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Abstract Micronuclei tests is a system of mu-
tagenicity testing used for determining the pol-
lution and chemicals causing changes in DNA
fragments such as micronuclei in the cytoplasm
of interphase cells. Damage caused on the DNA
by genotoxic pollutants is the first consequence
occurring in the aquatic organisms. Thus, it was at-
tempted to determine whether pollution affected
the erythrocytes and gills of fish Gobius niger and
haemolymph and gills of mussels Mytilus gallo-
provincialis living in Izmir Bay at the level of
DNA by the means of micronuclei (MN) test.
Organisms used in the MN test were collected
from seven locations (Alsancak, Alaybey Ship-
yard, Karsiyaka, Bostanli, Göztepe, Konak and
Pasaport) which are known as the most polluted
part of inner Bay of Izmir (Western Coast of
Turkey). According to the results of the present
study, frequency of MN was found at high level
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in Alaybey Shipyard and Pasaport where wastes
from existing dockyard contributed to high level
of pollution. In conclusion, this study indicates
that the micronuclei test gives sensitive results in
monitoring the pollution, especially the pollution
of harbor, and thus it might be used as stan-
dard method in regular monitoring of pollution of
coastal ecosystem.
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Introduction

There are numberless pollutants in the surface wa-
ters and sediment that are compromising survival
of the organisms, altering their physiologies or giv-
ing rise to carcinogenesis. Consequences caused
by these pollutants may remain recessive for sev-
eral generations or may exhibit major effects in
the population. Pollution in the aquatic environ-
ment causes multiple damages in the organisms,
at the level of population and ecosystem, as in
organ function, reproductive stages and biological
diversity.

Aquatic organisms are exposed to many xeno-
biotics during their lifespan both from the water
and through aquatic food chain. Studies reveal
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the fact that a number of chemicals contaminating
the environment have carcinogenic or mutagenic
effects. The major sources for the mutagenic and
carcinogenic substances are industrial and agricul-
tural activities. Xenobiotics from these sources ul-
timately contact the aquatic ecosystems. Damage
on the DNA by genotoxic pollutants is the first
consequence in the aquatic organisms and thus,
aquatic organisms are used in most of genotoxicity
studies. Although many hazardous substances ex-
ist in the water and sediment and they are accumu-
lated by aquatic organisms and triggers DNA or
cellular damage and even affects the ecosystem by
passing through the tropic chain (Izquierdo et al.
2003), it is time-consuming, not possible and not
economic to analytically determine the concen-
tration of such substances in the tissues with the
available chemical methods. Thus, the biological
methods and those based on screening for carcino-
genic and mutagenic substances in the tissues of
indicator organisms have gained importance.

Recently, the studies to determine the effects
of pollutants on the gene structure of organisms
have increased. Genotoxicity of contaminated
waters has been studied well using standard in
vitro genotoxicity experiments (Vahl et al. 1997).
Additionally, an effect of the genotoxins on
aquatic species affected by the contaminated en-
vironment has been determined by in situ studies
(Harvey et al. 1999). Studying DNA damage at the
level of chromosome constitute a necessary part
of genetic toxicology (Fenech 2000) because chro-
mosomal mutation plays the most important role
in cancer formation. Thus, biomarkers have been
intensively used in research programs and their
protocols as routine tests are being performed
(Bolognesi et al. 2006). Of these test systems,
micronuclei (MN) test is one of the most reliable
techniques used to determine genetic changes in
the organisms. MN test gives reliable results for
complex mixtures. In recent years, this test has
been improved using many aquatic organisms.
MN experiments is a fast method in detecting
the chromosomal damage because it make it pos-
sible to determine the remaining chromosomes
and broken chromosomes due to its several ad-
vantages such as (a) giving more objective results
than other tests in detecting chromosomal impair-
ments, (b) being easy to learn, (c) it does not

require to count the chromosomes to investigate
the chromatids and chromosomal damage hard
to detect and see in the metaphase stage, (d) its
preparation stage is fast and (e) it makes it pos-
sible to count thousands of cells, not hundreds of
cells in each experiment (OECD 2004).

