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Abstract

7KLV VWXG\ DLPHG WR LQYH\WHWLYJDOV R | VWKPLH F,ROQRILERO I U RMN H (
port, industry, settlement and transportation activities geée@érMo, Pb, Cu, Cd, Zn enrichment.

Modified hazard quotient (MHQ) point to a high level of pollatiand toxic effects for Ni and Cr;

significant pollution and toxic effects for As and Hg, and eratk pollution and toxic effects for Pb,

Zn, Cu. According to the ecological contamination index (EC8,itimer gulf is significantly-highly

polluted. Toxic risk index (TRI) and potantial ecologidakrindex (PERI) are also consistent with

these data. According to the ECI, the inner gulf is signiflgémghly polluted. TRI and the PERI are

also consistent with these data. Cd has created a signiéicaluigical risk in all seasons due to its

high toxicity. Cu and Pb have caused moderate ecological riskahareas near the port. A moderate

potential ecological risk has been identified in all seasonsghout the inner gulf.

Keywords: Potential toxic elements, Regional ecological risk sssent, Environmental degradation
%LRIJHQLF VLOLFD @]PLU ,QRURDWDRQ*ERIWBBXLFDO ,QI

1. Introduction

The marine environment is one of the world's most valuablairyaé¢rstudied areas (Williams and
Antoine, 2020). This is why these habitats around the world htxacted great attention in providing
basic life to people. However, due to increasing population grawitration to coastal areas has
brought great problems for aquatic environments. New difiesuand threats have emerged in marine
habitats during the last few decades as a result of increasedzatimsmand rapid industrialization. As
a result of industrial development, metals are becommioge common in the aquatic environment due
to their contamination, durability and ability to be incldda the food chain (Ahamad et al., 2020;
Bastami et al., 2014, Xiao, 2015).

Analysis of water, sediments, and members of indigenous bietabiomonitors, can be used to
determine the relative pollution of aquatic habitats by mmetatalar et al., 2013; Phillips and

Rainbow, 1993). Metals released into aquatic environmentbedrapped on suspended inorganic
and organic colloidal sediments before sinking to the bottodimests, where they can be

bioaccumulated and biomagnified in the food chain (Bat ancui@2R19; Bat et al.,2015; Nowrouzi

and Pourkhabbaz,2014; Schiff and Weisberg, 1999).

Sediments, which are released into the overlying water by handanthropogenic processes such as
bioturbation and dredging, are an appropriate indication of marosystem health and can represent
the level of water pollution. Sediments are also signifidaetause they may help determine the
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degree of pollution in the marine environment, protect the healtieadquatic system, and promote
effective coastal management. Sediments are commonly thougtt whae element scavengers
because of their propensity to transfer and store traceests (Looi et al., 2019). Organic and
inorganic matter are found in sediments in rivers, estuas@sans, and other water supply systems
(Hasan et al., 2013; Siddiquee et al., 2006). They are linked to bgdal connectivity, vegetation
features, water quality, land use, and mineral type, in addi@cting as a reservoir for contaminants
such as metals (Ahamad et al., 2020; Li et al., 2013). Botlmatatnd manmade components created
or derived from the environment usually end up in sediments (Siziggpesd Balintova, 2019). As a
result, when metal is present, they represent a signtfisource of exposure for natural ecosystems as
well as human activities. As a result, when metal isgmieghey represent a significant source of
exposure for natural ecosystems as well as human actiWtetals from contaminated sediments can
enter the water column as non-point sources (Algil and Beyhan, R0RQ]. et al. 2017). When
polluted sediments are disturbed, metals that are trappee isediment can be discharged into the
water column, damaging water quality and aquatic life (ledail., 2019; Li, et al., 2012). In the food
chain, these metals may be bioaccumulated and biomagnifiedsNetsediments come from either
natural sources like atmospheric precipitation, ore depagitsliogical weathering, storms, wind
bioturbation, and wave-induced bedrock weathering, or anthropogeumices like mining, shipping,
industrial emission, smelting, fuel generation, electrapdatsludge discharge, energy transmission,
dense urban areas, wastewater irrigation and agricultunatiast(Sun et al., 2015; Muhammad et al.,

U sowdOQ HW DO $V F W\H VEXQRW FREIX AOKGID W L\RR[ QRQ GHJ!
sources, as well as their persistence in the aquatic enwrgnmetals have piqued the interest of
researchers (Gao et al., 2016).

Metals have great ecological significance due to pose signiifiogicity to consumers at the top of the
IRRG FKDLQV DQG WHQGHQF\ PR W FIFQ 8 XEOLIRWVHD L @ IBWR WK & H®IO F €
Bat et al., 2021). Metals absorb suspended particles and asetlediment because they are weakly
soluble in water (Bat and Ozkan, 2019; Algiil and Beyhan, 2020; ¥aal, 2014). Metals released
from sediments into the overlying water generate secgngaiution, which can harm the aquatic
system'’s biological status (Bat and Kurt, 2020; Varol andZ2D12; Niu et al. 2015). As a result,
metals can enter the aquatic food chain, where they can accuimubatea (Algil and Beyhan, 2020;
Alrabie et al., 2019; Bat and Arc, 2018; Bat, 2017; Batakt 2021). Metals, unlike other
contaminants, do not biodegrade and are subject to a worldemlegical cycle in which natural
waters play a key role (Bat et al., 2018; Hasan et(dl32Siddiquee et al., 2006). They enter aquatic
systems as a result of soil and rock weathering, volcaniens, and a variety of human activities
involving the mining, processing, or use of metals and/or compocmctaining metal contaminants
(Singovszka and Balintova, 2019). Metals are found in low coratéris in natural aquatic
ecosystems, typically at the nanogram to microgram pegrriinge, yet even at these levels, they can
have significant biological consequences (Singovszka anuoht®a, 2019; Atalar et al., 2013;
Rainbow, 1992). However, in recent years, high metal contdioinizvels have become a source of
growing concern, with concern of environmental pollution assalref metal toxicity and buildup in
aquatic habitats (Hasan et al., 2013). As a result, metdamination is a difficult environmental
problem that is attracting growing attention due to its pakidi endanger human and ecosystem
health (Looi et al., 2019; Amin et al., 2009; Tang et al., 2014jaMmwllutants present in sediments
have been demonstrated to pose a risk to marine organismearffuture ocean acidification
conditions, according to studies (Williams and Antoine 2020;eRebet al., 2013). However, the
concentrations of metals in the surface horizons of tldemest alone cannot provide extensive
indications about the state of contamination of sedimeing¢®szka and Balintova, 2019). This type
of data makes it impossible to distinguish between naturabatidopogenic enrichment. The metal
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enrichment factor (EF) and geoaccumulation indices (Igeo)twoe common indexes used to
determine metal concentrations of environmental significé8oeovszka and Balintova, 2019; Feng
et al., 2011). These indices are used to quantify contaminatiels ie sediments. The amount of bio-
available metal in sediment has a significant impact dimsnt quality (Singovszka and Balintova,
2019). Methods of geochemical normalization such as sediment quatigliges (SQGS), Igeo, EF,
ecological risk index (MRI), and possible ecological risk ind@ERI) can be used to determine the
degree of metal contamination in sediment (Ali et al., 2Xlbet al., 2017). The EF and Igeo indexes
are employed as indicators to identify and quantify the degfredemental pollution, as well as to
evaluate the intensity of anthropogenic contaminants collectsetliment (Looi et al., 2019; Barbieri,
2016). To date, numerous studies have used the EF and Igecsdss dbe contribution of
DQWKURSRJHQLF LQSXWV Rl HOHPHOWDQ @ YE GARHOW ONNDQ .D
2017; Kukrer et al., 2020; Fural et al., 2020; Fural et al., 2021).

