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Abstract

The extent of marine pollution in Izmit Bay is studied using geochemical data in surface sediments. The
concentrations of 41 elements in 24 samples establish that surface sediments in inner and central Izmit Bay
display significant enrichments in Ag, As, Cd, Cr, Co, Cu, Hg, Mo, P, Pb, Sb, Ti, V, and Zn associated
with high concentrations of total organic carbon and sulphur. Geo-accumulation indices indicate that the
inner and central Izmit Bay surface sediments are moderately to very strongly polluted with respect to
Ag, Cd, Hg, Mo and Sb, and unpolluted to moderately polluted with respect to As, Co, Cu, Pb, and Zn.
Despite total sedimentary concentrations above their pre-industrial background levels, geo-accumulation
indices show that the surface sediments in Izmit Bay are unpolluted with respect to Cr, Ti and V. Except
for a localized area offshore Tuzla, the outer Izmit Bay is generally unpolluted with respect to heavy metals.
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[zmit Korfezi’nde Olusan Antropojenik Kirlilik: Yiizey sedimanlarindaki Agir
Metal Yogunluklar:

Ozet

Izmit Kérfezindeki deniz kirliliginin boyutlar1 yiizey sediman orneklerinde yapilan jeokimyasal galigma
sonucu incelenmigtir. Toplam 24 6rnek tizerinde belirlenen 41 elementin analizleri sonucu , i¢ ve orta Korfez
yiizey sedimanlarinin toplam organik karbon ve siilfiir ile gelisen Ag, As, Cd, Cr, Co, Cu, Hg, Mo, P, Pb, Sb,
Ti, V, ve Zn gibi agir metal yogunluklarinda 6nemli bir artis oldugu saptanmigtir. Yapilan jeo-akiimiilasyon
hesaplamalar: ise i¢ ve orta Korfezin Ag, Cd, Hg, Mo ve Sb y6niinden kirli ve ¢ok kirli, As, Co, Cu, Pb, and
Zn yontinden ise az kirli oldugunu gostermektedir. Yine jeo-akiimiilasyon hesaplamalar1 sonucu, sedimandaki
yogunluklarinin sanayi 6ncesi yogunluklarindan fazla bulunmasina kargin Izmit Korfezi sedimanlarimn Cr,
Ti ve V yoniinden kirlenmedigi saptanmigtir. Dig korfez ise, Tuzla bolgesinin bazi bélgeleri diginda agir
metal yoniinden kirli degildir.

Anahtar Sozciikler: Izmit Kérfezi, Deniz Kirliligi, Agir Metaller
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Introduction

Izmit Bay is a small east-west trending embay-
ment situated along the northeastern Marmara Sea
(Fig. 1). It is naturally divided into three physio-
graphic regions: the inner bay, the central bay and
the outer bay. The shallower (<20 m) inner bay is
separated from the larger and deeper (<150 m) cen-
tral bay by a 1.5 km-wide constriction between the
town of Golcilk and Iprag Refinery (Fig. 2). The
central bay is separated from the west-flaring and
deepening outer bay through a 3 km-wide and ~ 50
m deep constriction between Dil Burnu and Diliske-
lesi (Fig. 2).

Approximately 2 million people live around [zmit
Bay, mainly in 3 large metropolitan centers, Izmit,
Yalova and Tuzla, and several smaller single-industry
towns, such as Darica, Golciik, Hereke, iprag, and
Karamiirsel. Izmit Bay and its surroundings com-
prise one of the most heavily industrialized regions of
northwestern Turkey, with large petrochemical and
chemical plants in Izmit, Ipras and Yalova; civilian
and military shipyards at Tuzla and Golciik, respec-
tively; heavy steel industries in Izmit; textile and
related industries in Hereke and Karamiirsel; leather
tanning and processing plants in [zmit and Yalova,
and automotive industries in Izmit. Over the last
100 years, the effluents from these industries have
been draining into the coastal waters of Izmit Bay.
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Figure 1. Map of the Marmara Sea and surroundings,
showing Izmit Bay and the location of core
MAR97-25. Isobaths are in metres.
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Figure 2. Bathymetry of Izmit Bay, showing the loca-
tions of the surface samples used in this study.
Isobaths in metres.

