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Re sults of in door ra don sur vey in the dwell ings of dis trict Bhimber are pre sented. Cur rent
study is con tin u a tion of our pre ced ing stud ies aim ing to setup base line in door ra don data for
the state of Azad Jammu & Kash mir, Pa ki stan. In this con text, 60 rep re sen ta tive houses were
care fully se lected and CN-85 based box type ra don de tec tors were in stalled in bed rooms and
liv ing rooms of each house. The de tec tors were ex posed to in door ra don for 90 days. Af ter
etch ing CN-85 de tec tors in 6M NaOH at 70 °C for 3 hours, the ob served track den si ties were
re lated  to  the  in door  ra don con cen tra tion  us ing  cal i bra tion  fac tor  of 0.0092 tracks cm2/h
per Bq/m3. The mea sured in door ra don con cen tra tion ranged from 29 ± 11 to 58 ± 8 Bq/m3,
40 ± 9 to 60 ± 7 Bq/m3, and 29 ± 12 to 66 ± 7 Bq/m3 in the re gions of Bhimber, Samani, and
Barnala, re spec tively. Ex cess rel a tive risk fac tors were cal cu lated us ing mea sured in door ra -
don con cen tra tions, by us ing the risk model re ported in the Bi o log i cal Ef fects of Ion iz ing Ra -
di a tion (BEIR VI, 1999) re port. Ex cess rel a tive risk was cal cu lated for age groups of 35 and
55 years. Us ing lo cal oc cu pancy fac tor, av er age ex cess lung can cer risk for the pop u la tion
group of 35 and 55 years of age was found to be 0.42 ± 0.09 and 0.34 ± 0.08. The mean an nual 
ef fec tive dose for Bhimber, Samani, and Barnala re gions were found to be 1.05 ± 0.17 mSv,
1.09 ±.0.17 mSv, and 1.16 ± 0.17 mSv, re spec tively. These val ues are within in the safe lim its
rec om mended by the in ter na tional or ga ni za tions. 

Key words: CN-85 de tec tor, in door ra don con cen tra tion, bi o log i cal ef fects of ra di a tions, lung can cer,
mean an nual ef fec tive dose

IN TRO DUC TION

Ra don con trib utes one half of the to tal an nual
dose from ra di a tions of all kinds [1, 2].  It is col or less,
odor less, and in ert monatomic gas; the heavi est of six
no ble gases. There are three nat u rally oc cur ring ra dio -
ac tive iso topes of ra don, (1) 222Rn (will be called ra -
don in rest of text), (2) 220Rn (thoron), and (3) 219Rn
(actinon). Radon which has half life of 3.82 days is a
part of 238U se ries; on the other hand 220Rn and 219Rn
(with half lives of 56 sec onds and 4 sec onds, re spec -
tively) are gen er ated from 232Th and 235U se ries, re -
spec tively.  Radon is the most im por tant of all three
iso topes, be cause of its higher con cen tra tion in in door
en vi ron ment and health threats as so ci ated with its de -
cay prod ucts [3].

220Rn can con trib ute to in door ra di a tion ex po -
sure (due to large re serves of 232Th), but its con cen tra -
tion is low due to its short half-life. 219Rn does not sig -
nif i cantly con trib ute to in door ra di a tion ex po sure due
to low nat u ral abun dance of its pre cur sor 235U and ex -
tremely short half life, so only radon iso tope re mained
the mat ter of dis cus sion. Radon de cays into a se ries of
short-lived prog e nies, in clud ing 218Po and 214Po,
which are al pha emit ters. The lung can cer risk as so ci -
ated with in door ra don ex po sure is due to a-par ti cles
emit ted by ra don prog eny. When an al pha par ti cle is
emit ted in the lung, it de pos its all of its en ergy on the
lin ing of the air ways of lung within the small thick -
ness. The ep i the lium may be dam aged due to ir ra di a -
tion of en ergy emit ted by a-par ti cles on their pas sage
through the cells.

