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Abstract. In this study, the geographic distribution of toxic element concentrations was determined in
Northeast Marmara Sea (Istanbul/Turkey) sediments. In addition, the pollution degree of the environment
was analyzed using various pollution index methods. Geochemical analysis of 28 elements were
performed in sediment samples. The concentrations of several elements (especially Fe, Mn, Ti, Zn, and
Cr) were found to be very high in some locations. At sites, where heavy metal concentrations were high,
foraminifera genera and species numbers and number of individuals were very low. The low number of
foraminifera in the samples taken from some regions could be due to uncontrolled ship traffic and
domestic and industrial discharges.

Keywords: geochemical analysis, marine sediments, elements, environmental index, pollution factors,
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Introduction

Historically, settlements were generally built near water bodies (seas, lakes, rivers) in
order to meet the water needs of cleaning, nutrition, and agriculture, and to eliminate
their waste. Pollution was not a serious issue due to low human population. However, in
the last 30 years, as the population and the corresponding amount of waste has
increased, the carrying capacity of the receiving aquatic environments has decreased
(Algon et al., 2004; Yiimiin and Once, 2017). Although many scientists have stated that
the seas have been extremely polluted in the last 30 years, pollution has been ongoing
since earlier times. The seas, which have been one of the major accumulation areas, are
the largest water bodies affected by anthropogenic pollution. Apart from paper, plastic,
and metal wastes, heavy metals, organic wastes, and inorganic wastes have also
accumulated in the seabed sediment. Sediments provide necessary habitat for many
freshwater, estuary, and marine organisms. Contaminated sediments endanger aquatic
life and human health through direct toxicity as well as bioaccumulation in the food
chain (Bakan et al., 1999; Knezovich and Harrison, 1987; Bampton, 1999).
Contaminated sediments can cause lethal and sub-lethal effects in benthic zones and on
other sediment-related organisms (Long et al., 1995). Therefore, it is important to
measure the sediment quality when determining the quality of a water body. To
determine the quality of sediment, it is necessary to perform toxic element analysis and
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to determine benthic health. These toxic elements are deposited in the sediment by
precipitating towards the seabed without undergoing biodegradation. This accumulation
causes morphological changes in the crust structures through limited movement or by
passing to the sea floor. These organisms play a vital role as bioindicators in the
determination of pollution in the seas. In recent years, many studies have used
bioindicators and toxic element analysis to determine sediment quality (Yiimiin and
Once, 2017; Yiimiin, 2017, 2016; Kam and Once, 2016; Merig et al., 2012, 2009; Balkis
et al., 2007; Bastiirk et al., 1988; Yiimiin and Kam, 2019; Yimiin et al., 2019; Yildirim
et al., 2010). In this study, heavy metal concentrations were determined in marine
sediments of the Istanbul coast of Marmara Sea using core samples taken from 20
locations.

Some genera and species of Foraminifera cannot survive in dirty environments and a
decrease is observed in their numerical abundance. In addition, elements such as Fe, S,
Mn and Mg found in contaminated environments cause color changes in foraminiferal
shells. Although the elements with toxic effects disrupt the living environment of the
foraminifera, they may also cause the formation of anomalies in the foraminifera. For
this reason, Foraminifers have been used as an indicator in terms of environmental
pollution in many scientific studies (Yiimiin and Once, 2017; Yiimiin, 2017; Meric et
al., 2012, 2009).

Therefore, the effects of pollution on the ecological system (study area) have been
evaluated using foraminifera as bioindicators. Foraminiferal assemblages of the
Marmara Sea sediments were identified in Istanbul. Foraminifer genera and species
were examined to determine whether they originated from the Sea of Marmara.

In this study, toxic element concentrations and marine sediment pollution
determination methods were applied to marine sediments of Northeast Marmara Sea. In
addition, benthonic foraminifera assemblages of sediment samples taken in the Istanbul
part of Marmara Sea were determined (Fig. 1).

580000.00 d E 605000.00d E 630000.00 d E

N W 00000095+

z
£
8
8
-

EXPLANATIONS
¥t  Core Sample Locatons

@  Setemants

0 Skm
—]

N W 00" 00000

605000.00d E 630000.00 d E

Figure 1. Location map of the study area
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Sources of the pollutants

Causes of marine environment pollution; Domestic wastes generated with population
growth, pesticides and fertilizers used in agricultural activities, industrial wastes,
maritime transport and the geological structure of the neighboring terrestrial area.

While the population of Istanbul 1971 was 3,126,400 (State Institute of Statistics
(DIE)), the population in 2012 was 14,160,467 and the current population (2021) is
15,634,257. Here, it is seen that the population of Istanbul has increased approximately
5 times in 50 years. With this population growth, solid and liquid wastes and industrial
wastes have also increased in parallel. In parallel with the population growth and the
development of the industry, a serious increase is observed in maritime transport. The
increase in the population has led to a decrease in agricultural land. If we evaluate the
land use types between 1971 and 2012 in general, 32.7% of the agricultural lands; State-
owned forest areas are observed to have decreased by 9.0% (Fig. 2). Between the two
periods, residential areas are 409.8%; quarry - sand - pasture - stony areas - nursery -
warehouse - facility - swamp - ENH - highway land group 269.8%; water surfaces
increased by 64.3%. The most significant change in land use types occurred in
agriculture and residential areas (Sahin, 2014).
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Figure 2. Istanbul land use map (Sahin, 2014)

Environmental pollution caused by sea transportation can be divided into two groups
as “sea pollution” and “air pollution”. Ships navigating international waters can cause
unnatural displacement of different species. This displacement can negatively affect the
ecosystem and thus affect human life negatively.

According to the data of IMO (International Maritime Organization), which is the top
organization of the maritime sector at the international level, 8% of the wastes that cause
pollution in the sea are from natural resources, 0.5% from offshore production, 11% from
maritime transport and 30% from the atmosphere, 40% from flood and land-based
discharges, 10% from illegal discharge into the world seas (Kii¢iik and Topgu, 2012).
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The most important causes of ship-related pollution in the seas: The discharge of
bilge, dirty ballast or washing water to the sea, throwing garbage and similar domestic
wastes into the sea, giving the oily and detergent water to the sea as a result of washing
the decks, surface cleaning and painting of the outer surface discharge of the wastes
arising from the transported loads into the sea, discharge of pollutant wastes on the deck
with rainwater or ballast overflow water, leakage to the sea during fuel transfer, oil
mixing with the cooling water of the ship engine and flowing into the sea with the
cooling water, the leakage of the shaft sealing oil into the sea, the explosion of the
hydraulic system on the decks the result is the flowing of the oil flowing into the sea
and leaving the polluted water caused by life on the ship to the sea without treatment
(Ozdemir, 2012). Figure 3 shows the Turkey international Ro-Ro and roads on the map.
Here, it is seen that the ship traffic is concentrated in Tekirdag and Istanbul parts of the
Marmara Sea. This density indicates that the Marmara Sea may cause the Tekirdag and
Istanbul parts to be contaminated (Kutluk, 2018).
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Figure 3. Turkish International Ro-Ro Lines (UP, 2011)

Lead is the most important heavy metal contaminant caused by transportation
vehicles. Other metals that are polluted by transportation vehicles are Cd, Cu, Cr, Ni
and Zn. These heavy metals are caused by the wear on the vehicle (Karaca, 1997).

