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EXECUTIVE SUMMARY

Background

Pl astic pol ymewsisng wioideer nr eivnod uusttiroineis wi t h t h

and versatility, have created a gl ob-al enyv
bi odegradabl e microplastics (MPs). These MP
rivers, | akesposainng osiegmi fi cant ecol ogi cal
poll ution are diverse, encompassing I mprope
agricultural runof f . NotablyjalMPbi @fainl na cft o r:
fostering diverse microbial communities wit
aimed to evaluate the i mpact of wvarious pol
communities, and tr anmproirterosf iMPsSauwnt hs eAfercitce
Methodology

This study investigated microplastic (MP) pollution in two South African rivers: the Msunduzi
River (KwaZuluNatal Province) and the SwartkoRs/er (Eastern Cape Province). To assess

the impact of various pollution sources, samples were collected from urban areas (UA),
agricultural areas (AA), industrial areas (1A), and wastewater treatment plants (WWTPs) along
both rivers. Surface water anddgseent samples were obtained using grab sampling
techniques. MPs were isolated through filtration and-&etionated @.5 mm to 0.02%nm)

using mesh sieves. Isolated MPs were then microscopically identified and classified by shape.
Polymer identificatio was performed using Fourier Transform Infrared (AHRR) and
PyrolysisGas Chromatographylass Spectrometry (PCMS). Additionally, shotgun
metagenomics was employed to explore the relationship between MP pollution sources and the
structure, compositig and assembly of microbial ecosystems. The resulting metagenomic

sequencing data were ansdg using SqueezeMeta and R (R Core Team 2016)

Results

Microplastics (MPs) were detected in both surface water and sediment samples across the
studied rivers. The identified MPs included polypropylene (PP), polystyrene (PS),
polyethylene terephthalate (PET), polyethylene (PE), polycarbonate (PC), and posyamide

(Nylon), with concentrations and types varying significantly across sampling sites.



Metagenomic analysis revealed a diverse range of bacterial phyla and species associated with MPs,
showing significant differences in microbial diversity, structure, and functional abundance
between surface water and plastisphere habitats (p < 0.05). @yeyvsurface water exhibited
approximately 7% higher bacterial taxa richness than plastisphere. Mantel analysis indicated that
dissolved oxygen (DO) and temperature significantly influenced the surface water microbiome (r
=-0.62, p=0.003; r =0.50, p3-003, respectively), while DO and salinity were key environmental
drivers for the plastisphere microbiome (r = 0.33, p = 0.003; r = 0.47, p = 0.003, respectively).
Additionally, significant variations ipathogenic bacteriaiversity, structure, and composition

were observed between surface water and plastisphere samples across different sampling locations
further demonstrating that pollution sources and environmental factors play a crucial role in
shaping both the microbiome and antibiotic resistome profiles within these distinct aquatic
compartments. Notably, the plastisphere exhibited an enrichment lufengenetic elements
(MGESs), increased antibiotic resistance genes (ARGSs), and a higher abundance of potentially
pathogaic bacteria, suggesting it acts as a hotspot for the acquisition and dissemination of
pathogens and antibiotic resistance.

The transport model yielded satisfactory simulations of observed MP concentrations in both water
and sediment samples, validating its effectiveness in representinggaidal conditions. The

model also highlighted significant variations in MP transportadyies, influenced by reach
specific hydrodynamic conditions. Notably, biofilm formation on MPs affected their buoyancy
and degradation rates, further complicating their transport mechanisms. Overall, these findings
underscore the complex interactions betweéviPs, hydrodynamic conditions, and biological

factors within these river systems.

Conclusiors

The comprehensive investigation into MP contamination in the understudy river systems has
yielded significant insights into the intricate relationship between different pollution sources
and microplastic types, associated microbial communities, and tramspdels.All selected
pollution sources had a significant impact on the type and abundance of MPs in the riverine
environmentwith PE and PS being the most dominant plastics identifiee identification of
various plastic polymer types and their abamcke highlights the pressing need to address the
growing issue of MP pollution in aquatic environmeftan various sourcesFurthermore,

these pollution sourcearealso shown to drive the microbial community type attachment to the
plastic surfaceThe presencef distinct microbial communities in MPs distinguishes the

plastisphere from surrounding habitats by selectively recruiting microbial communities, thus



underscoringhe complex ecological dynamics at play. The functional implications of such a
unique habitat (theplastisphere) assemblage are also reflected in its distinct metabolic potential

for differentbiogeochemical cycling and other organic compounds and potential pathogens.

Additionally, modelling the MP transport mechanisms in riverine environments offers a
valuable tool for predicting MP behaviour and guiding mitigation effdtiss, in turn, provides

a comprehensive framework for assessing MP pollution in freshwater systems and highlights
the need for targeted interventions to reduce MP inputs from various sdducassults can
provideabasis for quantifying the effects of plastisphere on various planetary ,issigbsas
ecosystem monitoring, sustainable developmgreéenhouse gas emission, climateange
pathogenicity and OnElealth. Overall, this study contributes valuable knowledge to the
ongoing efforts to promote a sustainable coexistence of humanity and the environment,

safeguarding our planet for current and future generations.
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CHAPTER 1: INTRODUCTION

1.1 Background

Plastic polymers have become an integral part of modern society, finding utility across various
domains of daily life due to their cesffectiveness, durability, lightweight nature, and flexibility.
Plastic accretion in the environment is becoming aifssgimt problem owing to its exponentially
expanding manufacturingate (Eriksen et al. 2014; Boyle and Ormeci 2020The inflow of
mismanaged plastics into the environment has grown from 4.8 to 12.7 million twnas,
Farazande and Guven 20Z2)e gradual fragmentation of larger plastic materials, coupled with
the inability of MPs to undergo complete degradation, has led to their widespread presence across
aquatic environmengsincluding rivers, lakes, and ocearigarbalaei et al., 2018)Their
accumulation in water, soil and sedimeh#sraised substantial concerns globdBatre et al.,

2024; Thakur et al., 2023a)he global plastic production has risen significantly and has reached

~ 10 billion metric tons (Mt), with an annual production of 400 million metric {&nswn et al.,

2023; Omura et al., 20249ut of the total waste generat®&s is recycled and about 80% ends

up inlandfill sites and other natural environmefitset al., 2021) It has been reported that every

year, about 8 million tons of MP waste end up in aquatic ecosy¢Maier et al., 2021)The
sources, fate and transport of these MPs are diverse, presenting a significant threat to both
terrestrial and aquatic ecosystems, with adverse effects on their flora an(Mallat al., 2023;

Ratre et al., 2024; Rithi et al., 202@nce released the MP debris is transported across ecosystem
boundaries andemainsin the environment for longer perigdsepresenting an emerging
perturbation with unknown biogeochemical and lbegn ecological consequend&mura et al.,

2024; Turner et al., 2020The aquatic ecosystems are of particular concern owing to high MP
inputs and hence higher contamination. The proliferation of MPs in aquatic ecosystems stems from
a multitude of sources, contributing to the complex contamination of these fragile habitats
Improper waste management, inadequate disposal practices, and the persistence of plastic
materials in the environment all contribute to the escalation of MPs. Furthermore, effluents
released from wastewater treatment plants, often containing MP fragfrantpersonal care
products and synthetic fibres, also contribute to this predicament. Agricultural runoff, laden with
plastic fragments and residues from farming practices, further amplifies the issue, particularly in
regions with intensive agriculturattivity (He et al., 2020)

Recently, the microplastimicrobe interplay has moved into fodighagwat et al., 2021; Yang et

al., 2020) as these MPs providenew niche for microbes in the environméviang et al., 2020;
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Zhu et al., 2022)Understanding the mechanisms driving the microbial community composition
and function in aquatic ecosystems and plastisphere is essential. Significantly, recent research has
unveiled that the presence of MPs extends beyond surface water samples, pgre\esti
sediment samples. This emphasizes the pervasive nature of MPs within aquatic ecosystems,
indicating the potential for these particles to infiltrate various levels of the aquatic environment
and interact with diverse ecological componédfsla et al., 2021)Model estimates indicate that

more than 5 trillion plastic particles float on the ocean surface, and approximately 348 million
tonnes of plastic were produced worldwide in 2017 compared to 1.5 million tonnes in 1950 (Boyle
and Ormeci 2020). ltisestimad t hat 75% of the oceansd wast e
classed as MPs (Uzun, Farazande and Guven 2022). MPs, distinguished by being smaller than
5 mm in length, are present in all aquatic environmdantduding lakes rivers, oceansand

aquifers. These MPs are typically composed of fibres and films and are either PE, PP, polychloride,
PS or PET{Zhanget al. 2020) The ocean is considered the largest sink of MPs, of which 98%
originate from lanebased sources, with riverine runoff being the primary method of transport
(Yanget al. 2021) It is estimated that 1.15.41 million tonnes of plastic are deposited into the
ocean via rivers annualfPereao, Opeolu and Fatoki 202P)Ps enter the aquatic system in two

types primary and secondary MPs. Primary MPs are manufactured products and secondary MPs
are the subsequent breakdown of large plastics (macroplastics) existing in the environment (Boyle
and Ormeci 2020).

MPs defined size range are typically subcategorized as plastic fragments ranging from 0.1 to 1000
em (small MPs ) , wh i-3 mntare M§asdedias large MPos Santogeeal..o f 1
2023) Plastic particles classified as ngmd asti cs ( NPs) measure O
recognsed as a global pollutant. The threat posed by MPs to human health varies depending on
their size. For example, MPs smaller than 11
blood from the intestines, pancreas, and spleen to the(Baw et al., 2023)Moreover, MPs
small er than 20 em may infiltrate organs suc
em are not absor b @deidd st al.f 202 )Funthemmare, MPBsocanydisrupt
habitats by altering the physical and chemical properties of sediments, impacting the health and
biodiversity of aquatic ecosyster®hmed et al., 2022; Lu et al., 202&hronic exposure to the
human, MPs potentially creates serious health issues, including immune dysfunction, reproductive
abnormalities, and neurological disord@eso et al., 2023)Additionally, once in aquatic systems,

MPs are ingested by various marine species, including fish, plankton, and shellfish, causing

physical damage, impaired feeding, and decreased growth and reproductive G(erogst al.,



2023) Ingestion of MPs can also transfer toxic chemicals, which adhere to the plastic surfaces, up
the food chain, potentially reaching humans. Wirs'inhalation and ingestion routes accumulated

by the human body, and their toxic effects on human organisms are shown in Fig. 2b. The
pervasive nature of MPs, coupled with their persistence and ability to accumulate, presents a
formidable challenge to maaihing the health and sustainability of aquatic environments globally
(Jaiswal et al., 2022)'he major sources of MPs to the environment are hospital, industrial, and
domestic wasteas shown in Fig. 2a. Furthermore, Fig. 2c depicts bioaccumulation processes of
MP<nanoplastics, and their detrimental impacts on human heufitreas Fig. 2b illustrates
environmental transportation pathwaysMiPs. These MPgesult from the breakdown of larger
plastics at a wastewater treatment plBtiarma et al., 2021 Municipal wastewater treatment
plants (WWTPs) have recently garnered heightened scrutiny as possible contributors to plastic
pollution in surface watefOkoffo et al., 2023) These MPshowever can have multiple entry
points to the environment, such as sewage sludge used as agricultural fertilizer and direct urban
dischargegSharma et al., 2021The milestone timeline of research related/t® detection and
treatmentdasbeen shown in Fig. 1a. European WWTPs report MP levels ranging from 0.25 to
15 MPs per lite across all treatment stages, with effluent levels arouBdVIPs per lite (Dos

Santos et al., 2023Plastic production has experienced a significant escalation, reaching 288
million tons annually, and is projected to reach 33 billion tons by the year (B@Oinguez

Jaimes et al., 2028s shown the trend in Fig. 1a. The current cumulative plastic production has
surpassed 8 billion MT worldwide and is anticipated to continue escalating in the forthcoming
decadeg$Ricardo et al., 2021)n the recent study reported by Legtal., MPs particlesncluding
polyethylene PE), Polypropylene RP, andPolyethyleneterephthalat€dPET) were detected in
human blood at a concentration of 1.6 pg/mL. Even in freshwater, paRgcularly PE, PET, PP

and PS have been commonly identified, constituting 70% of the total MP @éosdain et al.,

2024; Nabi et al., 2020Given the exponential increase in publications over the past 10 years,
there is an urgent need to develop advanced techniques for the removal of MPs, as highlighted by
the aforementioned issue. This trend is depicted in Fig. 1a. However, the strategliesifiating

MP pollution from the environment are still in their early stages. Considering the complexity and
severity of the MP problem, it is crucial to develop rapid and sustainable techniques for MP
treatment. MPs degradation techniques should ainbreak down the polymer chains and
simultaneously generate highly valuable intermediate products, posing a significant challenge on
a global scale. RecentliP have emerged as a hazardous environmental pollutant due to their
impact on biota and human heal8harma and Chatterjee 201k)has been calculated that there

are 630 000 metric tonnes of mismanaged plastic waste in the coastal areas of South Africa, placing
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it eleventh worldwide in contributing to marine plastic delfvisrster, Minnaar and Bouwman

2017) In South Africa, MP studies are currently being condydiedever, most of the studies

are limited to marine MPs (Verster, Minnaar and Bouwman 2017). Due ®hfng many

forms, additivities, sources, pathways and sinks, their quantification and evaluation in river
environments is extremely difficultvhich limits the ability to mitigateheir impacts and has
caused it to become one of the most prevalent and damaging environmental contaminants (Boyle
and Ormeci 2020).

Urban rivers are increasingly impacted by a complex interplay of environmental factors, including
seasonality, sedimentation, and varying water quality, all of which can significantly influence their
microbial ecosystems. This study investigatesrtheroplastics abundance angcrobiome of
surface water and plastisphere (the microbial community inhabiting plastic debris) within the
Msunduzi and Swartkops river systems in KwazZhtal and the Eastern Cape provinces,
respectively. Specificallythe studyaimsto elucidate howdifferent pollution sources, alongside
these environmental factors, shape the composition and function of microbial communities
associated with microplasticsncluding functional microbes and pathogerairthermore,
leveraging remote sensing, Geographic Information System (GIS)naddlling software, this

study assessethe microplastic fluxes within these river systems, providing a comprehensive
understanding of their transport and distributiditimately, this study aims to shedglit on the
ecological mechanisms governing microbial community assembly in these environments and to
contribute to a deeper understanding of the broader implications of microplastic pollution on

aguatic ecosystem health

First plastic debris MPs in facial cleanser US enacted MPs free Photocatalysis degrade
found (Allen and were found (Fendall water act 2015 100% MPs (Jio et al.,
Mckellar, 1975) and Sewell, 2009) (Strifling et al., 2016) 2020)

i
> 1970s [ 2004 [2009 [2014 [2015 [2019 [2020 |2024 >

MPs term firstly describe MPs firstly found in AOPs successfully Sono-catalysis
as plastic debris Arctic region degraded the MPs degraded the MPs
(Thomspon et al., 2004) (Obbard et al., 1975) (Kang et al., 2019) (Yang et al., 2024)
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Fig. 1 (a): Milestone timeline of research related to MP, global plastic produdéenh1Qyear
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Figure 2: Potential primary sources, environmental transportation pathways Méfs
bioaccumulation processesMPYNPs and their detrimental impacts on human health.

The specific aims of the projects are as follows:

1. To detect, quantify, andharacterisenicroplastics from different pollution points in the

Msunduzi and Swartkops rivers in KwaZtMatal and Eastern Cape provinces.

2. To apply shotgun sequencing and bioinformatics to determine attached microbial
communities on MP surfaces, with special emphasipathogensantibioticresistant
genes, mobile genetic elements and other functional microbes.



3. To identify the leading sources of microplastics, link the types to identified sources to the
bi ofilm/lmicrobial di versity, and hence p

occurrence

4. To investigate the influence of seasonal variation, sedimentation and water quality on

biofilm formation and its diversity on MP surfaces.

