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EXECUTIVE SUMMARY

Marine pollutants are impacting the health of our oceans, their inhab-
itants and those dependent on oceans for food, culture and their very 
survival. Everyday an ever-increasing cocktail of intentional and uninten-
tional chemical releases, as well as an unrelenting tidal wave of wastes, 
particularly plastic waste, enters our waterways and the marine environ-
ment.

Ocean pollutants include persistent organic pollutants (POPs), endocrine 
disrupting chemicals (EDCs), mercury and heavy metal compounds, pesti-
cides, pharmaceuticals, oil, plastic wastes and their related chemicals (e.g., 
BPA, phthalates), personal care products and other industrial and agricul-
tural emissions. We are only just becoming aware of the identity, volume 
and scope of many ocean pollutants. Their hazards and complex ecological 
interactions are still unknown.

Many ocean pollutants do not have human health data or environmen-
tal fate information, and our understanding of the long-term impacts of 
endocrine disrupting chemicals on the reproduction and behaviour of fish 
and other marine organisms is still in its infancy.

Chemicals enter the marine environment via atmospheric transport, run-
off into waterways or by direct disposal into the ocean. It is estimated that 
80% of marine chemical pollution originates on land. The vast majority of 
the global land surface is connected to the marine environment via river 
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systems, so chemical and plastics pollution of rivers is inextricably linked 
with ocean pollution.

Since the 1950s, de-oxygenated or “dead zones” in the ocean have quadru-
pled as a direct result of climate change, pollution and warming waters. 
Dead zones now occupy an area the size of the European Union. Coastal 
sites with low oxygen, as a direct result of nutrient (nitrogen and phospho-
rous), organic matter and sewage runoff, have multiplied tenfold. Coastal 
ecosystems have changed drastically from human activities in a short 
period of time and the ecological impacts are immense.

The notion of a vast ocean with endless food supplies and a limitless ca-
pacity to absorb and “dilute” pollution is a deeply embedded cultural myth 
in industrialised cultures. It is also the cornerstone of regulatory systems 
that permit discharges of “safe” levels of individual pollutants into the 
environment. In reality though, the marine environment is exposed to a 
cocktail of toxic chemicals that interact with each other in unknown ways.

The “safe” level approach to pollution management also fails to protect 
oceans because there is a finite quantity of water on the planet and only so 
much pollution it can dilute, particularly if those pollutants are persistent, 
bioaccumulative and toxic substances.

Much of the world’s waste, around 20 billion tonnes per year, ends up in 
the sea, often without any preliminary processing. With the world popu-
lation projected to reach 9.7 billion by 2050, it is clear that the current 
levels of resource consumption and creation of waste and pollution cannot 
be sustained. Even some recycling is inadvertently recycling pollutants.

Chemical production is also growing steadily, at around 4% per year. 
Some 5,000 of these substances are produced in volumes exceeding over 
one million tonnes a year. The fossil fuel industry also has its sights set on 
a massive increase in production of chemicals and plastic into the future.

While there has been knowledge for decades about some persistent ocean 
pollutants such as PCBs, DDT and tributyl tin, more recently there has 
been a growing awareness of so many more pollutants, including the 
perfluorinated “forever chemicals” and others, that challenge the accepted 
idea of what persistent toxic chemicals are and how we should address 
them.

As the extent and impacts of the marine plastic pollution crisis continues 
to unfold, the role that microplastic pollution (pieces of plastic less than 
5 millimeters in diameter) plays as a source of pollution itself, as well as 
a vector for concentrating other chemical ocean pollutants, is becoming 
clearer.
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Plastic pollution is 
now documented in all 
marine environments, 
from coastlines to the 
open ocean, from the 
sea surface to the sea 
floor, deep-sea sedi-
ments and even Arctic 
sea ice. Microplastics 
are also found inside 
marine life such as krill, 
fish, molluscs, seabirds, 
sea turtles and marine 
mammals.

Recent investigation of the Great Pacific Garbage Patch (GPGP) found 
evidence that plastic pollution is increasing exponentially compared to 
surrounding waters and the GPGP is now estimated to cover an area of 1.6 
million square kilometers.

The worsening impacts of climate change add another complex layer of 
urgency to addressing the growing problem of ocean pollutants. Climate 
change has already altered salinity levels, increased ocean acidification 
and eutrophication, changed water oxygen levels, and affected the adapt-
ability of species.

Polar regions, once considered environmental sinks for many of the most 
persistent, bioaccumulative and toxic substances (PBTs), are fast becom-
ing new sources of re-contamination to the world’s oceans as the ice melts.

Climate change is influencing the rate at which toxic chemicals are re-
leased from materials and stockpiles, as well as altering the distribution 
of chemical contaminants in air and water through increased extreme 
weather events and other factors, such as partitioning. Climate change 
impacts are also affecting chemical degradation, bioavailability and toxic-
ity, while changes in water acidity are devastating some marine organisms, 
corroding their skeletons and shells.

For healthy oceans, there needs to be a healthy food web, including bac-
teria, protozoa, phytoplankton, microalgae, seagrass, coral, zooplankton, 
shellfish, prawns, squids and fish. Today marine organisms from the larg-
est to the smallest show signs of stress, disruption and damage from ocean 
pollutants.

http://www.ipen.org
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Marine sentinel species such as the California sea lion, Atlantic Bottlenose 
dolphin, polar bear and the endangered West Indian manatee are already 
providing early warnings of the negative impacts from ocean pollutants.

Marine organisms exposed to chemical pollutants are impacted in mul-
tiple ways, including at the cellular, organism, population and community 
levels. Humans are also impacted by the exposure to seafood contami-
nated with chemicals such as POPs and PBTs as well as with mercury and 
microplastics.

Addressing ocean pollution requires deep changes to the way we live and 
consume. It is a vast and complex problem that will not be solved by busi-
ness as usual and reliance on existing management practices and poli-
cies. Current regulatory 
systems are fragmented 
and do not address re-
source extraction, product 
design, manufacture, use, 
reuse and recycling within 
the framework of a true 
circular economy. The 
much-needed changes 
require political will and 
leadership.

The United Nations 
Sustainable Development 
Goal 14, Life Below Water, 
sets a target to prevent 
and significantly reduce 
marine pollution of all 
kinds, in particular from 
land-based activities, 
including marine debris 
and nutrient pollution, by 
2025.

For this to occur, multi-
sectorial and multi-stake-
holder approaches based 
on principles of good 
chemical management, 
that is: right-to-know, pol-
luter pays, precaution and 
substitution, are required. 
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Policy responses must also adhere to the principles of social, environmen-
tal and intergenerational equity.

Actions that must occur as a minimum response include adoption and full 
implementation of current international ocean, climate and chemical con-
ventions and programs; harmonized global standards for water quality; 
biomonitoring programs to inform governance; expanding and imple-
menting extended producer responsibility programs; creating and imple-
menting zero waste policies; pollution prevention while avoiding creating 
new problems; remediation and clean up; and, community awareness-
raising, capacity building and empowerment.

The fossil fuel origins of plastic and chemical production pose complex 
and difficult challenges for all countries. The entire life cycle of current 
petrochemical-based production from raw materials extraction through to 
consumption and final disposal represents threats to the marine environ-
ment. Any solutions to address ocean pollution must tackle this.

We are all citizens of the sea and negatively impacted by the pollution of 
the oceans. All surface life depends on the health of the ocean. It produces 
much of the oxygen we breathe, stores the carbon dioxide we produce and 
regulates the weather we experience. While remote and subsistence com-
munities, such as Arctic and Pacific Island peoples, already experience dis-
proportionate impacts, due to their high dependence upon the ocean for 
their sustenance, health, culture and human rights, ultimately, the health 
of the ocean and the pollutants that degrade it affect us all.

http://www.ipen.org
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CHAPTER 1 

INTRODUCTION TO OCEAN 

POLLUTANTS

Marine pollutants are threatening the health of our oceans. Everyday an 
ever-increasing cocktail of intentional and unintentional chemical re-
leases, as well as the unrelenting tidal wave of wastes, particularly plastic 
waste, enters our waterways and marine environment.

Ocean pollutants include persistent organic pollutants (POPs), endocrine 
disrupting chemicals (EDCs), mercury compounds, pesticides, pharma-
ceuticals, oil, and plastic wastes and their related chemical compounds 
(e.g., BPA, phthalates), as well as other industrial and agricultural emis-
sions. We are only just becoming aware of the identity and volume of 
certain ocean pollutants.

Ocean pollution is disproportionately impacting remote Arctic and Pacific 
Island communities who are highly dependent upon food from the ocean 
for their sustenance. It also poses a serious threat to their environment, 
food security, health, culture and human rights. Ultimately however, 
ocean pollutants affect us all.

THE GLOBAL OCEAN

The word “ocean” is derived from the Greek Ōkeanos, which means “the 
great stream encircling the earth’s disc.” The global ocean covers 71% of 
the earth’s surface and contains 97% of the earth’s water. The remaining 
3% is found as water vapour in the atmosphere and water in rivers, lakes, 
glaciers and ice caps. Since the source of the majority of ocean pollution is 
land-based, it is critical to consider this part of the hydrogeological cycle 
and the role it plays in delivering pollutants to the ocean.

According to the first Census on Marine Life1 , a culmination of ten years 
of research published in 2010, the global ocean is home to an estimated 
one million species, the majority of which are yet to be named and de-
scribed. This baseline study discovered a rich and connected global ocean, 
but also found an ocean more altered by human impacts, such as climate 
change and oil spills, than previously realised.
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We are all citizens of the ocean and not isolated from these impacts. All 
surface life depends on the health of the ocean, since half of the world’s 
oxygen is produced by sea life. The global ocean stores fifty times more 
carbon dioxide than our atmosphere, and transports heat from the equa-
tor to the poles, regulating our climate and weather patterns.

OCEAN POLLUTION

The United Nations Joint Group of Experts on the Scientific Aspects of 
Marine Pollution defines marine pollution as the: "Introduction by man, 
directly or indirectly, of substances or energy into the marine environ-
ment (including estuaries) resulting in such deleterious effects as harm to 
living resources, hazards to human health, hindrance to marine activities 
including fishing, impairment of quality for use of sea water and reduc-
tion of amenities."

The notion of a vast ocean with a continuous capacity to absorb and “di-
lute” pollution is directly challenged by the pervasiveness and impacts of 
the ocean pollution crisis we face today. There is the dawning realisation 
that in the blink of an eye, since the industrial revolution, the ocean as the 
“away” place where our industrial and domestic wastes can be disposed of 
and absorbed, has reached its limits.

The ocean is now throwing pollution back on our doorstep in the form of 
contaminated fish and seafood, entangled marine life, extensive plastic 
pollution, and expanding oceanic “dead zones.”

De-oxygenated or dead zones in the ocean have quadrupled since 1950 
as a direct result of climate change, pollution and warming waters. Dead 
zones now occupy an area the size of the European Union. Coastal sites 
with low oxygen, as a direct result of nutrient (nitrogen and phospho-
rous), organic matter 
and sewage runoff, 
have multiplied tenfold. 
Coastal ecosystems have 
changed drastically in 
a short period of time 
from human activities 
and the ecological im-
pacts are immense.2

Land-based atmo-
spheric transport of 
toxic chemicals such as 
persistent organic pol-
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lutants (POPs) and heavy 
metals has contaminated 
the globe, including the 
world’s ocean. Pesticide 
and fertiliser run-off 
from agricultural land, 
industrial releases, phar-
maceuticals in sewage, 
leachate from landfills, 
mining activities, burning 
of fossil fuel and waste, 
oil spills and runoff from 
roads have contaminated 
streams and rivers, which 
eventually release their 
toxic load into the oceans 
of the world.

Added to this is the growing tsunami of plastic wastes entering our oceans 
every day. While plastics may take hundreds of years to break down, once 
in the marine environment, they undergo weathering and degradation 
into smaller and smaller pieces of plastic, which aids the sorption of other 
contaminants from seawater. These chemical contaminants can concen-
trate in or on the surface of microplastic fragments at several orders of 
magnitude higher than background levels in seawater.

OCEAN POLLUTION OUTLOOK

No consideration of ocean pollutants would be complete without casting 
forward and anticipating what the problem might look like in the future if 
business as usual continues.

The world population is projected to reach 9.7 billion by 2050.3  With 
population growth comes increased consumption of resources, waste 
production and further environmental degradation. Indicators of se-
vere environmental stress are already evident and the risk of irreversible 
changes with far-reaching consequences, such as biodiversity loss and 
rising greenhouse gas emissions, is increasing.

Most of the world’s megacities with more than 2.5 million inhabitants are 
in coastal areas. Much of the world’s waste - around 20 billion tons per 
year- ends up in the sea, often without any preliminary processing.4  As 
industrialisation and urbanisation intensifies, and plastic production and 
use escalates, without intervention we should expect even more serious 
pollution and deterioration of marine ecosystems.5
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Both developed and developing economies face a great dilemma in reori-
enting growth and development in the direction of a more harmonious 
interaction with nature. The challenge is intensified by the uneven stages 
of development around the world. The rate of natural resource use and 
fossil fuel consumption characteristic of developed economies, and that 
expected of developing economies, cannot be sustained.

While the spotlight has been on reducing fossil fuels in the energy pro-
duction space, the fossil fuel industry also has its sights set on a massive 
increase in production of chemicals and plastic into the future.

An estimated 100,000 chemical substances are commercially available 
and this number is rapidly expanding. Almost 5,000 of these substances 
are produced in volumes exceeding one million tonnes a year. While 
OECD countries are still the biggest producers of chemicals, output is 
increasing more than twice as fast in India, China, Brazil, South Africa 
and Indonesia.6  Chemical production is growing steadily, at around 4% 
per year.7

The shale gas boom in the United States has made plastic feedstock very 
cheap, driving investment and increased production. U.S. industry alone 
is planning to invest over $164 billion by 2023, with many new ethane 
“crackers” designed specifically to produce ethylene from fracked eth-
ane.8  Ethylene is the critical feedstock for polyethylene, polyvinyl chloride 
(PVC), polyethylene terephthalate (PET) and polystyrene. Additionally, 
propane from natural gas is used to make propylene and ultimately, poly-
propylene. Plastic production is expected to double over the next 20 years 
to 600 million tons per year.

Against this backdrop, community awareness of marine plastic pollu-
tion has been growing, driven by images of once pristine, remote beaches 
now seen strewn with plastic pollution. Images of dead wildlife with their 
stomachs full of plastic debris and entangled sea creatures have prolifer-
ated in the media and shown us first-hand the damage plastic pollution is 
causing.

There is however, far less awareness about the impacts of marine chemi-
cal pollutants and their nexus with plastic pollution. This is partly because 
chemical pollutants are largely “invisible” to the naked eye and their 
health and ecological consequences are complex and long-term.

OCEAN POLLUTION SOURCES

It is estimated that 80% of marine chemical pollution originates on land.9  
The vast majority of the global land surface is connected to the marine 
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environment via river systems, hence the chemical pollution of rivers is 
inextricably interlinked with ocean pollution.

More than 100,000 chemicals are used commercially. Many enter the 
marine environment via atmospheric transport, runoff into waterways, or 
direct disposal into the ocean.10

Industries such as manufacturing, waste incineration, coal fired power 
stations and fossil fuel production release tonnes of hazardous emissions 
into the atmosphere every year.11  Combustion of fuels in automobiles, fac-
tories and smelters introduces hydrocarbons and metals into the environ-
ment.

Many of these pollutants eventually end up in our oceans through atmo-
spheric deposition. Atmospheric deposition occurs when contaminants, 
once airborne (either as vapour or attached to dust particles), are washed 
out by rain or snow, or fall back to earth in the colder climates.

Industrial facilities, pulp and paper mills, sewerage outfalls and mining 
activities contribute toxic chemical runoff directly into the aquatic envi-
ronment, while toxic chemicals, such as spilled oils and fuels, are washed 
off streets, down storm drains, and into water bodies. Inadequate waste 
management also results in significant releases of hazardous chemicals to 
air, land and water.

Oil pollution, which can degrade or destroy marine ecosystems, results 
from oil tanker disasters, urban-based runoff, spills and operational dis-
charge of fuel from boating traffic and port operations. Discharge associ-
ated with boats constitutes 24% of the total amount of oil in the ocean, 
with 8% of overall oil ocean pollution a result of spills during transporta-
tion or production.12

River networks facilitate the transport of terrestrial sediments, organic 
carbon, nitrogen, heavy metals, oil, pesticides, sewage, plastic wastes and 
various other industrial waste and contaminants into the oceans.

Similarly, the terrestrial environment contributes between 64% and 90% 
of the microplastic debris in the oceans.13  An assessment of river catch-
ments in northwest England found catchment-wide patterns of micro-
plastics in channel bed sediments at 40 sites across urban, suburban and 
rural river catchments. After severe flooding, resampling found that up to 
70% of the microplastics were flushed from the river.14

Larger rivers export disproportionally more plastic from their catch-
ments than smaller rivers, and plastic concentrations in rivers vary over 
seven orders of magnitude. Plastic loads and concentrations in rivers vary 
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depending on the characteristics of the catchment, such as urban land use 
and population density, both of which are indicators of plastic concentra-
tions.15

The top ten rivers with the highest loads contribute approximately 90% of 
the total river-driven plastic inputs into the ocean. In order of their plastic 
concentration loads, the rivers are: Yangtze; Indus; Yellow River; Hai 
River; Nile; Meghna; Pearl River; Amur; Niger; Mekong.

Plastic pollution is now found in every marine habitat, including estuaries, 
the breeding grounds of many species of fish and marine organisms. It is 
one of the most serious threats to ocean ecosystems.16 Research confirms 
that marine fauna, ranging from zooplankton to cetaceans, seabirds and 
marine reptiles, are all impacted by plastic pollution through ingestion 
and entanglement.17  The chemicals found in and on plastic represent fur-
ther risks to marine life, as may the biofilm communities growing on the 
plastic, which may include pathogenic, toxic and /or invasive species.18

One of the most shocking predictions is that “plastic rubbish would 
outweigh fish in the ocean by 2050 unless the world takes drastic ac-
tion”.19  Exactly how much plastic is entering the ocean is still uncertain; 
however, recent estimates suggest between 4 -12 million metric tons of 
plastic washed offshore in 2010 alone. If nothing changes, this amount is 
predicted to increase by an order of magnitude by 2025.20

Plastic debris is now documented in all marine environments, from 
coastlines to the open ocean, from the sea surface to the sea floor, deep-
sea sediments and even Arctic sea ice.21  The deepest plastic was found at 
10,898 meters in the Mariana Trench.22

OCEAN GYRES AND “GARBAGE PATCHES”

Ocean gyres are places where large systems of circulating ocean currents occur and the 
wastes collected in their currents are called “garbage patches.” There are numerous 
garbage patches in the ocean, big and small, and of varying composition.

The most well-known is the “great Pacific garbage patch” (GPGP) in the North Pacific 
gyre, in a region between Hawaii and California. recent investigation23  of the GPGP found 
evidence that the plastic pollution is increasing exponentially compared to surrounding 
waters.

The size of the GPGP is now estimated at 1.6 million square kilometers. While garbage 
patches contain visible debris, much of the plastic is actually smaller pieces of microplas-
tics and nanoplastics in the upper layers of the water column not immediately visible to 
the naked eye or satellites.

http://www.ipen.org


  Ocean Pollutants Guide (October 2018) 15

MICROPLASTIC POLLUTION

All of the world’s oceans are contaminated with microplastics.24  A current 
estimate for the number of plastics in the ocean, the majority of which are 
microplastics, is five trillion, weighing more than 250,000 tons.25

As the marine plastic pollution crisis continues to unfold, the role that mi-
croplastic pollution (pieces of plastic less than 5 millimeters in diameter26 
) plays as a source of pollution itself, as well as a vector for other ocean 
chemical pollutants, is becoming more apparent.

Microplastics can include resin pellets, microbeads, polystyrene, plastic 
debris and cigarette butts, tiny threads and fibres from ropes, nets and 
synthetic clothing. Engineered plastic nanoparticles derived from post-
consumer waste, as well as from nanoplastics via degradation, pose a 
specific challenge to the marine ecosystem.

Plastics become microplastics become nanoplastics, but they are all plas-
tics. They are just of increasingly smaller size, allowing them to be more 
easily ingested and, in some cases, cross the gastrointestinal tract to be 
transported throughout a living organism.27

Nanoplastics and microplastics are also generated through industrial 
abrasion processes (e.g., air blasting), synthetic paints and car tires.28  
Wind and surface water run-off transports these particles to aquatic eco-
systems. A further source is synthetic textiles, which release large amounts 
of microplastic fibres into waste-water during washing.29

Once in the marine environment, plastic polymers undergo weathering 
and degradation via UV solar radiation, chemical degradation and biodeg-
radation. This weakens the plastic, causing it to become brittle and break 
apart when subjected to sea motion.

Similarly, when ingested, larger pieces of plastic can be broken down into 
smaller pieces in the gut of seabirds and other wildlife. For example, ful-
mars (Fulmarus glacialis), a type of seabird, are estimated to reshape and 
redistribute about 6 tonnes of microplastics annually.30

The degradation process aids in the sorption of toxic contaminants from 
the seawater, as nano- and microplastics fragments have a larger surface-
area-to-volume ratio, and they can concentrate POPs and persistent 
bioaccumulative toxins (PBTs) at several orders of magnitude higher than 
in seawater.

Different coloured plastics and different types of polymers will sorb POPs 
from the environment differently. When ingested, the contaminated plas-
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tics may provide another pathway by which persistent chemicals can enter 
the marine food web.31

In order to understand and manage ocean pollutants, one must consider 
the role that river catchments are playing, not only in terms of delivering 
microplastics into the marine environment, but also in delivering pulses 
of toxic chemicals.

FRACKING AND PLASTICS

Hydraulic fracturing (fracking) and the U.S. shale gas boom has made plastic feedstocks 
very cheap, driving investment and increasing production. by 2023, the U.S. industry 
plans to invest over $164 billion to produce ethylene from ethane,32  a fracking byproduct 
used to manufacture plastics like polyethylene, polyvinyl chloride (PVC), polyethylene 
terephthalate (PeT) and polystyrene. Propane from natural gas is used to make propylene 
and ultimately, polypropylene. Plastic production is expected to double over the next 20 
years to 600 million tons per year. The conversion of natural gas into the petrochemicals 
that form the basis of plastic emits large amounts of carbon dioxide (CO2) and nitrogen 
oxide, exacerbating ocean acidification,33  while the emissions from both the fracking and 
the production of plastic are toxic to human health and the environment.

CLIMATE CHANGE AND OCEAN POLLUTANTS

The impact of ever-increasing climate change has added another layer of 
urgency to the growing problem of ocean pollutants. Areas once consid-
ered environmental sinks for many of our most persistent bioaccumulative 
and toxic substances (PBTs) are fast becoming new sources of contami-
nants to the world’s oceans.34
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The semi-volatile nature of many POPs means that part of the global 
POPs burden generated at more temperate latitudes is transported to 
polar regions via atmospheric and oceanic processes. Global warming is 
altering the polar climate and increased temperatures are re-mobilising 
historical contaminants from “polar sinks” such as ice, snow, water, soils 
and sediments. These are fast becoming secondary sources of POPs to the 
atmosphere; a process already observed in re-emissions of hexachlorocy-
clohexanes (HCHs) from Arctic soil and ocean.35

Climate change is influencing the rate at which toxic chemicals are re-
leased from materials, stockpiles and contaminated sites. Higher tempera-
tures increase the release of persistent toxic substances to air by changing 
their rate of partitioning between air and soil, and between air, water and 
sediments. It is also altering the distribution of chemical contaminants 
in air and water through increased wind, storm, flooding and extreme 
weather events.