The main objectives of the current study are: (1) to investiiae extent and degree of metal
GLVWULEXWLRQ DQG FRQFHQMWD WILRHU LXAKH VWERLPWYQNW R IWK
metals using EF and Igeo, and (3) to evaluate contaminatsedohent using the MRI, PERI, MHQ,

ECI and TRI. This study is also expected to provide the backdrtevels of pollutants and help

develop regional sediment quality guidelines.

2. Material and method
2.1. Study area

There are many gulfs with interesting hydrographic and sadiogical features, extending in the

east-west direction on the coastal zone of the Anatoliamgdai facing the Aegean Sea. While some

RI WKHVH JXOIV PDLQWDLQ UHKKQG HQD WRWEBO RSRODWE LA BBH W/ XU
to the anthropogenic effects of settlements, industry, tratejpor networks and agricultural
DFWLYLWLHY 7KH ZDWHU H[FKHDIR IH GHWEZHWH G XWKHZEH FKDIQDY D
feature, is limited. This increases the likelihood of egmal risks created by potentially toxic

elements discharging into the gulf. The inner gulf is a patmtre many streams (mainly old Gediz
PRXWK %RVWDQOO %D\UDNO®RYDDQ@EBD\JRUD S, OOH®H \G L% RKIU JH
have carried urban and industrial wastes to the inner gulf for many.ye

7KH DQQXDO DYHUDJH UDLQIDIOOUHFHKWIFHY LV PP PRI BIPHFLSLWI
152.9 mm. in spring, 21.4 mm. in summer and 60.4 mm. in autumn (MGM, 28249rdingly,

DOPRVW KDOI RI WKH DQQXDQOWXYH ZDQ W HIWD VHDWRQ R FRXUXHW V
follows: winter> spring> autumn> summer.

The characteristics of the gulf currents are determizyethe complex coastline, bottom topography,
islands, water exchange with the Aegean Sea, river inputdmndheric forces. The general current
of the gulf is in the form of a cyclonic (counterclockwisgcle that covers the entire gulf. Although
this general current characteristic is always obseivésljnterrupted from time to time depending on
the intensity of the wind and the water exchange with Alegean Sea and hence, cyclonic-
anticyclonic cycles occur. However, this interruption diseshort-lived and it returns to its previous
VWDWH %HULNWHSH HW DO
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JLIXUH /IRFDWLRQ PDS RI g]PLU ,QQHU *XOlI

Major industrial activities in the region are food procegsibeverage manufacturing and bottling,
tanneries, oil, soap and paint production, chemical indusp@®er and pulp mills, textile industries,
PHWDOZRUNLQJ DQG WLPEHU SURFHYNVUQJIURRWXHWAY WEH LQ
exposed to domestic wastes for many years and has gainesgheutharacter. The streams were

planned to carry only rain water with the wastewater treatrmplant (Grand Canal Project) which was

put into operation at full capacity in 2002. This study erach the effect of the Great Canal Project

on the cleansing process of the inner gulf.

g]PLU *XOIl LV GLYLGHG LQWERG WK WDHHG SOHXUOWWHWUDMKQD QHRBPBRWPEGLQJ V
and hydrographic features (Sunlu et al., 2012). The outer gulf is 45 kninleine northwest-southeast

west direction and 20 km wide between Karaburun-Focga linenditidle and inner gulfs are 24 km

long and 6 km wide in total in the east-west direction. Thdglka gulf, which is about 10 km long, is

separated from the inner gulf by a very narrow sandbank of 13ap, dalled the Yenikale Pass. This

sandbank was formed as a result of the delta advancerhém Gediz River with the Pelikan and
.DUUO\DND PRXWKV LQ WKH OW\D/® IHZ FHQMWX VMG \gDNUH@® HDV E
mouth of Cakalburnu Dalyan in the west and Bornova Creek in #stewlere the Poligon Stream,

Melez Creek, Manda Creek, Arap Creek and Bornova Streamhviorm the southern shores of the

g]PLU ,QQHU *XOI DUH GLVFKDUJHG )LJXUH

2.2. Sampling and analytical methods

Within the scope of the study, samples were taken from li®rstadelected in the southern littoral
JRQH RI WKH g]PLU ,QQHU *XIQU IRSURQGU VKXPYPRQVD Q& DXWXPQ
sediment samples were taken with a core sampler. They weneplaced in plastic bags and
transported to the laboratory in ice boxes. Wet samples wexd fas Chl-a analysis. After the
sediment samples were extracted with 90% acetone, they measured spectrophotometrically
(Strickland and Parsons, 1972). Samples for total orgamniion (TOC), biogenic silica (Bsi), CagO
and elemental analyzes were dried in a drying-oven and pddey pounding in a porcelain mortar.
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TOC analyzes were performed by the Walkley-black methodgchwisi performed by oxidation of
organic matter with KCr,O; (Gaudette et al., 1974). Cag@nalyzes were carried out by the
gasometric method based on the measurement of the partsunere$ the Ce@gas released from the
reaction of CaCewith 10% HCI according to (Martin, 1972). Bsi measurements weferpsd with
the method recommended by (De Master, 1981). Elemet analyrepemormed at Bureau Veritas
Laboratory (Canada) using the ICP-MS method. Standard refereatial, duplicate and blind
sample reading methods were used for quality control ofegieahanalysisRecovery values of metal
measurements vary between 83% - 112D FNJURXQG GDWD RI D VWXGXIUKRQGXFW
Gulf were used in the ecological risk index calculations. Mebalckground values as ppm; Fe
(9.950), Ti (1.040) Mn (221), Cr (167), Ni (41.1), Zn (32), As (14),(8.7), Pb (6.35), Cu (5.8), Hg
(1.67), Mo (0.3), Cd (0.05). The reliability of the metal conteeasurements is 95% (Ozkan et al.,
2017).

