
































intervals over approximately a 24-hours period.
On the same locations, the gamma dose rate
(uSvh-1) was measured at the height of 1m above
the ground using a Gamma Detector (RADOS
RDS 110). The values of gamma dose rate are
registered in 5-min intervals. The average value
of 12—15 records is taken as a final result for one
location.

Measurements took place in 11 villages in
Bulgaria during the summer period (Fig. 1),
distributed as follows: mountains (4 locations),
spas (3 locations), plain (1 location), sea level (1
location) and former uranium mining sites (2
locations).
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Fig. 1 Location of measurement sites

Variability of outdoor radon concentrations
against background weather conditions is a
subject of attention and analysis. The focus is on
comparison between the radon levels recorded at
separate hours (day/night) in mountainous sites
(marked in orange on the map), spa sites (in light
green), uranium mining sites (yellow points),
sites by the seaside and in the plain (green and
violet points on the map).

3.RESULTS

The results of gamma dose rate D (uSvh-?)
measured in all 11 locations are presented in
Table 1. Table 2 shows results of arithmetic mean
(AM) of outdoor radon concentration (Bgm-3)
and standard deviation (SD), temperature (°C),
humidity (%) and atmospheric pressure (mbar)
measured in the same locations, where the codes
are as in Table 1.

The results of gamma dose rate ranged from
0.10 to 0.20 uSvh—t, measured in plain and spa
sites respectively.

The arithmetic mean of radon concentrations
varied from 22 to 180 Bgm-3. The obtained range
in this survey is wider than radon concentration
range 3.7 to 41.0 Bgm-3 reported for Slovenia (6),
Difference  between the outdoor 222Rn
concentrations measured in mountain (AM=34
6

Bgm-3), spa (AM=44 Bgm-3) and sites located in
the plain (22 Bgm?-3), is obvious. Radon variations
recorded in mountain and in the plain sites can
be related to their specific geological settings as
well high radon in spa indicating radon-rich
mineral water. Furthermore, the maximum
concentration of radon was measured in
settlements, located in vicinity of former uranium
mining sites (Eleshnica and Sliven). The evidence
confirms initial observation that uranium mining
activities increased background radiation. High
value of outdoor radon concentration is in
agreement to high previously measured values of
indoor radon concentration (AM 675 Bgm-3) in
Eleshnica (7).

Table 1. Gamma dose rate measurements in 11 locations

. . D
Code Village Sites Dates [uSvh]
BN Banja spa 06.08.13 0.17
NR Narechen |spa 18.07.12 0.20
VL Velingrad | spa 10.09.13 0.14

CM Cherno- sea level 04.07.13 0.11
morec
DT Dospat mountain | 01.08.12 0.17
Sl Simitli mountain |10.05.13 0.12
ML Melnik mountain | 05.06.13 0.14
SM Smolian mountain | 08.07.13 0.11
YB Yambol plain 30.09.13 0.10
SL Sliven uranium 08.05.12 0.12

EL Eleshnica | uranium 25.07.12 0.18

Table 2. Measurements of outdoor radon concentration,
temperature, humidity, pressure in the same locations

Pressu
AM Tempera | Humidi re

Code | [Bgm=3] | SD | ture[°C] ty [%] | [mbar]
BN 49 3 23 72 927
NR 42 3 21 35 953
VL 42 3 17 99 930
CM 33 2 23 75 1014
DT 27 2 20 67 876
Sl 35 2 22 72 977
ML 36 2 15 67 972
SM 38 2 18 78 899
YB 22 1 11 69 1004
SL 77 5 23 52 974
EL 180 9 19 46 921

The results of outdoor radon measurements
during the “day” (defined as 7 am - 8 pm) and
during the “night” (8 pm - 7 am) together with
the respective temperatures are presented in
Table 3. The ratio K=Rn(night)/Rn(day) is
calculated and also shown in Table 3.

Inversion of the outdoor radon concentration
due to temperature in the morning is already
noticed (8, 9). The morning peak of radon




concentration corresponds to the higher values,
which were recorded in the “night” results. This
peculiarity is linked to the initial hour of “daily”
measurements (7 am). The morning peak is
noticed during the earlier hours.