In oceans, climate change has altered salinity levels, increased ocean acidi-
fication and eutrophication, changed water oxygen levels, and affected 
the nutritional status 36  of species and their adaptability. These changes, 
either alone or in combination, can enhance the toxic effects of chemicals 
on wildlife, increasing disease risks and species vulnerability.
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Ocean acidification is one of the most pervasive impacts. As carbon diox-
ide concentration in the atmosphere rises due to the use of fossil fuels and 
other activities such as forest clearing, more of the gas is absorbed by the 
oceans, gradually making the water more acidic.

This increasing acidification directly affects fish, corroding their gills and 
attacking the calcium content of the skeleton.37  It also affects their ability 
to spawn,38  with hatchlings or small fry unable to withstand acidity. Other 
studies suggest more acidic waters interfere with their neurotransmitters, 
affecting fish behaviour.39  Acidification also adversely affects a range of 
other sea life, including polyps, which form the basis of many coral reefs, 
tiny molluscs such as pteropods,40  and krill,41  on which so many fish, 
whales and bird species rely.

Climate change impacts are also affecting chemical degradation, bio-
availability and toxicity.42  For example, increasing water temperatures 
have been shown to increase the toxicity of commonly used pesticides to 
aquatic species.43  Climate induced changes in water acidity have also been 
shown to affect the bioaccumulation of toxic substances in marine organ-
isms.44

While the global community grapples with the problem of ever-increasing 
ocean pollution, it must, at the same time, address both the causes of cli-
mate change and its impacts on the fate and toxicity of chemicals.

http://www.ipen.org
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CHAPTER 2 

IDENTIFYING OCEAN POLLUTANTS

The marine environment is exposed to the combined impacts of a cocktail 
of toxic chemicals and wastes entering our waterways and oceans every-
day. While environmental assessments are often carried out on individual 
pollutants, in reality marine life is exposed to multiple chemicals and 
other stressors, such as rising sea temperatures, sea acidity and deoxygen-
ation, all at once.

There has been knowledge about some persistent ocean pollutants for 
decades. For example, in 1974, a paper describing PCB and DDT contami-
nation of sea turtle eggs in the South Atlantic Ocean was published.45  In 
more recent times, we have become aware of so many more pollutants, 
including chemicals that challenge our idea of what a persistent toxic 
chemical is and how we should view its impacts.
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A chemical’s ability to bioaccumulate in living things was once seen only 
in terms of how lipophilic or “fat loving” it was, allowing it to accumulate 
in the fatty tissue of organisms. However, fluorinated chemicals, which 
are fast becoming some of the most widespread ocean pollutants, have 
given us a new understanding of persistency. Instead of accumulating in 
fatty tissues, they bind to proteins in the blood and the liver. The terminal 
breakdown products of the perfluorinated compounds, due to their strong 
carbon fluorine bond, resist further breakdown in the environment and 
are sometimes known as the “forever chemicals”.

Due to their incorporation in plastic polymers, chemicals that would not 
normally fulfil the criteria of persistency, e.g., phthalates, may remain in 
the marine environment, travelling to remote parts of the globe.

For many of the new ocean pollutants there is little, if any, information on 
their ecotoxicity or their impacts on human health. For some, even basic 
chemical information is lacking. Where there is information on toxicity, 
the chemical has usually been assessed individually. This singular pollut-
ant approach to risk assessment inevitably results in an underestimation 
of both hazards and risk to the marine ecosystem.

The toxicological impact of chemical mixtures such as those we see in 
ocean pollution can have effects that are either additive, meaning individ-
ual chemical toxicities are added together, or synergistic, meaning chemi-
cals multiply each other’s toxicities.46  Some persistent ocean pollutants 
have been shown to exacerbate the adverse effects of certain pesticides as 
well as other POPs.47

Even the sequence in which organisms are exposed to toxic substances can 
affect their toxicity.48  For instance, in freshwater crustacean, researchers 
found different toxicity when the exposure order of two toxic chemicals 
was reversed, while maintaining the same dose.

There are significant data gaps in the knowledge about the identity and 
impacts of the complex mixtures of pollutants to which our oceans and 
marine organisms are exposed.

ENDOCRINE DISRUPTING CHEMICALS

Complex chemical mixtures in the ocean include many endocrine (hor-
mone) disrupting chemicals (EDCs). As EDCs can mimic, compete with 
or disrupt the synthesis, transport and natural turnover of the hormones 
in living organisms, low-level, non-linear exposures to EDCs can lead to 
both transient and permanent changes to endocrine systems.

http://www.ipen.org
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Evidence now points to exposure to EDCs playing a significant role in the 
worldwide loss of species and reduced population numbers of amphib-
ians, mammals, birds, reptiles, freshwater and marine fishes and inverte-
brates.49

EDCs affect the reproduction, metabolism, development and immune 
function of wildlife. This can lead to increased susceptibility to infectious 
diseases, notably in marine mammals, or the development of hormone 
sensitive cancers.50

EDCs frequently have unconventional dose-response relationships called 
non-monotonic dose-response (NMDR).51  This means that the effects of 
low-dose exposure cannot be predicted from high-dose exposures and in 
some cases low doses may actually cause greater impact than high doses 
for a specific response. Chemicals that demonstrate NMDR include plastic 
additives; detergents and surfactants; polycyclic aromatic hydrocarbons; 
heavy metals; pesticides; flame retardants; PCBs and dioxins; and dioxin-
like chemicals.

The developing organism is particularly vulnerable to EDCs. At critical 
and sensitive developmental stages, any disruption to natural processes 
can change the structure and/or the function of a physiological system, 
sometimes irreversibly. This applies as much to marine mammals, fish 
and other species, as it does to humans.

In humans, endocrine-associated disorders include male reproductive 
impacts; cryptorchidism, hypospadias, testicular cancer as well as early 
female puberty; leukemia; brain cancer and neurobehavioral disorders; 
obesity, type 2 diabetes and cardiovascular disease.52

Current body burdens of EDCs such as PCBs, organochlorine pesticides 
and methylmercury in some fish-eating birds and marine mammal popu-
lations are at levels known to impact on breeding and the immune system. 
Higher rates of reproductive problems are found in animals with higher 
exposure to EDCs.53

TRIBUTYL TIN AND IMPOSEX

The most infamous story of EDCs in the marine environment is the 
impact on marine molluscs from exposure to tributyl tin (TBT) used in 
antifouling paint. TBT containing anti-fouling paints were applied to 
many vessels, often moored in estuaries and marinas, close to commercial 
shellfish beds.
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TBT at very low concentrations damages the reproduction functions in 
a number of mollusc species, with some female marine snails developing 
male sex characteristics termed “imposex”. The female whelks become 
sterile when the superficial excretory duct finally blocks the release of 
eggs.54  In 1995, a survey of marine gastropods from the South Australian 
coast revealed 100% demonstrated `imposex'.55  The sensitivity of marine 
molluscs has made it an important indicator species of endocrine disrup-
tion in the marine ecosystem.56

TBT can also activate a hormone receptor linked to the development of 
fat. Mice exposed during prenatal life grow fatter; a trait that could be 
transmitted to future generations.57  While TBT antifouling paint has been 
withdrawn in most countries, the use of tin-containing plastic stabilisers 
continues, and they have also been shown to elicit immunological disor-
ders in fish and induce imposex in gastropods.58  Dibutyltin, a chemical 
used in the manufacture of polyvinyl chloride, or PVC, can alter glucose 
metabolism and increase fat storage in mice.59

MERCURY – AN UBIQUITOUS MARINE POLLUTANT

Mercury is a ubiquitous endocrine disrupting contaminant in the marine 
environment.60  Thousands of tonnes of mercury are emitted and re-emit-
ted each year to the atmosphere, with much of it finding its way into our 
oceans.

Sources of mercury pollution include atmospheric emissions from coal 
fired power generation, industries such as mercury-cell chloralkali plants 
and vinyl chloride monomer production, waste incineration, dentistry and 
small-scale gold mining (ASGM). In ASGM, mercury is used to separate 
the gold from unrefined ore, resulting in widespread contamination of 
waterways and communities.

Mercurial fungicides have been widely used in sugarcane farming in 
countries like Australia, contaminating the soil and adjacent waterways. 
Mercury-based skin whitening cosmetics are still available in Asia and 
African countries, and on the internet.

Poor waste management of discarded products containing mercury in 
developing countries, especially small island developing states (SIDS), has 
also resulted in mercury leaching into the soils and waterways, after the 
products have been landfilled.

The United Nations Environment Programme (UNEP) and the Arctic 
Monitoring and Assessment Program (AMAP) estimate total global mer-
cury emissions to air from human-generated sources were approximately 
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2,063 metric tons for 2010. Fossil fuel combustion and small-scale gold 
mining accounted for more than two-thirds.61

In aquatic environments, inorganic metallic mercury is converted by bac-
terial organisms to the highly toxic methylmercury. Methylmercury has 
similar characteristics to POPs in terms of toxicity, persistence and bioac-
cumulation, and capacity for long-range transport. It is lipophilic and 
bioaccumulates in aquatic organisms, biomagnifying and reaching high 
concentrations in top order predators such as sharks, tuna and swordfish. 
Methylmercury levels in some fish species can be up to a million times 
greater than the levels present in the surrounding water.62

Mercury is toxic to birds at 4 parts per million (ppm), but has been report-
ed in the Flesh-Footed Shearwater (a sea bird species) at 30,000 ppm,63  
indicating serious contamination of the marine food chain.

HIGH MERCURY LEVELS IN ASIA PACIFIC COMMUNITIES

Mercury monitoring in women of child-bearing age in asia and the Pacific region was 
jointly conducted by UN environment, biodiversity research institute (bri), and iPeN.64  
Women from six countries participated in the study, providing a total of 234 samples for 
analysis at the bri laboratories. The countries included Cook islands, Kiribati, Marshall 
islands, Nepal, Tajikistan, and Tuvalu. Women from small island developing states (SidS) in 
the Pacific had very high levels of mercury in their bodies compared to other locations. 
Most Pacific islanders’ diet is rich in seafood and the large predatory fish they eat have 
high methylmercury concentrations in their flesh. Of the 150 Pacific island participants in 
the study, 96% exceeded the reference level of 1ppm total mercury in hair,65  compared to 
21.4% of participants living elsewhere.

Human consumption of contaminated fish can lead to accumulation 
of mercury in the body, particularly in myelin, the fatty layers that coat 
and protect nerve fibres, and in the brain and spinal cord. Sampling for 
methylmercury has shown that in some developing countries, populations 
have been exposed to methylmercury through their fish-rich diet, even in 
countries where industrial pollution is uncommon.

Human exposure at high levels can harm the brain, heart, kidneys, lungs, 
and immune system of people of all ages. High levels of methylmercury 
in the bloodstream of unborn babies and young children can damage the 
developing nervous system and impact on their development, potentially 
reducing IQ. Communities dependent on seafood for their protein suffer a 
chronic, disproportionate and more dangerous dose of toxic mercury.
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GLOBAL TOXIC POLLUTANTS: PERSISTENT ORGANIC 
POLLUTANTS

Persistent organic pollutants (POPs) are toxic carbon-based compounds 
that have contaminated the global environment, including the oceans and 
marine ecosystems. They persist in the environment for long periods and 
are capable of long-range transport. POPs bioaccumulate in human and 
animal tissue and can biomagnify in food chains, including the marine 
food chain.

The public first became aware of the impacts of POPs in 1962, when 
biologist Rachel Carson published Silent Spring. In her now world fa-
mous book, she highlighted the death of birds resulting from the aerial 
spraying of DDT to kill mosquitoes. Less than a decade later, the public 
became aware of another POP, dioxin, and its contamination of Agent 
Orange. The devastating impacts of Agent Orange used as a defoliant in 
the Vietnam War quickly became apparent among service personnel, the 
Vietnamese people and the global community. The impact of the dioxin 
contamination still continues decades later.66

POPs have been used extensively over the decades and large quantities 
have been released into the environment from agriculture, manufactur-
ing, waste stockpiles and consumer products. Some POPs, like dioxins and 
furans, are also formed as by-products of industrial processes and incin-
eration.

There are 28 chemicals, or groups of chemicals, destined for eventual 
elimination that are listed in the Stockholm Convention on Persistent 
Organic Pollutants. More chemicals are currently undergoing assess-
ment by the POPs Review Committee, a United Nations technical group, 
for inclusion in the Convention. However, there may be upwards of 500 
chemicals that exceed all four POPs criteria (persistence, bioaccumula-
tion, toxicity and long range transport) and should also be considered as 
potential POPs. Approximately ten of these are high-production volume 
chemicals.67

Most POPs are semi-volatile in nature and after intentional or acciden-
tal release, travel the globe via water or air currents, sometimes hitching 
a ride on air born particles to reach even the most remote areas. POPs 
generated at the more temperate latitudes are transported to polar regions 
where the prevailing cold conditions diminish their volatility.68  This 
results in their deposition in cold climate environmental sinks, such as 
snow, ice/sea-ice, soil, sediments, fresh water and oceans. This long-range 
environmental transport of POPs has resulted in the contamination of the 
global marine environment.

http://www.ipen.org
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At coastal sites in northeast Greenland and eastern Antarctica, air, snow, 
sea ice, and seawater were tested for a range of POPs pesticides at the 
early stages of spring sea ice melting. Concentrations in seawater, sea ice 
and snow were generally greater at the Arctic site than the Antarctic. Un-
der current climatic conditions, the Southern Ocean in the Indian Pacific 
sector still serves as an environmental sink for POPs.69

POPs have a high potential to bioaccumulate in aquatic biota, and partic-
ularly in Antarctic species, which generally possess lower elimination rates 
for these chemicals compared to temperate fish.70

CONTAMINATION OF THE ARCTIC FOOD WEB

The cold northern environment and fat-based food web of the arctic favours the retention 
and accumulation of persistent organic pollutants (POPs). in a process known as global 
distillation, prevailing ocean and wind currents bring contaminants to the arctic where 
they are subsequently trapped by the cold climate. Migratory animals are thought to 
offload their body burdens into arctic ecosystems through excretion of wastes and during 
decomposition. The large rivers that empty into arctic waters contribute as well. The arc-
tic appears to have a greater capacity for storage of POPs as compared to other regions; 
therefore, once POPs enter the arctic, they are readily incorporated within biological 
systems and the arctic food web. arctic communities, and indigenous peoples who rely 
on traditional foods (e.g., greens, berries, fish, and land and marine mammals compris-
ing 80% of the diet of some alaska Native peoples) often bear the greatest burden of 
chemical contamination. even in minute quantities, POPs in our bodies can cause cancers, 
neurological and learning disabilities, hormonal (endocrine) disruption, and subtle changes 
to reproductive and immune systems. Children are especially vulnerable to exposures to 
these persistent chemicals. exposures can occur before birth in utero, from breast milk, 
and during a child’s early years of rapid growth and development.

Adapted from Alaska Community Action on Toxics
https://www.akaction.org/tackling_toxics/world/global_transport_toxics_arctic/

The effect of POPs on wildlife and the marine environment may vary con-
siderably, but generally, POPs exposure in humans and marine organisms 
can cause serious health problems including certain cancers, birth defects, 
dysfunctional immune and reproductive systems, greater susceptibility to 
disease, and even diminished intelligence.
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POPS IN THE MARINE ENVIRONMENT

Many POPs are found in the marine environment, including the following 
examples:

Polychlorinated biphenyls (PCBs) are a large group of highly toxic, en-
docrine disrupting industrial chemicals. From the 1930s until the 1970s 
when PCB production ceased, the total global production was approxi-
mately 1.3 million tonnes. Around 65% is thought to be in landfills or still 
in electrical equipment, but the other 35% is likely to be found in coastal 
sediments and open oceans.71

PCBs have been used extensively in electrical transformers, which often 
end up in landfill at the end of their life. They have been used as flame 
retardants in cables and other polymers, including in PVC (polyvinyl 
chloride) coatings. These coatings are sometimes removed from bridges 
and water infrastructure by abrasive blasting. This has resulted in large 
quantities of fine contaminated particles ending up in rivers and the sea.72  
Natural weathering, renovation, and volatilization of PCB-contaminated 
paint has led to increased levels of PCBs in harbour sediments, where high 
concentrations have resulted in government advice against consumption 
of certain seafood.73

PCBs pollute the wider marine environment, including in Antarctica and 
the Arctic. Concentrations of PCBs in certain fish from Antarctica are still 
rising,74  while some of the highest PCB contamination occurs in Chinese 
coastal areas and estuaries.75  PCBs have been measured in many marine 
creatures, even in the remote depths of the Mariana Trench. High PCBs 
concentrations were found in the bodies of shrimp-like crustaceans called 
amphipods living almost 10 kilometers beneath the ocean’s surface.76

PCBs are potent toxic substances with adverse effects such as body weight 
loss, immunosuppression, hepatotoxcity, reproductive and developmen-
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tal toxicity, and endocrine disruption. In aquatic species, PCBs can affect 
growth and reproduction. PCBs are also carcinogens.77

PCBs represent one of the world’s worst toxic legacies. In 2001, the 
Stockholm Convention prohibited all Parties from intentionally producing 
PCBs but allowed the continued use of PCB-containing equipment such 
as transformers or capacitors through to the year 2025. Countries are not 
obliged to finally dispose of and destroy all PCB-containing waste until 
the year 2028. Unfortunately, even these targets are unlikely to be met. 
The contamination caused by PCBs has lasted for decades and is likely to 
last for decades to come. It has driven the initiation of scores of legal cases 
against the manufacturer, Monsanto, for the cost of clean-up and reme-
diation.78

Dichlorodiphenyltrichloroethane (DDT) is an organochlorine insecticide 
banned from use in agriculture due to serious health effects in animals. 
DDT is an EDC. An estimated 1.5 million tonnes of DDT were used world-
wide between the 1940s and 1970s, and it is still used by some countries 
to control malaria-carrying mosquitoes.79  DDT is toxic to a wide range 
of aquatic life. Marine organisms concentrate DDT and its degradation 
product, DDE, by factors of millions as the contaminants move up the 
food chain, reaching toxic levels in fish or in the animals that eat them.

Although the remaining DDT use tends to be in the southern hemisphere, 
DDT concentrations are increasing in the northern hemisphere. While 
some eventually settles into the deep ocean where it is buried in sedi-
ments, research suggests substantial quantities of DDT are being released 
from the world's oceans. DDT is continually re-entering the atmosphere 
from the ocean, evaporating more rapidly from warmer, southern waters 
before being dissolved again in cooler seas in a recurring cycle.80

Hexachlorocyclohexane (HCH) is used as an organochlorine insecticide, 
e.g., lindane, which is an EDC. HCH has two isomers; beta-HCH and 
alpha-HCH.81  They are neurotoxic (damaging nerve tissue), hepatotoxic 
(damaging liver cells), and cause immunosuppressive effects and cancer in 
laboratory animals.82, 83

Lindane is relatively volatile and hundreds of tonnes have entered the 
atmosphere every year;84  much of which has then been deposited in the 
oceans. HCH isomers are the most abundant organochlorines in the 
Arctic Ocean, resulting in elevated residues of HCH isomers in marine 
mammals.85

Rivers flowing through areas where the pesticide lindane has been applied 
are important sources of HCH to the marine environment. Lindane is 
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more water-soluble than most other organochlorine compounds, and is 
very stable in water with a half-life in sea-water of up to 200 days. It is 
mainly removed by adsorption to sediments and uptake by marine biota.86

HCH isomers are acutely toxic to aquatic organisms,87  and water con-
centrations between 0.5 µg/l - 2.5 µg/l have proved lethal for fish, shrimp 
and crabs.88  Beta-HCH was identified in nine kinds of molluscs from ten 
coastal cities along the Chinese Bohai Sea.89

Although lindane is less lipophilic than other organochlorine compounds, 
it does bioaccumulate and has a potential to biomagnify through the food 
chain. Sampling of the subsistence foods in Alaskan communities from 
1990 to 2001 found total HCH concentrations were the highest in whale 
and seals, while high concentrations were also found in other marine spe-
cies, e.g., walrus, whitefish and salmon.90

Hexachlorobenzene (HCB) was a widely used agricultural fungicide and 
industrial chemical. Significant stockpiles still exist. HCB is both a car-
cinogen and an EDC.91  Small amounts of HCB are emitted during com-
bustion processes. Once released, HCB is very resistant to biodegradation 
and is very persistent in water. HCB has a half-life from 2.7 to 6 years in 
water and in the atmosphere.92

In water, much of the HCB is adsorbed to particulate matter and sedi-
ments, which may help prolong its persistence in the marine environment. 
High levels of HCB were found in sediments offshore from one of Sydney’s 
sewage outfalls in Australia.93

HCB has been detected in air, water and marine organisms in the Arctic 
region and poses a threat to seabirds and mammals through secondary 
poisoning and its strong potential for biomagnification.

Hexachlorobutadiene (HCBD) is primarily the by-product from the 
manufacture of the dry-cleaning fluids carbon tetrachloride and tetra-
chloroethene. HCBD is a persistent, bioaccumulative EDC. It is very toxic 
to aquatic organisms and has been found in marine waters and sediment. 
HCBD bioaccumulates in aquatic species and is found in Arctic marine in-
vertebrates, fish, seabirds and mammals, including polar bears.94  HCBD 
is classified as a possible human carcinogen by the U.S. EPA.95

Pentachlorobenzene (PeCB) is an industrial chemical, a flame retardant, 
a chemical intermediate and a fungicide. PeCB is also produced uninten-
tionally during combustion and industrial processes, and is found as an 
impurity in some solvents and pesticides. It is a persistent EDC in the en-
vironment, highly bioaccumulative, and has been found in water samples 
collected in the North Pacific Ocean, and the Bering and Chukchi Straits.96

http://www.ipen.org


  Ocean Pollutants Guide (October 2018) 29

PeCB is very toxic to aquatic organisms and may cause long-term adverse 
effects in the aquatic environment. PeCB has been measured in many 
marine species in the Arctic and Antarctic regions, including fish, penguin 
eggs, seals, beluga whale blubber, polar bears, Arctic fox and predatory 
mammals.97  When assessed using freshwater and marine amphipods, 
PeCB demonstrated the additive toxicity with other organic chemicals 
such as pyrene, an aromatic hydrocarbon present in coal tar.98

Pentachlorophenol (PCP) has been used as a herbicide, insecticide, fun-
gicide, algaecide, disinfectant, a wood preservative and an ingredient in 
antifouling paint. PCP can break down or transform into pentachloroan-
isole (PCA). Both are hepatotoxic, carcinogenic, immunotoxic, neurotoxic 
and toxic to reproduction, and both are endocrine disruptors.

PCA is semi-volatile and one of the most abundant contaminants in the 
remote marine troposphere. The troposphere is lowest layer of Earth's 
atmosphere, and where nearly all weather conditions take place. Studies 
suggest that oceans may be a major continuous source to air.99  PCP and 
PCA are found in air, water, soil and biota throughout the world, including 
in the marine environment and in remote regions. Both are highly toxic to 
aquatic organisms.

