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Abstract

In this paper, we are treating the results of radon concentration
in soil gas, which are obtained by a detailed study carried out
during 2000-2005 years in the urban area of Tirana, Capital
City of Albania. The field measurements were done by using
Luk-4 equipment (Lucas method) and based on technique [12,
18-20, 21-24]. Based on the analysis of the data taken by this
research, was concluded that the level of the radon concentra-
tion in soil gas of Tirana urban area depends on the soil type.
The highest level of radon gas (130.0 kBqm™) was observed in
inorganic clays and very fine sands with beige-red color (soils
type 1), which is extended on the second terrace of Tirana
River. This paper gives conclusions of soil gas radon concen-
tration, where its value ranges from 0.9-1.54 kBqm™ up to
92.03-130.0 kBgm. The results indicate that more than 50%
of Tirana urban area is made of soils, which are characterized
by high soil radon gas concentration, which constitutes a real
risk for the Tirana s residents.
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1 Introduction

Several publications [2-5, 8, 10-11, 27, 29-31], point out that
radon gas is a real risk for human health. The presence of radon
gas in soil mainly originates from the geology, and chemical
composition of soils and rocks [1, 23]. The radon level in soil
and rocks range in different values. It exceeds 500 kBqm™ in
regions that are built of Paleozoic granites rocks [9], in terra
rossa it ranges from 100 kBq m™ to 370 kBq m™ [30], and in
carstic environment it ranges from 25 to 420kBq m™ [31] and
100-160kBqm [7].

The evaluation of radon level in soils and rocks is very
important according to urban planning and development,
because it is directly related to human life. Hence, for the miti-
gation and prevention of the dangers posed by exposure of the
radon gas, it is necessary to know its geographical distribution
and concentration level in soils and rocks foundation along
dwelling areas. A detailed study of the radon concentrations
of foundation soils was carried out in urban areas of Tirana
during the years 2002-2005. This study revealed that 54.0%,
14.0% and 32.0 % of the Tirana urban area is respectively
characterized by the high, medium and low level of radon gas
concentration in the foundation soils. It means that half of the
Tirana urban area is built on foundation soils, which poses a
high environmental risk.

2 Methodology

Due to the urban planning and development of the Tirana
Capital City, local and international planning companies and
designers have required an engineering geological map in scale
1:10000 [13-14] as well as a detailed assessment of the radon
concentration in foundation soils [6]. During the years of 2000-
2003, in the Tirana urban area (51km?), many geo-technicians’
works have been done. Initially, it was worked on data col-
lecting of the previous studies carried out in the urban area.
Subsequently, was worked on the oriented profile on scale 1:10
000, to obtain the geotechnical data of the soils and rocks. They
include 180 boreholes (15.0m to 30.0m deep), 145 Pits (4.0m
to 6.0m deep), 175 soils and rocks samples analyzed in labora-
tory for determination of mechanical and physical properties,
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as well as geophysical investigations-vertical electrical sound-
ings-VES. These works enabled the compilation of engineer-
ing geological map on scale 1:10000, of Tirana City, which
provides data according to terrain morphology, soils and rocks
geotechnical properties, hydrogeological conditions and mass
movements characteristic etc. Also, in addition to geotechnical
works during the years of 2000-2005, have been worked for the
evaluation of the radon concentration in the foundation soils [6].

