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ARTICLE INFO ABSTRACT

Keywords: Microplastic (MPs) pollution has become a subject of environmental concern due to its wide ubiquity in the

Fres_hwater environment. Microplastics are possible sources of other hazardous chemicals to aquatic organisms due to their

i:fi'mel"‘tt‘ composition and sorption properties. In this study, MPs occurrence in water and sediment samples of the
1croplastics

Plankenburg River, Western Cape, South Africa was investigated. The physicochemical characterization of the
river water was done onsite. 30 L water samples were collected and filtered in 10 L triplicates through a 250 pm
mesh onsite using a metal bucket. An additional 12 L sample was collected and filtered in 4 L triplicates through
20 pm mesh in the laboratory. The extraction of MPs from water in the laboratory was by density separation.
Sediment samples were also collected at the selected sites, oven-dried and microplastics in the laboratory.
Sampling was conducted over four seasons — spring, summer, autumn, and winter. Microplastics were classified
by visual observation and Fourier Transform Infrared Spectroscopy (FTIR-ATR). The seasonal distribution of MPs
in the surface water samples varied across all sites. However, spring samples had the highest MPs occurrence
(5.13 £+ 6.62 MP/L) and the least, in autumn (1.52 + 2.54 MP/L). The MPs in sediment samples were observed in
spring (1587.50 + 599.32 MP/kg). Fibres were the most dominant microplastic particle type (shape), with a size
range of 500-1000 pm at the different sites. The infrared spectroscopic analysis confirmed the dominant polymer
type to be polyethylene. This study provides an understanding of the microplastic occurrence in the Plankenburg
River system and gives a baseline for future monitoring and assessment of water and sediment in the South
African freshwater systems.

Plankenburg river
Water quality
South Africa

1. Introduction

Plastic pollution has been reported to have adverse effects on the
reproduction, behaviour, survival, growth, and metabolism of aquatic
organisms. However, the estimated quantity of microplastics released
into the aquatic environment is still being investigated (Critchell and
Hoogenboom, 2018; Pereao et al., 2020). Microplastics are ubiquitous in
the environment because they are widely used, relatively cheap and
durable but persistent in the environment (Lin et al., 2020). They get
into rivers through the wind, storm sewers and wastewater treatment
plants. The most significant source of freshwater pollution is wastewater
effluent from sewage treatment plants and runoff from road surfaces
caused by the breakdown of road markings and tyre debris (Horton
et al., 2017). Mani et al. (2015) identified the closeness of urbanisation
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to rivers as sources of microplastics from various activities such as
effluent discharge, road runoff, littering and atmospheric deposition to
aquatic ecosystems.

Microplastic studies in freshwater have increased rapidly signifying
their importance to the water sector. The reported microplastic values in
marine ecosystems are equivalent to the observed amounts in the
freshwater environments (Ma et al., 2019) with a highly heterogeneous
distribution in different areas (Wagner and Lambert, 2018). The study
on Shanghai rivers by Peng et al. (2018) showed that river sediments are
reservoirs for terrestrial-based microplastics with an average of 802 +
594 items per kilogram of dry weight (items/kg~ dw) microplastics in
river sediment samples while the average microplastics found in Poyang
Lake were 1134 (items/kg’1 dw) by (Liu et al., 2019). The presence of
microplastic is therefore a worry due to the potential threats to the
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suitability of water for human use (Amoatey and Baawain, 2019).
Several studies have been conducted on MP pollution in both marine and
freshwater ecosystems to understand the occurrence of microplastics in
water bodies.

Most plastics are manufactured, used and deposited in the terrestrial
environment, with rivers as a primary pathway (source) of microplastics
to the ocean (Horton et al., 2017), but it is limited with no measurable
information or data on the environmental fate of riverine microplastics
which can hinder the development of regulatory activities and proper
risk assessment (Yuan et al., 2022a). Some studies suggested that
anthropogenic disturbances in the catchment, such as population den-
sity, land use, and point source pollution are closely related to the
increased microplastic pollution in rivers (Barrows et al., 2018; Cao
et al., 2021). It was also found that elevation and precipitation were
closely associated with microplastic pollution in riparian soils (Zhou
et al., 2021). Thus, microplastics may present an environmental risk to
the inhabiting organisms and the quality of soil since soil properties, as
well as biodiversity and function may be affected (Huerta Lwanga et al.,
2016). These high loads of diverse microplastics in river ecosystems
have increased research investigations to provide a better understanding
of the major driving factors behind the geographical distribution and
characteristics of the heterogenous MP. Microplastics are defined by
their size, origin, shape, polymer composition, and colour (Jiang et al.,
2018).

