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We review and evaluate the major land-based sources and pathways of plastic waste that lead to marine 
pollution in a South African context. Many of the formal solid waste and waste-water management facilities 
in South Africa are not fully functional, contributing towards plastic releases to the environment. Much 
plastic also enters the environment directly by informal and illegal dumping. Once in the environment, 
plastic is transported and distributed by air, inland waterways and human activity, with complex dynamics 
that are not fully understood. Depending on the size and type of plastic and environmental factors like 
wind action and run-off, plastic can be deposited into sinks such as soil, river sediments and vegetation, 
or carried to the ocean. Contrary to an initial assumption that South Africa is the 11th worst contributor 
to marine plastic pollution, we estimate from more accurate and recent data that between 15 000 and 
40 000 tonnes per year is carried to the oceans. This amount is six-fold less than a previous estimate. 
Despite many data and information gaps that require urgent attention through research and monitoring, 
it is clear that the status quo will lead to a worsening of already severe plastic pollution of all environments. 
South Africa needs to reduce plastic entering the environment by reducing illegal and informal dumping, 
effectively implementing and improving waste management infrastructure, and intensifying long-term 
awareness campaigns. Most importantly, however, immediate and effective mitigation is required.

Significance:
• More accurate and recent data show that between 15 000 and 40 000 tonnes of plastic is carried to the 

oceans from South Africa per year – six-fold less than the widely used previous estimate.

• Riverine sediments are potentially major sinks for plastic en route to the ocean.

• Management of treated waste-water sludge, as well as the state of waste-water treatment plants 
(WWTPs) are key concerns. WWTPs are reported to remove most plastic from the water content. 
The state of South African WWTPs have deteriorated to such an extent that up to 40% of the country’s 
waste water is untreated and data and management practices of sludge are unavailable.

• There are major data gaps in the South African waste sector, which lead to miscalculations and 
uncertainties about the country’s contribution to marine plastic debris.

Introduction
Marine plastic debris is a global concern that needs urgent attention and mitigation.1 Although numerical estimates 
differ2, the majority of plastic reaching the marine environment comes from land-based sources. Li et al.3 estimate 
that up to 80% of marine plastic debris is from land-based sources3, but this estimate is largely based on data from 
the Caribbean islands and the proportions of land-based to sea-based sources show great regional variation4. Land-
based plastic debris enters the marine environment mainly as formal, informal and illegal debris, carried by rivers, 
waste- and storm-water outlets, or is blown directly into the oceans by wind.5 Recently, microplastic has also been 
found in air6,7 – a finding that expands our knowledge of plastic mobility and long-range distribution. Although most 
literature on plastic pollution remains marine based, more attention is being given to riverine research as rivers act 
as a major transport pathway of plastics to the oceans.8-13 Rivers play a role in the transformation of plastic into 
smaller pieces through abrasion, chemical, biological or UV degradation.14 Freshwater sediments also act as sinks 
for plastic that may become secondary sources during floods or high-flow conditions.

Generally, one can distinguish three major categories of plastics found in the environment. Large plastic items, 
arbitrarily termed macroplastics (>5 mm in longest dimension) are items such as packaging, foams, plastic 
bags and ear bud stems. Large debris breaks down through a myriad of processes into smaller pieces called 
microplastics (<5 mm in longest dimension). Fibres released from fabrics (often from washing of clothes) are also 
considered microplastics due to their size. Not only do macroplastics cause direct harm to larger animals through 
ingestion, suffocation and entanglement15, but microplastics cause similar problems to smaller animals.

Many plastics are manufactured as complex mixtures of chemicals. Plastics can also take up additional chemicals 
from the environment such as persistent organic pollutants and metals such as mercury. The incorporated and 
accumulated chemicals could be transferred to terrestrial, freshwater and marine organisms that have taken them 
up through ingestion or assimilation, posing a threat to human, biotic and ecosystem health.16,17

Here, in a South African context, we consider the land-based sources of macro- and microplastics. We discuss the 
sources of plastic that can become marine plastic, its distribution mechanisms, and how plastics eventually reach 
the oceans. An understanding of the underpinning factors and knowledge gaps is necessary to inform effective and 
integrated land-based remediation and intervention options and policies.

