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In this work, the ra don ex ha la tion rate, ef fec tive ra dium con tent and ra di a tion doses from
some ground wa ter wells in Najran City, Saudi Ara bia, were ad dressed and dis cussed in de tail. 
This sur vey of ra don con cen tra tions in the ground wa ter was car ried out us ing the pas sive
mea sure ment tech nique, where the ra don gas pas sively dif fuses into the de tec tor. The ob -
tained re sults re vealed that the ra don ex ha la tion rate in terms of area and mass ex hib its lin ear
cor re la tions with ef fec tive ra dium in ground wa ter (cor re la tion co ef fi cient R2 = 1). Also, the
ma jor ity of ra don con cen tra tions are within the UNSCEAR 1993 per mit ted level and the av -
er age an nual ef fec tive doses ob tained for ra dium and ra don are 180 µSv and 860 µSv, re spec -
tively.

Key words: ra don con cen tra tion, CR-39 de tec tor, an nual ef fec tive dose, ground wa ter

IN TRO DUC TION

Ground wa ter con tains dif fer ent amounts of dis -
solved ra dio ac tive el e ments from the radionuclides
found in the earth. The amount of radionuclides in
ground wa ter can vary by sev eral or ders of mag ni tude
and is in flu enced by sev eral phys i cal, chem i cal and
geo log i cal prop er ties of the aqui fer [1]. The oc cur -
rence and dis tri bu tion of ra dio ac tiv ity in wa ter de pend
on the lo cal geo log i cal char ac ter is tics of the source,
soil, rock and other fac tors that con trol the oc cur rence
and dis tri bu tion of radionuclides in ground wa ter and
the hydrogeological con di tion and the geo chem is try
of radionuclides [2].

Ra dium-226 found in rocks and soil is the main
source of ra don in ground wa ter [3, 4]. Ra don em a na -
tion de pends mainly on the con tent of 226Ra, min eral
grain size and trans port in the land that is gov erned by
geo phys i cal and geo chem i cal pa ram e ters [5]. Af ter ra -
don gas is in haled, densely ion is ing al pha par ti cles
emit ted by de pos ited short-lived de cay prod ucts of ra -
don can in ter act with bi o log i cal tis sues lead ing to
DNA dam age [6, 7]. The King dom of Saudi Ara bia is
lo cated in an arid re gion, which still de pends and will
con tinue to de pend on ground wa ter as a source of
drink ing wa ter and var i ous hu man ac tiv i ties. The ge -
ol ogy of the Najran re gion is sur rounded by many out -

crops of dif fer ent geo log i cal for ma tions which are
mainly char ac ter ized by acidic ig ne ous rocks such as
feld spars, bi o tite, micas and quartz, [8].

There are many ground wa ter wells scat tered
through out the re gion, and these wells are the main
source of drink ing wa ter in the Najran re gion, af ter pu -
ri fi ca tion [9]. Mea sure ment of the ac tiv ity of ra -
dium-226 and its daugh ter 222Rn in wa ter is very im -
por tant for en vi ron men tal pol lu tion and pub lic health
stud ies. The data-base con cern ing ra don con cen tra -
tion and ra dium con tent in Najran is lim ited. The main
ob jec tives of this study were as sess ment of the ra don
ex ha la tion rate, the ef fec tive ra dium con tent and an -
nual ef fec tive doses from some ground wa ter wells in
Najran City, Saudi Ara bia. The ra don con cen tra tion in
ground wa ter has been mea sured us ing the can tech -
nique dur ing the sum mer of 2015.

