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ARTICLE INFO ABSTRACT

Keywords: Microplastic (MP) (plastic <5 mm) pollution in South Africa is widespread but few studies have been done in
Microplastic catchments and estuaries of the country. The aim of this study was to investigate the abundance, characteristics
Zandvlei estuary and risks posed by microplastics in the Zandvlei Catchment and Estuary in Cape Town, South Africa. Water and
Ez;;:::m sediment were sampled between 2019 and 2021, during wet and dry seasons, MPs extracted and identified using

microscopy and fourier-transformed infrared spectrophotometry (FTIR) analyses. MP abundances were 70.23 +
7.36 (standard error) MPs/Kg dw in sediment and 2.62 + 0.41 MP/L in water samples for the study period.
Lower reaches of the catchment and upper reaches of the estuary can be considered sinks for MP contamination
as these sites recorded higher MP abundances. MPs were mainly transparent fibres smaller than 0.5 mm.
Polyethylene (46%) followed by polypropylene (16%) fibres were the most common polymers recorded.
Pollution load indices in MPs were categorised as dangerous in both water and sediment. MP polymer risk indices
ranged from moderate in catchment sediment to very high in catchment water. Pollution risk indices were
categories as dangerous in water (catchment and sediment) and sediment estuary but low in catchment sediment.
Ecological risk assessments hence indicated that polymers in water and sediment were mostly dangerous and

Risk assessment

poses a threat to the ecological health of both the catchment and estuary studied.

1. Introduction

Microplastic (MP) (particles between 1 pm and 5 mm in size)
pollution has become a global concern as it is found in almost every
ecosystem globally (Ivar Do Sul and Costa, 2014; Thompson et al.,
2004). This is as result of the increased global demand for plastics
(Jambeck et al., 2018) due to its versatile use in various applications of
daily life (Andrady, 2011; Thompson et al., 2004). MPs are categorised
based on their sources. Primary MPs are manufactured to be used in
cosmetic products or abrasion applications (microbeads) or as raw ma-
terials used to produce plastic materials (nurdles). Secondary MPs result
from the fragmentation and degradation of plastics due physical,
chemical, photo- and microbial degradation (Barnes et al., 2009;
Thompson et al., 2009). MPs may end up in rivers (Wang et al., 2021),
estuaries (Gholizadeh and Cera, 2022) and other receiving bodies, thus
causing environmental and health risks (Vilakati et al., 2020; Wright
et al., 2013). MPs are comprised of polymers and monomers, including
polyethylene, polypropylene, polyester and polystyrene that are
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chemical hazards (Li et al., 2021). The environmental risks of MPs are
due to these particles being mistaken as prey and ingested by organisms
(Zhu et al., 2018), with detrimental subsequent biological effects such as
gut blockage and intestinal injury (Qiao et al., 2019), oxidative damage
and reduced energy production (Silva et al., 2020) and impaired phys-
iological functioning, growth and reproduction (Jiang et al., 2022).
The state of waste management in South Africa is considered to be
poor, with significant leakages of plastic debris to the environment,
largely because of inadequate waste collection and disposal (Arabi et al.,
2020). The coastal ecosystems of South Africa support a high degree of
biodiversity and can be regarded as moderately pristine (Wepener and
Degger, 2012). However, the rapid increase of coastal population den-
sities, urbanization and industrialization are placing strains on the
environment and its resources. South Africa has an extensive plastics
manufacturing industry, but recycling is restricted and inadequate, with
a large fraction of unregulated waste entering the environment (Verster
et al., 2020). The unregulated waste (including MPs) found in lentic
(lakes and wetlands) environments have a longer residency time because

Received 20 August 2023; Received in revised form 1 November 2023; Accepted 16 November 2023

Available online 27 November 2023

0269-7491/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-

nc/4.0/).


mailto:sparksc@cput.ac.za
www.sciencedirect.com/science/journal/02697491
https://www.elsevier.com/locate/envpol
https://doi.org/10.1016/j.envpol.2023.122987
https://doi.org/10.1016/j.envpol.2023.122987
https://doi.org/10.1016/j.envpol.2023.122987
http://crossmark.crossref.org/dialog/?doi=10.1016/j.envpol.2023.122987&domain=pdf
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

W. Samuels et al.

of low circulation whereas in lotic systems (rivers), MPs would be
dispersed easier and more widely, ultimately ending up in the marine
environment (Blankson et al., 2022).

Amongst the first plastic pollution studies in South Africa was an
investigation of the characteristics and abundances of open ocean litter
sampled between 1977 and 1978, where 3640 particles per km? (mainly
fragments and foam) were recorded (Ryan, 1988). Amongst the first
studies relating to MPs was research on the presence of polyethylene
pellets in coastal birds (Ryan, 1987). Research on MPs in South Africa
have increased over the past few years, mainly focusing on the coastal
environment (de Villiers, 2018; Naidoo and Glassom, 2019; Nel and
Froneman, 2018, 2015; Ryan, 2020), with relatively fewer studies on
MPs in estuaries (Boshoff et al., 2023; Govender et al., 2020; Naidoo
et al., 2015). Given the few investigations on MPs in estuaries and none
on MPs in estuaries and catchment areas in South Africa, the aim of the
study was the measure the abundances, characteristics and ecological
risks of MPs in the Zandvlei Estuary and catchment situated in Cape
Town, South Africa.

2. Materials and methods
2.1. Study area

Zandvlei Estuary (and its catchment) is situated in Cape Town, South
Africa, at the north-western shore of False Bay (Fig. 1). The estuary is a
shallow coastal wetland, spanning 2.6 x 0.5 km that has been modified
to maintain water levels in a marina (Quick and Harding, 1994). As it is
ecologically significant in terms biodiversity, the estuary is ranked in the
top 25% of ecologically important estuaries in South Africa (Hawley,
2017). Zandvlei Estuary provides a range of ecologically services,
including nurseries for juvenile fish, feeding sites for resident and
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migratory birds, and biological filtration (McQuaid and Griffiths, 2014).
Zandvlei is used for aesthetics, sports and cultural practices and is
affected by urban development (McQuaid and Griffiths, 2014), invasive
alien plants and dredging (River Health Programme, 2005). The mouth
is opened artificially by the City of Cape Town’s Catchment Manage-
ment Department when a high spring tide is expected to improve water
quality in the estuary (City of Cape Town, 2018). Zandvlei Estuary’s
catchment is approximately 92 km? and mainly comprises residential
areas, few commercial zones and farming areas (Taljaard et al., 2000).
Due to the Mediterranean climate, the seasonal streams flow in winter
after the rainfall and often stops flowing in dry summer months. The key
streams which drain into the estuary are the Westlake Stream, Keysers
River, Langvlei Canal and the lower end of the Diep River, known as the
Sand River Canal (Quick and Harding, 1994).

2.2. Sample collection

Samples were collected the Zandvlei Estuary and catchment areas
during the wet (winter) season in 2019 and dry (summer) season in
2020/2021. The reaches of each area were categorised into upper
(catchment site 1; estuary site 6-7), middle (catchment sites 2-3; estuary
sites 8-9) and lower (catchment sites 4-5; estuary site 10) reaches (see
Table S-1).