Plastics are complex
There are many types of polymers and many ways to characterise their properties, such as chemical and crystalline 
structures, production processes, design, density, hardness, capacity to absorb water, electrical conductivity, and 
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degradability.18 Table 1 provides a summary of common polymers, 
some common uses, as well as their typical densities. The density of a 
polymer is important as it relates to buoyancy in fresh and marine water 
which is pertinent to the current series of articles. It should be noted that 
densities given here are approximate. 

Table 1:  Types and some uses of selected polymers arranged according 
to their typical densities, as well as the densities of different 
waters (adapted19-21)

Type of polymer Density (g/cm3) Common uses

Natural rubber 0.016–0.36 Cool boxes, floats, cups

Polyethylene – low density 0.91–0.93 Plastic bags, outdoor furniture

Polyethylene – high density 0.94–0.97 Bottles, pipes

Polypropylene 0.85–0.94
Rope, bottle caps, gear, 
strapping

Polystyrene – expanded 0.016–0.36 Cool boxes, floats, cups

Polystyrene 0.96–1.05
Utensils, containers, 
microbeads

Polystyrene – high impact 1.04 Shelves, printed graphics

Polyamide (‘– nylon’) 1.12–1.14 Fishing nets, rope

Polycarbonate 
(bisphenol-A)

1.2 CDs, glass alternative, lenses

Polyurethane 1.2 Rubbers, sealants, paints

Methacrylate (acrylic) 1.19 Alternative for plate glass

Cellulose acetate 1.28 Cigarette filters, fabric fibre

Cellulose nitrate 1.35 Printing inks, nail polish, foil

Polyvinyl chloride 1.38 Film, pipe, containers

Polylactic acid 
(biodegradable)

1.21–1.43 Packaging, cups

Polyethylene terephthalate 
(PET)

1.34 - 1.39 Bottles, strapping bands

Melamine 1.57
Flooring, dinnerware, dry 
boards

Polytetrafluoroethylene 2.15–2.20
Bearings, lining of pipes, non-
stick cookware

Distilled water 1.00

Brackish water 1.005–1.012

Sea water 1.025–1.027

Although many plastic items consist of only one monomer such as 
ethylene or propylene, there are plastic products that consist of multiple 
monomers called co-polymers15,22 to address existing or specific needs. 
Depending on polymerisation efficiency, monomers trapped in the 
polymer matrix may leach or desorb to the environment, or into organisms 
that have ingested them. Bisphenol-A is one such monomer that is known 
to leach and has endocrine disruptive properties.15,22

Many kinds of additives are incorporated into plastics to attain desired 
properties; some are listed in Table 2.19 Some of these additives (up to 
70% of the mass) may be released from the article to the environment and 
to organisms that have ingested them. There are many known toxicological 
implications associated with both the monomers and additives.15 

In addition to the chemicals incorporated during manufacture, synthetic 
polymers that are mostly made up of non-water soluble organic materials, 
act as organisms do by absorbing or adsorbing pollutants such as metals 
and persistent organic pollutants from the environment, concentrating 
pollutants from land, refuse dumps, water, and perhaps even from 
air.23-25 Mercury and DDT for instance, have been detected at higher 
concentrations in plastics than in water, supporting a concentration effect 
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akin to bio-concentration. Plastics, suspended matter, and biota passively 
concentrate hydrophobic molecules from water through adsorption 
(therefore remaining in solution in the plastic matrix), absorption (such 
as ionic, steric or covalent binding), or a combination thereof depending 
on matrix volume, polymer characteristics and ambient concentrations.26 
Plastics that thus had their chemical compositions altered in fresh water and 
reach the marine environment via rivers and outflows (such as industrial 
and sewage outflows) should therefore be considered as transport 
facilitators of concentrated chemicals to the oceans. The incorporated 
and accumulated chemicals could be transferred to terrestrial, freshwater 
and marine organisms that take them up through ingestion or assimilation, 
posing a threat to human, biotic and ecosystem health.16,17

Table 2:  Examples of additive type, function and chemical name that 
can be found in manufactured plastics19

Additive Function Chemical name

Accelerants Speeds up curing Ethylene thiourea

Antidegradants Reduces degradation
N,N’-bis(1,4-Dimethylpentyl)-
p-phenylenediamine

