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 Plastics are one of the refractory pollutants produced in many and varied forms using chemistry and 

materials science. Microplastics (MPs), which are formed as a result of plastics breaking down into small 

pieces, are a new indicator that indicates that the plastic footprint of humans is growing today and this has 

become a risk for the general living health and sustainable environment. A wide range of products such as 
personal care products, shampoos, detergents, toothpastes, textiles, bags, shoes, car tires, and foods contain 

MPs. Depending on the point of use, they are either directly released to the air, water and soil or they break 

down into secondary MPs in the environment where they are discharged. Especially by means of domestic 
wastewater, plenty of MPs enter the sewage system on a daily basis; therefore, wastewater treatment plants 

(WWTPs) draw attention as an important source of MP pollution in coastal or surface waters such as sea, 

lake, river. There is still a limited number of studies on this subject in the literature and it has become the 
focus of many researchers around the world. So, the aim of this review paper is to evaluate the current 

scientific studies on MP pollution subject. On the scope of this aim, it includes discussions on the sources, 

most accurate detection and treatment perspectives of MPs. Thus, it takes attention to the subject that if 
awareness, encouragement, guidance, and legal restrictions, that will reduce our plastic footprint, are not 

put into effect rapidly, it will be inevitable to cause the new health problems, genetic diseases, increasing 

criminal cases, and environmental problems such as air, water and soil quality. 
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1. Introduction  

Plastics are polymeric materials that we commonly use in 

our daily lives due to their light, flexible, easily processable, 

corrosion-resistant, good electrical and heat insulation, easy to 

use, and economical properties. Considering the consumption 

of plastic all over the world, it is estimated that the 

consumption, which was 7 million tons in the 1960s, is 

approximately 330 million tons today, and this consumption 

amount will reach 540 million tons after 2020 and increase by 

about 4-6.2% per year from now on [1].  

Plastic wastes can be divided in two groups   according to 

their sources; one of them called as manufacturing-based 

wastes such as scraps, pieces, spills, and faulty products; and 

the other is generated after use for domestic, industrial, 

transportation, and agricultural activities. Today, it is reported 

in the literature that only 10% of the estimated 330 million tons 

of plastic produced annually can be brought into the circular 

economy. Based on this situation, Andrew Russell initiated the 

"Plastic Disclosure Project". The main purpose of the project is 

decelerated that to reveal the knowledge of the industries about 

how much plastic they use, what they do for recycling, what 

measures they take to use less plastic, the disposal of waste and 

their tendency towards biodegradable materials. The concept of 

"plastic footprint" was introduced as a measure to bring a 

rational solution to the use of plastic and the damages it causes, 
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to reduce excessive use and to create awareness in consumers, 

companies, factories, hospitals and universities with this project 

for the first time. Plastic footprint, with a definition similar to 

carbon footprint, means the pollution left by the plastics used 

per individual, company or organization to the environment [2].  

On the other hand, when plastic wastes are left in natural 

environments, they break down into small plastic particles in 

the size ranging from 1 mm to 5 mm and are called 

microplastics (MPs). These are divided into two groups as 

primary and secondary MPs. While plastic production spills 

smaller than 5 mm and micro beads, used in cosmetics, are 

defined as primary MPs, synthetic textile fibers originating 

from textile products such as clothes and carpets, blankets, 

vehicle tire wastes, and other plastic wastes are defined as 

secondary MPs. In fact, secondary MPs can be defined as 

micro-nano pollutants which arise indirectly as a result of the 

comminution processes such as certain fragmentation and 

destruction.  

The factors that break them apart can be anthropogenic or 

natural factors such as weather, wind, sun, UV rays, and water. 

MP particles are categorized according to their size in three 

main groups as nanoplastics (NPs) (those smaller than 1 µm), 

MPs (about <5 mm), and mesoplastics (about> 5 mm) [3]. A 

single plastic material can be broken down into millions of MP 
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particles. MPs accumulate in city dust, places with heavy 

traffic, air, soil and water resources in industrial areas, pass 

through, are inhaled by animals, humans, and are swallowed by 

living creatures. Today, MPs are an important cause of 

pollution in all continents, land and water from the poles to the 

equator. They are contaminated with more material in densely 

populated areas. However, it is seen that such a great danger is 

not sufficiently recognized in the shadow of pollutants and 

poisoners like heavy metals. Most of these particles float on the 

water surface, but some can reach sediments in various ways. 

So, scientific studies in recent years [4] focus on pollution 

caused by MPs in both receiving waters and terrestrial 

environments. These can be sortable such as resulting in low 

biodegradability and high accumulation, large surface areas 

providing to sorb the emerging contaminants, and possibility to 

be ingested by aquatic macro creatures. 

MPs can carry persistent organic pollutants such as DDT 

(Dikloro Difenil Trikloroetan), PBDE (Polybrominated 

diphenyl ether), PAH, PCB (polychlorinated biphenyls), and 

toxic pesticides on their surface by adsorbing. These micron-

sized plastics cause the transport of organic pollutants which 

they adsorb through the food chain.  

MPs cause organic compounds to enter the body of living 

creatures by blocking the digestive systems of aquatic 

organisms. In addition, toxic chemicals such as Bisphenol-A 

(BPA) prevent endocrine production by affecting the 

reproductive systems of fish, and MPs create a major 

environmental problem due to the potential of both physical and 

chemical damage to living creatures by preventing their 

reproduction.  While previous studies in the literature [5-12] 

mostly indicate the presence of MPs in environments such as 

rivers, lakes, seas and sediments, recent studies [13; 14; 15; 16; 

17] reveal that MPs can also be detected everywhere and the 

removal could not be carried out in Conventional Wastewater 

Treatment Plant (CWWTP) effluents and treatment sludge.   

Furthermore, most of the studies, carried out in the 

literature, show that MPs are the presence in plankton samples 

[18], in sandy and muddy sediments and are absorbed by 

vertebrates and invertebrates, and interact with chemical 

pollutants.  However, there are still limited studies to research 

the MPs in wastewaters (Municipal, industrial, urban etc.) and 

treatment plants. 

So, the aim of this paper is to review of MPs as emerging 

pollutants and reveal their sources, fates, detection within the 

wastewaters and removal mechanisms in the treatment plants. 

Therefore, in this study, first of all, information about the 

current developments regarding the sources of MPs in water, 

wastewater and sediments is given. Then, the latest techniques 

for the characterization and detection of MPs are reviewed. 

After that, the effects of MPs on conventional wastewater 

treatment systems, the results of the studies about on the 

treatment and removal mechanisms of MPs held by sludge are 

discussed. Finally, the main issues that are needed to be 

addressed in terms of detection, removal and legal restrictions 

for MP pollution in the environment in the future are discussed. 

So, it is aimed that this contribution will eliminate the gaps on 

this subject in the literature. 

2. General Characteristics of MPs 

2.1. Form, Shape and Color Classification of MPs 

MPs can be found in the form of plastic particles, pellets, 

yarn-fibers, plastic films, foamed plastics, granular plastics and 

styrofoam. Since MP particles are formed as a result of the 

degradation of macro-sized plastic particles, they do not have a 

specific shape and color. MPs can be found in the form of 

pellets and pieces mostly and in a wide variety of shapes, from 

amorphous to spherical or long thin fibers. However, it has been 

reported in the literature [19] that they generally have a 

spherical, film, oval, fiber and irregular structure. Pellet-shaped 

ones can be cylindrical, disc, flat, oval and spherical, while 

those in the form of pieces can be round, semi-round, angular, 

and semi-angular. Those in formless, long, fragmented, rough 

and broken-edged forms are called general forms.  

Furthermore, while the parts of plastic-based synthetic 

fabrics can be in the form of fibers, MPs produced for personal 

care products are generally spherical. On the other hand, in the 

wastewater samples taken from 17 different wastewater 

treatment plants [20], the presence of MPs categorized in 5 

classes as fiber, piece, film, foam and pellet was detected. 

Moreover, in the study conducted by Gies etal. [21] on MP 

pollution and morphology in 17 wastewater and 12 sludge 

samples, 6 different classes of MPs had been detected. It was 

observed that 65.6% was fiber, 28.1% was particle, 5.4% was 

pellet, and the remaining parts were in granule, layer and foam 

structure. Besides, studies on water samples taken from the sea 

and beaches revealed that 87% of MPs consist of irregular 

particles. In a study on the morphology of MPs in sand and 

water samples taken from the vicinity of Geoje Island [22], 

particles in the form of pieces, fibers, sheets, and expanded 

polystyrene had been detected. In another study [23; 24] it is 

reported that, most of MPs’ fragments that had been found in 

tidal and estuary sediments are composed of fibers. This study 

showed that when MPs, in sediments taken from sewage 

discharges and sewage, had been examined, it had been 

observed that the proportions of polyester and acrylic fibers 

used in synthetic textile garments were similar. Furthermore, it 

had been understood that the shapes of MPs vary depending on 

the duration of their stay in the environment as well as the 

degradation processes they are exposed to. For example, sharp-

edged MPs found in marinas may indicate that plastic fragments 

have just entered the sea, or that smooth fragments with 

rounded corners remain in the sediment for a long time and 

become smooth by being eroded by other substances in the 

sediment. 

On the other hand, plastics create invisible pollution in 

water supplies since most plastic raw materials are colorless, 

transparent, or micro-fragmented. However, despite this, the 

existence of MPs in all colors can be mentioned in the literature. 

In a study conducted by Aliabad et al. [25] MPs were classified 

as white, blue, red, transparent, and in other colors. On the other 

hand, in a study carried out by Abayomi et al. [26], they 

reported that the dominant sample type consisted of blue fibers 

and the following colors were black, red, green, gray, and 

transparent in sea water, respectively. Moreover, Ceylan et al. 

[27] found that the dominant species in the samples, taken from 

the influent, aeration, sand trap and effluent of a domestic 
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WWTP, consists of dark blue, blue, and black fibers. In 

addition, in a study carried out by Blumenröder et al. [28], they 

conducted for the quantitative classification of MPs, and 

considering their morphology and colors, they found the color 

density of fiber-structured MPs as blue> black> purple> white> 

red> brownish> green, while they determined the classification 

of those in the particle structure as blue> red> yellow> red> 

black> orange> white> purple> brownish> silver. In addition, 

the amount of MPs in the form of fibers had been determined 

higher than the particle form.  

2.2. Type Classification of MPs 

In order to be able to categorize MPs, the sources and 

materials from which they are produced, their type, structure, 

shape, color, and wear status can be evaluated. MP particles are 

generally classified according to the raw material of the plastic 

waste from which they originate. So, the types, names, and 

usage areas of plastics & MPs that are widely used everywhere 

today are given in Table 1. Blumenröder et al. [28] found that 

45% of MPs are polytetrafluorethylene (PET, PETE), 15% 

polyethylene (PE) or polyvinylidene (PV), 10% polyamide 

(PA), 8% polyester (PEST), 3% polyacrylonitrile (PAN) or 

polydimethylsiloxane (PDMS) based. Furthermore, Ziajahromi 

et al. [29] investigated wastewater-based MP pollution in 

primary, secondary, and tertiary WWTPs and identified mostly 

polyethylenetetraftalate fibers and irregularly shaped 

polyethylene particle-based MPs. 

