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Microplastics (MPs) pollution in water bodies, wastewater, and sewage is of concern due to their probable effects on the environment and human health. This study is a first-time attempt to evaluate MPs occurrence, abundance, characteristics, and polymeric types in sediment and agglomerated sewage water from several urban ditches in Bahir Dar, Ethiopia, in two class sizes (> 0.5 and < 0.5 mm). Out of the total of 239 MP particles, 61.09% were of <0.5 mm and this dominant fraction was transparent and consisted of fragmentary shapes. The mean abundances of <0.5 mm particles were 5 ± 1.00 items/50 g in sediment and 3.00 ± 1.00 items/ml in agglomerated sewage water. Similarly, the abundances of >0.5 mm fractions were 2.33 ± 0.58 items/50 g in sediment and 1.33 ± 0.58 items/50 ml in Agglomerated sewage water. Polyethylene (PE), Polypropylene (PP), polyethylene terephthalate (PET), Polystyrene (PS), polyamide (PA), and polyvinylchloride (PVC), were the most detected plastics. However, PET and PVC were not detected in the agglomerated sewage water samples.
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HIGHLIGHTS

• We studied microplastic pollution in an urban ditch in Bahir Dar city, Ethiopia.
• We demonstrate the pollution level of the sediment and water agglomeration sample.
• The highest abundance of MPs was recorded in sediments = 5 ± 1.00 items/50 g.
• For all sampling sites, fragments were the most abundant shape of MPs.
• Dominant polymers (PET, PE, PP, PS, PVC, and PA) were detected.
INTRODUCTION
Plastic pollution of the marine and the terrestrial environment, particularly in oceans and inland waters, has recently gained awareness as a global issue (Auta et al., 2017). The plastic production rate exponentially increases yearly, from 1.5 Mt in 1950 to 359 Mt in 2019, most of which are single-use plastics (PlasticsEurope, 2019). Left unabated, world plastic waste would add up to 12 billion tons covering the globe by 2050 (Henry et al., 2019). With weathering from various environmental sources, macroplastics are subject to degradation, ultimately becoming microplastics (MPs) (< 5 mm) which were first investigated and described in the 1970s (Carpenter and Smith, 1972; Carpenter et al., 1972). In terms of their origin, MPs can be grouped as primary MPs and secondary MPs. Primary MPs are small-sized industrially manufactured pellets, microbeads, and fragments (Auta et al., 2017), or else the product of industrial shot blasting processes wherein MPs are used as the abrasive media (Wagner and Lambert, 2018).
Secondary MPs form from the degradation and fragmentation of macroplastic through environmental weathering after being disposal (Wagner and Lambert, 2018). They may be fragments formed from the plastic litter on land and found in aquatic environments, and films produced from agrochemical use (Directive, 2013). Secondary MPs may also be fibers from fabrics produced from laundry as a result of everyday usage or cleaning and released from textile factories (Huppertsberg and Knepper, 2018). Microplastics and their degraded MPs and/or primary MPs enters into the freshwater as well as the marine environment if they are not properly managed, thus reaching the oceans (Lebreton et al., 2017) transported by rivers and other inland waters (Campos da Rocha et al., 2021). Moreover, large amounts of such emerging pollutants have an ecotoxicological effect on the aquatic biota, posing risks of fouling/entanglement, injury, and ingestion (Aragaw and Mekonnen, 2021b).
The occurrence and abundance of MPs in water, sediment, and biota have been tested and explored in a portion of the African nations (Alimi et al., 2021; Aragaw, 2021b). For Ethiopia, only one reported case study, Lake Ziway, was investigated regarding MP occurrence in fish and sediment (Merga et al., 2020). However, evidence about the occurrence and pollution level of MPs in Ethiopian lakes, rivers, estuaries, and other bodies of water is still scarce. To consider the solution of MPs pollution requires an ability to study their the occurrence and abundance effectively. Accordingly, owing to the significance of MPs’ high abundance in urban ditches, they are considered valuable indicators of those ditches pollution into the nearby water bodies (Chaukura et al., 2021).
The city of Bahir Dar is at the mouth where one of Africa’s biggest lakes (Lake Tana) flows out into rivers (Abay River/The Blue Nile) and is a leading tourism destination in Ethiopia, located 578 km north-northwest of Addis Ababa. The city area is surrounded by a variety of natural attractions, with both lakes and rivers providing a favorable habitat for people in the country, being a highly-populated area with a proliferation of congested slums leading to plastic pollution. However, there is a lack of reports on plastic waste generation, distribution, and the occurrence of MPs in the city. Of note is that the pollution level is to date unknown for the majority of metropolitan cities in the country, Bahir Dar being one of them. Thus, acknowledging the problems of contamination by MPs, effective monitoring of these contaminants is necessary, especially in respect of the big metropolitan cities within which high consumption of single-use plastics is known to be taking place. Accordingly, this study aimed at the four large ditches of Bahir Dar City to investigate the occurrence, abundance, and identification of MPs, also to predict its impact on nearby water bodies (Lake Tana and the Abay River).