Antioxidants Slows down oxidation
2-2-Hydroxy-5-tert-
octyphenyl-benzotriazole

Antizonants
Slows degradation 
by ozone

Nickel dibutyldithiocarbamate

Cross-linking additives Links polymer chains 2-Mercaptobenzothiazole

Flame retardants Reduces flammability Tetradecachloro-p-terphenyl

Photosensitisers Absorbs radiation Benzophenones

Plasticisers
Makes the material 
more pliable

Bis(2-Ethylhexyl)terephthalate

Surfactants
Modifies surface 
properties

Polysiloxanes

UV stabilisers
Protects against 
UV damage

2-(2-Hydroxy-5-
methylphenyl)benzotriazole

Sources of plastic in the environment
Waste in South Africa
Jambeck et al.27 ranked South Africa 11th in a list of countries 
contributing an estimated 90 000 to 250 000 tonnes to marine plastic 
in 2010, based on an estimate of 56% mismanaged waste with little 
actual supporting data. Key reasons considered for the loss of plastics 
to the environment were lack of waste removal infrastructure, logistical 
challenges in informal settlements and out-lying communities, poorly 
managed waste, and littering.28 There are, however, concerns that some 
of the quantitative assumptions used in various assessments may not be 
accurate and therefore result in an over-estimation of the actual amounts 
that enter the South African marine environment.2

Solid waste removal is primarily a function of local government.29 
According to the 2018 South African State of Waste report (SoWR)30, 
total non-mining waste generated in South Africa for 2017 was 
54.2 million tonnes, which is 1.0 tonne per capita of 56.5 million people. 
South Africa generated 1.1 million tonnes of plastic waste in 201730 
equating to 19 kg plastic per capita per year, or 53 g per person per day. 
Jambeck et al.27 used a figure of 2 kg per day of all waste (not only 
plastic waste) and an estimate of 12.9 million people living within 50 km 
of the coast of South Africa, to obtain an amount of 505 000 tonnes of 
plastic waste per year in the coastal areas (assuming equal distribution 
between inland and coastal plastic waste generation figures). 

SoWR30 reported that 43.7% of plastic waste is recovered and/or 
recycled, with the remainder disposed of (618 880 tonnes). Assuming 
that 29% of the 12.7 million tonnes of household waste does not enter 
the formal waste management stream, 3.67 million tonnes of waste is 
mismanaged plastic in South Africa31 (Figure 1). Of the domestic waste 
handled (GW01, GW50, GW51, GW52, GW54), 11% per mass is plastic 
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and tyre waste.30 Assuming a similar proportion of unmanaged waste 
is plastic and tyre waste, South Africa releases 440 000 tonnes of 
unmanaged plastic waste into the environment. The 12.9 million coastal 
inhabitants living within 50 km from the coast release 100 000 tonnes 
of plastic waste into the coastal environment. Jambeck et al.27 assumed 
that 15–40% of the mismanaged plastic waste would enter the oceans. 
For South Africa’s coastal population, we calculate that 15 000–
40 000 tonnes of plastic could reach the oceans (Figure 1) – more 
than six-fold less than Jambeck et al.’s27 estimate of 90 000 to 
250 000 tonnes coastal plastic waste. Although this figure does not 
include formally managed waste that also enters the environment via 
secondary pathways and other factors, such as burning of portions of 
formally unmanaged waste, we highlight that the estimated contribution 
of South Africa’s plastic input to the ocean is significantly less than 
previously claimed.

However, an important data uncertainty remains: illegal and informal 
waste dumping. Illegal waste was recognised in the SoWR30, but no 
estimates were provided. However, we do not believe that the difference 
between estimates can be made up by illegal waste dumping. For higher-
resolution and more accurate numbers, more data should be collected 
locally and used to improve estimates.

Data sources in red

Figure 1:  Breakdown of available data on household and plastic waste in 
South Africa.

Socio-economics and mismanagement of waste
Major drivers associated with plastic debris in the environment of an 
area are economic challenges and disadvantaged communities.30 Most 
South African households (91%) are low-income households.29 In urban 
municipalities, 82.7% of households have weekly solid waste removal 
services, while only 4.9% make use of their own dumpsites.29 In rural 
municipalities, only 1% of households have formal waste collection at 
least once a week, while 75.1% make use of own refuse dumps.29 Poverty 
combined with rapid urbanisation and insufficient waste management 

results in logistical challenges in waste collection.30 Roads in informal 
settlements are often too narrow to be accessed by garbage trucks. 
Weak waste management by municipalities leaves many individuals, 
households and communities with the responsibility of disposing of their 
own domestic waste. Waste that is not formally collected is disposed 
of on communal dumps.30 Without proper infrastructure, plastic and 
other waste is lost to the environment through wind and water run-off.30 
Vandalism of fencing at waste management sites also allows the leakage 
of plastic through wind (personal observations of C.V. and H.B.).