Wang et al. [105], mostly determined the presence of 

polyethylene and polypropylene-based MP types in Dongting 

Lake and Hong Lake. However, they reported that they also 

encountered polystyrene and polyvinylchloride-based MPs. 

According to the analysis results performed by Lares et al. [30] 

to determine the MP content of the samples, taken from a 

domestic WWTP and the discharge water of the facility, the 

presence of 79.1% polyester and polyethylene tetraftalate 

(PET), 11.4% polyethylene (PE), 3.7% polyamide (PA) and 

insignificant amounts of polypropylene (PP) were detected in 

the samples. 

In the study conducted by Aliabad et al. [25] in Chabahar 

Bay, PE and PP had been reported to be the dominant MP 

species in Northern Italy. The amount of MPs reaching the 

receiving water environment from the large capacity WWTP, 

which serves a population of 1200000 people, has a wastewater 

flow of 400 000 m3/day and includes primary, secondary, and 

tertiary treatment stages and it has been reported that the 

dominant species are composed of PES and PA-based MPs. 

Furthermore, plastic-type classification made by Simon et al. 

[31] in raw wastewater and treated wastewaters; the dominant 

types are determined as acrylate, PES and PE-PP copolymer for 

raw wastewater and PE, PES and PE_PP copolymer for treated 

water, respectively.  Moreover, a study by Hidalgo-Ruz et al. 

[32] divided MPs into two groups as positive swimmers and 

negative swimmers according to their being in different habitats 

and different flow paths (sandy beaches, tidal sediments, sea 

surface, water column, and ocean floor).  

MPs' properties such as density, shape and size, as well 

as some external forces (seawater density, seabed topography 

and pressure, etc.) affect their spread. Studies on the transport 

and spreading of MPs in water [33] have indicated that the 

density of plastic particles is a very effective factor. The density 

of the plastics widely used today varies between 0.85-1.41 g / 

cm3. While the density of LDPE, HDPE and PP is less than 1 

g/cm3, PS, nylon6, PVC, and PET are plastics with a density 

greater than 1 g/cm3. Accordingly, particle density is an 

important indicator for determining whether an MP particle 

covers a pelagic region in the benthic transport route, whether 

low-density plastics are present in the surface and neustonic 

environment, or high-density plastics in deep benthos. 

2.3. Physicochemical Characteristic of MPs 

MPs generally have hydrophobic surfaces; they swim; 

their ability to carry pollutants absorb POPs such as PCB and 

DDT; they have UV photo-oxidative degradation; they are 

thermo-oxidative; they have bio and/or thermal degradation; 

especially in biofilms, they have properties such as binding on 

biomass. MPs are effective absorbers for POPs and transport 

POPs from surface water sources to sediments. Therefore, this 

increases the exposure of benthic organisms to POPs.  

Reported concentrations of POPs in plastic pellets found 

in seas around the world [34] range from 1 to10,000 ng/g plastic 

pellets. Polychlorinated biphenyl concentrations have been 

found worldwide in 4-980 ng/g plastic pellets and 169-324 ng/g 

in the northern sea. A positive correlation was found between 

macroplastic and PCB concentrations in birds as a result of 

seabird feeding and field investigation studies.  

Some of the MPs and POPs are harmful man-made 

chemicals that persist in the environment because they are not 

biodegradable or degraded. For example, dioxins, PCBs, 

different types of organochlorine pesticides, DDTs and HCHs, 

polycyclic aromatic hydrocarbons (PAHs), hexachlorobenzene 

(HCBs), and brominated flame retardants are common POPs. 

Because they are essentially lipophilic (for example, they have 

a high affinity for oils and fats), POPs accumulate in the adipose 

tissues of marine organisms. This situation potentially causes 

many adverse effects (e.g. cancer, malformation, impairment of 

the immune system and reproductive ability) for wildlife and 

humans. Plastic pellets are also lipophilic and have an 

extremely high affinity for POPs. The concentration of POPs in 

plastic resin pellets is one million times higher than the 

surrounding sea water. This accumulation was observed for the 

first time in 1998 with on-site experiments. This is why resin 

pellet monitoring studies are important. 

Moreover, in addition to the absorption of POPs, marine 

plastics contain additives such as plasticizers, antioxidants, 

anti-static agents, and flame retardants. Some additives and 
additive-based chemicals (eg nonylphenol, bisphenol A) cause 

endocrine disruption in the body through hormones. These 

potential damages include impairment of brain development, 

learning and behavior, torso and limbs, normal These potential 

damages include impairment of brain development, learning 

and behavior, torso and limbs, normal sexual development 

(including males’ feminization and feminization), and 

increased   cancer   events   (e.g.  breast  and  prostate cancers).
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Table 1. Types, names and usage areas of plastics & MPs. 

Abbreviation/ 

Raw matter 
Common Area of Use Morphology 

Density 

(g.cm-3) 
Reuse Recycle 

PET, PETE 

Polyethylene 

terephthalate 

 

Bottles of water, soft drinks 

and cooking oil 

Crystalline 

Thermoplastic 
1,37 

No 

Single 

use 

Very good 

PE-HD, HDPE 

Polyethylene-high 

density 

 

 

Cleaning agents, laundry 

detergent packaging, some 

bags, shampoo and milk 

bottles, pipes, tanks, barrels, 

cable insulation, toys 

Crystalline 

Thermoplastic 
0,94 Yes Very good 

PVC, VC 

Polyvinyl 

Chloride 

(Vinyl Chloride) 

 

 

Upholstery, home siding, 

pipes, stretch, food coating, 

bottles, glasses, artificial 

leather, credit cards, sports 

equipment 

Amorphous 

Thermoplastic 
1,38 No 

Very little 

convertible since 

the additives 

(Lead, DEHA (di 

(2-ethylhexyl) 

adipate), dioxins, 

Ethylene 

dichloride, Vinyl 

chloride) 

PE-LD, LDPE 

Polyethylene-low 

density 

 

General purpose anywhere 
Crystalline 

Thermoplastic 
0.91-0.93 Yes 

Usually it cannot 

be recycled 

PP Polypropylene 

Automobile sub-industry, 

garden furniture, food 

container, yoghurt and 

margarine containers, 

diapers, feeding bottle, 

artificial carpet covering, 

garden furniture, etc. 

Crystalline 

Thermoplastic 

(Translucent 

white) 

0.83-0.85 Yes 
Cannot be easily 

converted 

PS Polystyrene 

 

Food packaging, electronics 

and appliances, film, sheet, 

containers, lids, meat and 

egg boxes, bottles, foam 

insulation, lighting, 

refrigerator, washing 

machine parts, radio 

television cases, toys, 

cosmetic boxes, wall 

coverings, packaging, 

insulation 

Amorphous 

Thermoplastic 

(Colorless, 

transparent) 

1.36-1.45 No 
Possible but not 

economical 

Polycarbonate, 

Acrylic 

 

 

Due to its high flame-

retardant and self-

extinguishing feature, 

Medical instruments, water 

bottle, cap, glass, fork, 

kitchenware, automotive, 

CD, glasses manufacture 

etc. 

Numerous  No 

It is difficult 

because it contains 

mixed plastics 

Polyester (PEST),  

1.24-

2.3 

g/cm3 

 

 

 

Textile industry (Garment) 

Fiber production 
Numerous 1.24-2.3  Yes Very good 

While the additives used in pellets are harmful, more harmful 

additives are used in plastic parts making and plastic product 

finishing. One study [35] has shown that endocrine-disrupting 

nonylphenols are even present in water bottle lids. 

2.4. Sources of MPs 

Plastics that accumulate in nature as a result of industrial 

and domestic activities are broken down into smaller pieces as 

a result of various physical abrasions and form MPs. MPs are 

generally defined as plastic particles smaller than 5 mm and can 

be found in many different sizes in a wide variety of 

environments such as aquatic, terrestrial, and biota. Pollution 

caused by MPs chronically affects human health indirectly by 

mixing into the food chain through air, water, and soil.  

Plastics that can crumble into very small particles in 

rivers can be transported by entering a cycle with anthropogenic 

effects as well as climate and nature movements such as wind 

and such serious levels of MPs are encountered in water sources 

such as seas, oceans, lakes, rivers and wastewater and even 

purified water. MPs can be commonly classified in two ways, 

according to the activity from which they originate: (1) Primary 

MPs, (2) Secondary MPs. The sizes and classification on the 

base of sources of MPs with high environmental damages are 

given in Table 2 and Table 3, respectively.  

In a study conducted in Sweden [36] it is noted that the 

rate of MPs resulting from transportation can be serious. 

According to this study, approximately 13000 tons of MPs are 

formed from tires every year, and it is estimated that 

approximately 2300-3900 tons of MPs are mixed into rainwater 

per year; and in addition, every year 300 to 530 tons of them 

are lost in industrially produced plastic pellets. 

Table 2. MP types and particle size ranges. 

PARTICLE TYPE 
PARTICLE SIZE 

RANGE 
NanoMPs <000,1 mm (0,1 µm) 

Small MPs 0,0001 mm – 1 mm 

Large MPs 1 mm- 5 mm 

Mesoplastics 5 mm – 200 mm 

Macroplastics > 200 mm 
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Table 3. MP sources based on activity.

ACTVITY MP SOURCES MP CLASS 

Consumer products 

Microbeads in cosmetics, facial cleansing and 

peeling gels, shampoos and soaps, toothpaste, 

eyeliner, mascara, lip gloss, deodorant and 

sunscreens, etc. 

Primary 

Textile products 
Polyester, polyamide (nylon) and polar textile 

materials used in clothing 
Secondary 

Industrial raw materials, residues 

and waste 

They are MP materials arising from plastic 

production, processing and shaping processes. For 

example; pallets, plastic films, styrofoam, yarn-

fibers, foamed plastics, etc. are the sources that 

pollute the environment. 

Primary 

Transportation Vehicle tire debris Secondary 

Municipal and Industrial 

Wastewater Treatment  

Domestic and industrial water usage. For example; 

laundry and dishwashing, take a bath and etc. 
Secondary 

Agriculture 

Vehicle tire debris. For example; Plastics 

crumbled by the wear of the tires of vehicles used 

in agricultural activities pass into the soil, drip 

irrigation system material made of plastic polymer 

break up over time and pesticides stored in plastic 

containers and used by diluting, etc. 

Secondary 

2.4.1. Wastewater Treatment Plants as a Main 

Sources of MPs 

Since MPs can originate from all kinds of anthropogenic 

activities, especially domestic use, industrial production, 

agricultural activities and transportation equipment, influent-

raw and effluent wastewaters of domestic, and industrial 

wastewater treatment plants are important MP sources (for both 

primary and secondary types) for the aquatic ecosystem. 

