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Abstract: The seasonal variation in the mercury. copper and lead concentrations of mussels, Mytilus galloprovincialis Inhabiting the

eastern Black Sea coast of Turkey has been studied.

“The distribution of mercury concentrations between the sampling stations was more or less homogenous. while copper and tead
concentrations decreased in the middle but increased in the eastern and western parts of the studied region.

The averages of four sets of samples obtained at different periods indicated the highest Hg concentrations tb be present in Samsun,
Similarly the highest Cu concentrations were measured in mussels from Rize and Hopa and the highest Pb concentration, in mussels

from Sinop and Samsun,

Regardless of the sampling locations, the highest average g and Pb concentrations were obtained in June, and the highest Cu
concentrations, in December. A significant difference in concentrations was observed between sampling periods.

Key Words: Mussel; Metal content; Eastern Black Sea

Dogu Karadeniz'de Midyelerin, Mytilus galloprovincialis, (Lmk.)
Metal Miktari Uzerine Bir Arastirma

Ozet: Turkiye'nin Dogu Karadeniz kiyisinda yasayan midyelerde. Mytilus galloprovincialis, civa, bakir ve kursun konsantrasyonlarinin

mevsimsel degisimi incelendi.

Adi gecen bolgede civa konsantrasyonlari, drnekleme istasyonlani arasinda az qok homgjen olarak dagjitmastna karsin, bakir ve
kursun konsantrasyonlari orta kisimda azalmig, dodu ve bati kistmda ise artmistir, DOrt ayri zamanda ahinan 8rneklerin ortalamasina

gore en yiiksek Hg konsantrasyonu Samsun bélgesinde 8l¢iiimi
bdlgesinde, kursun konsantrasyonu ise Sinop ve Samsun balgesi

stir. Yine ayn: ortalamalara gore en yiiksek Cu konsantrasyonu Rize
nde bulunmustur,

Ornekleme bolgeler! dikkate alinmadan yaptlan degerlendirmeye gére ise ortalama en yiiksek Hg ve Pb konsantrasyonlan Haziran
ayinda, Cu konsantrasyonu ise Aralk ayinda dicilmistir. Ornekleme zamanlarina gdre konsantrasyonlar arasinda dnemii farklar

gbzlenmistir,

Anahtar Kelimeler: Midye; Metal miktar:: Dogu Karadeniz.

Introduction

The eastern Black Sea coast of Turkey between
longitudes 35° 00" and 41° 45", ise more populated
and therefore more industrialized than the western
coast. The number of major Turkish industries in the
Black Sea region amounts to 236 (1) and most of
these are situated along the eastern coast. This region
is also rich in ore deposits, especially in copper and
lead ores (2). On the other hand, it has been sug-
gested that the fresh water discharged along the east-

|
ern coast by three major rivers, Kizilirmak, Yesilirmak
and Coruh, contributes to the pollution of the sea.

Because of their capacity to accumulate metals
from the environment, bivalves have been widely used
as qualitative blological indicators of metal pollution
(3-6). Of the bivalves, mussels now receive consid-
erable attention as subjects of poliution studies. They
have been proposed as suitable indicators for mon-
itoring trace metal pollution .in the marine environ-
ment (7-14).
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The genus Mytilus offers most of the requisite fea-
tures of a bioindicator: world-wide distribution, non-
migrant species with long survival, reasonable size,
easy sampling, abundance, tolerance to brackish water,
and the ability to concentrate numerous contaminants
(5. 15-18).

Mytilus galloprovincialis is abundant along the Black
Sea coast of Turkey (19). Although this species is
widely used for monitoring trace metal pollution in the
Mediterranean Sea (15, 20-23), there have been few
studies of its metal content in the Black Sea environ-
ment (24-26).

The aim of this study is to evaluate the degree of
metal contamination of the eastern Black Sea using
the indicator species, Mytilus galloprovincialis.

Meterials and Methods

Mussels, M. galloprovincialis, were collected from

six stations (Figure 1) along the eastern Black Sea
coast in June, August, October and- December of 1991
according to the procedure described in UNEP/FAO/
1AEA, (27).

