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Ground wa ter is con sid ered to be the sec ond larg est con trib u tor to the in door ra don con cen tra -
tion af ter soil.  There fore, mea sure ment of waterborne ra don has re mained a point of in ter est for
many re search ers. The main ob jec tive of this study is to study waterborne ra don ac tiv ity in the city 
of Dera Ismail Khan. In this con text, wa ter sam ples were col lected from dif fer ent lo ca tions of the
city and waterborne ra don was mea sured us ing a py lon vac uum wa ter de gas sing sys tem and
CR-39 based ra don de tec tors. The py lon sys tem mea sured waterborne ra don ac tiv i ties in sam ples 
of  hand  pumps  and mo tor  driven  pumps vary ing  from 0.015 to 0.066 Bq/L and 0.021 to
0.145 Bq/L with av er age val ues of 0.041 ± 0.015 Bq/L and 0.076 ± 0.024 Bq/L, re spec tively.
Whereas  CR-39  based mea sured val ues ranged  from 0.042  to  0.125  Bq/L  and  0.075  to 
0.158  Bq/L  with  av er age val ues of 0.081 ± 0.021 Bq/L and 0.120 ± 0.020 Bq/L, re spec tively.
The es ti mated av er age an nual ef fec tive dose due to in ges tion  of ra don from drink ing wa ter us ing
py lon and  CR-39 based  ra don de tec tors for hand and mo tor pump sam ples was found to be 
1.055×10–4 mSv and 1.947×10–4 mSv, and 2.067×10–4 mSv and 3.058×10–4 mSv, re spec tively. The
waterborne ra don con cen tra tions and as a re sult the an nual ef fec tive dose ex pected to be re ceived
from it are within the rec om mended safe lim its.
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IN TRO DUC TION

Wa ter is an es sen tial re quire ment for all usual
do mes tic pur poses, in clud ing drink ing, food prep a ra -
tion, per sonal hy giene, etc. Ground wa ter con tains dis -
solved ra don due to its con tact with rocks con tain ing
nat u ral ura nium and ra dium [1]. The mole frac tion sol -
u bil ity of the gas in wa ter is 2.3×10–4 at a tem per a ture
of 15 °C, which is about ten times more than that for
ox y gen gas [2]. Wa ter-sat u rated soil with a po ros ity of
20 % and a ra dium con cen tra tion of 40 Bq/kg, which is 
the world-wide av er age in the earth's crust, causes at
equi lib rium a ra don con cen tra tion in ground wa ter of
the or der of 50 Bq/L [1]. 

Ground wa ter from wells and bore holes usu ally
con tains higher ra don con cen tra tions than that of sur -
face wa ters. Ra don pres ent in sur face wa ters, such as
lakes and rivers, is readily re leased into the out door air
by ag i ta tion as it passes over rocks and soils. Wa ter
from drilled wells is ex pected to con tain a higher con -
cen tra tion of ra don due to its con tact with U-rich rocks

for a much lon ger time pe riod [3, 4]. A dug well con -
tains mainly sur face wa ter and is not so deep. Wa ter
from pub lic wa ter sup plies has nor mally also very
small ra don lev els be cause wa ter is treated in open air
and ra don gas is re leased from the wa ter. How ever, a
pri vate house hold wa ter sup ply is more or less a closed 
sys tem which is ex tracted from the drilled bore hole to
the tap point in doors [3]. In some ex treme cir cum -
stances, very high ra don con cen tra tions may be found
in drink ing-wa ter sup plies from these sources [5].

Ra don in do mes tic wa ter may cause health haz -
ards in two ways. The ra don may be emit ted from the
wa ter thereby giv ing rise to ex po sure by in ha la tion.
Al ter na tively, if the wa ter is drunk be fore the ra don
emis sion, it may ir ra di ate the gas tro in tes ti nal tract
thereby giv ing an in ter nal dose to the lin ing of the
stom ach [5, 6]. It has been es ti mated that a ra don con -
cen tra tion of 1000 Bq/L in drink ing-wa ter dis charged
from a tap or shower will, on av er age, in creases the in -
door ra don con cen tra tion by 100 Bq/m3 [7, 8].

