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Microplastics are defined as plastics smaller than 5mm down to 0.05 mm. These plastics
enter the environment and undergo certain physical changes, most notably density
changes and a relative increase of surface size. Microplastics can then release or
absorb toxicants from the surrounding environment. These plastics may then enter the
food chain from producers to top predators. In this study, microplastics were investigated
in four study sites in the upper Vaal River, South Africa. The goal of the study was to
determine the levels of plastics in water, sediment and a top predator, the benthic fish
Clarias gariepinus. In this study, a 10% KOH digestion of water and fish, and density
separation of sediment with NaCl (1.2 g cm3) was used to extract microplastics for
identification. Microplastics were detected in water (3, 300 particles m−³), fish (7.47
particles per fish) and sediment (46.7 particles kg−1). Microplastic intake was not
attributed to the microplastic shape or size of the fish that ingested it. This highlights
the need to understand how niche-specific microplastic concentrations are, which will not
only aid in quantifying microplastics accurately in the environment but to better understand
how they may influence various ecosystems.
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1 INTRODUCTION

Plastic pollution is highlighted as an increasing threat to the natural environment and humans
(Walker, 2021). Plastic pollution has been detected around the globe from the hydrosphere,
atmosphere, lithosphere, and biosphere (Li et al., 2018). The extent of plastic pollution has led
to a global movement of environmental research on plastic and, more specifically, microplastics
(Walker, 2021). Microplastics are plastic particles smaller than 5 mm in size, and their presence in
the environment is extensively researched (Arthur et al., 2008; Li et al., 2018; Alimi et al., 2021).
Microplastics can consist of a wide variety of plastic polymers, shapes, and origins, from plastic beads
(primary microplastics) or plastics that have degraded from plastic products such as clothing,
containers, or products with inner plastic linings (secondary microplastics) (Hidalgo-Ruz et al., 2012;
Lusher et al., 2017; Gatidou et al., 2018; Guo and Wang, 2019).

When microplastics enter the environment, they quickly enter the food chain, being mistaken for
a food source or bioaccumulating up the food chain into larger predatory animals (de Stephanis et al.,
2013; Gatidou et al., 2018; Li et al., 2018). A build-up of microplastics in the gut may lead to intestinal
blockages, leading to starvation, reduced breeding, increased immobility, and the death of the
organism (Gatidou et al., 2018). Toxicity studies of microplastics indicate its damaging effects on
multiple phyla of aquatic animals by merely being present in the surrounding environment (Barboza
et al., 2018; Syakti et al., 2019).
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Microplastics can act as vectors to toxicants in the
surrounding environment (Guo and Wang, 2019). Various
toxicants such as metals and pesticides have been found on
microplastics in the environment (Collicutt et al., 2019; Guo
and Wang, 2019). These plastics may then be a pathway for
toxicant uptake and bioaccumulation (Barboza et al., 2018). The
adverse effects and general distribution of microplastics were
highlighted by Walker (2021), where the author indicated that
plastic and microplastics could be correlated to twelve United
Nations Sustainable Development Goals (SDGs), which was
initially only correlated to two or three of these goals.

Plastic and microplastic research in Africa remains limited
compared to other continents, but recent efforts to highlight
microplastic pollution in Africa has been made (Naidoo et al.,
2015; Nel and Froneman, 2015; Biginagwa et al., 2016; Lourenco
et al., 2017; Nel at al., 2017; Nel et al., 2018; Akindele et al., 2019;
Dalu et al., 2019; Mayoma et al., 2019; Toumi et al., 2019;
Weideman et al., 2019; Weideman et al., 2020; Dahms et al.,
2020; Alimi et al., 2021; Dalu et al., 2021; Deme et al., 2022; Masiá
et al., 2022). In South Africa, research has been conducted on
microplastics in the Vaal River system, determining microplastic
concentrations in water, sediment, and the ability for long-
distance transfer of microplastics (Weideman et al., 2019;
Weideman et al., 2020). However, the presence of microplastic
in biota here remains limited. The Vaal River is part of the natural
habitat for the fish species Clarias gariepinus, a benthic
omnivorous fish and top predator (Groenewald, 1964). This
species is adapted to feed as both a predator and filter feeder
(Groenewald, 1964). This species can grow to 1.7 m and 59 kg and
has a broad feeding strategy from feeding on diatoms,
invertebrates, large fish, birds, and small mammals
(Groenewald, 1964; Skelton, 2001). Clarias gariepinus is
considered economically valuable and is used commercially in
fish farming and is a source of protein for subsistence fishers (Ali
and Jauncey, 2004; Vitule et al., 2006).

