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ABSTRACT. The use of aquatic plants to analyze the heavylrpethtion of a lake
environment has a number of advantages over thelasta chemical methods of the
analysis of metal presence in water and sedimeme. macrophytd_emna minorL.,
sampled from Lake Skadar in Montenegro has beed asea bio-indicator. Floating
macrophytel.. minor accumulates metals from water through its subntergets and
floated leaves. The contents of Cd, Cu, Co, Cr, NinPb, Zn, Sr and V were determined
in sediments, water and the plant. The resultsirddaindicated a very high capacity of
L. minor for the accumulation of Mn. In addition, higher Zoncentration was found in
root tissue comparing to the sediment. The conagoir of the other metals under
investigation decreases in the following order:iseat >L. MiNOl ooy > L. MiNOKear >
water. Higher concentrations of all metals in tissue ofL. minor were observed at the
end of the growing season. A higher metal conteag mrecorded in the root compared to
the leaf. In descending order, the concentrationglant tissues were found for the
following metals: Mn > Zn > Sr > Cu > Ni > Pb > Gov > Cr > Cd, while the series of
bioaccumulation is, in descending order: Mn > ZNi> Co >Pb > Cu>Cr>V > Sr >
Cd.
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INTRODUCTION

The ability of aquatic plants to accumulate heanetals is increasingly being used to
monitor changes arising from environmental pollnt{&.LES et al, 2000). The mechanism of
metals uptake is not entirely selective, meanirad ghlants, through roots and other organs,
take in all the accessible ions from the environinalithough all of them are not necessary for
plant metabolism ABTRzEBSKA et al, 2010). Depending on their type, the tissues of
macrophytes may have a metal content equal toghehithan that present in the surrounding
sediment (AENI, 2010), and that content can be fithes higher than the concentration in the
surrounding water (B8ErRS and Q\MARDESE, 1993).

Aquatic macrophytes are often in contact with ptié pollutants across their whole
body. Being similar to all primary producers, maargtes react to changes in the quality of
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the environment in which they live (water/sedimeaf)d are good bioindicators of surface
water condition. The chemical analysis of aqualans leads not only to an understanding of
the current situation but also to the evaluationhef tendencies of environmental changes in
time and space. In this way, conditions are cre&bednonitoring the quality of the lake
ecosystem over a longer period and timely actiopréwent the consequences of unfavorable
trends can be carried out.

The aquatic macrophyte which was chosen as anaitudiplant (Zou et al, 2008)
in this paper id.. minor because it can consistently accumulate metals\gluhie growing
season (RASAD et al, 2006); it tolerates large amounts of metal withedverse impact on its
growth and development; it is linked to one spediication, so it is the real representative of
the area; it is easily available for collectionemtification and handling; and the plant
specimens are similar in size and age, makingsy ¢a select a representative sample. Its
disadvantage is that it does not have a long entfegime to fully exhibit the phenomenon
of bioaccumulation.

In the present study, the content of various heaeyals (Cd, Co, Cr, Cu, Mn, Ni,
Pb, Zn, Sr and V) in sediment, water and differergans ofL. minor from four localities
around Lake Skadar.

The aim of this study was to determine the distrdou of metals in macrophyte
tissues and also to discover the degree of bioaglaion of the investigated heavy metals,
depending both on location and season. In particilaims to contribute to defining the
mechanisms, paths and intensity of the bioaccumonlatf metals. In addition, we expect to
demonstrate the improving role of macrophyte veagetan monitoringaquatic systems as
well as the validation of the selected macrophytngs as useful biological indicators of
pollution studied in a lake environment.

MATERIALS AND METHODS
Study area

Skadar Lake is the largest freshwater lake irBi&ans. It is located at a distance of
about 7 km from the Adriatic Sea. Depending onatmunt of water within it, the surface of
the lake varies from 379 to 530 knSkadar Lake is 44 km long and 14 km wide. Theaye
depth of the Skadar Lake is 5 meters. Two-thirddheftotal area of Skadar Lake is situated in
Montenegro (219 kR), and the rest is situated in Albania. Skadar Liake been a National
Park since 1983 and has had IBA status (as andradernational importance for birds)
since 1989. In 1995 it was included on the List\#tlands of International Importance — The
Ramsar List. Skadar Lake is an ecological kingdam,oasis of tranquility and of close
contact between people and the natural environm&he clear water and protected
environment has enabled the development of a wenyeco-system (KSTRATOVIC, 2013).

