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Abstract  Plastic pollution is a ubiquitous prob-
lem that poses a threat to society and the environ-
ment. The issue is especially pervasive in the aquatic 
environment, where large amounts of plastic debris 
accumulate from numerous anthropogenic pathways. 
Relatively little is known about the extent of macro-
plastics in African subtropical Austral rivers, where 
management strategies are lacking. This study quanti-
fies and compares the variation in macroplastic abun-
dances along the Mvudi River, South Africa, over 
four sites and four seasons. We observed a non-signif-
icant difference in macroplastic abundance and varia-
tion across sites and seasons, with pollution therefore 
widespread across these contexts. However, the diver-
sity of plastic debris (i.e. γ-diversity value) decreased 

generally along sites, with most macroplastic items 
being collected during winter, and fewer macroplas-
tic during autumn. We observed high abundances of 
macroplastic debris on the shoreline compared to the 
mainstream, with high proportional abundances of 
plastic bags and film (> 57.8%) macroplastic physical 
type across all sites and seasons. We also observed 
a high proportional abundance of the polymer poly-
propylene (> 25.3%) across seasons. The informa-
tion derived from this study serves as the baseline for 
understanding seasonal variations in plastic debris 
and their driving factors on this and other subtropical 
Austral rivers.

Keywords  Film · Plastic pollution · Polymer · 
Polypropylene · Subtropical · Austral river

Introduction

Plastic pollution is a major environmental problem 
that is increasing at an unprecedented rate glob-
ally (Galgani et al., 2013). Plastic products are very 
cheap and extensively used in everyday applications 
(Dalu et al., 2019). These plastic items vary in size, 
colour, shape, and polymer type (Piehl et al., 2018). 
Due to the mismanagement or illegal disposal of 
plastics, they often end up in the aquatic environ-
ment where they pose threat to ecosystems (Cao 
et al., 2022; Dalu et al., 2019). Plastics are the most 
prevalent, rapidly increasing, and the most dominant 
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aquatic contaminants (Zhao et  al., 2014). Large-
sized plastic debris, also known as macroplastics 
(size > 25 mm), are frequently found in aquatic envi-
ronments (Krishnakumar et  al., 2018). They enter 
standing waters through a variety of pathways and 
activities via rivers, aquaculture, shoreline litter, 
shipping, recreational activities, and fishing, which 
significantly influence their abundances (Lebreton 
et al., 2017).

A myriad of natural factors mediate macroplastic 
abundance and distribution. Accumulation of plas-
tic debris varies from shorelines to the deep pelagic 
waters (EPA US, 2016). Furthermore, spatial scale, 
local environmental conditions, and individual plastic 
polymer characteristics (i.e. the density of polymers) 
affect the variability in the distribution of macroplas-
tic pollution (Vegter et al., 2014). Vertical variation in 
macroplastic distribution can occur within the water 
column due to the interaction between a polymer’s 
buoyancy and water turbulence (Reifferscheid  et al., 
2017). The density of suspended macroplastic debris 
tends to increase due to water turbulence caused by 
storm or flood events (Faure et al., 2015).

Wind further plays a major role in the spatial dis-
tribution of macroplastic (Hoffman & Hittinger, 
2017). Studies on global macroplastic pollution show 
that macroplastic debris can diffuse between coun-
tries and continents, float on or below the water’s sur-
face, and travel considerable distances (Lundström & 
Mårtensson, 2015).

Macroplastic debris abundances differ seasonally 
owing to human activity patterns and differences in 
water levels; i.e., during summer there are many 
activities along the shorelines which can result in 
increased macroplastic pollution, whereas there are 
fewer activities during the winter season (Avio et al., 
2017). The shape, size, and buoyancy also influence 
the distribution of macroplastic debris (Lee et  al., 
2015). Human activities and inland meteorological 
processes such as wind and rain directly influence the 
shoreline or bank macroplastic debris accumulation 
within urban systems (Kershaw et al., 2019).

Macroplastic pollution effects on aquatic organ-
isms have been observed and include entanglement 
which can cause suffocation and/or development 
of severe wounds, and ingestion of plastics lead-
ing to various complications (Cable et  al., 2017a, 
2017b; Fischer et al., 2016). Organisms that ingest 
macroplastic can develop sub-lethal effects which 

can lead to mortality (Cable et al., 2017a, 2017b). 
Macroplastics also serve as carriers of alien spe-
cies that can be introduced into the aquatic envi-
ronment (Cable et  al., 2017a, 2017b) and can 
transport contaminates such as dichlorodiphe-
nyltrichloroethane polychlorinated biphenyls and 
polycyclic aromatic hydrocarbons (into the water 
body where they can be adsorbed (Katzenberger, 
2015)). Macroplastic pollution can also have nega-
tive impacts on water quality, aesthetics, tourism 
activities, and impact on the local economy of an 
area (Dalu et al., 2019).

It is important to determine the distribution of 
macroplastic debris in aquatic ecosystems because 
it contributes to the knowledge base on the abun-
dance of global macroplastics and assists in future 
management planning for aquatic pollution (Cable 
et  al., 2017a, 2017b; Fischer et  al., 2016). There is 
a knowledge gap with regard to the distribution of 
macroplastics and their ecological impacts on African 
aquatic ecosystems (Lahens et al., 2018), and hence, 
data about macroplastic sources, presence, and fate 
is still limited (Katzenberger, 2015). Hydrodynamic 
processes affecting macroplastic debris accumulation 
in urban aquatic ecosystems, particularly rivers, are 
scarce, and hence, more work is required to build an 
understanding of distribution patterns and factors that 
cause variation in macroplastic debris across seasons 
and sites.

In the current study, the Mvudi River that drains 
most parts of the Thohoyandou town in the Limpopo 
province of South Africa was chosen because it is 
subjected to various pollution sources, such as human 
settlements, water abstraction, riparian brick making, 
washing, bathing, subsistence and commercial agri-
culture, sewage discharge/spillage, and illegal solid 
waste disposal/dumping. The study aimed to assess 
the sources, driving factors, types, and abundances 
of macroplastic debris along the river system. We 
hypothesized that the macroplastic debris abundances 
along the Mvudi River will be very high during the 
summer season because of driving factors such as 
runoffs carrying plastic debris to the river, and due 
to increased human activities such as swimming and 
bathing which increases the chances of macroplastic 
debris disposal. We further expected that the macro-
plastic abundances would be low during the winter 
season since human use of rivers is reduced when 
the temperature is low, and hence, there would be an 
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absence of activities that could potentially result in 
illegal dumping of macroplastic debris along the river 
shores/riparian zones.

