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INTRODUCTION  

 

             Rivers are the primary conduits for land-based waste to enter the ocean, and they 

are particularly impacted by plastic waste (Schmidt et al., 2017; Meijer et al., 2021). 

Microplastics (MPs < 5mm) from this waste reach aquatic organisms and have a variety 

of physiological effects (Hamed et al., 2019, 2020). A current global trend is the study of 

plastic pollution in rivers (Shabaka et al., 2022), and plastic waste has been observed on 

riverbanks in recent years. Examples include the Pan-European RIMMEL project, which 

found plastic waste in over than 40 rivers (González-Fernández et al., 2019). In 

addition, examples cover the Rhone River (Castro-Jiménez et al., 2019) and the Tiber 

River (Cesarini et al., 2023).  

One of the methods that are frequently employed was used in these studies, the 

visual measuring method from bridges (González-Fernández et al., 2016; van 
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Using the visual observation method, this study provides an overview of 

the distribution and abundance of plastic waste on the shores of the main 

course of the River Nile at twelve different sites across six successive 

governorates in Upper Egypt. Among these sites, Assiut, Nagaa Hammadi, 

and Suhag, three urban sites, had the greatest distribution and abundance of 

plastic waste. El-Wasta, a rural site, came in second. Luxor, Aswan, and 

Edfu, three tourist sites, had the least distribution and abundance of plastic 

waste. Only Assiut and Suhag had piles of plastic waste. The most abundant 

type of plastic waste was plastic bags, followed by a variety of other plastics, 

including boat mooring ropes, plastic foams, lids, food wrappers, packaging 

material, bottle caps, cutlery, and plastic pipes. Next came bottles, tires, the 

obvious appearance of personal hygiene products, and very little fishing gear. 

Megaplastics, mesoplastics, and microplastics all had lower percentages than 

macroplastics, which had the highest percentage. The abundance of plastic 

waste was lower in the southern governorates (Aswan and Luxor) than in the 

northern governorates (Assiut, Qena, Suhag, and El-Minya). Our current 

research would contribute to the global trend of examining plastic in rivers, 

and the findings would aid in the establishment of a mechanism to lessen and 

eventually eliminate plastic waste, particularly along the Nile's shores, as well 

as a law to better regulate it. 
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Emmerik et al., 2018; Castro-Jiménez et al., 2019). They provide a dependable way to 

gather data and are easy to use. For a predetermined period of time, observers stationed 

on bridges count the quantity of readily discernible floating and barely submerged plastic. 

The method is provided by sparse measurement techniques and is a useful tool for 

estimations of floating plastic transit and accumulation along riverbanks (van Emmerik 

& Schwarz, 2019). The development of more advanced technological methods for flux 

and stock measurements, such as remote sensing, which has been used in recent studies, 

is a major focus at the same time. These methods will enable a rapid scale-up of 

observations around the world (Gomez et al., 2022; Simpson et al., 2022). The Nile 

River, with a length of 6693km, is regarded as the longest river in the world despite being 

one of the most significant rivers in the world, if not the most famous (World Atlas, 

2019; Khan et al., 2020). There is currently little known about plastic pollution in the 

River Nile, and there hasn't been adequate study on how frequently plastic debris is found 

on the Nile's shores (Khan et al., 2020). Even though the Nile flows through many 

nations in Africa, Egypt has always been inextricably linked to it, and it has been called 

the "source of life for Egypt" (Ali et al., 2014). Because of its well-known contribution to 

the development of ancient Egyptian culture and civilization and the ongoing belief in it 

as a primary source of freshwater needed for drinking and irrigation (Dumont, 2009; Ali 

et al., 2014), in addition to its importance in river navigation, tourism, and being an 

important source of freshwater organisms like fish and others. 

Egypt is the biggest plastics consumer in all of Africa (Babayemi et al., 2019). 

Aquatic habitats are being negatively impacted by Egypt's high plastic use, poor waste 

management, and careless disposal of plastic waste (Hamed et al., 2019). Unfortunately, 

Egypt was one of the top three nations in the Mediterranean Sea for plastic pollution 

(WWF, 2019). MPs have been found recently in water, sediments, and some fish in the 

River Nile in Lower Egypt (Khan et al., 2020; Shabaka et al., 2022; Khallaf et al., 

2023), additionally, meso-and macroplastics (>5mm) have been found recently in water, 

sediments, and fauna of the River Nile in Upper Egypt (Hassan et al., 2023). These 

studies showed that the main source of these plastic particles is plastic waste on the Nile's 

shores, making it a research priority and an essential and necessary step in identifying the 

issue and coming up with workable solutions. The current study was conducted at the 

same time as Egypt of hosting the Climate Summit of the Parties (COP27), which was 

held in Sharm El-Sheikh in November 2022 to discuss environmental issues on a global 

scale, such as climate change and plastic pollution. This coincided with the current 

increase in interest by the Egyptian state in environmental issues (Ministry of 

Environmental Affairs, Egypt, 2022).  

The current study's goal was to advance our knowledge of the distribution, 

abundance, and composition of various plastic wastes along the shores of the River Nile 

in various Upper Egyptian governorates. 
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MATERIALS AND METHODS  

 

Study Sites 

The current study was conducted in six consecutive Upper Egyptian governorates 

along the main River Nile course: Aswan, Luxor, Qena, Suhag, Assiut, and El-Minya. 

Two sites were chosen in each governorate to survey plastic waste on the shores of the 

River Nile during December 2021 and January 2022: Aswan and Edfu (Aswan 

governorate), Armant and Luxor (Luxor governorate), Qena and Nagaa Hammadi (Qena 

governorate), Gerga and Suhag (Suhag governorate), El-Wasta and Assiut (Assiut 

governorate), and Sawada and El-Minya (El-Minya governorate). Aswan, Luxor, and 

Edfu are tourist locations, while Armant, Qena, Nagaa Hammadi, Gerga, Suhag, Assiut, 

and El-Minya are urban locations, and El-Wasta and Sawada are rural locations. In order 

to conduct a plastic waste survey along the entire length of the River Nile, consideration 

was given to the distance between these locations as well as the varying levels of 

urbanization and population densities (Fig. 1 & Table 1). 

