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Abstract- The radon concentration of silty sand soil (SM) that deposited in the most top meter depth of Wadi Arar, north of 
Saudi Arabia was measured using two different techniques of measurements: the passive method using the CR-39 detector 
instrument, and the active method using the RAD7 detector instrument. Both techniques showed a highly significant 
correlation coefficient which extent from 0.91 to 0.97.At the maximum reading, the radon content for both techniques almost 
are the same where the readings decrease from upstream to downstream from 46 to 33 Bq/m3. On the other hand, at the 
minimum reading of radon content for both techniques, the reading values of CR-39 decrease from upstream to downstream 
from 45 to 21 Bq/m3, while the reading values of RAD7 decrease from 25 to 16 Bq/m3 which is less from 20 to 5 Bq/m3 than 
the corresponding ones of CR-39.Standard deviations (SD) of radon content using RAD7 reflected higher readings than that 
of CR-39 with minimum range value equal to 3.21 Bq/m3 and maximum range value equal to 6.85 Bq/m3.  
The Coefficient of Variation (CV) of radon content using RAD7 reflected higher reading than that of CR-39. The maximum 
value of CV of RAD7 is 27.3% and the minimum was  20.8%, while the two corresponding readings of CR-39 were 16.0% 
and 2.5% respectively, with introducing  that CR-39 is  more efficient and stable.Also, according to the measured values of 
radon concentration along and across Wadi Arar, there is not appreciable hazards affects human due to constructional 
expansion in neighbouring of or upon the ground of the Wadi. 
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I. INTRODUCTION 
 
Arar city is the capital of Northern border region that 
located at the north of Saudi Arabia. It’s population 
more than 190,000. It is an important city  because it 
connect between two main important cities Turaif and 
Rafha and a connecter to another arabic country, Iraq. 
In addition to it’s an economic importance content of 
limestone rocks [1].  
Geomorphology of Arar include Wadi Arar that 
divided the city to two parts and extended from south 
west to north east. The Quaternary deposits of Wadi 
Arar [1] was classified as unified soil classification 
system as silty sand soil [2].  
 
Radon is a natural inert radioactive tasteless and 
odorless gas, whose density is 7.5 times higher than 
that of air. It dissolves in water and can readily 
diffuse with gases and water vapor, thus building up 
significant concentrations. The physical half-life of 
radon is 3.825 days and half-elimination time from 
lungs 30 min. Radon; 222Rn86, which is the daughter 
of uranium; 238U92, represents the most important 
radon isotope. Decay of the radon nucleus 222Rn86 
yields short-living daughters: polonium 218Po84, lead 
214Pb82 and bismuth 214Bi83 [3]. 
Alghamdi [4] used Rad7 technique to measure the 
radon contents of Wadi Arar and correlate it with 
grain size, which he found it not harmful content to 
the environment with negative correlation with sand 
and positive with silt and gravel. 
Otherwise, as an environmental aspect, the presence 
of radioactive radon  as a danger gas may be detected  

 
in this deposit. The work of this paper include a 
statistical comparison between two various methods 
of measurements using RAD7 and CR-39 to detect 
the availability of radon and how much is affects the 
urban area in addition to the correlation between 
some important statistical parameters; such as 
standard deviation and mean, for the two used 
methods. 
 
Al-Mosuwi and Subber [5] investigated some 
locations in Basra, Iraq sing CR-39 and LR-115 solid 
state nuclear track detectors and RAD7 instrument. 
They observed that the corresponding mean value of 
annual effective dose for the sites was 3.02 mSv/y, 
indicating that the open area basements, storage areas 
and tunnels are safe occupancies. Kadiret al.  [6], 
analyzed the efficiency of different measurement 
methods to determine the appropriate one for radon 
progeny measurements. Multiperiod counting of α 
plus β spectrum as well as using weighted least-
square calculation method might be the best choice 
for accurate measurement on radon progeny in 
standard radon chamber when calibrating radon 
progeny monitor. 
 
Forkapić, et al. [1] involved in measurements of 
radon concentration in air, using CR-39 passive 
technique and RAD7 active technique. Systematic 
radon measurements in drinking waters began too. A 
survey of measurements reported for the radon map 
of Vojvodina. The results are significantly higher 
than the expected ones which indicates that, although 
the 238U concentration is within usual limits, radon 
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concentration may be elevated, probably because of 
the groundwater effects.  
 
