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Abstract 

The African continent is rarely the focus of microplastics research, although the ubiquity of microplastics in the envi‑
ronment is undisputed and still increasing. Due to the high production and use of plastic products and the partial lack 
of recycling systems in many parts of the African continent, it can be assumed that microplastic particles are already 
present in limnic and terrestrial ecosystems. Few studies, mainly from South Africa and the Northern African region, 
show a contamination with microplastics, especially in marine environments. This study aims to explore the presence 
and composition of microplastics in fluvial sediments of the major catchments in Namibia with a regional focus on 
the Iishana system in Northern Namibia, as one of the most densely populated areas in the country. In March 2019 
and March 2021, at the end of the rainy seasons, sediments from the Iishana system and of the largest river catch‑
ments were sampled. Extraction was performed by density separation using the Microplastic Sediment Separator 
(MPSS) with the separation solution sodium chloride (density of 1.20 g/cm3). The particle size was determined by 
filtration and fractionation, and the polymer type by measurement with ATR‑FTIR spectroscopy (minimum particle 
size 0.3 mm). Microplastics were found in the sediments of each river system, most of the particles in the Iishana sys‑
tem (average of 13.2 particles/kg dry weight). The perennial, the ephemeral rivers, and the Iishana system are similar 
concerning polymer type and particle size. Polyethylene and polypropylene were the dominant polymer types. Most 
of the particles were found in the size fractions 0.3 – 0.5 mm and 0.5 – 1.0 mm. The particles were found mainly as 
fragments and films, the majority transparent and brown.
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Introduction
In Africa, plastics have been used since the late 1950s, 
which is long before any recycling policies have been 
established [1]. Since then production, import, and con-
sumption of different polymers and plastic products 
increased steadily and caused a high amount of waste 
[2–5]. The need for more safety requirements, transport 
facilitations, and hygiene packaging of food and bever-
ages triggered the increase in plastic use, especially sin-
gle-use plastics [4, 6]. A growing population causes an 
increased waste generation, which in turn means the 

need for a well-functioning waste disposal system [7]. 
In many parts of the African continent, the manage-
ment of plastics is insufficient, because of economic 
and political reasons, such as the lack of financing and 
investment mechanisms or the absence of producer-con-
sumer responsibility [2]. Most of the waste is dumped or 
burned on disposal sites as there are few measures that 
allow proper disposal [4, 8, 9]. The growing number of 
people living at short distances from river systems raised 
the amount of land-based waste that could end up in 
the aquatic environment. Risk perception and commu-
nication about plastic pollution are still insufficient and 
social awareness within the society towards this problem 
is lacking [10]. Although the African continent is not the 
focus of microplastic research [1, 9, 11], plastic parti-
cles have been detected mainly in marine and estuarine 
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areas in South Africa, the northern, western, and eastern 
African regions [9, 12, 13]. Three rivers from Nigeria and 
Cameroon are among the top 20 polluting rivers, which 
transport plastic into the ocean [14]. In Arusha, Tanza-
nia, microplastics (MP) were found in surface water and 
river sediments [15]. The relationship between micro-
plastics and macroplastics in irrigated farms and an 
urban river was demonstrated. In general, there is a large 
research gap on MP in freshwater systems in central and 
southern Africa, except for South Africa [13, 16].

The forecasts for Sub-Saharan Africa assume a dou-
bling of waste production from 2030 to 2050 to 510 
million tons per year [17]. At the same time, the waste 
collection rates are in the Sub-Saharan region very low 
with 44%. Whereby the urban collection rates (43%) are 
almost five times as high as the rural collection rates (9%). 
More than 69% of the collected waste is openly dumped 
in Sub-Saharan Africa [17]. Generally, the degree of 
impact of urban waste on microplastic loads is enormous 
[7, 9]. Dealing with waste plays a crucial role when com-
paring remote and urban areas. Compared to remote 
areas, urban areas offer more waste collection and sort-
ing infrastructure that might help to reduce the amount 
of plastics in the environment [8]. In remote areas the 
difficulty to handle waste environmentally friendly is 
enormous. Urban waste, littering, and consumer use gen-
erate smaller plastic particles as a breakdown from larger 
pieces of plastic occurs [11].

Namibia produces less than 100 tons of plastic waste 
per day, but its neighboring country Angola produces 
twice as much [1]. Increased litter on transnational riv-
ers can lead to fluvial transport of plastic particles to 
Namibia. Neither Namibia nor its neighboring coun-
tries have established a plastic waste management sys-
tem, some of the material is exported to South Africa or 
overseas [18]. On a small scale, the informal sector plays 
an important role in the recycling industry in Namibia. 
Collecting, sorting, and dropping off waste products as a 
small source of income has become established in many 
places [19].

Due to the insufficient recycling system, many particles 
enter the (aquatic) environment [13]. Besides the fluvial 
transport of plastic waste and MP, there is little known 
about MP in freshwater systems, compared to the knowl-
edge about marine areas. Although about 80% of the plas-
tic is estimated to derive from the terrestrial areas and 
rivers are dominant pathways for MP [1, 10, 14, 20, 21]. So 
far, most of the studies conducted in the freshwater envi-
ronment have focused on the occurrence of plastic debris 
on the water surface, while sediments were hardly exam-
ined [22–25]. The number of studies focusing on MP in 
African lakes is scarce, it is not yet possible to draw con-
clusions about the total extent of microplastic pollution 

in limnic systems on the African continent [9]. Hydrody-
namic processes, particle size and density influence the 
fate of MP in sediments. Particles can enter the river water 
via erosion and resuspension of the riverbed [26]. The par-
ticles not only remain in the free water column. Due to the 
different densities of polymer types, some particles settle 
down and accumulate in bed or bank sediments [27, 28]. 
The deposition of MP increases in low-flow river segments 
[23, 29, 30].