 

 
 

Fig. 1. A map of the study sites of the River Nile in Egypt: Aswan and Edfu (Aswan Governorate), Armant 

and Luxor (Luxor Governorate), Qena and Nagaa Hammadi (Qena governorate), Gerga and Suhag (Suhag 

Governorate), El-Wasta and Assiut (Assiut Governorate), and Sawada and El-Minya (El-Minya 

Governorate) 
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Plastic waste monitoring and surveying 

The abundance and composition of plastic waste were surveyed at each of the 

twelve sites using the quadrate technique (1 m2 with five replicates in each site), a digital 

camera, and visual observation (Sayed et al., 2021). The quadrate method was used to 

calculate the percentages of plastics and the percentages of their types and sizes (Fig. 

2A). Plastic waste was classified into six categories according to their shapes: plastic 

bags, bottles, tires, fishing gears, personal hygiene products, and a group of other plastic 

waste, which includes boat mooring ropes, plastic foams, lids, food wrappers, packaging 

materials, bottle caps, cutlery, cigarette butts, personal tools, and plastic pipes (El-

Naggar et al., 2024), as well as being classified according to their size into: 

(megaplastics >1m), (macroplastics 25mm–1m), (mesoplastics 5mm–25mm), and 

(microplastics <5mm), this classification has been adopted by UNEP (2020) (Fig. 2B). 

The percentage of plastics and their types and sizes in each governorate, as well as the 

general percentage of plastics and the general percentage of their types and sizes on the 

shores of the River Nile at all sites, were calculated using this data. 

Table 1. Location (longitude and latitude) and population density (number of individuals) according to the 

Central Agency for Public Mobilization and Statistics, Egypt, in 2021, of the 12 surveying sites (6 

governorates) 

 

Fig. 2. Photographs of the study site in Assiut showing: A) A plastic waste survey using the visual 

observation method, camera, and quadrate technique; B) Determined different categories of plastics 

according to plastic type (1= plastic bags, 2= bottles, 3= tires, 4= fishing gears, 5= personal hygiene 

products, and 6= other plastic waste) and according to plastic size (a= megaplastics, b= macroplastics, c= 

mesoplastics, and d= microplastics)  

 

Governorate Site Longitude and latitude Population density Shore length (m) 

Aswan 
Aswan 24◦0520N, 325359E 199306 300 
Edfu 24◦5841N, 325244E 150238 500 

Luxor  
Armant 25◦370N, 323200E 78695 500 
Luxor 25◦410N, 323900E 268640 300 

Qena 
Qena 26◦1000N, 324300E 252883 500 

Nagaa Hammadi 26◦0300N, 321500E 59601 400 

Suhag 
Gerga 26◦2012N, 315315E 151256 300 

Suhag 26◦3338N, 314130E 146011 700 

Assiut 
El-Wasta 27◦1036N, 311322E 326441 400 

Assiut 27◦1113N, 311017E 242594 700 

El-Minya 
Sawada 28◦0439N, 304743E 739279 300 

El-Minya 28◦0710N, 304440E 739279 400 
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Determination of plastic waste by remote sensing 

At the most numerous sites containing piles of plastic waste on the shores of the 

River Nile, remote sensing techniques have been used to track the presence of these piles 

in the past years (2016, 2019, and 2020). 

RESULTS  

 

Plastic waste distribution, abundance, and composition on the River Nile's shores at 

different sites  

The findings demonstrated that a variety of pollutants, including plastic waste, 

which is the main pollutant, are present along the River Nile shores at the study sites. 

These pollutants include metals, fabrics, glass, paper, wood, construction materials, and 

organic pollutants. Additionally, it was observed that the amount of plastic waste that was 

spattered along the River Nile's shores varied from site to site and that piles of plastic 

waste only appeared at the two sites, Assiut and Suhag. It was also observed that there 

was a difference in the site description and human activities at the sites (Fig. 3 & Table 

2).       

 

Fig. 3. Photographs of plastic waste on the River Nile's  shores at the survey sites: Aswan and Edfu (Aswan 

Governorate), Armant and Luxor (Luxor Governorate), Qena and Nagaa Hammadi (Qena Governorate), 

Gerga and Suhag (Suhag Governorate), El-Wasta and Assiut (Assiut Governorate), and Sawada and El-

Minya (El-Minya Governorate) 
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Table 2. Site description and the main human activities 

According to the findings, the percentage of plastic waste varied at each site. 

Assiut, Nagaa Hammadi, and Suhag have the highest average percentages of plastic 

waste on the River Nile shores, with 78%, 77%, and 73%, respectively (Fig. 4A). Plastic 

bags were the most abundant type at the three sites, with an average percentage of 69%, 

42%, and 89% at the three sites, respectively. The group of other plastic waste, which 

includes (boat mooring ropes, plastic foams, lids, food wrappers, packaging material, 

bottle caps, cutlery, cigarette butts, personal tools, and plastic pipes), came in second with 

14% and 8% in Assiut and Suhag, respectively. While in Nagaa Hammadi, bottles came 

in second (23%), respectively (Fig. 4B). El-Wasta (63%) came in second, plastic bags, 

personal hygiene products, and the group of other plastic waste were the most abundant 

types with average percentages (71%, 16%, and 12%, respectively). The lowest amount 

of plastic waste was found along the Nile's shores in Luxor, Aswan, and Edfu (average 

percentages of 20%, 24%, and 37%, respectively) (Fig. 4A). At Luxor and Edfu sites, 

plastic bags were the most abundant type of plastic waste (39% and 45%, respectively), 

followed by the group of other plastic waste (30% and 29%, respectively), while in 

N. Site Description of survey site Main anthropogenic activities 

 

1 

Aswan Sandy shores with the natural composition of the 

shoreline looking like a small peninsula when the 

water level is low. It is located in a tourist area. 

Tourism, water sports, shipping, and fishing. 

2 

Edfu Rocky/sandy shore with an artificial shore 

composition and the anchorage of navigation ships. 

It is located in a touristic urban area. 

Tourism, shipping, fishing, and transporting 

citizens from the center to villages are 

mostly done by wooden boats. 

 

3 

Armant Muddy shore with a natural shore composition is 

located next to parking. It is located in an urban 

area. 

Changing used car tires, transporting citizens 

from the West Bank to the East Bank and 

back mostly by wooden boats, and fishing. 

