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Abstract 
Groundwater samples with high total dissolved solids (TDS) were collected 
from private wells in Al Sharqiya and Tabouk regions in Saudi Arabia to de-
termine the 222Rn activities and to investigate the factors that may control the 
presence of radon in these wells. The radon activity levels in Al Sharqiya 
groundwater wells showed an average value below the maximum contaminant 
level proposed by EPA for drinking water. In contrast, all the sampled wells in 
Tabouk region exhibited 222Rn concentrations exceeding 300 pCi/L, the max-
imum contaminant level (MCL) recommended by the USEPA, which may be 
explained by the nature of aquifers in both regions. Within the limited num-
ber of groundwater samples, it was observed that the radon content of Al 
Sharqiya sampled wells has good correlations with some chemical parameters 
(TDS and Eh) in these wells. The observed correlations between the water 
chemistry and the radon activities in groundwater do not necessarily imply a 
relationship between the two events. Furthermore, these chemical parameters 
may reflect the presence of nearby radium in rocks surface. Radon wasn’t in-
fluenced by the chemical environment in the investigated Tabouk wells but, 
may be is more controlled by other factors: the direct parent 226Ra content and 
the nature of the aquifer matrix (grain size and permeability in the Saq aquifer 
rocks). 
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1. Introduction 

Radon as a noble gas has three natural isotopes: 219Rn, 220Rn and 222Rn. As radon 
(222Rn) is the direct daughter of 226Ra, its presence in groundwater is attributed to 
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the content and decay of 226Ra in the reservoir rock [1] [2]. The alpha radiation, 
which is emitted by radon and its decay products, can be of significant health 
hazard, as they may cause at certain levels lung cancer [3] [4]. In groundwaters, 
radon exists with concentrations that may vary between different aquifers de-
pending on the 226Ra content, lithology and geologic structure [5]. Within the 
frame work of the project accomplished by the physics department in Princess 
Nora University for the determination of the natural radioactivity levels in 
groundwaters of Saudi Arabia [6], this study was carried out to gain a general 
understanding of the distribution of radon in drilled wells at two selected re-
gions in Saudi Arabia, and to investigate the factors that may control the pres-
ence of 222Rn in these wells. The results will also be utilized in future work in the 
assessment of public health risks. 

2. Methodology 

This study is concerned only with 222Rn because it is the direct daughter of 226Ra 
to investigate if there is any correlation in this study, and the other radon iso-
topes have half-lives of few seconds. The term “radon” refers to 222Rn and “ra-
dium” to 226Ra. 

2.1. Sampling 

Groundwater samples were collected from seventeen private wells in Tabouk 
and Al Sharqiya regions in Saudi Arabia for radiometric, physical and chemical 
analyses. In Tabouk, eight groundwater samples were collected from scattered 
wells that located between (36.0 - 36.9) long and (28.0 - 29.1) lat. For Al Sharqiya 
region, the sampled wells were located between (50.0 - 50.2) long and (26.2 - 
26.5) lat. The water samples were allowed to run in a continuous flow for a short 
period, transferred into large polyethylene containers for radon measurements. 
A special 250 mL glass bottle (Durridge RAD-7) [7] was immersed in the water 
sample and filled with utmost care to avoid the water disturbance and eliminat-
ing air and closed carefully for radon measurements on-site. For radium, five li-
ters were filtered with 0.45 µ membrane filter, collected in polyethylene contain-
ers and acidified. For chemical analysis, the water samples were collected in 
suitable bottles without the acidification step and some chemical parameters; 
pH, total dissolved solids (TDS), redox potential (Eh) and temperature were 
monitored. 

2.2. Radioactivity Measurements 

Radon measurements were carried out immediately after sampling at each site 
using a silicon semiconductor detector (RAD-7) supplied by Durridge Co. The 
RAD-7 converts alpha radiation directly to an electric signal and has the possi-
bility of determining electronically the energy of each particle, allowing the iden-
tification of the isotopes (218Po, 214Po) produced by the radiation decay of the ra-
don parent [8]. The radium activities in water (226Ra) were determined by ex-
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tracting the radium from four liters sample volume using strong cation exchange 
resin following the procedure described by A. El-Sharkawy et al., 2013 [9] and 
the resin samples were measured by gamma spectrometry using high purity 
germanium detector of relative efficiency 40%. 