2.3. Water and sediment sample collection

Surface waters were sampled from the Zandvlei Estuary and catch-
ment areas by collecting five replicates per site using a 20 L bucket (100
L per site). Surface water was collected approximately 1-2 m offshore of
the shoreline. The water was poured through a 250 pm sieve, the
retained particles rinsed with deionized water and the concentrates
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Fig. 1. Estuary and catchment sites sampled in Zandvlei, Cape Town, South Africa. Sites 1-5 were in the Zandvlei catchment and sites 6-10 in Zandvlei Estuary.
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added to a falcon tube. Falcon tubes were stored in a freezer at —20 °C
until processing. Sediment samples were within 1 m of the landward side
of the shoreline and collected from the top 5 cm using a metal spatula.
Sediment samples were collected in five 0.5 m x 0.5 m quadrats per site
(Hidalgo-Ruz et al., 2012) and stored in pre-cleaned plastic bags.

2.4. Laboratory analyses: digestion and extraction

Prior to processing, surface water samples were removed from the
freezer and defrosted at room temperature (£25 °C) (GESAMP, 2019). A
KOH solution (10% w/v) was added to the sample (1:2 ratio) based on
methods described previously (Su et al., 2016) and placed in a drying
oven at 60 °C for 24 h. The sample was then manually agitated for 2 min
and vacuum-filtered (model Rotary Vane VP 145 1/3 HP) onto
pre-cleaned 20 pm nylon filters. Each filter was placed into a pre-cleaned
(acid washed) Petri dish and allowed to dry before microscopic analysis.

Sediment samples were decanted into aluminium containers and
covered with aluminium foil (GESAMP, 2019). Each aluminium
container had a sample of 500 g and split into containers A and B.
Sediment of containers A were used for grain size analysis and con-
tainers B for MP analysis. Sediment samples for MP analyses were placed
into a drying oven (model DHG 9070A) 60 °C for 48 h, or until constant
mass (Naidoo et al., 2015). Each of the sediment A samples were pro-
cessed for grain size analysis using universal test sieves on a shaker.
After shaking samples for 5 min, sediment in each sieve were weighed at
intervals according to the Wentworth scale: 500, 250, 125, 63 and < 63
pm.

To remove biological material, 500 ml of 10% KOH (w:v) solution
was added to sediment B samples (200 g) and placed in an oven for 48 h
at 60 °C. Density separation was used to extract MPs from the sediment
based on methods commonly reported in the literature (GESAMP, 2019;
Hidalgo-Ruz et al., 2012). A fully saturated NaCl solution was prepared
by adding 360 g NaCl to a beaker containing 1 L of MilliQ water. The
hypersaline solution was mixed using a magnetic stirrer at a high speed
at room temperature (25 °C) for 10 min or until the solution became
saturated. Commercially available table salt have been found to contain
MPs (Karami et al., 2017), therefore the NaCl solution was
vacuum-filtered through a 10 pm mesh. The salt-sediment mixture was
left to settle for 15 min, the supernatant filtered onto a 20 pm mesh and
placed into pre-cleaned petri dishes. The extraction procedure was
repeated three times per sediment sample to improve MP recovery rates.
The petri dishes were stored until microscopic analyses.

2.5. Microscopic identification of MPs

Individual meshes containing water and sediment samples were
visually examined under a dissecting microscope (Olympus SC30)
equipped with a camera (DinoCapture Camera V1.5.39.C). MPs were
identified based on the following characteristics: shape, color and size
(Hidalgo-Ruz et al., 2012). MP shapes were categorised as: fibre, frag-
ment, sphere, film and foam, size classes as: <0.5, 0.5-1, 1-2 and 2-5
mm (using 1 mm graph paper) and color as: white, black/grey, blue/-
green, red/orange, yellow/brown and transparent.

2.6. Polymer identification using spectrophotometry

Putative plastic particles larger than 0.5 mm were removed from
meshes using fine tweezers, for validation using a PerkinElmer Two
FTIR-ATR Spectrophotometer. The MPs were compressed at a force of at
least 80 N. The spectra were recorded in the wavenumber ranging from
4000 to 450 cm™~ ! with a resolution set to 4 cm™ !, a data interval of 1
em™ ! and scans set to 10. Before each particle was analysed, the ATR
base was cleaned with 70% isopropanol and background scans done
prior to each sample analysis. The ST Japan Polymer and Polymer Ad-
ditives Library (supplied by Perkin) was used to verify polymer types
and scans 70% and above were accepted. Abbreviations for polymers
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recorded are as follows: PA: polyamide; PE: polyethylene; PES: poly-
ester; PMMA: polymethyl methacrylate; PP: polypropylene; PS: poly-
styrene; PU: polyurethane; PVA: polyvinyl acetate; PVC: polyvinyl
chlorinate.

2.7. Ecological risk assessment

MPs indices were applied to provide comparative assessments of the
potential effects of MPs, with risk categories presented in Table S-2. The
MPs contamination factor (MPCF) assesses the abundance of MPs (Cyp)
compared to background abundances using the following equation:

MPCF,:( Cur )

baseline

where the Cpaseline Values selected were the average MP abundances in
water and sediment for site 1 (control site) as there are no historic values
for the region and this method is considered acceptable (Kabir et al.,
2021). MP pollution index (MPPLI) calculations were using the
following equation.

MPPLI;,, = VMPCFrXMPCFi

where MPCFr and MPCFi were for fragments and filaments, respectively.
The chemical toxicity of polymers were analysed based on the method
by (Lithner et al., 2011), where hazard scores are assigned to polymer
types to assess the risk of polymers using the following equation:

H=>Y P, xS,

where H; is the calculated polymer risk index, Py, the ratio of a polymer
type recorded at a site and S, the polymer hazard score. The S, scores for
polyethylene (PE), polyester (PES), polymethyl methacrylate (PMMA),
polypropylene (PP), polystyrene (PS) and polyvinyl chlorinate (PVC)
were 11, 4,1021, 1, 2788, 10599, respectively (Lithner et al., 2011). The
pollution risk index (PRI) is calculated as follows:

PRI= ZH,- x MPPLI,

where PRI indicates the ecological hazard of polymers when associated
with the polymer risk index (H;).

2.8. Quality control

Procedural blanks and contamination controls during the sampling
and laboratory processing were used to minimise including potential MP
contaminants. As far as possible, we tried to reduce the use of plastics
and pre-cleaned containers before use by acid washing and rinsing with
MilliQ ultra-pure water. In the field, samples were collected by standing
downwind. In the lab, pre-clean petri dishes with filter paper were
placed in workspaces and left exposed during filtration and microscope
work, to determine if there were any airborne contamination. Proce-
dural blanks for foil, falcon tubes and sediment bags, (n = 12), were
taken by rinsing these items with MilliQ ultra-pure water and filtering it
through a 20 pm mesh. Protocols observed in the laboratory included
cleaning workbenches with ethanol before processing samples, wearing
cotton lab coats, keeping doors and vents shut, using metal equipment
(scoops, tweezers), covering samples with aluminium foil and opening
samples only when strictly necessary (Prata et al., 2020). MilliQ water
was used to make up all solutions used i.e hypersaline solutions and KOH
solutions. Petri dishes were kept closed and only opened when being
processed under the microscope to record MPs. Extraction efficiencies
were done by filtering known abundances of fibres and fragments
ranging from 0.5 to 5 mm.