George [7] compared the sensitivity as a consequence 
of the accuracy of every type of device that 
information was given by the manufacturer. The 
instruments listed represent passive and active radon 
monitors. At radon levels of ≤ 4 pCi/L, most of the 
continuous radon monitors will provide poor results if 
counts are acquired at minute intervals. So EPA 
requires continuous radon instruments to accumulate 
hourly counts to improve accuracy. Average  radon 
concentrations measured by Mallah [8] in elementary 
schools of Tulkarem, Palestine and obtained by three 
month exposures of CR-39 were correlated with those 
obtained by RAD7 apparatus. The correlation 
between the two measurements was highly significant 
showing a linear correlation coefficient of 0.97. 
Ćurguz, et al. [9] performed  radon concentration 
measurements in all 25 primary schools in Banja 
Luka city, the capital of republic of Srpska using both 
active RAD7 radon measuring instruments and CR-
39 passive detectors. The two method employed not 
only for measuring annual averages but also 
dynamics of radon concentrations changes were 
analyzed. Although high correlation factor of 0.8 
between passive and active methods was found, still  
considering only long time measurements as valid 
indicator of annual radon activity. Abojassim [10] 
measured radon concentrations for drinking water in 
Kufa city, Iraq by using RAD7-H2O and found that 
the drinking water in Kufa city is safe and there were 
no indication for radon problems. Diab, and Abd-El 
Hafez [11] were used Nuclear track detectors (CR-
39) to measure radon concentration within the 
building of the preparatory year located in king Saud 
university, Riyadh and they found that the 
knowledgement building is a healthy work place. 
Abo-Elmagd and Diab [12] were determined  the 
source activity and the calibration factor of CR-39 
detector. They found that the combined uncertainty in 
activity measurement does not exceed 6.3% and does 
not exceed 5.3% for CR-39 calibration factor.  
 
In this paper, short review on radon measurement 
methods was carried out, and then two different 
measurement methods of radon concentration were 
used; their obtained results and the derived statistical 
parameters  were also compared.  
 
II. LOCATION: 
 
The study area of Wadi Arar deposits located 
between latitudes 30o 45′ and 31o 00′ N and longitude 
40o 30′ and 41o 05′ E. The sampled area was 
concentrated on the top half meter and extending for 
22 km from SW to NE of Wadi Arar Fig. 1. The soil 
of Wadi Arar is quaternary mature stream deposits 
and classified according to the unified soil 
classification system as silty sand (SM) [2] 

 
Fig. 1. (A) The studied area of Wadi Arar sediments in Arar 

city, north of Saudi Arabia and (B) the locations of the studied 
seven profiles A, B, C, D, E, F and G along Wadi Arar(after 

Alghamdi, 2015). 
 
III. INSTRUMENTATIONS 
 
The passive method using the Solid State Nuclear 
Track Detectors (SSNTDs) was used for the 
measurements of radon concentration in soil. The 
detectors are CR-39 1.5x1.5cm films, were glued on 
the bottom of container’s cover. The container then 
covered, sealed and left for three months to irradiate 
the films with alpha particles emitted from radon. The 
cylindrical container is presented in Fig. 2. 
 

 
Fig. 2. The cylindrical plastic container used to measure Radon 

concentration content in the investigated soil samples. 
 
After this time of irradiation the detectors removed 
carefully from the cover and etched with NaOH 
solution with conditions 6.25 N at 70oC for 7 hours 
for CR-39 film .The detectors then washed many 
times by distilled water and dried with tissue papers. 
The numbers of tracks due to alpha particles 
interaction are counted by the means of optical 
microscope 400X. The tracks number has been 
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evaluated as a mean value of tracks in more than 20 
areas of the field of view [5]. 
 
Measurements of radon concentration in soil was 
carried out also  using a calibrated alpha spectrometer 
DURRIDGE RAD7 Fig. 3. with special accessories 
for radon measurement in soil . The detector converts 
alpha radiation directly to an electric signal and has 
the possibility of determining electronically the 
energy of each particle, which allows the 
identification of the isotopes (218Po, 214Po) produced 
by radiation [3]. A comparison between both 
techniques RAD7 and CR-39 as shown in Table 1. 
 

 
Fig.3. The used RAD 7 instrumnet. 

 
Table 1: A comparison between the two different 
methods in measuring the content of radioactive 

radon. 

 

IV. METHODOLOGY 
 
Thirty five fresh surface disturbed samples were 
collected from the studied area through seven profiles 
symboled as A, B, C, D, E, F and G. Each profile 
includes five samples. The A profile located at NE 
direction of Wadi Arar which facing Arar city while 
the G profile located at SW direction which facing 
Aljouf city. The remaining five profiles  B, C, D, E 
and F located in between A and G respectively, Fig. 
1. 
 
