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Abstract – 222Rn is considered as the major source of radiological exposure of natural radiations to the population. It represents about the 

half of exposures of natural radiation sources in the world (UNSCEAR, 1993). 222Rn gets into human body with inhaled air and sometimes 

with drinking water. Then, the objective of this work is to know the 222Rn concentrations in water and in indoor atmosphere, and the risk in 

order to set up a method of monitoring and to identify high radon level areas. A specific method of detection using liquid scintillation with 

special  emphasis  on  α/ß discrimination,  the  use  of  solvent  extractive  and enrichment  of  radionuclides  have  been developed  for  the 

determination of both  222Rn and 226Ra in water. The method is simple, rapid and sensitive. It was shown that the proposed method was 

suitable for a large scale monitoring and routine analysis. Considerable concentrations of 222Rn were found in water and air samples from 

Vinaninkarena - Antsirabe. 222Rn concentrations obtained by in situ and in laboratory measurements have been compared to the results of 

an  international  intercomparison  campaigns  organised  by  the  German  Society  for  Liquid  Scintillation  Spectrometry  in  2001.  An 

assessment model of the dose due to ingestion and liberation of radon from water is presented and compared with other models especially 

to the Crawford Brown’s model.
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1. INTRODUCTION

Natural radionuclides generally represent the main source of radiation exposure to the public. In the environment, 

they arise either from the direct radon release from the ground into ambient air or through dissolution natural U and Th-

series into water. Radon exists at low concentration in surface waters, whereas its concentration in ground waters can be 

many orders magnitude greater.  222Rn is the radon isotope sufficiently abundant and long-lived to be a health concern 

with  its  decay  products.  Doses  caused  by  222Rn in the  human body from drinking water  has  been  estimated  and 

compared with other models. Most of the water samples are surface water.

Water samples are analyzed on site using a portable liquid scintillation counter Triathler™. For calibration, a liquid 

scintillation spectrometer Berthold Betaszint 5000/300 is used. Counting efficiency for the Berthold counter is nearly 

100% for each radionuclide α-emitter and  90%  per β-emitter in  equilibrium conditions  into account (480% total in 

equilibrium). . The 222Rn concentrations found are given in Table 1. 
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Table 1. 222Rn concentrations in Water samples from 
Vinaninkarena-Vatovory-Ambohitraivo 

Sample Activity of 222Rn  
[mBq.L-1] 

Sample Activity of 222Rn  
[mBq.L-1] 

MNG01 10 ± 3.37 VJV01 46.75 ± 3.37 
MNG02 107.93 ± 3.37 VJV02 2.70 ± 3.37 
MNG03 174.60 ± 3.37 VNK01 91.57 ± 0.9 
MNG04 70.74 ± 3.37 VNK02 111.88 ± 1.8 
MNG05 104.82 ± 3.37 VNK03 30.68 ± 1.8 
VTV01 703.60 ± 3.37 VNK04 17.50 ± 1.8 
VTV02 170.24 ± 3.37 VNK05 12.64 ± 1.8 
AMS01 251.90 ± 1.8 VNK06 155.17 ± 1.8 
AMS02 55.25 ±0.9 VNK07 32.74 ± 1.8 

For the 18 water samples collected, a lognormal 222Rn concentrations distribution is observed.  222Rn concentrations 

range from 10 Bq.L-1  to 703.60 Bq.L-1. The arithmetic mean is 119.40 Bq.L-1, the median value is 55 Bq.L-1 and the 

geometric mean is 4.10 Bq.L-1.

Of the  222Rn concentrations acquired, 99 % of results are above 5.9 Bq.L-1 the mean  222Rn concentrations value in 

drinking water fixed by German regulation and 11 Bq.L-1 the limit set by Environmental Protection Agency (EPA) 

while 70% are above 50 Bq.L-1, 60 % are above 100 Bq.L-1 and 13.33 % are above 200 Bq.L-1.

2. 222Rn IN DWELLINGS

The method  presented  is  meant for in-situ field analysis of  the  present  222Rn status in the  air.  It makes use  of radon 

absorption from about 5 L of the air with the aid of a small laboratory pump into a glass flask of 50 mL volume with an 

impinger  as  bubbler  containing Beta  Plate  ScintTM  as  both  organic  extractant  and scintillation cocktail.  Successive 

counting  is  done in  a  mobile device  by α/β-discriminating liquid scintillation after equilibrium between  222Rn and its 

progenies has been established.
222Rn concentrations in the glass flask have been estimated with calibrated charcoal canisters with 3 days collecting 

time.

The glass flask was filled with 50 mL of organic cocktail solution. As a cocktail, Toluene Scint (prepared from 4 g.L-l PPO as 

primary scintillator, 0.1 gL-1 POPOP as secondary scintillator, and  1 L toluene as solvent) have been used. After 15 min of 

enrichment,  20 mL of  the  cocktail were transferred into a  plastic vial and counted immediately into an  optimized α-LS 

channel for rough activity estimation (222Rn and 218Po), and additionally after establishing equilibrium of 222Rn with progenies 

for precise results. Measurements were done with the mobile LS TriathlerTM (HIDEX Oy,  Turku), applying α/β-pulse  shape 

discrimination (PSD). 