Large plastic waste items undergo fragmentation under physical
action, ultraviolet radiation, oxidative properties of the atmosphere and
hydrolytic properties of water bodies and are progressively broken down
into smaller particles known as microplastics (Xu et al., 2021). The most
identified microplastics in the environment are polyethylene (PE, low
and high density), polystyrene (PS), Polyvinylchloride (PVC), poly-
propylene (PP), and polyethylene terephthalate (PET) (Sorolla-Rosario
et al., 2022) as well as polyamide fibres (nylon) (Fan et al., 2021).
Plastics have become the largest component of marine debris and a
major threat to aquatic ecosystems (Green, 2016). MPs are subjected to
mechanical, chemical, and biological interactions leading to their
abiotic and biotic transformation, which can in turn influence the
transport and bioavailability of MPs (Gao et al., 2022; Zhang et al.,
2021). There is a higher possibility of the breakdown of microplastics to
nanoplastics that may have higher environmental risks due to the nature
of nano-sizes (Li et al., 2018).

In Africa and specifically South Africa, several research studies on
microplastic pollution have been reported in the marine environment
but there is still limited information on freshwater systems (Migwi et al.,
2020; Weideman et al., 2020). The Plankenburg River in South Africa
flows through different land use practices in Stellenbosch and receives
agricultural pollutant inputs from its source through formal and
informal residential neighbourhoods to industrial activities. Although
the river is not used for potable activities, it is important for the
ecological health of the system as well as possible urban agriculture and
previous studies on the river already revealed organic contaminant
pollution.

This present investigation studied the microplastic pollution char-
acteristics and distribution in the surface water and sediments of the
Plankenburg River in South Africa through laboratory and field in-
vestigations on the physicochemical parameters, distribution, abun-
dance, shape, colour, size, and polymer composition of MPs. The
sampling sites were chosen to assess the discharges from diffuse sources
(transport by the river), and direct sources into the river from the in-
dustrial and recreational park. The analysis of shape, colour and plastic
type in this study should show if the extent of MPs pollution in fresh-
water river systems is comparable to the sediments. The study will
reduce the knowledge gaps on MP pollution status in the South Africa
surface water and sediment and provide insight into the status of MP
pollution in South Africa.
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2. Materials and methods
2.1. Study area

The Plankenburg River is approximately 10 km long and runs
through Stellenbosch in the Western Cape Province of South Africa with
a geographical location lying approximately on latitude and longitude
coordinates of 33° 56’ 12" S, 18° 51’ 41”E (Udebuani et al., 2021), and
provides ecosystem services for residential, and industrial sectors. The
sampling points were selected based on possible routes of microplastic
entry, including human and industrial activities as shown in Fig. 1. The
influence of the transport of MPs was monitored by sampling in the
proximity of the Kayamandi Informal Settlement (PR 1) which lacks
proper sanitation (Alegbeleye et al., 2016), and other areas of industrial
activities (PR 2). A sampling at the Krom River (PR 3) and the confluence
of the Plankenburg River mixed with the Krom River (PR 4) was to
indicate the possible MP entry via anthropogenic activities in the area.
Fig. 1 shows the four sampling sites while the GIS Coordinates are shown
in Table S1.

