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Radon concentration has been measured in campus and hostel buildings of some colleges in the city of Lahore. The 
technique of passive radon measurements was employed using CN−85 etched track detectors in the box type 
dosimeters. The observed radon concentration in different parts of monitored buildings was within the range 18−61 Bq 
m−3. The cause of radon in college buildings may be the construction materials, drinking water, natural gas, drainage, 
sewerage pipes, etc. Moving fans, open doors and windows in summer season diluted the radon concentration, while 
the air tight arrangement in the winter enhanced the radon concentration level. Alpha dose from radon to the students 
and supporting staff was estimated as 0.34 and 0.91 mSv y−1 in campus and hostel buildings respectively. The 
corresponding excess lifetime cancer risk attributed to the students and staff in the college campuses was found to be 
0.20 %, while the staff and students residing in the hostels of the colleges received the excess lifetime risk of cancer 
0.53 % due to radon progenies. 
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1. Introduction 
Lahore, the Capital of the Punjab province of 

Pakistan, is the city of schools and colleges. The 
buildings of the education institutes in the city are 
mainly made of baked clay bricks, cement and 
sand. Radon releases from radium present in trace 
amount nearly in all type of the building materials 
and soils [1−3]. In air, radon undergoes alpha 
decay to produce radioactive decay products.  The 
presence of high concentration of radon in indoor 
environment poses a significant risk to the general 
public [4].  When inhaled, a fraction of radon and 
its decay products are transported to the lungs [5].  
These radioactive nuclides produce severe 
biological damages, which may ultimately cause 
lung cancer [6−9].  The radiation damages are the 
result of alpha decay of radon and its decay 
products during the transit time within the lungs. 

Radon can present a large hazard in 
workplaces such as schools, offices, mines and 
public places open to visitors [10−12]. During the 
last few years, much attention has been dedicated 
to conduct radon surveys and to develop radon 

mitigation methods in work places and public 
buildings [12−13].  

In Pakistan, surveys have been carried out on 
large scale for the measurements of radon 
concentration in houses [14−18], but according to 
our knowledge, no such a work has yet been 
reported in literature for schools and colleges in 
Lahore. In the present work, radon concentration 
has been measured in different campus and hostel 
buildings of the colleges in the city of Lahore, 
Pakistan.  The aim of this work was to assess the 
lung cancer risk associated with radon decay 
products in these premises and also to impart the 
precautionary steps in the light of measurement so 
as the students and staff members of the college 
campuses and hostels could be protected from the 
over exposure to radon and its decay products. 

A number of techniques have been employed 
for the measurement of atmospheric radon, which 
are broadly classified as active and passive.  We 
have employed passive technique for the 
measurement of radon concentration for present 
study. The selection of particular technique was 
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carried out by keeping in view, the objectives of 
measurement, availability and cost of equipment 
[19]. 

2. Experimental Procedure 
Box type dosimeters, described somewhere 

else [16], were employed for the measurement of 
radon concentration in the study area. Around 300 
dosimeters were installed in different parts of 
campus and hostel buildings of the colleges. Each 
dosimeter consists of two pieces of plastic track 
detector, cellulose nitrate (CN−85) having 
thickness of 100 µm. The dosimeters were fixed at 
a height of 60−90 cm based on our experimental 
observations given in Figure 1 that indicates the 
maximum radon concentration exists at the lower 
indoor atmosphere. 

 

Figure 1. The decrease of radon concentration with increase 
of height in a room. 

Most of the detectors were exposed during the 
months of February–March (closing of winter).  The 
radon measurement in Islamia College, Lahore 
was carried out in April-May (start of summer). 
After an exposure of 70 days, the detectors were 
brought to the laboratory and etched in 6N NaOH 
solution at 50±1° C for 90 minutes. These 
conditions were found suitable for the maximum 
tracks revelation [14−16].  The etched tracks were 
counted under an optical microscope for the area 
scanned 0.07 cm2. The track density was 
converted to radon concentration by applying the 
conversion factor of 0.0092 tracks cm−2 h−1 per Bq 
m−3 [16].  