Materials and methods

Study area

The study was conducted along the Mvudi River 
(30° 28′ 28″ E and 23° 0′ 13″ S), a tributary to the 
Luvuvhu River in the Limpopo province of South 
Africa (Fig. 1). The river catchment lies at an eleva-
tion of between 202 and 1506 m above sea level and 
covers an area of about 5942 km2. The Mvudi River 
passes through the Thohoyandou town and then emp-
ties into the Nandoni dam. The river system catch-
ment receives high rainfall during the summer (i.e. 
February ~ 284  mm) and low rainfall in winter (i.e. 
June, ~ 14 mm) and spring (i.e. September, ~ 14 mm) 
seasons. Average temperatures for the catchment 
range from 20 (June, range 14–24 °C) to 24 °C (Feb-
ruary, range 18–28  °C), with low average tempera-
tures of 7.5 °C occurring in July (Dalu et al., 2021).

The Mvudi River Catchment is important for agri-
cultural activities such as banana, forestry, avocado, 
and macadamia plantations in the headwaters; these 
types of agricultural activities are being practiced in 
the valleys and lower slopes in the western side and 
urban settlements on the eastern side (Ramulifho 
et al., 2019), while the riparian vegetation and rivers 
of this catchment are home of different fauna species 
(Ramulifho et  al., 2019). The Mvudi River catch-
ment is subjected to various pollution sources, such 
as informal and formal human settlements, water 
abstraction, riparian brick making, washing, and bath-
ing, subsistence and commercial agriculture, sewage 
discharge/spillage, and solid waste disposal/dumping 
from nearby communities.

Sampling was conducted at 4 sites, with site M1 
located next to the University of Venda and Maun-
gani village. The main activities taking place at this 
site were water abstraction and car washing. Site M2 
was at the edge of Thohoyandou town, with similar 
site M1 activities—occurring at the site. Site M3 was 
located between Thohoyandou J and L, upstream of 
the sewage treatment works, with water abstraction, 
riparian zone bricking and fishing being the dominant 
activities, and lastly, site M4 was located downstream 

of the wastewater treatment works, with brick making 
and fishing being common. Sampling was conducted 
at each site (i.e. M1–M4) and season along the per-
ennial Mvudi River, across four seasons (i.e. winter, 
spring, summer, autumn) (Fig. 1).

Research design and sampling

A quantitative approach (i.e. riparian and mainstem 
river surveys) was undertaken to study the distribu-
tion of macroplastics (> 2.5  cm) along the Mvudi 
River system to represent the streams draining the 
rural town and also in relation to the wastewater treat-
ment works. Riparian and mainstream river surveys 
were applied as these areas are clearly defined and are 
zones where high macroplastic abundances are likely 
to be found. This also facilitated repeatability over 
time and, in turn, thereby provided a trend assessment 
(Haseler et al., 2018). Such surveys are of particular 
importance in urban and rural aquatic environments 
where quantitative baselines for macroplastic pol-
lution are lacking. Accumulation riparian surveys 
were utilised for this study, where plastic debris was 
removed from 5 × 5 m quadrats on the mainstream of 
the river system and on both sides of the mainstem 
river channel (i.e. 2 riparian zones) by two research-
ers (Lippiatt et  al., 2013; Kershaw et al., 2019). For 
obtaining a reliable estimate of the presence and dis-
tribution of macroplastic pollution along the riparian 
zones of the Mvudi River, 4 sampling sites (4 sites × 3 
replicates) were randomly selected, with two on each 
side of the river along the river system (i.e. littoral or 
riparian zone), and one in the river channel (middle 
mainstem channel) based on ease of site accessibility. 
All macroplastic debris present was collected by hand 
within each quadrat and transferred into labelled bags 
for further processing within the laboratory.

Processing of samples

Macroplastic debris was separated and categorised 
into different resin groups before being counted in 
the laboratory. Resin polymer groups were deter-
mined according to Lippiatt et  al. (2013),  Reiffer-
scheid et  al., (2017), and Plastics Europe (2017) 
methods and classifications. Macroplastics were 
categorised in relation to their functional origin 
(e.g. beverage plastic bottles, food wrappers, clean-
ing product containers, cups, plastic bags) and 
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Fig. 1   Sampling sites (M1–M4) along the Mvudi River a tributary system, Limpopo province of South Africa. Adapted and modi-
fied from Dalu et al. (2021)
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according to the physical form of the plastic mate-
rial, either as hard, film, or foam (Lippiatt et  al., 
2013). The different macroplastic polymer groups, 
functional origin, and physical form were counted 
for each site and season.

Data analysis

We used a combination of non-parametric and para-
metric tests alongside diversity indices to quantify 
the distribution of plastics among sites and seasons. 
A PERMutational ANOVA (PERMANOVA) was 
used to calculate differences in macroplastic debris 
types across sites (i.e. M1–M4) and seasons (i.e. 
summer, autumn, winter, and spring), with pair-
wise comparisons being done for significant factors. 
The number of litter ‘species’ in each plot (a meas-
ure of α-diversity; Magurran, 2004; i.e. the number 
of categories of river litter—within-habitat diver-
sity; Whittaker, 1965) was calculated. The total 
number of macroplastic debris ‘species’ in each 
sample (a measure of γ-diversity; Magurran, 2004) 
was further calculated for each site. A measure of 
macroplastic debris ‘species’ turnover inside each 
site (i.e. the Whittaker β-diversity corresponding 
to the internal heterogeneity in a ‘community’ or 
in a site) was calculated as βW = γ/mean α (Koleff 
et  al., 2003). The Shannon–Wiener diversity index 
(H′) and evenness for macroplastics were calculated 
according to Battisti et  al. (2017), Battisti et  al., 
2018).