2.3. Quality Assurance 

For quality assurance and validation purpose, some guidelines of the ISO 17025 
technical requirements were followed through the sampling, radio analyses and 
validation of methods [10]. The RAD-7 detector has been calibrated annually at 
Durridge, USA. Replicate samples of IAEA reference water (IAEA-423 and 
IAEA-431) were analyzed following the same procedure, and accuracy and pre-
cision were determined for the associated replicate measurements. The accuracy 
was determined by the closeness of agreement between the laboratory measured 
values and the true values of the IAEA reference samples (% Accuracy = (Meas-
ured value/True value) × 100). 

For the estimation of uncertainty, errors were propagated due to photopeak 
counts, standard tracer activities, sample weight and volume. The minimum de-
tectable activity (MDA) for 226Ra in water by gamma spectrometry was deter-
mined according to the equation presented by Currie [11] and was found to be 
0.05 Bq/L. For validation of the gamma spectrometric procedure, water samples 
with different activities of 226Ra were analyzed by alpha spectrometric method 
described by S. Nour et al., 2004 [12] as a comparison with the gamma results, 
and showed a good correlation as shown in Figure 1. 

3. Results & Discussion 
3.1. Radon in Al Sharqiya Groundwaters 

Table 1 presents the activity concentrations of radon and radium in Al Sharqiya 
groundwater samples and the results of some water chemical parameters. 
 
Table 1. 222Ra and 226Ra in Al Sharqiya groundwater samples ± 1 σ uncertainties and the 
associated water chemistry results. 

Well pH T Eh TDS Rn-222 ± Ra-226 ± 

Code 
 

˚C mV mg/L pCi/L 
 

pCi/L 
 

W1 7.12 33.1 215.5 2170 307.9 18.1 6.49 0.3 

W2 7.44 33.8 −29.9 3650 243.95 14 13.1 0.7 

W3 7.68 33.6 −37 3390 212.6 12.3 37.1 1.5 

W4 7.46 32.1 −30.6 3430 274.05 15.7 28.3 1.5 

W5 7.22 30.3 −16.6 3520 214.4 12.5 3.4 0.2 

W6 7.66 32.9 −42.2 4350 163.55 9.2 14.85 0.7 

W7 7.42 32 −28.1 3430 268.7 16 5.42 0.3 

W8 7.31 30 −19.7 3660 191.05 10.8 3 0.2 

W9 7.34 31.2 191.4 2440 315.2 18.4 4.6 0.3 
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Figure 1. Comparison of Ra-226 activities determined by gamma and alpha 
spectrometry. 

 
The activity concentrations of radon in Al Sharqiya water samples had an av-

erage value of 243.4 pCi/L. Only two water samples have radon content exceeded 
the maximum contaminant level proposed by EPA for drinking water (300 
pCi/L) [13]. A correlation between radon and radium was tried and the result 
correlation coefficient (R2 = 0.02) value revealed that the activity concentration 
of 222Rn dissolved in groundwater in this region does not depend on the activity 
concentration of 226Ra dissolved in the same water. This is in agreement with 
previous study which suggested that dissolved radon concentration in ground-
water is unsupported by soluble 226Ra in aquifer [14]. Low radon levels found in 
these wells may be attributed to the nature of aquifer rocks [15] [16]. In addi-
tion, these wells in Al Sharqiya region generally tap tertiary formations such as 
Dammam or Um El Radhuma aquifers which are generally limestones. Other 
reported study showed that the lowest radon concentration (150 pCi/L) in 
groundwater was from limestone bedrock [17]. Different types of natural waters 
have been investigated for their radon concentrations in Jeddah, Saudi Arabia. It 
was observed that the radon concentration in natural mineral water samples was 
the highest 267.5 pCi/L, compared with that in tap water 46.0 pCi/L [18]. In 
Mecca Province, Saudi Arabia, the 222Rn activity concentrations in groundwater 
samples were found to be in the range of 270 - 2700 pCi/L with an average value 
of 1080 pCi/L [19]. To investigate the effect of water redox conditions on the 
presence of radon in Al Sharqiya wells, radon activities were plotted against total 
dissolved solids (TDS) and oxidation reduction potential (Eh), as presented in 
Figure 2 and Figure 3.  

As shown in Figure 2, radon activities showed good inverse correlation with 
the TDS content in Al Sharqiya wells. This observation is in agreement with pre-
vious conclusions in literature [20]. 

On the other hand, a moderate correlation was observed between radon activi-
ties in water and redox potential described by R2 value of 0.55, as shown in Fig-
ure 3. Since radon is an inert gas, it is supposed not to be controlled chemically  
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Figure 2. Correlation between radon activities and TDS in Al Sharqiya wells. 

