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Abstract 

Wastewater treatment facilities are recognised as significant contributors of microplastics 

(MPs) to the environment. However, the specifics regarding the fate of MPs within these 

systems must be better understood. To explore this, a study was initiated at the wastewater 

treatment plant in Keila City, Harju, Estonia, focusing on microplastic distribution and removal 

in the raw influent, primary treatment (mechanical screening and grit/grease removal), and the 

effluent of the secondary treatment employing the Anaerobic-Anoxic-Oxic (A2O) process. 

The MPs identified by visual inspection were fibres, fragments, sheets, film, and foam. The 

average concentration of MPs in the influent was 173.3 MPs/L, and the primary treatment 

removed approximately 75.4%. After the secondary treatment stage, the concentration of MPs 

in the final effluent significantly decreased to 1.31 MPs/L, demonstrating an overall removal 

efficiency of 99.2%. MP within the size range of 500 - 5000 μm were most prevalent in the 

influent and the effluent of the treatment plant.  

The μ-FTIR analysis identified six polymer types: polyethylene terephthalate (PET), 

polypropylene (PP), polystyrene (PS), polyethylene (PE), polyvinyl chloride (PVC), and 

polyacrylonitrile (PAN), respectively. Fragments, sheets, foam, and films were composed of 

PVC, PP, and PE, while fibres were predominantly PET, PP, PS and PAN. The outcome of this 

study demonstrates that the Keila WWTP can significantly reduce MPs size greater than 

300µm in raw wastewater. Despite the high removal efficiency exhibited by the treatment 

plant, a considerable number of MPs are released into the water body. 
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1. Introduction  

The global marketplace for plastic and its associated products has seen significant growth since 

the 1950s, owing to low material cost, incredible versatility, and high quality. The use cases of 

plastic cuts across several sectors such as food packaging, construction, home and industry-

grade appliances, medical instruments, and more. Global plastics production as of 2019 was 

about 460 million tons [1], 4 times less than steel production [1], and 33 times more than natural 

rubber production [2]. By 2060, global plastic production is projected to hit 1.2 billion tons 

under a business-as-usual scenario (Figure 1). 

 

Figure 1. Global plastics production (1950 to 2019) and projection (2019 to 2060)[3] 

The Organization for Economic Co-operation and Development (OECD) reports [4] that plastic 

waste generation increased to 353.3 million metric tons in 2019 (6.5 times more than global e-

waste generation [5]), showing that waste generation is as much as the production metrics. 

About 9% of globally generated plastic waste goes to recycling, 50% is landfilled, 19% goes 

to incineration, and 22% evades collection systems, ending up in dumpsites [4]. In 2019, a total 

of 6.1 Mt of waste plastic entered aquatic habitats, with 1.7 Mt specifically entering the oceans 
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[6]. Recent estimates suggest that there are around 30 million metric tons of plastic garbage in 

seas and oceans, with an additional 109 million metric tons accumulating in rivers [7].  

As plastic wastes persist in the environment, they undergo fragmentation due to the combined 

effects of photochemical and mechanical processes expedited by sunlight, wind, and waves, 

breaking down into smaller fragments ( 5mm) known as microplastics (MPs), now perceived 

as serious health and environmental risk, especially in marine ecosystems [8].  

The study of microplastic pollution emanated in 1972, and since then, extensive research has 

revealed their presence in various compartments of the environment [9]. Microplastics have 

been found in oceans and rivers [10], [11], mangroves [12], and air [13], underscoring their 

widespread distribution. Apart from land and water-based plastic litter fragmenting to form 

MPs, wastewater treatment plants (WWTPs) have been identified as a significant sink and 

source of these micropollutants [14]. MPs reaching urban WWTPs through the sewage system 

originate mostly from the use of personal care products (PCPs) containing microbeads and 

laundry activities releasing synthetic fibre (ibid). The occurrence of this emerging 

micropollutant in WW (wastewater) means that there is the possibility that it may persist 

downstream of the treatment plants (rivers and oceans). Hence the emergence of several studies 

investigating the characteristics and removal efficiency of MPs in WWTPs [15], [16], [17].  

In Estonia, there is limited research on microplastics in the WWTPs, therefore, addressing this 

research gap will enhance the comprehension of microplastic pollution's dynamics and the 

effectiveness of current wastewater treatment processes. 

1.1 Goal of the study 

The goal of this study is to:  

1. analyse microplastics (MPs) concentrations in the liquid phase of the stages of the Keila 

WWTP. 

2. assess the current stagewise and overall MPs removal efficiency by the existing 

wastewater treatment technology in Keila. 

3. propose methods to increase the MPs removal efficiency in Keila WWTP  

1.2 Justification of the Study 

Estonia is predominantly sparsely populated, with a population of 1.35 million people served 

by numerous municipal wastewater treatment plants (WWTPs) (n = 664). Most of these 

WWTPs are small, each serving fewer than 300 population equivalents (PEs) and utilize similar 
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activated sludge process treatment technology. Keila WWTP, serving 2000 PEs, employs the 

same process technology as 80% of medium-sized WWTPs across Estonia. Recently, Keila 

WWTP has expressed interest in upgrading their treatment process units and is keen on 

studying how to address emerging contaminants such as microplastics (MPs). 

1.2.1 Choice of Sampling Points 

Raw wastewater entering the Keila WWTP goes through the mechanical screens and then the 

grit and grease removal chamber, both of which are the primary treatment stage. The effluent 

of the primary treatment flows into the secondary treatment phase comprising of a biological 

tank and a secondary clarifier. The choice of sampling at the influent, after screen and effluent 

is to ensure a comprehensive analysis of the efficiency of the primary and secondary treatment 

stages in reducing the concentration of microplastics in the liquid phase. 

A clear understanding of the load and type of MPs entering into the Keila WWTP, the capture 

rate of the mechanical treatment (screening and grit/grease removal), and the efficiency of the 

biological treatment and clarifying process will provide us with the essential data to evaluate 

the impact of the treatment processes on MPs load reduction and adequate information to 

provide recommendations on technological upgrades or process optimization to improve 

removal efficiency. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 4 

2. Literature Review 

2.1 Microplastics, Sources and Characteristics 

According to the National Oceanic and Atmospheric Administration (NOOA), microplastics 

(MPs), a term first coined in a 2004 study of plastic pollution in UK waters [18], are defined 

as small synthetic plastic particles measuring ≤5mm in diameter [19]. By the nature of their 

original sizes, MPs are known to originate from primary and secondary sources [20]. Primary 

MPs emanate from engineered MPs (for example, microbeads in cosmetic products, 

medications, or detergents), and other processes where MPs are intentionally utilized as a 

component of commercial or industrial products [20], [21].  