Plastic and especially microplastic debris have a great 
ecological and economic impact on freshwater systems 
[20, 31, 32]. Environmental variables, like water density, 
temperature, salt content, oxygen, flow velocity, water 
depth, and sediment types impede measurement and 
monitoring in freshwater systems [10]. Plastic poses a 
health risk to animals living in the aquatic environment 
and might act as a vector for contaminants, like persis-
tent organic pollutants (POPs) or heavy metals [33, 34], 
which, however, is still controversially discussed [34].

This study will investigate the number of plastic par-
ticles in the main river systems in Namibia with a focus 
on the Iishana system, which is one of the most densely 
populated areas in the country and the dominant fresh-
water system in Namibia. The aim is to make the first 
survey of microplastic pollution in Namibian freshwater 
systems. For the first time, the  occurrence, abundance, 
and composition of MP in fluvial sediments are investi-
gated in Namibia. Polymer type and size fraction were 
determined to gain knowledge about the origin and dis-
tribution of the particles. Research priorities defined 
by Akdogan and Guven [29] and Khan et al. [9] show a 
lack of catchment-based research in African freshwater 
systems. Therefore, the central research question is how 
many plastic particles can be found in the sediments of 
the main river systems in Namibia. Subsequent question 
focus on the different size fractions and polymer types, 
and  whether there are significant differences between 
river systems.

Material and methods
Study area
Namibia as an arid and semiarid country with a strong 
variability of precipitation faces big differences in water 
availability. The national hydrological system is character-
ized by four perennial boundary rivers (Kunene, Kavango, 
Oranje, and Zambesi) and several ephemeral river systems, 
in Namibia called Rivier (Fig.  1) [35]. The transboundary 
Cuvelai Basin in northern Namibia is the biggest national 
ephemeral system. The discontinuous occurrence of flow 
and episodic interruptions by floods characterize ephem-
eral rivers, water availability is episodically limited [36]. The 
rivers Ugab, Omaruru, Swakop, Kuiseb, and Tsauchab drain 
from the western escarpment to the Atlantic Ocean and are 
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part of the ephemeral river catchments within the Namib 
Desert [36]. The Owambo is a dry river in the eastern part 
of the Etosha National Park that rarely carries any water 
and ends in the Etosha pan. The Auob and its tributaries, 
like Olifants, and the Avis River, are dry/ruderal Riviers in 
the Kalahari and hardly carry any water [35].

The focus region is the Iishana system as part of 
the Cuvelai Basin in central northern Namibia. Shal-
low depressions (natural pans), called Iishana (singu-
lar Oshana), and thousands of small channels form the 
hydrological system [37–39]. It is an ephemeral river sys-
tem, episodically coherent only during the rainy season. 
In the dry season, water levels in the pans decrease due 
to evaporation and water use, causing some Iishana to 
dry out completely. Many pans and depressions are con-
nected by narrow channels and only filled with water dur-
ing the rainy season. The water flows from one pan to the 
next, and with enough rainfall in southern Angola and 
northern Namibia, the channels combine, link the pans, 
and build a broad network of small rivers [40]. The very 
low slope of 1 ‰ causes hardly any flowing movements 

of the surface runoff. Rather, the waters stand on the 
surface and cause large-scale flooding. Striking differ-
ences in water and sediment quality between urban and 
remote areas could be identified in a previous study [41]. 
The Iishana system is densely populated, compared to the 
rest of the country. Especially in the eastern part around 
the cities Oshakati and Ongwediva the population den-
sity is high with up to 100 people per  km2 [37]. A high 
population density causes a big amount of waste, which 
is deposited and burned at a waste dumpsite close to 
Oshakati. The waste management system is partially lack-
ing, whereby huge amounts of macroplastics were found 
in the focus area [17]. Even if there is no heavy industry, 
nor packaging industry, the waste is generated by daily 
consumer products.

Quality assurance and quality control
As there is no standardized method for the determi-
nation of MP in sediments so far, the individual steps 
were derived and adapted from existing studies. Nev-
ertheless, there are published guidelines to standardize 

Fig. 1 The hydrological system of Namibia with the catchments of the four perennial rivers, the Cuvelai Basin, ephemeral catchments (the sampled 
are colored), and the continental water divide
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reproducibility [42–44] and to assure quality analysis and 
quality control. In this study, the guidelines from Cow-
ger et al. [42] were followed (see supplementary data 1). 
The procedure of density separation was derived from 
Imhof et al. [28], and further process steps were evolved 
in the laboratory for microplastics at the Faculty of Phys-
ics, University of Marburg [45]. The sampling was carried 
out with wood shovels and spoons that were wet cleaned 
before. The samples were transported in wet-cleaned 
aluminum containers, which were additionally wrapped 
with aluminum foil, to avoid any contamination. For the 
extraction of the plastic particles different techniques 
exist on how to proceed, they mainly include density 
separation, sieving, filtration, microscopic detection, and 
spectroscopic identification [46, 47]. During the whole 
process in the laboratory, clean, wet wiped surfaces, con-
tainers, and tools were used. Contaminations from the 
air were limited by controlled room ventilation. Contam-
inations from clothing or other materials were prevented 
by wearing cotton coats, wet cleaning all surfaces, work-
ing with wood or metal tools, and cleaning all tools with 
compressed air before use. All samples were permanently 
protected and covered with aluminum foil. In total four 
blank samples, empty runs without samples, were taken 
to identify external plastic contaminations, whereby four 
potential plastic particles were found. These particles are 
fragments and have the size of 0.3 mm, three are PP and 
one is polytetrafluoroethylene (PTFE). The contamina-
tion probably occurred from a non-replaceable plastic 
part of the MPSS.