Tests for contamination resulted in a total of 58 fibres recorded for
the duration of the study and the data adjusted accordingly, based on
where the contaminants were found. Blanks were included in all sample
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filtrations and no MP contamination reported. Extraction efficiencies
were done by filtering known quantities of filaments and fragments.
Extraction efficiencies for fibres recorded recovery rates of 83-85% for
MPs between 250 and 5000 pm in size and 91-94% for fragments of the
same size categories.

2.9. Data analysis

MP water data were recorded as MPs per litre (MP/L) and sediment
abundances as MP per kg dry weight (MPs/Kg dw). Univariate statistics
were conducted using IBM SPSS Statistics® (Version 28 for Microsoft®
Windows® 10). Statistical tests for normality was done using the
Kolmogorov-Smirnov test and variance using the Levene’s test. Even
after the data were log-transformed, it did not meet the assumptions to
do parametric analyses. Non-parametric tests were subsequently done
using the Kruskall Wallis (KW) test for multiple groups and the Mann
Whitney (MW) test between two groups (eg. catchment vs estuary).
Spearman rank correlations (r) were used to assess relationships be-
tween groups. Results are reported as means, variances as standard error
of the mean (+SEM) and significances set at p < 0.05.

3. Results and discussion
3.1. MP abundances and distribution

MPs were recorded at all sampling stations of the estuary and
catchment, but no MPs were recorded in water samples at site 1 during
the dry season. A total of 360 samples were processed and 15273 MPs
recorded. Based on FTIR polymer scans, 4.5% of putative particles
(>0.5 mm) were identified as natural (fibres) and the final data values
adjusted by 4.5% to account for natural fibres. The mean MP abun-
dances recorded for all sites and seasons were 2.62 + 0.41 standard
error of the mean (SEM) MPs/L in water (n = 170) and 70.23 + 7.36
MP/kg dry weight (dw) in sediment (n = 190).

MP abundances in water samples were significantly lower (MW =
4147, p < 0.05) in the catchment area (0.57 & 0.09 MP/L) than estuary
(4.12 £ 0.65 MP/L) during the wet season (Fig. 2a). Seasonally, MPs in
water were significantly lower (MW = 5067, p < 0.01) in the dry season
(0.43 £ 0.05 MP/L) than wet season (5.25 + 0.78 MP/L), with MPs in
the estuary increasing in the upper (site 6) to lower reaches (site 10) of
the estuary. MPs extracted from sediment were consistently low in both
the catchment and estuary during the dry season (30.24 + 3.75 MP/kg
dw) (Fig. 2b). During the wet season, sediment MPs increased from site 1
to site 5 (catchment), with an opposite trend recorded in the estuary,
decreasing from site 6 (upper reaches) to the mouth (site 10). Sediment
MPs differed significantly between seasons (MW = 6490, p < 0.05) (dry:
30.24 + 3.75; wet: 103.56 + 13.41 MP/kg dw), but not between areas
(MW = 4557, p = 0.22) (catchment: 64.63 + 11.94; estuary: 73.85 +
7.36 MP/kg dw).
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The increase in water MP abundances at the lower reaches of the
estuary and sediment MPs at the lower reaches of the catchment during
the wet season indicates that the wet season influences the movement
and accumulation of MPs in catchment-estuarine systems. Similar pat-
terns were recorded in KwaZulu Natal, South Africa (Naidoo et al.,
2015), where higher MP abundances were reported in water close to the
mouth and MPs in sediment were highest in the upper reaches of the
estuary. Elevated water MP abundances closest to the mouth during the
wet season (Fig. 2a) may be due to the influence of increased water flow,
transporting MPs from the catchment to the estuary, as well bioturbation
of sediment in the estuary during the wet season. Bioturbation has the
potential to return buried or settled MPs in the sediment, to the
sediment-water interface, resulting in the resuspension of MPs in the
water column (Nakki et al., 2019, 2017). The increase in sediment MPs
in the lower reaches of the catchment areas during the wet season
(Fig. 2b) have been reported elsewhere (Gholizadeh and Cera, 2022),
indicating that lower reaches of catchment systems may be areas of sinks
for MPs (Eibes and Gabel, 2022). Seasonal variations of wind movement
in the catchment and estuary may affect MP distribution. During the wet
season, north-westerly winds are strongest in Cape Town (Taljaard et al.,
2000), which could driving MP movements from the catchment, through
the estuary and towards the open sea (Fig. 1). The increased rainfall also
allows MPs from the catchment to be flushed through the catchment
system into the estuary.

3.2. MP shape, color and size

MP fibres were the dominant shape recorded in water samples. MPs
extracted from water samples were lowest at site 2 (catchment) and
increased towards the lower reaches of the catchment area (site 5)
during both the wet and dry seasons (Fig. 3a). During both the wet and
season, water MP proportions did not show any patterns from the upper
reaches to the mouth of the estuary. During the dry season, highest
proportions of fragments (60%) were recorded at site 2, which decreased
towards the site 5. During the wet season, higher proportions of film
were recorded at site 1 (17%) and site 2 (49%), with the remainder of
the sites dominated by fibres (sites 3 to 10). Like MPs in water, MP fibres
were the dominant shape recorded in sediment (Fig. 3b). During the dry
season, fibres from the catchment area were lowest at site 2 (61%) and
increased towards the lower reaches of the catchment at site 5 (80%). In
the dry season, fibre proportions decreased from the upper reaches of
the estuary (96% at site 6) towards the mouth (33% at site 10). During
the wet season, the pattern of MP sediment proportionality for shapes
differed than the dry season, with fibres comprising the dominant shape
for all catchment sites, ranging from 95% at site 3-99% at site 5. MP
shape in the estuary during the wet season were lowest at the upper
(57%) and lower reaches (54%), and highest in the middle reaches of the
estuary (81% at site 8).

The increasing abundances of fibres from site 1 to 10 may be related

Wet season

3 4 56 6 7 8 9 10
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Fig. 2. MP abundances (mean + SEM) in (a) water (MPs/L) (n = 5 per site) and (b) sediment (MPs/Kg dw) (n = 5 per site) sampled in summer (dry season) and

winter (wet season). Sites 1-5 represent catchment area and 6-10 estuary sites.
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Fig. 3. Percentage composition of MP shape (fibre, fragment, sphere, film and foam) in (a) water and (b) sediment samples collected in wet and dry seasons as well as

the catchment (sites 1-5) and estuary (sites 6-10).

to the proximity of residential areas where stormwater drainage systems
may be conduits of laundry wastewater. Informal human settlements
and residential areas in the catchment area and adjacent to the estuary
may result in the release of synthetic textiles into the system due to the
washing of clothes (de Villiers, 2019). Zandvlei Estuary is also an area
well-known for tourism and recreational fishing, with commercial
fishing taking place in False Bay. Illegal dumping, inadequate disposal of
waste such as cigarettes and broken fishing gear i.e. wrapping bands and
fish nets are primary sources of high fibre abundances (Wang et al.,
2018).

