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DŝĐƌŽƉůĂƐƟĐƐ͗
Trouble in the Food Chain
Plastics in the environment 

As the world’s demand for plastic materials continues to grow, 
management of plastic waste will remain a global challenge. 
In 2014, global plastic production exceeded 311 million metric 
tons, a 4.0 per cent increase over 2013.1 In 2010, out of 2.5 
billion metric tons of solid waste generated by 192 countries, 
about 275 million tons consisted of plastic. It has been 
estimated that between 4.8 and 12.7 million tons ended up in 
the ocean as a result of inadequate solid waste management.2 

Concern about visible plastic debris is increasing, while recent 
research reports the growing presence and abundance of 
microplastics in marine environments.3-6 These small  plastic 
pieces, between the size of a virus and an ant, now can 

be found worldwide: in the water of lakes and seas, in the 
sediments of rivers and deltas, and in the stomachs of various 
organisms ranging from zooplankton to whales. Microplastics 
have been detected in environments as remote as a 
Mongolian mountain lake and deep sea sediments deposited 
!ve kilometres below sea level.7-9  One study estimated that, 
on average, every square kilometre of the world’s oceans 
has 63,320 microplastic particles "oating at the surface, with 
signi!cant regional variations–for example, concentrations 
in East Asian seas are 27 times higher.10,11 Marine organisms–
including zooplankton, invertebrates, !shes, seabirds and 
whales–can be exposed to microplastics through direct 
ingestion of water and indirectly as predators in food webs.  

Photo Credit: Crystal51/ Shutterstock.com
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Plastics that are originally manufactured in a particularly small 
size for speci!c applications are called primary microplastics. 
In the marine environment, plastic debris of every size can 
be mechanically broken down into smaller pieces by external 
forces such as UV radiation, wind, waves, or animals. This 
physical weathering produces secondary microplastics.6,12 

Further breakdown of plastic into ever-smaller particles does 
not lead to a complete degradation into monomers. Instead, 
the original plastic polymer remains intact at microscopic 
scale unless the original polymer is converted into carbon 
dioxide, water, methane, hydrogen, ammonia, and other 
inorganic compounds, a process of biodegradation in"uenced 
by external conditions and the properties of the particular 
plastic polymer. This generally does not happen to plastics in 
the aquatic environment. 

Microplastics
The term ‘microplastics’ is widely used to describe plastic 
particles with the size ranging from 1 nanometre to 5 
millimetre22

Polymer
Polymers are large organic molecules composed of 
repeating carbon-based units or chains that occur 
naturally and can be synthesised. Common natural 
polymers include chiton (insect and crustacean 
exoskeleton), lignin (cell walls of plants), cellulose (cell 
walls of plants), and protein !bre (wool, silk)6 

Monomer
Monomers are molecules capable of combining, by a 
process called polymerisation, to form a polymer. For 
example, the monomer ethylene (C2H4) is polymerised 
into a chain, using a catalyst, to form polyethylene   
(C2H4)n 

Photo Credit: Pressmaster/ Shutterstock.com
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Biodegradable
Capable of being degraded by microorganisms such as 
bacteria and fungi. Biodegradation refers to a biological 
process of organic matter being completely or partially 
converted to water, carbon dioxide, methane, energy, and 
new biomass by microorganisms (UNEP 2015).

Fossil fuel derived

Synthetic polymer

Thermoplastic

PE, PP, PS, PVC, PET

bottle, food container, pipe,
textile, !shing gear, "oat,
milk jug, !lm, bag, cigarette
butt, insulation, micro-bead,
micro-abrasive, etc.

PU, SBR, epoxy, alkyd

insulation, coating, adhesive,
composite, tire, balloon,
micro-abrasive, etc.

cellulose, lignin,
chitin, wool, starch,
protein, DNA, etc.