2.3. Ecological risk assessment methods
2.3.1. Enrichment factor (EF) and Geoaccumulation Indexl feo

Various indices were used for ecological and ecotoxicologmahluation of metal
concentrations. Two tools were used to determine whethatetieeted metals were of natural origin
or of anthropogenic origin. The first of these tools is theaB#& is mainly found by the ratio of the
current metal concentration to the background concentration.s E¢alculated by the following
formula:

(Y64 i@ 0 xD
EF= Y /P

(»&»y pljitooyvaui (1)
Here, Ciis the metal concentration measured in sedim@gtjs the concentration of the reference
element selected for normalization in the sediment sarBpis,the regional background value of the
metal andBs is the background value of the reference element seleotedofmalization. EF
provides the option to normalize metal concentrations andauseference element in EF calculations
that is not affected by anthropogenic inputs and chemicatioaac In this way, the grain size is
normalized. It applies the same to the reference samplelagAhmed et al., 2018). EF results were
evaluated according to Sutherland (2000): EF <2, minimal or nchement; EF = 2-5, moderate
enrichment; EF = 5-20, significant enrichment; EF = 20-40y vegh enrichment and EF> 40,
extremely high enrichment.

Another index frequently used for the same purposgdarid it has been formulated below (Mduller,
1969):

_ % |
Igeo= |Og 2($10saw: (2)

HereC,, is the measured concentration of the metalBni the background value of the metal. The

lgeo results were evaluated in the following manneg, |7 XQFRQWDPLQERWHG :

uncontaminated to moderately, 14kK2 moderately, 2 <o <3 moderately to strongly, 3 ged <4
strongly, 4 < {eo<5 strong to extremelygeh © H[WUHPHO\
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2.3.2. Ecological Risk (MRI) and Potential ecological risk index (PER

The potential ecological risk index proposed by (Hakanson, M&88)used to calculate the risks that
metals could create separately (MRI) and in an integratether (PERI). The modified approach was
preferred for calculating the individual ecological risks of itsef@rady et al., 2015). Accordingly, the
EF was used in the calculation instead of the contamination factor:

MRI= "B 6} ©)
PERI = A3 JMRI (4)

Here,Efirefers to the EF andiri refers to the toxic responsibility coefficiefi; values for metals are
as follows: Hg=40, Cd=30, As=10, Cu=Pb=Ni=Co=5, Cr=2, Mn=Zn=1 (Hakart@80; Li et al.,
2018; Rodriguez-Espinosa et al., 2018). The results are evhhmfellows: MRI < 40 low potential
HFRORJLFDO ULVN " 05, FRR & HIUD/OH ULRWHQWLD®, H

VL

SRWHQWLDO HFRORJLFDO ULVQWLDOOBFRORJIKEDKO SRWN DQG OF

potential ecological risk. The PERI results are evaluatedlmsv: PERI < 150 low ecological risk,

" 3(5, PRGHUDWH HFRORJLFDO/ULYINLFDQW(HFRORJLFDO U

very high ecological risk (Hakanson, 1980).
2.3.3. Modified hazard quotient (mMHQ) and ecological contamination index&Cl)

MRI and PERI are indices that are based on the amount cherent of metals in sediment. Apart
from these frequently used indices, there are also indicegedraising the threshold values to
determine the effects of metal content in sediment on iagpiatome, such as threshold effect level
(TEL), probable effect level (PEL) and severe effect |¢&#L). mHQ and ECI are among these
indices and are calculated in the following manner (Benson et al., 2018).

_ ok oosad 5 5 226
MHQ = B ¥ Wk EvA i%AD‘C (5)

Here Cirefers to the measured metal concentration and TEL, PEISBhdare the abbreviations for
threshold effect level, probable effect level and sevdeetelevel, respectively. TEL, PEL and SEL
values are performed according to (MacDonald et al., 200BQ rfindings are evaluated in the
following manner; MHQ <0.5 minor, 0.5 < MHQ <1 very low, 1 < MHQ <lb#, 1.5 < MHQ <2
medium, 2 < MHQ <2.5 significant, 2.5 < MHQ <3 high, 3 < MHQ.5 very high, MHQ > 3.5
extremely high/very severe.

ECI offers the opportunity to make an integrated, resouyeeific assessment using a factor obtained
from principal component analysis/factor analysis req@enson et al., 2018). ECI is calculated in
the following manner:

ECI= $: Al gk*3 0 (6)

Here, B, is the inverse of the eigenvalue obtained from the principapooent analysis for metals
only with respect to multiplication. ECI findings are evaddhin the following manner: ECI < 2
uncontaminated, 2 < ECI < 3 uncontaminated to slightly contamindtedECI < 4 slightly to

moderately contaminated, 4 < ECI < 5 moderately to corshtiercontaminated, 5 < ECI < 6
considerably to highly contaminated, 6 < ECI < 7 highly comatedd, ECI > 7 extremely
contaminated.
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2.3.4. Toxic risk index (TRI)

TRI is another index used to determine metals ecotoxic@begitects (Zhang et al., 2016). The
following formula was used to determine the toxic risk index {jTétleach metal in the study. Here C
refers to the measured concentration of the metal, TEksrébe“threshold effect level”, and PEL
refers to “probably effect level” (MacDonald et al., 1997).

v 1 %k (v E ¥
645 §((6 )Z\Z(é L) (7)

The TRI value which represents the toxic risk of theaaseobtained by summing the TRalues
calculated for each metal:

64= A} o640 (8)

7KH IROORZLQJ VFDOH LV XVHG6G6, LYD OWXKHVL W,HU S QRWW R[LRQU RV N
ORZ WR[LF ULVN 75, " PRGHYUDWHFRRMIFGHUVDEOH WR[LF U
very high toxic risk.

2.4. Spatial analysis and multivariate statistical analysis

Spatial analyzes were performed in Arc - Map 10.7 softwsirgithe Kriging interpolation method.
This method is an interpolation method that estimates tiiemam values of the data at other points
using the data of the nearby points, and it is calculated in the fiojonanner:

No= A§ R x Ni (9)

In the formula; N refers to the number of sampling points, férseto the geoid ondulation values of
the points used in the calculation of, N\, refers to the ondulation value to be calculated and Pi:
refers to each Ni value used in the calculation of N (ESRI, 2021).

