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Geo-spatial analysis of radon in spring and well water
using kriging interpolation method
Abdul Razzaq Khan, Muhammad Raﬁque, Saeed Ur Rahman,
Muhammad Basharat, Chand Shahzadi and Ishtiaq Ahmed

ABSTRACT
Radon activity concentration was measured in 101 springs and well water samples collected from
Muzaffarabad city and its outskirts. Sixty springs and 41 well water samples were analyzed, using
RAD7, an electronic radon detector manufactured by Durridge Company Inc., for the estimation of
radon borne activities and their relevant effects. Results obtained show that for spring water, the
water borne radon activity varied from 0.246 ± 0.348 to 34.36 ± 5.54 Bq L1 with an average value of
10.16 ± 2.42 Bq L1. For well water, the water borne radon activity varied from 0.86 ± 0.10 to
16.12 ± 0.22 Bq L1 with an average value of 4.21 ± 0.13 Bq L1. Concentration of radon borne
activities were subsequently used for determination of inhalation and ingestion doses. The inhalation
and ingestion doses for spring water samples varied from 0.0062 ± 0.0087 to 0.865 ± 0.14 mSv y1
and 0.052± 0.073 to 7.22 ± 1.16 mSv y1, respectively. The inhalation and ingestion doses for well
water varied from 0.022 ± 0.0025 to 0.41 ± 0.0054 mSv y1 and 0.18± 0.021 to 3.38 ± 0.045 mSv y1,
respectively. 33.33% of spring and 7.32% of well water samples were found with values above the
recommendation levels of the United States Environmental Protection Agency (∼11.1 Bq L1). As a
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single measurement cannot serve as a best estimate of the unsampled areas in the region, Kriging
interpolation method, a geo-statistical method, was used to get an estimate of spatial distribution of
water borne radon in the area of study. Kriging mapping shows that higher radon concentrations are
found in areas with lithology consisting of sandstones, siltstones, shales and claystones.
Key words

| inhalation and ingestion doses, Kriging interpolation method, RAD7, radon activity
concentration, spatial distribution

INTRODUCTION
Radon-222 (222Rn), naturally occurring radioactive gas, is

226

produced as a result of the emission of alpha particle

water is controlled by parameters like rock porosity and per-

(42 He) from Radium-226 (226Ra). Since 226Ra is found ubiqui-

meability. Igneous rocks, such as granites, have high values

tously as trace amount in soil, water, minerals forming rocks

of permeability. Water with elevated levels of radon shows

in the lithosphere, this makes its progeny (222Rn) available

detectable levels of alpha emitting nuclides, Lead-210

everywhere in the environment. As
the decay of

226

222

Rn is obtained from

Ra, so higher levels of

226

Ra in bedrocks
222

Ra generated

222

Rn over large distances. Flow rate of

(210Pb) and Polonium-210 (210Po) (Musa ). Radon in
water has been identiﬁed as public health concern (EPA

Rn in

, ). Usually, surface water contains very small

water. Depending upon ﬂow rate, groundwater can carry

amounts of dissolved radon due to rapid volatilization of

are expected to produce higher concentrations of
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the gas into the atmosphere (NCRWACR ). Typically,

Interest in the study of Rn in water is increased due to

radon concentrations in surface waters are less than

the health hazards of radon in water. In the USA, almost

4,000 Bqm3 (4 Bq/L). On the other hand, water from

1–7% of lung cancer sufferers have endorsed the indoor

wells can have high radon concentrations (>4,000 Bqm3

radon exposure resulting from groundwater (Cothern et al.

or 4 Bq/L) (Hopke et al. ).

).

Alpha particles, emitted from the decay of radioactive

Worldwide survey has revealed the mean concentration

radon gas and its progenies, are associated with the biologi-

of radon in groundwater to be about 183 Bq/L (NCRP ).

cal effects under the low radon exposure conditions within

For tap water, suggested limit of radon concentration is,

closed domestic environments. On passing through a cell

however, not recommended but the projected limit is

nucleus, alpha particle damages deoxyribonucleic acid

150 Bq/L. The Environmental Protection Agency (EPA)

(DNA) (WHO ; Nisar et al. ) and results in

has proposed a maximum contaminant level of radon

removals and rearrangements of chromosomal regions lead-

in public drinking water supplies to be 11.1 Bq L1

ing to genetic instabilities implicated in tumor progression.

(300 pCi L1). World Health Organization (WHO) guide-

Due to low solubility of radon in water, making it prone to

lines permit a maximum

de-gassing from water in contact with air, water releases

in drinking water for public water supplies.

