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Soil-based ra don in ves ti ga tions are of value in cor re lat ing ra don pro duc tion and its trans por -
ta tion into build ings through the pro cesses of con vec tion and dif fu sion. Such stud ies can help 
in iden ti fy ing land ar eas that pose spe cial con cerns. We pres ent pre lim i nary re sults of soil ra -
don gas mea sure ments at 60 dif fer ent lo ca tions in an at tempt to map out the geohazard zone
of the city of Muzaffarabad. The seis mic geohazard microzonation for the area in cludes five
microzones based on dif fer ent haz ard pa ram e ters: a very high haz ard zone, a high haz ard
zone, a mod er ate haz ard zone, a low haz ard zone, and a safe zone. Mea sure ments were taken
with an ac tive ra don mon i tor ing sys tem at the depths of 30, 40, 50, and 60 cm be low the
ground sur face. The re sults ob tained were ex plained by the li thol ogy of the area. Av er age soil
ra don gas con cen tra tions were cor re lated with the depth from the ground sur face and in door
ra don val ues for the study area. No sig nif i cant cor re la tion was found be tween soil ra don gas
and me te o ro log i cal pa ram e ters, how ever soil ra don gas in creases as the depth from the sur -
face of the ground grows. The re sults showed a lin ear re la tion be tween soil ra don con cen tra -
tions with depth from ground sur face (R2 = 0.9577).  The min i mum soil ra don con cen tra tion 
(68.5 Bq/m3) was found at a depth of 30 cm in the very high haz ard zone, the max i mum value
(53.300 Bq/m3) at a depth of 60 cm in the seis mi cally safe zone. Mea sured soil gas ra don con -
cen tra tions at depths of 30, 40, 50, and 60 cm were mapped for high, mod er ate, and low ra -
don con cen tra tions. El e vated soil ra don gas con cen tra tions were found in the safe zone, oth -
er wise con sid ered to be suit able for any type of con struc tion.
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INTRODUCTION

Ra don 222Rn is a gas eous de cay prod uct of 226Ra, 
ba si cally orig i nat ing from long-lived an te ced ent ura -
nium (238U) [1]. Ura nium has a ubiq ui tous pres ence on 
Earth, its main source stem ming from ra dium prog eny
in soil and rocks.  The mag ni tude of ra don em a na tion
de pends both upon the 226Ra con tent and the min eral
grain size. Mass dif fu sion (aris ing from con cen tra tion
gra di ents be tween the point of birth of ra don and the
at mo sphere) and advection (move ment caused by air
pres sure dif fer en tials) are re spon si ble for the trans por -
ta tion of ra don in the en vi ron ment [2]. Ra don trans port 
is, thus, con trolled by geo phys i cal and geo chem i cal
pa ram e ters, while ex ha la tion is con trolled by hydro -
meteoro logi cal con di tions [3, 4].

Mea sure ments of ra don gas in soil have many ap -
pli ca tions. Soil gas mon i tor ing re lated to struc tural ge -
ol ogy has been used for study ing both fault ac tiv ity and

seis mic haz ard [5, 6]. An other ap pli ca tion in volves the
iden ti fi ca tion and map ping of ac tive tec tonic struc tures
in faulted zones by mea sur ing spa tial pat terns of ra don
soil gas [5, 7-10]. Ra don anom a lies in faulted ar eas
have been re ported by many re search ers [11-15].
Through soil ra don gas mon i tor ing, an es ti ma tion of in -
door ra don con cen tra tions within build ings can be
made us ing al ready es tab lished cor re la tions be tween
soil and in door ra don con cen tra tions [16]. 

In the cur rent study, soil ra don con cen tra tion
maps were gen er ated for the seis mic geohazard zone
of Muzaffarabad by means of a con tin u ous ac tive ra -
don mon i tor [17]. A seis mic geohazard microzonation
along the Muzaffarabad Fault de vel oped af ter the Oc -
to ber 8, 2005 earth quake [18] was used. The rea son for 
the geohazard mi crozonation was the ap pro pri ate re lo -
ca tion of the earth quake af fected pop u la tion and re -
con struc tion of hous ing in Azad Kash mir [17, 18].
This study is a con tin u a tion of our pre vi ous stud ies,
car ried out with the aim of mea sur ing ra don con cen tra -
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tions [19-25] for the pur pose of map ping the area for
in door and out door ra don lev els. We have also in ves ti -
gated the cor re la tion be tween soil ra don con cen tra tion 
with the depth from the ground sur face and the li thol -
ogy of the area.