4 
Luxor Rocky shore with an artificial shore composition. It 

is located in a tourist area. 

Tourism, fishing, and recreational activities. 

5 Qena Rocky shore with an artificial shore composition. It 

is located in an urban area. 

Recreational activities and fishing. 

6 
Nagaa 

Hammadi 

Rocky shore with an artificial shore composition. It 

is located in an urban area. 

Recreational activities, industrial activities, 

urban waste, and fishing. 

7 Gerga Muddy shore with a natural shore composition, 

located in an urban area next to the family club 

Urban waste and fishing. 

8 
Suhag Sandy shore with a natural shore composition, 

located in an urban area. 

Urban waste (especially household waste), 

and fishing.   

9 El-Wasta Muddy/sandy shores with the natural composition of 

the shore, located in a rural area. 

Household waste, agriculture activities and 

fishing. 

10 
Assiut Sandy shore with natural shore composition, located 

in an urban area. 

Urban waste (household waste) and fishing. 

11 
Sawada Muddy shore with the natural composition shore, 

located in a rural area. 

Household waste, agriculture activities, and 

fishing. 

12 
El-Minya  Sandy shore with natural shore composition, located 

in an urban area. 

Fishing. 
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Aswan, bottles were the most abundant type (47%), followed by plastic bags (24%) (Fig. 

4B). 

Generally, plastic bags were the most abundant type at all sites, except for Aswan, 

Armant, and Qena. Bottles were the most abundant type in Aswan, and tires in Armant 

and Qena, respectively. Generally, plastic bags were observed with the highest 

percentage in Suhag; bottles recorded the highest percentage in Aswan; fishing gears 

were recorded with the highest percentage in Edfu; personal hygiene products with the 

highest percentage in El-Wasta; and tires and the group of other plastic waste with the 

highest percentage in Armant (Fig. 4B).  In addition, the results showed that macroplastic 

(25mm- 1m) was the plastic size with the highest percentage at all sites, except Armant 

and Qena, where megaplastic (> 1m) was the plastic size with the highest percentage. 

Moreover, differences were deteted in the percentages of plastic sizes at each site: 

megaplastic (> 1m) had the highest percentage in Armant, Qena, Sawada, and Nagaa 

Hammadi, respectively, while macroplastic (25mm-1m) was recorded with the highest 

percentage in El-Minya; mesoplastic (5mm-25mm) had the highest percentages in Gerga, 

while microplastic (< 5mm) had the highest percentage in Edfu (Fig. 4C).  

     

 
Fig. 4. Different types and sizes of plastic items as a percentage of all plastic waste found: (A) Percentage 

of plastic waste found at each survey site; (B) Percentage of each type of plastic waste at each site, and (C) 

Percentage of each plastic size at each site: megaplastic (>1m), (macroplastic 25mm-1m), (mesoplastic 

5mm-25mm), and (microplastic <5mm) (C) 

The urban governorates (Assiut, Qena, Suhag, and El-Minya) generally had the 

highest percentages of plastic waste, at average percentages of 71%, 67%, 57%, and 41%, 
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respectively (Fig. 5A). Plastic bags formed the type with a huge abundance in the four 

governorates, recording an average percentage of 70%, 33%, 76%, and 74%, 

respectively. This type was followed by another group of other plastic wastes, which 

includes (boats mooring ropes, plastic foams, lids, food wrappers, packaging material, 

bottle caps, cutlery, cigarette butts, personal tool, and plastic pipes), detected in Assiut 

Governorate, Suhag governorate, and El-Minya governorate with an average percentage 

of 13%, 12%, and 10%, respectively, while in Qena governorate tires represented the 

second source of waste, with an average percentage of 27% (Fig. 5B). Aswan and Luxor, 

governorates with a high tourist influx, have the least amount of plastic waste at average 

percentages of 31% and 34%, respectively. In Luxor Governorate, tires and other plastic 

wastes were the most abundant, with an average percentage of 32% for both, followed by 

plastic bags with 24%. On the other hand,  in Aswan Governorate, plastic bags were the 

most abundant type, with an average percentage of 35%, followed by bottles with 33% 

(Fig. 5B).  

The abundance of plastic wastes decreases in the southern governorates and 

increases in the north, however, Qena Governorate recorded a higher percentage of 

plastic waste on the shores of the River Nile than in the northern Suhag Governorate. 

Whereas, Assiut Governorate recorded a higher percentage of plastic wastes on the shores 

of the River Nile compared to the northern El-Minya Governorate (Fig. 5A). Generally, 

plastic bags were registered with the highest percentage in Suhag Governorate; bottles 

had the highest percentage in Aswan Governorate; tires and the group of other plastic 

wastes displayed the highest percentage in Luxor Governorate; fishing gear was recorded 

with the highest percentage in Aswan, Qena, and Assiut governorates, while the personal 

hygiene products exhibited the highest percentage in Assiut Governorate, (Fig. 5B). In all 

the studied governorates, macroplastics were determined with the highest percentages, 

followed by megaplastics, while mesoplastics and microplastics were recorded with the 

least percentage. It is worthy to mention that, megaplastics had the highest percentage in 

Luxor and Qena governorates; macroplastics had the highest percentage in Assiut, El-

Minya, Suhag, and Aswan governorates, while mesoplastics had the highest percentage in 

Suhag governorate, and microplastics were recorded with the highest percentage in 

Aswan governorate (Fig. 5C). 
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Fig. 5. Different types and sizes of plastic items as a percentage of all plastic waste found in the studied 

governorates: A) Percentage of plastic waste found at each studied governorate; B) Percentage of each type 

of plastic waste in each studied governorate; C) Percentage of each plastic size in each studied governorate: 

megaplastic (>1m), macroplastic (25mm-1m), mesoplastic (5mm-25mm), and microplastic (< 5mm)  

Generally, at all study sites, plastic waste outweighed all other pollutants, with a 

total average percentage of 50% (Fig. 6A). This percentage was classified into six 

different types of plastic. Plastic bags (52%) were the most abundant type, followed by 

the group of other plastic wastes (18%), viz. boats mooring ropes, plastic foams, lids, 

food wrappers, packaging material, bottle caps, cutlery, cigarette butts, personal tools, 

and plastic pipes. The second type of plastics was followed by bottles (14%) and tires 