Materials and methods

Core samples (seabed sediment) from 20 locations (Istanbul/Turkey) were used in the
study. Core samples were obtained by a specially designed core-free method. Samples
were taken from both clean areas and areas with high pollution potential, including
domestic, industrial and port waste disposal sites. In this way, it is thought that the
samples will represent the entire study area. Sample coordinates are given in Table 1
(Silivri-1, Silivri-2, Selimpasa-1, Selimpasa-2, Kumburgaz, Biiyiikkgekmece, Giirpinar,
Ambarli, Avcilar, Kiiciikgekmece, Yesilkdy, Zeytinburnu, Yenikapi-1, Yenikapi-2,
Kumkapi-1, Kumkapi-2, Bosphorus, Haydarpasa, Uskudar, and Kadikoy). Laboratory
studies were carried out in two parts: Sieve analysis and Geochemical analysis.
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Table 1. Core samples and their coordinates taken from the shores of the West Marmara Sea
in Istanbul

Geographic position
Core Nsimple ColzeC gg?nple Sample date D(T\%h Norta pnic p o
C-1 Silivri-1 10.06.2019 25 4546298 0603555
C-2 Silivri-2 10.06.2019 22 4546290 0603450
C-3 Selimpasa-1 10.06.2019 24 4543800 0614748
C-4 Selimpaga-2 10.06.2019 20 4543825 0614600
C-5 Kumburgaz 10.06.2019 38 4540935 0621468
C-6 Biiyiikgekmece 10.06.2019 20 4538709 0631551
C-7 Giirpinar 10.06.2019 23 4534925 0636700
C-8 Ambarlt 10.06.2019 22 4535178 0639489
C-9 Avcilar 10.06.2019 21 4536219 0644673
C-10 Kiigiikgekmece 10.06.2019 28 4536629 0648076
C-11 Yesilkoy 10.06.2019 17 4534694 0656542
C-12 Zeytinburnu 10.06.2019 18 4536482 0659244
C-13 Yenikapi-1 10.06.2019 21 4539708 0664909
C-14 Yenikapi-2 11.06.2019 30 4539598 0665458
C-15 Kumkapi-1 11.06.2019 32 4539722 0666198
C-16 Kumkapi1-2 11.06.2019 18 4540490 0666165
C-17 Bogazici 11.06.2019 51 4541007 0667563
C-18 Haydarpasa 11.06.2019 18 4540766 0668134
C-19 Uskiidar 11.06.2019 16 4538517 0668634
C-20 Kadikoy 11.06.2019 16 4535730 0669586
C-21 Kinali Island 11.06.2019 35 4531005.94 671256.44
C-22 C-1.22 11.06.2019 65 4528966.90 660167.75
C-23 C-1.23 11.06.2019 75 4528463.42 635770.20
C-24 C-1.24 11.06.2019 85 4534723.57 603312.94
C-25 M. Ereglisi 11.06.2019 32 4537387.00 582550.00

Sieve analysis

Core samples obtained from the study area were divided into 10 cm sections. From
these sections, 15 g samples were placed in beakers. In order to obtain foraminifera, the
sediment samples were kept in 10% H.O. for 24 h. Following this procedure, the
sediment samples were washed with water in a 63-micron sieve. The washed samples
were dried in a 50 °C oven and examined under a binocular microscope to differentiate
the foraminiferal shells.

Geochemical analysis

Geochemical analysis for the elements (Fe, Zn, Al, Mn, As, B, Co, Cr, Cu, Ni, Sb,
Na, Mg, K, Ca, P, Pb, Hg, Cd, Ag, Bi, Cd, Mo, Pb, Pt, Sn, Se, and Hg) was carried out
using the SPECTROBLUE model Induced Matched Plasma-Optic Emission
Spectrometer (ICP-OES) device. Samples to be analyzed with ICP-OES devices, firstly
being dissolved by the suitable method (King water method, triple acid method, melting
method, TS 1SO 14869-1, TS ISO 14869-2 etc.). Then samples which dissolved have
been analyzed with TSE, 2004/a-b method.
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Approximately 20 g samples were taken from the elementary levels for wet sieve
analysis. After drying, the sediment samples were beaten with the help of mortar and
the grains were separated. From these, 0.5 g samples were extracted and 12 ml of
HNOz and 4 ml of HCI were added to the samples, which were then placed in
incineration tubes and burned for 1 h at 98 °C and 1.5 h at 200 °C. After the cooling
tubes opened in the fume hood, they were filled with 50 ml of ultra-pure water and
filtered using filter papers. Prepared samples were put into the measurement unit of
ICP-OES and readings were recorded (Yiimiin and Once, 2017; Morillo et al., 2002;
Galuszka et al., 2014). Sedimentary samples were taken by the Gravity Core method
and the sample sizes are 50-100 cm. In order to evaluate the samples homogeneously,
analyzes were made by taking them at 10 cm intervals. The average value of the
geochemical analysis results of all samples taken from each core sample was taken
and used in evaluations.

Sediment pollution analysis methods

Sediment Contamination Assessment Methods were applied to the geochemical
analysis results of sediment samples taken in the study area. These methods are;
Enrichment Factor (EF) (Buat et al., 1979; Mason and Moore, 1982). Contamination
factor (Cfi) (Hakanson, 1980), Pollution Load Index (PLI) (Tomlinson et al., 1980) and
Pollution Index (Pl) (Yimiin, 2017). The results obtained with the methods were
interpreted by correlation.

Results and discussion
Geochemical analysis

Geochemical analysis of sediment samples taken from seabed was performed by
ICP-OES method. Geochemical analysis results show that heavy metal concentrations
are very high in most of the locations (especially Kiigliikgekmece, Ambarl,
Biiyiikgekmece) (Tables 2 and 3). Geochemical analysis results show very high
differences between the elements in ppm. Those with concentration values in the range
of 0-1000 ppm were considered as First Group Elements (Table 2) and those with
values greater than 1000 ppm as Second Group Elements (Table 3).

From the elements defined as the first group of elements, there are locations where
Mn, P, Cr, Ti, Zn and Cu concentrations are higher than average values. Of the elements
evaluated as the second group of elements, Ca and K are high in some locations, while
other elements are close to average values. Sediment Pollution Analysis was applied to
determine the total pollution status and the polluting elements for each location.

Sediment pollution analysis
Enrichment factor (EF)

Enrichment Factor is a method of determining the rate of heavy metal pollution from
anthropogenic origin in soil or wet environment sediments. It is very common to
calculate the enrichment factor in order to determine the anthropogenic effects in
sediments (Galuszka et al., 2014). The purpose of this method is the ratio of
contamination to natural concentrations by a normalization factor (Daskalakis and
O’Connor, 1995; Feng et al., 2004).
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Table 2. First group element concentrations and pollution index of Marmara Sea in Istanbul

Sample No Zn Mn As B Co Cr Cu Ni Ti P
Silivri-1 63.86 352.00 | 4.04 34.25 13.63 74.11 24.39 104.05 203.90 | 390.10
Silivri-2 63.49 358.2 2.61 38.73 13.94 82.05 24.30 105.19 277.86 396.13

Selimpasa-1 54.26 310.30 3.04 63.98 10.97 69.63 21.47 76.71 288.80 | 331.80

Selimpasa-2 62.28 358.63 414 60.68 15.09 81.58 30.76 1104 298.89 363.73

Kumburgaz 63.21 374.32 2.25 57.00 12.72 74.25 27.32 82.17 259.06 261.75

Biiyiikgekmece 69.42 460.88 | 10.03 53.81 14.69 80.22 38.40 96.67 248.63 | 273.75
Glirpmar 51.10 246.50 2.39 27.96 8.51 43.58 26.79 42.50 167.96 261.12
Ambarl 72.40 252.03 3.01 32.97 7.64 49.87 51.81 45,57 138.77 | 269.25
Avcilar 76.03 214.60 2.82 24.17 7.61 42.13 39.06 38.42 121.28 302.22