During the last 20 years, a number of studies have
been carried out on the effects of industrialization
and urbanization in coastal marine sediments of the
Marmara Sea, where the assessment of the anthro-
pogenic pollution was made using the total concen-
trations of only a limited number of elements (Al, Cu
Co, Cr, Fe, Mn, Ni, Pb, Zn) in surficial samples (e.g.,
Taymaz et al, 1983, Ergin et al., 1991). However, in
these studies the total sedimentary concentrations
of many heavy metals with high toxicity, such as As,
Ag, Cd, Hg, Mo and Sb, have not been determined;
therefore, the critical data for the full assessment of
the marine environmental pollution in these embay-
ments is limited at best. This paper present the re-
sults of the first comprehensive study examining the
levels of pollution in [zmit Bay using a large array
of inorganic elemental geochemical data from surface
sediments.

Materials and Methods

Surface sediment samples were collected from
24 stations in Izmit Bay (Fig. 2) using a modi-
fied grab sampler during the 1995 cruise of the RV
KocaPiriReis of the Institute of Marine Sciences
and Technology, Dokuz Eyliil University. All sam-
ples were kept in a deep-freezer until the end of the
cruise; subsequently they were dried at 40°C. In 1997
a 200 cm-long gravity core (MAR97-25) was recov-
ered from the eastern Marmara Sea at water depths
of ~1200 m to act as a site for background concen-
trations away from Izmit Bay (Fig. 1); this core was
sub-sampled at 10 cm intervals, and all samples were
also dried. Samples were shipped to Memorial Uni-
versity of Newfoundland for analysis.

A combination of X-ray fluorescence spectrom-
eter (XRF), inductively coupled plasma emission
spectrometer (ICP-ES) and atomic absorption spec-
trophotometer (AAS) was used to determine the to-
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tal levels of the following elements in 24 surface and
19 core samples: Ag, Al, As, Ba, Be, Ca, Ce, Cd,
Cl, Co, Cr, Cu, Dy, Fe, Ga, Hg, K, La, Li, Mg, Mn,
Mo, Na, Nb, Ni, P, Pb, Rb, S, Sb, Sc, Si, Sr, Th,
Ti, U, V, Y, Zn and Zr. Table 1 gives the full geo-
chemical data from Izmit Bay surface samples and
the MAR97-25 reference site, as well as the analyti-
cal detection limits for these elements. Total organic
carbon was determined using the technique described
in Aksu et al. (1995).

For major and trace element determinations us-
ing ICP-ES or AAS, except Ag, As, Cd, Hg, Rb
and Sb, sediments were powdered and ~5 g of pow-
der was treated with 30% H2O to extract elements
absorbed by organic matter and amorphous oxides.
Samples were then digested in 15 ml of HF, 5 ml of
concentrated HCI and 5 ml of 1:1 HC1O4 at 200°C
and subsequently in 50 ml of 20% HCI at 100°C.
Measurements were carried out using an ARL ICP-
ES instrument. Samples for Cd analyses were pro-
cessed as above and Cd was measured using a Varian
Model AA1275 AAS. For the determination of Ag,
samples were digested for 16 hours in 2 ml of con-
centrated HNOj3 at room temperature, and then for
a further 2 hours in a hot water bath at 90°C. De-
terminations were made using AAS. For As and Sb
determinations, samples (5 g each) were partially di-
gested in concentrated HNOj3; subsequently, 1 ml of
concentrated HCI was added and the samples were
digested for a further 90 minutes. As and Sb were
measured using ICP-ES. For Hg determinations sam-
ples (5 g each) were digested in 10 ml concentrated
HNOj3 and 1 ml of concentrated HCI for 10 minutes.
Samples were then placed in a hot water bath at
90°C and digested for an additional 2 hours. Hg was
measured using ICP-ES; 4 on-peak and 4 off-peak
measurements were made.

For XRF analyses, sediments were powdered and
4 g of powder was mixed with 0.7 g of phenolic resin
binder. After homogenization, XRF pellets were pre-
pared and baked for 15 minutes at 200°C. Elements
were determined using an XRF ARL 8420+ sequen-
tial wavelength-dispersive spectrometer, with an Rh
end-window X-ray tube and an LiF200 crystal, spe-
cially treated for enhanced heavy element sensitivity.
For energies > 7.471 keV (20°-50° 20), a scintillation
detector was used with power settings at 75 kV and
40 mA. For energies < 6.398 keV (50°-150° 20), a
flow-proportional detector was used with power set-
tings at 30 kV and 100 Ma (Longerich, 1993). Scan
times were 4-6 seconds for the most abundant el-

ements, 20 seconds for the trace elements and 100
seconds for Rb, Y and Nb. The intensities were
then matrix-corrected by Compton correction for el-
ements with emission energies greater than Fe, and
by the LaChance-Traill algorithm (Longerich, 1993)
for elements with emission energies less than and in-
cluding Fe.