Secondary MPs result from the physical, chemical, or biological breakdown of synthetic fibres 

or larger polymers [22]. The process (Figure 2) begins with the initial degradation or 

fragmentation of macro-plastics (D >20 mm) facilitated by UV, heat, sea wave action, and 

abrasion to form meso-plastics (5 mm ≤ D ≤ 20 mm), and subsequently, microplastics (1 𝜇m ≤ 

D ≤ 5 mm) and nanoplastics (NPs: 1 nm ≤ D ≤ 100 nm) [23]. 

Figure 2 Fragmentation of plastic waste into smaller size fractions. 

MPs are characterized by their small particle size, large surface area, and hydrophobicity [24]. 

While they are by themselves emerging contaminants, their surface area and hydrophobicity 

mean that they can adsorb other environmental pollutants, acting as micro-vectors for a cocktail 

of toxic substances and pathogens [25].  



 5 

2.2 Microplastics Contamination in Different Environmental Compartments 

The ubiquitous nature of MPs transcends ecological domains as their presence has been 

reported in not just the aquatic ecosystem, but also the terrestrial and atmospheric 

compartments of the environment (Figure 3) [26].  

2.2.1 Microplastics in the Aquatic Environment 

MPs may enter the aquatic environment from terrestrial sources such as stormwater overflow, 

leachates from landfills or runoff from polluted lands, tyre wear, WWTP effluents (containing 

MPs from PCPs or fibres from textile laundering), and atmospheric deposition [27]. In 2015, 

an estimation showed that there are between 15 to 51 trillion microplastic particles (about 93-

236 thousand tons) floating in the world's oceans [28]. As of 2019, Eriksen et al. put this 

estimation at a mean of 171 trillion plastic particles (2.3 million tons) [29]. A Study that 

investigated the presence of MPs in various European waters, including smaller rivers and 

tributaries revealed a significant variation in microplastic concentrations, ranging from as low 

as 0.03 to as high as 187,000 particles per cubic meter [30]. In sediments, the concentration 

ranges from 18 to 72,400 particles per kilogram (ibid). Research focused on the Baltic Sea 

observed MP concentrations ranging from 0.07 - 3,300 particles per cubic meter. In sediments, 

the numbers vary from 0 - 10,179 particles per kilogram [31].  

2.2.2 Microplastics in Soils and Sediments 

MPs enter the soil via several routes including wastewater sludge recycling, landfill, and plastic 

mulching [32]. According to Nizzetto et al.[33], ca. 700,000 tonnes of MPs get into agricultural 

land in North America and Europe per year. Lofty et al. [34] suggested that European soils may 

represent the most significant repository of MPs. The United Kingdom, for instance, exhibits 

the highest level of contamination on agricultural land, with estimates ranging from 500 to 

1000 particles per square meter annually. Spain, Portugal, and Germany are also significantly 

affected, in terms of microplastic accumulation. Adopting the data from the study and 

leveraging stats from the EC and Eurostat, lofty et al. calculated that the annual MP pollution 

in European soils could range from 31,000 to 42,000 tonnes for MPs sized between 1000–5000 

μm, or between 8.6×1013 and 7.1×1014 particles for sizes 25–5000 μm (ibid). 

2.2.3 MPs in the Atmosphere 

Atmospheric deposition of MPs has been investigated by several studies, and the occurrence 

of these pollutants in the atmosphere indicates the potential for long-range airborne 
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transportation and human exposure [35]. Aside from disintegrated lightweight plastic litter 

from land sources ingressing the atmosphere due to wind action [36], other pathways of MPs 

into the atmosphere include waste incineration, industrial emissions, infrastructural 

degradation, sea sprays, particle resuspension, aerosolization of contaminated vegetation of 

soil and traffic-related particles (ibid).  

The published data on the abundance of atmospheric MPs vary with location (urban or rural). 

Growing population density and increased outdoor and indoor activities are associated with the 

variation [37]. Dris et al. investigated MPs in urban and suburban sites and observed 

concentrations of 110 and 53 particles m-2d-1. Similarly, Liao et al. (2021) reported higher MPs 

at an urban transit station than in rural locations like farmland, wetlands, and mountains. 

Contrastingly, another study found higher MP concentrations in rural sites than in urban areas, 

with averages of 396 and 137 particles m-2d-1, respectively, due to a "comb-out effect," the 

ability of plants to filter particles from the air. The size range reported across studies also varies; 

Hamburg (60%: < 63 µm, 30%:  63-300 µm) [38], Portugal (indoor: 250 µm, outdoor: 299 µm) 

[39], and China (50%: < 500 µm) [40] 
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Figure 3 Microplastics distribution in different environmental compartments. The diagram represents the source and distribution routes of 

microplastics in the atmosphere, land, river, ocean and sediments. 
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2.3 Biological Impact of Microplastics 

Ingestion and Physical Effects 

One of the most direct impacts of microplastics on biological systems is through ingestion. 

Marine and freshwater organisms, ranging from plankton to larger fish and mammals, can 

mistake these tiny polymers for food due to their small size and often colorful appearance. This 

ingestion can lead to physical blockages in the digestive tracts of these animals, reduced energy 

intake, and even starvation, as the particles can accumulate and occupy space within the 

gastrointestinal system without providing any nutritional benefit [41]. 

Chemical Toxicity 

Beyond the physical dangers posed by microplastics, they can also act as vectors for chemical 

harm. MPs, because of their large surface area and hydrophobicity are known to absorb and 

concentrate surrounding pollutants, including persistent organic pollutants (POPs), heavy 

metals, and other toxic substances from aquatic environments [42]. When ingested, 

microplastics can thus introduce these concentrated toxins into the bodies of aquatic organisms, 

leading to toxicological effects ranging from endocrine disruption to reproductive harm [43]. 

Furthermore, the additives and plasticizers inherently present in many plastics can leach into 

the organism, potentially causing further biochemical or physiological disturbances [44]. 

Trophic Transfer and Biodiversity Loss 

The effects of microplastics can be magnified through trophic levels as predators consume prey 

that have ingested microplastics (Figure 3). This process, known as trophic transfer, can lead 

to bioaccumulation of MPs and associated pollutants in top predators, potentially impacting 

them negatively [45]. The widespread presence of microplastics can reduce the overall 

biodiversity of aquatic ecosystems by negatively affecting species survival and reproduction 

rates [27]. 

Implications for Human Health 

The cycle of plastic pollution extends to human health risks through the consumption of 

contaminated food, inhalation, and skin exposure [46]. Although the extent of health impacts 

on humans is still under investigation, the potential for exposure to plastic-associated chemicals 

and pathogens adsorbed onto MPs raises valid public health concerns. 
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2.4 Microplastics as Emerging Micropollutants in Wastewater Treatment Plants  

Plastics enter the environment through diffuse or point-source pollution, and WWTPs 

have been identified as a crucial pathway for MP emission [47]. WWTPs receive and 

treat raw wastewater from households and/or industrial sources, including organic or 

inorganic materials (grease, coarse debris, MPs, chemicals, and more), producing 

treated water and sludge.  

