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Abstract. Terrestrial gamma dose rates have been measured using
thermoluminescence method in Alba county. More than 150 dosimeters were placed
in 52 locations. The obtained values ranged from 41 ± 2 to 91 ± 4 nGy/h, being in
agreement with UNSCEAR Report. Radon concentrations for indoor air were
performed in 12 locations from Alba county using CR39 detectors accompanied by
radon groundwater measurements, being in accordance with WHO and EURATOM
Treaty. Annual effective doses due to radon exposure were also calculated. Alongside
with previous results, this work represents an important stage in the development of
the high resolution environmental radioactivity map for Transylvania region.
Key words: thermoluminescence, gamma dose, radon, map.

1. INTRODUCTION

There are many areas on the Earth which exhibit elevated natural gamma
dose rates caused by the geological setting or geochemical structure of different
rocks. Also, the concentrations of natural radionuclides in the environment can be
changed deliberately or accidentally by humans, and thus the situation should be
managed in an active manner [1, 2]. As a consequence of these variations of
gamma dose around the world, it is mandatory to have accurate estimations of
gamma dose rates and carrying such systematic surveys is an obligation of our
country as an European Union member state according to EC Treaty, Article 174.
Previous studies [3, 4, 5, 6] have demonstrated that thermoluminescence
method along with a dosimetric system consisting of a Harshaw 3500 Reader and
LiF:Mg.Cu,P detectors is capable of measuring doses of a magnitude from a few
µGy to tens Gy.
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Rn is a natural occuring radionuclide in a gaseous phase (formed from
Ra, which is a decay product of 238U) with a half life of 3.8 days (a sufficient
period for an independent migration in the environment). This radionuclide tends to
concentrate in enclosed spaces like underground mines or houses. In spaces such as
homes, basements and office buildings, higher levels of radon were observed and is
considered an important contribuitor in the long-term dose exposure [6, 7]. Many
European countries have undertaken different studies in order to esimate the risk of
lung cancer associated with residential radon exposure [9]. In Romania similar
studies have been conducted especially in radon prone areas such as Băiţa-Ştei
(Bihor county) for indoor radon concentration [8]. More earlier results concerning
radon concentration in air, water and soil have been reported [10, 11].
This paper aims to present the results obtained for Alba county with respect
to gamma dose rates using thermoluminescence detectors. An additional purpose
was to estimate the annual effective doses due to radon exposure. Since Romanian
National Commission for Nuclear Activities Control in accordance with European
requirements has limited public dose at 1 mSv/year above natural background,
more specific studies are required [12]. Consequently, the present study brings an
important contribution to the natural radioactivity database in Transylvania region.
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2. MATERIALS AND METHODS
GAMMA DOSE RATES MEASUREMENTS

In order to obtain the gamma dose rates, LiF:Mg,Cu,P detectors have been
used. This material is extremely sensitive at very low doses but also at high doses
(1 µGy–10 Gy) [13, 14]. A number of 156 detectors (based on LiF doped with Mg,
Cu and P, coded MCP-7, produced by TLD Poland) were used in the form of
pellets of 4.5 mm diameter and 0.9 mm thickness. They were placed in 52 different
locations from Alba County between March and July 2014, covering about
5200 km2. Alba county relief is characterised by the presence of high hills and
mountains.
In order to eliminate any residual signal from the memory of the detector,
before placing the dosimeters into the environment, a standard annealing procedure
was performed consisting of a heating of 10 minutes at 240°C. Each set, containing
3 pellets was placed at a distance of 1 meter above ground, as standard procedures
require [15]. The time of exposure ranged from 21 to 125 days. A Harshaw 3500
TLD Reader was used for reading the detectors. For the calibration procedure,
reference is made to a previous study of the authors [4].
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RADON MEASUREMENTS IN AIR AND WATER

In the case of radon concentration measurements, CR-39 track etched
detectors were used. They were placed in 12 locations (about 60 dwellings) for at
least three months between March and July 2014. Subsequently to the exposure,
alpha tracks have been counted and converted into indoor radon concentration
using a Radosys system [16]. The results are shown in Table 2.
In the case of water measurements, the samples were taken from wells in
bottles of 0.5 l and totally filled. 222Rn concentration was measured using the LUKVR system consisting of a LUK-3A device and a VR-scrubber [17, 18]. The radon
concentration dissolved in the water sample (0.3 l) is mixed with the air that is on the
top of the water level within the scrubber volume. Further, air is transferred from the
scrubber in order to be measured for radon using a Lucas cell method. A more
detailed description of this method is extensively discussed by Cosma et al. [18].

3. RESULTS AND DISCUSSIONS

The results obtained for the 52 considered locations are given in Table 1.
The mean gamma dose rate was found to be 62 nGy/h which is a normal value
according to UNSCEAR 2008 (column no. 8 from Table 6, Annex B) [19]. Also, it
can be noted that the dose rates were in the normal range of variation given by the
report (total outdoor range gamma dose rate 52–163 nGy/h).

Fig. 1 – The high resolution map of gamma dose rates [nGy/h] for Alba County, Romania
(the codes within every cell are given in Table 1).
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Table 1
Gamma dose rates and external annual effective gamma doses

Location

Days
of
Codes
exp.

Gamma
dose
rate
(nGy/h)

Ext. ann.
eff.
gamma
dose
(mSv)

Location

Days
Codes of
exp.

