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Abstract: The Mediterranean blue mussel Mytilus galloprovincialis was used as
a pollution level indicator in the Boka Kotorska Bay of the southeastern Ad-
rigtic on the Montenegrin coast. The ever-increasing urbanization and indus-
trialization, combined with a poor sewage system, an increase in both marine
and inland traffic, as well as insufficient water circulation in the Bay itself have
resulted in some level of pollution. Since heavy metals are extremely toxic and
do not easily undergo biodecomposition, the results of this study supply va
luable information concerning the metal pollution of the marine environment in
Boka Kotorska Bay. The concentrations of the investigated metals and non-
metals accumulated in the mussels were determined during the fall of 2007
using Atomic Absorption Spectroscopy (AAS) for Cr, Mn, Co, Ni, Cu, Cd, Hg,
Pb, Sn and V, and Energy Dispersive X-ray Fluorescence (ED—XRF) to de-
termine the concentrations of Fe, Zn, Si, P, S, Cl, K and Ca. ED-XRF was also
used to determine the levels of non-metals and elements present in high con-
centrations. Comparing the data from this study in relation to data from other
regions for Mytilus galloprovincialis, the mussel sampled from the Boka Ko-
torska Bay showed a moderate level of pollution.

Keywords. pollution; metals; non-metals; Mytilus galloprovincialis; bio-indi-
cator.

INTRODUCTION

The Boka Kotorska Bay is located in the southeastern part of the Adriatic
Sea and is deemed to be one of the most beautiful bays of the world. The Boka
Kotorska Bay is naturaly divided into four smaller bays. the Herceg Novi, Tivat,
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934 JOVIC et al.

Risan and Kotor Bays. It is hypothesized that the Boka Kotorska Bay, having a
coastline 105.7 km long, covering an area of 87.3 km2, containing a volume of
2.4x106 km3 of water and with a maximum depth of 60 m, was formed by fluvial
erosion.

Each and every one of the four smaller bays comprising the Boka Kotorska
Bay has specific hydrographic and relief characteristics, and is significantly dif-
ferent in its aquatic life from sea waters stretching away from Montenegro.1

The increased urbanization and industrialization of the Montenegrin Coast
over the last two decades could lead to an increase of marine pollution of the
Boka Kotorska Bay. Waste stemming from various inland human activities is
directly delivered into the sea without any prior treatment, the greatest threat
being old and poorly maintained sewage systems. Within the Boka Bay itself, 62
underwater untreated sewage disposal systems have been identified, all of which
deliver sewage waste at a close distance to the shore. Sewage disposal systemsin
the Kotor, Tivat and Risan Bays are neither long nor deep enough, disposing
waste immediately at the coasta line of the Bays. Moreover, many privately
owned estates have sewage disposal systems which are not part of the municipal
sewage system, thereby adding even more to the pollution of the Bay.!

Pollution and contamination of the Boka Kotorska Bay ecosystem arise from
both anthropogenic sources of pollution and natural weathering. Industrial waste
from the steel, soap and pharmaceutical industries, as well as waste produced by
shipyards, hotels and hospitals located within the Boka Kotorska Bay itself, is
allowed to freely flow into the sea, polluting it with heavy and other metals,
causing significant environmental damage. The total quantity of wastewater de-
livered into the sea from the three towns together (Herceg Novi, Tivat and Kotor)
is 7700 and 4900 m3 per day from industries and households, respectively.!

Moreover, the Boka Kotorska Bay is known as one of the regions in Europe
with the highest amount of precipitation, and the quantity of pollutants reaching
the sea from this source cannot be neglected. Adding to this are the ever in-
creasing volume of marine and inland traffic, as well as a growing number of
tourists over the last decade.

All of the above-mentioned factors significantly contribute to the accumu-
lating pollution of the Boka Kotorska Bay, the highest danger stemming from
heavy metal pollution, such as mercury (Hg), lead (Pb), cadmium (Cd) and other
metals.