As the concentration of most heavy metals in mus-
sels is influenced by the size of these organisms (28-
29). efforts have been made to collect mussels of the
same size (4.7+0.8 cm). After collection, all samples
were put into plastic bags and frozen at -20 °C until
analysis. Frozen samples were first thawed, removed
from their shells and rinsed with distilled water. The
soft parts of at least three mussels were digested in 3
teflon cup with concentrated nitric acid using a stain-
less stell block. After digestion, mercury was analyzed
by cold vapor Atomic Absorption Spectrophotometry
(Varian model AA-6) according to the method de-
scribed in UNEP/FAO/IAEA/IOC, (30). Copper and lead
were analyzed by a GBC Atomic Absorption Spectro-
photometer (Model 902). International standards from
CBR (Community Bureau of Reference) and blanks
were included in each set of samples to check the pre-
cision and accuracy of the analysis.

Results

Figures 2a, b and ¢ show the variations of mer-
cury, copper and lead in the soft parts of M. gal-
loprovincialis collected in June, August, October and
December from the six sampling areas.

Mercury

Mercury concentrations fluctuated both with loca-
tion and with season (Figure 2a). The average mer-
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cury concentrations in the soft parts of mussels from
the Sinop location ranged from 6 to 20 ng g’ al-
though the mussels were always roughly the same
size. The high values were obtained in June and Oc-
tober and the low values in August and December.
The mercury content of the samples taken at Samsun
station showed a decrease from 170 ng g' in June to
10 ng g' in December (Figure 2a). This value of
170 ng g"' was the highest mercury concentration ob-
tained throughout the sampling period. At the Trabzon
station, mercury concentrations in "the mussels re-
mained at nearly the same level (~20 ng g"') through-
out the sampling periods except for in December when
a level of 46 ng g' was measured. A similar pattern
to Trabzon was observed in the seasonal variation of
the mercury contents of mussels from Sirmene (Fig-
ure 2a): concentrations ranged from 10 ng g in June
to 25 ng g"' in December. Whilst the mussels sampled
in October and December from Rize contained quite
low concentrations, mercury could not be detected
from those collected in June. At the easternmost sta-
tion, Hopa, the mercury concentrations showed fluc-
tuations during sampling periods, the lowest value
(2.67 ng g"') being obtained in August and the high-
est value (43.67 ng g'). in December.

Copper

Of the three metals studied. copper had the high-
est values in the soft part of M. galloprovincialis in
most sampling periods. The concentrations increased
towards the eastern part of he studied region (Figure
2b). Seasonal fluctuations were observed in the copper
concentrations of mussels from Sinop and Samsun. At
Sinop station, the highest value of 3.18 pg g' was
obtained in August, followed by 2.17 and 1.12 pg g
in December and June, respectively. The lowest con-
centration of the four sampling periods was found to
be 0.16 pg g"' in October. In Samsun, despite the
very low copper concentration (0.09 pg g') found in
October, for other sampling periods concentrations
varied between 1.79 and 2.77 pg g"'. Compared with
the other sampling locations, relatively low concentra-
tions were measured in Trabzon. Copper concentra-
tions in Sirmene samples also fluctuated between
0.12 pg g' (in October) and 3.39 pg g' (in August).
The mean copper concentrations measured in Slirmene
were higher than those found in Trabzon.

The highést copper concentration and the highest
seasonal variations were both observed in mussels
from Rize. The concentrations varied between 0.25
and 13.33 yg g'. At Hopa station, which is the east-
ernmost station of the sfudied area, copper values




showed a step-wise increase from June to December
(Figure 2b). Following Rize samples. the highest cop-
per concentrations were obtained from this location.

Lead

In contrast to copper. the lead content of the mus-
sels decreased towards the eastern part of the studied
region until Hopa station where an increase in lead
concentration was observed (Figure 2c). Samples taken
from the Sinop area in June contained the highest
lead concentrations (2.58 pg g') compared with all
other sampling areas and sampling periods. At Samsun
station, considerable levels were also obtained in June
and August (1.37 and 1.32 ug g"'. respectively) while
those measured in October and December were found
to be less than half these values. Despite the high lead
accumulations encountered in Sinop and Samsun, rel-
atively low concentrations were obtained in samples
from Trabzon. Sirmene and Rize. Seasonal variations
occurred in the lead content of mussels from Hopa.

