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In the present investigation, a surface-deposited polonium was measured in 37 houses in
Rasht and Ramsar cities of Iran with the aim of evaluating the retrospective radon concentra-
tion. The CR-LR technique is widely used in this regard, but for the first time, Lexan
polycarbonate detectors were used to measure the activity of 219Po planted in glassy objects.
These detectors were placed on glassy surfaces for 153 to 365 days. A passive cylindrical diffu-
sion chamber was used for the contemporary radon concentration measurements. The diffu-
sion chamber consists of the Lexan polycarbonate films as a solid state nuclear track detectors
and filter. The surface-deposited 210Po activity concentration was found to vary from 0.26 to
11.96 mBqcm~2 with average of 2.62 mBqcm-2. The sensitivity of 219Po to polycarbonate was
determined to be 0.06456 track per cm? per mBqhcm-2. Thus, the radon concentration was
found to vary from 122 to 4840 Bqm-3 with an average value 1243 Bqm™3 and the contem-
porary radon concentration in the area was found to vary from 15 to 2420 Bqm-3 with an av-
erage 513 Bqm-3. The results indicate that there is a significant correlation between the con-
centration of the retrospective radon and the concentration of the contemporary radon gas in

the indicated areas with a coefficient of 0.80672.
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INTRODUCTION

The radon gas is one of the most important
sources of natural radiation and a high exposure to it
can lead to the lung cancer [1, 2]. The methods for
long-term passive radon measurements based on the
nuclear track detectors have been very well estab-
lished and widely used. The surveys of existing tech-
niques have been given by Nikolaev and Ilic [3] and
Nikezic and Yu [4]. The long-term measurements
were held for various periods of time, ranging from 3
to 12 months [5]. The measurements of contemporary
radon in homes to assess the radiation levels of indi-
viduals in the past are not enough because this time is
still too short compared to the average lifespan of a
person [6, 7]. However, the factors such as seasonal
changes can have an impact; also, due to the architec-
tural changes in the houses or the change in owner's
behavior, such as ventilation rates or the use and the
non-use of cigarettes, the concentration of indoor ra-
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don can be different [5, 8]. Thus, measurements per-
formed for a few months might not be a suitable
representation of “real” indoor radon concentration.
As a possible solution to this problem, the retrospec-
tive dosimetry based on the measurements of 2!°Po ac-
tivity in objects was proposed. The retrospective ra-
don dosimetry for home environments based on the
measurements of implanted 2!°Po activities in glass
objects have been introduced and practiced for many
years [9]. Nikezic and Yu described the behavior of the
short-lived radon progeny on surfaces of objects, lead-
ing to their deposition and implantation after al-
pha-particle decays. The radon decay chain includes
the short-lived radon progeny 2'®Po, 2!4Pb, 2!“Bi, and
214po, Their successor, 2'°Pb, which is a long-lived ra-
don progeny with a half-life of 22.3 years, can be im-
planted into the glass surfaces. Thus, the activity in-
creases with the time of exposure of the object to
short-lived radon progeny. The second successor of
219pb is the alpha emitting nuclide 2!°Po, whose activ-
ity in the subsurface layer can be determined by the al-
pha-particle measurements [10]. The methods were
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developed for determining the retrospective *’Rn
concentration based on the measurements of 2!°Po ac-
tivity in an object by using various techniques of ot-ac-
tivity measurements [11-15]. A retrospective study
that was developed in recent years used the surface
trap method. In this technique, the a-recoil implanted
219Po on the glass and other vitreous artefacts were
measured using the solid state nuclear track detectors
[16, 17]. The activity of implanted 2'°Po in the glass is
related to the concentration of >’Rn gas [10].

The present study was conducted in Rasht and
Ramsar cities of Iran with the aim of evaluating the ret-
rospective radon gas concentration based on the activ-
ity of 21°Po planted on glass objects in 37 houses, and
selected glass objects were obtained from ages 8 to 50
years. Ramsar was selected because it is a high natural
radiation area. Ramsar, a northern coastal city in Iran,
has areas with the highest levels of natural radiation
measured to date. The effective dose in the high level
natural radiation areas (HLNRA) of Ramsar, in partic-
ular, Talesh-Mahalleh district, are few times higher
than the International Commission on Radiological
Protection (ICRP)- recommended radiation dose lim-
its for radiation workers is. The annual radiation effec-
tive dose from the background radiation in HLNRA of
Ramsar is up to 260 mSv. The high background radia-
tion in the “hot” areas of Ramsar is primarily due to the
presence of very high amounts of 2°Ra and its decay
products, which are brought to the Earth's surface by
hot springs. It is worth mentioning that the radon lev-
els in some regions of Ramsar are up to 3700 Bqm3
[18-21].

