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Introduction

Abstract

Microplastics are global threat for marine environment, which originated from
anthropogenic activities. Although human-induced effects on microplastics are well
known, a holistic assessment has not been made. Here, we present the Microplastic
Pollution Index (MPI); a fast, convenient, inexpensive and semi-quantitative tool for
assessing land- and sea-based pressures on the sampling area. In this preliminary
study, MPI were determined for eight different locations in Marmara Sea. According
to the MPI results, The Marmara Sea is under the effect of several pressures such as
urban and industrial wastewater, marine traffic, agricultural and residential activities
on land. Furthermore, coastline morphology affects the retention time of water at the
coastal zone. The highest MPI values were obtained from the Izmit and Bandirma
Gulfs, whereas the lowest value was found at inflow of the Dardanelle Strait. MPI
values and surface water abundance values for each station showed a linear relation
(R2=0.60; F=7.619; DF=1, P<0.05). No correlation was found between MPI and
microplastic abundance in water column and sediment. MPI is providing extensive
information on microplastic pollution. The index can be useful to generate an effective
monitoring strategy combating, restoring and protecting the coastal waters against the
microplastic pollution.

systems, erosion, flooding, wind or rivers (Browne et al.,
2015; Stanev & Ricker, 2019; Turrell, 2019). Therefore,

The marine and coastal environment are crucial to
human life and is under the threat of plastic pollution
(Derraik, 2002; Worm et al., 2006; Jang et al., 2014; Gall
& Thompson, 2015; Geyer et al., 2017; Karbalaei et al.,
2018; Galgani et al., 2019; Ozturk & Altinok, 2020).
Plastic particles in the ecosystem (terrestrial and aquatic
environment) that are consciously or unconsciously
discharged by humans are being transported to the
coastal and marine environments by sewerage, drainage

plastic litters are identified as a global problem by the
EU and global initiatives, such as the United Nations
Environment Programme (UNEP; see Sustainable
Development Goal 14), as well as the G7 and G20.
Furthermore, this global problem is being investigated
by many researchers to quantify the amount of
microplastics (<5 mm, MP) accumulated, to classify MPs
and to determine microplastic accumulation hot spots.
However, the link between the anthropogenic pressures
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and the MPs abundance needs to be investigated
further.

Coastal areas shelter up to 45% of the entire
human population (Flo et al., 2019). Human-induced
pressures are concentrated in coastal areas such as
ports, shipping activities, uncontrolled coastal landfills
and dumping sites (Celik, 2002; Berkun et al., 2005; BSC,
2007). Lots of the studies in the field of plastic pollution
were focused on land- based (e.g Topcu & Oztiirk, 2010;
Topgu et al., 2013; Aytan et al., 2020) and sea based
sources, (e.g. UNEP 2009; Aytan et al., 2020). However,
their holistic assessment has not been made. Pollutant
sources may vary according to the location. Either land-
based activities or marine-based activities can be
dominant, and sometimes both activities can coexist. To
determine the methods of reducing marine litter,
clarification of the pollutant sources should be a priority.

The risk assessment should be revealed using fast,
convenient and inexpensive methods such as
multimetric index methodologies. The steps of a
multimetric index development have to include: (i)
selection of candidate metrics; (ii) metric combination;
(iii) index validation; (iv) index application to different
human pressures; (v) index interpretation; and (vi) index
intercalibration (Borja & Dauer, 2008; Borja et al., 2009,
2011).

Marmara Sea is an intercontinental and semi-
enclosed small basin. It has a unique location between
the Mediterranean and Black Sea, and connected to
these seas via two straits, Canakkale and istanbul (Polat
et al., 1997; Oztiirk et al., 2000; Okus et al., 2008; Altiok
etal., 2014; Aytan et al., 2021). Therefore, it is under the
different land - sea based pressures such as urban and
industrial (chemical, petrochemical, textile, tanning,
metal extraction) wastewater, marine traffic,
agricultural and residential activities on land (Tan et al.,
2017, 2021). Most of the marine litter and microplastic
studies in Turkey have been carried on the
Mediterranean and Black Sea coasts (Aytan et al., 2016,
2020, 2021; Oztekin & Bat, 2017; Oztekin et al., 2020;
Glven et al.,, 2017). Only a limited number of study
investigated the Marmara Sea coasts (Girbiz, 2017;
Tuncer et al., 2018; Cullu et al., 2021; Sari Erkan et al.,
2021). The abundance of the particles showed variations
for instance, Cullu et. al. 2021, found a mean abundance
of 33 particles/L in Kiigiikgekmece Lagoon. Erkan et. al.
2021 found 276.1857 + 347.07, 3497.02 + 7789.29,
1487.52 +2260.10,349.23 £197.13 and 813.75 +561.77
particle/km? in marine, pier, stream, deep sea discharge
and sea discharge stations, respectively.