METHODS
Description of the Study Area and Site Selection
Study Area Description
Bahir Dar is the capital city of the Amhara National Regional State (ANRS) in Northern Ethiopia. It is situated close to Lake Tana, the headwaters of the Blue Nile, and is a significant vacationer city in Ethiopia (Fenta, 2017). It has a level earth structure which is located at 11.5742°N, 37.3614°E, and expanded quickly throughout the 20th century; today, sewage release into Lake Tana and the Blue Nile has turned into a genuine and profoundly noticeable problem (Tassie and Endalew, 2020). The name Bahir Dar is associated with its nearness to the two water assemblages of Lake Tana and River Abay (Blue Nile). Mainly, the following criterion described Bahir Dar city to be the study area for this research: 1) It is one of the fast-growing cities in the country that resulted in the presence of widespread plastic waste regarding slum houses in the city. 2) There is no reported research so far on the occurrence, abundance, composition, and quantification of plastic waste and MPs in the city, generally or at a country level. 3) Because the city has several historical places, active tourism results in the improper disposal of huge amounts of plastic waste. 4) The city also has different topographical urban catchments that each convey the urban storm runoff to separate outfalls. 5) Currently, the urban runoff and municipal agglomerated sewage water are discharged to the nearby natural water bodies.
Selection and Description of the Site
The main four representative ditches in the city were selected based on their long areas of coverage, terminating near to and/or in natural water bodies, which can be a main contributor of MPs to Lake Tana and the Blue Nile River.
✓Ditch1 (D1): The main effluents canal that starts from wetlands (the Gudo Bahir), located on the north side of the city. It discharges its effluents which contain municipal wastewater and stormwater directly in to head of the Blue Nile River. It is the biggest canal, into which many residents discharge their waste.
✓Ditch2 (D2): It an institutional area around a referral hospital (the Felege HIWOT Regional Referral Hospital) in the city to which most plastic waste occurs and rainwater run-off is transported to the ditch, to which rectangular masonry storm drains were connected. In addition, the concrete pipe found in this sub-catchment is the one that is, laid along the street area where head offices, commercial activities, and hotels are found. Furthermore, the main road to the airport joins the ditches that guide floods to this ditch.
✓Ditch3 (D3): This ditch is found in the central area of the city between “Dib Anbessa” and the “Naky” international Hotels and crosses several restaurants, small hotels, and other commercialpremises. In this ditch, on one side there is monitoring of major flows in the main street that stretches from the Saint George Church to the regional council bureau. On the other side, it is found near the “Summerland International Hotel” and carries the waste plastics discharged by hotel users and pedestrians. This sampling site enabled an assessment of the quantity and quality of MPs discharged from around hotels. It also represents the total surface runoff exiting in this sub-basin.
✓Ditch4 (D4): Located at the North-western end of the city, it collects most of the urban runoff from the new residential area and small farm areas. The stormwater and runoff at this sampling site are supplied by mixed types of various small drainage ditches. The drainage ditches running through the main street to this outfall point are earthen open ditches whereas the other feeder ditches are rectangular masonry open ditches. The maps were plotted and described using ArcGIS (version 10.7) as shown in Figure 1.
[image: Figure 1]FIGURE 1 | Map of the study area with the three locations at each of the four major ditches in the city. Yellow dots indicate sampling locations.
Sample Collection
Sediment and agglomerated sewage water samples were collected from 12 sampling locations (upper, middle, and downstream) of four ditches (three locations on each ditch). In total 12 Kg (1 Kg on each location) of sediment samples at the top 2.5 cm of the layer were collected using a pre-cleaned stainless-steel shovel (Zobkov and Esiukova, 2018). Also, 12 L (1 L on each location) of agglomerated sewage water was collected using stainless-steel buckets (Zobkov and Esiukova, 2018). Most studies focus on the MPs present in the top (0–5 cm) surface depth, as the surface layer of the compartments (Sediment and Agglomerated sewage water) are regarded as the most polluted layer (Willis et al., 2017). Quadrats of 1 m × 1 m were used to delineate the scope of the sediment collection (Jiang et al., 2018). According to the report by Xu et al. (2019), samples collected at different positions in the same location were pooled together and sealed correctly (Xu et al., 2019). To minimize the external MP contamination, gloves and cotton clothes were used during the sampling process. According to Jian et al. (2018) report, all samples were collected in the dry season (April 2021 for this study). This is because rainfall and runoff in the rainy season have a potential impact on the quantification and identification of MPs (Jian et al., 2018). Collected samples were immediately transferred to the laboratory and stored at 4°C by sealing in a perfect tin-foil sack to prevent physicochemical characteristic changes of the MPs in sediment and water matrices (Leslie et al., 2017). The MPs extraction was carried out as per the National Oceanic and Atmospheric Administration protocols with some modifications (Masura et al., 2015).
Extraction and Separation Processes
In this study, aqueous zinc chloride (ZnCl2) solution having a density value of 1.6 g cm−3 for sediment samples and saturated sodium chloride (NaCl) having a density of 1.2 g cm−3 for agglomerated sewage water sample was prepared. From the total collected 1 Kg of sediment and 1 L of agglomerated sewage water sample at each location, 50 g sediment, and 50 ml of agglomerated sewage water were measured and mixed using 250 ml of aqueous solution ZnCl2 and 50 ml saturated NaCl solution in 500 ml glass beakers respectively. The extraction procedure was conducted according to the method reported by Zheng et al. (2019) and a triplicate replica was carried out using 50 g sediment and 50 ml agglomerated sewage water (Zheng et al., 2019).
A 50 ml saturated NaCl solution was mixed with 50 ml agglomerated sewage water and shaken thoroughly to separate the MPs. Low-density MPs such as PE (0.91–0.98 g/cm3) and PP (0.89–0.92 g/cm3) were successfully separated from the sediment and agglomerated sewage water sample with saturated NaCl solution. But it was only suited to separate MPs with a density of below 1.20 g/cm3. High-density MPs, such as PVC (1.16–1.58 g/cm3) and PET (1.37–1.45 g/cm3) were not completely separated. Therefore, MPs with high density were separated using ZnCl2 solution (1.6 g/cm3) for sediment samples. Then after the mixture was poured gradually into the sample beaker while mixing the sample with a stainless-steel spatula for about 10 min and leaving them overnight to sedimentation. Visible floating plastic particles with a particle size greater than 5 mm were picked using metal forceps and stored in an appropriate place.