A two-way ANOVA was used to assess macro-
plastic diversity metrices and abundances, differences 
within sites (i.e. M1–M4) and seasons (i.e. winter, 
spring, summer, autumn). All assumptions for a par-
ametric test were met based on the homogeneity of 
variances and normality assessments. Tukey’s post 
hoc analysis was conducted for significant variables to 
see which sites were driving the differences. We fur-
ther examined the differences in macroplastic debris 
‘communities’ and identified the primary species that 
contributed to the differences using analyses of simi-
larities (ANOSIM) and similarity percentages–debris 
‘species’ contributions (SIMPER) in PRIMER 5.0. 
To assess differences in polymers and physical form 
across seasons and sites, a Kruskal–Wallis test was 
used since the data were found to be violating all 
assumptions of a parametric test.

Results

Macroplastic debris functional group and abundance

There were 26 types of macroplastic debris col-
lected across all four seasons, and they varied in 
terms of functional group, resins, and abundance. 
Overall, the spring season was more diverse in 
terms of macroplastic type than all other sea-
sons. The most dominant macroplastic debris col-
lected across all seasons were plastic bags (mean 
range 3.0–55.6%) (Table  1). The most dominant 
macroplastic debris during winter were plastic 
bags (mean range 12.5–53.0%) like spring (mean 
range 15.0–39.2%) across all sites, while the food 
wrappers were the second most dominant. The 
least observed macroplastic items collected were 
cigarette filters, soap wrappers, detergent bot-
tles, straws, pill containers, and plastic bottles 
(Table 1). The most dominant macroplastic debris 
collected during summer were beverage contain-
ers (mean range 16.7–36.7%), whereas the least 
observed macroplastic debris were soap wrappers, 
plastic rope, and small net pieces, other jugs/con-
tainers, detergent bottles, and appliance parts all 
with one count (Table  1). Autumn had the least 
diverse macroplastic debris observed, with plas-
tic bags and food wrappers being the dominant 
macroplastic debris collected, similar to winter 
and spring (Table 1).

The analyses of similarities (ANOSIM) indicated 
a low global test value (R =  − 0.12) which sug-
gested that dissimilarities were greater within sites 
than between sites (Table  2). The similarity per-
centages (SIMPER)–debris ‘species’ contributions 
indicated that there was an average dissimilarity of 
58.0% between sites M1 and M2, and a high dissim-
ilarity of 74.5% for sites M3 and M4. The main dis-
similarity debris contributors across sites were food 
wrappers, plastic rope, and plastic bags (Table  2). 
Similarly, we observed that macroplastic debris’ 
indicated dissimilarities were greater within seasons 
than between seasons (R =  − 0.05). Average dissim-
ilarity was observed for summer vs autumn (48.5%), 
while the rest of the seasons had dissimilarity val-
ues that ranged from 61.2 to 69.6% (Table 2). The 
main debris dissimilarity contributors across sea-
sons were food wrappers, plastic bags, and beverage 
containers (Table 2).
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Macroplastic distribution

A total of 358 macroplastic items (mean site range 
0.55 ± 0.30 (SD) to 1.34 ± 0.92 particles per m2) were 
collected for this study, with 127 (site mean 1.27 ± 0.35 
particles per m2) macroplastic items collected during 
winter, 134 (site mean 1.34 ± 0.92 particles per m2) in 
spring, and 37 (site mean 0.55 ± 0.30 particles per m2) 
in summer, whereas 60 (site mean 0.60 ± 0.51 parti-
cles per m2) macroplastic items were collected during 
autumn. Most macroplastic debris were collected in 
site M1 (Fig. 2) whereas the fewest macroplastic debris 
were counted at M4 (Fig. 2). Based on PERMANOVA, 
we observed no significant differences in macroplastic 
debris across sites (Pseudo-F = 1.114, p(MC) = 0.349) 
and seasons (Pseudo-F = 1.496, p(MC) = 0.112).

The γ-diversity generally decreased across study 
sites from M1 to M4 for winter, spring, and autumn. 
Spring had high γ-diversity (mean range 2.67–8.00), 
with autumn having lower γ-diversity (mean range 
1.00–5.00) (Fig.  3a). The Whittaker β-diversity for 
all four seasons ranged between 1.75 and 7.25 among 
seasons, with a variable trend across the study sites 
(Fig. 3b). Shannon–Wiener diversity index had no clear 
trends across seasons with autumn having low diversity 
index values (mean range 0.42–1.48). Winter (mean 
1.00 ± 0.32) and spring (mean 0.78 ± 0.71) seasons 
at site M4 generally had low Shannon–Wiener diversity 
index values (Fig. 3c). Evenness was high for all sea-
sons except in site M2 during the summer (Fig. 3d).

Significant differences for γ-diversity (F = 4.338, 
p = 0.011), abundances (F = 5.604, p = 0.003), and Shan-
non–Weiner (F = 5.282, p = 0.005) were observed among 
the study sites, with significant seasonal differences 
being observed for γ-diversity (F = 5.767, p = 0.003), 
abundances (F = 4.084, p = 0.015), Shannon–Weiner 
diversity (F = 5.733, p = 0.003), Whittaker β-diversity 
(F = 3.940, p = 0.036), and evenness (F = 5.201, 
p = 0.005). Tukey’s pairwise comparisons indicated 
significant site differences for γ-diversity site M1 vs 
M4 (p = 0.006), abundance sites M1 vs M4 (p = 0.002), 
Shannon-Weiner diversity sites M1 vs M2 (p = 0.013), 
and M1 vs M4 (p = 0.003). Pairwise comparisons for 
seasonal differences were observed for γ-diversity spring 
vs summer (p = 0.015) and spring vs winter (p = 0.012), 
Shannon–Weiner diversity winter vs autumn (p = 0.030), 
spring vs summer (p = 0.035) and spring vs autumn 
(p = 0.011), evenness winter vs summer (p = 0.008) and 
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spring vs summer (p = 0.010), and Whittaker β-diversity 
summer vs autumn (p = 0.010).