V. SAMPLE COLLECTION 
 
After selecting the sites, an area of space (100 m2) 
have been taking up for each site, according to the 
recommendations of the International Atomic Energy 
Agency (IAEA); [14] where the ground must be 
exposed and the sample taken at a depth of (0-15 cm). 
Then, 35 disturbed soil samples were collected in 
plastic bags from 7 profiles for the measurement of 
radon concentration in the laboratory of nuclear 
physics, department physics in northern border 
university using RAD 7 and CR-39 detectors. 
 
VI. STATISTICAL ANALYSIS 
 
For comparison purposes between the used two 
various techniques using their corresponding two 
instruments RAD7 and CR-39 respectively, the 
statistical analysis was performed to predict some 
important parameters such as mean, range, standard 
deviation (SD) and coefficient of variation (CV). The 
correlation coefficient (r ) parameter was used to 
correlate both methods. 
Specifically, the statistical mean was used to measure 
the numerical average or central values of radon 
concentration content for both methods at different 
stations, while the statistical range, SD and CV were 
used to measure the dispersion of radon concentration 
contents. 
The range is a simple tool for measuring the total 
spread or dispersion; it is calculated by getting the 
difference between the minimum and maximum value 
of radon concentration contents. 
 
The standard deviation (SD), was computed to 
quantify the amount of variation or dispersion of 
radon concentration content. This was performed by 
taking the square root of the average of the squared 
deviations of the measured values from their 
calculated average value of the determined radon 
concentration content. 
 
The coefficient of variation (CV), was used to 
measure the variability of the radon concentration 
content through measuring the relative variation of 
the SD from mean. It is also used to compare the 
stability or consistency of the two determined sets of 
values using the two different instruments; RAD7 and 
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CR-39, corresponding to the two various used 
techniques of measuring. As a comparison tool, It is 
more accurate than the standard deviation. When the 
value of CV becomes higher, then the obtained data 
has high variability and less stability. When the value 
of CV becomes lower, then the obtained data has less 
variability and high stability [15]  
To detect the strength and direction of the linear 
relationship between the measured radon 
concentration contents of both techniques, the 
correlation coefficient (r), was calculated. It is 
defined as the covariance of the variables divided by 
the product of their standard deviations [16]. 
 
VII. RESULTS AND DISCUSSION 
 
Tables 2 and 3 show the results of the statistical 
analysis at different stations or profiles for both two 
used techniques. 

 
Table 2: Statistical analysis results at 7 stations 

using RAD7 (after Alghamdi, 2015). 

 
 

Table  3: Statistical analysis results at 7 stations 
using CR-39 

 
 

Environmentally, the maximum concentrations of 
radon contents using RAD7 was 45 Bq/m3, while it 
was 48 by using CR-39. These two measured values 
are less than 150 Bq/m3, which is considered the 
mean in point view of Environmental Protection 
Agency and which indicates that no hazards on 
human body and on surrounding environment. 
After plotting the five sorted readings of radon 
concentration contents for all samples for both 
methods using RAD7 and CR-39, It was observed 
that the values of radon concentration of CR-39 were 
higher than the corresponding values of RAD7. Both 
methods reflect a trend which is gradually change in 
readings from station to station but the readings of 
CR-39 were less than RAD7 Fig. 4. 

 

 

 

 

 

No of samples 5 5 5 5 5 5 5
Profiles A RAD B RAD C RAD D RAD E RAD F RAD G RAD Mean RAD SD RAD CV% RAD
5(max) 35 35 38 40 42 43 45 39.71 3.90 9.83
4 34 34 36 39 41 40 44 38.29 3.77 9.86
3(median) 27 29 30 30 35 36 39 32.29 4.39 13.59
2 27 28 30 30 34 36 39 32.00 4.43 13.86
1(min) 16 18 20 18 22 24 25 20.43 3.36 16.44
SD 7.60 6.76 7.01 8.88 7.98 7.22 7.99 7.63 0.72 9.43
RADon % 12.20 12.64 13.52 13.78 15.28 15.72 16.86 14.29 1.71 11.96
Max 35 35 38 40 42 43 45 39.71 3.90 9.83
Min 16 18 20 18 22 24 25 20.43 3.36 16.44
Median 27 29 30 30 35 36 39 32.29 4.39 13.59
Mean 27.8 28.8 30.8 31.4 34.8 35.8 38.4 32.54 3.89 11.96
CV% 27.32 23.47 22.77 28.27 22.93 20.18 20.80 23.46 18.49 78.82