Thus, it is important to investigate the presence of microplastic
in this species. The feeding strategy, social, and economic value,
of C. gariepinus, highlights the importance of the research
question of whether these animals in the Vaal River are
ingesting microplastics. It was hypothesised in this study that
1) C. gariepinus is ingesting microplastics, 2) the microplastic
shapes (fibres, angular, round, and other) found in the gut would
be random with no predominant shape found, 3) larger
individuals would ingest higher amounts of microplastics, 4)
microplastic concentrations in sediment would correlate to
microplastic ingestion in fish throughout the system.

2 METHODS

2.1 Site Selection
The Vaal River plays an important role in South Africa for economic
activities and the environment before it joins the greater Orange
River system, which finally flows into the Atlantic Ocean (Wepener
et al., 2011). In total four sites (Vaal Dam- VD; After Dam Wall-
ADW; Loch Vaal Club- LVC; Vaal Rus- VR) were selected for this
investigation on the upper Vaal River (Figure 1). Sites were

investigated in pairs, to determine if the large constructions such
as the Vaal Dam wall and the weir of the Vaal River Barrage could
influence microplastic distributions, which could provide a more
holistic view of the microplastic loads in the river. Site pairs were
chosen based on an above and below section of river that passes by
the large town Vanderbijlpark (recorded population of 95,840 in the
South African census of 2011, predicted to be 246,754 in 2021 by
population estimator Worldometer) to assess the influence of the
large urban environment on microplastic load (Statistics South
Africa, 2011; Worldometer, 2021). Sampling sites upstream and
downstream of the two barriers (Vaal Dam wall and the Vaal River
Barrage weir) were selected for this study. Sampling was conducted
during the early spring season over 2 weeks from 24 August 2019 to
6 September 2019 (2 days per site). The low flow conditions would
reduce the influence that external factors such as large storms and
flooding could have had on microplastic loads during high flow
conditions in the study region.

2.2 Sample Collection
2.2.1 In-situ Water Quality Parameters
Water quality parameters were measured to determine if water
quality could be related to increased microplastics in the
environment. Water quality parameters were measured at the start
and end of each sampling day to determine the water quality at each
site on the day sampling occurred, and whether any significant
changes occurred during the start and end of the sampling day
(morning and afternoon). The in-situ parameters that weremeasured
included pH, conductivity, and Total Dissolved Solids (TDS). The
parameters were measured using a Eutech multi-probe water quality
meter. Flow information for theVaal Dam andVaal River Barrage on
the days of sampling was collected from the “daily flow information
2019” data sheet as reported by Randwater and the Department of
Water and Sanitation online (Randwater, 2019).

2.2.2 Water Collection
To determine a better representation for microplastic distribution
in the river, multiple bulk water (6 replicates per site) samples
were collected. Over 2 days of sampling at each site, 100 L of water
was collected three times on each day per site (morning, midday,
and afternoon) to provide a more holistic representation of
microplastics at each site. Water collection, therefore, followed
similar procedures as described by Collicutt et al. (2019). After a
thorough washing before each sample collection, a large 25 L
container was placed at the water surface with the opening facing
upstream in the river and filled. Caution was taken not to kick up
or collect any sediment or materials that may have been trapped
in the sediment. The water was then filtered through a series of
stainless-steel sieves (4,000, 212, and 53 μm), with a 20 cm
diameter. Larger material was removed, and any content or
plastic caught on the sieves was rinsed a standardized number
of three times into a 50 ml container. The containers were then
stored in a fridge at 5°C until laboratory analysis occurred.