Also, a comparison was made between the con-
centration of the contemporary radon gas and the ret-
rospective radon gas concentration.

MATERIALS AND METHODS

In this research, a glass-based measurement with
the surface trap retrospective method was used. The
250 pm thick (2.5 em % 2.5 cm) Lexan polycarbonate,
as Solid State Nuclear Track Detector (SSNTD) was
used in this study to register alpha particles for the first
time. The surface trap method was used because the
process does not damage objects inside the house like
the volume trap method, and the Solid State Nuclear
Track Detectors were used because they are easily
found and due to the cheapness, the phenomenon of
fading does not occur and it is not brittle, and the ef-
fects of radiation on them are permanent [22].

The polycarbonate detector was placed on the
glass surface to record the alpha particles emitted from
the 2!Po. The 2!°Po has an alpha energy of 5.3 MeV,
while the efficient registration of alphas in PC are in a
range about 0.5 to 2 MeV using the electrochemical
etching (ECE) for PEW etchants [23, 24]. The PEW
solution including the KOH (15 %), C,HsOH (40 %)

and H,O (45 %) and the ECE process of 32 kVem™,
2 kHz and 3 h was applied as an effective method of al-
pha particles detection in PC [25]. For this reason, the
number of degrader layers was calculated using the
Trim software and based on the results of the experi-
mental measurement, four degrader layers made of
aluminum foil (Mylar) were attached on the PC foils.
After preparing the detector and cutting itinto 2.5 cm x
x 2.5 cm, it was installed on the selected glass surfaces.
As shown in fig. 1, B is a Lexan polycarbonate detec-
tor and A is a4-layer aluminum foil. In the selection of
glass surfaces, the glass lifetime of 10 years was con-
sidered and also the glass surface was not in the wind
stream. In addition, the selected glasses were flat and
not exposed to the sunlight. According to the previous
studies [13, 16, 26, 27] only some types of glass ob-
jects were considered suitable, such as mirrors, picture
frames, paintings or large photos, cabinet glasses,
glasses in internal doors, and glasses in large wall
clocks. Moreover, other materials, such as the ceramic
objects were not considered suitable because of the
uncertainties in the background activity in the surface
glazes [28].

In this study, a total of 18 glass objects in Rasht
and 19 glass objects in Ramsar were selected in resi-
dential houses of these two cities. The detectors made
according to fig. 1 were installed on the glass surface
of the selected objects. After a specified period of
time, all the installed detectors were collected. The
electrochemical etching was used to enlarge the latent
tracks to the visible tracks. For this purpose, the detec-
tors were placed between the two cells of the chamber.
Then, the 3 % hydrochloric acid was added to one side
of the chamber and the etchant PEW solution was in-
troduced onto the other side of the chamber. After the
electrochemical etching by applying a strength field of
32 kVem™ at 2 kHz frequency for 3 h, the detectors
were taken out and the tracks density were measured
[25, 29].

After counting the tracks, the activity of 2°Po
implanted in glass was calculated using the following
e y _N7r—=Nro

Po210 TK

where, Apy1o is the 21°Po activity in terms of rancm’z;
Nrp — the net number of tracks per cm’ on the
polycarbonate detector, Nt — the background number
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Figure 1. The installation method of a retrospective
detector on the glass surface, where B is a Lexan
polycarbonate detector and A is a 4-layer aluminum foil
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Figure 2. The linear relationshig between the track
density and the time integrated *'’Po activity (the slopes
oflinear curves were used to obtain the calibration factor
(sensitivity))

of tracks per cm?, T— the period of time [h] for which
the detectors were mounted on the glass surface, and K
— the sensitivity factor of polycarbonate detector to
219 activity which was obtained in calibration exer-
cise and depends on the etching conditions [5, 28].
Figure 2 shows that there is a linear relationship be-
tween the track density and the time integrated *'°Po
surface activity. The slope of this curve is 0.06456
track per cm? per mBghem 2, representing the detector
sensitivity. The polycarbonate films with 4-layer alu-
minum were placed on the surface of **' Am standard
disc source. The time of exposure was 2, 3 and 4 hours.
Since the energy of alpha of **' Am (5.4 MeV) is close
to the *'°Po (5.3 MeV), the **' Am standard source was
used for calibration in this study.