Research studies carried out on sewage samples of many 

different countries such as Russia, Sweden, France, Finland, 

USA, UK, Netherlands, Germany, Canada, Australia, Italy, 

Turkey, Denmark, Poland, China, and South Korea support this 

result. For example, Mintenig et al. [37] analyzed the amount 

and types of MPs in the samples taken from the discharge of 12 

wastewater treatment plants in Germany. In the analyses 

performed using ATR FT-IR and Micro FT-IR, MP parts larger 

than 500 μm were found in all 10 plants except 2 plants with 

filtration units. 

They found that mostly polyethylene MPs were released 

in all 12 plants. MPs smaller than 500 μm were detected in all 

12 facilities and they determined that these MPs have 12 

different polymer structures.  

According to the results of the study conducted by 

Talvitie et al. [38] in Finland's largest wastewater treatment 

plant, it has been reported that 2𝑥108 −7.9𝑥108 micro garbage 

and 1.7−106 −1.4108 MPs are discharged daily from the 

treatment facility to the Baltic Sea.  Gies et al. [39] had 

researched the amount of MPs in the effluents of pre-

sedimentation and secondary settling tank, and in the sludges of 

a wastewater treatment plant in Canada. They found 14.9 MPs 

per gram of primary sludge, and 4.4 MPs per gram of secondary 

sludge. When they compared the amount of MPs in the effluent 

and sludge samples, they reported that 1.28 trillion and 0.15 

trillion MPs are discharged annually from the pre-

sedimentation sludge and effluent, respectively. On the other 

hand, they calculated that 0.36 trillion and 0.03 trillion MPs are 

discharged from the secondary settling sludge and effluent, 

respectively. Consequently, they found that the amount of MPs 

in the sludge samples was much higher than in the effluents and 

at the same time, secondary treatment has better removal 

efficiency (92%) than pre-sedimentation (88%). On the 

contrary, in the studies conducted on the characterization of MP 

pollution in the influent and effluent of wastewater treatment 

plants in recent years [40; 41; 42], it was stated that MP 

concentrations can vary from 103 to 108 MPs/m3 wastewater.  

According to a study by Magnusson et al. [36], it is 

estimated and reported that every year 250-2000 tons of 

microbeads consisting of personal care products and plastic 

particles consisting of synthetic textile fibers with a particle size 

of more than 300 μm are discharged via domestic wastewaters 

into the Swedish sewage system. Most of them can be kept in 

the wastewater treatment plant, but about 4-30 tons of them 

were discharged into the receiving environment by the effluents 

of the wastewater treatment plant. In addition, according to the 

same study, it was calculated that 69 tons of MP particle size 

larger than 450 μm were discharged into the sewage system 

with liquid soaps in Sweden in 2012 and an average of 7 grams 

of household MP pollution per person was formed. 

In another study carried out by Bilgin et al. [43] on MP 

pollution in different units of a secondary wastewater treatment 

plant in Turkey, removal efficiencies in these units were 

calculated by comparison. Composite samples were taken with 
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the filtration system prepared by using filters with different pore 

diameters. In the study conducted on wastewater and sewage 

sludge samples, firstly on samples for the extraction of MPs, 

washing, Fenton oxidation, centrifuge, and filtration processes 

were carried out. Subsequently, the samples were examined 

under an optical microscope and under the ATR-FT-IR 

microscope. As a result of detailed examinations, MPs were 

classified according to their shapes, sizes and types. As a result 

of the study, very high concentrations such as 5-10 MP/L and 

570-1180 MP/L were measured in wastewater and sewage 

sludge, respectively. It has been calculated that the amount of 

MPs discharged daily is between 474 and822 million MP/day 

and the MP removal efficiency of the treatment plant is between 

60-76%. 

In a study conducted by Ceylan et al. in Turkey [27] on 

another urban wastewater treatment plant operating with an 

activated sludge system, the presence of MPs in the samples 

which are taken from untreated raw wastewater influent, sand 

trap, and treatment plant effluents, was detected and removal 

efficiency was evaluated. In order to separate the MPs in the 

samples taken, preparing a solution with increased density 

(weighted) with salt, flotation, centrifugation, filtration, 

washing, drying etc. processes have been applied. The MPs 

separated in this way were first classified and counted by type, 

color, and number with a light microscope; then, polymer types 

were determined with the ATR-FT-IR device with a 

microscope. As a result of the studies, it has been determined 

that the investigated urban wastewater treatment plant can 

retain 57.51% of the MPs in the wastewater and approximately 

8415 million MPs are discharged into the receiving water every 

day. 

In another study carried out by Basaran et al. in Turkey 

[44], on a synthetic textile industry wastewater treatment plant, 

it was reported that while fibers longer than 5 mm are 

remarkable, and fibers around 1.8 mm on average are found in 

untreated raw wastewater samples. Synthetic fibers around 2.2 

mm were found in treatment plant effluents and it was 

determined that an average of 5 different MPs/L were 

discharged into the sewer. According to a study conducted by 

Bakkaloğlu et al. [45] in Turkey; samples taken at 4 different 

times at determined points (influent, sand trap and secondary 

settling effluents, and return sludge) in Bursa East Wastewater 

Treatment Plant had been analyzed. After the pretreatment 

stage, firstly shape, color, and size classification had been made 

and then the species had been determined by FTIR analysis. 

According to the results of the study, it has been reported that 

MPs determined investigated treatment plant can be categorized 

into 4 different classes, divided into 3 categories as piece + film, 

fiber, sphere in shape,  although there are similar tones of 7 

different color categories such as black-navy blue, blue, red-

orange-pink, green, purple, brownish-cream, yellow, and 

white-gray can be  determined and can be classified in 3 

different categories (0.3 mm - 0.5 mm, 0.5 mm - 1 mm and 1 

mm - 5 mm). In the species classification, 8 different types of 

MPs, namely PMMA, PE, PEVA, PES, PET, PA, PP, and PAA 

have been identified. In addition to these results, it was 

determined that the dominant MP shape in all samples was 

piece + film (50-60%), the dominant color was black-dark blue, 

and the dominant size range was between 0.3 mm-0.5 mm 

(>90%). The presence of the same structure has also been 

confirmed in the sludge samples. The MP removal efficiency of 

Bursa East Wastewater Treatment Plant had been calculated as 

approximately 93%. 

2.4.2. Transportation of MPs in WWTPs 

A CWWTP can be defined as a system in which organic, 

inorganic, and persistent pollutants are passed through primary 

(Physical), secondary (Chemical or Biological), and tertiary 

stages (advanced oxidation, filtration etc.). It has been reported 

in the literature [40] that many types of MPs that can be found 

in the structure of wastewater can be removed at a significant 

rate in the primary stage, and that the presence of MPs can be 

detected in secondary and tertiary treatment effluents and 

treatment sludge in a very small amount. A schematic 

representation explaining the removal efficiencies of MPs in 

CWWTP units is given in Fig. 1. 

Apart from that, wastewater treatment plant configuration 

also has a significant impact on MP removal efficiency. For 

example, it has been reported in the literature by Li and Kim 

[47] that most of the MPs are removed in degreasing and screen 

units in a domestic wastewater treatment plant with an 

anaerobic-anoxic-aerobic configuration. In addition, this study 

revealed that the highest removal efficiency was observed in 

MPs with very small sizes in the range of 100-300 µ. It has been 

interpreted that this result may be due to the higher tendency of 

small-sized MPs to adhere on a surface compared to large sizes 

(>300µ). 

Fig. 1.  A schematic removal efficiencies representation of MPs in CWWTP [16,45].
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In another study [48], it was evaluated that MPs 

decreased significantly in the anaerobic digestion process and 

this situation can be accepted as an indicator of the presence of 

MPs in polymeric structure; therefore, it may be due to the 

degradation potential of microorganisms that have an important 

role in the anaerobic digestion process. However, it was stated 

that this interpretation should be supported by other studies. MP 

pollution removal efficiencies in samples taken from different 

points of wastewater treatment plants are summarized in Table 

4. 

There are limited studies in the literature on the transport and 

removal of MPs in wastewater treatment units. Conley et al. 

[52] reported that there may be many reasons for the unretained 

MPs in wastewater treatment plants such as wastewater 

treatment capacity, site, area, seasonal changes in 

organic/inorganic loading on WWTP etc. For example, the 

presence of MPs in domestic wastewater in holiday areas may 

vary depending on the region and season, or since the 

wastewater treatment plant will be operated with an excessive 

load during summer periods, the efficiency of the wastewater 

treatment plant and therefore the MP removal efficiency will 

also decrease. For this reason, the efficiency of MP removal as 

well as the pollutant removal efficiency of the wastewater 

treatment plant within the annual period should be correctly 

characterized by considering these changes.2.4.3. 

Classification of MPs in the WWTPs effluent 

In the literature, many studies about the presence of MPs 

in wastewater treatment plant effluents have been evaluated on 

the type, shape, size, chemical composition, and color of MPs. 

Recent studies of literature are given in Table 5. 

According to Table 5, it has been reported in the literature 

that most fiber types of MPs, which are mostly detected in 

secondary stage output currents of WWTP, are in the range of 

0.5-5 mm in size, their chemical composition is PEST, PEST + 

PA, or PEST + PE, and their color cannot be determined. But, 

there are still a limited number of studies of literature on the 

presence and disposal of MPs at different stages of sewage 

WWTPs. Comprehensive studies are still needed on the 

detection and fate of polyester and polyethylene-based MPs in 

WWTPs. In addition, there is a need for many studies that 

reveal how MP types, which are detected intensively in 

WWTPs, change in the treatment plant depending on the 

treatment processes and operating conditions, and how they 

affect the treatment efficiency. At the same time, issues such as 

removal efficiency and fate in new generation wetland, and 

low-cost treatment technologies are among the issues that need 

to be studied on a scientific scale. 

Table 4. MP pollution removal efficiencies in WWTPs.