5. To model the transport and fate of microplastics in the selected rivers, accounting for the

impact of microbial association with the microplastics



CHAPTER 2

LI TERATURNEI ORNOPLASAOCCWBRRENCE I N SURFACE WATER

2.1 Main sources of MP in the river

MP are characterimedi asdbamepgelteansndt h-mamdfr o
nawd agtYiamtg 2012.1)I n recent | iterature the uppe
1 mm as microbeads, which are marmfaot(dlmend
Hernandez, Yousefi anedt ZauI.@)Hlowiev2017t hBouoWwma

be further classified according to source;

compositionrewbhBncbh BneMPrucial parameters e
mo d e I(IBiorugventa 2a011.8; Wagner andMRaanberdgr 2WAd&8d b,
and shape as primary particles, fragments a
manufactured as plastic pellets and cosmet.
plastics that odrmgifcradgmendt enct cthyanbical acti on
et al. 2015) . Fi bres are MPs that originate
Sever al studies have recently revealed a broc
their origins, transit, and negative impacts

shown evidence of MP ori gAnshiopogermrirec ngo erc
riverine ecosystems, such as i ndustri al e f
operations, surface discharge, and so on,

Il nternati onal Uni one f(olrUCNd)meaembraltii oghn tolf e tNiad
the single greatest source of MPs (iknumaire enat:
2021)As the intake of MPs grows, the concentr

MP entry <channel s, sinks, and accumul ati on
environments (Wercd t fhitad cir e R bgad n t,a n2iONR2adt)i on has
riverine ecosystems al/l ar oun(dAltahne eworalld.,, i2r
al ., 2019; Zhambeetiaéri,n’020O0)system has be
agricultu(&®ueacanwvi teesal ., , 2WWI®e KVimlalri erts
Mc Cor mi cKk et al ., 2014 f i Skwihmg d n(eKeads aaed | € i ¢
Thai muangphaomiuni 20 » @) Z hweansgt eewta taelr. , 2019)

MP s have | ong been recognised as a hazar dc¢

environments due to their abundance and per
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probl ems i 1i Bee ed¢ nZmd2yle;arWke it t2edh2ela)ldo we v er , i tt
about MP transport and distribution, especi a
of published studies ¢(Whmpaeb@®d@d;,odeamic Fmo &
Guven 2022;t 2Md2ddRiewer s are one of the most d
ocean, with pollution from surface runof f,

effluent and sewage( Al dutel @a8I1L.Q YTk it m aamgmpioa ul tod
i s subject to wvarious processes depending

characteristics viz. MP fragmentation, c hem
physical properti eys) Derherpeeq, sRrzeee taonrdi.ud@& hasnidt
combined complexity of the various processes
current |iterature on these mechanisms, | i mi
di fferent plastic typsessesast pvoareinotu sall orciastki o(nkx
MaclLeod 2022).

Mat hemati cal model |l ing has the potenti al t o

riv

(¢
—

ine environments, which is demonstrated
(Whit ehezadd2.1 ; Nitz2a@2.2 0 BHbr2ai2ndg)Recent researc
Farazande and Guven (2022) and Moodley et al

anal ysed modelling frameworks used in MP tr:
model |l ing fr amewove&lsy rreesluil & kelde ifni mdceilmgs, wit
weaknesses in simulating MP transport and f a
generally concentrates on MP modelling in th

contributor of MP isctad et he vece are. moalred s ¢ aage

needed to fill the gap in monitoring data, ¢
environment al di stributiomhpmoaded se se,x i sd weawhe
capacity to assess MP transport and fate and
2024). This is evident in the study by Moodl
identify wattseprecerdvicrMPmenmdel | i ng studies and
focused -basedv®MPimedel |l ing. The study al so
omitted from modelling studies andirse duaaaymo

as the use of sampled MP data from the river
Vi z. MP si ze, type, density, d eploasp @éd ofniab r ees
thanspbarical shapescathei xnoQusinonh hef waeer

of modelling the potenti al sources.



Twel ve rel evant MP model ling studies, i ncl u

highlights each studyés | ocation, aim, appli
il lustrates thericwuerieme maocaelel iofg,MPrevealin
modell ed the enti Mhitiesheda®OR2t19 h red\n (ta2¥0edB& Hoch

| NCA model s, but compared to this study, t h
di fferent poll ution sources. Notabl vy, none
' imiting the environment al comdalti amsamnad Adie

characterized by moderate and evenly distrib

Tablt eCompari son of articles emplMAINnNng i wede In
environments

Author Location Aim/Objective Applied modc Model inpu  Main findings

data
(Atwoodet al Po River, The study aim Ichthyop Images of th: The results
2019) Northern to model the lagrangian Landsat 8, a indicate that the
Italy coastal builduy particle trackit the Europeal released particl

of MP particle: model and a Space Agen: quantity is sem

generated by ' remote sensir Sentinef2 we coupled to

Po River. model. used for the beaching rates,
remote sens which are mout
model, and dependent.
river dischari Remote sensin
and wind spe¢ better captured
were used in river mouth

the relative strengtl
hydrodynam and accumulati
model. patterns were
consistent with
hydrodynamic
model.
(Bondelindet Gota River The study aim MIKE 3 FM  MP quantity, Large quantitie
al. 2020) Sweden to analyse the software particle sizes MPs were
influence of si. density and observed on th
and density of settling south side of th
tyre wear velocities.  river owing to
particles in roe higher annual
run-off. average daily

traffic loads. Th
mixing process
in the river and
MP concentrati
were influencec
by the vertical




(Nizzettoet 8 Thames
2016) River- UK

(Heet al.202 Brisbane
River,
Australia

(Whiteheadet River
al. 2021) ThamesUK

(Babajamaat Fraser Riv
Mohammadi: Georgia
and Pilechi

2022)

The study aim

to model MP Contaminant f

transport acro
the pedosphel
and hydrosph

The study aim TUFLOW FV
to model the Particle Track

transport
processes of
sedimental Mf

The study aim
to model the

impacts of MP (INCA) MPs

on river water
quality and
quantify the
amount movin
along the river

The study aim
to model the
transport of M
in a highly
urbanised and
industrialised
area.

INCA-

model.

Module

Integrated
catchments

model

Telemac
modelling
system and
BlueKenue.

Data on the

river geomet
subcatchme
boundaries,

slopes, land
use, and soll
properties.

Flow velocity
water levels,
water
temperature,
salinity, wave
and tidal dat:
and sinking
velocity data

MP data fron
ef puen
discharges a
sewage slud
disposal.

Bathymetry
data, water
level, flow
velocity,
salinity

water density
gradient.

MPs of 0.2 mm
are not retainec
whereas larger
MPs with
densities highe
than water are
retained in the
sediment.
However, high
flow periods ca
cause
resuspension.
The study
outcomes confi
that sedimental
MPs with low
density have hi
mobility and hig
flow velocity in
the bottom wat
layer of the wal
column enablin
sedimental MP
transport.

The results shc
that there is a
significant amo
of MPs moving
down the river
with increasing
deposition on tl
riverbed.

The results
indicated that tl
hydrodynamic
mesh solution i
both horizontal
and vertical
directions, the
discharge rate
upstream, time
step size,
boundary
treatment meth
and quality of tl
bathymetry dat
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(SantKastet i Rhone Riv The study aim A modified  Water

2015)

France

(Besselinget i Dommel

2017)

River,
Netherlanc

(Siegfriedet ¢ European

2017)

(Mai et al.
2019)

Rivers

Pearl Rive
Delta, Chir

to investigate ' version of the composition
influence of  river multimec data, river

various box model morphology
parameters or and flow
fate of velocity.
engineered

nanoplastics.

The study aim NanoDUFLO\ Experimenta

to analyse the model and R attachment

fate and reten Studio softwa efficiency,

of plastic in thi v0.98.976 sedimentatio

river. aggregation,
degradation,
resuspensiol
and burial de

This study ainr Global NEWS MP estimate
to estimate MI (Nutrient Expc land use,

fluxes from lar from agricultural &
to sea. WaterSheds) sociceconon
model. parameters.

The study aim Massbalance MP field date
to conduct model

sampling to

provide field

measured dat

for validating

modelling

results.

were the main
factors which
influenced the
behaviour of th
particles.

The results
indicate that the
fate of
nanoparticles c
be described b
relatively small
concentrations
is significantly
dependent on
conditions near
their seeding
source.

The data show:
that particle siz
significantly
influences the
simulated
retention and
accumulation h
spots in the
sediment, with
retention being
lowest for
intermediatesiz
particl
The study did r
provide a
validated mode
However, the
results indicate
that synthetic
polymers from
tyres and road
wear comprise
largest source
MP pollution.
The annual
riverine input of
MPs was
estimated at 24
3800 tons of
plastic debris.
These values v
substantially
below the
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mismanaged
plastic waste
based model
estimates (91,C
170,000 tons).
large difference
between measi
and modelled
results may ha
derived from th
large uncertain
in the mismana
plastic waste
values assigne
t he wor
countries/regiol

(Uniceet al. Seine Rive The study aim Delft-3D WAC Tyre wear ar The modelled
2019) France to developan generation re¢ pseudo steady
balance mode particle dens state sediment
assess the fat particle concentrations
tyre and road diameter, were consisten
wear particles biofilm with
thickness an measurements
density, from the Seine
watershed
supporting the
plausibility of tr
predicted trapp
efycien
approximately
90%.
(Leeetal. Langat Riv The study aim U-Net Images of M The results
2022) Malaysia using machine convolutional sieved throur indicate that U
learning neural networ a 5 3 Net can achiev
techniques to humanlevel
automatically performance in
segment and counting MPs ii
count MPs in i cluttered image
given image.
MPs can be found in everyday products such a
of microfibers occurs as a res@gbDtang, nad thé)c
when c¢cleaning synthetic clothing in a wash
rel e(aBreadwne et al ., 2011;. CArha&ygd&alimoaoy hofetr
conducted on MP pollution in rivers based o
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popul ation density, wastewater tfRlaaimenet | &lv
Eri ksen et al ., 2013)

Il n addition td Mamdu sttr iadl. ,p ®10J1b;a t@ucrhael r esre deitm

surface runoff, and wurbanization has( Haeretho i
et al ., 2017 ;. Mamil nedti 483 i.8ig hyQdelidd)ta caolyv.e2 @ d 2 MP
sedi ments of the Ganga River in Patna, with
soil sedi ments (equivalent to 576,000 to 1,0

MPs has been f ounad, diomwdnisctarteianmg otfh aPtatunr bani z a

maj or contributors to river pollution.

The contamination of freshwater habitats wi:!
sewers and wastewater treatment facilities.
and effluents generated by homed,) shhairgess a@s;d
ri vieScshmi dt et Eal Ll ye2t020¢o0l |l ected in rivers

point -@midntno(hdi ffuse) sources. Both of which
considered a source of MP contamination in
mmitoring, and removing MPs cannot be overst
MPs are mainly present in WWTPs as a result
sources, such as residential, commercial, an

system have been obser v(eMla saosn aetr easlu.l,t 200fL 6s;u r
addition to industrial and commerci al wast es
mi crobeads from gArnsugmala edralpr,o®W@tls Gol we
2016; Sun.efTheal mjc2oOoil®pers found in South Af
actifdei ¥isl l.i ers, 2019)

Il n a WWTP, MPs can be removed with a 95% ef f|
including screening, sedi mentati on, b(iBollaoigri ¢
et al., 2019; Mason et al., 2016; SheBven al
t hough wastewater treatment plants have a hi
di scharge per day results in an (bcreastedahbnm
Mur phy et. aln ,t h2e0 1B6ni t ed St ates, WWTPs have
concentrations downsti(Ma@omwoimi ckheetdhmilcadadi2tkRi
wastewater treat ment pl ant s, landfills rele

| eaclhHoowg et ,awhj chO2hben enters surface runof
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2.2 Distribution of MPs in river ecosystem

MP studies in river ecosystems are difficul
mor phol ogy, and physicochemical features of
di stributionCampaanladmrerdaernceal ., .2026O6r alHost odi
shown that MPs are accumul ating(der \Miilvleire rsse
Guerranti et al . ,. 2VP1l 7;orWasn gh aevte able.e,n 2f0olu7n)d i
samples on @He egwl alr. baz0©030; Scherer et al .,
al ., (NP 200! | uti on has been reported in river:

in ELepdt hal e,r tehte aSan @adb2rOi)el (RMowere ient taHhHe
t he Hudson River( Minl Itehre elntibtée.dS nSatKaét 7e)si ver i n
(Kapp and YegeatmanPeaOW(8Fainveert ,iant hGhV@wad@igveer i
Sout h (AMeriideeanan et al ., 2019)

Asia adds a huge amount of plastic to the
worl dwi deebrcaten (Atdaamml et (B0 hgh 200094 . preoi2a@
noted, China has the highest concentration o
by I ndia, Taiwan, South Korea, and I ndonesi a
from a number of dilHd eUreintte ch aKiimgdagm, nCd ruad a
States, South Africa, and France. MPsi6c2cen
itemd nkg he Ant ua (RRovderri giure sP cefth uag a mp a2r0i1s8oyn,
MPs have been found i(nPe@hyi neetg éniln. g, v e€2t0 1s8¥)B i, me

contamination occurs for a variety of reason

with high plastic output, and inefficient an
ot her hand, is report ed |tua iboen -Mane ntl hBea dRehn gni en a ¢
(Klein et al., 20L6Bp Bani Latwwr éCast BfeER eh €

and the RivefSiGaglygaet nall ndi 2022)

Similarly, high concentrations of MPs due to
ot her | ocations, i ncl(uwainngg etth eatl Bieei jQIMIOALG7 QRiev R
(Guerrant it heet Raolt.e,r 2R0 Bvielri, eGamaranlye2 &b9) moes,
Amazon Rive(fGerionl iBr aeztiTihils , 1 2di2®dgt es hi gh ¢
sedi ments compared to (Wdheer esra mpd ileestl . 02 0 g @]
concentration of MPs in the EIlbe River silt

of 3,350, 0% mpaarrteidc It eos 355 Wwap &nrt isalmps em .
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MPs of al | forms have been studied in river s

pel |l et s ;beaandds nbiecirnog t(MAd amp tt @dmmorR01Bol Ko wi I

that, sever al pol ymeric kinds such as PE, P S
and surface(kapgramsda mpd ¥smakEmmeaolLR) et al ., 2
I n South Africa, MP pollution of rivers hasc

environmentg.evl awed | Wptedreantaumr eeyt e paolr.t,e d2 0aln9 ) a
concentration of micriboffi bwad s ra f dVaviePls Hef v@rr. a7rs g
Dams from t he s ame river system had a I
itemMgMWei deman etHawever01i9n Braamfontein Spr
2080 particles per c  Diad mmeteer allass e2 ORadt) & e
di fferences in the concentration of MP s i n
contamination with MPs has al so MNelendtNedlo.e,t ¢
al ., ,rembd&)t ed MP coh6e\lBoOmasi tdirgsd feusps etdd ment s f
Bl oukr aine tRheeEast el heCa pDeadhipersb yaDa.b,;ns etonal . ,
the Braamfontein Spruit also repodldtwed isni niily
sedi ments. These studies highlight the high
Africa. This calls for further studies to

processes and fate.

2.2.1 Seasonality and distribution of MPs

Environmental conditions are key (Det demidean &
2015; Ober beck mafMmbi oet c alf.act @04 4) such as t
angdal i nity, are known to influenf{&e adiclhairasii tChh
al ., 2019; Li et al.AddikORdnalPhy)| i ppasemnality
mi crobi al community structure and(Mampaygi &t O
2023; Pinnell and Turnevra,n 2028 .Emmegi let etal
identified seasonal variation in plastic mc
contribute to monitoring and mitigation of p
more MPs during the dry sealsow flhaindidtZhiunAc d
et (Zhu et, abver 3age8MPs wer e detdarrminme d hteo dire

and 3160dutiemg klye wet season. A comparabl e
Ganjiang River, with a considerable change i
k9 and dry ( 19 3s echS8s80 nistte naslI.R g c200nlt9r)a st , i ncr e;
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been observed in several rivelis dhei dgyr aieaf

itermisn mhe rainy season( MooLese®Anaglkl ges2®iver

16



CHAPTERVMESTHODOL OGY

3.1 Sampling site selection

Two main sites were chosen for this study, t|
and SwaRiveop in the Eastern Cape Province.

i ndustrialized areas, receives runoff from &
pl ant, runoff from rur al and ur ban cdonfinfiuenrietni
poll ution sources of MP s n t heRirvievweri.n- FKowarZ
Natal and six sRitves om the EXwasntekop Cape prov
represent di fferent poll ution sources (Figu
sampling sites. A map of sampki migsr sShceven iinn t
4 and 5 respectively.

South Africa - ara

1em=3km

Msunduzi River Catchment (U20J)

South Africa

-._Swartkops River Catchment (M10C & M10D)

Fi guA:®t Bdy

Tabl eCBaracter.i

ar ea. ;|

St

MB Swaduztis Koipvelr ver

cCsS

of

sampling

S

t es

on th

SITE GPS Coordinates Potential activities impacting the river

#1

#2

#3

#4

#1

Msunduzi river
29°35'49.3"S
30°26'21.3"E
293606 29.
3°2 7609 . (
29°36'43.2"S
30°23'13.8"E
29°36'07.9"S
30°24'48.5"E
Swartkopsriver

Runoff from Urban communities

Potential impact of industrial waste

Downstream of a wastewater treatment plant

. Potential runoff from agricultural sector and rural communitie

334 7 6 31 . ¢ Potential impact fronagriculture and livestock farming effluent

2529626 . ¢

17



#2 334 7 6 1 1. . Downstream of a wastewater treatment plant
252606480

#3 334 7 6 3 4 . { Potential impact of industrial activities
252 40627 .