Kiiciikgekmece 87.00 259.00 2.28 28.65 7.71 44.43 48.53 36.87 116.69 | 580.70
Yesilkdy 62.23 170.26 3.46 31.23 4.89 86.24 40.17 25.64 142.87 | 284.43

Zeytinburnu 219.8 288.6 4.75 55.66 6.84 197.64 1354 42.03 138.45 545.76

Yenikapi-1 83.15 218.2 7.47 48.64 6.56 133.15 | 62.01 30.82 126.02 | 485.35

Yenikapi-2 65.43 180.25 4.78 30.62 5.31 87.00 40.26 23.75 114.94 3414

Kumkapi -1 106.72 235.6 7.87 31.18 6.41 103.50 88.54 29.51 117.31 931.95

Kumkapi -2 160.47 225.35 8.62 45,62 6.44 174.12 126.44 33.45 152.17 850.9
Bogazigi 66.37 201.60 3.40 20.52 5.79 36.72 51.50 23.59 90.63 385.10

Haydarpasa 52.99 223.36 2.57 16.93 6.51 35.17 26.31 24.93 94.96 321.5
Uskiidar 88.47 335.73 3.80 28.98 10.17 58.92 58.42 4541 152.75 675.13
Kadikoy 79.77 292.73 3.50 27.75 8.33 49.69 55.00 35.15 156.41 341.96

Kinali Island 28.00 125.00 1.55 11.01 5.20 45.00 28.50 35.00 125.01 201.10
C-1.22 25.05 135.02 2.02 21.06 7.03 65.21 23.32 45.01 123.03 213.02
C-1.23 34.02 134.01 2.50 22.11 8.70 56.05 22.25 32.05 89.00 211.01
C-1.24 45.03 154.05 3.20 23.15 6.50 55.00 26.10 34.05 98.05 223.05

M. Ereglisi 42.30 163.20 | 23.57 67.24 38.69 46.10 9.35 106.4 1.29 285.20

Main value of

Istanbul region in 74.2 254.40 4,01 34.85 8.63 76.04 46.52 49.95 160.14 | 393.42
Marmara Sea
Thfwr;‘fr;:‘a‘r’;'é’g; Of | ggsa | 3839 | 1805 | 617 | 3036 | 6217 | 303 7863 | 1704 | 7415

In calculating this index, background values of various normalization elements
determined by different methods are used. By taking iron (Fe) as the reference element,
the effect of large differences in grain size, carbonate dilution and mineral content is
eliminated. Bekground elements (Cr, Mn, Ni, Cu, Zn, As, Ti, Al, Ca and Fe) are used to
reduce metal variations caused by grain size and mineral structure, to detect metal
anomalies and to ensure geochemical normalization of metals. Elements (Al, Fe,
Zirkon, Li), which are not geochemically active and can be found easily in fine-grained
materials, are used as normalization factor (Rodriguez-Barroso et al., 2009]. Among
these elements, Al is the dominant element in the earth’s crust and Fe is the dominant
element in the structure of clay minerals (Morillo et al., 2002; Adamo, 2005; Valdes et
al., 2005). In many studies, iron is used as a normalization element since it is thought
that the distribution of iron is not related to other heavy metals in the enrichment factor
calculations (Niencheski, 1994). Since this study analyzed the element contents of sea
sediments (sandy, silty clay and silty clay), Fe was used as the normalization element in
the enrichment factor calculations. In the absence of anthropogenic inputs, the average
shale metal concentrations are taken into consideration in the evaluation of the metal
concentrations of the marine sediments (Algan et al., 2004; Pekey, 2004; Taylor and
McLennan, 1995; Aksu et al., 1997; Sar1 and Cagatay, 2001; Sari, 2004). Because
shales in marine environments best represent the top level of the earth’s crust. For this
reason, the shale concentrations (Mason and Moore, 1982; Turekian and Wedepohl,
1961; Krauskopf, 1985) given in Table 4 were used in this study. In this study,
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enrichment factor (EF) of metals (Zn, As, Co, Cu, Ni, Pb and Mn) was calculated using
heavy metal analysis results. The Enrichment Factor is calculated (Table 5) by the
Equation 1 below, defined by Buat et al. (1979):

EF = (Cn/ Cref) / (Bn / Bref) (Eq.1)

In the formula, EF: Enrichment factor, Cn: Metal value measured in the study, Cref:
Value of the reference element (Fe) measured in the study, Bn: Background (shale)
value of the measured element, Bref: Background (shale) value of the reference
element. The calculated EF value result close to 1 (EF < 1) indicates the shell origin,
while 1 <EF <3 shows little enrichment. The fact that it is between 3 <EF <5 is
arguably accepted that it is of shell origin (very enrichment) and if EF > 5 is definitely
not of shell origin (Galuszka et al., 2014; Halstead et al., 2000).

Table 3. Second group element concentrations and pollution index of Marmara Sea in
Istanbul

Sample No S Al Fe Na Mg K Ca
Silivri-1 3621.1 9610.6 | 24425.20 | 10851.10 | 13685.30 | 4267.00 | 92360.80
Silivri-2 3641.86 | 13606.3 | 25687.83 | 10496.3 | 14196.13 | 5055.36 | 77036.43

Selimpaga-1 4852.1 | 14509.5 | 23896.90 | 16612.50 | 15718.70 | 7550.30 |136555.00

Selimpaga-2 4307.63 | 15762.6 | 28407.26 | 13868.2 | 15829.93 | 7890.56 [143896.33

Kumburgaz 3536.72 | 10112.40 | 26039.22 | 15505.70 | 9195.28 | 9544.93 | 4218.64

Biiyiikgekmece 5372.88 | 11055.57 | 29073.15 | 15002.20 | 9162.75 | 9702.57 | 3060.70
Giirpinar 3102.73 | 7703.62 | 17021.82 | 10103.10 | 6207.23 | 5562.85 | 69675.42
Ambarli 2835.43 | 6982.60 | 15735.95 | 13266.90 | 7055.73 | 5850.90 | 85185.90
Avcilar 2674.47 | 6438.17 | 13430.07 | 9760.65 | 5732.68 | 4587.20 | 63675.02

Kiigiikgekmece 3044.38 | 7044.40 | 14044.15 | 13100.13 | 6057.83 | 4773.10 | 32710.13
Yesilkoy 3509.16 | 8537.46 | 12065.13 | 9757.1 7367.7 | 3910.36 |133015.33

Zeytinburnu 6483 12746.06 | 19752.96 | 14073.13 | 16002.73 | 6593.83 | 19230.70

Yenikapi-1 (I¢) 6293.3 | 11518.35 | 14065.5 | 11634.35 | 10549.95 | 5271.2 183733
Yenikapi-2 (Dis) 425435 | 8836.15 | 17746.9 | 7813.8 7283.2 | 3532.35 | 116516.5