Results

Elemental associations

The inorganic geochemical data consist of mea-
surements of 41 variables in 24 surface samples (Ta-
ble 1). This large data set does not allow an imme-
diate and unambiguous interpretation of elemental
associations and potential sources in the sediments.
Factor analysis was used to obtain simple patterns
from this complex data set. The technique extracts
a small number of hypothetical variables (R mode)
or samples (Q mode), referred to as “factors”, which
account for a given percentage of the total variance
in the data set. Both @ and R mode factor analyses
were performed on the geochemical data from [zmit
Bay.

Factor analysis results show that 3 factors ac-
count for a total of 96.5% of the total variance. The
remaining 3.5% of the total variance not accounted
for by the factor analysis is assumed to be random.
Factor 1 accounts for 37.6% of the total variance and
shows very high factor loadings in Al and Si, with
statistically significant loadings (i.e. >0.3; Klovan
and Imbrie, 1971) in Be, Ca, Dy, Fe, Ga, K, La, Li,
Mg, Mn, Nb, Ni, Rb, and Y. This factor represents
the aluminosilicates: the most common constituent
of siliciclastic marine sediments. Factor 2 accounts
for 35.9% of the total variance and shows very high
loadings in C and S, but also shows significant load-
ings in Ag, As, Cd, Cr, Co, Cu, Hg, Mo, P, Pb, Sb,
Ti, V, and Zn. This factor clearly represents the
organic matter and the enrichments of those metals
which are most commonly associated with high total
organic carbon in marine sediments (e.g., Aksu et
al., 1998). Factor 3 accounts for 23.0% of the total
variance and shows high factor loadings in Ca and
Mg, with significant loadings in Sr and Sc. This fac-
tor probably represents the carbonate (biogenic and
detrital) in the study area.

Elemental background concentrations

The average shale values (Turekian and Wede-
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pohl, 1961) commonly used for elemental back-
ground concentrations (e.g., Ergin et al., 1991) can-
not account for the local variations in rock compo-
sition and chemistry in the Marmara Sea, and are
unlikely to be representative of the Izmit Bay sur-
face sediments. Instead, the background concentra-
tions of the 40 elements used in this study were es-
timated in a ~200 cm-long core (MAR97-25) recov-
ered from the Eastern Marmara Basin, immediately
west of Izmit Bay. Nineteen samples between 20 cm
and 200 cm depth in MAR 97-25 were selected for
the determination of elemental background concen-
trations. Radiometric dates in cores from the eastern
Marmara Sea (e.g., Evans et al., 1989; Ergin et al.,
1994) show that the rate of deposition in deep basins
is ~100 cm per 1000 years, suggesting that the sed-
iments used for the calculation of elemental back-
ground concentrations were deposited between 2000
and 200 yrBP. Because this core site is far removed
from the regions of immediate anthropogenic efflu-
ent input, and the sediments used in the calculations
clearly pre-date the industrial period, the elemental
concentrations in these samples must approximate
the background levels in the eastern Marmara Sea.
The background level of each element was calculated
as the average value of that element in 19 samples in
core MAR97-25, presented in Table 1.

Anthropogenic pollution in surface sediments

The level of anthropogenic pollution in Izmit Bay
is evaluated using the technique described by Miiller
(1979), where the enrichment of an element above
the background level (geo-accumulation index) is cal-
culated using the following equation:

Igeo =logy, Cn / 1.5 x Bn

where Igeo = index of geo-accumulation, Cn = mea-
sured concentration of the element in the muddy sed-
iment being studied and Bn = geochemical back-
ground value (e.g., MAR97-25); the factor 1.5 is
used to compensate for possible variations of the
background data due to post-depositional changes
(Miiller, 1979). Igeo values were calculated for 40
elements (except C) in Izmit Bay surface sediments
using the inorganic geochemical data (Cn) and the
elemental background concentrations (Bn) from the
deep Marmara Sea core MAR97-25. The data show
that Ag, As, Cd, Cr, Co, Cu, Hg, Mo, P, Pb, Sb, Tj,
V, and Zn, all associated with factor 2, consistently
exhibit total sedimentary concentrations above their
background levels in [zmit Bay surface sediments.
Enrichments in chalcophile (eg., Cu, As, Ni
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and Zn) and siderophile elements (eg., Cr, Ti and
Fe) associated with sediments rich in total or-
ganic carbon and sulphur occur naturally in oxygen-
deficient/anoxic basinal settings. In such environ-
ments, sulphate reduction takes place at the seafloor,
as in the Black Sea (Landing and Lewis, 1991),
or immediately below the sediment-water interface,
as for the Aegean Sea sapropel S1 (Aksu et al.,
1995), leading to the formation of highly insoluble
sulphides in the presence of HsS, and hence en-
richments. However, many of the chalcophile and
siderophile elements are also anthropogenic in ori-
gin. Thus, the distinction between natural and an-
thropogenic sources is often complicated. The oc-
currence on Izmit Bay surface sediments of the rarer
but notorious environmental polluters Ag, Cd, Hg
and Mo in quantities well above their background
concentrations, and their clear associations and co-
variances with total organic carbon, P and S as well
as the heavy metals As, Cu, Co, Cr, Pb, Sb, Ti, V
and Zn (e.g., Aksu et al., 1998), strongly suggest that
factor 2 truly represents anthropogenic pollution in
the study area, rather than natural enrichment in
poorly oxygenated sediments.