MN test was originally developed in the mam-
malian cells (Schmid 1975) and then, it was
applied to many different organisms including
mussels in order to detect cytogenetic damage
(Schmid 1975; Venier et al. 1997; Bolognesi et al.
1999). The fact that many organisms living in
the water (i.e. bivalves, crustacean, polychaeta)
depend directly or indirectly on food chain and
that these organisms expose to carcinogenic or
mutagenic agents has led to such experiments in
marine organisms. Marine crustaceans may bi-
ologically accumulate a number of chemically
diverse chemicals that are mutagenic or carcino-
genic for man. Mussels, biological indicators in
determining genotoxic pollution are preferred in
most ecotoxicological studies as they are filter-
feeding, live as sessile and are of economical
interest. Mutagenicity tests make it possible to
detect such chemicals causing pollution in aquatic
ecosystem (Mitchell and Kennedy 1992; Park et al.
1993). Erythrocyte micronuclei test in fish is a
method used in monitoring aquatic pollutants of
mutagenic character by using a number of dif-
ferent species (De Flora et al. 1993). Kligerman
(1982) reported that many micronuclei existed
in fish subjected to pollution. Micronuclei fre-
quency varies depending on the season, type of
pollution and fish species. Fish are the most pre-
ferred organisms in MN tests because they are
the main biomonitor affected by the changing
environment where pollutants discharged. Fur-
thermore, they are usually preferred for testing
possible genotoxic characteristics of physical and
chemical agents because they expose to very di-
verse chemical substances either directly via water
or indirectly via food chain in the ecosystem and
because they response to xenobiotics in similar
way with mammalians.

In environmental mutagenesis, MN tests yield
quite practical results in monitoring clastogenic
and genotoxic effects of the pollutants. In or-
der to obtain these results, aquatic organ-
isms are usually used such as bivalvia Mytilus
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galloprovincialis, Crassotrea gigas and Chame-
lea galina and fish rainbow trout Oncorhynchus
mykiss and Oreochromis niloticus (Hooftman and
Raat 1982; Manna et al. 1985; Metcalfe 1988;
Rodriguez-Ariza et al. 1992; Al-Sabti et al. 1994;
Cavas and Ergene-Gözükara 2003). In the previ-
ous studies, aquatic organisms exposed to contam-
inated waters were studied in order to determine
effects of the genotoxins in their natural environ-
ments (Baršienė 1994; Baršienė and Baršytė 2000;
Dixon et al. 2002). Fish and mussels are main
indicators of health of the aquatic environment.

Izmir Bay, as study area, has extensive do-
mestic and industrial pollution load. Variety of
chemical wastes have been discharged into the
Bay without treatment and in uncontrolled way
because of rapidly increasing population of the
city, extensive activities and capacities of several
industries a growing exportation harbor since the
year of 2000 when the municipal treatment sys-
tem was introduced. Over the last 20 years, sev-
eral research institutions studied impairment of
ecosystem in Izmir Bay for both biological aspects
such as decreasing species diversity and change
in content of the pollutants such as heavy metals
and pesticides in the tissues of several marine or-
ganisms as well as impairment in nutrient balance
(Kucuksezgin et al. 2008a, b). Weak mutagenicity
was found in a study by Boyacıoğlu (2004) on sed-
iment samples to detect mutagenic substances in
Izmir Bay. Following the municipality treatment
plant introduced the Bay became cleaner day by
day. As the most important agent is persistent or-
ganic pollutants (POPs) in marine ecosystem, the
environment may not be considered being cleaned
in a few years. So that some of the biological and
reliable test must be applied to decide that the
water or sediments include the residues of POPs.

Micronuclei test is a marker of cytogenetic
damage caused by clastogenic or mutagenic
compounds. Utilization of micronuclei test in
determining genetoxic status of the aquatic
environment is increasing rapidly (Al-Sabti and
Metcalfe 1995; Hayashi et al. 1998) Due to present
situation of Izmir Bay, the aim of the present study
was to determine the level of the mutagenic effect
by the means of micronuclei test using mussel,
M. galloprovincialis and black goby, Gobius Niger
Species.

Materials and methods

Study area

In order to determine whether pollution of mu-
tagenic/carcinogenic origin existed at the cellular
level in Izmir Bay, tests were carried out us-
ing gills, haemolymph and blood samples of the
aquatic organisms (mussel and fish) obtained in
winter and summer seasons from 1—Alsancak
Harbor, 2—Alaybey Shipyard, 3—Karsiyaka, 4—
Bostanli, 5—Göztepe, 6—Konak and 7—Pasaport
stations.

