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ABSTRACT

Lake Skadar is a highly vulnerable ecosystem affected by various types of anthropogenic
pressures. In the last few years, interest in vanadium (V) has increased due to several negative
effects on the environment. Our research aims to find the V content per fractions of sediments,
and estimate bioavailability, including by analyzing content ratios in the sediment, in water and
macrophytes and plant tissue distribution. Low content of vanadium was recorded in the water. In the
sediment of Skadar Lake, values were found in the range of 18.1 to 49.5 mgkg'. The largest
amounts of V (11.8 mgkg™) are found in mineral crystalline lattices (residual fraction), so V is
substantially immobilized in the sediment of the lake. Based on the calculated geochemical
parameters, it can be concluded that the sediment of Skadar Lake is not contaminated with V and
it is under the low risk category at all investigated locations. In the tissues of the examined
macrophytes, the mean value of V content, in relation to the location and sampling time, is in the
range 0.05-8.15 mgkg' of the dry part of the plant. The studied macrophytes showed a low
bioaccumulation capacity for V. A different seasonal trend of concentration of V in macrophytes
was recorded. And the translocation ability between individual parts of the plant is different and

depends on the type of macrophytes.

Keywords: Skadar Lake, sediment, macrophytes, vanadium, bioindicator.

1. INTRODUCTION

Lacustrine systems are complex water systems
in terms of the transport and interaction with chemi-
cal substances due to the numerous and complex
processes that occur in these ecosystems [1].

The resulting quality arises as a result of many
factors: starting from geochemical origin, its
geographical position and the corresponding
climate and hydrological characteristics, the
morphometry of the lake and the characteristics of
the catchment area, to the physical, chemical and
biological factors in the water system itself [1,2].

However, recent anthropogenic impacts have a
decisive influence on the changes in the dynamics
of any lake ecosystem, so rapid ecosystem
changes are increasingly becoming a trend.
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Skadar Lake is a highly vulnerable ecosystem
affected by various types of anthropogenic
pressures: an increasing number of tourists; land
drainage from surrounding agricultural holdings;
more intensive fishing; poor sewage system and
the problem of communal water; relative proximity
to stationed industrial facilities and airports
increased land and water traffic due to the
increasing urbanization of the lake.

In the past few years, interest for presence of
vanadium (and some other toxic elements) has
increased due to the negative effect on the
environment [3]. Vanadium is widely dispersed in
the environment in several ways including the
leaching for rocks, the combustion of coal or
petroleum products, the contamination from the
use of fertilizers, and residual slags from the steel
industry. As a result, V has been increasingly
released into the soil, water and atmosphere [4,5].
There is a wealth of evidences that vanadate is
absorbed by plant tissues [6,7] and can inhibit the
plasma membrane hydrogen(H")-translocation
ATPase [8], which is known to play an important
role in nutrient element uptake by plant cells.
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Vachirapatama et al. [9] revealed that some
phosphate fertilizers have been contaminated with
high concentrations of V (90-180 mgkg'1). This may
suggest that the use of these phosphate fertilizers
may cause the V to become widely spread in soils,
water and vegetables and it has potential effects to
human and animal health.

According to Kabata-Pendias [10] phytotoxic
level of V in plants is 5-10 mgkg'1.

The accumulation of V in plant tissue depends
on plant species and V content in soil [11].

There are no data in the literature on V content
in the Skadar Lake ecosystem.

Our research aims to find the V content per
fractions of sediments, and estimate bioavailability,
by analyzing content ratios in the sediment, water
and macrophytes as well as plant tissue
distribution, which can indicate possible absorption
or distribution mechanisms and ability to
bioaccumulate V.

The aquatic macrophytes used as indicator
species in this study Phragmites australis (Cav.)
Trin. ex Steud. and Ceratophyllum demersum L.
were taken from six locations around Lake Skadar,
from early April to late October, every 60 to 70
days. Samples of L. minor were collected in two
time periods, in August and October, from four
separate locations. Water and sediment samples
were also taken from the same time and from the
same locations as where the plant material was
taken.