Waste removal includes removal by local authorities, private companies 
or community members (Table 3). It ranges from 92% in the Western 
Cape to 20% in the Limpopo Province. Of the South African provinces, 
the Western Cape and Gauteng have the most efficient formal waste 
collection systems, while Limpopo and the Eastern Cape have the lowest 
formal waste collection availability and inevitably the highest portions of 
informal or communal refuse dumps.30

Table 3:  Breakdown of waste collection services in each province 
for 201630 

Province
Formal waste 

removal
Communal/own 

refuse dump

Communal 
container/central 
collection point

Other

Western Cape* 92% 4% 4% 1%

Eastern Cape* 39% 53% 1% 8%

Northern Cape* 68% 25% 1% 6%

Free State 74% 21% 1% 5%

KwaZulu-Natal* 43% 49% 2% 6%

North West 58% 37% 1% 4%

Gauteng 88% 7% 2% 3%

Mpumalanga 40% 52% 1% 8%

Limpopo 20% 72% 0% 7%

*Coastal provinces

Excluded from the SoWR and data used for national waste estimates is 
the portion of mismanaged waste.31 Of total domestic waste generated 
in South Africa, 29% (3.67 million tonnes per annum) is not collected 
or treated via formal waste management processes.31 Because of 
inadequate waste management and a lack of consumer awareness and 
education, waste that is not collected is littered or illegally dumped30,31 
(Figure 2). Rural communities may be largely ignorant of the adverse 
effects of plastics in the environment, resulting in a lack of motivation to 
keep the area clean.32 We highlight the need for education about proper 
waste disposal practices and the provision of formal waste management 
services, especially in rural communities, as both income and settlement 
type largely determine the efficiency of waste management.31

Coastal cities report large debris loads deposited into the ocean directly 
via storm-water drainage systems.33-36 Between 2000 and 2002, some 
3000 to 4000 tonnes of debris were estimated to be deposited into the 
ocean by the City of Cape Town each year, most of which originated from 
informal settlements on the banks of canals.33 Data from beach clean-
ups and debris booms in Cape Town suggest an increase in the plastic 
load during rainy seasons.35 Recent beach clean-up data from Cape Town 
shows 9 of the 10 most frequently found items are associated with fast 
food containers, with the 10th being earbud sticks.37

Access to running water for households is related to microplastic 
concentrations in rivers – particularly to the concentration of fibres.38 
If access to running water and proper waste-water treatment is limited, 
as is the case for many rural communities in South Africa, waste water 
is discharged directly from households into river systems and clothes 
are often washed directly in rivers. As mechanical19 and handwashing 
of fabrics in water releases fibres, washing may contribute significant 
amounts of fibres to rivers. An average mechanical wash load of 6 kg of 
clothes can release more than 700 000 fibres per wash.39 However, we 
could find no useful data on laundry activities in South Africa.
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Waste management in South Africa is mainly not compliant with 
applicable regulations.30 Some issues that were identified at disposal 
sites were lack of access control, daily covering, auditing, and 
monitoring. To tackle this problem, infrastructure is needed, and waste 
removal and treatment services should be delivered to all communities. 
Education and awareness will lay the groundwork to reduce littering and 
burning. Education campaigns in schools and local authorities have been 
implemented in Gauteng, North West, Western Cape and the Free State. 

The informal waste sector is an integral part of the South African waste 
removal and recycling system, with more than 25 000 trolley pickers at 
kerbside and 36 000 landfill waste pickers in 2014.30 Waste pickers tend 
to select high-value products and often leave the rest, which can then 
enter the environment.

Photo: C. Verster

Figure 2:  Illegal dumpsite next to a river in the Free State Province. 