DATA COLLECTION SITES

Soil ra don gas mea sure ments were car ried out at
60 dif fer ent sites within the geohazard zone of the city
of Muzaffarabad, the cap i tal of Azad Jammu and
Kash mir. Open area mea sure ments were taken in the
vi cin ity of houses where the in door ra don lev els were
de ter mined. The re gion was sub di vided into five
geohazard zones, namely: very high haz ard, high haz -
ard, mod er ate haz ard, low haz ard, and safe [17], by
tak ing into con sid er ation the ge ol ogy, geo mor phol -
ogy, li thol ogy, geohydrology, land us age and slope an -
gles in the area, briefly dis cussed be low.

Very high hazard zone

The zone con sists of land forms with ac tive mass 
move ment and ground fail ure on sus cep ti ble steep
slopes near the fault line. In this zone, con struc tion is
banned [17].

High hazard zone

This zone's land forms are pri mar ily com posed
of sed i men tary ma te ri als hav ing mod er ate-to-high
steep ness. Mass wast ing pro cesses, such as land slides, 
gully, rill ero sion and rock falls are com mon. Al though 
the zone is not vi a ble for set tle ment or con struc tion
pur poses, on a lim ited scale, light struc tures can be
con structed in it [17].

Moderate hazard zone 

This zone in cor po rates land forms par tially sit u ated 
on sed i men tary ma te rial and oth ers par tially po si tioned
on flu vial de pos its. It is im pacted by ac tive mass wast ing
pro cesses at lo ca tions where the slopes have
low-to-mod er ate steep ness. The con struc tion of houses
is per mit ted within cer tain por tions of the zone [17].

Low hazard zone

The land forms in the low haz ard zone have low
to mod er ately steep slopes and rest on ma te ri als that
are loose and have a low shear ing strength. As a con se -
quence, the land it self is not suit able for con struc tion.
The zone is con sid ered to be of low risk, as it is in ad -
vis able to build any struc tures there [17].

Safe zone

This zone is of a gen er ally sta ble na ture, con sist -
ing pre dom i nantly of riverbed ter races made of
well-ce mented ma te rial suit able for any type of con -
struc tion [17].

Mea sure ments were taken with an ac tive ra don
mon i tor ing sys tem, at the depths of 30, 40, 50, and 60 cm
from ground level. In the se lec tion of the site for the mea -
sure ment of ra don soil gas, it was planned that all main
rock units (the Pre cam brian Hazara for ma tion, Cam brian 
Muzaffarabad for ma tion, Paleocene-Eocene se quence,
Mio cene Murree for ma tion, Qua ter nary de pos its) and
soil types (col lu vial and re sid ual sed i ments) in the study
area should be tested for soil ra don gas. The study was
car ried out in the months of Sep tem ber and Oc to ber. 

GEOLOGY OF MUZAFFARABAD
AND THE SURROUNDING AREA

Tec toni cally, the area is very com plex be cause two
ma jor faults, the Muzaffarabad Fault and the Jhelum Fault, 
run through the area, in ter sect ing north west of the city of
Muzaffarabad. Due to in ten sive tec tonic ac tiv i ties, all rock 
units in the gen eral area are highly sheared and frac tured
and the sed i men tary and meta mor phic rocks of Pre cam -
brian to Ter tiary age ex posed. The main rock units and soil
types in the study area in clude the Pre cam brian Hazara
for ma tion, the Cam brian Muzaffarabad for ma tion, the
Paleocene-Eocene se quence (Hangu, Lochart, Patala,
Margala, Chorgali, and Kuldana for ma tions), the Mio cene 
Murree for ma tion, Qua ter nary de pos its and un con sol i -
dated de pos its (col lu vium and re sid ual soil), as shown in
fig. 1 [26].

The Pre cam brian Hazara for ma tion is mainly
com prised of slates, phyllite, shales, mi nor lime stone
and gra phitic lay ers [27]. The slate and phyllite are
green to dark green col ored, while the lime stone is
dark grey to grey ish. Geo graph i cally, the for ma tion is
well ex posed on the Muzaffarbad-Grahibullah road
along the right bank of the Jhelum river.