In big cit ies, wa ter pro cess ing in large mu nic i pal
sys tems aer ates the wa ter, which al lows ra don to es -
cape, and also de lays the use of wa ter un til most of the
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re main ing ra don has de cayed [9].  There fore, the gen -
eral pub lic us ing sur face or pro cessed wa ter does not
have a ra don prob lem from their wa ter.

In the city of Dera Ismail Khan, be sides pro -
cessed mu nic i pal wa ter, a hand pump and elec tric mo -
tor pump are also used to ex tract ground wa ter sources
for drink ing and house hold pur poses. The dis solved
ra don in this wa ter may pose health haz ards due its in -
ges tion as well as its es cape into the in door air while
tak ing show ers, wash ing clothes, etc. Al though ex ten -
sive data is avail able re gard ing in door ra don mea sure -
ments (see, for ex am ple [10-14] and ref er ences quoted 
therein), lim ited stud ies have been car ried out to mea -
sure waterborne ra don in Pa ki stan [15-17]. This ar ti cle 
deals with mea sure ment of waterborne ra don in
ground wa ter of the Dera Ismail Khan city us ing the
py lon vac uum wa ter de gas sing sys tem (PVWDS) and
CR-39 based NRPB do sim e ters. The data sets ob -
tained from ac tive and pas sive de vices were com -
pared.

MA TE RI ALS AND METH ODS

Study area

Dera Ismail Khan is the south ern most dis trict of
the Khy ber Pakhtunkhwa prov ince of Pa ki stan, ly ing
be tween 31° 152' North lat i tude and 70° 112' East lon -
gi tude. The to tal area of the dis trict is 7326 km2. 

Cli mate

The area lies in the do main of hot semi-arid cli -
mate with con sid er able sea sonal fluc tu a tions in tem -
per a ture and rain fall. The av er age monthly tem per a -
ture of Dera Ismail Khan shows a hot pe riod from May
un til Sep tem ber with a mean  ex ceed ing  30 °C.  In
win ter the av er age monthly tem per a ture drops be low
12 °C in De cem ber and Jan u ary. Rain fall is con cen -
trated in two wet sea sons, the first with a max i mum in
March/April and the sec ond with a max i mum in
July/Au gust. The av er age yearly pre cip i ta tion at Dera
Ismail Khan is 261 mm [18].

Ge ol ogy 

The city is sit u ated on the west bank of the Indus
River. The Dera Ismail Khan ba sin is a part of the
Lower Indus ba sin and is com posed of al lu vial sed i -
ments de rived from the Indus and its trib u tar ies [18]. 

Qua ter nary de pos its which oc cur in the Dera
Ismail Khan Plain are usu ally sands, silts and grav els
with vari able thick nesses and ex tent. In the Dera
Ismail  Khan  Plain,  they  at tain  a thick ness of over
300 m [19].

The ma jor com po nents of re charge of the
ground wa ter aqui fer in Dera Ismail Khan are sub-sur -
face in flow of ground wa ter from the moun tain ous
area, in fil tra tion of sur face run off mainly of streams
and rivers en ter ing the area from the ad ja cent moun -
tains and over land flow dur ing heavy rains [20].

Sam pling

A to tal of 60 drink ing wa ter sam ples in clud ing
the hand pump and mo tor pump were col lected from
the Dera Ismail Khan city and its out skirts. The sam -
pling points are shown on the map (see fig. 1). Both
types of sam ples were col lected di rectly from the
pumps in well-washed bot tles which were sealed im -
me di ately. For pres er va tion of sam ples con cen trated
HNO3 (1 mL per litre of sam ple wa ter) was added to
each sam ple. The sam ples were col lected in the month
of Sep tem ber and Oc to ber.

EX PER I MEN TAL TECH NIQUES

Py lon WG-1001 vac uum wa ter
de gas sing sys tem

The WG-1001 vac uum wa ter de gas sing sys tem
is de signed to ex tract gases con tain ing ra don from wa -
ter sam ples and place them in a Lucas type cell to al low 
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Fig ure 1.  Map of the Dera Ismail Khan city in di cat ing
sam pling points



mea sure ment of the amount of ra don gas pres ent in the
wa ter.