Since ura nium and tho rium are pres ent as trace
amounts in soil, rocks, and build ing ma te ri als, so these 
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are the ma jor sources of in door ra don ex po sure. Nat u -
ral gas and wa ter from deep wells may con tain sub -
stan tial amount of ra don [4].

Due to the im por tance of is sue, nu mer ous stud ies
have been con ducted at na tional and in ter na tional lev els 
[5-26]. The main aim of these stud ies re mained mon i -
tor ing of ra don and in ves ti gat ing the ar eas with el e vated 
lev els. In or der to as sess ra don health threats (if any
pres ent) sys tem atic stud ies have been ini ti ated in Azad
Kash mir. These stud ies are con tin u a tion of our ef forts
to set up base line data for Azad Kash mir at ra don At las.
This pa per pres ents re sults of in door ra don con cen tra -
tion along with es ti ma tion of lung can cer risk for the
res i dents of dis trict Bhimber of Azad Kash mir.

STUDY AREA

Bhimber is lo cated 54 km in the north of Gujrat
city and 80 km in the north-east of Mirpur.  Geo graph i -
cally it is lo cated at 32°45' to 33°15' lat i tude and 74°0'
to 74°15' lon gi tude. From Islamabad, Bhimber is lo -
cated in the south east at a dis tance of 150 km by road.

The in ves ti gated area is un der lain by sed i men -
tary rocks of Siwalik group of non-ma rine or i gin,
rang ing in age from late Mio cene to Pleis to cene (see
fig. 1). It is pos tu lated that the sed i ments of the group
were de pos ited in a slowly sink ing ba sin un der fresh
wa ter con di tions. The to tal thick ness of the se quence
is about 5000 me ters and con sti tutes a ma jor por tion of 
the whole Siwalik group. The geo log i cal rock for ma -
tions pres ent in the area in clude (1) Soan for ma tion,

(2) Chinji for ma tion, (3) Nagri for ma tion, and (4) Dhok 
Pathan for ma tion.

Cli mate

The cli mate is vari able, the av er age max i mum
and min i mum tem per a tures are 28.9 °C and 15.8 °C.
June and July are the hot test months of the year with 40 
°C and 45 °C av er age tem per a tures, re spec tively. The
high est tem per a ture re corded dur ing June and July is
48 °C. De cem ber and Jan u ary are the cold est months
of the year with 6.3 °C and 5.2 °C av er age tem per a -
tures, re spec tively. The to tal av er age rain fall is about
1233 mm per year. High rain fall is re corded in the
months of July and Au gust which is 264.94 mm and
255.26 mm, re spec tively, and low in Oc to ber and No -
vem ber which is 31.68 mm and 16.82 mm, re spec -
tively. Hu mid ity re mains high in rainy sea son. The
high est value of hu mid ity is 83.4%, re corded in Au -
gust in the morn ing, the low est value of hu mid ity is
29% re corded in the month of May in the eve ning.

MA TE RIAL AND METH ODS

Mea sure ments of in door ra don con cen tra tion
were car ried out in the dwell ings of dis trict Bhimber.
Since dis trict Bhimber is ad min is tra tively di vided into
three parts, re sults are pre sented in ac cor dance with
these parts (Bhimber city, Samani, Barnala).
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Fig ure 1. Geo log i cal map of dis trict Bhimber; area un der in ves ti ga tion