(13%), the obvious appearance of personal hygiene products (~3%), and a low average 

percentage of fishing gear that didn't exceed (0.00000001%) (Fig. 6B). Additionally, it 

was classified into different sizes: macroplastic (77%) with the most abundant size, 

followed by megaplastic (16%), mesoplastic (6%), and microplastic (1%) (Fig. 6C). 
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Fig. 6. (A) General percentage of plastic wastes and percentages of other pollutants such as metals, fabrics, 

glass, paper, wood, construction materials, and organic pollutants; (B) General percentages of each plastic 

type based on the percentages of plastic wastes; and (C) General percentages of each plastic size based on 

the percentages of plastic wastes: megaplastic (>1m), macroplastic (25mm-1m), mesoplastic (5mm- 

25mm), and  microplastic (< 5mm) 

 

Tracking the appearance of plastic waste piles on the River Nile's shores at Assiut 

site 

Assiut was the site with the largest plastic waste piles. The remote sensing 

monitoring results revealed that similar quantities of these piles were present during the 

previous years at the site (Fig. 7). 
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Fig. 7. Remote sensing photographs showing the appearance of piles of plastic wastes on the River 

Nile's shore at the Assiut site during 2016, 2019, and 2020. 

Despite the fact that there is a buildup of plastics at the two sites, Assiut and 

Suhag, these mounds are regularly sorted and eliminated, which slows down the rapid 

way through which they enter the aquatic environment and spread among living 

organisms. Consequently, we cleaned up the River Nile shores at Assiut site during the 

current study (Fig. 8A, B). Although plastic waste at the survey site in Nagaa Hammadi 

did not proliferate forming piles as the case in Assiut and Suhag, it was one of the most 

abundant survey sites for plastic wastes, with some of these wastes floating on the water 

on top of weeds and aquatic plants and others submerged beneath it, as shown in Fig. 

(8C). 

 

 

Fig. 8. A) Photographs taken during the sorting and removal of plastic waste in Assiut; B) Photographs 

taken after clean-up campaign; and C) Photographs of the prevalence of plastic waste in the River Nile 

in Nagaa Hammadi 
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DISCUSSION 

 

This investigation of plastic wastes along the River Nile's shores—the longest 

river in the world—may be the first of its kind. The River Nile's shores in twelve 

different locations across six consecutive governorates in Upper Egypt, from Aswan in 

the far south to El-Minya in the north, were the subject of this extensive investigation 

spotting the accumulation, distribution, abundance, and composition of plastic wastes. In 

all study locations, plastic wastes were observed to outnumber all other pollutants. Our 

findings make it cristal clear that there is no connection between the variations in 

population densities at the study sites with the distribution and abundance of plastic 

wastes on the River Nile's shores. 

This finding is consistent with a study conducted by Rech et al. (2015) 

in some rivers in Chile, postulating that pollution was present at all study sites, whether 

the rivers flowed through sparsely populated or densely populated areas. This finding is 

particularly intriguing because research has frequently linked urban populations and 

industrial areas to litter in or above rivers or on coastal beaches (Moore et al., 2011; 

Neto and da Fonseca, 2011; Carson et al., 2013). According to Kiessling et al. (2019), 

more polluted rivers were discovered along the Rhine and Danube systems, which, 

relative to the coastal environment, flow through Germany, the most and the second most 

populated area. There is no doubt that the various proportions of plastic wastes on the 

shores of the Nile are clearly caused by the differences in the characteristics of the sites 

between urban, rural, and touristic, in addition to the multiplicity and diversity of 

anthropogenic activities and the various levels of interest in the cleanliness of the shores. 

The urban sites (Assiut, Nagaa Hammadi, and Suhag) in addition to the rural site (El-

Wasta), contained the highest distribution, abundance, and composition of plastic wastes 

on the shores of the Nile, in contrast to the tourist destinations (Luxor, Aswan, and Edfu) 

that receive more attention for their cleanliness. Our findings corroborate those of Carr 

et al. (2016), who noted that the majority of rivers with notable plastic waste rates are 

located close to sizable urban centers, where the growth and diversity of anthropogenic 

activities (such as urban development, recreational activities, transporting, commercial 

activities, industrial activities, agricultural activities, and fishing) may additionally be 

purposefully dumped on river shores in some regions of the world. Due to modernity and 

systems for managing liquid waste, particularly in urban and rural areas, this is only now 

legally prohibited (Kalčíková et al., 2017; Hassan et al., 2023). This may give a clear 

explanation for the results of remote sensing monitoring in our study, which indicated the 

presence of plastic waste piles on the Nile's shores at the Assiut site during the previous 

years. 

Generally, the slow disposal of plastic waste on the Nile's shores is the main cause 

of its appearance in the form of piles at two sites (Assiut and Suhag), whereas in Nagaa 

Hammadi, its inability to appear in the form of piles despite its high proportion may be 

https://www.researchgate.net/profile/Gabriela-Kalcikova
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related to the constructed shoreline, which made it harder to gather waste on the dry part 

of the shore, indicating that it was destined for the water, in contrast to the natural shores 

at two sites (Assiut and Suhag). Depending on their inherent densities, plastic particles in 

the water column may float or sink to the bottom (Kowalski et al., 2016). Vertical 

mixing within the water column caused by strong winds and wave activity may 

potentially revive plastic debris from the bottom (Reisser et al., 2015). Our results were 

in line with those of Rech et al. (2015) and Kiessling et al. (2019), who found a clear 

regional difference in the amount of plastic waste accumulating along river banks. 

According to our results, it is also clear that the dominance of macroplastics is due to the 

fact that most of the plastic waste on the shores of the Nile was material resulting from 

fishing, tourism, and household waste, such as plastic bags and bottles. The increase in 

megaplastic in Armant and Qena may be ascribed to the fact that most of the plastic 

materials on the shores of the Nile at these two sites were tires, while the increase in 

mesoplastic in Gerga is due to the fact that most plastic wastes are bottle caps or light 

materials such as bags that are easy to break down into small particles.  

