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Abstract: - This study aims to determine the presence and concentration level of major metals and trace
elements in the three main artificial lakes of Tirana, namely Kashar Lake, Tirana Artificial Lake, and Farka
Lake. The water samples were collected from three different stations on each lake during April 2019. The
concentrations of the metals, Ag, Al, As, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Na, Mg, Mn, Mo, Ni, Pb, Sb, Se,
Tl, V, U, Zn, were determined using the ICP-MS method. These concentrations were then compared to EU
standards. The results showed that metal concentrations in the water samples were lower than the maximum
concentrations allowed by environmental quality standards. Using statistical methods, we estimate the
relationships between the metal levels in samples collected from different stations in different lakes. Statistical
analysis showed no significant differences in metal concentrations between the different stations and lakes.
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1 Introduction natural lakes, which have evolved over millennia to
Water is one of the most essential constituents of the acllnevle a delicate balance Qf ecological processes,
human environment, [1]. Lakes are vital and artificial lakes are susceptible to human-induced
significant bodies in preserving fresh water and disturbances .and ‘ env1r0nmental. degradation.
maintaining biodiversity and ecological processes, Improper design, inadequate maintenance, and
[2], [3]. Lakes are classified asnatural lakes and pnchecked pollutlon can exace.rbate water quah‘Fy
artificial lakes, which are mainly built in streams in issues, leading to detrimental impacts on aquatic

a location where the surrounding geology lends ecosystems, public health, and socio-economic well-

itself to a dam wall and with sufficient upstream being. _
catchments to capture run-off, [3]. That way, Among polluting substances, heavy metals are
artificial lakes or reservoirs attract tourism and considered as  dangerous for the aquatic
fisheries and promote aquaculture. On the other environment, [4]. When heavy metals enter the
hand, if these artificial lakes are not properly waters, _ _ S
designed and maintained, water quality degradation they can be bioaccumulated by organisms living in
increases over time where accumulating pollutants the lakes enter the food cham,. and .harm predators
and sediments can become grossly polluted, [3]. and humans who consume marine biota, [5]. Heavy
However, the benefits derived from artificial metals enter in Lake from two sources, natural and
lakes are not without their challenges. Unlike anthropogenic sources. The natural sources could be
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natural geological weathering of rocks and soil,
directly exposed to surface waters, climate changes
inflicted on igneous and metamorphic rocks, etc. On
the other hand, the main contributors to
anthropogenic sources are the burning of fossil
fuels, mining, industrial wastes, transport, the use of
fertilizers, pesticides in agriculture, and atmospheric
deposition, [6]. Toxic metals can be not eliminated
through a biodegradable process and the impact of
toxic metals could remain permanent, [7]. Even at
low concentrations, heavy metals can damage
human body organs and other internal organs of
animal tissues easily, due to a lack of good
mechanisms for their elimination from the body, [8].
Repeated long-term contact with low concentrations
of some of these metals or their compounds may
also cause cancer, [9], [10]. They find their way into
the human body through various avenues like water,
food, air, or even when they are absorbed through
the skin upon contact, [11], [12].

As it is known, the content of major and trace
elements in lake waters is an indicator not only of
their origin and sources of nutrition but also of the
ecological state of the catchments, [13], [14]. There
are several artificial lakes near Tirana, the capital of
Albania. In 2015, two studies were published about
the concentration levels of heavy metals in Tirana's
artificial lakes. One study focused on Tirana
Artificial Lake, [15], while the other studied both
Tirana Artificial Lake and Farka Lake, [16]. In this
paper, our study focuses on estimating the presence
and concentration level of major metals and trace
elements in the three main artificial lakes of Tirana,
namely Kashar Lake, Tirana Artificial Lake, and
Farka Lake. The lakes' selections were due to their
importance as regional primary water sources, and
their vulnerability to anthropogenic impacts.
Additionally, by analyzing the water samples
collected from three different stations on each lake
we will have a clear picture of the water quality
status, identify any potential sources of water
contamination, and assess the ecological and health
impacts.