Kumkapr -1 4325.9 8673.7 | 16428.5 | 91549 | 7358.75 | 3512.3 |[113774.85
Kumkapr -2 7726 9827.3 | 18727.55| 11370.45 | 9941.3 4918.4 |125067.35
Bogazigi 1674.3 7075.9 | 13969.60 | 5865.20 | 6599.70 | 2207.20 [112445.00
Haydarpasa 1581.43 | 7354.76 | 14567.36 | 6232.46 | 2098.9 | 90617.03 | 6232.46
Uskiidar 2694.3 | 12293.8 | 22336.7 | 7614.56 | 7511.63 | 3739.16 43245
Kadikdy 2527.86 | 11572.26 | 19843.67 | 7995.03 | 6863.46 | 3752.60 | .52046.2
Kinali Island 856.4 856.00 | 11025.12 | 1520.10 | 2050.05 | 1250.15 | 2850.10
C-1.22 768.00 900.05 | 11567.10 | 1566.15 | 2312.10 | 1125.10 | 2675.15
C-1.23 769.05 875.10 | 12546.21 | 1377.02 | 3451.02 | 2311.20 | 2543.20
C-1.24 789.10 | 1056.10 | 13456.20 | 1432.05 | 3532.05 | 245421 | 2345.00
M. Ereglisi 776.03 | 17768.2 | 20936.90 | 6046.80 | 4800.40 | 3290.80 | 80924.20

Main value of Istanbul
region in Marmara 3385.05 | 8539.52 | 18160.81 | 9415.53 | 8156.83 | 8332.47 | 67670.57
Sea

The main values of
Marmara Sea

3775.62 | 15291.00 | 25210.92 | 9741.96 | 7536.66 | 7214.30 | 71985.69
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Table 4. Heavy metal concentrations of some geological reference rocks (Turekian and
Wedepohl, 1961; Krauskopf, 1985)

Elements | Unit |Earth crust| Shale |Sandstone| Limestone |Ultrabasics| Basalt | Deep sea clays
Fe % 5.00 4,70 0.98 0.38 9.40 8.60 6.50
Zr ppm 165.00 |180.00 | 19.00 - 45.00 140.00 150.00
Cr ppm 100.00 90.00 35.00 11.00 1600.00 | 170.00 90.00
Mn ppm 950.00 |850.00| 50.00 1100.00 1620.00 |1500.00 6700.00

Ni ppm 75.00 70.00 2.00 20.00 2000.00 | 130.00 225.00
Cu ppm 55.00 45.00 5.00 4.00 10.00 87.00 250.00
Zn ppm 70.00 95.00 16.00 20.00 50.00 105.00 165.00
Cd ppm 0.10 0.30 - - - 0.20 0.40

Pb ppm 13.00 20.00 7.00 9.00 1.00 6.00 80.00
As ppm 1.80 13.00 1.00 1.00 1.00 2.00 13.00
\ ppm 135.00 130.00 | 20.00 20.00 40.00 250.00 120.00
Sh ppm 0.20 1.50 - 0.20 0.10 0.20 1.00

While the enrichment of Cu and Zn is seen in many locations, the Ni enrichment in
Silivri and Giirpinar is remarkable. In the analysis, Ni enrichment was determined to
be very rich in Silivri (3.2) and Giirpinar (4.1) samples. Copper (Cu) enrichment is
very high in Selimpasa-2 (3.2), Kumburgaz (3.1), Biiylikgekmece (3.1), Yenikapi-1
(4.9), Bogazici (4.1), Ambarli (3.7), Kii¢iikgekmece (3.5). In Kumkapi-1 (6.0),
Kumkapi-2 (7.5), Yesilkdy (7.9), Giirpmnar (5.3) and Zeytinburnu (7.6), there is
excessive enrichment. Zinc (Zn) enrichment is very rich in Yenikapi-1 (3.1),
Kumkapi-1 (3.4), Kumkapi-2 (4.5) and Kiigiikgekmece (3.3); Excessive enrichment
was observed in Zeytinburnu (5.9). Too much enrichment definitely shows that the
sources of pollution are not natural. In all other locations, the enrichment factor of all
elements was found to be less than 3, and these values show that there is little or no
enrichment.

Contamination factor (Cfi)

Contamination factor is a method that is used frequently in studies investigating the
origin of heavy metal concentrations in sediments and defines the current situation.
Contamination factor calculations for the study area are given in Table 6 and pollution
factor classification is given in Table 7. The Contamination Factor was calculated by
the correlation (2) defined by Hakanson (1980).

Cfi=CilCni (Eq.2)

In the formula, Ci is the metal value measured in sediment and Cni is the pre-
industry reference value of the metal. Nickel contamination (CfNi); Silivri-1 (1.5),
Silivri-2  (1.5), Selimpasa-1 (1.1), Selimpasa-2 (1.6), Kumburgaz (1.2),
Biiyiikgekmece (1.3), Giirpinar (1.4). Copper contamination (CfCu); Selimpasa-2
(1.8), Kumburgaz (1.7), Biiyiikgekmece (1.8), Glirpinar (1.8), Ambarli (1.15) and
Kumkapi (1.9) are also seen. Zinc (CfZn) contamination value is seen at medium level
in Kumkapi-1 (1.12). Moderate and little contamination is observed for all elements in
all other locations.
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Table 5. Enrichment factor values calculated in the study area

Silivri -1 Silivri-2 Selimpasa-1 Selimpasa-2
Toxic elements | Enrichment value | Enrichment value | enrichment value | Enrichment value

EFmn 0.85 0.80 0.80 0.75
EFco 1.50 1.40 1.20 1.40
EFni 3.10 2.90 2.30 2.80
EFcy 1.10 1.10 1.00 3.20
EFz, 1.40 1.30 1.20 1.20
EFas 0.60 0.40 0.50 0.56

Kumburgaz Biiyiikcekmece Yenikapi-1 Yenikapi-2

Toxic elements

Enrichment value

Enrichment value

Enrichment value

Enrichment value

EFmn 0.80 1.20 0.90 0.60

EFco 1.20 1.30 1.20 0.80

EFni 2.30 2.40 1.60 0.90

EFcy 3.10 3.10 4.90 2.50

EFz, 1.30 1.30 3.10 1.90

EFas 0.30 1.30 2.10 1.10

Kumkapi-1 Kumkapi-2 Bogazici Uskiidar

Toxic elements | Enrichment value | Enrichment value | Enrichment value | Enrichment value

EFmn 0.80 0.70 0.80 0.60

EFco 1.10 0.90 1.10 1.20

EFni 1.30 1.30 1.20 1.50

EFcy 6.00 7.50 4.10 2.90

EFz, 3.40 4.50 2.50 2.10

EFas 1.80 1.80 0.90 0.70

Giirpmar Ambarh Avcilar Kiiciikcekmece

Toxic elements | Enrichment value | Enrichment value | Enrichment value | Enrichment value

EFmn 0.80 0.90 0.90 1.10

EFco 2.30 1.30 1.50 1.40

EFni 4.10 2.10 2.10 1.90

EFcy 5.30 3.70 3.50 3.50

EFz, 1.50 2.40 2.90 4.38

EFas 0.50 0.70 0.80 0.60

Yesilkoy Zeytinburnu Haydarpasa Kadikéy

Toxic elements | Enrichment value | Enrichment value |Enrichment value | Enrichment value

EFmn 0.80 0.90 0.80 0.90

EFco 1.10 0.90 1.20 1.10

EFni 1.50 1.50 1.20 1.20

EFcy 7.90 7.60 2.00 3.10

EFz, 2.70 5.90 1.90 2.10

EFas 1.10 0.90 0.70 0.60
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Table 6. Contamination factor values calculated for the study area

Sample locations | C¢+Mn CiFe CtNi CtCu C¢Zn CtCo CtAs
Silivri-1 0.40 0.51 1.50 0.50 0.70 0.70 0.30
Silivri-2 0.40 0.55 1.50 0.54 0.70 0.73 0.20