Discussion

The difference in metal concentrations observed in
sampling locations is obviously due to an increase and/
or decrease in the input of pollutants from different
sources. In addition, the fluctuations observed during
the sampling periods resulted both from exogenous
and endogenous factors (7. 31-32). The average mer-
cury concentrations in the soft parts of mussels from
the Sinop location changed from 6 to 20 ng g'. al-
though the mussels were more or less of the same
size. Phillips (7) studied the net uptake of zinc. cad-
mium, lead and copper by Mpytilus edulis and found
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that in mussels of similar size (by shell length). the
wet weight varied with season and that concentrations
of metals were inversely proportional to these weight
variations. According to this author, seasonal weight
variations are related to the annual reproductive cycle
of the mussels. Likewise, Simpson (33) pointed out
that seasonal differences in heavy metal concentrations
in samples of Mytilus edulis and other marine in-
vertebrates may simply be a function of the season-
ality of the reproductive cycle. The results obtained by
Feyzioglu (34) showed June and October to be pre-
spawning preiods for M. galloprovincialis on the south-
eastern Black Sea coast. This may be a reason for the
high mercury concentrations during these sampling pe-
riods. The value of 170 ng g' obtained in Samsun
samples was the highest mercury concentration ob-
tained throughout the whole sampling period. This
concentration probably resulted from freshwater input..
According to meteorological data (35). the rainfall in
the Samsun region reached its highest level in May
and June and the flows of the Kizihrmak and
Yesilirmak rivers which discharge into the sea on both
sides of Samsun city (Figure 1) also reached their
maximum in May and June (36). On the other hand,
some authors (37-38) have indicated that rivers are
the most important sources of mercury in the Med-
iterranean. Similarly Amiard et al., (18) have pointed
out that changes in land drainage leading to changes
of metal inputs into coastal areas may result in fluc-
tuations in the metal concentrations in living organ-
isms. Salinity changes caused by these rivers may also
be a reason for changes in the mercury concentrations
of mussels, as has been observed for the other meatis
(7). The highest mercury concentration obtained in

B L A C K S E A

SAMSUN

A Sampling sts.
ACu
D Cu+Fyrite

® Cus2n
O CusAgeAy

wCusPbeZn @ PorZnsAg T U R K E

42°  Figure I.  Sampling Stations and Localities
of Economic Mineral Deposits
(modified from Yicesoy & Ergin.
1992)
]

TURKEY !

267



A Preliminary Study on the tetal Content of Mussels, Aytius gailoprovinciais (Lmk.} in the Eastern Black Sea

© 50.0 —=> 170ng g-1
4s0]@ ’ i,

ey 0 sune
c.”40.0 m August
©35.01 W October i
‘.‘,,g’ 300 E3 December

';-T; 25.0

§ 20.0
e
§15.0
£100
5.0
0.0

’ ' )

: 1 i 9
k d | )
¢ P

Sinop Samsun Trabzon Surmene

Rize Hopa
Sampling Stations

10.00
b 13.33 e

9.00 (b) g g -‘
<800
&
37.00
€ 6.00
o
®5.00
g 5
@ 4.00 #

R rm

Sinop Samsun Trabzon Sirmene Rize  Hopa
Sampling ‘Stations

0 June

B August
M October
December

1.60
| (c) [l—» 258 wg g-1

1.40
= 3 June .
1.20 M August
g M October
w 1.00 {3 December
5
£0.80
—
1=
30.60
o
S
5 0.40
o

0.20

0.00 : X b S ‘_L,L 1 .

Sinop Samsun Trabzon Sirmene Rize  Hopa
Sampling Stations
Figure 2. Variations in the Concentrations of Kerciry (1), copper (h)
and lead (c) in the Soft parts of M. gatloprovitictilis vath

Space andTtine.