2. EXPERIMENTAL

2.1. Study area

Skadar Lake is the largest freshwater lake in
the Balkan Peninsula. It is located at a distance of
about 7 km from the Adriatic Sea. Depending on
the amount of water within it, the surface of the
lake varies from 379 to 530 km>. Skadar Lake has
been a National Park since 1983 and has had IBA
status (area of international importance for birds)
since 1989. In 1995 it was included on the List of
Wetlands of International Importance —The Ramsar
List.

Sediment samples from Lake Skadar were
collected at 6 locations: 1-Radus (42° 13' 26,85" N;
19° 09' 54,44" E), 2- left estuary of the Moraca (42°
15' 55,80" N; 19° 08' 31,49" E), 3- right estuary of
Moraca (42° 16' 50,18" N; 19° 07' 38,92" E), 4-
Plavnica (42° 16' 17,48" N; 19° 12' 1,01" E), 5- Crni
Zar (42°17' 49,30" N; 19° 22' 23,75" E) i 6- Rijeka
Crnojevica (42°21' 6,03" N; 19° 02' 23,05" E).

2.2. Sampling collection

Samples of P. australis and C. demersum were
collected four times during the season, from the
beginning of April to the end of October, from six

locations. Samples of sediment and water were
taken at the same time and place, where the plant
material was taken.

Sediment sampling was conducted using an
Eckman dredge to a depth of 0-20cm. The
sediment samples were placed in plastic boxes,
carefully labeled and transferred to the laboratory
for further analysis.

Water samples at 50-100 cm depth below
water surface were collected in ftriplicates and
combined as composite water samples at each
sampling site. They were kept at 4°C and directly
transferred to the laboratory. Water samples were
filtered through a Millipore filter 0.45 ym and stored
in plastic bottles of 1 L by adding 2 mL of HNOs.
Nitric acid was added into water samples to adjust
water pH and stabilize metals.

2.3. Preparation of samples for chemical analysis

2.3.1. Macrophytes

Sampled plant material in the laboratory was
first washed with tap water, and then twice with
deionized water. The plant parts (roots, stems and
leaves of macrophytes) were cut with stainless
scissors, to determine bioaccumulation diversity of
plant organs. The plant material was then dried at
75°C for 48 hours, and then ground into fine
powder and homogenized. In order to avoid the
influence of matrix the samples were mineralized.
The amount of approximately 0.5 g (+ 0.0001 g) of
the prepared samples was measured and
mineralized into the Milestone Microwave Ethos 1,
with the mixture of HNO3; and H,O, (5 ml : 2 ml).
After digestion the solutions were diluted by
deionized water to the final volume of 50.0 mL.

2.3.2. Sediment

Sediment samples were dried in air, and in a
dryer at the temperature of 75°C for 48 hours.
Dried sediment samples were ground in agate
mortar and sieved through a sieve <1.5 mm.
Approximately 0.5 g (£ 0.0001 g) of the sample
sediment under pressure and high temperature
was mineralized with the mixture of HCI:HNO; (3:1)
in a microwave furnace, a Milestone Microwave
Ethos 1 [12]. After mineralization solutions were
diluted with deionized water to the final volume of
50.0 mL.

All samples of plants parts, sediments and
water were prepared for three times and their
average value was analyzed. In each batch of ten
samples blank solution was measured. Determi-
ning the concentration of V in the samples of
waters, sediments and plants was conducted by
ICP-OES technique on a “Spectro Arcos” device.

In our study, vanadium from the sediments of
Lake Skadar (Montenegro) was extracted with five
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different extracts: exchangeable-cation (NH,4CI,
CaCl,, CH3;COONa), organic acid (oxalic acid) and
complexing reagent (EDTA). These extracts repre-
sent real environmental conditions, so the aim of
this study was to determine the proportion of
mobile and mobilizable metals in sediments and
predict their bioavailability.

In order to determine the distribution of the V in
the sediment we applied a modified BCR (the
Community Bureau of Reference of the European
Union) sequential extraction procedure of the
sample sediment [13].

The Enrichment Ratio (ER), Geo-accumulation
index (Geol) Contamination Factor, CF, and Risk
Assessment Code (RAC), have all been calculated
to assess whether the observed concentrations of
V in sediment represent background/natural or
anthropogenic contamination.