Factor analysis, Spearman's rank correlation test and cluster anayesigesformed to understand the
source identification and transport processes of metals ard \@hables used in the study. Anova
test was applied to determine seasonal differences between \ariable

3. Result and discussion
3.1. Spatial and seasonal change of variables

Average concentration of metals (ppm) were listed as Fe (32:5940) (488) > Zn (220) > Cr (153) >
Ni (86.53) > Pb (79.42) > Cu (64.70) > As (23) > Co (16.4) >(Ka4) > Hg (0.52) > Cd (0.45) > Ti
(0.24). Maximum concentrations were found to be as follows: Asdetected in ST 6 (33 ppm) in
winter, Cd was detected in ST 10 (1.32 ppm) in autumn, Cr was @ktactST 9 (256 ppm) in
autumn, Cu was detected in ST 9 (120 ppm) in autumn, Co was detect&dgir{23.50 ppm) in
autumn, Fe was detected in ST 4 (62.200 ppm) in spring, Hg was date&&d10 (1.06 ppm) in
autumn, Mn was detected in ST 4 (2.217 ppm) in spring, Mo was eletiecST 9 (21.70) in autumn,
Ni was detected in ST 8 (142.40 ppm) in winter, Pb was detatt®d P (208.50 ppm) in autumn, Ti
was detected in ST 14 (0.34) in summer and Zn was detected in ST 9 in autumn (42Aquonging
to these data, the maximum concentrations were denser Biltleand ST 10 during the autumn
season. As was in minimum concentration in autumn in ST 16 (9, p@dm was in minimum
concentration in winter in ST 14 (267 ppm), Hg was in minimwmcentration in autumn in ST 16
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(0.14 ppm), Mo was in minimum concentration in spring in ST11epm) and Pb was in minimum
concentration in autumn in ST 16 (26.70). Cd (0.05 ppm), Cr (52 gpm{23 ppm), Co (7 ppm), Fe
(12,200 ppm), Ni (31.90 ppm), Ti (0.095 ppm) and Zn (67 ppm) detedtethea minimum
concentrations in winter in ST 1 (Figures 2 and 3). Existefieelarge number of metals at minimum
concentrations in winter. in ST 1 where Melez Creek, Arapel and Manda Creek discharge is
noteworthy. It can be argued that this situation occurred due tiettiease in sedimentation rate due
to the flow of stream waters discharging into the inner gulf duringging winter season.

According to spatial analysis data; As reached high concentratitims mouths of Bornova Stream in
winter and summer, in Poligon Stream in spring and in the mofitktelez Creek, Manda Creek and
Arap Creek in autumn. Cd and Mo were at maximum concentratiosisitions close to the Poligon
Stream in all seasons. Cr and Co were in high concentratoststions close to the mouth of the
Poligon Stream in all seasons except autumn. Cu was high edotth of the Poligon Stream in all
seasons except summer. In summer, high values were observed &du4. Fe was in high
concentration in the stations close to the mouth of the dolgtream in winter and autumn. Hg
reached high concentrations at the stations close to the mb&brnova Stream in winter, Melez
Creek, Arap Creek and Manda Creek in spring and at the statiose to the mouth of the Poligon
Stream in autumn. Mn was in high concentration near the mouth of BoSiwgam and Poligon
Stream in winter and especially at the mouth of Bornova @trisa summer. Ni was in high
concentration at stations close to Bornova Stream in wamé summer and to the mouth of Poligon
Stream in autumn and spring. Pb reached high concentrationsrabtiie of the Melez Creek, Arap
Creek and Manda Creek in all seasons except winter, atatiens close to the mouth of the Poligon
Stream and at the mouth of Bornova Stream in winter. Zn was in high ¢@imenat stations close to
the mouth of the Poligon Stream in all seasons.
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Table 1: Comparison of metal concentrations (ppm) in some gulie iAegean Sea

Location Al As Cd Cr Cu Co Fe Hg Mn Ni Pb Zn  Reference

GE-">1 ——7>1 7110 2>"2¢01 Z\i_VV1 6449V]16.38V 82500 WOWIZi X487 86.64 79.36 219 ThislBtu

GE-">1 ——7>1 70 2>"Z¢u1 W34X¥0B2 59.50 28.383 0.35 420 62.27 188.44 Gulsevat.e2019
«SAS1 710 2>"Z¢60B0O0 20.60 78.60 16.70 22.000 212 28.80 34.808055Palas,2020
¢YSei”1 i10 z>"Z¢u1 3673 047 2324 892 6.30 8725 178 41.42 14.78.7360Tunca, et al., 2017

Edremit G. (Turkey) 3550 0.23 29.10 5.05 7.34 20.819 20 56.09 9.36 43.04 Tunca, etal., 2017

Astakos G. (Gerece) 3.25 166 23 687 28 89  Panagos et HI89

Kalloni G. (Gerece) 3.20 48 910 96 103  Varvanas, 1989

7KH DYHUDJH PHWDO FRQFHQWWKBWLER@HURIXIRIXR | VeH BVR QFHMD O
some of the gulfs in the Aegean Sea and the metal concergrafianstudy conducted in 2019 in the

g]PLU ,QQHU *XOIl ZHUH FRPSDGH®GIVWFF® FRIQFH /\R UDKH. RIQQZDV (
Gulf. 3V FRQFHQWUDWLRQ ZDV OR ZHQW K[BEQ MPKIV* RO B \DYQ® &N JHRXHD
$ O L D +~ DCH Xdbdentration was lower than that of Edremit Gulf and hidjfzer that of other gulfs.

Cr concentration was higher than all gulfs except Astakos Gulfconcentration was higher than all
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309 qulfs except Astakos and Kalloni Gulfs. Cu, Co, Fe, Ni, Rbadd Hg concentrations were higher
310 than all comparative Gulfs. When the metal concentrations werpatechwith the study conducted in
311 g]PLU ,QQHU *XOI LQ D GH POHDDYBDOAW REDBHOMHG L
312

313 TOC concentration was found to be at maximum in ST 9 (5.25%jnter, in ST 10 (5.25%) in
314  spring, in ST 1 (5.25%) in summer and in ST 4 (5.43%) in autumn. Minigwmeentration was
315 determined in ST 16 (1.88%) in winter, in ST 3 (1.50) in springTn2 (2.25%) in summer, and in
316 ST 10 (2.62%) in autumn. According to the spatial distrilbugioalysis, high concentrations of TOC
317 were detected at the mouth of the Poligon Stream in springs@mdher. TOC concentration was
318 especially high in the mouths of Manda Creek, Arap CeaekMelez Creek in summer. This finding
319 shows that rivers are effective on seasonal and spattabdtion of TOC. Dense TOC concentration
320 inriver mouths and around ST 10 strengthens the possibility of ith#dilenous character.

321  Chl-a concentration was minimum in ST 14 and maximum in 8iTafl seasons. According to spatial
322 analysis, maximum Chl-a concentration was detected iiossaf(ST 10 and ST 11) far from stream
323 inputs in all seasons although Chl-a was relatively meeldrathe mouth of Manda Creek, Arap
324  Creek and Melez Creek in spring and summer. This situation shatv€hl-a is produced in the inner
325 qulf, has been subjected to minimum rainfall conditions amg@®l changes and is discharged by
326 rivers in minimal concentration.