June could also have been caused by a sudden pulse
of mercury entering the sampling area at the time of
sampling. Leonzio et al., (1981, cf. 39) have observed
great variation in mercury concentration of M. gal-
loprovincialis within a distance of 92 m from a source
of mercury. The steady levels of mercury. observed at
Trabzon station in June, August and October lead to
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the suggestion that a constant input of mercury from
industrial and urban sources occurs in this area during
most of the year. The high concentration measured in
December may be due either to high rainfall in Oc-
tober and November or to low phytoplankton abun-
dance at this location (34. 40) since higher phy-
toplankton productivity has been associated with low
metal concentrations (41). The possible reason for the
similarity in the temporal variation of the mercury
contents of mussels between Trabzon and Sirmene is
that these two cities are close to each other and have
the same climatic conditions; however Trabzon is more
populated; and industrialized than Siirmene. Accord-
ingly. the slightly higher values obtained from Trabzon
mussels presumably result from Trabzon's larger pop-
ulation. At the Hopa station, the lowest value was ob-
tained in August and the highest value in December.
With the exception of April, the annual rainfall is al-

"ways high in this region compared with the western

stations of the studied area. Both June and December
follow the rainy spring and autumn. seasons, re-
spectively. Thus a direct run-off of mercury could be
expected due to drainage especially from agricultural
areas since this metal is also found in pesticides (42).

The results discussed above show that the highest
mercury concentrations were found in late spring or
early summer at the two western statibns, Sinop and
Samsun, while the highest concentrations were ob-
served in late autumn or early winter at the eastern
stations of the study area. Omitting the mercury con-
centration in June obtained from Samsun, the average
mercury concentrations in Mytilus gallogrovincialis col-
lected from six locations throughout the sampling pe-
riod were lower than or similar to those found by
various other authors (39. 43) in different parts of
the Mediterranean. The highest mercury value acquired
on one occasion only in the Samsun location is nearly
at the same level as those values measured in polluted
areas of the Tyrrhenian Sea (43).

With the exception of the Hopa location, copper
concentrations are similar to those found in M. gal-
loprovincialis from the Gulf of La Spezia. Italy (44).
Saronicos. Guif, Liguraian and Adriatic Seas (43) and in
M. edulis from Port Phillip Bay, Australia (8). Because
the copper concentrations obtained from Black Sea
mussels (25-26) are given on a dry weight basis, no
comparison could be made. The concentrations in-
creased towards the eastern part of the studied region
(Figure 2b). Seasonal fluctuations were observed in
the copper concentrations of mussels from Sinop and
Sanu The reasons ®or these inconsistancies are not




easy to explain. Phillips (7) has suggested that such
seasonal fluctuations may be due to the variation in
the wet mass of mussels with season. Such fluctua-
tions may be related to phytoplankton productivity and
availability of food (41), and to the reproductive cycle
of the mussels (33). Unfortunately, detailed studies of
neither phytoplankton productivity along the south-
eastern Black Sea coasts nor of the reproductive cycle
of M. galloprovincialis in the study area yet exist. A
contribution to the copper pollution could also be ex-
pected from the copper refinery in Samsun. Relatively
low concentrations were measured in Trabzon and so
the mean copper concentrations obtained in Sirmene
were higher than those found in Trabzon although
these two cities are close to each other. There is a
copper refinery and some copper mines around
Surmene city (Figure 1). and the higher values prob-
ably resulted from the drainage of these enterprises.

The highest copper concentration was measured in
Rize. This enormous peak observed in December pre-
sumably originated from an instantaneous or accidental
run-off of Copper-containing effluents from the Cayeli
copper refinery and also from copper mines which are
located all around this city. Fowler and Oregioni (15)
have suggested that peak metal concentrations result
from high precipitation and increased run-off bringing
particulate metals to the sea. Following the Rize sam-
ples, the next highest Copper concentrations were ob-
tained from the Hopa location. This region is very rich
in copper mines (Figure 1). The metal from these
mines is processed in copper refineries occurring in
the same area. They obviously constitute the main
Sources resposible for the high copper concentrations
in the mussels from this location. Inputs from the
Coruh river and from some small creeks in this area
are additional reasons for the elevated copper con-
centrations. Yicesoy and Ergin (45) studied the heavy-
metal geochemistry of surface sediments from the
southern Black Sea shelf and upper slope and found
the highest copper content in the sediments from the
Hopa region.