3. Results and Discussion 
The concentrations of radon measured in 

different portions of the buildings under study are 
given in Tables 1−2. The estimated effective dose 
and excess lifetime cancer risk received by the 
students and workers are given in Tables 3−4. 

3.1. Radon Concentration in College Campuses 
The average radon concentration (Bq m−3) in 

different parts of college campuses is summarized 
in Table 1 as a comparative figure. Chemistry 
Laboratories have the maximum average radon 
concentration of 43±8 Bq m−3 among the monitored 
sites in different college campuses.  Poor 
ventilation, lose connections of water and drainage 
pipes may be responsible for high values of radon 
in these laboratories. 

Class rooms contained the least average value 
of radon concentration i.e. 24±5 Bq m−3. In class 
rooms, windows and ventilators remain open 
throughout the day, provide with good air exchange 
rate. It is also noted that radon concentration has 
the highest peak in all parts of Garrison College as 
compared to that of other parts of different colleges 
i.e. 36−58 Bq m−3 with average value of 48±7 Bq 
m−3. Such a high peak in radon level seems to be a 
result of radium rich building material and new 
construction style having a least number of 
windows and ventilators.  All other colleges have 
old fashion buildings, with large numbers of 
windows, ventilators and high roofs. 

Radon concentration in the stores of the 
colleges lie between 36−47 Bq m−3 with the mean 
value of 40±4 Bq m−3 and in contrast to our 
expectations, it is not the maximum value among 
the other parts of college campuses where radon 
concentration was measured.  The results of radon 
concentration measurements in different houses of 
Lahore [15], exhibits maximum radon concentration 
level in the stores due to poor ventilation. The 
ventilation in the stores of colleges is also poor, but 
the observed radon concentration did not appear 
as maximum in the stores i.e. slightly less than the 
radon concentration, observed in the Chemistry 
Laboratories. Instead of poor ventilation, several 
additional factors such as tap water, natural gas, 
and drainage and sewerage pipes may have 
slightly enhanced the concentration of radon in the 
Chemistry Laboratories. 

3.2. Radon Concentration in College Hostels  
The average of radon concentration in different 

parts of college hostels is given in Table 2. On the 
average, radon concentration has been noted 42±7 
Bq m−3 in the students’ rooms, the minimum value 
of 27±3 Bq m−3 in the students’ rooms of Islamia 
College. The observed radon concentration in the 
students  rooms  of  remaining  seven colleges  are 
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Table 1.   Average radon concentration in different sections of college campuses of Lahore, Pakistan 

Radon Concentrations ( Bq m-3) 
Campus Name 

Principal room Staff room Class room Physics laboratory Chemistry laboratory Stores 

Government College 
University 

33±5 25.30±6 20±4 38±4 47±5 37±4 

Lahore College University 25±3 28±4 21±3 27±3 33±3 36±5 

Queen Marry College 35±5 37±5 18±4 44±5 40±4 41±4 

Islamia College 35±3 29±4 21±3 29±3 40±5 39±5 

Fatima Jinnah Medical  
College 

32±4 30±5 24±3 - - 46±4 

Garrison College 48±6 48±5 36±5 51±5 58±4 47±3 

Islamia Col. Civil Lines 35±5 32±4 24±6 35±4 45±6 39±5 

Forman Christian College 31±3 39±4 25±4 41±3 41±3 39±3 

Range 25−48 25−48 18−36 27−51 33−58 36−47 

Mean ± Std. 34±6 33±8 24±5 38±8 43±8 40±4 

Table 2.   Average radon concentration in different sections of college hostels of Lahore, Pakistan 