Influent water into a WWTP is typically handled in a 2-stage treatment process, with 

an optional third (tertiary) treatment phase provided the effluent from the second stage 

needs to meet more stringent quality standards or is to be repurposed [48]. While 

WWTPs can function as a barrier to the incursion of pollutants into the aquatic 

environment, they can also become a significant entrance route for MPs. The pathways 

of MPs into WWTPs include [15][49]: 

a. residential waste streams typically associated with the fibre emanating from 

laundry wastewater and the use of cosmetic products (i.e. shower gels, facial 

cleansers, toothpaste, etc.)  

b. leachates from landfills 

c. effluent wastewater from industrial activities 

d. stormwater dry and wet deposition of MPs 

MPs entering a WWTP will differ in characteristics (colour, shape, size, and polymer type) 

depending on the diversity of raw water into the plant, population density and lifestyle, seasonal 

changes, and economic conditions of the study area [17]. Based on morphology, the forms of 

MPs in raw water samples have been observed as fragments, fibers, foam, pellets, irregular and 

films [50] [51], with fiber and fragment observed as the predominant shapes [52], [53]. Another 

research showed a higher proportion of fragments than fibres, with 65% fragments (> 500 μm) 

and 21% fibers (250 - 500 μm) [54] observed. By polymer type, Polystyrene (PS), Polyvinyl 

Chloride (PVC), Polyethylene Terephthalate (PET), Polypropylene (PP), Polyurethane (PUR), 

and Polystyrene (PS) have been observed [55][56]. Some of the colour distributions of MPs 

include blue, black, red/orange, yellow, green, and white [57].  

While the size of MPs in WWTPs (influent and effluent) is study-specific and cannot be 

generalized as they are subject to the origin of the plastic particle, level of fragmentation during 

transport to and/or in the plant and in-situ treatment technologies, some of the most common 
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distributions observed vary from small (1 micron to 1 millimetre) to large (1 to 5 mm) [17]. 

Likewise, MPs originating from PCPs are known to have predefined dimensions since they are 

purposely added [58]. Table 1 shows the shape, size, and polymer type distribution of MPs in 

different WWTPs as observed in some studies. 

Besides the liquid effluent from WWTPs being a sink for MPs, sewage sludge has also been 

identified as a sink for these micropollutants [59]. Sewage sludge is generated in the primary 

treatment phase (primary sludge) and the secondary biological treatment stage (activated 

sludge). Zhang et al. [60] suggest that under 3% of influent MPs are discharged with liquid 

effluent, while over 90% are intercepted and sequestered within the sewage sludge matrix. 

Another study [61] shows that about 80% of MPs in raw water influent to a wastewater 

treatment plant are retained in the sludge.   

As with the water line in WWTPs, the size, polymer type, shape, and abundance of MPs in 

sewage sludge have also been investigated. According to Zhou et al. (2020) [62] and Hu et al. 

(2019) [63], the size of MPs in sewage sludge varies from < 1mm to > 5mm, with fragments 

and fibers observed as the predominant shapes. Another study observed that over 85% of MPs 

in sewage sludge were smaller than 0.5 mm, of which 44.73% was between 0.1 to 0.2 mm in 

size, while 29.45% fell within the 0.2 to 0.5 mm range [64], [65]. Xiuna et al [66] detected four 

types of MP shapes in dewatered sewage sludge including fragment, fibre, film, and sphere. 

PVC, PE, PB and PTFE are some of the polymer types observed (ibid). 

Like with the MPs in the liquid flow, the abundance of particles in the sewage sludge is 

influenced by varying environmental factors in the study area and treatment technologies [67]. 

Table 2 shows the characteristics of MPs in sewage sludge obtained from WWTPs in different 

countries. 
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Table 1 Polymer type, shape, abundance, and size distribution of MPs in the influent and effluent of different WWTPs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. PEST: Polyester 2. PE: Polyethylene 3. Polypropylene 4. Nylon-6: Polycaprolactam 5. PET: Polyethylene terephthalate  

6. PDAP: Poly (diallyl phthalate) 7. HDPE: High-density polyethylene 8. PA: Polyamide 9: PS: Polystyrene 

Location & 

Population Served 

Size Distribution Shape Distribution Polymer Distribution 

Influent 
Effluent Influent Effluent Influent Effluent 

Seyhan WWTP, 

Turkey 

(1,000,000) [68] 

53.6% (1–5 mm) 

23.0% (0.5–1 mm) 

21.8% (0.1–0.5 mm) 

1.7% (< 0.1 mm) 

34.9% (1–5 mm), 

34.9% (0.5–1 mm) 

27.0% (0.1–0.5) 

3.2% (< 0.1 mm) 

54.8% fiber 

26.8% fragment 

18.4% film 

44.4% fiber  

30.2% film 

25.4% fragment 

50.8% PEST 

29.2% PE 

13.8% PP 

6.2% others 

43.80% PEST1 

31.30% PE2 

18.80% PP3 

6.30% Nylon-64 

Yüreğir WWTP, 

Turkey 

(500,000) [68] 

59.2% (1–5 mm), 

24.6% (0.1–0.5 mm) 

14.7% (0.5–1 mm) 

1.4% (< 0.1 mm) 

40.5% (1–5 mm) 27.0% 

(0.5–1 mm) 29.7% (0.1–

0.5) 

2.7% (< 0.1 mm) 

87.7% fiber 

10.0% fragment 

2.4% film 

86.5% fiber  

10.8% fragment 

2.7% film 

61.9% PEST 

23.8% PE 

11.9% PP 

2.4% others 

68.80% PEST 

18.80% PE 

12.50% PP 

Panyu District, 

Guangzhou, China 

(300,000) [69] 

- 

41.75% (100 μm) 

41.74% (100-550μm) 

9.71% (550-1000 μm) 

6.80% (>1000 μm) 

- 
43.69% fiber 

38.83% fragment 

17.48% pellet 

 

40% PET5 

17% PP 

10% PDAP6 

8% PE 

8% HDPE7 

6% Others 

Liwan District 

Guangzhou, China 

(1,427,000) [69] 

- 

56.32% (100 μm) 

30.33% (100-550μm) 

8.66% (550-1000 μm) 

4.69% (>1000 μm) 

- 
57.40% fiber 

33.5% fragment 

9.03% pellet 

- 

35% PET 

26% PP 

12% PE 

5% PDAP 

4% PA8 

4% PS9 

10% Others 
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Table 2 MPs abundance, polymer type, concentration, and size distribution in sewage sludge 

across select WWTPs in different regions. 

2.5 Fate of Microplastics in Wastewater Treatment Plants 

WWTPs conventionally operate in a sequence of phases: primary, secondary, and tertiary 

processes. These stages collectively function to treat the influent wastewater before the effluent 

is released into environmental water bodies or sludge is disposed of. Studies [74][75][76] have 

shown that the amount of MPs entering WWTPs can vary between 103 to 108 particles per 

cubic meter of water. Likewise, another research estimated that about 8 trillion microparticles 

are released daily into the aquatic environment through WWTP [77].  