The Cam brian Muzaffarabad for ma tion is lo -
cated to wards the north of the study area. It mainly
con sists of cherty and stromatolitic dolomites, cherty
white and grey bands lime stone and black shale [28].
The dolomites are grey to dark grey with sed i men tary
brec cia and con glom er ate lay ers on the top. The
Muzaffarabad for ma tion is highly frac tured, jointed
and crushed due to the Muzaffarabad fault. 

The Hangu, Lochart, Patala, Margala, Chorgali
and Kuldana for ma tions are col lec tively mapped as a
Paleocene-Eocene se quence and are ex posed at
Yadgar, Khilla, Maira Tanolia, Botha ar eas in
Muzaffarabad. The Hangu for ma tion is com prised of
brecciated quartz ite, baux ite, li mo nite, car bo na ceous
shale, sand stone, cool seams and con glom er ates [29].
The Lochart for ma tion con sists of lime stone and sub -
or di nate shale. At some places these lime stone are
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nod u lar. The Patala for ma tion is com posed of shale,
clay stone, siltstone and sandy lime stone [30]. The
Margala Hill lime stone con sists of dark grey,
fine-to-me dium grained lime stone with sub or di nate
marl and shale. The Chorgali for ma tion is made of
shale, lime stone and white to light grey dolomitic
lime stone [31]. The dolomitic lime stone is white to
light grey col ored. The Kuldana for ma tion con sists of
ma roon to dark red clays and shale.

The Mio cene Murree for ma tion is lo cated to -
wards the south east of Muzaffarabad. It is mainly com -
posed of interbedded sand stone, siltstone, shale and
clay stone [27]. The sand stone is grey to dark grey and
red dish brown col ored, whereas shales are red dish
brown and fine to me dium grained. The for ma tion is
well ex posed in Muzaffarabad city and ad join ing ar eas.

Qua ter nary sed i ments are com posed of al lu vi -
ums, colluviums, and ter race de pos its. These de pos its
over lie a bed rock of a dif fer ent age. The Qua ter nary
de pos its are pres ent in Challah Bandi, Dhanni, Plate,
Dharian, MairaTonalia, and Chat ter ar eas in
Muzaffarabad. The un con sol i dated de pos its that in -
clude de bris ma te rial and re sid ual soil are pres ent in
Makri, Shahwi, and up per Rinjata ar eas. The de bris
ma te rial is dom i nated by gravel, cob bles and boul ders
with smaller amounts of sand, silt and clay. Coarser
ma te rial orig i nates from the slope-form ing pro cess at
the steep slopes. In con trast, the re sid ual soil con sists

of finer ma te rial de rived from sed i ment such as sand
and silt. It is dif fi cult to dis tin guish be tween de bris ma -
te rial and re sid ual soil, hence, they are con sid ered
jointly, as an un con sol i dated de posit.

INSTRUMENTATION

The mul ti pur pose elec tronic ra don de tec tor with
real-time mon i tor ing and spec tral anal y sis used in this
study (RAD 7, Durridge Com pany, Inc., USA) [32] can
be con sid ered as a com pre hen sive sys tem for ra don-al -
low ing mea sure ments in air, soil and wa ter. As for the de -
tec tion sys tems used, three modes of soil gas mea sure -
ment were used, namely: (1) the grab sam pling mode, (2) 
con tin u ous mon i tor ing us ing stan dard pro to cols, and (3)
the thoron mode. Fig ure 2 shows RAD7 with the soil
probe con nected through the desiccant to ab sorb the
mois ture. For set ting the grab pro to col be fore con nect ing 
the probe, RAD7 was purged with dry, fresh air for five
min utes. Then the de vice was set at grab pro to col and the
mea sure ment started. RAD7 pump was al lowed to run
for five min utes upon which the de vice waited ad di tional
five min utes and counted four read ings, each span ning
five-min ute in ter vals.  Af ter com plet ing a half-hour pe -
riod, RAD 7 printed out a sum mary with the av er age ra -
don con cen tra tion in soil gas from four data-set points
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span ning five-min ute cy cle mea sure ments. The method
is very prac ti cal be cause it uses the least amount of soil
gas and gives quick (half hour) read ings. The ac cu racy is
typ i cally better than ±10 % and de pends on the ra don
con cen tra tion. Sixty mea sure ments of soil ra don con cen -
tra tions were taken at the depths of 30, 40, 50, and 60 cm
from the sur face of the ground.  A sin gle hole at suc ces -
sive depths of 30, 40, 50, and 60 cm was bored to get sin -
gle-site mea sure ments.