Thermoset

Biomass derived

Biopolymer

Plastic debris

Microplastics

Fragmentation
(secondary)

Schematic illustrating the relationship between primary materials source, 
synthetic and natural polymers, thermoplastic and thermoset plastics and their applications: 

Manufactured
(primary)

Manufactured
(primary)

Schematic illustrating the relationship between primary materials source, synthetic and natural polymers, thermoplastic and 
thermoset plastics and their applications

Source: GESAMP (2015)22, UNEP (2016)6

Exposure to UV radiation, oxygen, high temperatures, 
and microbial activity for an optimal duration can bio-
degrade some types of plastic. Those made from polymers 
such as aliphatic polyesters, bacterial biopolymers, and 
some bio-derived polymers can be biodegradable in the 
natural environment. However, many plastics labelled as 
biodegradable–including single-use plastic shopping bags 
and take-away food containers–will breakdown completely 
only when subjected to prolonged temperatures above 50°C. 
These are the conditions produced in an industrial composter. 
Such conditions are rarely met in the marine environment.5 
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Chemical additives are often included during plastic 
manufacturing to generate or enhance certain properties. 
These properties often make the material more durable by 
introducing anti-microbial, "ame retardant, UV resistance, 
rigidity, malleability, or waterproo!ng characteristics. Such 
enhanced plastic products include packaging materials, 
containers and bins, !shing nets, bottles, pipes, and furniture. 
After the product becomes waste, the chemical additives can 
potentially leach into marine organisms when they ingest 
the plastic and their systems attempt to digest. Potential 
adverse e#ects, at high enough concentrations, may include 
immunotoxicological responses, reproductive disruption, 
anomalous embryonic development, endocrine disruption, 
and altered gene expression.13-17 

Video: Ocean Confetti! 

 © MinuteEarth
Video Link: https://www.youtube.com/watch?v=qVoFeELi_vQ

Photo Credit: Avemario/ Shutterstock.com

Video: What really happens to the plastic you throw away 

© TED-Ed /Emma Bryce
Video Link: https://www.youtube.com/watch?v=_6xlNyWPpB8

Photo Credit: Sascha Corti/ Shutterstock.com
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In the late 1990s, cosmetic and personal care manufacturers 
began to market ‘microbeads’ as abrasives in skin cleansers, 
toothpaste, shaving cream, and similar products. Researchers 
monitoring water quality began to !nd microbeads in 
public water reservoirs and natural environments by the mid 
2000s.  Investigators were able to trace the particles to the 
personal hygiene use in communities upstream of rivers, 
lakes, and seas.18-20 Following public awareness campaigns 
widely supported by consumers, some producers responded 
by agreeing to remove the material from their goods.21 The 
microbead issue has attracted considerable international 
attention and generated signi!cant actions to address the 
pollution, particularly in Europe and North America. However, 
similar particles are still being introduced into water systems 
in other regions. Without appropriate wastewater treatment 
to capture particles of that size, microplastic will remain 
an important pollutant given extensive use of primary 
microplastics in industry and the generation of secondary 
microplastics in many sectors.22 

For instance, an abrasive application was designed as an 
alternative to stripping paint with toxic chemicals: primary 
microplastics are commonly used for surface blasting to 
remove rust, paint, and other unwanted surface coverings on 
buildings, cars, ships, and aircraft.22,23 While the abrasives are 
used repeatedly, they eventually break down to unsuitable 
size and are discarded. During their useful life, these plastic 
materials can become highly contaminated with heavy metals 
from the surface covering, such as cadmium, chromium, and 
lead.19,24

Growing evidence suggests that !bres from synthetic fabrics 
are a signi!cant source of secondary microplastics commonly 
found in wastewater and in the aquatic environment.25-28 
The world’s consumption of synthetic !bres as clothing and 
textiles for domestic and industrial uses exceeded 55 million 
tonnes in 2013, or 61 per cent of the global consumption of all 
!bres.12 This reveals a sharp increase from 35.8 million tonnes 

Microplastics collected from a sandy shoreline in Europe (Wright et al. 2013)45

Photo Credit: This image was published in Current Biology, Vol.23, Wright et al. 2013, 
Copyright Elsevier (2013)

Mcroplastic !laments found in the deep-sea sediments9

Photo Credit: Courtesy of the Natural History Museum, London
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in 2009.29 Plastic !bres–polyester, acrylic, and polyamides–are 
shed from garments through mechanical abrasion in washing 
machines and then drained with the e$uent water. 