Rn concentration of 100 Bq L1

222

radon into the indoor air and contributes to the total air

This current study provides the results of radon

borne radon concentrations. Hopke et al. (), reported

measurements in the wells and spring water collected from

that health risk posed by radon released from water, even

different locations of Muzaffarabad, Pakistan, and remote

at typical ground water concentrations, is estimated to be

areas of the Muzaffarabad district. Three-dimensional (3D)

larger than the risk posed by other water contaminants

radon contour maps on a regional scale with a correspond-

such as disinfection byproducts.

ingly higher spatial resolution are drawn. Spring water

DNA structure, function, and replication can easily be

naturally runs out of the earth surface continuously, whereas

affected by the radiation emitted from inhaled radon and

well water is drawn using a pump from a drilled well in the

its decay products. These deleterious effects are usually con-

ground. Well water, a dug well, is accumulated with time

ﬁned to the respiratory tract. Exposure, then, to elevated

and can have low radon due to water–air interfacing over

levels of radon and its decay products over time will

time. For public interest, 3D contour maps for radon in

increase a person’s risk of developing lung cancer during

spring and well water on a regional scale with a correspond-

his or her lifetime.

ingly higher spatial resolution are drawn. As measurements

Ingestion of radon in water may also pose a direct

were taken at single speciﬁc location and could not be repre-

health risk through irradiation of sensitive cells in the gas-

sentative of unsampled area, we have used geostatistical

trointestinal tract and other organs once it is absorbed into

method, Kriging interpolation method, to get estimate of

the bloodstream (Mills ; Crawford-Brown ). Thus,

spatial distribution of radon concentration in spring and

radon in drinking water could potentially produce adverse

well water. Present research is addressing the question to

health effects in addition to lung cancer (Hopke et al.

what extent variation in water borne radon activity

).

(WBRnA) can be found within the context of a geographical

For the public, water borne radon is a double source of

information system (GIS), and intended at the compilation

exposure, via taking water and breathing of radon gas

of water borne radon prognosis maps. This map could

released from water (Cross et al. ; Nasir et al. ).

serve as a best guide to local establishments in the future

Lung cancer (due to breathing) and stomach cancer (due

urban planning process, and in particular these 3D GIS

to ingestion) are two important effects linked with the

based contour maps will serve as baseline information for

exposure of radon (Mills ). Ingestion of radon causes

the compilation of radon risk maps. To represent the spatial

irradiation of sensitive cells in the gastrointestinal tract

distributions of the radon concentration in the spring and

and other organs once it is absorbed into the bloodstream

well water samples of the study area, the kriging inter-

(Crawford-Brown , ).

polation method was used (Sarma ).
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STUDY AREA

Experimental procedure

The study area Muzaffarabad, the state capital of Azad

Measurement of the radon content in the collected sample

Jammu and Kashmir, is located at the conﬂuence of the

from spring water was carried out in a solid state nuclear

Neelum and Jhelum Rivers. Azad Jammu and Kashmir,

track detection laboratory (SSNTD) of the Department of

also called as Pakistan Administered Kashmir, lies between

Physics. For this purpose, RAD 7 set up was used in accord-









longitude of 73 –75 and latitude of 33 –36 (Disaster Risk

ance with the EPA Protocol Test (average taken over at the

Management Plan, Azad Jammu & Kashmir ; Shafique

results of two days).

et al. ). The area is divided by three rivers: Jehlum,

RAD 7 is solid state detector that can detect alpha par-

Neelum, amd Kunhar. It includes district Muzaffarabad

ticles only. The interior detection cell of the RAD 7 is 0.7-

and small part of the district Mansehra KPK. Muzaffarabd

liter electrical conductor hemisphere. At the center of this

lies at a height of 737 m (2,418 ft) and covers an area of

hemisphere, a semiconductor, ion implanted, planner detec-

1,642 km2. Muzaffarabad City is located at the junction of

tor is present. A potential difference of 2,000–2,500 V is

river Neelum and river Jehlum, which both originate from

created between the detector and the hemisphere cell; that

the Indian-held Kashmir.

produces an intense ﬁeld throughout the volume of the
chamber. The positive charges are attracted and collected
on the detector due to this electric ﬁeld. With RAD H2O

METHODS

accessories, the device can be used for the analysis of differ-

Sampling

deﬁned as Wat40 and Wat250.