In the density separation process, two steps were included to separate MPs from the mixture. 1) The first step was the separation of >0.5 mm particles from the mixture using a metal sieve having a mesh size of 0.5 mm. The separated particles on the metal sieve were left to dry for sufficient hours, collected, and stored for polymeric identification of the MPs. Only particles large enough to manipulate by hand, approximately >0.5 mm, were subjected for identification with Fourier transform infrared (FTIR) spectroscopy. Particles smaller than 0.5 mm were not used for identification due to the lack of accurate analytical techniques (such as µ- FTIR spectroscopy) (Werbowski et al., 2021). 2) The second step was the separation of MPs within the particle size of <0.5 mm from the subsequent supernatant using vacuum filtration through Mixed-Cellulose Ester filters after the oxidation process.
Digestion and Filtration Processes
The biological tissues and organic matter were removed from the supernatant by oxidizing them with 30% H2O2 (50 ml) and 0.05 M Fe (II) (50 ml) mixtures. The digestion process was continued until the digestion liquid became clear (Masura et al., 2015). The mixture was left for 5 min at room temperature before the heating process was started, wherein the mixture was put on the hotplate for hot digestion. The temperature was kept under 70°C. After thorough digestion, the mixtures were removed from the hotplate and allowed to cool down and kept for filtration.
After digestion of the supernatant, vacuum filtration was conducted to separate the <0.5 mm MPs using a cellulose nitrate (Mixed-Cellulose Ester) membrane filter. The filtration process was conducted by pouring the supernatant on a membrane filter placed on a Buchner funnel while the vacuum pump was on. The cellulose nitrate filter paper used has 47 mm diameter, and 0.45 µm pore size with a slow filtration rate, and particle retention was from 0.004172 to 0.5 mm (Desforges et al., 2014). The particles retained from the filter were placed in a pre-cleaned glass petri dish for subsequent analyses.
Identification
Visual and Microscopic Examination
Identification includes direct observation of MPs by the naked eye (from 0.5 to 5 mm particle size) and microscopic Examination (< 0.5 mm particle size). The MPs (> 0.5 mm) that were retained on the sieve were simply observed by the naked eye and sorted by their physicochemical characteristics. On the other hand, MPs (< 0.5 mm particle size) that were placed in a pre-cleaned petri dish were analyzed using ImageJ software (ij152-win-java8) to determine their particle size according to (Qi et al., 2020). Moreover, a compound microscope with an attached digital camera (NLCD-120E) was used to determine the quantity, shape, and color of MPs (Hazimah et al., 2014). A covered plate sample was subjected for examination and observed with ×10 magnifications. Then after MPs particles were identified and measured according to their physical characteristics, following the method described by Hazimah et al. (2014) report (Hazimah et al., 2014). The number, shape, color, and size of the particles were recorded. The size of the plastic particles was recorded from 0.004172 to 0.5 mm. Particles that were smaller than 0.004172 mm were not included in this study.
Polymer Type Identification
Sieve-based separated MPs (> 0.5 mm) were analyzed for polymeric identification using FTIR Spectrometer (JASCO-6600 spectrometer) with a scanning range from 400 to 4,000 cm−1. Particles were manually pressed into pellets, and the analysis mode was set to percentage transmittance (%T). The instrumental parameters were set as per the manufacturer’s protocol. As a comparison, the plastic polymers collected from Amhara Pipe Factory were analyzed as standard. Large-sized MPs particles (0.5–5 mm) were picked from the sieve using cleaned forceps and placed in a plastic pellet holder, and subjected for spectral analysis according to the report by Veerasingam et al. (2020). The infrared spectra having a similar peak with the standard reference polymeric plastic were assigned as PP, PE, PVC, etc. The spectral peaks obtained were analyzed and interpreted with the literature survey to analyze the nature of the plastic polymer composition identified from sediment and agglomerated sewage water samples.
Quality Assurance and Quality Control
In the laboratory, a series of measurements were taken to avoid potential background contamination. Gloves and cotton lab coats were worn during the experimentation time. All of the solutions used in the study were filtered through a 0.45-μm filter before using for the experiments. Tools, glassware, and containers were thoroughly rinsed with deionized water and covered with aluminum foil after each step. All synthetic clothes were refused while doing microscopic analysis to reduce the other contamination.
RESULT AND DISCUSSION
Some of the pictorial and microscopic image representation of identified MPs in different sizes, shapes, and colors in sediment and agglomerated sewage water is shown in Figure 2. Particles were recorded through their plastic characteristics, such as the absence of cellular structures, the constant thickness of fragments and fibers, homogeneous color and brightness, and equal roundness throughout the entire length and not segmented into fibers. Such particles were identified as MPs and observed (Hazimah et al., 2014). This suggests that all identified particles irrespective of their color and shape were MPs.
[image: Figure 2]FIGURE 2 | Pictorial representation of some of the identified MPs in different sizes, shapes, and colors in sediment and agglomerated sewage water samples with greater than 0.5 mm (1–8) and less than 0.5 mm (9–16).
