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ABSTRACT  
 
Radon is a radioactive noble gas that may be found anywhere in soil, air and in 
different types of water: groundwater, surface and springs. It is reasonable 
carrying out surveys for radon in groundwater for radiation protection as well 
for geological considerations. This paper presents results of radon (222Rn) and 
thoron (220Rn) concentrations level in groundwater samples selected from parts 
of Abeokuta, Ogun State. Fifty water samples were collected from different 
locations in Abeokuta metropolis which is known for high levels of radon 
precursors in the underlying rocks. At each well location, water sample was 
drawn carefully with minimum agitation to fill a litre plastic bottle, out of which 
3.7 ml was dispensed into two specially designed plastic cups, one containing a 
CR-39 and the other a LR-115. The two detectors were exposed to alpha particles 
emitted by 222Rn, 220Rn and their decay products emanating from each water 
sample for forty days. After the exposure, the detectors were chemically etched 
in NaOH solutions: 2.5 N at 60°C for 2 h for LR-115 detector and 6.25 N at 70°C 
for 7 h for the CR- 39 to reveal the alpha tracks. The track densities on the 
detectors were determined by viewing them under a microscope and the 
corresponding concentrations of 222Rn and 220Rn in the water samples were 
calculated. The222Rn concentration obtained ranged from 3.1 to 90.8 kBq/m3. All 
the water samples had 222Rn concentrations above the maximum contaminant 
level of 0.1 kBq/m3 as recommended by the Standard Organization of Nigeria. 
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INTRODUCTION 
 
Radon is one of the most important terrestrial radioactive 
elements. It is odourless, colourless, water-soluble, 
radioactive noble gas. There are many isotopes of radon, 
but thoron (220Rn in 232Th decay series) and radon (222Rn 
in 238U decay series) are the most radiological significant 
due to their appreciable half-lives: 55 seconds and 3.82 
days, respectively. The remaining isotopes are very short-
lived and have little or no radiological significance. For an 
average individual, exposure to indoor radon contributes 
more than half of the total annual effective dose from 
natural sources of radiation (UNSCEAR, 2000). The main 
health risk of radon is lung cancer due to inhalation (WHO, 
2004). However, Radon in water may constitute health 
problem in that the gas easily disorbs from the liquid and 

contributes to the total concentration in an indoor 
environment. 

Groundwater is an essential and vital water resource. Its 
demand has increased rapidly over the last few decades 
following increase in population and enhanced standards 
of living. It is the only source of freshwater for many 
communities. Ground water can either be extracted from 
bedrock (drilled wells) or from a soil aquifer (dug well). 
Private wells are often drilled or dug to supply water to 
individual households that are not connected to public 
water supply.  

Many countries have also defined Action Level for radon 
concentration to guide their program to control domestic 
exposure   to    radon.  The   Action  Level is not a boundary 

 

 

J.A. Rabiu1*, O.A. Mustapha2 ,V. Makinde2 

and A.M. Gbadebo3 
 
1Department of Physics, Federal University 
Kashere, P.M.B. 0182, Gombe, Nigeria. 
2Department of Physics, Federal University 
of Agriculture Abeokuta, P.M.B. 2240, 
Abeokuta, Nigeria. 
3Department of Environmental 
Management and Toxicology, Federal 
University of Agriculture Abeokuta, P.M.B. 
2240, Abeokuta, Nigeria. 
 
*Corresponding author. E-mail: 
jamoary@yahoo.com. 