2 Materials and Methods

2.1 Area Selected and Samples Collected

The study area encompassed three prominent
artificial lakes located near Tirana, Albania
presented in Figure 1: Kashar Lake (coordinates:
41.35634°N, 19.726989°E), Tirana Artificial Lake
(coordinates: 41.306626°N, 19.82072°E), and Farka
Lake (coordinates: 41.308517°N, 19.862312°E).
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These lakes were chosen based on their significance
as primary water sources for the region and their
susceptibility to anthropogenic influences.

Water sampling was carried out during April
2019 to capture seasonal variations and ensure
representative sampling.

Fig. 1: Map of the lakes taken in the study

A total of three sampling stations

were
designated within each lake, strategically positioned

to capture spatial heterogeneity and potential
sources of contamination.

At each station, water samples were collected
from approximately 20 cm below the water surface
using horizontal PVC sample collectors to minimize
surface disturbance and ensure sample integrity.

To prevent contamination and maintain sample
quality, we used acid-washed polyethylene bottles
for sample collection. Additionally, to stabilize
dissolved elements and prevent precipitation during
storage, we added 0.5 mL of pure nitric acid to each
sample bottle before refrigeration.

The elements were determined according to the
International Water Quality Standard, [17], [18].

2.2 Metal Analysis in Water Samples by

ICP-MS
The concentrations of major and trace elements in
the water samples were determined using
inductively coupled plasma mass spectrometry
(ICP-MS), a highly sensitive and precise analytical
technique capable of quantifying a wide range of
elements at low detection limits.

An Agilent 7900 series ICP-MS instrument
equipped with a reaction system developed for
complex matrix analysis was employed for metal
analysis.

Instrumental parameters, including plasma
mode, radiofrequency (RF) power, RF matching,
sample depth, nebulizer pump rate, nebulizer gas
flow, auxiliary gas flow, and plasma gas flow, were
optimized for maximum sensitivity and accuracy
(Table 1).

The elements were determined according to the
International Standard of Water Quality, [17], [18].
A standard solution (Environmental calibration
standard, Agilent 5183-4688) containing 5 m acros
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elements (Ca, Fe, K, Mg, and Na) in concentrations
of 1000 m g/l and 20 microelements, mentioned
above at a concentration of 10 mg/l was applied for
the instrumental calibration.

Table 1. Instrumental characteristics and setting for

ICP-MS
Plasma Mode Low Matrix
RF Power 1550 W
RF Matching 1.8V
Sample Depth 8.0 mm
Nebulizer pump 0.10 rps
Nebulizer Gas 1.07 L/min
Auxiliary Gas 0.90 L/min
Plasma Gas 15.0 L/min
Internal Standard | Bi, Ge, In, Sc, Tb, Y
mix

The concentrations of calibration curves of 0,
0.5, 2,5,10, and 200 pg/LL were used for
quantification of element concentration. To ensure
the reliability and reproducibility of analytical
results, quality control measures, including the
analysis of control materials at regular intervals,
were implemented throughout the study.

Statistical analyses of data are realized using R
studio software, with descriptive statistics and
ANOVA employed to compare metal concentrations
among lakes and stations. Applying Ward’s
agglomerative clustering method, we classify
elements observed in each lake by concentration
levels.

3 Results and Discussion

The results of mean concentration values of major
and trace elements investigation in the water
samples taken from Kashar Lake, Artificial Lake of
Tirana, and Farka Lake, are presented in Appendix
in Table 2. These results provide insight into the
overall chemical composition of these artificial
lakes and can help to determine their environmental
quality. The most abundant element among the
major elements in all three lakes is sodium (Na),
with levels of concentration between 23.25to 27
mg/L. It is followed by magnesium (Mg) and
calcium (Ca), with different concentrations
depending on the lake. The highest concentrations
of the main elements were observed in the water of
the Artificial Lake of Tirana, probably influenced by
the local geology.