MPs were categorised based on 6 colors. In water samples, the pro-
portion of white MPs decreased from site 1 to site 10, with transparent
MPs having the opposite trend, increasing from site 1 to 10 (Fig. 4a).
Transparent MPs were the dominant MPs colors recorded in water
samples during the wet season, similar to that reported in the Plan-
kenberg river within the same province as our sampling sites (Apetogbor
et al., 2023). Transparent MPs were also the dominant MP colour in
sediment samples during the dry season (~50%) (Fig. 4b). Transparent
MPs were higher in sediment of the catchment area (~61%) compared
to the MPs sampled in the estuary (~29%), except at site 10, where no
transparent MPs were recorded in sediment, where blue/green (57%)
and yellow/brown (41%) were the dominant MP colors recorded.

MP were mainly smaller than 0.5 mm in both water (95%) and
sediment (94%) samples (Fig. 5). More MPs greater than 0.5 mm were
recorded in water from the catchment area during the wet season (12%
in total all size categories) (Fig. 5a) and sediment samples in the estuary
during the dry season (12% in total all size categories) (Fig. 5b). Cor-
relations between MP abundances and various grain sizes indicate that
MPs were negatively correlated to the smallest sediment processed

(<0.063 mm) for all sites analysed (Table 1), with most significant
correlations recorded in the estuary during the wet season.

3.3. Polymer composition

A total of 180 putative particles were selected to identify polymer
type using FTIR analyses (Fig. S-1). Of these, 4.5% of particles were
identified as natural particles (silk, wool and jute) (Fig. 6a) and were
subsequently excluded from MPs data analyses. Proportion of polymer
types differed between water (Fig. 6b) and sediment (Fig. 6¢) samples.
Polymers in water samples were mainly PE (33%) and PP (33%) in the
catchment, with PE (43%) mainly recorded in the estuary of the dry
season. During the wet season, polymers were less diverse, comprising
50% PS and 50% PVC in the catchment and 100% PE in the estuary. The
proportion of polymers were less diverse in sediment samples than water
samples (Fig. 6¢). Polyethylene were the main polymer types recorded in
the dry season (100% in catchment and 40% in the estuary). Similarly,
PE were the main proportions in sediment of the wet season, comprising
67% of polymer types in the catchment and 82% in the estuary.

Polyethylene was the most prevalent polymer types across all sea-
sons and areas sampled. Although PE is versatile, inexpensive, has a
wide range of applications and the main types of plastic litter in South
Africa (Ryan and Moloney, 1993), it is evident from this study that PE
fibres are by far the most abundant MPs at the sites sampled. It is hence
postulated that domestic laundry effluent is the main source of MP fibres
in the Zandvlei Estuary and catchment. Research on MP fibres has re-
ported that a 6 kg wash load can release 700,000 fibres during each
laundry cycle (Napper and Thompson, 2016) and 5 kg of PE fabric can
release up to 6 million fibres during a laundry cycle (De Falco et al.,
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Fig. 4. Percentage composition of MP color in (a) water and (b) sediment samples collected in wet and dry seasons as well as the catchment (sites 1-5) and estuary
(sites 6-10). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 5. Percentage composition of MP size categories in (a) water and (b) sediment samples collected in wet and dry seasons as well as the catchment (sites 1-5) and

estuary (sites 6-10).

Table 1

Spearman rank correlations between adjusted MP abundances and percentage
sediment grain size category (coarse sand: >0.5 mm; medium sand: 0.5-0.25
mm; fine sand: 0.25-0.125; coarse silt: 0.125-0.063 mm; fine silt: <0.063) and
based on area (catchment and estuary) and season (wet and dry).

Area Season  Coarse Medium Fine Coarse Fine silt
sand sand sand silt

Catchment  Dry 0.31° 0.18 0.18 0.30" -0.31°

Catchment ~ Wet 0.08 -0.35 0.10 0.08 —0.34

Estuary Dry 0.06 0.13 0.40** 0.22 —0.25

Estuary Wet 0.69%* 0.25" 0.61** 0.57** —0.65%*

@ Correlation is significant at 0.05; ** Correlation is highly significant at 0.01.

2018). In South Africa there is a positive correlation between river
sediment MPs and households in catchment areas that do not have ac-
cess to piped water (de Villiers, 2019). The increase in PE fibre abun-
dances in water from catchment to estuary sites (Fig. 3a) indicates that
the accumulation of PE fibres is likely related to rivers being vectors of
MP fibre transport. This is particularly evident during the wet season
where PE fibres accumulate in estuary sediment (Fig. 3b) and may
potentially be an ecological hazard for organisms in the Zandvlei
estuary.

3.4. Risk assessment of polymers

More than 50% of plastics are categorised as hazardous based on a
hazard-ranking system of the United Nations’ Globally Harmonized
System of Classification and Labelling of Chemicals (Lithner et al.,
2011). MPs in the aquatic environment are consumed by most aquatic

(a) (b)

organisms, including freshwater and estuarine invertebrates (Silva et al.,
2021) and fish (Arias et al., 2019). Given that MPs are known to bio-
accumulate in ecosystems (Goswami et al., 2020), the impacts of MPs
have the potential to negatively affect food security and human health as
well (De-la-Torre, 2020). Knowledge about the risks posed by MPs fo-
cuses on experiments that may expose organisms to abundances that are
not environmentally relevant or do not mimic the natural environment
(exposure to microbeads when fibres are the most prominent MPs in the
environment) (Koelmans et al., 2022).

Based on the chemical composition of plastics and the chemical
hazards of additives, monomers and polymers, a hazard ranking system
was developed to assess the hazard effects of polymers (Lithner et al.,
2011). The polymer hazard ranking system has subsequently adopted to
develop an ecological risk assessment system that categorises risks posed
by polymers based on a pollution load index (PLI), polymer risk index
(H) and pollution risk index (PRI) that provides categories for ecological
risks posed by polymers (Pan et al., 2021; Xu et al., 2018).

The PLI of water and sediment in the Zandvei Estuary and catchment
were categorised as dangerous (>5) (Table 2). The MP PLI was three
times higher in estuarine water than the catchment and four times
higher in estuarine sediment than catchment sediment. This result was
likely due to MP runoff accumulating in the estuary during the wet
season, as evident in higher MP abundances during the wet season
(Fig. 3). Wastewater treatment works (WWTWs) are major sources of MP
fibres (Murphy et al., 2016). The higher PLI values in the estuary may
also be due to WWTW failure, upstream of the Zandvlei Estuary, which
occurs due to sewage spills and pump station failures (Matthews, 2023).
The moderate to very high polymer risk index (H) values are based on
the type of polymers recorded, mainly PE fibres (Fig. 6), which has a low
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Fig. 6. Percentage composition of MP polymer categories in (a) all samples, (b) MPs in water and (c) MPs in sediment samples collected in wet and dry seasons as
well as the catchment (sites 1-5) and estuary (sites 6-10) (PA: polyamide; PE: polyethylene; PES: polyester; PMMA: polymethyl methacrylate; PP: polypropylene; PS:

polystyrene; PU: polyurethane; PVA: polyvinyl acetate; PVC: polyvinyl chlorinate).
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Table 2

Risk assessment for water and sediment sampled in the catchment and estuary.
Categories are colour-coded as low (green), moderate (blue), high (orange), very
high (purple) and dangerous (red). See Table 2 for value ranges of categories.