#4 334 7 6 3 1. ! Potential impact of industrial activities
252 40627 .

#5 335 1 6 0 4. ¢ Potential impact fronmformal settlements
25°32654 . ¢

#6 334 4 6 1 2. { Leastimpacted portion of the river
2519608 . ¢

Braai takeout- represents the area near

Agri envir and up of the

wastewater treatment plan
g - N

™ Pine tree- represents area downstream
of wastewater treatment plant effluent.

FigureMagp with an i nRdivceart ii o aKontalZMid oud d &p ur

sampling |l ocations (FNB (3), Low

18
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4 I 50t
Site #5: Urban settlement influence Site #6: Control site

Figurdnmnmages from the sasRilvienrg sites on the ¢

3.2 Sampling approach

Four sampling sites were selected according
Figure 3. Site 1 was | ocated in an area aff
|l ocated downstream of the Munancti,paSi tDear3eawds
influenced by agriculture and anthropogenic
an industrial area. The sampling took pl ace

wi nter montih2sO 2f3r.opwy sZx2e2 sampl i ng met hodol ogy

both water and sedi ment sampl es. Il ni t tsaltley,
through a 0.18 mm steel mesh sieve. The res
sur f aceer ,waver e transported to the | aboratory
under went successive filtration through ste.

O. 1mm, and 0.025mm to segregate MPsethyusize@
sodium chloride, facilitating the flotation
filtered through a 200Om mesh sieve and a gl :
each site surface water lanedc ttehlde iPeylswewens h eseas
parameters (pH, electrical conductivity (EC)
in situ.

3.3 Isolation of MPs

Surface water and sedisminmg, s mEEndsDOwEREhf sl
si elieisdBlugoet .alThe 200il20) ered residues on the

19



beaweth 50 mL diOtidanedalwlad wed (td& dorvye rinn gthhte
step for removal of natwural organic and inor
peroxige toOHt he @Huedgsempheées, 202FurNhel mer
mi xture was heattCedinand gtriyrr ddheat i ght wei ght
by performing the denssodtiyuns ebphaldartiideen dme twh @ dh
of 1.% Hg dB8mpgoet .alThe 2r0els2i)dues were transfer.

l eft to settle overnight. WMa¢ttrliadst owitheab:
floating materials were carefully transferre
filtered over a 20 Om mesh 0siana ¢ihewne warsdh erdi

clean beakerOwi The5mamér d&l s were once mor e
size glass fiber filter pay,ert huesifnigl tae rv awausu n
petri dish and all dwved to dry in the oven at

3.CGharacterization of MP s

3.4.1 Visual characterizati on
A | ight mi croscope with -BVohbagmiidrn csadompme) od(
Moti camBdMa cmans used for visual identi ficat.i

i mages were taken with MoticamBTW connected

classified as four types (Figure 6m(based eh

al .,. 2B2B¢r i1is a |l ong and thin |ine with a
(transparent, red, bl ue, bl ack etc.). The frr
appears in the shape of br okiedne rpbide cheosd iome nssli
spheHiedBUpgoet al ., 2012; Huang et al ., 2023)

3.4.2 Polymer characterization

The chemical composition of each piece of pl
usi ngFTAlIBRRect roscopy wusing Perkin EI mer, Spec
were recor dierdf rianr etdh e Canigde ma(n40 0adt r & s dllhwet ipolna s
characterization was performed by | ooking at
the publ i s(h@oatle st,ere2dd,0e0Red Kh,andlandi $pGais®e@ on t
infrared spectrum. The polymer-GChMSackPrirorzat
GC/ MS, samples were viewed under the Stereo
EkKL | ight mi croscopy to idemtinfyytrineé y-®iealt i 0
pyrolyzed8303BGA/, PYFrontier Lafal |l dypaxzrapiat taa gt

20



m x 0. 25emm, Ap.p2oxi maegebly 1DHO sampbed were py
20 seconds and the interface temperature t
chromatographic separation of t lué @apyrool ysaips |
column (Frontier Lab, dmpanHhe( 3njmeclti ®.n25% em
280AC and the column flow rate was set to 1.
temperature programC ufserd 2vami:n;( i ()i ih)el rdampge b (
rate of 3AC/ min; (iriti) then hold for a furtd.l
the mass spectrometer were set to 200AC and
mass sdeéeetiove wasS 0f.r ofrhem/pzy rd4o0 ysi s product s

their mass spectra with the mass spectra in

Tabl e 3: Range ) nwwakhenbheobeegi cms

Range of wavenumber (cit) Regions

25004000 cmt Single bond region (e.g.,-8, N-H, and GH)

20002500 cmt Triple bong region (e.g.,
15002000 cmt Double bond region (e.g., C=C, and C=0)

600-1500 cm* The fingerprint region.

The region from 1000 to 1500 einsome classify it for ¢
and GC and other bending vibrations. While region 4

cm-1 classify it as fingerprint region.

3.5. Mi crobi al community structure and funct

3. 55almpl e collection and processing

Acompossaimpd i ng met hod was .usledd Lf oorf ssaumrpflaec ec ow
through a 0.18 mmi mesht sé evesisduzes oomn t he si

200 ml of surface water to the | aboratory fo

3. MP3 isolation and DNA extracti on

The filtered residues from the mesh sieves
solution (pHb&algr .i nftloe aPB3 awist h resi d-seszewa:
gl assf iflitbheerred papers using a vacuum system.
guadr at es, to easily count the number of MP
magni fi cati onT W55 4nxi c(rNoiskcoonp,e Wer €heufi i nhéo pa
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to transfer into beat beads from the Power S
rotor bead for 10 min at medium speed to rup
DNA was extracted from MP rsairr'fsacman udall.] oQuu aan
purity testing of DNA was done usiDWDNgA tshaempN aens
with ratio of-2absatb&@2®bd®e amfd 2P8® nm were acc

us edsefqgoureenci ng

3. Me3 agenomic sequencing and analysis

DNA fragmentation of the extracted DNA was
fragments (400bp) si zeeweérlei hbsadytoscpngsNEXT
Seq as per manufactureroés guidel iSaen .DiAengd,l |
USA), was selectedend Isiebpiudermyc Bov h&epakRe @gent
obtained raw metagenoniXi alaltia, Clwero ueste danT.t ,h B2 (
sequelxkcebdd (Nbaaed) and to gemdO0p teawdguabque
used to perform the taxonomic anal(ylsainea,mefsu mm
Pueg8achez, W01 8en uésed BEGAHIOT azGEkonbl e t he
selected |®©h800obp) gbo( further taxonomic, fu
Met a GleMaeguchi et wals. ,enkpd ®6/)ed to perform OR
prediction of the assembllfedOObdmp)i qwerandegene
i nto amino aci d sHdFain cees an We, SQPEA29C Degtn ear|l .
to constrmrauccundantnogpnene catalogues and to cal

95% similarity threshol d, respectivel vy, and
Kilobase Million (RPKM). Finaldrynot dtei ¢ ax owe
by aligning the representative sveagluee)ce sisti mg
di amoBwchfink.et al., 2015)

3.6 The modelling approach

The modelling approach was set up fordthe M
Pietermaritzburg, South Africa. The cat chme
Pietermaritzburg Town where it is joined by
of the municipal wastewater ngréeaemasnt eworakhd
confluence of the Msunduzi and Umgeni Ri ver
variations in settl eneonwte rt ycpaetsc,h meintth btehen gu pr
being urban. The rural areas are dominated b
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urban area, Pietermaritzburg, i's a( Mg xkeaorfe urt
al2022)The topology of the catchment i s mount
mar shes an(dShfolza.t ZEhrlebadar ea has an average pr
subtropi cal climate, with hot and wet summer

study area.

3. ®ekrondary data collection and processing

This subsection describes the data sources,
and calibration of the transport mod el Si mt
Aeronaufaind Space Administration (NASA) Gi ov
Africa, 2012 Study (WR2012), DepauThmekdl a fWaN

The collected, generated, and digitiozed datda
analysed on ArcGI S 10.8.2 wusing the Worl d Ge
Mercator Zone 36 coordinate system. Remot e

data, sourced WR2012, were uwdedntdo psg mpatuical liy
the MP transport model
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Tabdt eSummary of secondary dat a

Datatype  Figure Source Description Importance Resolution Catchment da
ranges/classe
Slope Data Figure 2 (a), (b), and (c USGS/NASA  Shu Digital elevation model (DENM Slope data influences runc 90 meters Slope: Oi 92.€

illustrates the contour, Radar Topogra used to generate layers dep characteristics, with steep degree
hillshade, and slope m: Mission (SRTM) contours, slope, and hillshac slopes accelerating surfac
runoff and soil erosion, wt Contours: 300
gentler slopes enhance 1400 mm ams
infiltration rates.
Rainfall Tropical Rainfdl TMPA rainfal Rainfall da 0. 25 0.168i 0.478
MeasuremenMission « o mpi ni ng sa understandi spat mmhr
(TRMM) / NASA . o h
Giovanni esftlmates W! into the pa reso
gridded esti affects riwv
mont h tempor the transpo
Figure 2 (d). 1 Evergreen
needleleaf
forest
91 Deciduous
needleleaf
Global land cover data at 50 Land cover data helps in forest
USGS Earth Explore spatial resolution annually, L understanding the distribu 1 Deciduous
Landcover NASA MODIS supervised classifications of of different land types, wh 500 meters broadleaf
MCD12Q1 V6 produ MODIS Terra and Aqua affects runoff, infiltration, ¢
reflectance data. MP transport. forest
1 Mixed fores
T Open
shrublands
1 Woody
savannas
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Figure 2 (e)

Vegetation
Data

Figure 2(f)

Stream Date

WR2012 database

Extracted from DEM
using ArcGIS

1
1
1
1
1
1
. _ 1
Vegetation data provides
GIS shapefiles containing |nS|ghts_ into the types (.)f .
. : . vegetation present, which Various (G
information on vegetation cc . . - |
influences soil stability,  shapefiles)
type. PR
infiltration, and the ecolog
aspects of the catchment. l
1
Stream data is essential f
Visual representation of the mapping the flow paths of 1
catchment streams as polyli water within the catchmen Derived fro
located in lowlying areas wh aiding in understanding hc DEM q
water accumulates. water and MPs are
transported. q

Savannas
Grasslands
Croplands
Urban and
built-up lan
Natural
vegetation
Coastal
tropical fore
types
False
grassveld
types
Karoo and
karroid type
Temperate
and
transitional
forest and
scrub types
Msunduzi
River
Slang Spru
River
Mpushini
River
Mshwati
River
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River Flow

Canopy Cov

Evapotransg
ation

Soil
Infiltration

Soil Moisture

Department of Watel River flow data from four floy

and Sanitation /
uMngentuThukela
Water

NASA Giovanni

NASA Giovanni

NASA Giovanni

NASA Giovanni

stations, including daily aver
data spanning a decade (20
2024).

Data from the GLDAS
Catchment Land Surface Mc
L4, with a spatial resolution
0.25 x 0.25 degrees.

Dataset from the GLDAS Nc
Land Surface Model L4 mon
0.25 x 0.25degree V2.1.

Dataset from the MERRAR
tavgM_2d_Ind_Nx: 2d, Mont
mean, TimeAveraged, Singk
Level, Assimilation, Land
Surface Diagnostics V5.12.4

Dataset from the
GLDAS CLSM025 DAl D.

1 Henely dan
flow station
River flow data is critical fi f Masons Mil
modellingwater movemen Daily avere  flow station
determining flow rates, an data spanny Hamstead
understanding the transpc a decade Park flow
and distribution of MPs. station
1 Inanda Loc
flow station
Canopy cover data helps | 0.023i 0.233
understanding the extent « Kg/m?/day
vegetation cover, Whlch 0.95 x 0.25
affects evapotranspiration degrees
rates, shading, and the
microclimate within the
catchment.
Evapotranspiration data is 1.559e0517
important for understandir 3.747ek05
water loss from .the catchf 0.95 x 0.25 kg/mé/s
due to evaporation and pl: d
AR : egrees
transpiration, influencing
water availability and MP
transport.
Soil infiltration data helps 1.363e057
understanding the rate at 4.526e05 mm
which water enters the soi Monthly
affecting runoff, groundwa mean data
recharge, and the potentie
transport of MPs.
Soil moisture data is cruci Various 4.317 8.35
for understanding the watt mm/d
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Surface
Runoff

Surface
Temp

S

NASA Giovanni

NASA Giovanni

Dataset from the
GLDAS NOAHO025 M.

Dataset from the
M2TMNXLND.

content in the soil, which

influences plant growth,

infiltration rates, and the

movement of water and M

through the soil.

Surface runoff data is 4.173e071
important formodellingthe 8.475e06 mm
flow of water over the lanc

surface, which affects ero: Various

nutrient transport, and the

distribution and movemen

MPs in the catchment.

Surface skin temperature 15.851 22.85"
helps in understanding the

thermal properties of the |

surface, which influences Various

evaporation rates, plant

growth, and the microclim

within the catchment.
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3.6.2 Slope Dat a

The topographical sl ope of an area plays a
Steeper sl opes accelerate surface runoff and
Conversely, gentler slope$fextbprdeblheenbande
(Moodl ey 2022)

Digital elevation models (DEMs) play a cruci
calcul ation of wvarious parameters such as s
drainage (Moodley 2022). I ntebi §r®mudyy,e tUmd
Geol ogi cal Survey (USGS)/ NASA Shuttle Radal
resolution of 90 meters. The DEM served as
contours, slope, and hihtsshaddawmwébal bhBl d E
of the surface, considering the relative pos
was determined using the planar method, meas
cel | to etmseil gnmean.atAddi tionally, the contou
height values during map analysi s. Figure 6
the Msunduzi River Catchment.

3.6.3 Stream dat a

Stream data was extracted from the DEM usin
Msunduzi Catchment, and then the Hydrology t
fl ow direction, fl ow accumul at ihoens,e sttoroelasm va
represent the catchment $yregmarasspwhegel enwa

Figure 6 illustrates the streams within the

3.6.3 Rainfall

Rainfall data used in the study was obtaine
( TRMM) observatory and its partner satellite
the Japanese Aerospace ExpiSan atrileaci @A dPeant ¢ yo.n
( TMPA) rainfall estimate product, 3B43 ver si
estimates with gauge data into gridded esti:Ht
0.25 by 0.25 spatioals50lUdNsodladtiitaadef.rom 50U S t

The Dataset was sourced fr onbatsheed NdAaStAa Goi eorvtarn
by NASA Goddard Earth Science (GES) Data and
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3.6.4cdwvwaead

Remote ISamdioagver data was freely downl oaded
The downl oaded data was from the NASA MODI S

Agua combined Moderate Resolution I maging S
(MCD12@X)si on 6 data product. The product prc
500m spati al resolution annually. The data i

Terra and Aqua reflectance dat eénaand ntcltoegrmp ou rad
knowl edge and ancillary information to ref]
classification schemes are developed by dif
organi zations developgednt lseihre meand sd mygeronel a
MODI S data. The | rBtieorsnpanteiroen aPlr oQ@erocasnpnhee rtey pe 1

used to classify |l and use/l and cover data fo
Table 5: Landcover categories (Adapted from
Class IGBP (Type 1) UMD (Type 2) LAI/fPAR (Type 3)
1 Evergreen needle leaf forest Evergreen needle leaf Evergreen needle leaf
forest forest
2 Deciduous needle leaf forest Deciduous needle leaf Deciduous needle leaf
forest forest
3 Evergreen broadleaf forest  Evergreen broadleaf fo Evergreen broadleaf fo
4 Deciduous broadleaf forest Deciduous broadleaf fc Deciduous broadleaf fo
5 Mixed forest Mixed forest
6 Closed shrublands Closed shrublands Shrublands
7 Open shrublands Open shrublands Shrublands
8 Woody savannas Woody savannas Savannas
9 Savannas Savannas Savannas
10 Grasslands Grasslands Grass/cereal crops
11 Permanent wetlands -
12 Croplands Croplands Broadleaf crops
13 Urban and buikup Urban and builup Urban
14 Cropland/natural vegetation - -
mosaic
15 Snow and ice - -
16 Barren or sparsely vegetated Barren or sparsely Unvegetated
vegetated
17 Water Water Water
The data set were imported into ArcGI S usin

Ri ver Catchment was extracted and converted

29



classified using the grid codes, representin

The | and cover of the Msunduzi Ri ver Cat chme
represented in Figure 6e
Vegetation data were used in confdapthi amaivy

Vegetation data were taken from the WR2012 d

i nformation on vegetati oM heo WRr20tlPpe sasa shaw

2012, intending to build on the previbasse dWR
platform. The website defines the water r es:¢
consolidates rwatusdrosmrea e ont se@ives at hat have be

four decades.