Sampling 

Point 
Location Treatment System MP Concentration 

Removal 

Efficiencies 
Reference 

Effluent 
Ljubljana, 
Slovenia 

Secondary - 52% [49] 

Influent 

 
 

United  

Kingdom 

Secondary 15,70 MPs*/L 
98,41% 

 

 
[41] 

Effluent Secondary 0,25 MPs*/L 

Effluent  
Primary (Grit and Grease 

Unit) 
8,7 MPs*/L 44,59% 

Effluent  Primary (Settling) 3,4 MPs*/L 33,75% 

Effluent Secondary  0,25 MPs*/L 20,07% 

Effluent  
Finland 

Tertiary (MBR) - 99,4% 
[30] 

Effluent Secondary - 98,3% 

Effluent 
 
 

 

 
 

 

Finland 

Primary 6,9 MPs*/L - 

[38] 

Effluent Tertiary (MBR) 0,005 MPs*/L 99,9% 

Secondary 
Effluent 

Tertiary (Rapid sand 
filter) 

 97% 

Effluent 
Tertiary (Dissolved air 

flotation) 
 

 

95% 

Effluent Secondary 0,5- 2,0 MPs*/L 40% 

Effluent Tertiary (Disc filter) 0,003–0,3 MPs*/L 98,5% 

Influent 

 
 

 

 
Turkey 

Tertiary 
3,1 MPs*/L 

48% 

 [50] 

Effluent 1,6 (0,3–5.1) MPs*/L 

Influent 
Secondary 

2,6 MPs*/L 
73% 

Effluent 0,7 (0,2–1) MPs*/L 

Influent 
Secondary 

1,5 MPs*/L 
60% 

Effluent 0,6 (0,2–1,2) MPs*/L 

Influent  
 

 

Turkey 
 

 

Secondary 26,555 MPs*/m3  
73% 

[51] 

 

Effluent Secondary 6999 MPs*/m3 

Influent Secondary 23,444 MPs*/m3  
79% Effluent Secondary 4111 MPs*/m3 
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Studies have shown that the WWTPs can remove some of 

the MPs. The MPs in WWTPs are mainly composed of 

polyester and polyethylene. The main morphology is granular 

and fibrous. The removal rate of granules in wastewater 

treatment processes is higher than that of fiber. Population 

density, economic level, urban greening areas, wastewater 

treatment process parameters, sludge dehydration, and 

treatment processes can affect the concentrations and behavior 

of MPs in various stages of WWTPs. 

2.4.4. MPs in WWTP Sludge 

MPs from both conventional and advanced wastewater 

treatment plants have revealed that approximately 99% can be 

removed by absorbing the sludge formed at various stages of 

treatment plant units. MPs in wastewater are mostly removed 

from the water along with primary, secondary, and tertiary 

treatment sludges in WWTPs. Most studies [39; 30; 54] have 

supported the richness of MPs in the WWTPs sludge. 

Therefore, although the treatment sludge with the potential to 

be applied agriculturally poses a significant threat to the 

environment, unfortunately a restriction on the reuse and 

storage criteria of the treatment sludge containing MP pollution 

is still not imposed at national/international level. Table 6 

presents the recent literature about MP concentration in 

WWTPs’ sludges. 

When studies on the investigation of MP presence in 

treatment sludge in the literature are examined, it is seen that 

most of them focus on MPs characterization (chemical). 

composition, size, type, microbial community etc.) in different 

types of sewage sludge; and studies conducted in recent years 

are mostly on evaluating the effects of MPs on sludge treatment 

processes such as aerobic/anaerobic, thermal stabilization, lime 

stabilization, and also microbial community. So, especially 

since international legislation allows wastewater treatment 

plant sludge to be used in the field and it is possible for MP to 

pass to both receiving water and tertiary environments by 

means of treatment sludge, in the future, prevention of 

secondary MP contamination by pre-treatment before the 

sludge digestion process with emerging pyrolysis technologies 

(such as thermal pyrolysis, microwave-assisted pyrolysis and 

catalytic pyrolysis) should be investigated. In addition, MPs 

should be taken into account among water reuse criteria in 

water recovery applications to prevent MP pollution in the 

aquatic and terrestrial environment. 

3. Environmental Impacts of MPs 

MPs can turn into a "cocktail" of chemical pollutants for 

living creatures in aquatic environments. We can call it "plastic 

soup" [58] (Fig. 2). It is estimated that blue whales 

(Balaenoptera musculus), the largest animal on earth, feed on 

plankton, absorb, and retain MPs during their feeding [59; 60]. 

Albatross birds swallow excessive amounts of plastic-like food, 

along with mussels, fish, and squid while aquatic turtles feed on 

jellyfish and eat the MPs surrounding them, mistaking them for 

food. This is because plastics remain in easily removable 

particles and their surface is covered with a biofilm that is 

largely composed of organic materials. 

Table 5. Recent literature about the classification of MPs in the WWTPs effluent.   

Sampling 

point 

Classification of MPs 

(Type, Shape, Size, Chemical composition, Color) 
Reference 

 

Effluent-1 

(Secondary) 

Type: Fiber (60 %), films (20 %), fragments (20 %) 

Size: 1–5 mm (40,5%) 

Chemical composition: PEST (43,8 %) (Most common) 

Color: N.D. [51] 

 

Effluent-2 

(Secondary) 

Type: Fiber (60%), films (20%), fragments (20%) 

Size: 1–5 mm (34,9%) 

Chemical composition: PEST (43,8%) (Most common) 

Color: N.D. 

 

Effluent 

(Secondary) 

Type: Lines (41%), films (38%), and fragments (21%) 

Size: 0,1–0,5 mm (52%), 0,01–0,1 mm (27%), 1–5 mm (14%), 

and 0,5–1 mm, (7%) 

Chemical composition: PEST and PA (Most common) 

Color: N.D. 

[53] 

Effluent 

(Tertiary) 

Type: Fibers (>50 %) 

Size: 0,5-1 mm (> 50%) 

Chemical composition: PEST and PE (Most common) 

Color: N.D. 

[38] 

Effluent 

(Secondary) 

Type: Fragments (>50 %) 

Size: 20–100 µ (> 50%) 

Chemical composition: PEST and PE (Most common) 

Color: N.D. 

[30] 

Effluent 

(Secondary) 

Type: Fibers (>50 %) 

Size: > 500 µ (> 75 %) 

Chemical composition: PE (Most common) 

Color: Black, Blue, Transparent (53 %) 

[50] 
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Fig. 2 Cocktail of pollutants [57]. 

Recent experimental studies show that some 

invertebrates, fish, and zooplankton (for example, mussels (e.g. 

Mytilus edulis), [61] and bivalve mollusks such as oysters, 

echinoderms, crustaceans (e.g. water flea, copepod), lobster 

(Nephros norvegicus), sea cucumber) swallow MPs; and 

therefore, their organs and digestive systems are badly affected 

[62; 63]. Since creatures that feed by filtering water, such as 

mussels, can contain all kinds of substances in the water, 

especially in the receiving environments where wastewater is 

discharged, they metabolize MPs along with various nutrients 

in wastewater. Thus, it is inevitable for these pollutants to pass 

to humans through the food chain and cause various health 

problems. 

MPs can cause toxic effects. Toxicity can be directly 

caused by polymer materials used in the production of plastic 

products; and additives that are added to plastic to improve the 

properties of plastics can also increase toxicity. Furthermore, 

the small size and sharp ends of MPs can cause inflammation 

in the living body [17]. A study on oysters showed that 

composition, size, type, microbial community etc.) in different 

types of sewage sludge; and studies conducted in recent years 

are mostly on evaluating the effects of MPs on sludge treatment 

processes such as aerobic/anaerobic, thermal stabilization, lime 

stabilization, and also microbial community. So, especially 

since international legislation allows wastewater treatment 

plant sludge to be used in the field and it is possible for MP to 

pass to both receiving water and tertiary environments by 

means of treatment sludge, in the future, prevention of 

secondary MP contamination by pre-treatment before the 

sludge digestion process with emerging pyrolysis technologies 

(such as thermal pyrolysis, microwave-assisted pyrolysis and 

catalytic pyrolysis) should be investigated. In addition, MPs 

should be taken into account among water reuse criteria in 

water recovery applications to prevent MP pollution in the 

aquatic and terrestrial environment. 

 

Table 6. Recent literature about MP concentration in WWTPs sludges. 

Sampling point 

Amount 

(MPs 

/Kg dried sludge) 

Classification of MPs 

(Type, Shape, Size, Chemical composition, Color) 
Reference 

 

Sludge 

(28 WWTPs, 79 different sludge) 

 

 

22.7 x 10-3 

Type: Fiber (63%) 

Size: 1–5 mm (40,5%) 

Chemical composition: polyolefin (PO), acrylic fibers, PE, PA, 

alkyd resin, and PS 

Color: White 

 

 

 

[54] 

Sludge (3 samples from Anaerobic 

Sludge and 2 samples from Primary 

Sludge occurred from Urban and 

industrial WWTP) 

 

 

 

N.D. 

Type: N.D. 

Size: N.D. 

Chemical composition: Ethyl 

acrylate (generally using for producing resins, 

plastics, rubbers, or dental materials) 

Color: N.D. 

 

 

 

[55] 

7 WWTPs in Ireland which use 

anaerobic digestion (AD), thermal drying 

(TD), or lime stabilization (LS) treatment 

 

 

 

4196–15385 

Type: Fibers (>75,8 %), Fragment (18,4%) films (1,9%), spheres 

(0,3%), and other (0,9%) 

Size: Smaller size in LS 

Chemical composition: HDPE, PE, and PA 

Color: N.D. 

 

[48] 

Municipal WWTP 

(Kenk€averonniemiWWTP) sludge in 

Finland 

23x103 (±4,2) (Activated 

Sludge) 

 

171 x 103 (±28,7) (Digested 

Sludge) 

 

27,3 x 103 (±4,7) (MBR 

Sludge) 

Type: Fibers (>50 %) 

Size: > 500 µm and < 500 µm 

Chemical composition: PEST (79.1%), E (11,4%) and PA 

(3,7%) 

Color: N.D. 

 

 

[30] 

6 WWTPs’  

sludges in  

Germany 

1x 103 – 2,4 x 104 

 

Type: Fibers (>50 %) 

Size: > 500 µ (> 75%) 

Chemical composition: PE, PP, PA and PS 

Color: N.D. 

[37] 

 

Raw WAS in China 

 

 

2,1 x 103 

Type: N.D. 

Size:< 5 mm  

Chemical composition: PET 

Color: N.D. 

 

 

[56] 

 

 

 

Raw WAS in China 

 

 

 

200 x 103 

Type: N.D. 

Size: 40 ± 2 μm 

Chemical composition: PE (87-96 %) 

Color: N.D. 

 

 

[57] 

 

 

 

Raw WAS in China 

 

 

 

 

2,1 ± 1,1 x 103 

 

Type: N.D. 

Size: 1 mm 

Chemical composition: PET  

Color: N.D. 

 

[56] 
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3. Environmental Impacts of MPs 

MPs can turn into a "cocktail" of chemical pollutants for 

living creatures in aquatic environments. We can call it "plastic 

soup" [58] (Fig. 2). It is estimated that blue whales 

(Balaenoptera musculus), the largest animal on earth, feed on 

plankton, absorb, and retain MPs during their feeding [59; 60]. 

Albatross birds swallow excessive amounts of plastic-like food, 

along with mussels, fish, and squid while aquatic turtles feed on 

jellyfish and eat the MPs surrounding them, mistaking them for 

food. This is because plastics remain in easily removable 

particles and their surface is covered with a biofilm that is 

largely composed of organic materials. 

Recent experimental studies show that some 

invertebrates, fish, and zooplankton (for example, mussels (e.g. 