The surface activity of 2! Am standard source was
7.8 Bqem 2. A disc source with the diameter of 5 cm was
used.

Based on the activity of implanted 2!°Po and the
age of the glass objects, the retrospective radon con-
centration was estimated using the following expres-
sion [30]

AP0210 ﬁ(}i)
(1 _ e*/lpnzm[ ) ; ﬁ(Pi)

where Cy, is the retrospective radon concentration in
term of Bqm ~, Ape210 — the *'°Po activity [mBgem 2],
A?'Pb — the decay constant for >'°Pb, with its amount
being 0.031 per year, ¢ — the age of the glass object
[year], P;and P; are real values and the values of global
average related to room parameters, that is, the con-
centration of aerosol particles, the deposition velocity
of the unattached *"*Po, *'*Po, >'*Pb and the deposition
velocity of attached *'®Po, 2'*Po, 2'*Pb, the air ex-
change rate and the surface to the volume room ratio.
Fi is the fitted function related to each parameter that
has been provided by Bastrikov, et al. (2006)[30].
This equation is correct for the exposure duration ¢ >
> 57,7210

Cp, =245 ©)

Of course, in this study, considering the limita-
tion of measurement devices, the uncertainty and the
most influencing model parameters, the fitted func-
tions related to the concentration of aerosol particles
(Z, cm™) and the air exchange rate (1, h™') and the
surface to the volume room ratio (S/¥, m™!) for mea-
surement were the only ones considered and they are
as follow

1,(Z2)=247.2"3" (3)
Sy (Ay) =471 +7.58. 25556 4)
f{;j —386 + 264% (5)

These models are sensitive to the values of a
number of key room parameters. These are principally
the characteristics of the room aerosols, the room sur-
face to the volume ratio and the ventilation rate. In a
large-scale survey of dwellings, the range of these pa-
rameters in the past was not known and even their
present values can only be estimated. However, there
is still an uncertainty in this approach [30, 31].

RESULTS AND DISCUSSION

Out of the 37 detectors mounted on the glass sur-
faces in 37 houses, 18 belonged to Rasht, being named
with codes a; to a4, and 19 belonged to Ramsar, being
named codes b, to b, 4. One of the main requirements in
low concentrations to provide the reliable measure-
ments is determination of the Minimum Detection
Limits. The minimum detection limit (MDL) was ob-
tained using eq. (6) [32]

20

D) (6)

MDL(PoZlO) =

where o is the standard deviation of the net track den-
sity of the unexposed Lexan film, £ — the calibration
factor, of the measurements (the track density per ex-
posure) and 7—the time of exposure (days). According
to the eq. (6), the MDL (*'°Po) for 7 months was cal-
culated about 0.2290 mBqem * or 1146 mBqem *h ™.
SO, the codes ay, dy, Az, dg, g, A7, Ay, A11, A13, A14, and bg
with values below the above MDL were deleted.
Therefore, out of the 37 data, 26 were confirmed.
Thus, the actual sample included 26 dwellings, and 26
suitable objects were considered (4 mirrors, 13 picture
glasses, 5 cabinet glasses, 3 glasses in interior doors,
and 1 glass in large wall clocks). The average age of
the glass objects was 23 years. The results of this study
are presented in tab. 1. The concentration of *'°Po in
household glass objects was found to vary from 0.26 to
11.96 mBgem * with an average of 2.62 mBgem 2.
For each of the 26 glass objects, the concentration
of the retrospective radon based on the activity of the
implanted 2!°Po in glass calculated using the Equation
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Table 1. The activity of 2'°Po for residential buildings in
Rasht and Ramsar based on the age of the glass

Number| Code Qg)sz glas[:%;ear) Day [mgpqoczrlg’z]
1 b, |Picture glass 8 182 2.1702
2 b, |Picture glass 10 167 1.3197
3 by | Picture glass 10 177 1.9288
4 as Mirror 10 365| 0.3562
5 by Mirror 12 156 0.5647
6 as Mirror 12 352 0.2594
7 bs | Picture glass 15 176 0.4620
8 be | Picture glass 15 174 0.8976
9 b; |Cabinet glass 15 176 | 2.7960
10 a, |Cabinet glass 18 295 0.7755
11 bs | Picture glass 19 159 23015
12 bio Mirror 20 164 0.6670
13 a)o |Cabinet glass 22 365 0.8407
14 by, | Picture glass 25 172 1.6566
15 by, |Picture glass 25 177 1.6754
16 b3 |Picture glass 26 182 0.9964
17| by | GBSSOE 159 gyl 1o0g2
18 b5 | Picture glass 30 183 10.53
19 by | Door glass 30 155 10.4