PCA contaminates marine species such as polar bears, ringed seals, Arctic 
char, landlocked char, lake trout and burbot in the Canadian Arctic. 
Residues have also been reported in aquatic invertebrates, fish, birds and 
mammals in Greenland. PCP has been found in the North Sea, coastal 
waters and estuaries of Germany, Netherlands and the U.K.100
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Hexabromocyclododecane (HBCDD) is a flame retardant used mainly in 
expanded polystyrene (EPS) and extruded polystyrene (XPS) foam insula-
tion, as well as in some textiles and electronic appliances.

HBCD is widespread in the global environment and has been detected in 
both freshwater and marine biota. Deposited in sediments at the begin-
ning of the 1970s/1980s, HBCD is still present in significant amounts in 
marine sediments in Asia and in Europe.101

HBCD is very toxic to aquatic organisms 102  and has been found in fish 
in some European waters.103  HBCD is ubiquitous in the Arctic environ-
ment and contaminates the Arctic food webs, including marine mammals 
such as beluga whales, fish, polar bears and seabirds. Some of the highest 
HBCD concentrations in marine mammals were measured in porpoises 
stranded on the Irish and Scottish coasts of the Irish Sea.104

HBCDD was also found in oysters from aquaculture farms where polysty-
rene buoys containing HBCDD were used.105

In mammals, exposure to HBCD can have potentially severe effects on the 
neuroendocrine system 106  and can affect offspring during early phases of 
development. HBCD can cause reproductive and developmental effects. 
Some effects are trans-generational and affect both parents and off-
spring.107

HBCD is listed in the Stockholm Convention for global elimination, with 
a five-year specific exemption for use in building insulation that should 
expire for most Parties in 2019.

Polybrominated diphenyl ethers (PBDEs) have been used as flame retar-
dants and can be physically combined with materials such as plastics. The 
brominated flame retardants are neurotoxins; that is, substances that alter 
the structure or function of the nervous system. PBDEs also demonstrate 
developmental toxicity.

The main components of commercial octabromodiphenyl ether 
(OctaBDE) are hexabromodiphenyl ether and heptabromodiphenyl 
ether.108  Tetrabromodiphenyl ether and pentabromodiphenyl ether make 
up the commercial product, pentabromodiphenyl ether (PentaBDE).109

Decabromodiphenyl ether (DecaBDE) is primarily used as a flame retar-
dant chemical in the plastic housings of computers and TVs, making it 
a key toxic component of electronic-waste (e-waste). Both e-waste and 
recycled contaminated plastics provide ongoing sources of DecaBDE to 
the environment, particularly in their waste phase. Emissions of DecaBDE 
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during use are also substantial, making it one of the most prevalent flame 
retardant chemicals in the global environment.110

PBDEs are highly persistent in the environment. PentaBDE was still 
evident in marine sediments after 30 years.111  PBDEs bioaccumulate in 
both aquatic and terrestrial species and have been measured in a variety 
of marine mammals, in seabirds, and in fish, including those from remote 
Arctic regions.112  DecaBDE has been found in high concentrations in top 
predators.113  The St. Lawrence Estuary beluga whales doubled their blub-
ber concentration of PBDE congeners in less than three years,114  while in 
the Antarctic, testing of krill and phytoplankton suggest PBDE concentra-
tions are increasing over time.115

In aquatic organisms and mammals, PentaBDE has demonstrated repro-
ductive and neurodevelopmental toxicity and effects on thyroid hor-
mones.116  OctaBDE has caused neurotoxicity and effects on the immune 
system in laboratory animals,117  while DecaBDE has demonstrated repro-
ductive and developmental toxicity, as well as neurotoxic effects. DecaBDE 
and its degradation products may also act as endocrine disruptors.118

PBDEs can act in combination and induce developmental neurotoxicity in 
both humans and wildlife at environmentally relevant concentrations.119, 

120

Although highly persistent, some PBDEs can break down through a 
process of debromination. Higher bromodiphenyl ether congeners may be 
converted to lower, and possibly more toxic, congeners. For example, De-
caBDE is shown to degrade to components of PentaBDE and OctaBDE.121
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Per- and poly-fluoroalkyl substances (PFAS), also referred to as perfluoro-
chemicals (PFCs), are a large group of industrial and consumer chemicals; 
many of which are endocrine disruptors, carcinogens and toxic to the im-
mune system. PFAS have been widely used since the 1950s in household 
and industrial products due to their resistance to heat, oil, stains, grease 
and water. They are also used extensively in fire-fighting foams, which 
results in direct releases to the environment.

PFAS contamination has resulted in many lawsuits against the manufac-
turers over contamination of drinking water supplies and human health 
impacts. The manufacturer 3M settled a lawsuit with Minnesota’s Attor-
ney General Lori Swanson for $USD 850 million over PFAS contamina-
tion of the state’s drinking water.122  DuPont and Chemours Co paid $USD 
671 million to settle about 3,550 personal injury claims arising from the 
leak of perfluorooctanoic acid PFOA (also known as C-8) from its plant in 
Parkersburg, West Virginia, U.S.123

In 2009, PFOS (perfluorooctane sulfonic acid) and its salts perfluorooc-
tane sulfonyl fluoride) were listed in the Stockholm Convention. As of 
2018, two others, perfluorooctanoic acid (PFOA) and perfluorohexane-
1-sulfonic acid (PFHxS), are undergoing assessment by the POPs Review 
Committee.

However, there are between 3,000 124  and 4,730 PFAS compounds,125  
many of which have been measured in marine environments. It is esti-
mated that a “single PFAS precursor compound can create 10 to 20 inter-
mediate transformation compounds with functional groups quite unlike 
the initial compound.” 126

PFAS have wide usage in both industrial processes and consumer prod-
ucts. PFOS is still used in electronic parts, photo imaging, hydraulic fluids 
and fire-fighting foams. It is also the unintended degradation product of 
the pesticide sulfuramid.127  PFOA and PFOA-related compounds are used 
to produce fluoropolymers for the production of non-stick kitchenware 
and food processing equipment. PFOA-related compounds are also used 
as surfactants and stain resistant treatments in textiles, paper and paints. 
PFOA can be formed from inadequate incineration of fluoropolymer plas-
tics. PFHxS is used in consumer goods such as carpets, leather, apparel, 
textiles, papermaking, printing inks, sealants, non-stick cookware and in 
fire-fighting foams.128

PFOS, PFOA and PFHxS are all highly stable and, due to their strong 
carbon-fluorine bonds, very resistant to degradation. They are released 
from manufacturing processes and product use. Waste disposal also re-
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sults in releases from wastewater treatment plants and outfalls as well as 
from landfills and contaminated soil.

PFOA residues have been found in industrial waste, carpet cleaning liq-
uids, stain resistant carpets, house dust, microwave popcorn bags, water, 
food, and Teflon.129

PFOS use in fire-fighting foams has led to widespread contamination of 
ground and surface water, particularly around airports and defence bases. 
It is found in coastal and open ocean waters and biota in the Canadian 
Arctic, Sweden, the U.S. and the Netherlands. In a study of cities across 
China, PFOS was detected in all water samples, including surface and sea-
water, groundwater, municipal and industrial effluents and tap water.130

Once released, PFAS travel the globe via air, water and wildlife. They enter 
the environment as a direct release to surface waters or as air-borne dust 
particles. These releases then undergo long-range transport through a 
cycle of atmospheric deposition and volatilisation from marine waters.

Perfluoroalkyl carboxylic acids (PFCAs) were found in more than 80% 
of 30 surface seawater samples from the North Pacific to Arctic Ocean.131  
Another PFAS, perfluorobutanoic acid (PFBA), was the most prevalent 
compound found in the samples and perfluorooctanoic acid (PFOA) was 
the second most abundant. The concentration of individual PFAS in the 
surface seawater of East China Sea was much higher than other sampling 
seas.

Novel perfluorinated chemicals introduced as substitutes for PFOS and 
PFOA have been identified as potential global surface water contami-
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nants. Perfluoroalkyl ether carboxylic and sulfonic acids (PFECAs and 
PFESAs) have been found in surface waters in China, U.S., U.K., Sweden, 
Germany, Netherlands and Korea, indicating ubiquitous dispersal and 
distribution in global surface waters. It is estimated that over 12 tonnes 
have been discharged to five of the major river systems in China.132  China 
is a major producer of PFAS chemicals.

Eighteen PFAS were measured in beach sediment from Greek coastal 
areas with PFOA being found at the highest concentrations.133  PFOA is 
found in water, air, sediment and biota from remote locations. PFOA-
related compounds, once released, can degrade to PFOA either in the 
environment or in organisms. PFHxS is also globally distributed and has 
been detected in the Arctic and Antarctic air, snow, seawater, freshwater 
lakes and sediment, as well as in fish, seabirds, marine and terrestrial 
mammals.

While PFAS have substantial bioaccumulation and biomagnifying proper-
ties, they do not follow the classic pattern of other POPs by partitioning to 
fatty tissues. Instead, they bind to proteins in the blood and the liver.134

PFOS has been found in the wildlife of Alaska and the Arctic Circle,135  
particularly in high order species such as polar bears 136  and marine 
mammals such as seals.137  PFCAs are also widespread in Arctic wildlife, 
accumulating in the blood, liver and kidneys of wildlife such as dolphins 
and polar bears,138  birds 139 , fish,140  and other marine wildlife,141  includ-
ing turtles.142  There is also evidence that for some PFCAs (C9 and C10), 
the concentrations found in the highly vulnerable polar bears have been 
doubling every 5 to 8 years.143

Fish from the Yangtze River and Tangxun Lake were analysed for PFAS. 
In addition to traditional PFASs (e.g., PFOS, PFOA, PFHxS, PFBS), over 
330 other fluorinated chemicals were detected in fish livers.144

PFAS chemicals are toxic to aquatic organisms. Declines in survival rates 
of zebra fish (Danio rerio), following PFOS-exposure, were evident over 
generations.145  Fish excrete some PFOA through the gills, leading to 
reduced uptake and bioaccumulation, but PFOA biomagnifies in marine 
mammals and can affect immune function in dolphins and sea turtles.146  
Aquatic organisms such as freshwater male tilapia, marine mussels and 
Baikal seals have demonstrated PFOA-induced oestrogenic effects, hepa-
totoxicity, inflammation, and chemosensitivity.147

PFOA can also exacerbate the adverse effects of certain pesticides,148  with 
the toxicity of the herbicide paraquat doubled with PFOA pre-exposure. 
In mixtures, PFOS and PFOA showed complex interactive effects that 
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changed from “an additive to a synergistic effect, then to antagonistic ef-
fect, and back to a synergic effect again.” 149

Ecotoxicity data for PFHxS are limited, but neurotoxic and neurodevelop-
mental effects as well as endocrine impacts have been observed.150  Polar 
bears from East Greenland have PFAS concentrations (including PFHxS) 
that exceed the threshold limit for neurochemical alterations.

In humans, PFOS is associated with thyroid disease, immunotoxicity, and 
reduced fertility. PFOA has been linked to kidney and testicular cancer 
and shown to cause thyroid disease, pregnancy-induced hypertension and 
high cholesterol. The effects of PFHxS in humans are found to influence 
the nervous system, brain development, endocrine system and thyroid 
hormone.

Examples of other PFAS chemicals that contaminate aquatic and marine 
environments include:

Perfluorononanoic acid (PFNA) is used as surfactant for the production 
of the fluoropolymer polyvinylidene fluoride. PFNA is also the breakdown 
product of precursor compounds such as fluorotelomer alcohols (FTOH), 
used industrially and in consumer products. PFNA is toxic to the devel-
opmental and immune systems. It has been measured in biota, including 
in marine mammals e.g., seals, dolphins and pilot whales in remote Arctic 
and Antarctic regions. High residues in Delaware Bay dolphins in the U.S. 
have been attributed to local industrial discharges.151

Perfluorobutane sulfonate (PFBS) is used widely in outdoor consumer 
products such as ski waxes, jackets, trousers, and boots. PFBS is highly 
resistant to microbial degradation and contaminates drinking water, sedi-
ment, rivers and marine biota e.g., humpback whales, dolphins and finless 
porpoises. PFBS is not well characterised toxicologically,152  but has been 
shown to affect immune response in vitro, inhibit aromatase in human 
placental cells,153  and alter heart rates and behaviour in zebra fish.154

Perfluorobutanoic acid (PFBA) is found in ski waxes, leather samples, 
and outdoor consumer products such as jackets, trousers, and boots. 
PFBA contaminates oceans, lakes, marine fish, rivers, and lakes, including 
in the Arctic. PFBA is found in wastewater effluent of sewage treatment 
plants.155

Short-chain chlorinated paraffins (SCCPs) are a group of widely-used 
industrial chemicals, including as a lubricant in metal cutting and as a 
flame retardant in some plastics, rubber, and carpets. They have also been 
used as plasticisers in paints, adhesives and sealants. SCCPs can have 
adverse effects on the kidney, liver and thyroid. They are toxic to aquatic 
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organisms at low concentrations, disrupt endocrine function, and are 
suspected to cause cancer in humans. SCCPs have been found in children’s 
products, such as toys and sports gear.156

Once in the marine environment, SCCPs are persistent and can remain in 
sediments for longer than a year. They have been measured in water, fish, 
birds, terrestrial and marine mammals in remote Arctic and Antarctic 
regions, indicating widespread contamination. High concentrations of 
SCCPs have been found in beluga whales and ringed seals, as well as in 
aquatic freshwater biota and various fish. Freshwater and marine inverte-
brates appear particularly sensitive to SCCPs.157

Endosulfan is an organochlorine POPs insecticide, which is genotoxic, 
neurotoxic and an endocrine disruptor. Endosulfan has been used on a 
variety of crops including coffee, macadamias, cotton, rice, sorghum and 
soy, and for the control of tsetse flies and ectoparasites of cattle, and as a 
wood preservative. Endosulfan occurs as two isomers: alpha- and beta-
endosulfan, and both are highly toxic to aquatic invertebrates and fish. 
Endosulfan sulfate, a breakdown product, is more persistent and toxic 
than endosulfan isomers.158

Endosulfan persists in the atmosphere, sediments and water and has been 
detected in air, fog, sediments, fresh water and seawater, ice, snow and 
in wildlife, including in remote Arctic areas. Alpha-endosulfan was also 
found in 40% of samples of Antarctic krill.159  In Greenland, endosulfan 
was measured in freshwater fish, seabirds, marine organisms like shrimp 
and crabs, and in marine mammals such as ringed and harp seals, minke 
whales, beluga and narwhal. Endosulfan has been undergoing net deposi-
tion to surface waters across all the regions of the Arctic Ocean since the 
1990s. This air-water transfer appears to be its dominant pathway into the 
Arctic Ocean.

CURRENT USE PESTICIDES AS MARINE POLLUTANTS

Many ingredients in pesticide formulations still used today are potentially 
toxic to marine organisms, including the active constituents; the formu-
lating chemicals like surfactants; and the impurities and metabolites. 
Pesticides enter the marine environment through sewage and storm water 
systems, rivers and streams, and as direct runoff, vapour and spray drift 
from agriculture, forestry, aquaculture, golf courses, parks and gardens, 
sports fields, utilities, roadside vegetation maintenance and residential 
properties.

Different classes of pesticides have different effects on aquatic life. Pesti-
cides are known to cause death, cancers, tumours and lesions, reproduc-
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tive inhibition and failure, suppression of the immune system, disruption 
of the endocrine system, and cellular and DNA damage. Pesticides also 
induce behavioral changes that can alter animal survivability, and changes 
in population dynamics and/or ecosystem imbalance. In a comparison 
of the toxicities of organophosate and pyrethroid insecticides to aquatic 
macroarthropods (crayfish and water bugs), pyrethroid insecticides were 
consistently more toxic than organophosphates.160

Other stressors in the marine environment such as temperature, car-
bon dioxide and oxygen levels, pH/acidification, pathogens and nutrient 
levels, all influence the effects pesticide exposures can have on the marine 
environment. Research has shown that chronic exposure to some chemi-
cals (e.g., endosulfan, phenol, chlorpyrifos) can reduce a species tolerance 
to increased temperatures,161  which is of concern in a world affected by 
climate change and global warming.

A study of crustaceans from agricultural streams showed increased toxi-
cological sensitivity to sequential pesticide contaminants as a result of the 
synergistic interactions between pesticide and temperature stress. Indi-
viduals were 2.7-fold more sensitive to pesticide exposure than individuals 
from reference streams.162

Neonicotinoids were developed to replace organophosphate and car-
bamate insecticides. They are structurally similar to nicotine. Globally, 
neonicotinoids have been detected in a variety of water bodies, typically at 
concentrations in the low µg/L range.163  Leaching into surface waters is 
one of the major concerns surrounding the extensive global use of neonic-
otinoids, especially in close proximity to water bodies.
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A survey of surface waters was conducted in Ontario, Canada to assess 
neonicotinoids across fifteen sites consisting of nine streams near agricul-
tural areas (drainage area <100 km2), and six larger streams/rivers (drain-
age area >100 km2).164  The most widely used neonicotinoid insecticides, 
imidacloprid, thiamethoxam and clothianidin, were detected in over 90% 
of samples from over half of the sites surveyed during the three years of 
the study between 2012 and 2014.

Aquatic insects are particularly vulnerable to neonicotinoids and chronic 
toxicity has been observed at concentrations of imidacloprid below 1 µg/L. 
Acute toxicity has been reported at concentrations below 20 µg/L for the 
most sensitive aquatic species. Imidacloprid disturbs feeding of a freshwa-
ter amphipod crustacean (Gammarus pulex) at environmentally relevant 
concentrations. The effects on feeding rates were observed at concentra-
tions two orders of magnitude lower than those causing mortality.165  The 
growth of marine Mysid shrimp (Americamysis bahia) was impaired at 
0.163 µg/L imidacloprid.166

Australian research investigated the impacts of pyrethroid and neonicoti-
noid insecticides on shrimp (prawn) aquaculture in northeast Australia.167  
Previous studies have shown that crustaceans, including commercially 
important species, can be extremely sensitive to these pesticides. Most 
shrimp farms are located adjacent to estuaries for access to saline water. 
Multiple land-uses upstream, such as sugar cane farming, banana farm-
ing, beef cattle and urbanisation, all impact water quality.

The study found that shrimp have sensitivities to imidacloprid, bifenthrin 
and fipronil at concentrations that are comparable to other crustaceans, 
and they are susceptible to imidacloprid and bifenthrin-induced feeding 
inhibition. The analysis of pesticide concentrations in shrimp farm intake 
waters suggests that at some locations, concentrations of all of these insec-
ticides was high enough to cause negative impacts on growth and survival.

Organophosphates/Carbamates are used in both the urban and agricul-
tural environments. They are toxic and block the enzyme acetylcholines-
terase (AChE), which is essential to the functioning of neurotransmitters, 
the body’s chemical messengers. Mixtures of carbamate and organophos-
phate pesticides have the same mode of action so their effects can be addi-
tive or sometimes synergistic.

Chlorpyrifos is a widely-used organophosphate and, as an EDC,168  poses 
risks to aquatic organisms and ecosystems.169  Exposures are mostly via 
direct uptake from water, although dietary exposure to chlorpyrifos can 
result from residues adsorbed to food items such as algae, macrophytes, 
and invertebrates, or from ingested sediment particles.

http://www.ipen.org


  Ocean Pollutants Guide (October 2018) 39

Chlorpyrifos is very toxic to crustaceans and sea urchins.170  Several stud-
ies have reported effects of chlorpyrifos on behaviour of arthropods and 
fish. Sub-lethal effects on fish have measured changes in olfactory percep-
tion and behaviour. Most of the reported behavioural responses of fish to 
chlorpyrifos were related to its inhibition of AChE.

Chlorpyrifos bioaccumulates in aquatic organisms and its residues have 
been measured in the blood of free-ranging sea otters in Alaska and Cali-
fornia.171

Glyphosate is one of the most widely-used herbicides in the world. 
Glyphosate residues are found in soil, air, surface water and groundwa-
ter,172  and in marine sediments in several countries.173, 174  Research into 
the persistence of glyphosate in seawater175  found that it was moderately 
persistent in marine water under low light condition (half-life of 47 days 
at 25 degrees) and is highly persistent in the dark (half-life of 267 days at 
25 degrees). AMPA, the major microbial metabolite of glyphosate, was 
detected under all conditions.

Glyphosate-based herbicides have demonstrated endocrine disruption.176, 

177  Glyphosate can alter microbial diversity and community composi-
tion,178  and promote algal blooms.179, 180  It has been reported that sur-
factants and wetting agents in commercial glyphosate formulations are 
themselves more toxic and /or increase the bioavailability and toxicity of 
glyphosate to non-target species.181

PESTICIDES AND THE GREAT BARRIER REEF

The Great Barrier Reef (GBR) is Australia’s most well-documented case 
of contamination of a marine ecosystem by pesticides. Agricultural runoff 
into the GBR contains nutrients, sediments and pesticides that reach the 
marine environment via rivers, and is a significant stressor in the decline 
of coral cover across large parts of the GBR.182  Agricultural runoff is an 
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important stressor for other estuarine and marine ecosystems within the 
GBR world heritage area, including seagrass meadows and mangrove 
systems.

Pesticide residues detected in GBR rivers and creeks during flood events 
include the herbicides diuron, atrazine (and associated degradation 
products desethyl and desisopropyl atrazine), hexazinone, ametryn, 
tebuthiuron, simazine, metolachlor, bromacil, 2,4-D and MCPA, and the 
insecticides imidacloprid, endosulfan and malathion. Diuron, atrazine, 
hexazinone and ametryn were frequently detected at the highest con-
centrations at sites draining sugar cane. Diuron was also found in urban 
sampling since it is used to control annual and perennial broadleaf and 
grassy weeds on roads, garden paths and railway tracks.183

Research also found there is little potential for herbicide degradation in 
flood plumes that typically occur over a few weeks of the year.184  Coastal 
fish in and near rivers discharging into the GBR lagoon are exposed to 
oestrogenic compounds associated with the pesticide run-off from sugar 
cane land use in the GBR catchment.185

Persistent herbicides are believed to pose one of the greatest risk to eco-
systems and organisms in the GBR World Heritage Area.186

WASTE WATER AND PHARMACEUTICAL POLLUTION

There are major threats to water quality from inadequate treatment of 
both municipal and industrial wastewater. Many contaminants are not 
captured or destroyed in waste-water treatment plants and are found in 
the sewerage sludge and effluent, e.g., PBDEs187, 188  and PFAS.189

Municipal waste water also releases pharmaceutical pollution to the 
aquatic and marine environments. Wastewater treatment systems are not 
designed to remove pharmaceutical residues and many of these com-
pounds are released in wastewater effluent and consequently into the 
aquatic and marine environment.

Pharmaceuticals are highly active compounds that target specific biologic 
systems and can have adverse impacts on the physiology and behaviour of 
a variety of organisms even at low concentrations. These impacts can be 
exacerbated by chronic, long-term exposure to complex mixtures of phar-
maceuticals in the environment.