Polymer group variation and macroplastic physical 
form

Macroplastic debris consisted of 9 different polymers 
which varied in terms of abundance among sites and 
seasons (Table 1 and 3; Fig. 4a). The most dominant 
polymers were polypropylene (PP) (30.4%) and low-
density polyethylene (LDPE) (33.7%), while the least 
observed polymer was polyurethane (PU) (0.4%), cel-
lulose acetate (CA) (1.2%), and acrylonitrile butadi-
ene styrene (ABS) (1.5%) across all seasons (Table 1; 
Fig.  4a). The polymer abundances differed across 
sites (Table  1). Site M1 was dominated by PP and 
LPDE during winter (42.2%) and spring (27.7%), 
respectively, while summer and autumn were domi-
nated by PP (31.8%) and polyethylene terephthalate 
(PET) (34.4%), respectively. The PU and CA were 

not observed in site M1 (Table 1; Fig. 4a). The LPDE 
(41.2% winter; 35.5% spring), PET (61.1% summer), 
and PP (50.0% autumn) were dominant for site M2 

Table 2   Two-way crossed ANOSIM and SIMPER for testing the groups on macroplastic debris ‘communities’ along the Mvudi 
River

Groups Global Test R Dissimilarity 
distance (%)

Main dissimilarity contribute debris (%)

Sites  − 0.12
  M1 × M2 58.8 Food wrappers (18.86%), beverage containers (12.49%), plastic bags (8.20%), 

disposable cup (7.16%)
  M1 × M3 69.8 Plastic rope (13.95%), food wrappers (12.46%), plastic bags (11.16%), beverage 

containers (10.12%)
  M1 × M4 58.0 Food wrappers (16.68%), plastic bags (14.27%), beverage containers (11.95%)
  M2 × M3 70.5 Plastic ropes (17.15%), plastic bags (14.88%), food wrappers (12.84%), bever-

age containers (10.89%)
  M2 × M4 71.7 Plastic bags (23.50%), food wrappers (13.78%), beverage containers (9.78%), 

food containers (7.26%)
  M3 × M4 74.5 Plastic ropes (23.68%), plastic bags (17.69%), beverage containers (12.13%), 

food wrappers (9.06%)
Seasons  − 0.05
  Winter × spring 61.2 Plastic bags (11.34%), food wrappers (10.20%), beverage containers (9.31%), 

furniture covers (7.98%)
  Winter × summer 67.5 Food wrappers (14.16%), beverage containers (12.95%), bottle caps (6.48%)
  Spring × summer 63.3 Food wrappers (13.39%), beverage containers (11.24%), maize meal packages 

(7.08%)
  Winter × autumn 69.6 Food wrappers (15.43%), plastic bags (15.36%), beverage containers (10.18%), 

furniture covers (8.57%), plastic ropes (8.48%)
  Spring × autumn 68.1 Food wrappers (15.08%), plastic bags (14.61%), beverage containers (10.32%), 

plastic ropes (8.74%), soap wrappers (8.65%)
  Summer × autumn 48.5 Beverage containers (18.03%), plastic bags (13.75%), food wrappers (12.06%), 

bottle caps (8.94%)
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Fig. 2   Macroplastic debris total abundances per m2 collected 
across four seasons (i.e., winter spring, and summer, autumn) 
in the Mvudi River system, South Africa
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(Table 1; Fig. 4a). Sites M3 and M4 were dominated 
by LPDE and PP during winter, summer, and autumn. 
High-density polyethylene (HDPE) was not observed 
across sites M3 and M4, while ABS and CA were 
not observed on site M4 except for winter (Table 1; 
Fig.  4a). Significant differences (p < 0.05) among 
macroplastic debris polymers were observed across 
sites for PET and PS, with no significant differences 
being observed for other polymers (Table 3). Signifi-
cant seasonal differences were observed for LPDE 
and PVC polymers (Table 3).

Macroplastic physical forms, namely hard, foam, 
and film, were observed across all seasons and sites 
in varying proportions (Table 1). The most dominant 
macroplastic physical form in terms of abundance 
was film, followed by hard form, and lastly, foam 
form across all seasons and sites (Fig. 4b). Significant 
site differences (p < 0.05) were observed for form, 
with similarities (p < 0.05) being observed for hard 
form. Film tended to be high across all sites except 

in sites M1 (autumn), and M2 and M3 (summer). 
Foam physical form was the least observed across all 
sites, with no recordings for sites M3 and M4 across 
all seasons, and site M2 (autumn) (Table 1; Fig. 4b). 
No significant (p > 0.05) seasonal differences were 
observed for all physical forms (Table 3).

Discussion

The study aimed to investigate the source, driving 
factors, type, and abundance of macroplastic debris 
within the Mvudi River Catchment, South Africa. 
We observed that there was a non-significant differ-
ence in macroplastic debris abundance across sites 
and seasons. We therefore reject our core hypothesis. 
The detected high PP polymer macroplastic debris 
abundance suggests that human activities such as 
waste disposal and the visitation of people to the river 
were high across all four seasons. Those activities 

Fig. 3   Macroplastic functional groups (a) debris ‘species’ (γ-diversity), (b) Whittaker β-diversity (c) Shannon–Wiener index, (d) 
evenness for four seasons (i.e. winter, spring, summer, autumn)
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increase the chances of macroplastic litter along the 
Mvudi River shoreline, while the meteorological fac-
tors such as wind and rain (Dalu et al., 2019) will also 
have contributed to the distribution and abundance of 
macroplastic along the Mvudi River.

The distance of households from shorelines is 
another factor that can be considered for the non-
correlation between household density and macro-
plastic concentrations; at great distances (100  m), it 
is unlikely that household density will have an impact 
on the accumulation of macroplastic debris near 
the river (Lee et  al., 2015). People visiting the river 
directly contribute to litter, and it may be challenging 
to distinguish this from the litter that is washed to the 
shoreline (Kershaw et al., 2019). Moreover, additional 
environmental variables such as wind direction, river 
flow, and precipitation can also influence the distribu-
tion of macroplastics at small to large scales.