Catchment Estuary

PLI H PRI PLI H PRI
Water 2.93 2212 6213 10.18 537 5469
Sediment 3.79 8.57 2.7 12.21 865 10572

hazard score of 11 (Lithner et al., 2011). The H values (which reflects
polymer toxicity) and MP abundances (PLI scores) provides an indica-
tion of MP pollution risk (PRI) (Wei et al., 2022).

The low PRI ranking for polymers in catchment sediment is expected,
as MPs are not likely to settle in sediment of catchments, especially the
upper reaches. However, this result requires further investigation as MP
settlement rates are subject to a number of factors, including slope and
riverine water flow rates (which were not measured in this study). The
dangerous rankings for catchment and estuary water and sediment (see
Table 2) poses a serious threat to the Zandvlei Estuary and catchment
ecosystems and these results provide a valid method to assess the risks
posed by polymers (Shirazi et al., 2023). The predominant MPs recorded
in this study were PE fibres (See Figs. 3 and 6), suggesting that MPs from
washing of clothes poses the greatest ecological risk for the area
sampled. Cape Town has numerous informal human settlements that do
not have access to municipal piped water. Wastewater from laundry
activities adjacent to rivers and canals of the Zandvlei Catchment and
Estuary is the probable cause for the high PRI values recorded.

4. Conclusion

To our knowledge, this is the first study in South Africa to investigate
MPs in an estuary and catchment area simultaneously. MP abundances
in water samples ranged from 0.57 MP/L in the catchment to 4.12 MP/L
in the estuary and in sediment, ranged from 64.63 MP/kg dw in the
catchment to 73.85 MP/kg dw in the estuary. The results clearly indi-
cated that MP abundances are higher during the wet season and in the
estuary. The predominant MP characteristics recorded in this study were
transparent PE fibres. The high abundance of MP fibres were most likely
due the high rates of residential laundry waste entering the catchment
and upper reaches of the estuary and WWTWs failure. Our results show
that MP fibres potentially pose a threat to the health of the catchment of
estuary ecosystem, based on the dominance of PE fibres recorded.
Hence, we have demonstrated that the rivers entering Zandvlei Estuary
are vectors for MP transport and potentially pose an ecological risk to
the functioning the Zandvlei Estuary and catchment. The elevated MP
abundances reported here provides a baseline for future studies as it is
evident that there is a need for investigations to focus on the effects of
MPs on catchment and estuarine systems in South Africa.

Credit author statement

Whitney Samuels - Investigation, Sample collection, Data curation &
Original draft preparation; Adetunji Awe - Data curation, Writing - Re-
view & Editing; Conrad Sparks - Conceptualization, Supervision, Sample
collection, Writing - Review & Editing, Project administration.

Credit author statement

Whitney Samuels - Investigation, Sample collection, Data curation &
Original draft. preparation; Adetunji Awe - Data curation, Writing -
Review & Editing; Conrad Sparks - Conceptualization, Supervision,
Sample collection, Writing - Review & Editing, Project administration.

Environmental Pollution 342 (2024) 122987
Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
Data will be made available on request.
Acknowledgements

We acknowledge and thank the City of Cape Town and Zandvlei
Nature Reserve management for granting us access to sites in the estu-
ary. This work was funded by the National Research Foundation, South
Africa (funding project reference: Thuthuka TTK190406427888, Grant
No: 121970). Opinions expressed in this article and the conclusions
arrived at, are those of the authors, and are not necessarily to be
attributed to the National Research Foundation.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.envpol.2023.122987.

References

Andrady, A.L., 2011. Microplastics in the marine environment. Mar. Pollut. Bull. 62,
1596-1605. https://doi.org/10.1016/j.marpolbul.2011.05.030.

Apetogbor, K., Pereao, O., Sparks, C., Opeolu, B., 2023. Spatio-temporal distribution of
microplastics in water and sediment samples of the Plankenburg river, Western
Cape, South Africa. Environ. Pollut. 121303 https://doi.org/10.1016/j.
envpol.2023.121303.

Arabi, S., Nahman, A., Carruthers, J., Godfrey, L., 2020. Impacts of marine plastic on
ecosystem services and economy: state of South African research. South Afr. J. Sci.
116 https://doi.org/10.17159/sajs.2020/7695.

Arias, A.H., Ronda, A.C., Oliva, A.L., Marcovecchio, J.E., 2019. Evidence of microplastic
ingestion by fish from the bahia blanca estuary in Argentina, South America. Bull.
Environ. Contam. Toxicol. 102, 750-756. https://doi.org/10.1007/s00128-019-
02604-2.

Barnes, D.K.A., Galgani, F., Thompson, R.C., Barlaz, M., 2009. Accumulation and
fragmentation of plastic debris in global environments. Phil. Trans. Biol. Sci. 364,
1985-1998. https://doi.org/10.1098/rstb.2008.0205.

Blankson, E.R., Tetteh, P.N., Oppong, P., Gbogbo, F., 2022. Microplastics prevalence in
water, sediment and two economically important species of fish in an urban riverine
system in Ghana. PLoS One 17, e0263196. https://doi.org/10.1371/journal.
pone.0263196.

Boshoff, B.J., Robinson, T.B., von der Heyden, S., 2023. The role of seagrass meadows in
the accumulation of microplastics: insights from a South African estuary. Mar.
Pollut. Bull. 186, 114403 https://doi.org/10.1016/j.marpolbul.2022.114403.

City of Cape Town, 2018. City of Cape Town State of the Environment Report. City of
Cape Town.

De Falco, F., Gullo, M.P., Gentile, G., Di Pace, E., Cocca, M., Gelabert, L., Brouta-
Agnésa, M., Rovira, A., Escudero, R., Villalba, R., Mossotti, R., Montarsolo, A.,
Gavignano, S., Tonin, C., Avella, M., 2018. Evaluation of microplastic release caused
by textile washing processes of synthetic fabrics. Environ. Pollut. 236, 916-925.
https://doi.org/10.1016/j.envpol.2017.10.057.

de Villiers, S., 2019. Microfibre pollution hotspots in river sediments adjacent to South
Africa’s coastline. WaterSA 45, 97. https://doi.org/10.4314/wsa.v45i1.11.

de Villiers, S., 2018. Quantification of microfibre levels in South Africa’s beach
sediments, and evaluation of spatial and temporal variability from 2016 to 2017.
Mar. Pollut. Bull. 135, 481-489. https://doi.org/10.1016/j.marpolbul.2018.07.058.

De-la-Torre, G.E., 2020. Microplastics: an emerging threat to food security and human
health. J. Food Sci. Technol. 57, 1601-1608. https://doi.org/10.1007/s13197-019-
04138-1.