Occurrence and Abundance of MPs
In the present study, a total of 239 MP particles were obtained. In sediment samples, a total of 135 MPs (55 items for particle size 0.5–5 mm and 80 items for particle size 0.00417–0.5 mm) were found, and 104 MP particles (38 items for particle size >0.5 mm and 66 items for particle size <0.5 mm) were identified in agglomerated sewage water samples. As shown in Table 1, for all particle sizes classifications, the mean value range was recorded as from 1.33 ± 0.58 to 5 ± 1.00 Items/50 g and 1.00 ± 0.00 to 3.00 ± 1.00 Items/ml for 0.00417–0.5 mm in sediment and agglomerated sewage water samples, respectively. Also, the mean value range for the particle size of 0.5–5 mm was recorded (Table 1) as from 0.67 ± 0.58 to 2 0.33 ± 0.58 items/50 g and 0.67 ± 0.58 to 1.33 ± 0.58 items/ml in sediment and agglomerated sewage water samples, respectively. The highest occurrence of MPs was observed in the downstream sampling locations of the ditches in both the sediment and water agglomeration. However, the lowest occurrence of MPs, one-third of that of the lower stream, was recorded in the upper stream sampling location of the ditches for particles size having <0.5 mm. This suggests that the side-feed of the urban municipal wastewater, flashes, and other sources of MPs may accumulate at the downstream area in that the upper stream can be considered as the point source of pollutants to the lower streams (Espiritu et al., 2019).
TABLE 1 | Occurrence (Mean ± SD) comparison of MPs in the ditch sediments and agglomerated sewage water samples at three sampling locations of each ditch (a) 0.00417–0.5 mm particle size and (b) 0.5–5 mm particle size.
[image: Table 1]For both sediment and agglomerated sewage water samples, the highest abundance of MPs was observed at the lower stream sampling location at D1, except for 0.5–5 mm in the water sample only. This indicates that the ditch is seriously polluted with municipal agglomerated sewage MPs from the encompassing residential area, government offices, restaurants, and tourism which is identified with excessive disposal of plastic wastes. Also, floods, mixed with sewage, in the rainy season may discharge to the ditch and wash them to the downstream area. Thus, the discharged municipal wastewater and surface runoff may be the major MPs pollution contributors, being highly abundant in this location as compared with other sampling sites (Li et al., 2018). Moreover, a similar phenomenon was recorded in another big ditch (D2) which is the second-highest important source of MPs. The abundance of MPs tends to increase gradually from upper to lower stream for particle size of 0.00417–0.5 mm in sediment and agglomerated sewage water samples. However, the reciprocal occurs for particle size of 0.5–5 mm except for the middle stream of the ditch. This contradiction event may be due to the limited path length of the plastic wastes flowing through the ditch resulted in a low breakdown into MPs (Shahul Hamid et al., 2018). Therefore, the abundance of MPs is highly dependent on the source of the main activities, the pathway, and the path length that the plastic wastes can be subjected to the weathering condition. For example, huge amounts of agglomerated sewage effluents from domestic wastewater and surface runoff from populated areas may transport plastics into the urban ditch, resulting in a high abundance of MPs (Gies et al., 2018).
The third highest MPs abundance was recorded from ditch 3 (D3) at the lower stream sampling locations for both 0.00417–0.5 mm and 0.5–5 mm particles sizes in sediment and water samples. This is because the sampling locations exhibit high population densities and are open to the public for recreational activities, resulting in high single-use plastic consumption and incorrect disposal, possibly serving as an important MP contributor (Schnurr et al., 2018). Also, several hotels and guest houses exist in this area.
At ditch 4 (D4), around the “National Fuel Depot” sampling location, on average there was the lowest abundance of MPs (for the three streams) recorded as compared with the other ditches. The least number of MPs abundance was found at the upper stream of this ditch in water samples for 0.00417–0.5 mm and in both sediment and agglomerated sewage water samples for 0.5–5 mm particles size as compared with the lower and middle streams. This indicates that the area is less affected by plastic waste due to less population density and fewer commercial activities as compared to the other three ditches. Also, the surface runoff and sewage wastewater are the least source of pollution for D4, rather than direct flooding to the nearby natural body of water, Lake Tana. Generally, the distribution patterns, abundance, contamination level, and pathway of MPs in urban ditch sediments and agglomerated sewage water are highly influenced by anthropogenic activities, prior significant contributors to plastic pollution, topography, geography, and weathering conditions (Tibbetts et al., 2018).
Moreover, the distribution pattern of MPs in ditches also agrees with the hypothesis that the high-water discharge would shift plastic particles to the lower part of the watershed (Birch et al., 2020). In the present study, the average MP concentration in sediment at the D1 was recorded approximately twice as that of the D3 and three times higher than that of the D4 areas. This indicates that the plastic particles shift may occur by water discharges and with other anthropogenic and natural influential factors in such a way that MPs can easily enter the surface water and/or accumulate in the sediment sample. In addition, no significant correlation was observed between MPs abundance in agglomerated sewage water and sediment samples may be due above-mentioned reasons, and other complicated factors (e.g., water quality, water flow, and the characteristics of MPs). In conclusion, it is essential to control the discharge of municipal wastewater into the natural environment including natural bodies of water and urban ditches.
Physicochemical Characteristics of MPs
Size of MPs
We compared the size proportioned abundance of MPs for both the large and small-sized classification in agglomerated sewage water and sediment samples for each sampling location. The proportion of MPs size, as shown in Figure 3B, of 0.00417–0.5 mm was recorded as the most abundant particle size range in both water and sediment samples, particularly at the lower stream sampling locations compared to the >0.5 mm particle size of MPs. MPs with a size <0.5 mm comprised 61.09% of the identified plastic particles, whereas the MPs with a size >0.5 mm were only 38.91%. As shown in Figure 3A, the lower stream of the ditches is polluted with very small MPs particles from both sediment and agglomerated sewage water. The smallest mean size of MP particles was found from D3 at the lower stream sampling location in the agglomerated sewage water samples. Therefore, the high percentage of small-sized MPs indicates a higher probability of ingestion events for aquatic organisms, since their fine size is similar to zooplankton to suspend in waters (Cole et al., 2011; Botterell et al., 2019).