3.6.5 River fl ow

Msunduzi Ri ver flow data from four fl ow stat

were sourced from the South African Departnn

provides flow station monthlyspadndaigl o- dekta
2024) was wused in the study as model i nput s
data, sourcedTHukel as MWagteenri, was al so used as

3.6.6 Canopy cover

Canopy cover data was obtained from the NASA
the GLDAS Catchment Land Surface Model L4, w
known asD&SRAVE. 2 (GLDAS_CLSM0-252DAS% dBl)ine ®mDA
the GES DI SC archive, feat ufFi2nd twhd hp Diamar A
for the Gravity Recovery-DAnd s@lainmatneg EXx mwer iFra
the present.

3.6.7 Evapotranspiration

Evapotranspiration data was sourced from th
GLDAS Noah Land Surface Model -delg4 eemo Wi2h
( GLDAS_NOAHO025_MR. 1The GbbAaA®d with a combina
data fO otnbo 2t00e present .

3.6.8 Soil infiltration
Soi | water infiltration rate data was sour ce
t he MERRAavgM_2d_1 nd_Nx: 2 d-Av eMoangtehdiLye v Snilenagnl
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Assimilation, Land Surface Diagnostics-V5.1
aver adjiede 2si on al mont hly me-BnadRéebarospéeetcttve
Research and Applic2ions version 2 (MERRA
3.6.9 Soil moi stur e

Soi l moi sture data was sourced from the NA
GLDAS_CLSM025_DA1_D.

3. 6. 10 Surface runoff

Surface runoff data was sourced from the N
GLDAS_NOAHO25_M.

3.6.11 Surface skin temperature

Surface skin temperature data was sourced fr
the M2TMNXLND.

Msunduzi River Catchment: Contour Map Msunduzi River Catchment: Hillshade Map

Hillshade
High : 251

Low:26

() (b)

Msunduzi River Catchment: Vegetation Cover

(©) (d)
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Msunduzi River Catchment: Landcover

Msunduzi River Catchment:Streams

d
Deciduous. Mixed forest Savannas up land s
-

: Mz Rer - —— FVe A Fiow staons
vegetation Cachment

(e) ®

Figure 6: Msunduzi River Catchment contours (a), hillsi{bjleslope (c), vegetation cover (c

3.7

I nt e
mo d e
of t
Sol u
mo b i
all o
t he
t he
MP s
and
mu l t
t he
deve
httop

The
and
proc
stru
tran

on t

landcover (e) and stream maps (f)

Model description and devel opment

grated Catchment mMdPe |l i cfd aMBE Imb-t b ;md p @ &P
Il which forms part of the I NCA family of
he hydrological modul e, PBRS8iI BUnokPrfe&Si mu
te )Traamaegdorat MPs modul e whilcahn dt oeaghedt ehacm
|l i zation and transdostrobuMBseg. bBERSt STyd
ws -$pecafuserunosg§Fgene®lad )Tdse menm emo d e |
Rosenbrock4 solver from boost: odeint to
ot her ODEs ar eKustotlavedd DWVWSGR W hseo | Rruenrg e( Ni z
modul e uses dpreditctredodtfréamkleswanedgi me

entrai nments of MP s within a catchment .

I ple Il ocations within a catchment. The m
$imml as done on the graphical user inter
| oped and coded by Magnus Nor | ir

s:// github. com/ NI VANor ge/ MeMiicurso/pbllaosht/intass.

mo d e | has t wep hmaien dpedritve,r yt meo dledndvhi ch
transport procesdgsesamorcompodentndvht ol s
esses and storage within the arrievaer .r iTvheer
ctur e, el evati on, and | and uge stogébubed
sport model. The conceptual model that g
heSeldNOwo d e | desclri be20by) Lazarpresant ed i
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INCA Microplastic Model [|— — — —

— Splash detachment Detached
Precipitation *| microplastics

In-stream
transport
E | Excess precipilation e —— Microplastic model
E: # Surface runoff ¥ — P
E '“g u | Flow erosion input to reach
g : 3
L — i |
Soil moisture l T+ ats:::::iut o —'1 Upstreant - Downstream
fmprory Suspended expor |
| _— ) ——
£ microplastics |
3 § |
5 | £
& Settling/ 5 I
+ | resuspension § |
Groundwater | Settled
| microplastics |
FigurCAX: MP concelpdatml®dImod e |
3.8 Model setup and calibration
The modelling simulation followed a pragmat
collection, analysis, and simulation. Geogr e

techniques were-Musedpiwashi thbe mbex€lniiinneg ifnrpauntes
and concentrations, highlighting the dominan
Msunduzi Ri ver Catchment. The geinreg,alasneddampid
Figure 8, begins wdalt hi tphwet chdtleecftin @m towo moai

sensing data and conventional dat a. Once col
and integration steps. Il nitially, data proce
dat aanfadry si s. Foll owing this, model scenario
simul ation scenari os. Subsequentl vy, hydr ol o

accurately represents t he hydr ogleagi cianv op rva ¢
adjustment of model parameters to match- obse
l and transport, modeling the moveme@aamody MPrx
simulating MP transpor fThwi shimul tahe ont pdamene
the configured model i s exseuited datagen€hatas
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then validateasditedidndet momdNeaskfficiency coeff
determination (R2) by measuring the goodness

NSE values range from negatbietaveiemf iOniatnyd tlo 1

Microplastic Transport
Modelling
v v
Remote Sensing Conventional
Data Data

pommnmmmmmmmnomooos et Fommoe- .

I
i | ! | } l D Stream Flow 21
I TRMM SRTM DEM GLDAS MODIS M2TMNXLND | O Vegetation cover | £ |
: (Rainfall) (Slope/Stream) (Soil Moisture) (Land Use/Cover) (Soil Infiltration) | [0 Microplastic input 3 :
I 21
I | | | | | 2
1 A

Data processing
Model scenario Simulation Validation
configuration |

Hydrology calibration

On-land transport
configuration

Microplastic
Transport
Time-series

In-stream dynamics

Figure 8: FIl ow chart of the methodol ogy us:

3.9 Model boundary

The catchment is divided into subcatchment
|l andscape units, soils and MP class, which a
soi l characteristics, climateupat ameteers can
based on figure 6e, beiumpg preat sudl cadaghimewmltt a
6 . Fluxes from |l and to the river are comput

sudbat chmetntearmnprecesempat ed per rciavtecrh nseenctt.i oF
9 illustrates t heulidateled oMesduanrdi vuezsi, Rauivtehri n  whi
were conduct eds ubacnadt coivaeesmetrit teg itshe cs. The sub

based on the | andcover types, MP sampling | o
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Tabl e 6: Sub catchment charact el

Subcatchment Subcatchment Sampling Characteristic Coordinates River flow River nam« Landscape

no. area (kmd) point station units
Msunduzi 201.66 Site 1 Runoff from 30.387861, - Henely De Msunduzi, Natural:86%
Subcatchment Urban 29.612466 Slang Spru Agricultural:
communities 0%
Built-up: 149
Msunduzi 93.33 Site 4 Industrial waste 30.413472, - Msunduzi Natural:88%
Subcatchment 29.602194 Masons V Agricultural:
6%
Built-up: 6%
Msunduzi 377.90 Site 2 Downstream of 30.439972, - Msunduzi
Subcatchment the wastewatel 29.596762 Hamstead Natural:89%
treatment plant Park Agricultural:
Msunduzi 377.90 Site 3 Runoff of 30.452500, - Inanda Lo Msunduzi, 10%
Subcatchment agricultural sec 29.608139 Mpushini, Built-up: 1%
& rural Mshwati
communities

Msunduzi River Catchment: Subcatchment Structure

Legend
Subcatchments Sampling points Runoff from
QO  Urban
: Subcatchment Darvill communities
1 wastewater A —
treatment plant
: Subcatchment erfﬂuent P ) agriculture &
2 rural

Runoff from communities

:] ?ubca(chmem e} Industial

waste

Figure 9: MswwmdwhimeRitv drousnwdbar i es

3.10 Model scenario
The model was run wus,smug hv arsi o ws ntfiarhd ,s dryide o |
soi l moi sture deficit andarddPremiesnpieoratame. cC
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dat abase for the catchment, the model scena
sources encompassing atmospheric and anthr o]
plastics from rural, urban and digneduasgpliiadata
agricultural l and. MPs fcradm hdniemeé ctwes @u rcoert p
using an arbitrary steady flow oWwhBOKB tenaet
based on the amountt dfhes dmplred aMpd ifngQurddcat i
by Bratovcic, Nithin and Sugdldasaa8a@®ldkkamSa202e
Awe and SpMP kisnp2ult2 4)r om t he application of se
Wastewater Treatment Works to ?dgriogl udalss
of simulation for a t optearl lysemEldi oot iecfnWedifat G s
Santowski and Chetf 2WRaBgd 202i2ng Radifemtdi fi ¢ | u

considgringltural activities in the area f o
exotic fruits and cut fl owers. MP input of 1
a source point i n catchment 3,alr éDprrevs d At i Wags

Treat men®i Wom kshe absence of current measur
effluent, the model' s esyEnenapa@samdeClimisea o
indicated that effluent from tertiary treatrt
litre. Considering that Darvil/l Wast ewat er

average effluent disclyarddeofupp2rmienldi @h It iht

and 51 particles per litre) was used for the
The model was simulated for the period 1 Jan
budi meri od all owing the model to reach a stat

conditions of tfamed stiomwlaateiror orregtthlet 4 ack of/ p
average of precipitation and temperature was:
mod el i nput file. Hydrologically effectinge r
PERSI ST. No continuous monitoring of MP em

Catchamatt her ef@lriebmat idom eaft tche MP transpor

3.11 Model l i mitations and assumptions

The model i mitationswvidrhde arsosdierhp tsiceemsara oS ad i

| . The model scenario details the input of N
|l acemMmM®f dat abase within the catchment, rep
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deposition, fragmentation of I|itter, appl

wastewater treatment effluent and any oth

bei

ng no direct observations ohdat mes ph el

gl obal representation of at mospheric MP

compar@bieanz®&l22)a homogenous distribution
0f-1000 pa&rddWrliegh®l2.0 ;e tHXxH2.3)

Il I .The
t he
MP s
and

I 11 The

frag
cat e
manu
Frag
si ze
proc
t

' V.1l n

and

spat

V. An
VI . The

daf@a
VI I Gi ve

as s u

at
and
t he
VI1IThe
The

t

mo d e | scenari o does nosheobatoder exgle
cali brationt htalle vdilndoadishd 1 s m&s g e budge
within the catchment, the omission of

conclusion of the study.

simulation was conducted t,depmgdifatbr
ments and pellets, as per the sampl e
gori sed by not having the elongated
factured particl es. Al l particles W ¢
ment ation process&genfmigpgateigrad i par taind|
were not congi demed hien | takcd& o iffmltinhaecvsil ee
esses.

he first approxi mat i onl asnidnusloautricoens,, pnma
transport were constant across ahé | a
ial distribution of source intensity.

ni tiinalpeburond was taken as the first 6

observed fl ow for reach 2, sourced f
d therefore the flow calibration was
n the | ackhmMPf compgiemitaalt idant d n soil s v

med an initial pool of 100 t of MPs (
he beginninpngwbifchhiessbasédtoohamt i mal
|l sl amd( 2624)gy sci,eonsifderijumuggement and
Msunduzi catchment.

densities of MPs were assurmedspecbivé

densities were chosen based on the d

pol yethyl ene, pol ypropyl ene, po( Bsatye &Ine,
2014et 2#IL.8)
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3.12 Parameter calibration and model assessn

|l stream hydrol ogy

The first step in calibrating the model for
hydrol ogy a(sNdrdgsicar&@lzhde)fihdyr each profiles, vel
of the reaches were calcul ated wusingttleamfc

hydrology, described bel ow

The reach profiles were considered trapezoid
bank slop (Sb). Tectiopnwi dahed WEA) a@amosdept

usi ng:

c:l e

o P
C

The velocity of the reaches was computed us

Manningdés roughness coefficient and the slop

o 2y
€

Wh e roed: 0 ¢CQp —
y .
FI ow (Q) was <calculated using:
0 060 WU
The shear stress of the reach acting on the
T © Y "Q
Where the density’ ofhewaEart haé&s 190&v iktgdatmido n a |

t hde was a default value of 1 representing tl
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Table 7 presents the modsetlr eiannp uhty dvraolluoegsy .t h at
Table 7: Model val se¢s easnstyidatoeéadgwi t
Symbol Unit Name

4 G Reach length
=1 Q&4  Terrestrial catchment area
oy a Reach bottom width
A1 Reach bank slope
v, Reach slope
. ifa 7 Manningds r ou(
Reach rain multiplier
o & 7 Effluent flow
s & Ti  Abstraction flow
s & Ti Initial stream flow
via p Shear stress coefficient
= a Reach crossection area
= a Reach depth
O 4 a Reach top width
— a Reach wetted perimeter
3 @  Reach hydraulic radius
o G ¥i  Reach velocity
W O0Fd  Reach shear stress
- & 7 Reach flow
Fo v & Tt Reach flow from upstream
= & 7i  Total diffuse flow input from la
mm/C day Degree day evapotranspiratio
C  Growing degree threshold
mm/day Canopy interception
mm/C da Degree day melt factor
T a Reach volume
mm Initial water depth
Relative area index
mm/day Infiltration
mm/day  Retained water depth
Drought runoff fraction
days Time constant
Evapotranspiration
Relative evapotranspiration in
mm  Maximum capacity (in bucket)

For the application mddedlh,e thtyrde e | lbyd rcall o PIERE

water i's routed intoFitghuer ewe3r eamsad Udescreipha

agricul tural

derived from the

vegetation

and ur ban | and use.

catchment | andcover data wi
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savannas, grassl ands and shrubl ands; agricul
and -bpil and.

The model was driven by temperature and prec
unit was modell ed as three vertically stack:
and groundwater. The modelt awsbsocaénbeniteg @b
bucket percolates into the soil moisture buc
runof f, percolation to the groundwater bucke
moi sturel tcawaasciasysumed t hat all water enter.]

stream.

The model was calibrated against stream fl ow
presented in Table 7. The model was first me
i mprove the correlation bred¢amefnl e wWe. sTme | rad c
was assessed using ruamtsrfamafeadr Mdead aarfdrl eegach |
goodnon#s g statistical tests which was wused
calibration was attee nhpetsead ftia dobotraireach 1 (
subsequent reaches e MASEmard ngog N® sStuant io$t
then used as a starting point for a simple M

all owed to vary, shown in Table 8. At each r
samplmdarfiroori distribution resulting in a pos:s
of t he mo st i kel y parameters.defr ee phr as

evapotranspiration adjust ment and time cons:i
were all owed to vary for each hydrologic res
flow were all owedthoeeasybtatckmeht 8f The MC

with each chain consisting of 4000 runs to g

Tabl e 8: Parameter ranges wused 1in

Location Parameter Min Max n Units

Hydrologic response ty Growing degree threshold -4 4 3 e C

Hydrologic response ty Evapotranspiration adjustmr 0 10 3 Days

Hydrologic response ty Time constant: Direct runof 1 30 3 Days

Hydrologic response ty Time constant: Soil water 1 10 3 Days

Hydrologic response ty Time constant: Groundwate 1 500 3 Days
Subcatchment Reach rain multiplier 0.5 2 3
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Reach Stream flow 0.0001 10 3 md/s

3.13&@Ond transport of MPs

The MP particle classes used in the study we
0.18, 1omnp amd having a density ofretspe@ti vebg
transpdratn do fMP®n i s ccoampcuhtneedn tp ebry saugbg r e guaste n g
class and reach. Foid aedclstpaet iodl eMPs| a ss dtih
a rand a &uryf agsteore. Due to the lack of a |

MPs to the surface store was assumed as 100

i mmobile store increwsefsr odruet hteo stuhref aicref islttorre
be transferred from the I mmobile sQoreadg o t

described bel ow.