Radon concentrations (Bq m-3) 
Hostel Owner 

Warden room Student room Dinning room Kitchens 

Government College University 31±5 48±6 37±3 56±6 

Lahore College University 39±2 43±3 34±5 50±6 

Queen Marry College 36±5 45±4 30±4 55±5 

Islamia College 31±3 27±3 34±5 51±7 

Fatima Jinaha Medical  College 40±2 42±5 34±6 39±5 

King Edvard Medical College 38±4 43±5 36±4 61±4 

Islamia College Civil Lines 26±3 40±2 41±4 51±6 

Forman Christian College 29±4 49±4 35±5 45±7 

Range 26−40 27−49 30−41 39−61 

Mean±Std 34±5 42±7 35±3 51±7 

 

relatively high i.e. lies between 40−49 Bq m−3. The 
reason of this high value may be the closure of 
rooms during daytime i.e. from 8 a.m. to 2 p.m.  
The dispersion of indoor air containing radon to the 
outer atmosphere is small which contributes to 
higher radon concentration inside the students’ 
rooms. In students’ rooms of Islamia College, the 
low radon concentration is the result of good 

ventilation, because the dosimetery in Islamia 
College hostels was carried out from April to May. 
It was the start of summer time and fans moving in 
the presence of open windows dispersed the radon 
from the rooms. In all other colleges, radon 
measurements in hostels were undertaken in 
winter season, when windows remained closed 
during the measurement period. 
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Table 3.    Average radon concentration, radon exposure, dose and lung cancer risk for different college campuses of Lahore, Pakistan. 

College Campus 
Average radon 
concentration 

(Bq m-3) 

Average radon daughter
exposure 
(WLM y-1) 

Effective dose 
(mSv y-1) 

Excess lifetime 
cancer risk 

(%) 

Government College 
University 

33 0.06 0.32 0.19 

Lahore College University 29 0.05 0.28 0.17 

Queen Marry College 36 0.06 0.35 0.20 

Islamia College 32 0.05 0.31 0.18 

Fatima Jinah Medical  
College 

33 0.05 0.32 0.19 

Islamia Col. Civil Lines 35 0.06 0.34 0.20 

Forman Christian College 36 0.06 0.35 0.20 

Garrison College 44 0.07 0.43 0.25 

Range 29−44 0.05−0.07 0.28−0.43 0.17−0.25 

Mean± Std. 35±4 0.06±0.01 0.34±0.04 0.20±0.03 

Table 4.   Average radon concentration, radon exposure, dose and lung cancer risk for different college hostels of Lahore, Pakistan 

Hostel Owner 
Average radon 
concentration 

(Bq m-3) 

Average radon 
daughter exposure

(WLM y-1) 

Effective dose 
(mSv y-1) 

Excess lifetime 
cancer risk 

(%) 

Government College University 43 0.17 0.97 0.57 

Lahore College University 41 0.16 0.94 0.55 

Queen Marry College 41 0.16 0.94 0.55 

Islamia College 36 0.14 0.80 0.47 

Fatima Jinah Medical  College 38 0.15 0.86 0.50 

King Edward Medical College 44 0.17 1.01 0.59 

Islamia College Civil Lines 39 0.15 0.89 0.52 

Forman Christian College 40 0.15 0.89 0.52 

Range 36−44 0.14−0.17 0.80−1.01 0.47−0.59 

Mean±Std 40±3 0.16±0.01 0.91±0.06 0.53±0.04 
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The average values of radon concentration in 
wardens’ and dinning rooms are 34±5 and 37±7 Bq 
m−3 respectively which are almost comparable and 
have the least concentration range of 26−41 Bq 
m−3. The wardens’ rooms are painted and well 
ventilated. Paints and good ventilation are 
considered as the major factors for reducing the 
radon level [20-22] in wardens’ rooms. Dinning 
rooms are equally well ventilated, due to the large 
frequency of opening of the doors and windows. 
The kitchens have 51±7 Bq m−3 the highest value 
of radon concentration among the different 
locations of college hostels.  In kitchens, the 
factors contributing to enhance the radon 
concentration may be the drainage holes, tap 
water, fuel gas and poor ventilation. 

3.3. Radon  Concentration  Comparison  in  
Campus and Hostel Buildings 

From Tables 3−4, it can be seen that total 
average radon concentration 35±4 Bq m−3 in the 
college campuses is considerably low as compared 
with 40±3 Bq m−3 in the college hostels. The 
reason of this low concentration peak may be that 
the college buildings were generally well ventilated 
except that of Garrison College.  The tap water, 
loose joints of drainage pipes, fuel gas in the 
kitchens and poor rate of ventilation in the students’ 
rooms may contribute in the raising of radon 
concentration level in the hostels. 