2.2. Water and sediment sampling

Sampling was undertaken over four seasons (summer, spring,
autumn, and winter). On each site, 30 L were sampled and filtered onsite
in three replicates of 10 L through 250 pm stainless steel sieves for each
of the selected sampling locations. The metal bucket was immersed
below the surface water opposite the water flow direction. The residual
particles on the sieve were transferred and stored in small glass jars and
taken to the laboratory for further analysis. At each sampling site, the
metal bucket and stainless sieve were cleaned carefully with Milli-Q
water to reduce cross-contamination and rinsed thoroughly with water
from the site before sampling. Contamination and disruption of MPs
determination were avoided by cleaning plastic bags and nylon mesh
with Milli- Q water when used. In addition to the onsite 30 L water
samples, another 12 L sample of surface water were collected separately
at each sampling site and transported to the laboratory and filtered
through a 20 pm stainless steel sieve. The 12 L brought into the labo-
ratory was filtered in three replicates of 4 L per site. 100 g sediment
sample was collected using metal scoops at approximately 5 cm depth at
each sampling site to achieve three replicates which were randomly
collected 2 m apart and pooled as one sample per site. Sediment samples
were individually stored in sealed plastic bags, placed in an ice chest,
and transported to the Cape Peninsula University of Technology
Microplastics Laboratory. Samples were oven-dried at 50 °C for 24 h and
covered with aluminium foil to avoid contamination.

2.3. Microplastic extraction by density separation

The collected samples were processed to isolate the microplastics
based on the adapted method from (GESAMP, 2019). MPs were
extracted from the 12 L offsite sample and taken to the laboratory by
filtration through a vacuum pump system with 20 pm mesh. Alkali
digestion was used to degrade organic matter before the extraction
process (Maes et al., 2017). The higher the density of the salt solution,
the higher the floating of MPs, but as a drawback, high-density solutions
could also float other small particles (such as organic matter), thus
increasing the presence of interference species (Quinn et al., 2017).
Based on previous studies (Cutroneo et al., 2021), an intermediate
separation solution for the density extraction of microplastics was found
in NaCl and the density separation was run at least 3 times. Residues of
samples processed onsite were stored in glass jars and labelled appro-
priately. The residues were transferred into a 500 ml glass beaker with
10% Potassium hydroxide (KOH) and covered with aluminium foil for
24 h in the oven at a temperature of 50 °C. Hypersaline solutions (NaCl
360 g-¢-!) were added to the digested sample, stirred vigorously for 2
min, allowed to settle for 15 min and then filtered through a vacuum
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Fig. 1. Sampling sites on the Plankenburg River (Source: Google maps).

pump system with 20 pm mesh. This extraction process was repeated
three times for each sample. The filters were then placed in clean petri
dishes for further analysis. The extraction of microplastics from sedi-
ment samples was carried out with the density fractionation method as
described by Di and Wang (2018) with minor modification. Sediment
samples were dried in the oven at 50 °C for 48-72 h to constant weight,
then 20 g of dry sediment from each replicate was transferred into a 500
ml glass beaker with 10% KOH and placed in the oven at 50 °C for 24 h.
Saturated NaCl solution (360 g-¢-') were added to the digested sample,
which was then stirred with a clean stainless spoon for 2 min and
allowed to settle for 30 min. Dried sediment in the beaker was always
covered with aluminium foil to avoid air-bone microplastic contami-
nation. The supernatant of the solution containing floating particles was
vacuum filtered through a 20 pm nylon mesh pre-washed with Milli-Q
water, which was repeated three times for each sample. The mesh was
placed in clean petri dishes for further analysis.

2.4. Microplastic observation and identification

The dried meshes in the pre-cleaned petri dishes were examined for
microplastics based on physical appearance under a stereomicroscope
(BS-3060CT, Bestscope, China). Particles were categorised based on
their morphological characteristics (size, shape, and colour) as previ-
ously described by (Hidalgo-Ruz et al., 2012) and (Masura et al., 2015).
Microplastics were classified and measured by their sizes using a mi-
croscope into six categories (Estahbanati and Fahrenfeld, 2016; Talbot
et al.,, 2022): <63 pm, 63-500 pm, 500-1000 pm, 1000-2000 pm,
2000-5000 pm and >5000 pm. Particles were classified based on their
shapes (fibre, fragment, Sphere and film) according to Baldwin et al.
(2016), and Zhang et al. (2017). All suspected microplastic particles
were photographed using a BestScope BHC3E-1080P HDMI Digital
Camera (China) connected to the microscope. Microplastic abundance

and mass were recorded in terms of MPs/L and MPs/Kg dry sediment. A
minimum of 10% of randomly selected microplastic particles larger than
500 pm were analysed using Fourier Transform Infrared (FTIR-ATR). A
spectroscopy Perkin Elmer Two FTIR-ATR Spectrometer system was
used to analyse microplastic particles. With a resolution of 4 cm™! and a
data interval of 1 em™!, spectra in the wavenumber range of 5000 to
450 cm ™! were captured. Before each sample analysis, background scans
were performed, and the ATR crystal was cleaned with 70% propanol
before usage. Using a pair of fine tweezers and a force of at least 80 N,
particles (Filaments and fragments) > 500 pm in size were squeezed
against the diamond head. Polymer identification was done by
comparing spectral scans with the ST Japan Library and a Perkin spec-
tral library provided by the supplier (Perkin Elmer).