Ge ol ogy of the study area 

Najran is lo cated in the south west ern part of the
King dom be tween 200-170 de grees north lat i tude and
be tween 440-520 de grees east lon gi tude. Its area is
about 365000 km2, as shown in fig. 1 [10]. There are
two types of rocks char ac ter ized by their re gion as
acidic ig ne ous rocks such as feld spars, bi o tite, micas
and quartz, and meta mor phosed ig ne ous rocks [8].
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MA TE RI ALS AND METH ODS

In this en vi ron men tal study, a CR-39 track de tec -
tor was used to eval u ate the ra don con cen tra tion and ef -
fec tive ra dium con tent in some ground-wa ter wells.
Thirty-nine wa ter sam ples were col lected from thir teen
ground-wa ter wells in the Najran re gion. Nine ground -
wa ter wells are il lus trated in fig. 2. The ground wa ter
sam ples were col lected with out any kind of treat ment.
The sam ples were col lected and ana lysed by us ing the
closed can tech nique, as shown in fig. 3. Two litres of
ground wa ter from each well were poured into clean
plas tic bot tles. The bot tles were closed tightly at the site, 
in or der to pre vent ra don leak age. Wa ter sam ples were
col lected af ter 20 min utes from run ning wells, and 500
ml of wa ter from each bot tle were placed into a plas tic
jar with di men sions of (48cm in width, and 24 cm in
height). Thirty-nine pieces of CR-39 of thick ness (250
mm) and an area of about (0.5 cm ́  0.5 cm) were fixed at 
the bot tom of a cup, which was cov ered by a piece of
sponge with thick ness 0.5 cm to make sure that thoron
(220Rn, t1/2 = 55.60 s) can not reach the de tec tor. Plas tic
cups of 8 cm in length and 7 cm in di am e ter were used in 
this work. From the in te rior sec tion, the cups were fixed
on the cov ers of the plas tic jar, as shown in fig. 3. These
cans were stored at room tem per a ture for a pe riod of 90

days (ex po sure date: 7/5/2015 to 7/8/2015). Af ter the
ex po sure time, the cups were sep a rated from the plas tic
jars. The de tec tors were re moved and chem i cally
etched us ing a 6.25 N so lu tion of NaOH at 70 ºC for 6 h,
then  CR-39 de tec tors were washed with tap wa ter for
10 min and then were put in dis tilled wa ter for 10 min
and then the de tec tors were left to dry. CR-39 de tec tors
were counted vi su ally us ing an op ti cal mi cro scope with
a power of (400X ).The ef fi ciency of the de tec tion has
been de ter mined in our pre vi ous work [11]. It was no -
ticed that the reg is tra tion ef fi ciency of the CR-39 de tec -
tor was ap prox i mately 100 %.

The ra don ac tiv ity con cen tra tion [Bqm–3] has
been cal cu lated by us ing the fol low ing eq. [12].

C
KT

=
r

(1)
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Fig ure 1. Map of Saudi Ara bia with Najran city

Fig ure 2. Nine ground wa ter
wells (white cir cles) in the
Najran re gion

Fig ure 3. Con fig u ra tion of the sealed-can technique



where K is the cal i bra tion con stant (Bqm–3d–1) /(tracks
per  cm2), r – the  track  den sity  (num ber  of  tracks  per
cm2), and T – the ex po sure time (in days). The cal i bra -
tion fac tor value (0.20 ± 0.01) ob tained from our pre -
vi ous work [12] was used to as sess the ra don ac tiv ity
con cen tra tion from the track den sity.

The ef fec tive ra dium con tent CRa (BqL–1) has
been de ter mined from the re la tion (equa tion?) [13, 14]

C
rhA

kT M
Ra

e

= (2)

where r is the counted track den sity, h [m] – the dis -
tance be tween the de tec tor and the top of the sam ple, K 
– the cal i bra tion fac tor of the CR-39 de tec tor, M [kg] –
the mass of the sam ple  and (Te) is the ef fec tive ex po -
sure time which can be de ter mined us ing the fol low ing 
equa tion
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where T is the ex po sure time, and lRn [h
–1] the de cay

con stant for ra don . The ra don ex ha la tion rate in terms
of area (EA) and mass (EM) was ob tained from the re la -
tions, re ported by [13, 14]
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where CRn [Bqm–3h] is the ra don ex po sure , lRn [h
–1] –

the de cay con stant for ra don, A [m2] – the sur face area
of wa ter sam ples, V [m3] – the vol ume of  the can, T [h]
– the time of ex po sure, M [kg] – the mass of the sam -
ple. In or der to ap pre ci ate the risk as so ci ated with the
in take of wa ter in the study area, the an nual ef fec tive
dose has been cal cu lated ac cord ing to the fol low ing
re la tion [15, 16] 