For splasho degt achrments,cal i ng parame®©eri pena ¢

specific soil er osiOoins pateagetadt p@am aenev er iam

The transpY)ytotapPBsiftyom the surface store t

type and reach.
. . 0 . . .
Y wﬁpnTIAﬁi‘m W §

Ois the subdahehmemd hiad emtge hdi r e cit ,Ouzranfdf |
W hare-cawl hsnpeencti f i ¢ cali bration parameters. |
in the surface store after splash detachment
rea€®hy) . |1 f the capacity is smaller than the

jtransported to the river i s given by:
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dexey
B daeaej

Gxexpi s the surface st olrfe talfed etrr asmpd pesrht ded madi

remaining capacity can be used for flow eros
erosi ®n f lwhxi ch gt dheegpotenti al fl ow eros

. C . 0 . .
Q 5 | Elaee hw /O ﬁpT[F|A@’U W ;i

O i s @apecilalses f | ow ed 0500 papa teanrtei aslube at ch

specific calibroedad ghspahamemmobil andtore aft
There are @al sodmagg mindes 0 pn describing tre
particles between <c¢classes on | and and in t
fragmentation of particles, @Wegirsadmgsednt antdr

t hel @amd stior efsgr atnle suspended and sedi ment

ti mestep, for a givenQstidrd sarcd mpugieden part

whed @eés t he malsns tohfe csltaocsrse b éteios et hdenewamss$ e

transfiogi santhe proportion of theéd madbsach atti me

step.

Table 9 presents the modlednd nmpalii lviad aiteison haft

Tabt eMBdel valuesl asdomohti ke dzNewird b ni@iid ) MP s

Symbol  Unit Name
+ .1 pTQ ¢ ¢ Grain infiltration rate
| T QTN & @ Grain input to land
=|=v_. 4 QTH Splash detachment scaling factor
RE=E! p Splash detachment soil erodibility
L ml p Vegetation index

+ 5 QM4 Qa Transport capacity scaling factor

+ & G aTQ @ ¢ Transport capacity direct runoff thres
+ & p Transport capacity nonlinear coeffici
=|=| mchc p Flow erosion scaling factor

=|=| A a afQ @ ¢ Flow erosion direct runoff threshold
=|=| p Flow erosion nonlinear coefficient

]
o o
5¢ ¢
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i LK p Flow erosion potential

4oy, pTQ ¢ ¢ Mass transfer matrix (land)
>t p¥Q & w Mass transfer matrix (reach)
a a¥Q w ¢ Precipitation
b, & a¥Q & ¢ Direct runoff flow

B QnQa'Qd Splash detachment
{4 . QMQa'Qd Surface transport capacity
- QnQaQ¢ Flow erosion
Ovo » Q¥4 Surface grain store
Osgg. QIQ4G  Immobile grain store

3.14tlrrream dynamics of MPs

The transport dynamics of MP class in the ri
the miandiumaxi mum size of the majo®  &dodges
O y; 1i) the ratio of tihje amad oiri ia)x itsht ad @ rhsei

is computed using the equations bel ow.

Thesineam MP transporta®iforpairgd ide ecri Mk pmal

partacfasd(bed sedi ment dpardrie |l egsv reme dinbyt ta

(O 9. "Q o 06 0« 0 -
: R n R 00 n R U—s
90 f oo Oh f f 5
[ a0 Q.
Q6 n n
Qpis flux fro gupsti mpamQdmed mt handettl ing of
the rivé&rsbhed,t hend emobilization of settled M|
are assumed to be in free fall, so that:
a g
‘Q - ’
R 001
whelres the terminal sett I'Q nighevetlorcmitryalp egetp
computed whereby the equivalent diameter i s:
o Ooh
n LAYAYA

The Corey shape f actborrepirse skeenftierde d htee Ipaaw t wictl
being the thickness:
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J14 (3% ”n d)
0 YO —+
Y

The reach kinematic viscosity is given as:

omincQ ¢ 8

Yi's the water temperature which

number, dr ag
are ssalawved ng with

within an

'S approxim
coedificuleanta mafde tt
an initiajlgp
apesol ute error

The Reynol doés

g o & shka su scionngv etr g

of
B
1 & ,
pu
Q -
yo = F
T .
,;,—ﬁ 0 "YIO
. YQ
Of . o .
- R
r 07YOoYyQ
1Q "y
1 i 0
O O p
To compute the remobilization, we -diimens icoomy
Shields parameter of a given particle cl ass
’Q . . 8
- 1'[8)[)%%

Whered s the critical Shields Odar atnheet eme doifa nt h
used to compute the

particles in the

di am&t grwas critical s

cl ass. The critical shear S

T F] _m F] ” "m F| ~

To compute the |l argest equivalent dd anet awe a

préyviwusheghat aottsélbndhegri atfes:
shear stress, which

solved the
i s
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Q _
™ L YN h T Q
The proportion of a given class that can be
. ph EZE v Q v &
H m E&E ; Q § i
Th v + Q & & .
n_— " T R 1 OEAXxEOA
¥ £ T O

Table 10 presents the modelreampdynaml asesof h¥

Tabl:eMbdel values-saseaam atyeadNocdt B2 s

Symbol  Unit Name
Mo a Major axis of smallest particle in class
To4e a Major axis of largest particle in class
> a Ratio of major to minor particle axis
Z QT Particle density
= a Median diameter of bed sediment
+,- « QT 7 Entrainment coefficient
Ty ‘Q'TH  Concentration of particles in effluent in
l QTN & Direct deposition of particles to reach
=|= a Particle major axis (representative)
-H— a Particle second longest axis (repr.)
= a Particle minor axis (repr.)
a Particle equivalent diameter (repr.)
a Equivalent diameter of smallest in class
a Equivalent diameter of largest in class
F 3 p  Corey shape factor
1. 3 Water temperature
h a fi  Reach kinematic viscosity
im p Particle Reynol docs
Fr p Particle drag coefficient
o a /s  Particle terminal settling velocity
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3.

Al
Co
I o
i n
Kr
co
pr
co
p |
ac
f u
wa
p a
ev
S i

mi

P p Particle nordimensional Shields par.
P’ p Sediment bed critical Shields paramete
\ V(o Critical shear stress for entrainment
-_ A a Smallest equiv. diam. that can be entra
- < p Proportion of particles in class entraina
L. < Q™ Entrainment flux

.. QMo Setling flux

l v QI &« Particle flux from upstream
L.+ QTG Total particle flux from land
I% QTN & Particles removed by abstraction
l QTN & Particles entering stream from effluents
O wo v "Q°Q Mass of suspended particles in reach
Of g™ "Q°Q Mass of particles in sediment bed
15 Statistical analysis
I the statistical analysis of the obRai nec
re TeamWeOt6mpared the microbial communi t

cations and habitats (surface water and pl
dices were used to estimate speWiéeésoabunaa@aasa
usWadlt ask sum tests were used to test the
mposition bet weenhatbhiBtre@ya mpl s ndi si aece amals
incipal coordinate analysis (PCoA) was u
mposition and function between different
asti sphegmac kfetpkes@anen, TRO4AWal uate microbi a
ross the sites and habitat, we conducted
ncti ormwefgmpanamk(bneder son) n206@%pe where the hom
s not fulfilled between the groups,eghdSI| |
ck(@@lksanen et Malnt,el 2@0dW) redundancy anal ys
aluate the effects of different environmen
tes and habitat. Spearmands <correlation w
crobi al di versity andcot hfpd rpdityisa ro c.ih eWeR ctaH e4dn
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applied machine {f oarsi(ng abhe Jaendd rWbaoedoadm ,ai 2200 0 2ny
bi omarkers both across the sampling sites ali
calcul ated the environment al di fference and
sites and surface wad eli mear prdlasgrntespiher emad
relationship between environment al di fferen
ecologically functional signatures of t he 1
dat aNaswor k aperysrmedaso discern the patter
esti mate-egspsteaeasecacross the sampling Irregi o
order to reduce the taxa, we removed the ta
Using Spearmanés rank correl a*i@nggwat hbeceaedDf
used to const IMhet ntilchhendtreardk . val ues of S

sampling | ocat voaspapeakéaZgheaalgc alnat 8hoadaodd 4Neut

mo d e | was applied to investigate the commun
Finally, we applied null mod el to measur e
processes in commNbipagx kageembl age wusing
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CHAPTER 4

RESULTS AND DI SCUSSI| ON

4.1 Physichahaemi el sti cs of the river water

Temperature and RpHWeirn sthhroeveMds mmdwszigni fi cant v
and periods (Table 11). However, di ssol ved
measurements remained wi thi6re tmgd LaA@@ & tHob It e r
2017) . omBab@&dl evel s, Sites 2 and 3 are potent
runoff (a known source of river pollution ¢tFh
support this conclusion. Whil ed ogdma weryisa tcio
di fferences were not statistically signific

agricultural and urban runoff are |ikely the

Physicochemical wat eRi weauralvaryi @di stihgen iSfwacr a nkto

Notably, electrical conductivity and turbidi
and the control site. For example, Site 5 ex
|l oswve turbidity (3.42 NTU). As site 5 is repo
in |l and wuse along the river's catchment (.

supportedtrboyl tshiet ecosn significantly different

|l ack of |l and use i mpact (Table 12)
Tabl:e Plhlysi cochemi cal qualit®R wdr water sampl «
Site Physicochemical Parameters
Temp €Q pH DO mg/l | Salinity (g/L) TDS | Spec.conductivity (uS/cm) | DO%
#1 17 705 |54 0.15 0.204 | 314 56
#2 18.37 | 7.12 |4.15 0.13 0.178 | 224 48.2
#3 17.08 [7.21 [4.32 0.14 0.185 | 283 45
#4 17.66 |7.22 |6.66 0.08 0.115 | 176 70.4
Tabl:h$¥28i cochemi cal guality Rfvewater sampl es
Site | Temp C) pH Conductivity(uS/cm) | Turbidity (NTU)
#1 20.53 7.40 2667 16.44
#2 21.53 7.57 2510 49.9
#3 21.08 7.60 2917 14.56
#4 21.42 7.67 2254 16.07
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#5 20.88 7.7 3202 3.42
#6 20.48 6.6 538 5.9

4 MP abundance in surface water and sedi ment

The analysis of MP samples from both rivers

fibres, fragment sdi satnrdi bpuetliloent so.f TMRs sihsapeae cr
their sources, behaviour, and potenti al ecol
surface water I n botSwatrhiKioWesunduei i RI @8t r atr
showcasing the visual di versity of these po
observed inclueéinhg blaué&, bt ueans@aad red, whic
products commonly found in the envirbnhgane .
11A)f,i bres emerged as the predominant shape i1
(59%), particularly at the | A site, where th
Il n sedi ment samples collect@e@dpartoimcltdease/ AA, THh
of fibres indicate signitcbaants wabhuthgomatho
textile industry discharges. The presence o0
from the textile industrial area i n Shaoxi ng
common typeookf MPuemeé f ( Deety,eaxt 0 28 dfiatcitoonrail e s\
were notably more prevalent at the | A site,
concentration of 39 particles/L in sediment,
Similarl y, sRihveErQwiaBlet lexmi bi ted a similar tre
domi nant shape across all samploinncge nstirtaetsi.o nT he
in surface water, at 38 particles/ 500ml, w h
secdkinmh samples, the AA site again showed a hi
whereas fragments and pellets were more abur

shape distribution analysis wuinodeysempkasihien
for targeted management strategies to addres

environments from which they are coll ected.
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A Abundance of MPs for uMsunduzi River C
100

ouA BWWTP (SW)
BWWTP (SED) DAA (SW) 7
D AA (SED) BIA (SW)

No. of MP partiicles/L.
& 8

2
S

o .
UA WWIP WWIP AA  AA IAGSW)
B (SW) (SW) (SED) (SW) (SED)
Abundance of MPs for Swartskop River
70

60
3
= 50
£
540
£ 30
S 20
-3
Z 10

o L]

UA- Urban area. Sites
WWTP- Wastewater treatment plant
area.

AA- Agricultural area.

IA Industrial area.

ISA- Informal settlement area.

Fi gwWrAdbulhdance fodumdPsi waasl | four sampling sit
sedi ment samples in the dRIwreduziB)Ri VMearag(es) od
shapes of MPs in both rivers (G¢), Thel laetr oavn
fibre (f), fragments (g), foam (h), and pell

4. Shape distribution of MPs: Fibbers, Fragme

The analysis of MP samples from both rivers

fibres, fragment s, and pellets. The shape di
their sources, behavious, aypi palt eMP i par teicoll
surface water in both t &8RRI vMsrunalue iRilRliudCsetr r laatn
showcasing the visual diversity of these po
observed including blue, transparent, dar k |
products commonly found in tthe eswinrdiizgie rRE v
11A)f,i bres emerged as the predominant shape i.1
(59%), particularly at the I A site, whter. th
I n sedi ment samples collected from the AA, f
of fibres indicate significant pollution fro
textile industry dischamgesni t hTlgd oprad s emse ro
from the textile industrial area i n Shaoxi ng
common type of MP due t ¢ Dedfg] aR020Fdiotm arealtli
were notably more prevalent at the | A site,
concentration of 39 particles/L in sediment,
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The SwaRitwkkrpg @B xhi bited a similar trend, wit
across all sampling sites. The AA site recor
at 38 particles/500ml, while the WWTP, sitthe s
AA site again showed a high concentration of
pell ets were more abundant at the AA site, wi
under scorpelse xtihd esomf MP pol lution, emphasi z

strategi spetco facddngpes of MPs based on their

they are collected.
Surface water samples i
A Surface water samples Sediment samples B 11% ’ Sediment samples
37%
36% 7 FERE Y 5004
60% e |

4%

4%
: 35
o 40 BFibres BPellets O £ 30
i E
60 10 g3 25
] BFibre @Pellet BFragments 8 = £ 30 E
‘;m: 40 = 225 £ 20
% 6 2 & 20 i15
=} = “ 15 F
= 4 o0 o + 10
2,20 g . 10 ;
& ? 7 : E—E s
2 Z 5 E
= e E
- e 0 i b H E o
o 0 - ] 0 4 AA AA WWIP WWIPIAGW) IA ISA ISA
> UA WWTPWWTP A4 AA 1A 7z (SW) (SED) (SW) (SED) (SED) (SW) (SED)
5 (5W) (SW) (SED) (SW) (SED) (5W) Sites

Sites

Figur eSiWamse ri buti on of MP particles and per

and Sw#&mB)k®Rpver

4.5 Size variation of MPs across sites

The size variation of MPs sRnvéeher deealdszsi &n
into the characteristics of plastic pollutio
charFisgu2Aeandh&8. di stri bution of MPs was <cat e
mm, 0.18 mm, 0.1 mm, and 0.025 mm, with di st
sedi ment sampl es. I'n the Msuwdwuei pRedemi nama
surface water sampl es, particularly at the
and at the AA site, accounting for 36 %. Larg
product s, packafgibnrge,s anhdats yhnatveettreatts i yet ennde

51



degr ad Stadaa.h, 2022, &Stul,abkb29dveat ihi gh presence
parti clleiske nt H &tA alsBingaltihgen sSwairtthk ofpi ndi ngs fr
as the research on the Cisadane River in | nd
directly contributes to( $ulei setitygdanw OB @b mpackea
study of the South @f0RRi2camd Vahht Rl aegeby MBaa
in regions with considerabl e humaSaad aR02Ry
This trend suggests that | arger particles ar
potentially due to their buoyant nature. The
| A site, representing 29%sofh OUheetcotabr MB$ at

di scharge and the prevalence of this size cl

were present, they were | ess dominant, part:.
up 17% B§. the Montrast, sedi ment samples fr
bal anced size distribution. Notabl vy, smal |l e
WWTP site (35%) and AA site (26%), hisgnallil ght
MPs. This accumul ation can have significant
may be ingested by variousRiagenati sursfpace ewe

imilarly exhibited a dominance of | arger MF

s
comprised 68% of the total MPs, foll owed by

|l ess common, wid hcltadhes 0amMI2y5 anmc suret i ng for 7
sedi ment samples, the 0.025 mm size class en
site (50%) and AA site (49%). These finding
surfvatcer and sedi ment matrices in evaluating
insights into the different pollution source

The Spearman <correlation test was run to di

abundance in surface water and sedi ment s amg
River) for UAMAstdemagnssttraattiesdt iac awil yh s0 ghs@ 9 cam
value = 0.0491 whereas the other sites (WWTP

pval ue . WhelO.elab5s i n the sedi ment samples rW//WWTP s
-0.05499) whil e t hanoAlle rsaittee ndeegnaotniGvied &AAder)dr. ead a't