Therefore, an in-depth understanding of the movement of MPs within this treatment framework 

is crucial, as it enables a detailed assessment of the stage-specific removal efficiencies and 

fosters the optimization of treatment strategies to more effectively manage these emerging 

contaminants [78]. 

2.5.1 Microplastics in the Primary Treatment Stage 

The primary treatment phase of a WWTP begins with the preliminary separation of large solids 

using bars and screens, followed by physicochemical treatments designed to sediment and 

precipitate suspended solids, reduce the biochemical oxygen demand of the organic matter, 

eliminate volatile contaminants, and remove substances like greases and oils.  

During the primary treatment phase in WWTPs, the removal of microplastics (MPs) is 

significantly influenced by their physical properties, particularly density. Polymers that are 

denser than water such as polyvinyl chloride (PVC), polyethylene terephthalate (PET), and 

polystyrene (PS), are more likely to be eliminated by gravity through the 

Location & 

Capacity 

MP Conc. 

in influent 

Sludge 

Conc. 

Polymer 

Type 
Shape MP range (μm) 

Spain 

(8,000 m3/day) 

[70] 

16.1 MPs/L 

24 

MPs/g 

(DW) 

36.0% PET 

25.0% PS 

20.0% PA 

9.0% PVC 

57.0% fragment 

33.0% fiber 
- 

Korea 

(130,000 m3/day) 

[71] 

13.9 MPs/L 
13.2 

MPs/g 
- 

6.0 fibers/g 

7.1 fragments/g 

10.6 MP/g (106–300 μm) 
2.5 MP/g (>300 μm) 

China 

(300,000 m3/day) 

[72] 

16 MPs/L 
2,920 

MPs/kg 
- 

63.0% fiber 

37.0% fragment 

41.0% (0.08–0.55 mm) 

51.0% (0.55–1.70 mm) 

8.0% (1.70–5.00 mm) 

France 

(80,000 m3/day) 

[73] 

244 MPs/L 

16.1 

MPs/g 

(DW) 

25.0% PS 

20.0% PET 

18% PE 

15.0% PP 

10.0% PA 

and others 

77.0% fiber 

and others 

55.0% (200–500 μm) 
20.0% (80–200 μm) 
20.0% (>500 μm) 
5.0% (20–80 μm) 
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sedimentation/primary clarification process. Concurrently, MPs of lighter, and more buoyant 

polymers, can be effectively removed by skimming alongside grease, oils, and fats [79]. 

In a study conducted by Dris et al. [80], most MPs (45% fiber: 1000 to 5000 μm) from urban 

wastewater entering the primary treatment phase were removed by early-stage skimming and 

settling, attributable to their ability to adhere to suspended solids (SS). MP concentration of 

260-320 particles/L was reduced to 50-120 particles/L - showing a 71% average extraction 

efficiency. Talvitie et al [81] also observed a removal efficiency of 97.76% for a grab sampling 

of wastewater containing 636.7 particles/L (D > 300 μm) in influent and 14.2 MPs/L (100-300 

μm) in the effluent of the primary treatment. Removal efficiency lower than 70% is not 

uncommon for primary-stage treatment. Hyuk et al. observed a removal efficiency of 69.52% 

and 58.62% during screening and primary clarification [82].  

2.5.2 Microplastics in the Secondary Treatment Stage 

The secondary treatment phase of wastewater, also known as biological treatment, is designed 

to substantially remove organic matter and reduce suspended solids in wastewater with the aid 

of microorganisms. This phase can be carried out anaerobically, anoxically, or aerobically 

(activated sludge process, sequence batch reactor, trickling filters, membrane bioreactor, and 

moving bed biofilm reactor) [83]. In this phase, effluent MPs from primary treatment may 

attach to the unstable biomass due to biofouling and then settle out by density. The hydrophobic 

nature of MPs plays a significant role in accelerating their binding with biomass or sludge in 

biological reactors [82].  

Removal efficiencies of MPs during the secondary treatment have been reported to vary 

widely. For the activated sludge process (ASP), MP removal efficiencies of >97% [75][84] 

[85] have commonly been shown. Secondary treatments such as anaerobic+anoxic+aerobic 

(A2O) [86], bioreactor [76], and anoxic tank+clarifier [87] process have shown comparably 

high (>90% to >98%) removal rates. However secondary treatment using biofilters, ASP, and 

aeration mechanism with less efficient (<90%) MPs removal rates [80][80][88][89] are not 

uncommon and can be attributed to a variety of characteristics of the WWTP and the MPs 

inflow. The exact dynamics of how MPs interact with biomass and the effectiveness of MP 

removal with varying biological treatment mechanisms require further research. 
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2.5.3 Microplastics in the Tertiary Treatment Stage 

After primary and secondary treatments, tertiary treatment systems target residual solids, 

pathogens, organics, nutrients, and emerging pollutants like MPs. Despite the reasonably high 

MP removal efficiency recorded by the primary and secondary stages, the effluent from these 

stages still contains significant microparticles, most especially fibres [90] that may be further 

eliminated by tertiary treatment technologies [91] such as dissolved air floatation (DAF), 

membrane bioreactor (MBR), rapid sand filtration (RSF), and disc filters (DF).  

While WWTPs are not particularly designed to remove MPs, tertiary treatment technologies 

may significantly improve removal efficiency [92]. A study comparing the efficiency of DF 

(pore sizes 10 and 20 μm), RSF, DAF and MBR for MPs > 20 μm, shows a removal rate ≥95% 

for all technologies (MBR = 99.9%) except the DF with a pore size of 10 μm (40%) due to 

membrane fouling and accelerated backwashing [91].  

The removal efficiency of MPs in WWTPs is influenced by particle size, morphology, and 

polymer type. Primary treatment effectively captures larger microplastics and fibres [14]. 

Secondary treatment significantly reduces smaller fragments through agglomeration and 

assimilation by activated sludge. Tertiary processes excel in removing specific forms, such as 

pellets, and are effective against microplastics of minimal particle sizes [93].  

2.6 Microplastics Research in Estonian WWTPs 

In Estonia, the study of MPs in WWTPs is still in its nascent stage, but some research is 

beginning to emerge, particularly spurred by the recent revision of the Urban Wastewater 

Treatment Directive (UWWTD 91/271/EEC) which mandates the inclusion of advanced 

treatment and monitoring of MPs in the sludge and liquid line of residential WWTPs. 

