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Abstract

Plant seeds are highly sensitive to environmental stress. The aim of our paper was to assess the effects
of high nutrient levels in the water and sediment of thermal ponds and rivers on the ecosystem, based
on the seed germination and root elongation of S. a/ba in the Léngaricés Valley, Albania. Significant
differences were found in the physicochemical parameters of the water and the sediment among samples
taken from the river, the thermal ponds, and the control ponds. We found significant differences in the root
elongation of S. alba seeds based on the water and the sediment of the river, the thermal ponds, and the
control ponds. Significantly longer roots were found in the thermal water and sediment than in the river.
Among the physicochemical parameters of the water and the sediment, Cu, K, and Li were stimulants for
root elongation. With Cu, Li, Ba, Mg, Ni, carbon-dioxide, and sulphate-ion, a stimulant effect was found
on seed germination. Our results indicated that the high mineral level of the water and sediment of these
thermal ponds had positive effects on the ecosystem based on seed germination and the root elongation test
of S. alba.
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Introduction environmental geoindicators [1-2]. Earlier studies have

demonstrated that the chemistry of thermal ponds is

Spring and thermal ponds are important elements largely influenced by the specific geological setting [2].

of a landscape, and thermal water is among the best The use of thermal water for geochemical energy and

improving health is also important [3]. Many earlier
studies have demonstrated that thermal water has effects
on the human body, e.g., on skin regeneration and the

*e-mail: edina.simon@gmail.com



1586

Kundrat J.T., et al.

antioxidant system [3-4]. But the effect of thermal water
on the aquatic ecosystem has rarely been studied.

Plant seeds are highly sensitive to environmental
stress. Root elongation methods are commonly used
in toxicity tests to assess the effects of environmental
contamination on ecosystems [5]. A toxicology test with
seed germination and root elongation is a useful method
during environmental biomonitoring [6]. This method
was developed to assess the toxicity of polluted liquids
on seed germination and root elongation [7]. Wierzbicka
and Obidzinska [8] demonstrated that seed coats were the
main barrier to contaminants, and prevent contamination
of embryos until the seed coat is torn apart by the
germinating embryonic root. Germination of seeds may
depend on such parameters as the seed structure and
seed coats [9]. Plant species are recommended by the
U.S. Environmental Protection Agency (EPA) and the
Organization for Economic Cooperation and Development
(OECD). Many earlier studies have demonstrated that
white mustard (Sinapis alba L.) seeds are especially useful
for toxicology tests [10-12]. The short germination period
and fast growth of S. alba seeds are among the advantages
of these tests.

We studied the differences among the physical and
chemical parameters of the water and sediments of rivers,
and thermal and control ponds. The negative effect of high
levels of some nutrients on human health and on aquatic
and terrestrial organisms was also a commonly known
fact [13]. Thus, our hypothesis was that not all media with

high concentrations of nutrients may be toxic and that the
effects of high concentrations of nutrients may depend on
an exceptional content and composition of nutrients in the
water or bottom sediments of thermal ponds. Therefore,
the aim of our study was to test whether the high level
of nutrients in water and sediment may have toxic and/
or stimulant effects on seed germination and the root
elongation test.

Materials and Methods

The Léngaricés Valley is in southern Albania, in the
Permet region. The Léngaricés River snakes along the
region’s calcarcous and orogenous formations. There
are thermal ponds on both sides of the river close to
Bénja village [14]. Five thermal ponds were studied in
August 2011. These ponds — named (with one exception)
according to their effects on the human body — are the
Thermal Pond of the Priest, the Thermal Pond of the
Stomach, the Thermal Pond of the Skin, and the Thermal
Pond of Rheumatism [15]. The Léngaricés, together with
these thermal ponds, flows near the village of Bénja. Two
control (C1-C2) samples were used as far as the thermal
ponds are concerned (Fig. 1). The thermal pond samples
are referred to as T1-T2-T3-T4-T5. The distance between
the first and the fifth thermal ponds is no more than a
few hundred meters. The river samples are referred to as
R1-R2-R3-R4-R5-R6-R7; samples are named after the
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Fig. 1. Sampling sites in the Léngaricés valley (Albania). Notations: R indicates sampling sites in the river, T indicates sampling sites in

the thermal pond, and C indicates sampling sites in the control.
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thermal pond from which they were taken. Sediment
samples were collected directly in the outflows of the river.