2.2.3 Clarias gariepinus Collection
After obtaining the required permitting (permit number: CPE2-
113), C. gariepinus were caught using sets of gill nets (Connell
et al., 2020). Nets with mesh sizes of 70–120 mm were used. Nets
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were laid in the river during the day, parallel to the riverbank, and
checked in 2-h intervals to remove any bycatch safely and to
collect any of the target species while minimizing the risk of the
fish expelling their gut content. The target fish that were caught
were weighed, measured, and sexed. The fish were then
euthanised following the procedure as described by the South
African National Standards: The care and use of animals for
scientific purposes (SANS, 2008). After blunt force trauma to the
head, a small incision was made behind the head on the dorsal
side of the fish and the spinal cord was severed. An incision was
then made from the anus and extended to the gill chamber. Great
care was taken not to cut or break any of the gastrointestinal tracts
during the dissection. The complete gastrointestinal tract was
then gently removed and placed in a clear ziplock bag and
immediately frozen at −20°C to prevent any of the gut content
from spilling out of the anus or oesophagus. Due to the nature
and time of the study, no standardization of the number of a
species to use in microplastic research had been established, with
some published work using between 3 and 20 individuals of a
particular species, 2–10 individuals per site or between 40 and 160
fishes in total (Rochman et al., 2015; Silva-Cavalcanti et al., 2017;
Baalkhuyur et al., 2018; Bessa et al., 2018; Kumar et al., 2018;

Collicutt et al., 2019; Slootmaekers et al., 2019). Due to time
constraints and the availability of the fish species, a total of 39 fish
were collected for the study. A total of six fish were collected from
VD, followed by nine fish fromADW, 15 from LVC, and nine fish
from VR.

2.2.4 Sediment Collection
Bulk sediment samples were collected at all sites after the
collection of water samples to prevent cross-contamination.
Approximately 2 kg wet weight (ww) of the top (≈10 cm
depth) sediment was collected at each site and placed in a
freezer at −20°C for microplastic extraction and sediment
particle size analysis (Nel and Froneman, 2015; Collicutt et al.,
2019; Dahms et al., 2020). The sediment was then placed in clear
ziplock bags, negative control samples of distilled water rinsed
from the bags were later taken to indicate possible contamination
as described in the contamination control section (Nel and
Froneman, 2015; Collicutt et al., 2019; Dahms et al., 2020).
Challenges were found at LVC with regard to the depth of the
environment. In total, approximately 800 g ww of sediment could
be collected there. Therefore, only one replicate was analysed for
sediment at each site for standardization.

FIGURE 1 |Map of sites investigated in the upper Vaal River (Blue-water, grey-roadways). From upstream to downstream: VD- Vaal Dam, ADW- After Dam Wall,
LVC- Loch Vaal Club, and VR- Vaal Rus.
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2.3 Laboratory Analysis
2.3.1 Microplastic Extraction From Water
Material collected from the water samples was placed in glass
beakers and covered with aluminium foil to prevent air
contamination. The volume of the water was measured, and
the approximate weight of KOH was calculated to create a
10% KOH solution to remove any organic matter in the water
(Joint Research Centre, 2014). After 24 h of digestion at room
temperature (≈25°C), the remaining content were placed in a
covered, clean, glass Petri dish for microscopic analysis (Joint
Research Centre, 2014).

2.3.2 Microplastic Extraction From Clarias gariepinus
The whole frozen gastrointestinal tract of C. gariepinus was
thawed at room temperature and weighed. The outer surfaces
of the whole gut were then rinsed with distilled water to remove
any external contamination and the complete gastrointestinal
tract was placed in a glass beaker. The intestines were then placed
in an oven and left to dry at 50°C to aid in the digestion process
(Collicutt et al., 2019). A 10% KOH solution was then added to
the intestinal tissue to digest the organic matter but not the
plastics that may have been ingested by the animal (Joint
Research Centre, 2014). The beakers were then covered with
aluminium foil, placed in the oven and then left to digest for
5 days at 50°C in the 10% KOH solution, a process adapted by the
method used by the authors Rochman et al. (2015). The digested
solution was then placed into 50 ml Falcon tubes and centrifuged
at 3,000 rpm for 10 min and repeated until all the digested
material was analysed (Karami et al., 2016). The supernatant
and pellet were then placed in glass Petri dishes after every round
of centrifuging for microplastic identification (larger volumes
required more rounds of centrifuging to work through the
digested solution). Both the supernatant and pellets were
investigated to ease counting and prevent the loss of any
microplastics that may not have been separated during
centrifugation.