Pharmaceutical residues have been detected in marine waters and sedi-
ments190, 191  including in sea ice and coastal seawater. Data from over 71 
countries identified 631 different pharmaceutical agents (or their metabo-
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lites and transformation products) in the environment, including antibiot-
ics, nonsteroidal anti-inflammatory drugs (NSAIDs), analgesics, lipid-
lowering drugs, oestrogens, and drugs from other therapeutic groups.192

The 61 most frequently encountered pharmaceutical compounds in river 
systems around the word have been detected at median concentrations 
ranging from 6.2 nanogram per liter (ng/l) to 163,673 ng/l.193  As pharma-
ceutically active compounds are designed to be active at low concentra-
tions, the presence of pharmaceutical residues in the environment even at 
low levels may adversely impact a variety of biological systems and have 
broader negative effects on ecosystems. Clams have been affected by the 
sewage effluent at two Antarctic research stations.194

One study found that chronic exposure of fathead minnow to low con-
centrations (5–6 ng/l) of the synthetic oestrogen 17α-ethinylestradiol 
(EE2, used as a contraceptive) in a freshwater lake produced reproductive 
failure. This resulted in the complete collapse of the fish population in 
that lake.195  The direct effect of EE2 on the fathead minnow population 
and other small fish species in the lake was found to have corresponding 
indirect effects on the whole lake ecosystem due to disruption of the food 
web. The loss of these small fish resulted in a reduction in food supply for 
larger predator fish such as trout, leading to a corresponding loss of condi-
tion in these predator species.196

SUNSCREEN CHEMICALS AND CORAL REEFS

Some sunscreen lotions and personal-care products contain the ingredient benzophe-
none-3 (bP-3; oxybenzone), which protects against the damaging effects of ultraviolet 
light. Oxybenzone is an emerging contaminant of concern in marine environments, 
dispersed by swimmers and discharged in municipal, residential, and boat/ship waste-
water. between 6,000 and 14,000 tons of sunscreen lotion make its way onto coral reefs 
every year. While not all coral reefs are located near tourist areas, approximately 10% of 
global reefs are at high risk of exposure to sunscreen damage.197

exposure of corals to oxybenzone can promote viral infections,198 cause deformities 
in baby coral and can damage their dNa. it is also a skeletal endocrine disrupter. The 
endocrine disrupting effect makes baby coral encase itself in its own skeleton, leading 
to death.199  The harmful effects of oxybenzone were observed even when it was highly 
diluted.

Hawaii has become the first state in the U.S. to pass legislation banning sun-
screens containing oxybenzone and octinoxate, due to their significant harmful im-
pacts on ecosystems.
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OIL POLLUTION

Oil pollution is one of the most conspicuous forms of marine pollution. 
While oil tanker or oil-rig disasters are often the most visible, oil pollu-
tion originates predominantly from diffuse sources. Oil enters the ocean 
via storm water drainage from cities and farms, untreated waste disposal 
from factories and industrial facilities, and unregulated recreational boat-
ing. It is estimated that approximately 706 million gallons (approx. 2673 
megaliters) of waste oil enter the ocean every year,200  with over half com-
ing from land drainage and waste disposal.

Oil wastes also result from offshore drilling operations, such as the dis-
posal of oil-based drilling fluid and produced water, pipeline leaks, well 
failures and blowouts. Some vessels sunk in World War II still contain 
large quantities of oil. In 2003, the U.S. government pumped 10 million 
liters of fuel from the hull of a U.S. tanker sunk in 1944 in the Western 
Pacific.201  Small Pacific nations whose islands have many WWll wrecks 
cannot afford to address this source of oil pollution. Oil can also enter the 
environment through oil seeps from natural oil reservoirs.

Major oil spills cause enormous harm to marine biota and coastal fisher-
ies. The immediate effects may be mass mortality and contamination of 
fish and wildlife, but long-term ecological effects can include disruption of 
the marine food chain and species population decline. Fish, marine mam-
mals, sea turtles, amphibians, and seabirds are all affected by oil spills.

The hazards for wildlife include injuries such as smothering, deterioration 
of their insulating ability, for instance, in sea otter fur, and damage to the 
water-repelling abilities of bird feathers. Birds and marine animals swal-
low oil and are poisoned when they try to clean themselves or when eating 
oiled prey.

The toxic effects of exposure and ingestion can result in damage to repro-
ductive systems and altered behaviours. Fish and shellfish can digest oil, 
but this can cause changes in reproduction, growth rates or even death.202  
Commercially important species such as oysters, shrimp, mahi-mahi, 
grouper, swordfish and tuna can suffer population decline and become too 
contaminated to be caught and safely eaten.

The Deepwater Horizon oil spill of 2010 resulted in the release of 5 mil-
lion barrels of oil and approximately 47 thousand barrels of the disper-
sants Corexit 9500 and 9527.203 The dispersant - based on the hydrocar-
bon solvent, ethylene glycol monobutyl ether, plus non-ionic and anionic 
surfactants204 - has demonstrated toxicity in lab animals affecting the 
immune, neurological, cardiovascular, and pulmonary systems.205  The 
Deepwater Horizon spill resulted in the die-off of tiny foraminifera (single 
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celled organisms with shells) in the path of the underwater plume, but 
these did show some recovery in the following years.206  There was also 
evidence of abnormal skin lesions in fish207  and apparent drop in popula-
tion of some fish species.

POLYCYCLIC AROMATIC HYDROCARBONS (PAHS)

Crude oil consists of over 10,000 individual substances, predominantly 
hydrocarbons. The precise composition varies according to the place of 
origin, but will often contain contaminants like heavy metals.

An important constituent of crude oil is a group of substances called 
polycyclic aromatic hydrocarbons (PAHs). In the marine environment, 
PAHs are divided into two groups; pyrogenic and petrogenic. Pyrogenic 
PAHs are formed by incomplete combustion of organic material while the 
petrogenic PAHs are present in oil and some oil products. PAHs have been 
measured in mussels caged in the vicinity of Norwegian oil platforms.208  
Large-scale oil spills, pipeline leaks, and tanker accidents release PAHs 
direct into the marine environment.209  PAHs emissions are also associ-
ated with unconventional gas production and incomplete combustion 
processes e.g., in engines. Mining of tar sands in northern Alberta, Canada 
released PAHs into the Athabasca River.210

PAHs do not dissolve easily in water and tend to accumulate or attach to 
sediment particles. This is a serious concern in lake and river sediment 
where many fish lay their eggs and where their embryos develop. PAHs 
can be slowly degraded by various bacteria and microbes in water and 
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soil, but many microbes are affected by the toxicity of PAHs. This means 
that PAHs remain in the environment for long periods of time. In 1989, 
the Exxon Valdez tanker ran aground off the coast of Alaska, with up to 
119 million liters of crude oil released into the coastal ecosystem. PAHs 
persisted in the coastal sediments for over 20 years.211

Some PAHs and/or their degradation products are highly toxic and can 
cause cancers, mutations and birth defects in fish and other animals.212  
Acute exposures to complex PAH mixtures in developing fish embryo 
caused cardiac malformations and oedema (build-up of fluid). Exposure 
of fish embryos to PAH-contaminated sediment resulted in long-term 
locomotor and behavioural alterations. Alterations in locomotion were 
also observed in the early larval stages.213  Researchers have also expressed 
concerns about reptilian exposure to PAHs, citing deformities and devel-
opmental abnormalities, tumours, reproductive toxicity, hatching success, 
and survival.214

Seafood samples from the Mississippi Gulf Coast affected by the Deepwa-
ter Horizon oil spill were collected about one month after the first leak. 
Higher levels of total PAHs were detected in all four types of seafood 
samples.215

DREDGING AND OCEAN POLLUTANTS

Dredging involves the removal or relocation of sediment to improve ma-
rine access in harbours and ports, to remediate contaminated sediment, or 
for land reclamation activities.

Dredging inevitably re-suspends sediments in the water column, increas-
ing turbidity. Turbid waters directly impact fish species when their larvae 
confuse sediment particles for food, resulting in less food eaten and far 
less larval survival.216  The disturbed sediment smothers seagrass and 
shellfish beds, and also remobilises legacy contaminants.217

In ports and harbours adjacent to urbanised or industrialised areas, sedi-
ments can contain high levels of organic and inorganic contaminants. 
Dredge wastes can be contaminated with POPs, pesticides, petroleum 
hydrocarbons and PAHs, as well as a wide range of heavy metals, includ-
ing copper, lead, chromium, cadmium, mercury and arsenic.218

The dredging and resultant turbidity spread the legacy sediment contami-
nants into the water-body. Suspended materials originating from land 
reclamation activities and dredging of shipping lanes is reported to be 
Singapore’s biggest marine pollution issue.219
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In 2010, Australia’s largest dredging operation commenced in Gladstone 
Harbour within the Great Barrier Reef World Heritage area. The rap-
idly growing industrialised harbour is host to a wide range of industries. 
Heavy metals including copper, arsenic, nickel, chromium, aluminium, 
manganese and zinc, as well as PAHs and TBT, have been measured in the 
aquatic environment and biota of Gladstone Harbour.220

Over a three-year period between 2010 – 2013, more than 23 million 
cubic meters of seabed was removed from Gladstone Harbour, resulting in 
the destruction of large areas of inner harbour seagrass. This dredging co-
incided with a multi-species marine finfish and crustacean disease event.

Disease and mortality were observed in the harbour’s aquatic species, in-
cluding teleosts, elasmobranchs, crustaceans, molluscs, turtles, cetaceans, 
and sirenia (e.g., dugongs).221  Significantly higher prevalence of ulcerative 
skin disease and parasitism were found in a range of species, while mud 
crabs demonstrated a much higher prevalence of shell lesions. High levels 
of parasitism were found in moribund and deceased green sea turtles from 
the Gladstone coastline.222  In 2011, the mortality rates for dolphins, du-
gongs, and turtles around Gladstone were well above long-term averages.

MINING WASTES AND OCEAN MINING

The mining industry is one of the world’s largest waste producers.223  
Most industrial-size mines dispose of their tailings (the by-products of 
hard rock mining operations)224  on land. However, attention has recently 
shifted to other methods of tailings disposal, including submarine tail-
ings placement (STP) and deep-sea tailings placement (DSTP). Marine 
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disposal of mine wastes can have significant environmental impacts across 
a range of ecosystems.225

The composition of the tailings depends largely on the composition of the 
ore being mined and the process used to extract it. Generally, tailings con-
sist of silt particulates, metals (including zinc, copper, arsenic, cadmium, 
mercury and lead), process chemicals (e.g., flotation agents), and high 
quantities of sulphides. The tailings water left after the filtering process of 
the mineral ores contains even higher concentrations of heavy metals.226

One of the main problems of mining is acid mine drainage,227  which 
occurs when mine wastes containing sulphides are exposed to the atmo-
sphere and water, as happens in mine tailings dams and storage areas. 
The resultant metal-contaminated water can disrupt growth and repro-
duction of aquatic plants and animals.

The difficulty and costs involved in managing mine wastes has driven 
interest in deep-sea disposal of tailings. The process usually involves dis-
charging the waste as a finely ground rock slurry via an outfall to depths 
below 1000 meters.228  Deep-sea tailings placement from terrestrial mines 
is a large-scale industrial activity taking place in the deep sea, yet the scale 
and persistence of its impacts on seabed biota are unknown.229  However, 
research indicates that the dissolved heavy metals from tailings are likely 
to have a long-lasting influence on the deep-sea environment for up to 60 
to 70 years.230

At sites sampled around Papua New Guinea, tailings deposition has had 
severe impacts on the deep-sea communities of benthic animals that live 
in the substrate of a body of water, especially in a soft sea bottom.231  The 
abundance of these sediment dwellers (e.g., clams, tubeworms, and bur-
rowing crabs) are substantially reduced across the sampled depth range 
(800–2020 m).232

While submarine tailings placement is still not practical for many land 
mines, the disposal method would be an integral part of deep-sea min-
ing, which is gaining interest due to the decrease of land-based mineral 
reserves. Large quantities of mineral deposits are found on the sea floor 
(“sea floor massive sulfides” / SMS).

Modelling studies of the potential impacts of this form of mining sug-
gest wide dispersal of sediment discharge with increased sedimentation 
thickness within 1 kilometer of the discharge site. Some particulate mate-
rial could extend up to 10 kilometers from the site, settling at lower than 
natural rates. This may smother organisms and release toxic metals and 
other contaminants into the ocean. Toxic effects of plumes discharged at 
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depth from dewatering are also possible, as is spillage of ore or hazardous 
material from the mining surface vessel or from hydraulic leaks.233

SMS mining is still at the prospecting phase yet exploitation of SMS de-
posits may occur in the foreseeable future in the western Pacific Ocean.234

MARINE PLASTICS CONTAMINANTS

The chemical toxicity associated with plastics found in the marine envi-
ronment can be attributed to one or more of the following:

• Residual monomers235  from manufacture present in the plastic or 
toxic additives used in the plastic that can leach out of the ingested 
plastic, e.g., bisphenol A (BPA), phthalate plasticizers, heavy metals;

• Toxicity of intermediate products from partial degradation of plastics, 
e.g., PAHs and styrene from polystyrene. Styrene is both a monomer 
and degradation product;

• Hydrophobic chemicals e.g., POPs present in seawater, which are ab-
sorbed or adsorbed, concentrating in the microplastic fragments.

The Norwegian Institute for Water Research released a comprehensive 
review of contaminants measured in plastic collected from the marine 
environment.236  They include:

• Pesticides: DDT and related compounds, HCHs, Chlordanes, Cyclodi-
enes, Mirex, Hexachlorobenzene

• Industrial chemicals and plastic additives: PCBs, PBDEs, Nonylphe-
nols, Octylphenols, Bisphenol A, PFAS

• Byproducts: PAHs, aliphatic hydrocarbons

PLASTIC TYPES AND ADDITIVES

Plastics are typically complex cocktails of polymers, residual monomers 
and chemical additives. There are several broad classes of plastics, includ-
ing polyethyelene (PE), polypropylene (PP), polystyrene (PS), polyethyl-
ene terephthalate (PET) and polyvinyl chloride (PVC). Fluoropolymers 
like polytetrafluoroethylene (PTFE) and perfluoroalkoxy polymer (PFA) 
are used in many nonstick plastics and medical products.

Once released in the ocean, the environmental fate of plastics primarily 
depends on the polymer density. Polymers denser than seawater, like PVC, 
will likely sink, while those with lower density, such as PE and PP, will 
tend to float in the water column. Processes like biofouling (the colonisa-
tion of organisms) on the plastic surface increase the weight of particles. 
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Degradation, fragmentation and the leaching of additives can change the 
density of objects and their distribution along the water column.237

Plastic additives are incorporated into polymers during manufacturing 
processes to improve their properties; for example, to extend their resis-
tance to heat by adding flame retardants, to reduce oxidative damage with 
nonylphenol, or to control microbial degradation by adding triclosan. The 
type of plastic and its intended use influences the type of plastic additives 
that are used.

• Plasticizers improve flexibility and durability, and are added at 10-
80% w/w e.g., phthalates;

• Flame retardants (10-20%) to reduce the risk of fire, e.g., organophos-
phorus compounds, halogenated esters, heavily brominated or chlori-
nated organic compounds, e.g., hexabromocyclododecane (HBCDD), 
PBDE/ brominated flame retardants, tetrabromobisphenol A (TBB-
PA), anthed Tris(2-chloroethyl) phosphate;

• Stabilisers (0.1-10.09%), e.g., arsenic / organic tin compounds, triclo-
san, bisphenol A (BPA), cadmium and lead compounds, and nonyl-
phenol compounds/ octylphenol;

• Curing agents, e.g., formaldehyde;

• Colourants, e.g., titanium dioxide, cadmium/chromium/lead com-
pounds; and

• Fillers to increase stiffness and hardness and reduce costs, e.g., cal-
cium carbonate, talc and barium sulphate.

Plastic additives have been found in marine ecosystems, including in 
biota.

Phthalates are commonly used as plasticisers and are found in chil-
dren’s toys, personal care products and food containers. Some are known 
EDCs.238  Phthalates have been measured in marine plastic pellets.239  
In one study, over half of surface plankton samples analysed contained 
micro-plastic particles with high concentrations of phthalates (DEHP 
and MEHP).240  The study warned that concentrations of mono- (2-ethyl-
hexyl) phthalate (MEHP) found in the blubber of stranded fin whales may 
indicate an emerging threat of micro-plastics and their contaminants to 
baleen whales.

Bisphenol A (BPA) is a high volume chemical produced worldwide. As a 
monomer of polycarbonate plastic and epoxy resin, it is used in food con-
tainers and the epoxy-based linings of canned foods. BPA is released to the 
marine environment from plastic wastes and via sewage effluents, rivers 
and coastal waters.
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BPA is a known endocrine disruptor.241  Tetrabromobisphenol A (TBBPA), 
used as a flame retardant in some plastics, degrades to BPA. Relatively 
high concentrations of BPA have been detected in plastic fragment 
samples from remote beaches and from the open ocean. Sand and sea-
water analysed from more than 20 countries (mainly in Southeast Asia 
and North America) found significant amounts of BPA (0.01 - 50 ppm). 
Polycarbonates and epoxy resin coatings and paints were seen as the main 
source.242

PBDEs are used as flame retardant chemicals in the plastic housings of 
computers and TVs, making them key toxic components of electronic-
waste (e-waste). The burning of e-waste is an important source of PBDEs 
to the aquatic and marine environment.

Nonylphenols (NP), used as stabilisers in plastics, have been found in 
polypropylene resin pellets collected from Japanese coasts and were two 
orders of magnitude higher than levels found in sediment.243  NPs are 
also formed from the environmental degradation of surfactants based on 
nonylphenol ethoxylates (NPEs).

Heavy Metals are used as colourings. In a study of beached microplastics, 
cadmium and lead were detected in all samples, with higher concentra-
tions found in red and yellow pellets or fragments. The maximum bioac-
cessible concentrations of cadmium and lead were evaluated as exceeding 
those estimated for the diet of local seabirds by factors of about 50 and 4, 
respectively.244



50

ENDOCRINE DISRUPTING CHEMICALS IN MARINE PLASTIC

In 2011, researchers found that most plastic products released estrogenic 
chemicals, stating that “Almost all commercially available plastic prod-
ucts sampled, independent of the type of resin, product, or retail source, 
leached chemicals having reliably detectable endocrine activity (EA), 
including those advertised as BPA free. In some cases, BPA-free products 
released chemicals having more EA than did BPA-containing products.”245

The commonly used plastic additives, such as phthalates, BPA, alkylphe-
nols and PBDEs, are EDCs. Both phthalates and BPA have been shown 
to affect the development and reproduction in molluscs, crustaceans and 
amphibians, which can occur at very low environmental concentrations.246

Some plastic additives with endocrine disrupting properties, such as 
PBDEs, can be present in the plastics at very high levels; that is, 1000–
500,000 milligrams /kilogram (mg/kg). These have been used extensively 
as flame retardants in plastics and polyurethane foams. HBCDD is still 
used in polystyrene foam (EPS/XPS).247  Tetrabromobisphenol A (TBB-
PA), used as a flame retardant in epoxy, vinyl esters and polycarbonate 
resins, has also demonstrated endocrine activity.248

Alkylphenol polyethoxylates are also EDCs.249  Nonylphenols (NP) can 
cause feminisation of aquatic species and/or demasculinization of male 
fish. This decreases male fertility and the survival of young fish.250  Labo-
ratory studies demonstrate the reproductive effects that NP can induce in 
aquatic life. These include:

• changes in male and female hormone levels in turbot;

• decreased gamete production and fertilization in medaka and zebraf-
ish;

• reduced hatching of rainbow trout embryos;

• altered sex ratios in offspring of NP-exposed oysters; and

• development of intersex trout, bream, and frogs, i.e. offspring with 
characteristics of both sexes.251

Nonylphenols can also induce a variety of non-reproductive effects, such 
as the inability to maintain fluid and electrolyte balance in sea bream and 
Atlantic salmon, which may prevent their migration from fresh water to 
sea-water. Clams and sea urchins exposed to NP have exhibited decreased 
respiration and increased malformations, respectively.252
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PLASTIC DEGRADATION PRODUCTS

Unreacted monomers in plastics and resins, as well as degradation prod-
ucts, can leach from the polymers into the environment, e.g., chemical 
intermediates from the partial degradation of polystyrene.

Expanded polystyrene foam (EPS) is pervasive in the marine environ-
ment. EPS was the second most abundant form of beach debris at 43 sites 
along the U.S. Orange County coast.253  Styrene monomers and degrada-
tion by-products have been detected in seawater and sand from coastal 
regions, likely originating from polystyrene litter.254  Styrene by-products 
have been shown to migrate from polystyrene products, e.g., from instant 
noodle polystyrene cups.255  Styrene is an animal carcinogen, a possible 
human carcinogen and a neurotoxin.

EPS may also contain the POPs flame retardant HBCD (or HBCDD). El-
evated HBCD levels were found in oysters from aquaculture farms where 
EPS/XPS buoys containing HBCD were used. High levels of HBCDD have 
been found in fish in some European waters.256

SORPTION OF TOXIC CONTAMINANTS

Biodegradation of marine plastic also aids in the adsorption and absorp-
tion of toxic contaminants from the seawater. The combined impact of 
environmental conditions and exposure time can modify the plastics’ 
properties. Photo-weathering can cause bond breakages in the polymer, 
forming cracks and increasing the surface area and pore size, resulting in 
more contamination of POPs and other PBTs. Microplastics in the aquatic 
environment are also prone to biofouling and the biomaterials can act as 

INTERNATIONAL PELLET WATCH

international Pellet Watch (iPW) is a volunteer-based global monitoring program designed 
to monitor the pollution status of the oceans. Launched in 2005, it focuses on the 
monitoring of POPs using beached plastic resin pellets. iPW has presented data on the 
chemical concentrations in pellets collected from 30 beaches from 17 different countries. 
The results reflected past and present usage of particular POPs in that country. PCb 
concentrations in pellets were highest on U.S. coasts, followed by western europe and 
Japan, and were lower in tropical asia, southern africa and australia. ddTs were at high 
concentrations on the U.S. west coast and in Vietnam. High concentrations of HCHs were 
detected in the pellets from southern africa.268  Pellets from remote islands in the Pacific, 
the atlantic, indian Ocean and the Caribbean Sea returned levels of PCbs, ddTs and HCHs 
one to three orders of magnitude smaller than pellets from industrialized coastal shores, 
although there were sporadic large concentrations of POPs in the pellets.269
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additional sorbents.257  POPs and other ocean pollutants can concentrate 
in and on microplastic fragments at several orders of magnitude higher 
than in the surrounding seawater.

Different types of polymers appear to attract POPs from the environment 
differently. For example, adsorption occurs more readily onto LDPE and 
PP plastic debris than for PET and PVC fragments.258

In plastic fragments (<10 millimeter / mm) from the open ocean, and 
from remote and urban beaches, PCBs, PAHs, DDT and metabolites, PB-
DEs, alkylphenols and bisphenol A were measured at concentrations from 
1 to 10,000 ng/g.259  While the highest concentrations of PCBs and PAHs 
were observed in plastic fragments from urban beaches, high concentra-
tions were found in marine plastics from both remote and urban beaches 
and from the open ocean.

PLASTIC NURDLES

Plastic resin pellets, or nurdles, are the raw material for plastic manufac-
ture and are widespread throughout the world’s oceans, along with other 
plastic wastes.260  The concentrations of POPs and other contaminants of 
pellets can depend on how long they have spent in the ocean or circulat-
ing in heavily polluted areas before eventually being beached. The colour 
of the resin pellet may influence the concentrations of contaminants.261  
Based on the testing of pellets collected on Portuguese beaches, black pel-
lets had the highest concentrations of POPs (PCBs, DDT), but not PAHs.