RESULTS AND DISCUSSION

The re sults for each of the geohazard zones, in -
clud ing 24 mea sure ments in the safe zone, 6 mea sure -
ments in low haz ard zone, 11 mea sure ments in me -
dium haz ard zone, 4 mea sure ments in high haz ard
zone, and 15 mea sure ments in very high haz ard zones,
are pre sented here.

Safe zone

At a depth of 30 cm in the safe geohazard zone,
the min i mum and max i mum soil ra don gas con cen tra -
tions were found to be 730 ± 160 Bq/m3 and 37300 ±
±.1200 Bq/m3, re spec tively. The mean ra don con cen -
tra tion at 30 cm was 8800 ± 560 Bq/m3. At a depth of
40 cm, soil ra don gas con cen tra tions were not sig nif i -
cantly dif fer ent from the ore shal low level, vary ing
from 850 ± 170 Bq/m3 to 38100 ± 1200 Bq/m3, with a
mean ra don con cen tra tion of 11000 ± 550 Bq/m3. 

At a depth of 50 cm, min i mum and max i mum soil 
ra don gas was  found  to be 1090  ±  190  Bq/m3 and
44000 ± 1300 Bq/m3, re spec tively. The mean ra don con -
cen tra tion at 50 cm was 13762 ± 651 Bq/m3. At 60 cm,
ra don gas con cen tra tion var ied from 1120 ± 200 Bq/m3

to 53300 ± 1400 Bq/m3. The mean ra don con cen tra tion
at the depth of 60 cm was 16736 ± 704 Bq/m3.

Low hazard zone

Six mea sure ments were taken in the low haz ard
zone. At the depth of 30 cm, min i mum and max i mum soil

ra don gas was 1220 ± 210 Bq/m3 and 7030 ± 500 Bq/m3,
re spec tively.  The  mean  ra don  con cen tra tion at 30 cm
was  3830  ±  420  Bq/m3.  At  40  cm,  min i mum  and  max -
i mum soil ra don gas was 2010 ± 260 Bq/m3  and  7850  ±
±.520 Bq/m3, re spec tively. The mean ra don con cen tra tion
at the depth of 40 cm was 3855 ± 353 Bq/m3.

At 50 cm, min i mum and max i mum soil ra don
gas was 1870 ± 250 Bq/m3 and 6120 ± 460 Bq/m3, re -
spec tively. The mean ra don con cen tra tion at 50 cm
was 3655 ± 345 Bq/m3. At 60 cm, min i mum and max i -
mum soil ra don gas was 2030 ± 260 Bq/m3and 15100
± 700 Bq/m3 , re spec tively. The mean ra don con cen -
tra tion at the depth of 60 cm was 8104 ± 498 Bq/m3.

Medium hazard zone

Eleven mea sure ments were taken in the me dium haz -
ard zone. At a depth of 30 cm, ra don gas var ied from 529 ±
±.130 Bq/m3 to 7900 ± 520 Bq/m3. The mean ra don con -
cen tra tion at the depth of 30 cm was 3858 ± 338 Bq/m3. At
40 cm, min i mum and max i mum soil ra don gas was 975 ±
±.180 Bq/m3 and 21100 ± 900 Bq/m3, re spec tively. The
mean ra don con cen tra tion at 40 cm was 5590 ± 406 Bq/m3.

At a depth of 50 cm, min i mum and max i mum soil
ra don gas was 260 ± 90 Bq/m3 and 18200 ± 800 Bq/m3,
re spec tively. The  mean  ra don  con cen tra tion at 50 cm
was  5044  ±  379  Bq/m3.  At  60  cm,  min i mum  and
max i mum soil ra don gas was 2130 ± 270 and 24500 ±
±.900 Bq/m3, re spec tively.  The  mean  ra don con cen tra -
tion at 60 cm was 8543 ± 509 Bq/m3.