The geographic and economic position of Skadaelakd its basin, as the largest
karst lake in the Balkans, make it very interestfog the public. Monitoring sources of
pollution and their effects are of particular img@mce when it comes to protecting the lake.

The largest water inflow of Skadar Lake is the BtarRiver, which supplies the lake
with more than 60% of its water. The MoaaRiver carries contaminants drawn from urban,
agricultural and industrial sources of pollutioheTmost significant impact on the nature of
the ecosystem of Lake Skadar is probably causdtebiandfills of production process of the
Aluminum Plant in Podgorica #&TRATOVIC, 2013).

Plavnica, situated on a tributary of the lakea igicnic area and tourist resort, which
is located on the shores of Lake Skadar, surroubgi@te living waters. The complex, which
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includes a motel and a small marina, features ansvimg pool, a boat-restaurant in the
immediate vicinity and a small zoo.

Rijeka Crnojewa is located at the source of the eponymous riwbich, among
other things, is special because it is navigabler & km. A number of factors negatively
affect the quality of the water and sediment ofrikier: extensive fishing and the presence of
a fish processing plant, the development of a Ifishing fleet, and the impact of numerous
tourists and other visitors, who can number upd@0lon a daily basis.

Data analyzes

Samples ofL. minor were collected during two periods, throughout Astgand
October, from four locations: 1 — The right estuafythe Mor&a (42 16' 50,18" N ; 1907
38,92" E), 2 — The left estuary of the M&aa(42 15' 55,80" N ; 1908' 31,49" E), 3 —
Plavnica (4216' 17,48" N ; 1912' 1,01" E) and 4 - Rijeka Crnojéai(42 21' 6,03" N ; 19
02' 23,05" E). At each location, in an area of b6 nf, 3-4 healthy colonies of
approximately 10Q. minor fronds were sampled manually, in order to be &bleepeat the
results for each site. The plant material was pécke polyethylene bags, labeled and
transferred to the laboratory in the shortest fbsgperiod of time. At the same time, three
subsamples of sediments and waters were taken tiiensame place as the plant material.
Sediment sampling, of a weight of about 500 g, e@®ducted using an Eckman dredge to a
depth of 0-20 cm. Water samples were collected faodepth of 0.5-1 m using 1.5 L PET
bottles.
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Fig. 1. Location of the sampling sites around L8keadar.

The plant material was separated in the laboratdgoythe root and leaf df. minor
with the intentionof determining the plant part bioaccumulation anediat 75C over a 48
hour period. The samples were ground to a fine povwadd homogenized. The samples were
then mineralized to avoid the influence of the matihe prepared plant samples were
mineralized in a Milestone Microwave Ethos 1, witixture of HNGQ and HO, (3:1).
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The sediment samples were dried in air and thied @t 75C for 48 hours. The dried
sediment samples were chopped in an agate modasieved through a sieve <1.5 mm. The
sediment samples were mineralized using a mixtéirel@: HNOs (3:1) in a microwave
furnace, a Milestone Microwave Ethos 1 (USEPA, 200he water samples were filtered
through a 0.4mm Millipore filter stored in 1 L plastic bottles adding 2 mL of HNQ@.

The determining of the concentration of the ingeged metals in the samples of
water, sediments and plant was conducted usin2iReéOES technique on a “Spectro Arcos”
device.The detection limits of Cd, Cu, Co, Cr, Mn, Ni, Pim, V and Sr were 0.001, 0.001,
0.001, 0.002, 0.001, 0.001, 0.005, 0.001, 0.001(0A1 mg/l respectively. All the samples
of plants parts, sediments and water were preparédblicate and their average value was
assessed.

The capacity of plants to absorb and accumulat@alsn&om the growth media was
evaluated using their bio-concentration factor (B@CF was calculated as the ratio of the
concentrations of metals in part of plant and waB€F = [Metal] part of plant /[Metal] water
(HAWKER and MNNELL, 1991). The possibility of plants transporting aietfrom the root to
the leaf was estimated using translocation abifilh). The Translocation ability was
calculated as the ratio of the concentrations ofaleen the leaves and in the roots: TA =
[Metal]ieat/ [Metal] oot (DENG et al, 2004).