Selimpasa-1 0.40 0.50 1.10 0.50 0.60 0.60 0.20
Selimpasa-2 0.42 0.60 1.60 1.80 0.70 0.80 0.30
Kumburgaz 0.40 0.55 1.20 1.70 0.70 0.70 0.20
Biiyiikgekmece 0.50 0.60 1.30 1.80 0.70 0.80 0.80
Giirpmar 0.30 0.36 1.40 1.80 0.53 0.77 0.18
Ambarh 0.29 0.33 0.65 1.15 0.76 0.40 0.23
Avcilar 0.25 0.28 0.55 0.93 0.80 0.40 0.21
Kiigiikgekmece 0.30 0.29 0.53 0.98 0.95 0.40 0.17
Yesilkoy 0.20 0.25 0.36 1.91 0.65 0.25 0.26
Zeytinburnu 0.30 0.40 0.60 3.00 2.30 0.36 0.36
Yenikapi-1 0.21 0.37 0.34 0.89 0.69 0.27 0.36
Yenikapi-2 0.20 0.35 0.32 0.73 0.93 0.21 0.32
Kumkapi-1 0.27 0.35 0.42 1.90 1.12 0.33 0.60
Kumkap1-2 0.26 0.39 0.48 2.80 1.60 0.33 0.70
Bogazigi 0.23 0.29 0.33 1.20 0.69 0.30 0.26
Haydarpasa 0.24 0.30 0.35 0.58 0.55 0.34 0.19
Uskiidar 0.26 0.47 0.65 1.30 0.93 0.53 0.29
Kadikoy 0.30 0.40 0.50 1.20 0.83 0.43 0.27

Table 7. Pollution factor (Cf) classification Hakanson (1982)

Ct Sediment quality
Ci<1 Little contamination
1<Cs<3 Midle contamination
3<Ci<b Significant contamination
Ci>6 Very high contamination

Pollution load index (PLI)

Pollution Load Index is a method that evaluates the pollution level of heavy metals.
PLI is defined by the n root of the product of the ratio of the concentration of each
element measured to the background values (Tomlinson, 1980).

PLI = (CY x C% x C%x - - - x C")"(1/n) (Eq.3)
Cit= Ci/C, (Eq.4)

Here, Cis: represents the contamination value of (i) metal, Cin: represents the
background value of (i) metal. If the PLI value >1 indicates the presence of
contamination, and PLI <1 indicates no contamination (Tomlinson, 1980). This
method was applied to the element concentrations obtained from the study area
(Table 8).
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Shale bekground values defined by Turekian et al. (1961) and Krauskopf et al.
(1985) were used in the Pollution Load Index calculations of the study area. In the
data obtained, the smallest PLI value was calculated as 0.29 (Kinal1 island) and the
largest PLI value was calculated as 0.90 (Zeytinburmu). The reason for the absence of
pollution is considered as Bekdround values compiled from world averages that
cannot represent Marmara Sea Sediments. For this reason, calculations were made
again using the “Marmara Sea Element Concentration Averages” obtained in the
studies performed by Yimiin (2017) (Tables 8 and 9). Correlation was performed in
Table 9 by giving Pollution Load Index (PLI) together with Pollution Index (PI)
values.

In the calculations made by taking the average values of the element concentrations
of the Marmara Sea drilling samples as the back ground, again the smallest value was
found in Kinali island (0.38), while the highest value was calculated in Zeytinburnu
sample (1.16). Here, Zeytinburnu (1.16), Kumkap1 (1.09) and Biiyiikcekmece (1.03)
Pollution Load Index (PLI) values show that there is contamination because it is > 1. It
is seen that other locations are not dirty.

Table 8. Pollution load index (PLI) values calculated in the study area

I(?(?ar\?izlr?s Zn | Mn o1 As o Crop Cu Ni Fe Pior::jgo(w |a)lOI
Silivri-1 63.86 | 352.00 | 4.04 | 7411 | 24.39 | 104.05 | 24425.20 0.61
Silivri-2 63.49 | 35820 | 2.61 | 8205 | 24.30 | 105.19 | 25687.83 0.58
Selimpasa-1 | 54.26 | 310.30 | 3.04 | 69.63 | 21.47 | 76.71 | 23896.90 0.52
Selimpasa-2 | 62.28 | 358.63 | 4.14 | 8158 | 30.76 | 110.40 | 28407.26 0.66
Kumburgaz | 63.21 | 374.32 | 2.25 | 7425 | 27.32 | 82.17 | 26039.22 0.56
Biiyiikcekmece | 69.42 | 460.88 | 10.03 | 80.22 | 38.40 | 96.67 | 29073.15 0.79
Giirpinar 51.10 | 24650 | 2.39 | 4358 | 26.79 | 4250 | 17021.82 0.41
Ambarli 72.40 | 25203 | 3.01 | 49.87 | 51.81 | 4557 | 15735.95 0.49
Aveilar 76.03 | 21460 | 2.82 | 4213 | 39.06 | 38.42 | 13430.07 0.43
Kiigtikgekmece | 87.00 | 259.00 | 2.28 4443 | 4853 | 36.87 | 14044.15 0.46
Yesilkoy 6223 | 170.26 | 3.46 | 86.24 | 40.17 | 25.64 | 12065.13 0.43
Zeytinburnu | 219.80 | 288.60 | 4.75 | 197.64 | 135.40 | 42.03 | 19752.96 0.90
Yenikapi-1 | 83.15 | 21820 | 7.47 |133.15 | 62.01 | 30.82 | 14065.50 0.62
Yenikapi-2 | 65.43 | 180.25 | 4.78 | 87.00 | 40.26 | 23.75 | 17746.90 0.48
Kumkapt -1 | 106.72 | 235.60 | 7.87 | 103.50 | 88.54 | 29.51 | 16428.50 0.67
Kumkapt -2 | 160.47 | 225.35 | 8.62 | 174.12 | 126.44 | 33.45 | 18727.55 0.84
Bogazici 66.37 | 201.60 | 3.40 | 36.72 | 51.50 | 2359 | 13969.60 0.41
Haydarpasa | 52.99 | 223.36 | 257 | 3517 | 26.31 | 24.93 | 14567.36 0.36
Uskiidar 88.47 | 33573 | 380 | 58.92 | 58.42 | 4541 | 22336.70 0.60
Kadikdy 79.77 | 29273 | 350 | 49.69 | 55.00 | 35.15 | 19843.67 0.53
Kiali Ada | 28.00 | 125.00 | 155 | 45.00 | 28.50 | 35.00 | 11025.12 0.29
C-1.22 2505 | 135.02 | 2.02 | 6521 | 2332 | 45.01 | 11567.10 0.33
C-1.23 34.02 | 13401 | 250 | 56.05 | 22.25 | 32.05 | 12546.21 0.33
C-1.24 4503 | 154.05 | 320 | 55.00 | 26.10 | 34.05 | 13456.20 0.38
M. Ereglisi | 42.30 | 163.20 | 2357 | 46.10 | 9.35 | 106.40 | 20936.90 053
BaCkgggl‘é”d of | 9500 | 850.00 | 13.00 | 90.00 | 45.00 | 70.00 | 47000.00 1.00
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Table 9. Pollution load index (PLI) values calculated in the study area