Ayankunle et al. [94] conducted a recent study by estimating microplastic concentrations from 

laundry wash (LW) and personal care products (PCPs) in the wastewater influent and effluent 

of major Estonian cities, including Tallinn, Tartu, Narva, Pärnu, Rakvere, Viimsi, Viljandi, 

Kuressaare, Paide, Võru, Sillamäe, Valga, Keila, Põlva, Põltsamaa, Rapla, Haapsalu, Elva, and 

Haljala consisting about 760,000 inhabitants (57% of the Estonian population) in total. The 

study utilized a material flow analysis predictive model to measure the release of MPs from 

LW and PCPs in households connected to wastewater treatment plants (WWTPs) in the areas 

of interest. It is estimated that the annual MPs load per capita from PCPs ranges from 4.25 to 

12 tons, while for LW, it is between 3.52 to 11.24 tons (ibid). 
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Furthermore, the estimated MP load relevant to wastewater varies significantly. In the influent 

stream of WWTPs, the load is estimated to be between 700 to 30,000 kg/year. In contrast, the 

effluent stream, which is the treated wastewater discharged from WWTPs, shows a 

considerably lower estimated microplastic load, ranging from 2 to 1500 kg/year (ibid). In 

alignment with Cai Y et al. [95], Ayankunle et al. [94] also discovered that microfibers (200 to 

600 μm) were the most dominant MPs in the in-situ sampling results, taking up more than 75% 

of the total MP count. The outcome of the research though provides a great understanding of 

the Estonian environment, but it also underscores the need for a broader study into the 

identification and quantification of MPs and more efficient capture strategies. 

Another systematic analysis of MPs in both the influent and effluent streams of Estonian 

WWTPs conducted by Ayankunle et al. unpublished [96], utilizing a continuous sampling 

filtration method coupled with Fourier-transform infrared spectroscopy (FTIR-spectroscopy) 

examines the efficiency of six WWTPs across Estonia. The findings of the research revealed 

the presence of MPs in all samples, with the highest concentrations detected in the influent to 

the screening phase of the primary treatment stage. The predominant types of polymers 

identified were polyester, polyethylene, and polypropylene. 

While the cited studies establish fundamental baseline levels of MPs in the influent and effluent 

of Estonian WWTPs, this study goes further to investigate the abundance of MPs and estimate 

stagewise removal efficiencies. 

2.7 Regulations for Mitigating Microplastics Pollution  in Estonia 

Estonia, as part of the European Union, aligns with EU regulations and strategies to combat 

microplastic pollution. The EU commission put out a proposal (first published in October 2022, 

and now amended) [97] for revising the existing outdated Urban Wastewater Treatment 

Directive (UWWTD 91/271) from 1991. This update is intended to make tertiary treatment 

mandatory for all urban WWTPs with p.e ≥100,000 (population equivalents) by the end of 

2038, and for all residential WWTPs with 10,000-100,000 p.e. by the end of 2043 where higher 

concentrations of micropollutants (including microplastics) pose a risk to human health or the 

environment. The revision requires member states to monitor microplastics at the inlets and 

outlets of municipal WWTPs serving >10,000 people and in the sewage sludge of these 

WWTPs.  The Commission also intends to establish a standardized methodology for measuring 

microplastics in municipal wastewater and sewage sludge to ensure the directive's uniform 

application.
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3. Materials and Methods 

3.1 Description of the Keila WWTP 

The Keila City wastewater treatment plant (WWTP) (Figure 4) is in North-Western Estonia. 

Raw wastewater to the Keila plant originates from households, industries, and stormwater. The 

plant serves a population of 18,233, with an average flow rate of 1,746 m3 per day and 

discharges its effluent into the biological pond prior reaching the flowing stream. The 

wastewater is pumped to the treatment process line from the primary wastewater pumping 

station within which also collects septic wastewater from household not connected to the sewer 

lines.  

The primary treatment stage comprises a 6 mm lamella mechanical screen and a grease and grit 

separator unit converting the turbulent flow to a laminar flowrate prior reaching the biological 

process tank operating in anaerobic-anoxic-aerobic (A2O) phases. The facility adds aluminum 

Chloride (AlCl3) to enhance mixed liquid suspended solid (MLSS) flocculation and 

coagulation processes.  The MLSS flows into secondary clarifier for efficient liquid-solid phase 

separation, 20% of the MLSS is returned into the biological process tank to maintain the 

microorganism's population. 

Three parallel sampling points (S1, S2, and S3) were selected: influent, after-screen (AS) and 

final effluent (Figure 5) the triplicate samples were collected – to evaluate the abundance of 

MPs and the stagewise removal efficiency of the treatment plant. The raw water samples were 

collected on July 10-11, 2023. 
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Figure 4 Location and description of the WWTP. 
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Figure 5 Schematic of the Keila WWTP, highlighting key unit operations and sampling points 

(S1, S2, and S3) 
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3.2 Sampling  

24-hour composite samples were collected with automatic sampler to capture the varying 

pollutants concentrations in the wastewater.  Wastewater samples from the raw influent (10 L), 

after primary treatment stage (48 L) and from the final effluent (1440 L) were filtered through 

a double-layered sieve system for immediate in-situ fractionation, upper layer sieve with 400 

µm and the finest mesh with 100 µm pore diameter. The retentate materials on the mesh screens 

were rinsed with 50 ml of Milli-Q water into a glass beaker covered with aluminum foil paper, 

and transferred to the laboratory, stored at 4o C until digestion. The sample was collected 

between 10.07.2023 to 11.07.2023 at Keila WWTP (Table 3). 

Table 3 Description of sampling campaign at Keila WWTP. 

Treatment Step Raw Influent 
After Mechanical 

Screen 
Final Effluent 

Sampling 

frequency 
400 ml /45 mins 100 ml/30 mins 1000 ml/mins 

Total Volume (L) 10 L 48 L 1440 L 

3.3 Sample Digestion Protocol 

In this study, Fenton’s reagent protocol (H2O2 + Fe catalyst solution) as described by 

Mohammed et al. [98] is used to isolate MPs from organic-rich samples due to its high digestion 

efficiency, little polymer degradation, and rapid oxidation of organic matter [99], [100]. 

However, the protocol was optimized for this study, and the steps are: 

a. Preparation of Fenton’s Reagent 

To prepare the Fenton’s reagent, approximately 1g of Fe2(SO4)3 was diluted in 50.945 ml of 

Milli-Q water to obtain 0.05M solution. The pH of the resulting solution was controlled by 

adding 0.1 ml of diluted sulphuric acid 0.5M H2SO4 to achieve a pH of 2.5 to 3. 

b. Organic Digestion 

The raw water samples were first homogenized using a mechanical laboratory shaker and three 

technical replicate subsamples 2 ml each was pipetted to a conical flask. 10 ml of Fenton’s 

reagent was added and then shaken to ensure adequate mixing. 20 ml of Hydrogen Peroxide 

(H2O2) (35%) was added to the mix to initiate an exothermic reaction. After every 1 minute, 5 

ml H2O2 is added up to 10 times. The reaction is allowed to cool for 20 minutes and 4 ml of 

concentrated H2SO4 is added to obtain a clear solution. To prevent the adhesion of MPs to the 
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walls of the flask, 5ml surfactant (1ml tween and 99 ml MilliQ) was added and rigorous shaking 

was avoided because of foaming. 

c. Filtration 

The digested samples were initially filtered through a metallic filter with a pore size of 10µm. 