Distribution of TOC, S and heavy metals in
surface sediments

Total organic carbon values are high in [zmit Bay
surface sediments, ranging from 1.9-2.6% in the inner
bay, to 2.0-3.0% in the central bay and 0.5-0.7% in
the outer bay, except for 1.8% offshore of Tuzla (Fig.
3; Table 1). These total organic carbon values are
slightly higher than the 0.5-1.7% calculated by Ergin
et al. (1991) from Tzmit Bay. Total sulphur concen-
trations show a similar trend to that of total organic
carbon, with the highest values of 0.6-1.0% occurring
in inner and central Izmit Bay, and show a notable
decline in outer Izmit Bay (Fig. 3; Table 1). Total
silver concentrations range between 0.1 and 0.7 ppm
in Izmit Bay surface sediments, with moderately high
values occurring mainly in the central bay, and the
highest value recorded at station 18 offshore of Tuzla
(Figs. 2, 4; Table 1). The background value of silver
in core MAR97-25 is 0.08 ppm, which suggests that it
is moderately enriched in inner and central bay sur-
face sediments. Cadmium concentrations are high
in central Izmit Bay (0.5-1.0 ppm) and moderate in
the inner bay (0.4-0.6 ppm), but are generally low
(<0.4) in the outer bay, except at station 18 (Fig. 4;
Table 1). Cadmium is rare in uncontaminated deep
Marmara Sea sediments (MAR97-25), ranging
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between its detection limit and 0.2 ppm, with an av-
erage concentration of 0.1 ppm (Table 1). These data
suggest that the central and inner bay surface sedi-
ments are considerably enriched in cadmium. Cobalt
values are generally low (10-25 ppm) in outer and
central Izmit Bay, but notably increase to 40-60 ppm
in the northeastern outer bay and the inner bay (Fig.
5; Table 1). The background level of this metal in
the deep Marmara Sea core is 28 ppm, which indi-
cates that only surface sediments from the inner and
northeastern segment of the central Izmit Bay are

(%)

slightly enriched in cobalt. Copper values are moder-
ate in the study area, with the highest values occur-
ring in inner [zmit Bay surface sediments and at sta-
tion 18 offshore of Tuzla (Fig. 5). Its abundance in
the uncontaminated Marmara Sea sediments ranges
between 22 and 59 ppm, with an average of 34 ppm
(Table 1), which is nearly identical to the average
copper concentration of 35 ppm in shales (Adriano,
1986). These data show that copper is only slightly
enriched in central and inner Izmit Bay sediments
(Fig. 5; Table 1).

Figure 3. Bar graphs showing the distribution and abundance (%) of total sulphur (top) and total organic carbon

(bottom) in Izmit Bay surface sediments.

Figure 4. Bar graphs showing the distribution and abundance (ppm) of total concentrations of silver (top) and cadmium
(bottom) in Izmit Bay surface sediments. Arrows indicate background concentrations.

(Ppm)

Figure 5. Bar graphs showing the distribution and abundance (ppm) of total concentrations of cobalt (top) and copper
(bottom) in Izmit Bay surface sediments. Arrows indicate background concentrations.