For the MN test, 15 individuals of M. gallo-
provincialis 6 ± 3 cm in size obtained from har-
bor feet in Alsancak Harbor, Alaybey Shipyard,
Karsiyaka, Bostanli, Göztepe, Konak and Pas-
aport locations and 20 individuals of G. niger (coal
dealer goby fish) in 10 ± 3 cm caught by hooking
were used (Fig. 1).

Mussel micronuclei test

Gill

Enzymatic digestion is required to obtain inter-
phase cells when tissues are to be used in the mi-
cronuclei test. For this purpose, gills of the mussels
opened by cutting the adductor muscle (Fig. 2)
were kept for low enzymatic activity at 4◦C in
0.25% trypsin solution and then trypsin was re-
moved by centrifuging at 1,000 rpm. This process
was repeated twice and the pellet was fixed with
ethanol–acetic acid (3:1) (modified from Hayashi
et al. 1998).

The fixed pellet was smeared on slide and three
preparations were prepared for each individual.
Then, dried samples were stained with Giemsa
(5%, Sigma, Aldrich) and then kept in ethanol
for 10 min. The cells with MN and BN were
counted at ×100 magnification (immersion oil) by
light microscopy. Five hundred gill cells from each
preparation and 1,500 from each individual were
inspected (22,500 cells per location).

Haemolymph

For the MN test, haemolymph taken with
thin-tipped syringe is mixed with a fixative
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Fig. 1 Sampling site and
stations of Izmir Bay
(1—Alsancak Harbour,
2—Alaybey Shipyard,
3—Karsiyaka,
4—Bostanli, 5—Göztepe,
6—Konak, 7—Pasaport)

(3:1 methanol–acetic acid) and centrifuged at
1,000 rpm. The supernatant is removed after the
fixation. The pellet is smeared on the slide then
fixed with methanol for 10 min. It is allowed to
dry, then stained with 5% Giemsa followed by
rinsing with distilled water and closed with a cover
slide. The preparation is covered by entelan to
avoid exposure to the air (Wóznicki et al. 2004).
No less than 500 cells are examined for each in-
dividuals and MN/BN formation and frequency
is counted. A total of 1,500 cells were counted
for each individual and MN/BN frequency was
calculated as ‰ number of MN and BN.

Fish (G. niger) micronuclei test

Blood

Goby fish G. niger used in this study is considered
as one of the indicator organisms for polluted en-
vironments in Mediterranean. The samples were
collected from Bostanli and Pasaport coasts us-
ing hand hooks. No tests were performed for
Alsancak Harbor and Alaybey Shipyard stations
because no fish could be hooked at these loca-
tions. During the study, a total of 50 fish were
examined of which mean total length was 10.3 ±



Environ Monit Assess (2010) 165:55–66 59

0

25

50

75

100
‰

 F
re

qu
en

ci
es

1 3 52 4 6 7

Stations

(a)

MN

BN

0

20

40

60

‰
 F

re
qu

en
ci

es

1 32 4 5 6 7

Stations

(b)

MN

BN

Fig. 2 Nuclear abnormalities observed in a gill and b haemolymph cells of M. galloprovincialis (mean ± standard error).
1 Alsancak Harbour, 2 Alaybey Shipyard, 3 Karsiyaka, 4 Bostanli, 5 Göztepe, 6 Konak, 7 Pasaport

1.65 cm. Periferic blood, 0.5 ml, sample was taken
by caudal vein of the fish into 75-μl microhemat-
ocrit tubes by dissecting their caudal fins.

The preparations was made by smearing one
drop of blood on the slide and kept in May–
Grünwalt fixative for 15 min. They were dried out
for 1 h and then they were rinsed with distilled
water. As mentioned before, three preparations
were made for each individual and 500 cells were
examined for each preparation.

The preparations rinsed by keeping for 20 min
in Giemsa stain diluted to 1/10 with distilled wa-
ter were examined with light microscope after
they were dried and formation of micronuclei and
binuclei were examined in the blood cells.

Gill

For the micronuclei test, fish gills dissected by
scissor were fixed in acetic acid. The samples were
centrifuged at 2,000 rpm for 10 min in order to
obtain epithelial cells shed from gill tissue by using
acetic acid and pipette. The pellet obtained by this
procedure is smeared on the slide and fixed by
methanol. It is allowed to dry. Then, it is stained
with 5% Giemsa and the slide is covered with
entelan after.