Two blank samples of the air were taken during the 
process of density separation. The samples of air were 
taken in the same metal bowls in which the sediment 
samples were homogenized for preparation. No plastic 
particles were found in these samples.

Sampling
During the first field campaign in March 2019, sediment 
samples were taken from dried-up pans in the Iishana 
system. Based on existing sampling locations of previ-
ous investigations [41] sites were selected to provide a 
representative picture of the focus area. In March and 
April 2021 river bank and river bed sediments of the 
major Namibian river systems were sampled to gain 
knowledge about the amount of MP in the aquatic sys-
tem in Namibia. The measurement grid was chosen 
to sample rivers throughout the country. Smaller and 
larger streams, rivers close and far from settlements were 
selected (Fig. 2). At each site, about 1.4 kg of wet weight 
material was taken. Sediment samples from three peren-
nial rivers (Kunene, Kavango, and Oranje), nine ephem-
eral rivers, and 14 Iishana were analyzed. At the time of 

sampling, not all of the Iishana were filled with water, 
some had dried out.

At the rivers and Iishana filled with water, the samples 
were taken in the wet part of the riverbanks. At the loca-
tions without water, the sediments were taken in the riv-
erbed. At the Kavango, Tsauchab, and Ugab, two samples 
were taken: Kavango1, Tsauchab1, and Ugab1 at the riv-
erbanks and Kavango2, Tsauchab2, and Ugab2 further in 
at the river bottom (distance of 5 m from the banks). The 
Kunene, Kavango, Oranje, Kuiseb, Fish River, and Swa-
kop1 all carried water. The Iishana, on the other hand, all 
carried water except for sites 3, 12, 16, 18, and 34 (Fig. 3).

Density separation with the microplastic sediment 
separator
At first, the samples were homogenized with a metal 
spoon, weighed, and three sub-samples were separated 
to determine the water content. These three sub-samples 
were dried at 60 °C for several days and weighed every 
day at the same time. Once the weight was constant, the 
water content was calculated. The main samples were 
dried at 30 °C, ensuring that they were covered and no 
contamination of the samples could occur.

The Microplastic Sediment Separator (MPSS; Hydro-
Bios Apparatebau GmbH, Kiel, Germany) was used 
for density separation [28, 48]. Recovery rates of 100% 
for large particles (> 1 mm) and 95% for small particles 
(1000 μm – 40 μm) are described by Imhof et al. [28].

The separation liquid was made of filtered tap water 
(> 50 μm) and sodium chloride. A density of 1.19 g/cm3 
was produced by adding about 6 kg of sodium chloride to 
15 l of water (solution concentration 6.8 M). The separa-
tion liquid was filtered again (> 300 μm) and introduced 
into the standpipe until a fill height of 85%. Then the sam-
ple was added into the MPSS while the motor was rotat-
ing. The liquid and the sample were mixed for 60 min. 
Big organic material was skimmed and stored for further 
analysis. In the following 14 h the descent process was 
performed. After this period the sample chamber with 
ball valve was removed, rinsed and the sample with the 
ascended material was filled into steep-bottomed glass 
bottles. About 750 ml were extracted per sample. For the 
analyses in 2021, the standing time was extended to 20 h 
to prolong the separation process.

Fractionation, filtration, staining and microscopy
The size fractionation was done by wet sieving the 
samples with a metal sieve cascade with a diameter of 
150 mm (Test Sieve, DIN ISO 3310-1, stainless steel; 
VWR, Germany). Mesh sizes of 5 mm, 1 mm, 0.5 mm, 
0.3 mm, and 0.1 mm were used. In 2021, sieves with a 
diameter of 75 mm (Test Sieve, DIN ISO 3310-1, stain-
less steel; ATECHNIK, Germany) were used to simplify 



Page 5 of 17Faulstich et al. Microplastics and Nanoplastics            (2022) 2:24  

the handling and reduce particle loss. Each sieve was 
flipped by 180° and rinsed individually with particle-
free water (> 50 μm) into a glass filtration unit to ensure 
that no material remains on the sieves. For the glass vac-
uum filtration unit 0.45 μm cellulose and pleated filters 
(LLG-Plain disc filter paper, qualitative, medium/fast, Ø 
47 mm; LLG Labware, France) were used. Each fraction 
was drawn onto several filters. Between 3 and 10 filters 
were generated per sample and fraction. All wet filters 
were stored in glass petri dishes, covered, and dried at 
about 60 °C. The smallest fraction of 0.1 – 0.3 mm (still 
in water) was collected in steep-bottomed glass bottles, 
for further analyses. In 2021 the sieve residues on the fil-
ter were directly rinsed into a glass petri dish and dried, 
to perform microscopic detection on a transparent back-
ground. The filter was discarded. The petri dishes were 
covered and dried at about 60 °C [45].