Mercury concentrations are highest (1.2-1.5 ppm)
in inner and eastern central Izmit Bay surface sedi-
ments and show a dramatic decline to 0.5 ppm at the
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Dil Burnu Entrance (Fig. 2), west of which the Hg
values are below the detection limit in all samples
(Fig. 6; Table 1). The background level of mer-
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cury in Marmara Sea core MAR97-25 is calculated
to be 0.07 ppm, which indicates that all samples from
the inner and central Izmit Bay are considerably en-
riched in mercury. The distribution of molybdenum
concentrations in surface sediments is similar to that
of mercury, with the highest values of 7.0-9.0 ppm
occurring in inner and central Izmit Bay (Fig. 6).
West of the Dil Burnu Entrance, Mo concentrations
are generally less than 3 ppm; for 6 samples values
were below the detection limit. The pre-industrial
background level of 1.9 ppm for this metal in core
MAR97-25 shows that it is enriched by 5-7 ppm in
the inner and central Izmit Bay surface sediments
(Table 1).

Nickel concentrations range between 30 and 110
ppm in Izmit Bay surface sediments, with the high-
est values occurring in the eastern central bay and
the entrance to the inner bay (Table 1). Ergin et
al. (1991) reports nickel values ~15-20% higher than
those in this study. The background level for nickel is
87 ppm in the Marmara Sea core MAR97-25 (Table
1), so that except for one sample (station 4) none of
the surface sediments in Izmit Bay show enrichment
in nickel. Lead concentrations range between 21 and
61 ppm in Tzmit Bay, with the highest values occur-
ring in the central bay (30-50 ppm) and at station 18,

offshore of Tuzla (Fig. 7; Table 1). These values are
nearly identical to previously reported lead values
from Izmit Bay (Ergin et al., 1991). A background
level of 27 ppm suggests that the surface sediments
throughout the study area are slightly enriched in
lead.

Arsenic concentrations range between 6 and 30
ppm in [zmit Bay surface sediments (Fig. 7; Table
1). The background level of 15 ppm suggests that
sediments from the inner, central and eastern seg-
ments of outer Izmit Bay are moderately enriched in
arsenic. Antimony concentrations are variable but
high in the study area, ranging between 0.5 and 1.8
ppm, with the highest values occurring in the in-
ner bay and along the northern shores of the central
bay (Fig. 8). Antimony is rare in the uncontam-
inated Marmara Sea sediments (Table 1), with an
average value of 0.7 ppm in core MAR97-25. This
indicates that most of the inner and central bay sur-
face sediments are moderately enriched in this metal
(Table 1). Zinc values are moderate in Izmit Bay
with slightly higher values in the central bay, and
the highest value at station 18 (Fig. 8; Table 1). Er-
gin et al. (1991) reported zinc values 40-50% lower
than in this study.

Figure 6. Bar graphs showing the distribution and abundance (ppm) of total concentrations of mercury (top) and
molybdenum (bottom) in Izmit Bay surface sediments. Arrows indicate background concentrations.

Figure 7. Bar graphs showing the distribution and abundance (ppm) of total concentrations of arsenic (top) and lead
(bottom) in Izmit Bay surface sediments. Arrows indicate background concentrations.
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Figure 8. Bar graphs showing the distribution and abundance (ppm) of total concentrations of antimony (top) and zinc
(bottom) in Izmit Bay surface sediments. Arrows indicate background concentrations.

Degree of sediment contamination

Figure 9 shows the geographical distribution of
the normalized varimax components of factor 2 in
[zmit Bay, where zones A to F correspond respec-
tively to factor loadings of <0.15, 0.15-0.30, 0.30-
0.45, 0.45-0.60, 0.60-0.75 and >0.75. The highest
concentrations of heavy metals associated with fac-
tor 2 occur in inner Izmit Bay (Zone F), east of
the Iprag-Golciik line (Fig.9). The geo-accumulation
indices show that this zone is strongly to very
strongly polluted in Hg (25x1.5=48-fold enrichments;
Igeo=>5), strongly polluted in Cd (2*x1.5=24-fold en-
richments; Igeo=4), and moderately polluted in Ag,
Mo and Sb (23x1.5=6-fold enrichments; Igeo=3).
However, the zone is either unpolluted (Igeo=0) or
unpolluted to moderately polluted with respect to
As, Cr, Co, Cu, P, Pb, Ti, V and Zn, despite the
fact that these elements display concentrations above
their background levels (Fig. 9).