Since population density of Muzaffarabad city is not uni-

was used (RAD7 manual). The analysis technique was a

formly distributed over the territory, random sampling

closed loop arrangement with three main components: (i)

technique was adopted and drinking water samples

the RAD 7 device on the left, (ii) a water vial with aerator

were collected from the sites that were frequently used

on the left, (iii) a desiccant tube ﬁtted in the retort stand

by the inhabitants of the area. People consume drinking

as shown in Figure 2.

ent water samples. RAD H2O offers different protocols
In the present study, Wat40 protocol in the grab mode

water – without further treatment – directly from wells

The air was recirculated and extracted the radon from

and springs. In the present study, 60 springs and 41

water continuously until the equilibrium state was reached

well water samples were collected in 40 mL glass vials.

in the ﬁrst 5 min, after which more radon could not be

While taking a sample, the vial was kept vertically erect

extracted. For a 40 mL vial sample, we have used Wat40

below the falling spring water at its actual origin, such

protocol in the grab mode to get maximum efﬁciency of 99%.

that it is ﬁlled slowly without producing water bubbles.

When radon-222 decays within the chamber, a posi-

After the vial is ﬁlled up to its edges, tephlon cape was

tively charged Po-218 nucleus is formed as the daughter

placed on it at once and made tight gently. Presence of

product, which is pushed by the electric ﬁeld on to the detec-

the bubbles in the vial was checked, in order to assess

tor where it is being attached. Po-218 has a half-life of

loss of radon, by holding the vial inverted. Date, time

3.05 min and decays by emitting an alpha particle, which

and temperature was noted for each sample. Geographi-

has 50% probability of entering the detector and producing

cal parameters of the sampling sites were determined

the electric pulse. Succeeding decays of the Po-218 nucleus

using Magellen GPS tracker. GIS based Figure 1(a) and

produce alpha particles of different energies and beta par-

1(b) represents the distribution of sampling sites in the

ticles, which are not detected. Different isotopes have

Muzaffarabad district. A record of sample collection

different alpha energies and produce different strength sig-

time and its radiometric analysis was properly main-

nals in the detector and are recorded in different windows.

tained to apply the decay correction factor (DCF) where

The height of the pulse is proportional to the energy of the

needed.

incoming particle.
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(a) Geological map of the study area, showing spring water sampling sites, digitized after Calkins et al. (1975) and Geological Survey of Pakistan (Iqbal et al. 2004). (b) Geological
map of the study area, showing well water sampling sites, digitized after Calkins et al. (1975) and Geological Survey of Pakistan (Iqbal et al. 2004). (Continued.)
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Schematic diagram for the measurement of radon in water using RAD7 and accessories.

In this way, the mean radon content in the sample is

factor. DCF was calculated by using the formula:

determined using Po-218 activity. In addition to the Po-218,
the subsequent radon daughters, Po-214 and Po-210 also

The decay correction factor ðDCFÞ ¼ expðT=132:4Þ

(1b)

emit alpha particles; however, RAD 7 does not detects them.
For the analysis of the next sample, the device is purged

where T is the decay time in hours.

for 10 minutes or more so that the relative humidity is less
than 6%. With RAD 7, one can measure radon concentration in water over a range from below 10 pCi/L to

Evaluation of the dissolved radon in the water

above 400,000 pCi/L. The sensitivity of the device is 0.8
counts per hour per Bq/m3. From each site, two samples

The dissolved radon in the water is ingested while drinking

were taken to avoid resampling in case of possible errors

and inhaled when released from water in to the indoor air.

in the analysis. Almost all the samples were analyzed in

Therefore, the annual effective doses (AEDs) for ingestion

the shortest possible time in consideration of short half-life

and inhalation were evaluated according to the parameters

radon. Most of the samples were analyzed within 24 h of

given in the UNSCEAR () report.

sampling. Yet DCF was applied for 10 h delay and above
to correct the sample activity using formula:
A0 ¼ A × DCF

(1a)



For ingestion: EWIg mSv a1 ¼ CRnw × Cw × EDC

(2)

where the parameter EWIg is the effective dose for ingestion,

where A0 is the original activity of the sample, A is the

CRnw is the radon concentration in water (kBq m3), Cw is

activity at sample analysis time, DCF is the decay correction

the weighted estimate of water consumption (60 L a1)
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and EDC is the effective dose coefﬁcient for ingestion
3.5 nSv Bq1.
For inhalation:


EWIh mSv a1 ¼ CRnW × RaW × F × O × DCF

(3)

where the parameter EWIh is the effective dose for inhalation, RaW is the ratio of radon in air to radon in tap water
(104) and the other terms have been explained above.