PCBs and DDE readily adsorb to polypropylene (PP) resin pellets, increas-
ing concentration over time and accumulating in concentrations of up to 
106 times higher than surrounding seawater. Significant amounts of PCBs, 
DDE, and nonylphenols (NP) in PP resin pellets were collected from four 
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Japanese coasts. Concentrations of PCBs (4-117 ng/g, parts per billion), 
DDE (0.16-3.1 ng/g), and NP (0.13-16 µg/g, parts per million) varied 
among the sampling sites. The NP contents in the PP resin pellets were 
two orders of magnitude higher than those found in Tokyo Bay sediment 
(0.1-0.6 µg/g).262

In 2007, pellets comprised mainly of PP and PE polymers were collected 
from the North Pacific Gyre and selected sites in California, Hawaii, and 
Guadalupe Island, Mexico. PAHs and DDT and its metabolites were 
found in all the plastic samples.263  Total concentration of PCBs ranged 
from 27 to 980 ng/g; DDTs from 22 to 7100 ng/g, PAHs from 39 to 1200 
ng/g and aliphatic hydrocarbons from 1.1 to 8600 ug/g. Pellets collected 
from the southwestern shores of England contained metal concentrations 
with maximum values of 3390 µg/g for Cd and 5330 µg/g for Pb.264

TOXIC RECYCLING: A SOURCE OF CONTAMINANTS IN 
MARINE PLASTIC

recycling plastic products containing persistent organic pollutants (POPs) contaminates 
new products and is especially damaging to a true circular economy. it also provides a 
further pathway for POPs into the marine environment if contaminated products become 
wastes and are not appropriately managed. iPeN studies on children’s products have 
shown evidence of toxic recycled plastics in toys. a study by iPeN tested rubik’s Cube-like 
toys from 26 countries, including european countries, and found that 90% of the samples 
contained Octabde and decabde.270  Nearly half (43%) also contained HbCd. Other studies 
of toys made of recycled plastic have also found commercial Pentabde, Octabde, and de-
cabde,271  while electronic waste has also been recycled into kitchen utensils and thermos 
cups.272  a further iPeN study 273  tested SCCPs in children’s products from 10 countries and 
found SCCPs in 45% of the samples at concentrations ranging from 8.4 to 19,808 parts 
per million (ppm).

Eighteen PFAS were measured in plastic pellets and beach sediment 
around Greek coastal areas. The concentrations in plastic pellets were 
higher than those in the sediments and the researchers propose that the 
origin of PFASs on the pellet surface was adsorption from surrounding 
water.265

Plastic pellets can be produced with either virgin plastic or by using 
recycled plastics that may already contain POPs and other toxic substanc-
es.266  Bromine was found in over 10% of pellets collected from the shores 
of southwest England. The high concentrations (13,000 µg/g) suggested 
the presence of brominated flame retardants arising from the recycling 
of plastics originally used in casings for heat-generating electrical equip-
ment.267
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CHAPTER 3. 

IMPACTS OF OCEAN POLLUTANTS

The notion of a vast ocean with an infinite capacity to absorb and “dilute” 
pollution is deeply embedded in our psyche. Despite mounting evidence 
of widespread ecological harm from chemical exposures, and increasing 
levels of persistent pollutants in the commons, regulators continue to rely 
on the out-dated approach, “dilution is the solution to pollution.”

Environmental regulators continue to permit supposedly “safe” levels of 
chemical releases to air, soil and water, assuming that when diluted, the 
pollutants cause minimal or no harm. These decisions are made despite 
significant data gaps about complex ecological interactions and cumula-
tive impacts of pollutants, as well as a disregard for the bigger picture.

In terms of ocean pollution, the dilution approach is fundamentally 
flawed, since the planet’s water resource has a finite volume and is con-
stantly cycling, moving downhill into the oceans, which act as a “sump”. It 
is also a flawed approach because there can be no “safe” levels of persistent 
pollutants that travel around the globe and bioaccumulate up the food 
chain.

For healthy oceans, there needs to be a healthy food web. Prior to industri-
alisation, fish sat close to the top of the aquatic food web, supported at the 
bottom by bacteria and protozoa, with healthy populations of phytoplank-
ton, microalgae, seagrass, coral, zooplankton, shellfish, prawns and squid 
in between. The aquatic food web today looks very different. Fish numbers 
have significantly diminished along with other aquatic organisms, causing 
a proliferation of bacteria and accompanying disease. Microalgae, phy-
toplankton and seagrass, which constitute the “ocean’s lungs” and make 
two thirds of global oxygen, are all diminishing under the strain of excess 
sediment, nutrients and pesticides.

Nutrient pollution in the form of fertilisers and human and animal wastes 
leads to deoxygenated dead zones in the ocean. It drives freshwater blue-
green algae outbreaks, and in marine habitats, algal blooms cause red tide 
and algal smothering of seagrass. Dredging results in sediment pollution, 
which smothers seagrasses and other marine environments while mobilis-
ing legacy contaminant loads into the water column. Herbicides can cause 
dieback in mangroves and impact corals.274
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Marine animals exposed to toxic substances can suffer a loss of resilience 
and immunosuppression. Pesticide exposures cause abnormal larvae 
development in fish and other reproductive and developmental dysfunc-
tion. Sub-lethal exposure to many chemical pollutants makes fish more 
susceptible to heat stress and alters their behaviours.275  Pesticides kill off 
invertebrates that fish depend on for food. This picture adds up to death 
by a thousand cuts for ocean ecosystems.

ECOLOGICAL IMPACTS

Coupled with other stressors such as habitat loss and climate change, 
marine species are already impacted by ever-increasing levels of ocean 
pollutants. While short-term exposure to high concentrations of pollut-
ants have resulted in acute effects such as mass mortality, even at very low 
concentrations, toxic pollutants can have detrimental impacts on marine 
organisms’ physiology, reproduction and immunology, particularly if they 
are EDCs or the exposure is chronic. This has led to an increase in the 
number and extent of disease outbreaks in marine species.

The response of marine organisms exposed to chemical contaminants can 
occur at many levels: 276

• Biochemical and cellular, e.g., toxication277 , metabolic impairment, 
cellular damage, detoxication;

• Organisms e.g., physiological changes, reduced growth due to energy 
spent on detoxification and tissue repair, behavioural changes, sus-
ceptibility to disease, reproductive impacts, larval viability, immune 
responses;
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• Population e.g., age/size structure, recruitment, mortality, reproduc-
tive output and other demographic characteristics; and

• Community e.g., species abundance and distribution, impacts on food 
chains, ecosystem adaptation.

POPs exposure in fish and aquatic invertebrates can affect reproduction, 
growth and development, as well as the immune and endocrine systems. 
POPs have been associated with disrupted reproductive function in male 
fish and can impair maternal transfer of nutrients or hormones.278

Two fish species inhabiting a shallow lake located in an agricultural area 
from Argentina showed lesions in the gills and liver, with high levels of 
endosulfan in these organs. Male fish also demonstrated possible exposure 
to EDCs, with vitellogenin (precursor protein of egg yolk) found in the 
plasma of male fish.279

Developmental abnormalities in fish embryos and larvae due to parental 
exposure and maternal transfer of PBDEs can occur at very low exposure 
concentrations. In the offspring of exposed parents, decreased hatching, 
altered thyroid hormone levels, and inhibition of growth can occur.280

As early as the 1970s, research was showing that the incidence of DDT 
and PCBs in the bodies of seals was reducing the individual’s chance to 
reproduce. Either the seals failed to conceive or they aborted or resorbed 
the foetus.281  Female Baltic Ringed seals, when exposed to organochlo-
rine pollution, suffered a narrowing or closure of the uterine passage and 
hormonally induced softening of the bone.282  Additionally, by 1987, Dall’s 
porpoises from the northwest Pacific demonstrated that as concentra-
tions of PCBs and DDT increased, the level of male hormone testoster-
one decreased.283  In 2003, similar reductions in testosterone levels were 
reported in polar bears in Svalbard with high PCB concentration.284

Eggs and early developmental stages of fish and other marine organisms 
are also highly vulnerable to the toxic effects of genotoxic ocean pollut-
ants. Genotoxic substances can damage the genetic information within a 
cell, causing mutations that may lead to cancer. Genotoxic pollutants like 
DDT, certain PCBs and HCH can induce DNA damage, and studies have 
reported multigenerational effects of POP exposure in fish. Fish exposed 
to heavy metals, tributyltin, and synthetic and natural oestrogens, have 
also shown changes in DNA methylation,285 which can play an important 
role in gene regulation and development.

Both cancers and precancerous conditions can be initiated and promoted 
by pollutant exposure. The occurrence of neoplasia (a cancer-like condi-
tion) in flatfish livers has been reported as direct evidence of contaminant 
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exposure, indicating exposure to carcinogenic chemicals that initiate and 
promote cancer-like diseases.286  Neoplastic (tumour growth) conditions 
have been reported worldwide in 15 species of marine bivalves, including 
four species of oysters, six species of clams and five species of mussels.287

Elevated levels of pollutants have also been linked to a high prevalence 
of tumours in marine mammal populations from the Canadian St. Law-
rence Estuary.288  A variety of cancer-like conditions have been reported in 
marine organisms from urban coastal sites across the globe and in many 
cases, linkages between the pollutant exposure and neoplastic changes 
have been made.

By the mid 1990s, POPs were also associated with immune impacts and 
the growing numbers of seals suffering a disease complex; “primary le-
sions of the adrenals with secondary reactions.”289  Researchers linked the 
disease to immuno-suppression and hormonal imbalances resulting from 
contamination, particularly PCBs.

In 2005, a comprehensive review 290  of POPs impacts on Arctic biota 
reported associations between concentrations of some POPs and several 
biomarkers that measure changes at the cellular or individual level. Of 
particular significance were those biomarkers relating to the effects on 
resistance to infection, reproduction and behaviour.

The review concluded that the impacts on hormones were correlated with 
increased levels of PCBs, dioxin-like compounds, DDE, HCB and HCH. 
Negative effects on reproduction and development were correlated to 
increased levels of DDE, PCBs and dioxin-like compounds in a range of 
species, including Alaskan peregrine falcons, bald eagles from the Aleu-
tian Islands, glaucous gulls, and polar bears in Svalbard and Hudson Bay

The researchers reported measures of normal immune function were 
negatively correlated to increasing PCB levels in northern fur seal and 
Steller sea lion pups.291  In polar bears, there was a significant decrease in 
antibodies with increased PCB levels, and in glaucous gulls, the intensity 
of nematodes was positively correlated with concentrations of DDT, mirex 
and PCBs. Similar correlations were seen between high PCB levels and 
increased cytochrome P450 activity in Arctic species.292  Cytochrome P450 
enzymes are primarily found in liver cells and are essential for metaboliz-
ing potentially toxic compounds.

Environmentally relevant concentrations of mercury, PCBs, and 4,4′-DDE 
(dichloro diphenyl-dichloroethylene) have also been shown to affect the 
immune function and health of loggerhead sea turtles.293  Field studies 
found a negative correlation between mercury in the blood of loggerhead 
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sea turtles and lymphocyte numbers and immune responses. This in-
dicates the negative impacts of mercury on the immune function of sea 
turtles are possible at concentrations observed in the wild.294  Correlative 
observations in free-ranging loggerhead sea turtles also suggest that cur-
rent, chronic exposure to DDE, PCBs and chlordane suppress their immu-
nity. This is further supported by in vitro experiments, indicating that OC 
exposure modulates immunity in loggerhead turtles.295

Green turtle (Chelonia mydas) eggs were analyzed for POPs and heavy 
metals. OCPs, PCBs, chlordanes, and HCHs were found in all 55 of the 
eggs analysed.296  OCPs and PCBs were the most highly concentrated POP 
compounds, while arsenic was the most common element with the highest 
concentrations, detected in 65% of the eggs sampled. The concentrations 
of arsenic suggested a relatively high risk of embryonic mortality and 
reduced hatching success.

Researchers suggested that the large number of POP compounds observed 
in the eggs could be important in terms of combined effects, e.g., the effect 
of multiple PCB compounds on sex reversal. They concluded that the con-
centrations of POPs and heavy metals reported in eggs posed considerable 
risks to sea turtle conservation.

Even the platypus, an egg laying aquatic monotreme in Australia, have 
demonstrated widespread POPs contamination.297  Samples of tail fat 
detected PCBs (average of 0.5 mg/kg), DDT (0.6 to 0.8 mg/kg) and HCH. 
The contaminants were implicated in the failure of the incubation of 
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clutches of eggs and the immunotoxicity of PCBs contributing to their 
increased susceptibility to infections.

MARINE SENTINEL SPECIES

Marine animals serve as sentinel species, providing early warnings of the 
negative impacts from ocean pollutants. Marine mammals in aquatic and 
coastal environments are often long-lived, feed at a high trophic level and 
store fat, which serves as deposits for POPs and PBTs, similar to humans.

The U.S. National Oceanic and Atmospheric Administration (NOAA) has 
identified a range of sentinel species, including the Californian sea lion, 
Atlantic bottlenose dolphin, southern sea otter, bowhead whale, polar bear 
and the endangered West Indian manatee.298

California sea lions live in close proximity to human communities. Ap-
proximately 20% of sexually mature stranded sea lions have a high 
incidence of a newly identified urogenital cancer. The cancer is linked to 
a novel herpes virus and exposure to POPs contaminants such as PCBs 
and DDTs, which contaminate the sea lions and their feeding grounds. 
Animals with the carcinoma had higher mean concentrations in blub-
ber (based on wet weight) of PCBs and DDTs (more than 85% and 30% 
higher, respectively).299  Genetically inbred sea lions were more likely to 
develop the cancer, suggesting interactions between genes, toxins, and 
viruses.

Similarly, dolphins live in ocean, coastal, and estuarine environments 
also inhabited by human communities. Studies of dolphins and manatees 
show an emergence, or resurgence, of infectious and neoplastic diseases, 
reflecting environmental pressures.300  This may have direct or indirect 
relevance to human health.

The biomagnification of POPs, PBTs and heavy metals among polar bears 
and bowhead whales also tells us much about the health of the Arctic 
Ocean and the threats to those human communities dependant on it for 
native foods. Both humans and polar bears feed on similar prey.301

IMPACTS OF MICROPLASTIC CONTAMINATION

Microplastics contaminate every marine habitat, including estuaries, the 
breeding habitats for many fish species.302  Microplastic pollution pres-
ent in the water column and sediment provides a direct exposure route 
for aquatic and marine organisms. Microplastics can also contaminate 
prey and expose predators via transfer through the marine food chain. 
This represents an indirect but potentially major pathway of microplastic 



60

ingestion for any species whose feeding ecology involves the consumption 
of whole prey, including humans.303

The trophic304  transfer of microplastics in the marine environment has 
been observed e.g., green algae (Scenedesmus spp.) eaten by the plankton-
ic water flea (Daphnia magna), which in turn is eaten by several species 
of fish, including Northern pike (Esox lucius) and Atlantic salmon (Salmo 
salar).305

A study of trophic transfer of fluorescent nano-sized polystyrene plastics 
(nanoplastics) through a freshwater ecosystem containing alga, water 
flea and consumer fish confirmed that nanoplastics are easily transferred 
through aquatic food chains.306

Daphnia water fleas exposed to nano-sized polystyrene plastics showed 
reduced body size and severe alterations in reproduction. The numbers 
and body size of neonates were lower, and malformations among neonates 
rose to 68% of the individuals.307

Direct consumption of microplastic is prevalent in many suspension feed-
ers such as oysters and mussels, as well as in deposit feeders, such as sea 

cucumbers, crabs and 
lobsters. These organ-
isms cannot differentiate 
between microplastics 
and food. The situation 
is further complicated by 
microplastics in marine 
environments acquiring 
a “dimethyl sulphide sig-
nature”,308  which emits a 
scent that attracts some 
aquatic and marine wild-
life.309  Phytoplankton 
release dimethyl sul-
phoniopropionate in the 
seawater, which breaks 

down to dimethyl sulphide (DMS) and is emitted to the air. This molecule 
is used by predators (e.g., seabirds, penguins) for locating foraging areas.

Studies have shown plastic debris can perforate the gut and/or obstruct 
the passage of food, which can lead to sub-lethal (e.g., reduced growth) 
and even lethal effects. Yet, it has been argued in the framework of eco-
toxicity310  that it cannot be shown that these deaths cause identifiable 
ecological impacts such as altered population.311
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In laboratory studies, exposure of aquatic organisms to microplastics has 
been associated with negative health effects such as increased immune 
response, decreased food consumption, weight loss and energy depletion, 
decreased growth rate, decreased fertility and impacts on subsequent 
generations.312

BIVALVES AND CRUSTACEANS

Bivalves such as molluscs are the most commonly used organisms in 
microplastic ecotoxicity and exposure studies. Adverse effects include 
alterations of immunological responses, neurotoxic effects and the onset 
of genotoxicity. Microplastics have been shown to affect the reproduction 
and subsequent population growth of the Pacific cupped oysters.313  Mus-
sel survival also declined with increasing PVC abundance, probably due to 
prolonged periods of valve closure as a reaction to particle presence.314

Impacts of microplastics on crustaceans include a reduction in feeding 
and, when chronically exposed over successive generations, increased 
mortality rates. Green crabs can take up microplastics through the gills, 
reducing food consumption and growth, while long-term exposure in Nor-
way lobsters reduced their nutritional health and energy stores.315

In a study of a commercially important crustacean (Crangon crangon (L.)) 
from shallow water habitats of the Channel area and southern part of the 
North Sea, synthetic fibres ranging from 200 micrometers (µm) up to 
1000µm were found in 63% of the shrimp samples. The results suggested 
that microplastics greater than 20µm are not able to translocate into the 
tissues.316  Microplastics were found in the exoskeleton and muscle of tiger 
prawns from the Persian Gulf.317

In laboratory tests, polystyrene microplastics demonstrated short-
term toxicity for mysid shrimps, resulting in 30% mortality at high 
concentration (1000 µg/L).318  The size of the microplastic influenced 
their toxicity. Exposing the small aquatic crustacean copepod (Tigrio-
pus japonicas) to 0.05- and 0.5-µm sized polystyrene microbeads led to 
significant retardation of developmental time and decreased survival rate. 
Slightly larger polystyrene microbeads (6-µm) did not lead to significant 
growth retardation.319

FISH

Microplastic ingestion by commercial (benthic and pelagic) fish spe-
cies was evident in the English Channel, the North Sea, the Baltic Sea, 
the Indo-Pacific Ocean, the Mediterranean Sea, the Adriatic Sea and the 
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North Eastern Atlantic.320  Generally, the quantities of microplastics in 
fish were low.

Microplastics have been found in the digestive tract of wild fish larvae 
from the English Channel. Ten species of fish from the English Chan-
nel were found to have microplastic fibres, with polymide accounting 
for 35.6% of the microfibers and rayon 57.8%.321  Fish from the Persian 
Gulf had microplastics in their gastrointestinal tracts, skin, muscle, gills 
and liver.322

Microplastics have also been found in the gills, liver and digestive tract of 
the zebrafish, resulting in inflammation, oxidative stress and disrupted 
energy metabolism.323  In Flathead grey mullet, small particles (< 600 µm 
/ 0.6mm) moved from the digestive tract to liver tissue, albeit in small 
numbers.324

Exposure to nano-sized polystyrene plastics affected fish activity, mea-
sured by distance and area covered. Nanoplastics were also shown to 
penetrate the embryo walls and were present in the yolk sac of hatched 
juveniles.325

SEABIRDS AND MARINE MAMMALS

The occurrence of microplastics in seabirds and marine mammals has 
been well documented and almost all seabird species studied have shown 
evidence of microplastics ingestion.326  Those with high levels of ingested 
plastic exhibited reduced body condition and increased contaminant 
load.327  The majority (95%) of Northern fulmar (Fulmarus glacialis) in 
the North Sea had plastic in their stomach, averaging 35 pieces weighing 
0.31 grams. The critical level of 0.1 grams of plastic was exceeded by 58% 
of birds.328

Microplastics are also ingested by marine mammals and have been found 
in the stomachs of harbour seals, beaked whales and baleen whales. In 
post-mortem examinations of 528 stranded and by-caught marine mam-
mals, 45 (8.5%) had marine debris in their digestive tracts.329  Marine de-
bris (e.g., soft plastic, ropes, Styrofoam and monofilament lines) was found 
in 35.2% of 54 loggerhead sea turtles (Caretta caretta) found stranded or 
dead by fisheries in the Adriatic Sea.330

TRANSFER OF CONTAMINANTS VIA MICROPLASTICS

Microplastics have the potential to increase the availability of chemical 
contaminants from seawater. Feeding experiments have shown PCBs can 
transfer from contaminated plastics to Streaked Shearwater chicks.331  
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Studies of wild seabirds have shown that their contaminant loads can be 
positively correlated with the amount of plastic ingested.332, 333

In an assessment of the relationship between plastic load and trace ele-
ment concentrations in Flesh-footed Shearwater fledglings, measurable 
concentrations of 17 trace elements were found in their breast feathers. 
High concentrations of chromium and silver were positively related to the 
mass of ingested plastic. Chromium bioaccumulates in avian tissues, and 
levels exceeding 2.8 mg/g in feathers are thought to be associated with 
adverse neurotoxic effects. Silver nanoparticles have well documented 
toxicological effects at the cellular and subcellular level.334

When mussels (Mytilus galloprovincialis) were exposed to PAH-contami-
nated microplastics, the plastics were found in the haemolymph, gills and, 
especially, digestive tissues, and were accompanied by marked accumu-
lation of the PAH, pyrene. Adverse cellular effects were seen, including 
alterations of immunological responses and neurotoxic effects.335  In-
creased PCB loads due to microplastics were also demonstrated in lug-
worms336  and in Myctophid fish from the South Atlantic Ocean; greater 
plastic densities were associated with significantly higher concentrations 
of PBDEs.337

Microplastics are ingested by baleen whale species through consumption 
of planktonic prey. In a study of the Mediterranean fin whale (Balaenop-
tera physalus), surface plankton was shown to contain microplastic par-
ticles with high concentrations of phthalates. Concentrations of Mono-(2-
ethylhexyl) phthalate (MEHP) were also found in the blubber of stranded 
fin whales.338

In green turtles,339  concentrations of PCBs were positively correlated with 
the number of plastic pieces ingested; however, the findings were con-
founded by their body condition index (BCI). Green turtles with a higher 
BCI had eaten more plastic and also had higher POPs. Taken together, the 
researchers suggest that sea turtles still accumulate most POPs through 
their prey rather than from marine debris.340

The UN Food and Agriculture Organization FAO341  also concluded that, 
based on current research, the “overall amount of PBTs bioaccumulated 
from natural prey overwhelms the amount from ingested microplastics.”

The increased sorption of ocean pollutants to nanoplastics could plausi-
bly increase the significance of marine plastics as contributors to overall 
chemical exposure. PCB sorption to multi-walled carbon nanotubes and 
fullerenes (e.g., carbon spheres or “buckyballs”) was shown to be three 
to four orders of magnitude stronger than to organic sediment matter or 
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micro-sized polyethylene.342  Sorption to nano-polystyrene was one to two 
orders of magnitude greater than to micro-sized polyethylene. This was 
thought to be due to the higher aromaticity (from biofouling) and surface-
volume ratio of nano-polystyrene. Salinity also increased sorption for the 
polymers, nano-polystyrene and micro-sized polyethylene.343

While impacts from ocean pollutants and marine plastic debris have been 
demonstrated, the frequencies and nature of ecological impacts are yet to 
be quantified and fully understood. For some marine mammals and sea-
birds, there is ample information to show adverse impacts from exposure 
to marine pollutants and microplastic ingestion, but despite this, there is 
little information on the full impacts on aquatic and marine ecosystems to 
the ever-increasing problem of ocean pollutants.