The count ing ef fi ciency of the in stru ment is
0.745 ± 0.02 cps/dps and sen si tiv ity at equi lib rium is
0.617 cps / (Bq/L). The max i mum back ground of the
in stru ment is 1 cpm (counts per min ute), for py lon
model 300A Lucas cells (man u fac tured by Py lon Elec -
tron ics Inc., Ot tawa, Can ada). The lower limit of de -
tec tion was es ti mated to be 27.4 Bq/m3. The py lon
AB-5 ra di a tion mon i tor which mea sures ra don (222Rn) 
and thoron (220Rn) gas, has a max i mum count ing rate
of 10,000 cps for a 190-ml wa ter sam ple.

To mea sure ra don con cen tra tion in wa ter sam -
ples, the back ground of the scin til la tion cell was mea -
sured for five min utes and was con verted to counts per
min utes (cpm). The sam pling time (Ts) was re corded.
The pump was con nected to evac u ate the sys tem to a
min i mum of 27 inches of mer cury. Af ter dis con nect -
ing the pump, 190 ml of the wa ter sam ple was trans -
ferred into the grad u ated cyl in der and was sealed
tightly.  The bubbler was con nected and a fine steady
bub bling rate was main tained for 5 min utes. For
count ing, the scin til la tion cell was placed in the ra di a -
tion mon i tor ap prox i mately 3.5 hours af ter sam pling
when the ra don ac tiv ity in the cell reached equi lib -
rium. The count ing time (Tc) was noted.

Ra don con cen tra tion in wa ter sam ples by us ing
PVWDS was de ter mined by the equa tion

A
C B

F D S V
=

- ×

× × × ×

( ) 1000

3
(1)

where A [BqL–1]  is the 222Rn ac tiv ity con cen tra tions,
C [s–1] – the gross count rate, B [s–1] – the back ground
rate, F – the cell count ing ef fi ciency (0.745 cps/dps*),
D – the de gas sing ef fi ciency for 300A cells (0.90), S –
the cor rec tion for de cay of ra don from sam pling time
Ts to count ing time Tc  (0.97026), V – the sam ple vol -
ume (190 mL), and no. 3 is the num ber of a-emit ters.

Track de tec tion tech nique

The ra don con cen tra tions in wa ter sam ples were
also mea sured by the par ti cle track de tec tion tech nique 
to sup port the re sults ob tained by the py lon sys tem.
For this pur pose a sheet of 500 mm thick ness of CR-39
track de tec tor (sup plied by Intercast, Parma, It aly) was 
cut into square pieces of 2 ́  2 cm2 and these were fixed 
in the na tional ra dio log i cal pro tec tion board (NRPB)
type do sim e ters. The 500 ml wa ter sam ple was put in a
plas tic con tainer 27.5 cm high (vol ume 10.2×103 cm3)
hav ing a sam ple sur face area 369.6 cm2. The do sim e -
ters were in stalled in the con tain ers which were sealed
for a pe riod of 90 days. In or der to avoid the con tri bu -
tion of ra dio ac tive thoron gas from the sam ple, the do -
sim e ters were fixed at a height greater than 25 cm from 

the wa ter level [3, 21]. The de tec tors were ex posed to a 
vari able level of ra don con cen tra tion dur ing the ex po -
sure pe riod be cause ini tially the ra don level is zero in
the cham ber of the do sim e ter. With the pas sage of time
the ra don ac tiv ity level rises from zero to the equi lib -
rium value. There fore the ef fec tive ex po sure time of
the de tec tors was cal cu lated by the fol low ing re la tion
[3]

T t t
effective e= - - -t l( )1 (2)

where t [d] is the to tal ex po sure length, l[h–1] – the ra -
don de cay con stant (7.55×10–3h–1), and t [d] – the mean 
life of ra don (5.5 d).

This cor rec tion is made in all closed sys tems [3].
The ef fec tive time cal cu lated for three months ex po -
sure is 2028 hors.

Af ter ex po sure the CR-39 track de tec tors were
chem i cally etched at 80 °C in a 6N NaOH so lu tion for
six teen hours and the track den si ties were mea sured.

The mea sured track den si ties were con verted
into ra don con cen tra tions by us ing the fol low ing con -
ver sion fac tor [21]

2.7 tracks cm–2h–1 = 1 kBq/m3 = 1 Bq/L

RE SULTS AND DIS CUS SION

Ta ble 1 shows waterborne ra don ac tiv i ties (WRn)
from the col lected wa ter sam ple us ing ac tive and pas -
sive tech niques, whereas min i mum, max i mum and the 
mean val ues of WRn with a stan dard de vi a tion (SD) are 
listed in tab. 2.

