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Abstract

The heavy metal concentrations in different algae species were reviewed after
collection from Black Sea and Bosphorus stations from 1979 to 2001. The results
showed that the Turkish Black Sea coast and Bosphorus region faced heavy metal
poliution. However, Cd, Co, Cr and Pb levels were found to be below lower limit
detection in all tested Black Sea algae species collected in 1998 and 1999, On the
other hand, Cd, Cr, Cu, Pb and Zn concentrations increased at the eastern Black Sea
stations in 2001. As a result, it can be said that the heavy metal monitoring of marine
algae species with repereséntative sampling sites along the Bosphorus and Black Sea
Turkish Coast should be continued.
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Introduction

At the present time, much attention is being focused on assessing
pollution in the Black Sea. The Black Sea have been degraded by
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maritime pollution, industrial activity, municipal wastewater,
agricultural chemicals and airborne particles. It is well known that
advances in the integrations of environmental monitoring, biokinetic
and ecotoxicology with dose calculation could make it possible to
eventually determine the sensitivity to pollutants of human population
and marine organisms. For this purpose, Cekmece Nuclear Research
and Training Center and Marine Science Institute of Istanbul
University have carried out a collaborative study on heavy metal
concentrations in marine algae samples since 1986.

Determination of heavy metal concentration in marine algae samples
is usually preferred to the seawater and sediment samples. Heavy
metal concentrations in seawater are very low and show wide
fluctuations. At the same time, heavy metal levels in the sediment
samples can be changed by organic matter content, grain size
composition, pH and oxidation-reduction potential, etc. (Forstner,
1985). On the other hand, marine organisms can be used as monitors
to give information on concentrations of heavy metal in the
surrounding environment. Especially, macrolagae species are usually
used to indicate heavy metal levels in both estuarine and coastal
waters throughout the world. In benthic food webs, marine algae are
key links and they act as time-integrators of pollutants (Fowler, 1979).

well fitted as monitor organisms in heavy metal monitoring.

This review presents the concentrations of some selected heavy metals
in-marine algae samples collected from different stations in the Black
Sea during 1979-2001. At the same time, the heavy metal levels are
also presented in the Bosphorus algae samples.

The sampling stations of the marine algae at the Turkish Coast of the
Black Sea and Bosphorus region are shown in Fig. 1.

Heavy metals are normal constituents of the marine environment and
whether essential or not are potentially toxic to organisms when
natural concentrations are exceeded. Marine algae accumulate heavy
metals by two stage process, consisting first a rapid adsorption on the
exterior surface area of the plant and then intracellular uptake by a
stow absorption as metabolically (Granharm ef al.,1992).
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Heavy metals are introduced into the Black Sea through rivers by
direct discharge of industrial wastes, agricultural runoffs and
municipal usage. In addition, levels of heavy metals in the Black Sea
have increased due to oil pollution and airborne contaminants,
Moreover, the western Black Sea was polluted by chemical wastes in
barrels dumped irresponsibly in 1987-1988 by foreign ships
(Topcuoglu, 2000).

Fifteen species of marinealgae [Chaetomorpha linum, Ulva rigida,
Ulva  lactuca, Enteromorpha  linum, Lnteromorpha compressa,
Enteromorpha intestinalis (green algae), Cystoseira barbata, |
Scytosiphon  verrucosa  (brown algae), ~Phyllophora nervosa,
Gracilaria verrucosa, Corallina gramifera, Coralling mediterraneaq,
Corallina officinalis, Ceramium rubrum, Pterocladia capillacea (red
algae)] and a species Zostera marina (phanerogam) were used in the
present reviewed work.

Guiven ef-al, (1992b) determined heavy metal concentrations in the
Black Sea algae from 1979 to 1988 (Table 1a). Their study showed
that the heavy metal pollution of the Black Sea marine algae generally
increased until 1987 and remained more or less constant in 1988. The
influence of the locations showed that Sinop generally was more
polluted than Sile. The accumulation rate of metals were correlated
with different algal taxa as follows: Al, Cr and Fe in green algae; As
and Sr in brown algae and Ag, Cd, Co, Cu, Mn, Pb, Se and Zn in red
algae.

