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Tonekabon is a big city in the vi cin ity of the high level nat u ral ra di a tion area of Ramsar, Iran.
Nat u ral ex po sure due to gamma and ra don con cen tra tion in 100 dwell ings in the city has
been mea sured us ing a thermoluminescent dosimeter and a ra don dif fu sion cham ber, re spec -
tively, over four sea sons. Us ing ac tive and pas sive meth ods (i. e. ZnS scin til la tion de tec tors
and home made ra don dif fu sion cham bers), the con cen tra tion of dis solved ra don in wa ter
sources has been mea sured in both cit ies and fre quency dis tri bu tions of doses stud ied for ra -
don mea sure ments.
Re sults show a daily av er age gamma dose of 4.2 ± 0.8 µSv and an av er age ra don con cen tra tion
in air of 232.5 ± 187 Bq/m3 in dwell ings. Fre quency dis tri bu tions show that 85% of the
dwell ings have an av er age ra don con cen tra tion of 100 to 300 Bq/m3 per year and that 80%
have a max i mum sea sonal ra don con cen tra tion of up to 400 Bq/m3. The max i mum con cen tra -
tions of dis solved ra don in wa ter in Ramsar and Tonekabon have been mea sured as 198 ± 30
and 109 ± 16 BqL–1, re spec tively.
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IN TRO DUC TION

High level nat u ral ra di a tion ar eas (HLNRA) in
the world are nu mer ous. Such ar eas are well known in
states like Kerala in In dia, [1], cit ies like Yangjiang in
China [2], Ramsar in Iran [3], Ni{ka Banja in Ser bia
[4], as well as the Flinders Ranges in Aus tra lia and the
town of Guarapari in Brazil.

Ramsar, a city in the north of Iran, near the Cas -
pian Sea, is a world-fa mous HLNRA. In the past,
many stud ies on the in door and out door ex po sure in
the area have been car ried out [3, 5]. The rea son for the
high ex po sure in the area is the high con cen tra tion of
226Ra in wa ter sources, as well as in nat u ral build ing
ma te ri als, so that the an nual nat u ral ex po sures may
reach up to 100 mSv [3-5].

On the other hand,  the ex tent of the HLNRA
has not yet been fully ex am ined. Tonekabon is a big
city 30 km away from Ramsar, with many nat u ral
wa ter sources and an cient houses.

In this re search, the in door gamma/ra don ex po -
sures in Tonekabon, along with their fre quency dis tri -
bu tions, have been in ves ti gated in a year-long sea -

sonal sur vey. In both cit ies, con cen tra tions of dis -
solved ra don in wa ter have been mea sured for some
wa ter sources such as rivers, spa pools, nat u ral sources 
and fish pools, as well.

MA TE RI ALS AND METH ODS

Area of mea sure ment

Fig ure 1 shows the area maps of mea sure ments
for both the city of Ramsar and that of Tonekabon. Ap -
prox i mate sam pling points of wa ter sources, along
with their lo cal names, are also shown.

Type of used de tec tors

In this re search, both ac tive and pas sive meth ods 
of mea sure ment have been used for gamma dose and
ra don mea sure ments, as:
– LiF: Mg, Cu, P, TLD, for pas sive gamma am bi ent

dose mea sure ments,
– a type of a cal i brated dif fu sion cham ber based on a 

solid-state nu clear track de tec tor (SSNTD), for
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pas sive ra don mea sure ments in air and in dwell -
ings [6],

– a cal i brated ZnS scin til la tion cell of a Py lon AB-5
model, for ac tive mea sure ments of ra don in wa ter
(see fig. 2), and

– a dif fu sion cham ber, for pas sive mea sure ments of
ra don in wa ter. The method is sche mat i cally
shown in fig. 3.

Mea sure ment pro cess

Sea sonal mea sure ments of both the gamma am -
bi ent dose and ra don con cen tra tion in air have been
car ried out in 100 dwell ings in Tonekabon over a year.

For this pur pose, two TLD pel lets were placed
in side each ra don cham ber, un der its SSNTD film, so
that the gamma dose and ra don con cen tra tion for the
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Fig ure 1.  Area maps of mea sure ments for cit ies of Ramsar and Tonekabon. The ap prox i mate po si tions of wa ter sources
with their lo cal names are as fol lows:
A – Ho tel Ramsar, B – Ho tel spa (Madar-shah), C – Sakht-sar spa, D – Talesh-mahalleh river, E – Talesh-Mahalleh natural
source, F – Khak-sefid natural source, G – Sadat-shahr spa, H – Eshger spa, I – Sang-boneh spa, J – Kenar-jouibar fish pool, K –
Do-hezar natural source, L – Falakdeh natural source, M – Mian-nahieh fish pool, N – Akbar-abad fish pool, O – Shirij-mahalleh
fish pool, P – Khorram-abad fish pool, Q – Kal-poshteh natural source, R – Baramsar fish pool

Fig ure 2. Pas sive mea sure ment method of the dis solved
ra don in wa ter.  The ra don em a nates from the wa ter into
a float ing dif fu sion cham ber and then starts to de cay.
The pro duced al pha par ti cles may af fect the
 polycarbonate on the SSNTD



same sam pling point could be si mul ta neously de ter -
mined.