2.1 Measurements of radon concentration in soil gas

The measurements were done on flat (31 km?) and hill
(9.0 km?) morphological units of the urban area. Every km?
was divided into 4 square (0.5 x 0.5 km), and in each of them
was chosen a testing site (preferably in its centre) with 250
m? Fifteen measurements of **Rn are performed according
to a quadratic grid in these testing sites. Additionally, 3 mea-
surements were permeability performed in these testing sites.
Based in this methodology, 2400 measurements of Rn have
been carried out in 127 and 33 squares, respectively in flat and
hill morphologic unit of the Tirana urban area. There are used
Luk-4 equipment (Lucas method) and based on measurements
technique [7, 18-20, 22-23]. The soil gas sample were usually
collected using a small diameter hollow steel probe with a free,
sharpened lower end (a lost tip) combined with a large vol-
ume syringe. The soil gas samples were usually collected for
radon concentration measurements at depth of 0.8 m below
the ground surface. Measurements were performed 6 minutes
after the entering of the gas in Lucas cells with the volume of
125 em?, time required, the level of 2?Rn is practically equal
to zero. This interval of time is necessary in order the **’Rn to
decay totally (half time decay of 55.0 sec) [12]. Each km? was
divided into 4 square (0.5 x 0.5 km), and in each of them was
chosen a testing site (preferably in centre) with 250 m? In this
testing site was performed 15 measurements of ?2Rn on a qua-
dratic grid (5.0x5.0m) and 3 measurements of the permeability.
Finally, were determined the ?*’Rn and permeability results,
which represent the mean values.

3 Results

It should be emphased that the data obtained from engineer-
ing-geological mapping on scale 1:10000, were very useful for
specialists that have measured the radon concentration in soils,
because there is a good relation between the soils types and
radon concentration level in the studied area [17]. Therefore, in
this approach we are analyzing the radon concentration level in
the foundation soils of the Tirana urban area, and the geological
factors that are prone of radon, as well. In this paper, we are
analyzing the evaluation of ??Rn concentration in the flat mor-
phological unit of the Tirana urban area, because it constitutes
the main part of it, in the present and the future.

3.1 Characteristics of Foundation Soils

Based on the analysis results of chemical composition and
physical and mechanical properties of cohesive soil samples
performed in Tirana urban area, it was concluded that geotech-
nical properties and major chemical elements have a range of
variation in composition from one to another morphological site
[16]. So, the soils we are describing in accordance with the mor-
phological units, where they belong. From the geomorphologi-
cal point of view, the studied area, where the measurements of
222Rn are carried out is included in flat morphological unit [15].
It is composed of alluvial deposits that are situated on molasses
rocks of Tirana syncline. The alluvial deposits build the first and
second terrace of Tirana River and Lana River terrace (Fig. 1, 2).

The first terrace of Tirana River: It is extended on the north-
ern part of Tirana urban area on both side of the Tirana River
(Fig. 1). This terrace is built by (Fig. 2):

Soil type 1: It consists of sandy clays-CL [26] (1.8-3.7m
thick) with low plasticity with brown color, which lie in the
upper part of lithological profile. It is situated over gravel soils.
Among these soils were found also soils type consisting of
inorganic clays and very fine sands with beige-red color, which
are prone to the high radon gas value.

Soil type 2: It is composed by the gravel-sand-clays mix-
tures-GC type [26], saturated, grey color, which is in medium
to dense state, 3.0-5.0m thick. It lies over molasses rocks.

The second terrace of Tirana River: It is located in central
part of Tirana urban area, extending from east to west (Fig. 1).
It represents a flat area with inclination angle 2-3° toward west.
Due to the high value of the radon gas contents in this terrace,
we are treating it in detail. Starting from the top to down of soil
profile the soils types are as follows (Fig. 2):

Soil type 1: It is composed of inorganic clays and silts with
intercalation of thin sands layers and low plasticity-CL type
[26], which has the medium to stiff consistency, beige-red
color. These soils are situated in upper part of soil’s profile and
it is 1.8-3.5m thick. It should be noted that these soils are prone
of radon gas in high level.

Soil type 2: Consists of gravelly-sand-clay mixtures-GC
type [26], grey to beige color, in medium state. It has medium
water content. This layer is situated below layer nr.2 and has a
thickness of 4.5-6.0m.

Soil type 3: These soils are represented by the gravel-sand
mixtures-GP type [26], saturated, grey color, which is in very
dense state, 7.0-12.0m thick. It is situated in lower part of soil
profile over molasses rocks.