oatne | 20| Mn | As | or [eu | N |Re | e
Silivri-1 | 63.86 |352.00| 4.04 | 74.11 | 24.39 |104.05|2442520]  0.78 0.90
Silivri-2 | 63.49 |358.20| 2.61 | 82.05 | 24.30 [105.19|25687.83|  0.75 0.95
Selimpasa-1 | 54.26 |310.30| 3.04 | 69.63 | 21.47 | 76.71 |23896.90|  0.67 1.05
Selimpasa-2 | 62.28 |358.63| 4.14 | 81.58 | 30.76 [110.40|28407.26|  0.85 1.13
Kumburgaz | 63.21 |374.32| 2.25 | 74.25 | 27.32 | 82.17 [26039.22|  0.72 0.88
Biiyiikcekmece | 69.42 [460.88| 10.03 | 80.22 | 38.40 | 96.67 |29073.15|  1.03 1.00
Girpmar | 51.10 |246.50| 2.39 | 43.58 | 26.79 | 42.50 [17021.82|  0.52 0.66
Ambarh | 72.40 [252.03| 3.01 | 49.87 | 51.81 | 45.57 |15735.95|  0.64 0.75
Aveillar | 76.03 |214.60| 2.82 | 42.13 | 39.06 | 38.42 [13430.07|  0.56 0.63
Kiiciikcekmece | 87.00 [259.00| 2.28 | 44.43 | 48.53 | 36.87 |14044.15|  0.59 0.70
Yesilkoy | 62.23 [170.26| 3.46 | 86.24 | 40.17 | 25.64 |12065.13|  0.56 0.74
Zeytinburnu  |219.80|288.60| 4.75 |197.64|135.40| 42.03 [19752.96|  1.16 1.32
Yenikap-1 | 83.15 |218.20| 7.47 |133.15| 62.01 | 30.82 |1406550|  0.80 1.04
Yenikap-2 | 65.43 |180.25| 4.78 | 87.00 | 40.26 | 23.75 |17746.90|  0.62 0.74
Kumkapi -1 |106.72|235.60| 7.87 |103.50| 88.54 | 29.51 |16428.50|  0.87 0.95
Kumkapi -2 |160.47|225.35| 8.62 |174.12|126.44| 33.45 |18727.55|  1.09 1.27
Bogazici | 66.37 |201.60| 3.40 | 36.72 | 51.50 | 23.59 [13969.60|  0.53 0.61
Haydarpasa | 52.99 |223.36| 2.57 | 35.17 | 26.31 | 24.93 |14567.36|  0.46 115
Uskiidar | 88.47 |335.73| 3.80 | 58.92 | 58.42 | 45.41 |22336.70|  0.78 0.79
Kadikéy | 79.77 |292.73| 3.50 | 49.69 | 55.00 | 35.15 |19843.67|  0.68 0.72
Kinali Ada | 28.00 [125.00| 1.55 | 45.00 | 28.50 | 35.00 |11025.12|  0.38 0.33
C-1.22 25.05 |135.02| 2.02 | 65.21 | 23.32 | 45.01 [11567.10|  0.42 0.36
C-1.23 34.02 |134.01| 2.50 | 56.05 | 22.25 | 32.05 |12546.21|  0.42 0.36
C-1.24 45.03 [154.05| 3.20 | 55.00 | 26.10 | 34.05 |13456.20|  0.48 0.38
M. Ereglisi | 42.30 |163.20| 23.57 | 46.10 | 9.35 |106.40(20936.90|  0.68 0.73
mr?n\ggugg 88.54 | 388.9 | 18.05 | 62.17 | 30.3 | 78.63 | 25211 1.00 1.00

Pollution index (PI)

To make the results of geochemical analysis more visual and interpretable, the
Pollution Index (P1) method, as defined by Yiimiin (2017), was applied. Pl values are
the proportionality coefficients containing the arithmetic mean of the values of each
element obtained by geochemical analysis together with the values obtained from the
previous studies in the Sea of Marmara. Pl was calculated using the following equation

(Eq. 5):
Pl = [(MV1/ MVay) + (MV2/ MVayg) + -+ + (MVn/ MVayg)] /0 (Eq.5)

The parameters used in the equation are: PI: Pollution Index, MV1: Heavy metal
measurement value (ppm), MVay: Heavy metal measurement value average (ppm), n:
The number of the heavy metals measured. Pl maps were produced by Kriging method
(Krige, 1951) using PI values. In this map, Pl values are defined as 0-0.50 (max. clean
zone), 0.5- 0.85 (clean zone), 0.85-1.00 (clean-dirty transition zone), 1.00-1.15

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(3):1869-1893.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1903_18691893
© 2021, ALOKI Kft., Budapest, Hungary



Kam - Yumiin: Geographical distribution of toxic elements in Northeast Marmara Sea sediments and analysis of toxic element
pollution by various pollution index methods (Istanbul/Turkey)
- 1882 -

(polluted zone), and Pl >1.15 (high polluted zone). In areas where heavy metal
concentrations are high, PI values are higher than critical values (Pl = 1) and are defined
as dirty areas.

The number of genera, species and individuals of foraminifera is quite low in the
places where pollution is high. It is thought that the low number of foraminifera samples
in samples taken from Kiigiikgekmece, Biiyiikcekmece, Ambarli and Avcilar regions are
due to ship traffic and discharge of domestic and industrial wastewater into the sea
(Table 10; Figs. 4 and 5).

Table 10. Values of pollution index (PI)

sample No PoIIut(llg?)mdex sample No Pollut(lg?)mdex
Silivri-1 0.898 Yenikapi-2 0.741
Silivri-2 0.947 Kumkapi -1 0.954
Selimpasa-1 1.049 Kumkapi -2 1.270
Selimpasa-2 1131 Bogazigi 0.613
Kumburgaz 0.881 Haydarpasa 1.152
Biiyiikcekmece 0.996 Uskiidar 0.791
Giirpinar 0.655 Kadikoy 0.718
Ambarli 0.754 Kinali Ada 0.326
Avcilar 0.631 C-1.22 0.358
Kiiglikgekmece 0.696 C-1.23 0.357
Yesilkoy 0.741 C-1.24 0.384
Zeytinburnu 1.319 M. Ereglisi 0.729
Yenikapi-1 1.044
Main value of Istanbul region in 0.809 The main values of Marmara 1.000
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Figure 4. Pollution index of Marmara Sea in Istanbul
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Figure 5. Pollution index (PI) map of the study area (North Marmara)

Foraminifer communities

Sediment core samples taken from the study area were divided into 10 cm sections
and granulometric analysis was conducted for each sample. In the granulometric
analysis, the granules remaining on the 63 um sieve were examined using a stereo-zoom
microscope. The foraminifera were extracted, and micro-photographs were taken. In
this study, a rich foraminifera group consisting of 15 genera and 30 species was
identified (Table 11; Figs. 6-9). Color changes were observed in Ammonia compacta.
The changes in the foraminifer shells were investigated by examining the concentrations
of toxic elements at the levels where morphological changes occurred in the foraminifer
shells. Significant color changes were observed in the foraminiferal shells. The shells
demonstrated different shades, ranging from yellowish brown to black. To determine
the causes of these discolorations, surface element analysis was conducted on the shells
using a scanning electron microscope (SEM) (Fig. 10). The shell structures of the
foraminifera are limestone (CaCO 3), agglutinate (Rock Pieces) and silica (SiO2).
During the growth of foraminifer, CaCO3 and SiO2, which are dissolved in water, are
chemically added to the shell structure. During the growth of the shells, it undergoes
color change by adding elements that are in the form of molten or ions in the water. In
places where the S values were high, the color had turned into dark grey-black colors.
At high Fe and Mn values, the color turned yellow-yellowish brown.