In  our  open scintillation system,  222Rn adsorption and  resorption compete.  As has  been  shown mathematically  by 

Prichard (1983),  saturation  in the organic LS  cocktail  has  been  confirmed  as  well in our experiments.  Equilibrium 

conditions resulting in  a  constant  activity concentration has been investigated for different air flow rates  between  0.3 

and 3 L.min-1 and 222Rn concentration up to 40 kBq.m-3. 
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Thus, with the given experimental condition, 1 cpm α-signal for 140  Bq m-3 [1] of radon in equilibrium and 0.5 L min-1 

flow rate of air has been found. With the mobile TriathlerTM equipment, having a background of 0.02 cpm in the α-

channel and by using a 20 mL glass vial, the minimum detectable concentration is about 15 Bq.m-3. Table 2 gives 

results in Vinaninkarena.

Table 2.  222Rn concentrations indoors

Sample Activity of 222Rn indoors 
measured by active charcoal 

[Bq.m-3] 

222Rn  count rate in 
α-channel by LSC after 

enrichment [cpm] 
Village des jeunesses 341 ± 18 5 

Ambanimaso  2550 ± 50 18 ± 0.36

Vatovory près mine - U 2875 ± 54 20 ± 0.38

Mangamasoandro 1310 ± 36 10 ± 0.26

                                      

3. DETECTION OF 226Ra IN DRINKING WATER

Radium 226 is a naturally occurring isotope, found in the earth's crust, a member of the uranium 238 decay series. 

Many salts of radium are soluble in water, and therefore surface, drinking water may be enriched in both radium and its 

descendant radon. Due to their radiotoxicity, especially those of 226Ra, a contamination hazard for human beings exists 

even at low concentration levels. 226Ra results from the 238U series according to:

                 α+2β      α        α          α α
238U   234U     230Th                      226Ra           222Rn
              4,5 109 y                     2,5 105 y     8 104 y                         1600 y                        3,82 d

226Ra  plays  also  a  dominant  role  for  radiation  exposure  resulting  from  ingestion  of  drinking  water.  Maximum 

permissible levels for  226Ra itself or for total a-activity concentrations are recommended in several  countries or are 

already under legislation. An action level of 0.1 mSv per year for total natural radiation exposure from ingested water is 

foreseen  in  Germany  for  2003  as  has  been  recommended  by  the  European  Community.  The  recommendation 

corresponds to a maximum level of 0.13 Bq.L-1 for 226Ra (as ingestion factor, ICRP 68 recommends 2.8 10-7 Sv.Bq-l). 

The two methods for the enrichment and measurement of 226Ra in water by liquid scintillation we used in combination 

with a mobile device and an electronic α/β-discrimination are given below.

3.1. Method A

Determination of 226Ra by the ingrowth of 222Rn and its progenies into organic cocktail 12 mL of a 226Ra containing 

water sample are pipetted under 8 mL of Beta Plate ScintTM or any other water immiscible organic cocktail in a 20 mL 

glass vial. The vial is closed and refrigerated with the cap downwards in order to avoid 222Rn losses through the plastic 

cap. After equilibrium between 226Ra and 222Rn has been established (2 to 3 weeks) the vial is shaken vigorously and 
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stored for further 3 h. The measurement is then done in a wide energy channel usually with about 480% counting 

efficiency (100% counting efficiency for each 222Rn, 218Po, 214Po as α-emitter, for β-emitting daughters  214Pb and 214Bi 

about 90% counting efficiency each). 

The ingrowth of 222Rn may be estimated nearly 50 % after four days storage which corresponds approximately to 50% 

of 226Ra concentration in water sample (Figure 1).

Fig .1. Ingrowth of 222Rn into organic cocktail of 226Ra containing water sample, after 4 days storage

Table 3. 226Ra concentrations in Water samples  measured  by ingrowth of  222Rn

Sample Activity of 226Ra 
[mBq.L-1] 

Sample Activity of 226Ra  
[mBq.L-1] 

MNG01 < MDC* VJV01 100 ± 70
MNG02 230 ± 20 VJV02 100 ± 80
MNG03 380 ± 32 VNK01 340 ± 28 
MNG04 180 ±15 VNK02 240 ± 20 
MNG05 200 ± 17 VNK03 190 ± 16 
VTV01 250 ± 21 VNK04 150 ± 12 
VTV02           100 ± 80 VNK05 160 ± 13 
AMS01 130 ± 11 VNK06 220 ± 18 
AMS02 120 ±10 VNK07 130 ± 10

                    * Minimal Detectable Concentration

3.2. Method B

In Method B, 226Ra is extracted from up to 3 L water volume into a filter disk. Successive elution into 0.25 M alkaline 

EDTA and α-LS counting in properly adjusted energy windows allows 226Ra quantification without storage time.