The dis solved ra don con cen tra tions of se lected
wa ter sources in Ramsar and Tonekabon have been
mea sured dur ing the rainy sea sons (i. e. au tumn and
win ter), when the level of wa ter in nat u ral wa ter
sources is ap pro pri ate for this type of mea sure ments.

RE SULTS AND DIS CUS SION

The av er age value of gamma am bi ent doses and
ra don con cen tra tions in the 100 dwell ings in
Tonekabon city are shown in tab. 1. As can be seen in
the fig ure, the mea sured val ues for both gamma dose
and ra don con cen tra tion are high est in spring. Al -
though the am bi ent gamma dose value is gen er ally not
so high in the area, its higher value in spring is mean -
ing ful in com par i son with that of the re lated value for
ra don.

Fre quency dis tri bu tions of ra don con cen tra tion
in dwell ings are shown in fig. 4. The dis tri bu tion of an -
nual ra don con cen tra tion fig. 4(a) shows that 85% of
the to tal num ber of se lected dwell ings have an av er age 
ra don con cen tra tion value be tween 100 to 300 Bq/m3 ,
whereas 3% have val ues over 500 Bq/m3, plac ing
them in the range of high con cen tra tions. In ad di tion,
the dis tri bu tion of sea sonal ra don con cen tra tion fig.
4(b), shows that 80% of the to tal num bers of se lected

dwell ings have a max i mal ra don con cen tra tion of 100
to 400 Bq/m3. How ever, 17% of them have a value
over 500 Bq/m3, which is a con sid er able value for
dwell ings [4].

The av er age an nual ef fec tive dose from in haled
ra don prog eny in dwell ings, E, is

E C F DCF OF= ´ ´ ´ ´ 8760 (1)

where C is the ra don con cen tra tion, F – the equi lib rium
fac tor of ra don which is 0.4 for in doors, DCF – the dose
con ver sion fac tor which is 9 nSv per hour in the equi lib -
rium equiv a lent con cen tra tion (EEC) con di tion, and OF
– the oc cu pancy fac tor, which is 0.8 for in doors [7]. Since 
the av er age value of ra don con cen tra tion in Tonekabon is 
232.5 ± 187 Bq/m3, the ap prox i mate av er age an nual dose 
from ra don prog e nies in ha la tion is given as 5.8 ± 4.7
mSv. Con sid er ing the to tal an nual gamma dose of 1.5 ±
0.3 mSv from tab. 1, the av er age of to tal nat u ral ex po sure
in Tonekabon could be 7.4 ± 5.0 mSv, three times the
world wide av er age nat u ral ex po sure value by
UNSCEAR-2000 (i. e. 2.4 mSv per year) [7].

The val ues of dis solved ra don con cen tra tions in
wa ter which have been mea sured by the ac tive method
for both cit ies are shown in tab. 2.

In or der to ver ify these mea sure ments, the pas -
sive method has also been used for the se lected points,
shown in tab. 2.
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Fig ure 3. Ac tive mea sure ment method of the dis solved
ra don in wa ter.  The ra don em a nates from the wa ter
sam ple into a de gas sing ves sel and then flows into a
scin til la tion ZnS cell via an air pump. The Py lon mon i tor
then counts the emit ted al pha par ti cles

Ta ble 1. Av er age val ues of gamma am bi ent doses and
ra don con cen tra tions in 100 dwell ings of Tonekabon city
in dif fer ent seasons

Spring Summer Autumn Winter

Ambient daily
gamma dose

[mSv]
5.7 ± 0.8 3.9 ± 0.9 4.1 ± 0.9 3.0 ± 0.7

Radon
concentrations
in air [Bqm–3]

279.1 ± 204 224.3 ± 219 221.2 ± 191 206.9 ± 135

Fig ure 4. Fre quency dis tri bu tions of ra don con cen tra tion
in dwell ings: (a) av er age val ues of an nual ra don
con cen tra tion, (b) max i mum val ues of sea sonal ra don
con cen tra tion



The com pat i bil ity of the re sults for both ac tive
and pas sive meth ods shows the ac cu racy of these mea -
sure ments (ex cept that of the L point in win ter, which
is re lated to mea sure ments at dif fer ent sam pling times
and points).

