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Tonekabon is a big city in the vicinity of the high level natural radiation area of Ramsar, Iran.
Natural exposure due to gamma and radon concentration in 100 dwellings in the city has
been measured using a thermoluminescent dosimeter and a radon diffusion chamber, respec-
tively, over four seasons. Using active and passive methods (i. ¢. ZnS$ scintillation detectors
and homemade radon diffusion chambers), the concentration of dissolved radon in water
sources has been measured in both cities and frequency distributions of doses studied for ra-
don measurements.

Results show a daily average gamma dose of 4.2 + 0.8 pSv and an average radon concentration
in air of 232.5 + 187 Bq/m? in dwellings. Frequency distributions show that 85% of the
dwellings have an average radon concentration of 100 to 300 Bq/m3 per year and that 80%
have a maximum seasonal radon concentration of up to 400 Bq/m3. The maximum concentra-
tions of dissolved radon in water in Ramsar and Tonekabon have been measured as 198 + 30

and 109 + 16 BqL-1, respectively.

Key words: radon, high level natural radiation area, passive measurement

INTRODUCTION

High level natural radiation areas (HLNRA) in
the world are numerous. Such areas are well known in
states like Kerala in India, [1], cities like Yangjiang in
China [2], Ramsar in Iran [3], NiSka Banja in Serbia
[4], as well as the Flinders Ranges in Australia and the
town of Guarapari in Brazil.

Ramsar, a city in the north of Iran, near the Cas-
pian Sea, is a world-famous HLNRA. In the past,
many studies on the indoor and outdoor exposure in
the area have been carried out [3, 5]. The reason for the
high exposure in the area is the high concentration of
226Ra in water sources, as well as in natural building
materials, so that the annual natural exposures may
reach up to 100 mSv [3-5].

On the other hand, the extent of the HLNRA
has not yet been fully examined. Tonekabon is a big
city 30 km away from Ramsar, with many natural
water sources and ancient houses.

In this research, the indoor gamma/radon expo-
sures in Tonekabon, along with their frequency distri-
butions, have been investigated in a year-long sea-
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sonal survey. In both cities, concentrations of dis-
solved radon in water have been measured for some
water sources such as rivers, spa pools, natural sources
and fish pools, as well.

MATERIALS AND METHODS
Area of measurement

Figure 1 shows the area maps of measurements
for both the city of Ramsar and that of Tonekabon. Ap-
proximate sampling points of water sources, along
with their local names, are also shown.

Type of used detectors

In this research, both active and passive methods
of measurement have been used for gamma dose and
radon measurements, as:

— LiF: Mg, Cu, P, TLD, for passive gamma ambient
dose measurements,

— atype ofacalibrated diffusion chamber based on a
solid-state nuclear track detector (SSNTD), for
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Figure 1. Area maps of measurements for cities of Ramsar and Tonekabon. The approximate positions of water sources

with their local names are as follows:

A — Hotel Ramsar, B — Hotel 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

passive radon measurements in air and in dwell-
ings [6],

a calibrated ZnS scintillation cell of a Pylon AB-5
model, for active measurements of radon in water
(see fig. 2), and

a diffusion chamber, for passive measurements of
radon in water. The method is schematically
shown in fig. 3.

Measurement process

Seasonal measurements of both the gamma am-
bient dose and radon concentration in air have been
carried outin 100 dwellings in Tonekabon over a year.

For this purpose, two TLD pellets were placed
inside each radon chamber, under its SSNTD film, so
that the gamma dose and radon concentration for the

Polycarbonate
detector S | Radon diffusion
° [ ] chamber
° Emanated
. radon from the
water flow
Water flow
@

Figure 2. Passive measurement method of the dissolved
radon in water. The radon emanates from the water into
a floating diffusion chamber and then starts to decay.
The produced alpha particles may affect the
polycarbonate on the SSNTD
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Figure 3. Active measurement method of the dissolved
radon in water. The radon emanates from the water
sample into a degassing vessel and then flows into a
scintillation ZnS cell via an air pump. The Pylon monitor
then counts the emitted alpha particles

same sampling point could be simultaneously deter-
mined.