[image: Figure 3]FIGURE 3 | Mean size (± SD) of MPs in sediment and agglomerated sewage water samples at each sampling location for four ditches (A) 0.00417–0.5 mm and (B) proportion of MPs for large and small size particles.
Small-sized MPs are mainly fragmented from larger plastic debris by various weather condition impacts such as mechanical forces, photo-degradation, and biodegradation processes (Zbyszewski et al., 2014). They are considered to pose a more serious potential threat to aquatic organisms than large-sized MPs due to their greater surface area for possible adsorption of associated contaminants (Devriese et al., 2017). The ingestion of MPs by both low trophic and high trophic organisms, and both vertebrates and invertebrates, has caused adverse health effects (Ivar and Costa, 2014). As with the results of many published studies, the size of MPs in this study was inversely proportional to their quantity (Triebskorn et al., 2019). This may be due to that large-sized MP could be fragmented into several smaller particle sizes by the matrices effect from the municipality (Song et al., 2017). Moreover, small size MPs have high specific surface areas resulting in easy to form biofilms by adsorbing different chemical substances (Selvam et al., 2021a). This results from the increased density and eases entry into the sediment matrix (Triebskorn et al., 2019). Also, MPs with relatively lower density and smaller size can increase travel further on the wind and waves.
Shape of MPs
Different shapes of MP particles (fragment, fiber, film, pellet, and foam) of various quantities across sampling locations, were recorded as shown in Figure 4. As can be seen in Figure 4, fragment MPs were recorded as the dominant shape for both of the two size classifications in both sediment and agglomerated sewage water samples. Per the particle size ranges from 0.00417 to 0.5 mm (Figures 4A,C) and from 0.5 to 5 mm (Figures 4B,D), they were recorded in all sampling locations except a middle stream from D3 (for 0.00417–0.5 mm particle size) and the upper stream from D1 (for 0.5–5 mm particle size) in sediment samples. The proportion of fragment MPs was 45% and 51% for particle size <0.5 mm in sediment and agglomerated sewage water samples, respectively. In addition, 43% in sediment and 58% in the Agglomerated sewage water samples were found for particle sizes >0.5 mm. A possible reason for the wide distribution of fragment MPs is that they come from the widest range of plastic waste in the urban area that can be degraded and fragmented from plastic bags, plastic bottles, packaging materials, containers, and toys used in a daily manner (Zhao et al., 2015; Peng et al., 2018). In the present study, it can be suggested that the fragment particles abundance rate in agglomerated sewage water was high as compared with sediment samples. Perhaps, fragment MP particles surface area to volume ratio is high as compared with fibers and film resulted in the particles being able to float out on the top of the agglomerated sewage water.
[image: Figure 4]FIGURE 4 | MPs shape proportion from sediment (A,B) and agglomerated sewage water samples (C,D) across all sampling locations of each ditch for particle size <0.5 mm (A,C) and >0.5 mm (B,D).
The second most abundant type of MPs is in the sediment and agglomerated sewage water. Samples were recorded as films with the proportion of 11% and 9% (for particle size < 0.5 mm) and 43% and 26% (for particle size > 0.5 mm) in sediment and agglomerated sewage water samples, respectively. Films are mainly generated by the fragmentation of plastic carrier bags (Hazimah et al., 2014). Film types of MP shapes are also can be formed from the degradation of daily used plastic that comes from agricultural films, an impermeable plastic film (Ding et al., 2019). Mainly, the film particles sources are from thinner, and softer plastic debris (Teuten et al., 2007). This suggests that this kind of plastic material has been disposed to urban ditches where the samples were collected.
The third abundant MPs particle were recorded as fiber type found in both sediment and agglomerated sewage water samples. The fiber type of MPs often exists in water from laundry and daily cleaning microfiber-like products from cosmetics and disposable facial towels are major sources. The washing machines of fabrics releases thousands of fiber type of MPs into domestic wastewater through the urban ditches (Hernandez et al., 2017). The proportion of fiber was recorded at 16% and 12% (for particle size < 0.5 mm), and 6% and 11% (for particle size > 0.5 mm) in sediment and agglomerated sewage water, respectively. As compared with fragment and film shape MPs, fiber is the least proportion at most of the sampling locations suggests that may the relatively fewer sources in the studied area. The fact that fiber particles are generated from wastewaters of laundering (De Falco et al., 2019) suggests that the fiber sources in the city exist in small proportions. The pellet MP particles were recorded in small proportion as compared with the other shapes (fragment, film, and fiber), even so there was a record at most of the sampling locations. This is due to the source of the pellet shape usually being primary MP such as microbeads and plastic pellets (Turner, 2018), and they are mainly originated from daily personal care products, such as cosmetics and cleaning media (Napper et al., 2015). This indicates that pellets from personal daily care products such as toothpaste and shampoo usage and disposal in the city are minimal. Pellets were observed in a low proportion in agglomerated sewage water compared to in sediment. The other Proportionally small shape of MPs in the present study were recorded as foam. The density of foams is low and thus they easily float on the surface water and are assumed to be minimal or leave no record in the sediment samples. However, the foam had large numbers of gas micropores and thus can easily adsorb different substances (Selvam et al., 2021a) resulting in enlargement and making foams denser and able to sink into the sediment (Hazimah et al., 2014). Thus, in the present study, the foam was recorded in some sampling locations for both sediment and agglomerated sewage water samples, showing no particular trend.