Zone E is located along the northeast segment of
central Tzmit Bay and displays strong to very strong
pollution in Cd and Hg (Igeo=5), moderate to strong
pollution in Ag (Igeo=3) and moderate pollution in
Mo and Sb (Igeo=2; Fig. 9). A trend of decreasing
Igeo values is clearly visible across central Izmit bay
towards the outer bay (Zones D through A). Zone D
extends from Diliskelesi to Hereke along the northern
shores of central Izmit Bay, encircling Zone E, and in
the northwestern portion of the study area offshore
Tuzla (Fig. 9). It shows strong to very strong pollu-
tion in Cd (Igeo=b), strong pollution in Hg (Igeo=4),
moderate to strong pollution in Ag (Igeo=3) and
moderate pollution in Mo (Igeo=2). Zone C forms
a narrow band at the western margin of Zone D in
central Izmit Bay and encircles the small zone off-
shore of Tuzla. The zone displays strong pollution
in Cd (Igeo=4), moderate to strong pollution in Hg
(Igeo=3) and moderate pollution in Ag (Igeo=2; Fig.

308

9). Zone B mainly occurs in shallower shelf depths of
outer Izmit Bay, as well as the southwestern segment
of the central bay. These sediments are largely un-
polluted except for moderate to strong pollution in
Cd (Igeo=3), and moderate pollution in Ag and Sb
(Igeo=2; Fig. 9). Zone A is situated along the deeper
axis of outer Izmit Bay and shows only moderate pol-
lution in Cd and Sb (Igeo=2; Fig. 9). Despite no-
table total sedimentary concentrations of Cr, Ti and
V, the geo-accumulation index shows that surface
sediments in Izmit Bay are unpolluted (Igeo=0) with
respect to these elements. Similarly, these sediments
are unpolluted to moderately polluted (Igeo=1) with
respect to As, Co, Cu, P, Pb and Zn.

Discussion

The following general sources can be identified
for the pollution observed in the Izmit Bay surface
sediments:

1) Domestic pollution: untreated liquid and solid
waste produced by the inhabitants of the cities,
supplied to the bay by the sewage network and
small creeks;

2) Industrial pollution: untreated liquid and solid
waste produced by over 120 industrial centres,
also supplied to the bay by the sewage network
and small creeks;

3) Atmospheric pollution: particulate emission
produced by vehicles, trains and vessels; fly ash
emission from coal- and fuel-oil-burning plants,
by-products of open-air burning of municipal
and industrial solid waste and garbage, all of
which are eventually transported into the in-
ner and central Izmir Bay by precipitation and
drainage.
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Figure 9. Map of the study area showing the degree of sediment contamination by Ag, As, Cd, Co, Cu, Hg, Mo, Pb,
Sb and Zn, discussed in text (top) and the index of geo-accumulation, Igeo (bottom) in Izmit Bay surface

sediments.

There are numerous raw sewage outlets in the pe-
riphery of [zmit Bay, actively discharging ~370,000
m? day~! of waste water into the bay, includ-
ing untreated sewage (TCV, 1998). Approximately
~51.4% (190,000 m3 day~!) of this discharge is do-
mestic waste, 79% of which is discharged along the
northern shores of Izmit Bay. Nearly all indus-
trial waste is also untreated and is either discharged
through the domestic sewage network or via a few
small rivers and creeks. There are no data on the
chemical composition of the sewage discharge into
[zmit Bay. However, high total organic carbon in the
surface sediments can be correlated with the organic
waste input into the bay. For example, there are
reports of periods of an intense foul smell emanat-
ing from the inner bay, particularly during the hot
summer months. During these months, the dissolved

oxygen levels in inner [zmit Bay decrease dramati-
cally to values close to zero (TCV, 1998), reflect-
ing partial decomposition of organic waste in shal-
low waters, and suggesting that the bottom waters in
this region must periodically become anoxic. Similar
foul odours are reported along the shoreline seaward
of the major sewage outfalls of smaller communities
and industrial centres, particularly along the north-
ern shores of the bay.

The high concentrations of total organic carbon
in surface sediments (Fig. 3) reflect organic matter
influx via efluent input, as well as input through the
relatively high primary productivity in the water col-
umn (10-170 g C m? year—1; TCV, 1998). High phos-
phorus may be related to the use of detergents and
the discharge of phosphate through the sewage sys-
tem, particularly in central Izmit Bay (Table 1). Fly
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ash from coal- and petroleum-burning plants, as well
as the iprag Refinery, is probably the major source
of sulphur in Izmit Bay surface sediments (Fig. 3).
Oxidation of the organic waste probably accounts for
the low dissolved oxygen levels observed within the
entire Izmit Bay water column.