2.5. Quality control and quality assurance

Preventive measures were undertaken to minimise potential
contamination of microplastic particles during sampling and laboratory
processing using the method of Wang et al. (2017). Microplastic
equipment was rinsed thoroughly with distilled water before use. Plastic
items used were minimized, but when used, it was rinsed with Milli-Q
ultra-pure water and blank experiments were conducted to account for
possible contributions from the materials. Nitrile gloves were always
worn during the whole process, and solutions were covered with
aluminium foil for the duration of the process. Saturated NaCl solution
and KOH were filtered through a 10 pm size mesh under vacuum.
Airborne contamination control was conducted for the duration of lab-
oratory sessions by putting Petri dishes containing a wet mesh on
workbenches. If microplastics were detected on the control mesh and
petri dishes placed at strategic points throughout the laboratory to
determine if any air contamination occurred, the amount detected was
subtracted from the values obtained. The wind direction was faced
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during sampling to avoid contamination. A total of nineteen fibres were
recorded from the negative controls for the whole study and the data
were adjusted accordingly. Extraction efficiencies were done by filtering
known quantities of fibres to ensure the reliability of the data obtained
in this study. The experimental process showed an efficiency rate of 95%
fibres.

2.6. Data analysis

The microplastic abundance, in mean and standard deviation (SD)
from water and sediment, was expressed as MPs/L and MPs/kg (dw),
respectively. Based on the characteristics of the distributed data, non-
parametric analyses were conducted on the data using the Krus-
kal-Wallis test for analysis between microplastic abundances in surface
water and sediment, with the significance of differences between the
groups, was determined by the Mann-Whitney U test with a <0.05
significance level. Post hoc analyses for significant differences between
sites were conducted using pairwise comparisons of the Kruskal-Wallis
analysis. The physicochemical parameters’ data were analysed for
means, and SD and correlated to MP’s data parameters using the IBM
Statistic Package for Social Science (SPSS) 28.

3. Results and discussions

The microplastic burden of the river was assessed spatially and
temporally. A total of 1756 microplastics were recorded from water and
sediment samples collected from the Plankenburg River. Two different
environmental matrices (water and sediment) were collected and ana-
lysed. Six sampling events were conducted rather than eight due to the
COVID-19 pandemic restrictions nationally and at Cape Peninsula Uni-
versity of Technology (CPUT). Two sampling events were carried out for
spring and autumn but only one for each summer and winter season.

3.1. Spatial and temporal distribution of microplastics in water samples of
the Plankenburg River

The distribution of microplastic particles in the river provides an
understanding and information on MP occurrence in the freshwater
ecosystem. Results of microplastic distribution over four seasons in the
Plankenburg River are presented in Table S2. The spatial and temporal
distributions of MPs using different mesh sizes showed a different re-
covery overview. The MPs from 20 pm to 250 pm were extracted and the
results are presented in Fig. 2. The recovery efficiencies for two different
mesh sizes during filtration were compared, and the results revealed that
the 20 pm mesh had a better extraction efficiency than the 250 pm.