Geo-spatial analysis
As sample collections were carried out from speciﬁc
locations and measurements were not representative of the
entire region, therefore, to get information about unsampled

Figure 3

|

Radon concentration in spring water samples collected from Muzaffarabadad
district and environs, Pakistan.

locations we have made utilization of geostatistical methods
(Armstrong ). To represent the spatial distributions of
the natural radon content present in the water samples of
the study area, the Kriging interpolation method was used.
The Kriging method, after D. Krige (Krige ), was further
developed by G. Matheron (Matheron ) is regarded as
the best linear unbiased estimator (Sarma ). The ordinary Kriging formula is given as (Dindaroğlu ):
Z(S0 ) ¼

N
X

λi Z(Si )

Concentration of radon borne activities were subsequently
used for determination of inhalation and ingestion doses.
For spring water, the inhalation and ingestion doses varied
from 0.0062 ± 0.0087 to 0.865 ± 0.14 mSv y1 and 0.052±
0.073 to 7.22 ± 1.16 mSv y1, respectively. These doses
were determined using Equations (2) and (3), respectively.
The effect of values for pH of spring water on water

(4)

i¼1

borne radon activities were also analyzed. Maximum value
of pH was found to be 8.3 (at S-53 location) and minimum
value 6.9 (at S-60 location). Maximum radon concentration

where Z(Si ) is the estimated value at the ith location (ith), λi

34.36 ± 5.54 was found in sample S-7 with pH 7.46 and

is the unknown weight for the measured value at the ith
location (ith) and S0 is the measurement location.

RESULTS AND DISCUSSION
As discussed earlier, 60 springs and 41 well water samples
were analyzed for the estimation of radon borne activities
and their relevant effects. Activity values, for both types of
samples, are presented in Figures 3 and 4.
For spring water, the water borne radon activity vary
from 0.246 ± 0.348–34.36 ± 5.54 Bq L1 with an average
value of 10.16 ± 2.42 Bq L1. The minimum value was
found in the sample S-43, collected from Bandway Steel
Mill, whereas the maximum value was found in the
sample; S-7, collected from Madina Plaza Muzaffarabad.
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minimum radon concentration 0.246 ± 0.348 Bq L1 was
found in sample S-43 with pH value 7.82. Relative humidity
varied from 8.5 (at S-50 location) to 26.5 (at S-23 location).
Average temperature of spring water samples at the time of
analyses varied from 14 to 31.6  C. Sampling heights varied
from 2,192 to 4,362 feet.
Water borne radon activities (WBRnA) for well water
varied from 0.86 ± 0.10 to 16.12 ± 0.22 Bq L1 with an average value of 4.21 ± 0.13 Bq L1. The minimum value was
found in the sample W-05, whereas the maximum value
was found in the sample W-35. Concentrations of WBRnA
were subsequently used for determination of ingestion and
inhalation doses using Equations (2) and (3). The inhalation
and ingestion doses varied from 0.022 ± 0.0025 to 0.41 ±
0.0054 mSv y1 and 0.18±0.021 to 3.38 ± 0.045 mSv y1,
respectively. The pH values of all the well water samples

Figure 5

|

7.82 (at W-37 location) and minimum value 7.13 (at W-37
location). Commonly accepted pH values range from 6.5
to 8.5. So, pH of all spring and well water samples are
within the acceptable range.
Relative humidity varied from 7.75 (at W-37 location) to
15 (at W-2 location). Average temperature of well water
samples at the time of analyses varied from 25.12 to
30.4  C. Height of sample collection ranged from 2,246 to
2,628 feet.
Relative frequency graph of measured concentrations of

Lognormal distribution ﬁtting on spring water radon data in Muzaffarabad
district.

were measured and the maximum value was found to be

lognormal distribution of radon measurements observed
for well water samples in the current study is consistent
with USEPA studies and analyses ﬁndings, which have
shown that environmental radioactivity data tend to follow
a lognormal distribution (www.dep.state.ﬂ.us/water/wf/
dw). The reason for lognormal trend of radon in water
data may be attributed to heterogeneous distribution of
uranium in rocks across which water travels before accumulating inside the well.