High hazard zone

Four mea sure ments were taken in the high haz ard
zone. At a depth of 30 cm, min i mum and max i mum soil ra -
don gas was 2630 ± 300 Bq/m3 and 11800 ± 600 Bq/m3, re -
spec tively. The mean ra don con cen tra tion at 30 cm was
8097 ± 497 Bq/m3. At 40 cm, min i mum and max i mum soil
ra don gas was 10700 ± 600 Bq/m3 and 13900 ± 700 Bq/m3,
re spec tively. The mean ra don con cen tra tion at the depth of
40 cm was 12333 ± 667 Bq/m3.

At 50 cm, min i mum and max i mum soil ra don gas
was 10800 ± 600 Bq/m3 and 15900 ± 700 Bq/m3, re spec -
tively. The  mean ra don con cen tra tion at 50 cm was
13133 ± 667 Bq/m3. At 60 cm, min i mum and max i mum
soil ra don gas was 11800 ± 600 and 17700 ± 800 Bq/m3,
re spec tively. The mean ra don con cen tra tion at 60 cm was 
15033 ± 700 Bq/m3.

Very high zone

Fif teen mea sure ments were taken in the very high
zone. At a depth of 30 cm, soil ra don gas var ied from
68.5 ± 47 Bq/m3 to 40000 ± 1200 Bq/m3, re spec tively.
The  mean  ra don  con cen tra tion  at 30 cm was 7514 ±
±.434 Bq/m3. At 40 cm, min i mum and max i mum soil ra -
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Fig ure 2. RAD7 sche matic set-up of ra don soil gas
mea sure ments (source: RAD7 man ual)



don gas was 77 ± 54 Bq/m3 and 27100 ± 1000 Bq/m3, re -
spec tively.  The  mean  ra don  con cen tra tion at 40 cm was
7114 ± 456 Bq/m3.

At a depth of 50 cm, min i mum and max i mum
soil ra don gas was 1470 ± 220 Bq/m3 and 53300 ±
±.1400 Bq/m3, re spec tively. The mean ra don con cen -
tra tion at 50 cm was 12445 ± 617 Bq/m3. At 60 cm,
min i mum  and  max i mum  soil  ra don  gas  was  197 ±
±.80 Bq/m3 and 46400 ± 1300 Bq/m3, re spec tively.
The mean ra don con cen tra tion at 60 cm was 12020 ±
±.575 Bq/m3. 

Av er age soil ra don con cen tra tions at dif fer ent
depths are plot ted for dif fer ent zones in fig. 3. In the
safe zone, an in crease in depth is ac com pa nied by a
rise in soil ra don con cen tra tion. The same trend may
be noted for other haz ard zones with a slight ex cep tion
of the very high haz ard zone. In the safe zone, max i -
mum av er age soil ra don con cen tra tion (16736 Bq/m3)
was found at the depth of 60 cm. The ra don map for the 
geohazard zones of Muzaffarabad is shown in fig. 4.

DISCUSSION

Fig ures 3 and 5 show that, in the safe zone, the
con cen tra tions of soil and in door ra don gas within
closed en vi ron ments are higher than in other haz ard
zones. The safe zone is ex posed by Hazara, Murree for -
ma tion and Qua ter nary sed i ments. The Pre cam brian
Hazara for ma tion is mainly com prised of slates,
phyllite, shales, mi nor lime stone and gra phitic lay ers
and Qua ter nary sed i ments of al lu vi ums, colluviums
and ter race de pos its. In this zone, the max i mum con -
cen tra tion of 53.3 kBq/m3  was  found  at  the  depth of
60 cm. The al lu vium con sists of silt, clay, sand and
gravel. De spite the fact that bed rock ge ol ogy has a ma -
jor in flu ence on ra don dis tri bu tion, soil char ac ter is tics
are also im por tant in de ter min ing ra don pro duc tion and
its mo bil ity. The prin ci pal con trib ut ing fac tors are the
con tent of ra dium and ura nium in the soil, as well as
their dis tri bu tion, po ros ity and per me abil ity to gas
move ment and mois ture con tents. Av er age val ues of
ura nium and tho rium con cen tra tion in sed i men tary
rocks (sand stones and shale other than black are re -
ported to be 3.7 ppm and 12 ppm, re spec tively) [33]. On 
the other hand, the av er age value of ura nium con cen tra -
tion in Earth's crust is re ported to be 2.8 ppm. The most
com mon sources of ura nium and ra dium are heavy min -
er als and iron-ox ide coat ings on rock and soil grains
and or ganic ma te rial in soils and sed i ments. Less com -
mon are phos phate and car bon ate com plexes and ura -
nium min er als [34-36]. These lithological units may po -
ten tially be the cause of soil ra don con cen tra tions. 