From the mea sured data av er age val ues of
waterborne ra don con cen tra tions have been cal cu lated 
and found to be 0.041 ± 0.015 and 0.076 ± 0.024 Bq/L
in sam ples taken from hand pumps and mo tor pumps
us ing the py lon sys tem whereas CR-39 based mea -
sure ments yielded av er age val ues of 0.081 ± 0.021 and 
0.120 ± 0.020 Bq/L, re spec tively. As may be seen in
tab. 2, min i mum and max i mum val ues in hand pump
wa ter sam ples are 0.015 and 0.066 Bq/L us ing the py -
lon sys tem and 0.042 and 0.125 Bq/L us ing CR-39
based ra don de tec tors. In mo tor pump sam ples min i -
mum and max i mum ra don con cen tra tions are 0.021
and 0.145 Bq/L for the py lon sys tem and 0.075 and
0.158 Bq/L in the case of CR-39 based ra don de tec -
tors. The min i mum value of waterborne ra don has
been ob served in sam ples col lected from the hand
pump whilst the max i mum value has been found in
sam ples col lected from mo tor pump wa ter. Mo tor
pump wa ter sam ples were taken di rectly from the
pump when the mo tor was on.

In Dera Ismail Khan, the wa ter is ex tracted from
a depth of about 14-21 me ters us ing mo tor pumps
whereas in the case of the hand pump wa ter is ex -
tracted from a depth of about 9-12 me ters. The hand
pumps on at the bank of the river are used to pump out
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river wa ter for drink ing pur poses. The depth at which
wa ter is pumped out by these pumps is 5-8 me ters. The
min i mum ra don con cen tra tion was found in a hand
pump sam ple which was at on the bank of the river. In
the mo tor pump wa ter, the av er age value of the ra don
con cen tra tion was slightly higher as com pared to the
hand pump wa ter. This may be due to the dif fer ence in
depth of the two types of wa ter wherefrom the wa ter is
ex tracted.  Be cause shal low ground wa ter sources, like
hand pumps, have a lower ra don con cen tra tion due to
the lim ited su per fi cial wa ter cir cu la tion, while deeper
sources, like mo tor pumps, have a higher ra don con -
cen tra tion due to the larger prob a bil ity for in ter ac tion
of wa ter with the rock.

Ac cord ing to the En vi ron men tal Pro tec tion
Agency (EPA) of the United States, the safe level of ra -
don in drink ing wa ter is 11 kBq/m3 or 11 Bq/L [22].
The re sults ob tained for the drink ing wa ter of the Dera
Ismail Khan city are within this rec om mended level. 

Waterborne ra don data ob tained us ing pas sive
and ac tive tech niques have been com pared in fig. 2. A
good cor re la tion (R2 = 0.8292) has been ob served be -
tween the re sults of the pas sive and ac tive tech niques.
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Sam ple
No. Sam ple type/lo ca tion WRn  [BqL–1] 

Py lon sys tem
WRn [Bq/L–1]