The numbers given in Table 11 give the numbers of foraminifera species found in
10g of sediment. The high number of foraminifera species indicates that the
environment conditions are ideal for micro-living life, and the low number of
foraminifera species indicates that the environment is not ideal for the habitat.
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Table 11. Foraminifer communities identified in the study area

Silivri-1
Silivri-2

Selimpaga-1

Selimpasa-2

Kumburgaz

Biiyiikcekmece

Giirpmar

Ambarh
Avcilar

Kiiciikcekmece

Yesilkoy

Zeytinburnu

Yenikapi-1

Yenikapi-2

Kumkapi-1

Kumkapi-2

Bogazici

Haydarpasa

Uskiidar

Kadikoy

Adelosina cliarensis
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Figure 6. 1a. Quingueloculina jugosa, Cushman (Ambarli-A)2a,b. Adelosina duthersi (Avcilar-
a), 3a,b. Cycloforina contorta, (d 'Orbigny), Bogazi¢i-2, 4a,b. Cycloforina villafrance, (le
Calvez, J & Y.), Giirpinar-2, 5a,b. Pseudotriloculina oblonga, (Montagu), Haydarpasa-1, 6a,b.
Miliolinella subrotunda, (Montagu), Haydarpasa-2, 7a,b. Miliolinella subrotunda, (Montagu),
Kumkapi-2/1, 8a,b. Pygro inornata, (d 'Orbigny), Selimpasa-1, 9a,b. Pygro inornata,
(d’Orbigny), Selimpasa-1, 10a,b. Pygro inornata, (d'Orbigny), Selimpasa-2, 11a,b. Pygro
inornata, (d 'Orbigny), Selimpasa-2, 12a,b. Cycloforina contorta, (d’Orbigny), Selimpasa-1,
13a,b. Adelosina mediteranensis, (le Calvez, J & Y.), Silivri-1, 14a,b. Lachlanella bicornis,
(Walker & Jacob), Silivri-2, 15a,b. Miliolinella sp. Yenikap:-1/1, 16. Textularia bocki, Hoglund,
Haydarpasa-2. (scale lengths are mm)
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Figure 7. 1. Elphidium crispum, (Linne), Ambarhi-1, 2. Elphidium crispum, (Linne),
Avcilar-4, 3. Elphidium crispum, (Linne), Biiyiik¢ekmece-1, 4. Elphidium crispum, (Linne),
Kumkap:-,2/2, 5a,b. Eponides concomeratus, (Williamson). Bogazigi-1, 6a,b. Ammonia
tepida, (Cushman), Selimpasa-1, 7a,b. Ammonia tepida, (Cushman), Yenikap:i-1/1, 8a, b.
Lobatula lobatula (Walker & Jacob), Avcilar-1, 9a,b. Lobatula lobatula (Walker &
Jacob),Bogazi¢i-1, 10a,b. Lobatula lobatula (Walker & Jacob),Giirpinar-2, 11a,b. Lobatula
lobatula (Walker & Jacob),Haydarpasa-1, 12a,b. Lobatula lobatula (Walker &
Jacob),Haydarpasa-2, 13a,b. Lobatula lobatula (Walker & Jacob),Kumkapi-2/1, 14a,b.
Ammonia compacta, Hofker, Silivri-1, 15a,b. Ammonia compacta, Hofker Avcilar-4, 16a,b.
Ammonia tepida, (Cushman), Giirpinar-1, 17a,b. Ammonia tepida, (Cushman), Bostanci-2.
(scale lengths are mm)
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Figure 8. 1a,b: Adelosina partschi (Avcilar -b), 2 a,b: Sycloforina villafrance (Avcilar-b), 3
a,b: Quinqueloculina stalkeri (Kadikdy-a), 4a,b: Quinqueloculina bidentata (Maltepe-a), 5 a,b:
Quingueloculina bidentata (Selimpasa-c), 6 a,b. Quinqueloculina lamarckiana (Yenikapi-1-b),
7 a,b: Quinqueloculina lamarckiana (Yesilkoy-b), 8 a,b: Quinqueloculina stelligera (Yenikapi-

1-b), 9 a,b: Miliolinella circularis (Zeytinburnu-a), 10 a,b: Pyrgo elongata (Selimpasa-c), 11
a,b: Quinqueloculina laevigata (Yenikapi-1-b), 12 a,b: Quinqueloculina laevigata (Yenikapi-1-
¢), 13 a,b: Quinqueloculina laevigata (Yenikapi-2-a), 14 a,b: Spiriloculina excavata (Yesilkoy-

b), 15 : Spiriloculina excavata (Yenikapi-1-b). (scale lengths are mm)
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Figure 9. 1 a,b: Ammonia parkinsoniana (4vcilar-b), 2a,b: Ammonia parkinsoniana (Maltepe-
a), 3 a,b: Ammonia parkinsoniana (Zeytiburnu-a), 4 a,b: Lobatula lobatula (4vcilar-b), 5 a,b:
Lobatula lobatula (Kadikéy-a), 6 a,b: Lobatula lobatula (Maltepe-a), 7 a,b: Lobatula lobatula
(Yenikapi-1-c), 8 a,b: Rosalina globularis (Avcilar-b), 9 a,b: Rosalina globularis (Kadikoy-a),
10 a,b: Rosalina globularis (Selimpasa-c), 11 a,b: Rosalina globularis (Yenikapi-1b), 12 a,b;
Rosalina globularis (Yanikapi-1c), 13 a,b: Eponides concameratus (Zeytinburna-a), 14 a,b;
Lobatula lobatula (Uskiidar-d), 15 a,b: Elphidium crispum (Selimpasa-d). (scale lengths are
mm)
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Figure 10. Graphs of surface element analysis

Conclusion

In this study, the effects of heavy metals on the sediments of the Istanbul part of
Marmara Sea and the effects of pollution on benthic foraminifers were assessed.
Benthic foraminifer assemblages and geochemical properties of the samples were
determined in the study.

Elemental analysis of (Fe, Zn, Al, Mn, As, B, Co, Cr, Cu, Ni, Sh, Na, Mg, K, Ca, P,
Pb, Hg, Cd, Ag, Bi, Cd, Mo, Pb, Pt, Sn, Se, and Hg) sediments from the sea was
conducted using ICP-OES. The concentrations of some elements (especially for Fe, Mn,
Ti, Zn, and Cr) were found to be very high in locations where ship traffic and domestic
and industrial discharges are high.

Enrichment Factor (EF), Contamination factor (Cfi) (Hakanson, 1980), Pollution Load
Index (PLI) and Pollutin Index (PI) (Yiimiin, 2017) were applied to the geochemical
analysis results of sediment samples taken in the study area. According to enrichment
factor (EF) and Contamination factor (Cfi) methods, enrichment and contamination are
observed in terms of some elements. According to the enrichment factor, Cu (3.1), Ni
(2.4) in Biyiikcekmece, EFCu (7.6), EFZn (5.9) in Zeytinburnu, EFCu (6.0), EFZn(3.4)
in Kumkapi-1, EFCu(7.5) ve EFZn(4.5) in Kumkapi-2 values are > 3, according to this
Cu and Zn are high and very high enrichment. In the analysis made according to the
contamination factor, the values are determined of Kumkapi-1 CfCu (1.90) and CfZn
(1.12), Kumkapi-2 CfCu (2.80) and CfZn (1.60); Zeytinburnu CfCu (3.0) and CfZn (2.3);
It was obtained as CfCu (1.80) and Cf Ni (1.30) in Biiyiikgekmece. According to these
results, the locations appear to be contaminated in terms of Cu, Zn and Ni. According to
four analysis methods, medium-high level of impurities were detected in these 3
(Biiyiikgekmece, Zeytinburnu and Kumkapi) locations.