Enrichment factor of V was calculated as the
ratio of V concentration of sediment normalized to
immobile Fe [14]: EF=(V/F&)sediment / (V/F€)reference-

The geoaccumulation index (Geol), defined by
Muller [15] was calculated as follows: Geol=
log,[C\/1.5By], where Cy is the concentration of V
in the sediment and By is the geochemical
background value for V. The factor 1.5 is incorpo-
rated in the relation ship to account for possible
variations in the background data due to the
lithogenic effect [15].

Contamination factor of sampling sites defined
by Hakanson [16] was determined as: CF=Cy
/mean By

The Risk Assessment Code, RAC, was defined
as Perin et al. [17] representing the content of the
metal, expressed in percent (%) in the
exchangeable and carbonate fraction, and in the
first fraction of the sequential extraction of the
sediment.

The capacity of plants to absorb and
accumulate metal from the growth media was
evaluated using their bioconcentration factor
(BCF). BCF was calculated as the ratio of the
concentrations of V in plant and sediment (water):
BCF = [Vanadium]plant /[Vanadium]sediment (water) [18]
The ability of plants to transport vanadium from the
roots to the shoot parts was assessed by the
translocation ability (TA). Translocation ability is
calculated as the ratio of the concentrations of V in
the part of the plant and its root:
TA:[Vanadium]leaf/[vanadium]par‘( of the plant (stem, root)
and yet for P. australis as the ratio of metal con-
centrations in the stem and root: TA=[V]stem/[V]root [19].

Descriptive data analysis (including mean,
standard deviation, maximum and minimum
values) were performed using SPSS 11.5 software.

3. RESULTS AND DISCUSSION

The mean values of vanadium concentration in
water (mg dm™) and sediment (mg kg™') of Skadar
Lake within six investigated locations are given in
Table 1.

Table 1. Seasonal minimum and maximum vanadium concentrations and mean concentration + standard
deviation; in water (mg dm™) and sediment (mg kg”')

Tabela 1. Sezonske minimalne i maksimalne koncentracije vanadijuma i srednja koncentracija =
standardna devijacija; u vodi (mg dm™) i sedimentu (mg kg™')

Medium April June August October
Water min-max 0.002-0.007 0.002-0.007 0.002-0.006 0.002-0.005
mean * s.d. 0.004+0.002 0.004+0.002 0.004+0.002 0.004+0.001
Sediment min-max 20.4-46.7 20.1-45.3 18.8-49.5 18.1-45.5
mean * s.d. 29.4+9.93 28.9+10.6 27.9+x11.7 26.949.92

Table 2 shows average values of the total and the extracted content of vanadium (minimum and
maximum values and average value) in the sediment for five different extraction agents.

Table 2. Minimum and maximum value and mean value of total vanadium content (mgkg'7) and vanadium
concentration (mgkg'7) extracted from sediments by different extraction agents

Tabela 2. Minimalna i maksimalna vrijednost i srednja vrijednost ukupnog sadrZaja vanadijuma (mgkg'7) i
koncentracija vanadijuma (mgkg™) ekstrahovanog iz sedimenata razlicitim ekstrakcionim sredstvima

Total content 0.1M NH4CI 0.1M CaCl; 0.1M Na-acetate 0.1M H2C204 0.1M EDTA
of V pH 9 pH7 pH9 pH 2 pH7
min-max 18.1-49.5 0-0.29 nd 0.11-0.86 6.28-27.1 4.55-19.1
mean 28.3 0.13 0.39 12.4 7.48
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The mean values of vanadium concentrations (mgkg'1) as a result of sequential extraction of

sediments are shown in Table 3.