Mytilus edulis), [61] and bivalve mollusks such as oysters, 

echinoderms, crustaceans (e.g. water flea, copepod), lobster 

(Nephros norvegicus), sea cucumber) swallow MPs; and 

therefore, their organs and digestive systems are badly affected 

[62; 63]. Since creatures that feed by filtering water, such as 

mussels, can contain all kinds of substances in the water, 

especially in the receiving environments where wastewater is 

discharged, they metabolize MPs along with various nutrients 

in wastewater. Thus, it is inevitable for these pollutants to pass 

to humans through the food chain and cause various health 

problems. 

MPs can cause toxic effects. Toxicity can be directly 

caused by polymer materials used in the production of plastic 

products; and additives that are added to plastic to improve the 

properties of plastics can also increase toxicity. Furthermore, 

the small size and sharp ends of MPs can cause inflammation 

in the living body [17]. A study on oysters showed that 

polyester-based MPs have negative effects on reproductive 

disorders and juvenile oysters [64]. It is known that MPs have 

an effective role in the transport of toxic pollutants along the 

food chain. Unfortunately, MPs, which we almost cannot 

escape in our daily life, are known to be present in foods and 

beverages such as salt, seafood, sugar, honey and even soda, 

and indoor and outdoor air. This suggests that all living 

creatures are exposed to MPs through nutrition and inhalation, 

but this leads to new health and environmental problems and its 

effects are not yet known, results sometimes irreversible. 

Studies on the negative effects of MPs in terms of physiology 

and homeostasis highlight their chemical and microbial 

hazards. Inhaled and swallowed MPs may accumulate in tissues 

and impair homeostasis locally or in general, either suppressing 

the immune system or making it hypersensitive. Monomers, 

additives in plastics, are adsorbed and chemical toxicity may 

occur as a result of contaminants leaking into tissues. Generally, 

seeing the effects related to chronic exposure makes the process 

more dangerous and studies in this area are still insufficient. For 

instance, MPs with sizes in the range of 1-5 mm can cause 

blockages in the primary treatment stage. 

3.1. Effect of MPs on Pollutant Removal and 

WWTPs’ Process Efficiency 

Treatment processes commonly used in wastewater 

treatment are divided into 3 groups: primary (physicochemical), 

secondary (biological), and tertiary (advanced). While the solid 

and suspended organic and inorganic substances in the 

wastewater, which can be removed by the effect of relative 

gravity, are removed physicochemically, most of the dissolved 

organics can be removed by the secondary treatment stage. 

While biological treatment processes, which are widely 

preferred in wastewater treatment, are designed to remove 

conventional parameters such as COD, nitrogen, and 

phosphorus, recent studies have revealed that a significant 

portion of MPs are attached to treatment sludge. If a chemical 

coagulant is used at this stage, the high surface area and 

hydrophobic nature of MPs will result in a decrease in the 

removal efficiency at this stage, so a high amount of chemical 

use is required during this removal, and too small amount of 

MPs are discharged to aquatic environments with effluents. 

Because of these properties, they can adversely affect removal 

efficiency as they can adsorb toxic substances. On the other 

hand, MPs in raw wastewater negatively affect biological 

treatment. Especially NPs cause the most impact on the 

microbial community in nitrogen removal processes. It has been 

reported in the literature [65] that it reduces the oxidation of 

NH4-N to NO3 during the nitrification process. In other studies 

[66; 67], it is suggested that it causes inhibition of denitrified 

bacteria by causing ammonia accumulation during the 

denitrification process. On the other hand, it has a lower 

negative effect on phosphorus removal than nitrogen removal. 

It has been suggested that this can be explained by the fact that 

organisms that play a role in nitrogen removal are more 

sensitive than those in the phosphorus process [68]. Thus, 

although it depends on the size and chemical composition of the 

MP, it generally creates more significant negative effects on the 

nitrogen removal process than on phosphorus. 

When the literature studies on the effects of MPs on 

wastewater treatment system efficiency [49; 69; 57] are 

examined, it has been reported that they do not have any 

significant effects on Sequencing Batch Reactor (SBR) 

systems; and although they provide a suitable surface area for 

microbial adhesion and proliferation in Biological Active Filter 

(BAF) systems, the head load loss in the filter increases and 

requires more frequent cleaning.  Also due to its’ spherical 

form, it easily binds to suspended solids in wastewater and 

reduces the amount of volatile suspended solids in the effluent. 

Furthermore, studies in the literature [70; 71; 72] have proven 

by respirometric measurements that polyethylene-based 

positively charged nanomicroplastics (NMPs) have a high 

tendency to attach onto activated sludge culture (Fig. 3), which 

is considered to have a negative charge, and cause acute 

inhibition at high MPs concentrations [73]. A representation of 

NMPs with different charges that can interact with the cell wall 

of microorganisms is presented in Fig. 4. In addition, it has been 

stated that NMPs cause changes in the protein structure of 

extracellular polymeric substances (EPS) released from 

activated sludge culture during the biochemical oxidation 

processes in ASS. 

In addition, in studies conducted on the presence and 

removal of MPs in sewage sludge [57] it has been demonstrated 

that in cases where MPs are continuously entering wastewater 

treatment plants, MPs result in an increase in the amount of 

sludge by approximately 9.1%; and since MPs are generally 

removed from wastewater with sewage sludge, parallel to this, 

an increase in sludge removal and disposal costs is observed.  
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Fig. 3 Schematic representation of MP attaching mechanism to 

on microbial community [72]. 

 

Fig. 4 NMPs with different charges that can interact with the 

cell wall of microorganisms [74]. 

So, it has been reported in the literature [41, 74-75] that WWTP 

operating conditions (F/M ratio, hydraulic holding time, sludge 

age, volumetric loading rate, etc.) may cause an increase in MP 

amounts (mostly in the form of fiber and white color) in the 

effluent or sludge (primary, secondary, or tertiary). 

On the other hand, in tertiary treatment processes 

(chemical settlement, disinfection) by using chemicals such as 

aluminum or iron salts, chloride, ozone, it has been reported 

[75; 76] that the need for chemicals increases due to MPs with 

negative surface charges, hinders chlorine effect, and can be 

oxidized easily by oxidants which cause an increase in tertiary 

treatment costs. Similarly, in flotation applications, due to MPs, 

which have a high tendency to bind the suspended substances, 

the amount of air as a basis in system design is not sufficient to 

carry these materials to the surface; and thus, it results in an 

increase in air demand and increased treatment costs. In 

addition, due to the potential of MPs to cause irreversible 

clogging on polymer membrane surfaces, it has been 

demonstrated in the literature that the membrane process 

efficiency decreases and energy consumption increases [77; 78; 

79; 80]. 

Furthermore, MPs also have effects on sludge 

dewatering, aerobic, and anaerobic sludge digestion processes, 

which are widely used in wastewater treatment plants. Since the 

main mechanism in anaerobic sludge digestion processes, 

which have been used widely in recent years, is based on the 

conversion of particulate organic materials into dissolved 

organics under anaerobic conditions, the presence of MPs in the 

sludge can directly affect this transformation. For example, 

when the studies on this subject are examined [81], it is 

observed that where the PVC form of MPs is the dominant type 

in the wasted sludge, the amount of dissolved COD increases as 

the amount of MPs increases, while PE-based ones do not cause 

any effect on this transformation. In addition, it has been 

observed that there are studies [57; 82; 56] showing that MPs 

cause negative effects on the hydrolysis of polysaccharides and 

proteins in the sludge and the degradation of intermediate 

products such as butyrate in the anaerobic phase. Besides, it has 

been determined that the anaerobic digestion process of MPs 

with nanoparticular structure also has effects on methane 

production efficiency. Wei et al. [57] reported that the presence 

of PE-based NMPs in wastewater treatment plant sludges in 

high concentrations caused a decrease in the hydrolysis rate 

during anaerobic digestion and thus a decrease in methane 

production efficiency. 

4. Recent Developments on MPs Detection in 

Wastewater and WWTPs 

When the studies in the literature on the detection of 

different types of MPs in both raw wastewater and WWTP 

effluent and sludge are examined, it is understood that different 

approaches and standards can be applied. But generally, it is 

observed that 4 stages are very important to identify accurately 

and precisely of the characterization of MPs found in different 

size, shapes, and chemical compositions in the environment. 

These stages can be summarized as Sampling Approach and 

Extraction Method, Pre-Treatment Application (Digestion) and 

Separation Techniques, Qualitative and Quantitative Analytic 

Techniques, and Quality Control for Measurement Accuracy. 

MPs of different sizes, shapes and compositions are 

difficult to characterize in wastewater and sludge. Therefore, 

depending on the wastewater/sewage sludge source we will 

examine, it is necessary to examine the studies in the literature 

before deciding which approach to adopt for these 4 stages. 

4.1. Sampling Approach and Extraction Method 

Two different approaches such as grab and continuous 

can be used during sampling for MP characterization. Both 

approaches have advantages and disadvantages relative to each 

other. However, while grab sampling can cause unavoidably 

high errors in detecting micro-and nano-sized MPs, the 

continuous sampling approach [38; 83] can determine the day 

and night fluctuations of MPs in wastewater and reveal their 

random (e.g. in the measuring range set in hours or minutes for 

24 hours) distribution, giving more realistic results. Therefore, 

it would be more accurate to adopt a continuous sampling 

approach during the sampling phase. On the other hand, 

sampling from sludge samples is slightly different. In sludge 

sampling, the use of van Veen trap samplers is generally 

preferred. However, the most important point to note here is 

that the samples must be washed with deionized water and 

filtered through a series of mesh sieves before analysis. [84]. 

Also, the chemical treatment of sludge can create significant 

changes in the concentration and morphology of MPs in the 

sludge [48; 85]. In this case, it is absolutely necessary to take a 

sample before the sludge treatment process. 

Furthermore; MPs in wastewater can be collected in 

different ways, mainly including container collection, 

autosampler collection, separate pumping, filtration, and 

surface filtration [86; 41; 87]. In general, the sample volume of 

raw wastewater is preferred to be small. Raw wastewater is 

dense in terms of organic matter, and large volumes of samples 

cause clogging of filters and sieves [88]. To minimize sampling 

errors and maximize data quality, an MP sampling guide should 

be developed, which aims to provide an effective and informed 
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choice of appropriate sampling mode and frequency for each 

case. Therefore, in the literature, it is recommended to reduce 

the sampling uncertainty of MPs in the wastewater system by 

adjusting the sampling mode and sampling frequency according 

to the purpose of the study and flow characteristics [89; 90].  

However, other aspects such as particle dynamics related 

to the density and geometry of MPs should also be considered 

when deciding on the sampling approach. Collected wastewater 

samples are usually filtered to concentrate MPs. Thus, the pore 

sizes of the sieves and filters will have a great influence on the 

amount of MPs collected [86]. However, studies so far show 

that a very wide sieve range between 38-4750 µm can be used 

[91]. The MPs kept on the sieves are pre-treated after they are 

washed with distilled water and dried. 