3.4. Radiation Dose and Lung Cancer Risk 
The exposure to radon daughter (ER) can be 

calculated from the measured concentration of 
radon using the following equation based on the 
methodology of EPA [23] : 

4
R R

8766E F n C (2.7 10 )
170

−= ⋅ ⋅ ⋅ × ×      (1) 

where CR is the radon concentration (Bq m−3), F is 
the equilibrium factor (0.4 for indoor), n is the 
occupancy factor (0.3 and 0.7 for the students, 
staff and workers in college campuses and hostels 
respectively), 2.7x10−4 is the conversion of radon 
concentration to working level (WL per Bq m−3), 
8766 are hours in a year (h y-1), and 170 are 
working hours in mine in a month (h M-1). 

The effective dose has been estimated using 
the following formula [24]: 

E RD E DCF= ×      (2) 

where, DE is the effective dose (mSv y−1), ER is the 
exposure to radon WLM per year (calculated by 
Eq. 1), and DCF is the dose conversion factor 
(mSv per WLM). For the determination of effective 
doses in the hostels and campuses of the colleges, 
the dose conversion factor of 5.75 mSv per WLM 
[2] has been used. 

The excess lifetime cancer risk (ELCR) due to 
radon exposures of the staff and students in 
campus and hostel buildings can be determined 
using the following relation based on the 
methodology described by EPA [23]:  

R RELCR E T F= × ×      (3) 

where ER is the radon daughter exposure in WLM 
per year (calculated by Eq. 1), T is the average 
lifetime expectancy (according to UNICEF the 
average lifetime expectancy in Pakistan is about 67 
years, www.unicef.org), and FR is the risk 
coefficient for exposure to 222Rn gas in equilibrium 
with its progeny. Based on the recommendation of 
the ICRP (International Commission on 
Radiological Protection), FR is taken as 5x10−4 per 
WLM [25]. 

Using Eqs 1−3, radon daughter exposure, 
effective dose and corresponding lung cancer risk 
in the campus and hostel buildings of the colleges 
have been estimated and summarized in Tables 
3-4. An average dose in the campus and hostel 
buildings was found to be 0.34±0.04 and 0.91±0.06 
mSv y−1 respectively. Effective radon dose received 
by the students and supporting staff of hostels was 
found large because of higher average 
concentration and also due to large time spent in 
the hostels. In the present study, we assumed that 
the students spent about 70% time in the hostels in 
contrast with the time spent in the college campus 
which is about 30%. Estimated average annual 
effective dose due to radon decay products 
received by the students, staff and workers of 
college campuses and hostels has been found 
lower than the upper annual dose limit of 1 mSv, 
recommended by the ICRP [26]. 

The excess lifetime cancer risk attributed to the 
students and staff of the colleges has range 
0.17−0.25 % with an average value of 0.20±0.03 % 
while the staff and students residing in hostels of 

Radon concentration measurements for determination of radiation dose 283



The Nucleus 47, No. 4 (2010) 

the colleges received the excess lifetime cancer 
risk due to radon progenies in the range 0.47−0.59 
% with an average value of 0.53±0.04 %. The 
estimated risks are very small as compared with 
the estimated risk of 2.3 for entire population from 
the lifetime exposure at 4 pCi/l (148 Bq m−3), which 
is the action level proposed by EPA [23]. 

4. Conclusion 
From the radon concentration measured in 

hostel and campus buildings of some colleges of 
Lahore, Pakistan, it is concluded that radon 
concentration exhibit the least values in the 
portions which are well ventilated. Tap water, 
drainage system, fuel gas and paints seem to have 
affected the indoor radon concentration in some 
parts of study buildings. The measured radon 
concentration in the college and hostel buildings 
under study has been found much below the 
reference levels described by radiation protection 
organizations and some countries of the world [27], 
including the reference level of 300 Bq m−3 for 
radon gas in dwellings proposed by ICRP in 2009 
[25]. The corresponding doses and excess lifetime 
risk of cancer due to radon progeny received by the 
students and supporting staff has been found 
below the action level as described by the ICRP 
[26] and EPA [23]. 
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