 

 
Figure 3. Correlation between radon activities and redox potential (Eh) in Al 
Sharqiya wells. 

 
but these relationships may indicate the presence of adsorbed radium on the 
fractured surface of the aquifer rocks [21].  

3.2. Radon in Tabouk Groundwaters 

Table 2 presents the activity concentrations of radon and radium in Tabouk 
groundwater samples and the results of water chemical analyses. The activity 
concentrations of radon in Tabouk water samples had an average value of 441.9 
pCi/L.  

The presence of relatively higher 226Ra activities, described by an average value 
of 22.6 pCi/L, dissolved in these sampled water wells compared with the radium 
levels in Al Sharqiya samples which showed an average value of 12.9 pCi/L may 
be attributed to the properties of the aquifer. The sampled Tabouk wells are tap-
ping the Saq sandstone aquifer where relatively higher uranium and radium ac-
tivities were reported [6]. Many authors in literature concluded that 222Rn activi-
ty concentrations in groundwaters are correlated with the 226Ra concentrations 
in the aquifer rocks [22]. So, to investigate this observation in Tabouk ground-
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water samples, the activity concentrations of both radon and radium have been 
drawn as shown in Figure 4.  

As presented in Figure 4, excluding one outlier showed a good positive corre-
lation (R2 = 0.7) between 222Rn and 226Ra in Tabouk sampled wells. As 222Rn is the 
direct daughter of 226Ra, a relatively higher 226Ra in bedrock is expected to gener-
ate higher levels of 222Rn in water [23]. In Saudi Arabia, radon concentrations in 
wells tapping the Saq aquifer were found relatively higher than those tapping the 
Minjur limestone aquifer [24]. 

4. Conclusion 

Groundwater samples were collected from private wells in Al Sharqiya and Ta-
bouk regions in Saudi Arabia to determine the 222Rn activities and to investigate 
if there are correlations between the obtained 222Rn activities and the total dis-
solved solids TDS, the redox potential Eh and the 226Ra activities in these  
 
Table 2. 222Ra and 226Ra in Tabouk groundwater samples ± 1 σ uncertainties and the 
associated water chemistry results. 

Well pH T Eh TDS Rn-222 ± Ra-226 ± 

Code 
 

˚C mV mg/L pCi/L 
 

pCi/L 
 

W10 6.13 32.4 213.2 378 435.0 26.4 24.3 1.4 

W11 6.2 33.4 230.7 365 369.2 21.6 3.8 0.2 

W12 7 33.8 113.5 419 451.4 26.5 33.6 2.2 

W13 6.41 29.8 202 432 350.9 21 11.2 0.5 

W14 7.32 25.1 118.4 338 382.9 22.3 20.9 1 

W15 7.45 30.8 85.4 243 464.5 27.5 27.3 1.5 

W16 6.37 33.5 124.8 203 603.5 35.8 30.6 1.8 

W17 7.08 32.2 227.8 341 478.4 28.1 29.3 1.7 

 

 
Figure 4. Correlation between radon and radium activities in Tabouk wells. 
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wells. Radon measurements were carried out immediately after sampling using a 
silicon semiconductor detector (RAD-7), and 226Ra activities were determined by 
gamma spectrometry after being extracted from four liters volume samples. For 
quality assurance, selected water samples were analyzed for 226Ra using alpha 
spectrometry. For Al Sharqiya sampled wells, 77% of the groundwater samples 
were found to be below the maximum contaminant level proposed by EPA for 
drinking water. No statistically significant correlation was found between the ac-
tivity concentrations of 222Rn and 226Ra in water. The radon activities showed 
good correlation with the total dissolved solids in Al Sharqiya groundwater 
wells. Also, a moderate correlation was observed between radon activities in wa-
ter and the redox potential. In Tabouk wells, all the sampled wells exhibited 
222Rn concentrations exceeding 300 pCi/L, the maximum contaminant level 
(MCL) recommended by the USEPA which may be explained by the nature of 
the Saq aquifer in this region. A good positive correlation between 222Rn and 
226Ra in Tabouk sampled wells was observed whereas, much poorer correlations 
between radon activities and water chemical parameters than those of Al Shar-
qiya groundwater wells were observed. Within the limited number of ground-
water samples, it was concluded that water chemistry plays a significant role on 
the presence of radon through its direct parent 226Ra in Al Sharqiya groundwater 
wells. In contrast, the presence of radon in Tabouk sampled wells is may be con-
trolled by other factors: the direct parent 226Ra content and the nature of the 
aquifer matrix (grain size and permeability in the Saq aquifer rocks).  
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