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Discovering microplastics: 
Their environmental accumulation, impacts and solutions

2023 Blue Planet Prize – Commemorative Lecture 

Discovering microplastics:
Their environmental accumulation, impacts and solutions

Richard  Thompson - Discovery, environmental distribution, sources and pathways 
Tamara Galloway - Environmental impacts and consequences for human health 

Pennie Lindeque  – Delivering evidence, raising awareness and evaluating solutions 
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Discovery, environmental distribution, sources and pathways 
International Marine litter Research Unit, University of Plymouth, UK 

Prof Richard Thompson @ProfRThompson

Marine Biologist to ‘Godfather’ of Micropalstics

1994
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A paper describing microscopic pieces of plastic  
‘Microplastics’

Thompson et al.  2004

Mostly fibres, present in seawater and 
sediment around UK

Abundance had increased over decades

Eaten by a range of  marine organisms

Indicated potential global  accumulation and  
possible physical and chemical toxicity  

Thompson et al.  2004

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
6

2
0

1
7

2
0

1
8

2
0

1
9

2
0

2
0

2
0

2
1

2
0

2
2

2
0

2
3

Microplastics - from discovery to a new field of research

Publications on Micropalstics since 2004 
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Global distribution on shorelines

Browne, Crump, Niven, Tonkin, Galloway and Thompson 2011

Substantial accumulation in Arctic sea ice 

Obbard, Sadri, Bakir, Thompson et al.  2014
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Substantial global accumulation far from human sources

Woodall, Sleight, 
Coppock, Thompson et 
al.  2014 Napper, Thompson   et al.  2020

3500m below sea level  8400m above sea level 

Accumulation in wild caught fish from UK waters

504 individuals, 10 species 
including those eaten by humans
Micropalstics in gut of 36.5 %

Lusher, Mc Hugh, Thompson, 2013
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Transfer from intestine to circulatory system
and retained in tissues for several weeks

Browne, Dissanayake, Lowe, Galloway, 
Thompson   et al.  2008

Al Sid Cheick, Rowland, Thompson et al.  2018

Nanoplastic had moved throughout 
the body in 6 hours 

Nano plastics transfer from intestine throughout the body of a 
scallop in 6 hours and retained in tissues for several weeks

Al Sid Cheick, Rowland, Thompson et al.  2018
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Cosmetics as a source of microplastics

Napper, Bakir , Rowland  and Thompson, 2015

A paper that led to
worldwide legislation

A triumph and a frustration in 

Tyre wear particles a major source - air and stormwater key pathways

Parker-Jurd, Thompson, et al 2021Knight, Parker-Jurd , Al-Sid- Cheikh and Thompson, 2020
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Textiles as a major source and 
wastewater a major pathway for microplastics 

Napper and Thompson, 2016 De Falco, Thompson, et al. 2020

Rivers as a key pathway to the ocean

Eerkes-Medrano,, Thompson, Aldridge, 2015

Napper, Thompson, Nelms, Duncan, Koldeway et al, 2021
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Key work in Japan influenced our thinking on the transport of 
toxic chemicals by plastics

Mato, Isobe, Takada, Kanehiro, Ohtake and Kaminuma; 2001 
Teuten, Rowland, Galloway and Thompson; 2007 

Marine Biologist to ‘Godfather’ of Micropalstics

1994

Professor 
Thompson I 

understand you 
have been 

described as the 
Godfather of 

microplastics?

Mary Greagh, MP, 2016
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Right place – right time, hard work, 100 papers, what next ? 

?

Right place – right time, hard work, 100 papers, what next ? 

UN Plastic Pollution Treaty 

Our Blue Planet - its future and ours - is in our hands!
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Prof Tamara Galloway OBE
Environmental impacts and consequences for human health 

Prof Tamara Galloway OBE

t.s.galloway@exeter.ac.uk

Environmental 
impacts and 
consequences for 
human health
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University
ofGalway.ie

Ecotoxicology 
research group

How does pollution damage living 
things?

What makes some species more 
vulnerable?

How can we use this knowledge to 
protect the environment and human 
health?