Guven ef al., (1992a) also investigated the metal uptake by The Black
Sea algae collected in 1983-1988 as shown in Table 1b. The pollution
at different locations according to years were: Green algae; Uhva
rigida at Sinop in 1986 K, in 1987 all metals except K;
Chaetomorpha linim at Sinop in 1986: Ba, Ce, Cs, Bu, Hf, K, La, Sc,
Sm, Th, Yb. Brown algae; Cystoseria barbata in 1987: Rb, Sb, in
1986: Cs, at Sile in 1987: Ba, Ce, Th, Sc, Sb, in 1988: Rb, K, at Sinop
in 1986: Ce, Cs, Eu, Hf, K, Rb, Sc, Sm, Th, in 1987 Ba, Sb, Yb, La.
Red algae; Phyllophora nervosa: in 1983: Ba, K, Lu, Sb, Yb, in 1987;
Rb, in 1988: Ce, Eu, Hf, La, Sc, Th; Gracilaria verrucosa: at Sinop in
1986 K, in 1987: Ce, Cs, Eu, Hf, La, Rb, Sb, Sc, Sm, Th, Vb;
Prerocladia capillacea: at Sinop.in 1986: K, in: 1987: Hf, La, Rb, Sb,
Sc, Sm, Th, Yb. When algae divisions are compared for metal
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pollution, green algae was more polluted than the brown and red
algae.

The metal concentrations of the algae samples in the Istanbul Region
were investigated by Saygl ef al., (1994) collected from Sarayburnu,
Sartyer, Kilyos and R Kavag in 1989 (Table 2). The results showed
no significant differences between the metal values in different algae
species. However, Ag, Cd, Co, Cr, Cu, Fe and Mn concentrations in
Sarayburnu algae were higher than other algae samples coliected from
the other stations. On the other hand, Pb level in the Sarayburnu algal
sample was lower than the other locations in the same and different
algae species. The Bosphorus had been subjected to very high levels
of pollution due to industrial and municipal waste disposal. At the
same time, the contaminants are introduced through water way into
the Bosphorus from the top and bottom currents in the reverse
direction.

Giiven ef al, (1993) investigated heavy metal concentrations in five
algae and Zostera marina (Phanerogam) collected from seven stations
in 1990 and 1991 (Table 2). Z. marina showed higher metal levels
than the tested algae species. In that study it is indicated that the metal
accumulation occurred in different algal division: Cd, Cu and Pb in
green, Zn in brown and Cr, Fe and Co in red algae. A similar type of
study for marine algae species of the Bosphorus stations was carried
out by Kut et al., (1998) after collected in 1993 (Table 3). In general,
the accumulation of most of the metals showed no direct correlation
with algae species. On the other hand, a comparison of the As level
among the algae species in that study showed that the brown algae
species could be valuable indicator organism from their ability to
accumulate arsenic.

Giiven ef al., {1998) examined heavy metal levels in different algae
species after collected from the four stations on the western Black Sea
coast during the period of 1991-1993 (Table 3). Their results indicated
that the metal concentrations of algae increased generally (with some
exception) from 1991 to 1993 in Sile and Sinop. In that study the
highest amounts were found for As, Cd, Pb, Sb and Zn in Sile, Cu in
Riva and Co, Cr and Fe in Igneada. The correlation of the
accumulation of metals with algal divisions were found as follows: Cr,
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Pb, Pb and Sb in green algae, As and Cu in brown algae and Cd, Co
and Zn in red algae.

Sile is the main station where the investigation on the metal pollution
of algae have been carried out since 1979, because it was on the route
of water currents coming from the Danube and located near the
metropolis of Istanbul. At the same time, the fishing potential of this
region was important. For this reason, heavy metal levels were
investigated in marine algae species collected from Sile during the
period of 1994-1997 (Topcuoghu ef al., 2001)(See Table 4). The study
showed that the concentrations of Cd, Co and Cr decreased while Pb
increased and Zn, Mn and Cu did not change in C. barbata and Ph.
nervosa  collected from Sile durmg this period. The highest
accumulations of different heavy metals in the algal divisions were as
follows: Pb and Cu in green, Fe in brown and Cd, Zn, Co, Ni, Mn and
Cr in red algae.