327 Bsi was at maximum levels in ST 9 and at minimum lewrelST 14 in all seasons. The seasonal and
328 spatial distribution similarity between Bsi and Chl-atigkgg. This shows that diatoms significantly
329 contribute to the phytoplankton biome. Increases in algaecowene found to be localized around ST
330 9 rather than the estuaries. Detailed temporal and sph#iabes of TOC, Chl-a, CaG@nd Bsi are
331 presented in Figure 4.

332 CaCQ concentration was at maximum in ST 3 (11%) in winter,Thl$ (8.33%) in spring, in ST 1
333  (7.33%) in summer, and in ST 16 in autumn (9.67%). Minimum valere identified in ST 14
334 (2.67%) in winter, in ST 7 (3.33%) and ST 15 in spring, in151(3.67%) in summer, and in ST 15
335 (3.33%) in autumn. According to spatial analysis, Ca@@ached high concentrations around ST 1,
336 ST 2 and ST 3 at the mouth of Arap Creek, Melez Creek, M@ndek and Bornova Stream in winter,
337 summer and autumn (Figure 4). High Ca@0Oncentration at this point is related to the sedimentation
338 of the Miocene lacustrine CaG@ Arap Creek and Melez Creek basins (MTA, 2021). The soofc
339 the high CaC®concentration detected in the stations close to the moukie &?dligon Stream in the
340 spring is related to the upper Senonian clastic Ga®€ks in the stream basin (MTA, 2021). There
341  are no geological formations that can be a source of gaR@ WKH VRXWKHUQ VKRUHV RI
342  Gulf, except for the Poligon Stream, Arap Creek and Melez Cresikddn this case, the CagO
343 concentration is expected to reach the maximum concentratignirotihe specified river mouths.
344  However, the maximum concentrations identified in ST 11 (8.38%8pring and ST 16 in autumn
345 (9.67%) were not related to stream inputs. The maximum vaug$ 16 in the west of the mouth of
346 Poligon Stream and in ST 11 in the east were distributtderwith the flow directions. This situation
347 indicates that the currents in the inner gulf may have festedn the spatial distribution of metals and
348 other variables, especially CagO

349
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Figure 4: Spatial and seasonal change of TOC, Chl-a, Cat{Bsi
3.2. Evaluation of metal enrichments

The metals were listed as follows according to EF geneesbhge data: Mo (9.80) > Pb (5.59) > Cu
(4.86) > Cd (3.83) > Zn (2.92) > Fe (1.42) > Mn (1.03) > Ni (0.89) > Co (0.81)(®.A%) > Cr (0.39)

> Hg (0.14). Accordingly, Mo and Pb were significantly enrichétdle Cu, Cd, Zn were moderately
enriched. Other metals were classified as “minimal or niclement” (Figures 5 and 6).The maximum
EF for As (1.22) was identified in ST 1 in autumn and the minir&in{0.52) was identified in ST 15
in the summer and autumn. According to spatial analysessitdetermined that high EF values were
concentrated around ST 1, ST 2 and ST 3 where river mouths arellocateseasons, but As did not
exceed the threshold value in any of the stations.Cd enricheéicsigtly by reaching the maximum
EF in winter (7.43), in summer (6.26) and in autumn (9.04) in ST 10 and spting (6.22), in ST 11.
According to the spatial distribution analyses, the passiburce of the anthropogenic effect around
ST 10 and ST 11 is the Poligon Stream, where domestic wabtgeavage discharge has been carried
out for many years. As it is well documented, domestic wamtel sewage leaks are included among
the most important anthropogenic resources of Cd (Merhahy,,e2018). Ports and transportation
networks are other important anthropogenic resources of €eehdJet al., 2020). Accordingly, the
possible source of high EF values around ST 4 is the port argbtinee of the high accumulation
detected along the southern shores of the gulf is the highwaguBedransportation networks can
affect Cd, Pb and Zn concentrations up to 320 meters awand(®tial., 2004). Cr was not enriched in
any of the seasons. Maximum EF (0.58) was determined in STum@a and minimum EF (0.27)
was identified in ST 14 in autumn. Cu significantly enricheddaching the maximum level in ST 4
in winter (8.88) and in summer (7.65) and in ST 1 in spring (8d)in autumn (9.57). There is no
river input around ST 4, but there is a port that has beeth fas many years. Therefore, the likely
source of Cu enrichment around ST 4 is the port. The Manda Gxesgk,Creek and Melez Creek,
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which discharge into the inner gulf near ST 1, pass through dp®ns where industry and
urbanization activities are the most intense. In this dasereason for the enrichment around ST 1
may be the discharge of domestic and industrial wastes tortliegulf by the rivers. The fact that Cu
is affected by anthropogenic activities taking place in pegtons has been identified in some busy
ports in various countries of the world (Chen et al., 2020;glebal., 2020; Jahan and Strezov, 2018).
Fe did not show significant accumulation in other seasons, exoephe significant level of
enrichment (5.47) in ST 4 in the spring. The only source for suchurahaccumulation around ST 4
is the port. Possible source of enrichment here may be tbleadijge from ships. Hg has not been
enriched in any season. However, maximum EF levels weretetat winter (0.46), in summer
(0.21) and in autumn (0.23) in ST 4 and in spring (0.31) in ST 1. Aiceptd the spatial distribution
of Hg, domestic and industrial wastes arrive though Manda CAeafs,Creek and Melez Creek in the
spring and a small amount of anthropogenic effect is experierccedrasult of the port in other
seasons. Hg not pose an ecological risk hazard due to enriclithenhhaximum values detected in
three seasons in ST 4, where the port is located, may bedrédathe anthropogenic activities taking
place in the port area because Hg is an important pollutgrt areas (Chen et al, 2020; Jahan and
Strezov, 2018). Mn reached the maximum enrichment in winter (2rB4pring (8.35) and in autumn
(2.20) in ST 4 and in summer (1.01) in ST 1. According toethgata, there was a moderate
enrichment for Mn in ST 4 in winter and and significant enriehinn the spring. Mn did not exceed
the threshold value of 2 in any stations during summer and autuntial Spalyses showed that Mn
was enriched in winter and spring with anthropogenic effectgnating from the port. Discharges
from ships, maintenance and shipping activities in portdeam source of Mn (Oliveira et al., 2020).
Mo reached maximum enrichment in ST 10 in winter (19.94), i1 spring (19.98), in ST 9 in
summer (19.29) and in ST 9 in autumn (27.16). Mo was very highlighear in autumn and
significantly enriched in other seasons. According to spatialyaes, in winter, Poligon Stream
discharges Mo which has a significant anthropogenic efféatis an important pollutant for sediment
and undersea fauna in coastal areas (Rumisha et al., 201R9. At demonstrate any anthropogenic
accumulation in any season. However, the maximum enrichment inatibsrof the Manda Creek,
Arap Creek, Bornova Stream and Melez Creek in the springh@nchouth of the Bornova Stream in
the summer shows that the streams discharge Ni with miramtaropogenic effect. Pb enriched
significantly by reaching maximum values in winter (10.54)5ih 4, in spring (13.15) in ST 1, in
summer (10.21) in ST 2 and in autumn (12.42) in ST 1 and ST 2. Rossibke of the enrichment in
winter is the port and the source of the enrichment in thierssaat the mouths of the Manda Creek,
Melez Creek, Arap Creek and Bornova Stream in other seasormtustrial- domestic wastes and the
port. Pb is an important anthropogenic pollutant in port a@hs ét al, 2020; Jeong et al., 2020). Zn
showed maximum enrichment in winter (4.41) in ST 9, in spdn25) in ST 11, in summer (4.51) in
ST 4 and ST 10 and in autumn (5.03) in ST 9. According to this findinggnZiched in the lower
limits of the significant level in autumn and enriched moddyain other seasons. Spatial analyses
show that Zn was enriched in spring and summer near the motith Bbtigon Stream. Zn is a major
pollutant that can result from domestic waste and sewageh@y et al., 2018). Poligon Stream has
been an area where domestic wastes and sewers have lohanggdid for many years. Possible reason
for the enrichment in ST 4 is the port because, Zn is a rnietais frequently encountered in port
areas and can easily be absorbed into the underwater faurealitBeat al., 2019).
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14