2.3.3 Microplastic Extraction From Sediment
Sediment was dried for 3 days at 50°C to determine the dry weight
of the sediment. A single subsample of 500 g from each site was
then used to determine microplastic contamination through
density separation as described by Nel and Froneman (2015),
Coppock et al. (2017) and GESAMP (2019). Microplastic density
separation remains one of the primary methods in the separation
of microplastics from sediment, however, some shortfalls may
occur (Hidalgo-Ruz et al., 2012; Coppock et al., 2017). Density
separation can have high recovery rates (99%) for large
microplastics (1–5 mm), although smaller microplastics may
have recovery rates of 40%–72% (Coppock et al., 2017). The
density of the solution used may similarly influence the recovery
rate of certain forms of highly dense plastics (Coppock et al.,
2017). In this study, a hypersaline NaCl solution (density of
1.2 g cm −3) was used as a standardized method for comparison to
other studies that have investigated freshwater microplastics in
South African environments, however, denser microplastics such
as PVC, PET, alkyd, and PVOHmay have exceeded the density of
the solution (Nel and Froneman 2015; Coppock et al., 2017; Nel

et al., 2018; Dahms et al., 2020; Choong et al., 2021). The dried
sediment was placed in a glass beaker and filled with the
hypersaline solution and filled to approximately 500 ml. The
sediment was stirred vigorously for 2 min and a further 18 h
on an orbital shaker to agitate and dislodge any plastics that may
have been trapped between the sediment particles (Nel et al.,
2018; GESAMP, 2019). The sediment was left to stand for 6 h,
allowing the sediment to settle and for microplastics to remain
suspended (Coppock et al., 2017; GESAMP, 2019). The
hypersaline solution was then washed through a series of
stainless-steel sieves (4,000 and 53 μm). The NaCl density
separation step was followed four times to increase the
recovery of any microplastics that may not have been
dislodged (Nel et al., 2018).

2.3.4 Sediment Characteristics
A subsample (100 g) of the oven-dried sediment (2.3.3) was then
used to determine the sediment grain profile. The sediment grain
profile was determined by shaking the 100 g of dried sediment
through a series of stainless-steel sieves (4,000, 2,000, 500, 212, and
53 µm) on a mechanical sediment shaker. After 10 min the
constituents were measured to determine the percentages of each
grain size in the specific dimensions (ASTM, 2000; Cyrus et al., 2000;
United States Environmental Protection Agency (USEPA), 2001).