Which species to study?
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Microplastics enter the food web

Crassostrea gigas: 
edible oyster

Centropages typicus marine 
copepod

160 nm

30 µm 
microbead

Cole and Galloway, ES&T  2015, Cole et al ES&T 2013

Particles are ingested and pass
to the digestive tubules

3 µm fluorescent polystyrene in gut 
cavity of M. edulis

3 µm fluorescent polystyrene in gut 
cavity of M. edulis

Digestive tubuleDigestive tubule

3-10 μm
polystyrene
3-10 μm
polystyrene

Digestive tubule

3-10 μm
polystyrene

Browne et al., 2007 ES&T
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And accumulate in haemolymph

3 µm plastic

9.6 µm plastic

microplastic

haemocyte

Browne et al 2007 ES&T

Particles are retained for up to 48 days

Browne et al 2007 ES&T
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Microplastics retained by foregut 
setae

Raman scattering image at 2845 cm–1

(C-H bond resonance) 

Watts et al., 2014 ES&T

Polystyrene 
microsphere

.. and adhered to gill lamellae 

Resonance tuned to 803.2 nm (Aromatic C-H)

Gill rakers (modified setae 
to clean the gills)

Watts et al., 2014 ES&T
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Duncan et al (2018)Global Change Biology

Reaching higher trophic 
levels

What harm do they cause?
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Rijken, 1979Rijken, 1979Rijken, 1979

Worms cultured for 1 month in 
sediment with 1% pristine  PVC

Wright et al Current Biology 2013

Transfer of intrinsic chemicals?

PhthalatesPhthalatesPhthalates

Worms cultured for 1 month in 
sediment with 1% plasticised PVC

sediments < 250 μm 

PVC particles 150- 250 μm 

Wright et al unpublished
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Transfer of adhered pollutants?

sedimentssediments

ti
ss

ue
s

ti
ss

ue
s

sediments

ti
ss

ue
s

Cellulose 
acetate 

Wright et al., 2015. Scientific Reports 

Are humans exposed to 
microplastics?

This Photo by Unknown Author is licensed under CC BY‐SA‐NC
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Microplastics in seafood

Eviscerated 
fillets: flesh 

and skin only Human consumption:
Average meal of 3 

sardines = 30mg plastic

Ribiero et al ES&T 2020 

Average person consumes
• 11,000 particles per year  from

seafood (7μg)
• 0.1-5g/week* from all food sources
• 22 million microplastics/year

through inhalation

Modelled exposure estimates

0.4 – 250 particles / cm2

Sobhaniea et al 2020 Sci Rep

Mass change             image           chemical analysis         item

* 5g

Common activities generating microplastics
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Prof Pennie Lindeque
Delivering evidence, raising awareness and evaluating solutions

@LindequePk
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Zooplankton and microplastic

 Zooplankton are common to 
marine ecosystems across the 
globe.

 Provide a key link in the marine 
food web and play vital roles in 
marine processes. 

 Copepods play an important 
role in regulating Earth’s climate

• Zooplankton have the capacity to ingest
microplastics

• Reduced feeding capacity

• Decline in energy reserves

• Lower reproductive output

• Direct relevance to animal populations and
communities

• Chemical profile of microplastic ingested may
act as endocrine disruptors and impact
moulting

Zooplankton and microplastic - Summary

Copepods spend more energy than they 
consume: ENERGETIC SHORTFALL.

41

42



• MP are egested in faecal pellets, alter the

properties and sinking rates

• MP have been shown to be consumed by

zooplankton in the natural environment

• May select what plastics they eat

• Lab based studies confirm shape of MPs

influence their uptake

• Infochemical DMS increases ingestion of MP

by zooplankton

Zooplankton and microplastic - Summary

Our work is highly interdisciplinary

Chemistry Remote sensing Mathematical modelling Socioeconomics

Interdisciplinary work

Nelms, SE, Galloway TS, Godley BJ, Jarvis DS, Lindeque PK, 2018. 
Environmental Pollution

Coppock RL, Cole M, Lindeque PK, Queirós AM, Galloway TS, 2017. 
Environmental Pollution
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Solutions – Nature Based Solution

Flume Tank

5 kg
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Field trials

Cage system whereby mussels can’t escape, are protected from predation, allows a flow of water over the mussels

5kg of mussels resulted in 4.5x 
more microplastics captured 

than in controls



Scope to expand testing to 
multiple sites with greater 

amount of mussels in stacked 
system

Solutions – Circular Economy

Manufacture

Consumption 
and Use

Reduce, Re-
use, Repair, 

Recycle, 
Repurpose

Design

Circular 
Economy

• Clean up of marine litter is important

• Prevention should be the first priority

• Linear Economy

Take Make Waste

• Loss of valuable resources +
environmental damage

• Consider the whole of a plastics life

• Circular economy
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Solutions – Safer-by-design; Biodegradable Bioplastics

• Biodegradable bioplastics (BBPs) offer a
possible solution

• Renewable carbon feedstock

• Enhanced biodegradation

• Applications with substantive pathways to
the natural environment

• Need to improve our understanding of the
fate and impact of BBPs

• Help guide development of innovative
plastics

• Reduction in fossil fuels, environmentally
safe.