There was a variety of macroplastic functional 
group ‘species’ collected across all seasons and 
sites, mainly plastic litter associated with household 
and recreational activities, with plastic bags and 
food wrappers functional groups identified as the 
predominant plastic sources over the course of four 
seasons; this was indicated by the high trend of even-
ness across all the seasons in the current study which 
shows less frequent dominance of one type of macro-
plastic debris. The considerable differences indicated 
by the Shannon–Wiener index were related to sea-
sonal changes in the number of plastic debris. The 

observed changes in total plastic item numbers for α, 
β, and y-diversity throughout the four seasons can be 
attributed to variations in deposition patterns caused 
by context-specific micro-geographical and envi-
ronmental factors (Battisti et  al., 2018). The higher 
diversity seen during the spring season suggested that 
there was a higher transition of plastic litter between 
seasons (Battisti et al., 2018).

Similar to this study, research on other river sys-
tems has found that plastic bags were the most domi-
nant macroplastic collected (Pe et al., 2020). Accord-
ing to Jambeck et  al. (2015), wind can transport 
plastic waste from poorly managed landfill sites and 
residential areas to waterbodies, where it eventually 
accumulates. However, we believe that, in the pri-
mary urban river of our study, the majority of macro-
plastics accumulated directly from in  situ human 
activity, with climatic or hydrodynamic influences 
being less significant. Pe et al. (2020) suggested that 
most plastic bag comes from community economic 
activities such as markets, household waste, and rec-
reation activities along the shoreline.

The identification of plastic polymer types is 
essential since it allows for inferences on the origin 
of plastic pollutants and further determines whether 
they originate from the breakdown of macroplastic 
components from nearby industrial or recreational 
activities (Veerasingam et  al., 2016). The plastic 
polymer type results of this study showed that the 
most dominant polymers were PP and LPDE. Dalu 

Table 3   Two-way ANOVA 
of the macroplastic debris 
polymer and physical 
foam from Mvudi River. 
Bold values indicate 
significant differences at 
p < 0.05 and abbreviations 
PP polypropylene, PET 
polyethylene terephthalate, 
PS polystyrene, HDPE 
high-density polyethylene, 
LDPE low-density 
polyethylene, PVC 
polyvinyl chloride, CA 
cellulose acetate, ABS 
acrylonitrile butadiene 
styrene, PU polyurethane

Resin group Season Site

H df p H df p

Polymer
  ABS 4.805 3 0.187 0.997 3 0.802
  CA 4.393 3 0.222 3.857 3 0.277
  HDPE 2.716 3 0.438 4.107 3 0.250
  LDPE 7.874 3 0.049 3.136 3 0.371
  PET 1.139 3 0.768 10.810 3 0.013
  PP 2.863 3 0.413 4.782 3 0.188
  PS 1.630 3 0.653 11.087 3 0.011
  PU 3.000 3 0.392 3.000 3 0.392
  PVC 10.989 3 0.012 1.533 3 0.675

Physical form
  Film 7.755 3 0.051 5.331 3 0.149
  Foam 1.703 3 0.636 10.926 3 0.012
  Hard 4.054 3 0.256 6.875 3 0.076
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Fig. 4   The macroplastic functional group (a) counts (%) of 
polymers and (b) macroplastic physical form counts (%) over 
a period of four seasons (i.e. winter, spring, summer, and 
autumn). Abbreviations: PP polypropylene, PET polyethylene 

terephthalate, PS polystyrene, HDPE high-density polyethyl-
ene, LDPE low-density polyethylene, PVC polyvinyl chloride, 
CA cellulose acetate, ABS acrylonitrile butadiene styrene, PU 
polyurethane
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et  al. (2019), Maharana et  al. (2020), and Blettler 
et  al. (2017) also showed that the dominant poly-
mer was PP. According to Claessens et  al. (2011), 
PP is mostly used in the manufacturing of packag-
ing applications such as bottles, beverage caps, bags, 
and other home appliances. Most of the PP polymer-
type plastic was collected floating in the river during 
data collection (personal observation). In the current 
study, LPDE polymer was collected on film plastic-
type materials such as plastic bags, soap, and furni-
ture wrappers. Nakashima et al. (2012) also observed 
the high abundance of LPDE in their study. These 
polymer type macroplastics may later be washed to 
the nearest shoreline, suggesting that the distribution 
of polymers is also influenced by the availability of 
transport for a polymer and the climatic condition 
from the source area to another area (Erni-Cassola 
et  al., 2019). The reason why LPDE plastics domi-
nated was mostly due to their lightweight and buoy-
ance, which makes them less likely to sink and more 
likely to be transported by water currents, thereby 
increasing visibility and prevalence in rivers (van 
Emmerik & Schwarz, 2020). These plastics tend 
to dominate in many rivers of the world (e.g. Kur-
niawan and Imron (2019a, 2019b) in the Wonorejo 
River, Surabaya, Indonesia; Rowley et  al. (2020) 
along the Thames River system, UK; and Parvin 
et al. (2022) in urban lakes and peripheral Rivers of 
Dhaka, Bangladesh). Furthermore, LDPE are resist-
ant to tearing and breaking (i.e. exhibit durability), 
making them less susceptible to fragmentation in 
the fast-flowing environment of rivers compared to 
other plastics (Dilara & Briassoulis, 1998; Fotopou-
lou & Karapanagioti, 2019). While sunlight degra-
dation breaks down some plastics, LDPE may only 
experience surface changes, leaving the core struc-
ture intact and persistent in the aquatic environment 
(Doğan, 2021). Lastly, their wide range of applica-
tions in a vast array of everyday items, including 
plastic bags, packaging, squeeze bottles, and agri-
cultural films, can translate to a high probability of 
accidental or intentional release into aquatic ecosys-
tems (Dilara & Briassoulis, 1998). Thus, understand-
ing the reasons behind LDPE’s dominance is crucial 
for addressing plastic pollution in rivers as it high-
lights the need for better waste management systems, 
improved recycling infrastructure for complex plas-
tics, and a shift towards more sustainable packaging 
materials and consumer choices.