2.3.5 Microplastic Identification
Microplastics were identified in a clean, rinsed glass Petri dish
using a Carl Zeiss Stemi DV4 dissection microscope.
Microplastics (5–0.05 mm) were identified and classified using
the colour and shape of the plastics (Marine and Environmental
Research Institute (MERI), 2015; Rochman et al., 2015; Windsor
et al., 2019). The identification of microplastics followed a step-
by-step guide of elimination, to determine conservative estimates
for microplastics, as described by Hidalgo-Ruz et al. (2012) and
the Marine and Environmental Research Institute’s guide to
microplastic identification [Marine and Environmental
Research Institute (MERI), 2015]. For an item to be classified
as a plastic it had to pass all of the following checkpoints: no
organic or cell structure present (fibres and filaments had to
undergo further identification through a light microscope), fibres
and filaments had to be evenly thick, items that broke apart by
gently pressing it with a needle were not counted, if the object had
a glass-like texture when pressed with a dissection needle it was
excluded, a minimum of one in three items or vastly different
items had to pass the “hot needle test” in which a needle is heated
up and is gently moved past the item. If the item curled or
contracted, it was accepted as plastic. Only if an item had passed
all of the previously named checkpoints, was it counted as a
microplastic (Hidalgo-Ruz et al., 2012; Joint Research Centre,
2014; Lusher et al., 2017). There was an increase in scrutiny when
identifying items of smaller sizes (<0.5 mm), as the accuracy of
visual identification decreases as the particle size decreases. A
recent study by De Frond et al. (2022), highlighted that
microscopy is an accurate method to determine microplastic
counts down to 0.02 mm in size. Laboratories tested in the
study by De Frond et al. (2022), had recovery rates of 92 ±
12% for microplastics larger than 0.02 mm in size.
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2.4 Contamination Control
Contamination control followed similar steps as described by
Marine and Environmental Research Institute (MERI) (2015),
Coppock et al. (2017), and Lusher et al. (2017). Glassware,
containers, and all equipment used were washed with a soap
and acid bath system as described by Giesy and Wiener (1977)
and was constantly washed before, during and after use with
distilled water. Workbenches, microscopes, and scales were
washed before use and any containers used had been covered
with aluminium foil to prevent airborne contamination.
Movement around the workspaces was limited at all times. A
black lab coat and purple nitrile gloves were worn during the
analyses for the ease of identifying contamination from clothing.
To determine the extent of contamination, negative control
samples of distilled water followed the step-by-step process of
the samples from field extraction, drying, digestion, shaking, and
counting, to determine any possible contamination in each of the
tested matrices. If microplastics were detected in the controls, a
similar value was removed over the whole group (Güven et al.,
2017). Water, fish, and sediment had unique controls for the
various methods each followed. Fish being the most likely to be
contaminated during the dissection process were washed before
the drying and digestion process.

2.5 Statistical Analysis
Statistical analysis was performed through the use of IBM SPSS
version 26. Microplastic counts were log-transformed to allow the
data to be more interpretable due to the extremely high and low
counts detected between the matrices. The Shapiro Wilk test was
conducted to test if the data was normally distributed and a
Levene’s test of homogeneity of variance was conducted to
determine if data met the assumptions for further statistical
analysis. Pearson’s correlations were used to determine
correlations between the various microplastic counts. To better
understand microplastic loads in fish, the levels in this study were
reported as particles per gram of fish ww, particles per gram of gut
ww and particles per individual fish. A Spearman’s rank
correlation test was conducted between the various reporting
units showing significant correlations (p < 0.01) between particles
g−1 of fish ww, particles g−1 gut and particles per fish. Microplastic
loads were therefore reported as particles per fish to ease
statistical analyses between the various matrices (water, biota,
and sediment) and to relate to other studies which use similar
reporting units. The Mann-Whitney U test was conducted to
determine any significant differences between the shapes of
microplastics ingested by C. gariepinus. A Spearman’s rank
correlation was conducted to determine any correlations
between total microplastics ingested by fish and the size of the
animal. A map of the study site was created through QGIS
version 3.10.

3 RESULTS

3.1 In-situ Water Quality Parameters
At the sites representing the Vaal Dam, the average TDS ranged
between 105.5 ppm (VD) and 106.5 ppm (ADW) while the sites

representing the Vaal River Barrage downstream had higher TDS
average readings of 425 ppm (LVC) and 545 ppm (VR).
Conductivity showed a similar trend, (Figure 2), with average
readings of 172 μs cm−1 (VD) and 172 μs cm−1 (ADW) upstream
and higher average readings of 684 μs cm−1 (LVC) and
843 μs cm−1 (VR) downstream. Between all sites (Figure 2),
pH ranged between a maximum of 9.44 (VD) and a minimum
of 7.86 (LCV), through the system The discharge of water had
been approximately 17.19 m3 s−1 from the Vaal Dam Wall and
the Vaal River Barrage a flow rate of approximately 10.13 m3 s−1

on the days sampling took place as reported by Randwater (2019).