12.00
10.00

8.00

Mean MF lire
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MPs abundances were calculated for each site and presented as the
number of MPs/L (N = 72). For microplastics processed under 20 pm
(Fig. 2a), there were no significant differences in microplastic occur-
rences between sampling points analysed (Kruskal-Wallis; p > 0.05). The
highest mean occurrence of microplastics over the four sampling sites
recorded in Fig. 2a PR2 (9.25 MP/L), and the lowest across the four
sampling sites was recorded at PR4 (6.87 MP/L). There was no signifi-
cant difference in the microplastic burden of samples processed through
the 250 pm mesh across sampling points (Kruskal-Wallis; p > 0.05). The
highest mean occurrence of microplastics was in summer and winter at
PR1 (0.83 £+ 0.96 and 0.77 + 1.23 MP/L, respectively), in spring (PR2:
0.78 £+ 1.27 MP/L) and autumn (PR4: 0.63 + 1.03 MP/L), and the
lowest across the four seasons were recorded in summer at PR2 (0.31 +
0.47 MP/L) (Table S2). Seasonally, MPs were in abundance in winter at
0.63 £+ 1.01 MP/L and lower in summer at 0.57 + 0.85 MP/L (Table S2).
The mean abundance in the 20 pm and 250 pm water samples were
respectively 7.98 + 4.61 MP/L and 1.72 + 0.67 MP/L. The results of the
occurrence of MP in this study are more than the observed abundance of
0.23 + 0.27 items-L™! obtained by Weideman et al. (2019) in the
Orange-Vaal River system in South Africa. This study’s findings are
comparable to those reported by Alam et al. (2019), who found 5.85 +
3.28 particles/litre of microplastics.

3.2. Spatial and temporal distribution of microplastics in sediment
samples in the Plankenburg River

The results of microplastic distribution in sediment samples over four
seasons in the Plankenburg River are presented in Table 1. A total of 72
sediment samples were collected for this study. Three replicates were
collected per site over the four seasons in six sampling events.

From the results presented in Table 1, MPs ranged from 2133.33 +
898.15 to 616.67 + 160.73 MPs/kg in the sediment samples. The dis-
tribution suggests that in winter, there were more deposits of micro-
plastics. The abundance of microplastics was calculated for each site and
presented in microplastics per kilogram (N = 18). Results are reported as
means (+SD) and significances set at p < 0.05. There were no significant
differences in microplastic abundances across all sites for the six sam-
pling events (Kruskal-Wallis; p > 0.05). The highest mean values of MPs
were recorded in spring, summer, and autumn at PR1 (2133.33 +
898.15, 1183.33 £ 301.39 and 1066.67 + 415.53 MP/kg) and in winter
at PR4 (1686.33 + 860.72 MP/kg). The lowest across the four seasons
were recorded in Summer (PR2; 616.67 + 160.73 MP/kg) (Table 1).
Reduced flow rate and large volumes of water in spring accounted for
the high amount observed at different sites.

The seasonal distribution of microplastics in sediment from the

20 pm Water 250 pm Water
a b
5.26
557
P3 P4 1 P2 P3 P4

Site

Fig. 2. Abundance and distribution of microplastic particles in the Plankenburg River water sample using 20 ym (a) and 250 pm (b) mesh sizes.
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Table 1
Abundance and distribution of microplastic particles in the Plankenburg River
sediment sample (mean + SD).

Site Season
Spring Summer Autumn Winter
PR1 2133.33 + 1183.33 £ 1066.67 + 1666.67 +
898.15 301.39 415.53 189.30
PR2 1358.33 £ 616.67 + 1250 + 1333.33 +
320.03 160.73 370.14 275.38
PR3 1500 + 251 783.33 + 691.67 + 983.33 +
57.74 159.43 160.73
PR4 1358.33 + 950 + 86.60 866.67 + 1686.33 +
432.92 338.62 860.72
Seasonal 1587.50 + 883.33 = 968.75 + 1416.67 +
mean 599.32 266.57 379.02 499.24

PR1: Kayamadi Informal Settlement/Commercial activities, PR2: Industrial and
recreational park, PR3: Krom River, PR4: Plankenburg River mixed with Krom
River.

Plankenburg River is summarized in Table 1. The spring samples had the
highest MP abundance (1587.50 599.32 MP/kg). The mean abundance
in the sediment samples of 1235.42 + 552.23 MP/kg of dry sediment is
higher than the MPs recorded by Maheswaran et al. (2022), who
recorded an abundance of 699 + 66.00 items/kg from the West
Dongting Lake. This study result is lower than the one recorded by Xia
et al. (2021), where the recorded abundances of MP were 33 200
items/kg of dry sediment. An assessment of the Bloukrans River, South
Africa, showed microplastic contamination ranging from 6.3 + 4.3 and
160.1 + 139.5 kg~ ! particles, respectively, in the summer and winter
seasons (Nel et al., 2018), lower than the values recorded in the present
study in summer and winter with a similar abundance trend. However,
the lower burden of MPs in summer and autumn can be attributed to the
low level of water in the river. The high concentrations of microplastics
found at the PR1 sampling site may be suggested to runoff from informal
settlements. The research by Huang et al. (2021) also showed how
human activity affected river pollution.

