
• Sources and pathways of marine plastic litter from the land

• Transport and fate of marine plastic litter

• Ecological impacts of marine plastic litter (biota and human health)

• Ecosystem service and economic impacts of marine plastic litter

• Marine plastic litter monitoring and methods 

Review scientific evidence on 5 topics

Identify evidence gaps and their implications if not addressed

Publish reviews in South African Journal of Science

SCIENCE REVIEW OF MARINE PLASTIC POLLUTION IN SOUTH AFRICA

Waste Research Development and Innovation Roadmap



Scientific review of marine plastic pollution in South Africa

Land-based sources and pathways of marine plastics in South Africa

Carina Verster and Henk Bouwman



SA Plastic industry

• Market size:  R70 billion 

• Provides income to 60 000 people

• 1 544 000 tons of virgin plastic 

• 352 000 tons of recycled plastic

• 52% by mass used for packaging

• 27 kg per person (excludes imported products)

• Zero plastic to landfill by 2030
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Land-based sources

Contribute 80% to marine plastic pollution: 11th worst offender

lose ~90–250 000 tonnes into the sea/year, 56% mismanaged waste 

But confidence in this estimate is low



Informal Settlements

34% of households lack waste collection (91% of low income households)

Direct discharges to soil, rivers and beaches (wind, water, animals)

Failure of municipalities to manage solid waste is main driver of leakage

Informal waste dump in Vanderbijlpark area, close to Vaal river





Sinks Vegetation, sediments, dams and weirs



Evidence gaps

• Inland data scarce

• Few estimates of inputs into the sea

• Rubber and tyre wear

• Movement of microplastics

• WWTP effectiveness and sludge management

• Links between socio-economic conditions and behaviour

• Nanoplastics...



Transport and fate of marine plastics

Peter Ryan



Dumping of plastic banned since 1989 (MARPOL Annex V)

80% of marine plastics from land-based sources?





28% of bottles
on SA beaches
foreign

foreign

SA

Street
litter

<1%S Africa 72%

Asia 23%

S America 1%

rest Africa 1%

Europe 1%

N America 1%

Oceania <1%



Plastic concentrated around urban centres despite cleaning efforts
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Land-based sources dominate close to urban sources 



Science 2004



Science 2015

5-12 million tonnes of plastic enter the sea each year
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The seabed as 
the ultimate sink
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Macrolitter in 235 benthic fish survey trawls (Ryan et al. in press)

Seafloor plastic densities lower than trawl surveys in Northern Hemisphere

Low densities confirmed by Scuba/ROV images (even in abyssal depths)

More litter close to Cape Town

Litter increases with water depth
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62% of floating plastics 
expected to wash ashore

Marine Pollution Bulletin 2019

Modelling the accumulation and transport of floating marine micro-plastics

around South Africa

C. Collinsa,*, J.C. Hermesa,b,c

and South Africa 11th worst polluter

(90,000 – 250,000 tonnes/year)

If ~60% of floating plastics strand

~12-50 kg/m of beach/year

Average only <0.1 kg/m

strand

Indian

Atlantic



But hard to measure episodic inputs...



Cleaning beaches makes a difference

Large items collected by cleanups make up

>90% of the mass of plastic on beaches



Current uncertainties and evidence gaps

We don’t have a balanced plastic mass budget regionally or globally

Need a better understanding of plastic fluxes and sinks (seafloor/midwater)

Main focus should be to get a better estimate of land-based inputs
(which links to monitoring efficacy of mitigation measures)



Ecological impacts of marine plastic litter:    
A South African perspective

Trishan Naidoo, Anusha Rajkaran, Sershen Naidoo
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Entanglement – most visible impact  

Sharks (Cliff et al. 2002) Turtles (Ryan 1990)

Birds (Ryan 2018) Fur seals (Shaughnessy, Hofmeyr) 

Low levels in most taxa

No population impacts?