Table 3. Distribution of vanadium (mgkg'7) by sediment fractions of Skadar Lake. Fraction:
I-Exchangeable and easily mobile; II-Reducable; Ill-Oxidable; IV-Residual

Tabela 3. Raspodjela vanadijuma (mgkg'7) po frakcijama sedimenata Skadarskog jezera. Frakcije:
I-Izmjenjiva i lako mobilna; II-Reduktabilna; IlI-Oksidabilna; IV-Rezidualna

Metal Fraction — | Il 111 \Y)
Vv min-max 0.18-0.92 2.77-9.41 3.69-27.1 8.25-17.7
mean 0.67 5.37 9.32 11.8
3.1. Contents of vanadium in water and sediment incorporated into mineral crystalline lattices

of Skadar Lake

During the research period there were no
seasonal variations of mean values of vanadium
concentrations in the waters of Skadar Lake, at a
confidence level of 95%.There are significant spatial
variations of the results, which are reflected in high
standard deviation and coefficient of variation,
sometimes over 50%. Low content of vanadium
was recorded in the water.There are differences
between minimum and maximum values of V. The
highest content of V in water was recorded on
Plavnica and the lowest on the left bank of the
Moraca River.

During the research period (April-October),
statistically significant time variations of vanadium
concentrations in the sediment have not been
recorded, but they were spatial. The vanadium
content varied in sediments of Skadar Lake, within
six investigated locations, from 18.1 to 49.5 mgkg'1,
and the average value was 28.3 mgkg'1 (Table 1).
The largest content of V was found at the sites of
Crni Zar and Rijeka Crnojeviéa, while in other
places its content was relatively uniform.

Various extracted amounts of vanadium with
five different extractants indicated the complexity
and variability of V bond strengths with sediment
substrates, and difficulties in defining the proportion
of available, mobile or mobilizable metal. The order
of solvents with a decreasing amount of extracted
vanadium, relative to the total content, was:
H,C,0,4 (43.8%) > EDTA (26.4%) > CH3;COONa
(1.38%) > NH,CI (0.46%) > CaCl, (0%) (Table 2).
Extracted amounts of vanadium with less extraction
power solvents show that only a small part of V in
the sediments of the Skadar Lake is found in labile,
easily accessible form for biota. Acidic conditions
(0.1M H,C,0,) showed a higher potential for V
extraction compared to complexing extraction
conditions (0.1M EDTA).

The distribution of vanadium by sediment
fractions varied within the sampling point, but
followed the distribution trend by fractions: IV > Ill >
Il > 1. The largest amounts of V (11.8 mgkg'1) are

(residual fraction), so V is significantly immobilized
metal.In the exchangeable, easily soluble fraction,
there were the lowest a quantity of V in relation to
the total, so V is a very weak mobile or low
potential mobile element in the sediments of the
Skadar Lake. These facts make vanadium, for now,
ecologically harmless to the living world of the lake.

Similarly to the sediments of Lake Skadar,
Belazi et al. [20] identified that in most sediment
samples from the Cumbrian coast, in northwest
England, the highest content of vanadium was
associated with the residual fraction, while for a
smaller number of samples, vanadium is for the
most part in the oxidizable fraction. Teng et al. [21]
examined the distribution of vanadium across
fractions of sediment in different land-use districts
in Panzhihua Region, southwest China. They also
found the same descending order of content per
fractions for vanadium: residual> oxidizable>
reducible> acid soluble fraction.

3.2. Geochemical parameters

Calculated geochemical parameters are given
in Table 4.

The anthropogenic effect expressed through
the value of the Enrichment Factor, EF, in the
surface sediment of Skadar Lake, showed that
vanadium originated only from litogenic sources,
without anthropogenic influence.

Based on the value of the Geo-accumulation
index, Geol, the sediment in relation to V belonged
to the class "0" in all six sampling locations.This
means that the sediment is not contaminated with
this metal.