There are over 120 major industrial centres along
[zmit Bay, largely concentrated along the north-
ern shores (Fig. 10). Many of these industries
empty their untreated effluent into Izmit Bay; how-
ever, there are no data available on the types and
rates of heavy metal discharges from these indus-
tries. Fifteen major industries discharge their waste
waters into the inner bay, including 3 large pulp
mills and chlor-alkali plants, 4 pharmaceutical and
chemical plants, 4 petrochemical plants, 3 steel fac-
tories/smelters, and a leather factory (TCV, 1998).
SEKA (Fig. 10) is the largest of the pulp mills/chlor-

alkali plants and provides over 50% of the anthro-
pogenic organic matter influx into Izmit Bay (TCV,
1998). A major proportion of the industrial effluent
is supplied into the inner Izmit Bay via the Kumla
River and its tributaries, including the discharges
from a large slaughter house, a number of leather-
processing plants and small smelters. Central Tzmit
Bay receives the effluent from 10 large industrial cen-
tres, including 4 chemical plants, 2 petroleum re-
fineries, a chlor-alkali plant, a paper mill, a ceramic
factory and two large textile factories (Fig. 10). Ex-
cept for one large textile factory in Karamiirsel, all
these industries are concentrated along the northern
shores of central Izmit Bay (Fig. 10). Three major
industries discharge their waste into the outer bay,
including a chemical plant, an automobile plant, and
an appliance factory.
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Figure 10. Map of Izmit Bay, showing the distribution of major industrial centres (data from TCV, 1998).

Fly ash constitutes a major pollutant from coal-
burning and is known to contribute notable quan-
tities of As, Cd, Cu, Mo, Pb, Sb, and Zn to the
environment (Natusch et al., 1975). Nearly all the
smelters in the region use coal as their primary fuel.
The fly ash emanating from these plants initially set-
tles over the greater city of Izmit and it is probably
quickly washed by rain into the inner bay via the
sewage network and the Kumla River. Leather tan-
ning plants which employ large quantities of arsenic
and chromium salts in the tanning procedure dis-
charge their untreated waste products directly into
inner Izmit Bay. Nearly all antifouling paints applied
to commercial, naval and recreational vessels at the
large military shipyard at Golciik and the civilian
shipyards and docks at Tuzla and Dil Iskelesi (Fig.
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2) contain significant quantities of copper and lesser
quantities of antimony, lead and mercury, probably
contributing the high total sedimentary concentra-
tions of these heavy metals in inner Izmit Bay as
well as offshore of Tuzla (Figs. 5-8).

The main source of lead in the study area is prob-
ably automobile traffic. Until recently, the great ma-
jority of the cars in Turkey had no catalytic convert-
ers and burned leaded petrol. Lead sulphide ore has
also been used since antiquity for the extraction of
silver impurities (Patterson, 1971). The effluent from
large chlor-alkali plants as well as industries which
use bleach probably supply most of the mercury and
mercury salts found in the Izmit Bay surface sedi-
ments. The correlation between the highest mercury
values in inner Izmit Bay and the SEKA complex
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is noteworthy (Fig. 10). Until recently, mercury-
bearing compounds have been used in the prevention
and control of industrial slime, and these compounds
eventually ended up in inner Izmit Bay. Large bat-
tery recycling plants are known for their potential for
delivering mercury and lead compounds into the en-
vironment. Therefore, some mercury compounds are
probably also supplied by the Kumla River. In the
process of chromium- and nickel-plating and galva-
nizing, the surfaces to be plated are often cleaned
using strong acids. This process leaches a num-
ber of heavy metals, which are released into [zmit
Bay via the sewage network. Furthermore, various
chromium, nickel and zinc pigments and compounds
are used in metal plating, probably contributing
some undeterminable quantities of these heavy met-
als into the bay via the Kumla River.

In the greater Izmit Bay region, cadmium is ex-
tensively used by various industries in the produc-
tion of copper, lead, silver and aluminium alloys,
and in various pigments. Some of the finest Turk-
ish rugs are woven in Hereke, where cadmium, an-
timony, copper, cobalt and zinc salts are commonly
used in the process of wool-dyeing. Cadmium salts
are also widely used by the ceramic industries, and
may also be contributed as wastes from zinc, lead and
copper smelters. High cadmium abundances in cen-
tral Izmit Bay, particularly along the northern shore
(Fig. 4), appear to reflect the contributions from
mainly the large ceramic plants and textile indus-
tries (Fig. 10). Silver in Izmit Bay surface sediments
is probably largely supplied by photographic indus-
tries, with lesser contributions from the disposal of
silver-zinc and silver-cadmium batteries.