Eibes, P.M., Gabel, F., 2022. Floating microplastic debris in a rural river in Germany:
distribution, types and potential sources and sinks. Sci. Total Environ. 816, 151641
https://doi.org/10.1016/j.scitotenv.2021.151641.

GESAMP, 2019. Guidelines for the monitoring and ass
ocean. GESAMP Rep. Stud. 99, 130.

Gholizadeh, M., Cera, A., 2022. Microplastic contamination in the sediments of qarasu
estuary in gorgan Bay, south-east of caspian sea, Iran. Sci. Total Environ. 838,
155913 https://doi.org/10.1016/j.scitotenv.2022.155913.

Goswami, P., Vinithkumar, N.V., Dharani, G., 2020. First evidence of microplastics
bioaccumulation by marine organisms in the port blair Bay, andaman islands. Mar.
Pollut. Bull. 155, 111163 https://doi.org/10.1016/j.marpolbul.2020.111163.

Govender, J., Naidoo, T., Rajkaran, A., Cebekhulu, S., Bhugeloo, A., Sershen, 2020.
Towards characterising microplastic abundance, typology and retention in

ssment of plastic litter in the


https://doi.org/10.1016/j.envpol.2023.122987
https://doi.org/10.1016/j.envpol.2023.122987
https://doi.org/10.1016/j.marpolbul.2011.05.030
https://doi.org/10.1016/j.envpol.2023.121303
https://doi.org/10.1016/j.envpol.2023.121303
https://doi.org/10.17159/sajs.2020/7695
https://doi.org/10.1007/s00128-019-02604-2
https://doi.org/10.1007/s00128-019-02604-2
https://doi.org/10.1098/rstb.2008.0205
https://doi.org/10.1371/journal.pone.0263196
https://doi.org/10.1371/journal.pone.0263196
https://doi.org/10.1016/j.marpolbul.2022.114403
http://refhub.elsevier.com/S0269-7491(23)01989-9/sref8
http://refhub.elsevier.com/S0269-7491(23)01989-9/sref8
https://doi.org/10.1016/j.envpol.2017.10.057
https://doi.org/10.4314/wsa.v45i1.11
https://doi.org/10.1016/j.marpolbul.2018.07.058
https://doi.org/10.1007/s13197-019-04138-1
https://doi.org/10.1007/s13197-019-04138-1
https://doi.org/10.1016/j.scitotenv.2021.151641
http://refhub.elsevier.com/S0269-7491(23)01989-9/sref15
http://refhub.elsevier.com/S0269-7491(23)01989-9/sref15
https://doi.org/10.1016/j.scitotenv.2022.155913
https://doi.org/10.1016/j.marpolbul.2020.111163

W. Samuels et al.

mangrove-dominated estuaries. Water 12, 2802. https://doi.org/10.3390/
w12102802.

Hawley, G., 2017. Diatoms: indicators of tidal influx in a hydraulically regulated estuary,
Zandvlei, in the southern Cape. Bachelor’s thesis. In: University of Cape Town.
Hidalgo-Ruz, V., Gutow, L., Thompson, R.C., Thiel, M., 2012. Microplastics in the marine
environment: a review of the methods used for identification and quantification.

Environ. Sci. Technol. 46, 3060-3075. https://doi.org/10.1021/es2031505.

Ivar Do Sul, J.A., Costa, M.F., 2014. The present and future of microplastic pollution in
the marine environment. Environ. Pollut. 185, 352-364. https://doi.org/10.1016/j.
envpol.2013.10.036.

Jambeck, J., Hardesty, B.D., Brooks, A.L., Friend, T., Teleki, K., Fabres, J., Beaudoin, Y.,
Bamba, A., Francis, J., Ribbink, A.J., Baleta, T., Bouwman, H., Knox, J., Wilcox, C.,
2018. Challenges and emerging solutions to the land-based plastic waste issue in
Africa. Mar. Pol. 96, 256-263. https://doi.org/10.1016/J.MARPOL.2017.10.041.

Jiang, W., Fang, Jinghui, Du, M., Gao, Y., Fang, Jianguang, Jiang, Z., 2022. Microplastics
influence physiological processes, growth and reproduction in the Manila clam,
Ruditapes philippinarum. Environ. Pollut. 293, 118502 https://doi.org/10.1016/j.
envpol.2021.118502.

Kabir, A.-H.M.E., Sekine, M., Imai, T., Yamamoto, K., Kanno, A., Higuchi, T., 2021.
Assessing small-scale freshwater microplastics pollution, land-use, source-to-sink
conduits, and pollution risks: perspectives from Japanese rivers polluted with
microplastics. Sci. Total Environ. 768, 144655 https://doi.org/10.1016/J.
SCITOTENV.2020.144655.

Karami, A., Golieskardi, A., Choo, C.K., Romano, N., Ho, Y. Bin, Salamatinia, B., 2017.
A high-performance protocol for extraction of microplastics in fish. Sci. Total
Environ. 578, 485-494. https://doi.org/10.1016/J.SCITOTENV.2016.10.213.

Koelmans, A.A., Redondo-Hasselerharm, P.E., Nor, N.H.M., de Ruijter, V.N., Mintenig, S.
M., Kooi, M., 2022. Risk assessment of microplastic particles. Nat. Rev. Mater. 7,
138-152. https://doi.org/10.1038/541578-021-00411-y.

Li, B., Song, W., Cheng, Y., Zhang, K., Tian, H., Du, Z., Wang, Jinhua, Wang, Jun,
Zhang, W., Zhu, L., 2021. Ecotoxicological effects of different size ranges of
industrial-grade polyethylene and polypropylene microplastics on earthworms
Eisenia fetida. Sci. Total Environ. 783, 147007 https://doi.org/10.1016/j.
scitotenv.2021.147007.

Lithner, D., Larsson, A., Dave, G., 2011. Environmental and health hazard ranking and
assessment of plastic polymers based on chemical composition. Sci. Total Environ.
409, 3309-3324. https://doi.org/10.1016/j.scitotenv.2011.04.038.

Matthews, S., 2023. Restoring the ecological health of Cape Town’s waterways — one vlei
at a time. Water Wheel 22, 20-23. https://doi.org/10.10520/ejc-waterb-v22-n3-a5.

McQuaid, K.A., Griffiths, C.L., 2014. Alien reef-building polychaete drives long-term
changes in invertebrate biomass and diversity in a small, urban estuary. Estuarine.
Coastal and Shelf Sci. 138, 101-106. https://doi.org/10.1016/J.ECSS.2013.12.016.

Murphy, F., Ewins, C., Carbonnier, F., Quinn, B., 2016. Wastewater treatment works
(WwTW) as a source of microplastics in the aquatic environment. Environ. Sci.
Technol. 50, 5800-5808. https://doi.org/10.1021/acs.est.5b05416.

Naidoo, T., Glassom, D., 2019. Sea-surface microplastic concentrations along the coastal
shelf of KwaZulu-Natal, South Africa. Mar. Pollut. Bull. 149, 110514 https://doi.org/
10.1016/j.marpolbul.2019.110514.