Color of MPs
The color of the MPs particles is an important factor enhancing the likelihood of ingestion by the marine organisms for resembling their target prey. Some commercial fish species (Selvam et al., 2021b) and their larvae may target tiny zooplankton and they have a higher chance of ingesting transparent/white and yellow MPs as they are visual predators (Zhao et al., 2015). In the present study, various colors were recorded across all sampling locations as shown in Figures 5A–D. Transparent MPs were recorded as the most frequently abundant type of particles along the four ditches for both sediment and agglomerated sewage water samples for particles <0.5 mm, which is similar to (Zhang et al., 2018; Zhao et al., 2020). This suggests that colored plastic polymers are not frequently used in commercial goods in contrast with colorless (white/transparent) plastic materials (Klein et al., 2015). Disposable plastics such as plastic bags, plastic cups, and bottles have short lifetimes and might be the potential source of transparent MPs in urban municipalities (Xiong et al., 2018; Prata et al., 2019). In addition to white, the green-colored MPs were identified dominantly for particle sizes >0.5 mm as shown in Figures 5B,D. This may be due to some soft drink bottle plastic packaging, which are the main contributors.
[image: Figure 5]FIGURE 5 | The color proportion of MPs from sediment sample (A,B) and agglomerated sewage water sample (C,D) across all sampling locations at each ditch for particle size <0.5 mm (A,C) and for >0.5 mm (B,D).
Furthermore, it is suspected that the predominance of transparent MPs is due to their high susceptibility to weathering processes (Hartmann et al., 2019). This may happen due to effects of the oxidants in the digestion process, such as H2O2, degrading and distroying the color additives (Jiang et al., 2019). Moreover, numerous colored MPs like fibers and films, particularly with red and blue colors might lose (leach out) their color additives in the environment matrices, at the end appearing as transparent particles. Studies have reported that fishes may prey intentionally on plastic particles that possess color (e.g., transparent, white, and green) similar to their natural food items such as planktons (Nadal et al., 2016).
The proportion of transparent MPs was recorded as 37% and 33% (for particle size < 0.5 mm) and 22% and 3% (for particle size > 0.5 mm) in sediment and agglomerated sewage water, respectively. Therefore, the wide variety of colors for MPs infers that they might have colors resembling normal marine food, and along these lines may confuse the regular prey and predator practices and lead to color-specific ingestion by marine biota (Wright et al., 2013). Most MPs found in biota samples such as fish stomachs were normally reported as transparent colors which were not transparent during their ingestion (Selvam et al., 2021b). This means that the colored MPs taken as food were further degraded and the color additives were removed (Wright et al., 2013). Color has additionally been perceived as a decent mark of residence time for MPs on the ocean surface, and of the level of weathering (Rodríguez-Seijo and Pereira, 2016). The level of yellowing or darkening is to a great extent because of the expanded carbonyl functional group lists responsible for the degree of aging or degradation (Stolte et al., 2015). Rather than brilliant and vivid colors, MPs showed dull and faded hues, which suggests that they went through various weathering and degradation processes over a long period. This assures that the discoloration of the plastic polymer in the natural environment is an indicator of their degradation into particles (Gewert et al., 2015). Thus, it can be concluded that the diverse color identified MPs depends on the various colored source of plastic wastes and the degradation impacts on their virgin-colored plastics in the environment matrices.
Plastics Polymer Composition
Identified MPs Polymeric Proportion
A total of 46 representative MP particles, 19 (50%) from agglomerated sewage water and 28 (50%) from sediment samples, were selected for particles size >0.5 mm for polymeric composition estimation. However, MPs with a particle size <0.5 mm were not selected for this examination. Because examination of MPs with small particle sizes is difficult due to the unavailability of µ-FTIR instruments that can map the exact polymer types. As shown in Figure 6, the identified MPs were recorded as PE, PP, PET, PS, and PVC for both sediments and agglomerated sewage water samples. The order of their MPs proportions was identified as PE = 14 (8 in agglomerated sewage water and 6 in sediment) > PP = 10 (6 in agglomerated sewage water and 4 in sediment) > PET = 6 (6 in sediment, ≈ 0 in agglomerated sewage water) > PS = 6 (3 in agglomerated sewage water and 3 in sediment) ≈ PA = 6 (4 in water, 2 in sediment) > PVC = 5 (5 in sediment and ≈ 0 in agglomerated sewage water). The calculated percentage proportion enumerated as with the highest of PE = 30.4%, followed by PP = 21.74%, PET = 13.04%, PS = 13.04%, PA = 13.04%, and PVC = 10.87%.
[image: Figure 6]FIGURE 6 | Identified MPs polymeric proportion in sediment and water sample, and total contributions.
The high contribution of PE and PP is due to their ease of use (Lares et al., 2018; Lv et al., 2019; Magni et al., 2019), lightweight (Lares et al., 2018; Lv et al., 2019; Magni et al., 2019), and excellent mechanical futures (heat opposition, stable synthetic properties, and incredible electrical insulation) (Wen et al., 2018). Thus, these good features lead to high production of them and excessive use in commercial activities resulting in their disposal in agglomerated sewage water (Liu et al., 2019; Wagner et al., 2019), and in metropolitan stormwater runoff (Liu et al., 2019; Wagner et al., 2019). PE is highly utilized in domestic devices production, bags, and packaging materials (Kor and Mehdinia, 2020). Due to the low-density characteristics of PP and PE-derived MPs, they were recorded as a high proportion in agglomerated sewage water samples (31.58% and 42%) than in sediments (14.3% and 21.4%) (Yuan et al., 2019). In the environment, biofilm formation of MP particles with associated chemicals (Selvam et al., 2021a) and microorganisms leads to a change in the density and shape of the particles resulting in them sinking to the sediment (Porter et al., 2018; Silva M. M. et al., 2019).