The Norwegian Environment Agency found that emission of 
microplastic in wastewater from washing synthetic clothing 
is an order of magnitude higher than that from the personal 
care products and cosmetics.12 Experiments show that more 
than 1,900 microplastic !bres are released from a single 
synthetic garment in just one wash by a laundry machine.30 
Their microscopic size and buoyancy allows these microplastic 
pollutants to pass through both the coarse (larger than 6 
millimetre) and !ne (1.5-6 millimetre) screen !lters that are 
most commonly used in wastewater treatment facilities. 
They then end up in sludge or in natural water bodies that 
receive the e$uent. Researchers estimate that about 10 per 
cent of synthetic !bres present in the wastewater can pass 
undetected through the treatment facility.31 

Another source of microplastic pollution is the plastic debris 
from mechanical abrasion of car tyres on pavement that is 
washed by rain, snow melt, and street cleaning into natural 
and municipal drainage systems.6 On-going research focuses 
on potential sources of microplastics. One monitoring and 
sampling investigation, conducted over many months of 
2014 and 2015, suggests that atmospheric fallout delivers 
microplastics to whole landscapes, and to any closely 
associated marine environments. The study sampled an urban 
site and a suburban site in the region of Paris, France, and 
found !bres made up most of the microplastic deposition, 
that deposition at the urban site notably exceeded the 
suburban site, and that nearly 30 per cent of the !bres were 
synthetic, speci!cally made from hydrocarbons.32 
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Numerous studies in recent years have provided more 
evidence on the presence, distribution, and starting sources 
of microplastic. However, the current stage of knowledge 
does not provide a de!nitive explanation of how microplastic 
contaminants interact chemically and physiologically with 
various organisms at di#erent trophic levels. Ultimately, 
the risks microplastics pose to human health through 
consumption of contaminated food need to be considered, 
but these are still di%cult to determine.  Researchers are 
attempting to answer these questions with focus on speci!c 
areas. First is the level of exposure. 

In a recent study, a quarter of the marine !sh sampled from 
markets in Indonesia and California, USA, were found to have 
plastic debris and !bres from textiles in their guts.33 Besides 
seafood, emerging evidence shows that the microplastics, 
especially synthetic !bres, have been detected in a variety 
of foods, including drinking water, beer, honey, sugar, and 
table salt.34-36 The presence of microplastic in foodstu#s could 
potentially increase direct exposure of plastic-associated 
chemicals to humans and may present an attributable risk to 
human health. However, on the basis of current evidence, the 
risk to human health appears to be no more signi!cant than 
via other exposure routes.6 

Many chemicals of concern, such as heavy metals and 
persistant organic pollutants (POPs) are present in the 
marine environment, and are taken up by marine organisms. 
Research has shown that harmful and persistent substances 
both bioaccumulate over time and biomagnify as predators 
eat prey, especially in species high in lipids (oils and fats). 
Depending on how much an organism consumes and how 
high it is on the food chain, each assumes some of the 
chemical burden of the prey and of the environment.37 In this 
manner seafood can become contaminated, particularly in 
higher-level predators such as tuna and sword!sh, causing 
concern for human health, in some circumstances.38 

Many POPs are hydrophobic, meaning they are repelled by 
water. When these chemicals encounter plastics in lakes and 
oceans, they are absorbed into the plastic surface. The degree of 
adsorption varies widely depending on di#erent characteristics 
of the POP and its host, as well as other environmental 
variables. However, plastic resin pellets collected from the 
oceans and beaches have been found to contain POPs at orders 
of magnitude higher concentrations than the water.39 