Academia Journal of Scientific Research; Rabiu et al.         606 
 
 
 

LEGEND

Settlements

Abeokuta Formation

Pegmatite/Quartz vein

Geological boundary

Porphyroblastic gneiss

Biotite granite gneiss

Tributaries

River

Sampling points

Camp

Arakanga

Elega

Iberekodo Saje

Onikolobo

Olomore

Ita-Oshin
Ita-Eko

Panseke
Oke-Itoku

Igbore

Lafenwa

Obantoko
Somorin

Arinlese

Awo

Onibode

AsebeMawuko

Apena

3018’00” 3020’00” 3022’00” 3024’00” 3026’00”

7
0
0
6
’0
0
”

7
0
0
8
’0
0
”

7
0
1
0
’0
0
”

7
0
1
2
’0
0
”

7
0
1
4
’0
0
”

3028’00”

4.0km2.00

Idi-Aba

Adatan

Iporo-Ake

Olumo

Olorunsogo

Asero
Ake

Adatan

Kuto

Itoko

Oke-Aregba

Odo

Isolu

Osiele

Aro
Quarry

ABEOKUTA

Coarse porphyritic biotite/

Biotite-garnet-schist/

Migmatite

biotite-garnet -gneiss

Biotite/biotite-hornblende-granodiorite

biotite-muscovite-granite

49

 
 

Figure 1: Geological map of Abeokuta and its environs showing water sampling locations. 

 
 
 
between safe and unsafe, but rather a level at which action 
on reduction of radon level will usually be justified. Some 
people may choose to take action when the Action Level is 
approached. For example, many countries consider radon 
concentration in the air of 200 Bq/m3 as an Action Level at 
which mitigation measures should be taken to reduce 
radon level in homes (USEPA, 2001). In USA, people who 
have private wells should test their well water to ensure 
that Radon levels meet EPA's standard (EPA's Action Level 
of 150 Bq/m3, USEPA, 2001). 

In addition, exposure to uranium in drinking water may 
cause toxic effects to the kidney. In order to protect public 
health, Environmental Protection Agency (EPA) 
established drinking water standards for several types of 
radioactive contaminants: combined radium 226/228 
(200 Bq/m3), gross alpha standard (500 Bq/m3) (Ball et 
al., 1991). The Norwegian Radiation Protection Authority 
also recommended an action level of 500 Bq/m3 for radon 
in domestic water and 200 Bq/m3 in household air (NRPA,  

1995). 
 
 
MATERIALS AND METHODS 
 
The study area is Abeokuta which lies between Latitudes 
7º 5′ N and 7º 20′ N and Longitudes 3º 17′ E to 3º 27′E, is a 
town located in the sub-humid tropical region of South-
western Nigeria (Figure 1). Abeokuta is underlain by 
basement complex rocks, and the populace depend largely 
on municipal water suppliedfrom the River Ogun. This 
source of water supply is however, not sufficient and does 
not meet the demand of the populace. This surface water, 
which is the major source of drinking water in Abeokuta, 
has a very low output especially during the dry season 
when the evaporation rate is high (and precipitation is 
lower than annual average). Most of the commercially 
bottle and sachet water industries also rely on water from 
the municipal water corporations, thus, they (commercial 
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Figure 2: Photograph of CR-39 solid state nuclear track detector (SSTND). 

 
 
bottle/sachet water industries) are unable to ease the 
prevailing water scarcity in the area. 
 
 
Solid state nuclear track detectors (SSNTDs) 
 
Figure 7 shows the chemical structure of Polyallyldiglycol 
carbonate (C12H18O7) known as CR-39, with clear, 
colourless appearance, rigid plastic and density of 1.30 g 
cm-3.  

It has been used in the manufacture of eyeglass lenses 
since 1947. It was firstly applied during the World War II 
to coat aircraft fuel tanks for the B-17 bomber aircraft to 
make them more durable. The abbreviation (CR) stands for 
Columbia Resin #39 because it was the 39th formula of a 
thermosetting plastic (Figure 2) developed by the 
Columbia Resins project in 1940 (Fleisher et al., 1975). 
The CR-39 detectors used in this study were obtained from 
ENEA, institute di Radio protezione, Bologna, Italy. They 
are rectangular and has 500 µm thickness.  
 
 
LR-115 Films (Type II) 
 
LR-115 films consist of thin films of a special cellulose 
nitrate coloured deep red and coated on a 100µm thick 
polyester base. Only one side of these films is sensitive. 
With a needle, it gives white scratches, which must be 
taken into consideration when in use.   