The increase of microplastics in Edfu may be due to two reasons: first, Edfu is 

located in the extreme south, where the high temperature helps plastic waste breakdown 

into microplastics; this is called secondary microplastics (Galgani et al., 2013). Second, 

the presence of a coating on ships and vessels; this material was originally manufactured 

to have a size less than 5mm and is called primary microplastics (Cole et al., 

2011; Browne, 2015). The fact that the northern governorates are urban governorates 

with a variety of anthropogenic activities, particularly household waste, making it clear 

why they have a higher percentage of plastic waste on the shores of the Nile than the 

southern governorates. The main sources of plastic waste in the southern governorates, 

which are tourist governorates, are tourism, leisure, and commercial activities like water 

sports, shipping, fishing, and harbor operations. The governorates of Aswan and Luxor 

have the highest number of hotels as a result of their tourist and recreational activities. 

These activities harm the tourism industry economically posing grave biological risks to 

aquatic life (Avio et al., 2017). According to the current study, the flow of the Nile water 

from the south is another reason causing the increase in plastic waste rates in the northern 

governorates. Qena governorate's location along the U-shaped curve of the River Nile—

which can be seen on the map of Egypt's River Nile—which may slow the water 

current—could be the cause of the increase in plastic waste in Qena Governorate than in 

Suhag Governorate, which is located north, while the decrease in plastic waste levels in 

El-Minya Governorate is greater than in Assiut Governorate, which is located south. Thus 

it is probable that at the urban site in El-Minya Governorate (El-Minya), there are 

policemen to secure the sunken ship, and thus it was recorded with a low percentage of 

plastic wastes, and at the rural site (Sawada), there are some animals such as caws and 

donkeys that may eat these plastic items. Additionally, with the presence of a small canal, 

residents of the area dispose garbage on the canal’s shores being the closest spot from the 

https://www.sciencedirect.com/science/article/pii/S0043135417310515
https://www.sciencedirect.com/science/article/pii/S0043135417310515
https://www.sciencedirect.com/science/article/pii/S0043135417310515
https://www.sciencedirect.com/science/article/pii/S0043135417310515
https://www.sciencedirect.com/science/article/pii/S0043135417310515
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course of the River Nile. Accordingly, Lower Egypt (Cairo and the Delta) is predicted to 

have a higher percentage of plastic wastes on the Nile's shores compared to Upper Egypt. 

In light of the abundance and variety of human activities and sources of plastic pollution 

in the governorates of Lower Egypt compared to the governorates of Upper Egypt, the 

previous finding may explain why microplastic MPs (size < 5mm) appeared at a high rate 

in the Nile fish in Cairo and the Nile Delta in the studies conducted by Khan et al. (2020) 

and Khallaf et al. (2023), as well as an increase in their abundance in the water and 

sediments of the Nile Delta in the study conducted by Shabaka et al. (2022). 

 Notably, Egypt's excessive plastic consumption, which has recently increased in an 

obvious way from 2.1 million metric tonnes in 2017 to approximately 5.4 million metric 

tonnes per year (Babayemi et al., 2019; Ritchie & Roser, 2020), as well as insufficient 

waste management and unrestricted plastic waste production, are the primary causes of 

the growing proportion of plastic wastes and its dominance over all other pollutants found 

on the shores of the Nile (Hamed et al., 2019). According to the current study, the 

direction of the Nile flow from south to north may be another reason for this increase, as 

Egypt is the last country through which the Nile flows before the Mediterranean Sea, 

where Egypt occupies the leading position in the list of plastic pollutants detected in it 

(WWF, 2019). The afore-mentioned concept is based on data showing that rivers are the 

main conduits for plastic waste from terrestrial sources to the ocean (Lebreton et al., 

2017; Zhang et al., 2017). It has been reported that 80% of the plastic wastes detected in 

the aquatic environment are sourced from littering on land (Andrady, 2011), while the 

remains are originated from the direct discharge (Anderson et al., 2016; Bellasi et al., 

2020). The previous finding may explain the cause of the increasing number of MPs 

(<5mm) in water and sediment in the Nile Delta (Shabaka et al., 2022). The percentage 

of MPs were recorded with 33.9% and 59.7% for two fish addressed in the study of 

Khallaf et al., (2023) in the Nile Delta, while more than 75% was recorded for MPs in 

the target fish covering Cairo (before the Nile estuary) in the study of Khan et al. (2020). 

On the other hand, the MPs percentage was only 20% for the target fish in Lake Victoria 

(the Nile upstream) in the study of Biginagwa et al. (2016). Generally, the prevalence of 

plastic trash over anthropogenic litter along freshwater and marine shorelines is a global 

tendency. Despite the dearth of information about rivers, the great majority of research 

claims that plastic garbage predominates as a contaminant on riverbanks. Examples 

include the studies carried out in German and Chilean rivers by Rech et al. (2015), 

Kiessling et al. (2019) and Tramoy et al. (2019), who found a polluted beach on the 

banks of the Seine River that was covered in plastic. Moreover, Castro-Jiménez et al. 

(2019) elucidated that plastic wastes predominate in the river litter floating on the Rhone 

River and representing 77% of the identified items. Our current research, which focuses 

on the River Nile, the longest river in the world, contributes to this worldwide trend. 

 Egypt consumes roughly 14 billion plastic bags yearly (Cedare, 2019), 

increasing the proportion of plastic bags in the research compared to other forms of 
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plastic, just as there was an increase in the proportion of bottles owing to their increased 

use. When it comes to tires, some are used to shield boats from friction caused by 

collisions with the industrial shorelines, as in Qena, Sawada, and Nagaa Hammadi, while 

others are a result of parking close to the shorelines, as in Armant, in addition to 

discarding used tires, which makes up the smallest percentage, as in Suhag and Gerga. 

Personal hygiene products, fishing gear, and other plastic garbage, such as boat mooring 

ropes, plastic foams, lids, food wrappers, packaging material, bottle caps, cutlery, 

cigarette butts, personal tools, and plastic pipes, are all byproducts of human activity, 

including fishing, tourism, and municipal waste. The trend on the Nile may agree with the 

findings of Castro-Jiménez et al. (2019), who found fragments (2.5-50cm) (equivalent 

to macroplastic size 25mm-1m) and single-use plastic (i.e., bags, bottles, and 

covers/packaging) were among the most abundant items in surface waters from the 

Rhone River.  