The retentates is rinsed off the metal filter with Milli-Q water onto a cyclopore filter with a 

pore size of 10µm. The use of the metallic filter for the initial filtration was to prevent acid 

reaction with the cyclopore (nylon) filter. The filtered samples on cyclopore filter were 

transferred to petri dishes and dried in an oven (SANYOMOV-212F) for 15 minutes at 60 °C 

before visual identification. 

3.4 Visual Identification of Microplastics 

All filtered samples were visualized using a Nikon stereomicroscope SMZ1270 12.7x (0.63 - 

8x magnification), with 4x magnification. The size, colour and shape of MPs were observed 

using the NIS Elements BR software®. All identified particles were counted, photographed, 

and suspected non-plastics material were picked with forceps, scratched to observe brittleness 

of the particles.  

To effectively distinguish between MPs, some characteristic differences are provided in Table 

4 [101], [102], [103]. According to Strady et al. [104] the visible internal structure of all MPs 

should not have repetitive identical sequences (organic structures), as with organic fibre, and 

they must exhibit a distinct and homogenous colour. The size range of interest for this study is 

particles >300 µm (0.3 mm) due to detection and analytical capabilities, and the need to assess 

the efficiency of the WWTP in removing larger particles otherwise considered easier to filter 

out. 

Table 4 Microplastic type and characteristics 

Microplastic 

Type 
Morphological Characteristics 

Fibers Elongated, thread-like 

Fragments Irregular shapes, jagged edges 

Films Thin, flat, flexible 

Foams Lightweight, porous, sponge-like 

Pellets Small, spherical, or cylindrical, uniform, hard 

Microbeads Small, spherical, or irregular, smooth surface 
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3.5 Polymer Identification 

In this study 60% of the visually identified MPs were chemically characterized with μFTIR-IR 

(PerkinElmer Spectrum Spotlight 400). The FTIR-analyses were performed by Dr. N. 

Buhhalko from the Department of Marine Systems (TalTech). The digested samples were 

analyzed in point mode, coupled with an MCT detector. The spectrometer scanned from 4000 

to 420 cm⁻¹, covering the infrared range essential for identifying polymer-specific functional 

groups. From the observed particle spectra, those that matched a quality index (QI) > 85% 

when compared against a spectral library were accepted as polymers. The reference spectral 

library which includes the most frequently encountered types of plastic polymers as well as 

natural cellulose polymers was developed at the Department of Marine Systems at Tallinn 

University of Technology, alongside contributions from the Leibniz Institute for Polymer 

Research in Dresden and Aalborg University's Department of the Built Environment in 

Denmark.  

3.6 Estimation of Removal Efficiency  

The removal efficiency of MPs was calculated using the following equation [105]: 

𝑅𝐸 (%) =  
𝐶𝑖𝑛𝑙𝑒𝑡−𝐶𝑜𝑢𝑡𝑙𝑒𝑡

𝐶𝑖𝑛𝑙𝑒𝑡
 𝑥 100 ....... (eqn 1) 

Where Cinlet is the concentration of MPs in the influent of the sampling stage and Coutlet is the 

concentration of MPs in the effluent of the subsequent stage. The expression is used to estimate 

stagewise removal efficiency and the overall MP removal efficiency of the WWTP. 

3.7 Statistical Analysis 

The data analysis in this study was performed using Microsoft Excel 2021. The mean and 

standard deviations of the data set were calculated, and an ANOVA single factor was conducted 

to examine the relationship between particles sizes observed in the different sampling points.  

3.8 Quality Control 

3.8.1 Contamination control 

In this study, several measures to prevent contamination were implemented as detailed below: 

1. To evaluate potential onsite or laboratory contamination, control and experimental samples 

were established. Cyclopore filter papers were placed inside glass containers located both 

within and near the sampling and testing areas. 
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2. All experimental procedures were conducted inside a fume hood, except for the filtration 

processes. 

3. Laboratory coats made from 100% cotton were used throughout the experiments to prevent 

the introduction of synthetic fibres into the samples. 

4. To protect against airborne contaminants, all samples-containing glassware, including the 

refrigerated samples were consistently covered with aluminum foil when not in active use, 

including times outside of handling or adding reagents. 

5. All glassware and equipment were cleaned with MilliQ water to remove any residues. 
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4. Results and Discussion 

4.1 Statistical Analysis of Results 

The descriptive statistics of the size range observed during visual identification in Table 5. 

Table 5 Descriptive statistics of the visually observed MP sizes across the three sampling points 

Statistic Value  

Count 682 

Mean 0.7 mm 

Standard Deviation 0.42 mm 

Minimum Size 0.3 mm 

25th Percentile 0.42 mm 

Median (50th Percentile) 0.56 mm 

75th Percentile 0.8 mm 

Maximum Size 5 mm 

 

An ANOVA single factor was performed to test if there are statistically significant differences 

in the MP sizes at the influent, after screen and effluent observed during microscopic 

identification. The result of the ANOVA shows a p-value of 0.4116. Since the p-value is >0.05, 

there is no sufficient evidence to reject the null hypothesis. Hence, there are no statistically 

significant differences in the MP sizes across the sampling points. 

4.2 Contamination Control    

During sample collection at the treatment plant, and preparation and analysis at the laboratory, 

the deposition of air-bound particles might be inevitable. Due to the ubiquitous nature of MPs 

in the environment, they are transported by airflow and may contaminate samples intended for 

MP detection, posing a challenge to data consistency [106].  

In order to estimate air contamination and ensure the consistency of data used in this study, 

petri dishes with cylopore filter  were left open during sample collection, laboratory analysis, 

and microscopic inspection. Experiments were conducted in fume hoods to further mitigate air 

contamination as demonstrated by Bhat et al. 2024 (ibid). The result of the contamination 

showed that there was no contamination of the results, as the observed MPs were all below 300 

µm in size and therefore were excluded from the analysis. 
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4.3  Recovery Controls 

To validate the efficiency of the digestion protocol and evaluate the potential loss of MPs, a 

recovery experiment was conducted with cotton microfibers and cryo-milled polymer pellets 

PP (1 mm) and high-density polyethylene (HDPE) (0.5 mm) which were initially counted and 

subjected to the digestion and filtration protocol (Fenton’s reagent). The recovery samples were 

observed under stereomicroscope to obtain the number count of MPs in other to estimate the 

recovery rate. The result showed that post digestion, 83% of PP (>300 µm), 76% of HDPE 

(>300 µm), and 91% of microfiber cotton were recovered.                                                

4.4 Characterization of Microplastics by Shape 

The morphology of MPs observed in wastewater samples in this study can be classified into 

five (5): fibre, fragment, film, foam, and sheet (Figure 6). Fibre exhibited significant length to 

width ratio, while fragments were opaque and with irregular shapes. Film and sheet have flat 

surface, whereas foams were sponge-like and porous.  