D CR D Deff cf wc= (5)

where  Deff    [mSv]  is the  an nual  ef fec tive  dose, CR
[BqL–1]  –  the  con cen tra tion  of  222Rn  or  226Ra  in,  Dcf 

– the in ges tion dose con ver sion fac tor of 222Rn or 226Ra
(10–8 SvBq–1 for 222Rn, and 2×10–7 SvBq–1 for 226Ra)
[17], and Dwc – the wa ter con sump tion (730 L per year)
[18].

RE SULTS AND DIS CUS SION

Ta ble 1 de picted the 222Rn con cen tra tion, ef fec -
tive ra dium, ar eal ex ha la tion rate, mass ex ha la tion
rate, and an nual ef fec tive dose for the ground wa ter
sam ples. This sur vey leads to the fol low ing:

– The ac tiv ity con cen tra tions of 222Rn range from

12.20 ± 0.83 to 32.50  ±  0.99 Bqm–3  with a mean

of 24.61 ± 1.63 Bqm–3, and the range ac tiv ity con -
cen tra tion of Rn-222 is within the per mis sion
level (4-40 Bqm–3) [17] for all ground wa ter sam -
ples as shown in tab. 2.

– The con cen tra tion of ra don in ground wa ter wells
in this study has large vari a tion which may be at -
trib uted to high con cen tra tions of 226Ra de pos ited
in aqui fer rocks, also, the rocks in the Najran area
be long to ig ne ous rocks, as well as some strat i fied
rocks of the sand stone [19], and also maybe due to
vari able con cen tra tions of sources of the aqui fer
ma te ri als, po ros ity of the aqui fer, per me abil ity,
and em a na tion rates from min eral sources [20].

– The  ac tiv ity  con cen tra tions of  226Ra  range  from

2.07 ± 0.83  to 5.53 ± 0.95 BqL–1 with a mean  of

4.18  ± 0.28 BqL–1 as  shown  in  the  tab.  2.  About
95 % from the ground wa ter sam ples showed ra dium
ac tiv ity con cen tra tions above the WHO rec om -
mended value of 1 BqL–1 [21], and 5% from the
ground wa ter sam ples are lower than this rec om -
mended value. The dif fer ence in the ac tiv ity con cen -
tra tions for both 226Ra, and 222Rn may be due to ra -
don loss dur ing stor age in a poly eth yl ene bot tle
[22-24].

– The ar eal ra don ex ha la tion rate for ground wa ter

sam ples  var ied  from  10.11  ±  0.83 to 26.93 ±

±.0.95  mBqm–2h–1,  with  a   mean  of  20.39  ± 

±.1.35 mBqm–2h–1. Also, the mass ex ha la tion

rates   var ied   from   8.54   ±   0.83   to   22.74   ± 

±.0.95  mBqkg–1h–1  with  a   mean  of  17.22  ± 

±.1.14 mBqkg–1h–1 as shown in the tab. 2. Ground -
wa ter wells have a high mean ar eal , and the mass
ra don ex ha la tion rate com pared to the global av er -
age of the ar eal , and mass ra don ex ha la tion rates
(17.50 and 18.00 mBqm–2h–1) re spec tively [25].