Raising Awareness:

• We are passionate about disseminating our
research to a wide audience

• Our pioneering work has reached a global
audience:

Eating our way to extinction, Plastic Warriros, 

Inside Out Southwest, The One Show, Food 

Unwrapped, Springwatch, BBC and ITN news, 

El Jazeera – Earthrise program, ‘Plastic Britain’ 

documentary and Blue Planet II

Solutions – Raising Awareness and Giving Evidence
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Giving Evidence

• Successful in highlighting the risks MP

pose to marine life contributing to

introduction of plastic bag levy and ban of

cosmetic microbeads:

House of Lords, Parliamentary and Scientific
Committee, National and International regulatory 

bodies, Environmental Audit Committee’s collection 
of written and oral evidence on the Environmental 

Impact of MP, United Nations hearings on MP

• Global Plastics Treaty. Providing

evidence to on-going International

Negotiating Committee

Solutions – Raising Awareness and Giving Evidence

Our Blue Planet - its future and ours - is in our hands!
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Discovering microplastics: 
Their environmental accumulation, impacts and solutions

Thank you - 2023 Blue Planet Prize – Commemorative Lecture 
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Prof Tamara Galloway OBE
t.s.galloway@exeter.ac.uk

Environmental 
impacts and 
consequences for 
human health

University
ofGalway.ie
University
ofGalway.ieff

Ecotoxicology 
research group

How does pollution damage living 
things?
What makes some species more 
vulnerable?
How can we use this knowledge to 
protect the environment and human 
health?



Which species to study?

Microplastics enter the food web

Crassostrea gigas: 
edible oyster

Centropages typicus
marine copepod

160 nm

30 μm 
microbead

Cole and Galloway, ES&T  2015, Cole et al ES&T 2013



Particles are ingested and pass
to the digestive tubules

3 μm fluorescent polystyrene in 
gut cavity of M. edulis

Digestive tubule

3-10 μm
polystyrene

Browne et al., 2007 ES&T

And accumulate in haemolymph

3 μm plastic

9.6 μm plastic

microplastic

haemocyte

Browne et al 2007 ES&T



Particles are retained for up to 48 days

Browne et al 2007 ES&T

Microplastics retained by 
foregut setae

Raman scattering image at 2845 
cm–1  (C-H bond resonance) 

Watts et al., 2014 ES&T

Polystyrene 
microsphere



.. and adhered to gill lamellae 

Resonance tuned to 803.2 nm (Aromatic C-H)

Gill rakers (modified 
setae to clean the gills)

Watts et al., 2014 ES&T

Duncan et al (2018)Global Change Biology

Reaching higher trophic 
levels



What harm do they cause?

Rijken, 1979

Worms cultured for 1 month in 
sediment with 1% pristine  PVC

Wright et al Current Biology 2013



Transfer of intrinsic chemicals?

Phthalates

Worms cultured for 1 month in 
sediment with 1% plasticised PVC

sediments < 250 m 

PVC particles 150-  250 m 

Wright et al unpublished

Transfer of adhered pollutants?

sediments

ti
ss

ue
s

Cellulose 
acetate 

Wright et al., 2015. Scientific Reports 



Are humans exposed to 
microplastics?

This Photo by Unknown Author is licensed under CC BY-SA-NC

Microplastics in seafood

Eviscerated 
fillets: flesh 

and skin 
only

Human consumption:
Average meal of 3 

sardines = 30mg plastic

Ribiero et al ES&T 2020 



Average person consumes
• 11,000 particles per year  from

seafood (7 g)
•0.1-5g/week* from all food

sources
• 22 million microplastics/year

through inhalation

Modelled exposure estimates

0.4 – 250 particles / cm2

Sobhaniea et al 2020 Sci Rep

Mass change       image         chemical analysis         item

* 5g

Common activities generating microplastics



Working towards solutions.