Se lec tion of houses was based upon their geo -
log i cal spread, lo cal ity and de sign of the houses as
well as will ing ness and co-op er a tion of the house oc -
cu pants. Cel lu lose ni trate (CN-85) track de tec tors
were cho sen be cause of their high sen si tiv ity to al pha
par ti cles in the en ergy range of 0.1-6 MeV. CN-85 de -
tec tors based ra don do sim e ter were in stalled in bed -
rooms and liv ing rooms. Sheets of CN-85 de tec tors
were  cut  into  small strips (hav ing di men sions 3 cm ́
´.3 cm) and placed in a box-type do sim e ters with di -
men sions 3 cm ´ 3 cm ´ 1.14 cm (see, fig. 2). Sixty
geo graph i cally spreaded pop u la tion based houses
were se lected to mea sure in door ra don lev els. The de -
tec tors were placed at a height of about 1.5 m from the
ground in the bed room and draw ing room of each
house (all at the ground floor) and were al lowed to ex -
pose to ra don for 90 days.  Af ter ex po sure, the de tec -
tors were re trieved from the houses and etched in a 6N
NaOH so lu tion at 70 °C for 3 hours. Af ter the back -
ground cor rec tion, track den si ties were de ter mined

and con verted into ra don con cen tra tions (Bq/m3) us -
ing the cal i bra tion fac tor (CF) of 0.0092 tracks per cm2

per hour = 1 Bq/m3 of 222Rn. CF of the sys tem was de -
ter mined at PINSTECH Lab o ra tory, Islamabad. Khan
et al. [27] meth od ol ogy was adopted for de ter mi na tion 
of nu mer i cal value of CF. The ar range ment con sists of
rich ura nium ore (source) along with an ex po sure box
(do sim e ter).

RE SULTS AND DIS CUS SION

To con duct cur rent ra don sur vey, 60 rep re sen ta -
tive houses were se lected and 120 do sim e ters were in -
stalled. Out of 120 do sim e ters only 90 were col lected
back from 45 dwell ings. The re main ing do sim e ters
were lost. Once the in door ra don con cen tra tions for liv -
ing rooms and bed rooms were cal cu lated, then these
val ues were used to find weighted av er ages of ra don.
Based on in ter views with dwell ers it was con cluded that 
oc cu pants spent ~60% of their in door time in their
bed rooms and 40% time in liv ing rooms. Weighted av -
er age in door ra don con cen tra tion for each house was
calculated using the following formula.

WARn Rn LR Rn BR= +040222 222. ( ) ( ) (1)

where WARn is the weighted av er age 222Rn con cen tra -
tion, 222Rn(LR) – the ra don con cen tra tion in liv ing
room, and 222Rn(BR) – the ra don con cen tra tion in bed -
room.

Re sults are shown in figs. 3-5. Fig ure 3 shows
re sults of the in door ra don con cen tra tions in Bhimber
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Fig ure 2. Sche matic rep re sen ta tion of the CN-85 de tec -
tor based box-type ra don do sim e ter

Fig ure 3. In door ra don
con cen tra tion and re sult ing
doses in the houses of Bhimber
city

Fig ure 4. In door ra don
con cen tra tion and re sult ing
doses in the houses of Samani



City. In Bhimber city, ra don con cen tra tion var ies from
29 ± 11 to 63  ±  7 Bq/m3 in  bed rooms and 24 ± 12  to
63 ± 7 Bq/m3 in liv ing rooms, re spec tively. Mean val -
ues of ra don con cen tra tions in bed rooms and liv ing
rooms are 51 ± 8 and 43 ± 9 Bq/m3, re spec tively.

Fig ures 4 and 5 shows re sults of the in door ra don
con cen tra tions in Samani and Barnala. In Samani, ra -
don con cen tra tion var ies from 40  ±  9 to 64  ±  7 Bq/m3

in bed rooms and 34 ± 10 to 56 ± 8 Bq/m3 in liv ing
rooms, re spec tively. Mean val ues of ra don con cen tra -
tions in bed rooms and liv ing rooms are 53 ± 8 and 45 ± 9
Bq/m3 re spec tively. In Barnala, ra don con cen tra tion
var ies from 17 ± 14 to 78 ± 6 Bq/m3 in bed rooms and 30
± 11 to 55 ± 8 Bq/m3 in liv ing rooms. Mean val ues of ra -
don con cen tra tions in bed rooms and liv ing rooms are
57 ± 7 and 45 ± 8 Bq/m3, re spec tively. Over all
weighted av er age in door ra don con cen tra tion for dis -
trict Bhimber was found to be 48 ± 8 Bq/m3.