Statistical analysis

Frequency of micronuclei and binuclei in the
samples obtained from several locations in Izmir
Bay during the winter and summer seasons were
calculated based on 1,000 cells. Mann–Whitney
and Student’s t test were used to compare nu-
clear abnormalities (BN and MN frequencies)
between the sampling locations. All statistical
analyses were performed by Statistica 6.0 statistics
software.

Results

The present study attempted to determine wheth-
er genotoxic potential existed in the environment
of Izmir Bay using micronuclei test of indica-
tor organisms. Frequency of BN and MN was
determined. During the examinations, other nu-
clear abnormalities were observed such as nuclear
bats but they were not included in the calcula-
tions since they were of statistically unimportant
numbers.

Micronuclei test with M. galloprovincialis

BN and MN frequencies were calculated in 1,500
cells from gills and haemolymphs of the mussels



60 Environ Monit Assess (2010) 165:55–66

Table 1 Nuclear abnormalities observed in gill and haemolymph cells of mussels (mean ± standard error)

Gill cells Haemolymph cells
Station N (n = 15) MN (n = 15) BN (n = 15) N (n = 15) MN (n = 15) BN (n = 15)

1 909.98 ± 32 71.40 ± 27.72 18.62 ± 7.01 934.67 ± 20.13 45.64 ± 16 19.69 ± 8.8
2 893.20 ± 48 73.40 ± 32.26 33.40 ± 21.0 950.31 ± 20.94 35.96 ± 17.2 13.73 ± 11.9
3 914.22 ± 25.7 62.22 ± 18.54 18.54 ± 23.6 936.9 ± 19.4 47.6 ± 19.2 15.6 ± 6.4
4 910.58 ± 23.8 71.06 ± 20.9 18.35 ± 14.6 975.58 ± 140.2 29.13 ± 14.5 17.51 ± 11.9
5 928.4 ± 20.2 49.95 ± 14.4 21.55 ± 9.1 938 ± 30.5 32.1 ± 19.3 29.9 ± 21.2
6 940.22 ± 19.9 44.7 ± 13.3 15.06 ± 10.1 936.5 ± 35.2 40.98 ± 18 22.5 ± 23.1
7 881.82 ± 31.7 86.76 ± 27.3 31.42 ± 13.2 953.78 ± 24.2 29.82 ± 16.7 16.40 ± 12.4

1 Alsancak Harbour, 2 Alaybey Shipyard, 3 Karsiyaka, 4 Bostanli, 5 Göztepe, 6 Konak, 7 Pasaport

taken from Izmir Bay. Table 1 shows the nu-
clear abnormalities in the gills of mussels from
Izmir Bay. According to examinations of mussel
gills, MN frequency detected from 1,500 gill cells
ranged between 30.56–89.76‰ and BN frequency
between 6.19‰ and 33.40‰.

As can be seen in Table 1 and Fig. 2, higher
MN and BN frequencies were found in mussel
gills taken from station 2 and 7 than those taken
from others. As mentioned previously, consid-
ering that micronuclei and binuclei frequencies
vary depending on pollution one may argue that
these two locations are more polluted than others.
Determined MN frequencies showed statistically
significant differences when micronuclei and bin-
uclei frequencies were compared statistically be-
tween locations (p < 0.005) (Fig. 3). Significant
difference was found when BN frequencies ob-
tained by observing the gill cells (1,500 cells) were
compared between the locations (p < 0.0001).

Micronuclei and their frequency found as
a consequence of microscopic examinations in
haemolymph cells of 15 individual of M. gal-
loprovincialis from each location was shown in
Table 2. As seen in the Table 2, MN frequency
ranged between 29.13‰ and 47.55‰ and BN fre-
quency between 13.73‰ and 29.9‰. When the
frequencies were compared with those of the gill
cells, higher BN and MN frequencies in the gill
cells indicate that gills are better marker in mi-
cronuclei test comparing on mussels.

According to microscopic counting on hae-
molymph cells, as can be understood from
Table 1 and Fig. 2, station 2 seems to have highest
numbers in terms of both BN and MN frequen-
cies. Statistically significant difference was found

between MN and BN values when micronuclei
and binuclei frequencies of the locations (p <

0.05) (Fig. 3). Although significant difference was
found between MN values when micronuclei and
binuclei frequencies were compared statistically
between the locations, no significant difference
was found as a result of statistical comparison
between other locations.