3.3. Physical properties of microplastics in the Plankenburg River

3.3.1. Shape

Particles were categorised based on their morphological character-
istics (size, shape, and colour) as described by Hidalgo-Ruz et al. (2012),
and Masura et al. (2015). The shapes of MP’s filtered from water and
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sediment are shown in Fig. 3. MP shapes were categorised into five:
foam, fragment, Sphere, film, and fibre (Fig. S1). At all four sampling
sites, fibres (PR4: 98.40%) and films (PR2: 2.71%) were recorded as the
dominant forms of plastic particles in the Plankenburg River system.
Because of the wide application of plastic fibres, they occupy a large
proportion of many studies, especially in freshwater environments (Yin
et al., 2022). As very close to human activities, the Plankenburg River
received a large amount of fibre. According to Migwi et al. (2020), the
high informal settlement population increases pressure on the waste
disposal systems, posing a threat to the river’s health. Thus, the domi-
nance of fibres and films in the Plankenburg River could be an indication
of household and industrial effluent discharge into the river breakdown
of household fibres.

3.3.2. Colour

White, yellow/brown, black/grey, translucent, blue/green, and red/
pink were among the colours of MPs that were found (Fig. 4). The
amount of transparent MPs was highest in PR1 (80.62%) and lowest in
PR2 (75.51%). According to previous research, transparent and blue/
green MP was the dominant colour in the study of the freshwater system
by Zhang et al. (2020). The colour of MPs is mainly due to the
contamination of plastic materials from urban wastewater. Transparent
and white MP may be caused by the discolouration of coloured MPs and
weathering, while red/pink MP may be formed from coloured manu-
factured clothing (Maheswaran et al., 2022). Coloured MPs particles
could easily be mistaken for food by freshwater biota, colour is a po-
tential health hazard to the freshwater ecosystem, and its blocking effect
of light can affect plant photosynthesis and animal activity (Silva et al.,
2020). According to He et al. (2020), some colourless or transparent MPs
particles could potentially be overlooked during extraction or identifi-
cation processes.

3.3.3. Size

The identified MPs were classified into six categories according to
their sizes: <63 pm, 63-500 pm, 500-1000 pm, 1000-2000 pm,
2000-5000 pm and >5000 pm. There is at present a technology and
knowledge gap with respect to the detection of smaller sized micro-
plastics (<150 pm) in sediments and freshwater samples (Yuan et al.,
2022b), especially for those with similar smaller size to aquatic organ-
isms ingested by prey organisms (Ory et al., 2017). Microplastic pellets
detected in Riverbank sediments range in particle size from 63 to 200
pm, showing the source of the parent material to be from cosmetics and

MP Shape

W Fibre

M Fragment
M Sphere
W Film

M Foam

Fig. 3. The Plankenburg River microplastic particles distribution by shape.
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Fig. 4. Colour distribution of microplastic particles in the Plankenburg River. (For interpretation of the references to colour in this figure legend, the reader is

referred to the Web version of this article.)

cleansers (Chen et al., 2021; Priya et al., 2022). Willis et al. (2017)
observed high frequencies of 63 pm microplastics in sediments
compared to the size distribution observed from net trawls of the ocean
surface. Fig. 5 outlined a high proportion of MP particle size between
500 and 1000 pm at the different sites with 61.87% at PR4, similar to Yin
et al. (2022) study on the Xiangjiang river. In the current study, MPs
<63 pm particle size was substantially smaller than that reported by
Maheswaran et al. (2022). Macro-plastic can break down into multiple
small-size plastics that are considered to pose the most serious potential
threats to both aquatic organisms and ecosystems. MPs with relatively
lower density and smaller sizes have increased potential for trans-
portation by wind and water. Consequently, MPs hazard impacts,
compared to larger plastic debris, MP have more serious toxic effects and
a higher probability of being mistakenly ingested by organisms (He
et al., 2020; Yin et al., 2022). Additionally, pollutants, including heavy
metals and organics, can adhere to the surface of MPs, and those with
different particle sizes can have varying adsorption capacities for

100.00

80.00

60.00

% MP Size

40.00

20.00

0.oo

Site

contaminants.