Figure 6 Types of microplastic particles found in this study (classified by shape) A. black fiber, 

B. white fragment, C. transparent film, D. white foam, E. transparent fragment. 

The percentage distribution of MPs found in the influent, after screen, and effluent are shown 

in Figure 7. It can be seen that in all the sampling points, fibre was the dominant shape, 

followed by fragment, both constituting more than 98%. Previous studies report fibre and 

fragment as the dominant MPs found in wastewater samples [106] [107]. According to Cristaldi 

et al [108], fibers in the influent waters accounted for 79% of the total MPs. Yang et al [109] 

also reported a dominance of 85.9% for microfibers, which aligns with the results obtained in 
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this study. In the influent samples fibre accounted for 88.6 – 94.8% with an average of 91.5% 

of MPs while fragment, sheet and film constituted 7.06%, 0.9% and 0.50%. The percentage 

distribution of fibre in the after screen was 94.8%, while fragment, and foam made up the total 

with 4.9% and 0.4%, respectively.  

 
Figure 7 Microplastics categorization by shape in the influent, after screen and effluent 

samples. 

In the effluent samples, the abundance of fibre ranged between 91.2 – 98.7%, with an average 

of 94.5%. Fragment and film constituted 5.1% and 0.4%. The dominance of fibre in the influent 

stream may be attributed to home laundering activities resulting in the release of large amounts 

of synthetic materials [86] [110].  

4.5 Characterization of Microplastics by size and colour  

The size distribution of MPs in the influent, after screen and effluent streams were analysed 

per the baseline for this study (>300 μm or 0.3 mm). Visually observed MPs ranged between 

300 – 5000 μm (0.3 to 5 mm) - the categorization employed in this study is: 300-500 μm (0.3 

to 0.5 mm) and >500 μm (0.5 mm). In the influent samples, MPs between 300-500 μm, 

represented 44.2% of the total MP load. Particles >0.5 mm, accounted for 55.8% of MPs in the 

influent (Figure 8), indicating that larger MPs (mostly fiber – Figure 8) are more abundant in 
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the influent than the smaller ones. An observation that aligns with the reported abundance in 

other studies where MPs > 500 μm were more dominant [111], [112] in collected samples.  

 

Figure 8 Microplastics categorization by size in the influent, after screen and effluent samples. 

In the after screen, MPs between 300 – 500 μm accounted for 37.4% while those >500 μm 

made up 62.6% of the total MPs. The abundance of MPs > 500 μm indicate that the grit and 

grease chamber removed particles between 300-500 μm more efficiently.  

Table 6 Concentration of differently shaped microplastics (MPs/L) in two size categories (0.3-

0.5 mm and >0.5 mm)   in the influent, after screen and effluent samples. 

 Influent  After Screen  Effluent  

Size Range (mm) 0.3-0.5 >0.5 0.3-0.5 >0.5 0.3-0.5 >0.5 

Fiber 63.3 95 14.24 26.22 0.35 0.85 

Fragment 10.8 1.67 1.56 0.52 0.052 0.046 

Sheet 1.67 0.00 0.00 0.00 0.00 0.00 

Film 0.83 0.00 0.00 0.00 0.006 0.00 

Foam 0.00 0.00 0.17 0.00 0.00 0.00 

Total (MPs/L) 76.67 96.67 15.80 26.74 0.41 0.90 
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In the effluent samples, the majority of MPs were larger than 500 μm (68.9%), while 31.1% 

were between 300 – 500 μm, an indication that the activated sludge system (A2O) also removed 

MPs between 300 – 500 μm more efficiently than those >500 μm.  

The abundance of MPs > 500 μm in the after screen and effluent samples may be attributable 

to minimal fragmentation of plastic particles and low hydraulic retention time resulting in 

sediment overflow and particle resuspension. Petroody et al. [87] suggests that the size and 

shape of MPs may affect their retention in wastewater treatment processes. Table 6 shows that 

fibers were the most abundant MPs in the effluent of the primary treatment and final effluent, 

attributable to the tendency of fibers to pass longitudinally through treatment stages more easily 

than other forms [113].  

The most common color distribution observed was white (31.43%), followed by black 

(20.08%), blue (16.47%), and brown (10.57%). Other colors (9.88%) observed in this study 

include orange, yellow, pink, red, grey, and green. The colour distribution in this study is 

consistent with the outcome of other studies where white/transparent and black MPs were the 

most abundant [114], [115].  

4.6 Chemical Characterization of MPs  

For the chemical characterization of MPs in this work, 60% of the visually identified MPs were 

subjected to FTIR analysis. The FTIR analysis identified six (6) polymers, which includes 

polyethylene terephthalate (PET), polypropylene (PP), polystyrene (PS), polyethylene (PE), 

polyvinylchloride (PVC), and Polyacrylonitrile (PAN). The spectra for each of the detected 

polymer is shown in Appendix I. 

In the influent PET had the highest abundance (56.2%) followed by PP (26.6%) and PE 

(14.3%) (Figure 9). The least occurring polymers were PAN (1.9%) and PS (0.9%). Likewise, 

the most abundant polymer constituent in the after screen was PET (64.9%), followed by PP 

(23.4%). PE constituted 9.9%, while PAN and PS each made up 0.9%. The polymer type 

observed in the effluent were PET (74.5%), PE (15.5%), PP (7.3%), PAN (1.8%), and PVC 

(0.9%). 
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Figure 9 Chemical composition of MPs observed under μFTIR for the influent, after screen 

and effluent. 

The proportion of polymers found by the FTIR analysis in this study follows the decreasing 

order PET > PP > PE > PAN > PS > PVC. When compared with existing literature [54], [86], 

the findings from this FTIR analysis align with the outcome of those that have discussed the 

prevalence and detection of polymers in WWTPs. PET, PE, PS and PP, in no particular order, 

were observed as the most occurring polymer types in the referenced literature. On the other 

hand, Hassan et al. [67] and Franco et al. reported high abundance for PVC in the effluent: 61% 

and for two WWTP, 15% and 40%, respectively. The differences in polymer prevalence found 

could be linked to the local population's plastic consumption and usage habits [116]. Also, the 

abundance of PET (fiber), also known as polyester fibre is indicative of the source of MPs – 

domestic laundering activities.                                               

4.7 Concentration of MPs in Keila in Comparison with Other Studies 

In the influent, MP concentration detected ranged from 155 – 197.5 MPs/L, with an average of 

173.3 ± 21.8 MPs/L. Fiber, fragment, sheet, and film constituted 158.3 MPs/L, 12.5 MPs/L, 

1.67 MPs/L and 0.83 MPs/L, respectively. Considering the daily influx of raw wastewater, 

which is approximately 1,746 cubic meters (1.746 million liters) in Keila WWTP, it can be 

estimated that the total number of microplastic particles that enter the plant each day is 302.6 

×106 MPs/day. 