The LR115 type films consist of a 100 μm thick polyester 
base that is coated with a 12 μm thin, α-sensitive layer of 

red coloured cellulose nitrate. Figure 3 shows the red 
sensitive layer of the type 2 stripping film (strippable) 
which must be removed from the base while it is still wet 
at the conclusion of the washing stage. In the present 
study, the LR-115 detectors (LR-115 Type II,) were 
obtained from DOSIRAD, France. The detectors consist of 
12 µm active layer of red cellulose nitrate on top of a 100 
µm clear polyester base substrate. It is a circular detector 
of diameter 2 cm. It is manufactured by Kodac Pattie 
France and marketed by Dosirad, France.         
 
 
Experimental method 
 
Exposure of SSNTDs to water samples 
 
Each piece of CR-39 and LR-115 detector was placed 9 cm 
above water sample in a hermetically sealed cylindrical 
plastic container of radius q=2.75 cm (Figure 4). During 
the exposure time (40 days), α-particles emitted by radon, 
thoron and their corresponding daughter bombarded the 
SSNTD films. This set-up and dimensions were based on an 
earlier optimization described by Misdaq and Satif (1996).  

All the α-particles emitted by the radionuclides in the 
radon and thoron series that reach the LR-115 detector 
under an angle lower than its critical angle of etching with 
a residual energy between 1.6 and 4.7 MeV are registered 
as bright track-holes. The CR-39 detector is sensitive to all 
α particles reaching its surface under an angle smaller than 
its critical angle of etching (the critical angle for a detector 
is  defined   as   the   angle   between   the  direction  of   the  
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Figure 3: Photograph of LR115' film badge type II. 

 
 

 
 

Figure 4:  Set-up for measuring radon and thoron concentrations in water comprising two plastic 
containers (i) with CR-39 and (ii) with LR-115. 

 
 
 
projectile and the normal to the detector surface under  which no track can be revealed by etching).  
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Theoretical aspect 
 
This is calculated using the formula: 
 

                                                 Total number of tracks counted in all the fields of view 

Average number of tracks =  

                                                          Number of fields of view 

 

(1) 
 
The average number of the tracks was used to calculate the 
tracks density (Track/ cm2) given as:     
 

                             Average number of tracks 
Track density =  
                           Area of one field of view 
 

                           
(2) 
 
The error in the present measurements as well as the 
Track density was the standard error of the mean and 
calculated as: 
 

n
Error n 1


                                                                          (3)        

 

Where is the standard deviation given by: 

 

                                                                            

(4)       
 
Where x and n are average track density and the number 
of fields of view respectively. 
The thoron and radon concentration of water sample was 
calculated using the method developed by Misdaq and Satif 
(1996) and Misdaq et al. (2000): 
 

             

(5) 
 
Where A222 and A220 are radon and thoron concentration, 

the probability of alpha particle ofenergy Eα 

(tabulated), Ri is the range of alpha particle in the detector 
material and ki is the branching ratio for alpha decay of 
radon (tabulated) given as: 
 

=  

( )                               (6) 

Dividing Equation (2) on (3) we get:  
 

                                                  

(7) 
 

By measuring ,  and knowing the values of  

and  one can determine the ratio  using the 

equation: 
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(8) 
 
Using relations (8), (5) and (6) one can evaluate the 
activity of Radon 222A and thoron 220A.  
 
 
RESULTS AND DISCUSSION 
 
The calculated global track densities were used to obtain 

the 
222220 / CC AA  ratios and the radon and thoron activity 

concentration for the water samples using Equations (5), 
(6) and (7) respectively.  

Table 1 shows the global track density of LR-115 type II 

 LR

G , the global track density of CR-39  CR

G , the ratio 

of 
222220

CC AA and the activity concentrations of 222Rn 

 222

CA  and 220Rn (
220

CA ) for the water samples. Table 1 

shows activity concentrations in groundwater samples 
ranging from 3050.49 to 90798.69 Bq/m3 and 660.76 to 
57181.68 Bq/m3 for 222Rn and 220Rn respectively.  