Micronuclei test with G. niger

MN and BN frequencies were calculated based on
microscopic examinations of slides with blood and
gill cells of goby fish G. niger. Resultant data were
compared statistically.

Two types of nuclear abnormality were found
in the present study on epithelial gill cells of
G. niger as in the samples of mussel gills and
haemolymph. Furthermore, abnormalities in lob-
ulated and devised forms were also observed in
the nuclear structure but they were neglected in
the calculations because they were few in number.

Table 2 shows averages and standard errors of
nuclear abnormalities in epithelial gill cells of fish
from two sampling locations (station 4 and 7). Mi-
cronuclei averages ranged between 24‰ and 29‰
and binuclei averages between 31‰ and 58‰. MN
and BN frequencies were found at higher level
in fish from station 7. No significant difference
was found when frequencies of micronuclei and
binuclei found in gill cells of G. niger caught from
Izmir Bay were statistically compared between the
locations (Fig. 4).

Table 2 gives the averages and standard errors
of nuclear abnormalities in blood cells of fish from
two sampling locations (station 4 and 7). Mean
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Fig. 3 Distribution of
MN and BN frequencies
in a–b gill and c–d
haemolymph of
M. galloprovincialis by
stations and statistical
comparison. 1 Alsancak
Harbour, 2 Alaybey
Shipyard, 3 Karsiyaka,
4 Bostanli, 5 Göztepe,
6 Konak, 7 Pasaport
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micronuclei frequencies ranged between 24‰ and
26‰ and mean binuclei frequencies between 4.9‰
and 13‰. Although MN frequency was found to
be higher at station 4 (26.9‰), BN frequency in

blood cells of fish from station 7 was found to be
much higher (13‰) than in those from 4.

With effect of density of pollution, the pres-
ence of MN in a cell increases or formation of

Table 2 Nuclear abnormalities observed in gill and blood cells of G. niger (mean ± standard error)

Gill Blood
Station N (n = 25) MN (n = 25) BN (n = 25) N (n = 25) MN (n = 25) BN (n = 25)

4 940.60 ± 74 24.00 ± 36.4 31.38 ± 31.1 968.2 ± 4.2 26.90 ± 12.7 4.90 ± 6.2
7 923.50 ± 65.9 29.00 ± 22.5 58.67 ± 53.2 963 ± 7.74 24.00 ± 13.3 13.0 ± 17.1

4 Bostanli, 7 Pasaport
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Fig. 4 Nuclear abnormalities observed in a gill and b blood cells of G. niger (mean ± standard error). 4—Bostanli,
7—Pasaport

BN became observed. Formation of BN has been
found at high level where pollution is extensive.
Thus, station 7 was observed to be more polluted
(Fig. 4). Based on observations on erythrocytes,
there was no statistically important difference was
found between the locations in frequencies of
both micronuclei and binuclei.

Discussion

Genotoxic effects of the pollutants were exam-
ined in micronuclei (MN) tests carried out with
haemolymph, erythrocyte and gill cells of M. gal-
loprovincialis and G. niger in Izmir Bay. These
tests were used as biomarker because MN test
gave reliable results and due to its easy applica-
bility. The present study indicates environmental
hazard of pollutants present in Izmir Bay although
type and amount of these pollutants remain
unknown.

Based on the results of BN and MN counting
on erythrocyte and epithelial gill cells from the
fish, it was determined that mutagenic potential of
station 7 was more than that of station 4 although
the difference between the two locations was sta-
tistically insignificant.

MN and BN frequencies were found to be
highest in the samples from station 1 according
to the tests on mussel haemolymph cells. It was
found that statistically significant differences ex-
isted between BN and MN frequencies when the

locations were compared statistically (p < 0.05).
Based on the microscopic observations on epithe-
lial gill cells of the mussels to determine abnormal-
ities in the cell nucleus, the highest MN frequency
was found in Pasaport station (station 7) whereas
the lowest one was found at station 2.

We do not have reference values because we
are not sure about the cleanness; thus results
from the fish and mussel samples were evaluated
to make comparisons with those from the study
with the same species by Bolognesi et al. (1999,
2006; MN frequency in the control group, ‰2.8
to 30.8‰).