The dissolved radon concentrations of selected
water sources in Ramsar and Tonekabon have been
measured during the rainy seasons (i. e. autumn and
winter), when the level of water in natural water
sources is appropriate for this type of measurements.

RESULTS AND DISCUSSION

The average value of gamma ambient doses and
radon concentrations in the 100 dwellings in
Tonekabon city are shown in tab. 1. As can be seen in
the figure, the measured values for both gamma dose
and radon concentration are highest in spring. Al-
though the ambient gamma dose value is generally not
so high in the area, its higher value in spring is mean-
ingful in comparison with that of the related value for
radon.

Frequency distributions of radon concentration
in dwellings are shown in fig. 4. The distribution of an-
nual radon concentration fig. 4(a) shows that 85% of
the total number of selected dwellings have an average
radon concentration value between 100 to 300 Bq/m?,
whereas 3% have values over 500 Bq/m?, placing
them in the range of high concentrations. In addition,
the distribution of seasonal radon concentration fig.
4(b), shows that 80% of the total numbers of selected

Table 1. Average values of gamma ambient doses and
radon concentrations in 100 dwellings of Tonekabon city
in different seasons

Spring Summer Autumn Winter

Ambient daily
gamma dose | 5.7+0.8 | 39+09 | 41£09 | 3.0+0.7
[1Sv]

Radon
concentrations|279.1 +204{224.3 +219221.2 £ 191{206.9 £+ 135

in air [Bqm ]

0-100 100-200 200-300 300-400 400-500 500-800
(a) Average of radon concentration [Bqm™]

30

Number of dwellings

0-100 100-200 200-300 300-400 400-500 500-1000 1000-1300
(b) Maximum of radon concentration [qu'3]

Figure 4. Frequency distributions of radon concentration
in dwellings: (a) average values of annual radon
concentration, (b) maximum values of seasonal radon
concentration

dwellings have a maximal radon concentration of 100
to 400 Bg/m®. However, 17% of them have a value
over 500 Bg/m?, which is a considerable value for
dwellings [4].

The average annual effective dose from inhaled
radon progeny in dwellings, E, is

E =CxF xDCF xOF x 8760 (1)

where C is the radon concentration, F' — the equilibrium
factor of radon which is 0.4 for indoors, DCF — the dose
conversion factor which is 9 nSv per hour in the equilib-
rium equivalent concentration (EEC) condition, and OF
—the occupancy factor, which is 0.8 for indoors [ 7]. Since
the average value of radon concentration in Tonekabon is
232.5+ 187 Bg/m’, the approximate average annual dose
from radon progenies inhalation is given as 5.8 + 4.7
mSv. Considering the total annual gamma dose of 1.5 £
0.3 mSv from tab. 1, the average of total natural exposure
in Tonekabon could be 7.4 + 5.0 mSyv, three times the
world wide average natural exposure value by
UNSCEAR-2000 (i. e. 2.4 mSv per year) [7].

The values of dissolved radon concentrations in
water which have been measured by the active method
for both cities are shown in tab. 2.

In order to verify these measurements, the pas-
sive method has also been used for the selected points,
shown in tab. 2.
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Table 2. The value of dissolved radon concentrations in water sources which have been measured by the active
and passive methods in both Ramsar and Tonekabon. (Measurement points are shown in fig. 1)

Point of Radon concentrations in water in autumn [BqL™'] | Radon concentrations in water in winter [BqL™']
meailll;fer;lzgtl/zge of Active method Passive method Active method Passive method

Alspa 57.1 50.2 87.9 90.1
B/spa 91.3 — 514 -

C/spa 107.6 122.6 49.2 61.5
D/river 16.3 - 154 -
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 accessible at the time of surveying
The compatibility of the results for both active AUTHOR CONTRIBUTIONS

and passive methods shows the accuracy of these mea-
surements (except that of the L point in winter, which
is related to measurements at different sampling times
and points).