3.2 Water Microplastics
Microplastics were detected in all bulk water samples from each
site. The highest concentration of microplastics was detected at

FIGURE 2 | Bar graphs of water quality parameter Total Dissolved
Solids- TDS (ppm), Conductivity (μs.cm−1) and pH in the morning and evening
on the days sampled.
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ADW with an average of 12, 398 ± 7, 705 particles m−3, followed
by LVC with an average of 478 ± 80.4 particles m−3, VR with an
average of 237 ± 166 particles m−3 and the lowest readings at VD
with an average of 85 ± 52.4 particles m−3 (Figure 3A). The
Mann-Whitney U tests indicated that ADW had microplastic
levels that were significantly higher (p < 0.01) compared to the
other sites. Overall, angular shaped microplastics (92%)
dominated water samples (Figure 4A), all of which were

found at ADW. The second most abundant microplastic
shape found were filaments (8%), followed by other shaped
and round microplastics (each <1%). Microplastic colours
(Figure 4B) found from the water had a similar pattern
being dominated by green (92%) predominantly from
ADW, followed by transparent/white, black, and other
colours (all contributing approximately 2%), with red being
the least abundant (<1%).

3.3 Microplastic Ingestion by Clarias
gariepinus
Microplastics were detected in C. gariepinus with 92.3% of all fish
tested having at least one microplastic filament and a mean of
7.47 particles per fish. Fish collected in VD, LVC, and VR had a
microplastic prevalence of 100% while ADW only had a 66%
prevalence. In total, the abundance of microplastics in fish was
highest at LVC (16.9 ± 8.9 particles per fish). This was followed by
VD (6.67 ± 3.2 particles per fish), VR (3.4 ± 1.4 particles per fish),
and ADW (2.88 ± 1.4 particles per fish). Although ADW had the
lowest abundance of microplastics per fish, Figure 3B, was the
only site where two pieces of large macroparticles were collected
in the intestines of two separate fish. The most abundant
microplastic shape found in fish were filaments (68%),
followed by other shaped (19%), angular (10%) and round
(3%) being the least abundant shape as seen in Figure 4C.
The colours of the microplastics collected were dominated by
black (29%), transparent/white (27%), and other colours (23%).
This was followed by blue (11%), red (6%), and green (4%), the
least abundant colour found (Figure 4D). A similarly random
distribution seen for microplastics colours through the whole
ecosystem (Figure 4H).

3.4 Sediment Microplastics
Microplastics was detected in sediment from all sites, with an
average of 46.7 particles kg−1. Vaal Rus (VR) contained the
highest abundance of microplastics (68 particles kg−1),
followed by LVC (53 particles kg−1), VD (48 particles kg−1),
and ADW containing the lowest abundance (18 particles kg−1).
Microplastic abundances showed an increase from below the dam
wall downstream to VR, Figure 3C. Filaments (42%) were overall
the most prevalent microplastic shape found in the sediment,
closely followed by round microplastics (40%) with other shaped
objects (14%), and angular (4%) being the least prevalent shapes
found. The most prevalent colours found were transparent/white
(60%), followed by black (17%), other colours (13%), blue (7%),
and green (3%), with no red coloured plastics found
(Figures 4E,F).

3.5 Sediment Grain Profiles
Sediment grain profiles were similar across the sites with the
exception of ADW. Particle sizes at VD, LVC, and VR were
predominantly smaller than 212 μm, however, ADW was
dominated by particles larger than 212 μm, Figure 5.
Following the classification guide of Cyrus et al. (2000), it was
determined that over 90% of the sediment profile at VD consisted
of medium to very fine sand, with LVC (>65%) and VR (>75%)

FIGURE 3 | Bar graphs of the mean total number of microplastics found
in water [(A)-logarithmic scale], fish (B) and sediment (C). dw—dry weight.
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consisting of similar sediment profiles. ADW consisted primarily
of (>50%) coarse and very coarse sand with 19% of the sediment
consisting of gravel.