Transport sector
Global estimates conclude that automotive tyre wear or ‘rubber dust’ 
contributes up to 0.81 kg/year/person to the environmental microplastic 
load.40 Road transport is the dominant mode of transport in South Africa. 
It will continue to be so in the foreseeable future as 71% of the national 
transport infrastructure budget in 2018 went to road infrastructure 
improvement.41 Although no data are available on tyre wear in 
South Africa, it is likely to be a source contributing to the environmental 
microplastic load that will also reach the oceans. 

Industry
The plastic manufacturing and packaging industries contribute to 
the load of environmental plastic debris, but the amount of leakage is 
poorly understood. Much of the leakage is in the form of primary pellets, 
recyclate flakes, and powders released to the environment during 
manufacturing or transport. During the 2015 coastal clean-up campaign, 
53.9% of the number of microplastics found on beaches were industrial 
pellets.42 Microscopic plastic particles are mixed with silica and other 
materials as abrasives and in sandblasting, and are likely to leak to the 
environment if not properly contained.19 

Operation Clean Sweep was initiated in the USA and globally launched in 
2011 to contain primary plastic and recyclates within the manufacturing 
process; which is a goal endorsed by Plastics SA to combat the release 
of plastics into the environment during production and recycling.28 

Microplastics
Microplastics in aquatic ecosystems come from sources such as waste-
water treatment plant (WWTP) effluent, sewer overflows, discharge, and 
run-off from sludge used in agricultural applications and industries.43 
In South Africa, urban run-off and informal settlements are other possible 
sources due to littering and inadequate waste management.

Microplastics may enter an aquatic system in two different forms. 
They can enter the system as primary microplastics44 or as secondary 
microplastics that form as breakdown products of larger items. 
When using cosmetic products like facial scrubs, between 4600 and 
94 500 microbeads, which are primary microplastics, can be released45 
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but little data are available on their retention by WWTPs44. Microbeads are 
also used in other applications such as sandblasting, soaps and washing 
powder. Although microbeads have not been banned in South Africa 
unlike in Canada, the USA, United Kingdom, France, Sweden, Taiwan, 
South Korea and New Zealand, the South African cosmetics industry has 
implemented some initiatives to replace microbeads with other materials. 
Where WWTP outflows are directly to the sea, any microplastics that 
remain in the effluent will also be directly released to the sea. 

When released into the environment untreated, waste water can add 
large amounts of microplastics, especially microbeads, to riverine loads. 
Even though international results show that WWTPs can remove 97–
99% of microplastics, treated waste water still releases large numbers of 
microplastics due to the high initial volume.43,44 Many of the WWTPs in 
South Africa are no longer fully functional. Of 68 audited WWTPs, only 
8.2% were compliant with effluent quality.30 In 2014, about 30% of the 
country’s sewage treatment plants were considered to be in a ‘critical 
state’ (needing urgent intervention), and another 25% in a ‘high risk’ 
state.46 This leaves up to 40% of the country’s waste water untreated47, 
increasing the likelihood of increased microplastic release to receiving 
marine and fresh waters. This plastic then becomes trapped in sludge, 
which is then often deposited on agricultural land.48 Run-off by water and 
pickup of microplastics by wind from agricultural land should therefore 
be considered a possible source of microplastic to rivers and oceans.

Only a handful of studies have looked at microplastics in South African 
freshwater systems.19,49 High concentrations of microplastic fragments 
were found in sections of the Vaal River associated with more turbulent 
flow19 (Figure 3). Urban rivers like the Crocodile and Klip Rivers had 
microplastic levels up to 4.5 particles per litre (Figure 3). Levels of 
microplastic in sediments of the Bloukrans River ranged between 6 and 
160 particles per kg dry sediment in summer (high flow) and winter (low 
flow), respectively.49

Figure 3:  Distributions of total particles (fragments and fibres) per litre. 
The tallest bar represents 56 particles per litre.19

https://doi.org/10.17159/sajs.2020/7700
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Pathways
The size of a plastic item influences its environmental transport after 
release. Small microplastics (<200 µm), even heavier-than-water 
polymers like PET (Table 1), tend to be retained in the water column, 
while larger particles precipitate faster.48 Larger, less buoyant items like 
bottles with air trapped inside, foams, and low-density polymer items, are 
found in surface water and riparian zones.

Plastic in the water column becomes covered by layers of biofilm through 
biofouling.50 The more biotic material attaches to the plastic particle, 
the heavier it becomes, and sinks. This happens quicker for smaller 
particles. This process affects the movement and distribution of plastic 
particles and debris in fresh water50, and probably its transportation 
potential to the marine environment. 