CR-39 de tec tor

C1 Hand pump Halim Col ony D. I. Khan 0.048 0.091

C2 Hand pump from the bank of the river 0.018 0.066

C3 Hand pump from the bank of the river 0.015 0.050

C4 Hand pump from the bank of the river 0.033 0.066

C5 Hand pump Cir cu lar road 0.033 0.062

C6 Hand pump from the bank of the rive 0.027 0.042

C7 Hand pump Mus lim Ba zaar 0.039 0.079

C8 Hand pump Awan Abad 0.033 0.075

C9 Hand pump Islamia col ony 0.051 0.083

C10 Hand pump Islamia col ony 0.039 0.087

C11 Hand pump Ghari Sadozai 0.041 0.075

C12 Hand pump from the bank of the river 0.030 0.058

C13 Hand pump Eid Gah road 0.039 0.079

C14 Hand pump Islamia col ony 0.050 0.091

C15 Hand pump Mus lim Ba zaar 0.050 0.075

C16 Hand pump Sardar-i-wala 0.062 0.108

C17 Hand pump new Bannu chungi 0.039 0.083

C18 Hand pump Wanda Baluchan 0.052 0.079

C19 Hand pump from the bank of the river 0.038 0.066

C20 Hand pump Mus lim Ba zaar 0.039 0.075

C21 Mo tor pump Halim Col ony 0.073 0.116

C22 Mo tor pump Halim Col ony 0.050 0.100

C23 Mo tor pump Islamia Col ony 0.060 0.108

C24 Mo tor pump Awan Abad 0.084 0.120

C25 Mo tor pump Islamia col ony 0.060 0.100

C26 Mo tor pump Islamia col ony 0.077 0.120

C27 Mo tor pump Islamia col ony 0.066 0.112

C28 Mo tor pump Usman Ghni Town 0.066 0.108

C29 Mo tor pump Jhok Khlar 0.093 0.141

C30 Mo tor pump Eid Gah road 0.021 0.075

Sam ple
No. Sam ple type/lo ca tion WRn  [BqL–1]  

Py lon sys tem
WRn [Bq/L–1]

CR-39 de tec tor

C31 Mo tor pump Sheikh Yousaf 0.072 0.100

C32 Mo tor pump Bhatia Ba zaar 0.087 0.129

C33 Mo tor pump Kalan Bazar 0.090 0.133

C34 Mo tor pump Baranabad 0.071 0.112

C35 Mo tor pump Bhatia Ba zaar 0.051 0.108

C36 Mo tor pump Model town 0.092 0.149

C37 Mo tor pump Mus lim Bazar 0.145 0.158

C38 Mo tor pump Tank Adda 0.079 0.133

C39 Mo tor pump Mus lim ba zaar 0.088 0.141

C40 Mo tor pump Tank Adda 0.102 0.145

K41 Hand pump Kachi Paind Khan 0.018 0.054

K42 Hand pump Kachi Paind Khan 0.023 0.058

K43 Mo tor pump Kachi Paind Khan 0.074 0.100

K44 Mo tor pump Kachi Paind Khan 0.060 0.108

T45 Hand pump Thatha Balochan 0.066 0.094

T46 Hand pump Thatha Balochan 0.051 0.100

T47 Mo tor pump Thatha Balochan 0.039 0.094

T48 Mo tor pump Thatha Balochan 0.054 0.100

P49 Hand pump Pro fes sor col ony 0.057 0.112

P50 Hand pump Pro fes sor col ony 0.056 0.079

P51 Hand pump Pro fes sor col ony 0.018 0.075

P52 Mo tor pump Pro fes sor col ony 0.065 0.108

P53 Mo tor pump Pro fes sor col ony 0.102 0.141

P54 Mo tor pump Pro fes sor col ony 0.064 0.108

G55 Hand pump Gomal Uni ver sity 0.048 0.125

G56 Hand pump out side Gomal Uni ver sity 0.063 0.120

G57 Hand pump Gomal Uni ver sity 0.061 0.120

G58 Mo tor pump out side Gomal Uni ver sity 0.116 0.145

G59 Mo tor Pump out side Gomal Uni ver sity 0.101 0.137

G60 Mo tor pump out side Gomal Uni ver sity 0.083 0.141

Ta ble 1. Waterborne ra don activities in drink ing wa ter sam ples of the Dera Ismail Khan city

Ta ble 2. Min i mum, max i mum and mean WRn with stan dard de vi a tion (SD) in drink ing wa ter of the Dera Ismail Khan city

Wa ter source WRn [BqL–1] pylon sys tem WRn [BqL–1] CR-39 detector

Min i mum Max i mum Mean ± SD Min i mum Max i mum Mean ± SD

Hand pump 0.015 0.066 0.041 ± 0.015 0.042 0.125 0.081 ± 0.021

Mo tor pump 0.021 0.145 0.076 ± 0.024 0.075 0.158 0.120 ± 0.020

Fig ure 2. Com par i son of waterborne ra don [BqL–1]
mea sured in drink ing wa ter of the Dera Ismail Khan city
us ing py lon sys tem and CR-39 track de tec tor



An nual ef fec tive dose

The an nual ef fec tive dose [mSvy–1] re ceived by
an adult due to the in ges tion of ra don from drink ing
wa ter has been cal cu lated by the fol low ing equa tion
[23].