CHEMICAL CONTAMINATION OF THE MARINE FOOD THAT 
HUMANS EAT

The combined impacts of toxic chemicals, plastic pollution and climate 
change in the marine environment are catastrophic to marine ecosystems 
and to those communities dependent on them. This is especially so for 
indigenous peoples in remote Arctic and Pacific Island communities and 
in the Asia Pacific region where communities rely heavily on the marine 
environment for their food, culture and livelihoods.

Fish provides at least 40% of protein for two-thirds of the world’s 
population, including most of the world’s poor.344  Yet, many com-
mercial and recreational fisheries across the world are contaminated 
with POPs and mercury. As marine food species are increasingly exposed 
to toxic chemicals, this inevitably results in increased human exposure. 
While the young and vulnerable are at most risk, all those who depend on 
seafood are adversely affected.

MERCURY IN FISH

Mercury contamination of the atmosphere, oceans, lakes and rivers has 
led to widespread contamination of fisheries. Those highly dependent on 
seafood for their protein suffer a far greater and more dangerous chronic 
dose of mercury than those with more options to choose from for their 
protein needs.

It is predicted that mercury concentrations will double in the North 
Pacific Ocean by 2050.345  This is likely to result in significant mercury 
increases in pelagic marine fish, such as the Pacific bluefin tuna swordfish, 
and other large pelagic fishes. These fish are the top of the marine food 
web and are important species for global marine fisheries and human 
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consumption. In 2013, swordfish from the Southern Atlantic Ocean had 
the highest average mercury level, followed by Pacific Bluefin tuna from 
the Northern Pacific Ocean.346

The evidence of the role fish consumption plays in human exposure to 
mercury is evident in human hair testing of populations with high sea-
food diets. The Cook Islands, a tiny Pacific nation highly dependent on a 
seafood diet, returned hair samples with average mercury levels 3.3 times 
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higher than the U.S. EPA reference dose. Tokyo residents with high sea-
food intake had average mercury levels 2.7 times higher than the U.S. EPA 
reference dose. Overall, 95% of the hair samples from Japan and 89% of 
the samples from the Cook Islands exceeded the U.S. EPA reference dose 
for mercury.347

The Swedish National Food Administration takes the risk seriously and 
has recommended that women trying to conceive a baby, or who are preg-
nant or breastfeeding, not eat Swedish fish such as pike or perch more 
than 2 to 3 times a year, due to possible mercury contamination.

POPS IN INDIGENOUS PEOPLES’ DIETS

The main exposure path for POPs is through contaminated foods. POPs 
chemicals and other PBTs contaminate seafood to varying degrees across 
the globe. This exposure can lead to a greater risk of adverse health effects, 
including reproductive, endocrine, developmental, behavioural, neurologi-
cal and immunological health effects.

People whose diets include large amounts of fish, shellfish, or wild foods 
that are high in fat are at risk of POPs exposure. This is particularly rel-
evant for many indigenous peoples dependent on traditional foods, as well 
as local subsistence fishers and island peoples. For example, contaminated 
green turtle eggs sold for human consumption had POPs and heavy met-
als at concentrations that posed considerable risks to human health.348

In Inuit peoples living predominately on a traditional marine diet, con-
centrations of POPs are high. The adverse effects of POPs, such as dis-
ruption of the immune system and cardiovascular diseases, are evident 
in Greenland Inuit peoples. POPs are associated with inflammation and 
may promote chronic diseases common to populations in Greenland.349  A 
link has also been made between POPs and high cholesterol levels among 
Inuit. The study followed earlier work that found a similar link between 
POPs and some kinds of diabetes.350

In a study of Alaskan native communities who rely on a traditional marine 
diet, researchers concluded that elevated concentrations of long chain 
PFASs (perfluorononanoic acid (PFNA) and perfluoroundecanoic acid 
(PFUnDA)) in their blood was likely due to exposure from traditional 
foods. Both PFASs and PBDEs were found in sentinel fish consumed by 
these communities.351

POPs, mercury and cadmium also contaminate the native foods (e.g., 
seals, whale and fish) of Chukotka coastal communities in the Russian 
Arctic. In response to the high contaminant levels and the likely transfer 
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of these to humans, researchers called for urgent consumption restrictions 
for a range of marine and freshwater fish, some wild meats (waterfowl 
and seal), fats (whale and seal), liver (most animals) and kidney (reindeer, 
walrus and seal).352

Yet, it is not only communities reliant on native foods that are impacted. 
HCB, DDE and PCBs have been measured in the edible tissues of com-
mercial fish species such as Bluefin tuna, swordfish and Atlantic mackerel. 
Researchers suggest consumers eating 400 grams of these fish per week 
would exceed the established tolerable weekly intake (TWI).353  Impor-
tantly, the TWI is normally calculated for an average adult male and does 
not take into consideration vulnerable subpopulations such as children. 
PBDEs also contaminate seafood,354  and in China, dietary intakes of PB-
DEs were dominated by fish (45%) and molluscs (45%).355

A study of African American Gullah people from South Carolina linked 
their high local seafood diet with high body loads of POPs and PBTs and 
adverse oestrogenic impacts on women. This study showed higher levels 
of DDT and its metabolites, HCHs, fluoranthene, pyrene, benzo(a)pyrene, 
PCBs, and BDE-99 in patients with non-cancerous uterine growths, a 
condition linked to endocrine effects.356

In Australia, elevated levels of dioxins were detected in some seafood 
(fish, crustaceans and molluscs) from Sydney Harbour and the Parramatta 
River. As a result, all commercial fishing in Sydney Harbour was prohibit-
ed. While recreational fishing was not banned, health advice was provided 
to limit intake for seafood caught east of the Sydney Harbour Bridge and 
to not eat seafood caught west of the Sydney Harbour Bridge.357

PFAS contamination of groundwater and surface water resulting from 
PFAS production or the use of certain firefighting foams has also resulted 
in Fish Advisories being announced in Australia 358  and the U.S. These 
warn communities that their fish are PFAS-contaminated and eating 
them represents a risk to human health.

POPs, PBTs and mercury represent some of the worst contaminants of 
the human food chain, particularly marine foods. While some cancers and 
endocrine impacts have been associated with high seafood diets, there is 
limited understanding of the full impacts of this exposure, including pos-
sible epigenetic or intergenerational impacts of toxic exposure on human 
health.359
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MICROPLASTIC POLLUTION OF THE HUMAN FOOD CHAIN

Many studies now show the presence of microplastics in seafood intended 
for human consumption.360, 361, 362, 363  For example, in Sweden, microplas-
tics have been found in Swedish blue mussels, Norway lobster, cod, had-
dock and prawns.364  Twenty-seven fish species collected from Shanghai 
fish markets had varying degrees of microplastic contamination (from 1.1 
to 7.2 items per individual).365

Microplastics and other marine debris have mainly been observed in the 
gastro-intestinal tracts of fish, but, as most fish species are gutted before 
consumption by humans, direct human exposure to microplastics from 
fish in most cases may be negligible.366  However, diets rich in oysters and 
other bivalve may provide a more direct connection between microplastics 
and food targeted for human consumption. Bivalves and several species of 
small fish are consumed whole, which can lead to microplastic exposure.

The presence of microplastics in seafood inevitably raises concerns 
regarding human health. As marine plastics ingestion has led to inflam-
mation in the gastrointestinal tract, there could be the potential to cause 
physical harm to humans when ingested via whole seafood, e.g., whole 
sardines, mussels and oysters. Concern over cellular toxicity in human 
liver cells has been raised based on analyses of the liver of exposed mice. 
Biochemical biomarkers suggested that microplastic exposure can induce 
oxidative stress (the imbalance between free radicals and antioxidants in 
the body) and energy and lipid metabolism, as well as neurotoxic effects.367

The chemicals transported by microplastics may transfer to fish after 
ingestion and in turn, into humans.368  This transfer of chemicals into 
organisms at lower trophic levels raises the possibility of biomagnification 
in predators, including humans.369  The potential migration of polymer 
constituents and additives into food and drinks has been considered by 
some as a major route of exposure to the human population.370  Yet, others 
have argued that while plastics can be hazardous to human health via the 
toxicity of associated chemicals or particle toxicity, the “…extent to which 
microplastics in individual food products and beverages contribute to this 
is debatable.” 371  Compared to the enormous use of plastic materials in 
everyday lives, they stress that microplastics from food products and bev-
erages are likely to only be a minor exposure pathway for plastic particles 
and associated chemicals to humans.372

The World Health Organisation is conducting a review on whether a 
lifetime of eating and drinking plastic particles could have an effect 
on health.373
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Adverse effects on human health from nano- and microplastics may 
result from a combination of the plastic’s intrinsic toxicity (e.g., physical 
damage); chemical composition (leaching of additives); and its ability to 
adsorb, concentrate and release environmental pollutants into organisms. 
The role of microplastics as a source of contamination to humans is still 
being investigated, but, as the incidence of marine microplastics grow at 
an alarming rate, with a corresponding increase in seafood contamination, 
this exposure pathway can only increase in importance.

MICROPLASTIC CONTAMINATION OF DRINKING WATER

Microplastic contamination has been found in 83% of tap water samples tested around 
the world. The U.S. has the highest contamination rate at 94%, while european nations 
had the lowest contamination rate, but this was still 72%.374  bottled water is also con-
taminated with microplastic pollution.375  Tests on 27 different samples of bottled water 
from 11 different brands purchased in 19 locations across 9 countries found that 93% had 
microplastics present, with polypropylene the most common plastic found. Microplastics 
have also been found in commercial salts.376
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CHAPTER 4. 

OPPORTUNITIES AND CHALLENGES 

IN ADDRESSING OCEAN 

POLLUTANTS

Addressing ocean pollutants requires deep change.

Ocean pollutants, including marine debris and microplastic pollution, are 
now globally recognised as a pervasive and shared threat to humanity and 
to the ecosystems on which all species depend.377

Unsustainable population growth and ever-increasing consumerism 
means more and more chemical products continue to be produced and 
used, eventually ending up in the waste stream. Some of the waste stream 
will find its way into the marine environment.

The problem of ocean pollutants is vast and reliance on existing manage-
ment practices and policies is no longer an option. Governments and 
industry have failed to implement effective life cycle approaches. Many 
chemicals do not have adequate toxicological data or environmental fate 
information. Regulatory systems are fragmented and do not address 
resource extraction, product design, manufacture, use, reuse and recycling 
within the framework of a circular economy.

Governments remain steadfast in their rejection of the concept of “frivo-
lous use” and wasteful products, instead arguing for industries’ right to 
manufacture products no matter how wasteful of the earth’s finite resourc-
es. These factors have resulted in the toxic legacy of chemical releases and 
plastic wastes we experience in our oceans today.

The fossil fuel origins of plastic and chemical production pose complex 
and difficult challenges for all countries. The entire life cycle of current 
petrochemical-based production, from raw materials extraction through 
to consumption and final disposal, represents a threat to the marine envi-
ronment. Any solutions to address ocean pollution needs to acknowledge 
this. While many countries have committed to the Paris Climate Agree-
ment and to reducing consumption of fossil fuels for energy production, in 
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contrast, chemical and plastics production based on fossil fuels is continu-
ing on a rapidly increasing trajectory.378

There are policy options to address ocean pollutants, but a commitment 
to genuine change is essential. Actions to stop further pollution and to 
remediate the existing impacts are well overdue and the implementation 
of the urgent actions needed requires leadership, financial support and in-
volvement by all aspects of society. The problem is great and the solutions 
require deep changes in policy and in the way most of us live our lives.

POLITICAL WILL TO ADDRESS OCEAN POLLUTANTS

Over the past five decades, awareness of ocean pollutants has grown, as 
have the expressions of political will to address the issue. Many global and 
regional programs and instruments have been developed and initiated, 
yet they have been demonstrably unsuccessful in achieving their goals of a 
clean and safe ocean environment.

GLOBAL PROGRAMME OF ACTION FOR THE PROTECTION OF THE 
MARINE ENVIRONMENT FROM LAND-BASED ACTIVITIES

In 1995, international concern over marine pollution prompted the es-
tablishment of the Global Programme of Action for the Protection of the 
Marine Environment from Land-based Activities (GPA).379  Over 108 gov-
ernments declared “their commitment to protect and preserve the marine 
environment from the impacts of land-based activities.”
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As a global intergovernmental mechanism, the GPA aimed to address the 
connectivity between terrestrial, freshwater, coastal and marine ecosys-
tems. It aimed to provide practical guidance for national and/or regional 
authorities to help prevent, reduce, control and/or eliminate marine deg-
radation from land-based activities.

The program focused on the impacts from sewage, POPs, radioactive sub-
stances, heavy metals, oils (hydrocarbons), nutrients, sediment mobilisa-
tion and litter, as well as physical alteration and destruction of habitat. 
Nutrients management, marine litter and wastewater were highlighted as 
the priority source categories.

UNEP hosts the GPA Coordinating Unit and coordinates program activi-
ties. Intergovernmental Review Meetings are organized every 5 years to 
review the progress made by countries in the implementation of the GPA 
through their respective National Action Plans.

The GPA also established three global multi-stakeholder partnerships 
- the Global Partnership on Nutrient Management, the Global Partner-
ship on Marine Litter and the Global Wastewater Initiative. The Global 
Partnership on Marine Litter 380  was finally established in June 2012 at 
the United Nations Conference on Sustainable Development (Rio+20).381  
It aims to bring together international agencies, governments, academia, 
the private sector, civil society and individuals to address marine litter.

While the GPA has focused attention on the land-based pollution trans-
ported by rivers, estuaries and storm drains, its voluntary and non-bind-
ing framework has limited its effectiveness.

UN SUSTAINABLE DEVELOPMENT GOALS

In October 2015, governments adopted the 2030 Agenda for Sustainable 
Development and its 17 Sustainable Development Goals (SDGs). The Pre-
amble notes a determination to take “bold and transformative steps which 
are urgently needed to shift the world onto a sustainable and resilient 
path.” 382

The 2030 Agenda for Sustainable Development reaffirms all the prin-
ciples of the Rio Declaration on Environment and Development and the 
commitments regarding “the human right to safe drinking water and 
sanitation” and a world “where food is sufficient, safe, affordable and 
nutritious.”

A report prepared through a multi-stakeholder process proposes 100 
Global Monitoring Indicators, accompanied by suggestions for Comple-
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mentary National Indicators, which together track the full range of SDGs 
and targets in an integrated, clear and effective manner.383

UN Sustainable Development Goals (SDGs) are relevant to ocean pollut-
ants and marine plastic debris, with actions related to chemical safety and 
toxic chemicals either referenced or implied in many of the SDGs.

SUSTAINABLE DEVELOPMENT GOAL 14, LIFE BELOW WATER

The SDG 14 aims to “Conserve and sustainably use the oceans, seas and 
marine resources for sustainable development.” To achieve this, Target 14.1 
requires: “By 2025, prevent and significantly reduce marine pollution 
of all kinds, in particular from land based activities, including marine 
debris and nutrient pollution.”

For this to occur, multi-sectorial and multi-stakeholder approaches 
based on principles of good chemical management, i.e., right-to-know, 
polluter pays, precaution and substitution, are required. Policy re-
sponses must also adhere to the principles of social, environmental 
and intergenerational equity.

Activities need to incorporate, at a minimum:

• current international conventions and programs to address chemicals 
and wastes with a new international instrument for plastics;

• review of water quality standards, resulting in harmonized global 
standards for marine water;

• biomonitoring programmes to inform such governance, for national 
quality coastal zones and in global oceans and seas;

• expanding and implementing extended producer responsibility pro-
grams;

• zero waste policies;

• pollution prevention while avoiding regrettable substitution;

• remediation and clean-up;

• fishing and ocean certification systems; and

• community awareness-raising, capacity building and empowerment.

To help achieve SDG 14, the UN Environment administers the Regional 
Seas Programme (RSP), 384  which has programs for the protection of 
marine and coastal environments in West Africa, Caribbean, Mediter-
ranean, Northwest Pacific, East Asian Seas, Caspian Sea, and East Africa, 
as well as several other regions of the world. A notable omission from the 
Regional Seas Programme appears to be the south-east Pacific sub-region, 



74

where many Pacific Small Island Developing States (SIDS) rely on fisher-
ies as a significant source of national revenue.

COMMUNITY OF OCEAN ACTION

In February 2017, the UN Environment launched #CleanSeas385  with the 
aim of engaging governments, the general public, civil society and the 
private sector in the fight against marine plastic litter. They aim to address 
the root-cause of marine litter by targeting the production and consump-
tion of non-recoverable and single-use plastic, and give a platform to the 
many local organisations already doing important work on marine litter.

The UN Ocean Conference in June 2017 brought together more than 
4,000 participants from governments, the UN system and other intergov-
ernmental organisations, NGOs, academia, the scientific community and 
the private sector. The Conference resulted in the adoption of the "Our 
Ocean, Our Future: Call for Action" declaration and the appointment of 
the UN Secretary-General’s Special Envoy for the Ocean.

The Community of Ocean Action is a registry of voluntary commitments 
by stakeholders to help achieve SDG 14. More than 1,400 voluntary com-
mitments have been registered, of which over 540 relate to the reduc-
tion of marine pollution.386  Most commonly, they address marine plastic 
pollution and include bans on some plastic products, as well as recycling 
and coastal clean-ups. There were also commitments relating to nutrient 
management and controlling some sources of pollution. This Community 
of Ocean Action supports its members by exchanging progress reports, 
experiences, lessons learned and examples of best practices.

HIGH LEVEL POLITICAL WILL – G7 AND THE G20

More recently the political will to address at least some aspects of the 
ocean pollutants has been evident in the stated commitments of the G20 
and the G7.

In 2015, the G7 (Canada, France, Germany, Italy, Japan, U.K. and U.S.) 
adopted the G7 Action Plan to Combat Marine Litter.387  The countries 
committed to prevent, reduce and remove marine litter, by supporting 
development and implementation of national or regional action plans to 
reduce waste entering inland and coastal waters and ultimately becom-
ing marine litter, as well as removing existing waste. The G7 supported the 
use of existing platforms and tools such as GPA and Regional Seas Con-
ventions and Action Plans.
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In 2017, the G20 also adopted the Action Plan on Marine Litter,388  which 
promoted waste prevention, resource efficiency, sustainable waste man-
agement, effective waste water treatment and storm water management, 
as well as awareness raising and capacity building. The G20 action plan is 
linked to the UNEP Global Partnership on Marine Litter.

INTERNATIONAL INSTRUMENTS ADDRESSING MARINE 
POLLUTION

There are international instruments with objectives to address marine 
pollution. These include:389

• International Convention for the Prevention of Pollution from Ships 
(MARPOL),390  which addresses pollution and dumping from ships 
due to operational losses or accident.

 ˚ MARPOL Annex V391  focuses on plastics disposed at sea and at 
port reception facilities.

• UN Convention on the Law of the Sea (UNCLOS)392 , which focuses 
on the prevention of pollution from ships and land-based sources of 
pollution, as well as dumping and pollution transfer from one nation 
to another.

• London Dumping Convention,393  which addresses deliberate at-sea 
disposal of land-based waste, with each member regulating discharges 
of waste on its own ships.
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• Barcelona Convention394  addresses land and ocean-based waste from 
dumping, runoff, and discharges (including plastics) in the Mediter-
ranean Sea region.

• Cartagena Convention395  addresses pollution from ships, dumping 
at sea and land-based sources of pollution in the Wider Caribbean 
Region.

• European Marine Strategy Framework Directive396  addresses all lit-
ter in European Union seas based on where it is found (e.g., washed 
ashore, in water column, ingested by marine animals) and type (e.g., 
microplastics).

• Convention for the Protection of the Marine Environment of the 
North East Atlantic (OSPAR)397  addresses European ship discharges, 
lost and discarded fisheries materials from vessels, land-based wastes 
from coastal or riverine disposal and recreational littering.

• Helsinki Convention398  addresses marine pollution from all sources 
(e.g., point-source or diffuse inputs from land-based sources). Mem-
bers must establish legislation for prevention and abatement of 
marine pollution.

While some instruments such as the Helsinki Convention have signifi-
cantly improved sub-regional marine water quality, collectively these 
instruments have so far largely failed to address the wide diversity of land-
based sources of ocean pollutants399  estimated to be responsible for the 
majority of chemical and plastic pollution in the marine environment.

THE CIRCULAR ECONOMY

The concept of a circular economy is based on a sustainable system of resource input, 
“closed loop” production, use and re-use/recycling. The notion of a waste is rejected 
and negative impacts minimised.406  This is achieved through appropriate product design 
and ingredient choice, allowing the product to be reused, refurbished and recycled 
without toxic emissions or residues. Turning waste into energy is often touted as one 
key to a circular economy, enabling the value of products, materials, and resources to 
be maintained on the market for as long as possible, minimising waste and resource use. 
However, incinerating materials even for the generation of energy does not fulfil the 
criteria of a circular sustainable system, as the resource is destroyed. instead, “waste to 
energy” incineration continues the linear model of raw materials extraction, production, 
use and disposal.
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UN FRAMEWORK CONVENTION ON CLIMATE CHANGE

Climate change affects chemical releases and their toxic impacts, as well 
as causing dangerous acidification of our oceans. The objective of the UN 
Framework Convention on Climate Change is to “stabilize greenhouse 
gas concentrations in the atmosphere at a level that would prevent danger-
ous anthropogenic interference with the climate system.” The Convention 
sets non-binding limits on greenhouse gas emissions for individual coun-
tries depending on whether they are a developed country, an economy in 
transition, or a least developed country.

Addressing climate change is essential to protect the marine environment; 
however, effective and sustainable chemical management is also para-
mount.

STRATEGIC APPROACH TO INTERNATIONAL CHEMICALS 
MANAGEMENT (SAICM)

In 2002, the World Summit on Sustainable Development established the 
Strategic Approach to International Chemicals Management (SAICM), a 
multi-stakeholder, multi-sectorial process committed to a goal to ensure 
“chemicals are produced and used in ways that minimize harms.” 400

SAICM has a key role in promoting safer chemicals policy through toxics 
reduction. It calls for elimination and substitution to avoid and ultimately 
eliminate the adverse toxic impacts embedded in the life cycle of products 
and packaging from raw materials extraction, use and final disposal.

SAICM recognises 11 basic elements critical at the national and regional 
levels to achieve sound chemicals and waste management, which are cru-
cial to address ocean pollution:

• Legal frameworks to address the life cycle of chemicals and waste

• Relevant enforcement and compliance mechanisms

• Implementation of chemicals and waste-related multilateral envi-
ronmental agreements, as well as health, labour and other relevant 
conventions and voluntary mechanisms

• Strong institutional frameworks and coordination mechanisms 
among relevant stakeholders

• Collection and systems for the transparent sharing of relevant data 
and information among all relevant stakeholders using a life cycle 
approach, including the implementation of the Globally Harmonized 
System of Classification and Labelling of Chemicals
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• Industry participation and defined responsibility across the life cycle, 
including cost recovery policies and systems as well as the incorpo-
ration of sound chemicals management into corporate policies and 
practices

• Inclusion of the sound management of chemicals and waste in na-
tional health, labour, social, environment and economic budgeting 
processes and development plans

• Chemicals risk assessment and risk reduction through the use of best 
practices

• Strengthened capacity to deal with chemicals accidents, including 
institutional strengthening for poison centres

• Monitoring and assessing the impacts of chemicals on health and the 
environment

• Development and promotion of environmentally sound and safer 
alternatives

IPEN prepared a NGO Guide to SAICM,401  which presents ways that 
NGOs and civil society can make use of SAICM to protect human health 
and ecosystems from the harms caused by exposure to toxic chemical 
substances.