A 3 L water sample is acidified to 2 M with respect to HNO3 by adding concentrated HNO3 (12 M, 130 mL per liter 

water)  and sucked through a preconditioned Radium Rad DiskTM filter as described in the original  procedure (3M 

Empore 1998). The filter is washed with 10 mL 0.5 M HNO3 and 10 mL H2O. The 226Ra is eluted from the filter by 
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adding dropwise 6 mL of 0.25 M EDTA and repeating with another 6 mL of 0.25 M EDTA. The both EDTA eluents 

are mixed separately with 16 mL OptiPhase HiSafeTM 3 in their own LS vials and are then stored for 3 h before the 

measurement. In the presence of 210Pb the loaded filter is first washed with 5 mL 0.2 M DHC (diammonium hydrogen 

citrate)  in order  to strip  210Pb before  226Ra elution.  226Ra in water  can also be measured as  homogeneous gel  after 

expelling 222Rn for 4 hours. During this time, 222Rn progenies have decayed and all new 222Rn formed from 226Ra will be 

expelled; only 226Ra is left then the sample is measured immediately. No other interfering α- or β-emitting nuclides must 

occur in water. Results from three samples are given in Table 4.

Table 4. Activity of  226Ra in water determined through Rad Disk filter
Sample Activity of 226Ra  via 222Rn [mBq.L-1] Activity of 226Ra byRad Disk [mBq.L-1]
MNG03 380 ± 32 384 ± 45
VTV01 250 ± 21 243 ± 27
VNK03 190 ± 16 200 ± 20

4. RADIATION DOSE FROM INGESTION OF 222Rn IN DRINKING WATER

Radiation dose from ingestion of  222Rn containing water may be estimated through the activity of  222Rn. The table 

below presents  the  estimated  radiation  doses  corresponding  to  the  activities  of  222Rn measured  in  water  samples 

collected in Vinaninkarena.

Table 5. Effective annual dose from ingestion of 222Rn in water 
Statistic Activity of 222Rn  

 [Bq L-1]
Effective dose

 [µSv y-1] 
Effective dose

[µSv y-1] 
 UNSCEAR 2000

Effective dose
 [mSv y-1] 

Crawford-Brown
Maximum 
activity 703.60 163.14 450 10.30 
Minimum activity 
Arithmetic 
mean activity 
Median 
Geometric 
mean activity 

2.70 

119.43 
55 

4.10 

0.63 

27.7 
12.9 

0.96 

1.72 

80 
35 

3 

0.04 

1.75 
0.80 

0.06 

The  maximum  222Rn concentration measured is  703.60 Bq.L-1,  which corresponds to an annual effective dose of 

163.14 µSv. This was evaluated starting from the water consumption of 2 liters per day.

Radiation dose estimated for the same radon concentrations through Bayesian analysis (Crawford-Brown 1987) are 

relatively higher because using the geometric mean 222Rn concentration of 4.10 Bq L-1, it is estimated that an additional 

tracheobronchial lung dose of 6.10-2 mSv.y-1 is delivered from the same water to home pathway.  

5



HEP-MAD 09, Antananarivo (Madagascar), 21-28th August 2009                                                  

5. CONCLUSION

The measured concentrations  in  222Rn on the water  samples collected in four villages  of  the commune of 

Vinaninkarena showed values ranging from 2.7 to 703 Bq.L-1,  with arithmetic mean concentration and geometrical 

mean respectively 196 and 32 Bq.L-1. These values are higher than those observed in other countries. However, these 

results show that the activities of 222Rn in the water samples of these sources do not present any danger to pubic health. 

This is why we planned to develop the third method which consists of measuring radon in more confined atmosphere of 

buildings. This method consists in enrichment of  222Rn contained in the air in the liquid scintillator. The method is 

calibrated by limp of activated carbon provided by the research centre of Karlsruhe in Germany.  The technique is 

simple, fast and especially reproducible. Results found in the same area are presented in Table 2. The minimal detection 

limit corresponds to a radon concentration in air of 15 Bq.m-3. 

Extraction of the 222Rn from the water in the organic scintillator leads to the determination of the 226Ra in water. The 

method is not fast but simple and sensitive. It requires at least two weeks of storage before counting so that equilibrium 

between the 226Ra and the 222Rn is established.     
222Rn and its descendants are absorbed by the human body by inhalation. Most of radon is expired contrary to its 

descendants in the form of heavy metals such as 218Po, 214Bi, 214Pb and 214Po that are deposited in the respiratory tract. 

These  radiations  will  contribute  to  the  exposure  of  the  respiratory  tracts  and  represent  a  cancer  risk  of  the  lung. 

According  to  the  observations,  for  a  concentration  of  1000 Bq.m-3,  the  risk of  cancer  is  increased  by a  factor  2 

compared to an average of 50 Bq.m-3. For the World Health Organization (WHO), radon is an important problem for 

the health of the human body and can cause cancer. The German Commission on radiation protection has established a 

limit of 250 Bq.m-3 for the radon concentration in the air. Above this value, rigorous measurements must be taken and 

followed.
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