To get a clearer pic ture of the vari a tion ob served
in the in door ra don lev els, a fre quency dis tri bu tion
graph is plot ted in fig. 6. Fig ure 6, shows that 2.2% of
the houses have ra don con cen tra tions be low 20 Bq/m3

and 6.7% be tween 21 and 40 Bq/m3. Ma jor ity of the
houses sur veyed (64.4%) have ra don con cen tra tions

be tween 41 to 60 Bq/m3 while 26.7% of the houses
have ra don con cen tra tions be tween 61 and 80 Bq/m3.

De ter mi na tion of ef fec tive dose
from ra don ex po sure

In for ma tion of aero sol con cen tra tions and their
size dis tri bu tion, de po si tions rate of ra don prog eny,
un at tached frac tion, breath ing rate, frac tional de po si -
tion in the air ways and lo ca tion of the tar get cells in the 
air ways, helps in es ti mat ing ab sorbed dose to the crit i -
cal cells of the re spi ra tory tract per unit radon ex po sure 
to the gen eral pop u la tion. Such type of es ti mates for
ab sorbed dose strongly de pend upon  the model on
which as sump tions are based upon and car ries un cer -
tain ties as so ci ated with the in put data of the model. To
avoid these con fu sions and mis un der stand ings we
have used UNSCEAR 2000 con ver sion con ven tions
in our cur rent study.

An nual ef fec tive ra don doses (ED) were cal cu -
lated by us ing model, given in UNSCEAR 2000 re port
[2]
   ED mSv  per  year Rn f f cf[ ] ( )= ´ ´ ´C E O D222 (2)

where, C(222Rn) is weighted av er age ra don con cen tra -
tion, Ef – the equi lib rium equiv a lent ra don fac tor (0.4
taken for in doors), Of – the in door oc cu pancy fac tor
(0.8, re ported in UNSCEAR 2000 re port), and Dcf – a
dose con ver sion fac tor (9 nSv per year per Bq/m3).
Based upon ep i de mi o log i cal stud ies and phys i cal do -
sim e try, range of dose con ver sion fac tor Dcf for ra don,
var ies from 6 to 15 nSv per year per Bq/m3. No such
val ues were de fined for the do mes tic ep i de mi o log i cal
ra don stud ies up till now. There fore in cur rent study
we have used con ver sion fac tor of 9 nSv per year per
Bq/m3 which is still con sid ered ap pro pri ate for av er -
age ef fec tive dose cal cu la tions [2].

In the cur rent sur vey the same val ues as sug -
gested in UNSCEAR 2000 re port were adopted for pa -
ram e ters Ef and Dcf where as an in door oc cu pancy fac -
tor of 0.7 in stead of 0.8 men tioned in UNSCEAR 2000 
re port was adopted for Of. The value of oc cu pancy fac -
tor is based upon in ter view with dwell ers. On av er age
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Fig ure 6.  Fre quency dis tri bu tion of in door ra don
con cen tra tion in dis trict Bhimber

Fig ure 5. In door ra don
con cen tra tion and re sult ing
doses in the houses of Barnala



