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ABSTRACT 

 
     The purpose of this study is to investigate the radon levels of groundwater 

being used for drinking and indoor radon levels in the environs of 
villages/towns of Hoshiarpur district of Punjab, India, to determine the health 
hazards. Radon concentrations in the collected water samples were measured 
with RAD7 an electronic radon detector connected to a RAD- H2O accessory 
(Durridge Co., USA). In the setup, the RAD7 detector was used for measuring 
radon in water by connecting it with a bubbling kit which enables to degas 
radon from a water sample into the air in a closed loop. A sample of water was 
taken in a radon-tight reagent bottle of 250 mL capacity connected in a close 
circuit with a zinc sulphide coated detection chamber which acts as scintillator 
to detect alpha activity and a glass bulb containing calcium chloride to absorb 
the moisture. Air was then circulated in a closed circuit for a period of 5-10 
min until the radon was uniformly mixed with the air and the resulting alpha 
activity was recorded and it directly gives the radon concentration. The 
measured radon concentration in drinking water ranges from 2.03 BqL-1 to 
6.65 BqL-1 with an average value of 4.27 BqL-1. The measured values of radon 
concentration in drinking water are well within the range (4 to 40 BqL-1) 
suggested for radon concentration in water for human consumption by the 
United Nations Scientific Committee on the Effects of Atomic Radiation. The 
measured values of indoor radon concentration in dwellings of the same area 
vary from 10 Bqm-3 to 28.2 Bqm-3 with an average value of 20.28 Bqm-3. The 
measured values for drinking water and for indoor air for the study area 
suggest that the area is safe for residents and there is no significant threat to 
the population as per as radon concentration is concerned.  
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INTRODUCTION 
 

     Radon (222Rn) is a radioactive gas with a half- life of 3.824 days. It is the immediate 
progeny of radium (226Ra), in the decay series of uranium (238U). Estimates of total radiation 
dose to the world population have shown that about 96 % is from natural sources while 4% is 
from artificial sources (1). Further the radon gas (decay product of 226Ra) is the largest 
contributor to the collective exposition to natural radiation of the population in the world 
(2,3).  The inhalation of short-lived decay products of radon (222Rn) accounts on average 
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about 50% of the effective equivalent dose on the human being. Two of the 222Rn 
descendents, 214Po and 218Po, are α emitters, and they contribute over 90% to the total 
radiation dose received due to radon exposure. Inhalation of indoor radon has long been 
recognized as a risk to health. The major sources of the indoor radon and its progeny are 
building materials, natural gas and an underground-derived water supply. Dissolved radon is 
easily released into the air when the water is used for showering, cleaning, and other everyday 
purposes in homes. 
     Over exposure to the radon gas and consequent decay products may lead to lung cancer. 
Since concrete slab, brick, granite, and tiles are the raw materials used to manufacture 
building materials it is nearly impossible to avoid trace exposure in a building. If the 
ventilation of a building is inadequate, concentrations of radon gas may accumulate to 
potential levels. In general, residential radon is regulated by an action level of radon 
concentration between 200 and 600 Bq m-3 based on ICRP recommendations (4).  
 

EXPERIMENTAL DETAILS 
 

Analysis of radon concentration in water  
     Water samples were taken from the environs of NITJ used for drinking. Radon 
concentrations in these samples were measured with RAD7 an electronic radon detector 
connected to a RAD-H2O accessory (Durridge Co., USA) for a period of one month. Figure 1 
shows the schematic diagram of the RAD H2O. In the setup, the RAD7 detector was used for 
measuring radon in water by connecting it with a bubbling kit which enables to degas radon 
from a water sample into the air in a closed loop. A sample of water was taken in a radon-
tight reagent bottle of 250 mL capacity connected in a close circuit with a zinc sulphide 
coated detection chamber which acts as scintillator to detect alpha activity and a glass bulb 
containing calcium chloride to absorb the moisture. Air was then circulated in a closed circuit 
for a period of 5-10 min until the radon was uniformly mixed with the air and the resulting 
alpha activity was recorded and it directly gives the radon concentration. 
  

 
Figure1: Schematic diagram of RAD H2O assembly 
Analysis of radon concentration in air  
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     Radon concentrations in indoor air was measured with RAD7 an electronic radon detector 
connected to a Drystik accessory (Durridge Co., USA) in a closed loop configuration. Figure 
2 shows the schematic diagram for the measurement of radon gas concentration in indoor air. 