– The log-nor mal dis tri bu tions for his to gram ac tiv ity
con cen tra tions for 222Rn, and 226Ra along the
ground wa ter sam ples are pre sented in fig. 4(a-b). 
This is in di cated by the val ues of kurtosis which are - 
0.97, and – 0.97 re spec tively for  222Rn , and 226Ra 
which are lower than  the ex pected value of 3, and
the val ues of  skew ness are  0.28, and 0.27 re spec -
tively for 222Rn , and 226Ra  which also are larger than
the ex pected value of 0.00 where the nor mal dis tri -
bu tion is a sym met ric dis tri bu tion with well-be -
haved tails, this is in di cated by the skew ness which
is 0.00, and the kurtosis is 3 [26]. Also the log-nor -
mal dis tri bu tions for the his to gram to both ar eal ex -
ha la tion rate (kurtosis = –0.97, and skew ness =
=.0.28), and  mass ex ha la tion rate  (kurtosis = –0.97,
and skew ness = 0.28) as shown in tab. 2, and are pre -
sented in fig. 4(c and d).

– Fig ures 5(a-c) show a strong lin ear re la tion ship be -
tween ef fec tive ra dium with both ar eal, mass ex ha la -
tion rate and ra don con cen tra tions with a cor re la tion
co ef fi cient of 1.00.
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Ta ble 1. The pH, 222Rn con cen tra tion, ef fec tive ra dium, ar eal ex ha la tion rate, mass ex ha la tion rate, and
an nual ef fec tive dose for ground wa ter samples

Well no. Sample
code pH

222Rn
[Bqm–3]

Effective
radium [BgL–1]

Areal
ex ha la tion rate
[mBqm–2h–1]

Mass exhalation 
rate

[mBqkg–1h–1]