Naidoo, T., Glassom, D., Smit, A.J., 2015. Plastic pollution in five urban estuaries of
KwaZulu-Natal, South Africa. Mar. Pollut. Bull. 101, 473-480. https://doi.org/
10.1016/j.marpolbul.2015.09.044.

Na&kki, P., Setdla, O., Lehtiniemi, M., 2019. Seafloor sediments as microplastic sinks in
the northern Baltic Sea — negligible upward transport of buried microplastics by
bioturbation. Environ. Pollut. 249, 74-81. https://doi.org/10.1016/j.
envpol.2019.02.099.

Na&kki, P., Setdla, O., Lehtiniemi, M., 2017. Bioturbation transports secondary
microplastics to deeper layers in soft marine sediments of the northern Baltic Sea.
Mar. Pollut. Bull. 119, 255-261. https://doi.org/10.1016/j.marpolbul.2017.03.065.

Napper, LE., Thompson, R.C., 2016. Release of synthetic microplastic plastic fibres from
domestic washing machines: effects of fabric type and washing conditions. Mar.
Pollut. Bull. https://doi.org/10.1016/j.marpolbul.2016.09.025.

Nel, H.A., Froneman, P.W., 2018. Presence of microplastics in the tube structure of the
reef-building polychaete Gunnarea gaimardi (Quatrefages 1848). Afr. J. Mar. Sci. 40,
87-89. https://doi.org/10.2989,/1814232X.2018.1443835.

Nel, H.A., Froneman, P.W., 2015. A quantitative analysis of microplastic pollution along
the south-eastern coastline of South Africa. Mar. Pollut. Bull. 101, 274-279. https://
doi.org/10.1016/j.marpolbul.2015.09.043.

Pan, Z., Liu, Q., Jiang, R., Li, W., Sun, X., Lin, H., Jiang, S., Huang, H., 2021. Microplastic
pollution and ecological risk assessment in an estuarine environment: the Dongshan
Bay of China. Chemosphere 262, 127876. https://doi.org/10.1016/J.
CHEMOSPHERE.2020.127876.

Prata, J.C., Castro, J.L., da Costa, J.P., Duarte, A.C., Rocha-Santos, T., Cerqueira, M.,
2020. The importance of contamination control in airborne fibers and microplastic
sampling: experiences from indoor and outdoor air sampling in Aveiro, Portugal.
Mar. Pollut. Bull. 159, 111522 https://doi.org/10.1016/J.
MARPOLBUL.2020.111522.

Environmental Pollution 342 (2024) 122987

Qiao, R., Deng, Y., Zhang, S., Wolosker, M.B., Zhu, Q., Ren, H., Zhang, Y., 2019.
Accumulation of different shapes of microplastics initiates intestinal injury and gut
microbiota dysbiosis in the gut of zebrafish. Chemosphere 236. https://doi.org/
10.1016/j.chemosphere.2019.07.065.

Quick, A.J.R., Harding, W.R., 1994. Management of a shallow estuarine lake for
recreation and as a fish nursery: Zandvlei, Cape Town, South Africa. Water SA 20,
289-297. https://doi.org/10.10520/AJA03784738_2192.

River Health Programme, 2005. State of Rivers Report: Greater Cape Town’s Rivers.
Department of Water Affairs and Forestry.

Ryan, P.G., 2020. The transport and fate of marine plastics in South Africa and adjacent
oceans. South Afr. J. Sci. 116, 9. https://doi.org/10.17159/sajs.2020/7677.

Ryan, P.G., 1988. The characteristics and distribution of plastic particles the sea-surface
off the southwestern Cape province, South Africa. Mar. Environ. Res. 25, 249-273.
https://doi.org/10.1016/0141-1136(88)90015-3.

Ryan, P.G., 1987. The incidence and characteristics of plastic particles ingested by
seabirds. Mar. Environ. Res. 23, 175-206. https://doi.org/10.1016,/0141-1136(87)
90028-6.

Ryan, P.G., Moloney, C.L., 1993. Marine litter keeps increasing. Nature. https://doi.org/
10.1038/361023a0, 1993 361:6407 361, 23-23.

Shirazi, M.M.G.F., Shekoohiyan, S., Moussavi, G., Heidari, M., 2023. Microplastics and
mesoplastics as emerging contaminants in Tehran landfill soils: the distribution and
induced-ecological risk. Environ. Pollut. 324, 121368 https://doi.org/10.1016/j.
envpol.2023.121368.

Silva, C.J., Silva, A.L.P., Campos, D., Machado, A.L., Pestana, J.L., Gravato, C., 2020.
Oxidative damage and decreased aerobic energy production due to ingestion of
polyethylene microplastics by Chironomus riparius (Diptera) larvae. J. Hazard
Mater. 123775 https://doi.org/10.1016/j.jhazmat.2020.123775.

Silva, C.J.M., Machado, A.L., Campos, D., Rodrigues, A.C.M., Patricio Silva, A.L.,
Soares, A.M.V.M., Pestana, J.L.T., 2021. Microplastics in freshwater sediments:
effects on benthic invertebrate communities and ecosystem functioning assessed in
artificial streams. Sci. Total Environ. 150118 https://doi.org/10.1016/j.
scitotenv.2021.150118.

Su, L., Xue, Y., Li, L., Yang, D., Kolandhasamy, P., Li, D., Shi, H., 2016. Microplastics in
Taihu Lake, China. Environmental Pollution. https://doi.org/10.1016/j.
envpol.2016.06.036.

Taljaard, S., van Ballegooyen, R., Morant, P., 2000. False Bay water quality review,
volume 2: specialist assessments and inventories of available literature and data,
report to the False Bay water quality advisory committee. CSIR Report ENV-SC 86, 2.

Thompson, R.C., Moore, C.J., Saal, F.S.V., Swan, S.H., 2009. Plastics, the environment
and human health: current consensus and future trends. Phil. Trans. Biol. Sci. 364,
2153-2166. https://doi.org/10.1098/rstb.2009.0053.

Thompson, R.C., Olsen, Y., Mitchell, R.P., Davis, A., Rowland, S.J., John, A.W.,
McGonigle, D., Russell, A.E., 2004. Lost at sea: where is all the plastic? Science 304,
838-838.

Verster, C., Bouwman, H., Carruthers, J., Godfrey, L., 2020. Land-based sources and
pathways of marine plastics in a South African context. South Afr. J. Sci. 116, 1-9.
https://doi.org/10.17159/sajs.2020/7700.

Vilakati, B., Sivasankar, V., Mamba, B.B., Omine, K., Msagati, T.A.M., 2020.
Characterization of plastic micro particles in the Atlantic Ocean seashore of Cape
Town, South Africa and mass spectrometry analysis of pyrolyzate products. Environ.
Pollut. 265, 114859 https://doi.org/10.1016/j.envpol.2020.114859.

Wang, G., Lu, J., Li, W., Ning, J., Zhou, L., Tong, Y., Liu, Z., Zhou, H., Xiayihazi, N., 2021.
Seasonal variation and risk assessment of microplastics in surface water of the Manas
River Basin, China. Ecotoxicol. Environ. Saf. 208, 111477 https://doi.org/10.1016/
j-ecoenv.2020.111477.