RESULTS AND DISCUSSION

Table 1 shows the minimum and maximum valueshefrhetal content in the lake
water and sediments during the investigated period.

Table 1. — Minimum/maximum and average concenimat{ong/l; mg/kg d.w.df) + standard
deviation (S.D.) (n=3) of metals in water and seshis of Skadar Lake.

Metal Water Sediment

August October August October

cd min.-max. < 0.001-0.001 <LOD 0.28-0.45 0.28-0.46
AveragezS.D. 0.34+0.08 0.33£0.09

Cu min.-max. 0.003-0.013 0.003-0.014 26.1-52.1 26.4-54.4
Average+S.D.  0.008+0.004 0.009+0.006 37.0£10.9 37.7+12.1

Co min.-max. <LOD <LOD 6.90-13.2 8.13-12.6
AveragezS.D. 10.3£2.65 10.8£2.06
min.-max. 40.4-122 45.5-126
Cr Averagets.p. <0:002:0.002 <0.002-0002 770,335 7924338
M min.-max. 0.008-0.013 0.006-0.012 118-379 125-419
Average+S.D. 0.011+0.002 0.010+0.003 2554112 283+132

. min.-max. 30.1-113 48.0-137
NI Averagersp. <0-001-0.004 <0.001-0.004 g, 5,456 107+40.0
Pb min.-max. <LOD <LOD 19.4-43.5 17.6-46.2
AveragezS.D. 26.2+11.6 28.0x£12.5

7n min.-max. 0.003-0.008  0.003-0.008 59.1-128 61.0-108
AveragexS.D. 0.006+0.002  0.005%+0.003 81.1+31.8 78.4+21.8

Vv min.-max. 0.002-0.006 0.002-0.005 18.8-32.6 19.4-28.4
AveragexS.D. 0.004+0.002 0.004+0.001 23.846.36 24.5£3.91

Sy min.-max. 0.020-0.052  0.020-0.051 28.6-113 30.0-105
Average+S.D.  0.034+0.014 0.036+0.014 66.5+36.3 66.1+32.8
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The temporal changes in metal concentrations (guyl in the root and leaf df.
minor are given in Table 2.

The concentrations of metals in the root and tdalf. minor were different from
their concentrations in the water and sedimentfatalv the trend: sediment . minofoor >
L. minofeany > water, except for Mn (root and leaf) and Zn {yoavhich showed a higher
concentration than in the sediment.

The concentrations of metals in the root and ¢édf. minor followed a downward
trend:

Mn>Zn>Sr>Cu>Ni>Pb>Co>V>Cr=C

Higher metal contents were recorded at the lonatim the left and right of the
estuary of the Moka River when compared to those contents recorddteaither locations
on Lake Skadar (Plavnice and Rijeka Crnajayi The Mor&a River carries various
impurities along its flow: sanitary landfill, wastater and landfill waste, in particular from
the production process of the KAP Aluminum factoBuring the summer, Plavnica and
Rijeka Crnojevta are visited throughout the whole day by a langmlmer of tourists.

The presence of a large number of households |aj®e agricultural zones where
fertilizers and chemicals are present, numerousisra@awards urban areas, as well as
restaurants and many other factors suggest thaiooais in order when the protection of
Skadar Lake is considered.

Table 2. - Seasonal changes in metal concentratiogékgdw) in the root and leaf df. minor,
minimum and maximum concentrations and averageesurations + standard deviation (n=3).