Heavy metals are extremely toxic and do not easily undergo biodecomposi-
tion.2 Living organisms have as of more recently been used as water pollution
biomonitors, especially for purposes of identifying heavy metals, as the standard
chemical analysis methods do not provide information about the presence and
accumulation of these metals in water.3 Furthermore, the concentrations of me-
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MUSSEL AS A BIOINDICATOR OF SEA WATER POLLUTION 935

talsin water are often below the instrument detection limit, making agquatic orga-
nisms an even more attractive method for their determination.3

As marine organisms absorb and accumulate matter from their habitat, they
serve as excellent heavy metal water pollution bio-indicators.4 In addition to
heavy metals, marine organisms serve as bio-indicators for metals and com-
pounds otherwise difficult to identify and quantify.6

Not al marine organisms are suitable as water pollution bio-indicators. The
criteriarequired for an acceptable bio-indicator are that it must be able to tolerate
large concentrations of pollutants and accumulate them in addition to being able
to withstand changes in temperature and salinity. It should be representative of a
location, i.e., static and easy to identify, sample and handle. It should have along
enough life cycle to ensure sampling over specified and extended time frames, in
addition to having a sufficient amount of tissue required for chemical analysis.®>6
Of marine organisms generally, mussels and benthic fish are selected as suitable
indicator species of coastal pollution, as they give complementary information on
the bio-availability of chemicalsin the water column and sediments, respectively.
Bioaccumulation patterns of the different pollutants vary substantially among
species. Habitat, season and food chain play key roles in the bioaccumulation
process. Filter feeder organisms accumulate most of the pollutants at levels
higher than those found in the water column; hence, they permit the quality of
coastal environments to be assessed. Being sedentary and easy to sample, the
blue mussel Mytilus galloprovincialis fulfills most of the above-mentioned cri-
teria,’ thus it was chosen to serve as the bio-indicator of heavy metal water pol-
[ution in the Boka Kotorska Bay.

The goal of this work was to determine levels of heavy metals and other
elements in the marine environment of the Boka Kotorska Bay using the mussel
M. galloprovincialis as a bio-indicator and to compare the obtained data with
other regiona data. The aim was to establish the environmental quality of the
coastal watersin the Boka Kotorska Bay.

EXPERIMENTAL
Sampling, storage and sample preparation

Mytilus galloprovincialis was sampled from seven different locations in the fall of 2007:
KraSi¢i, Kukuljina, Tivat, Opatovo, Sv. Stasija, Perast and Herceg Novi asindicated in Fig. 1.
The seven sampling sites are spread throughout the entire Boka Kotorska Bay and arein close
proximity to large towns, ports and industries of the Bay.

Mussels, of similar shell lengths, from each sampling site were sampled. Sampling was
performed using a stainless steel blade. The sampled mussels were placed in plastic bags
together with sea water and so transported to the laboratory. The mussels were rinsed ad-
ditionally with distillated water and the soft tissue separated from the shells. After that, the
mussel soft tissue was rinsed with de-ionized water, whereupon it was subjected to lyophili-
zation — freeze drying (Christ, Alpha 2-4 LD plus, Germany) under vacuum and at a tempe-
rature of —40 °C for 48 h to remove any remaining water. Dried samples of 25-30 mussels
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936 JoVIC et al.

from each station were pulverized and homogenized using a mill. The application of different
methods to analyze the metal concentrations in the mussels required the preparation of both
liquid and solid samples.

Fig. 1. Sampling sites of Mytilus galloprovincialisin the Boka Kotorska Bay,
Montenegro, southeastern Adriatic Sea.

Solid samples for Energy dispersive X-ray tluorescence (ED-XRF) analyses were pre-
pared as follows: the dried material (post-lyophilization) was pulverized in a vibration mill in
the presence of paraffin wax. The added wax allowed for homogenization of the sample and
served as a binding material for making pellets (whilst not interfering with the analysis itself).
The pellets (d = 40 mm) were made by pressing 5 g of material from the mill in a mold of the
desired shape under high pressure.

Liquid samples for Atomic absorption spectrometry (AAS) analyses were prepared as
follows: about 0.5 g of dried mussel tissue was digested under high pressure with a mixture
containing 7 ml HNO3 (65 % Merck, Suprapur) and 2 ml H,0, (30 % Merck, Suprapur) in a
high microwave digestion system (CEM Corporation, MDS-2100) for 30 min, diluted to 25
ml with ultrapure water and stored in polyethylene bottles until analysis. A blank digest was
performed in the same manner.