radon in spring and well drinking water samples was constructed. Figures 5 and 6 show spring and well water
frequency distribution graphs. Lognormal distribution was
ﬁtted on observed data of radon concentrations in both
types of water samples. For spring water, the coefﬁcient of
determination (adjusted R2) was obtained as 0.748 by lognormal distribution ﬁt. Adjusted R2 usually gives an idea
of how many radon concentration data points fall within
the line of regression equation. Adjusted R2 tells the percentage of variation in independent variable that will affect the
dependent variable. Lognormal distribution seems appropriate ﬁtting for the spring water data. In the case of the well
water sample, the coefﬁcient of determination (adjusted
R2) was obtained as 0.986 by lognormal distribution ﬁt.
Figure 6 shows radon concentration data with a long tail
to the right suggesting that a frequency distribution curve
skewed to the right (i.e. had positive skewness). The
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For well and spring waters, maximum values of 16.12 ±

& Avwiri ). Similarly, 90% of spring water and 65% of

0.22 and 34.36 ± 5.54 Bq/L were reported at pH values of

the well water samples have ELCR above worldwide aver-

7.44 and 7.46, respectively. Since radon is a direct daughter pro-

age of 1.45 × 103 (Etuk et al. ). 3D contour maps for

duct of radium and radium dissolved in water with low pH,

radon in spring and well water are shown in Figures 7 and 8.

radon showed highest concentration at intermediate pH levels.

Maximum concentration of water borne radon activi-

Total AED for spring water samples varied from 0.052 to

ties, 34.36 ± 5.54, 28.01 ± 4.74 and 27.81 ± 4.73 Bq/L were

7.30 mSv y1 with mean value of 2.16 ± 0.008 mSv y1,

found on locations SW7, SW1 and SW2, respectively.

whereas, for well water, it ranged from 0.184 to 3.43 mSv

These locations are a lithological part of Murree formation.

1

y

1

with a mean value of 0.89 ± 0.027 mSv y . These dose
1

Lithology of these sampling location mainly consists of

values are well above the safe limit (0.1 mSv y ) of AED rec-

sandstones, siltstones with shales and claystones. The vari-

ommended by World Health Organization (WHO ).

ation of the radon concentration in groundwater is mainly

Mean value of excess lifetime cancer risk (ELCR) for

controlled by lithology of aquifer, and the depth and the

spring and well water samples was computed to be 7.56 ×

contact of water with the underground rocks containing

10

3

3

and 3.13 × 10 , respectively, which, in both cases, is

radioactive elements (Misdaq & Elharti ).

much higher than the upper bound of 0.1 × 103 for drinking

Elevated WBRnA from spring and well waters may be

water, as proposed by the USEPA (USEPA ). 98% of the

due to water interaction during its movement, with bedrocks

spring water and all of the well water samples have ELCR

having elevated concentration of uranium, or possibly

greater than world standard value of 0.29 × 103 (Ononugbo

through cracks with surfaces of minerals containing higher

Figure 7

|

Three-dimensional contour map of

222

Rn concentration in spring water samples from Muzaffarabad city and outskirts, Pakistan.
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Rn concentration in well water samples from Muzaffarabad city and outskirts, Pakistan.

226

Ra. Higher levels in spring waters may

16.12 ± 0.22 Bq/L with average value of 4.21 ± 0.13 Bq/L

be the reason, as reported by Akerblom & Lindgren ()

for the well water), with the data available in literature

that elevated WBRn levels are manifested in intramonta-

shows that radon concentration in water samples fall far

neous water ﬂowing through areas with uranium-bearing

below the water borne activity action contamination

rock types (e.g. uranium-rich granites, pegmatites and vulca-

level

recommended
1

(100 Bq L

to assess’ uranium/radium contents of underlying bedrocks

water guidelines.

relationship with WBRnA.

World

Health

Organization

) publication (WHO ) of the drinking

nites). Extensive further studies are needed to be carried out
with the help of ground radiometry and to established a

by

However, 33.33% of spring water samples were found
with values above the recommendation levels of the
United States Environmental Protection Agency, USEPA
(∼11.1 Bq L1), on the other hand only 7.32% of well

COMPARISON OF RESULTS WITH LITERATURE
DATA

water samples were found with radon concentration above
USEPA recommendations.
The mean radon concentration of 10.16 ± 2.42 Bq L1

Comparison of results (Table 1) obtained from the current

in the drinking spring water samples from the studied area

study (0.246 ± 0.348–34.36 ± 5.54 Bq/L with average value

is slightly higher than the world average of 10.0 Bq L1

of 10.16 ± 2.42 Bq/L for spring water, 0.86 ± 0.10 to

(UNSCEAR ).
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type

(Bq L

Spring
water

222

Rn concentration in spring and well water with data available in literature

1

)