Since there are no in ter na tion ally ac cepted cri -
te ria for ra don con cen tra tion in wa ter, we can com -
pare the re sults with those of the En vi ron men tal Pro -
tec tion Agency (EPA), USA, for drink ing wa ter.
Ac cord ing to the said cri te ria, stan dard con cen tra tion 
val ues less than the 300 pCi/L (10 Bq/L) do not call
for treat ment of wa ter for ra don. Con cen tra tion val -
ues over the 4000 pCi/L (150 Bq/L) stan dard need
some mit i ga tion pro grams so as to re duce the con cen -
tra tion of ra don [8]. For tu nately, most of the wa ter
sources in tab. 2 are not drink ing wa ters and their ra -
don con cen tra tions are less than the EPA cri te ria. But, 
par tic u lar at ten tion should be paid to swim ming
pools in spas and sim i lar wa ter ar eas with a high level
of ra don con cen tra tion, since no cri te ria for cases
such as these are in ex is tence.

CON CLU SION

In the city of Tonekabon, sit u ated near the
HLNRA of Ramsar, ex po sure to both the nat u ral
gamma dose and ra don in ha la tion may well be ap prox -
i mately three times that of the world wide av er age. The
value of dis solved ra don in wa ter sources in both cit ies
can be ex pected to reach ap prox i mately 200 Bq/L.
How ever, most of these wa ters are not used as sources
of drink ing wa ter. Nev er the less, spe cial care should be 
taken even in cases of al ter na tive us age.

AU THOR CON TRI BU TIONS

Prac ti cal mea sure ments were car ried out by M.
Amirzadi and M. Taheri. The anal y sis of re sults was
car ried out by S. M. Hosseini Pooya. Manu script was
writ ten by S. M. Hosseini Pooya, and the ad vi sors of
this work were M. Taheri and A. Babakhani.
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Ta ble 2. The value of dis solved ra don con cen tra tions in wa ter sources which have been mea sured by the ac tive
and pas sive meth ods in both Ramsar and Tonekabon. (Mea sure ment points are shown in fig. 1)

Point of
measurement/type of

water source

Radon concentrations in water in autumn [BqL–1] Radon concentrations in water in winter [BqL–1]

Active method Passive method Active method Passive method

A/spa 57.1 50.2 87.9 90.1

B/spa 91.3 – 51.4 –

C/spa 107.6 122.6 49.2 61.5

D/river 16.3 – 15.4 –

E/natural source 167.4 – 198.6 –

F/natural source 12.1 – 12.9 –

F/spa 1.1 – 24.2 –

H/spa 55.6 – 24.3 –

I/spa 13.0 – 23.4 –

J/fish pool 18.1 – * –

K/natural source 1.1 – 1.4 –

L/natural source 9.8 13.8 109.5 61.8

M/fish pool 2.3 – 1.8 –

N/fish pool 5.9 – 9.4 –

O/fish pool 33.1 – 35.5 –

P/fish pool 27.0 – 5.5 –

Q/natural source 29.6 20.8 * *

R/fish pool 14.6 17.6 * *

*not ac ces si ble at the time of sur vey ing
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Merdad AMIRZADI, Sejed M. HOSEINI PUJA,
Mehran TAHERI, Asad BABAKANI

KOMPLEMENTARNA  MEREWA  KONCENTRACIJE  RADONA  U  VODI
I  PRIRODNOG  IZLAGAWA  U  OBJEKTIMA  U  OKOLINI  RAMSARA,

OBLASTI  VISOKOG  NIVOA  PRIRODNOG  ZRA^EWA  U  IRANU

Tonekabon je veliki grad u blizini oblasti Ramsar u Iranu koja ima visok nivo
prirodnog zra~ewa. U 100 gradskih objekata mereno je prirodno izlagawe usled gama zra~ewa i
koncentracije radona, kori{}ewem termoluminiscentnog dozimetra i radonske difuzione
komore, u toku ~etiri godi{wa doba. Koncentracija rastvorenog radona u vodi izmerena je
pasivnim i aktivnim postupcima (cinksulfidnim scintilacionim detektorima i ru~no
izra|enim difuzionim komorama), pri ~emu je prou~ena i raspodela doza kod merewa radona.
Dnevna prose~na doza za gama zra~ewa iznosila je 4.2 ± 0.5 mSv, dok je u objektima prose~na
koncentracija radona u vazduhu bila 232.5 ± 187 Bq/m3. Raspodela pokazuje da 85% objekata ima
prose~nu koncentraciju radona od 100 do 300 Bq/m3 u toku godine, a da 80% ima maksimalnu
koncentraciju do 400 Bq/m3 u sezoni. Maksimalna koncentracija radona u vodi u Ramsaru i
Tonekabonu iznosila je 198 ± 30 i 109 ± 16 BqL–1, respektivno.

Kqu~ne re~i: ra don, oblast visokog nivoa prirodnog zra~ewa, pasivno merewe