421
422

423
424
425
426
427
428
429

430

Figure 6: Spatial and seasonal change of EF (part 02)

Based on the average of all seasafaswas listed as: Mo (3.68) > Pb (2.97) > Cu (2.82) > Cd (2.39) >

Zn (2.11) > Fe (1.08) > Mn (0.47) > Ni (0.43) > Co (0.30) > As (0:0%r (-0.77) > Hg (-2.40)

(Figure 7). $FFRUGLQJ WR WKHVH GDWD DaYHHLO) FR@QHAUD PXQID MG PZR_ GVHK
contaminated with Pb, Cu, Cd, Zn, Fe, Mn, Ni, Co, As while it veaantaminated with Cr and Hg.

However, the minimum and maximum values observed in somerstatsulted in the seasonal and

spatial change of the pollution degrees. Possible soofce®tals with an anthropogenic effect are

defined in the EF section.
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Figure 7: Box and whisker plot af.values

3.3 Ecological and ecotoxicological risk assessment of metals

According to the average data, the mHQ index ranked as Ni (2.87) > Cr (2685242) > Hg (2.03)

> Pb (1.83) > Zn (1.63) > Cu (1.63) > Cd (0.93). Accordingly, higikllef risk was identified for Ni
and Cr, significant level of risk was identified for Asd Hg, medium level of risk was identified for
Pb, Zn, Cu and very low level of risk was identified for Cd. Maxn mHQ was detected for Ni
(3.71) in winter in ST 10, for Cr (3.21) in spring in ST 11, Axr (2.92) in winter in ST 6, for Hg
(2.85) in winter in ST 2, for Pb (2.47 ) in summer in ST 4, fo(ZB82) in autumn in ST 9, for Cu
(2.24) in summer in ST 4, for Cd (1.28) in summer and in wimesT 10. Minimum mHQ was
detected for Ni (1.76) in winter in ST 1, for Cr (1.56) in wiriteST 1, for As (1.53) in autumn in ST
16, for Hg (1.08) in autumn in ST 16, for Pb (1.08) in autum&Tinl6, (0.92) for Zn in winter in ST
1, for Cu (0.99) in winter in ST 1 and for Cd (0.32) in winteST 1. Spatial analyses show that the
minimum mHQ was concentrated in the ST 1 located at the nobdlie Manda Creek, Melez Creek,
Arap Creek and in winter (Figure 8). It is believed that #ifisation is caused by the high flow rates
into the inner gulf from the streams in the winter monthisen the maximum precipitation falls,
slowing down the sedimentation and distributing the transported methais thie inner gulf.
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ECI values ranged from 3.80 to 6.26 in winter and averaged 5.56reaChed a maximum (6.26)
around ST 3 in winter. This situation indicates that the1%Tenvironment was highly polluted.
Minimum ECI (3.80) was observed in ST 1. Accordingly, ST 1 poiriteéd mild to moderate
contamination level in winter. The ECI was between 4.306ahtl in the spring and averaged 5.46. In
ECI reached to the maximum (6.15) level in ST 11 and createdhadegree of pollution. In the
spring, the minimum ECI (4.30) was observed around ST 4. At thig, ppoderate pollution was
detected. ECI was 5.86 in summer on average, ranging from 5.00toTée maximum value (6.49)
was observed in ST 10 near the mouth of the Poligon Streahe isummer and a high degree of
pollution was detected. The minimum value (5) was observed ib6SWhich was moderately dirty.
In autumn, the maximum ECI (7.11) was observed in ST 9 and the minimum ECIi(3$#)L6. ECI
was 5.82 on average. Accordingly, there was high pollution arotirgdé®d slight-moderate pollution
around ST 16. The average ECI of four seasons was 5.67. Auglgrdihe whole inner gulf was
highly polluted in winter. According to the spatial analydat, the maximum ECI was concentrated
in ST 9 ST 10 and ST 11, the stations close to the moutheoPoligon Stream (Figure 10). This
situation shows that the Poligon Stream plays an importantréthe ipollution of the inner gulf.

According to the four-season average data of MRI, Cd (114.78)(2#97) > Cu (24.29) > As (7.09)
> Hg (5.64) > Ni (4.45) > Co (4.07) > Zn (2.92) > Mn (1.03) > Cr (0.A&cordingly, while Cd
created significant ecological risks in all seasonsutjinout the inner gulf, other metals did not create
ecological risks in any season. However, the MRI values detetcwume seasons were observed to
create an ecological risk. According to spatial analy8s did not pose an ecological risk, but reached
its maximum ecological risk level around ST 1 in winter 950, spring (8.49), summer (8.02) and
autumn (12.06). This finding shows that in case of an increase in argkeropoesources, the streams
and ports passing through the city and industrial zone nemtecia risk of As pollution in the inner
inner gulf. As values were at minimum in winter (6.17), sp{B&7) and autumn (5.27) in Station 14
and in summer (5.20) in Station 15. Cd was at the maximum écalogk level in ST 10 in winter
(222), summer (187) and autumn (271) and in ST 11 in spring (186yhAdeigree of ecological risk
has been identified in the vicinity of the aforementioned statid his situation is attributed to the
anthropogenic Cd sources in the Poligon Stream basin. Minimum ezadloigk values for Cd were
determined in winter (27) in ST 13, in spring (51) in ST 16, inmam(59) in ST 15 and in autumn
(57) in ST 15.
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Figure 9: Spatial and seasonal change of MRI (part 01)