August October
EET Root leaf root leaf
cd min.-max. 0-0.83 0-0.05 0.05-1.63 0.10-0.89
Average+S.D. 0.22+0.41 0.02+0.03 0.51+0.75 0.42+0.36
cu min.-max. 12.4-33.1 7.94-22.3 9.12-47.8 9.02-26.5
AveragezS.D. 19.9+9.13 13.6+6.43 31.0£16.1 17.1+£7.21
Co min.-max. 2.63-8.78 1.89-4.84 3.28-8.53 2.57-7.39
Average+S.D. 5.13+2.67 3.62+1.26 5.60+2.54 5.114+2.28
Cr min.-max. 0.79-3.08 1.18-1.78 2.18-4.58 1.57-5.32
AveragezS.D. 1.60£1.01 1.36+0.28 3.31+1.04 2.81+1.73
Mn min.-max. 1543-4 747 713-2 590 1 886-6 633 1299-5732
Average+S.D. 2 71811415 1 490+789 4136+1965 2 960+1 936
Ni min.-max. 7.69-18.9 5.00-9.76 7.33-17.6 7.38-20.0
Average+S.D. 11.3+£5.18 7.55+£2.25 11.6+4.64 11.4+5.93
Pb min.-max. 3.80-10.2 4.44-7.98 4.08-18.3 3.57-13.6
Average+S.D. 5.80+2.96 6.51+1.59 9.7046.59 7.67+4.26
7n min.-max. 59.9-115 41.3-82.5 72.1-115 48.9-109
Average+S.D. 78.6£25.2 58.6+£18.2 97.8+£18.6 83.2+27.7
Vv min.-max. 1.09-5.57 1.58-1.90 1.58-6.18 1.48-5.21
Average+S.D. 3.18+2.18 1.71+0.13 4.22+2.08 2.78+1.68
Sy min.-max. 29.3-34.7 32.0-37.1 24.6-36.0 29.8-35.6
Average+S.D. 31.842.26 34.0+2.22 29.8+4.86 33.4+2.63

Slight variations in the content in the tissues.afminor, depending on the sampling,
were shown on the part of Sr. In second place isTAe greatest differences in the content in
relation to the timing of the sampling were shownCul.

Higher values of metals in the roots and in tlaés were recorded in October than
in August for all the metals under investigatiohe$e values are almost twice as high for Cd,
Cu (root only), Cr and Mn.
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The bioaccumulation capacity @f minor is shown through its bioaccumulation
factors, indicating a decreasing order as follows:
for the root (BCkovwate) : MN >2Zn >Ni>Co>Cu>Pb>Cr,V>Sr>Cd
for the leaf (BCRafiwate) : MN>Zn>Ni>Co>Pb>Cu>Cr>Sr>V>Cd

The difference in the order of the metal contena iplant compared to the sequence
of their bioaccumulation ability can be seen, ai aetheir relative numbers. This difference
suggests the different bioaccumulation capacitynaicrophytes for certain metals. Plants
accumulate certain metals irrespective of theirceatrations in the water and sediment,
which is obviously a characteristic provided by dpacity for the accumulation of each
individual element.

There is a difference between the order of thealsebioaccumulation capacity in
the root and that in the leaf. This difference adrbe interpreted independently by a different
metal translocation through the plant, but a défer bioaccumulation capacity is most
probably present in the leaves of individual metaien compared to the water.

The bioaccumulation capacity bf minorfor Mn is several times higher than it is for
the other metals.

Table 3. - Temporal and spatial changes in thedmioentration factor
for the root (BCRoywaeX 10°) and the leaf (BCRiwaterX 10°).

Location Right estuary of Left estuary of Plavnica Rijeka
Mora¢a Mora¢a Crnojevica
Metal August| October | August | October | August | October | August | October
Cd  BCFoo 1.66 0.42 0 0.10 0.05 0.01 0 0.33
BCRea 0 0.38 0 0.20 0.05 1.78 0.10 0.99

Cu BCFoo 141 2.31 3.31 3.68 4.13 3.04 2.63 6.94
BCReai 1.72 1.89 1.45 1.33 2.65 3.01 1.61 3.12
Co BCFyou 17.6 17.1 10.6 13.8 7.60 6.56 5.26 7.38
BCRea 7.20 7.68 9.68 14.8 8.32 13.3 3.78 5.14
Cr BCFoo 3.08 0.46 0.79 2.83 0.60 1.82 0.65 1.09
BCRea 1.30 1.57 1.78 2.57 0.59 2.66 0.59 0.89
Mn BCFoot 253 609 197 364 365 663 154 171
BCReai 324 955 101 225 103 210 713 118

Ni BCFoo 20.4 17.4 37.8 35.2 4.18 13.0 1.92 1.8
BCRea 18.2 40.0 10.0 14.8 4.88 10.6 1.58 1.8

Pb BCFoot 4.08 7.32 1.52 4.56 1.85 1.63 1.83 2.0
BCReai 3.19 2.97 2.45 1.43 3.00 2.44 1.78 54

Zn BCFoot 9.46 13.4 28.7 38.3 20.0 24.0 9.10 13.
BCRea 7.81 12.8 12.0 16.3 13.8 36.3 11.8 10.