Heavy metals
Heavy metals normally occur in nature and are essential 
to life, but can become toxic through accumulation in 
organisms. Arsenic, cadmium, chromium, copper, nickel, 
lead and mercury are the most common heavy metals 
which can pollute the environment. Sources of heavy 
metals include mining, industrial production, untreated 
sewage sludge and di#use sources

Persistent organic pollutants 
Persistent organic pollutants (POPs) are chemical 
substances that remain in the environment, are 
transported over large distances, bioaccumulate through 
the food web, and pose a risk of causing adverse e#ects 
to the environment and human health. POPs include 
pesticides such as DDT, industrial chemicals such as 
polychlorinated biphenyls (PCB) and unintentionally 
generated chemicals such as polychlorinated dibenzo-p-
dioxins (PCDD) and polychlorinated dibenzofurans (PCDF)

Bioaccumulate
The accumulation of a substance, such as a toxic chemical, 
in various tissues of a living organism. Bioaccumulation 
takes place within an organism when the rate of intake 
of a substance is greater than the rate of excretion or 
metabolic transformation of that substance
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Biomagnify
The increasing concentration of a substance, such 
as a toxic chemical, in the tissues of organisms at 
successively higher levels in a food chain. As a result of 
biomagni!cation, organisms at the top of the food chain 
generally su#er greater harm from a persistent toxin or 
pollutant than those at lower levels.

Usually, when microplastics and the contaminants they sequester 
are detected in seafood, they are in the animal’s stomach. Except 
for shell!sh, humans tend to remove and discard the stomach 
of the seafood they consume. The risk of chemical contaminants 
being transferred to humans would then depend on: i) the 
retention time of the particles in the !sh gut, ii)  the rate and 
degree to which contaminants are released from the plastic and 
cross the gut wall, iii) the degree to which !ne particles might be 
translocated from stomach to other tissues of animals, and iv) the 
degree to which chemical contaminants can transfer from the 
consumed seafood to human body.22,40 At present scientists only 
have results from laboratory feeding studies using non-commercial 
!sh species to examine contaminant transfer and accumulation 
in the tissues and that note any altered predatory behaviour. A 
number of these experiments with a range of marine species show 
that microplastics are able to translocate from stomach to other 
organs such as liver and hepatopancreas.41,42  Currently there is 
insu%cient evidence to assess the potential for transfer of these 
contaminants to the !sh "esh, and hence be made available to 
predators, including humans.6,40 

Plastic resin pellets
Plastic resin pellets are the raw material for the 
manufacturing process of plastic items

Modi!ed from the International Pellet Watch (2016)44
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Microplastic typically found along the Rhine River.

Opaque spherules, fragments and !bres; 
(a/b) transparent spherules with gas bubbles, polymethylmethacrylate;
(c/d) opaque spherules, polystyrene

Source: Mani et al. (2015)26

Microplastic typically found along the Rhine River

Source: Mani et al. (2015)26

Video: Are microplastics in our water becoming a 
macroproblem? 

© National Geographic 
Video Link: https://www.youtube.com/watch?v=ZHCgA-n5wRw

Photo Credit: Coprid/ Shutterstock.com
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Addressing the issue at the source
While more research to investigate the physiological, 
biological, and chemical interactions between microplastic 
and organisms is underway, it is imperative to continue with 
the e#ort by all stakeholders to reduce new in"ux of plastic 
into the environment. Concerted e#orts have been made by 
various stakeholders to tackle the issue of microplastics at 
the source including governments, private sector and NGOs. 
The Netherlands intends to become the !rst country to be 
free of microbeads in cosmetics by the end of 2016. Member 
companies of the Dutch Cosmetics Association are working 
towards removing microbeads from their products. By 2017, 
80 per cent of the companies are expected to have completed 
the transition to a microbead-free product line. In December 
2015, the United States passed a law that prohibits the sale 
and distribution of cosmetic products containing plastic 
microbeads with a phase-out period until 1 July 2017 when 
the bead manufacturing will be completely banned. The 
legislation also preempts state laws and regulations related 
to microbeads, which helps close some loopholes, such as 
banning only non-biodegradable plastic microbeads. Other 
countries such as Australia, Canada, and the United Kingdom 
are following suit. 