Cr did not create an ecological risk in any station andose&daximum ecological risk values for Cu
were identified in winter (44) in ST 4, in spring (34) in STinlautumn (41) in ST 5 and in summer
(48) in ST 1. Accordingly, Cu was found to create a mode@dogical risk in winter and autumn in
ST 4 and ST 5 near the port and in summer in ST 1 whereGxesk, Melez Creek and Manda Creek
discharge. Minimum ecological risk values for Cu were identifiediimen (15.50) in ST 16, in spring
(15.88) in ST 15, in summer (14.19) in ST 6 and in autumn (14€28] 16. Co, Hg, Mn, Ni and Zn
did not create an ecological risk in any station or seaBmures 9 and 10 present the spatial
distribution analyses of these metals. Pb reached the maxéoolaygical risk value in winter (52) in
ST 4, in spring (65) in ST 1, in summer (51) and autumn (62) in $ihd2created a moderate
ecological risk in the aforesaid station areas. Accordingpatial analyses, Pb created an ecological
risk due to the the harbor in winter and due to anthropogéeict® discharged by the Manda Creek,
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Arap Creek, and Melez Creek in other seasons. Minimum vébud2b were observed around ST 16
in all seasons.

Figure 10: Spatial and seasonal change of MRI, PERI, TRI and ECD@)art

PERI average for four seasons was 193. Accordingly, a modeoegetial ecological risk was found
to exist in the inner gulf. When examined seasonally; winterame of PERI was 187. There was a
moderate ecological risk in the inner gulf during the winter sedBRI increased to the maximum in
winter (314) in ST 10, creating a significant potential ecalalgiisk. The reason for this situation was
the Cd discharged by Poligon Stream. PERI was at miniteuets (95) around ST 13. Low potential
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ecological risk was detected in ST 1, ST 6, ST 8 and ST 12iritewand moderate potential
ecological risk was detected in other stations (Figure 10).

PERI average for spring was 190, and the maximum (270) amichomh value (100) were observed in
ST 11 and ST 16 respectively. A moderate ecologicalexssted in the whole inner gulf in the spring
except for ST 15 and ST 16. Cd was the reason for the ecdlagican the spring, high (265) MRI
values around ST 4 (263) and ST 2, where the port is loghtd,attention. This indicates that ports
have an impact on the potential increase in ecological risk.

PERI average for summer was 184. There was a moderateigatentogical risk in the inner gulf in
summer. PERI created a significant potential ecologicalbysteaching the maximum (308) in ST 4,
while the minimum value (110) was observed in ST 15. Low ecologicalvaskdentified in ST 3, ST
4,ST5, ST 6, ST 14, ST 15 and ST 16 in summer.

PERI average for autumn was 210 and a moderate ecologikalvais identified in the inner gulf.
PERI was found to be at the maximum (373) level in ST 4 atfieaninimum (106) level in ST 15.
Accordingly, there was a significant ecological risk aro8id4, low ecological risk around ST 8, ST
13, ST 15, ST 16 and moderate potential ecological risk in other. areas

*HQHUDOO\ VSHDNLQJ D PR GEHHDMWIHSHRRQRUHEDIOQ DLVl KBYVRQV
Inner Gulf. Ecological risk is low in certain stationssome seasons while it is significant in some
stations in some seasons. Figure 10 presents the detailed spaiinltdia of PERI.

According to average values, TRI was (16.65) in winter, (15%%pring, (17.93) in summer and
(17.85) in autumn. Accordingly, a significant toxic risk existed all seasons. The order of
responsibility of metals from TRI is Ni> Cr> As> Hg> Pb> Z@w»> Cd. According to the spatial
distribution of TRI, the maximum value was determined in ST 9{@5n autumn and the minimum
value in ST 16 in autumn. Maximum TRI values were observedTiliB5 near the mouth of the
Poligon Stream in winter and spring, in ST 4 near the harbor in egnamd in ST 9 in the autumn
(Figure 10). Accordingly, anthropogenic activities in the haebat Poligon Stream cause an increase
in the toxic risk in the inner gulf.

3.4. Multivariate statistical analysis

Four factors with an eigenvalue> 1 were identified for faat@lysis. These factors explained 79.59%
of the total variance. The first factor explained 38.44% of thiawee and consisted of TOC, Mo, Cu,
Pb, zZn, Cd and Cr. This factor represented the anthropogeeic.dffo, Cu, Pb, Zn and Cd are
elements of anthropogenic origin, which are in the moderatefisamti class according to EF angl
TOC, on the other hand, is related to eutrophication, whicmésof the most important problems of
WKH g]PLU ,QQHU *XOIl &U LV VWKNWRQQ\LW&HPFP HOQRY HQUNLKKPHQ\
included in the second factor with a weight close to its loafiarfitst factor. This indicates that Cr
has mixed resources. The second factor explained 19.04% of dhednance and consisted of Ni,
Co, As, Cr, Ti (positive load) and Cag(egative load). This factor represented lithogenic sources.
All elements included in the factor were lithophile eletsamith low enrichment angeb values. The
third factor explained 15.24% of the total variance and causist Chl-a, Bsi, and Hg. This factor
represented primary production. It consisted of Chl-a and biogiéin& accumulated in the sediment,
as well as Hg. The participation of Hg in this factor may ksed to the transport of algae from water
to sediment, depending on the uptake. The fourth and the final faxplained 6.87% of the total
variance and consisted of Fe and Mn. This factor also emesb rock erosion similar to factor 2.
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However, the presence of these two elements in a differemr fady be due to differences in
transport processes (Table 2).

Table 2: Factor analysis

Factor 1 Factor 2 Factor 3 Factor 4

TOC 0.50 -0.01 0.10 -0.14
CaCQ -0.03 -0.60 0.29 0.10
Mo 0.86 0.23 -0.17 -0.01
Cu 0.88 0.14 0.15 0.00
Pb 0.58 0.04 0.42 0.10
Zn 0.91 0.26 -0.06 -0.08
Ni 0.03 0.96 0.08 0.08
Co 0.22 0.86 0.11 0.33
Mn -0.17 0.00 0.14 0.96
Fe 0.06 0.67 -0.05 0.72
As 0.24 0.83 0.26 -0.02
Cd 0.85 0.14 0.04 0.04
Cr 0.70 0.64 -0.05 -0.09
Ti 0.27 0.88 -0.22 0.04
Hg 0.56 0.02 0.64 0.02
Chl-a -0.01 0.00 0.94 0.04
Bsi 0.01 -0.06  0.96 0.06