these per sons spent ap prox i mately 17 hours per day
within the build ings. Here it is ex pected a cal cu la tion
like 17 hours per day ́ 7 days per week / 168 hours per
week = 0.70 oc cu pancy frac tion. In the Bhimber city,
doses due to in door ra don ex po sure are found to vary
from 0.64 ± 0.22 to 1.28 ± 0.17 mSv per year. Min i -
mum value of the dose has been ob served in house No.
18, whilst max i mum value has been found in house
No. 3. Mean value of ra don dose for Bhimber city is re -
ported as 1.05 ± 0.17 mSv per year. In the Samani and
Barnala doses due to the in door ra don ex po sure range
from 0.90 ± 0.20 to 1.32 ± 0.16 mSv per year, and 0.65
± 0.26 to 1.45 ± 0.16 mSv per year re spec tively.  Min i -
mum  val ues  for  the  doses  have  been ob served  in 
houses  No.  2 and 3, whilst max i mum val ues have
been found in houses No. 8 and 2, re spec tively.  Mean
value of  ra don doses for Samani and Barnala  are 1.1 ±
0.18  mSv  per  year and  1.16  ±. 0.17 mSv per year. 

As sess ment of lung can cer risk

Math e mat i cal model as pro posed by BEIR IV,
1999 [28] for cal cu lat ing rel a tive lung can cer risk has
been used.

  ERR age z= + +- - - - + +b q q q j g( )5 14 5 14 15 24 15 24 25 25w w w (3)

where ERR rep re sents ex ces sive rel a tive risk.

The pa ram e ter b in eq. (3) rep re sents the slope of
the ex po sure-risk re la tion ship for the as sumed ref er -
ence cat e go ries of the mod i fy ing fac tors, q rep re sents
rel a tive level of ef fect,  gz rep re sents rate of ra don ex -
po sure, and jage de clin ing ERR with in creas ing age.

Ex po sure at any par tic u lar age has 4 com po -
nents: ex po sure in the last 5 years – ex cluded as not bi -
o log i cally rel e vant to the can cer risk – and ex po sures
in 3 win dows of past time, namely 5-14, 15-24, and 25
or more years pre vi ously. Those ex po sures are la beled
as w5-14, w15-24 and w25+, re spec tively, and each is al -
lowed to have its own rel a tive level of ef fect, q5-14 (set
equal to unity), q15-24, and q25+, re spec tively.

Re sults ob tained for the cur rent sur vey are listed
in tabs. 1-3. For Bhimber city, us ing lo cal oc cu pancy
fac tor, av er age ex cess lung can cer risk for the groups
of in di vid u als aged 35 and 55 years was found to vary
from 0.25 ± 0.09 to 0.49 ± 0.07,  and  0.20 ± 0.08 to
0.40 ± 0.05. For Samani av er age ex cess lung can cer
risk for the pop u la tion group of 35 and 55 years of age
was found to vary from 0.34  ±  0.08  to 0.51 ±  0.06 and
0.28 ± 0.06 to 0.42 ± 0.05. Sim i larly for Barnal, av er -
age ex cess lung can cer risk for the pop u la tion group of 
35 and 55 years of age was found to vary from 0.56 ±
±.0.06 to 0.25 ±.0.10 and  0.20 ± 0.08 to 0.46 ± 0.05.
As may be seen from tabs. 1-3 that US EPA (2003) [29] 
oc cu pancy fac tor gave a higher ex cess lung can cer risk 
com pared with the lo cal oc cu pancy fac tor used for
stud ied ar eas. The ERR due to in door ra don is within
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Ta ble 1. Ex cess rel a tive risk of lung can cer due to the weighted in door ra don us ing lo cal and US EPA oc cu pancy fac tors in
the Bhimber district

House No. WARn ERR for 35 years age
(Local OF*)

ERR for 35 years age
(EPA OF)

ERR for 55 years age
(Local OF)

ERR for 55 years age
(EPA OF)

