1.22 

35 Q35 2.05 

36 Q36 2.15 

37 Q37 5.44 

38 Q38 1.2 

39 Q39 4.52 

40 Q40 5.24 

41 Q41 4.24 

42 Q42 4.76 

43 Q43 5.2 

44 Q44 2.05 

45 Q45 5.42 

46 Q46 12.58 

47 Q47 5.52 

48 Q48 2.85 

49 Q49 11.12 

50 Q50 10.17 

51 Q51 6.34 

52 Q52 9.28 

53 Q53 7.02 

54 Q54 7.76 

55 Q55 11.08 

56 Q56 15.43 

57 Q57 5.12 

58 Q58 5.6 

59 Q59 4.52 

60 Q60 6.24 

61 Q61 11.96 

Max 1.20 

Min 15.43 

Mean±S.D 5.18±0.39 
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Table 2. Annual effective dose in three age groups 

 

No. Sample Code 
Total annual effective dose (µSv/y) 

≤ 1 y (2-17)y ≥ 17 y 

1 Q1 10.84 3.99 5.24 

2 Q2 11.37 4.19 5.49 

3 Q3 17.46 6.43 8.43 

4 Q4 37.82 13.92 18.27 

5 Q5 24.33 8.96 11.75 

6 Q6 19.84 7.30 9.58 

7 Q7 35.71 13.14 17.25 

8 Q8 23.38 8.61 11.29 

9 Q9 23.91 8.80 11.55 

10 Q10 22.43 8.26 10.83 

11 Q11 23.49 8.64 11.34 

12 Q12 16.93 6.23 8.18 

13 Q13 23.75 8.74 11.47 

14 Q14 10.84 3.99 5.24 

15 Q15 11.37 4.19 5.49 

16 Q16 17.46 6.43 8.43 

17 Q17 37.82 13.92 18.27 

18 Q18 24.33 8.96 11.75 

19 Q19 23.75 8.74 11.47 

20 Q20 48.40 17.82 23.38 

21 Q21 43.70 16.08 21.10 

22 Q22 27.08 9.97 13.08 

23 Q23 29.20 10.75 14.10 

24 Q24 41.69 15.34 20.13 

25 Q25 17.99 6.62 8.69 

26 Q26 16.50 6.07 7.97 

27 Q27 7.99 2.94 3.86 

28 Q28 7.67 2.82 3.70 

29 Q29 13.75 5.06 6.64 

30 Q30 10.84 3.99 5.24 

31 Q31 11.37 4.19 5.49 

32 Q32 17.46 6.43 8.43 

33 Q33 30.10 11.08 14.54 

34 Q34 6.45 2.38 3.12 

35 Q35 10.84 3.99 5.24 

36 Q36 11.37 4.19 5.49 

37 Q37 28.78 10.59 13.90 

38 Q38 6.35 2.34 3.07 

39 Q39 23.91 8.80 11.55 

40 Q40 27.72 10.20 13.39 

41 Q41 22.43 8.26 10.83 

42 Q42 25.18 9.27 12.16 

43 Q43 27.51 10.12 13.29 

44 Q44 10.84 3.99 5.24 

45 Q45 28.67 10.55 13.85 

46 Q46 66.55 24.49 32.14 

47 Q47 29.20 10.75 14.10 

48 Q48 15.08 5.55 7.28 

49 Q49 58.82 21.65 28.41 

50 Q50 53.80 19.80 25.98 

51 Q51 33.54 12.34 16.20 

52 Q52 49.09 18.07 23.71 

53 Q53 37.14 13.67 17.94 

54 Q54 41.05 15.11 19.83 

55 Q55 58.61 21.57 28.31 

56 Q56 81.62 30.04 39.42 

57 Q57 27.08 9.97 13.08 

58 Q58 29.62 10.90 14.31 

59 Q59 23.91 8.80 11.55 

60 Q60 33.01 12.15 15.94 

61 Q61 63.27 23.29 30.56 

Max 81.62 30.04 39.42 

Min 6.34 2.34 3.07 

Average±S.D 27.41±2.06 10.08±0.76 13.23±0.99 

 

Discussion 
Nowadays, a large number of national and 

international organizations have established their own 
radon levels worldwide. For instance, the United States 
Environmental Protection Agency in its report of 1998 
set the value of radon concentration limit in water at 
11.1 Bq/l [18]. The UNSCEAR has defined a value of 
40 Bq/l in its published report of 2009 [19], while the 
World Health Organization has defined the 100 Bq/l as 
an action limit in 2012 [20]. In the present study, the 
obtained results of 5 samples (Q46, Q49, Q55, Q56, and 
Q61) exceeded the recommended level of radon in 
groundwater. In this regards, the spatial variability in the 
radon concentration could be attributed to the geological 
structure of the investigated region, depth of the water 
source, differences in the climate, and geo-hydrological 
processes that occurs in the area. As observed, the 
measured levels of radon in most of the samples were 
below those limits. Around 95% of the samples were far 
less compared radon levels which have been reported by 
literature [21-24]. Furthermore, the estimated radon 
concentrations in the present study were comparable to 
those found in the rest of Saudi Arabia regions [25-28]. 
In this regard, the European Council [29] recommends 
the identification of the reference level of an effective 
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dose received from drinking water at a level of 0.1 
mSv/y. However, this value excludes the doses received 
from 222Rn concentrations. Although infants are 
drinking less water than adults, the total annual effective 
doses to infants were significantly higher than that of 
adults. This issue can be due to the differences in 
infants’ metabolism and smaller organ weights resulting 
in higher doses for many radionuclides. In addition, 
different dose coefficient and water consumption rate of 
different age groups can lead to differences among the 
groups (see Table 1). The total annual effective dose 
from all the locations of the investigated region was 
reported at less than 0.1 mSv/y (as recommended by the 
European Council). Finally, it can be concluded that the 
radiation dose resulted from the exposure to radon in 
groundwater consumed as drinking water is very low for 
public health in metropolitan cities (e.g., Qassim), 
especially for consumers who directly use bore well 
water with very high radon concentration in the 
household. 

 

Conclusion 
The results of the present study indicates that the 

radon concentrations in most of groundwater samples 
taken from Al Qassim, were below the action levels 
recommended by USEPA, UNSCEAR, EU Council, and 
WHO organizations. Therefore, it can be argued that 
most samples are safe for drinking and other domestic 
purposes. Radon concentrations which were measured in 
the water samples of the present study generally lie well 
below the level that reported by other investigators. The 
estimated age-dependent annual effective doses were 
reported as lower than 100 µSv/y for all the investigated 
sites.  
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