High levels of radon in water could result from high 
uranium and radium concentrations in the water and/or in 
the adjoining or host rocks. Many of the stations where 
high radon levels were recorded correspond to areas 
identified with high background radiation levels by 
previous investigators (Farai and Vincent, 2006; Jibiri and 
Famodimu, 2013). Some of the values obtained are above 
the recommended limits specified by different regulatory 
bodies (Table 2). 

Figures 5 and 6 show the frequency distribution 
analyses for track densities on the CR-39 and LR-115 
detectors respectively. The error on track density counting 
is smaller than 7% for samples studied. 

A linear statistical model was constructed to know the 
pattern of the relationship between 222A and 220A (Table 3).  
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Table 1: 222Rn and 220Rn Activities concentration in Bq/cm2 in different water samples. 
 

Samples location Latitude Long ρᶜᴿ  (Tr.cmˉ²) ρᶫᴿ(Tr.cmˉ²) ρGᶜᴿ  (Tr.cmˉ².sˉˡ) ρGᶫᴿ(Tr.cmˉ².sˉˡ) ρGᶜᴿ/ρGᶫᴿ A²²°/A²²² ²²²A(Bq.mˉ³) ²²°A(Bq.mˉ³) 

Kugba 7.1743 3.35787 10050.76 6328.26 0.0029082 0.001831 1.5883124 1.802455 15692.01 28284.15 

Amolaso 7.13982 3.34797 8764.81 5482.23 0.0025361 0.001586 1.5990542 0.980853 20044.33 19660.54 

Ake 7.16213 3.35272 13401.02 8336.15 0.0038776 0.002412 1.6076285 0.627042 38315.87 24025.65 

FUNAAB 7.23027 3.43965 20112.80 12611.39 0.0058197 0.003649 1.5948753 1.228625 40342.13 49565.35 

Iberekodo 7.18316 3.3476 14089.11 8708.40 0.0040767 0.002520 1.6177381 0.359609 49679.72 17865.26 

Panseke 7.12097 3.32184 23857.87 14709.53 0.0069033 0.004256 1.6220160 0.275346 90798.69 25001.08 

Saje 7.18172 3.36091 11426.96 7027.64 0.0033064 0.002033 1.6263650 0.201861 46721.01 9431.16 

Olumo 7.16676 3.34329 14089.11 8697.12 0.0040767 0.002517 1.6196663 0.319976 51458.57 16465.50 

Arinlese 7.17234 3.34977 18127.47 11122.39 0.0052452 0.003218 1.6299565 0.148673 78330.88 11645.66 

Adatan 7.16853 3.3592 8764.81 5358.15 0.0025361 0.001550 1.6361935 0.069180 41390.51 2863.40 

Ijemo 7.15634 3.35335 10738.86 6768.19 0.0031073 0.001958 1.5869765 1.962587 15789.83 30988.92 

Ago-oko 7.15638 3.34943 19503.67 12295.54 0.0056434 0.003558 1.5861158 2.076851 27532.87 57181.68 

Elega 7.19343 3.35785 9486.75 5820.64 0.0027450 0.001684 1.6300475 0.147402 41049.10 6050.71 

Quarry-road 7.13489 3.34268 12115.06 7399.89 0.0035055 0.002141 1.6373190 0.056310 58084.87 3270.77 

Iyana-Mortuary 7.1473 3.3658 12115.06 7467.57 0.0035055 0.002161 1.6221657 0.272629 46225.88 12602.51 

Abiola -Way 7.16248 3.37185 8764.81 5369.43 0.0025361 0.001554 1.6319820 0.121218 39018.71 4729.75 

Olorunshogo 7.15296 3.36709 7388.61 4647.49 0.0021379 0.001345 1.5895167 1.673479 12140.36 20316.64 