In the Pollution Load Index (PLI) calculations, both the Shale values defined by
Turekian et al. (1961) and Krauskopf et al. (1985), and the drilling concentration
samples compiled from Yiimiin (2017) and Yimiin and Kam (2019) were used as
background elements. Since the shale values do not represent the Marmara region, no
pollution was observed in this method. In the PLI calculations made using the Marmara
Sea element concentration averages, pollution is observed in some locations. These
second calculation values are correlated with the Pollution Index (P1) values in Table 9,
and common dirty points (Biiylikgekmece, Zeytinburnu and Kumkap1) are determined
according to both methods. The Pollution Index (PI) values of these locations
(Selimpasa (1.131), Zeytinburnu (1.319), Yenikap1 (1.044), Kumkap1 (1.270), and
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Haydarpasa Port (1.152) were also high. A contamination zone map was prepared using
the Kriging method on the PI values, summarizing heavy metal concentrations of each
sampling point of the study area. This pollution zone map has been useful in terms of
visualizing and interpreting the pollution capacity of the study area.

In locations where heavy metal concentrations were high, the number of foraminifer
individuals was very low. In addition, color changes and morphological defects were
detected in most of the locations.

Here, while Pollution Load Index (PLI) and Pollution Index (PI) analyze the final
impurities formed by the contribution of all elements, Enrichment factor (EF) and
Contamination factor (Cfi) determine the polluting elements in the environment. The
application and interpretation of these methods together in environmental analysis will
yield useful results.

In addition, in order to identify possible lithological units that may cause metal
accumulation in the bottom sediments, the geological map of the Northeast Marmara
Drainage Area was compiled and the lithological units that surfaced in the coastal areas
adjacent to these areas were examined. Summaries of the results of the Pollution Index,
Enrichment Factor, Contamination Factor and Pollution Load Index were given in
Table 12. Dirty locations (such as Zeytinburnu) in all indexes are marked in bold in the
table.

Table 12. The correlations of pollution index, enrichment factor, contamination factor and
pollution load index

Core ] Pollution index | Enrichment factor o Pollution load
sample No Core sample location Contamination factor index
() Exp. EF Exp. PLI
C-1 Silivri-1 0.898 CD EFy=3.10 | VE C¢Ni =150 MC 0.61 NC
C-2 Silivri-2 0.947 CD EFy =2.90 LE C¢Ni =1.50 MC 0.58 NC
C-3 Selimpasa-1 1.049 P EFni =2.30 LE CsNi=1.10 MC 0.52 NC
C-4 Selimpasa-2 1.131 P EFni =2.80 LE CiCu=1.80 MC 0.66 NC
C-5 Kumburgaz 0.881 CD EFc, =3.10 VE CiCu=170 MC 0.56 NC
C-6 Biiyiikgekmece 0.996 CD EFc,=3.10 | VE C¢Cu=1.80 MC 0.79 NC
C-7 Gilirpinar 0.655 C EFc, =5.30 HE C¢Cu=1.80 MC 0.41 NC
C-8 Ambarl 0.754 C EFc,=3.7 VE CiCu=115 MC 0.49 NC
C-9 Avcilar 0.631 C EFc, =350 | VE C¢Cu=0.93 LC 0.43 NC
C-10 Kiigiikgekmece 0.696 C EFz,=4.38 VE C:Cu=0.98 LC 0.46 NC
C-11 Yesilkdy 0.741 C EFc, =7.90 HE CiCu=191 MC 0.43 NC
C-12 Zeytinburnu 1.319 HP EFc,=760| HE C¢Cu=3.00 MC 0.90 NC
C-13 Yenikapi-1 1.044 P EFc, =490 | VE C¢Cu=0.89 LC 0.62 NC
C-14 Yenikapi-2 0.741 C EFc, =2.50 LE CiCu=0.73 LC 0.48 NC
C-15 Kumkapi-1 0.954 CD EFc, =6.00 | HE C¢Cu=1.90 MC 0.67 NC
C-16 Kumkapi-2 1.270 HP EFc,=7.50 HE C:Cu =280 MC 0.84 NC
C-17 Bogazici 0.613 C EFc, =4.10 VE CiCu=1.20 MC 0.41 NC
C-18 Haydarpasa 1.152 HP EFc, =2.00 LE C:Cu=0.58 LC 0.36 NC
C-19 Uskiidar 0.791 C EFc, =2.90 LE C¢Cu=1.30 MC 0.60 NC
C-20 Kadikoy 0.718 C EFc, =3.10 VE CiCu=1.20 MC 0.53 NC
c-21 Kinali Island 0.326 HC 0.29 NC
C-25 M. Ereglisi 0.729 C 0.53 NC

LE: little enrichment; VE: very enrichment, HE: highly enrichment (definitely not of shell origin); LC:
little contamination, MC: middle contamination; PLI value > 1 indicates the presence of contamination
(C), PLI <1 indicates no contamination (NC); PI: 0-0.50 (max. clean (MC)), 0.50-0.85 (clean (C)),
0.50-0.85 (max. clean (MC)), PI: 0.85-1.00 clean-dirty transition (CD), Pl: 1.00-1.15 polluted (P),
Pl > 1.15 (high polluted zone (HP)

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(3):1869-1893.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1903_18691893
© 2021, ALOKI Kft., Budapest, Hungary



Kam - Yimiin: Geographical distribution of toxic elements in Northeast Marmara Sea sediments and analysis of toxic element
pollution by various pollution index methods (Istanbul/Turkey)
- 1891 -

A rich foraminifera group was observed and a total of 15 genera and 30 species were
identified. Color changes were observed in Ammonia compacta. The changes in the
foraminifer shells were assessed by examining the concentrations of toxic elements at
the levels where morphological changes occurred in the foraminifer shells. The colour
changes seen in the dirty zones were more common, especially in Ammonia compacta.
Foraminifer shells were found to have different shades, ranging from yellowish brown
to black. In order to determine the causes of these discolorations, shells were subjected
to surface element analysis in an SEM. In places where the S values were high, dark
grey-black colors were dominant. At places where the Fe and Mn values were high, the
yellow-yellowish brown color was dominant. In areas where heavy metal concentrations
are high, PI values are higher than critical values (Pl = 1) and are defined as dirty areas.
The number of genera, species and individuals of foraminifera is quite low in the places
where pollution is high. It is thought that the low number of foraminifera samples in
samples taken from Kiigiikgekmece, Biiylikgekmece, Ambarli and Avcilar regions are
due to ship traffic and discharge of domestic and industrial wastewater into the sea.

This study, scientifically compared with the studies conducted in the West Marmara
Sea (Yiimiin, 2017) and in the Gemlik region (Merig et al., 2009; Yiimiin et al., 2021).
In all three studies, it is seen that the pollution increases at the ship roads, ports and at
the points where the streams carrying industrial wastes flow into the sea. However,
heavy metal pollution caused by agricultural activities and geological formations creates
differences according to the agricultural and geological structure of each region.

In future studies, a comparison should be made with the data of this study and
previous studies. In this way, time-dependent pollution changes on the sea floor will be
followed over time. In addition to these, an evaluation should be made by taking
samples from the rivers pouring into the sea from the land.
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