Chemical analysis

The manganese (Mn), cobalt (Co), nickel (Ni), copper (Cu), cadmium (Cd) and vana-
dium (V) concentrations in the mussel samples were determined using flame atomic absorp-
tion spectrometry (Perkin—Elmer, AAnalyst 200) with an air—acetylene flame. Analyses of
lead (Pb) and chromium (Cr) were performed using a graphite furnace AAS (Perkin—Elmer,
4100ZL, with Zeeman background correction). Hydride generation and cold vapor techniques
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MUSSEL AS A BIOINDICATOR OF SEA WATER POLLUTION 937

were used for the analyses of mercury (Hg) and tin (Sn) (PerkinElmer, AAnalyst 200). The
Iron (Fe), zinc (Zn), silicon (Si), phosphorus (P), sulfur (S), chlorides (Cl), potassium (K) and
calcium (Ca) concentrations were determined using the energy dispersive X-ray fluorescence
method (Oxford, ED 2000).

RESULTS AND DISCUSSION

For the first time, the concentrations of the investigated elements were mea-
sured in the mussel Mytilus galloprovincialis at the coastal area of the south-
eastern Adriatic Sea, Montenegro, using the mussel as a bio-indicator.

The information related to the collected samples and the physical parameters
of the sea water at the seven investigated sites are given in Table |. The Perast
site had the lowest water temperature (21.3 °C) and salinity (30.28 %o), but the
pH value was in the range of the all the other measured pH values, 8.16.

TABLE I. Information related to the collected sample

_ _ Depth Shell Water Water Watgr_ Water
Location  Coordinate length temperature  oxygen  conductivity
m cm °C mg ™ mScm* pH
Krasici 42°23'11"N 0.5 6.7 26.0 3.08 52.0 8.12
18°42'10"E
Kukuljina 42°25'34'N 0.5 6.5 26.5 2.86 52.9 8.22
18°42'17"E
Tivat 42°25'45'N 0.5 6.3 26.7 3.12 52.3 8.15
18°41'46"E
Opatovo  42°26'58'N 0.5 6.8 26.2 3.20 53.1 8.16
18°41'09"E
Sv. Stasija 42°28'13'N 0.5 7.2 26.5 3.05 47.3 8.08
18°45'50"E
Perast 42°29°09"’N 0.5 6.1 21.3 2.94 452 8.16
18°41'55"E
H. Novi 42°26'58"'N 0.5 7.2 21.7 2.70 53.8 8.19
18°32'08"E

Determined mean concentrations (mg kg dry weight) of Cr, Mn, Fe, Co,
Ni, Cu, Zn, Cd, Hg, Pb, Sn, V, Si, P, S, Cl, K and Causing M. galloprovincialis
as a bio-indicator of the pollution of the Boka Kotorska Bay are givenin Tablell.
The values of the MCLs8 (metal contamination levels) for Cr, Ni, Cu, Cd, Pb, Hg
and Zn are shown in Table II. These MCLs could denote contamination. Recom-
mended values of MCLs for the remaining elements do not exist in the literature.

The mean concentrations of investigated elements in the soft tissue of mus-
sels from the Boka Kotorska Bay were: 0.67 (Hg), 0.77 (V), 1.64 (Cr), 1.76 (Sn),
2.33 (Cd), 8.00 (Pb), 8.86 (Ni), 9.44 (Cu), 12.60 (Co), 17.69 (Mn), 293 (Zn), 303
(Fe), 3,057 (Ca), 5,714 (P), 7,657 (K), 26,543 (Si), 11,629 (S) and 32,243 (Cl) in
mg kg1 dry weight.
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938 JOVIC et al.