CHEMICAL AND WASTE CONVENTIONS

There is a range of international and regional chemical and waste con-
ventions that can contribute to limiting chemicals releases. To fulfil their 
aims and objectives, all countries need to ratify and fully implement their 
obligations.

Stockholm Convention on Persistent Organic Pollutants 2001

The Stockholm Convention on POPs is a global, legally-binding treaty 
adopted in 2001 with the objective to protect human health and the 
environment from the impacts of POPs.402  There are 182 parties to the 
Convention.

To be listed in the Convention, chemicals must be nominated by a Party to 
the Convention, fulfil the POPs criteria of toxicity, persistence and bioac-
cumulation and capacity for long-range transport, and be shown to war-
rant global action. The POPs Review Committee undertakes the assess-
ment of new POPs, including known ocean pollutants. Some, like PBDEs, 
are associated with plastics and polymer production. Once a chemical is 
listed, Parties to the convention must eliminate production, use and trade 
unless exemptions apply.

http://www.ipen.org


  Ocean Pollutants Guide (October 2018) 79

POPS CHEMICALS

ANNEX A (ELIMINATION)

Parties must take measures to elimi-
nate the production and use of the chemi-
cals listed under annex a. Specific exemp-
tions for use or production are listed in 
the annex and apply only to Parties that 
register for them.

• aldrin *

• Chlordane *

• Chlordecone

• decabromodiphenyl ether (commercial 
mixture, c-decabde)

• dieldrin *

• endrin *

• Heptachlor *

• Hexabromobiphenyl

• Hexabromocyclododecane (HbCdd)

• Hexabromodiphenyl ether and heptabro-
modiphenyl ether

• Hexachlorobenzene (HCb) *

• Hexachlorobutadiene

• alpha hexachlorocyclohexane

• beta hexachlorocyclohexane

• Lindane

• Mirex *

• Pentachlorobenzene

• Pentachlorophenol and its salts and 
esters

• Polychlorinated biphenyls (PCb) *

• Polychlorinated naphthalenes

• Short-chain chlorinated paraffins (SC-
CPs)

• Technical endosulfan and its related 
isomers

• Tetrabromodiphenyl ether and pentabro-
modiphenyl ether

• Toxaphene *

ANNEX B (RESTRICTION)

Parties must take measures to re-
strict the production and use of the 
chemicals listed under annex b in light of 
any applicable acceptable purposes and/or 
specific exemptions listed in the annex.

• ddT *

• Perfluorooctane sulfonic acid, its 
salts and perfluorooctane sulfonyl 
fluoride

ANNEX C (UNINTENTIONAL 
PRODUCTION)

Parties must take measures to reduce 
the unintentional releases of chemicals 
listed under annex C with the goal of con-
tinuing minimization and, where feasible, 
ultimate elimination.

• Hexachlorobenzene (HCb) *

• Hexachlorobutadiene (HCbd)

• Pentachlorobenzene

• Polychlorinated biphenyls (PCbs) *

• Polychlorinated dibenzo-p-dioxins 
(PCdd) *

• Polychlorinated dibenzofurans (PCdF) *

• Polychlorinated naphthalenes

Note: Those marked with * are the original listed POPs chemicals.
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Parties are also required to develop and implement strategies to identify 
existing POPs stockpiles, and to develop strategies for identifying products 
in use that contain or are contaminated with POPs and POPs-containing 
wastes. POPs-containing wastes must be disposed of in such a way that 
the POPs content of the waste is destroyed or irreversibly transformed 
and no longer exhibits POPs characteristics. Article 6 of the Convention 
prohibits recycling or reuse of the POPs content of the waste.

Nevertheless, when the flame retardants PentaBDE and OctaBDE were 
listed, Parties agreed to an exemption that permits recycling of materials 
such as foam and plastics that contain these substances until 2030. In re-
sponse, the POPs Review Committee developed recommendations to ad-
dress this toxic recycling,403  including the elimination of PBDEs from the 
recycling streams as swiftly as possible. They acknowledged that failure to 
do so would result in wider human and environmental contamination and 
the dispersal of PBDEs. Recycling materials that contain POPs contami-
nates the final products and continues the legacy of hazardous emissions 
and exposures.

Due to the persistency, toxicity, bioaccumulation and long-range trans-
port of micro and nano-plastics, it has been suggested that these could be 
considered as a new class of POPs under the Stockholm Convention.404  
Consideration of the role that marine plastics play in the distribution of 
POPs chemicals should also be included in the assessment of new POP 
nominations, while measures to reduce marine plastics should be included 
in the National Implementation Plans for the Stockholm Convention.405

Since its inception, the Stockholm Convention has been successful in 
helping rid the world of some of the worst ocean pollutants, but it has its 
limitations. For example, listing requires nomination by a Party to the 
Convention and there is considerable reluctance by many countries to un-
dertake this task. In some cases, the banning of one POP has been quickly 
replaced by another of a similar calibre, referred to as “regrettable substi-
tution.” This practice, and the sheer number of POPs chemicals requiring 
assessment, has highlighted the urgent need to introduce group assess-
ments with resultant bans or restrictions on groups of chemicals such 
as the highly persistent perfluorinated chemicals, which are ubiquitous 
contaminants of the marine environment.

Industry pressure is also increasing and exemptions to continue using 
some of the worst POPs pollutants have been incorporated in recent 
Stockholm Convention listings. Those industries that have already elimi-
nated potential POPs from their production cycles are often not repre-
sented in the meetings, allowing “dirty” industry to lobby to continue 
their polluting activities. Improved participation by environmental NGOs, 
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health advocacy groups and worker organisations could serve to improve 
outcomes.

Basel Convention on the Control of Transboundary Movements of Hazardous 
Wastes and their Disposal 1989

The Basel Convention407  aims to protect human health and the environ-
ment against the adverse effects of wastes. It covers wastes defined as 
“hazardous wastes,” based on their origin and/or composition and their 
characteristics, as well as two types of wastes defined as “other wastes” - 
household waste and incinerator ash. There are 186 Parties to the Conven-
tion.

The Convention is responsible for developing the technical guidelines for 
POPs and for plastic waste. The guidance includes incineration of haz-
ardous waste as a suitable destruction technology, despite the Stockholm 
Convention statement that the process generates hazardous by-products 
such as dioxin air emissions and contaminated ash.

In December 2002, the Convention adopted the “Technical guidelines 
for the identification and environmentally sound management (ESM) of 
plastic wastes and for their disposal”,408  which focuses on the manage-
ment and recycling of plastic wastes. However, to be effective in address-
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ing marine plastics, the plastic waste guidelines need to be amended to 
specifically address plastic throughout its life cycle. This includes its toxic 
additives, its use, and, plastic’s role as an ocean pollutant.

The Convention’s guidance on the prevention and minimisation of the 
generation of hazardous and other wastes highlights plastic waste as a key 
waste stream. Yet, the Convention does not address the export of plastic-
containing waste to countries where there is no environmentally sound 
recycling, recovery or final disposal.

The Basel Convention has developed some guidance on marine plastic 
issues,409  including guidance on how to improve the sea-land interface to 
ensure that wastes falling within the scope of MARPOL, once offloaded 
from a ship, are managed in an environmentally sound manner. The 
regional and coordinating centres of the Basel and Stockholm Conven-
tions have been encouraged to work on the impact of plastic waste, marine 
plastic litter and microplastics, and on measures to prevent them.

In 2017, the Basel Convention Conference of Parties decided that its sub-
sidiary body, the Open-ended Working Group, should consider relevant 
options available under the Convention to further address marine plastic 
litter and microplastics.

An amendment to the Convention has been proposed that would reclas-
sify scrap plastic under the category of “wastes requiring special consider-
ation.” This would mean shipments of plastic waste between Parties would 
require prior notification and consent by the competent authorities of the 
exporting, transit and importing countries.

The Basel Convention also established the Household Waste Partnership 
to promote environmentally sustainable management (ESM) of house-
hold waste.410  It is a forum for information sharing, awareness raising, 
outreach and coordination in relation to activities on ESM of household 
waste.

The Basel Convention could be instrumental in developing efficient 
strategies and ways to help prevent and minimise marine plastic and 
other ocean pollutants classified as hazardous wastes.411  This would need 
not only changes to Basel guidance documents, expanding their reach to 
effectively address marine plastics, but it would also depend on the full 
implementation of the Convention by all Parties, including ratification 
and implementation of the Basel Ban amendment, which provides for the 
prohibition of all transboundary movements by developed countries to 
developing countries of hazardous wastes destined for reuse, recycling or 
recovery operations.
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Minamata Convention on Mercury 2013

The Minamata Convention aims to protect human health and the envi-
ronment from anthropogenic emissions and releases of mercury and mer-
cury compounds. The Minamata Convention recognises “that mercury is a 
chemical of global concern owing to its long-range atmospheric transport, 
its persistence in the environment once anthropogenically introduced, its 
ability to bioaccumulate in ecosystems and its significant negative effects 
on human health and the environment.” 412  There are 95 Parties to the 
Convention.

The Convention requires the phase-out of many products containing 
mercury, implements restrictions on trade and supply of mercury and 
establishes a framework to reduce or eliminate emissions and releases of 
mercury from industrial processes and mining. The Convention requires 
national management plans for a major source of mercury such as ar-
tisanal and small-scale gold mining. IPEN has prepared a guide to the 
mercury treaty to assist NGOs active in the mercury-free campaign.413

VOLUNTARY AGREEMENTS

There are voluntary efforts aimed at addressing marine litter, including 
the Honolulu Strategy,414  a framework for a comprehensive and global 
collaborative effort to reduce the ecological, human health, and economic 
impacts of marine debris worldwide. It was developed with the support 
and assistance of scientists, practitioners, managers, and the private sector 
from around the world with UNEP and NOAA’s Marine Debris Program 
providing technical and financial support.
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Intended for use as a planning and monitoring tool for marine debris 
programs, the strategy provides a frame of reference for collaboration and 
sharing of best practices.

The strategy has three goals:

• Reduce the amount and impact of land-based sources of marine de-
bris introduced into the sea;

• Reduce the amount and impact of sea-based sources of marine debris, 
including solid waste; lost cargo; abandoned, lost, or otherwise dis-
carded fishing gear (ALDFG); and abandoned vessels, introduced into 
the sea; and

• Reduce the amount and impact of accumulated marine debris on 
shorelines, in benthic habitats, and in pelagic waters.

In January 2012, the Honolulu Strategy was endorsed by representatives 
of 65 governments and the European Commission at the 5th International 
Marine Debris Conference.

UN ENVIRONMENT ASSEMBLY

The United Nations Environment Assembly (UNEA)415  is the world’s 
highest-level decision-making body on the environment. It was estab-
lished to address the critical environmental challenges facing the world 
and to implement the 2030 Agenda for Sustainable Development.

At its second session, UNEA adopted a resolution on marine plastic litter 
and microplastics,416  and in December 2017, UNEA established an Open-
Ended Ad Hoc Working Group on marine litter and microplastics to 
assess potential strategies to address the problem, including consideration 
of a legally binding instrument. Their recommendations will be presented 
at the next UN Environment Assembly in 2019.

To be effective, a legally binding instrument would need to:

• Address sustainable management of plastics throughout their life 
cycle, including design, production, use, recycling and disposal of 
plastics;

• Phase out EDCs and other toxic ingredients in plastic to facilitate 
their recycling;

• Incorporate strong monitoring, reporting and enforcement mecha-
nisms;

• Assist in building effective national collection and audited recycling 
systems;
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• Develop and implement extended producer responsibility schemes;

• Ban the most common or damaging types of plastic marine litter (e.g., 
microbeads and fish-egg-sized nurdles);

• Support the development of and transition to sustainable product 
substitutes;

• Develop criteria for product and material substitutes that incorporate 
and emphasize potential marine impacts, e.g., design products and 
materials to be benign by design for the ocean (using green chemistry, 
renewable / regenerative feedstocks, etc.) ;

• Specify necessary steps to achieve agreed goals and review system(s);

• Develop model template legislation;

• Research and provide funding to recover marine plastic debris;

• Identify and provide support for non-combustion treatment / destruc-
tion of contaminated plastics / unrecyclable plastics;

• Include multi-stakeholder partnerships with a multi-sectoral scope;

• Create an adequate funding mechanism; and

• Include an effective monitoring and feedback system to assess out-
comes.

A new instrument would need to be compatible with existing multilateral 
agreements and, to achieve its aims, would also need to focus on reduction 
in production and consumption levels as well as ensuring industry respon-
sibility for their products from cradle to cradle. It would need to address 
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issues of unnecessary or frivolous use, foster product reuse wherever 
possible, and promote non-toxic recycling, not down-cycling. The instru-
ment must raise community and industry awareness and be based on an 
acceptance that “business as usual” is not an option.

NON-GOVERNMENTAL ORGANIZATIONS

There are a range of international non-governmental organizations 
(NGOs) and networks working in the area of toxic reductions, wastes 
management, and chemical and plastic pollution. These include, but are 
not limited to, the following: 

IPEN  
https://ipen.org/ 

IPEN brings together leading public interest groups working on 
environmental and public health issues in over 100 countries to take 
action internationally to minimize and, whenever possible, eliminate 
hazardous, toxic chemicals. IPEN’s mission of a toxics-free future for all is 
captured in its Stockholm, Dubai, and Minamata Declarations.

Break Free From Plastic  
https://www.breakfreefromplastic.org/

BFFP aims to bring systemic change through a holistic approach, tackling 
plastic pollution across the whole plastics value chain, focusing on 
prevention rather than cure, and providing effective solutions. 

Basel Action Network (BAN)  
https://www.ban.org/

BAN’s mission is to champion global environmental health and justice by 
ending toxic trade, catalyzing a toxics-free future, and campaigning for 
everyone’s right to a clean environment.

Center for International Environmental Law (CIEL) https://www.ciel.org/

CIEL uses the power of law to protect the environment, promote hu-
man rights, and ensure a just and sustainable society. It works to achieve 
a toxics-free future through negotiating new international treaties and 
changing public policy and private practices. 

Friends of the Earth (FOE)  
https://foe.org/issues/oceans/
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Friends of the Earth strives for a more healthy and just world. Its oceans 
campaign focuses on air, water and oil pollution from ships, oil tankers 
and recreational boats. 

Global Alliance for Incinerator Alternatives (GAIA) http://www.no-burn.
org/

GAIA is a worldwide alliance of grassroots groups, NGOs and individu-
als in over 90 countries whose ultimate vision is a just, toxic-free world 
without incineration.

Greenpeace International  
https://www.greenpeace.org/international/

Greenpeace’s goal is to ensure the ability of the earth to nurture life by 
protecting biodiversity, preventing pollution and abuse of the earth’s 
ocean, land, air and fresh water, and ending all nuclear threats.

IPEN OCEAN POLLUTANTS PLATFORM

in response to the increasing threat of marine pollutants in our oceans, iPeN developed 
a platform incorporating current and future commitments to address ocean pollutants. 
iPeN’s research 417  demonstrated the impact of mercury pollution in the asia Pacific 
region, and, through its work on new POPs and the Stockholm Convention’s POPs review 
Committee, has highlighted the increasing detection of POPs such as Pbdes and PFaS in 
the marine environment.

iPeN participates in the assessment process for nominated POPs and has also highlighted 
the failures of countries to manage their wastes, demonstrating the generation of POPs 
pollution from the combustion of waste. iPeN campaigns for the adoption of non-
combustion destruction technologies. iPeN Participating Organisations pursue efforts to 
ensure effective implementation of the Stockholm and Minamata Conventions, including 
participation in National implementation Plans (NiPs) and National action Plans (NaPs), 
respectively.

To raise global awareness about edCs, iPeN worked with the endocrine Society to develop 
an “introduction to endocrine disrupting Chemicals (edCs): a Guide for Public interest 
Organizations and Policy-Makers.”
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CONCLUSION

“… we are accustomed to thinking of the ocean as limitless, it is not. We 
have pushed many of its inhabitants to the brink of extinction and be-
yond. We have choked its waters with plastics and other pollutants, leach-
ing poisons into the bodies of fish and other animals as well as ourselves. 
We have already irreversibly altered its ecology, its biology, even its very 
chemistry.” 418

The Earth’s oceans have been eroded by humanity, with only 13.2% of the 
world’s oceans now classified as marine wilderness.419  Even these wilder-
ness regions are impacted by chemical contamination and plastic litter. 
Ocean pollutants are contributing to the destruction of marine ecosystems 
and food supplies, while the impacts of climate change on the marine 
environment and our life support systems are devastating.

Despite a myriad of national and regional programs and global instru-
ments, ocean pollution is out of control and worsening, with the contin-
ued reliance of fossil fuels, an ever-increasing population and rampant 
consumerism.

The global industrial environment remains one largely of self-regulation, 
driven by profit and greed, with little regard for the finite resources of the 
global environment or for future generations.

Many ocean pollutants, including marine plastics, will take centuries to 
break down, if at all. Terminal products such as PFOS and PFOA are likely 
to be with us until the end of time. Still, more and more chemicals and 
single use plastic products are created and released to the marine environ-
ment either intentionally or inadvertently.

National governments are failing to adequately regulate polluting indus-
tries and failing to protect their citizens and future generations. Global 
programs and instruments, while diverse and extensive, have not been 
fully implemented and are not achieving their objectives. At the same 
time, there is increasing corporate capture of organisations like UN Envi-
ronment and an ongoing uncoupling of science and policy.

While the work of NGOs, committed individuals and sustainable indus-
tries grows in scope and impact, the broader community struggles with 
incomplete knowledge of the extent of the problems and its capacity to 
effect change beyond the individual and community level.
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The way forward is challenging and the changes required to protect and 
restore oceans are nothing short of revolutionary. But face them we must, 
because we and countless other species are totally dependent on healthy 
ocean ecosystems for food, regulation of the climate, and life itself.



90

END NOTES

1 Census on Marine Life http://www.coml.org/index.html
2 Breitburg D, Levin LA, Oschlies A, Grégoire M, Chavez FP, Conley DJ, Garçon V, Gilbert D, Gutiér-

rez D, Isensee K, Jacinto GS, Limburg KE, Montes I, Naqvi SWA, Pitcher GC, Rabalais NN, Roman 
MR, Rose KA, Seibel BA, Telszewski M, Yasuhara M, Zhang J. (2018) Declining oxygen in the global 
ocean and coastal waters, Science, Vol. 359, Issue 6371, DOI: 10.1126/science.aam7240

3 http://www.un.org/en/development/desa/news/population/2015-report.html
4 P.K. Krishnakumar, P.K. Asokan, Environmental impacts of marine pollution- effects, challenges 

and approaches. January 2017 In book: Mathrubhumi Year Book Plus 2017 Chapter: Environmental 
Pollution Editors: Mathrubhumi

5 Ji-Dong Gu, You-Shao Wang, (2015) Coastal and marine pollution and ecotoxicology, Ecotoxicology 
24:1407–1410 DOI 10.1007/s10646-015-1528-3

6 EEA, 2011. The European environment — state and outlook 2010: assessment of global megatrends. 
European Environment Agency, Copenhagen. https://www.eea.europa.eu/soer/synthesis/synthesis

7 https://www.statista.com/statistics/272157/chemical-production-forecast-worldwide/
8 Fueling Plastics How Fracked Gas, Cheap Oil, and Unburnable Coal are Driving the Plastics 

Boom, Center for International Environmental Law, 2017 https://www.ciel.org/wp-content/up-
loads/2017/09/Fueling-Plastics-How-Fracked-Gas-Cheap-Oil-and-Unburnable-Coal-are-Driving-
the-Plastics-Boom.pdf

9 US Department of Commerce, National Oceanic and Atmospheric Administration, What is the big-
gest source of pollution in the ocean? www.oceanservice.noas.gov.

10 http://www.oceanhealthindex.org/methodology/components/chemical-pollution
11 National Pollutant Inventory http://www.npi.gov.au
12 http://www.oceanhealthindex.org/methodology/components/chemical-pollution
13 Andrady, A. L. (2011). Microplastics in the marine environment. Mar. Pollut. Bull. 62, 1596–1605
14 Hurley, Rachel, Woodward, Jamie, Rothwell, James. (2018) Microplastic contamination of river 

beds significantly reduced by catchment-wide flooding. Nature Geoscience. 11. 251–257
15 Christian Schmidt, Tobias Krauth, Stephan Wagner, Export of Plastic Debris by Rivers into the Sea, 

Environmental Science & Technology 2017 51 (21), 12246-12253 DOI: 10.1021/acs.est.7b02368
16 UNEP, GRID-Arendal, Marine Litter Vital Graphics, United Nations Environment Programme and 

GRID-Arendal., Nairobi and Arendal, 2016. www.grida.no/publications/60
17 Eriksen M, Lebreton LCM, Carson HS, Thiel M, Moore CJ, et al. (2014) Plastic Pollution in the 

World’s Oceans: More than 5 Trillion Plastic Pieces Weighing over 250,000 Tons Afloat at Sea. PLoS 
One 9(12): e111913. DOI:10.1371/ journal.pone.0111913

18 Sonja Oberbeckmann, A. Mark Osborn, and Melissa B. Duhaime Microbes on a Bottle: Substrate, 
Season and Geography Influence Community Composition of Microbes Colonizing Marine Plastic 
Debris PLoS One. 2016; 11(8) doi: 10.1371/journal.pone.0159289

19 The New Plastics Economy: Rethinking the future of plastics, World Economic Forum 2016 https://
www.weforum.org/reports/the-new-plastics-economy-rethinking-the-future-of-plastics

20 Jenna R. Jambeck, Roland Geyer, Chris Wilcox, Theodore R. Siegler, Miriam Perryman, Anthony 
Andrady, Ramani Narayan, Kara Lavender Law, (2015) Plastic Waste input from land into the 
ocean, Science Vol. 347, Issue 6223, pp. 768-771 DOI: 10.1126/science.1260352

21 Erik van Sebille, Chris Wilcox, Laurent Lebreton, Nikolai Maximenko, Britta Denise Hardesty, 
Jan A van Franeker, Marcus Eriksen, David Siegel, Francois Galgani, Kara Lavender Law, (2015) A 
global inventory of small floating plastic debris, Environmental Research Letters, 10 124006

22 Sanae Chiba, Hideaki Saito, Ruth Fletcher, Takayuki Yogi, Makino Kayo, Shin Miyagi, Moritaka 
Ogido, Katsunori Fujikura, (2018) Human footprint in the abyss: 30 year records of deep-sea plastic 
debris, Article in Press, Marine Policy, doi.org/10.1016/j.marpol.2018.03.022

23 L. Lebreton, B. Slat, F. Ferrari, B. Sainte-Rose, J. Aitken, R. Marthouse, S. Hajbane, S. Cunsolo, A. 
Schwarz, A. Levivier, K. Noble, P. Debeljak, H. Maral, R. Schoeneich-Argent, R. Brambini & J. Re-
isser, (2018) Evidence that the Great Pacific Garbage Patch is rapidly accumulating plastic, Scientific 
Reports 8, Article number: 4666

24 Erik van Sebille et al (2015)
25 Eriksen M, et al. (2014)
26 Meso- and macroplastic includes all plastic particles of a size fraction of more than 5 mm in diam-

eter, while microplastic includes particles less than 5 mm in diameter. See Gewert et al., (2015)

http://www.ipen.org


  Ocean Pollutants Guide (October 2018) 91

27 Brennecke, D., E. C. Ferreira, T. M.M. Costa, D. Appel, B. A.P. de Gama, M. Lenz (2015). Ingested 
microplastics are translocated to organs of the tropical fiddler crab Uca rapax. Marine Pollution Bul-
letin, 96, 491-495.