A good physicochemical characteristic of polystyrene (PS), such as its protection ability, durability, and being easy colorable leads for various applications such as in light ventures, shockproof materials, and beauty care products (cosmetics) results in a good proportion persisting in the natural environment (Kor and Mehdinia, 2020). Consequently, in the present study, 10.71% of sediment and 16.67% of agglomerated sewage water MP samples were identified as PS. We suspect that the private enterprises along the ditches are likely to be the possible source of those PS items. PS may be found in two principal structures: strong PS (denser than seawater) and expanded PS Foam (EPS; less dense than seawater). EPS is likely to remain in surface waters for longer periods, though the denser type of PS sinks to the sediments more quickly, which suggests that the latter can be found in agglomerated sewage water and sediment samples.
Polyamide (PA), usually known as nylon, is a polymer with high-strength fiber characteristics. PA MPs were recorded in both agglomerated sewage water and sediment samples with the proportion of 14.29% in sediment and 11.11% in agglomerated sewage water samples regardless of their density. This phenomenon demonstrates that density is not the only factor affecting the distribution of MPs. Particles with a high surface-to-volume proportion may more likely to remain suspended in water columns (Zhao et al., 2015; Lenaker et al., 2019). Sewage discharged from laundries to urban ditches and around cloth-making areas may be a significant source of nylon particles that have been used for garments and ropes (Yuan et al., 2019).
As shown in Figure 6, polyethylene terephthalate and polyvinyl chloride (PET and PVC) were exceptionally recorded only from sediment samples. They were found in the proportion of PET = 21.43% and PVC = 17.86%. PET is generally used for various plastic containers such as water bottles (Bach et al., 2012; Nisticò, 2020). Most medical and laboratory gloves are made from PVC, which was found also in the present study. Its existence only in the sediment samples is due to its high density as it sinks to the bottom-line of the ditches (Elashmawi et al., 2017). PVC contains harmful additives, like dioctyl phthalate and dibutyl phthalate, possibly leaching into the environment and posing threats to human health as well as for the aquatic biotas (Capolupo et al., 2020). The types of plastic particles recorded in the present study were similar studies reported for MPs investigated from wastewater spaces in China (Zhang et al., 2017; Di and Wang, 2018). Reports suggest that the existence of MPs in the sediment samples could reflect long-term contamination for both terrestrial and aquatic environments resulting in long-term ecological pollution and impacts (Nel et al., 2018; Smith et al., 2018). The occurrence, composition, and identification of MPs in the environment are highly dependent on the sources of the plastic wastes, the techniques used (separation and identification) (Sadri and Thompson, 2014; Zhao et al., 2015). Thus, it is important to further optimize the extraction and instrumental analysis techniques.
Polymer Spectral Analysis
As shown in Figure 7, six polymer types of identified MPs particles with the corresponding standard reference plastic polymer spectra were analyzed using Fourier transform infrared spectroscopy (FTIR). The absorption peaks at 2,960–2,849 cm−1, 1,471–1,450 cm−1, and 730–718 cm−1 for the PE particles is an assignment of the asymmetric and symmetric stretching, bending deformation, and rocking deformation of the -CH2 in the aliphatic chain, respectively (De-la-Torre et al., 2021). The standard reference plastic polymer is shown in exact peat appearance spectra. The characteristic peaks at 2,961–2,842 cm−1, 1,168 cm−1, 972 cm−1, and 841 cm−1 for PP particles represent -CH, -CH3, and -CH2 asymmetric/symmetric stretching, -CH3 rocking, C-C stretching, and -CH2 rocking, respectively (De-la-Torre et al., 2021; De-la-Torre et al., 2022). Therefore, PE and PP items are usually buoyant due to their lower density (0.91–0.98 g/cm3), and (0.83–0.91 g/cm3) values (Wang et al., 2018; Zhang et al., 2020). Due to this reason, they are dominantly found in the agglomerated sewage water sample. Similarly, the standard reference plastic polymer coincides with the identified MPs. The broad absorption peaks from 3,500 to 3,415 cm−1 for PET particles and the corresponding standard reference polymers are an assignment of hydroxyl (O–H) functional groups. Also, the small peaks at around 1,645 cm−1 are attributed to the stretching vibration of carbonyl (C=O) functional groups saturated esters (Silva E. et al., 2019). Moreover, the bands at 1,386 cm−1 are associated with the asymmetric deformation in -CH2, and the bands at 1,107 cm−1 attribute with the stretching vibration of C–O bonds. The bands at 625 cm−1 are due to the interaction vibration of = C–H (Silva E. et al., 2019). The absorption bands at around 3,391 cm−1, 2,934 cm−1, 1,634 cm−1, 1,466 cm−1, and 1,374 cm−1 for the PA plastic particles and the corresponding standard reference plastics exhibit the characteristic stretching vibration of amid (N–H), aliphatic C-H stretching = O stretching, C-N stretching, and CH2 bending, respectively. Also, the absorptions band at 712 cm−1 interaction vibration of N-H and C = O bending for polyamide polymers (Zhao and Mallick, 2019). As shown in Figure 7B, the peak at 3,022 cm−1, and 2,911 and 2,844 cm−1 for the PS plastic particles were associated for each CH group stretching vibration to the aromatic ring, and CH bond stretching of CH2 groups in the aliphatic chains, respectively (Berruezo et al., 2014). A small and sharp peak of 2048 cm−1 is associated with the C = C bond stretching in the aromatic rings. Moreover, the absorption peaks of PS around 701, 761, 1,451, and 1,499 cm−1 correspond to the C-H bond stretching of the aromatic rings (Berruezo et al., 2014). The characteristic peaks at 1745, 1,190, and 1,080 cm−1 are an assignment for the C=O stretching vibration of carboxylic and ketone groups, cyclic olefin copolymer stretching vibration, and–CO–stretching vibration, respectively (Li et al., 2022). The broad band around 3,450 cm−1 for the PVC plastic particles is attributed to the hydroxyl (O-H) stretching. The two adjacent small peaks at 2,975 cm−1 and 2,913 cm−1 consist of the CH2 asymmetric stretching vibration (Pandey et al., 2016). The absorption band peaks around 1,430 cm−1 correspond to the C−H bond in deformation in the symmetric aliphatic hydrocarbon, and the broad and small peak at 1,625 cm−1 for PVC is assigned to C = O stretching vibration (Aragaw and Mekonnen, 2021a). The C-C stretching bond of the PVC corresponds in the range 1,000–1,100 cm−1 and peaks in the range of 600–650 cm−1 (616 cm−1) correspond to the C—Cl bond (Tang et al., 2018; Sobhani et al., 2019; Kitahara and Nakata, 2020). Through the absorption band analyzes carried out, several vibrations associated with specific functional groups were identified, which allowed us to identify the most likely type of polymer comprising the extracted MPs.