The aim of this study is to present simple, fast and
convenient multimetric index, which is named
Microplastic Pollution Index (MPI), to demonstration of
the index's adequacy and to assess microplastic
pressure on Marmara Sea coastal waters. The method
will assess the pressure gradients on coastal waters and
establish a pressure-impact relationship based on MPI
and microplastic abundance in surface water, water
column and sediment.

Material and Methods
Study Area

The Marmara Sea is a unique location and an inland
sea. It connects the Black Sea to the Mediterranean Sea.
The Marmara Sea is 70 km wide, 250 km long and has a
surface area of ~11,500 km? (Tan et al., 2017). It has a
wide continental shelf in the south and deep
depressions in the north. The Marmara Sea has a two-
layered hydrographic structure. Less saline (~18 psu)
Black Sea waters and very saline (~38 psu)
Mediterranean Sea waters are in the upper and lower
layer, respectively (Unliilata et al., 1990; Besiktepe et al.,
1994). The Marmara Sea is under the influence of many
terrestrial and marine pressures due to the location and
structure (Tan et al., 2017, 2021).

Istanbul, Kocaeli and Bursa provinces are in the
Marmara Sea basin and constitute 25% of Turkey's
population (TurkStat, 2021). These provinces have
intense urban population, industrial and port activities.
Also, as a result of its geostrategic location, the Sea of
Marmara is subject to intense maritime transport
activities. The northern shelf of the Sea of Marmara is
under population and industrial activities pressures,
whereas the diffuse source pressure effects the
southern shelf (Figur 1).

Izmit (1Z30), Bandirma (BK1) and Gemlik (MD89A)
bays are under high pressure of population, industry,
port/marina, agricultural activities. Secondary or
tertiary treatment has been located around in Izmit and
Gemlik Gulf. However, the wastewater of the
population located around Bandirma Bay discharges to
the deep sea after physical treatment (Figure 1). In
addition, the sampling stations that are located in gulfs
are more effected by highway-emitted materials (Figure
1).

There are no aquaculture farms in the Marmara
Sea. The Marmara Sea has intense marine traffic, as
specially tanker traffic (Albayrak et. al., 2006). However,
it has less tourism-based activities. Biga, Gonen and
Susurluk rivers flow into the southern shelf of the
Marmara Sea. In this study, Susurluk (SD1) and Gonen
River (GD1) are the major rivers of the Marmara Sea are
the primary diffuse pollutant sources of the southern
shelf. Domestic wastewater, industrial (as specially,
textile, plastic, rubber industry) wastewaters, and
agricultural areas are the main pollution sources on
these rivers (Figure 1). In addition, Susurluk River
merges with Nillifer Stream, where urban and industrial
pressures are high (Kugtkali, 2013).

Microplastic Pollution Index

The point and diffuse sources pollution is mainly
the reason for the MPs pollution in the ecosystem
(Horton et al. 2017; Su et al. 2020). Industrial products
and sewage, Urban Wastewater Treatment (UWWT),
tourism development, fishing plastic products,
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construction of farms and building, landfill and waste
disposal, highways, aquaculture, marine traffic,
port/marinas are the primary MPs pollution sources. In
the current study, these mentioned activities were
selected in Microplastic Pollution Index (MPI)
methodology as an indicator of the MPs pollution. In
addition, UWWT and population were assessed four
classes in MPI due to the evaluation of MP discharges to
water (Table 1).