The terrace of Lana River: This terrace extends in southern
part of Tirana urban area, on both side of Lana River (Fig. 1),
forming a flat area, which dip to west with angle 3-5°. In all its
spreading, it is built mainly by (Fig. 2):

Soil type 1: These soils are represented by inorganic silts
and clays soils with sands-CL & ML type [26], grey color.
These soils are situated in the upper part of soil’s profile and
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1. The terrace of Lana River: inorganic silts and clays soils with very fine sands, 2. The first of terrace of Tirana River: sandy clays, 3. The second terrace of Tirana

River: inorganic clays and very fine sands, beige-red color, 3. The terrace of Lana River: inorganic silts and clays soils with grey colors. 4. The hill’s slope soils:
inorganic clays and silts with sands, 5. soft rocks-claystone, 6. soft rocks-sandstones, 7. landslide, 8. tectonic line, 9. Lake and river, 10. Tirana City, 11. road.

Fig. 1 It shows the Morphological and Lithological Map of Tirana urban area, scale 1:10000

Tirana River
sle |

leTerrace of Lana River —j¢———— Terrace II - Tirana River —————sfe———— Terrace I - Tirana River e

Lana River
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1. Inorganic clays and silts with sands, beige-red color-CL, 2. gravelly-sand-clay mixtures-GC, 3. gravel-sand mixtures-GP, 4. sandy clays-CL, 5. gravel-sand-
clays mixtures-GC, 6. inorganic silts and clays soils with very fine sands-CL & ML, 7. sandy clays-CL type, 8. inorganic clays and silts with sands-ML, 9. soft
rocks-claystone and sandstones

Fig. 2 It shows the lithological profile from north to south of Tirana urban area
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Table 1 Some radon’s values measured in soil gas of Tirana urban area

Tirana River Terrace-IT

Tirana River Terrace-I

Lana River Terrace

Code no Unit Code no Unit Code no Unit
(kBgm™) (kBgm™) (kBgm*)

11\42 59.0 1\3 0.9 S\18 0.9
11\43 71.8 2\5 0.9 5\20 0.9
11\44 70.9 3\10 8.7 6\23 15
12\45 36.6 3\11 12.14 6\24 12
12\46 43.4 3\12 13.56 14\56 0.9
12\48 37.8 413 2.15 15\57 48.7
16\64 92.03 4\14 1.54 15\58 0.9
17\66 36.2 415 37.5 15\60 0.9
17\67 39.4 416 3.48 20\79 41.2
18\69 22.37 6\21 1.0 20\80 56.8
18\70 78.24 6\22 12.78 21\83 11.07
18\71 60.4 7\26 73.4 21\84 40.7
18\72 130.0 727 47.65 25\99 0.9
19\73 59.1 7\28 105.9 25\100 1.7
19\74 56.6 8\29 65.55 27\108 74.6
24\95 94.7 8\30 2.29 28\109 1.04
25\97 329 8\31 95.7 28\110 0.9
25\98 30.7 8\32 77.1 28\111 0.9
26\101 40.8 933 103 28\112 49.4
26\103 74.5 9\34 72.2 34\133 75.8
26\104 434 935 36 35\137 72.1
27\105 97.4 936 1.62 35\138 33.2
27\106 83.35 10\37 27.9 35\139 84.9
27\107 48.4 10\38 13.24 35\140 18.14
27\108 74.6 10\39 15.6 36\141 36.9
33\131 76.1 11\41 1.51 36\142 1.0

they are 2.7-6.8m thick. Generally, these soils are interlayered
from sandy layers. In some sites, along these soils are found
the inorganic clays with beige to brown color, which are prone
of radon gas in high value and has a thickness range from 2.5-
5.5m. These soils lie over sandy clays.

Soil type 2: It is composed by sandy clays-CL type [26],
grey-beige color.

Soil type 3: Consists of gravel-sand-clays mixtures-GC type
[26], saturated, which is in medium to dense state, 10.0-35.0m
thick. It lies over molasses rocks.