The water samples were collected from samples
taken with plastic bottles, or parallel measurements were
performed on-site. We used WTW pH 315i portable field
instrumentation to measure pH. A WTW Cond. 340i
instrument was used to measure conductivity. For the
laboratory process the samples were stored unconserved
at 4°C. In laboratory studies, chemical oxygen demand,
chlorophyll-a, ammonia-ion, and carbon-dioxide
concentration measurements were performed on the
original sample by the methods described [16]. We
used filtered samples to analyse the concentrations of
nitrite, nitrate, ortho-phosphate, sulphate, carbonate, and
hydrogen-carbonate. Samples were filtered with 0.45 pm
pore size filter paper, and then conserved in concentrated
nitric acid (50ml sample of 0.5ml conc. HNO,). The Ba,
Ca, Cr, Cu, Fe, K, Li, Mg, Na, Ni, P, Pb, S, Sr, and Zn
concentrations in the samples were analysed by ICP-OES
IRIS Intrepid IT XSP Duo type devices.

For geochemical analysis, 0.1 g dry sediment samples
were put in the same beakers. They were digested using
10 ml 65% (m/m) nitric acid and 2 ml 30% (m/m)
hydrogen-peroxide at 80°C for 4 hours. Digested samples
were diluted to 10 ml using 1% (m/m) nitric acid. The
concentrations of Al, Ba, Ca, Cd, Co, Cr, Cu, K, Li, Mg,
Mn, Na, Ni, P, Pb, S, Sr, and Zn in sediment samples was
analysed by an ICP-OES IRIS Intrepid II XSP Duo device
[17-18].

Our assessments of the effects of the water of the river
and the thermal ponds were based on morphological traits,
i.e., root length and the germination of white mustard seeds.
The seeds were sterilized in 10% Na-hypochlorite solution
for 20 min to prevent fungal growth. After sterilization,
seeds were washed several times with distilled water
[19]. A standard filter paper method [20] was used for
the test. White mustard seeds (30 per replication, with
three replications) were placed in Petri dishes (@15 cm)
on filter paper moistened with 20 ml of solution [9]. For
water toxicology 3 ml of original water was used for each
sample. For the sediment solution 2 g dry samples were
diluted in 20 ml of distilled water. The diluted samples
were shaken for two hours and then the solutions were
kept at room temperature for 24 hours. Petri dishes were
maintained for 72 hours under dark conditions.

The SPSS/PC+ statistical software package was used
during the calculations. The homogeneity of variances
was tested by the Levene test. The physical and chemical
parameters of the water and the sediment of the river,
and of the thermal and control ponds were compared
with ANOVA, which has also been used in earlier
toxicological studies [21]. The root elongation and seed
germination of S. alba were compared with GLM ANOVA
[22]. To check significant differences we used Tukey’s
Multiple Comparison test. The correlation between the
length of root and seed germination of S. alba and the
value of the physicochemical parameters of the water and
the sediment were analysed using the Pearson correlation
[23].

Results and Discussion

Comparing the physicochemical parameters of the
water, we found significant differences among the river,
the thermal ponds, and the control ponds using ANOVA
(Table 1). There were significant differences among the

Table 1. Physicochemical parameters (mean+SD) of water in
the studied sites. Different letters indicate significant differences
(p<0.05).

(nljgrir'?zflresss Control Thermal River
otherwise noted) ponds ponds
Temperature (°C) 28.1£1.9 27.6£1.9 26.8+2.1
pH 8.7+0.1* 7.6+0.2° 8.2+0.2¢
Conductivity 1 315,334 | 2363+380° | 1166+632¢
(uS cm)
Suspended solids 10.0£7.0° 0.2+0.2% 10.3+5.22
Co, 3.8+1.8° 11.3+£1.3° 5.0£1.5
Coz> 26.1+4.5 31.843.5 28.9+1.9
HCO, 31.7£31.7° <6P <6*
SO> 18.0£5.0° | 121.5£26.7° 69+342
Cr 7.2+0.3? 603+122° 228+206°
Che”l’)iziaon’éyge“ 0.7:0.6 | 1.5£1.0 1.4+0.6
Chlorophyll-a 3.1+£0.9° 0.4+0.5° n.d.’
PO*> n.d. 0.02+0.02 | 0.02+0.02
NO; 0.03+0.03 | 0.05+0.02 | 0.05+0.04
NO; 0.1+0.1 0.2+0.2 0.2+0.1
NH, 0.2+0.2 0.7+0.5 0.4+0.2
Kjeldahl-nitrogen 0.2+0.1* 0.7+0.1° 0.3+0.2*
Ba 0.1+0.01* | 0.2+0.04° 0.1+0.03¢
Ca 33.3£5.9* | 140.2£20.8° | 77.6+34.2°
Cr 0.5+0.1 0.3+0.1 0.4£0.1
Cu 0.02+0.01 | 0.03+0.01 | 0.03+0.01
Fe 0.8+0.3 0.4+0.2 0.4+0.2
K 0.3+0.0° 16.5+4.4° 7.0+£5.5¢
Li <0.01* 1.0+0.4° 0.4+0.4®
Mg 24.7+2.6" | 30.4+0.3° 27.3+1.6*
Na 5.1+£3.3* | 313.6+56.3° | 128.1+98.4¢
Ni 0.1+0.01* | 0.2+0.04> | 0.1£0.05®
P 0.2+0.1 0.1£0.1 0.2+0.1
Pb 0.03+0.0 0.04+0.0 0.07+0.06
S 15.049.1* | 161.3+47.3" | 93.7+48.1%
Sr 0.1+0.07° 4.5+1.4° 2.0+1.6®
Zn 0.02+0.01 | 0.09+0.10 0.03+0.01
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Table 2. Physicochemical and elemental parameters of sediment
(mean=SD) in the studied sites. Different letters indicate
significant differences (p<0.05).