1 57 ± 7 0.48 ± 0.06 0.55 ± 0.07 0.40 ± 0.05 0.45 ± 0.06

2 43 ± 9 0.36 ± 0.08 0.42 ± 0.09 0.30 ± 0.06 0.34 ± 0.07

3 58 ± 8 0.49 ± 0.07 0.56 ± 0.08 0.40 ± 0.06 0.46 ± 0.06

4 57 ± 7 0.48 ± 0.06 0.55 ± 0.07 0.40 ± 0.05 0.45 ± 0.06

5 47 ± 9 0.40 ± 0.08 0.45 ± 0.09 0.33 ± 0.06 0.37 ± 0.07

6 41 ± 9 0.35 ± 0.08 0.40 ± 0.09 0.29 ± 0.06 0.33 ± 0.07

7 45 ± 8 0.38 ± 0.07 0.44 ± 0.08 0.31 ± 0.06 0.36 ± 0.06

8 46 ± 9 0.39 ± 0.08 0.45 ± 0.09 0.32 ± 0.06 0.37 ± 0.07

9 54 ± 8 0.46 ± 0.07 0.52 ± 0.08 0.38 ± 0.06 0.43 ± 0.06

10 45 ± 8 0.38 ± 0.07 0.44 ± 0.08 0.31 ± 0.06 0.36 ± 0.06

11 52 ± 8 0.44 ± 0.07 0.50 ± 0.08 0.36 ± 0.06 0.41 ± 0.06

12 43 ± 9 0.36 ± 0.08 0.42 ± 0.09 0.30 ± 0.06 0.34 ± 0.07

13 53 ± 8 0.45 ± 0.07 0.51 ± 0.08 0.37 ± 0.06 0.42 ± 0.06

14 37 ± 10 0.31 ± 0.08 0.36 ± 0.10 0.26 ± 0.07 0.30 ± 0.08

15 49 ± 8 0.42 ± 0.07 0.47 ± 0.08 0.34 ± 0.06 0.39 ± 0.06

16 44 ± 9 0.37 ± 0.08 0.43 ± 0.08 0.31 ± 0.06 0.35 ± 0.07

17 42 ± 9 0.36 ± 0.08 0.41 ± 0.09 0.29 ± 0.06 0.33 ± 0.07

18 29 ± 11 0.25 ± 0.09 0.28 ± 0.11 0.20 ± 0.08 0.23 ± 0.09

19 57 ± 7 0.48 ± 0.06 0.55 ± 0.07 0.40 ± 0.05 0.45 ± 0.06

20 56 ± 8 0.47 ± 0.07 0.54 ± 0.08 0.39 ± 0.06 0.45 ± 0.06

*OF = Oc cu pancy fac tor
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Ta ble 3. Ex cess rel a tive risk of lung can cer due to the weighted in door ra don us ing lo cal and US EPA oc cu pancy fac tors in
the region Barnala of district Bhimber

House No. WARn ERR for 35 y age
(Local OF*)

ERR for 35 y age
(EPA OF)

ERR for 35 y age
(Local OF)

ERR for 55 y age
(EPA OF)

1 53 ± 8 0.45 ± 0.07 0.51 ± 0.08 0.37 ± 0.06 0.42 ± 0.06

2 66 ± 7 0.56 ± 0.06 0.64 ± 0.07 0.46 ± 0.05 0.53 ± 0.06

3 29 ± 12 0.25 ± 0.10 0.28 ± 0.12 0.20 ± 0.08 0.23 ± 0.10

4 55 ± 7 0.47 ± 0.06 0.53 ± 0.07 0.38 ± 0.05 0.44 ± 0.06

5 48 ± 9 0.41 ± 0.08 0.46 ± 0.09 0.33 ± 0.06 0.38 ± 0.07

6 57 ± 7 0.48 ± 0.06 0.55 ± 0.07 0.40 ± 0.05 0.45 ± 0.06

7 46 ± 8 0.39 ± 0.07 0.45 ± 0.08 0.32 ± 0.06 0.37 ± 0.06

8 52 ± 8 0.44 ± 0.07 0.50 ± 0.08 0.36 ± 0.06 0.41 ± 0.06

9 59 ± 7 0.50 ± 0.06 0.57 ± 0.07 0.41 ± 0.05 0.47 ± 0.06

10 61 ± 8 0.52 ± 0.07 0.59 ± 0.08 0.43 ± 0.06 0.49 ± 0.06

*OF = Oc cu pancy fac tor

Ta ble 2. Ex cess rel a tive risk of lung can cer due to the weighted in door ra don us ing lo cal and US EPA oc cu pancy fac tors in
the region Samani of district Bhimber