3.2 Radon concentration in soil gas

The studied area represents the main part of Tirana urban
area. From the measurements of the radon levels in soil gas, it
was observed that it differs from one terrace’s soils to another.
So, as it is indicated in Table 1 and Fig. 3, the soils that build
the second terrace of Tirana River are characterized by high
radon concentration compared with the first of terrace of Tirana

River and the terrace of Lana River. The radon concentration in
the foundation soils gas of the second terrace of Tirana River
range from 28.0-33.6 kBqm= up to 994.7-130.0 kBqm.

In the foundation soil gas of the first terrace of Tirana
River, was found a variation from 0.9-9.0 kBqm™ to 79.32-
105.9 kBgm?>. Whereas, in the terrace of Lana River the
radon concentration in foundation soil gas, ranges from 0.90-
12.0 kBgm™ to 48.7-84.9 kBqm™. By successful completion of
this study, we draw very important results, which are:

I.) About 94.0% of the foundation soils of the second terrace
of Tirana River are characterized by the high value (>30
kBqm™) of the radon concentration in soil gas and 6.0%
medium value (10-30 kBqm). It means that these soils
are categorized in high risk area (94.0%) and medium risk
area (6.0%) of radon infiltration from the ground [21].

I1.) Almost 30.0% of the foundation soils of the first terrace
of Tirana River are defined as soils with high value (>30
kBqm™) of the radon concentration in soil gas, 20.0%
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Fig. 3 It shows the geographical distribution map of the *?Rn level in soils of Tirana, urban area

medium value (10-30 kBgm™) and 50.0% low value
(<10 kBgm). After [21], these soils are included in areas
with high risk (30.0%), medium risk (20.0%) and medium
risk (50.0%) of radon infiltration from the ground.

III.) About 43.0% of the foundation soils of the terrace
of Lana River are distinguished as soils with high value
(>30 Bqm™) of the radon concentration in soil gas, 13.0%
medium value (10-30 kBqm) and 44.0% low value (<10k
kBqm™). This means that the soils of this morphological
unit are included in the category with high risk (43.0%),
medium risk (13.0%) and medium risk (44.0%) of radon
infiltration from the ground [21].

IV.))  Furthermore, about 54.0% of the foundation soils of
the Tirana urban area are determined with high value
(>30 Bqm™) of the radon concentration in soil gas, 14.0%
medium value (10-30 kBgqm?) and 32.0 % low value
(<10k kBgm). This means that the soils of the foundation
soils of the Tirana urban area are included in the category
with high risk (54.0%), medium risk (14.0%) and low risk
(32.0%) of radon infiltration from the ground [21].

Finally, from this research was concluded that the level
of the radon concentration in soil gas of Tirana urban area
depends on the soils type. So, the highest level of Radon gas
(130.0 kBgm™) was observed in the inorganic clays and silts
with intercalation of thin sands layers with beige-red color

(soils type 1), which is extended on second terrace of Tirana
River (Fig. 1, 2, 3). These soils are situated in upper part of
soil’s profile and they are 1.8-3.5m thick. In some places, this
soil type was found in two other terraces in form of layers,
which are originated from the second terrace of Tirana River as
the result of erosion activities (Fig. 1, 3).

3.3 Permeability measurements

The measurements of permeability were performed by
using of the Equipment for in-situ permeability measurements
Radon-Jok. It should be noted that the measurements were car-
ried out in a dry season (spring-summer-autumn) from May to
October. It was concluded that the soil permeability (k) of the
studied area range from10"'m?up to 10*m?

3.4 Data processing and statistical analyses

The ?*’Rn contents in soil samples were entered in a data
matrix. Statistical methods have been applied to interpret data
sets and to define the anomalies. As a first step, the frequency
distribution of the data was examined through the frequency
plots and EWMA control charts [24] of each element that can
help to identify the type of distribution of the data and the out-
lier sites. To detect the relationships between the elements con-
tents in moss and to determine the potentially influencing envi-
ronmental factors partial component analysis (PCA) were used
that explores the data onto hidden multivariate structures and
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explains their different means [25]. The most important PCs
were determined and discussed. The statistical analyses were
conducted using the MINITAB 17 software package.