Further more, the Spearman correlationtfherth
Swar sRkiovper between the sites and habitats (su
of the relationshipsp>ar@. Gi)ati Stincag | posi tgin
observed for srrr flacies BwatWaMTPag5xkA @n&52 BA, (as

52



sedi mentr=f oOr. 913A3) (. Whereas sedime@66)samelVes
moder ate negative correlation and a strong
(Tabl). S5

A B

MPs size (mm) ©0.5 @0.18 @0.1 O MPs size (mm) O B0.18

100 100 7 ig]

90 18 \,: 90 A g 2% 25 23
~ 80 P ?.4 80 b Foo 40 ] P t—:‘
< gl | £ 70 4 [ il i I e
w 70 = o p ‘-', [l oy 322
< Eaad £ 60 24 30
g 60 P g 5 - 37 E I e -
E s R | 2 B 1 B el [3e
: M-l - NN
g “ el | S 30 - — <) I I I
S % S ;20 - W7 p G
G P ° 37 B Yo%)
e = P W L 29 27
s 20 ?‘gi 10 A 14 15
I £ 0

=
i : = AA  AA WWIPWWIP 1A JA ISA ISA
WWIP WWTP AA AA(SED) IA (SW) (SED) (SW) (SED) (SW) (SED) (SW) (SED)
(SED) Sites Sites

FiglkrSed ze distribution for surface water and
Swar$(kBo)p ri vers

Tabl énfi8r pafet@adriroenl ati on data f orsritvheer ss)i t es

Catego/Pear siStrength of|[Pval[Signi|RSqua
Msunduzi Ri ver
UA (SWO0.950Very strong|0. 04Yes 0. 904/
correlation
WWTP (|]-0. 43'Weak negati|0. 56No 0. 1894
WWTP (|-0. 054Very weak nj0. 94No 0.003
AA (SWO0.839Strong posi|0. 16§No 0. 704
AA (SE/-0. 68l Moderate nel0. 31INo 0. 466 ¢
I A (SWO0.921Very strong|0. 07NoO 0. 848]
correlation
Swar tsRioyper
AA (SWO0.768Strong posi|0. 23No 0. 5809¢
AA (SE/-0. 66(Moder ate Nel0O. 33No 0. 443"
WWTP (|0. 759Strong posi|0. 24No 0. 576 ¢
WWTP (|-0.817Strong Nega/0. 18No 0. 65094
Il A (SWO0. 631Moderate po/0. 3GNo0 0. 398
|l A (SE|0. 419Weak Positi|0O.58No 0. 1761
I SA (S|0.852Very strong|0. 14No 0. 7261
| SA (S|0. 936Very strong|0. 0GNO 0. 876 ]

4. 6 MPs det eEG/idbdh by Pyro
The detection ofRIMPasr i i t G€/ BHiamagp aPpYysos i ndi

range of pyrolysis products that point towar
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domi nant pyrolysis pio dect th-§d med p R & 50J eerde wel =
HexanalBi(clylch)o [20ll-etlh dmganrdeceneeé i VW) Benzen

1 ,-d2i me-t 8 %) , asTalhloavnld oamp cPwibdome { &-d me pt 2 3 %)

present in hwhhcltomposbstbon(aGueadt avei [t2h0 2FBs ohri
percentage indicates that aRjirverulltiukelly aicrtvov
use of these plastics, potentially in irriga
Benzene is an aromatic compounBVCEChasTuhgwgsess t sr
notable presence of consumer or industri al

packaging, or (bhbewl atbD8Béxmanbhelki atsa | inear ¢

result from the degradat( 9dinl et adkod 2yBnjecrysc | sou ¢[ h
hexaonl et Ae(ndyd mi nor component, this compound
plastics or additives which was pr o(bMaH ap aterr:
et ,akR02Bdedec ared ,hyi is a long chain |inear s
derived from PE and PP commonly wused ipn pac
Benzendei,meif,l@y Iso kXgwena$ os used in the prod
key monomer f{&argfokRy20¢Be¢ne

Il n the WWIPC/sNS eamaylryosi s of MPs detected in t
of several pyrbiloxdbtsaefrlaldlumett $ b Bntedt \nly )}, e t(h2ysl )
Ci-s)(56. 7%), Propypleenadrceakw).8whcaale ¢f6inndi ng s
most detected MPs are |ikely compo®Pedxdf anyn
one being t he domi nant pyr o-Diy e x-4-b mapar;(old,21c t .
di met hy( dnteht ywiylied hay Il9y-ppdgdgsct, and while it m
a specific type of plastic, it can be associ
produ(cGazenbt aRO02Phi s type of compound might
pol yesters, polycarbonates, or certain synth
compoumapyphenazdne oii-sdnad | aammmat ory drug ( NSAI
for its anaelgesioag]panadedntcipgnhetproperevers,
with phar mackRhiemng024icrxgsiecenoic acid (6. 1%)
product of MPs of PE and PP. These pol ymer s
prod(ulced 2a0l22)

At the | A site, Hexacosane (87.7%) is a stre
maj or compodindatéeadtt hespeesalknhsidiyghb!l yet hyl
and -deomsi ty polyethylene (LDPE). The Pentaf
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product of fluorinated pol ymer s, particul a

fluoropol ymer s. During pyrolysis, these poly
compounds, including( Yeegh&dmedhROLI®Ppmapo anal a(
| oopain fatty alcohol , I's not a common pyrol
PP, or PS. Instead, it is more |ikely to ari
in plant ma t keira cad gsr aodra bd eer tpalianst i ¢ s . It can

natural substances dbiasedpomhyeacahari das-her |
based fl)asdftiagal202 P opyphenazdree ¢ qviBa dt ) i wa
phar maceuti cal drug, not a pol ymer -(-)-pyrop

Cyclohexyl ethyWhamcdmean 36r @88/ ¢ commpymaol ¥ bat
byproduct of certain polymers, such as poly
reported to be found in rubber products I ik
sources (8si aneerl A0 2 Q) T2h,e4i met hlyelnhee2m@Bt. 9 6 %) compo
produced from the deCGureadagatli2® hgef BRE yatnh B[ BP 2

triene,a(l 6.04 k%)own as "barrelene,"™ 1is a stralil
polystyrene, when subjected to high heat or
compound further 1indicat(eveahtatpdat me SMedtyiky o f

undecene is a pyrolysis product primarily as
of polyolefins, such as PP and PE. These pol"
down and form a r an gqe-noéft dhyyhdrecccamah ganl2,0 2i2nc | u

The presence of MPs i n thb®waA sKiotper seddmenat
pyrolGZsMS analysi s, points to potenti al pl a:
The i denti fi ed-Prcopngp mauyndrfok.g5 B %) 2 Benzene (8
Oxiranyl met hyl a-ebatbeaenyidry@a@2Mmmo nflhye Kknown as
a pyrolysis product of wvarious polymkerkel pa
derived from pol y(cAlabheematad 202Z@pr Brd z@eH.e62 ®B)t h
indicated comrniamamytmomo mearheof PS, which s
mat erials and can enter the environSemwmtoslhro
2023 )whil e th®Oxdetamytl imen hoyfl Zacetate (7. 68%),
sedi ment samples suggests that agricultural
of cellul ose acetate. Celliwwcloseamcetatée dsg
particles unde(rZhego, a®i0r229gondi tions
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The pyro compouWWTR egietce e d e dinmeaDtitenestahAd Imee pwa
(11. 5D®c enle (Un.d&e%)e,nel ( 4Do/dled®)enean(d4d .111 %) . Al |
ar e -choanign hydrocarbons pr(masdti gald2022gtde f
Benzetnteen39. 25 %) in the |1 A site sediment S 8
compound, which was pf(dadmdteshd2B8pimePDtheaelry mpe
compouthacerne ( 6 -udn8d%)c,e nenddodllet®ne 16. 71%) and
are -cdhoanign hydrocarbons grliemdan iel2y0 2RéHrei Wedni fnram

Benzene and et henyl suggests industidatemde s
indicates potenti al contamination from poly
detect e SAi sBetthement -Heaxngodiey mee r(e2 2., 829%)1,0. Rern® ¢
and Bemeatelfigl 6 3 %) . thoempaodu sybhse@ , del | ,whossd ace
bi oplastic and used as a film base in photog
materi al for eyegl asses; it is also used as

and playing cards.t adiremey cpaynr obryesa ks ,d opwn yabnud
hydrocar bons-hex ad(il4uhebeion gal 2,02h)e ot heBenbpepeuil
et heamaryd Bemethlmele pmomamefr sPS, armdoimmonl y f oun
packaging materials and can enter the envir
(SarttgsalkR02Bhese findings suggest the sedi me

possibly from treated wastewater discharges.

The detection of MPs in surf adds wadwezi sRimpée r

PYGCMS analysis reveals a diverse range of

poll utants. Threi aammrutna n edi al, 3(040. 9 %) , HMle pt ac
ene (18. 43%)a pwerrcep rdoettdeccttaeed ng a domi nance of
urban(wWaest@aal20Miyh concentrations of -Heptac
ene (18. 43%) were also detected. Hept acosa
breakdown of synthetic pol ymer s, sudgasetin
unsaturatedyhpydraddtygr emi ved from PE, commonl

n
to high (plaaadtaia® OR2et ,LaebsOl2iRPd)ese compounds refl
f dJchhmgn hydrocarbons characteristic of thec:c

0
and consumer pGO®/AdMSE tasnallThei pyocfo MPs detected

—+

he WWTP siutze &ti vMsumaevealed the presence o0
(60. 33%) , Propyphenazoneée.(18.%) 8 %)n,d Bemzearn a edt

presence of Benzeniendiacnadt eBe nsziegnnei fa tchaemnty IPS
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preval ent i n consumer wast €L oeart eadledO2ah)i |wea
Propyphenazone rel ated phar maceuti cal prod-u
pollution is not | imited to plastics, but al
di ver se range of pol |l ut atPhboetg,taecl2.0 28y rwalsyt 2«
compounds | i ke Benzal dehyde is aromatic ring
(Sarttomal 2028, akora2)

MPs detected in AA site surface wat-€25shmp) ¢
2 -Hlexadiyne (24.78-%)6, 5B&4)z e men,d mBeetntzyall dehyde
et henyBlenzenendimeapnyegernhe of-HéPSagkiwpr bdult 40/
plastic or cel |(udhoadoe, ad2cOe2tzatt eladpld 227 hes Benzal
products of PS, PP, and PVC. The major pyro
sample from the I A sites were traced i- e.,
Heptadecene-He4& am®) h(®I2d0 9% at fiter acont ane and
l ochpain al kane commonly asso(cliaaatteada |V2iOt2M ) tnhaey
originate from plastic packagbiansge,d imadtuesrtirailas
manufacturing-Hapd ateaes@oits. uhsaturated hyd
degradation of polyethyl enekeadr tot hi-eurdaupgdblry ell ¢
the breakdown of Il ubricants and(bddtialke22)n
l-He x ane®tl hiyd2 a common pl asticizer or additive
derive from the breakdown of plastigcCLepelbbidea ct
al, 2022)

Il n the WWTP site sedi ment samples in Msynduz
this compound is a I|likely derivatiBvec osfadPen
(23. 32%haiomngi eanet her product of PE degradat
(72.78%) is a fluorinated ester, potentiall

surfactants used (beehdat20fAksappbmpatndsse

found-sitn crkomoatings, waterproofi-ngl agedtpr, oa
FIluorinated chemicals are persistent in the
1, E9cosadi encha s hydrloocnagr b on, typically asso
breakdown of pqlLy eItefalndEB2 Ahiecksee PPH astics ar e
packagi ng, textil es, and ot her consumer pr
hydrocar bons i nto wastewater. The AA site
Octacosane(27. 43%), anar eT elthosasdgne t ryadcromd arnleo n(s
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associated

waXxes,

and

compounds

Over al

di versity
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envi

i n

t hese
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with t

r e
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t he

of

ronment al
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pl astic

pl asti cs npsriegshd rst

dues

breakdown

from

pl astic

cont ami

Il mplications,

Tabl Ehdadacteristic

ecosystems.

product s

of P E,

pesticides
degr adtadn aln

nati on

thereby

(Whiad lar a
et. al202dyditionall y¢chaiomehypydr ob@askeoh®ngan

al

or

nf or mi

pyrolyzateSwamigRoapeds sfaommp |

Pyrolyzate Spectral | Retenti¢ Chemical | Molecular Probable References
compounds peak are| time formula; structure produced from
(%) (min) | PubChem
CID
Swartskop River
Site AA (SW)
2,4-Dimethylheptl{ 23.24 4.747 | CoH1g 1233 HsC CH; | PP, PE, PS, P\ (La Naseet al
ene YY 2020, Santos
CH; CH, al., 2023)
Benzene 15.58 2.293 | CgHe; 241 PVC,PS (Santos et al.
2023)
Hexanal 11.96 2.163 | CeH120; 61§ D PE,PP, PS (Vilakati et al,
D/J\\/\/\%) 2021)
D
Bicyclo[2.1.1]hexa| 4.71 5.985 | CgH120; HO Blending (Mahapatraet
2-ol, 2-ethenyt 560888 H.C t)@ Pyrolysisof PE, al., 2024)
PP
1-Undecene, 7 | 4.13 17.749 | CiHo; w PP, PE (Leslieet al,
methyk 522554 2022)
Benzene, 1.2 3.08 4.747 | CgHio; 7237 CH, PS (Santost al,
dimethy} :l: CH, 2023)
Site WWTP (SW)
1,3-Dioxolan4-one| 56.77 48.56 | C10H180s3; CHs O | Nylon, (Gazzotti et 4
2-(1,12-dimethylethy 91701869 | HsC 2022)
5-(1-methylethyl}, HsC 0
(2s-cis) CHz
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Propyphenazone | 3.94 14.676 | C14H18N20; 0 Pharmadrugs | (Phong et al.,
3778 @ Jb\»\ 2024)
N
N
/
n-Hexadecanoic a( 6.1 33.374 | C16H320z2; 9§ ° | PE, PP (Louet al,
CH,
IA (SW)
Hexacosane 87.78 41.54 | CoeHss; 124( o~ PE (HDPE/LDF (Jaafaret al,
pyrolytics ) 2022)
Pentafluoropropior 3.89 36.976 | CioH33Fs02; s Polytetrafluoro¢ (Vaganovet a
acid, hexadecyl eg 525401 — ylene (PTFE) | 2019)
CH,
HyC
OH
\
CH,
Nonacosanol 3.65 36.528 | CooHs00; Cm PE, PP (Jaafaret al,
243696 2022)
Propyphenazone | 3.1 15.235 | C14H18N20; o} Pharma drugs | (Phonget al,
3778 ©\ Ji/L 2024)
N
N
ISA (SW
R-(-)- 35.88 2.178 | CgH1i7N; NH-» Nylone, PS (Seiwertet al,
Cyclohexylethylanm 110733 - 2020)
™
2,4Dimethylheptl{ 23.96 | 4.754 | CoHis; 1233 PE,PF, PS,PV|( Guetala
ene w 2021)
Bicyclo[4.2.0]octa | 6.41 5.998 | CgHs; 69661 AN Blending (Mahapatreet
1,3,5triene | Pyrolysis of PE al., 2024)
= PP
7-Methyl-1-undece| 4.57 17.755 | CioH24; PE, PP (Louet al,
soos54 |7 Y 2022)
AA (Sediment)
2-Propanone,-1 | 8.51 2.267 | CsHeO2; 829 O PS, PC (Al-Hakamiet
hydroxy )l\/ al., 2024)
OH
Benzene, ethenyl | 8.62 5.983 | CgHg; 7501 H; PS (Santo<et al,
2023)
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2-Oxiranylmethyl | 7.68 3.436 | CsHgOs; o Cellulose acetg (Zhaoet al,
acetate 110839 o \/A 2022)
0
WWTP (Sediment)
2,4-Dimethylheptl{ 11.46 4.784 | CoHig 1233 , PP (Leslieet al,
ene \/\m( 2022)
1-Decene 6.77 8.729 | CigH20; 133 i PE
1-Dodecene 411 14.679 | CioHas; 818] 1”9 PE Nylone
IA (Sediment)
Benzene, ethenyl | 39.25 | 5.999 | CgHs; 7501 H; PS (Santoset d.,
2023)
1-Decene 6.48 8.717 | CioH20; 133] PE (Leslieet al,
1-Undecene 5.1 11.714 | C1aHaz; 1314 e PE 2022)
1-Dodecene 6.71 14.69 | CigHos; 818 1”1 PE
Cetene 7.94 22.808 | CigH3z2; 123{ &~~~ PE
ISA (Sediment)
2,4-Hexadiyne 25.82 2.281 | CeHe; 13777 —_— ABS plastic, | (Zhaoet al,
cellulose acetal 2022)
plastics
Benzene, ethenyl | 10.27 5.994 | CgHg; 7501 H, PS (Santoset al,
2023)
Benzene, methyl | 3.63 3.461 | CsHg; 1140 PS (Santos et al.
g 2023)
w
Msunduzi River
UA (SW) .
1,30 Triacontanedi| 40.96 33.856 | C30He20z; PE ( Guetala
543982 2021)
Heptacosane 31.26 42.12 | CoyHse; 116 "~~~ | PE (HDPE/LDF (Jaafaret al,
SN 2022)
/Ak_,/n“‘\vj
Nonacosl-ene 18.43 38.783 | CaoHsg; m PE (Leslieet al,
156989 ~ 2022)
WWTP (SW)
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Benzene 60.33 2.285 | CgHe; 241 PS, PET, PVC| (Santos et al.
2023)
Propyphenazone | 8.18 15.235 | C14H18N20; 0 Pharmadrugs | (Phonget al,
3778 2024)
N/
N
Benzene, ethenyl | 5.13 5.984 | CgHg; 7501 H, PS (Santost al,
2023)
Benzaldehyde 3.78 7.943 | C7HeO; 240 O PS, PP, PE an{ (Akouesonret
: it H nylom al., 2021)
AA (SW)
Benzene, ethenyl | 25.15 6.004 | CgHg; 7501 H, PS (Santoset al,
2023)
2,4-Hexadiyne 24.78 2.282 | CeHe; 13777 — ABS plastic, | (Zhaoet al,
cellulose aceta| 2022)
plastics
Benzene, methyl | 6.54 3.453 | CsHg; 1140 PS (Santoset al,
9 2023)
w
Benzaldehyde 5.26 7.943 | C7HeO; 240 O PS, PP, PE an( (Akouesonet
: Ji§ H nylon al., 2021)
A (SW)
Tetratetracontane | 9.94 29.56 | CaaHoo; 234 /(CH >) 42 PE (Jaafaret al,
CHs CH, 2022)
Hexacosane 9.22 31.554 | CaeHsg; 124 PE (HDPE/LDF (Jaafaret al,
pyrolytics ) 2022)
1-Hexanol, 2ethy} | 5.09 9.916 | CgH180; 777 HAC oH | PE (Leslieet al,
/\/\(\ Y002)
CH;
1-Heptadecene | 4.5 31.786 | Ci7Hs4; 232 ~cn, | PE (Leslieet al,
H.!
WWTP (Sediment)
Heneicosyl 72.78 41.09 | CosHasF70Os; o Polytetrafluoro¢ (Leslieet al,
heptafluorobutyrat 13932483 . FF“D ylene (PTFE) | 2022)
FXEF
1,19Eicosadiene | 23.32 | 48.681 | CzoHss; Ly~ PE (Jaafaret al,
519006 2022)