In 2019, a Nile Red solution that dyes plastic particles 
to make them fluoresce under a microscope was used 
to distinguish plastic from other particles. One milli-
liter of Nile red solution (1 mg/ml in acetone) was added 
to the filters and left to stain for 1 – 2 h. Each filter was 

examined under a microscope (Wild by Heerbrugg; 
magnification range 6x-50x) and light from a blue LED. 
The fluorescent plastic particles (highly luminous) were 
removed from the filter with metal tweezers and col-
lected in well plates before spectroscopic measurements. 
In 2021, the samples were analyzed under a stereo micro-
scope (SMZ-171; Motic Deutschland GmbH, Wetzlar, 
Germany; magnification range 11.25x-75x) without stain-
ing. Particles without cell structure, which did not break 
apart under pressure and did not have a glass-like texture 
were selected manually [49]. The color and shape of the 
particles were visually detected under the microscope, 
the polymer type was determined by FTIR spectroscopy.

FTIR spectroscopy
The Fourier-Transform-Infrared (FTIR) spectroscopy 
is one of the most common analytical methods for the 
chemical identification of MP in the aquatic environ-
ment [50]. The ATR (attenuated total reflection) spec-
troscopy is a non-destructible method to measure single 
particles after presorting. There are characteristic spec-
tral fingerprints for different chemical structures and 

Fig. 2 Locations of the sampling sites in Namibia, with the focus region in central northern Namibia



Page 6 of 17Faulstich et al. Microplastics and Nanoplastics            (2022) 2:24 

thus unknown materials or substances can be identified 
by comparing their spectrum with the spectra of known 
materials [47, 51]. With this method, it is possible to iden-
tify the exact polymer type of the MP and also to obtain 
information about their physiochemical weathering [47]. 
All particles of the campaign in 2019 were measured 
with the FTIR spectroscope Tensor 37 (Bruker Optik 
GmbH, Ettlingen, Germany) in ATR mode (wavenum-
ber range 400 – 4000  cm− 1; 20 scans per measurement). 
At first, the measured spectra were manually compared 
with known spectra of the most common polymer types: 
acrylonitrile butadiene styrene (ABS), polyamide (PA), 
polyamide/nylon 6, polyamide/nylon 6.6, polycarbon-
ate (PC), polyethylene (PE), polyethylene terephthalate 
(PET), poly(methyl methacrylate) (PMMA), polypropyl-
ene (PP), polystyrene (PS) and polyvinylchloride (PVC). 
The reference materials were provided by the University 
of Bayreuth. For the second data set in 2021 the FTIR-
microscope Lumos II (Bruker Optik GmbH, Ettlingen, 
Germany) was used. With the Lumos II spectrometer 
by mapping it is possible to measure the particles faster, 
since with the Tensor 37 spectrometer only one particle 

can be measured per measurement. The measurements 
were performed in ATR mode (wavelength range 680 – 
4000  cm− 1; 30 scans at the beginning, after 15 samples 
50 scans), with an open aperture and a low pressure to 
ensure no particle slips away. The minimum Hit Quality 
Index (HQI) was 50 and the selected maximum number 
of hits was 5. An HQI of 700 is not necessarily a charac-
teristic for the correct definition as plastic particles but 
is often named as a threshold [52, 53]. An atmospheric 
correction  (CO2,  H2O, aqueous solutions) was performed 
in the operating software Opus after every measurement. 
In Opus (version 8.5.29), the measured particles were 
compared to the following commercial data bases: BPAD 
Bruker Polymer ATR Library, ATF-FTIR LIBRARY 
KIMW, and BIBL ATR-FTIR FORENSICS Library. The 
standard or vector normalization search algorithm was 
applied. The results and the statistical consistency were 
dependent on comparison with the  data bank of spec-
tra. Unambiguously polymer spectra of the samples from 
Namibia were collected in a new database. This database 
was used again for matching further, less unambiguously, 
samples from Namibia. All the spectra from 2019 were 

Fig. 3 The focus region of the Iishana system with sampling sites, indicating whether the Iishana were carrying water at the time of sampling
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compared with the data bases from Bruker and the self-
made one to verify the previous manual evaluation.

Data analysis
The data analysis was performed in an RStudio environ-
ment (Version: 2021.09.2 Build 382) using the scripting 
language R (Version: 3.6.1) [54]. The following packages 
were used in RStudio: “psych”, “car”, and “dplyr”. At first, 
the Shapiro-Wilk test was done to test the three groups 
(perennial, ephemeral rivers, and the Iishana system) 
for normal distribution. A Levene test was performed 
to check the differences in variances. Due to no normal 
distribution and unequal variances, a Kruskal-Wallis test 
was used to gain knowledge of the differences between 
the three different main river systems. Furthermore, the 
individual sites were correlated with the classification 
of urban and rural regions and the water level (dry or 
water filled) by using multiple regression. The statistical 
analysis results were defined as significant with a p-value 
< 0.05. The definition of rural and urban was taken 
from the Namibia Statistics Agency in Namibia (Digital 
Namibia, the National Geographic Portal for the National 
Spatial Data Infrastructure (NSDI), which is coordinated 
by Namibia Statistics Agency – 2017) [55].