Film was the most dominant macroplastic physical 
form observed in this study, similar to the study con-
ducted by Rohaningsih et al. (2022); this is attributed 
to the influence of the human activities that occur 
in the vicinity. These are lightweight plastic forms 
that are unlikely to be transported long distances in 
water (Martí et  al., 2017). Most of the film macro-
plastics collected in this study were made from the 
PP polymer. Film plastics are widely used because 
they are light in weight, slow to degrade, and reus-
able, while packaging bags are one of the most used 
plastic films as observed in this study. Film plastics 
such as black perforated film and white transparent 
and non-transparent plastic film are widely used in 
agricultural activities (Yan et al., 2016). Film plastics 
have a negative impact on aquatic environments since 
they can be ingested by organisms and cause physical 
and chemical effects (Dris, 2017). We found that the 
Mvudi River Catchment was dominated by film plas-
tic pollution, which needs to be taken into considera-
tion before those macroplastics are broken down by 
degradation and continue to pose a threat to aquatic 
organisms and the people who use water from the 
catchment.

Conclusions

The distribution of macroplastic debris based on the 
functional group, physical form, and polymer group 
were widespread and similar across sites and sea-
sons, indicating that pollution intensity is consistent 
spatially in the study system and broadscale manage-
ment is needed. Macroplastics found in the Mvudi 
River are associated with human activities such as 
settlement, recreation, and dumping as well as eco-
nomic activities such as markets. We also suspect that 
the meteorological and hydrological factors played a 
major role in macroplastic accumulation due to the 
macroplastic debris that we collected floating in the 
Mvudi River, but these require further assessment. 
The diversity of macroplastic functional groups was 
significantly different among seasons and sites, with 
high diversity in winter and pollution levels elevated 
on the shoreline compared to mainstreams. Under-
standing seasonal variations in plastic loads and their 
drivers provides information on the sources and des-
tiny of plastic, which can improve management meth-
ods for reducing this risk to the aquatic ecosystem.



Environ Monit Assess         (2024) 196:273 	

1 3

Page 13 of 15    273 

Vol.: (0123456789)

Data Availability

The datasets generated and/or analysed during the 
current study are not publicly available as they are 
part of larger study that is currently on-going but are 
available from the corresponding author on reason-
able request.

Author contribution  RM: writing, reviewing and editing, 
investigation, data analysis, RNC: writing of the manuscript, 
conceptualization, supervision, visualisation, data analysis, 
funding, writing, reviewing and editing, FD: funding, inves-
tigation, visualisation, funding, writing, reviewing and edit-
ing, LFM: data analysis, visualisation, investigation, writing, 
reviewing and editing, NW: funding, methodology, visualisa-
tion, funding, data analysis, writing, reviewing and editing, 
TD: writing of the manuscript, conceptualization, methodol-
ogy, supervision, visualisation, data analysis, funding, writing, 
reviewing and editing.

Funding  This study was funded by the National Research 
Foundation Thuthuka grant (#138206). RNC is funded by an 
Early Career Fellowship from the Leverhulme Trust (ECF–
2021–001). NW is funded by a National Natural Science Foun-
dation of China (#52279068). FD funded this study through 
University of Venda Niche Grant (FSEA/21/GGES/02).

Declarations  All authors have read, understood, and have 
complied as applicable with the statement on ‘Ethical respon-
sibilities of Authors’ as found in the Instructions for Authors.

Ethics and permit approval  The study has been ethical 
approved by University of Mpumalanga Animal Research Eth-
ics Committee number: AS/TDalu 01–150322, and permission 
to conduct the study was granted by Limpopo Economic Devel-
opment, Environment and Tourism: CPM01753.

Consent for publication  Not applicable; all data were col-
lected by the authors and all authors agreed to the publication 
of this manuscript.

Competing interests  The authors declare no competing inter-
ests.

References

Avio, C. G., Gorbi, S., & Regoli, F. (2017). Plastics and 
microplastics in the oceans: From emerging pollutants 
to emerged threat. Marine Environmental Research, 
128, 2–11.

Battisti, C., Malavasi, M., & Poeta, G. (2018). Applying 
diversity metrics to plastic litter ‘communities’: A first 
explorative and comparative analysis. Rendiconti Lincei. 
Scienze Fisiche e Naturali, 29, 811–815.

Battisti, C., Bazzichetto, M., Poeta, G., Pietrelli, L. & Acosta, 
A.T., (2017). Measuring non-biological diversity using 
commonly used metrics: Strengths, weaknesses and 
caveats for their application in beach litter management. 
Journal of Coastal Conservation, 21, 303–310

Blettler, M. C., Ulla, M. A., Rabuffetti, A. P., & Garello, 
N. (2017). Plastic pollution in freshwater ecosystems: 
Macro–, meso–, and microplastic debris in a floodplain 
lake. Environmental Monitoring and Assessment, 189, 
1–13.

Cable, R. N., Beletsky, D., Beletsky, R., Wigginton, K., 
Locke, B. W., & Duhaime, M. B. (2017a). Distribution 
and modelled transport of plastic pollution in the Great 
Lakes, the world’s largest freshwater resource. Frontiers 
in Environmental Science, 5, 45.

Cable, R. N., Beletsky, D., Beletsky, R., Wigginton, K., 
Locke, B. W., & Duhaime, M. B. (2017b). Distribution 
and modeled transport of plastic pollution in the Great 
Lakes, the world’s largest freshwater resource. Frontiers 
in Environmental Science, 5, 45.

Cao, J., Yang, Q., Jiang, J., Dalu, T., Kadushkin, A., Singh, 
J., Fakhrullin, R., Wang, F., Cai, X., & Li, R. (2022). 
Coronas of micro/nano plastics: A key determinant in 
their risk assessments. Particle and Fibre Toxicology, 
19(1), 55.

Claessens, M., De Meester, S., Van Landuyt, L., De Clerck, 
K., & Janssen, C. R. (2011). Occurrence and distribution 
of microplastics in marine sediments along the Belgian 
coast. Marine Pollution Bulletin, 62(10), 2199–2204.

Dalu, T., Malesa, B., & Cuthbert, R. N. (2019). Assessing fac-
tors driving the distribution and characteristics of shore-
line macroplastics in a subtropical reservoir. Science of the 
Total Environment, 696, 133992.

Dalu, T., Banda, T., Mutshekwa, T., Munyai, L. F., & Cuthbert, 
R. N. (2021). Effects of urbanisation and a wastewater 
treatment plant on microplastic densities along a subtropi-
cal river system. Environmental Science and Pollution 
Research, 28, 36102–36111.