Molybdenum is frequently found in municipal
sludges at levels that are above the background con-
centrations (Adriano, 1986). In industrial regions it
is mainly supplied by fly ash resulting from power
generation using coal combustion, with estimates of
15 tonnes of Mo per year for every 1000 MW of power
generated (Adriano, 1986). Molybdenum salts are
also commonly used in fertilizers. The highest Mo
concentrations in inner and central Izmit Bay, well
above background levels, clearly suggest an indus-
trial anthropogenic influx (Figs. 6, 10). The pri-
mary sources of vanadium in the study area are prob-
ably combustion byproducts of coal-burning plants
and the fly ash from petroleum-fired plants in the
form of vanadium pentoxide. Antimony is used in
paints, lacquers, ceramic enamels and glass and pot-
tery industries. It is also commonly used, alloyed

with lead, by manufacturing industries. The notable
abundance of antimony in the inner and central [zmit
Bay surface sediments, above background levels, sug-
gests contamination mainly from shipyards, and ce-
ramic factories.

Ergin et al. (1991) concluded that the surface
sediments in Izmit Bay are basically uncontaminated
by anthropogenic pollution. This study was primar-
ily based on the evaluation of the total sedimentary
concentrations of a limited number of heavy metals:
Cu, Co, Cr, Fe, Mn, Ni, Pb and Zn. The inorganic
geochemical data presented in this paper strongly
contradicts the conclusions of Ergin et al. (1991)
and clearly show that the surface sediments in [zmit
Bay are moderately to very strongly polluted with
respect to Ag, Cd, Hg, Mo and Sb, with Igeo values
between 2 and 5, and unpolluted to moderately pol-
luted with respect to As, Co, Cu, Pb, and Zn, with
Igeo values between 0 and 1. These data indicate
that anthropogenic pollution must be viewed seri-
ously within this embayment. The heaviest contam-
ination is observed along the northeastern segment
of the central bay offshore of Hereke and Iprag (Zone
E) and the entire inner bay (Zone F; Fig. 9), reflect-
ing the high concentrations of chemical, petroleum,
chlor-alkali and pharmaceutical industries (Fig. 10).
The data conclusively show that the anthropogenic
pollution observed in inner and central Izmit Bay is
almost exclusively confined to these regions by the
shallow sill at the Dil Burnu Entrance (Fig. 9). The
low tidal range and restricted water circulation be-
tween the central and outer parts of Izmit Bay con-
trol this confinement.

Most previous studies along the coastal waters
of Turkey focussed on the surficial sedimentary con-
centrations of only a limited numbers of elements;
thus, the distinction between the natural and anthro-
pogenic elemental associations was not always pos-
sible (e.g., Ergin et al., 1991). In many instances,
the sedimentary concentration of an element is as-
sumed to be anthropogenic, because of the involve-
ment of that element in polluted sediments else-
where. The present study highlights the importance
of a broader elemental data set in the assessment
of anthropogenic pollution in small coastal embay-
ments.

Increased concentrations of heavy metals in ma-
rine sediments enhance the importance of sediments
as a direct source of potential toxins in nearshore
environments. However, sedimentary geochemistry
data, such as those presented here, provide no ev-
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idence for biological damage in a marine environ-
ment. Therefore, a comprehensive assessment of ma-
rine pollution should ideally include coupled studies
linking the levels of pollutants in the seawater with
those in the surface sediments, and the seawater and
sediment with tissues in various biota. Furthermore,
the bio-availability of a heavy metal is critical in the
assessment of its damage in the ecosystem. Thus,
studies determining the chemical speciation of heavy
metals are important.

Conclusions

1. Inorganic geochemical data show that inner
and central Izmit Bay surface sediments display high
abundances of total organic carbon, S and P, asso-
ciated with enrichments in Ag, As, Cd, Cr, Co, Cu,
Hg, Mo, P, Pb, Sb, Ti, V, and Zn, which are above
their pre-industrial background levels. Distribution
maps illustrate that heavy metal concentrations are
highest in central and inner Izmit Bay, dramatically
decreasing near Dil Burnu Entrance.

2. The geo-accumulation indices show that the
surface sediments of central and inner Izmit Bay
are moderately to very strongly polluted with re-
spect to Ag, Cd, Hg, Mo and Sb, and unpolluted
to moderately polluted with respect to As, Co, Cu,
Pb, and Zn. Despite total sedimentary concentra-

tions above their pre-industrial background levels,
geo-accumulation indices show that the surface sed-
iments in Izmit Bay are unpolluted with respect to
Cr, Ti and V.

3. Except for a localized area offshore of Tuzla,
outer Izmit Bay is generally unpolluted with respect
to heavy metals.
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