Turtles most concern
(all threatened species)

https://the-gist.org/2019/06/seabirds-eat-plastic/


Transport vectors

including Harmful

Algal Blooms

and diseases

Smother seabed



Negative health effects of ingestion

• Block/injure digestive tract

• Decreased feeding/growth (false satiation)

• Toxic compounds (legacy and plastic additives)

• Liver toxicity and pathology

• Endocrine disruption 

• Decreased reproductive output

• Transfer to organs (nanoplastics) 

Ingestion is the main ecological concern



2015

Residence time in stomach critical for uptake of toxic compounds



Laysan Albatross

Population level impacts?

No evidence of population-
level impacts on heavily 
impacted seabirds



Plastics are only one stressor 



Human impacts

• Consumption of microplastics in seafood limited unless guts eaten?

• Transfer of microplastics, associated chemicals and microbes? 

• Human gut passage time short?

• Need measures from commercially important organisms 
(prawns, rock lobster, mussels, oysters and abalone)



Uncertainties, knowledge gaps and research challenges

• SA relies on marine resources, but scant ingestion data for commercial species

• Impacts of ingestion on humans largely unknown

• Limited access to critical technology and infrastructure

• No standard protocol for microplastic isolation from different organisms

• Contamination by airborne microfibres is a challenge





Plastic litter impacts on ecosystem services, 
human well-being, society and economy

• Supporting services - e.g. habitat provision, biodiversity

• Provisioning services - e.g. food, water, other resources

• Regulating services - e.g. climate, clean air, water purification

• Cultural services - e.g. recreation, aesthetics, education

Ecosystem services:



(Barbier, 2017)

Marine ecosystem services contribute $49.7 trillion/year in benefits to global society

(Costanza et al. 2014)



In summary…
Category Sub-category Impacts State of SA Research

Impacts on 
ecosystem 
services

Provisioning 
services

Impacts on 
fisheries/aquaculture

-

Cultural 
services

Impacts on recreation & 
aesthetics

Some research on the impacts on 
tourism (see below)

Impacts on heritage -

Supporting 
services

Impacts on habitat provision -

Impacts on biodiversity -

Invasive species transport One study found on goose 
barnacles

Economic 
impacts

Direct costs Impacts on tourism industry Some research conducted on the 
impacts on tourism and on beach 
clean-up costs; although largely 
confined to Cape Town

Impacts on shipping industry Information on harbour clean-up 
costs in Durban obtained through 
personal communication; no 
other information available

Impacts on fisheries industry -

Indirect and 
non-market 
costs

Health costs -

Non-market costs -



Gaps in SA research

• More gaps than knowledge...

• Some research on recreation, aesthetic and tourism impacts
Can be substantial (R10s-100s million); offset by beach cleaning

• Anecdotal data on costs of harbour pollution and clean-ups

• No data on fisheries impacts

• No data on human health impacts

Lack of data probably indicates minor economic impact?



Implications
• More research needed to inform policy decisions – what is the cost of inaction? 

• Costs of policy response (economic, social & environmental) need to be balanced 

against benefits, while acknowledging international obligations to act

• Alternatives will have economic and environmental impacts; we need to 

reconsider consumption patterns, rather than simply replacing plastics



Monitoring marine plastics

Peter Ryan



2019

UN Joint Group of Experts on the
Scientific Aspects of Marine

Environmental Pollution



Monitoring = repeated measures over time
to attain a specific goal

• Identify emerging problems
(new litter items, new impacts)

• Ensure compliance with standards
(but few standards for plastics yet)

• To assess efficacy of mitigation measures 
(part of the adaptive management cycle)
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Monitoring at sea on beaches in biota



If the goal is to assess success of mitigation measures,

Should we be monitoring in marine systems at all?

monitoring at sea is not ideal

For land-based sources, monitor inputs: 

• Rivers, storm drains, aerial deposition, etc.

For ship-based sources, monitor port reception 

facilities (global level) 



Implications for tackling plastic pollution

None of the evidence gaps materially affect the way we view the issue

We know there’s a problem; focus should be on tackling it

The fact that most plastic derives from local sources has 2 advantages:

• Easy to monitor the efficacy of mitigation measures

• Reducing local sources of plastic will see rapid, local benefits