Dilara, P. A., & Briassoulis, D. (1998). Standard testing meth-
ods for mechanical properties and degradation of low 
density polyethylene (LDPE) films used as greenhouse 
covering materials: A critical evaluation. Polymer Testing, 
17(8), 549–585.

Doğan, M. (2021). Ultraviolet light accelerates the degradation 
of polyethylene plastics. Microscopy Research and Tech-
nique, 84(11), 2774–2783.

Dris, R., (2017). First assessment of sources and fate of macro 
and micro plastics in urban hydrosystems: Case of Paris 
Megacity. Doctoral thesis, University Paris–Est (UPE), 
Paris.

EPA US., (2016). State of the Science White Paper: A Sum-
mary of Literature on the Chemical Toxicity of Plastics 
Pollution to Aquatic Life and Aquatic - Dependent Wild-
life. USEPA [WWWDocument]. https://​www.​epa.​gov/​
sites/​defau​lt/​files/​2016-​12/​docum​ents/​ plast​ics-​aquat​ic-​
life-​report.​pdf. Accessed 8 Aug 2023.

Erni-Cassola, G., Zadjelovic, V., Gibson, M. I., & Christie-
Oleza, J. A. (2019). Distribution of plastic polymer 
types in the marine environment; A meta–analysis. 
Journal of Hazardous Materials, 369, 691–698.

https://www.epa.gov/sites/default/files/2016-12/documents/ plastics-aquatic-life-report.pdf
https://www.epa.gov/sites/default/files/2016-12/documents/ plastics-aquatic-life-report.pdf
https://www.epa.gov/sites/default/files/2016-12/documents/ plastics-aquatic-life-report.pdf


	 Environ Monit Assess         (2024) 196:273 

1 3

  273   Page 14 of 15

Vol:. (1234567890)

Faure, F., Demars, C., Wieser, O., Kunz, M., & De Alen-
castro, L. F. (2015). Plastic pollution in Swiss surface 
waters: Nature and concentrations, interaction with pol-
lutants. Environmental Chemistry, 12(5), 582–591.

Fischer, E. K., Paglialonga, L., Czech, E., & Tamminga, M. 
(2016). Microplastic pollution in lakes and lake shore-
line sediments – A case study on Lake Bolsena and 
Lake Chiusi (central Italy). Environmental Pollution, 
213, 648–657.

Fischer, I., Schmitt, W. F., Porth, H., Allsopp, M. W., 
Vianello, G., (2014). Poly (vinyl chloride). In Ullmann’s 
encyclopedia of industrial chemistry. Wiley.

Fotopoulou, K. N., & Karapanagioti, H. K. (2019). Degrada-
tion of various plastics in the environment. The Handbook 
of Environmental ChemistryIn Hideshige Takada & Hrissi 
K. Karapanagioti (Eds.), Hazardous Chemicals Associ-
ated with Plastics in the Marine Environment. Cham: 
Springer International Publishing AG.

Galgani, F., Hanke, G., Werner, S., & De Vrees, L. (2013). 
Marine litter within the European marine strategy frame-
work directive. ICES Journal of Marine Sciences, 70(6), 
1055–1064.

Haseler, M., Schernewski, G., Balciunas, A., & Sabaliauskaite, 
V. (2018). Monitoring methods for large micro–and 
meso–litter and applications at Baltic beaches. Journal of 
Coastal Conservation, 22, 27–50.

Hoffman, M. J., & Hittinger, E. (2017). Inventory and transport 
of plastic debris in the Laurentian Great Lakes. Marine 
Pollution Bulletin, 115(1–2), 273–281.

Jambeck, J. R., Geyer, R., Wilcox, C., Siegler, T. R., Perryman, 
M., Andrady, A., Narayan, R., & Law, K. L., (2015). Plas-
tic waste inputs from land into the ocean. Science, 347, 
768–771

Katzenberger, T. D. (2015). Assessing the biological effects of 
exposure to microplastics in the three–spined stickleback 
(Gasterosteus aculeatus) (Linnaeus 1758). Doctoral dis-
sertation. University of York.

Kershaw, P, Turra, A., Galgani, F., (2019). Guidelines for the 
monitoring and assessment of plastic litter in the ocean-
GESAMP reports and studies No. 99. GESAMP Reports 
and Studies. http://​www.​ gesamp.​org/​site/​assets/​files/​
2002/​rs99e.​pdf. Accessed 15 Aug 2023.

Koleff, P., Lennon, J. J., & Gaston, K. J. (2003). Are there lati-
tudinal gradients in species turnover? Global Ecology and 
Biogeography, 12, 483–498.

Krishnakumar, S., Srinivasalu, S., Saravanan, P., Vidyasa-
kar, A., & Magesh, N. S. (2018). A preliminary study on 
coastal debris in Nallathanni Island, Gulf of Mannar Bio-
sphere Reserve, Southeast coast of India. Marine Pollu-
tion Bulletin, 131, 547–551.

Kurniawan, S. B., & Imron, M. F. (2019a). Seasonal variation 
of plastic debris accumulation in the estuary of Wonorejo 
River, Surabaya. Indonesia. Environmental Technology 
and Innovation, 16, 100490.

Kurniawan, S. B., & Imron, M. F. (2019b). The effect of tidal 
fluctuation on the accumulation of plastic debris in the 
Wonorejo River Estuary, Surabaya. Indonesia. Environ-
mental Technology and Innovation, 15, 100420.

Lahens, L., Strady, E., Kieu-Le, T.C., Dris, R., Boukerma, K., 
Rinnert, E., Gasperi, J. & Tassin, B., (2018). Macroplastic 
and microplastic contamination assessment of a tropical 

river (Saigon River, Vietnam) transversed by a developing 
megacity. Environmental Pollution, 236, 661–671

Lebreton, L. C., Van Der Zwet, J., Damsteeg, J. W., Slat, B., 
Andrady, A., & Reisser, J. (2017). River plastic emissions 
to the world’s oceans. Nature Communications, 8(1), 
15611.