Asero 7.1721 3.37229 6012.41 3677.38 0.0017397 0.001064 1.6350564 0.082608 27954.36 2309.25 

Obantoko 7.177 3.39131 10050.76 6147.77 0.0029082 0.001779 1.6347386 0.086439 46525.38 4021.63 

Camp 7.18759 3.437 10738.86 6598.98 0.0031073 0.001909 1.6277108 0.181208 44844.35 8126.15 

Idi-aba 7.14334 3.37364 10050.76 6283.14 0.0029082 0.001818 1.5996700 0.949495 23400.36 22218.52 

Ita-osin 7.13674 3.30494 11426.96 7005.08 0.0033064 0.002027 1.6311791 0.131898 50278.71 6631.64 

Ita-eko 7.13946 3.33029 6012.41 3711.22 0.0017397 0.001074 1.6198324 0.316693 22024.86 6975.12 

Lafenwa 7.15733 3.32958 10738.86 6723.07 0.0031073 0.001945 1.5975835 1.060648 23498.17 24923.29 

Olomore 7.14647 3.3161 6012.41 3745.06 0.0017397 0.001084 1.6048893 0.723251 16095.37 11641.00 

Onikolobo 7.11752 3.33147 10738.86 6542.58 0.0031073 0.001893 1.6414686 0.012162 54331.54 660.76 

Osiele 7.19266 3.45426 12115.06 7445.01 0.0035055 0.002154 1.6274373 0.185332 50376.53 9336.40 

Sapon 7.15388 3.34628 10738.86 6553.86 0.0031073 0.001896 1.6388713 0.039209 52552.69 2060.52 

Imo 7.15204 3.34529 10738.86 6779.47 0.0031073 0.001962 1.5837411 2.448591 13418.03 32855.27 

Somorin 7.17844 3.40159 13254.37 8347.43 0.0038352 0.002415 1.5880745 1.829570 20479.45 37468.59 

Arakonga 7.2044 3.34587 6012.41 3812.75 0.0017397 0.001103 1.5772439 4.246166 4829.33 20506.15 

Bode-olude 7.2022 3.36179 12115.06 7456.29 0.0035055 0.002157 1.6251739 0.220919 48597.68 10736.16 

Idi-ape 7.15711 3.34572 7388.61 4523.41 0.0021379 0.001309 1.6332315 0.105102 33486.53 3519.50 

Iporo-Ake 7.16079 3.35528 6012.41 3711.22 0.0017397 0.001074 1.6198324 0.316693 22024.86 6975.12 

Ijemo-agbadu 7.15854 3.3527 15465.31 9667.23 0.0044749 0.002797 1.5998927 0.938428 36237.52 34006.30 

Igbore 7.15233 3.33974 6012.41 3699.94 0.0017397 0.001071 1.6243697 0.234222 23803.71 5575.36 

Ijaye 7.14853 3.35883 7388.61 4670.05 0.0021379 0.001351 1.5824574 2.693356 8582.66 23116.16 

Okeyeke 7.14492 3.34972 7388.61 4568.53 0.0021379 0.001322 1.6171710 0.371831 25778.19 9585.13 

Itesi 7.16625 3.353303 10738.86 6666.67 0.0031073 0.001929 1.6108346 0.529262 32985.36 17457.90 
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Table 1: Conts. 222Rn and 220Rn Activities concentration in Bq/cm2 in different water samples. 