Results
A total number of 703 particles were visually detected as 
potential plastics under the microscope. During the pro-
cess, 69 particles got lost due to their form, mostly fibers. 
Six hundred thirty-four particles were measured with the 
FTIR spectroscope, whereby 410 particles were clearly 
identified as polymers (64.7%). The 410 plastic particles 
were found at 28 of 30 sampling sites with a range of 1 – 
66 particles  kg− 1 dry weight (a detailed table differenti-
ated by sampling site can be found in the supplementary 
data 2). The identified amounts are differentiated between 
the perennial rivers, the ephemeral rivers, and the Iishana 
system. In the perennial rivers (Kunene, Kavango, Oranje), 
MP was found at all sites in very small quantities, with an 
average of 2.5 ± 1.2 particles  kg− 1 dry weight and a range 
of 2-7 particles  kg− 1. In the ephemeral river systems, the 
average plastic concentration is 12.6 ± 17.2 particles  kg− 1. 
The Owambo was found to have the highest content of MP, 
with 66 particles  kg− 1 dry weight, followed by the Olifants 
with 39, Kuiseb with 20, the Avis and Tsauchab1 with 14 
particles (Fig.  4). At Kavango, Tsauchab, and Ugab two 
samples were taken each. With a ratio of 7:2 (Kavango), 
14:2 (Tsauchab), and 1:0 (Ugab) particles  kg− 1, more parti-
cles were found on the riverbank than on the river bottom 
at each river.

In the Iishana system (Fig. 5) 224 particles were found 
with an average of 13.2 ± 16.4  kg− 1 dry weight. Most 

particles were found at sites 18 and 16 in the northern 
part, close to the border with Angola (53 and 43 parti-
cles  kg− 1 dry weight). Sites 12, 32, 28, 7, and 9 contain 
between 10 and 26 particles (Fig.  5). At 50.0% of the 
sites less than 10 particles were found (3, 11, 14, 15, 19, 
and 34). No MP was found at site 23.

The most common and in this case dominant poly-
mer types are PE (59.3%), PP (20.7%), and PS (11.5%) 
(Fig.  6). The polymers at the perennial rivers consist 
of 75% PP and 16.7% PE. In the ephemeral rivers and 
the Iishana system, the majority of identified polymers 
is PE (43.7% at the ephemeral rivers and 73.7% at the 
Iishana), followed by PP (18.4% and 19.6%). The ephem-
eral rivers contain with 23.6% PS more than the others.

The size of the detected and identified particles var-
ies between the fractions 1.0 – 5.0 mm (23.7%), 0.5 – 
1.0 mm (42.4%) and 0.3 – 0.5 mm (33.7%) (Table 1). In 
the perennial rivers particles of the two smallest frac-
tions are equally represented, and the bigger fraction is 
underrepresented. The ephemeral rivers contain more 
particles of the size 0.3 – 0.5 mm (39.1%) and the Iis-
hana system more of the fraction 0.5 – 1.0 mm (46.9%).

The classification of Rochman et al. [44] was used to 
categorize the morphology of the particles. Fragments, 
films, fibers, fiber bundles, and pellets were found. 
Spheres and foams could not be identified. The parti-
cle morphology is composed of 69.7% fragments, 23.3% 
films, and 6.2% fibers (Fig.  7). Only one fiber bundle 
and 3 pellets were found. No significant differences 
were detected between the three systems.

The color of the particles was classified according to 
Frias et al. [56] and Wang et al. [57]: transparent, white, 
yellow, black, blue, brown, grey, green, pink, red, and 
orange. The color could help to identify the source of 
the plastic particle and due to that all colors were noted 
and not merged as “others” (Table 2). Most of the parti-
cles were transparent (30.5%), brown (23.9%), and black 
(13.2%).

With a p-value of 0.33, the Kruskal-Wallis test showed 
that there were no significant differences between the 
three river systems with regard to particle concentra-
tions (Fig. 8). Although unlike perennial waters, Iishana 
and ephemeral rivers contain similar amounts of MP. 
The minimum is 0 and the maxima are outliers at 53 
and 66, which results in a high range. The first and third 
quartiles and medians are similar. The perennial rivers 
have a smaller range between 2 and 7 and no outliers.

Microplastic abundance was tested by using multi-
ple regression and the variables rural and urban water-
bodies and the water level (dry or water filled). With a 
p-value of 0.08, there was no significant explanation of 
the plastic amount by the urban and rural regions or 
the water level.
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Discussion
Methodological approach
The missing standardized method to extract and identify 
MP in sediments is a lack in all recent studies [52] and 
results in a few limitations. The density separation (with 
the MPSS) is commonly applied for the separation of 
polymer types with a density between 0.8 and 1.70 g/cm3. 
The most frequently used separation solution is a satu-
rated sodium chloride (NaCl) solution (density of 1.20 g/
cm3). It is non-toxic and likely to extract the low-density 
MP [47]. Several polymer types have a density less than 
1.2 g/cm3, like PE with a density of 0.92 – 0.97 g/cm3, PP 
with a density of 0.85 – 0.94 g/cm3 and PS with a density 
of 1.04 – 1.10 g/cm3 [58]. These polymers can be sepa-
rated with the density separation with sodium chloride 

[58, 59]. Other polymers, with densities of 1.3 – 1.7 g/cm3 
and 1.4 – 1.6 g/cm3 (e.g. polyvinylchloride (PVC) and pol-
yethylene terephthalate (PET)) are rather underestimated 
[60]. As the used separation solution NaCl for the density 
separation has a density of 1.2 mg/l, some polymers, like 
PET and PVC are denser and cannot be detected. The 
attachment of organic and inorganic material results in 
density gain that in turn brings the debris to sink and set-
tle. Thus, by only measuring the amount of microplastic 
on the water surface or even in the water column could 
cause an underestimation of the actual quantity of debris 
[28]. The results presented here probably slightly under-
estimate the exact MP content, since some particle loss is 
to be expected during density separation with the MPSS.