On the other hand, the sample volume that will be needed 

for the characterization of MPs is different for raw and treated 

wastewater. Especially in the structure of raw wastewater, 

sampling in large volumes is not appropriate due to the presence 

of high amounts of organic pollutants that can quickly clog the 

filters and sieves to be used during sampling. However, in 

wastewater treatment plant effluent with low organic content, 

high volumes of wastewater samples are needed to accurately 

and precisely determine the amount of MPs. Especially if it is 

aimed to identify large MP particles (>300 µ), working on high 

volume samples, such as approximately 10.5–13.5 L, 

contributing 5% of the total amount of particles, will always 

give more accurate results [95]. However, if the detection of 

small-sized MPs (20 µm -100 µm MPs contributing 70% of the 

total amount of particles,) is targeted, then only 2 L will be 

sufficient [38]. However, in the literature, it is recommended to 

determine the entire MP presence between 1 µm and 5000 µm 

in order to make a comprehensive characterization [88; 92]. 

Moreover; sampling for MP characterization in sludge 

samples is slightly different. For MPs in sewage sludge, 

separation by direct filtration has rarely been applied (applies 

only to spectroscopic measurement) as the sludge contains a 

much higher percentage of solids and organic matter than 

wastewater [86; 41]. It is sufficient to collect the sludge sample 

(~5-20g) in a glass container and cool it in the dark (~4 °C) 

before transporting it to the laboratory for MP extraction. 

The most commonly used method for a sample collection 

from WWTPs is the filtration collection technique. In this 

application, wastewater is collected from the treatment 

processes either through surface filtration or pump/steel 

bucket/autosampler which is then filtered with a sieve or a set 

of sieves such as stainless-steel filter, Trawl, Tyler sieve, 

Ruttner sampler, steel sieve or glass fiber filter. The retained 

MPs are washed and filtered at the point where they are sampled 

in a clean container using ultrapure water, and sent to the 

laboratory after being stored in the sampler for further 

laboratory processing. It is stated that various metallic mesh or 

sieves are used for filtration, usually combined with mechanical 

sieving [84]. While these mesh/sieve sizes vary up to the size 

of the MPs collected, the use of different sieve series is noted 

to provide a more precise characterization of the MPs by size 

[93]. 

4.2. Pre-treatment Application (Digestion) and 

Separation Techniques 

After the sampling stage, depending on the content of the 

sample (wastewater or sludge) to be examined, either the 

removal of the contaminants outside the MPs in the sample and 

then the separation process, or the direct further analysis of the 

sample after some advanced separation techniques 

(Electrostatic separation, Pressurized fluid extraction, 

Ultrasonic dispersion, Fluidization-flotation, Density 

fractionation, Oil extraction, Heating, Elutriation, Magnetic 

extraction)  without removing these contaminants can be 

performed. In some studies carried out in the literature, it has 

been reported that MPs are collected from the surface by 

filtration and are characterized by direct further analysis of the 

MPs in the sample without removing other contaminants. The 

studies conducted by Tagg et al. in 2017 [94] reported that the 

samples, containing high organic matter content which is likely 

to be found in higher amounts compared to the presence of 

MPs, collected from both receiving environments and 

wastewater treatment plants may interfere with advanced 

analysis techniques such as FTIR and Raman Spectroscopy 

which are used in the chemical characterization of MPs. In the 

literature, mainly, it has been reported that either oxidative 

enzymatic degradation through the use of enzymes such as 

protease, lipase and cellulose, or the conventional oxidative 

purification can be used for this purpose. Conventional 

oxidative treatment is reported to be more appropriate, since 

enzymatic degradation takes place over a very long time, such 

as 13 days [37]. 

Among conventional oxidative methods, chemical 

pretreatment is the preferred method to separate organic 

particles from MPs. For this purpose, as pre-treatment steps in 

both sludge and wastewater samples, different options can be 

used, mainly acidic treatment, alkali treatment, NaClO, Fenton 

reactants, H2O2, Alcohol, HCl, nitric acid, and KOH [75; 95; 

96]. Studies have shown that nitric acid and KOH can damage 

biopolymers and cellulose, respectively; while among all these 

studies, H2O2 has the best potential to degrade organic matter 

in samples without damaging MPs [87]. In addition, some 

studies in the literature have shown that the use of 30% H2O2 

is quite successful in removing organic matter and bound 

biogenic materials, especially before the identification of MPs 

in the samples by FTIR and Raman spectroscopy [97; 98] . On 

the other hand, in a study conducted by Munno et al. in 2018 

[99], they concluded that a short heating period of 30 minutes 

helps speed up the reaction process and provides better and 

easier filtering of the samples. However, the most important 

point to be considered here is that it would not be appropriate 

to reach higher temperatures considering the possibility that the 

temperature to be applied may melt some MPs that may be 

present in the sample [99]. Although there are many primary 

treatment methods in the literature for the separation of MP 

residues from other pollutants in the wastewater sample, the 

catalytic Wet Peroxide Oxidation (WPO) method which is 

declared by NOAA Marine debris program, is both effective 

and fast: oxidation time (reaction time) can be reduced to hours 

or minutes compared to days in other methods.  
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The Catalytic Wet Peroxide Oxidation (WPO) method is a 

commonly preferred method for the extraction of MPs. In this 

method, hydroxyl radicals formed during the decomposition of 

hydrogen peroxide can be used successfully in the extraction of 

MPs from wastewater, since they do not decompose MPs while 

oxidizing most natural organic substances to carboxylic acids, 

aldehydes, CO2, and H2O. Also in this method, the presence of 

catalysts (FeSO4) allows rapid degradation of organic materials 

under mild conditions. The specific way of application is to add 

FeSO4 and H2O2 to the sample and then heat at 70 °C and mix 

for 30 minutes or until the reaction is complete. Residual 

organic matter can be oxidized with the addition of 30% 

hydrogen peroxide, known as Fenton reactants, and Fe (II) 

catalyst (20 mmol/L) [20]. The dosage of Fenton reactants 

ranges from 5 mL to 20 mL depending on the solid mass of the 

samples. After 3 hours of reaction, the samples are dried at 60 

°C until the remaining H2O2 has completely evaporated [100]. 

Alternative methods for removing organic matter in 

wastewater and sludge samples include alkaline treatment and 

acid treatment [29]. However, there is concern about the 

application of these methods. Coles et al. (2014) found that this 

(10M NaOH at 60°C) would damage MPs. Also, strong 

oxidizing acids such as sulfuric acid and nitric acid destroy or 

damage low pH intolerant polymers (e.g. polyamide, 

polystyrene) [85; 101]. Acid purification is usually carried out 

with a heating block or microwave digestion at 110-120 °C, 

while some MPs have even been observed to melt at 90 °C [40]. 

While only one study used isopropyl alcohol to remove organic 

matter impregnated into MPs, its removal efficiency was not 

tested [55]. 

Other approaches, such as ultrasonication combined with 

deionized water or SDS (sodium dodecyl sulfate) solution, have 

also been applied to treat seawater samples in the past, but not 

for wastewater samples, possibly due to the formation of MPs 

smaller than brittle plastic samples by applying these methods 

[102; 103] 

Moreover, after removing the impurities other than MPs 

in the sample, the most commonly preferred separation step is 

based on density difference. This method is based on the density 

difference between the polymers and the sample medium. Each 

polymer in the wastewater structure has a characteristic density 

ranging from 0.90 to 1.6 g/cm3. Therefore, MPs flotation is 

accomplished using a solution with a higher density than 

polymers such as sodium iodide (NaI), sodium chloride (NaCl), 

sodium polytungstate (SPT), and zinc chloride (ZnCl2). NaCl 

(1.2 g/cm3) is an inexpensive and environmentally friendly salt 

used for the extraction of low-density polymers. The choice of 

this saturated solution depends on the density of the polymer to 

be extracted, such as  PE (0.91– 0.92 g/cm3), PS (1.04–1.1 

g/cm3), and PP (0.9–0.91 g/cm3)  have densities. On the other 

hand, NaI (1.8 g/cm3), SPT (1.4 g/cm3) or ZnCl2 (1.5-1.7 

g/cm3) mainly PET (1.37– 1.45 g/cm3), and PVC (It has been 

reported in the literature to be used for the extraction of high-

density MPs such as 1.6-1.58 g/cm3) [32;104;105].  

Sewage sludge is a more challenging sample than 

sediment, as most of the organic matter, microorganisms, and 

inorganic particles in sewage sludge are bound together by 

biopolymers and consist of a viscous matrix with high affinity 

for polymer surfaces. Currently, methods of extracting MPs 

from sludge are time consuming and require expensive density 

separation reagents and large numbers of oxidants for organic 

matter removal. Hurley et al. has also confirmed the 

applicability of Fenton's reagent along with density separation 

in the extraction of MPs from solid substrates (sludge, soil, 

etc.). For this purpose, an ice bath will be used to reduce the 

decomposition of hydrogen peroxide and regulate the reaction 

temperature and keep the temperature below 40 °C, thus 

providing a great protection for MPs [106]. On the other hand, 

similar to wastewater, saturated solutions such as ZnCl2, NaI, 

and CaCl2 can be used for density-based extraction of MPs 

from sludge. When sludge samples are placed in a high-density 

salt solution, the plastic particles float on the surface of the 

solution while the denser sludge materials remain below the 

solution. The use of high-density salts such as ZnCl2 and NaI 

is preferred to improve MPs recovery. In summary, these 

processes include adding the extractant to the sample, static 

precipitation, and then filtration through a polycarbonate 

membrane filter. These steps are repeated several times to 

extract MP from the sludge samples. It is also very important to 

consider the economic principle when choosing extraction 

methods. 

4.3. Qualitative and Quantitative Analysis 

Techniques 

In general, the analysis of MPs can be classified into 

physical characterization and chemical characterization. 

Physical characterization mainly refers to characterizing the 

size distribution of MPs as well as evaluating other physical 

parameters such as shape and color. On the other hand, 

chemical characterization has mainly been applied to explore 

the composition of MPs. 

Microscopy is the most widely used technique for 

physical characterization. It can be used directly to measure the 

size and characterize morphology. However, MPs that are too 

small in size in the microscopic analysis are more likely to be 

missed or incorrectly counted. For example, it is sometimes 

difficult to distinguish between synthetic and natural fibers such 

as textile fibers made from cotton [86]. Therefore, different 

measures have been taken to avoid possible errors. Grid petri 

dishes with sequentially numbered grids were used to facilitate 

particle counting [40]. A number of criteria have been applied 

to distinguish synthetic fibers from biological ones. These 

criteria [107; 32]: 

• Synthetic fibers must be of equal thickness over their 

entire length 

• Synthetic fibers must not be completely straight, 

indicating a biological origin 

• No cellular or organic structures should appear that 

would qualify a fiber as MP 

Also, a staining method was used to minimize the 

prediction of suspicious MPs [29]. By applying the Rose-

Bengal solution, natural microparticles such as natural fibers 

should be dyed pink, which provides visual separation of non-

plastic particles and pink [108]. It has been demonstrated that 

the accuracy of MP characterization by microscopy can be 
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increased with the above-mentioned measures. However, the 

method has been reported as time consuming due to the 

inability to distinguish polymer types and the lack of 

automation. It is difficult to precisely identify each specific type 

of plastic in the samples due to its unique physical and chemical 

structure. Conventional methods used to identify MPs include 

visual identification, advanced analytical techniques such as 

FTIR (Fourier transform infrared) and Raman. It is difficult to 

precisely identify each specific type of plastic in the samples 

due to its unique physical and chemical structure. Chemical 

characterization of MPs can increase the accuracy of MP 

identification and their composition can be determined more 

accurately.  FTIR is the most frequently reported method for the 

analysis of MPs obtained from AATs. With this technique, the 

MP particle is exposed to infrared radiation and a spectrum is 

obtained in which characteristic peaks correspond to specific 

chemical bonds between atoms. The resulting spectrum can be 

used to identify sample composition by comparison with the 

reference spectrum library. 