Lee, J., Lee, J. S., Jang, Y. C., Hong, S. Y., Shim, W. J., Song, 
Y. K., Hong, S. H., Jang, M., Han, G. M., Kang, D., & 
Hong, S. (2015). Distribution and size relationships of 
plastic marine debris on beaches in South Korea. Archives 
of Environmental Contamination and Toxicology, 69, 
288–298.

Lippiatt, S., Opfer, S., & Arthur, C., (2013). Marine debris 
monitoring and assessment. NOAA Technical Memoran-
dum NOS-OR&R-46. NOAA Marine Debris Division, 
Silver Spring, MD, USA.

Lundström, F. R., & Mårtensson, A. (2015). A study on quanti-
fying micro plastic particles in ocean outside Costa Rican 
west coast. The Journey of Plastic Trough Oceans, 30, 59.

Magurran, A. (2004). Measuring biological diversity. 
Blackwell.

Maharana, D., Saha, M., Dar, J. Y., Rathore, C., Sreepada, 
R. A., Xu, X. R., Koongolla, J. B., & Li, H. X. (2020). 
Assessment of micro and macroplastics along the west 
coast of India: Abundance, distribution, polymer type and 
toxicity. Chemosphere, 246, 125708.

Martí, E., Martin, C., Cózar, A., & Duarte, C. M. (2017). Low 
abundance of plastic fragments in the surface waters of 
the Red Sea. Frontiers in Marine Science, 4, 333.

Nakashima, E., Isobe, A., Kako, S. I., Itai, T., & Takahashi, 
S. (2012). Quantification of toxic metals derived from 
macroplastic litter on Ookushi Beach Japan. Environmen-
tal Science and Technology, 46(18), 10099–10105.

Parvin, F., Hassan, M. A., & Tareq, S. M. (2022). Risk assess-
ment of microplastic pollution in urban lakes and periph-
eral Rivers of Dhaka Bangladesh. Journal of Hazardous 
Materials Advances, 8, 100187.

Pe, E. O. L., Wardiatno, Y., & Mashar, A. (2020). Macroplastic 
distribution, abundance, and composition which flows to 
Cimandiri estuary, West Java. In IOP Conference Series: 
Earth and Environmental Science, 420(1), 012031.

Piehl, S., Leibner, A., Löder, M. G., Dris, R., Bogner, C., & 
Laforsch, C. (2018). Identification and quantification of 
macro– and microplastics on an agricultural farmland. 
Scientific Reports, 8(1), 17950.

Plastics Europe Market Research Group (PEMRG)., 2017. 
Consultic Marketing and Industrieberatung. Plastics – the 
Facts.40

Ramulifho, P., Ndou, E., Thifhulufhelwi, R., & Dalu, T. 
(2019). Challenges to implementing an environmen-
tal flow regime in the Luvuvhu river catchment, South 
Africa. International Journal of Environmental Research 
and Public Health, 16(19), 3694.

Reifferscheid, G., Bänsch-Baltruschat, B., Brennholt, N., Bre-
uninger, E., Hatzky, S., (2017). Overview on Plastics in 
European Freshwater Environments ‒ Results of a Survey. 
In European Conference on Plastics in Freshwater Envi-
ronments 21-22 June 2016 in Berlin, pp. 17–21.

Rohaningsih, D., Henny, C., Suryono, T., & Santoso, A. B. 
(2022). Macroplastic abundance at Lake Singkarak 

http://www. gesamp.org/site/assets/files/2002/rs99e.pdf
http://www. gesamp.org/site/assets/files/2002/rs99e.pdf


Environ Monit Assess         (2024) 196:273 	

1 3

Page 15 of 15    273 

Vol.: (0123456789)

riparian, West Sumatera. In IOP Conference Series: Earth 
and Environmental Science, 1062(1), 012025.

Rowley, K. H., Cucknell, A. C., Smith, B. D., Clark, P. F., & 
Morritt, D. (2020). London’s river of plastic: High levels 
of microplastics in the Thames water column. Science of 
the Total Environment, 740, 140018.

van Emmerik, T., & Schwarz, A. (2020). Plastic debris in riv-
ers. Wiley Interdisciplinary Reviews: Water, 7(1), e1398.

Veerasingam, S., Saha, M., Suneel, V., Vethamony, P., Rodri-
gues, A. C., Bhattacharya, S., & Naik, B. G. (2016). Char-
acteristics, seasonal distribution and surface degradation 
features of microplastic pellets along the Goa coast, India. 
Chemosphere, 159, 496–505.

Vegter, A. C., Barletta, M., Beck, C., Borrero, J., Burton, H., 
Campbell, M. L., Costa, M. F., Eriksen, M., Eriksson, C., 
Estrades, A., & Gilardi, K. V. K. (2014). Global research 
priorities to mitigate plastic pollution impacts on marine 
wildlife. Endangered Species Research, 25, 225–247.

Whittaker, R. H. (1965). Dominance and diversity in land plant 
communities. Science, 147, 250–260.

Yan, C., He, W., Xue, Y., Liu, E., & Liu, Q. (2016). Applica-
tion of biodegradable plastic film to reduce plastic film 
residual pollution in Chinese agriculture. Chinese Journal 
of Biotechnology, 32(6), 748–760.

Zhao, S., Zhu, L., Wang, T., & Li, D., (2014). Suspended 
microplastics in the surface water of the Yangtze Estuary 
System, China: First observations on occurrence, distribu-
tion. Marine Pollution Bulletin, 86(1-2),562–568

Publisher’s Note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

Springer Nature or its licensor (e.g. a society or other partner) 
holds exclusive rights to this article under a publishing 
agreement with the author(s) or other rightsholder(s); author 
self-archiving of the accepted manuscript version of this article 
is solely governed by the terms of such publishing agreement 
and applicable law.


	Spatiotemporal variation in macroplastic abundances along a subtropical Austral river system
	Abstract 
	Introduction
	Materials and methods
	Study area
	Research design and sampling
	Processing of samples
	Data analysis

	Results
	Macroplastic debris functional group and abundance
	Macroplastic distribution
	Polymer group variation and macroplastic physical form

	Discussion
	Conclusions
	Data Availability
	References