In MPI methodology, industrial activities were
evaluated with a four classes and textile, rubber and

Table 1. Pressure activities and their definitions.

plastic industries were given the highest score due to
the higher MP pollution contribution than the other
sectors (UNEP, 2016; GESAMP, 2016). Agricultural
activities such as tilling and crop rotation can facilitate
MPs migration and fragmentation (Feng et al. 2020).
Thus, the agricultural pollution was assessed in the MPI
index in four classes.

Recent studies have shown that large amounts of
MPs are emitted from highway or high-density traffic
areas (Knight et al., 2020; Jarlskog et al. 2021). Thus, the
distance of the road from the sampling station was

Pressure Activities Score

Definition

w

Urban Wastewater Treatment Planet (UWWT)

Population (people)

Distance from Highway (km)

Sampling Date Weather

N WORFRNWORFRLRNWORLN

Port / Marina

Aquaculture

Industry

Agriculture

Tourism

Solid Waste

Marine Traffic

Strahler Scale

Coastal Morphology

NP OOFRNWORFRNWORFRORPRNWORNWORNWORNWORNOLBR

None
Pretreatment
Second Treatment
Advanced Treatment
>500.000
100.000-500.000
100.000 - 10.000
<10.000
<1
1-2
2-3
>3
The weather was windy and rainy on the sampling date
The weather was windy and rainy two days ago sampling
The weather was windy and rainy one week ago
sampling
Calm weather
High
Medium
None
High
Medium
Low
None
Textile, Plastic, Rubber Industry
High
Medium
None
High
Medium
Low
None
High
Medium
Low
None
Wild Storage
Landfill
High
Medium
Low
None
>5
4-5
3-4
<3
1
0.75
1.25
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evaluated in the current study. The variable based on
the proximity of sampling stations to the road thus, the
value classified as a high risk below 1 km and slightly risk
over 3 km.

Since rivers play an important role in transporting
MPs, Strahler scale was considered in determining the
size of the stream in evaluating the MP pollution. The
scale ranges from 0 to 7. The number gets larger, that
shows more sub-branches are being connected to the
river (Table 1).

In the classification of aquaculture activities in the
MPI, UNEP and GESAMP guidelines were used. Due to
limited data about the MP pollution at port and marinas
(Chen & Liu, 2013; Masia et. Al., 2021), marine traffic
was evaluated with three classes.

In order to evaluate the touristic activities such as
water sports, scuba diving, snorkelling, kayaking and
motor gliders etc. on the contribution of MP pollution,
the pressure activity has been divided into 4 classes
depending on the tourism intensity.

Although airborne microplastic particles (AMP)
from terrestrial origins were found in coastal regions
and these can travel tens of kilometres (Trainic et. al
2020), AMP was not assessed in this study.

Microplastic  Pollution Index is a specific
combination and estimation of coastal pressures related

to MPs. The calculation of the MPI of a station requires
the quantified pressures and the partial pressures to be
summed, and then to be multiplied by a correction
factor related to coastline morphology (Table 1). The
correction factor used by Flo et. al. 2011 is determined
by the shape of the shore and plays a role in reducing or
increasing the effect of the pressure according to the
water residence time (Flo et. al., 2011). The correction
factor or coastal morphology takes the values 1.25, 1
and 0.75 according to the coastline is concave, straight
and convex, respectively (Table 1). Concave coastline
has low water current and high water residence time;
also, this enhances the influences of the anthropogenic
pressures (Flo et al.,, 2019). In contrast, the convex
coastline has high water currents and low water
residence time; these factors dilute the anthropogenic
pressures. Mostly, land-based sources determine the
impact of pressures on the straight coastline.

In  MPI methodology, some of the pressure
indicators were measurable variables such as urban
wastewater treatment, human population, distance
from highway, and sampling date weather; and the
other variables were estimated using expert judgement
based on the knowledge of the study areas. For each
station, pressure gradients were assessed within 3000 m
surrounding the station using satellite image (Figure 1).
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Figure 1. MP station, abundance, pressure activities and land use of Marmara Sea (1230: lzmit, MD24: Yalova, MD89A: Gemlik,
SD1:Susurluk River, BK1: Bandirma, GD1: Génen River, D7: Dardanelles Strait, KC1: Kiiglikgekmece)
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Using geographical information system (GIS) tools, such
as google earth and ArcGlS, are crucial for evaluating the
index indicators. Microplastic Pollution Index were
calculated using the following Equation (1):