Erythrocytes are widely used in the micronuclei
experiments (Arkhipchuk and Garanko 2005).
Such studies are recommended because gill cells
as well exhibit high sensitivity to the agents pro-
moting formation of micronuclei (Hayashi et al.
1998). Generally, gills are metabolically active tis-
sues because their cells are under the influence
of aquatic circulation system (Arkhipchuk and
Garanko 2005).

Some intra-species factors that may influence
the results in the MN test include age, gender,
feeding status, health, reproductive status and ge-
netic ancestors. Fish may exhibit differences for
developing MN due to gender. Extent of cytoge-
netic damage may vary depending on hormonal
status (Virgano et al. 1993).

Increase in number of MN is indirect marker of
numeric and structural chromosomal irregularities
cause in the cells by many agents. With increasing
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environmental pollution, the organisms are in-
creasingly exposed to negative effects of toxic,
carcinogenic and mutagenic agents. In the present
study, thus, the genetic damage in the organisms
at locations where extensive pollution exists has
been determined using MN test.

Al-Sabti et al. (1994) observed that frequency
of forming MN was the same both in situ groups
and those subjected to chromium in the laboratory
when they examined the fish they collected from
Ljubljanica River and those subjected to 50 ng/ml
of chromium in the laboratory (Bryan 1976).
Buschini et al. (2004) determined micronuclei fre-
quency by subjecting Cyprinus carpio species to
lake water in order to determine genotoxic poten-
tial of surface water of Castiglione del Lago Lake,
Italy. The investigators kept young individuals of
C. carpio to the lake water for 20 days and then
determined MN frequency and other nuclear ab-
normalities in the erythrocytes from blood taken
from the fish. As a result, they reported that MN
frequency increased in the fish population as ex-
posure time increased, there were no differences
in MN frequency among the species and substan-
tially higher MN frequency was observed in the
fish exposed to sodium hypochloride compared to
those from clean areas.

In order to determine genotoxic potential of
Cai River which was contaminated by petro-
chemical pollution of Brazil, Lemos et al. (2007)
determined micronuclei frequency in the blood
samples of Pimaphales promelas fish species
in that region. MN frequency was found to be
1.6 ± 1.8‰ in samples from control group of
the study. MN frequency in the blood samples
from the fish exposed to river water in differ-
ent periods was found to be similar to that of
the control group (7.88 ± 5.99‰). This study
when compared with our investigations Izmir Bay
was found a very polluted area by MN frequen-
cies in fish gill and blood (ranging between 24‰
and 29‰).

There are many studies both on organisms
collected from their natural environment and
those exposed to chemicals. In previous studies,
Cavas and Ergene-Gözükara (2003) determined
MN frequencies and other nuclear abnormalities
in both gill cells and blood from Oreochromis
niloticus species subjected to wastes of textile

industry. The investigators reported that MN fre-
quency increased parallel to the increase in ex-
posure time and concentration in the gill cells
although both micronuclei and nuclear abnormal-
ities decreased as subjection time and concentra-
tion in the erythrocytes increased. They noted
that difference between two types of cell was
related to cellular kinetics and cellular renewal
and as a second option they noted that the dif-
ference was due to the fact that gill cells were af-
fected by directly and continuously contaminated
waters.

Klobucar et al. (2003) performed genotoxicity
assessment via MN test in hemocytes of Dreissena
polymorpha. For this purpose, samples collected
from Drava River were transferred to four areas
with different pollutant density (Drava, Zagreb,
Oborovo, Sisak and Lukavec) and subjected to
complex pollutants. The lowest level of MN fre-
quency in obtained mussel haemolymph was ob-
served in Drava River, the reference area (5‰).
Higher MN frequencies were observed in Lukavec
contaminated by chemical wastes from Sisak re-
gion (27‰), in Sisak contaminated by waste water
from petroleum refinery (52‰), in Oborovo which
was closest to the intermediately polluted area
and thus almost similarly affected by contami-
nants as Zagreb (3.1%). No increase was observed
in MN frequency in mussels from intermediately
polluted Zagreb area containing wastewater from
pharmacological and food industries. Results we
obtained from field studies are compatible with
those from the study above.