No of samples 5 5 5 5 5 5 5
Profiles A CR-39 B CR-39 C CR-39 D CR-39 E CR-39 F CR-39 G CR-39 Mean CR-39SD CR-39 CV% CR-39
5(max) 32 35 37 40 41 44 48 39.57 5.44 13.75
4 30 35 33 39 41 43 47 38.29 5.96 15.58
3(median) 29 32 31 37 40 42 46 36.71 6.32 17.21
2 25 30 30 36 39 42 46 35.43 7.48 21.11
1(min) 21 30 28 33 39 41 45 33.86 8.34 24.62
SD 4.39 2.51 3.42 2.74 1.00 1.14 1.14 2.33 1.31 55.97
RADon % 7.23 8.55 8.39 9.76 10.55 11.19 12.24 9.70 1.76 18.12
Max 32 35 37 40 41 44 48 39.57 5.44 13.75
Min 21 30 28 33 39 41 45 33.86 8.34 24.62
Median 29 32 31 37 40 42 46 36.71 6.32 17.21
Mean 27.4 32.4 31.8 37 40 42.4 46.4 36.77 6.66 18.12
CV% 16.03 7.75 10.76 7.40 2.50 2.69 2.46 6.35 19.61 308.81
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Fig.  4. Intercomparative     between  radon measurement  at 

each site using  RAD7 and CR39 techniques 
 

The range of measured values of CR-39 was greater 
than that of RAD7, it was extend from 20 to 47 for 
CR-39 while it was extend from 15 to 45 for RAD7. 
It was observed that the min and max values of CR-
39 was greater than that of RAD7. The two measured 
maximum values using the two different instruments 
were 47 and 45 respectively while the two measured 
minimum values were 20 and 15 respectively; Fig. 5. 
and Fig. 6. 

 

 
Fig.  5. Radon content (Bq/m3) using Rad7 for different 

samples at different profile 

 
Fig. 6. Radon content (Bq/m3)using Cr-39for different samples 

at different profile 
 
According to the calculated values of minimum, 
maximum and mean of radon concentration Figs. 7, 8 
and 9; it was observed that the CR-39 technique 
reflect readings of a little bit higher than RAD7. 
Similarly the range between the readings of RAD7 
and CR-39 increase from 0 to 10Bq/m3. 

 

 
Fig.  7.The relation  between minimum  value  of radon  

contents  at different sites (Bq/m3). 
 

 
Fig.  8.The relation  between Maximum  value  of radon  

contents  at different sites (Bq/m3). 
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Fig.  9. The relation  between mean value  of radon  

contents  at different sites (Bq/m3). 
 

SD of RAD7 readings reflects values higher than that 
obtained from CR-39 Fig. 10., which indicates that 
CR-39 is more stable than that of RAD7 with range 
from 2 to 7 Bq/m3 depending on the location. 

 
Fig.  10.The relation  between Standard deviation STD of 

radon  contents  at different sites. 
 
Results of CV% Fig. 11. show that the values of 
RAD7 was higher than the values of CR-39 with 
average reading of 23.5 and 6.3 respectively, which 
confirmed and approved that CR-39 is more 
consistent. 

 

 
Fig.  11. The relation  between CV% of radon  contents  at 

different sites 

A highly significant correlation was found between 
the results of the passive and active two methods for 
measuring radon concentration in the selected 
locations as shown in Table 4. where the calculated 
minimum value of correlation coefficient between 
radon concentration contents that deduced by the 
used two different instruments; RAD7 and CR-39, 
was 0.91, while the calculated maximum value was 
0.97, which reflects highly correlation between both 
methods. 

 
Table 4: Correlation Coefficient (r) between 

concentrations of radon for both technique at 
different profiles. 

 
 
CONCLUSIONS 
 
The results of the present work reflects several 
important concluded 
remarks as follows: 
1- The maximum radon concentration measurement 

in the silty sand soil of Wadi Arar (48 Bq/m3) was 
deduced from CR-39 technique; which is not 
exceeded the limit value of 150 Bq/m3,so that 
there is no high potential hazards in the studied 
area. 

2- The minimum reading of correlation coefficient r 
between the concentrations of radioactive radon 
using both method was 0.91 which reflects highly 
positive correlation. 

3- For both methods, the concentration of radon 
increase in direction of source rocks and upstream 
of Wadi Arar sediments with average of 33.5 to 
47.5 Bq/m3. 

4- For the minimum reading of radon concentration; 
the difference in range of radon concentration 
between both methods increase in direction of 
source rocks, while there is no change in reading 
between both methods at maximum readings. 

5- The standard deviation of RAD7 is higher than 
CR-39 with a value of 3.2 at Arar city at profile A 
and increase up to 6.8 at the direction of source 
rock at profile G which means that the used 
method of  CR-39 is more stable. 

6- The CV of RAD7 is higher than that for CR-39 
with average readings of 23.5 and 6.3 
respectively, which reflect that CR-39 is more 
consistent.  
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