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Greenpeace Research Laboratories: 
analytical capabilities

• GC-MS (persistent 
organic pollutants)

• LC-MS (POPs and 
pesticides)

• ICP-MS (toxic metals)
• FT-IR (plastics)
• Field equipment
• Radiation protection 

equipment and advice
• Working relationships 

with many leading 
laboratories
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Greenpeace Research Laboratories 
(Science Unit) Mission Statement

• provide scientific advice, research and analytical support 
• oversee best scientific practice, quality control and scientific communications
• to engage with the wider scientific community
• to help identify and respond to new and emerging issues/risks
• to represent Greenpeace at the science-policy interface

To conduct scientific research to inform 
Greenpeace’s campaigns…

…‘bearing witness’ through science

PE IR User Group 201919/09/2019 3



The Science Unit on the web:
scienceunit.greenpeace.org
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scienceunit.greenpeace.org

@GPScienceUnit
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Diamond compression cell
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Plastics pollution:
from macro to micro…

(…to nano…though not with FT-IR)



Some key challenges in FT-IR analysis 
of environmental samples #1

• Representative sample collection
• Difficulty in replication and sub-sampling 

(every sample is discrete and non-
homogenous)

• Separation of plastics from other materials 
(biological matter and sediments)

• Interference from surface biofouling
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Some key challenges in FT-IR analysis 
of environmental samples #2

• Variable extent of polymer degradation
• Presence of pigments and other additives
• Sample contamination during collection, 

storage and analysis (especially fibres and 
paint fragments)

• Contamination of sampling equipment 
(…even before we start!)
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Microplastics in the Pacific Garbage Patches 
(North & South)
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Plastics associated with Sargassum weed
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Surveys of beach plastics
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Durban nurdle spill, October 2017
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10 steps to quality assurance for 
environmental microfibre work

• Pre-wash of all glassware with 5 micron filtered water
• Use of glass & steel equipment for sample collection
• Filtration in clean fume cabinet with air flow off
• Cleaning of outer surfaces of glass petri dishes with ethanol and 

anti-stat gun
• Careful inspection of internal surfaces of petri dishes and filters 

before use
• Use of cotton lab coats & nitrile gloves
• Marking of candidate microplastics immediately after filtration (to 

exclude later ‘settlers’)
• Strict controls on acceptance of spectral matching
• Rejection of ship and laboratory contaminants using custom 

libraries
• Use of procedural blanks (and next time also field blanks)
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Collaborative research: Fragmentation of microplastics
by krill in the Southern Ocean (with BAS)
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Coming up: Microplastics in fish from Mexican waters (Atlantic & Pacific)
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Coming up: 
microplastics
(including paint 
chips) on the 
beaches of 
Galapagos
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Microplastics in the Vltava and Elbe Rivers, 
Czech Republic
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Implications of the plastic waste trade in Malaysia
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Where did we look…?

• 13 rivers across the 
UK…
– 9 in England
– 2 in Wales
– 1 in Scotland
– 1 in Northern Ireland

• 30 locations in total
• Feb-Mar 2019



How did we collect and analyse the 
samples…?

(a)



(b)
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At least 
one piece 
of plastic 
was found 
at 28 of 
the 30 
locations 
sampled



Microplastics <2mm 
(fragments & 
microbeads) were 
most abundant, 
followed by fragments 
and pellets between 
2mm & 5mm





• ‘Nurdles found 
at 7 locations

• Microbeads
found at 5 
locations

• ‘Biobeads’ 
found at 4 
locations



Polyethylene 
microbeads

Paraffin wax-type 
microbeads

Microbeads – ‘spot the difference’…



Microplastics can 
also carry 
chemical 
contaminants…su
ch as these found 
on the surface of 
a single biobead
from the 
Mersey…

Microplastics as chemical carriers

000117-81-7        1,2-Benzenedicarboxylic acid, bis(2-ethylhexyl) ester
004537-15-9        Benzene, (1-butylheptyl)-
002719-62-2        Benzene, (1-pentylheptyl)-
002719-64-4        Benzene, (1-propylnonyl)-
014949-23-6        Cholest-24-ene, (5.beta.)-
000150-60-7        Disulfide, bis(phenylmethyl)-
000057-10-3        Hexadecanoic acid
005129-61-3        Heptadecanoic acid, 16-methyl-, methyl ester
000112-39-0        Hexadecanoic acid, methyl ester
000000-00-0        Linear alkanes & alkenes (C16-C35), 36 compounds
000000-00-0        Branched cyclic and linear alkanes (C15-C20), 4 compounds
000207-08-9        Benzo[k]fluoranthene
000205-99-2        Benzo[b]fluoranthene
000050-32-8        Benzo[a]pyrene



What does it mean for wildlife…?

…for that, the research is only just beginning…
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Coming up: microplastics in otter stomachs (with Cardiff University)
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Nylon…or is it protein…?



Conclusions #1

• FT-IR is a powerful technique in environmental 
forensics research for plastics

• It is also a valuable tool for visualisation of the 
problem and public/political engagement

• Environmental samples will always present 
difficulties for characterisation

• Need a mix of techniques and combined lines 
of evidence (IR spectrum, physical properties, 
pyrolysis GC-MS, Raman, others…?)
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Conclusions #2

• Plastic (and microplastic) pollution is 
ubiquitous (though far worse in some areas 
than in others)

• Understanding of environmental fate and 
effects of microplastics remains limited

• Techniques for rapid screening of sediments 
are still something of a holy grail

• Cellulose is a common component of 
microfibre contamination – but where is it all 
coming from?
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