However, these reference spectra always represent ideal 

samples not typically found in the environment [41]. Therefore, 

it is necessary to establish a library of atypical reference plastics 

from various sources, including wastewater treatment plants, 

which allows the comparison of many more environmental 

samples. In addition, conventional FTIR analysis is laborious 

because MPs must first be selected under the light microscope 

and then analyzed for the spectra of each particle individually 

[109]. 

Due to the high cost of these conventional advanced 

analytical techniques in recent years; qualitative methods such 

as TED-GC–MS (Thermal extraction desorption-gas 

chromatography-mass spectrometry, Stereomicroscope, AFM-

IR (Atomic Force Microscopy) and quantitative  methods such 

as NR-FTIR (Nile Red- FTIR ), Micro-Raman, FPA-FTIR 

(Focal Plane Array-FTIR), ATR-FTIR (Attenuated Total 

Reflection-FTIR), DH (Digital Holography), TGA-DSC 

(Thermogravimetric Analyzer-Differential Scanning 

Calorimetry), Vis-NIR (Visible Near Infrared) Spectrum, Pyr-

GC-MS (Pyrolysis-Gas Chromatography-Mass Spectrometry), 

SEM-EDS (Scanning Electron Microscope-Energy Dispersive 

Spectrometer) , Reflection Microscope, NMR (Nuclear 

Magnetic Resonance),  and GPC (Gel Permeation 

Chromatography).  

FTIR combined with FPA (Focal Plane Array) detector, 

NR staining, TGA-DSC etc. are new methods and have been 

developed that are more economical and capable of identifying 

with higher precision. The discovery of new analytical 

instruments and their inter-pairing or combining existing 

conventional instruments can overcome recent challenges in the 

identification of MPs. The recent development of focal plane 

array (FPA)-based micro-FTIR imaging may be more effective 

for evaluating the spectra of individual particles in a sample, 

resulting in high-throughput analysis of the total MPs in a 

sample [110]. Mintenig et al. [37] used FPA-based transmission 

micro-FTIR to identify MPs in both wastewater and sludge 

samples, as they thought that IR transmission showed better 

images than IR reflectance. However, the FPA-micro-FTIR 

technique is still limited [37]. In addition, since the lateral 

resolution of micro-FTIR spectroscopy is always limited to 

certain diffraction ranges (for example, 10 µm at 1000 cm-1), 

samples up to 10 mm-20 mm can hardly be analyzed [103]. 

Raman spectroscopy is another frequently used 

spectroscopic method to identify MPs. This is a vibrational 

spectroscopy technique based on the inelastic scattering of 

light. It provides information about the molecular vibrations of 

a system in the form of a vibration spectrum and enables the 

identification of the components present in the sample [111]. 

Compared to FTIR, Raman techniques show better spatial 

resolution (up to 1 mm) [112]. It also has higher sensitivity to 

non-polar functional groups. However, Raman spectroscopy is 

prone to light interference from microbiological, organic, or 

inorganic substances in samples. Therefore, purification of 

samples should be done carefully to avoid unwanted sample 

modification before Raman analysis [113]. 

MPs can also be analyzed by scanning electron 

microscopy (SEM) based techniques. Conventional SEM 

produces images of MPs by scanning the surface with a focused 

electron beam, which is used to characterize the surface 

morphology of MPs in sewage sludge [48]. In addition, SEM-

energy dispersive X-ray spectroscopy (SEM-EDS) and 

scanning electron microscopy-EDS (ESEM EDS) can be used 

both to characterize the surface morphology of MPs and to 

determine the elemental composition of polymers based on 

diffraction and reflection [114;115;116]. 

On the other hand, GC-MS-based techniques and LC-

based techniques can be used for the rapid identification of 

plastic in the sample. GC-MS methods are generally applied 

with thermo-analytical techniques that identify MPs by 

analyzing mass spectrometry of thermal degradation products 

[117; 118]. A capillary column (Agilent Technologies, Santa 

Clara, USA) with 250 µm ID and 0.25 µm film thickness is used 

for chromatographic separation. LC-based techniques can be 

performed in the form of size chromatography, which separates 

dissolved analytes from their hydrodynamic volume as a 

function of the effective size of the molecules [113]. Both 

methods can analyze polymer types and obtain quantitative 

results with appropriate calibration, which facilitates the 

assessment of contamination of the ecosystem under 

consideration with plastic particles. Unlike spectroscopic 

techniques, these methods do not have any requirements for MP 

size at the time of measurement because they do not provide 

direct information about the size and number of particles. It is 

still debated how to link the two dimensions of the analysis 

output (i.e. mass and number) to gain a holistic view of MP 

concentrations. Moreover, these methods are still under 

development for environmental sample analysis and have not 

yet been applied for the analysis of MPs from WWTPs. 

While nano-sized MPs can be successfully detected using 

AFM technology combined with IR or Raman spectroscopy, 

polystyrene-based MPs can be detected sensitively with AFM-

IR hybrid technology. Biosensor technology, which uses the 

relationship between the proteins on the surface of nanoplastics 

and the stress response genes of specific substance-sensitive 

microorganisms, has also been reported in the literature as a 

candidate method for the detection of nanoplastics [119]. 

Conventional techniques used during preprocessing, which is 

the most important step of MPs identification stages, are time-
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consuming and have a high probability of obtaining erroneous 

results. For this reason, it has been demonstrated in recent years 

that MPs in water can be detected quickly without applying pre-

processing steps in a portable Raman micro spectrometer 

operating on the basis of continuous spectral analysis of flowing 

water as a reliable and easy method that can be used in real 

environmental samples. Şim et al. reported that a 5 mg/L NR 

(fluorescent staining) solution can effectively stain MPs and 

can be easily detected by green fluorescence. It has also been 

reported that, in addition to PVC, PA and PES, PE, PP, PS, PC, 

PU, and poly (ethylene-vinyl acetate) based MPs can be 

successfully detected with the NP staining technique [120]. 

This method has been found to be quite successful in terms of 

identifying MP samples in the laboratory and quantitatively 

detecting them directly and quickly. In addition, the rose-red 

staining technique, which makes it easier to detect plastic-based 

materials without any toxic effects, has also been studied for the 

detection of MPs [121]. 

4.4. Quality Control for Measurement Accuracy 

Contaminations during sample collection and 

pretreatment [17] can result from the equipment and devices 

used, and even from workers' clothing [10; 37; 38]. Therefore, 

different precautions must be taken to avoid potential bias from 

these contaminations. For example, all equipment should be 

thoroughly rinsed before use, and the use of plastic materials 

should be avoided as much as possible. It is recommended to 

wear laboratory clothing made of natural fabric during all 

laboratory procedures. Samples should usually be sealed in 

petri dishes or covered with aluminum foil to minimize airborne 

plastic contamination. It has also been suggested to set up a 

control sample, which is processed in parallel with the test 

samples, along with all stages of sample processing, to identify 

any possible plastic contamination from the laboratory [29]. 

Another issue with MP detection is potential sample loss 

during sample extraction [122; 123; 94]. It is therefore 

recommended to test the recovery of MPs after the extraction 

processes. A certain amount of MPs of a certain size and color 

can be added to the water and subjected to the same 

pretreatment and extraction processes such as wastewater or 

sludge samples to determine the recovery rate. The number of 

specific MPs added is then counted and the recovery rate can 

be calculated. It has been reported that a high recovery rate of 

84.5 ± 3.3% was achieved after enzymatic purification using 

polyethylene (PE) as the model polymer [123]. 

5. MPs Policies/Applications in The World and 

Turkey 

Since plastic pollution is a global environmental problem, 

preventions taken against plastic pollution require countries to 

work in cooperation and coordination in policy making and 

taking precautions. Although policies to prevent MPs are 

becoming widespread, most countries aim to expand the scope 

of these policies. For example, the placing of products used for 

rinsing, peeling, or cleaning containing solid plastic particles on 

the market is prohibited from January 1, 2018 onwards in 

France. The use of plastic bags in supermarkets has been 

banned and it is aimed to introduce a ban for plastic cotton buds 

as of January 1, 2020. The German Federal Environment 

Agency (UBA) published a report on MPs in 2015 and stated 

that microbeads used in cosmetics and personal care products 

do not have an effective role in MP pollution. They also pointed 

out that it would be more effective to reduce plastic waste at the 

national and global level. In addition, Italy has announced that 

it will ban non-biodegradable plastic cotton buds from January 

1, 2019 onwards, while microbeads used in cosmetics would 

also be banned in 2020. In March 2017, the Environment 

Directorate of the Norwegian Ministry of Climate and 

Environment prepared a report on reducing marine litter and 

MPs, and declared that it aimed to reduce the amount of MPs 

increasing in the ocean. Norway focused on secondary MPs 

such as automobile tires, artificial turf, paint, and abrasion of 

textiles, and stated that equipment used in the fishing and 

aquaculture sectors, which are among the most common 

activities in the country, are among the important sources of MP 

pollution. For this reason, it has brought the obligation to 

prepare expanded manufacturer responsibility plans for this 

equipment regionally in Norway. Belgian industry has 

expressed its full support for a voluntary agreement to phase out 

MPs in all rinses and cosmetics and toothpastes. Although the 

discussions about which product should be used as a substitute 

for the use of microbeads continue, it has announced that it aims 

to ban all plastic particles (microbeads) by 2020. They ban on 

the use of rinsing products and cosmetic products containing 

microbeads in Switzerland which entered into force at the 

beginning of 2018, and as of January 2019, it is aimed to ban 

all products that cause MP to be released. However, in this 

regulation, products containing "natural polymers, long 

molecules that are not synthesized and chemically modified" 

are excluded from the scope of the ban. Moreover, the 

government stated that the implementation of these policies and 

prohibitions at the EU level, not at the national level, would 

yield more effective results [124]. While the manufacture of 

microbeads used in rinses and cosmetics was banned by the 

British Government in January 2018, rinsing and cosmetic 

products containing microbeads were banned from June 

onwards. However, it is aimed to ban not only microbeads, but 

also disposable plastics, plastic sticks, and cotton bud sticks. 