Figures 4 and 5 illustrate the major sources and pathways of examples 
of macro- and microplastics reaching the marine environment. 
The reality is, however, far more complex and nuanced. Plastic in the 
environment is subjected to many factors that influence its movement, 
distribution, shape and toxicity. Rivers act as the main conduits for 
marine plastic (Figure 4). Rivers also play a role in the transformation 
of plastic. As plastic can sink, especially in less dense fresh water 
(Table 1), riverbeds can act as temporary sinks for plastic that can get 
resuspended and carried further downstream during high flow events. 

Hydrodynamics and the effect of impoundments play a critical role in 
the movement and distribution of plastics in any freshwater system.49 
These movements and interactions are quite well documented for marine 
systems51,52, but such understanding for riverine systems is lacking 
for South Africa. A scoping study on microplastic for riverine surface 
water found microplastic concentrations (both fibres and fragments at 
near equal proportions) ranging between 0.32 particles per litre in the 
Suikerbosrand River to 56 particles per litre in the Vaal River after heavy 
rains.19 Preliminary results for South African groundwater indicate the 
presence of predominantly fibres at 0.17 particles per litre.19

Airborne
Microplastic fibres have been found all over the globe in the remotest 
of environments.53 It is assumed that these fibres are deposited via air 
(Figures 4 and 5). Although the study of microplastic pollution in air 
is in its infancy, significant numbers of plastic, especially fibres, have 
been found in settled dust and atmospheric fallout.53 It is estimated that 
between 1600 and 11 000 fibres/m2/day can be deposited in urban 
areas.7 Most are natural fibres like cellulose and an estimated 29% are 
petrochemical-based synthetic fibres.6 There is a strong correlation 
between anthropogenic activity in an area and the amount of fibres 
found in the air.6 Although a novel field of enquiry19, microplastics 
have been shown to travel more than 95 km from point sources54. 
An estimated 7% of the number of ocean plastic may be deposited 

Source: Peter Kershaw15, with permission; adapted to South African conditions. 

Figure 4:  Schematic representation of generic land-based pathways of representative macroplastics reaching the ocean. 

Source: Peter Kershaw15, with permission; adapted to South African conditions. 

PCPs, personal care products

Figure 5:  Schematic representation of generic land-based pathways of representative primary and secondary microplastics reaching the ocean. 
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through atmospheric fallout.5 Although no data have been published 
for airborne plastic settling in South Africa, preliminary results indicate 
the presence of fibres in remote arid areas in the country, suggesting 
deposition of plastic much further than the 95 km suggested by Bank 
and Hansson54. Plastic fibres were found in dry run-off sediments (up to 
315 particles/m2; Louw J 2019 October, personal communication, and 
H.B. personal observations) in the Nama Karoo near Brandvlei where it 
had not rained for many years. 

Lightweight macro- and microplastics are also transported by wind. 
Distances travelled might not be as far as those of smaller particles 
and fibres, but Jambeck et al.55 suggest that areas downwind from 
sources act as plastic sinks. Especially in rural areas without proper 
waste disposal infrastructure, plastic debris can spread quickly outside 
the bounds of informal dumps, contaminating large areas of rural land. 
Plastic debris can thus be directly transported to the ocean, carried by 
wind or blown into rivers that carry debris to the ocean (Figures 4 and 5).

Sinks
Riverine sediments can act as a sink for plastics released into the 
environment, containing 40 times more microplastic than in surface 
waters.56 Sediments in weirs had increased levels of plastic because 
particles settle in these slower flowing parts of rivers.43 Some 16–38% 
of microplastic denser than water settles out into sediments.50 Particles 
larger than 200 µm are also retained in riverine sediment with possible 
resuspension during high flow periods.48 From 0 to 567 fibres/dm3 was 
found in sediments of lower reaches of water catchments along the 
South African coast.38 Although no data are available, this is likely to be 
the case for macro-debris as well. Microfibre content in river sediments of 
KwaZulu-Natal and the Eastern Cape also show a very strong association 
with socio-economic development indicators like access to water.38