The contamination factor, CF, showed low
sediment contamination by vanadium in all
sampling locations. Based on the content of

vanadium in the acidic soluble fraction of the
sediment (Table 4) and the criteria of Risk
Assessment Code [17], sediment samples were
under the low risk category at all examined
locations except for Radus where it has been in the
medium risk category.
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Table 4. Geochemical parameters for vanadium by location of sediments of Skadar Lake: Enrichment
Factor, EF; Geo-accumulation index, Geol; Contamination factor, CF; Risk Assessment Code,
RAC

Tabela 4. Geohemijski parametri za vanadijum po lokacijama sedimenata Skadarskog jezera: Faktor
obogacenja, EF; Geo-akumulacioni indeks, Geol; Faktor kontaminacije, CF, Kod procjene rizika,

RAC
Location — Radus Plavnica g estuvary o - estuiary o il Rij'ekg,
Moraca Moraca Zar Crnojevi¢a
EF 0.20 0.22 0.36 0.27 0.82 0.37
Geol -3.21 -3.36 -2.94 -3.24 -2.11 -2.59
CF 0.16 0.14 0.20 0.16 0.35 0.25
RAC 11.7 3.10 2.51 4.30 1.79 2.41

3.3. Time and spatial variation of content of vanadium in macrophytes of Lake Skadar
Results of vanadium content in individual parts of tested macrophytes and seasons are given in Table 5.

Table 5. Seasonal changes in vanadium concentrations (mgkg' of dry matter) in particular parts of
macrophytes;, minimum and maximum value and the mean concentration value + standard
deviation

Tabela 5. Sezonske promjene koncentracije vanadijuma (mgkg" suve materije) u pojedinim djelovima
makrofita ; minimalne i maksimalne vrijednosti i srednja vrijednost + standardna devijacija

Minimum and maximum value (mg kg'1)
Part od plant Mean value * standard deviation
April ‘ June August ‘ October
Phragmites australis (*)(**)

root 0.29-2.19 1.58-4.05 6.91-9.24 2.66-8.12
1.2840.66 a (c) 2.6240.84 a (c) 8.154£0.95 a (a) 4.50+2.04 a (b)

stem 0-0.18 0.13-0.32 0.18-0.69 0.10-0.23
0.1240.07 b (b) 0.2240.07 b(ab) 0.30+0.19 b (a) 0.16+0.04 b (b)

leaf 0-0.20 0.15-0.37 0.04-0.31 0.02-0.12
0.09+0.07 b (c) 0.23+£0.08 b (a) 0.151£0.10 b (b) 0.05£0.04 b (d)

Ceratophyllum demersum (***)
stem 1.89-6.87 0.69-2.28 0.69-2.15 0.34-1.20
3.65£1.77 ab 1.37+0.64 cd 1.25+0.61 cd 0.70£0.34 d
leaf 2.49-8.81 0.79-3.95 1.48-4.95 0.70-2.36
5.42+2.38 a 2.4041.14 bed 2.86+1.15 bc 1.56+0.72 cd
Lemna minor

root 1.09-5.57 1.58-6.18

3.18+2.18 4.22+2.08

1.58-1.90 1.48-5.21

leaf
1.71+0.13 2.78+1.68

*The values of individual metals with the same first letter(s) are not significantly different at p = 0.05 in the column (i.e.,

between the different parts of the plant)

**the values in individual parts of the plant with the sameletter(s) in parentheses are not significantly different at p =

0.05 in the row (i.e., between seasons)
***the values of individual metals with the same letter(s) are not significantly different at p = 0.05
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3.4. Bioaccumulation of vanadium in macrophytes

Table 6 gives the mean values of Bioconcentration Factor, BCF [(part of plant /sediment (water)] and

Translocation ability, TA.

Table 6. Mean annual values of BCF for V in the organs examined macrophytes (part of plant), with
respect to sediment (water) and mean annual values translocation ability, TA

Tabela 6. Srednje sezonske vrijednosti BCF za V u ispitivanim djelovima makrofita u odnosu na sediment