Regarding trace elements, the presence of
mercury was not detected in all three lakes. Thorium
(Th) was detected only in Kashar Lake, while
beryllium (Be) and thallium (T1l) were not detected

E-ISSN: 2224-3496

30

Dafina Karaj, Denisa Kagorri Salillari,
Elona Shahu, Elmira Mehmeti, Edlira Tako

or below the detection limit. The results suggest that
the contamination levels of trace elements are
relatively low. We can also observe that in water
samples taken from the Artificial Lake of Tirana,
the levels of metals such asch romium (Cr),
cadmium (Cd), and silver (Ag) are below the
detection limit.

The determination of the concentration level of
traces and main metals in Kashar Lake and Farka
Lake is realized for the first time in this study.
Previous studies related to some of the heavy metals
in the lakes of Tirana were published in 2015. The
determination of some metals (Cu, Pb, Fe, Mn, Cr,
Zn, Cd) in the Artificial Lake of Tirana are defined
n [15], and of the heavy metals (Cd, Cr, Cu, and
Pb) in Farka Lake are defined in [16]. In [15], [16],
the concentration level values of the mentioned
metals were low so, according to European EEC
standards and WHO for surface water quality, the
Artificial Lake of Tirana and Farka Lake were
considered with clean water. Among these metals,
the concentration of Fe determined in the Artificial
Lake of Tirana has increased from 29.30 ug/L to
40.71 ug/L. Also, Mn resulted in increased
concentration from 5.97 ug/L to 41.12 ug/L. While
the concentration of other metals has decreased,
where Cd and Cr are below the limit of detection.
On the other hand, for Farka Lake, the concentration
of Cu has increased, while the average values of
other metals vary closely with the values obtained
from this study.

Although at low levels, Farka Lake contains the
highest concentration of Ca, Fe, Cu, Al, Mo, Sb, Ba,
and Pb, compared to the other two lakes. In the area
of Farka Lake, the development of agriculture is
high compared to other areas. The development of
agricultural activities in the area causes an increase
in the application of fertilizers, pesticides, etc.,
which often leads to an increase in the concentration
of these metals in lake waters. For Kashar Lake the
metals with the highest concentration are: Cr, V, Zn,
As, Ba, and Cd, this may be related to the industrial
development of the area.

To provide a visual representation of elements
by mean concentration values in each lake we
applied Ward’s agglomerative clustering method in
Euclidean distance function.

We determined five main clusters of major and
trace elements according to mean concentrate levels
for each lake presented by the dendrograms as they
are shown in Appendix in Figure 2, Figure 3 and
Figure 4. These dendrograms provide visual
representations of similarities and differences in
metal concentrations between sampling stations
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within each lake. ANOVA analyses were performed
to assess differences in metal concentrations among
the three lakes as it is shown in Table 3 (Appendix).

The results indicated no significant differences
in metal concentrations, as evidenced by P-values
higher than 0.05, suggesting that the chemical
composition of the water samples from Kashar
Lake, Artificial Lake of Tirana, and Farka Lake
were comparable.

The different concentrations of metals
determined among the lakes can come from natural
sources like rock and soil weathering, or human
activity like industrial discharges and the use of
fertilizers, pesticides, etc.

In general, the results of this study provide
valuable basic data on the chemical composition of
artificial lakes in Tirana and underline the
importance of continuous monitoring to preserve the
quality of the environment, due to urban and
industrial development around these areas.

4 Conclusion

In this paper, for the first time, we explored the
concentration levels of 26 metals, including major
and trace elements, in the three main artificial lakes
of the city of Tirana.

All metals, major and trace, are below the
standard set by the European Union for surface
water.

The concentration of heavy metals (Cu, Ni, Zn,
Mn, As, and Fe) in the lakes can be explained by
anthropogenic sources, including the development
of agriculture in these areas, especially in Kashar
and Farka Lake and the industrial area in Kashar
Lake. Further urban development around these
artificial lakes makes it necessary to monitor the
quality of surface water.