Elevated levels of micro-litter are found in rivers associated with densely 
populated areas.43 There are some conflicting findings in the literature 
as to how far plastic will flow down a river before it becomes stuck in 
sediment or vegetation. Mani et al.43 claim that plastic loads increase 
immediately downstream of sources, while Jambeck et al.55 states that 
downstream areas of high plastic input in rivers act as plastic sinks. 
Bouwman et al.19 suggest that in the Gauteng study area, microplastics 
show little pattern in terms of population or downstream accumulation. 
Larger fragments were slightly more common upstream closer to the Vaal 
Dam, while smaller particles dominated downstream sites of presumed 
sources, which suggest that larger particles do not stay suspended in the 
water column as long, and sites downstream of sources most likely act 
as sinks for larger plastic pieces. This is in accordance with findings by 
Nel et al.49 in the Bloukrans River system in the Eastern Cape where low-
flow winter periods yielded higher sediment microplastic concentrations 
(160 particles per kilogram dry mass) when compared with high-flow 
periods (6.3 particles per kilogram dry mass). There are indications 
of very high microplastic loadings in sediment from rivers flowing 
through the Kruger National Park (Shikwambana P 2018, personal 
communication). Although not conclusive, flow rate seems to be an 
important hydrodynamic factor with the greatest effect on the plastic load 
in rivers of South Africa due to settling out in low-flow areas and seasons. 

Soil
Although images of land-based environmental macro-debris are 
common, scant data are available in a South African context on amounts 
and distribution. The largest data sets available in this regard report 
amounts and composition of plastic on beaches42, which indicate a 
recent increase in disposable nappies on beaches close to informal 
settlements. Interaction with biota on land is also less reported on, but 
examples include reports of cattle eating plastic in grazing areas.32

Current uncertainties
Compared with marine plastic debris research, information and data on 
inland sources and pathways in South Africa are scarce. To some extent, 
data, findings and models can be extrapolated from research done 
elsewhere. However, as pointed out by Jambeck et al.55, South Africa 
faces distinct socio-economic challenges and unique environmental and 

ecological dynamics affecting the load and movement of land-based 
plastic. Wrong assumptions may lead to wrong conclusions that may 
adversely affect policy and interventions. Here we discuss some of these 
uncertainties in terms of difficulties to extrapolate global findings to a 
South African context. 

• Although visibly an issue, volumes and hotspots of illegal dumping 
and informal dumps are still unknown and need to be quantified in 
order to motivate mitigation.

• Considering the unique socio-economic issues faced by 
South Africa when compared with countries with more complete 
data sets for sources and pathways of plastic, plastic management 
and regulations implemented in other parts of the world might not 
be as effective here or have unintended consequences.57 In order 
to tailor a plastic policy for South Africa, more spatial and temporal 
data are needed for freshwater bodies to determine areas in need 
of protection, areas of highest threat, and processes that may be 
targeted for intervention. 

• The deposition of plastic in riverine sediment as a possible plastic 
sink49 correlates with global findings. Deposition or transport of 
plastic in or by rivers in these different regions need to be better 
understood and might be part of the answer to the missing plastic 
problem.2 If rivers do act as a temporary sink for plastic, more 
emphasis will have to be placed on determining the amounts and 
impacts of plastic in freshwater systems. 

• Freshwater and estuarine sediments may act as a long-term 
secondary source of plastics to the oceans, possibly long after 
effective mitigation on plastic releases has been achieved. 

• Preliminary results19 show low microbead counts in South African 
rivers compared with those of developed countries. Although 
surface water microplastic concentrations in the Gauteng and 
North West Province rivers ranged between 0.33 and 56 particles 
per litre, microbeads were found at only two of the sites, and in very 
low concentrations (<0.01 particle per litre). Microbead data from 
South Africa’s freshwater sediments are yet to be reported but can 
be expected to be higher than that of surface water – international 
data range up to 103 beads per litre of sediment.11 Global estimates 
show microbeads originating from cosmetics make up only 2% 
of the marine plastic load by number.5 It would be beneficial to 
consider import, production, application and distribution of plastic 
microbeads as it attracts much international attention. South Africa 
needs to determine whether banning microbeads is a realistic and 
achievable national priority, and an easy first action to reduce the 
release of manufactured microplastics. 

• A lack of data about polymer and pollutant composition of plastic 
debris in the environment is another area of study that will help 
refine, identify and mitigate the greatest threats.