House No. WARn ERR for 35 years age
(Local OF*)

ERR for 35 years age
(EPA OF)

ERR for 55 years age
(Local OF)

ERR for 55 years age
(EPA OF)

1 45 ± 8 0.38 ± 0.07 0.44 ± 0.08 0.31 ± 0.06 0.36 ± 0.06

2 40 ± 9 0.34 ± 0.08 0.39 ± 0.09 0.28 ± 0.06 0.32 ± 0.07

3 48 ± 8 0.41 ± 0.07 0.46 ± 0.08 0.33 ± 0.06 0.38 ± 0.06

4 49 ± 8 0.42 ± 0.07 0.47 ± 0.08 0.34 ± 0.06 0.39 ± 0.06

5 52 ± 8 0.44 ± 0.07 0.50 ± 0.08 0.36 ± 0.06 0.41 ± 0.06

6 48 ± 8 0.41 ± 0.07 0.46 ± 0.08 0.33 ± 0.06 0.38 ± 0.06

7 44 ± 9 0.37 ± 0.08 0.43 ± 0.09 0.31 ± 0.06 0.35 ± 0.07

8 60 ± 7 0.51 ± 0.06 0.58 ± 0.07 0.42 ± 0.05 0.48 ± 0.06

9 52 ± 8 0.44 ± 0.07 0.50 ± 0.08 0.36 ± 0.06 0.41 ± 0.06

10 48 ± 8 0.41 ± 0.07 0.46 ± 0.08 0.33 ± 0.06 0.38 ± 0.06

11 55 ± 7 0.47 ± 0.06 0.53 ± 0.07 0.38 ± 0.05 0.44 ± 0.06

12 48 ± 9 0.41 ± 0.08 0.46 ± 0.09 0.33 ± 0.06 0.38 ± 0.07

13 50 ± 8 0.42 ± 0.07 0.46 ± 0.08 0.35 ± 0.06 0.40 ± 0.06

14 51 ± 8 0.43 ± 0.07 0.49 ± 0.08 0.36 ± 0.06 0.41 ± 0.06

15 55 ± 8 0.47 ± 0.07 0.53 ± 0.08 0.38 ± 0.06 0.44 ± 0.06

*OF = Oc cu pancy fac tor

Ta ble 4. The com par i son of mean ra don con cen tra tions in indoor air samples with different countries

Sr. No. Lo ca tion
Weighted av er age ra don concentratin [Bqm–3]

Ref er ences
Draw ing room Bedroom

1 Muzaffarabad, Pakistan 87 [17]

2 Balakot, Pakistan 67 [21]

3 Rawala kot, AJK 67 ± 29 76 ± 30 [19]

4 Hajira, AJK 71 ± 34 83 ± 33 [19]

5 Abbaspur, AJK 118 ± 39 128 ± 36 [19]

6 Islamabad and Rawalpindi 53 36 [8]

7 Islamabad 70.67 ± 11.44 [30]

8 Lahore 74 52 [31]

9 N.W.F.P 65 [14, 15]

10 Sweden 140-400 [32]

11 Demark 53 [5]

12 Saudi Arabia 16 [12]

13 UK 20 [7]

14 USA 46 [10]

15 Brazil 82 [11]

16 Bhimber Pakistan 48 ± 8 Present study



lim its and does not pose any se ri ous threat to the oc cu -
pants of the houses un der in ves ti ga tion. A com par i son
of weighted av er age ra don con cen tra tions of stud ied
area with na tional and in ter na tional data is given in
tab. 4.  Val ues from the pres ent sur vey are lower than
those re ported in many other stud ies con ducted at na -
tional and in ter na tional lev els and greater than av er age 
con cen tra tion in some other ones.