\Y BCFoot 2.24 2.76 2.78 2.06 0.18 0.71 0.27 0.3
BCReai 0.79 2.60 0.95 0.62 0.28 0.51 0.28 0.3

Sr BCFoot 0.56 0.73 0.94 0.73 1.07 1.21 1.60 1.6
BCRea 0.69 0.79 0.83 0.69 0.85 1.19 1.38 1.4

O O N O S5 WO W

The average seasonal concentrations of metals higreer in the roots than in
leaves, except for the concentration of Pb in Aug8s and Pb have the highest ratio of
leaf/root translocation, while the smallest tranalions were shown by Mn, V and Cu. Table
4 contains data on the seasonal changes in tcatislo ability (TA) for L. minor. It is
important to note that with floating macrophyteanislocation is not uniquely determined,
since in addition to translocation from the rodig feaf certainly contains metals absorbed
from the water.
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Table 4. - The average seasonal values of trariglacability (TA).

Cd Cu Co Cr Mn Ni Pb Zn \Y/ Sr

August - 064 068 081 047 057 112 0.68 054 0.92

October 0.78 056 0.78 0.68 058 080 0.60 0.74 059 0.98

Metals in plant

Cadmium, Cd

Cadmium is a toxic element in aquatic environmentsnly derived from natural
sources. The possible anthropogenic input of Cithénecosystem of Lake Skadar is from the
metal industry, which is located in the wider eomiment of the lake and from the use of
agricultural fertilizers, pesticides and burningdo fuel. Of all the studied metals, Cd has the
lowest value of concentration in both the root amdhe leaf ofL. minor (Table 2). On the
other hand, its bioaccumulation capacity is thedstof all the metals we examinéthe
mean concentration in the root was 0.36 mg/kg andeaf it was 0.22 mg/kg. At two
sampling sites in August, the content in the rowt the leaf was below the detection limit of
the instrument. The bioconcentration degree wasehnign October than in August, in both the
root and the leaf.

Copper, Cu

For all the samples df. minor, we found a higher content of Cu in October. The
content of this metal was higher in the root tHamleaf. An exception to this was at Plavnica.
The mean value of the content in the roots was &ig/kg, while in the leaves it was 15.4
mg/kg. RAvLovi¢ et al (17) found that the content of Cu in whole plargs 29.9 mg/kg
(sampled at the Memorial Park artificial lake inalgujevac) and the 10.9 mg/kg (at Buban;
artificial lake). Copper showed variable potential for bioaccumuratio the tissues oL.
minor. It also had a lower mobility from root to leaf domparison with most of the studied
metals. The distribution of metals in individualgeof the plant is the result of differences in
the amount and rate of metal uptake, primarily thueoot pressure, and its release into the
environment, mainly through the transpiration @ baves (IKSTRATOVIC et al, 2013).

Cobalt, Co

Cobalt is one of the main toxic metals. A lot gjuatic plants have the ability to
develop tolerance and resistance mechanisms to nogdals (MTTHEWS et al, 2005; ENG
et al, 2009; MARCHAND et al, 2010).

The mean seasonal and spatial concentration ahQoe root ofL. minoris 5.37
mg/kg, while in the leaf it is 4.36 mg/kg. In treaf, the concentration of Co slowly increased
from August to October, depending on the samplilagg However, the impact of seasonal
changes on the concentration of this metal in tw rs not completely clear. Cobalt has
shown a relatively high leaf/root concentratioriaatt is not entirely clear which part of the
content of Co, and other metals, is present inléhé due to translocation from roots and
which is present through absorption from water. Buéhe higher concentration of metals in
the root, translocation processes probably dominate

Chromium, Cr

Chromium, after Cd, showed the lowest content eaghrts ofL. minor. The mean
value of Cr during the research period in the ied.46 mg/kg and 2.09 mg/kg in the leaf.
The content of Cr in the leaf in October (5.32 ngy/kignificantly stands out from the other
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results for Cr. The bioaccumulation ability lof minor for Cr is moderate, as evidenced by
other authors (ZveD, 1998).