TABLE I1. Concentration of the elements found in the soft tissues of M. galloprovincialis (mg
kg1 dry weight)

Location
Element — — - — - 5
KrasSi¢i  Kukuljina Tivat Opatovo Sv. Stasja Perast H.Novi MCLs
AAS
Cr 1.30 2.20 2.40 175 1.62 0.74 1.45 25
Mn 10.89 18.88 28.68 23.96 12.71 13.07 1561 -
Co 11.71 13.17 1463 1325 11.90 11.71 1185 -
Ni 8.75 11.00 10.55 8.90 7.20 7.80 7.85 3.9
Cu 13.22 7.21 1562 10.22 6.61 7.81 541 10
Cd 2.34 159 2.66 1.65 1.56 391 261 3.7
Pb 8.00 5.50 14.50 9.00 6.50 7.00 5.50 32
\ 0.60 0.60 0.90 0.50 0.10 2.30 0.40 -
Hg 0.65 0.32 0.42 161 0.37 0.90 0.45 0.23
Sh 1.80 1.70 2.60 1.50 1.40 1.80 1.50 -
ED-XRF
Fe 250 680 410 250 150 180 200 -
Zn 310 200 570 280 190 220 280 200
K 7,600 8,100 8,700 7,800 7,300 7,000 7,100 -
Ca 2,800 2,700 5900 2,200 1,400 1,600 4,800 -
Si 26,200 27,700 26,900 26,200 26,300 26,100 26,400 -
P 5,700 5,400 6,500 5,400 6,300 5600 5,100 -
S 12500 11,700 14,000 11,800 10,600 9,800 11,000 -
Cl 37,000 32,700 43,400 37,300 22,100 22,000 31,200 —

In relation to the values of MCLs for the mean concentrations of Ni, Cu, Cr,
Cd, Pb, Hg and Zn (Table 1), only the measured Cr levels in investigated mus-
sels from the Boka Kotorska Bay were lower than MCL for this element. The
higher levels of the other measured elements than the respective MCL value in
the investigated mussel can also be caused by the bay mineralogy.

The highest concentrations of Cr, Mn, Co, Cu, Zn, Pb, K, Ca, P, S, Cl and Sn
were detected in mussels at the Tivat location, as expected. This is the site with
most anthropogenic activities, known as an agricultural area with military port,
shipyard and airport nearby. Mussels sampled from the Kukuljina site contained
the highest levels of Fe, Ni and Si; but the highest Hg level was found at the Opa-
tovo site, while the highest levels of Cd and V were found at the Perast site.

Nickel (Ni) levels determined in M. galloprovincialis varied between 7.20—
—11.00 mg kg1 for all sampling sites; the maximum level was in mussels from
the Kukuljina site (11.00 mg kg1) and the minimum value was measured at Sv.
Stasija (7.20 mg kg™1). In comparison to other literature reports on the Ni content
in mussels, %11 its content in mussels from the Boka Kotorska Bay may be con-
sidered as elevated. It is suspected that the elevated levels of Ni are primarily the
conseguence of human activitiesin the Bay.
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The concentration levels of Mn and Cr in the mussels at the seven sites
ranged between 10.89-28.68 and 0.74-2.40 mg kg3, respectively. The maxi-
mum concentrations of manganese and chromium were recorded at the Tivat site.
An analysis of the metal content of the Boka Bay sediments prior to its Indus-
trialization period indicated that the sea bed of the Bay is rich in Mn and Cr,12
and that their presence in the mussel soft tissue cannot be entirely anthropogenic.

The Cu concentrations ranged from 5.41 to 15.62 mg kg—1. The maximum
Cu level was found in the Tivat and the minimum in the Herceg Novi mussels.
Copper is an essentia trace element required by all forms of life. In comparison
to other literature reports on the Cu content in mussels, Table 11, the Cu levels
found in the present study were lower than the literature data.

TABLE I11. A comparison of the metal and non-metal concentrations in M. galloprovincialis
found for this study with literature data from other seaworld regions (mg kg1 dry weight)