(vodu) i srednje sezonske vrijednosti translokacione sposobnosti, TA

Bioconcentration Factor, BCF [(part of plant /sediment (water)]
April June August October
Ph ’ root/sediment (water) 0.05 (295) 0.10 (395) 0.32 (2145) 0.19 (1286)
e stem/sediment (water) | 0.004 (27.7) | 0.008 (55.0) 0.01(78.9) | 0.007 (45.7)
leaf/ sediment (water) 0.004 (20.8) 0.01 (57.5) 0.008 (39.5) 0.002 (14.3)
Ceratophyllum stem/sediment (water) 0.13 (842) 0.05 (342) 0.05 (326) 0.03 (200)
demersum leaf/ sediment (water) 0.20 (1251) 0.09 (626) 0.10 (746) 0.06 (446)
. root/ sediment (water) 0.14 (830) 0.18 (1206)
Lemna minor .
leaf/ sediment (water) 0.08 (446) 0.12 (794)
Translocation ability, TA
Ph " TAleafrroot 0.07 0.09 0.02 0.01
ot TAscatistem 0.75 1.04 0.50 0.31
TAstem/root 009 008 004 004
gjgfé‘r’é’% flum TAseatistom 1.48 1.75 2.29 2.23
Lemna minor TAleafiroot 0.54 0.66

Phragmites australis

Vanadium had low bioaccumulation degree
during the examined period. The average value
during the season (BCF versus sediment) is 0.18
and is almost identical to that given from Bonanno
[22]. Generally the entire quantity of accumulated V
is found in the underground part of P. australis and
significantly higher concentration was recorded in
August (Table 5). The higher level V in the root and
low mobility indicate that the root is tolerant to this
metal. Translocation value V from root to stem is
small and on average is TA = 0.046. The average
ratio of the underground part/leaf is 0.014.
Variations in concentrations during the season in
the stems and leaves, as well as of the maximum
values during and at the end of the growing
season, were noticed.

Ying [23] finds a similar amount of V in tissues
of P. australis, 1-3 mgkg'1, while its concentration in
the sediment was 5-33 mgkg‘1. He noticed
differences in concentration of V from February to
July, with increasing concentration by the
appearance of relatively high rainfall. Similarly to
this paper, Bonanno [22] determines the presence of
V only in the underground organs of P. australis, so
that the root has acted as an barrier to V mobility in
the above-ground organs. Kabata-Pendias [10]
reveals that the soluble forms of V in the sediment

are quickly taken over by the root of the reed.
Higher V accumulation in P. australis root collected
in winter season than that collected in Ilater
spring/early summer suggests that V accumulation
in P. australis roots is related to the plant seasonal
dynamics [11].

Ceratophyllum demersum

Concentration of V depended on the season
and the sampling point. The average seasonal
values in C. demersum stem are in the range 0.34—
6.87 mgkg'1 (average annual concentration was 1.74
mgkg'1), and in the leaves 0.70-8.81 mgkg'1
(average annual concentration was 3.06 mg kg™')
(Table 5). The highest concentrations of V were
also observed in the stem and in the leaf of
samples of C. demersum from the location of Crni
Zar. The contents of V in the stem went down from
April to October. Its concentration in the leaf
increased up to June, then, during the period of the
largest biomass production it is decreasing, and by
the end of the vegetative period it increased again.

Bioaccumulation values were different for other
authors, from higher, over similar to lower than the
results of this paper. Correa et al. [24] observed the
highest vanadium concentration in C. demersum
during the summer (19.5 mgkg™) with a decrease
in concentration during the winter (6.1 mgkg'1).
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Ravera et al. [25] found that V in eight macrophytes
ranges from 6-27 mgkg W|th the content in C.
demersum at 17 mgkg Zubcov et al. [26]
recorded the content of V in the range of 0.5-4.4
mg kg which |s less than that found in P. australis
(0.7-7.1 mgkg ) Fagbote and Olanipekun [27]
found in the dry period during two seasons (2008
and 2009), 0.29 and 0.36 mgkg of V; while in the
rainy season of the same year, these values were
higher: 0.36 and 0.48 mgkg

Jiang et. al. [28] reported that C. demersum is
a candidate for vanadium hyperaccumulator.
Particularly since, C. demersum is a native plant
species and suitable to the local environment, with
a huge potential in phytoremediation for vanadium
mining areas.