Twitter: @LindequePk1

Email: pkw@pml.ac.uk

Prof. Pennie 
Lindeque

Zooplankton and microplastic

 Zooplankton are common to 
marine ecosystems across the 
globe.

 Provide a key link in the marine 
food web and play vital roles in 
marine processes. 

 Copepods play an important 
role in regulating Earth’s climate
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• Zooplankton have the capacity to ingest
microplastics

• Reduced feeding capacity

• Decline in energy reserves

• Lower reproductive output

• Direct relevance to animal populations and
communities

• Chemical profile of microplastic ingested may
act as endocrine disruptors and impact
moulting

Zooplankton and microplastic - Summary

Copepods spend more energy than they 
consume: ENERGETIC SHORTFALL.

• MP are egested in faecal pellets, alter the

properties and sinking rates

• MP have been shown to be consumed by

zooplankton in the natural environment

• May select what plastics they eat

• Lab based studies confirm shape of MPs

influence their uptake

• Infochemical DMS increases ingestion of MP

by zooplankton

Zooplankton and microplastic - Summary
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• Our work is highly interdisciplinary

• Chemistry

• Mathematical modelling

• Remote sensing

• Socioeconomics

• Our ecological team has expertise in:

• Environmental sampling

• Method development (e.g. SMI unit)

• Exposure studies

• Ecotoxicology

• Nature-based solutions

Interdisciplinary work

Nelms, SE, Galloway TS, Godley BJ, Jarvis DS, Lindeque PK, 
2018. Environmental Pollution

Coppock RL, Cole M, Lindeque PK, Queirós AM, Galloway TS, 
2017. Environmental Pollution

Solutions – Nature Based Solution
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Flume Tank

5 kg

0

100

200

300

400

500

0 60 120 180 240

P
S

 c
on

ce
nt

ra
tio

n 
(m

ic
ro

pl
as

tic
s 

L-
1 )

Time (mins)

0

100

200

300

400

500

0 60 120 180 240

P
A

-L
 c

on
ce

nt
ra

tio
n 

(m
ic

ro
pl

as
tic

s 
L

-1
)

Time (mins)

(A) (B) (C)

20

30

40

50

0 60 120 180 240

C
hl

or
op

hy
ll 

A
 c

on
ce

nt
ra

tio
n 

(µ
g 

L
-1

)

Time (mins)

Field trials

Cage system whereby mussels can’t escape, are protected from predation, allows a flow of water over the mussels

5kg of mussels resulted in 4.5x 
more microplastics captured 

than in controls



Scope to expand testing to 
multiple sites with greater 

amount of mussels in stacked 
system
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Solutions – Circular Economy

Manufacture

Consumption 
and Use

Reduce, Re-
use, Repair, 

Recycle, 
Repurpose

Design

Circular 
Economy

• Clean up of marine litter is important

• Prevention should be the first priority

• Linear Economy

Take Make Waste

• Loss of valuable resources +
environmental damage

• Consider the whole of a plastics life

• Circular economy

Solutions – Safer-by-design; Biodegradable Bioplastics

• Biodegradable bioplastics (BBPs) offer a
possible solution

• Renewable carbon feedstock

• Enhanced biodegradation

• Applications with substantive pathways to
the natural environment

• Need to improve our understanding of the
fate and impact of BBPs

• Help guide development of innovative
plastics

• Reduction in fossil fuels, environmentally
safe.
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Raising Awareness:
• We are passionate about disseminating our research to

a wide audience
• Our pioneering work has reached a global audience:

Eating our way to extinction, Plastic Warriros, Inside Out Southwest, The 
One Show, Food Unwrapped, Springwatch, BBC and ITN news, El Jazeera 

– Earthrise program, ‘Plastic Britain’ documentary and Blue Planet II

Giving Evidence
• Successful in highlighting the risks MP pose to marine

life contributing to introduction of plastic bag levy and
ban of cosmetic microbeads:

House of Lords, Parliamentary and Scientific Committee, National and 
International regulatory bodies, Environmental Audit Committee’s collection 

of written and oral evidence on the Environmental Impact of MP,United
Nations hearings on MP

• Global Plastics Treaty. Providing evidence to on-going
International Negotiating Committee

Solutions – Raising Awareness and Giving Evidence
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