20 by; | Door glass 30 155 11.96
21 a5 |Cabinet glass 31 365 0.3898
22 a)s | Picture glass 35 295 0.6508
23 bs |Picture glass 35 153 5.1041
24 a7 |Picture glass 40 352 0.3566
25 a5 |Cabinet glass 42 295 0.6147
26 b1y | Door glass 50 157 6.4820

(1) was between 122 to 4840 Bqm™ with the mean of
1243 Bqm™3, while the concentration of the contempo-
rary radon gas in these regions was 15 to 2420 Bqm™
with the mean of 513 Bqm™. The comparison of the ret-
rospective and the contemporary radon concentration
values for each of the codes is shown in fig. 3.

As shown in fig. 3, there is a significant differ-
ence between the concentration of the retrospective ra-
don and the concentration of the contemporary radon
gas inside these houses. In all the cases, the retrospec-
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Figure 3. The retrospective and the contemporary
radon concentration chart based on the house codes

tive radon concentration was higher than the contem-
porary radon concentration. The average retrospective
radon concentration obtained in 26 houses was
1243 Bgqm and the contemporary radon concentra-
tion was 513 Bqm™3. Thus, the average retrospective
radon concentration is 2.4 times more than the average
contemporary radon concentration, which can be at-
tributed to the change in house conditions over the pe-
riod of 23 years. These changes may be due to the
change in the architecture of the home or the change
resulting from the renovation of the houses or the
changes in the household appliances, such as changing
the heating system from gas heaters to radiators or
changes in the ordinary individual's life, such as
changing the ventilation rate, or even changing the al-
pha particle planting rate on the glass surface. How-
ever, the location of glass objects within the houses
also influences the retrospective radon concentration
because, sometimes, the object is implanted in the lo-
cation where the planting activity is found more.

Of course, changes in room parameters, such as
the concentration and the size of distributed aerosols,
the rate of ventilation, the surface to volume ratio and
the rate of particle placement of nested and unstick
particles can also be affected. For example, a person's
smoking causes a change in the concentration and the
size of aerosol distribution and even the behavior of
individuals is important. It is important that the
smoker smokes a few cigarettes a day, and changes in
the consumption patterns will lead to changes in pa-
rameters or changes in the household appliances,
which can also be an important factor.

For this purpose, in this study, the concentration of
particles of aerosols, the ventilation rate and the sur-
face-to-volume ratio of the room as effective parameters
were measured. These parameters were measured ran-
domly in 13 houses and the results are shown in tab. 2.

In order to measure aerosol particle concentra-
tion particle counter machine of PC200-TROTEC
model was used. This machine is used to control
particulates in the air. It identifies aerosol particle con-
centration 0f 0.3, 0.5, 1.0, 2.5, 5, and 10 mm and dis-
plays them on 6.35 cm screen.

In this research, in order to determine the venti-
lation rate in a building, CO, was used as the indicator
gas and TESTOS535 machine was used to measure the
CO, rate in the air. For this reason, before the injection
of the indicator gas, the CO, concentration was mea-
sured. This machine measures the CO, rate with an ac-
curacy of 1 ppm. By injecting the CO, into considered

Table 2. The average and the actual values of room
parameters

Parameter Min | Mean | Max
Aecrosol particles connection [Z, cm’3] 28000 | 64000 |100000
Surface to volume room ratio [m™'] 2 5 7
Air exchange rate [Ay, h™'] 0.1 0.5 2
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Figure 4. The comparison between the log of
retrospective and the contemporary radon
concentrations in Ramsar and Rasht residential homes

space and surveying the gas changes process, the gas
changes rate per hour was calculated.

Also, to calculate the surface to volume ratio of
the room, the area of each room and the volume of each
room were obtained by taking into account the equip-
ment in the room.

Based on the average global value provided by
Bastrikov [30], after placing in eq. (2), the coefficient
of 245 reached 212, which was not significantly al-
tered. However, as noted, the change in room parame-
ters over a period of 23 years can be one of the causes.
The retrospective radon concentration was compared
with the contemporary radon measurements as shown
in fig. 4. The correlation coefficient between the retro-
spective and the contemporary radon gas concentra-
tions is 0.80672.