3.5 Results and discussion

The frequency distribution of the data was examined through
the frequency plots of each element. Current data represent
different population or distributions indicating the data are
affected by different emission process and are spatially depen-
dent. The ?*’Rn data of Terrace II follow normal distribution
(P=0.245) by indicating stable values and distribution of ??Rn.
The sorted ??Rn data of Terrace I and Terrace follow exponen-
tial distribution (respectively y = 0.635¢0.217x R2 = 0.969 and
y=10.3279¢0.2363x, R2 = 0.897) followed high variation of the
data. For a better interpretation of the results descriptive statistic
is applied to the data matrix (Table 2).

Table 2 Data of descriptive statistic analysis of ?Rn data matrix

Statistical Parameters Terrace-Il  Terrace-I Terrace
Mean ( kBqm™) 61.18 32.05 26.21
Median ( kBqm™) 59.05 13.40 13.50
Standard Deviation 25.63 35.71 28.67
CV% 42 111 109
Kurtosis 0.40 -0.55 -0.84
Skewness 0.73 0.94 0.75
Minimum ( kBqm) 22.37 0.90 0.90
Maximum ( kBqm~) 130 105.9 84.9
Count 26 26 26
| DMedian  #Msximum ¢ Minimum  ®Mean]
1000 +
100 + E
L]
&
E lD‘ T
=
14
] t t
Terrace-IL Tearrace-1 Terrace
" .

Fig. 4 Box plot diagram of Rn concentration data

The order of the median concentration of ?*?Rn on each
Terrace is**Rn__  >**Rn  ~>=>?Rn__ - asis shown
in Fig. 4. High disparity exists on the Rn. concentrations data
of Terrace I and Terrace that are characterized by high values of
the coefficients of variation (CV% > 75%) (Table 2), showing
the influence of different factors. The distribution of ?>?Rn data

of each Terrace is shown on EWMA charts (Fig. 5, 6, 7).
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Fig. 5 Test Results for EWMA Chart of Tirana River terrace I1
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Fig. 7 Test Results for EWMA Chart of Lana River

The points more than 1.00 standard deviations from centre
line are pointed as outliers (anomaly). The respective median
values of each Terrace are selected as centre lines.

Almost the second terrace of Tirana River is formed up by
a soil type-inorganic clays and sands with high gas radon level
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(22.37 to 130.0 kBqm™). The soils of the first terrace of Tirana
River and the terrace of Lana River are characterized by lower
concentration range of *?Rn, 0.90 to 105.9 kBqm™ and 0.90 to
84.9 kBgm respectively, compared with the second terrace of
Tirana River. We think the concentration of ??Rn, higher than
30 kBgm? found in the soils of these terraces came from the
second terrace of Tirana River through the erosion process.
Similarity test is applied to ?Rn data to examine the sim-
ilarity of *Rn distribution between three Terraces by using
ANOVA Single Factor which analyze the variances of each
column (Terrace). The ANOVA results are shown in Table 3.

Table 3 The results of ANOVA Single Factor Analysis (Summary)

Groups Count Sum Average Variance

Terrace-11 26 1591 61 657

Terrace-1 26 833 32 1276

Terrace 26 681 26 822

ANOVA

Source of .
. SS df  MS F P-value F crit

Variation

Between Groups 18249 2 9124 9.939 0.000148  3.119

Within Groups 68852 75 918

Total 87101 77

The data of ANOVA analysis show that the data of each
Terrace differ significantly from each other (F =9.939 > Fcrit =
3.119, P < 0.05) indicating different factors affect the disparity
of 2?Rn. content. Similarity level between ?*?Rn distributions
between Terraces under investigation is tested by cluster analy-
sis (CA) that show moderate similarity (= 59%) on the distribu-
tion of ??Rn on Terrace I and Terrace, and very low similarity
(= 43%) of both of them with Terrace II.