In a study by Venier and Zampieron (2005)
to determine genetic damage in M. galloprovin-
cialis and Zosterisessor ophiocephalus, two species
in Venice Lagoon in Italy, it was reported that
genetic damage existed by examining MN and
cellular abnormalities in haemolymph and gill tis-
sues (five individuals from each location). MN
frequency was reported to range between 33‰
and 37‰ in that study. As a result of the study,
it was reported that the species naturally existing
in the Lagoon were subjected to pollution causing
genetic damage. Three different species of fish
were used for micronuclei tests in the monitor-
ing study to determine environmental mutagens
in different areas of Baltic Sea (Baršienė et al.
2006). As a result of the study, it was reported
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that the pollutants causing genetic damage existed
in the environment as understood from observa-
tion of MN formations. Meanwhile, where more
mutagenic-carcinogenic pollutants existed was de-
termined by finding changes in MN frequencies
among the locations. In the study by Barsiene
et al. on Baltic Sea in 2006, it was reported that
increase was observed in micronuclei formation
due to increase in pollution.

In a study by Dolcetti and Venier (2002), MN
frequencies in Mediterranean mussel M. gallo-
provincialis was examined to determine genetic
damage in both the individuals collected from its
natural environment and those subjected to ben-
zopyrene in laboratory setting. In that study, it was
reported that MN formation was observed in the
mussels (12 alive) collected from different areas in
different periods and that micronuclei frequency
found in the gills (about 8.5‰) was higher than
that found in the haemolymph (about 48). And it
was noted that MN frequency increased parallel
to the increase in pollution for long years.

Micronuclei test was performed in brachial cells
of Mytilus edulis in order to determine pollution
on two different coastal areas discharging domes-
tic waste (Gijon and Pueto Madryn) and on lo-
cations of Puerto Madryn discharging industrial
waste. For the mussels collected from three differ-
ent locations, MN test was shown to be sensitive
in monitoring domestic pollution and proposed as
bioindicator in routine pollution investigations in
coastal ecosystems (Izquierdo et al. 2003).

Izquierdo et al. (2003) performed MN test in
the branchial cells of M. edulis from Gijon con-
taining domestic waste and Madryn containing
domestic and industrial waste. For the three lo-
cations, no effect was observed in micronuclei
assessment in the samples taken while remov-
ing from the effect. Mean micronuclei frequency
ranged between 1.42 ± 1.38‰ and 17.5 ± 2.61‰
when all samples from Gijon and Argentine were
compared. MN frequency was 5.75 ± 1.42‰ in the
samples from the location closest to Gijon area
whereas it was calculated to be 1.42 ± 1.38‰ in
the samples from the location outer most from
the effect. MN frequency was 11.58 ± 2.93‰ in
the samples from the location of Argentine closest
to domestic discharge whereas it was calculated
as 4.5 ± 1.62‰ in the samples from the location

farthest from the effect. MN frequency was calcu-
lated to be 17.5 ± 2.61‰ in the samples from the
location of Argentine closest to the industrially
polluted whereas it was found to be 8.17 ± 1.34
in the samples from the location farthest from
the effect. In the view of these results, it was
observed that micronuclei frequency decreased
in the mussel samples as the distance from the
effect increased. In the current study it was ob-
served that micronuclei frequency was highest in
the mussel samples from station 2 known to be
the most polluted area while it decreased as the
distance from the effect increased (4, 5, 6 and 7).
This conclusion is conformable to our study.

Dailianis et al. (2003) performed MN assess-
ment in haemolymph and gills of M. galloprovin-
cialis collected from Thermaikos and Strymonikos
Bays (South Greece) between July and October,
2001. As a result of MN assessment either gill or
haemolymph tissues, it was observed that no sig-
nificant difference existed between seasons when
samplings in June and October were compared.

Based on this literature information, the cur-
rent study did not consider the relationship of
seasonal factors mentioned to MN frequency since
no significant effect of the mentioned seasonal
factors was observed on MN frequency. In our
study when micronuclei frequencies at gill and
blood cells of G. niger and gill and haemolymph
cells of M. galloprovincialis compared with pre-
vious studies, Izmir Bay was found polluted by
mutagenic and genotoxic compound.

In conclusion, the current study indicates that
MN test in the mussels and fish yields sensitive re-
sults in monitoring pollution; especially the harbor
pollution and thus, it might be used as a standard
method in regularly monitoring the pollution of
coastal ecosystem.
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