Parameters Cp(:::(rl(s)l Thermal ponds River
Conductivity | 407, 4 5574207 | 3752029
(1S cm™)
pH 7.540.1 7.740.1 7.8+0.1
Temg‘g;‘ture 22.840.0 22.6+0.2 22.740.1
mgtrtg;“(ﬂi) 7.945.3¢ 2.8+0.4° 3.6£1.1°
Cai*gg;‘::‘(; | 100250 11.8£1.0 11.844.1
Al (gkg") 22,549 18.146.2 91.845.6
Ba(mgkg') | 7634362 | 68.7+29.8 443480
Ca(gkg!) | 8424534 | 89.6£149 | 88.6+21.3
Cd(mgkg') | 3.6£0.9 2.840.6 3.3+0.7
Co(mgkg') | 79.3+63.6 | 39.3+6.8 52.0+11.0
Cr (mg kg™) 537+360 332+94 453+122
Cu(mgkg') | 46.8+1.2 45.448.7 44.148.0
K(mgkg') | 7794376 866+431 8264241
Li(mgkg') | 38.6425.8° | 64.5£12.1° | 60.7£9.0%
Mg (gkg') | 29.5£15.00 | 36.0483% | 47.6£6.7°
Mn (mgkg') | 810+303 65273 747487
Na(mgkg') | 246+101° | 708131} 612192
Ni(mgkg!) | 1,064£960 |  524+172 802220
P(mgkg') | 1,404£786 | 9804211 8534142
Pb (mgkg') | 30.3+8.0 27.841.9 29.0::4.4
S(mgkg') | 49914216 | 13,35149,267 | 7,480+2,135
Sr(mgkg') | 118+128° 283484 217454
Zn(mgkg!) | 102£12 94.6+23.7 103+18
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Seed germination, %

Corlltrol Th elrmal Ri\ller

Sampling sites

studied sites in the pH, conductivity, suspended solids, and
concentrations of carbon dioxide, hydrogen-carbonate,
chloride-ion, sulphate-ion, chlorophyll-a, and Kjeldahl-
nitrogen, and the following elements: Ba, Ca, K, Li, Mg,
Na, Ni, S, and Sr (p<0.05).

Comparing the physicochemical parameters of the
sediment, significant differences were found among
the river, the thermal ponds, and the control ponds
using ANOVA in the concentrations of the following
elements: Li, Mg, Na, Sr, and the content of organic
matter among the studied sites (p<0.05) (Table 2). Based
on Tukey’s comparison test, the organic matter content
was significantly higher in the control ponds than in the
thermal ponds and the river. The concentrations of Li, Na,
and Sr were significantly higher in the thermal ponds than
in the control ponds and the river. The concentration of
Mg was significantly higher in the river than in the thermal
and control ponds.

We found no significant difference in the germination
percentage of S. alba seeds among the three water types
(p = 0.136) (Fig. 2a). There were significant differences
in the root elongation of S. alba seeds in the water of the
river, the thermal ponds, and the control ponds (p = 0.049)
(Fig. 2b).

Our results did not show any significant differences
among the sediments from the river, the thermal ponds, and
the control ponds in terms of seed germination (p = 0.576)
(Fig. 3a). In spite of this, significant differences in root
elongation were found among the three water types, based
on the sediment. A significantly greater root length was
found in the sediment of thermal ponds than in the river
sediment (p = 0.013) (Fig. 3b). However, no significant
differences were found between the control and thermal
ponds, and between the control ponds and the river.