MPI = (UWWT + Agriculture + Industry + Distance
from Highway + Landfill + Tourism + Aquaculture +
Marine Traffic + Port + Sampling Date Weather+ Strahler
Score) *Coastal Morphology (1)

The pressure intensity scale has been classified as
five levels of evaluation and assigning scores range from
0 to 3 for each pressure type within the stations. The
classification was proposed as (i) no pressure (0 to 4); (ii)
low pressure (4 to 15); (iii) moderate pressure (15 - 20);
(iv) high pressure (20 - 25); (v) very high pressure (25-
41).

In this study, previously reported MP data from
surface waters, water column and sediment at 8 stations
(Figure 1) in the Marmara Sea (Glirbliz, 2017) were
compared with the values of MPI.

Results and Discussion

Microplastic pollution is mostly a result of the
human-induced pressures such as UWWT and industrial
discharges, tourism, agriculture, surface runoff,
aquaculture, marine traffic, ports, shipping, and
uncontrolled coastal landfills (e.g. Topcu & Oztiirk, 2010;
Topgu et al., 2013; Aytan et al., 2020). Amount of the
human-induced pressures is crucial to determine for
establishing prevention programs of MP. In a recent
study, MP pollution was investigated in Yangtze River
and results showed that considerable amount of MPs
generated in large river catchments are not transported
to the sea (Xiong et al., 2019). In addition, Zhao et al.
(2019) assessed MP transportation by rivers to the sea
and its seasonal effect. The study found that over 16-20
trillion particles entered the sea from the surface water
layer of the Changjiang River in 2017. Feng et. al. (2020)
investigated the effect of the population density, night
light index, area of facility agriculture, and output value
of industries indicators on the MP spatial distribution
and pollution. They found night light index correlated
better with the population. Also, tourism-based
activities were the main pressure in water bodies. Both
studies were focused single indicator for MP pollution.
However, cumulative pressure assessments could be a
better method to clarify the MP pollution

Microplastic Pollution Index is a fast, convenient,
inexpensive and  semi-quantitative  assessment
methodology. It evaluates land- and sea-based
pressures of the studied area. It ranges from 0 to 41 and
evaluatesin 5 classes. A low MPI value shows no or slight
land-based and sea-based pressures, whereas a high
value represents a high impact.

The Marmara Sea is under the effects of several
pressures, which can also be seen from the MPI results.
Furthermore, currents and coastline morphology effect
the retention time of water at the coastal zone. 1Z30 and
BK1 stations are located in the Izmit and Bandirma Gulfs.

These Gulfs are located in the south of the Marmara Sea,
respectively. They have intense industrial, port and
transportation activities (Figure 1). They are both also
characterized with river inputs, animal husbandry, and
agricultural activities. The Izmit and Bandirma Gulfs are
classified as under very high pressure of MP pollution
and their MPI values were calculated as 25 and 27,5,
respectively. Gemlik Gulf has very similar activities to
the Izmit and Bandirma Gulfs, except that it has less
marine traffic (Figure 1). Therefore, MD89A station in
the Gemlik Gulf showed a MPI value of 18,75 and
classified as under high risk (Table 2). Gulf ecosystems
are under the influence of point/diffuse sources and
other pressures. Due to the low water exchange
capacity of these ecosystems, they are suitable for the
accumulation of pollutants (Shahidul Islam & Tanaka,
2004).

SD1 station is at the mouth of the Susurluk River.
Susurluk River merges with Niltifer Stream, where urban
and industrial pressures are high (Kugukali, 2013).
Therefore, Susurluk River is under the influence of
heavily polluted waters of Niliifer Stream (Figure 1). The
MPI value of SD1 station showed that it was at the
moderate risk. MD24 station is located in the outer
boundary of the lzmit Bay, which is close to Yalova
Province and has fewer pressure activities (Table 1). At
the entrance of the Dardanelles Strait, D7 station has
the lowest MPI due to the high current speed. These
results on microplastic abundance are from limited
sampling; thus long term monitoring will help for better
understanding the sources of MPs in the region.