Annual effective dose
due to ingestion [mSv]
222Rn 226Ra

1

1A 6.80 39.50 ± 0.63 6.72 ± 0.40 32.72 ± 1.97 27.6 ± 1.67 0.29 ± 0.02 1.40 ± 0.08

1B 7.00 11.00 ± 0.54 1.87 ± 0.37 9.11 ± 1.81 7.70 ± 1.52 0.08  ± 0.01 0.40 ± 0.07

1C 7.00 36.50 ± 0.51 6.21 ± 0.32 30.24 ± 1.58 25.54 ± 1.33 0.27 ± 0.02 1.30 ± 0.07

2

2A 7.00 18.00 ± 0.25 3.06 ± 0.18 14.91 ± 0.88 12.59 ± 0.74 0.13 ± 0.01 0.60 ± 0.04

2B 6.80 7.60 ± 0.69 1.29 ± 0.47 6.30 ± 2.26 5.32 ± 1.91 0.06 ± 0.02 0.30 ± 0.08

2C 6.80 11.00 ± 0.54 1.87 ± 0.37 9.11 ± 1.81 7.70 ± 1.52 0.08  ± 0.01 0.40 ± 0.07

3

3A 7.00 20.00 ± 0.17 3.40 ± 0.13 16.57 ± 0.61 13.99 ± 0.52 0.15 ± 0.02 0.70 ± 0.02

3B 6.80 18.60 ± 0.23 3.16 ± 0.17 15.41 ± 0.80 13.01 ± 0.67 0.14 ± 0.02 0.60 ± 0.04

3C 7.00 38.80 ± 0.61 6.60 ± 0.38 32.14 ± 1.88 27.14 ± 1.59 0.28 ± 0.02 1.30 ± 0.07

4

4A 6.80 24.70 ± 0.02 4.20 ± 0.00 20.46 ± 0.01 17.28 ± 0.01 0.18 ± 0.02 0.90 ± 0.01

4B 7.00 33.00 ± 0.37 5.61 ± 0.23 27.34 ± 1.11 23.09 ± 0.94 0.24 ± 0.01 1.10 ± 0.03

4C 6.80 36.50 ± 0. 51 6.21 ± 0.32 30.24  ± 1.58 25.54 ± 1.33 0.27 ± 0.01 1.30 ± 0.07

5

5A 7.00 41.70 ± 0.73 7.09 ± 0.46 34.55 ± 2.27 29.17 ± 1.91 0.3 ± 0.02 1.40 ± 0.08

5B 7.00 18.60 ± 0.23 3.16 ± 0.17 15.41 ± 0.80 13.01 ± 0.67 0.14 ± 0.02 0.60 ± 0.04

5C 6.80 32.90 ± 0.36 5.59 ± 0.22 27.26 ± 1.10 23.02 ± 0.93 0.24 ± 0.01 1.10 ± 0.03

6

6A 7.00 41.70 ± 0.73 7.09 ± 0.46 34.55 ± 2.27 29.17 ± 1.91 0.30 ± 0.02 1.40 ± 0.08

6B 6.80 13.50 ± 0.44 2.30 ± 0.31 11.18 ± 1.48 9.44 ± 1.25 0.10 ± 0.01 0.50 ± 0.05

6C 7.00 24.7 ± 0.02 4.20 ± 0.02 20.46 ± 0.01 17.28 ± 0.01 0.18 ± 0.01 0.90 ± 0.01

7

7A 7.00 5.00 ± 0.79 0.85 ± 0.54 4.140 ± 2.60 3.50 ± 2.20 0.04 ± 0.01 0.20 ± 0.12

7B 6.80 11.17 ± 0.54 1.90 ± 0.37 9.25 ± 1.79 7.81 ± 1.51 0.08 ± 0.01 0.40 ± 0.07

7C 6.80 34.00 ± 0.41 5.78 ± 0.25 28.17 ± 1.24 23.79 ± 1.05 0.25 ± 0.01 1.20 ± 0.05

8

8A 6.80 17.80 ± 0.26 3.03 ± 0.19 14.75 ± 0.90 12.45 ± 0.76 0.13 ± 0.01 0.60 ± 0.04

8B 7.00 18.80 ± 0.22 3.20 ± 0.16 15.57 ± 0.77 13.15 ± 0.65 0.14 ± 0.01 0.70 ± 0.02

8C 7.00 18.00 ± 0.25 3.06 ± 0.18 14.91 ± 0.88 12.59 ± 0.74 0.13 ± 0.01 0.60 ± 0.04

9

9A 6.80 45.00 ± 0.86 7.65 ± 0.55 37.28 ± 2.70 31.48 ± 2.28 0.33 ± 0.02 1.60 ± 0.12

9B 7.00 14.70 ± 0.39 2.50 ± 0.27 12.18 ± 1.32 10.28 ± 1.11 0.11 ± 0.01 0.50 ± 0.06

9C 7.00 19.70 ± 0.18 3.35 ± 0.14 16.32 ± 0.65 13.78 ± 0.55 0.14 ± 0.01 0.70 ± 0.03

10

10A 7.00 33.20 ± 0.37 5.64 ± 0.23 27.50 ± 1.14 23.23 ± 0.96 0.24 ± 0.01 1.20 ± 0.05

10B 7.00 28.00 ± 0.16 4.76 ± 0.09 23.2 ± 0.45 19.59 ± 0.38 0.20 ± 0.01 1.00 ± 0.02

10C 7.00 22.90 ± 0.05 3.89 ± 0.05 18.97 ± 0.23 16.02 ± 0.19 0.17 ± 0.01 0.80 ± 0.01

11

11A 6.80 44.00 ± 0.82 7.48 ± 0.53 36.45 ± 2.57 30.78 ± 2.17 0.32 ± 0.02 1.50 ± 0.10

11B 7.00 18.00 ± 0.25 3.06 ± 0.18 14.91 ± 0.88 12.59 ± 0.74 0.13 ± 0.01 0.60 ± 0.04

11C 6.80 4.20 ± 0.83 0.71 ± 0.56 3.48 ± 2.71 2.94 ± 2.29 0.03 ± 0.02 0.10 ± 0.12

12