Gamma
dose
rate
(nGy/h)

Ext. ann.
eff.
gamma
dose
(mSv)

The higher dose rate (91 ± 4 nGy/h) was observed in Petreşti village.
Surprising, this mean that value for Alba county is smaller as initialy expected for
this region from Transylvania, being significant smaller as average in Cluj and
Bihor counties [20].
A high-resolution map of Alba County, Romania for gamma dose rates was
plotted on the reference grid 10 × 10 km developed by Joint Research Centre of the
European Commission [10] (Fig. 1). Radon measurements in water are presented in
Table 2.
According to EURATOM Treaty 59/2013, all European countries must
develop action plans regarding radon exposure until 2018. Many European
countries have already established remedial action levels for indoor radon. The
recommended level given by WHO (World Health Organization) in the case of
indoor air should not exceed 100 Bq/m3. However, a limit of 300 Bq/m3 is given.
As can be observed from Table 2, the higher value has been measured in Căpâlna
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village (476 Bq/m3) that is above the remedial action level mentioned before. This
can be explained by a poor ventilation, taking into account that during the
monitoring period the investigated room was not used. For water samples, all
measurements were under the limit (1000 Bq/l) given by [21]. It can be noted that
the arithmetic mean obtained (93 Bq/m3) is less than the one obtained by [10] by
considering 158 dwellings from Alba County. This is due to the limited number of
chosen houses in this study. To remark that a very recent study find a mean value
of 115 Bq/m3 (412 dwelings) and an average water value of 9.7 Bq/l (112
measurements) [22].
Table 2
Radon concentrations for indoor air and water samples in Alba County
Codes of
locations
1
3
4
5
6
7
8
9
10
13
40
44
Total

Indoor radon conc. (Bq/m3)
A.M.*
S.D.*
Max.
94.3
22.4
118
44.7
22.1
70
40
–
40
255
153.8
476
95.5
79.7
208
65.3
41.2
113
91.5
47
133
89.7
43.4
127
83.8
18.5
107
90.7
42.4
162
36.3
20.6
58
50.7
47.3
104
93
78
476

Radon conc. in water (Bq/l)
A.M.
S.D.
Max.
3.9
3.2
7.6
13.7
9.6
24.4
10.3
0.6
10.8
–
–
10.5
7.8
4.1
11.6
3.1
1.3
4.4
6.7
0.5
7.1
7.2
4.5
10.2
–
–
2.6
3.4
13
4.3
–
–
3.4
–
–
2
6.8
0.9
24.4

*

A.M. – Arithmetic mean, S.D. – Standard deviation.

We have also carried out estimations of the annual effective doses for
ingestion and inhalation of radon using the conversion factors given by UNSCEAR
2006 Report [23] in order to assess the effective exposure of humans to radon (See
Table 3):
Dinh= CRn (εr+εdf) O,

(1)

where Dinh is annual effective dose for inhalation; CRn represent the mean annual
radon activity concentration (Bq/m3); εr and εd are dose conversion factors for
radon gas and its short-lived progeny respectively, εr = 0.17(nSv/h)/(Bq/m3) and
εd = 9(nSv/h)/(Bq/m3); f is the equilibrium factor between radon and its short-lived
progeny, f = 0.4 for indoor environment and O is the occupational factor,
O = 7000 h/y.
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(2)

where Ding in annual effective dose for ingestion; CRn is the mean annual radon
activity concentration (Bq/l); FRn is the committed effective dose per unit intake of
radon in water for adults (10-8 Sv/Bq) and Cw is the water consumption rate (L/y)
Cw = 1 l/day [23].
Table 3
Annual effective doses due to radon inhalation and ingestion
Codes of
location
1
3
4
5
6
7
8
9
10
13
40
44
Total

Ann. eff. dose
(inhalation)
(mSv)
2.49
1.18
1.06
6.73
2.52
1.72
2.41
2.37
2.21
2.39
0.96
1.34
2.28

Ann. eff. dose
(ingestion)
(mSv)
0.01
0.05
0.04
0.04
0.03
0.01
0.02
0.03
0.01
0.01
0.01
0.01
0.02

Taking into account the reference level within the range of 3 mSv/year to
10 mSv/year proposed by ICRP 1993 [24] it can be observed from Table 3 that our
results concerning the annual effective doses due to radon inhalation are normal
and varies from 0.96 mSv/year to 6.73 mSv/year with a standard deviation of
1.52 mSv. In a previous study regarding radon measurements were reported doses
due to radon inhalation ranging from 0.07 to 1.2 mSv which are lower than the
results presented within this work [25]. Also, regarding annual effective doses due
to radon ingestion, the results obtained ranged between 0.01 and 0.05 mSv/year
(having a standard deviation of 0.01 mSv) being in perfect accordance with WHO
[21] which gives a dose limit of 0.1 mSv/year.

4. CONCLUSIONS

Thermoluminescence detectors based on LiF:Mg, Cu, P were used for the
assessment of gamma dose rates in Alba County, Romania. A high resolution map
for this area concerning the gamma dose rates is presented.
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Radon concentrations measurements were made within 60 dwellings from
Alba County. Our results show that for people living in the investigated areas,
radon concentrations from indoor air as well as for water are normal, being in
accordance with WHO and EURATOM Treaty. Estimations of annual effective
dose due to radon inhalation/ingestion were also performed. The results were in the
normal range of variation according to ICRP 1993 Report and WHO.
Alongside with the measurements performed in a previously study from Cluj
county, the present work represents a new stage in the development of the high
resolution map of Transylvania region.
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