Region of the study

Geology of the area

Reference

1.4–105

South Catalonia, Spain

Fonollosa et al. ()

2.11–120

Balaton Highland, South
Transdanubia and The South
Great Plain, Hungary
Lithuania
Momin Prohod, Bulgaria
Padua, Euganean Thermal
District, Italy
Galicia, Spain
Amasya, Turkey
Muzaffarabad, Pakistan

Volcanic (granite) and sedimentary
rocks (e.g. limestone, sandstone)
Sedimentary rocks

1.4–43.7
1,595
1.5–181
1,029
0.39 ± 0.19 to 1.17 ± 0.21
0.246 ± 0.348 to 34.36 ± 5.54
Bq L1 with an average value of
10.16 ± 2.42 Bq L1.
Well
water

|

Rn activity concentration

Bursa, Turkey

4–63,560

Stockholm County, Sweden

47–1,600
77,000
1.6–215

Visé, Belgium
Finland
Curitiba metropolitan area,
Brazil

For Spring season; 2.29 ± 0.17 to
27.25 ± 1.07. For summer
season: 1.44 ± 0.18 to 27.45 ±
1.25.
0.86 ± 0.10 to 16.12 ± 0.22 Bq L1
with an average value of 4.21 ±
0.13 Bq L1.

Konya, Turkey

Muzaffarabad, Pakistan

Volcanic rocks
Granitic and slate rocks
Mainly sedimentary rocks

Geology is basically composed of granitic formations.
Most rock formations, such as limestone, clays, lavas,
calcareous shale, sandstones and conglomerates are
seen in the region.
Various, crystalline bedrock

Granitic bedrock
The substrate of the metropolitan area of Curitiba, Brazil,
contains rocks that are mostly metamorphic. In Brazil,
there is a great variety of igneous intrusive rocks,
including granites and granitoids
Mostly botanical soil, clayey gravel, gravel clay, clay,
gravel, conglomerate

Mainly sedimentary rocks

Ladygiene et al. ()
Pressyanov et al. ()
Cantaluppi et al. ()
Llerena et al. ()
Oner et al. ()
Current study

Akar et al. ()

Skeppstrom & Olofsson
()
Bourgoignie et al. ()
Salonen ()
Corrêa et al. ()

Erdogan et al. ()

Current study
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For spring water (Table 1), current study reported values

standard value of 0.29 × 103, whereas the USEPA, 90%

are considerably smaller than those reported for Spain (in

and 65% of the respective samples have ELCR above

regions of South Catalonia and Galicia), Hungry, Lithuania,

worldwide average of 1.45 × 103.

Bulgaria, Italy and higher than from the values reported for
Amasya, Turkey. For well water (Table 1), WBRnA for current study are smaller from those reported for Turkey
(Bursa), Sweden (Stockholm County), Belgium (Visé), Finland, Brazil (Curitiba metropolitan area) and greater than
Turkey (Konya).

Nevertheless, the concentration levels of

222

Rn in spring

water were appreciably higher than Well water samples.
This may be due to the reason that Well water continuously
get accumulated over the passage of time and at the time of
analysis Well water have undergone multiple radioactive
decays. On the other hand, spring water was collected just
as it oozed out from rock. The source of radon in Well
and spring waters may be soil and rocks.

CONCLUSION

The current study suggests further investigation should
be carried out to detect presence of other radionuclide’s

The radon activity concentrations were measured in 101

and heavy metals in drinking water samples. For provision

spring and well water samples collected from Muzaffarabad

of safe drinking water, physical, chemical and biological par-

city and its outskirts. Results are summarized as follows:

ameters should be analyzed. It is suggested that to reduce

1. For spring water, the water borne radon activity vary
from 0.246 ± 0.348 to 34.36 ± 5.54 Bq L1 with an average value of 10.16 ± 2.42 Bq L1.
2. For well water, the water borne radon activity varied
from 0.86 ± 0.10 to 16.12 ± 0.22 Bq L1 with an average
value of 4.21 ± 0.13 Bq L1.
3. The inhalation and ingestion doses for spring water samples

radon levels in drinking water aeration systems can play
an effective role. Through aeration or agitation process
radon escapes from water. It is time for government to
implement regulations regarding levels of radon in water
and air at national level. Current study results provide baseline data for future studies aimed at assessment of possible
radon based water contamination in the region.

varied from 0.0062 ± 0.0087 to 0.865 ± 0.14 mSv y1
and 0.052± 0.073 to 7.22 ± 1.16 mSv y1, respectively.
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