 

Itoko 7.16927 3.35122 6012.41 3677.38 0.0017397 0.001064 1.6350564 0.082608 27954.36 2309.25 

Kuto 7.13633 3.35022 9362.66 5775.52 0.0027091 0.001671 1.6212448 0.289578 35161.53 10182.02 

Nawairudeen 7.145 3.3511 8764.81 5482.23 0.0025361 0.001586 1.5990542 0.980853 20044.33 19660.54 

Isabo 7.14471 3.35035 8764.81 5527.35 0.0025361 0.001599 1.5860538 2.085457 12335.99 25726.17 

Okearegba 7.17578 3.36225 12115.06 7411.17 0.0035055 0.002144 1.6350280 0.082949 56306.02 4670.53 

Oke-ijemo 7.15855 3.34456 14777.21 9317.54 0.0042758 0.002696 1.5859792 2.095872 20723.02 43432.80 

Oke-itoku 7.15809 3.34825 8099.27 5064.86 0.0023435 0.001466 1.5985675 1.006469 18257.52 18375.64 

G.R.A ibara 7.12508 3.34173 8076.71 4997.18 0.0023370 0.001446 1.6161826 0.393788 27654.86 10890.14 

Lantoro 7.16201 3.36243 9362.66 5854.48 0.0027091 0.001694 1.5992326 0.971651 21523.69 20913.52 

Distilled water 
  

6012.41 3824.03 0.0017397 0.001106 1.5729656 7.181124 3050.49 21905.91 

Omida 7.14017 3.33817 6012.41 3711.22 0.0017397 0.001074 1.6198324 0.316693 22024.86 6975.12 

 
 

Table 2: Recommended limits of 222Rn concentration specified by different regulatory bodies. 
 

Regulatory bodies Maximum contaminant level (Bq/m3) 

USEPA**(NAS, 1999) 11,100 
USEPA* (NAS, 1999) 146,000 
EU+ (EU, 2001) 100,000 
EU++ (EU,2001) 1,000,000 
SON ( SON, 2007) 100 (0.1Bq/L) 

 

USEPA: United State Environmental Protection Agency; EU: European Union; SON: Standards 
Organization of Nigeria, ** For states without radon monitor monitoring policy and enhanced indoor air 
programs; * For states with radon monitor monitoring policy and enhanced indoor air programs; + 
Measurement that warrants consideration of possible remedial actions and ++ Upper bound above which 
remedial action is definitely required. 

 
 

 
 

Figure 5: The frequency curve for ²²²A(Bq.mˉ³). 
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Figure 6: The frequency curve for 220A(Bq.mˉ³) 
 
 

 
 

Figure 7: Chemical structure of polyallyldiglycol carbonate (C12H18O7). 

 
 

The linear regression model used is ebxay   

where y=222A(Bq.mˉ³) and x=220A(Bq.mˉ³) with a and b as 
constant to be determined while e is the error term. Table 
3 shows coefficient a=40435.775 and b= -0.438. a indicates 
the constant with mean at x=0, y=40435.775 and b 
indicates that there is a kind of negative relationship 
between x and y, that as y increase x decreases at the rate 
of 0.438. 

From ANOVA, it indicated that the model is significant at 
0.05, since p = 0.027. R2 = 0.312 which indicated that 
31.2% of the variation in the model is being explained 
²²°A(Bq.mˉ³) (Table 3). 
 
 
Conclusion  
 
Two types of Solid State Nuclear Track Detectors (SSNTD), 
that is, CR-39 and LR-115 type II were used in this study to 
evaluate the concentrations of 222Rn and 220Rn in 
groundwater samples from different locations in 
Abeokuta. This technique has the advantages of being 
simple, accurate, inexpensive and non-destructive and 
does not need the use of any standard for its calibration. 
The results showed a range of 222Rn concentrations 
between 3050.49 and 90798.69 Bq/m3. Generally, there 
was a higher concentration of 222Rn in the well water 

samples compared to 220Rn, although there were 
exceptional cases where 220Rn were higher than 222Rn. A 
well in Panseke area recorded the highest 222Rn of 
concentration (90798.69 Bq/m3) .Other areas with high 
radon concentration values are Sapon (52552.69 Bq/m3), 
Okearegba (56306.02 Bq/m3) and Ake (38315.87 Bq/m3). 
The results of 222Rn concentrations agree well with those 
obtained earlier by Oni et al. (2014) using RAD7 connected 
to a bubbling kit to degas radon from water samples.   