The visual-eye identification is well established, but 
just in combination with another identification step, 
like the FTIR spectroscopy, it generates trustful results 

Fig. 4 Amount and polymer type of found microplastics at the sampling sites of the perennial and ephemeral Namibian river systems
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[53]. The error quote during the identification pro-
cess is caused by a conservative identification of the 
selected particles. In some cases, the plastic particles 
were contaminated with sediment, clay, or silt, which 
changed the measured spectra. Other particles were 
degraded and therefore had changed spectra. Their 
measured spectra had limited quality, were not unique 
[61], and were therefore conservatively not evaluated as 
polymers. Using the ATR-FTIR spectroscopy, particles 
< 300 μm are hard to measure, because of the small sur-
face that is partially too small for the ATR crystal. The 
manual handling is challenging, which causes some par-
ticle damage or loss (1.2% in 2019 and 18.0% in 2021). 
In particular, fibers are challenging to handle. Some of 
them are bigger than 300 μm but too slim for the ATR 
crystal. In 2021 many fibers were found, but not all 
could be transferred to the measurement plate. The dif-
ferent spectrometers do not affect the comparability 
of the results, since both times were measured in ATR 

mode. The slightly adapted method between 2019 and 
2021 should be considered while comparing the results. 
The longer standing time during the density separation 
in 2021 caused a higher suspension of microplastic par-
ticles and result in higher recovery rates. The staining 
with Nile red (applied in 2019) is strongly dependent 
on the solvent. The used acetone showed good recovery 
rates, but was  not as satisfying as chloroform [62, 63]. 
Therefore, some particles may not be recovered and 
there may be an underestimation of plastic particles. For 
this reason, in 2021, staining was omitted, resulting in a 
visual-eye identification and a better selection of plastic 
particles. The adjustment to the methodology may have 
caused an underestimation of 2019 results in hindsight.

MP concentrations in Namibia
All investigated Namibian river systems contain MP. 
At the perennial rivers Kunene, Kavango, and Oranje 
an average of 2.5 ± 1.2 particles  kg− 1 were found. This 
abundance of MP is low, compared to rivers with similar 

Fig. 5 Amount and polymer type of found microplastics at the sampling sites of the focus region, the Iishana system
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dimensions, concerning discharge [16]. In the Amazon 
River (Brazil) up to 5725 particles  kg− 1 dry weight were 
found [64]. In Portugal at the Antuã Rivera between 100 
and 629 particles  kg− 1 sediment were identified [65]. 
Weber et  al. [48] used a similar method (MPSS with 
NaCl, fractionation, staining with Nile red, visual-eye 
identification, ATR-FTIR spectroscopy) and identi-
fied MP in floodplains of the Lahn River (Germany) as 
temporary sinks. In their study at the Lahn, they found 
an average of 2.75 MP  kg− 1. The river Themi in Arusha, 
Tanzania, contained up to 180 particles  kg− 1 [15] (see 
Table 3 for corresponding data of compared studies).

At the ephemeral rivers in Namibia (Avis River, Fish 
River, Kuiseb, Olifants, Omaruru, Owambo, Swakop, 
Tsauchab, and Ugab) on average 12.6 ± 17.2 particles 
 kg−1 sediment were identified. The Iishana system, as 
an ephemeral system, contains 13.2 ± 16.4 particles  kg− 1 
on average. Ephemeral systems face seasonal or episodic 
flows and floods. These seasonal flow processes mobilize 
deposited sediments and attached MP. Large pulses of 
transport and a variable mobilization of MP could occur 
throughout the year [66]. Concerning the MP concen-
trations, the riverbed morphology and hydraulic char-
acteristics of the sampling sites are important. Low flow 
velocities and in general low energy in the Iishana system 
cause deposition of suspended matter and MP. A high 
content of suspended material favors the attachment of 
MP. Previous studies showed a high content of suspended 
matter in the Iishana system that could affect the MP 
content [41]. Seasonal conditions, like rain events, water 
volume, and flow velocity have a strong effect on the dep-
osition and retention of MP in sediments [65]. In this 
study, all ephemeral rivers were dry at the time of sam-
pling at the end of March. In 2019 occurred a drought 
event in the country, in 2021 the rainy season was very 
well and caused some flooding. It can be assumed that 
plastic particles were transported and relocated by the 

Fig. 6 Polymer type differentiated according to river systems

Table 1 Particle size of found microplastics, differentiated 
between perennial rivers, ephemeral rivers and the Iishana 
system

5 mm [%] 1 mm [%] 0.5 mm [%] 0.3 mm [%]