Table 3. Measurements of day and night temperature, radon
concentration and calculated ratio K

Rn Rn
Bgm-3 t° Bgm-3 t°

Code Day Day Night | Night K

BN 25 27 68 19 2.72
NR 35 24 47 18 1.34
VL 33 19 50 14 1.52
CM 22 25 47 20 2.14
DT 24 23 33 17 1.38
S| 26 29 42 15 1.62
ML 30 16 42 13 1.40
SM 32 20 46 16 1.44
YB 21 11 21 11 1.00
SL 57 29 89 16 1.56
EL 134 22 201 16 1.50

Outdoor radon levels increase during the
“night” by a factor of 1.5 (in 9 locations), factor 2
(at the sea level) and factor 1 (in the plain). Daily
outdoor radon concentrations show less
variability in the plain in comparison to sites in
mountains or by sea. The minimum and
maximum values encountered in the variation
differ by a factor less than a factor of about 3
found in Thrace, in the city of Xanthi in North-
eastern Greece (8).

Scatter plots of outdoor radon concentration
versus gamma dose rate, temperature and
humidity in natural logarithmic form are
presented in Figs. 2-4.
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Fig. 2. Outdoor radon concentration versus gamma dose rate

From Fig. 2 we can se that a higher level of
radon concentration does not coincide with
higher a gamma dose rate in all cases. The radon
concentration values increase with increasing
temperature and decreasing humidity (Figs. 3
and 4). A similar trend is observed in the survey
in North-eastern Greece (8).
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Fig. 4. Outdoor Rn concentration and humidity

Linear regression analyses of this data set
were performed at 95% significance level. The
results show no significant correlation between
outdoor radon concentration and gamma dose
rate (p=0.203). Correlations between outdoor
radon concentration and temperature (p=0.106)
as well humidity (p=0.568) were not significant
from the statistical point of view.

4.CONCLUSION

The paper provides an overview of results of
short-term  averages of outdoor radon
concentration in relation to temperature,
humidity and pressure in air, as well as gamma
dose rate, measured in various settlements in
Bulgaria. A correlation of outdoor radon
concentration to meteorological parameters was
not confirmed statistically. In order to get
accurate average values for several regions in
Bulgaria, measurements with passive detectors
will be carried out continuously during the year.
The measurements will provide an insight into
local and general factors, affecting the changes in
outdoor radon concentrations, in respect to the
planned indoor measurement.
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stopped, and the first open pit has been established.
The operation has been closed in 2006, due to
economic reasons. Large surfaces of bulk rocks,
tailings, and waste rocks have been exposed to
oxidation. The acid mine drainage is very active, and
very low pH waters are released from the network of
galleries and from the waste dumps. The pH of water
goes below 3 in number of spots, favoring the acid
attack of rocks and the release of heavy metals and
other chemicals. Under these circumstances, the
radioactive materials contained in rocks are also
released.

2. Materials and Methods

2.2. Sampling and measurement procedure
2.2.1. Radon and radium

A sampling network consisting of 10 points has
been established. Five of them correspond to springs
and the other five correspond to mine water coming
from galleries, tailings and waste dumps. Some of the
investigated springs are providing drinking water and
water for domestic uses to the population living in the
area. Sample 1 represents a well with drinking water
which the locals use also for livestock and irrigation.
The sample 2 is mine water which flows from a waste
dumps. Sample nr. 3 also represent a fountain with
drinking water. Sample 4 and 5 are mine water
coming from galleries and tailings dam called Saliste.
Sample no. 7 under crosses the tailing pond and
percolates rainwater. Sample nr. 8 and 9 come from
galleries which traverse a rocky zone discovered from
the mining activities, resulting in their longer transit
time. Sample nr. 10 is a captured spring which the
locals use for drinking water. These spring traverse
some geological layers, hence the interest in
collecting.

For radon and radium the samples were
selected so that the water crosses geological substrates
with a potential risk of radioactivity because their
residence time. Water samples were initially collected
in polyethylene bottles with a capacity of 330 ml.
Studies performed in our laboratory indicated that
radon loss because of diffusion through the
polyethylene bottles is low (Wojcik M, 1991). Radon
and radium analyses were conducted using a LUK-VR
system equipped with Lucas cells and a special device
for dissolved gas extraction (Plch, 2002).

The radon concentration was measured as
soon as the sample was brought to the laboratory. The
radium content was derived from the radon
concentration measured after conserving the sample
for 30 days, when radium can be considered in secular
equilibrium with radon.

2.2.2. Electrical conductivity, pH.
The electrical conductivity and pH were

measured in the field by using a portable multi-
parameter WTW 350i.
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Figure 1. Study area- Rosia Montana (Alba county,
Romania) and the sampling location

3. Results and Discussion

The results presented and discussed in this
paper includes ten water samples, five drinking water
samples collected from springs and five water samples
were taken from mine waters(Table 1).

The water flow within the extensive network of
galleries is facilitating its long-term contact with the
exposed rock.