As a front runner in raising awareness of the issue and 
campaigning against the use of microbeads, the Beat the 
Microbead initiative has so far attracted more than 79 NGOs 
from 35 countries and 59 companies in the cosmetic industry 
to join the e#ort. A smartphone App developed by the 
initiative has been used by  consumers around the world to 
scan the bar code to check for the presence of microbeads in 
personal care products available in the market. 

The European Union through its project, MERMAIDS, works 
to address the issue of microplastic !bres released through 
textile washing processes into the European waters. The 
project is investigating di#erent technologies that can 
capture released !bres in the washing process, or prevent the 
breakage of !bres from garments through innovative textile 
or detergent additives. 

Starting in 1992, with the goal to minimise the impact of 
pellet leakage into the environment, the Operation Clean 
Sweep initiative has become even more relevant as the 
issue of microplastic has become a global challenge. It is an 
example of industry-driven e#ort with the aim to prevent raw 
plastic materials such as plastic pellets, "akes, and powder 
from entering the waste stream. Targeting di#erent segments 
of the plastic industry including supplier, manufacturer, and 
transport operators, the initiative aims to achieve a zero loss of 
these materials through better containment, reclamation, and 
proper disposal. 

Further engagement of other relevant industries that 
use primary microplastics in their industrial processes or 
indirectly generate secondary microplastics is crucial. Textile 
industries may have an important role to play in research and 
development for synthetic textiles that shed fewer !bres, 
or simply minimise the use of synthetic material in their 
products. Involvement of the producers of washing machines 

Video: Operation Clean Sweep 

© Operation Clean Sweep/American Chemistry
Video Link: https://www.youtube.com/watch?v=54QQ8t8TePY

Photo Credit: XXLPhoto/ Shutterstock.com
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Concentration of PCBs in plastic resin pellets collected 
from beaches around the world

© International Pellet Watch

Concentration of PCBs in plastic resin pellets collected from 
beaches around the world

© International Pellet Watch

is necessary for the enhancement of !ltering capacity to 
e#ectively capture microscopic !bres from drain water. The 
shipyard, aviation, and automobile industries are key in the 
reduction of microplastic leakage through the e#ective 
containment and appropriate disposal of spent abrasive 
blasting materials and generated dust. 

Recognizing the environmental and economic impacts of 
plastics in the marine environment, in June 2014 the United 
Nations Environment Assembly, represented by over 163 
countries, adopted a resolution on marine plastic debris 
and microplastics to address the issue through legislation, 
improved waste management, e%cient use and sound 
management of plastics, enforcement of international 
agreements, and education. The G7 summit in June 2015 
expressed their commitment to address the land-based 
and sea-based sources of marine litter by improving waste 
management, searching for sustainable solutions to reduce or 
prevent microplastic pollution, and promoting best practices 
throughout the plastic value chain. In September 2015, 
world leaders agreed on a speci!c target to “prevent and 
signi!cantly reduce marine pollution of all kinds, particularly 

Concentration of DDTs in plastic resin pellets collected
from beaches around the world

© International Pellet Watch

Concentration of DDTs in plastic resin pellets collected
from beaches around the world

© International Pellet Watch

Photo Credit: UN Photo/Martine Perret

from land-based activities, including marine debris and 
nutrient pollution” by 2025 (SDG Target 14.1) of the 
Sustainable Development Goals (SDGs). However, indicators 
to be used for monitoring progress towards the target are 
currently under development among governments and 
stakeholders.
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