 
Figure2: Schematic diagram for the Radon measurement in indoor air 
 

RESULTS AND DISCUSSION 
 

     The measurements for radon concentration in indoor air and in drinking water have been 
carried out for the dwellings of Hoshiarpur District of Punjab using RAD7 detector. Table 1 
represents the overall radon concentration levels in water. It can be seen that radon activity in 
water varies from 2.03 BqL-1 to 6.65 BqL-1 with an average value of 4.27 BqL-1. The reason 
for variation in radon concentration could be a function of the geological structure of the area, 
depth of the water source and also differences in the climate. The United Nations Scientific 
Committee on the Effects of Atomic Radiation (UNSCEAR) have suggested a value of radon 
concentration in water for human consumption between 4 to 40 Bqm-3 (5).  The measured 
radon values were computed for correlation coefficient with other parameters viz. temperature 
and relative humidity but no correlation was observed. When the measured radon 
concentration values are compared with the allowed maximum contamination level  for radon 
concentration in water (which is 11 BqL-1), proposed by the US Environmental Protection 
Agency,(6), it can be seen that present value are well below this recommended value .Also, 
when the measured values for radon concentration are compared with the European 
Commission Recommendations on the protection of the public against exposure to radon in 
drinking water supplies (7), which recommends action levels of 100 BqL-1 for public water 
supplies and 100011 BqL-1 for private water supplies , it can be seen that the levels we 
measured were below these limits.  
 
      The results for indoor air radon measurements carried out in the dwellings of the study 
area are shown in Tables 2. The indoor air radon concentrations vary from 10 Bqm-3 to 28.2 
Bqm-3 with an average value of 20.28 Bqm-3 which are lower than the world average of 40 Bq 
m-3 and also these values are below the recommended action level (200-600 Bq m-3). The 
present average indoor radon values are lower in comparison to those indoor radon values 
reported for the some areas of Sirsa district of Haryana (8).The measured radon concentration 
values for indoor air and in drinking water are on the lower side than those reported by 
Badhan et al.(9). 
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CONCLUSIONS 
 

     Present study reveals that the radon concentrations in the indoor air are well below the 
recommended safe limit values. Variations in levels of radon concentration appear due to the 
use of building materials used for construction of houses and the degree of their ventilation. 
The radon concentration values in drinking water are also well below the recommended safe 
limit values. The measured radon concentrations in indoor air and in drinking water will pose 
none serious health risks and hence the study area is considered to be safe for the residents.   

 
ACKNOWLEDGEMENTS 

     The authors wish to acknowledge the kind co-operation provided by the residents of the 
study area during the field work. Also the authors acknowledge the support provided by the 
laboratory staff of  NIT Jalandhar, Punjab. 
 

REFERENCES 
 

(1) M. P .Chougankar, K.P. Eppen & T.V. Ramachandran; J . Environ. Radioact.; 71, 275- 
295 (2003). 

(2) IAEA,“Facts about low level radiation”, IAEA/PI/A9E 85-00740.Edited by American 
Nuclear Society (1989). 

(3) W.W. Nazaroff & V Nero; “Radon and its decay products in indoor air”, John Wiley, 
New York (1988). 

(4) International Commission on Radiological Protection ICRP “Protection against Radon 
at Home and Work”, Ann ICRP, vol.23 No.2 (ICRP Pub., 65) (1993).  

(5) United Nations Scientific Committee on the Effects of Atomic Radiation 
(UNSCEAR), Sources and Effect of Ionizing Radiation, New York, United Nations 
(1993). 

(6) USEPA National Primary Drinking Water Regulations for Radionuclides, 
Washington, DC, US, Governmental printing Office, EPA/570/9-91/700(1991). 

(7)Euratom:2001/928/Euratom,http://eurpa.eu.int/comm/energy/nuclear/radioprotection/d
oc/legislation/01928_en.pdf. 

(8) R. Mehra, S. Singh & S. Kansal; Indian J  Phys.; 83(8): 1991-1996( 2009). 
(9) K. Badhan, R. Mehra & R.G. Sonkawade; Indian J  Pure and App Phys.; 48(7)508-

511(2010). 
 