ilgnt Croatia” Italy”® Slovenia® Turkey’ Morocco® Spain® Spain® Thisstudy
Cu 37111 17.9-156 6.5-49 90260 4.1-43.1 4.42— 6.8-29.9 5.41-15.62
9.65
S — — - - - - - 26,100—
27,700
Cd 0.6-1.0 0.44-1.09 2-4 2.12-34.71 0.36— 0.2-0.77 1.56-3.91
2.84
Cr 1-2.9 — 2.7-10.3 1-3 1.9-28.9 - 2.2-45.7 0.74-2.40
P - - - - - - ~ 5100-6,500
Fe 53.4-719 45.1-754 1,150-4,030 - — 174-715 150680
Ni 0.8-5 1.3-76 2880 1-6 11.7-31.7 - 0.85-19 7.20-11.00
S — — — - - — — 9,800
14,000
Co - - 0.31-2.09 — - - 0.45- 11.71-14.63
2.69
Pb 2—7 2.0-9.0 0.79-115 521 0.1-26.45 0.52- 0.3-6.1 5.50-14.50
8.22
Sn — 0.6-3.9 — - - - 6.7-21 1.40-2.60
V - - - - - - - 0.10-2.30
K - - - 4,230-7,960 - — — 7,000-8,700
Ca - - - 6,960— - — - 1,400-5,900
20,400
Cl - - - - - - - 22,000—
43,400
Zn  59.1-273 60.9-189 73-249 180630 107.4—- 134462 85447 190-570
365.7
Hg — <05 — - 0.01-2.31 0.08- 0.1-0.63 0.32-1.61
0.88
Mn 2-13 72.9-83.19.6-29.8 41-59 7.2-275 - 4.3-15.8 10.89-28.68
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Cobalt is a relatively rare element, present at 0.0025% wi/v in the Earth’'s
crust and 4x10-8 % (w/v) in seawater. It is usually found in Ni, Ag, Pb, Cu and
Fe ores.13 The cobalt levels found in the mussel soft tissue were in the range
11.71-14.63 mg kgL; the maximum found level was at the Tivat (14.63 mg kg1)
and the minimum at the Perast and Krasici sampling sites (11.71 mg kg1). The
relatively high levels of Co in the Boka Bay samples may be explained by its use
as an aloying ingredient together with nickel, chromium, molybdenum and other
elements. It is an important constituent of magnets and batteries, and is also used
as apigment for glass, ceramics and paints. Additionally, it can be used as a paint
drier and as a catalyst in the petroleum and chemical industries. Many fertilizers
are enriched with cobalt in order to amend agricultural soils that are cobalt-
deficient. It can be claimed that the Co pollution of the Boka Bay is of anthro-
pogenic nature, especially in the Tivat area, known as an agricultura area.

The non-essential metals Cd, Pb and Hg are toxic at relatively low concen-
trations.14 Human activities and industrial processes lead to an increase of these
metals in the environment and changes in their levels are good indicators of in-
creased anthropogenic impact.1415

Mussels can accumulate cadmium in their tissues at levels up to 100,000
times higher than the levels observed in the water in which they live.14 Cd con-
centrations in M. galloprovincialis from this coastal area were in the range of
1.56-3.91 mg kgL. Cd occurs naturally in ores together with Zn, Cu and Pb. Cd
compounds are used as stabilizers in PV C products, pigments and in nickel—cad-
mium batteries. The cadmium sources in the investigated mussel samples most
likely originate from pigments in paints for ships and phosphate fertilizers, since
the highest Cd concentrations were found at locations with a port (Perast, Tivat
and H. Novi) and at the Tivat location, known for its high usage of phosphate fer-
tilizers.

Elevated levels of lead were detected in port towns with a high volume of
marine and inland traffic. Pb levels ranged from 5.50 to 14.50 mg kg1, the ma-
ximum level having been found in Tivat. Lead is known to accumulate in the en-
vironment and is dispersed due to anthropogenic activities. Hence, it comes as no
surprise that highest Pb concentrations were found in mussels sampled from the
Tivat location, the site with most anthropogenic activities.

Mercury is the most toxic of the heavy metals, especially in its organic form.
It dramatically impedes bivalve growth. A significant amount of mercury intro-
duced into coastal waters precipitates due to the very low solubility of its result-
ing compounds, and it is retained in sediments of the coastal area. Due to biolo-
gical activity, inorganic mercury may be converted to methyl mercury and re-
leased into the water, where it becomes available to marine organisms.16 Marine
organisms accumulate mercury both by ingestion of contaminated food and by
direct adsorption from the water.16 Levels of Hg for the seven sites were in the
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MUSSEL AS A BIOINDICATOR OF SEA WATER POLLUTION 941

0.32-1.61 mg kg1 range. The maximum Hg level was found at the Opatovo and
the minimum value at the Kukuljina site. Such high levels of mercury can indeed
be somewhat ascribed to anthropogenic factors, but is important to emphasize
that the Mediterranean is extremely rich in Hg; its basin containing about 65 % of
the total world Hg mineral resources.17:18 Hence, naturally occurring mercury
levels are significant and might in the case of the Boka Bay outweigh anthropo-
genic factors.