Wang, Z., Chen, M., Zhang, L., Wang, K., Yu, X., Zheng, Z., Zheng, R., 2018. Sorption
behaviors of phenanthrene on the microplastics identified in a mariculture farm in
Xiangshan Bay, southeastern China. Sci. Total Environ. 628-629, 1617-1626.
https://doi.org/10.1016/j.scitotenv.2018.02.146.

Wei, Y., Dou, P., Xu, D., Zhang, Y., Gao, B., 2022. Microplastic reorganization in urban
river before and after rainfall. Environ. Pollut. 314, 120326 https://doi.org/
10.1016/j.envpol.2022.120326.

Wepener, V., Degger, N., 2012. Status of marine pollution research in South Africa
(1960-present). Mar. Pollut. Bull. 64, 1508-1512. https://doi.org/10.1016/j.
marpolbul.2012.05.037.

Wright, S.L., Thompson, R.C., Galloway, T.S., 2013. The physical impacts of
microplastics on marine organisms: a review. Environ. Pollut. 178, 483-492. https://
doi.org/10.1016/j.envpol.2013.02.031.

Xu, P., Peng, G., Su, L., Gao, Y., Gao, L., Li, D., 2018. Microplastic risk assessment in
surface waters: a case study in the Changjiang Estuary, China. Mar. Pollut. Bull. 133,
647-654. https://doi.org/10.1016/j.marpolbul.2018.06.020.

Zhu, D., Bi, Q.-F., Xiang, Q., Chen, Q.-L., Christie, P., Ke, X., Wu, L.-H., Zhy, Y.-G., 2018.
Trophic predator-prey relationships promote transport of microplastics compared
with the single Hypoaspis aculeifer and Folsomia candida. Environ. Pollut. 235,
150-154. https://doi.org/10.1016/j.envpol.2017.12.058.


https://doi.org/10.3390/w12102802
https://doi.org/10.3390/w12102802
http://refhub.elsevier.com/S0269-7491(23)01989-9/sref19
http://refhub.elsevier.com/S0269-7491(23)01989-9/sref19
https://doi.org/10.1021/es2031505
https://doi.org/10.1016/j.envpol.2013.10.036
https://doi.org/10.1016/j.envpol.2013.10.036
https://doi.org/10.1016/J.MARPOL.2017.10.041
https://doi.org/10.1016/j.envpol.2021.118502
https://doi.org/10.1016/j.envpol.2021.118502
https://doi.org/10.1016/J.SCITOTENV.2020.144655
https://doi.org/10.1016/J.SCITOTENV.2020.144655
https://doi.org/10.1016/J.SCITOTENV.2016.10.213
https://doi.org/10.1038/s41578-021-00411-y
https://doi.org/10.1016/j.scitotenv.2021.147007
https://doi.org/10.1016/j.scitotenv.2021.147007
https://doi.org/10.1016/j.scitotenv.2011.04.038
https://doi.org/10.10520/ejc-waterb-v22-n3-a5
https://doi.org/10.1016/J.ECSS.2013.12.016
https://doi.org/10.1021/acs.est.5b05416
https://doi.org/10.1016/j.marpolbul.2019.110514
https://doi.org/10.1016/j.marpolbul.2019.110514
https://doi.org/10.1016/j.marpolbul.2015.09.044
https://doi.org/10.1016/j.marpolbul.2015.09.044
https://doi.org/10.1016/j.envpol.2019.02.099
https://doi.org/10.1016/j.envpol.2019.02.099
https://doi.org/10.1016/j.marpolbul.2017.03.065
https://doi.org/10.1016/j.marpolbul.2016.09.025
https://doi.org/10.2989/1814232X.2018.1443835
https://doi.org/10.1016/j.marpolbul.2015.09.043
https://doi.org/10.1016/j.marpolbul.2015.09.043
https://doi.org/10.1016/J.CHEMOSPHERE.2020.127876
https://doi.org/10.1016/J.CHEMOSPHERE.2020.127876
https://doi.org/10.1016/J.MARPOLBUL.2020.111522
https://doi.org/10.1016/J.MARPOLBUL.2020.111522
https://doi.org/10.1016/j.chemosphere.2019.07.065
https://doi.org/10.1016/j.chemosphere.2019.07.065
https://doi.org/10.10520/AJA03784738_2192
http://refhub.elsevier.com/S0269-7491(23)01989-9/sref42
http://refhub.elsevier.com/S0269-7491(23)01989-9/sref42
https://doi.org/10.17159/sajs.2020/7677
https://doi.org/10.1016/0141-1136(88)90015-3
https://doi.org/10.1016/0141-1136(87)90028-6
https://doi.org/10.1016/0141-1136(87)90028-6
https://doi.org/10.1038/361023a0
https://doi.org/10.1038/361023a0
https://doi.org/10.1016/j.envpol.2023.121368
https://doi.org/10.1016/j.envpol.2023.121368
https://doi.org/10.1016/j.jhazmat.2020.123775
https://doi.org/10.1016/j.scitotenv.2021.150118
https://doi.org/10.1016/j.scitotenv.2021.150118
https://doi.org/10.1016/j.envpol.2016.06.036
https://doi.org/10.1016/j.envpol.2016.06.036
http://refhub.elsevier.com/S0269-7491(23)01989-9/sref51
http://refhub.elsevier.com/S0269-7491(23)01989-9/sref51
http://refhub.elsevier.com/S0269-7491(23)01989-9/sref51
https://doi.org/10.1098/rstb.2009.0053
http://refhub.elsevier.com/S0269-7491(23)01989-9/sref53
http://refhub.elsevier.com/S0269-7491(23)01989-9/sref53
http://refhub.elsevier.com/S0269-7491(23)01989-9/sref53
https://doi.org/10.17159/sajs.2020/7700
https://doi.org/10.1016/j.envpol.2020.114859
https://doi.org/10.1016/j.ecoenv.2020.111477
https://doi.org/10.1016/j.ecoenv.2020.111477
https://doi.org/10.1016/j.scitotenv.2018.02.146
https://doi.org/10.1016/j.envpol.2022.120326
https://doi.org/10.1016/j.envpol.2022.120326
https://doi.org/10.1016/j.marpolbul.2012.05.037
https://doi.org/10.1016/j.marpolbul.2012.05.037
https://doi.org/10.1016/j.envpol.2013.02.031
https://doi.org/10.1016/j.envpol.2013.02.031
https://doi.org/10.1016/j.marpolbul.2018.06.020
https://doi.org/10.1016/j.envpol.2017.12.058

	Microplastic pollution and risk assessment in surface water and sediments of the Zandvlei Catchment and estuary, Cape Town, ...
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Sample collection
	2.3 Water and sediment sample collection
	2.4 Laboratory analyses: digestion and extraction
	2.5 Microscopic identification of MPs
	2.6 Polymer identification using spectrophotometry
	2.7 Ecological risk assessment
	2.8 Quality control
	2.9 Data analysis

	3 Results and discussion
	3.1 MP abundances and distribution
	3.2 MP shape, color and size
	3.3 Polymer composition
	3.4 Risk assessment of polymers

	4 Conclusion
	Credit author statement
	Credit author statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