ATER et al (2) observed the effectivenessLofminorin the phytoremediation of Cr,
especially for lower levels of contamination of thguatic environment. At the same time,
they find a higher degree of bioaccumulation forc@Bmpared to Cu. In studies in the natural
conditions of Lake Skadak, minorshows a greater degree of bioaccumulation forh@a it
does for Cr.

Manganese, Mn

This was the most abundant examined metal inidiseds oflL.. minor. Its presence
was 30-40 times higher than that of Zn, which i $slecond ranked metal by concentration.
The average value of the content of Mn in the iI8@&427 mg/kg and 2225 mg/kg in leaves.
IRAM et al (9) recorded significantly lower Mn, from 591 1873 mg/kg (average 1055
mg/kg), in the whole plant df. minor. In addition, lower values are found bg&kovi¢ et
al. (4) in the tissues af. minor, 1740 mg/kg.

Manganese has shown a significantly higher bioacdation ability (several tens of
times higher) compared to the other metals inigsés ol.. minor. With one exception, in
all measurements, the content of Mn is two to thiees higher in the root than in the leaf.
After Cd, it shows the lowest level of translocatioom the root to the leaf.

Nickel, Ni

The average value of the content of Ni in the mfot. minor, during the research
period, is 5.11 mg/kg and in the leaf, the valu8.#6 mg/kg. Similar values were found by
Iramet al (9) in the whole plarit. minor1-15 mg/kg Ni (with a mean value of 5 mg/kg).

Apart from a few exceptions, any significant splaéind temporal variation of results
was not noticed. After Mn and Zn, Ni has the high®saccumulation in the various parts of
L. minor. The mobility of Ni in plants varies between sgscifrom mobile in some plants
(TIFFIN, 1971; THIESEN and BINCOE, 1988) to immobile in others A3wAN et al, 1998). In
our studies of.. minor, Ni showed a medium translocation ratio from rmoleaf compared to
the other tested metals.

Lead, Pb

Our results showed that the average amount of Pei investigation period is 7.75
mg/kg in the root, and 7.09 mg/kg in the leaivNiCkA et al (10) found a lower value, 2.71
mg/kg Pb in the tissues &f minor, whereasrAM et al. (9) observed a higher value, 8-23
mg/kg of Pb (average 12 mg/kg), in comparison éordsults foi.. minorfrom Skadar Lake.

After Sr, Pb had the highest leaf/root concerdratatio. This significantly increased
translocation ability compared to other metals @&nty due to the increased mobility of Pb in
the plant, but there is probably also a foliar apon of metal in the period of intense tourist
activity on the lake, which involves the use of #rhaats and boats with leaded gasoline. The
metal accumulated in the leaves may be once agdeased into the environment by
secretions from leaves.

Zinc, Zn

Zinc is the most abundant metal after Mn in thesues ofL. minor. The mean
seasonal concentration of Zn in the root is 88.Zkmaand 70.9 mg/kg in the leaf. As was the
case with Pb,AMNICKA et al. (10) found a lower value of Zn in the tissued. ominor, 14.68
mg/kg, and kamM et al. (9) a higher value, 35 to 213 mg/kg of Zn (mear6 10g/kg),
compared to the concentration present inLthminorfrom Skadar Lake. The concentration of
Zn in the roots and in the leaf at all locationsigher in October than in August, with one
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exception. After Mn,L. minor also showed the highest bioaccumulation capdoityZn.
Metals which are necessary for metabolism can lwreneasily absorbed from the
surrounding environment and transported to thergpeets of the plants @sAT, 2000).

Vanadium, V

The content of V in the root &f minoris on average 3.70 mg/kg and in the leaf 2.25
mg/kg. Out of the tested elements, this contesligdtly higher than that of Cr and Cd. After
Sr and Cd, it had the lowest bioaccumulation artérafMn and Cd, it has the lowest
translocation from root to leaf. In August, arouhéd area of Plavnica, a higher content of V
was measured in the leaf, and in all other detaatiuns, a higher content is recorded in the
root. With few exceptions, the V content in the treamd leaf ofL. minor was higher in
October than in August. There is a tendency for ynalements to show their highest
concentration at the end of the growing season,tduwmntinuous accumulation during the
growing season. A content of V that is almost twasehigh was recorded in the partsLof
minor at the mouth of the Moga locations, in relation to Plavnica and Rijekadjenica.