The maximum concentration of tin was found at the Tivat site (2.60 mg kg2),
while the minimum value was found at the Sv. Stasija site (1.40 mg kg1). Tin
may be released into the environment from natural (component of many soils)
and anthropogenic (agricultural activities, gases, dusts and fumes containing tin
may be released from smelting and refining processes, industrial uses of tin,
waste incineration, and burning of fossil fuels) sources. There is no evidence that
tin is essential for organisms and, in general, tin-containing compounds are main-
ly released into the environment from anthropogenic sources. Most of the tin
found in a marine environment comes from boat paints containing tributyltin —
TBT,19 which could explain the high Sn content in the mussels sampled at the
Tivat location.

Vanadium concentrations were in the 0.10-2.30 mg kgL range. The maxi-
mum value of V was found in Perast (2.30 mg kg—1), while the minimum value
was measured at the Sv. Stasija site (0.10 mg kg1). As there is no naturally
occurring free vanadium, this metal occurs in seawater either by its absorption
from the atmosphere or by dissolution of sediment as it is found to be a com-
ponent of some minerals. Industrially, vanadium is mostly used as an additive in
the steel industry and in petrochemical products. It is an essential element for
marine organisms and its concentration found in mussels was a thousand times
higher than in seawater.20

Elements such as Fe, Zn, K, Ca, Si, P, S and Cl were determined using the
ED—XREF technique for two reasons: all of the elements analyzed were present in
very high concentrations, and P, S and Cl are non-metals which cannot be deter-
mined by AAS.

The iron concentrations were in the 150-680 mg kg~ range. The maximum
concentration of Fe was found at Kukuljina (680 mg kg1) while the minimum
value was found at Sv. Stasija (150 mg kg1). Iron is an essential trace element
required by all forms of life. In comparison with literature data, it is clear that the
measured Fe concentrations were lower than in other examined areas, Table 111,
indicating that there is no major pollution caused by this element in Boka Ko-
torska Bay.

The concentrations of zinc ranged from 190-570 mg kg—1. The maximum
value of Zn was found at Tivat (570 mg kg1), while the minimum value was
found at Sv. Stasija (190 mg kg1). Zinc is an essentia element and its in vivo
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942 JOVIC et al.

levels are regulated by most organisms.2! Zinc is not biomagnified. The absorp-
tion of zinc by aquatic organisms tends to be from water rather than food.22 Only
dissolved zinc tends to be bioavailable and the bioavailability depends on the
physical and chemical characteristics of the marine environment, such as. pH,
dissolved organics, water hardness, competing ions, soluble ligands and biolo-
gica processes.23 The increased concentrations of Zn in the investigated samples
compared to other regions, Table |11, could be explained by fact that Zn is used
as a dietary supplement, as well as in the chemical industry and all industries
located along the coastal area of the Bay.23

The concentrations of Si, K, P and S do not vary much amongst the investi-
gated locations, which may indicate common loca inputs and similar dispersion
processes in the study area, with the exception of Ca and Cl. The concentrations
of these two elements are also main factors of seawater salinity, which is ob-
viously related to Perast and St. Stasija, Tables | and |1. Simultaneoudly it can be
noticed that the concentrations of all the investigated elements in mussels were
generaly lower from the sites Sv. Stasija and Perast, except some elements such
as Cr (Sv. Stasija) and V (Perast). It could be concluded that salinity has high
impact on metal accumulation in mussels. Some elements (Cu, Cd, Pb, V and
Hg) were present at lower levels in the mussel from H. Novi (salinity at H. Novi
was higher compared to Perast) than in mussel from Perast, but it could be ex-
plained by the mixing of bay water with open-sea water at the mouth of the Bay.