3.4. Chemical analyses of microplastics in the Plankenburg river

3.4.1. Polymer distribution of microplastics in the Plankenburg River
FTIR-ATR was used to conduct chemical analyses of plastic particles
to identify the various polymer types detected in the freshwater system.
The primary polymers found in the Plankenburg River were PE
(57.86%), Cotton (29.84%), PP (6.68%%), and PET (5.62%) as shown in
Fig. S2. Based on the proportion of the density of each type of MP,
different percentages were recorded in water and sediment as shown in
Fig. 6, and PE is the most predominant type of PM in water and sedi-
ment, followed by cotton. According to Xia et al. (2021), PE and PP are
widely used due to their lightweight and stable characteristics as
packaging bags in food, fishing and agricultural sectors. However, PE
has been reported in the previous research literature as one of the most
common polymer types with wide distribution in freshwater depending

MP Size ()

W 63

M 53_500

I 500_1000
[} 1000_2000
I 2000_5000
W _so00

Fig. 5. The Plankenburg River microplastics occurrence by size.
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Fig. 6. Polymer-type distribution in water and sediment of the Plankenburg River.

on its quantity (He et al., 2020; Kukkola et al., 2021). Due to landfill
operations by the people who live along the river, the Plankenburg River
contains cotton, which is used in the production of fabrics, whereas PET
is the most recycled thermoplastics and is mainly used for rigid and
flexible packaging. In addition, the small amounts of PET may be more
significant than large PE based on their differences in toxicity in aquatic
systems.

Fibres were the most common shape of MP particles investigated in
this study using FTIR-ATR. Fibres were categorised as Cotton (44,35%);
PE (37,37%), PET (8,35%) and PP (9,93%) particles, whilst films were
identified in PE particles only (Fig. S3a). Fibre polymer identification all
over the four sites indicated that Cotton was the predominant polymer
from site PR1 to PR 3 and PE at site PR4 (Fig. S3b), and this can be due to
the various endeavours and activities within the vicinity of the river and
the proximity to the informal settlement. Among the films analysed, PE
was the only polymer identified at PR2 and PR4 (water and sediment).
Based on the results obtained, MP observed in Plankenburg River might
be due to the microplastics released from the daily life of the informal
settlement, surface runoff, and discharge from the industrial and agri-
cultural wastewater.

FTIR microplastic spectra found from Plankenburg River were
compared with reference IR spectrums and were mainly composed of
cotton, PE, PP and PET as shown in Fig. S4. PE characteristic spectra for
the four sites display peaks around 717, 1472, 2916 and 2849 cm™'.
Cotton produces peaks around wave number regions 556, 1030, 2900
and 3327 cm™'. PP spectra from the study river show peaks around
1376,1456 and 2917 cm™!, and PET display peaks around 725,
1016,1238 and 1715 cm™'. These results are consistent with those
described by other authors (Maheswaran et al., 2022; Rodrigues et al.,
2018).

4. Conclusion

Studies on microplastic pollution and its possible effects on aquatic
ecosystems have increased recently, but there are still knowledge gaps
on this topic, particularly concerning South African freshwater ecosys-
tems. This study evaluated MP’s distribution, abundance and charac-
teristics in the surface water and sediments of the Plankenburg River in
the Western Cape. Pre-treatment methods used to extract the micro-
plastic included density separation, filtration, and alkaline digestion to
ensure efficient extraction from water and sediment samples. MPs in the
surface water were in abundance in spring at 5.13 + 6.62 MP/L, while
the occurrence of MPs in sediments was highest in spring at 1587.50 +
599.32 MP/kg. Infrared spectroscopy analysis confirmed that the
dominant polymer type was polyethylene (57.86%), and fibres (98.40%)
were recorded as the dominant forms of microplastic particles, while the
size range of 500-1000 pm (61.87%) was the dominant MPs at different
sites. Spatial and temporal distributions showed differences based on

anthropogenic activities. This study demonstrated that the microplastic
pollution occurrence in the investigated freshwater systems was pre-
dominantly due to the accompanying surrounding intense anthropo-
genic activities within the vicinity of the freshwater resource. This study
showed the need for further investigations on the effect of runoff, wind,
and season on the occurrence of microplastics in freshwater ecosystems.
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