AA (Sediment)
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Hexacosane

59.27

32.724 | CaeHsg; 124 PE (Jaafaret al,

Octacosane

27.43

32.27 | CogHssg;
124008

PE 2022)

Tetratetracontane | 9.7

31.52 | CasHoo, 234y CH3(CH5)4oCHs4 PE

4 . 7

-ATRR

Msunduzi

4 . 7.
The

1 Su

MP s

di stinct

anal ysi s
1720 c¢cm

commonly

cm

T cor

data analysis of samples saoldl ected

ri vers for MP detecti on

rface water samples anal ysisRi veom va

ampl es-FanRI Wwsigél bghA€TR significant
functional groups, refRiecurieAlREIR e c
i n surface water sRinvwerewetlr 8 mgwWWwT Pc
IT11D0Dd5@mcm,T7T ,and 700 cm T <could be at
associated wi tth giBA)e. cTohmgp oumacst rmelnth

responds to the C=0 (carbonyl) stre

al dehydes, or carboxylic acids. -hlerx atdleec aWWT R

(pal mi ti cDiacx-dbpeerodu®, Bo their ester/ carboxyl
1250 c¢cm

t

coul d

T migh® storetecsipiomg viobrCati ons, whi ch

be attributbdd xiddbmaehePeakenegrodapOO

generally i@€sisgmed chongG in et heids oxdodbabcohol

t he

estedHegaundepanonio aci d. Peak near 7®f0 cm

| ahnle bCendi ng, which can ocawrpyiprh eanramatei.c | m

p
sampl es
s

i ntense peaks showed near 1708 cm 1

tretching, which suggests the presence of ¢
to compounds | i ke bHewxdanmdadrc diGrdeSs ppmeatsr alo  at
stretching, possibly indicating the presence
(e.gnetBehzene). The spectral band nrC aoiN 1@ 9 3
stretching, w hail ccho hod wl d Bri e2yoattl)eo [at20 le.t lh]ehr e xgarno u
band near 3750 <c¢cm-H sitsr eascshdcnigat esdu gwgietsht i @ g

groups, possibly from an2oal.cohol l i ke Bicycl
Il n the I A site sample intense peaks showed n
carbonyl (C=0) streAmr haddintinonpsaido ppyepahke na z ai3n7es.(
either be from Nonacosanol (due to its hydr:
near 1708 c¢cm T typgiacgdlolnydade&ocOhlahgedi wi ¢ ampou
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ester s, or ketones. it coul @®R-(-)Cey clliomkeexdy | ted hty!

although it's unusual for simpl e aRi(-)n es t
Cyclohexyleahybhmmnee is the most | ikely cand
land 3750Hcmedi(rNg and stretchimg)e 6E6pmmbna

hydroxyl -Hgsaugdg ch® r aH hsetrr etthcahne sami ne N

4. Bedi ment samples analysis $wamtsRiaperous act

ATHETIR analysis of sedi ment samplss vséhroone dWW
significant peaks correspbingdiBB).hteo cwanmiomu s pfe
band in WWTP and AA sites near 1708 cm 1 r e
compoun@Brdp&meoneoreabe@®Wghe ranyl met hygd khateh at
carbonyl groups., which confirm 1543 pomsiebktyg
due to the presence of Dboth the -Hupdbonylemngza
(Phenol) suggesting the prAesaeanmncd SAf sambérz sl
near 10%2 acsmoici aiCedt wet bChishtgr e@rchG@ ng vVvi brati
indicative of wvarious hydrocar bons,hne,n celtuhde nny
; -Dle ¢ e ARUen;d elc eDnoed;e cle n e ; -Hrxextaedniey;n ez, 4B-gnzdhesemet
may most closely relate to the aromatic co
Additionall vy, there is onetliisnveetrttreidb upteecadk tsoh

at mosphere interacts with the sample or the
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Blank

o~

A Blank
~

ISA (SW) i

ISA(SED)

IA (SW) i

\A (SW) (~O,

WWIPEED)i

WWTP (SW)
OH Streching

Transmittance (a.u.)
Transmittance (a.u.)

C=0 ' :
('_()_(' H Streching C=0('H
cu| 2
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™) Wavenumber(cm™)
C ——’_'B'[r"v\"‘"\/-'\ D
= TAGW) _
=2\ g% -
sli: H =
s hii WWIPGW) - & N
P - WWTPEED
£ AAGW) =
= =
z b=
g IASW co, g
i &
: = :
los Streching | CH, *
CH,
4000 3500 3000 2800 2000 1500 1000 500 4909 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™) Wavenumber (em™)

Fi gBrAeR-FTI R anal ysi ssRiovrert:he( AQwaSutrkfoapc e wa't
Sedi ment sampl es; for the Msunduzi Ri ver:
sampl es.

4. ATWTIR data analysis of samples coll ected

MP detecti on

4. 7.3.1 Surface water samples anal ysRigefrom

The MP detected in the MNMSIURIU=MN sRirvarc eawalt ey
from various active sites showed the various
of MPsgiB€)e. The spectral band in the UA sampl
wi tilC Gtretching vibrations in aliphatic c¢omj
or No-bhare®s While the spectr alo bCa=nCd ble5n0dd nogm ol
skeletal vibrations i n arBoemazte nce caddralnabsrihddsa,ly ypd

Anot her intense peak near 1702 cm 1 i ndi cat
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carbonyl compounds | i ke esters offrabhdehydas:t
The spectral band in the WWTP sample near 1
stretching vibrations in aromationjogmpedndy
common in benzene and its derivatives. The s
with the C=0 stretching vibrations, suggesti

l inked to compounds | i ke benzal dehyde.

ATHETIR spedtArai ok sheple showed intense peal
cm 1, and 3750 c¢cm T. The peak at appriHxi mat
bending vibrations, whil e the pe=a& satrroautnadh il
al kenesehaBedztae-( Trnd tufelynde )peak near 1702 cm
to the carbonyl (C=0) stretching of aldehyde
may indicate the pré@@dncenotompdundy!| rgraue
Et he2nilexadi yne.

ATHETIR spectral band 1509 c¢cm 1T is typically
al kenefhepltialec®Ene) or could be related to ar
cm 1T associated by <carbonyl (@=C)e exnt rient cali a
ketones, or carboxyliteaahnRedtshorilRPtsi may ac o rcmoenpp
carbonyl functional groups. The s-pectralt cbe

vi brations, typthexlanréd@hy olrc pheln® | (Ici k® mpounc
4. 75S58dRment samples analysis fromR &rirous ac

ATHETIR analysis of sedi ment shsmpn deusz sfthréowve aArA
significant peaks correspbingicimg tToh ev acroinmomiosn f
band in WWTP and AAsyiptiesaldeganrOels®arzedccthaintgh e
which can be present in Heneicosyl heptafl u
al so «chal ondy dAr cscpaerchtornasl. b ainmd inccamtdelsh hdku tdora nid i
vi brations, possibly associated with al kyl c
related tompbatuondsnHéerdi cosyl heptafluorobuty
typically represents the CIC stretching vibr
(CoOo ) if i1it'"s a broader band. Il n thbeesentext
unsatur at e dEibomsdasdiiennel.,, 19Thenpel®SB2 nemri 4&0e
to dcdmgn alHeameaewo slainke or Octacos-ahajnTatlt kanhet
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exhibitesecgyl owbrati ons due to their struct

associated with the compounds | isted but <cou
4 PBrofiling of microbial community associat e
mi crobi al communMs yndRoipvgegrs it Eimon i n

The present study explored the differences

bet ween the surface water and plastisphere
sources. The adequacy of asamef aogi wasc @ersy e m
showed an eX hawisth ve hs ampplpiun@ti ons contain
communities from each sampling site. Sur fac
0.0012) higher microbti bpél apshkenmse n({d& 1L gdheoempgafeé
was consistent when microbial ri clsmueshs adwa sSid
Si2e Site 3 andd)KSiusgkaddll ( &) gp@we r0a 1010,01dn .aver
water harboured about t7hgel asghepQwmteit e B adyed e
analysis between the samples revealed that

pl astisphere from different sites formed tw
(PCoA) reveadreabitanlatc anmneu nmity composition ir
di ffered significantly (p < 0.05) in the fir
20a)a,nd habitat (surfaceBwatPer mantdatil @asali cimul(t
variance) also showed significant difference
(PERMANPVA 5R9=9:0. 13, p < 0.001) EBEnH6 h®&B6t at
0.15, p < 0. @O0 D). mGeggrcap tiud-dt edr sint yt ealmso
significant effect,wohhmdcfbbrahtceamphesi ebu
antdab (Ftig2la.) @ he maj or bacteri al phyl a al so shao

both betwearmi(iagspeand
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The major bacterial phyla detected were Prot
CyanobaFcitgelrjea Kor eover, a significant differ
relative a bRurnodtaenocbeasc t ef i a Aci dobacteamda, f
Actinobacteria both between the sites, habit
and summeXB) .(Fi gur e
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4. 9. The Unique, differentially enriched mic

and plastisphere

Di fferences in community structure was est.]i
LEf seral ysi s (LDA >3) was used to identify th
the sampling, habitat and season. First, the
taxa with significant (p wndamde )b evtawa eant i tomes
WWTP and AA), habitat (surface water and pl ¢
samples from WWTePr esnittieal Wgr eendi ched with Ac

Corynebacterial es, Mi crococcafFieg2a .r wOm i talcee a
hand, t he sampl es from | A group, exhibite
(Undi bacterium), whi |l e as sampl es from AA
Comamonadaceace, Mor axel |l aceace, We &k sgallrjiea c e a

Similarly, the samples from UA exhibited the
Chr omi tSipdaaeao,t il us, Burkhol derial es, FCguo mat
17)b. I n case of habitat and season, LEf Se an
in both surface water and plastisphere and s
for a consi ddé&rn gule plrno pcoarstei oonf (habitat, surf:
taxa (52) than the plastisphere (21) and fou
enriched bact-rerumlagr itgireo u p b a sotuits pher e enri che
empl oyed a statl sain ciah g a lofaosresds d th anmogdoem l evel

significant features distinguishing the micr
t op ftiafxtaeeant genus | evel with an accuracy r &
di fferentiate both between the sites and the

taxa were significantly higher in surface wa
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LDA score
Figurhe fferential characteristics of microbi

habitat-wa({eur d&adeapnidasct)i sspehaesroen)s ( summer Vs Wi

4. 10 Functional diversity of surface water a
First, we analysed the functional profiles
FAPROTAX. The analysis revealed significant

kemi crobial functions beTthnweeseen ddiiffffeerreenncte sp ow d ri

mi cr obi alc ofmpnocstiitonoanl was obser vedclheasvesnr da
and pl acspisphed®). The key microbi al functio
cycling such ansd cnartbroong,e ns,ulppahtuhrogae ni ci ty, xe
t o telceoedegietavlianmnt functions, we characterize
and plastisphere microbi ontQ@ a bpeadtehfwarye , e nursiicr
anal ysfiusn,ctti lber al potenti al of the microbial
sites and habitats (surface water and pl asti
poll ution sources and microbi alf uaae tHmnaurigtey c h
d) . The KECHpasaawbnot ati ons revealed signific
abundance of different genes and their asso
habitatdgheOved altlive abundance of the enzyma:
dat abase across the samplinBgi g de)s. awed ohbasbeil
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significant variations in the rell&ti veidlhumd
separation between the sampling sites and has
= 0.01; UA vs. AA, Anosim, p = 0.006; UA vs.
= 0.01; WWTP vs. | A, Anom,np P 0. M87)0;amrA lve:
(SW vs. PS, Anosi m, p = 0.001). To observe 1
| ocations and betokeedn ftohre thhaeb idti aftfse,r ewmd ilad | y
with the identified enzymes. Significant wvar
samples were interspersed with significant

|l ocaamadnsabi tat in NMDS analysis ((UA vs. WW
p = 0.05; UA Vvs. Il A, Anosi m, p = 0.13; WWTP \
p = 0.01; AA vs. I A, Anosim, p = 0m,09) =an0d Ob
The major pathways were associated with amin
and conversion, transport and met abolism o
met abolism and transportd ofr amws@loadt iod e ss, e choin
sugar met abol i sm, defence mechani sms, trans
secretion, biogenesis etc.