The silicon concentrations were in the range 26,100-27,700 mg kg-1. Silicon
constitutes 25.7 % of the Earth’s crust by weight and is the second most abundant
element. It is found largely in the form of silicon oxides such as sand (silica),
quartz, rock crystal, amethyst, jasper and opal. Si is the main constituent of
clay,20 and clay is being the main constituent of the Bay bottom. As in the case
of Mn and Cr, it can be concluded that Si is naturally present in the seawater and
mussels of the Bay, explaining its similar and increased level.

The maximum value of P was found at Tivat (6,500 mg kg—1), while the mi-
nimum value was found in H. Novi (5,100 mg kg1). Phosphorus is a natural and
anthropogenic component of an aquatic environment.24 The most important an-
thropogenic inputs of this element in the Boka Kotorska Bay ecosystem are through
the use of fertilizers and detergents.

Chlorides are the most common component of sea water, together with Na,
Mg and SOg, it makes up almost 97 % of the concentrations of all ions.2> After
them, K and Ca are the most common and it is not surprising that the largest
concentrations of these three elements, Cl, K and Ca, were found in the samples:
Cl (22,000-43,400 mg kg1), K (7,000-8,700 mg kg1) and Ca (1,400-5,900 mg
kg1). Anthropogenic input of these three elements is possible because they are
used in many processes and products. Chlorine is used in the production of drink-
ing water, in the production of paper products, textiles, petroleum products, me-
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MUSSEL AS A BIOINDICATOR OF SEA WATER POLLUTION 943

dicines, insecticides, solvents, paints and plastics; K is used in the preparation of
potassium phosphates for liquid detergents and fertilizers; while Cais commonly
used in cement factories.20

The concentrations of sulfur (S) ranged from 9,800-14,000 mg kg~2. Sulfur
isanatura and anthropogenic component of an aquatic environment. Natural sul-
fur is primarily derived from the dissolution of dead marine organisms, plants
and animals. The formation of sulfur intermediates in marine sediments princi-
paly occurs through the oxidation of sulfide produced during bacterial sulfate
reduction.26 The most important anthropogenic input of this element to a marine
ecosystem is through the use of fuel oil and its presence in fungicides.20 This was
confirmed by the highest concentration of S obtained for mussels sampled at Ti-
vat (14,000 mg kg1), already mentioned as location with the greatest number of
possible pollution sources.

Literature data and data from this study are given in Table Ill to compare
element concentration levelsin the M. galloprovincialis.

The sampled mussels are compared with the available literature data of other
areas of the Adriatic Sea, (Italy, Croatia and Slovenia),10:27,28 and of other Medi-
terranean areas.92%-31 From Table |11, it can be concluded that the heavy metal
concentrations of Cd, Pb, Ni, Hg, Co and Zn are generally higher in the Boka
Kotorska Bay than in mussels from other parts of the Adriatic (Italy, Croatia and
Slovenia). However, this is not case when the levels of these metal are compared
with most industrialized and developed areas in the Mediterranean area (Spain,
Turkey and Morocco)®29-31 |n this case, the concentrations of Cd, Pb, Hg and Ni
in the mussels from the bay are generally lower, Table .

Of all seven investigated locations, the mussel sampled at the Tivat site had
the highest levels of heavy and other metals, suggesting that the highest seawater
pollution is a this site in Boka Kotorska Bay. The total quantity of wastewater
delivered into the sea at the Tivat location is second, compared to Herceg Novi,
indicating that other pollution sources play a role in the case of Tivat: the pro-
ximity of the airport, a military harbor, shipyards, oil tankers and a high usage of
agricultural fertilizers in the hinterland of Tivat. Nevertheless, the hydrological
positions of Tivat and Herceg Novi in the Bay cannot be disregarded: Herceg
Novi is located nearer to the entrance of the bay, experiencing higher seawater
flux and water exchange with the open seain comparison to Tivat.

CONCLUSIONS

More intensive mussel cultivation in the Boka Kotorska Bay, their increasing
consumption, and the possibility of their export to other countries imposes the
need for regular monitoring of seasonal and annua trends of metal concentra-
tionsin the mussels of the Bay, to assess the environmental quality of this marine
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ecosystem as the determined concentrations of Ni, Cu, Cd, Pb, Hg and Zn were
higher than the corresponding MCL value.