         On the contrary, the current results differ from those of Tramoy et al. (2019) 

addressing a polluted beach on the shores of the Seine River. The previous authors found 

that half of the plastic debris in number is represented by preproduction pellets. In 

addition, the present findings are different from those of Battulga et al. (2019), who 

illustrated that the most abundant plastic debris on the Selenga River is polystyrene foam 

(PSF), which is usually used in construction and packaging. Personal hygiene products, 

such as masks, which were only 3% in our results, were 20% of the litter items in the 

Thames River (Morritt et al., 2014). It is noteworthy that the current study was carried 

out between the end of 2021 and the beginning of 2022, during the COVID-19 global 

epidemic, which, despite its positive effects in reducing the waste in the river 

environment and thereby reducing the dumping of plastic waste, may be a reason for 

increasing the use of plastic in the production of masks and protective and cleaning tools. 

According to McCormick and Hoellein's (2016) hypothesis, the season may also have 

an impact on the amount of plastic debris entering rivers, which determines the number of 

individuals visiting the river ecosystem. It is important to keep in mind that the present 

survey was carried out in December 2021 and January 2022, which fall within Egypt's 

winter season. As a result, these percentages are probably going to rise throughout 

summer. Indeed, plastic waste is a global problem, and it appears that this trend will 

persist. Plastic manufacturing and environmental leakages are expected to rise in the 

coming decades despite multiple international attempts conducted to address this 

emerging environmental issue (Borrelle et al., 2020). Due to continuous advancements in 

the industry, plastics have evolved into a practical and multipurpose material with a wide 

range of applications. They might be used in the future to assist in addressing some of the 

most urgent issues facing humanity, like food shortages and climate change. Therefore, it 

is necessary to develop infrastructure for the handling of plastic waste. 
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CONCLUSION 

 

Our study can offer precise data on the frequency of plastic material discoveries 

along the River Nile shoreline, as well as the locations of increased abundance, 

accumulation, and distribution of plastic waste on the Nile shores, to help decision-

makers take the right action to dispose of this waste. Additionally, it would support the 

researchers' investigation into the plastic contamination of the River Nile. Finally, we 

suggest monitoring the River Nile in the future and promoting environmental awareness 

and cleanliness campaigns for schoolchildren and the general public. 

ACKNOWLEDGMENT 

 

This paper is based on work supported by Science, Technology & Innovation Funding 

Authority (STDF) under grant. ID:48905. 

REFERENCES  

 

Ali, E.M.; Shabaan-Dessouki, S.A.; Soliman, A.I. and El Shenawy, A.S. (2014). 

Characterization of chemical water quality in the Nile River, Egypt. Int. J. Pure 

Appl. Biosci., 2(3): 35–53. 

Anderson, J.C.; Park, B.J. and Palace, V.P. (2016). Microplastics in aquatic 

environments: implications for Canadian. Environ. Pollut., 218: 269–280. 

https://doi.org/10.1016/j.envpol.2016.06.074.                                    

Andrady, A.L. (2011). Microplastics in the marine environment. Mar. Pollut. Bull., 

62(8): 1596–1605. https://doi.org/10.1016/j.marpolbul.2011.05.030.                                 

Avio, C.G.; Gorbi, S. and Regoli, F. (2017). Plastics and microplastics in the oceans: 

From emerging pollutants to emerged threat.  Mar. Environ. Res., 128: 2–11. 

https://doi.org/10.1016/j.marenvers.2016.05.012. 

Babayemi, J.O.; Nnorom, I.C.; Osibanjo, O. and Weber, R. (2019). Ensuring 

sustainability in plastics use in Africa: consumption, waste generation, and 

projections. Environ. Sci. Eur., 31(1): 1–20.                                              

https://doi.org/10.1186/s212302-019-0254-5. 

Battulga, B.; Kawaigashi, M. and Oyuntsetseg, B. (2019). Distribution and 

composition of plastic debris along the river shores in the Selenga River basin in 

Mongolia. Environ. Sci. Pollut. Res., 26(14): 14059–14072. 

https://doi.org/10.1007/s11356-019-04632-1. 

Bellasi, A.; Binda, G.; Pozzi, A.; Galafassi, S.; Volta, P. and Bettinetti, R. (2020). 

Microplastic contamination in freshwater environments: a review, focusing on 

interactions with sediments and benthic organisms. Environments – MDPI., 7(4): 

30. https://doi.org/10.3390/environments7040030. 

Biginagwa, F.J.; Mayoma, B.S.; Shashoua ,Y.; Syberg, K. and Khan, F.R. (2016). 

First evidence of microplastics in the African Great lakes: recovery from Lake 



First Record of the Distribution and Abundance of Plastic Waste Along  

the River Nile Shores, Upper Egypt  

 

 

1571 

Victoria Nile perch and Nile tilapia. J. Great. Lakes. Res., 42(1): 146–149. 

http://dx.doi.org/10.1016/j.jglr.2015.10.012.  

Borrelle, S.B.; Ringma, J.; Lavender Law, K.; Monnahan, C.C.; Lebreton, L.; 

Mcgivern, A.; Murphy, E.; Jambeck, J.; Leonard, G.H.; Hilleary, M.A.; 

Eriksen, M.; Possingham, H.P.; De Frond, H.; Gerber, L.R.; Polidoro, B.; 

Tahir, A.; Bernard, M.; Mallos, N.; Barnes, M. and Rochman, C.M. (2020) 

Predicted growth in plastic waste exceeds efforts to mitigate plastic pollution. 

Science., 369(6509): 1515–1518. https://doi.org/10.1126/science.aba3656. 

Browne, M.A. (2015). Sources and pathways of microplastics to habitats. In: Bergmann, 

M., Gutow, L., Klages, M. (Eds.). Marine Anthropogenic Litter. Springer 

International Publishing, Cham: Springer, pp 229–244.  

Carr, S.A.; Liu, J. and Tesoro, A.G. (2016) Transport and fate of microplastic particles 

in wastewater treatment plants. Water. Res., 91: 174–182. 

https://doi.org/10.1016/j.watres.2016.01.002. 

Carson, H.S.; Lamson, M.R.; Nakashima, D.; Toloumu, D.; Hafner, J.; Maximenko, 

N. and McDermid, K.J. (2013). Tracking the sources and sinks of local marine 

debris in Hawai’i. Mar. Environ. Res., 84: 76–83. 

https://doi.org/10.1016/j.marenvres.2012.12.002.  