In the after-screen samples, the concentration detected ranged between 40.1 – 47.9 MPs/L, with 

an average of 42.7 ± 3.7 MPs/L. Fibre was observed to be 40.5 MPs/L, while fragment and 

foam had average concentrations of 2.1 MPs/L and 0.2 MPs/L. The concentration of MPs in 
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the effluent samples ranged between 1.1 – 1.6 MPs/L, with an average value of 1.3 ± 0.3 MPs/L. 

Fiber, fragment, and film constituted 1.2 MPs/L, 0.1 MPs/L, and 0.01 MPs/L.  

Considering the average concentration of MPs in the influent, after screen and effluent stage, 

the stage-wise and overall removal efficiency of the treatment plant can be estimated. The 

microplastics discharge from the plant to the environment can also be obtained. In the primary 

treatment phase of the treatment plant (from mechanical screen to grit and grease chamber), a 

removal efficiency of 75.4% was achieved (Table 7). This outcome is consistent with the 

findings across literature where primary treatment has been shown to remove between 70 to 

98% of MPs [75], [81], [109].  

The use of Aluminium based coagulant in the grit and grease removal chamber of the WWTP 

to enhance flocculation/coagulation may have contributed to the efficiency of the primary 

treatment stage, as seen in the study by Ma et al. [117] where the effects of Fe-based coagulant 

and Al-based coagulant on the removal efficiency of MPs in a portable water plant were 

compared. The result showed that the Al-based coagulant demonstrated significant effect on 

MP removal. 

The secondary treatment phase which includes the biological tank (A2O) and secondary 

clarifier reduced microplastics concentration from 42.7 MPs/L to 1.3 MPs/L. According to 

studies, the secondary treatment makes up for 7 to 20% of microplastics retained in the WWTP 

[81], [118]. This study shows a 23.9% retention of MPs in the secondary treatment stage. 

Table 7 Stagewise and overall MP removal efficiency and the estimated daily load and 

discharge to and from the WWTP.  

Stages MP Conc. 

(MPs/L) 

MP Conc. 

(MPs/d) x 106 

MP Conc. 

(MPs/y) x 106 

Removal 

Efficiency (%) 

Influent 173.3 302.6 110461.5 0 

Primary Treatment 42.7 74.6 27218.7 75.4 

Biological Treatment 1.31 2.3 834.9 23.9 

Comparing the concentration of MPs in the influent to the final effluent, the overall removal 

efficiency of the WWTP in this study is 99.2% (Table 7), reasonably aligning with the finding 

of Edo et al (93.7%) [86] with the same biological treatment mechanism (A2O) Table 8. On 

the contrary, Do et al. [119] obtained a much lower efficiency (25.5%), for the HC WWTP 

with similar capacity and MP concentration in the influent. The study attributed the low 
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removal efficiency in the plant to the possible lack of treatment processes intended for MP 

capture. Taking the removal efficiency of the plant into account, the amount of MPs discharged 

to the environment can be estimated to be 2.3 ×106 MPs/day. Despite the noteworthy retention 

efficiency observed in this study, MPs are still released to the environment in the order of 106, 

highlighting the significance of WWTP as a pathway of microplastic pollution. 
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Table 8 MP removal efficiency observed across several WWTPs. 

Plant Location WWTP 

Capacity 

(m3/day) 

Size Range 

(μm) 

Treatment Process MPs Conc. 

(MPs/L) 

Discharge/day Removal 

Efficiency (%) 

Ref. 

    
Influent Effluent 

   

Madrid (Spain) 45,000 25-5,000 Primary, A2O 171 10.7 3 x 108 93.7 [86] 

Wuhan, China 20,000 20-5,000 Secondary 

(Activated Sludge) 

79.9 28.4 5.7 x 108 64.4 [53] 

Sydney Australia 

(WWTP B) 

17,000 25-500 Primary and 

secondary 

1.44 0.48 8.16 × 106 66.7 [120] 

HC WWTP 2,000 1.6-5,000 A2O 413 309 3.8 × 107 25.5 [119] 

Keila WWTP 1,760 300-5,000 Primary, A2O 173.3 1.3 2.3 x 106 99.2 This 

study 
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5. Conclusions and Recommendations 

5.1  Limitations of the Study 

Like any research work, this study has its limitations which must be acknowledged.  

1. Due to time constraints this study was confined to one WWTP, which potentially limits 

the generalizability of the findings to other plants with different technological setup and 

operational scale. 

2. The size range of MPs studied were targeted (>300 μm), underestimating the 

occurrence of smaller MPs in the collected samples. 

3. Since one-time 24-hr composite samples were used in this study, the results do not 

account for seasonal variation in the concentration of MPs which could influence the 

distribution of MPs at the sampling points. 

Therefore, future work should consider expanding the scope of this study by assessing multiple 

WWTPs in Estonia, accounting for MPs < 300 μm, and considering seasonal dynamics to 

obtain a more comprehensive outlook of the microplastics distribution in Estonian WWTPs. 

Despite the limitations, the findings of this study establish the effectiveness of the current 

treatment technology at Keila WWTP and proposes operational enhancement to improve MPs 

capture efficiency. 

5.2 Improvement of Microplastics Removal Efficiency 

While the wastewater treatment technology at the Keila plant shows a high microplastics 

retention, the MPs discharged to the receiving water body is still very much significant, hence, 

the need to improve the plant’s removal efficiency. Some of the recommendations for 

improvements include: 

1. The efficiency of the primary treatment can be improved by using mechanical screen 

device less than 3mm diameter unlike the 6mm bars currently in use.  

2. In addition, the hydraulic retention time through the primary treatment stage should be 

systematically increased and monitored to support efficient removal of MPs by density 

floatation in the oil and grit removal unit. 
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5.3  Conclusions 

This study investigated the abundance and characteristics of MPs in an urban WWTP and 

estimated the stagewise and overall removal efficiency of the plant. The concentration of MPs 

detected in the influent, after screen and effluent of the Keila WWTP within the sampling 

period was 173 MPs/L, 42.7 MPs/L, and 1.3 MPs/L, respectively. Of microplastics shape, 

fibers were the most abundant, underscoring the significance of the discharge of synthetic fibre 

from household laundering activities. By size distribution, MPs > 500 μm  particles were the 

most often occurring in all the treatment stages. The most frequently identified polymer type 

was PET. White-coloured MPs were predominant, followed by black.   

The removal/retention efficiency of the plant was obtained as 75.4% for the primary treatment 

and a further 23.9% for biological treatment (A2O), resulting in an overall efficiency of 99.2%. 

Since MPs reduced from the influent to the effluent of the WWTP, it indicated that the 

treatment process was effective at removing them (retaining them in the sludge), despite not 

being designed for such application.   
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APPENDIX I 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Spectra of PET (a), PP (b), PE (c), PAN (d), PS (e), and PVC (f) polymers observed from the 

FTIR analysis of visually identified MPs. 
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