For a better interpretation of results PCA analysis was used
to the 22Rn matrix data. Two main PCs (factors) were extracted
that were interpreted as source categories contributing to *Rn
content of each Terrace. The identification of the source catego-
ries was undertaken by examination of the profiles of the PCs,
i.e, high loadings.

Table 4 Principal Component Analysis of ’Rn data of Terrace-1II, Terrace-1

and Terrace

Eigenanalysis of the Correlation Matrix

Eigenvalue 1.280 0.873 0.847
Proportion 0.427 0.291 0.282
Cumulative 0.427 0.718 1.000
Variable PC1 PC2

Terrace-11 -0.559 -0.826

Terrace-1 0.589 -0.332

Terrace 0.584 -0.456

Loading Plot of Terrace-II, ..., Terrace

0.0
'D.l -
.0.2,
-0.3 4 rrace-1
-0'4 T rrace

-0.54

-0.64

Second Component

-0.74

-0.8 Jrerrace-1

-p.04

0.00 0.25 0.50 0.75

First Component

-0.50 -0.25

Fig. 9 The graph of loading plot of PC analysis onto *?Rn data matrix

PC 1 is the strongest factor that represents 42.7% of the total
variance and accounts high positive loads of ??Rn variation data
of Tirana Terrace I and Lana Terrace and high negative loads
of Terrace II. The concentration in high levels (>40.0 kBqm™)
of ??Rn, found in soils of the second terrace of Tirana River,
we think that they have originated from “terra rosa”, which
extends throughout on Dajti Mountain slopes that is close to the
studied area. In addition, another source of ??’Rn have been the
ore deposits as the bauxite and radioactive coal outcrops, which
are located near Tirana urban area (Dajti Mountain slopes).

PC2 is the next factor that represents 29.1% of the total vari-
ance and accounts high negative loads of **?Rn variation data
of all Terraces under investigation, with the highest influence
to Terrace I1. Based on the concentration level and geographic
distribution of ??Rn, we have concluded that the soils that are
the prone of radon gas in the first terrace of the Tirana River
and the terrace of the Lana River have originated from the sec-
ond terrace of the Tirana River by the erosion process.

Dendrogram
Single Linkage, Correlation Coefficient Distance

43.414
= 62.27 4
=
=
E
@

81.144

100.00 T
Terrace-II Terrace-I Terrace
Variables
Fig. 8 The dendrogram of CA analysis of ??Rn data matrix
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4 Conclusions
The following conclusion was deduced from the researches

titled “The evaluation of radon concentration in the urban area

foundation of Tirana Capital City, Albania” and “The engineer-

ing geological mapping in scale 1:10000”:

The level of the radon concentration in soil gas of Tirana
urban area is interdependent to the soils type.

In the second terrace of the Tirana River, the radon
concentration in foundation soil gas ranges from 28.0-
33.6 kBqm™ up to 994.7-130.0 kBqm?, 0.9-9.0 kBqm™
to 79.32-105.9 kBqm™ and in the Lana River terrace it
ranges from 0.90-12.0 kBqm™ to 48.7-84.9 kBqm™.
Almost 94% of the foundation soils of the second terrace
of the Tirana River are characterized by the high value of
the radon concentration in soil gas.

In the first terrace of the Tirana River is found that 30.0%
of the foundation soils have the high value of the radon
concentration in soil gas.

In the terrace of the Lana River are distinguished about
43.0% of the foundation soils with high value of the ra-
don concentration in soil gas.

The radon potential in foundation soils of 54.0%, 14.0%
and 32.0% of the Tirana urban area is respectively char-
acterized by high, medium and low level of radon gas
concentration in the foundation soils. It means that half
of the Tirana urban area is built by foundation soils,
which poses a high risk.

For the mitigation and prevention of the dangers posed
by exposure of the radon gas, it is necessary to know its
geographical distribution and concentration level in soils
and rocks foundation along dwelling area.
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