A 1A UA WWTP

a uncharacterized protein-
iron complex outermembrane recepter protein-
putative transposase -
diguanylate cyclase [EC:2.7.7.65]
methyl-accepting chemotaxis protein-
muttidrug efflux pump -
fransposase - , % Relative
branched-chain amino acid transport system permease protein - ! Abundance
acyl-CoA dehydrogenase [EC:1.3.8.7]- l
3J-oxoacyl{acyl-carrier protein] reductase [EC:1.1.1.100] - '
branched-chain amino acid transport system substrate-binding protein -
putative tricarboxylic transport membrane protein- lI l ] —- 010
putative ABC transport system permease protein -
long-chain acyl-CoA synthetase [EC:6.2.1.3] - ‘
branched-chain amino acid transport system ATP-binding protein- . '_ ] |
two-component system, chemotaxis family, CheB/CheR fusion protein [EC:2.1.1.80 3.1.1.61] ‘
hydrophobic/amphiphilic exporter-1 (mainly G- bacteria), HAE1 family- § =8 I H
ammonium transporter, Amt family - ﬂ
excinuclease ABC subunit A- ﬂ ﬂ "
acetyl-CoA C-acetyltransferase [EC:2.3.1.9]- :

1.00

|

0.01

72



b PS SW
uncharacterized protein NN NN A

iron complex outermembrane recepter protein - i |
putative transposase - | (| l |
diguanylate cyclase [EC:2.7.7.65]- I‘. ] I
methyl-accepting chemotaxis protein- ||
transposase -

multidrug efflux pump -
3-oxoacyl-{acyl-carrier protein] reductase [EC:1.1.1.100]-

acyl-CoA dehydrogenase [EC:1.3.8.7]- 9% Relative
branched-chain amino acid transport system permease protein - Abundance
putative tricarboxylic transport membrane protein -
branched-chain amino acid transport system substrate-binding protein - l 1.00

putative ABC transport system permease protein -
two-component system, chemotaxis family, CheB/CheR fusion protein [EC:2.1.1.80 3.1.1.61]- |
branched-chain amino acid transport system ATP-binding protein -
acetyl-CoA C-acetyltransferase [EC:2.3.1.9]- .
long-chain acyl-CoA synthetase [EC:6.2.1.3]- |
hydrophobic/amphiphilic exporter-1 (mainly G- bacteria), HAE1 family - I I
type | restriction enzyme, R subunit [EC:3.1.21.3]-
excinuclease ABC subunit A- |
ATP-binding cassette, subfamily B, bacterial -
ammonium transporter, Amt family -
membrane fusion protein, multidrug efflux system-
ribonucleoside-diphosphate reductase alpha chain [EC:1.17.4.1]-
two-component system, sensor histidine kinase and response regulator [EC:2.7.13.3]- lI I l l l

I 0.10

0.01

Figub&e Overview of functional gene abundance
KEGG pathways across: a) different sampling
plastisphere PS); and

73



Amino acid transport and metabolism |

General function prediction only -

Energy production and conversion -

DNA replication, recombination and repair -

Inorganic ion transport and metabolism

Cell envelope biogenesis, outer membrane -

Carbohydrate transport and metabolism |

Signal transduction mechanisms -

Transcription

Translation, ribosomal structure and biogenesis |

Lipid metabolism -

Posttranslational modification, protein turnover, chaperones -
Coenzyme metabolism -§

Nucleotide transport and metabolism -

Secondary metabolites biosynthesis, transport and catabolism -

UA

% Relative
Abundance

1.00

0.10

I 0.01

Amino acid transport and metabolism
General function prediction only |
Energy production and conversion

DNA replication, recombination and repair |

Cell envelope biogenesis, outer membrane -

Inorganic ion transport and metabolism

Carbohydrate transport and metabolism |

Signal transduction mechanisms |

Transcription

Translation, ribosomal structure and biogenesis -
Posttranslational modification, protein turnover, chaperones -
Lipid metabolism |
Coenzyme metabolism |

Nucleotide transport and metabolism -

Secondary metabolites biosynthesis, transport and catabolism -
Cell motility and secretion |

Cell division and chromosome partitioning -

Replication, recombination and repair -

Cell walllmembrane/envelope biogenesis -

('} (path not available)', 'COG0841")-

Intracellular trafficking, secretion, and vesicular transport -

Lipid transport and metabolism -

Defense mechanisms -

('{} (path not available)', 'COG1132')-

% Relative
Abundance

100

0.10

I 0.01

(0 (path not available),'COG1131')- i 111 |
FilgBRel ati ve abundance of the 25 most
and d) across habitats (surface water

74

abundan
SW an



Us
mi

mi

a

1

c
c
Ss
0

Cur

mi c

e

a

X p
na

mi c

S

c

al

1 Factors shaping surface water and pl ast

ithlgei st ance decay model and accounwheghdérmr

robi awa sr i acshsnoecsisat ed wi t h pot hneotdire@ v etmld aetdc e
r choimamu niint ipelsasti sphere and surrounding en
ociated with the tyRe @Gpa3G¢.oulsk;RWWT ppSos,| u
O0ORZ, OMAB50. O0RRS, 0 p&50. OFOi1gl2pace) . Mor eover,
tis dissimilarity analysis showed that €
robi al community structure and compositi
It diree key environment al dwiatvers amhdr pmiactt ols
|wassi sper formed to elucidate which enwiror
robi al (Fciogninpuéha & uglhtoswwehda e mper at ur e, di ssol v
I nity, tot al di ssol vedasiog nidbsi @amit cyqofdfdaadl
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Fi gwWr eDR2i vers of microbial communities in su
showing the correlati on banhkheecetne rkieayl ecnovnin uonnin

composition

4. PRofiling of microbial community associate

mi crobi al community ecRimMp@yssitteinron i n Swartkop

SimilMMsundduizviert he surface s®Raver daompSwaretdk o
(Wil coxon, p = 0.018) higher milcrobhealdidfi fver
consistent when the microbial diverssughwas
UA, WWTIPA and WAKr FFsWaaill ¢ s2 Bpta Qu & @) ¢dBrytaiyd s
di ssi minladryistiys bet ween the samples showed th
and plastisphere from different sampling sit
analysis (PCoA) also explained dmfifereheefi:
second di mension of the plot both across the
(Fi Qug,e and habitat (surface 2a)yer PERMANOYA .
showed significantommbhetgnaesosns mmlFeB&sBRask
RP= 0.19, p < 0.003) BNHS .hM&;id.a35, PIERMAN.OVAO 9
proximity esti mditwar sint y ewans fodumaettao have a
communwittiressampl es clustering based on their
PS). The major phyla also revealed significa
and h&bg®apgp. (The major bacteri al phyl a det ec
Actinobacteri a, Chl amdfylaemxib,ac Ve 22a Ja c o Mo qgri@ keie
significant di fference (p < 0.05Prwbeomdbcsted
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bacteri al taxa Wibt)h vairg it fi ioavanti n( p ed ai ve a
sites (UA, WWTP, I A and AA), habitat (surfac
winter). The samples from I A and UA site wer
Ni tr oosaadmd e s, Chromati al es, Chromati aceace, I
Nitrosdmag®Eae. ( On the other hand, the sampl ec
presence of Janthinckddtaecriaem, Choygleodact Waad
WWTP site exhibited the significant Fi@semcCe
28). Sinmihceaskyofi mabitat and season, LEf Se &
bacterial taxa in both surface water and pl s
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4. 14 Functional diversity of surfacesRwavteerr a
The functional potential of microbial commun
and present &d gad ehbhemiipes(reveal ed signific
the relative abundances of functional genes

sites anld ghZzide)i.t aTlse (maj or pat hways identifi
functions prediction, amino acid transport

DNA replication, recombination and repair, ¢
trdaoasti on mechani s m, nucl eoti de transport

carbohydrates, and ions metabolism, nucl eoti
and transport of secondary metabolites, def e

(figdaye From the rwveasruilatsi,ona isni gtnhef ircealnat i ve

enzymes24§y,jgwreh a clear separation between

analysis (UA vs. WWTP, Anosi m, p = 0.004; UA
p = 0.021; WWTP s0. QA9 ; AWWEPMysp | A, Anosi
Anosi m, p = 0.0028) and between the habitat
variations were also observed in functional
significarbtetdviefefnertennrec ebsot h bet ween the sampl
analysis ((UA vs. WWTP, Anosi m, p = 0.0009,;
Anosim, p = 0.13; WWTP vs. AA, Anosim, p = 0
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I A, Anosi m, p = 0.0003) and between the habi

pat hways were associated with genetic inforn
transporters, metabolism andimndrolranaydroaat @ rme
signal transduction and two component system
conversion, transport and metabolism of i ons

and transport ofhesaus| e atnidd etsr, a nlsipogyntof s e
met abolism, defence mechanisms, transcriptioc

bi ogenesi s etc.

a Summer Winter

PS SW PS SW
A A VA WwiPp

Genetic nformation processing |
Signaling, cellular processes and Transporters |
Metabolism, Carbohydrate metabolism-|
Environmental Information Processing, Signal transduction, Two-component system-|
Environmental Information Processing, Membrane transport and ABC transporters |

Metaboism, Nucleotide metabolism and Purine metabolism | o Relaive

Abundance

Genetic Information Processing, Folding, sorting and degradation- 1000

Carbohydrate metabolism-| 10

Protein families, metabolism, Pepfidases-| 010

Metaboism, Energy metaboésm and Oxidative phosphorylation-| 001
Genetic Information Processing, Transiation and AminoacyHRNA biosyrthesis -
Metaboksm, Glycan biosynthesis and metabolism-;

il 1=

81

VA wwiP M VA wwiP M A LA wwiP M A

Genetic nformation Processing, Translation and Ribosome:

Signaling, celudar processes and Prokaryotic defense system

i

Genetic Information Processing, Replication, repar and DNA replication




Generalfuncton preciction onfy

% Reldhe
Aundance

00

0t
Pestransiatonal modfication,proten fumover, chaperones

Lipid metabolism
Coerzyme melzbulism
Nucleofide fransport and mefzbolism

Secondary metaboltes biosynthests, ransport and catzbolism |

Figa4e Overview of functional gene abundance
KEGG pathways across: a) different sampling
pl astisphere PS)

4. 15 Factors shaping surface wat esRiamar pl ast

Toeval uate the key environment al factors t1l
mi cr obi ome sRiny eSwea r p & 0 fo oarnnael,dy lsMasmt ell uci dat es t
factors driving (RiigRgRe alslhtostrddeuenmpteireast ur e, t
salinity, pH, salinitnyi,crhoedbd ad <ciognmiufnii ¢ gnti ne

pl astisphere both acr oski g2hfee sampl ing sites
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4.16Metagenomic assembly and antimicrobial gene detection

See annexure 1 (Published article)

4. Mbcroplastic transport model
4. 1Bbotindance of MPs

Through the sampling at the four |l ocations
mi croparticles were detected from surface w
Subcat cWwimeaoth 2s mainly indust rwhil ¢gahnf icedglra weud t
area, downstream of the Municipal Darvi || W

sedismampl es could only be taken from Subcatc

sampled fromfseséthiemevat € rtt dcremhsu nonf. MPnh shape, f i
in surface water (65%) and pellets in sedi me
were categorized by sieves of 0.5, 0.18, 0./

being: 33% ((00.518mm)m) ,2424 % (0.1 Om) and 20%
samples: 25% (0.5 Om), 28% (0.18 Om), 24% (O
categorized between wipntesrendmrd 63 uwrh ey tcdaahnepsl e
t he croantcieonntwaldi giPesr 1 n winter. This was due

after a | arges fHiogphi dhigs ehvaeernge can i nducdee r e
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Carvat Re&l2.2) However, the average surface wat e

from rur al townshi ps) were constant for b ot
conducWegneery(2I0wWBd highlighted that MP conce
river discharge in urban catchments when con

t hat MP concentration during the flooding

catchment s

Microplastic Count per Season (Summer vs. Winter)
120 | 116.8

Il Summer
I winter

100
87.2 87.2

80 4

60 1

] 386 38.6

Number of microplastic particles/L

Sample Sites

Fi ga6 eNumber of sampled MPs per litre

4. Ca4t chment hydrol ogy

The catchment model for simulating fluxes of

Msunduzi Catchment i s presented together wit
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Fige7ZBPl ots (A), (C), and (E) represent obse
respectively; and (B), (D), (F) represent 1| o
1,2 and 3 respectively.

The NSE asndatliosggNSS s for the reaches, present ¢
Schober, Boer agnduSchvwerrtee i(s2®1&)etter fit b
| ower down in the catchment (reach 3). Prel
performance wacsatsehsmpeercti Ve ct oasuaball mul tipli

MC analysi s.

Tabl:«€Cal% bration statistics for river water
Sutcliffe coefficient Iis a measure of the qu

dat a.

MsunduzNSE Log-Sr 2
Reach 1 0. 0. ¢
Reach 2 0. 0. ¢
Reach 3 0. 0. ¢

rm N N

0.
0.
0

frMormorm

PERSw&s able to reproduce the observed fl ov

temperature and precipitation, together wit
within the catchment. The | NCA modeat efrr aanmed
groundwater buckets, was adequate for reprod
However, there may be some uncertainty in th

with observed flow patternsonsMedelnt prediud tt
catchment ; however, prediction accuracy did
could be a result of many factors such as n
|l ocations of phe tamehmentesoandncal i brati on
given that the predictions wermpecridliatirwalny ad
were amongst the most i mportant par amat etrise a
mo d e | results would be enhanced i f additi ons
single timeseries for the entire catchment.
observed years may be |waktealwatoerwadiesgc hadrsgers
and small (Netdtl e@i2.a)jThre model performance wa:

runoff fraction, indicating that | ow flow ev
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The hydrological model presented did show go
the modelling situation can be thought of a:
results are simulated fromkerofmpdmt3® dgauaqi
to data availability at internal points in t

4. MB transport by reach

Figupeel3ents the simulated MP fluxes respond
the three reaches in the catchment. The, tran
with intense flows causing the mobilizati on
simulated MP peaks coincide with high fl ows.
dense wNMPsh are transported more effectively
suppl emented by daidl y nbFnvwgfufrceh 8ke dil diuwselrya co
having greater MPs compared to reagpclarlk adwd tv
t hreaj ority is in Subcatchment 2. The simul at
hydrol ogi calstoaemrtgroelavan rt iVEP s, wwii tcthi n st hen fil aa
by the size rather than density. The result
Munici pal Dar vi | | WWTW (flow volsotmeadsiahdi sk
effect on the MP concentrati on yaosl uanersc eanntdr ;

volumes are twofold compared to the upstrean
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Msunduzi 1 River Flow & Microplastic Mass Over Time

- 300 f 300
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Msunduzi 2 River Flow & Microplastic Mass Over Time
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Msunduzi 3 River Flow & Microplastic Mass Over Time
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Fi g2a8 eSi mul ated discharge fluxes of MPs pe

12
Total Runoff to Reaches
10

mm/day
(o)}

—— Natural —— Agricultural Built-up

Fi g2a%Tet al runoff to reaches due to | andsca

4. A9sessment model predictability

Foll owing the calibration using river hydr o
dat aset. I n terms of the bed MPs, t hewndacdel
predictions increasing towards the end of

experi mental dat s eTth e suhnodwenr eisnt i Fmagtuiroen 3can b
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nsidering biofouling of MRaj sehj ckKowantska
17)The predicted suspended concejtarraiteido na,s
nter samples (August) were ,whildcrercnesdulat ¢ @& r|
asses being a factor of greater than 3 whe
e winter gsvaempllest i(vMairgchal isgmeid at ed resul ts

Il l ets were the mbhbsitin@cwiuraitel p paretdobct ed

cur at elbyeipnrgerdwiattieadct or of 6. Fragments wer ¢
foll owed the same pat,tbPensamubabedtcbhmehts
t h t he mod el correctly predicting pel | et

derestimabéesbytodahatod n Subcatchment 3,
ncentration of fibers, but pellets and fr a
nfidence boundaries for nee assurdcasartisb eod WP
024mMmod elh'edi ctive ability can be considered
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Fi gwWr eTi3me series results of simulated and o
in the riverbed and water col umn of the reac

4. R9sessment of MP transport and fluxes in t
Foll owing model calibration and evalwuati on,
the catchment. The simulation -feEpwesgrnsshat

accumul ation and release of MRt heomwriithetrd c
coincided with relatively constant |l evel s o
streamededti ng in peaks of suspended MPs, a ¢
and sedi ment MP mad)s.sg Uaritecirdec ssehdo W s i tghuer et eBmp o r ¢
delivery from | and t o OtOhe Or0iOvieRrg /wheiacrh rlan gceas
2022022 there was drastic increase in MP de
attributeidngoevdrtasvhdedt el bcghy facilitated

particles from source points.
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The MP transport and nRlvielri 2 ast igoonv eirm etdh éb y Mss
which can be evaluated in terms of <critical
met hod correlates initiation to flow velocit
shear(3taegs2019@yder for the parti olketdostlohe md
satisfied as descBl(kaednlgpel2®dvt 99nd i n Figure

1.1f Fdeaowe#&8hd Fc, the particle starts to
2.1f Fd overcomes Ff and Fc, the particle s
3.1f FI overcomes W and vertical Fc, the pa

FigBxe Forces on a bed parti ¢hgdr oM y(nsaunbi nte r d

(hydrodynamic |ift), Fc (cohesion), Ff (fric
The MP initiation was evaluated based @&® Shi
using Shields parameter and velocity. The va
MP size and density, gravitational acc@l)er at

and reach kinema8B¢, viwbetcohi tay e( iisgur et o c al
Reynolds Number and $8) el ds Parameter (Figur

The resultant Shields Paratmetendicawhent hatal §
fragments (0.25) f,akebudbowng ihemBhieemedtcuimhe
Parameter of 0.02 and fall below the curve,

t he reach 3f8l)owso (tFhiegwHjel stromds Diagram, the

downstream due to high fl ows.
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Fig3s élustrates the daily rate of MP bed ent

of si ze, densi ty, and sedi ment bed critical

present in al/l rivers reachesgswhHioah firaweneat tsi

Shields Parameter and are therefore not ret a
the | ower reach of the Msunduzi Catchment ,
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