AED C DCF L= × ×Rn (3)

where CRn [BqL–1] is the ac tiv ity con cen tra tion of ra don,
DCF [nSv/Bq] – the dose con ver sion fac tor (3.5 nSv/Bq
for an adult) [24] and L [L] – the an nual in take of wa ter by 
an adult (730 L per year) [25].

The cal cu lated val ues of an an nual ef fec tive dose 
for drink ing wa ter sources are given in tab. 3. The an -
nual ef fec tive dose mea sured by the py lon sys tem is
1.058×10–4 and 1.949×10–4 mSv/y whereas CR-39
based ra don de tec tors yielded val ues as 1.083×10–4 and 
1.906×10–4 mSv/y, for the hand pump and mo tor pump
wa ter, re spec tively. The cal cu lated val ues of the an -
nual ef fec tive dose due to the in gested ra don with wa -
ter are within the rec om mended value of 0.1 mSv for
the pub lic [26, 27].

CON CLU SIONS

Waterborne ra don ac tiv ity has been mea sured in
drink ing wa ter of the Dera Ismail Khan city us ing ac -
tive and pas sive tech niques.  The re sults ob tained have 
been intercompared and are found to be in good agree -
ment. Rel a tively higher val ues of ra don con cen tra tion
are found in wa ter ex tracted with mo tor pumps. Nev -
er the less, mea sured val ues of waterborne ra don in all
the stud ied wa ter sam ples us ing ac tive and pas sive
tech niques are within the world wide rec om mended
safe limit of 11 Bq/L. The an nual ef fec tive dose re -
ceived by the in hab it ants due to the in gested ra don
from drink ing wa ter mea sured by both ac tive and pas -
sive tech niques has also been found to be very con sid -
er ably less than the rec om mended dose of 0.1 mSv.
There fore, to con clude, drink ing wa ter of the Dera
Ismail Khan city is safe to use for drink ing and other
house hold pur poses.

AU THOR CON TRI BU TIONS

Sam ples were col lected by R. Tahseen. Ex per i -
ments were car ried out by Matiullah, R. Tahseen, and

T. Nasir. All au thors ana lysed and dis cussed the re -
sults. The manu script was writ ten by T. Nasir, M.
Rafique, and Matiullah. The fig ures were pre pared by
T. Nasir.
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Tabasum NASIR, MATIULAH, Muhamad RAFIK, Rubin TAHSIN

MEREWA  RADONA  OSLOBO\ENOG  IZ  PIJA]E  VODE  U  GRADU
DERA  ISMAIL  KAN  PRIMENOM  AKTIVNIH  I  PASIVNIH  POSTUPAKA

Smatra se da je voda iz zemqi{ta drugi najve}i izvor koncentracije radona u
unutra{wosti prostorija. Stoga je merewe radona oslobo|enog iz vode jo{ uvek interes mnogih
istra`iva~a. Glavni ciq ovog rada je prou~avawe aktivnosti radona oslobo|enog  iz vode u gradu
Dera Ismail Kan. U tom smislu, uzorci vode su prikupqani sa razli~itih lokacija grada iz kojih je
ra don meren pilonskim vakuumskim sistemom sa degazirawem vode i detektorima radona
zasnovanim na CR-39. Pilon sistem je kao rezultat merewa dao aktivnosti za uzorke prikupqane
ru~nim i motornim pumpama u granicama 0.015-0.066 Bq/L i 0.021-0.145 Bq/L, sa sredwim vrednostima 
0.041 ± 0.015 Bq/L i 0.076 ± 0.024 Bq/L, respektivno. Procewena godi{wa doza usled ingestije radona
pija}om vodom, dobijena upotrebom pilonskog sistema i detektora zasnovanih na CR-39, za ru~ne i
motorne pumpe, iznosi 1.055×10–4 mSv i 1.947×10–4 mSv i 2.067×10–4 mSv i 3.058×10–4 mSv, respektivno.
Koncentracija radona oslobo|enog iz vode i procewena godi{wa efektivna doza nastala wenom
upotrebom, nalaze se u preporu~enim bezbednim granicama.

Kqu~ne re~i: voda za pi}e, pilon sistem, CR-39, koncentracija radona, godi{wa efektivna
..........................doza