Sample Type of water Coordinates
source
S1 Spring N 46°18'41"
E 23°07'20"
S2 Mine water N 46°17'31"
E 23°07'22"
S3 Spring N 46°17'23"
E 23°07'19"
S4 Mine water N 46°18'16"
E 23°06'09"
S5 Mine water N 46°17'25"
E 23°03'57"
S6 Spring N 46°17'25"
E 23°03'55"
S7 Spring N 46°18'36"
E 23°08'25"
S8 Mine water N 46°18'02"
E 23°07'19"
S9 Mine water N 46°18'01"
E 23°07'21"
S10 Spring N 46°18'27"
E 23°04'50"

Table 1. Location and types of sampled water

The radon and radium concentration was
measured in water samples over a period of four
months to identify periodic variation.

The radon and radium results of the 10 water
samples collected from different types of waters show
relatively low to medium concentration levels. The
overall results per types of waters (spring and mine
water) measured in this survey are presented in Table
1. All waters from springs are drinking water.




Ra ( mBg/l) Rn (Bg/l)
Sa
mpl Nov Dec Jan Feb Nov Dec Jan Feb
r r
e
2013 2013 2013 | 2013 | 2014
2014 | 2014 2014

S1 | 1775 187 198. | 167. 8.3 7.5 72 9.3

S2 101.3 111 104. 107. 5.7 5.4 5.2 6.7

S3 152 1425 | 144. 134 7 6.3 6.1 7.5

S4 76 85 89 67 3.2 3.3 3.2 3.8

S5 152 166 187 164 7.6 7.2 7 7.8

S6 76 79 98 81 6.3 6 5.9 6.7

S7 | 1266 | 136.2 | 139. | 129. 8.6 8.4 7.8 9.6

S8 253 30.4 49 29.4 3.1 0 0 3.8

S9 | 1266 | 1357 141 127. 7.3 7.3 7.2 7.6

S 2026 | 199.6 | 204 208. 9.3 8.7 7.8 9.1
10 4

Table 2. Ra and Rn concentration variations in time

Water Sample Spring Mine
Waters Waters
NO. 5 5
AM. £S.D. Rn 7315 56+1.2
(Bal?)
Ra 121.6 £10.1 | 131.3+11.2
(mBql-
D)
G.M. Rn 7.3+1.7 53+1.1
G.S.D. (Bq Y
Ra 113.3+9.6 113.4+9.8
(mBql-
D)
Range Rn 59-9.6 3.5-7.9
(Bal?)
Ra 67-208.4 25.3-198.2
(mBql-
D)

Table 3. Descriptive statistics of water
samples from Rosia Montana area

The highest value of radon concentration was
found for a sample collected from spring (S7), the
value measured here was 9.6 Bq I! presented in Table
2. This location is a special one, because the water
that is collected, washes geological layers and has a
more complex route. This way the water takes some
highest  concentrations. In  springs, radon
concentrations ranged between 5.9 Bq |1 and 9.6 Bq I
1 with an average of 7.3 Bq I"l. The maximum radium

concentration was 208.4 mBq I, in spring S10. In
spring water radium concentration ranged between 67
mBq I and 208.4 mBqgl! with an average of 121.6
mBq I

In mine water radon concentration ranged between
3.5 and 7.9 Bql! with an average of 5.6 Bq I'! and the
radium concentration ranged between 25.3 - 198.2
mBq It with an average of 131.3 + 11.2Bq I! traced in
Table 3.

The pH values are constant points from one
month to another. For example drinking water, our
case springs, the values are between 6.5-9.5 units pH
according to” Law nr. 458(r1) from 08/07/2002”. The
anomaly shown in the case S3 at pH, which is spring
is due to some abiding seepages and accentuated by
the snow melting and as well by the adjoining slope
flows which is taking over some of compounds which
will end dissolved in water. This point of sampling is
downstream of the waste dumps therefore, we can
specify that this process appears with priority during
the wet seasons.

There is a less correlation between pH and
concentrations of Rn and Ra. This non correlation can
be explained the sources of certain springs opposite
from each other, or different geological layers.
Precipitation can also influence these negative values
that do not correlate with other parameters (Figure
2).
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Figure 2 a). Correlation between pH and
concentrations of Rn b). Correlation between pH
and concentrations of Ra

It is good correlation between Ra and Rn (Figure 3).
This suggests that in all water the radon concentration
is influence by the concentration of radium this
confirm

radium is main source of radon.
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Figure 3 Correlations between Ra and
Rn

The presence of chemical components and the heavy
metals suggests an acidic environment which causes
the acid character of the water. The interest points
were chosen in such way so that a large polluted zone
could be comprised as well with other points, areas
less polluted or not polluted at all. Another reason for
choosing the study area consist in the geology of
region and the mining method used in the last 2000
years. The study shows the impact of natural
radioactivity amplified through a massive volume of
bedrocks revealed.