• Recently it has been suggested that antimicrobial resistance genes 
are associated with microplastic biofilms. These microplastic 
particles act as vectors for these genes, especially in plastics 
released by WWTPs.58 This will possibly translate to agricultural 
sludge applications as media in which antimicrobial resistance genes 
spread through the environment. The movement of antimicrobial 
genes from land-based sources to the sea is a threat that needs 
further investigation.

Evidence gaps
• Plastic debris from land-based sources reaches the ocean largely 

by means of rivers and rivers could act as sinks for plastic. When 
considering that many out-lying communities in South Africa 
source water, often untreated, directly from these systems and the 
country has limited freshwater resources, several concerns arise. 
Knowledge gaps in this regard include the volume of plastic trapped 
in freshwater systems and the retention time of plastic in freshwater 
sediment acting as a temporary sink and possible secondary 
source of plastic debris.
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• Due to the diverse marine and freshwater aquatic biodiversity of 
South Africa, very little is known about specific ecosystem health 
risks of plastic debris in South Africa. To our knowledge, no published 
toxicity tests or ecological risk assessments have been conducted 
on freshwater organisms. Because it is evident that plastic is present 
in South African aquatic systems, we need to know its effect on 
freshwater ecosystems.

• Factors affecting the breakdown of plastic in terrestrial and 
freshwater ecosystems are inadequately quantified in South African 
conditions. There are many physical and biological factors that 
play a role and the effects on eventual microplastic and nanoplastic 
(<100 nm in longest dimension) formation remains unknown.

• Global estimates show that WWTPs remove more than 99% of 
microplastic from waste water.59 Sludge from the waste-water 
treatment process is often applied as fertiliser to agricultural 
soils, transferring microplastics to agricultural soil.48 However, 
the retention rate of South Africa’s WWTPs has not been tested, 
and the extent of sludge addition is not well documented. It is thus 
necessary to determine the amount of plastic in sludge. Sludge 
is also a secondary source via wind and run-off. Therefore, more 
information is needed on how sludge is managed in South Africa, 
to determine whether intervention is needed.

• Vehicle tyre wear could be a significant source of microplastics 
in developed countries. The South African transportation system 
relies heavily on road transport. One can therefore expect notable 
additions to the freshwater and marine environments. This topic 
has not yet been considered in South Africa. 

• Preliminary results indicate the cosmopolitan distribution of 
microplastic fibres.60 The extent to which this is true in South Africa 
is worth examining. Certain aspects of dust models are available 
for South Africa and may be adapted, but this will require additional 
information on the plastic content of dust in air. Long-range transport 
of plastic is an issue of concern as it can lead to contamination of 
remote environments, including marine ecosystems. 

Implications and actions
Municipalities should prioritise improvements in waste removal and 
management – especially in informal settlements, for hygienic and 
environmental reasons. Systems must be designed and/or implemented 
for the needs and conditions of communities5 to improve recycle supply 
chains, and lose less plastic to the environment.

We encourage the development of a standardised solid waste monitoring 
programme to monitor high risk areas.61 Issues such as illegal dumping 
need to be monitored and enforced. 

Further public and private sector incentives, awareness raising, and 
civil society pressures are needed to improve the situation to reduce 
land-based sources to both freshwater and marine environments. 
Risk communication and education efforts about the environmental 
and possible health effects of plastic are of great importance if public 
participation is to be expected.19 Public realisation of the value of plastic 
as an economic resource could motivate public participation in recycling 
and clean-up efforts.28 Public sector assistance in extended producer 
responsibility programmes will assist industry mediators, e.g. PETCO62, 
to encourage and administer producer responsibility and contribute to 
the circular economy concept. 

In moving towards a circular economy, research and development 
resources must be applied to develop alternatives for difficult-to-
recycle plastics, e.g. polystyrene.28 As certain polymers and polymer 
compositions are less economically rewarding to recycle, much of these 
are sent to landfill. However, it should be noted that landfill space is 
limited and so diversion from landfill is ideal.30

However, it is clear that maintaining the status quo in the face of 
increasing population growth, industry, consumerism and wealth, will 
increase the land-based plastic loadings to the sea. Urgent interventions, 
awareness, voluntary actions, and regulations are needed to stem the 

flow of plastics to our oceans. An understanding of the underpinning 
factors and knowledge gaps is necessary to inform effective and 
integrated land-based remediation and intervention options and policies.
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