Based on the Pearson correlation, a positive correlation
was found between root length and the Cu (r = 0.684,
p = 0.007), K (r = 0.745, p = 0.002), and Li (r = 0.644,
p = 0.013) concentrations in the sediment. In the case of
germination, positive correlations were found between
germination and the concentrations of Cu (r = 0.543,
p = 0.045) and Li (r = 0.594, p = 0.025) in the sediment,

904

60 4

o 3 8 5

Control Thermal River

Length of roct, mm

Sampling sites

Fig. 2. The effect of the water of the control ponds, the thermal pond, and the river on a) seed germination (mean + SD) and b) root

elongation (mean = SD).
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Fig. 3. The effect of the sediments from the control ponds, the thermal ponds, and the river on a) seed germination (mean + SD) and

b) root elongation (mean + SD).

and the concentrations of carbon-dioxide (r = 0.558,
p = 0.038), sulphate-ion (r = 0.553, p = 0.014), Ba
(r=10.650, p=0.012), Mg (r = 0.648, p = 0.012), and Ni
(r=0.560, p=0.037) in the water. A negative correlation
was found between germination and the pH value of the
water (r =-0.670, p = 0.009). Among the minerals studied,
Cu was the most effective metal in terms of the inhibition
of plant roots [24-25]. At the same time, similar to an
earlier study, our results indicated that Cu is an essential
nutrient for plants, and that the amount of Cu absorbed
is a stimulant for root development and seed germination
[26]. The positive correlation between root length and
K concentration in the sediment indicated that K is also
one of the most important nutrients and is essential for
plant growth and development [27]. Earlier studies have
demonstrated that lithium is a phytotoxic element, but
many results were unclear and the interpretation of these
results needs more information about the toxicity of
lithium in plants [28]. Contrary to these earlier studies, our
results demonstrated that Li is a stimulant for both root
development and seed germination. Contrary to our results,
Suwa et al. [29] reported that barium has phytotoxic effects
on plants by inhibiting phytosynthesis, while in our study
the positive correlation between the Ba concentration and
seed germination indicated the stimulant effect of Ba in
water. Similarly to Ba, Mg also had a stimulant effect on
seed germination in our study. Mg plays an important
role in many biological processes and Leskd et al. [30]
demonstrated that Mg could reduce the negative effects of
heavy metals in seedlings. Ni is an essential micronutrient
for plants, but at excess concentrations it may inhibit
growth and cause chlorosis and necrosis [31]. The positive
correlation between the Ni concentration of water and
seed germination indicated that Ni may be a stimulant for
seed germination of S. alba. Zhao et al. [32] demonstrated
that reduced alkaline stress increased the survival rate
and growth of seedlings. The thermal ponds — similarly
to the river — were alkaline, based on the pH value of their
water. Thus, the alkaline pH had a negative effect on S.
alba seed germination. Contrary to our results, Ma et al.
[33] demonstrated that a high alkaline pH had no negative
effect on seed germination.

Based on the physicochemical parameters of water,
our results demonstrated that the conductivity and
concentrations of sulphate, chloride, carbon-dioxide, Ba,
Ca, K, Li, Mg, Na, S, and Sr were significantly higher
in the thermal ponds than in the river and the control
ponds. In the case of the sediments, significantly higher
Li, Na, and Sr concentrations were found in the thermal
ponds than in the river and the control ponds. Agolli et
al. [34] reported that it is mainly the high sulphurous
content of the studied thermal ponds that may cause the
curative effects for chronic rheumatism, and diseases of
the stomach and skin. Similar to other findings, our results
demonstrated that remarkable differences were not found
among thermal waters, except in the cases of Fe, K, Li,
P, S, and Sr [3,15]. Thus our results indicated that these
elements have curative effects for these diseases.

Conclusions

Contrary to earlier findings about the negative effects
of high levels of nutrients, our study demonstrated that the
water and sediment of thermal ponds had stimulant effects
on the ecosystem based on the toxicological method of the
root elongation of S. alba. At the same time, our results
indicate that among the physicochemical parameters, Cu,
K, and Li were stimulants for root elongation, while Cu,
Li, Ba, Mg, Ni, carbon-dioxide, and sulphate-ion had a
stimulant effect on seed germination. In our case the
effect of thermal ponds with high nutrient content was a
stimulant, which is due to the location of Albania along a
low geothermal gradient.
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