CONCLUSIONS

According to all the results shown in the labels and
their interpretation, as well combined with the
graphics, we may point out that Rosia Montana has a
low risk of major irradiation. The geological perimeter
of the studying area has a minor contribution in
exposing people at risks and no implied of course in
any irradiation of domestic animals, herds, cattles. pH
values were normal for the majority points with no
variations from a month to another. Except to point
S2 and S5 where we can find a difference of 2 units
from normal of average. Radium and radon values are
in normal limits accepted by the national and
international normative. The spring waters in that
area can be used as drinking water for humans and
livestock also. Instead the mine waters are really
polluted, loaded with salts dissolved with an acid pH.
These should be avoided in any use. The variations for
the 4 months are not significant the variation is about
10% in between these months in the same samples.

Acknowledgements: SUSMIN
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thus,

Crn i (3)
SRn Lt

and

(o . T, TLSRLU 4)
STn Ut SRn L

Were S is the sensitivity of measurements, and t is
the time of exposure.
The sensitivities have been measured by 2.06 and

0.053 [tracks cm-2 (kBgm- day)l] values for radon
and thoron respectively inside of chamber.
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Fig. 1.
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Fig. 2. Schematic of Flow-Through calibration
method

The detection range has been measured 19.2 to
17500 KBg.m-3.h by value for radon, and that of 285 to
288517 KBq.m-3.h for thoron.

The flow-through calibration method has been used to
determine the response of the chamber 1. The basis
for the calibration method is the same for radon except
that of the volume of the calibration chamber which
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would be 50 | for radon and 4 | for thoron (because of
its short half life). This method schematically is shown
in Fig. 2. The flow-through source of radon (or thoron)
(Pylon source of Rn-1025 or Th-1025) is connected to
the calibration chamber. The radon (or thoron)
concentrations inside of the calibration chamber are
measured by the Scintillation Lucas Cell (SLC) of a pre-
calibrated Pylon AB-5 monitor which is connected to
the calibration chamber in a closed loop configuration,
at 25.C and 30% humidity. So the concentration of
radon (or thoron) inside of the calibration chamber can
be set to provide different exposure conditions by
adjusting the source activities, flow rates, and times.
The effect of the accumulated concentration of long-
lived progeny, 212Pb, in SLCs has been corrected in
thoron calibration process [19l. Then all the detectors
can be placed inside of the calibration chambers for the
calibration purposes.

The numbers of diffusion chamber samples were
sent to the NIRS Institute in Japan, and then measured
in the Laboratory in Iran after exposing at different
radon/thoron concentrations by the Institute.

The uncertainty of the measurements has been
calculated as:

U \ BMCZ % E)iﬁusion Chamber (5)

where BMC is the best measurement capability of the
Lab. (which is 5% with 68% confidence level) 19, n is
the number of samples (see Table 1), and is the
standard deviation of measured concentration by the
diffusion chamber at the related radon/thoron
concentration.

3. RESULTS AND DISCUSSION

The 4% international intercomparison for
integrating radon detectors was conducted at NIRS
(National Institute of Radiological Science, Japan) with
a 24.4 m3 inner volume walk-in radon chamber that
has systems to control radon concentration,
temperature and humidity. Also, the 3 thoron
concentration was provided at NIRS thoron chamber
with a 150 dm? inner volume [,

The intercomparison was carried out with two
rounds: 3 exposure conditions for radon (low, medium
and high) and 6 exposure conditions for thoron (low 1
& 2, medium 1 & 2 and high 1 & 2) due to number of
detectors. The NIRS radon chamber usually operates at
one of three possible levels of exposure: low, medium
and high levels ~100 kBgq h m-3, ~500 kBg h m-2 and
~1000 kBg h m-2 concentrations respectively.

Table 1: The differences between chamber responses
and the reference values in the intercomparison
exercise (i. e. PD values in Fig.3), (The uncertainty values
have been presented with 68% confidence level).

Uncertainty
Reference Number PD value of
Isotope Concentration of for Measurements
p Level Samples Lab. Code 24 in
(kBg.m-3.h) P (Iran) Lab. Code 24
(Iran)
102 (low) 10 +1% 7.0%
Radon | 441(medium) 10 -5% 8.5%
875.3 (high) 10 -3% 9.0%
525(medium) 4 -27% 13.0%
Thoron 3
996(high) 5 -13% 13.0%
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