[image: Figure 7]FIGURE 7 | Fourier transform infrared (FTIR) spectroscopic polymer type identification of MPs in sediment samples (A–C) and water samples (D).
Limitations of the Study
Because sediment samples in the urban ditches may contain complex matrices constituents, the studied sampling sites may not be absolutely representative of the entire urban ditch system. Scaling the quantified amount of MP from the lab-scale sample size to weights in large-scale may produce sizable errors. Thus, it may require larger sample sizes (Haave et al., 2019). Since only the main ditches were considered, this may raise some uncertainties concerning Ethiopian wards (locally known as “kebele”). Even though control measures were employed for every laboratory procedure at every step in the procedure, the chance of contamination and/or losses of MPs in the sample could occur. Furthermore, undermined or overseas reading errors may arise from the visual counting and qualification of the physicochemical properties of MPs in the samples that may result from the extraction and separation chemical effects. Lastly, due to the inaccessibility of advanced analytical equipment, such as μ—FTIR spectroscopy, the smallest MP fractions remained unidentified in terms of the polymeric composition.
Implications of Plastic Pollution
The study was carried out in a tourist and fishing hotspot, where extreme plastic pollution does occur as compared with other cities in the country. The present study reveals that the nearby natural water bodies (Abay River and Lake Tana) can be exposed to MPs via contaminated gateway runoffs from the urban ditches. Aragaw (2021a) reported that the highest percentage of the constituents in the debris survey from Lake Tana were plastics, especially single-use plastics (Aragaw, 2021a) that come from the improper disposal in urbanized areas. Also, associated toxic pollutants/chemicals, adsorbed onto MPs from clothes laundering, hotels, recreational areas, and industries can be transferred to Abay River and Lake Tana. As a result, this study focused on occurrence, identification, and quantification of MPs supports significant attempts in the light of the possibility of contamination of nearby water bodies and, thus, impact to human health via the food chain, being as Lake Tana is the main source of fish to the city hotels. Therefore, it is required to manage the plastic waste released from the city to protect the city as well the nearby water bodies. It is hoped that this study will have relevant importance in providing relevant information that is, essential to design appropriate plastic waste management systems. Conducting more detailed studies in this area is critical by providing a comprehensive investigation on the MPs pollution of a representative river that flows from the intensively affected inland waters into Lake Tana and the Blue Nile River.
CONCLUSION
The worldwide presence of plastics in the land-based and marine environment increased due to the exponential plastic production resulting in enormous consequences to ecological imbalance. Amongst all plastic drivers, rivers, which are also the mouth of urban sewage waste outflows, are highly responsible for the majority of the plastic routed into the oceans. This study was carried out to demonstrate the MP’s pollution in the urban ditches (Bahir Dar) which is adjacent to Blue Nile River to conclude Bahir Dar City to be inputting plastic to the nearby water bodies. The MP pollution of urban municipalities could be determined by taking sediment and water of agglomeration samples at the urban ditches. Comparatively, the highest abundance of MPs was recorded within sediments (5 ± 1.00 items/50 g) rather than the water (3.00 ± 1.00 items/50 ml) samples. This indicates that detected MPs particles were dominated by the high quantity of particles sinking into sediments. However, as only three sampling locations in the four main urban ditches were determined in both sediment and agglomerated sewage water samples, further detailed examination at more ditches and sampling locations is essential to draw a further conclusion.
The physicochemical characteristics of detected MPs also differed across the ditches, location, and sample types. A figure of 56.5% of the detected MPs were recorded in sediment samples, whereas 43.5% were in water samples. Out of this, 61.09% of the particles were a size of <0.5 mm with the dominant shape being fragments and color being transparent; and the proportion was high in sediments compared with agglomerated sewage water samples. This may be due to frequently occuring fragmentation of plastics and sinking down to the bottom line of the ditch. The most common polymers detected in both sample types were PE and PP out of the dominant commercially used polymers (PE, PP, PET, PS, PA, and PVC). The potential polymeric composition of MP particles was identified by FTIR. However, the misidentification rate of MPs using IR may be high. Thus, future analysis should also include more measurement of the MP particles.
As Bahir Dar City is connected to the mouth of Lake Tana and the Blue Nile River, part of the plastic wastes and their fragmented MPs will most probably be released into them an urban MP sink. Thus, further studies are required to determine the level of plastic pollution, the urban sites which are sources of entry, and the possible effects of MPs on aquatic biotas.
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