The pressure index MPI calculated for eight
stations (Table 1) showed that maximal values,
corresponding to high human impacts, and the lowest,
corresponding to low human pressure. MPI values and
surface water abundance values for each station
showed a good linear relation (R?=0.60; F=7.619; DF=1,
P<0.05) (Figure 2). No correlation was found between
MPI and the MP abundance in water column and
sediment (Figure. 2). Therefore, this index was tested
with the limited data. The reason it did not correlate
with sediment and water column MP concentration
might be densities of polymer is not considered in this
study. More and detailed data is need to be used to test
to applicability of MPI for the water column and
sediment.

MPs can barely be seen with naked eye, it is a hard
task to weight and count microplastics. In addition,
physical conditions are affecting the sampling and
abundance values of MP such as weather conditions
(winds and rains), waves, and currents. Therefore, this
study needs to be repeated with more station data,
especially from water column and sediment.

The origin and pathways of MP is crucial to identify
in the marine environment. Furthermore, the land- and
sea-based pressure activities should be taking into
consideration for define sources of the MP. This
problem should be determined by applying different
scientific approaches (Mira Veiga et al., 2016; Moora &



Table 2. Assessment of the pressure level and MPI classification for each station (1Z30: Izmit, MD24: Yalova, MD89A: Gemlik, SD1:Susurluk River, BK1: Bandirma, GD1: Gonen River, D7: Dardanelles

Strait, KC1: Kuglkcekmece)

Samplig

Station  UWWT Population D|stz-:mce from Date Port/Marina  Agriculture Industry Aquaculture Tourism Solid Waste Marine Traffic Strahler Score Coastal MPI Score MPI Class.
Highway Morphology
Weather
1230 2 3 2 0 2 2 3 0 1 0 3 2 2 25 5
MD24 1 2 0 0 1 1 2 0 1 0 2 0 0 12,5 2
MD89A 2 3 2 0 1 2 2 0 1 0 2 0 2 18,75 4
SD1 3 1 0 0 0 3 3 0 0 1 3 3 0 17 3
BK1 3 3 2 0 3 2 3 0 1 2 3 0 2 27,5 5
GD1 1 1 0 0 0 2 1 0 1 1 1 3 0 11 2
D7 0 1 0 0 0 1 2 0 0 0 3 0 1 5,25 2
KC1 1 1 0 0 0 0 1 0 0 0 2 0 0 5 2
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Figure 2. Surface water (a), water column (b), and sediment (c) abundance values correlation with MPI for each station in the Marmara Sea
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Piirsalu, 2016). In addition, to identify MP abundance
and risk management need an effective monitoring
strategy. Thus, multimetric index methodologies such as
MPI play crucial role to create monitoring strategies.

Several directives, guidelines and mobile
applications exist, associated with the quantification,
control and management of microplastics such as The
Marine  Strategy Framework Directive (MSFD
2008/56/EC; EC 2008), The Single-Use Plastics Directive
(SUPD 2019/904/EC; EC 2019), UNEP - Marine Plastic
Debris and Microplastics— Global Lessons and Research
to Inspire Action and Guide Policy Change, and Marine
Litter Watch. However, the MP hot spot areas have not
yet been adequately determined. MP pollution has a
transboundary/supranational origin. Therefore, tracing
MPs from their source is a major challenge in assessing
MP abundance and risk management (Rivers et al.,
2019).

Conclusion

In this study, a fast, convenient, inexpensive and
semi-quantitative  assessment  methodology to
evaluates land and sea-based pressures for the MP
pollution were developed. Microplastic Pollution Index
is a mutlimetric index and a scientific approach that can
assess MP pollution risk for each station or sampling
area.

Present study shows that MPI index is good fit to
the surface water MPs results, but it needs to be studied
and validated with more data. However, MPI results
showed that the index is able to distinguish between
land- and sea-based sources in the sampling area. On
the other hand, MPI provides information on MP
pollution, which is useful to create effective monitoring
strategy. Furthermore, environmental managers can
use this information to combat, restore and protect
coastal waters against the MP pollution.

Microplastic  Pollution Index is still under
development. Future studies may focus on assessing
index with more detailed data (surface, water column
and sediment) to make a robust tool. In addition, MPI
may test with different types of MPs to estimate the
primary and secondary sources of the pressure activity.
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