Perennial rivers 0.0 16.7 41.7 41.7

Ephemeral rivers 0.0 24.1 36.8 39.1

Iishana 0.4 23.7 46.9 29.0

In total 0.2 23.7 42.4 33.7
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rain events in 2021. In the Iishana system, nine Iishana 
were filled with water and five Iishana were dried-up dur-
ing sampling. In both years, there was no flow movement 
at the sampled Iishana and the ephemeral rivers, even 
though sampling occurred at the end of the rainy season. 
These missing flow movements caused a higher deposi-
tion of particles in the depressions. There was no statisti-
cal correlation between water level (dry and water filled) 
and MP concentration in the Iishana system. The peren-
nial rivers showed flow movements that could transport 
the particles downstream and cause low recovery rates of 
MP in the samples. In Tanzania, it was possible to detect 
more MP downstream of rivers [15]. Rodrigues et al. [65] 
identified seasonal changes of MP in sediments of a river 
in Portugal between March and October with a higher 
abundance in March. A mobilization of the particles 
at the time of higher precipitation is given as a reason. 
However, it was not possible to identify the exact reason 
for the higher abundance in March [65]. There are nearly 
no studies on MP in ephemeral systems. Eppehimer et al. 
[67] investigated the ephemeral Santa Cruz River in the 
USA. They identified differences between the base flow 
of the river, caused by water treatment plants, and the 
post-flood conditions, after rainfall events. After the 
runoff less MP was found in sediments, but more in the 

water column. In particular, less fibers were found after 
the flood, they seem to be easily mobilized and get less 
attached by biofilms than fragments [67, 68]. Runoff 
mobilizes plastic particles in sediments and floods are a 
transport medium while no or low flow conditions cause 
deposition of MP [69, 70]. With increased surface rough-
ness sedimentation and deposition of MP increase [48]. 
Smaller particles in general are more likely to be resus-
pended during rainfall than bigger particles [71].

At the Kavango, Tsauchab, and Ugab more MP were 
found at the riverbanks, than at the river bottom. For the 
Kavango this can be explained by a higher flow velocity 
in the stream that cause erosion and prevent deposition 
of MP in the riverbed [64]. At the Tsauchab and the Ugab 
recently occurred flow movements in 2021 could cause 
the same effect. Several studies identified similar dif-
ferences [16]. Different flow velocities are found in the 
width of the river and cause areas of erosion and accumu-
lation. Soils, sediments from river deltas, riverbanks and 
lake bottom sediments are sinks for MP [16, 72]. Lower 
density MP, like PE or PP, have a high mobility and are 
transported over larger distances. High density particles, 
like PA or PET, retain earlier in the sediments and there-
fore riverbeds, in particular river bottoms, could become 

Fig. 7 Shape of the found MP, differentiated according to the three river systems



Page 12 of 17Faulstich et al. Microplastics and Nanoplastics            (2022) 2:24 

Ta
bl

e 
2 

Co
lo

rs
 o

f t
he

 fo
un

d 
M

P, 
di

ffe
re

nt
ia

te
d 

ac
co

rd
in

g 
to

 th
e 

th
re

e 
riv

er
 s

ys
te

m
s

Tr
an

sp
ar

en
t [

%
]

W
hi

te
 [%

]
Ye

llo
w

 [%
]

Bl
ac

k 
[%

]
Bl

ue
 [%

]
Br

ow
n 

[%
]

G
re

y 
[%

]
G

re
en

 [%
]

Pi
nk

 [%
]

Re
d 

[%
]

O
ra

ng
e 

[%
]

Pe
re

nn
ia

l r
iv

er
s

0.
0

0.
0

25
.0

0.
0

8.
3

66
.7

0.
0

0.
0

0.
0

0.
0

0.
0

Ep
he

m
er

al
 ri

ve
rs

27
.6

12
.6

2.
3

28
.7

12
.1

12
.1

0.
0

0.
6

0.
6

2.
9

0.
6

Iis
ha

na
34

.4
10

.7
1.

3
1.

8
3.

6
30

.8
14

.3
0.

4
2.

2
0.

0
0.

4

In
 to

ta
l

30
.5

11
.2

2.
4

13
.2

7.
3

23
.9

7.
8

0.
5

1.
5

1.
2

0.
5



Page 13 of 17Faulstich et al. Microplastics and Nanoplastics            (2022) 2:24  

Fig. 8 Comparison of the amount of microplastics at the three river systems (perennial rivers, ephemeral rivers and the Iishana system)

Table 3 Comparison of MP concentrations in different regions

Country Water body Concen-tration 
range [MP 
 kg−1]

Dominant 
polymer type

Dominant 
size [mm]

Dominant shape Dominant color Year Study

Brazil Amazon river 417‑8178 – 1–3 fibers white 2020 Gerolin et al.

Portugal Antuã Rivera 100‑629 PE and PP – foams and fibers colored and white 2018 Rodrigues et al.

Germany Lahn river 0.36‑30.46 resin and LDPE 0.3–2 films and frag‑
ments

– 2021 Weber et al.

Tanzania Themi river 70‑160 HDPE and PP – fibers – 2022 Kundu et al.

Namibia perennial rivers
Kunene
Kavango
Oranje

2‑7 PP and PE 0.3–1 fragment brown 2019/2021 this study

ephemeral rivers 0‑66 PE and PS 0.3–1 fragments black and trans‑
parent

2021 this study

Iishana system 0‑53 PE and PP 0.3–1 fragments and 
films

transparent and 
brown

2019/2021 this study
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sinks for MP [73]. This study showed that low density 
particles can also sink and accumulate in sediments.