It was found that of all of the investigated locations in the Boka Kotorska
Bay, the mussels sampled at the Tivat location contained the highest levels of
toxic metals, primarily due to anthropogenic activities.

The results of this investigation, i.e., the determination of the concentrations
of metal and non-metal elements in mussels, indicate that the degree of pollution
of the Boka Kotorska Bay, which is influenced by anthropogenic activities, is
comparable to other marine environments. A comparison of the concentrations of
the investigated elements found in mussels from the Boka Kotorska Bay to the
other areas of the Adriatic Sea show that the levels Zn and Co, and also of the
heavy metals Ni, Pb, Cd and Hg in the Boka Kotorska Bay are generally higher.
Additionally, it was found that the concentrations of a few very toxic elements,
Cd, Pb, Hg and Ni, were generally lower compared to those determined in mus-
sels sampled from other Mediterranean regions.

Mytilus galloprovincialis as a bio-indicator of metal pollution has and can
continue to provide information about water quality not only in the Boka Ko-
torska Bay, but also aong the whole coast of Montenegro on the southeastern
Adriatic Sea.
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U3BOJ

JATHE KAO BUOUMHJJUKATOP KBAJIMTETA MOPCKE BOJE ITPMOBAJbA
BOKOKOTOPCKOTI 3AJIMBA (ITPHA T'OPA)

MHUXAJJIO JOBURY, AHA CTAHKOBUR?, IATUHKA CJIABKOBUR-BECKOCKU?, WJIMJA TOMUR®,
SANDRO DEGETTO" u CJIABKA CTAHKOBUR®

ITexnonowko—meitianypuiku gaxyaitieits, Yrnusepsuitieiti y beozpady, Beozpao, ZHHClﬂuLHyu_/. 3a HYKAeapHe HayKe
Bunua, Ynueep3uitieini y Beozpady, Beozpad, >Unciiuitiyiti 3a xemujy, liexnoa02ujy u mefianypaujy, Ynueepauitieit y
Beozpady, Beozpao u *ICIS-CNR, Envinronmental |ab, Padova, Italy

Menurepancka maBa mkosbka Mytilus galloprovincialis (marma) je xopumhena kao
HMHIKAaTOp HHBoa 3arahema bokoxoTtopckor 3amuBa, L[pHOrOopcko mpumopje — jyroumcrounu Ja-
npad. Cee Beha ypOaHu3alMja U MHAYCTpUjalIn3alyja, JIOU KaHAIM3allMOHH CHCTEM, CBE MHTCH-
3MBHHUjU TOMOPCKH U KOIMHEHH caoOpahaj, cmabo cTpyjame u Maja HUpKyJandja Bojae, JOBOJE 10
cse Beher 3arahema oBor 3anuBa. Kako Cy Telku MeTanun BeOMa TOKCHYHU M HE TOIJIEXKY JIAKO
Ouoerpaganuju, pe3ynTaTH OBOT HCTPaKHBatba Hy/ie BpeJHe HHpOpMaLHje o 3araljeby MeTannMa
U HeMmeTaJuMa nprobasba Boxokoropckor 3anmmBa kopuinhemeM narmu. KoHIeHTpanuje eneme-
HaTa y JarmaMa y3opkoBaHHX y Toky jeceHu 2007 romune onpehuBane cy HmpHMMEHOM aTOMCKe
aricoprmone criekrockoruje (AAS) 3a Cr, Mn, Co, Ni, Cu, Cd, Hg, Pb, Sni V, a eneprercku
nmcrep3uBHa penareHcka Guryopecuentra ananusa (ED-XRF) 3a ogpelhjuBame Fe, Zn, Si, P, S, Cl,
K i Ca ED-XRF je xopumhena ia 6u ce opeano HHBO HEMETalla M €JIeMEHATa NPHCYTHHX Y
BHCOKHMM KOHIeHTpalujama. [lopeauhn pesynrate oBOr MCTpakuBama ca Beh MyOJIMKOBaHUM
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paZoBHMa U3 APYTHX PErHOHA, Jarkhe Y30pKoBaHE Y BOKOKOTOPCKOM 3aIuBY Cy IOKa3alie yMepeH
HUBO 3araljema.
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