12A 6.80 33.00 ± 0.37 5.61 ± 0.23 27.34 ± 1.11 23.09 ± 0.94 0.24 ± 0.01 1.10 ± 0.04

12B 7.00 16.50 ± 0.32 2.81 ± 0.22 13.67 ± 1.08 11.54 ± 0.91 0.12 ± 0.01 0.60 ± 0.04

11C 7.00 48.00 ± 0.99 8.16 ± 0.63 39.77 ± 3.10 33.58 ± 2.62 0.35 ± 0.03 1.70 ± 0.13

13

13A 7.00 18.80 ± 0.22 3.20 ± 0.16 15.57 ± 0.77 13.15 ± 0.65 0.14 ± 0.01 0.70 ± 0.03

13B 6.80 26.00 ± 0.08 4.42 ± 0.04 21.54 ± 0.18 18.19 ± 0.16 0.19 ± 0.01 0.90 ± 0.01

13C 6.80 14.70 ± 0.39 2.50 ± 0.27 12.18 ± 1.32 10.28 ± 1.11 0.11 ± 0.01 0.50 ± 0.06

Ta ble 2. Sum ma rized re sults for pH, Rn-222, ef fec tive ra dium, areal ex ha la tion rate, mass ex ha la tion rate, and
annual ef fec tive dose due to in ges tion of ra don, and ra dium

Statistics pH Rn-222
[Bqm–3]

Effective
radium [BqL–1]

Areal exhalation  rate
[mBqm–2h–1]

Mass exhalation
rate [mBqkg–1h–1]

Annual effective dose due to
ingestion [mSv]

222Rn
226Ra

Mean 6.92 24.61 4.18 20.39 17.22 0.18 0.86

Range 6.80-7.00 12.20-32.50 2.07-5.53 10.11-26.93 8.54-22.74 0.09-0.24 0.43-1.13

Standard deviation 0.10 11.93 2.03 9.88 8.34 0.086 0.41

Median 7.00 20.00 3.40 16.57 13.99 0.15 0.70

Kurtosis –2.04 –0.97 –0.97 –0.97 –0.97 –0.96 –0.89

Skewness 0.27 0.28 0.27 0.28 0.28 0.28 0.28

Variance 0.01 142.27 4.11 97.66 69.64 0.01 0.17
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Fig ure 4. A his to gram il lus trat ing the change in (c) Ar eal
ex ha la tion rate [mBqkg–1h–1], (d) Mass ex ha la tion rate
[mBqkg–1h–1] in some ground wa ter sam ples in Najran
city

Fig ure 5. Lin ear re gres sion of the areal ex ha la tion rate
vs. ef fec tive ra dium in ground wa ter wells (a), lin ear
re gres sion of the mass ex ha la tion rate vs. ef fec tive
ra dium in ground wa ter wells (b), and lin ear re gres sion
of ef fec tive ra dium vs. ra don con cen tra tion in
ground wa ter wells (c)



– The mean an nual ef fec tive dose for in ges tion of
222Rn is 0.18 ± 0.01 mSv with a ranged of 0.09 ± 0.02 

to 0.24 ± 0.03 mSv, as shown in tab. 2.
– The an nual ef fec tive dose for in ges tion of ra dium is

0.86 ± 0.06 with a ranged of 0.43 ± 0.07 to 1.13 ±

±.0.04 mSv, as shown in tab. 2.
– By com par ing our data for ra don con cen tra tions in

this work with the re sults of other stud ies for dif fer -
ent parts in in the world, it's ob vi ous that ,the av er age 
value of the ra don con cen tra tion in ground wa ter in
Najran city was lower when com pared to the val ues
re ported in China, and was higher than the val ues re -
ported in Pa ki stan as shown in tab. 3.

– These re sults in di cated that the cal cu lated an nual ef -
fec tive dose due to in ges tion of ra don, and ra dium in
wa ter are within the av er age value 0.10 mSv re -
ported by the WHO [18].

– In this study neu tral-pH val ues were most com -
monly found for all ground wa ter sam ples, and the
range of pH of the ground wa ter sam ples in this study 
lies within the WHO guide lines (6.50-9.50) [41].