The re sults of lin ear re gres sion anal y sis be tween 
av er age soil ra don con cen tra tions with the depth be -
low the ground sur face gives a slope of 223.34, with a
co ef fi cient of de ter mi na tion (R2) equal to 0.9577,
dem on strat ing a strong cor re la tion of soil ra don con -
cen tra tion with soil depth (see fig. 6). Ex pressed math -
e mat i cally, the re sult is:

Rn Dsoil soil= +22334 2807. . (1)
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Fig ure 3. Av er age soil ra don con cen tra tions at dif fer ent
depths for dif fer ent geohazard zones

Fig ure 4. Soil ra don gas map for geohazard zone of
Muzaffarabad

Fig ure 5. In door ra don con cen tra tions at 60 lo ca tions of
dif fer ent haz ard zones



where, Rnsoil, rep re sents ra don in soil and Dsoil shows
the depth within soil.

Pearson's co ef fi cient, used as a mea sure of cor re -
la tion be tween me te o ro log i cal vari ables and soil ra -
don gas, was found to be 0.001 for tem per a ture and
–0.099 for rel a tive hu mid ity. The mag ni tudes of
Pearson's co ef fi cients im ply that the av er age ra don
con cen tra tion is not cor re lated with the av er age air
tem per a ture or the av er age rel a tive hu mid ity. Sim i -
larly, a p-value of 0.984 was ob tained for the av er age
air tem per a ture and that of 0.130 for the av er age rel a -
tive hu mid ity. These val ues are greater than 0.05,
show ing that there is no sta tis ti cally sig nif i cant cor re -
la tion be tween ra don and the two metrological pa ram -
e ters, i.e. av er age air tem per a ture and av er age rel a tive
hu mid ity, as can be seen in fig. 7(a, b).

The find ings of our study are in agree ment with
stud ies car ried out by Lindmark and Kovach [37, 38].
Both sug gest that tem per a ture has lit tle or no ef fect on
ra don soil gas con tent.

In or der to in ves ti gate the re la tion be tween soil
ra don con cen tra tions with in door ra don val ues, mea -
sure ments were made within the in door en vi ron ment
of the study area in the same pe riod in which soil ra don
gas mea sure ments were be ing car ried out. In door mea -
sure ments were taken only at lo ca tions near the mea -
sure ment sites of soil ra don con cen tra tions. In each
house RAD7 was in stalled for a pe riod of two con sec -
u tive day mea sure ments. Data was col lected for each
of the 30 min ute in ter vals.  The ninety six val ues of in -
door ra don con cen tra tions were av er aged for a sin gle
rep re sen ta tive value of two days. RAD7 in stal la tion
rooms were ren dered air tight in ac cor dance with the
US En vi ron men tal Pro tec tion Agency (USEPA 2014)
ra don mea sure ment pro to cols [39].

Fig ure 8 shows the vari a tion of in door ra don con -
cen tra tions with re spect to soil ra don gas at a depth of 30 
cm from ground level. It can be seen that in door ra don
con cen tra tion in creases with the in crease in soil ra don
con cen tra tions. Max i mum and min i mum in door ra don
con cen tra tion, 240 and 46 Bq/m3, were found in the vi -

cin ity of the area with a soil ra don con cen tra tion of
8084 and 3830 Bq/m3  at a depth of 30 cm in the safe and 
low haz ard zones, re spec tively. This is a clear in di ca tion 
that an in crease of in door ra don con cen tra tion is caused
by the in crease in soil ra don con cen tra tion.  In other
words, in the area where soil 222Rn con cen tra tion was
high, the at mo spheric in door ra don con cen tra tion was
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Fig ure 7. Re la tion be tween ra don, tem per a ture (a), and
relative hu mid ity (b) for all sites