Since there are no internationally accepted cri-
teria for radon concentration in water, we can com-
pare the results with those of the Environmental Pro-
tection Agency (EPA), USA, for drinking water.
According to the said criteria, standard concentration
values less than the 300 pCi/L (10 Bq/L) do not call
for treatment of water for radon. Concentration val-
ues over the 4000 pCi/L (150 Bq/L) standard need
some mitigation programs so as to reduce the concen-
tration of radon [8]. Fortunately, most of the water
sources in tab. 2 are not drinking waters and their ra-
don concentrations are less than the EPA criteria. But,
particular attention should be paid to swimming
pools in spas and similar water areas with a high level
of radon concentration, since no criteria for cases
such as these are in existence.

CONCLUSION

In the city of Tonekabon, situated near the
HLNRA of Ramsar, exposure to both the natural
gamma dose and radon inhalation may well be approx-
imately three times that of the worldwide average. The
value of dissolved radon in water sources in both cities
can be expected to reach approximately 200 Bq/L.
However, most of these waters are not used as sources
of drinking water. Nevertheless, special care should be
taken even in cases of alternative usage.

Practical measurements were carried out by M.
Amirzadi and M. Taheri. The analysis of results was
carried out by S. M. Hosseini Pooya. Manuscript was
written by S. M. Hosseini Pooya, and the advisors of
this work were M. Taheri and A. Babakhani.
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Mepnax AMHUP3AIHU, Cejex M. XOCEWHU ITYJA,
Mexpan TAXEPH, Acag BABAKAHM

KOMIITEMEHTAPHA MEPEWHA KOHIHEHTPAIIMJE PAOHA Y BOIN
N INMPUPOJHOI U3JIATAIBA Y OBJEKTUMA Y OKOJIMHU PAMCAPA,
OBJIACTH BUCOKOI' HUBOA ITPUPOJHOI 3PAYEILA Y UPAHY

TonekaOoH je Benuku rpaj y Onu3uHu obnactu Pamcap y MpaHy Koja MMa BHCOK HHMBO
npupopHor 3pauema. Y 100 rpajckux objekaTa MEpeHO je MPUPOHO M3Iarame yciey rama 3pauerwma u
KOHI[EHTpanyje pajioHa, KOpHIThemeM TEePMOJYMUHUCIEHTHOT MO3MMETpa M PafgoHCKe AU(y3UOHE
KOMOpe, y TOKY 4YeTHUpH Tofulmka nobda. KoHneHTpamyja pacTBOpPEeHOT pajjoHa Y BOAM M3MEpEHa je
NAaCHBHAM W AaKTHBHUM MOCTymUuMa (IMUHKCYI(PUIHAM COUHTHIAWMOHNM JETeKTOpHIMa W PYIHO
n3pabeHnM nudy3uMoOHNM KOMOpaMma), IIpU 4eMy je MpOydeHa W paclofielia 103a KOl Mepema pajioHa.
JIHeBHA TpoceyHa Jo03a 3a rama 3pauewa m3Hocuna je 4.2 = 0.5 uSv, oK je y ofjekTuMa IpocedHa
KOHI[EHTpalyja pajioHa y Basnyxy omna 232.5 + 187 Bg/m?®. Pacnogena nokasyje na 85% oGjekaTa uma
[IpoceyHy KOHLEeHTpauujy pagona ox 100 go 300 Bq/m3 y TOKy roguHe, a ga 80% muma MaKCUMAaJHY
KoHueHTpanujy no 400 Bg/m? y ce3onu. MakcumarnHa KOHIEHTpauyuja pajoHa y Boau y Pamcapy u
Tonekabony uznocuia je 198 +30 u 109 + 16 BqL™, pecnekrusho.

Kwyune peuu: padon, obaaciti 6UCOK02 HUB0A UPUPOOHOZ 3PAHersd, HACUBHO MEPEHe