3.6 Contamination Control
Control samples containing distilled water were prepared
concurrently with all samples during preparation, extraction,

FIGURE 4 | Pie charts illustrating the different forms and colours of microplastics collected in (A) (forms in water), (B) (colours in water), (C) (forms in Clarias
gariepinus.), (D) (colours in Clarias gariepinus), (E) (forms in sediment), (F) (colour in sediment), (G) (all forms in total), and (H) (all colours in total) in the upper Vaal River.
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and counting, to determine any possible contamination from the
researcher. The total plastics found were subtracted over all
samples to determine the influence of contamination over the
whole dataset. The control for water contained six filaments (four
black, one blue, and one transparent/white) found from the
various samples taken. No contamination was detected in
sediment and fish samples.

4 DISCUSSION

Microplastics have been detected in multiple fish species and
other organisms (Rochman et al., 2015). Once ingested these
plastics could lead to a variety of negative health impacts.
Microplastics polluted with toxicants such as metals or
pesticides could be a vector, transporting toxicants into
organisms (Guo and Wang, 2019). This could lead to
increased bioaccumulation and reduce the physiological
abilities of an organism to regulate ingested toxicants (Barboza
et al., 2018; Stollberg et al., 2021). The microplastics detected in C.
gariepinus of the Vaal River is the first indication that these
organisms may be ingesting these pollutants in this system
(Figure 3B). The microplastic levels in the fish (2.88–16.93
particles per fish with a mean of 7.47 particles per fish) were
much higher than that found in the smaller benthic fish species
Hoplosternum littorale (3.6 particles per fish) by Silva-Cavalcanti
et al. (2017), juvenile Oncorhynchus tshawytscha (1.15 ± 1.41
particles per fish) by Collicutt et al. (2019) and in several fish
species (0.2 ± 0.5 particles per fish) from a freshwater lake in
Germany by Roch et al. (2019). Clarias gariepinus in comparison
to several marine fish had on average more microplastics than
these marine species reported by Rochman et al. (2015) (0 ± 2.5
particles per fish) with only the seven individuals of the family
Carangidae (5.9 ± 5.1 particles per fish) and 17 fish of the species
Decapterus macrosoma (2.5 ± 6.3 particles per fish) having similar
levels of microplastics.

The prevalence of ingested microplastics in this study varied
between sites with fish collected from ADW only having a 66%
prevalence (Figure 3B). The site was located closely downstream
of a dam wall which could have influenced the uptake of

microplastics by C. gariepinus (Figure 1). The water here is
more turbulent, and sediment grains are larger, creating an
environment suited for microplastics to be transported
downstream and not accumulated in sediment or biota
(Dahms et al., 2020). Water samples indicated the highest
concentration of microplastics here, however, they contained
the lowest concentration in sediment found in this study
(Figures 3A,C). Considering the species being a benthic fish it
would have been in closer proximity to the sediment than the
surface water where water samples were collected (Groenewald,
1964; Skelton, 2001). The study area ADW, located close to the
dam wall, was receiving a constant input of water being released
at 17.19 m3 s−1 from the Vaal Dam wall (Randwater, 2019).
Studies have indicated how increased flow may lead to higher
microplastic counts in water compared to sediment (Dahms et al.,
2020). When the sediment grain profiles were analysed, it was
found that ADW had a much larger sediment grain profile
compared to the other sites (Figure 5). The authors Dahms
et al. (2020), previously found relationships between how finer
sediment may trap higher quantities of microplastics and larger
grains may retain fewer. It could therefore be considered that the
high concentration of microplastics collected in the water may
not have had the opportunity to increase in density from biofilm
growth, deposit in the sediment, and be ingested by C. gariepinus
(Guo and Wang, 2019). The environmental factors that may
contribute to the distribution of microplastics require further
research.

Whether C. gariepinus may be ingesting microplastics
directly or indirectly cannot be declared within this study.
Researchers have found that some predatory organisms could
be mistaking specific microplastic shapes or colours for a
targeted food source (Ory et al., 2017). A Mann-Whitney U
test indicated that no significant (p < 0.01) differences were
detected between the ingested shapes found, although fibres
were the most prevalent shape found in fish and the overall
ecosystem (Figures 4C,G). This could indicate that C.
gariepinus could be ingesting microplastics indirectly when
feeding or it may have bioaccumulated up the food chain
(Wang et al., 2019). A Spearman’s Rank correlation indicated
no significant (p < 0.01) correlation between fish size and total
microplastics ingested. The multiple feeding strategies of C.
gariepinus and the large variety of food sources could lead to a
variety of microplastic numbers and shapes ingested
(Groenewald, 1964; Skelton, 2001). This could indicate that
microplastics may be distributed widely within the ecosystem
and more species must be investigated for the presence of
ingested microplastics.