Castro-Jiménez, J.; González-Fernández, D.; Fornier, M.; Schmidt, N. and 

Sempere, R. (2019). Macro-litter in surface waters from the Rhone River: Plastic 

pollution and loading to the NW Mediterranean Sea. Mar. Pollut. Bull., 146(1-2): 

60–66. https://doi.org/10.1016/j.marpolbul.2019.05.067. 

Cedare. (2019). Policy Brief: Measures to Address Single-Use Plastic Bags (SUPBs) in 

Egypt. Available online: SGP@cedare.int.   

Central Agency for Public Mobilization and Statistics, Egypt. (2021). Available 

online: http://www.capmas.gov.eg.   

Cesarini, G.; Crosti, R.; Secco, S.; Galliteli, L. and Scalici, M. (2023). From city to 

sea: Spatiotemporal dynamics of floating macrolitter in the Tiber River. Sci. total. 

Environ., 857(3): 1597133. https://doi.org/10.1016/j.scitotenv.2022.159713.   

Cole, M.; Lindeque, P.; Halsband, C. and Galloway, T.S. (2011). Microplastics as 

contaminants in the marine environment: a review. Mar. Pollut. Bull., 62(12): 

2588–2597. https://doi.org/10.1016/j.marpolbul.2011.09.025. 

Dumont, H.J. (2009) The Nile: Origin, Environments, Limnology and Human Use. 

Springer: Dordrecht, the Netherlands, pp 307–333. 

El-Naggar, M.M.; Zaki, A. and Mohammed, H.A. (2024). Threats of microplastic 

pollution on fishes and its mplication on human health (Review Article). Egypt. J. 

Aquat. Biol. Fish., 28(1): 1361-1418. 

https://doi.org/10.21608/EJABF.2024.341282. 



Hassan et al. (2024) 1572 

Galgani, F.; Hanke, G.; Werner, S. and De Vrees, L. (2013). Marine litter within the 

European Marine Strategy Framework Directive. ICES J. Mar. Sci., 70(6): 1055–

1064. https://dx.doi.org/10.1093/icesjms/fst122. 

Gomez, A.S.; Scandolo, L. and Eisemann, E. (2022). A learning approach for river 

debris detection. Int. J. Appl. Earth. Obs. Geoinf., 107: 102682. 

https://doi.org/10.1016/j.jag.2022.102682. 

González, D.; Hanke, G.; Tweehuysen, G.; Bellert, B.; Holzhauer, M.; Palatinus, A.; 

Hohenblum, P. and Oosterbaan, L. (2016). Riverine litter monitoring—Options 

and recommendations. MSFD GES TG marine litter thematic report JRC 

technical report, pp 52. 

González-Fernández, D.; Hanke, G.; Marin, J.V.; and Cabañas, A.C. (2019). 

Modelling floating macro litter loads from rivers to the marine environment based 

on visual observations. Vienna, Austria: European Geosciences Union General 

Assembly. Geophys. Res. Abstr., 21: 18013. 

Hamed, M.; Soliman, H.A.; Osman, A.G. and Sayed, A.E-D.H. (2019). Assessment 

the effect of exposure to microplastics in Nile tilapia (Oreochromis niloticus) 

early juvenile: I. Blood biomarkers. Chemosphere, 228: 345–350. 

https://doi.org/10.1016/j.chemosphere.2019.04.153. 

Hamed, M.; Soliman, H.A.; Osman, A.G. and Sayed, A.E-D.H. (2020). Antioxidants 

and molecular damage in Nile tilapia (Oreochromis niloticus) after exposure to 

microplastics. Environ. Sci. Pollut. Res., 27(13): 14581–14588. 

https://doi.org/10.1007/s11356-020-07898-y. 

Hassan, Y.A.M.; Badrey, A.E.A.; Osman, A.G.M. and Mahdy, A. (2023). Occurrence 

and distribution of meso- and macroplastics in the water, sediment, and fauna of 

the Nile River, Egypt. Environ. Monit. Assess., 195–1130. 

https://doi.org/10.1007/s10661-023-11696-7. 

Kalčíková, G.; Alic, B.; Skalar, T.; Bundschuh, M.; and Gotvajn, A.Zˇ. (2017). 

Wastewater treatment plant effluents as source of cosmetic polyethylene 

microbeads to freshwater. Chemosphere, 188: 25–31.                                      

https://doi.org/10.1016/j. chemosphere.2017.08.131. 

Khallaf,  E.; Alne-na-ei, A.; Authman, A. and Saqr, R. (2023). Plastic pollution in fish 

(O. niloticus and C. gariepinus) in a Nile Canal, Delta of Egypt. Egypt. J. Aquat. 

Biol. Fish., 27(4): 781–802.  https://doi.org/10.21608/EJABF.2023.312622. 

Khan, F.R.; Shashoua, Y.; Crawford, A.; Drury, A.; Sheppard, K.; Stewart, K. and 

Sculthorp, T. (2020). The Plastic Nile’: First Evidence of Microplastic 

Contamination in Fish from the Nile River (Cairo, Egypt). Toxics, 8(2): 1–13. 

http://doi.org/10.3390/toxics8020022. 

Kiessling, T.; Knickmeier, K.; Kruse, K.; Brennecke, D.; Nauendorf, A. and Thiel, 

M. (2019). Plastic pirates sample litter at rivers in Germany– Riverside litter and 



First Record of the Distribution and Abundance of Plastic Waste Along  

the River Nile Shores, Upper Egypt  

 

 

1573 

litter sources estimated by schoolchildren. Environ. Pollut., 245: 545–557. 

https://doi.org/10.1016/j.envpol.2018.11.025. 

Kowalski, N.; Reichardt, A.M. and Waniek, J.J. (2016). Sinking rates of microplastics 

and potential implications of their alteration by physical, biological, and chemical 

factors. Mar. Pollut. Bull., 109(1): 310–319. 

https://doi.org/10.1016/j.marpolbul.2016.05.064.  

Lebreton, L.C.M.; Van der Zwet, J.; Damsteeg, J.-W.; Slat, B.; Andrady, A. and 

Reisser, J. (2017). River plastic emissions to the world's oceans. Nat. Commun., 

8(1): 1–10. https://doi.org/10.1038/ncomms15611.  