Fig ure 8. Re la tion be tween soil ra don con cen tra tion with 
in door ra don con cen tra tion in safe zone (SZ), low haz ard 
zone (LHZ), me dium haz ard zone (MHZ), high haz ard
zone (HHZ), and very high haz ard zone (VHHZ)

Fig ure 6. Lin ear cor re la tion be tween soil ra don
con cen tra tion and depth in side ground



also high, as may be seen in figs. 5 and 8. This con firms
the fact that ra don from the soil be neath a home is typ i -
cally the most sig nif i cant source of con tam i na tion.

CONCLUSIONS

In the cur rent study we have mapped the
geohazard zone of Muzaffarabad city for soil ra don
lev els. A pos i tive cor re la tion of soil ra don gas with the
li thol ogy of the area and depth was found. With in -
creas ing depth, soil ra don gas con cen tra tions in -
creased re mark ably. No sig nif i cant cor re la tion was
found be tween soil ra don con cen tra tions and me te o ro -
log i cal pa ram e ters, how ever, a mod er ate cor re la tion
was found be tween soil ra don con cen tra tion and in -
door ra don lev els. As com pared to other zones, small
val ues of soil ra don con cen tra tions were found in the
low haz ard zone, whilst the safe zone car ries the high -
est val ues of soil ra don con cen tra tions. Since the safe
zone is suit able for any type of con struc tion but has an
el e vated soil ra don con cen tra tion, we rec om mend spe -
cial ized hous ing de signs with an ad e quate ven ti la tion
of rooms, ra don re sis tant floor ing, built with low ra -
don con trib ut ing ma te ri als. 
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Alim Dad Kan TARIN, Muhamad RAFIK, Kimberli J. KERFOT,
Muhamad BA[ARAT, Bilal [AFIK

MAPIRAWE  RADONA  U  ZEMQI[TU  GRADA  MUZAFARABADA  U  PAKISTANU

Istra`ivawa radona u zemqi{tu zna~ajna su zbog korelacije proizvodwe radona i
wegovog transporta u zgrade procesima konvekcije i difuzije. Ovakva ispitivawa mogu pomo}i u
identifikovawu podru~ja na koja treba obratiti posebnu pa`wu. Ovde su prikazani preliminarni
rezultati merewa gasa radona u zemqi{tu na 60 razli~itih lokacija, u ciqu pravqewa mape
geohazardnih zona grada Muzafarabada. Seizmi~ko geohazardno mikrozonirawe oblasti
podrazumeva pet mikrozona zasnovanih na razli~itim hazardnim parametrima: veoma visoku
hazardnu zonu, visoku hazardnu zonu, umerenu hazardnu zonu, nisku hazardnu zonu i bezbednu zonu.
Merewa su obavqena sistemom za aktivni mon i tor ing radona na dubinama od 30, 40, 50 i 60 cm ispod
povr{ine zemqe. Dobijeni rezultati obja{weni su litolo{kim osobinama zemqi{ta. Sredwe
vrednosti koncentracije radona u zemqi{tu korelisane su sa dubinom u zemqi{tu i vrednostima
koncentracija radona u zatvorenom prostoru u ispitivanom podru~ju. Nema zna~ajne korelacije
izme|u koncentracije radona u zemqi{tu i meteorolo{kih parametara, me|utim koncentracija
gasa radona u zemqi{tu raste sa porastom dubine u zemqi{tu (R2 = 0.9577). Minimalna
koncentracija radona (68.5 Bq/m3) prona|ena je na dubini od 30 cm u veoma visoko hazardnoj zoni, a
maksimalna koncentracija radona (53300 Bq/m3) uo~ena je na dubini od 60 cm u seizmi~ki bezbednoj
zoni. Izmerene koncetracije radona u zemqi{tu na dubinama od 30, 40, 50, i 60 cm mapirane su za
visoke, sredwe i niske koncentracije radona. Povi{ene koncentracije radona prona|ene su u
bezbednoj zoni ina~e pogodnoj za bilo koju vrstu izgradwe.

Kqu~ne re~i: ra don, gas u zemqi{tu, geo hazardna zona, litologija, meteorolo{ki parametar