Exposure studies of the physiological responses of C.
gariepinus to virgin microplastics have been conducted
(Karami et al., 2016). The study found that Low-Density
Polyethylene (LDPE) loaded with phenanthrene do lead to
physiological stress even at low levels, which the authors
stressed must be investigated further (Karami et al., 2016).
Further research must be conducted to determine the mode of
ingestion for microplastics in this fish species and whether the
physiological response of C. gariepinus juveniles may be greater
than those of adult fish.

FIGURE 5 | Bar graph indicating the percentage composition of the
sediment grain profile at each site. Showing the larger sediment particles
sampled at ADW.
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The ingestion of microplastics by C. gariepinus could not be
correlated to microplastic levels within the water or sediment
samples collected at the sites, although, trends were seen between
microplastic concentrations in sediment and fish (Figures 3B,C).
Although not significant, an inverse Pearson’s r correlation of
−0.883 was detected between sediment and water microplastic
levels, which may again have been due to the increased flow at the
sites ADW and VR (Randwater, 2019). Although biologically
relevant due to the niche C. gariepinus inhabits, no statistical
correlations or trends were detected between the species and the
water or sediment microplastic counts (Figures 3B,C).

The water quality parameters indicated that a rapid decrease in
water quality downstream after VD and ADW (Figure 2). The
town of Vanderbijlpark is located between ADW and LVC, which
may be a source of multiple environmental stressors including
plastic pollution. Fish caught at LVC displayed the highest mean
number of microplastics ingested (16.9 ± 8.9 particles per fish),
but this was not identifiably related to the water quality itself. The
mean number of plastics decreased downstream at VR (4 ± 1.4
particles per fish) (Figure 3A), while the water quality remained
poor (Figure 2). The Vaal River has been under pressure from the
release of sewage into the river that has been documented in
South Africa (Hosken, 2018). Studies that investigated wastewater
treatment plants have found that high quantities of microplastics
may be released from these plants into rivers (Sun et al., 2019).
This could possibly cause a drastic increase of microplastics into
the river which may then be ingested by organisms as seen in this
study. Further research must be conducted on the transport of
microplastics within freshwater systems to determine how niche-
specific organisms may be ingesting it (Huang et al., 2020).

5 CONCLUSION

This study found the presence of microplastics in C. gariepinus
and how they have entered various parts of the ecosystem of the
upper Vaal River. It also provides the first indication of
microplastics in the fish species C. gariepinus, a top predatory
fish and economically important species, in the upper Vaal River,
South Africa. Themicroplastic levels found in the fish were higher
than those recorded in similar studies of benthic freshwater fish,
highlighting the need for further research on how the species may
be influenced by microplastics. The results found in this study
similarly highlights the difficulty to determine the correct
environmentally relevant concentrations to use in toxicological
studies with microplastics, as microplastics can accumulate and
distribute in specific environmental conditions. More research
must be completed on relating an organism to its environment
and therefore the probability that it might be exposed to certain
levels of microplastics. The hypotheses that: 1) microplastics will
be detected in C. gariepinus was accepted, 2) the microplastic
shapes (fibres, angular, round, other) found in the gut would be
random with no predominant shape found is also accepted with

no statistical evidence to show that C. gariepinus is mistaking
specific microplastics as a food source, 3) The hypothesis that
larger individuals would ingest larger quantities of
microplastics than smaller individuals is not accepted, as no
statistical evidence for this relationship was found, 4) the
hypothesis that increased sediment microplastic levels
would increase microplastics in fish could not be
statistically indicated, however, a slight trend between study
sites was detected. The authors stress that the transportation of
microplastics in freshwater systems requires extensive
research, to understand how it may be impacting freshwater
aquatic biota.
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