Lemna minor

The concentration of vanadium varied
considerably following the trend: sediment >root L.
minor >leaf L. minor >water. Vanadium content in
the root, given by seasons as the mean spatlal
concentration ranged from 1.09 to 6.18 mgkg (an
average of 3 70 mgkg ) and in the leaf from 1.48 to
5.21 mgkg (an average of 2.25 mgkg ) (Table 5).
The highest contents of V were recorded in the root
of L. minor, sampled from the location of the left

mouth of Moraga and in the leaf from the right
mouth of Mora¢a. Almost two times higher content
of V was recorded in the organs of L. minor at the
locations of the mouth of Moraca compared to
Plavnica and Rijeka Crnojevica. With few
exceptions, the V content in the root and leaf of L.
minor was higher in October than in August. For
this plant vanadium has shown a small root-leaf
translocation ability (Table 6), but larger than P.
australis. L. minor also showed a low bioaccumu-
lation capacity for V, but higher than P. australis
and C. demersum.

Piispanen and Lahdesmakl [29] find that at
concentration of 10 mg dm™ V is toxic to L. minor.
Enrichment factor for L. minor is 5.0, which is
higher than in terrestrial plants, and the authors
suggest L. minor for its potential use in geobotanic
research. Zubcov et al. [30] in tissues of L. minor
(whole plant) from Dubasari and Cucmrgan
reservoir (Moldava) found 0.7-9.2 mgV kg and
4.9-11.3 mgkg of V respectively.

3.5. Correlation analysis of metal content in
macrophytes and sediment

Table 7 shows the values of Pearson's correla-
tion coefficient (r) for investigated metals relative to
individual parts of the examined macrophytes.

Table 7. Pearson's correlation coefficient, (p<0.05) for V between individual parts of macrophytes

Tabela 7. Pearsonov korelacioni koeficijent, (p<0,05) za V izmedu pojedinih dijelova makrofita

Metal Phragmites australis Czr::(:):sjzll :;m Lemna minor
root stem stem root
stem 0.39
v leaf -0.10 0.09 0.93 0.42

No correlation medium

[ ]

From Table 7, it can be noticed that in P.
australis, there is significant correlation between
examined element content recorded in different
plant organs.

On the contrary, there is a very high correlation
between the concentrations of V in the stem and
leaf of C. demersum.

There was weak correlation between metal
content between roots and leaves in L. minor.
These results indicated the need to determine the
content of the metal by individual parts of the plant
before the whole plant. Obviously, there is a
different translocation of V to certain organs, the
amount of adsorbed V from the water and/or air of
the aboveground parts, and the evapotranspiration
of aerial parts of the plant.

[ ]

I:I high |:| very high correlation

Table 8 shows the values of Pearson's
correlation coefficient (r) between the content V in
the surrounding environment (sediment) and
individual parts of macrophytes.

The correlation for accumulation of V between
the parts of L. minor. was negative and had no
statistical significance. The Pearson correlation
coefficient between concentrations of V in sediment
and organs of C. demersum showed medium
correlation in V stem accumulation in April and
October and high correlation in leaf in August. The
correlations in P. australis accumulation of V and
sediment were medium in root in August and in
stem in April.
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These results showed that macrophytes have
special and different ways to intake V from the
surrounding environment. Gupta and Sinha [31]
reported that the process of metal uptake and

accumulation by different plants depends on the
concentration of available metal's fraction in
sediments, solubility sequences and plant species.

Table 8. Correlation coefficients, (p < 0.05) between vanadium content in sediment and individual parts of

macrophyte

Tabela 8. Korelacioni koeficijenti, (p < 0,05) izmedu sadrZaja vanadijuma u sedimentu i pojedinim

djelovima makrofita

4. CONCLUSION

In the sediment of Skadar Lake values of V
were found in the range of 18.1 to 49.5 mgkg‘1.The
distribution of V by sediment fractions varies with
the sampling point, but follows the distribution trend
by fractions: residual > oxidable > reductabile >
removable and easy mobile. The largest amounts
of V (11.8 mgkg'1) are incorporated into mineral
crystalline lattices (residual fraction), so V s
considerably immobilized metal in the sediment of
the lake. In the exchangeable, easily soluble
fraction, there are at least a quantity of V in relation
to the total, so V is a very weak mobile or low
potential mobile in the sediments of the Skadar
Lake. These facts make V, for now, ecologically
harmless to the living world on the lake.