Based on the correlation test, TOC had a positive but wéatioreship with Mo, Cu, Pb, Zn, Cd and
Cr. The role of TOC in transporting this element appetwelde low. CaC®had a weak negative
relationship with Mo, Ni, Co, Fe, Cr and Ti. Accordingly, Cad®believed to have no function in the
distribution of metals. Cu, Pb, Zn, Cd and Mo with anthropogenic fengnt had strong positive
correlations with each other. These elements are thought to shere and transport processes. Apart
from these elements, Mo had a relationship with Ni, Co, Fe, As, Cr, Tignblutits relationship was
weak with other elements except Cr. Ni, Co, Mn, Fe, As, artisplayed a strong relationship with
each other and a relatively weak relationship with Cr. [bheenrichment values of these elements
and the relationships between them showed that they wer@drtats from natural resources to the
inner gulf by common transportation processes. Although Hanislement that does not show
enrichment, it had a weak correlation with Mo, Cd and Cu dfirapbgenic origin, had a strong
correlation with Pb and weak correlation with As and Ti,olhére naturally sourced elements. This
situation may refer to the similarity in the transportatfiyocesses rather than the common source.
Chl-a, which represents primary productivity, had a positivekwelationship with Mn and Pb and a
negative weak relationship with Ti. Similarly, Bsi showed akvpositive relationship with Pb and a
negative weak relationship with Ti. This situation indicates phgtoplankton play a partial role in the
transport of lead to the sediment. The 0.99 correlation betBsemnd Chl-a indicated that the
contribution of diodes to the concentration of Chl-a was imppreard that the diotames controlled
the Chl-a concentration. The absence of a statisticadigificiant correlation between these two
parameters representing primary production and TOC sugdeststhie carbon source may be
allochthonous (Table 3).
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Table 3: Correlation analysis

TOC CaCQ Mo Cu Pb Zn Ni Co Mn Fe As Cd Cr Ti Hg Cal-Bsi

TOC

CaCQ -0.05

Mo 0.35 -0.28

Cu 0.49 -0.01 0.65

Pb 0.39 0.17 048 0.65

Zn 0.50 -0.21 0.80 0.83 0.51

Ni -0.05 -0.43 0.32 0.04 0.02 0.23

Co 0.00 -0.35 0.36 0.23 0.24 0.20 0.76

Mn -0.21 -0.04 -0.08 -0.03 0.16 -0.00.62 0.68

Fe -0.13-0.39 0.25 0.00 -0.04 0.14 0.85 0.79 0.72

As -0.01 -0.13 0.39 0.26 0.34 0.28 0.75 0.76 0.60 0.67

Cd 0.36 -0.16 0.70 0.65 050 0.750.21 0.24 -0.08 0.17 0.27

Cr 0.33 -0.36 0.85 057 042 0.79 049 0.40/08 0.34 0.46 0.65

Ti 0.03 -048 043 0.250.00 037 0.76 0.74 045 0.78 0.64 0.29 0.49

Hg 023 0.19 0.33 055 0.80 0.380.09 0.22 0.18 -0.040.32 0.45 0.35 -0.06
Chl-a 0.12 0.18 -0.17 0.110.43 -0.09 0.01 0.120.25 -0.04 0.19 0.05 -0.06-0.29 0.60
Bsi 0.14 0.20 -0.19 0.110.45 -0.10 -0.01 0.10 0.25 -0.06 0.17 0.04 -0.08.31 0.60 0.99

Two important clusters are noteworthy according to the olgnasn obtained from cluster analysis.
One of them is the cluster representing the anthropogenic edittriamong Mo, Cu, Zn, Cr, Cd, and
the other is the cluster representing the natural procbssesen Ni, Co, Ti, As, Fe, Mn. These two
clusters are also compatible with the factor analysis reduies high affinity between Chl-a and Bsi
was also consistent with the results of factor analysis anglation test. Although there was a
relationship between.Hg and Pb, the distance of these two etemastgrand. A similar result was
encountered in the correlation test and a high correlationauasl foetween the two elements (Figure
11). This similarity is thought to be based on common trahgpocesses. TOC and Cagdd not
seem to play an important role in the transport and distribution tafisne

Figure 11: Cluster analysis

23



589
590
591
592
593
594
595
596
597
598
599
600
601
602

603

604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621

622

623
624
625

626
627
628
629
630
631

One-way ANOVA was performed at 95% confidence intervalidentify whether there was a
difference between seasonal concentrations for each of theidBles measured in the study. While
there was a significant difference between the seasahg iconcentrations of CaGCCu, Ti, Chl-a
and Bsi, no significant difference was found for the other etgsa Multiple range test (LSD) was
performed to detect the seasons which created differencerdhugly, the CaCe@ concentration
varied in the spring, but it had similar levels in thkeotthree seasons. Cu concentration showed a
significant difference between winter-summer, winter-aut@amad spring-summer. From this point of
view, it can be argued that there is a difference betweesadryons and humid seasons in terms of
precipitation. For Ti, a difference was observed between swspnerg and summer-winter.
Considering that it is a lithophile element and is carriechéoinner gulf by erosion, this difference
between rainy and dry seasons is significant. Chl-a and @wieatrations showed statistically
significant differences between winter-spring and winter-sammihis may be due to the fact that
abiotic factors such as light and temperature that affiéctary production stimulate the increase in
plant biome with the arrival of summer.

4, Conclusion

According to results of the study, port management, industtjersents and transportation activities
FDUULHG RXW LQ WKH LQQHE XXOI& DORA B DR/ EE BIRURFKHG Z
effects and diverge from natural concentration levels. Thisomafirmed by multivariate statistical

analysis. The mHQ data showed high level of pollution and toxactsf for Ni, Cr, significant

pollution and toxic effects for As and Hg, and moderate poliuiind toxic effects for Pb, Zn and Cu.

According to ECI data, the inner gulf is highly polluted and tblgBn Stream is at the forefront in

this pollution. Toxic risk has reached significant leval¢he vicinity of the ports and near ST 10. Cd

created a significant ecological risk in all seasonstdiits high toxicity. Cu and Pb caused moderate
ecological risk in local areas near the port. A moderatenpiat ecological risk has been identified in

all seasons throughout the inner gulf. However, a signifipaténtial ecological risk has emerged in

ST 4 in some seasons due to the anthropogenic effects arisindi&qrorts and a significant potential

ecological risk has been identified in ST 10 near the mouth of dfigoR Creek due to sewer

leakages. The results point to a moderate potentidbgical risk and a high level of toxic risk in the

LQQHU JXOI RI g]PLU 'LUHFOYQBQNPRXGGWURHQWNFLUSLYHILWLRQ KL
spatial-seasonal distribution of toxic and ecological riskerdier to ensure the sustainable use of the

inner gulf, port activities should be inspected, use of pulbiosportation or metro should be
encouraged on transportation lines that are close to the ahdréhe rehabilitation tasks of rivers,

especially the Poligon Stream, should be reviewed.
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