Strontium, Sr

After Mn and Zn, strontium is the third metal mosimmonly present in the parts of
L. minor. The mean seasonal value in the rooL.ofminoris 32.9 mg/kg, while in leaf it is
31.6 mg/kg. The narrow interval of the values foand/or the low value of the coefficient of
variation (most frequently around 70%) suggestd thare is no temporal and spatial
variation in the results for Sr in the partsLofminor. There were no difference in the content
of Sr between the roots and leaves. Strontium hashighest value of the translocation
coefficient (the highest ratio of leaf/root), meaagpiit is the most mobile metal of those
investigated through the parts laf minor. Out of the investigated metals, Sr had the highes
concentration in the water, which would mean thas the most available metal. However,
after Cd, it showed the lowest bioaccumulation cépan L. minor.

Correlation analysis of the metal content in macropytes and the sediment

Table 5 shows the values of the Pearson's caoelabefficient (r) between the
metal content in the environment (sediment) anddividual parts of the macrophytes.

Table 5. - Correlation coefficients, r, €0.05) between the sediment and certain parts wiinor.

Cd Cu Co Cr Mn Ni Pb Zn \Y Sr
root -0.45 -005 094 -0.03 0.07 048 -0.32 -0.49 -0.30.47
leaf 0.64 -0.06 0.66 -0.15 0.54 0.34 -0.84 0.92 -0.42500.
root -0.38 037 084 051 028 077 -0.38 0.08 -0.24 30.8
leaf 0.84 0.26 0.52 0.91 0.63 0.25 0.99 -0.03 0.08 0.88

August

October

Based on these results, it is obvious that thexespecific and unique ways by which
macrophytes accumulate and concentrate variouslsnetatheir tissues. The positive
correlation between metal content in the sedimedtiLa minor occurs depending on the plant
organ and the sampling period. Five (Cd, Cr, Mn, 80 of the ten investigated metals
showed a significant positive correlation betwe®nriation of the content in the sediment and
the content in the leaf in October. Based on resnlfTable 5L.. minorcan be proposed as a
bioindicator, in order to estimate the presencanetals in the surrounding environment
(sediment) for all the studied metals except Cu\and
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CONCLUSION

The floating macrophyte. minoraccumulated more metals from its surrounding in
water through its completely submerged roots, wt@mpared to the leaf that floats on the
water surface. In addition to the uptake from tlager, metals in the leaf &f minorcan also
be found due to translocation from the roots ambdition from the air.

Manganese in the root and leaf and Zn in rodt.ahinor show a higher content than
in the sediment. The concentration of the otheestigated metals decreases in the following
order: sediment > root > leaf > water. For all theestigated metals, higher concentrations
were observed during October in both the root andhe leaf. The investigated metals
followed, in descending order of concentrationbath the root and the leaf &f minor. Mn
>27Zn > Sr>Cu>Ni>Pb>Co>V>Cr > Cd whileetdecreasing order of bioaccumulation
ability was as follows: Mn > Zn > Ni > Co > Pb > GuCr > V > Sr > Cd. The difference in
the order of the metal content in a plant compaocethe sequence of their bioaccumulation
ability shows the different bioaccumulation capaait L. minorfor certain metals, regardless
of their concentration in the environment. The tgst mobility through the plant was
observed for Sr and Pb and the least for Mn, Cu\and

Higher metal contents were recorded at locatioribé left and right of the estuary of
the Mora&a River where it flows into Skadar Lake, in compan to those recorded at the
other locations, Plavnica and Rijeka CrnojaviThe Mor&a River carries various impurities
which are accumulated along its flow.

The investigated macrophyte. minor can be used as an indicator plant for
understanding the situation in the environment ¢wasediment) because it can constantly
accumulate metals during the growing season; drapés large amounts of metal without
adverse impact on its growth and development; nt lma tied to one location, so it is a real
representative of the area; it is easily availdbtecollection, identification and handling; the
specimens of the plants are similar in size andagkit is easy to select a representative
sample. In our paper, we found a correlation betwtbe content of the studied metals in
plants and sediments, except for the content ofa@d V. The disadvantage of this
macrophyte is that it does not have a long enotiigtinhe to fully exhibit the phenomenon of
bioaccumulation.
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