The findings of this study are consistent with
that of Zunic [33] which correlates well with the retro-
spective and the contemporary radon concentrations
in 46 homes in Serbia. This correlation was also found
by Bochicchio [6] in 21 objects in the homes of indi-
viduals that were non-smokers. However, in some
studies, there was a weak correlation between the ret-
rospective and the contemporary radon gas concentra-
tions or no relationship was obtained between them [8,
34].

CONCLUSIONS

The present study provides a new approach for the
use of 2!°Po implanted surface activity to estimate the ret-
rospective radon concentration. The glass surface activ-
ity was measured by Lexan PC as a solid state nuclear
track detector to estimate the long-term average radon
gas concentration for the first time. The surface trap tech-
nique, based on the Lexan PC detectors, was used in this
study for the determination of 2!°Po implanted in glass

after the deposition of short-lived radon daughters. The
surface activity measurements can provide reliable esti-
mates of previous radon exposure. The activity of 2’Po
implanted in glass surface was measured in different
houses in Ramsar and Rasht cities of Iran. According to
the obtained results, the relationship between the radon
concentration based on >'°Po implanted in glass and the
radon exposure by passive detector based on SSNTD are
given by scatter plots. The results showed a moderate
correlation between the contemporary and the retrospec-
tive radon concentrations. The average retrospective ra-
don concentration was 2.4 times greater than that of the
contemporary radon, and this could be due to the changes
in the structure of the houses or living conditions of resi-
dents in these areas over a period of time. This assess-
ment can be improved by measuring the parameters of
the room, such as the air conditioning rate, the concentra-
tion of aerosols and the rate of stacking the particles
stacked and nested more precisely. These results are use-
ful in epidemiological studies which determine who may
have been exposed to the variable radon concentration in
their previous homes.
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Ammnpe3a ASAIBAP, Hapnym CAPIJAPU, Moxamangpeza KAPJIAH, Camanex BAPAJTAPAH

PETPOCIIEKTUBHO MEPEILE PATTOHA HA OCHOBY MMILTAHTOBAHOT 210p¢
HA CTAKIEHUM OBJEKTUMA IMPUMEHOM IOJIUKAPBOHATHUX JETEKTOPA

Y mwby peTpocHeKTHUBHOr ofpehuBama KOHIEHTpaNHdje pajoHa, W3BPIICHA Cy Mepema
MOBPIIMHCKY HAHETOT MojoHujyMa y 37 Kyha y rpagoBuma Pamr u Pamcap y Upany. CR-LR Merona
IIMPOKO je MpUMEHNBaHA 3a OBE MOTpede, anu je cajia Mo MpBHU MyT KOpuitheH AEeTEKTOP Of JIEKCaH
nonukapOoHaTa 3a Mepeme akTuBHOCTH 2'’Po HameTor Ha crakienu obGjekaT. OBH [ETEKTOPH Cy
MOCTaBJLEHU HA CTAKIIACTY MOBPIIMHY y iepuoay o 153 mo 365 nana. [TacuBHa nunmuHgpuvHa nudy3uoHa
KOMoOpa je kopulitheHa 3a Mepewa nocrojehe KonnenTpanuje pagona. [Iugy3noHa KoMopa ce cacToju Off
¢uaMoBa JIEKCaH TMONMKapOOHATa y VYIO3M YBPCTUX HYKJICApHUX Tpar AeTeKTopa u uiTepa.
IMospumucka KoruenTpanuja >"Po je mamepena y oncery 0.26 1o 11.96 mBqem ™ ca cpeiiom BpegaOnIThy
on 2.62 mBqem 2. Ocermusoct 2!%Po y ognocy Ha nonukap6onat usnocuna je 0.06456 track cm™ no
mBqghcm=. Ha ocnoBy Tora je oapehena kKoHuenTpauuja pagona y oncery og 122 no 4840 Bqm™ ca
cpenmoM BpefHomrhy o 1243 Bgm™, a nocrojeha KOHIEHTpanuja pajioHa y OKOJHOM IIPOCTOPY
u3HOCWIa je of 15 o 2420 Bgm™, ca cpenmom Bpeanomhy op 513 Bqm™. Pesynratu ykasyjy Ha
NOCTOjalbe 3HayajHe Kopenanuje m3Mmeby peTpocnekTHBHO ojfpebeHe KOHIEHTpaluje pajjoHa H
ersucrupajyhe KoHIEHTpalyje raca pajoHa y nzabpanuM npocropuma ca koedumujearoM of 0.80672.

Kwyune peuu: citiakaacitiu objexaitl, peitipocileKiniueHo mepetbe, 21 OPo, foaukapboHailiHu OeitleKiiop,
PAaooH