Statistical processing was performed to see the
similarity of the chemical composition of the waters
of the three lakes.
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APPENDIX

Kashar Lake

400
]

300
1

Height

Cd —
Th —

Fig. 2: Dendrogram with clusters of major and trace metals by mean concentration levels in Kashar Lake
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Fig. 3: Dendrogram with clusters of major and trace metals by mean concentration level in Artificial Lake of
Tirana
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Fig. 4: Dendrogram with clusters of major and trace metals by mean concentration levels in Farka Lake
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Table 2. The concentration of major and trace elements in water samples of three lakes of Tirana

Kashar Lake Artificial Lake of Tirana Farka Lake
Concentration (pg/L) Concentration (pug/L) Concentration (pug/L)
Station 1 Station 2 Station 3 Station 1 Station 2 | Station 3 Station 1 Station 2| Station 3

Na 23.58%* 24.31%* 23.25% 26.86* 26.82%* 27* 10.61%* 12.89%* 12.9*
Mg 23.16* 23.95% 23.13 * 17.32%* 17.54%* 17.51%* 13.99%* 17.12%* 17.01%*
K 4.11%* 4.29% 493 * 4.23%* 4.22% 4.58* 2.45% 3.12%* 2.98*
Ca 5.27* 5.58 * 4.48 * 22.99* 23.37* 23.03* 39.45% 47.64%* 45.05%*
Fe 26.63 16.46 42.50 36.6 40.71 17.82 31.11 66.76 20.02
Cu 1.83 1.67 5.94 1.04 1.45 2.01 5.26 9.91 10.02
Be Nd Nd Nd 0.0016 0.0053 0.0024 0.0065 0.013 0.004
Al 19.42 14.14 19.44 39.02 42.93 12.85 51.86 73.32 20.45
\% 0.63 0.61 1.10 0.63 0.75 0.61 0.42 0.63 0.39
Cr 1.26 0.19 0.52 Nd Nd Nd Nd 0.035 0.001
Mn 5.21 20.27 10.77 41.12 24.94 35.77 11.675 22.365 22.65
Co 0.15 0.19 0.13 0.11 0.097 0.09 0.13 1.00 1.002
Ni 6.88 6.74 5.44 0.72 0.68 0.73 1.68 2.305 1.65
Zn 21.58 35.40 68.75 1.46 1.38 3.31 24.055 26.4 27.03
As 0.87 0.88 2.00 1.23 1.23 1.27 1.36 0.675 1.00
Se 0.35 0.37 0.32 0.11 0.11 0.13 0.24 0.295 0.28
Mo 0.93 1.16 1.10 0.25 0.18 0.22 0.54 1.95 0.51
Ag 0.20 0.29 0.01 Nd Nd 0.01 0.01 0.005 0.009
Cd 0.04 0.03 0.02 Nd Nd Nd 0.01 0.025 0.013
Sb 0.14 0.15 0.21 0.14 0.14 0.14 0.185 0.33 0.22
Ba 52.96 59.14 47.23 15.3 18.25 12.83 80.215 57.5 40.7
Hg Nd Nd Nd Nd Nd Nd Nd Nd Nd
Tl Nd Nd Nd 0.0014 0.008 0.001 Nd Nd Nd
Pb 0.16 0.20 0.37 0.09 0.16 0.16 0.61 1.21 1.2
Th 0.00 0.00 0.01 Nd Nd Nd Nd Nd Nd
U 1.24 1.25 1.06 0.44 0.45 0.43 0.99 1.24 1.2

*Concentration (mg/L)

Table 3. Results of ANOVA calculation for the concentration of metals in water samples in three lakes.

Ind Residuals Df Sum Sq Mean Sq F value Pr(>F)

Kashar Lake 2 88 44.03 0.195 0.824
75 16970 226.27

Artif. Tirana Lake 2 102 51.2 0.121 0.856
75 31612 421.5

Farka Lake 2 57 28.53 0.184 0.832
75 11641 155.22
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