The high lead content of mussels from the Sinop
area remained within the same ranges as those found
in Mytilus galloprovincialis from the Adriatic Sea (43).
The Sinop area is far from the impact of any rivers.
However, in 1991 when the samples were collected,
the rainfall maintained a high level throughout the
winter and spring seasons (35). It is likely, therefore,
that the very high concentrations obtained in June
originated from industrial and/or domestic effluents
which were discharged deliberately or carried by tor-
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rents of the ground water into the sea. Phillips (16)
studied the lead, iron and manganese content of M.
edulis in Scandinavian’ waters and has suggested that
the majority of lead entering the coastal waters of
Sweden is derived from storm-water. Likewise, Chow
et al. (9) obtained a correlation between lead content
of Mytilus and human activity along the coastal zone,
In addition, used lead batteries were occasionally en-
countered on the Sinop coast. A contribution to pollu-
tion should also be expected from these materials. Ad-
ditional metal inputs would also be derived from
natural geological sources since zinc and lead are com-
monly found associated with economically important
deposits on land (Gimiug, 1979, cf. 45). For example,
sediments from the southeastern Black Sea showed
significant lead contribution from the mineral deposits
and mining activities which are genetically related to
the volcanic massive Zn-Pb-Cu sulfides formed in the
Cretaceous to Tertiary times (45). The high lead con-
centrations obtained in June and August in the Sam-
sun samples were found to be less than or at the
same level as those reported for mussels from differ-
ent parts of the Mediterranean Sea (43). As was men-
tioned previously, this area receives very important
freshwater input from the Kizihrmak and Yesilirmak
rivers, draining a large area where some important
lead deposits occur. Seasonal variations in the metal
content of mussels can be attributed to the flow re-
gime of these rivers. Amiard et al. (18) have sug-
gested that changes in land drainage leading to chang-
es in the metal inputs into coastal areas may result in
fluctuations in the metal concentrations occurring in
living organisms. Furthermore, Samsun is the most
populated city of the eastern Black Sea region and has
a heavy traffic flow both in the City and in the har-
bour. Leaded petrol could be another explanation for
the high lead levels in the sea water and thus in mus-
sels from this location. Despite the high lead con-
centrations encountered in Sinop and Samsun, rel-
atively low concentrations were obtained in samples
from Trabzon, Siirmene and Rize. The factors con-
trolling the availability of sediment-bound lead to the
estuarine bivalve, Scobiculariz plana, were studied and
considerable variations in lead levels between estuaries
were observed (4). It was suggested that one of the
reasons for these variations is the differ@hce between

“the characteristics of the sediments such as size, or-

ganic carbon content etc. The relationships were ob-
served between the clay, silt, sand, CaCO3 and organic
carbon in the sediments and their heavy metal con-
centrations (45). The slightly high lead concentration
obtained from the Hopa samples in June resuited pre-
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.

sumably from freshwater runoff throughout the win-
ter and spring periods. Elevated concentrations ob-
tained in August and December may be of industrial
and/or urban origin.

Conclusion

The following conclusions can be deduced from the
results discussed above:

- Regardless of sampling location, the highest aver-
age Hg. Cu and Pb concentrations were obtained in
June, December and again in June, respectively.

- With the exception of quite high mercury and
copper concentrations obtained in the Samsun and
Rize locations, respectively, the highest average mer-
cury value was recorded in Trabzon samples and the
highest coper concentration was found in the Hopa lo-
cation. Both Sinop and Samsun samples contained the
highest lead concentrations.

- The concentrations of the three metals measured
in mussels throughout the sampling period were below
the maximum permissible levels accepted by different
countries (39, 46).

- The distribution of mercury concentrations among
sampling stations was more or less homogenous, while
the distribution of copper and lead decreased in the
central but increased in the eastern and western parts
of the study region.

- Several investigators have observed a significant
correlation between heavy metal concentrations in
mussels and phytoplankton productivity (41) in the
surrounding region and the reproductive cycle of the
mussels (7. 33). Unfortunately, no detailed study has
yet been carried out either on the biology of M. gal-
loprovincialis or on phytoplankton production in the
study area.

- The difference in concentrations between sam-
pling locations was insignificant, while a significant dif-
ference (P<0.01) was observed between the sampling
periods.
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