The concentration of 222Rn in all the water samples are 
above the maximum contaminant level (MCL) presented 
by the Standards Organiazation of Nigeria (SON, 2007) for 
radionuclide concentration in drinking water in Nigeria. 
Irrespective of the sources, 80% of the samples collected 
have 222Rn concentrations above the 11,100 Bq/m3 stated 
by the USEPA as the MCL for states without radon 
monitoring policy and enhanced indoor air program. 
However, none of the samples has 222Rn up to 1000,000 
Bq/m3 which is the upper bound value above which the 
European Union recommended that remedial action is 
definitely required. 

Going by the result of this study and the strong 
dependence of the populace on groundwater it is 
concluded that water consumption may be a relevant 
radiological exposure pathway among some of the 
inhabitants   of    Abeokuta.   It   is   therefore   pertinent   to  
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recommend that more considerations be given to further 
study radon in indoor air and drinking water on different 
parts of Abeokuta with a view to ascertain the prevalence 
and the remediation required.  
 
 
REFERENCES 
 
Ball TK, Cameron DG, Colman TB, Roberts PD (1991). Behaviour of Radon 
in the geological environment: a review. Q. J. Eng. Geol. London. 24:16  
EU (2001). European Union CommissionRecommendation on the 

protection of the public against exposure to radon in drinking water 
supplies. Office Journal of the European Community, L 344. 28:85–88. 

European Commission (1998). European drinking waterdirective 
98/83/EC of 3rd November 1998 on thequality of water intended for 
human consumption. Official J. L. Official J. European Commission. 330. 

Farai IP, Vincent UE (2006). Outdoor radiation level measurement in 
Abeokuta, Nigeria by thermoluminescent dosimetry. Nigeria J. Phy. 
18(1):121-126.  

Fleischer RL, Price PB,  Walker RK (1975). NuclearTracks in Solids, 
Principles and Applications. Berkeley,California: University of 
California. 

Jibiri N, Famodimu J (2013). Natural background radiation dose rate 
levels and incidences of reproductive abnormalities in high radiation 
area in Abeokuta, South-western Nigeria, Natural Science. 5:1145-
1153. 

Misdaq MA, Satif C (1996). A new method for studyingthe in¯uence of 
pollution and soil nature on the radon ema- nation from water samples 
by using solid state nuclear track detectors. J. Radioanal. Nucl. Chem. 
207:107. 

Norwegian Radiation Protection Authority, NRPA (1995). 
Anbefaltetiltaksnivϩer for Radon. (In Norwegian). Recommended 
action levels for Radon in the home and work-place. Statensstrolevern, 
Norway Brochure. 5. 

SON (2007).Nigeria standard for drinking water, Standards Organisation 
of Nigeria. NIS554. 

United Nations Scientific Committee on the Effects of Atomic Radiation, 
UNSCEAR   (2000). Sources and effects of ionizing radiation, UNSCEAR 
report to the general assembly with scientific annexes, United Nations, 
New York. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

United States Environmental Protection Agency office of Air and 
Radiation (2001). A Citizens guide to Radon. Indoor Environments 
Division 6609 J, EPA Document 402- k92-001, third edition. 
www.epa.gov/iaq/iaqxline.html. 

WHO (2004). Guidelines for Drinking Water Quality. Recommendations 
Edition. World Health Organization, Geneva. 1:3.   
www.0xfordjournal.org/cgi 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Cite this article as: 
 
Rabiu  JA, Mustapha OA, Mkinde V, Gbadebo AM (2017). 
Measurement of radon concentration in groundwater samples 
from parts of Abeokuta Ogun State, Nigeria using SSNTDS. 
Acad. J. Sci. Res. 5(11): 605-613. 
 
Submit your manuscript at 
http://www.academiapublishing.org/ajsr 

 

http://www.epa.gov/iaq/iaqxline.html
http://www.0xfordjournal.org/cgi