Besides, Canada is one of the countries that should have 

a high responsibility for plastic pollution because it has long 

coastlines and continues its activities in the oceans. In 

November 2018, the Ministry of Environment set up a science 

agenda in Canada and hosted science workshops covering the 

development of Canadian science on plastics. Regulatory 

precautions such as prohibitions, fees, producer responsibility 

programs, and garbage regulations covering plastic products 

and other wastes have been taken into consideration in public, 

regional, and municipal administrations. In addition, they took 

part in non-regulatory practices such as education campaigns, 

recycling, and deposit programs on this subject. The recycling 

system for beverage containers is well established across the 

country, with Canadian companies taking action to reduce 

plastic waste and marine litter. As a national policy, Canada 

started to charge consumers 5 cents for all shopping bags in 

February 2016 . On the Island of Montreal, a tax was introduced 

in 2018 for plastic bags larger than 50 m. New federal 

wastewater regulations came into force in 2012. The scope of 

this regulation includes mandatory minimum standards for 

secondary wastewater treatment. These standards aim to no 

longer discharge untreated wastewater into Canada's freshwater 
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and marine environment after this regulation [125]. While bans 

on primary MPs in Canada are a step toward mitigating 

pollution, the presence of secondary MPs still causes 

decomposition of plastics and accumulation in marine 

environments [5]. Microbeads, one of the types of MPs, were 

defined as toxic substances under the Canadian Environmental 

Protection Coverage Act (CEPA) on August 1, 2015. The steps 

to ban the import, production, and sale of cosmetics and 

personal care products using microbeads accompanied this law. 

In these studies, the limitations of cleaning products, printer 

toners, and abrasive substances, which are among the products 

that use microbeads, were left in the background, especially 

focusing on cleaning and cosmetic products [126]. Import and 

production of personal care products and toiletries containing 

microbeads started to be banned on July 1, 2018 and these bans 

were completed in 2019. The Fisheries, Oceans and Canadian 

Coast Guard identified MPs as a research priority from 2017 to 

2020 [138] and funded different projects to better understand 

the effects of MPs on aquatic life. Although there are studies to 

ban MP sources in Canada, the bans are not comprehensive. 

The most important reason for this is that there is no substitute 

product to be used instead of MP sources used in medical 

products. However, even if the MPs in the oceans are mitigated, 

the plastic particles formed as a result of the breakdown of 

macroplastics continue to pollute the oceans. 

Due to national/international concern in Turkey, 

importance was given to the integrated and regular conduct of 

coastal and marine monitoring studies, and an ecosystem-based 

and holistic monitoring approach was introduced with the EU 

Marine Strategy Framework Directive (DSFD) and EU Water 

Framework Directive (WFD) strategies in the 2000s. MPs have 

been monitored in the DSFD and since there is no international 

certainty about sampling and analysis of MP monitoring, 

qualified researches have been carried out at only 9 points in 

Turkey since 2013 [127]. As an example of the monitoring 

studies carried out with the support of the Ministry of 

Environment and Urbanization, the monitoring programs 

covering the years 2014-2016 by TÜBİTAK Marmara Research 

Center can be shown. These programs were made for all seas, 

and presented to the public as "Integrated Marine Pollution 

Monitoring Work 2014-2016 Summary Reports" aiming to 

guide the policies to be followed. In addition, an agreement has 

been made in cooperation with TÜBİTAK-MAM to establish a 

monitoring program for the 2017-2019 periods at the Ministry 

of Environment, Urbanization and Climate Change. It was 

decided to carry out a three-year monitoring in Marmara and 

two-year monitoring on the other coasts, and pilot studies were 

carried out on MPs between 2014 and2016 [128]. Within the 

scope of the project, workshops were held in the Marmara 

region in 2017, the Black Sea region in 2018, and the 

Mediterranean and Aegean region in 2019, and the reports 

obtained as a result of monitoring at these workshops were 

shared with NGOs (National Govermental Organisations), 

universities, municipalities, public institutions, and other 

relevant stakeholders. In addition, projects such as marine 

waste/MP researches and "I Know My Sea, I Protect My Sea 

Education" for primary education are carried out at METU-

Marine Sciences Institute. While the National Monitoring 

project was supported by the Ministry of Environment, 

Urbanization and Climate Change; MP 1 and MP 2 project was 

supported by TÜBİTAK [129]. 

With the regulation in the Law on the Amendment of the 

Environmental Law and Some Laws, as of January 1, 2019, the 

pricing of plastic shopping bags has been regulated. According 

to this regulation, the agreed fee must be collected by the point 

of sale upon the consumer's request for plastic bags. When we 

look at the regulation on plastic bags, this taxation does not 

cover all bags. Bags with a thickness of more than 15 microns 

are charged a fee, and bags used for cosmetics, food, and nuts 

are not included in the scope of taxation. In addition, in the thin 

bags where the food is placed for hygiene requirements in the 

markets; and plastic bags used for foods such as bread and 

vegetables are not given to the consumer free of charge. 

Although there are no direct policies for MPs in Turkey, there 

are practices to solve this problem. Integrated monitoring 

studies are carried out with the support of the Ministry of 

Environment, Urbanization and Climate Change. It is aimed to 

increase these monitoring programs, which are carried out as a 

pilot application, over time. The National Zero Waste Program 

and the pricing of plastic bags, which have been implemented 

since January 1, 2019, are among the policies for the plastics 

created. It is aimed to expand this practice across the country in 

2023. The Zero Waste National Program and the pricing of 

plastic bags are important practices created within this 

framework in Turkey. Furthermore, efforts to ensure easy 

separation of recyclable wastes are carried out at the level of 

pilot applications, and it is aimed to expand it all over the 

country as a national program in 2023. The destruction of 

plastics in nature, their continuous release to the environment, 

and the absence of restrictions on their production, cause the 

need for broader policies to prevent this problem. Another 

policy is to charge plastic bags. This policy creates 

dissatisfaction in many ways and is not seen as a solution. 

While evaluating the effectiveness of the wage policy applied 

to plastic bags, the decrease in the use of only taxed bags 

constitutes an obstacle for reaching the reduction statistics for 

plastic bags in general. The fact that people do not prefer to use 

plastic bags after charging does not indicate that the use of 

plastic bags has decreased. However, they do not have enough 

information about the harms of plastics and their impact on 

nature may have negative effects on the internalization of this 

practice, which is for punishment. At the same time, the 

continuation of the use of thin plastic bags shows that there is a 

low level of reduction in release to the nature, since these plastic 

bags decompose more easily in nature. The plastic garbage 

import, which Turkey has already increased, is also one of the 

situations that pose a great danger since the disposal facilities 

are not running with 100% capacity [124]. 

When we look at the environmental policies and practices 

related to MPs, it is understood that there is no direct policy 

towards this in Turkey, but studies are carried out on the 

problem. These studies are carried out with the support of the 

Ministry of Environment, Urbanization and Climate Change. 

Considering the policies created at the global level, Turkey 

needs to take new steps in policymakers to prevent MP 

pollution. For this, the dangers posed by these micro-level 

plastic particles should be noticed urgently in Turkey, and the 

awareness of both the public and policy makers on this issue 
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should be increased. Turkey's practices within the scope of 

environmental policies need to be expanded. It is important to 

support research on the presence of MPs in habitats, examining 

their sources and evaluating their effects. In addition, In 

addition, microbeads added to cosmetics and personal care 

products, plastic parts produced especially for industrial and 

domestic activities, tiny fibers broken off from synthetic fabrics 

are released into nature.   Legislation is needed to prevent 

emissions. Regulations brought to the plastics industry to 

reduce macro plastic waste, as well as banning single-use 

plastics for plastic consumption and promoting substitute 

products; banning the use of plastic bags completely or 

developing a deposit system; taxing not only plastic bags but 

also other plastic wastes will be important steps to be taken 

towards this problem.  Furthermore, priority should be given to 

R&D studies in order to adequately filter the wastewater 

released into nature from sewers, sinks, and washing machines. 

Inadequate filtration of these channels causes MPs in peeling, 

rinsing products, and personal care products to mix with nature, 

and also causes small particles such as microfibers and fibers to 

mix with the water flowing from washing machines. To address 

this problem, treatment systems need to be developed and 

monitored. There are many ways that plastic waste enters the 

environment. In addition to the capacities of recycling and 

disposal facilities, it is also important how much the secondary 

waters discharged into nature are treated in wastewater 

discharges and the level of filtering techniques of these systems 

[124]. 

6. Conclusion 

Studies show that the most important source of MPs is 

wastewater treatment plants and that they can be detected in 

different parts of the world through these facilities, revealing 

that they seriously threaten the aquatic ecosystem in the world. 

While studies have been done and continue to show how much 

damage MPs are to the marine ecosystem, it becomes more 

important to reduce the use of MPs based on the principle of 

reducing the pollutant at its source, and preventing its meeting 

with nature by working on its removal in treatment plants. Like 

all other pollutants, the most effective way to reduce MP 

pollution is to reduce the use of plastics at the source. For this, 

it is necessary to avoid the use and consumption of all kinds of 

materials, such as personal care products made of plastic and its 

derivatives or containing plastic, and to reduce waste 

generation. Since the methods applied for sampling and 

detection of MPs in wastewater treatment plants vary widely, it 

is not possible to compare the results between studies, which 

creates significant difficulties in revealing the extent of MP 

pollution in the world. 

The most common MP-based polymers detected in 

WWTPs are polyester, polyethylene, polyethylene 

terephthalate, and polyamide, with fiber type MPs making up 

the largest portion. Despite the relatively low concentrations of 

MPs found in the effluent of WWTPs, the total discharge load 

is still calculated as the average of 2 x 106 particles/day for an 

annual wastewater flow rate of 5 x 107 m3/year. 

Although MPs are effectively removed from WWTPs, 

Membrane filtration technology has been identified as the most 

effective method for reducing MPs in final wastewater. A 

significant part of the MP removal from WWTP takes place via 

sewage sludge. Therefore, sludge incineration has been 

reported as an effective way to completely prevent MPs from 

entering the environment from wastewater. Current studies on 

MPs in WWTPs have mainly investigated MPs greater than 20 

µm. However, reports indicate that smaller MPs have a high 

abundance in the aquatic environment and may have more 

severe biotoxicity than aquatic species can enter the circulatory 

system. Therefore, it would be beneficial to include small MPs 

(less than 20 µm) in future studies. For this purpose, it has been 

stated that Raman spectroscopy and thermoanalytical 

techniques can be preferred as a successful option for the 

analysis of small-sized MPs. 

Since many types of MPs are removed by sewage sludge 

in conventional WWTP, it is important that future studies can 

focus on investigating the potential environmental impact of 

land application of sewage sludge and prevent the release of 

MPs into the environment. So, in order to reduce the amount of 

MPs’ discharged from WWTPs and released from sewage 

sludge, the development of MPs targeted treatment processes is 

another important issue that needs to be studied. Furthermore, 

future efforts could be directed at improving plastic regulations 

as well as separating MPs from wastewater at household scales. 
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