Lower val ues for in door ra don con cen tra tions
(as com pared to other stud ies at na tional level) are re -
ported in cur rent study. There may be a num ber of rea -
sons.
(1) houses were well sep a rated and room’s di men sions

were con sid er ably greater in dis trict Bhimber as
com pared to houses in other parts of Azad Kash mir
(e. g., like in Muzaffarabad, Bagh, etc.),

(2) in many of houses ven ti la tion sys tem was re mark -
ably good, and

(3) there was proper drain age sys tem in in ves ti gated
area.

CON CLU SIONS

In door ra don con cen tra tion and ex cess rel a -
tive risk of can cer was es ti mated for the res i dents of
dis trict Bhimber, Azad Kash mir, Pa ki stan. The mea -
sured in door ra don con cen tra tions and re sult ing
doses are found to be within ac cept able ranges. Av -
er age ex cess lung can cer risk for the pop u la tion
group of 35 and 55 years of age was found to be 0.42
± 0.09 and 0.34 ± 0.08. To con clude, ac cord ing to
the rec om men da tions made by the Health Pro tec tion 
Agency, UK (200 Bq/m3) and US EPA (148 Bq/m3),
all the houses sur veyed are within the safe lim its
from ra don ex po sure.
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PROCENA  GODI[WIH  EFEKTIVNIH  DOZA  RADONA  I  RIZIKA
KANCERA  PLU]A  STANOVNIKA  OKRUGA  BIMBER  U  ZAPADNOM

KA[MIRU,  PAKISTAN

Prikazani su rezultati merewa koncentracije radona u zgradama okruga Bimber. Ova
studija je nastavak prethodnih istra`ivawa, sa ciqem da se ustanove osnovni podaci o
koncentraciji radona u zgradama dr`ave Zapadni Xamu i Ka{mir, Pa ki stan. S tom namerom, 60
reprezentativnih ku}a pa`qivo je izabrano i u dnevne i spava}e sobe svake od wih postavqeni su
CN-85 detektori radona. Detektori su bili izlo`eni radonu u periodu od 90 dana. Po razvijawu
CN-85 detektora u 6 M NaOH pri 70 °C tokom tri ~asa, uo~ene gustine tragova povezani su sa
koncentracijom radona kori{}ewem kalibracionog faktora za tragove od 0.0092 cm2/h po Bq/m3.
Izmerena koncentracija bila je za Bimber od 29 ± 11 Bq/m3 do 58 ± 8 Bq/m3; za Samani od 40 ± 9 Bq/m3

do 60 ± 7 Bq/m3; i za Barnalu od 29 ± 12 Bq/m3 do 66 ± 7 Bq/m3. Dodatni relativan radijacioni rizik
izra~unat je kori{}ewem izmerene koncentracije radona prema modelu rizika prikazanom u
izve{taju Biolo{ki efekti jonizuju}eg zra~ewa (BEIR VI, 1999) i odre|en je za starosne grupe od
35 i 55 godina. Koriste}i podatke o boravku stanovnika na pojedinim lokacijama, za starosne grupe
od 35 i 55 godina tako|e je izra~unat dodatni relativni radijacioni rizik za rak plu}a od 0.42 ± 0.09 
i 0.34 ± 0.08, respektivno. Sredwa godi{wa efektivna doza za okruge Bimber, Samani i Barnalu
iznosila je 1.05 ± 0.17 mSv, 1.09 ± 0.17 mSv i 1.16 ± 0.17 mSv, respektivno. Ove vrednosti su u
granicama bezbednih vrednosti preporu~enih od strane me|unarodnih organizacija.

Kqu~ne re~i: CN-85 detektor, koncentracija radona u zatvorenom prostoru, biolo{ki
..........................efekti zra~ewa, rak plu}a, sredwa godi{wa efektivna doza