Various extracted amounts of vanadium with
five different extraction solutions indicate the
complexity and variability of V bond strength with
sediment substrates. Extracted amounts of
vanadium with less extraction power solvents show
that only a small part of V in the sediments of the
Skadar Lake is found in labile, easily accessible
form for biota. Acid conditions (0.1M H,C,0,)
showed a higher extraction potential of V compared
to complexing extraction conditions (0.1M EDTA).
The biodegradable amounts of V from the
exchangeable and larger part of the organic
(oxidable) fraction.

Based on the calculated geochemical parame-
ters, it can be concluded that the sediment of

38

Medium Phragmites australis Ceiiopnin Al Lemna minor
demersum
Month| root stem leaf stem leaf root leaf
\% -0.29 0.61 -0.22 0.64 0.38
\i 0.05 0.45 -0.69 0.48 0.18
Sediment
VI 0.52 0.09 -0.76 0.34 0.85 -0.31 -0.42
X -0.32 0.13 -0.38 0.53 0.38 -0.24 0.08
No correlation medium high very hlgh
correlation

Skadar Lake is not contaminated with V and it is
under the low risk category at all investigated
locations.

Mean annual values of vanadium content (mg
kg'1), i.e. the average values by time and space for
the research season, in some organs of the
examined macrophytes is:

Phragmites Ceratophyllum Lemna

Metal australis demersum minor
root | stem | leaf | stem leaf stem | leaf
V 414 | 0.20 | 0.13 | 1.74 3.06 3.7 2.25

Almost the entire amount of V during the
investigated seasons was accumulated in the root
of P. australis. Vanadium content in tissues of C.
demersum decreases at the beginning of the
growth season, then increases to the end of the
growth season and decreases again until the end
of the vegetative cycle. The concentration of V in
the roots and in the leaf of L. minor at all
locations was higher in October than in August.

In L. minor there was a higher content of V in
the root, but unlike P. australis, a significant portion
is translocated to the leaf. The opposite trend was
registered for C. demersum, the greater content of
V was in the leaf compared to the stem, mainly as
a result of translocation. Bioconcentration ability of
macrophytes for V was highest in L. minor, while P.
australis and C. demersum were identical
regarding the same parameter.
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1ZVvOD

USVAJANJE, TRANSLOKACIJA | BIOAKUMULACIJA VANADIJUMA
U EKOSISTEMU SKADARSKOG JEZERA, CRNA GORA

Skadarsko jezero je visoko ranjivi ekosistem pogoden razliitim vrstama antropogenih pritisaka.
Poslednjih nekoliko godina, interesovanje za vanadijumom (V) je poraslo zbog nekoliko negativnih
uticaja na Zivotnu sredinu. NaSe istraZivanje ima za cilj da odredi sadrzaj V po frakcijama
sedimenta i procijeni njegovu bioraspolozZivost, ukljucujuci analizu odnosa sadrZaja u sedimentu,
vodi i makrofitima i raspodjeli u bilinim tkivima. ZabiljeZzen je nizak sadrzaj vanadijuma u vodi. U
sedimentu Skadarskog jezera nadene vrijednosti su u opsegu od 18.1 do 49.5 mg kg''. Najvece
kolicine V (11.8 mg kg™') nalaze se u kristalnim reSetkama minerala (rezidualna frakcija), tako da
Je V znatno imobilisan u sedimentu jezera. Na osnovu izracunatih geohemijskih parametara moze
se zakljuciti da sediment Skadarskog jezera nije zagaden V i da je pod niskim rizikom na svim
istraZivanim lokacijama. U tkivima ispitivanih makrofita srednja vrednost sadrZaja V, u odnosu na
lokaciju i vrijeme uzorkovanja, je u opsegu 0.05-8.15 mg kg suvog dijela biljke. Proucavane
makrofite su pokazale nizak kapacitet bioakumulacije za V. ZabiljeZen je razli¢it sezonski trend
koncentracije V u makrofitima. | translokaciona sposobnost izmedu pojedinih dijelova biljaka je
razli¢ita i zavisi od vrste makrofita.

Kljucne rijeci: Skadarsko jezero, sediment, makrofite, vanadijum, bioindikator.
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