McCormick, A.R. and Hoellein, T.J. (2016). Anthropogenic litter is abundant, diverse, 

and mobile in urban rivers: insights from cross ecosystem analyses using 

ecosystem and community ecology tools. Limnol. Oceanogr., 61(5): 1718–1734. 

https://doi.org/10.1002/Ino.10328. 

Meijer, L.J.; van Emmerik, T.; van der Ent, R.; Schmidt, C. and Lebreton, L. 

(2021). More than 1000 rivers account for 80% of global riverine plastic 

emissions into the ocean. Sci. Adv., 7(18): eaaz5803. 

https://doi.org/10.1126/sciadv.aaz5803. 

Ministry of Environmental Affairs, Egypt. (2022). Available online: 

https://www.eeaa.gov.eg.  

Moore, C.J.; Lattin, G.L. and Zellers, A.F. (2011). Quantity and type of plastic debris 

flowing from two urban rivers to coastal waters and beaches of Southern 

California. J. Integr. Coast. Zone. Manag., 11(1): 65–73. 

https://doi.org/10.5894/rgci194. 

Morritt, D.; Stefanoudis, P.V.; Pearce, D.; Crimmen, O.A. and Clark, P.F. (2014). 

Plastic in the Thames: A river runs through it. Mar. Pollut. Bull., 78(1-2): 196–

200. https://doi.org/10.1016/j.marpolbul.2013.10.035. 

Neto, J.A.B.; da Fonseca, E.M. (2011). Seasonal, spatial and compositional variation of 

beach debris along of the eastern margin of Guanabara Bay (Rio de Janeiro) in the 

period of 1999–2008. J. Integr. Coast. Zone. Manag., 11(1): 31–39. 

Rech, S.; Macaya-Caquilpán, V.; Pantoja, J.F.; Rivadeneira, M.M.; Campodónico, 

C.K. and Thiel, M. (2015). Sampling of riverine litter with citizen scientists 

Findings and recommendations. Environ. Monit. Assess., 187(6): 1–18. 

https://doi.org/10.1007/s10661-015-4473-y. 

Reisser, J.; Slat, B.; Noble, K.; du Plessis, K.; Epp, M.; Proietti, M.; de Sonneville, 

J.; Becker, T. and Pattiaratchi, C. (2015) The vertical distribution of buoyant 

plastics at sea: an observational study in the North Atlantic Gyre. Biogeosciences, 

12(4): 1249–1256. https://doi.org/10.5194/bg-12-1249-2015. 

Ritchie, H. and Roser, M. (2020). Plastic Pollution. Our World in Data. Retrieved from: 

https://ourworldindata.org/plastic-pollution. 



Hassan et al. (2024) 1574 

Sayed, A.H.; Hamed, M.; Badrey, A.E.A.; Ismail, R.F.; Osman, Y.A.A.; Osman, 

A.G.M. and Soliman, H.A.M. (2021). Microplastic distribution, abundance, and 

composition in the sediments, water, and fishes of the Red and Mediterranean 

seas, Egypt. Mar. Pollut. Bull., 173(A): 112966. 

https://doi.org/10.1016/j.marpolbul.2021.112966. 

Schmidt, C.; Krauth, T. and Wagner, S. (2017). Export of plastic debris by rivers into 

the sea. Environ. Sci. Technol., 51(21): 12246–12253. 

https://doi.org/10.1021/acs.est.7b02368. 

Shabaka, S.; Mohamed, M.N.; Ibrahim, M.I.A.; El-Sayed, A.A.M.; Ghobashy, 

M.M.; Hamouda, A.Z.; El-Alfy, M.A.; Darwish, D.H. and Youssef, N.A. 

(2022). Prevalence and risk assessment of microplastics in the Nile Delta 

estuaries: "The Plastic Nile" revisited. Sci. Total. Environ., 852: 158446. 

https://doi.org/10.1016/j.scitotenv.2022.158446. 

Simpson, M.D.; Marino, A.; de Maagt, P. Gandini, E.; Hunter, P.; Spyrakos, E.; 

Tyler, A. and Telfer, T. (2022). Monitoring of Plastic Islands in River 

Environment Using Sentinel-1 SAR Data. Remote. Sens., 14(18): 4473. 

https://doi.org/10.3390/rs14184473. 

Tramoy, R.; Colasse, L.; Gasperi, J. and Tassin, B. (2019). Plastic debris dataset on 

the Seine river banks: plastic pellets, unidentified plastic fragments and plastic 

sticks are the Top 3 items in a historical accumulation of plastics. Data. Br., 23: 

103697. https://doi.org/10.1016/j.dib.2019.01.045. 

UNEP. (2020). United Nations Environment Programme: Monitoring plastics in Rivers 

and lakes, Guidelines for the Harmonization of Methodologies ISBN No: 978-92-

807-3819-3. 

van Emmerik, T. and Schwarz, A. (2019). Plastic debris in rivers. Wiley Interdiscip 

Rev. Water., 7(1): 1398. https://doi.org/10.1002/wat2.1398. 

van Emmerik, T.; Kieu-Le, T.C.; Loozen, M.; van Oeveren, K.; Strady, E.; Bui, 

X.T. and Schwarz, A. (2018). A methodology to characterize riverine 

macroplastic emission into the ocean. Front. Mar. Sci., 5: 372. 

https://doi.org/10.3389/fmars.2018.00372. 

World Atlas. (2019). Available online: https://www.worldatlas.com/articles/which-are-

the-longest-rivers-in-theworld.html. 

WWF. (2019). How Mediterranean countries can save their sea. Zafar, S. (2019). 

Garbage Woes in Cairo. EcoMENA. Retrieved from: 

https://www.ecomena.org/garbage-cairo/. 

Zhang, K.; Xiong, X.; Hu, H.; Wu, C.; Bi, Y.; Wu, Y.; Zhou, B.; Lam P.K.S. and 

Liu, J. (2017). Occurrence and characteristics of microplastic pollution in 

Xiangxi Bay of Three Gorges Reservoir, China. Environ. Sci. Technol., 51(7): 

3794–3801. https://doi.org/10.1021/acs.est.7b00369. 