During the period 1997-1998, marine algae samples were coliected at
four stations of the Turkish Black Sea coast in order to establish the
level of selected heavy metals (Topcuoglu ef al., 2002). The heavy
metal concentrations of the algae are given in Tabie 4. The Cd and Cr
concentrations are higher in C. barbata than U lactuca collected
from the same station. On the other hand, Co level in U/ lactuca at
Kilyos station is higher than that of the brown algae species. The
study also showed that the Persembe algae were less polluted than
those at Igneada, Kilyos and Sinop. No data on the heavy metal
concentrations in Pazar stations have been published in literature.
Hence, the concentrations of Cd, Pb,. Cu, Zn and Mn in marine algae
samples at Pazar station were investigated after collected in 1998
(Topcuoglu ef al.,2003a). The results showed that the Pazar algae
samples were less polluted (except Pb) than Persembe, Sinop, Sile,
Kilyos and Igneada algae samples collected in 1997 and 1998 (Table
4).

Topcuoglu et al., (2003b) determined heavy metal concentrations in
different algae species after collection at Sile and Sinop stations from
1998 to 2000 (Table 5). In general, as regards the influence of the
collection sites on the heavy metal accumulation, Sinop was
considered to be more polluted than Sile. At the same time, their
results showed that Cd, Co, Cr, Ni and Pb levels increased from 1998
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to 2000. On the other hand, Cu, Fe, Mn and Zn concentrations
decreased during this period at the two stations. Moreover, Cr and Pb
concentrations in all marine algae samples tested in 1998 and 1999
were below lower limit detections. In that study it was showed that the
highest accumulation of the heavy metals in the algal division were:
Cr, Fe and Pb in green algae and Cd, Co, Cu, Mn, Ni and Zn in red
algae.

The heavy metal concentrations in marine algae samples in two hot
points (Unye and Rize) at the eastern Black sea were determined after
collected in 2001 by Topcuoglu ef al., (2003 a; 2004a). In general, the
Phanerogam species {Zmarina) showed higher metal concentrations
than the tested algae species (Table 6). The Cu concentrations in Unye
algae were higher than similar algae samples collected from Rize. On
the other hand, Pb concentrations were higher in Rize. A comparison
of the present data in Table 6 with data reported for marine algae in
the other stations suggests that the heavy metal fevels at Unye and
Rize are not higher than elsewhere. However, if only Cu and Pb data
are considered, some opposite trend can be observed.
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Figure 1. Sampling stations
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Table 5 (Contined)

Speties Station
Ulnetuca Sile 1998
C.barbata Sile 1968
P.capillaceq Sile 1998
C.mediterranea Sile 1998
Ulactuca Sinop 1998
E.linza Sinop 1998
C.barbata Sinop 1998
C.mediterranea Sinop 1998
C.rubrum Sinop 1998
Ulactuca Sile 1999
C.barbata Sile 1989
P.capillacea Sile 1999
P.nervosa Sile 1999
C.mediterranea Sile 1999
Ulactuea Sinop 1999
C.harbata Sinop 1999
P.capillacea Sinop 1999
P.nervosa Sinop 1996
C.mediterranea Sinop 1999
U pigida Sile 2060
C.barbata Sile 2000
P.nervosa - Sile 2000
C.granifera Sile 2000
Clinum Sinop 2000
E.linza Sinop 2060
C . barbata Sinap 2000

Mn

32,1402
91,1204
64.720,2
41,1£0.1
192 .4+G.2
27.3%0,1
48.540.5
249 541 .6
21.840.2
6.740.1
52102
88.3:0.3
22.2+0.1
12.540.1
22.740.1
10.8+£0.7
364.6+1.8
56,7402
9.5£0.3
12,002
75.8+1.1
17.9£2 .4
17.2+£1.9
50.1%1.1
33,5430

Ni Pb
9.740.2 <{.1
6.1x0.1 <0.1
10.8x0.5 <0.1
<0.1 <0.1
9.04:0.4 <{.1
7740 8 <6).1
7201 <0.1
<Q.1 <1
11.240.3 <0.1
<(.1 <0.1
<(.1 <0.1
<0.1 <0.1
474x1.1 <{).1
<0.1 <01
<01 <0.1
5.740.7 <(.1
<0.1 <(.1
70.6x£]1.8 <0.1
<(.1 <0.1
31.0£1 5 1.34:0.1
5.7%0,1 1.4+0.2
70.0+0.3 1.940.1
41402 22401
12.3%1.6 2.1£0.1
24,443 5 9.140.2
4740 5 3.5204