CON CLU SION

The pres ent study showed that the av er age  an nual
ef fec tive dose due to in ges tion of ra don for all the
ground wa ter sam ples was be low the safe limit of the
WHO (WHO, 2004), and for 226Ra it was slightly higher

than this rec om mended value. Also, this study showed
that there is a lin ear re la tion ship be tween ef fec tive ra -
dium con tents and ra don con cen tra tions with strong cor -
re la tion (R2 = 1.00) in all ground wa ter sam ples in the
Najran re gion.  Fi nally, our re sults clearly show that
ground wa ter from some wells in the Najran re gion is safe 
in so far as the health haz ards of ra don. There was a wide
range of ra don con cen tra tions in ground wa ter wells from 
12.20 ± 0.83 to 32.5 ± 0.99 Bqm–3 with an av er age of
24.61 ± 1.63 Bqm–3, and this range of ra don con cen tra -
tions are is within the safe limit rec om mended by
UNSCEAR.
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Ta ble 3. Ac tiv ity con cen tra tion of 222Rn in dif fer ent sources of wa ter in Saudi Ara bia, and dif fer ent parts of the world

Region Sources of water
222Rn activity concentration

[BqL–1] Reference

Thirteen regions in Saudi Arabia Wells supplying drinking water 0.01- 67.40 (4.62)
0.24 - 24.90 [27]

Jeddah City, Saudi Arabia

Tap water
Flush water

Gallon water
Mineral water

Other drinking water

0.92-2.12  (1.72)
0.86-1.96  (1.54)
0.81-3.56  (2.21 )
5.56-14.87 (9.92 )
4.39-l 1.02 ( 8.06)

[28]

Central region
of Saudi Arabia Groundwater 0.89- 35.44  (8.80) [29]

Samtah-Jazan, Saudi Arabia

Mineral water
Distilled water
Gallon water

Tap water

15.02
9.18
6.40
3.06

[30]

Riyadh City, Saudi Arabia Water distribution network 0.10-1.00 (0.20) [31]

Hail province, Saudi Arabia Groundwater 0.17-5.41   (2.60) [32]

Al-Jawa, Saudi Arabia Well waters 1.45-9.15 (4.49) [33]

Libya Drinking water samples from
different water wells 1.02-6.42 ( 3.46 ) [34]

Lebanon (many locations) Well and spring water 0.46-49.60 [35]

Malaysia
Well water

Stream water
Tap water

12.40-17.00 (14.7)
6.70-9.40 ( 7.90 )
2.70-7.00 (5.37)

[36]

Cyprus Groundwater 0.10-5.00  (1.40) [37]

Spain Wells and springs 0.80-26.00 (11.40) [38]

China Groundwater 0.71-3735.00  (229.40) [39]

Pakistan Drinking water (Hand pump)
Drinking water (motor pump)

0.042-0.125 (0.081 )
0.075-0.158 (0.120) [40]

Najran, Saudi Arabia Well groundwater 12.20-32.50 (24.61 ) Present study
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Tajsir I. AL-NAGAR, Ajman M. ABDALA

KONCENTRACIJE  AKTIVNOSTI  222Rn  U  BUNARIMA
PODZEMNIH  VODA  U  NAJRAN  SITIJU,  SAUDIJSKA  ARABIJA

U radu se detaqno razmatra ja~ina ekshalacije radona, efektivni sadr`aj radijuma i doza 
zra~ewa iz bunara podzemnih voda u Najran Sitiju u Saudijskoj Arabiji. Ispitivawe
koncentracije radona u podzemnim vodama sprovedeno je primenom pasivne tehnike merewa, pri
kojoj ra don pasivno difunduje u detektor. Dobijeni rezultati pokazuju da je brzina ekshalacije
radona iskazana kroz povr{inu i masu linearno korelirana sa efektivnom koli~inom radijuma u
podzemnim vodama (koeficijent korelacije R2 = 1). Tako|e, ve}ina izmerenih koncentracija
radona je u dozvoqenim granicama propisanim izve{tajem UNSCEAR 1993, a sredwe godi{we
efektivne doze koje poti~u od radijuma i radona su 180 mSv i 860 mSv, respektivno.

Kqu~ne re~i: koncentracija radona, CR-39 detektor, godi{wa efektivna doza, podzemna voda