Type, morphology and potential sources of Namibian MP
The differences between the three river systems are causal 
but not statistically significant. This could be due to the 
small number of samples. MP are mostly more abundant 
in densely populated areas [16, 73]. Most of the plastic 
particles were found in the most densely populated region 
in Namibia, the Iishana system as part of the Cuvelai 
Basin. Almost as many particles were found in the further 
ephemeral systems in the country. Surrounding popula-
tion, building density and land use are potential factors 
influencing the amount of MP in the water bodies [74]. In 
this study, no significant correlation was found between 
rural and urban regions and the MP amount. Several stud-
ies showed no correlation between population density and 
the  occurrence of MP [25, 74]. Kataoka et  al. [75] could 
prove a significant correlation between MP concentration 
in Japanese rivers and population density. However, the 
ranges and the spatial differences in this study, are huge. 
From a small-scale perspective, all sites are located close 
to bridges or culverts, which indicates a big anthropo-
genic influence, like plastic waste dumping. It was shown 
that small-scale differences have a bigger influence on the 
plastic amount than large-scale differences (e.g. urban or 
rural regions). Besides the spatial relations, there was no 
significant correlation between the amount of MP and the 
condition of the rivers (dry or water filled).

The particle morphology of the Namibian particles 
is dominated by fragments (69.7%) and films (23.3%). 
In several studies mostly fibers were found [12]. In this 
study, only 6.2% fibers were found, but due to the used 
method, the identification of fibers was quite difficult. 
The shape of the particles is characteristic for secondary 
microplastics introduced into the environment through 
anthropogenic use or fragmentation [44]. Of primary 
plastic, such as pellets, three pieces were found in the 
Iishana system. Colorful fibers can come from synthetic 
clothing, films from agricultural runoff, and fragments 
from plastic bottles [44]. Since the identified MP is mostly 
secondary plastic, it can be assumed to be degraded MP 
from locally disposed plastic products. Most of the parti-
cles were transparent, brown, black, or white. Martí et al. 
[76] identified white and transparent/translucent as the 
most common colors in ocean plastics. A discoloration 
could occur by photo-oxidation and cause a dominance 
of white and yellow particles [76, 77]. A long exposure 
time to sunlight can cause fragmentation and discolora-
tion [76]. The discoloration of original colored particles 
to transparent, white, and yellow could possibly occur in 
Namibia, due to high temperatures and intensive sunlight 
exposure.

PE and PP were the most common polymers found in 
Namibia, which can result from packaging, carrier bags, 
food wrappers, and beverage bottles [11]. The results 
correspond to the mostly used polymer types in south-
ern Africa [5, 9, 78]. Between 1987 and 2020 most of the 
studies conducted in Africa identified PE, PP, and PS as 
the three most common polymer types of MP [13]. Fur-
thermore, PE and PP are globally the most common poly-
mers, because of their light density they are easily fluvial 
transported [25]. He et al. [79] indicate a great impact of 
land use on the plastic type.

Rochman et al. [80] and He et al. [81] detected metals 
on plastic particles. In the Iishana system metals in the 
water column, suspended solids and sediments already 
have been detected [41]. It is possible that metals attach 
to plastic particles and are transported through the riv-
ers, however, this assumption has to be evaluated by 
further investigations. The application of sewage sludge 
contributes to MP in soils [82, 83]. Surface runoff from 
urban areas or agricultural lands, wind dispersal, and 
soil erosion transport MP into the aquatic environment 
[84]. This movement of plastics from land to freshwater 
systems is dependent on various factors, such as weather 
conditions and land cover types [85]. Physical processes, 
like wind, surface runoff, fluvial transport, and flooding 
cause a spatial distribution of MP in environmental com-
partments [28, 86].

Conclusion and outlook
This study was conducted to significantly contribute to 
the state of research on MP in Namibia, in particular in 
the Iishana system. The main river catchments in Namibia 
contain MP. Even in rural areas, far away from settle-
ments, MP were found in river sediments. More particles 
were found in the Iishana system than in perennial rivers 
or ephemeral systems. Most of the particles were found 
in the smaller fractions between 0.3 and 0.5 mm and the 
most common polymer types are PE and PP. Secondary 
plastic, in form of transparent and brown fragments and 
films, was mainly found. As primary plastic, only three 
pellets (transparent, grey, and black) could be identified. 
The consequences of uncontrolled waste disposal and lit-
tering are investigated worldwide [87]. Namibia is one of 
the countries with more than 0.8 kg of mismanaged plas-
tic waste per capita per day [1]. The forecast for misman-
aged plastic waste for Namibia will increase up to 10,000 
tonnes per year in 2025. Only by identifying, quantify-
ing, and qualifying the amount of plastic waste on the 
African continent, adapted measurements and strategies 
can be developed [1]. Within the last few years plastic 
production, detection, collection, sorting, recycling, and 
prevention are being addressed with information technol-
ogies and artificial intelligence. The goal is a closed-loop 
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economy for plastic products [8]. On the African conti-
nent, it is just the beginning of studies about MP in fresh-
water and terrestrial systems [88]. This study showed for 
the first time the occurrence and characteristics of MP 
in freshwater sediments in Namibia. As an  initial study, 
the focus was on the sinks, in particular the depressions 
(Iishana) and rivers. The influence of floods on the mobi-
lization and deposition of MP in river sediments could be 
further analyzed by sediment dating [48]. To gain more 
knowledge about the  source, transport, and fate of MP 
in Namibian river systems, aeolian sediments should be 
investigated. In particular, during a dry episode in ephem-
eral systems, aeolian erosion and deposition play a crucial 
role in the composition of the sediments.
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