Zn

BTN E

351403
119.8+0.5
43,4407
13.5£0.1
43.24:0.2
43.9+0.1
39306
58.040.1
9.6+0.1
13.9+0.3
86.2:40.5
71.8+0.4
22.540.1
394 4+1 .6
191.540.4
176.8+1.1
54,440.3
19.1£0,1
3.940.3
21.7+0.1
240412
8.940.3
7.7+0.3
71205
65509

H



Table 6. Heavy metal concentrations of marine algae samples in 2001 ( ngle dry weight}
(1) Topeuoglu et al., 2003a; (2) Topguoglu eral. 2004a _ _
Species Station Cd Co Cr Cu Fe

Ulacruca (1) Rize 2001 0.5£0.1 - - 21.440.2 -
C.barbata (I} Rize 2001 0.7+0.1 - - 6.340.04 -
Charbata (2)  Unye2001  0.8£0.02  <0.05 <0.06 19204 0.08%,
Uldctuca (2 Unye2001  2.7:0.02 <005 2.4+0.3 257705 02%
Z.marina (2) Unye 2001 0.60.06 <005 <0.06 5.5+0.3 £.03%
Z.maring {2) Unye 2001 512010 78207 <0.06 27.140.03 0.1%

err

Species Siation Mn Ni Pb Zn
Ulactuca (1) Rize 2001 20.6£2.6 - 7.7£1.3 36.142.3
C.barbata (1) Rize 2001 22.241.3 - 14112 61.2+1.1
C.barbata (2)  Unye 2001 38501 6702 <01 76.0340.2
Ulaciuca () Unye2001 802403 43202 <01 349.7427.6
Zmaving (33 Unye 2001 007605 5.3+0.4 <0.1 14.0%0.1

Zomaring (2)  Unye2001  436.1#4.0 172+01 158206 1098303

Conclusion

The present results on heavy metal concentrations in marine algae
samples have provided information on the interaction of these metals
with algae species, which is the key question in reviewing the fate of the
pollution in Black Sea and Bosphorus region during past twenty years. In
the light of the results the following conclusions can be drawn :

1. In general, Cd, Co, Pb, Cu and Mn concentrations of the brown algae
(C. Barbata) in the western Black Sea stations showed peak values during
1986 and 1987. Similarly, Pb, Ni, Cu and Mn in the same algae species
of the region also showed peak values in 1997 and 1998. The high heavy
metal levels in the C. Barbata samples gradually decreased after 1997 or
1998 The results also showed that the Pergembe algae {C.barbata) were
less polluted than the same species collected from the western Black Sea
in 1997. On the other hand, Cd, Cr, Cu, and Zn in Unye and Cu and Pb in
Rize algae samples increased in 2001. That meant that the dafa in the
eastern Black Sea were limited in space and time and further sampling
would be needed to follow annual changes in the eastern Black Sea.

2. The collection sites had influenced the accumulation of metals in
marine algae. Sinop station was more polluted than Sile. The results also
showed that the metal concentrations of the Black Sea algae were higher
than Bosphorus and Marmara Sea algae. On the other hand, Cu and Mn
in C.barbara and Cr in U lactuca species at the Black Sea and Bosphorus
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stations - were lower than Marmara Sea algae collected in 2000
(Topcuoglu et al., 2004b).

3. The presented results indicated that the heavy metal uptakes in marine
algae species were irregular, However, the concentration of As in C.
barbata was found to be reguiar.

4. This review shows that determination of heavy metal concentrations of
marine algae samples through the years is a good indicator of the
contamination of the Turkish marine environment. The phanerogam
species (Z.marina) has also been a subject of pollution surveys and could
be considered as an alternative species.

Ozet

19792001 yiltan arasinda Karadeniz ve Bogazigi'nden toplanan deniz alg omeklerinde
saptanan agir metal bulgulan bu makalede verilmigtir. Bu sonuciara gore Karadeniz ve
Bogazigi agir metal kirlilifine maruzdur. Bu arada Cd, Co, Cr ve Pb diizeyieri 1998 ve 1999
yllarinda analizi yapilan tlim Karadeniz deniz alglerinde tayin Hmiti altinda bulunmustur.
Buna kargilik, Cd, Cr, Cu, Pb ve Zn kensantrasyonlan 2001 yili Dogu Karadeniz émeklerinde
giderek artmustir. Zira midyeler beili stirelerde metali tutup sonra saliveririer, algler ise agr
metali yafistiririar, bu sebebten bu tayinlerde alglerin kullaniimass uygundur,
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