28 Pieter Jan Kole, Ansje J. Löhr, Frank G. A. J. Van Belleghem, Ad M. J. Ragas (2017) Wear and Tear 
of Tyres: A Stealthy Source of Microplastics in the Environment Int. J. Environ. Res. Public Health, 
14, 1265; doi:10.3390/ijerph14101265

29 Rist, S., & Hartmann, N. B. (2017). Aquatic Ecotoxicity of Microplastics and Nanoplastics: Les-
sons Learned from Engineered Nanomaterials. In M. Wagner, & S. Lambert (Eds.), Freshwater 
Microplastics - Emerging Environmental Contaminants? (pp. 25-49). Springer. (The Handbook of 
Environmental Chemistry, Vol. 58). DOI: 10.1007/978-3-319-61615-5_2

30 Gallo et al. Marine litter plastics and microplastics and their toxic chemicals components: the need 
for urgent preventive measures Environ Sci Eur (2018) 30:13 https://doi.org/10.1186/s12302-018-
0139-z

31 Andrady et al., (2011)
32 Fueling Plastics, Untested Assumptions and Unanswered Questions in the Plastics Boom, Centre 

for International Environmental Law 2017 https://www.ciel.org/wp-content/uploads/2018/04/
Fueling-Plastics-Untested-Assumptions-and-Unanswered-Questions-in-the-Plastics-Boom.pdf

33 Oceans Awash in Toxic Plastic Brought to You by the Fracking Industry, July 2018 https://www.
foodandwaterwatch.org

34 Marie Bigot, Derek C. G. Muir, Darryl W. Hawker, Roger Cropp, Jordi Dachs, Camilla F. Teixeira, 
Susan Bengtson Nash (2016) Air−Seawater Exchange of Organochlorine Pesticides in the Southern 
Ocean between Australia and Antarctica Environ. Sci. Technol. 2016, 50, 8001−8009

35 Bigot et al., (2016)
36 UNEP/AMAP, 2011. Climate Change and POPs: Predicting the Impacts. Report of the UNEP/

AMAP Expert Group. https://www.amap.no/documents/doc/climate-change-and-pops-predicting-
the-impacts/753

37 Lisa Phinney Air Quality Sciences, Meteorological Service of Canada, Environment Canada, 
‘Environmental Impacts of Air Pollution,’ Presentation to 2004 Canadian Acid Deposition Science 
Assessment

38 Milazzo M et al. 2016 Ocean acidification affects fish spawning but not paternity at CO2 seeps. Proc. 
R. Soc. B283:20161021. http://dx.doi.org/10.1098/rspb.2016.1021

39 Danielle L Dixson, Ocean Acidification Effects Fish Behavior and Survival as a Consequence of 
Impaired Chemoreception, September 2011, Conference: American Fisheries Society 140th Annual 
Meeting

40 Jessie Gardner, Clara Manno, Dorothee C. E. Bakker, Victoria L. Peck, Geraint A. Tar-
ling, (2018) Southern Ocean pteropods at risk from ocean warming and acidification Mar 
Biol.165(1):8. doi:10.1007/s00227-017-3261-3

41 http://www.antarctica.gov.au/news/2010/krill-face-deadly-cost-of-ocean-acidification
42 UNEP/AMAP, 2011. Climate Change and POPs: Predicting the Impacts. Report of the UNEP/

AMAP Expert Group. https://www.amap.no/documents/doc/climate-change-and-pops-predicting-
the-impacts/753

43 Patra et al., Interactions between water temperature and contaminant toxicity to freshwater 
fish (2015) Environmental Toxicology June https://doi.org/10.1002/etc.2990

44 Wei Shi, Xinguo Zhao, Yu Han, Zhumei Che, Xueliang Chai & Guangxu Liu, (2016) Ocean acidi-
fication increases cadmium accumulation in marine bivalves: a potential threat to seafood safety 
Scientific Reports volume 6, Article number: 20197

45 Thompson NP, Rankin PW, Johnston DW. (1974) Polychlorinated biphenyls and p,p’ DDE in green 
turtle eggs from Ascension Island, South Atlantic Ocean. Bull Environ Contam Toxicol. 11(5):399-
406.

46 UNEP/POPS/POPRC.8/16/Annex V Annex V Guidance for drafters of risk profiles on consideration 
of toxicological interactions when evaluating chemicals proposed for listing, Qualitative literature-
based approach to assessing mixture toxicity under Annex. www.pops.int/TheConvention/POPsRe-
viewCommittee/Guidance/

47 Rodea-Palomares et al., (2015) Effect of PFOA/PFOS pre-exposure on the toxicity of the herbicides 
2,4-D, Atrazine, Diuron and Paraquat to a model aquatic photosynthetic microorganism, Chemo-
sphere 139:65-72

48 Ashauer R, O’Connor I, Escher BI., (2017) Toxic Mixtures in Time-The Sequence Makes the Poison. 
Environ Sci Technol. Mar 7;51(5):3084-3092. doi: 10.1021/acs.est.6b06163. http://pubs.acs.org/doi/
abs/10.1021/acs.est.6b06163

49 State of the Science of Endocrine Disrupting Chemicals 2012, United Nations Environment Pro-
gramme and the World Health Organization, 2013 http://www.who.int/ceh/publications/endocrine/
en/



92

50 State of the Science of Endocrine Disrupting Chemicals 2012, United Nations Environment Pro-
gramme and the World Health Organization, 2013 http://www.who.int/ceh/publications/endocrine/
en/

51 Fabien Lagarde, Claire Beausoleil, Scott M Belcher, Luc P Belzunces, Claude Emond, Michel 
Guerbet, Christophe Rousselle (2015) Non-monotonic dose-response relationships and endocrine 
disruptors: a qualitative method of assessment. Environ Health.; 14: 13.

52 Andrea C. Gore et al. Introduction to Endocrine Disrupting Chemicals (EDCs) A Guide for Public In-
terest Organizations and Policy-Makers 2014 A Joint Endocrine Society–IPEN initiative www.ipen.
org

53 State of the Science of Endocrine Disrupting Chemicals 2012, United Nations Environment Pro-
gramme and the World Health Organization, 2013 http://www.who.int/ceh/publications/endocrine/
en/

54 Rejinders, Peter J.H.,(1994): Toxicokinetics of chlorobiphenyls and associated physiological 
responses in marine mammals, with particular reference to their potential for ecotoxicological risk 
assessment. Sci. Total Environ 154 229-236

55 Edyvane, K. (1995) Issues in the South Australian Marine Environment, State of the Marine Envi-
ronment Report for Australia. South Australia Research & Development Institute.

56 https://www.ospar.org/site/assets/files/7413/ospar_assessment_sheet_cemp_imposex_2014.pdf
57 Raquel Chamorro-García, Bassem M. Shoucri, Sigal Willner, Heidi Käch, Amanda Janesick, Bruce 

Blumberg. (2018) Effects of Perinatal Exposure to Dibutyltin Chloride on Fat and Glucose Me-
tabolism in Mice, and Molecular Mechanisms, in Vitro. Environ Health Perspect; DOI:10.1289/
EHP3030

58 State of the Science of Endocrine Disrupting Chemicals 2012, United Nations Environment Pro-
gramme and the World Health Organization, 2013 http://www.who.int/ceh/publications/endocrine/
en/

59 Raquel Chamorro-García et al., (2018)
60 Xinqiang Zhu, Yukinori Kusaka, Kazuhiro Sato, and Qunwei Zhang (2000) The endocrine disruptive 

effects of mercury Environ Health Prev Med. 4(4): 174–183. doi: 10.1007/BF02931255
61 Global Mercury Hotspots. A Publication by the Biodiversity Research Institute and IPEN Updated: 

October 2014 Initial Release: January 9, 2013 http://www.ipen.org/sites/default/files/documents/
BRI-IPEN-report-update-102214%20for%20web_0.pdf

62 Health Canada: http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/mercur/q47-q56_e.html
63 https://www.smh.com.au/environment/conservation/deadly-diet-of-marine-plastic-kills-seabirds-

20110513-1emff.html
64 Mercury monitoring in women of child-bearing age in Asia and the Pacific Region April 2017, 

Lee Bell IPEN Mercury Adviser www.mercuryconvention.org/Portals/11/documents/News/Mer-
cury%20Monitoring%20Women%20Asia%20Pacific%20April%2011%20Short.pdf

65 Corresponding with the U.S. EPA’s reference dose (RfD) of 0.1 microgram per kilogram per body 
weight per day (ug/kg bw/day) and a blood mercury concentration of 4-5 µg/L.

66 Schecter A1, Dai LC, Päpke O, Prange J, Constable JD, Matsuda M, Thao VD, Piskac AL. (2001) 
Recent dioxin contamination from Agent Orange in residents of a southern Vietnam city. J Occup 
Environ Med 43(5):435-43.

67 Martin Scheringer, Sebastian Strempel, Sirja Hukari, Carla A. Ng, Markus Blepp, Konrad Hunger-
buhler (2012) How Many persistent organic pollutants should we expect? Atmospheric Pollution 
Research Vol. 3: 4 3383-391

68 Bigot et al., (2016)
69 Bigot et al., (2016)
70 Strobel, A., Burkhardt-Holm, P., Schmid, P., Segner, H., (2015). Benzo (a) pyrene metabolism and 

EROD and GST biotransformation activity in the liver of red-and white-blooded Antarctic fish. 
Environ. Sci. Technol. 49, 8022- 8032

71 Alan J. Jamieson, Tamas Malkocs, Stuart B. Piertney, Toyonobu Fujii, Zulin Zhang (2017) Bioac-
cumulation of persistent organic pollutants in the deepest ocean fauna. Nature Ecology & Evolution 1, 
0051 DOI: 10.1038/s41559-016-0051 www.nature.com/natecolevol

72 Gallo et al. (2018)
73 Jartun M, Ottesen RT, Steinnes E, Volden T (2009) Painted surfaces-important sources of poly-

chlorinated biphenyls (PCBs) contamination to the urban and marine environment. Environ Pollut 
157(1):295–302

74 Strobel, A., et al., (2016) Persistent organic pollutants in tissues of the white-blooded Antarctic fish 
Champsocephalusgunnari and Chaenocephalus aceratus Chemosphere 161:555-562 
http://dx.doi.org/10.1016/j.chemosphere.2016.01.089

75 Feng Guo, Lei Wang, Wen-Xiong Wang (2012) Acute and Chronic Toxicity of Polychlorinated Bi-
phenyl 126 to Tigriopus Japonicus: Effects on Survival, Growth, Reproduction and Intrinsic Rate of 
Population Growth, Environmental Toxicology and Chemistry, Vol. 31, No. 3, pp. 639–645,

http://www.ipen.org


  Ocean Pollutants Guide (October 2018) 93

76 Alan J. Jamieson, Tamas Malkocs, Stuart B. Piertney, Toyonobu Fujii, Zulin Zhang (2017) Bioac-
cumulation of persistent organic pollutants in the deepest ocean fauna. Nature Ecology & Evolution 1, 
0051 DOI: 10.1038/s41559-016-0051 www.nature.com/natecolevol

77 Feng Guo et al (2012)
78 https://projectearth.us/new-lawsuits-target-monsanto-over-lingering-chemicals-a-1796423567
79 Richard A. (2010) Lovett Oceans release DDT from decades ago. Nature doi:10.1038/news.2010.4
80 Stemmler, I. & Lammel, G. (2009). Cycling of DDT in the global environment 1950–2002: 

World ocean returns the pollutant Geophys. Res. Lett. 36, L24602 https://www.nature.com/
news/2010/100107/full/news.2010.4.html

81 An isomer describes two or more compounds with the same formula but a different arrangement of 
atoms in the molecule and different properties.

82 UNEP/POPS/POPRC.3/20/Add.8 Risk profile on alpha hexachlorocyclohexane Nov 2007 
http://chm.pops.int/TheConvention/ThePOPs/TheNewPOPs/tabid/2511/Default.aspx

83 UNEP/POPS/POPRC.3/20/Add.9 Risk profile on beta hexachlorocyclohexane Nov 2007 
http://chm.pops.int/TheConvention/ThePOPs/TheNewPOPs/tabid/2511/Default.aspx

84 OSPAR Commission, 2006: OSPAR background document on lindane https://www.ospar.org/doc
uments%5cdbase%5cpublications%5cp00153_Background%20document%20on%20lindane%20
updated.pdf

85 UNEP/POPS/POPRC.3/20/Add.9 Risk profile on beta hexachlorocyclohexane Nov 2007 
http://chm.pops.int/TheConvention/ThePOPs/TheNewPOPs/tabid/2511/Default.aspx

86 OSPAR Commission, 2006: OSPAR background document on lindane https://www.ospar.org/doc
uments%5cdbase%5cpublications%5cp00153_Background%20document%20on%20lindane%20
updated.pdf

87 UNEP/POPS/POPRC.3/20/Add.9 Risk profile on beta hexachlorocyclohexane Nov 2007 
http://chm.pops.int/TheConvention/ThePOPs/TheNewPOPs/tabid/2511/Default.aspx

88 OSPAR Commission, 2006: OSPAR background document on lindane https://www.ospar.org/doc
uments%5cdbase%5cpublications%5cp00153_Background%20document%20on%20lindane%20
updated.pdf

89 Wang Y. et.al. (2007). Investigation of organochlorine pesticides (OCPs) in mollusks collected from 
coastal sites along the Chinese Bohai Sea from 2002 to 2004. Environ Pollut. 146(1), p. 100-6

90 UNEP/POPS/POPRC.3/20/Add.9 Risk profile on beta hexachlorocyclohexane Nov 2007 
http://chm.pops.int/TheConvention/ThePOPs/TheNewPOPs/tabid/2511/Default.aspx

91 Public Health Statement Hexachlorobenzene Department of Health and Human Services, Public 
Health Service, Agency for Toxic Substances and Disease Registry, Division of Toxicology and Hu-
man Health Sciences August 2015 www.atsdr.cdc.gov

92 D.J. Mukesh Kumar, S.Dinesh Kumar, D. Kubendran, P.T. Kalaichelva Hexachlorobenzene- Sources, 
Remediation And Future Prospects Int J Cur Res Rev, Jan 2013/Vol 05 (01)

93 Des W. Connell, Gregory, J. Miller, Munro R.Mortimer, Glen R. Shaw and Shelly M. Anderson Persis-
tent Lipophilic Contaminants And Other Chemical Residues In The Southern Hemisphere 
https://www.environment.gov.au/system/files/resources/42cf47eb-4ae5-47db-b983-ec1c3679ab74/
files/connell.pdf

94 UNEP/POPS/POPRC.8/16/Add.2 Risk profile on hexachlorobutadiene 2012
95 IPEN GUIDE TO NEW POPs, April 2017 https://ipen.org/documents/ipen-guide-new-pops-

april-2017
96 UNEP/POPS/POPRC.3/20/Add.7 Risk profile on pentachlorobenzene Nov. 2007
97 UNEP/POPS/POPRC.3/20/Add.7 Risk profile on pentachlorobenzene Nov. 2007
98 UNEP/POPS/POPRC.3/20/Add.7 Risk profile on pentachlorobenzene Nov. 2007
99 UNEP/POPS/POPRC.9/13/Add.3 Risk profile on pentachlorophenol and its salts and esters Oct. 

2013
100 UNEP/POPS/POPRC.9/13/Add.3 Risk profile on pentachlorophenol and its salts and esters Oct. 

2013
101 UNEP/POPS/POPRC.6/13/Add.2 Risk profile on hexabromocyclododecane Oct. 2010
102 UNEP/POPS/POPRC.6/13/Add.2 Risk profile on hexabromocyclododecane Oct. 2010
103 Gallo et al. (2018)
104 Bart N Zegers, Anchelique Mets, Ronald van Bommel, Jan P Boon. (2005) Levels of Hexabromo-

cyclododecane in Harbor Porpoises and Common Dolphins from Western European Seas, with 
Evidence for Stereoisomer-Specific Biotransformation by Cytochrome P450, Environmental Science 
and Technology 39(7):2095-100 DOI:10.1021/es049209t

105 Gallo et al. (2018)
106 The neuroendocrine system regulates reproduction, metabolism, eating and drinking behaviour, 

energy utilization and blood pressure.
107 UNEP/POPS/POPRC.6/13/Add.2 Risk profile on hexabromocyclododecane Oct. 2010
108 UNEP/POPS/POPRC.3/20/Add.6 Commercial Octabromodiphenyl Ether Risk Profile Dec 2007



94

109 UNEP/POPS/POPRC.2/17/Add.1 Risk profile on commercial pentabromodiphenyl ether Nov. 2006
110 UNEP/POPS/POPRC.10/10/Add.2 Risk profile on decabromodiphenyl ether (commercial mixture, 

c-decaBDE) Nov.2014
111 UNEP/POPS/POPRC.2/17/Add.1 Risk profile on commercial pentabromodiphenyl ether Nov. 2006
112 Herzke D, Berger U, Kallenborn R, Nygard T, Vetter W. (2005) Brominated flame retardants and 

other organobromines in Norwegian predatory bird eggs. Chemosphere 61: 441-449. Also see 
Knudsen LB, Gabrielsen GW, Verreault J, Barrett R, Skare JU, Polder A, Lie E. Temporal trends of 
brominated flame retardants, cyclododeca-1,5,9-triene, and mercury in eggs of four seabird species 
from Northern Norway and Svalbard, Norwegian Polar Institute, Tromso University Museum, 
National Veterinary Institute of Norway, Norwegian School of Veterinary Science. SPFO-Report 
942/2005, December 2005

113 UNEP/POPS/POPRC.10/10/Add.2 Risk profile on decabromodiphenyl ether (commercial mixture, 
c-decaBDE) Nov.2014

114 Lebeuf M, Gouteux B, Measures L, Trottier S. (2004) Levels and temporal trends (1988-1999) of 
polybrominated diphenyl ethers in beluga whales (Delphinapterus leucas) from the St. Lawrence 
Estuary, Canada. Environ Sci Technol 38:2971-2977

115 Erin Markham, Emily K. Brault, Mohammed Khairy, Anna R. Robuck, Michael E. Goebel, Mark G. 
Cantwell, Rebecca M. Dickhut, Rainer Lohmann (2018) Time Trends of Polybrominated Diphenyl 
Ethers (PBDEs) in Antarctic Biota ACS Omega, 3 (6), pp 6595–6604

116 UNEP/POPS/POPRC.2/17/Add.1 Risk profile on commercial pentabromodiphenyl ether Nov. 2006
117 UNEP/POPS/POPRC.3/20/Add.6 Commercial Octabromodiphenyl Ether Risk Profile Dec 2007
118 UNEP/POPS/POPRC.10/10/Add.2 Risk profile on decabromodiphenyl ether (commercial mixture, 

c-decaBDE) Nov.2014
119 Lucio G Costa, Gennaro Giordano. (2007) Developmental neurotoxicity of polybrominated 

diphenyl ether (PBDE) flame retardants, NeuroToxicology 28(6):1047-1067 DOI:10.1016/j.
neuro.2007.08.007

120 UNEP/POPS/POPRC.10/10/Add.2 Risk profile on decabromodiphenyl ether (commercial mixture, 
c-decaBDE) Nov.2014

121 UNEP/POPS/POPRC.10/10/Add.2 Risk profile on decabromodiphenyl ether (commercial mixture, 
c-decaBDE) Nov.2014

122 https://www.bloomberg.com/news/articles/2018-02-20/3m-is-said-to-settle-minnesota-lawsuit-
for-up-to-1-billion

123 https://www.reuters.com/article/us-du-pont-lawsuit-west-virginia/dupont-settles-lawsuits-over-
leak-of-chemical-used-to-make-teflon-idUSKBN15S18U

124 PFAS National Environmental Management Plan January 2018 http://www.epa.vic.gov.au/~/
media/Files/Your%20environment/Land%20and%20groundwater/PFAS%20in%20Victoria/
PFAS%20NEMP/FINAL_PFAS-NEMP-20180110.pdf

125 http://www.oecd.org/chemicalsafety/portal-perfluorinated-chemicals/
126 PFAS National Environmental Management Plan January 2018 http://www.epa.vic.gov.au/~/

media/Files/Your%20environment/Land%20and%20groundwater/PFAS%20in%20Victoria/
PFAS%20NEMP/FINAL_PFAS-NEMP-20180110.pdf

127 UNEP/POPS/POPRC.2/17/Add.5 Risk profile on perfluorooctane sulfonate Nov.2006
128 Proposal to list perfluorohexane sulfonic acid (CAS No: 355-46-4, PFHxS), its salts and PFHxS-

related compounds in Annexes A, B and/or C to the Stockholm Convention on Persistent Organic 
Pollutants. UNEP/POPS/POPRC.13/4. 2017

129 UNEP/POPS/POPRC.12/11/Add.2 Risk profile on pentadecafluorooctanoic acid (CAS No: 335-67-1, 
PFOA, perfluorooctanoic acid), its salts and PFOA-related compounds Oct.2016

130 UNEP/POPS/POPRC.2/17/Add.5 Risk profile on perfluorooctane sulfonate Nov.2006
131 Li L, Zheng H, Wang T, Cai M, Wang P. (2018) Perfluoroalkyl acids in surface seawater from the 

North Pacific to the Arctic Ocean: Contamination, distribution and transportation. Environ Pollut. 
16;238:168-176. doi: 10.1016/j.envpol.2018.03.018. [Epub ahead of print] https://www.ncbi.nlm.
nih.gov/pubmed/29554564

132 Yitao Pan, Hongxia Zhang, Qianqian Cui, Nan Sheng, Leo W. Y. Yeung Yan Sun, Yong Guo, and 
Jiayin Dai (2018) Worldwide Distribution of Novel Perfluoroether Carboxylic and Sulfonic Acids in 
Surface Water Environ. Sci. Technol., Article ASAP DOI: 10.1021/acs.est.8b00829

133 Llorca M et al., (2014) Levels and fate of perfluoroalkyl substances in beached plastic pellets and 
sediments collected from Greece. Mar Pollut Bull. 15;87(1-2):286-91

134 UNEP/POPS/POPRC.2/17/Add.5 Risk profile on perfluorooctane sulfonate Nov.2006
135 Kurunthachalam Kannan, Se Hun Yun and Thomas J. Evans (2005) Chlorinated, Brominated, and 

Perfluorinated Contaminants in Livers of Polar Bears from Alaska. Environ. Sci. Technol., 39 (23), 
9057 -9063

136 Smithwick M, Mabury SA, Solomon KR, Sonne C, Martin JW, Born EW, Dietz R, Derocher AE, 
Letcher RJ, Evans TJ, Gabrielsen GW, Nagy J, Stirling I, Taylor MK, Muir DC. (2005) Circumpolar 

http://www.ipen.org


  Ocean Pollutants Guide (October 2018) 95

study of perfluoroalkyl contaminants in polar bears (Ursus maritimus). Environ Sci Technol. 1;39 
(15):5517-23

137 Bossi R, Riget FF, Dietz R. (2005) Temporal and spatial trends of perfluorinated compounds in 
ringed seal (Phoca hispida) from Greenland. Environ Sci Technol. 1;39(19):7416-22

138 Magali Houde, Trevor A.D. Bujas, Jeff Small, Randall S. Wells, Patricia A. Fair, Gregory D. Bossart , 
Keith R. Solomon, & Derak C.G.Muir, (2006) Biomagnification of Perfluoroalkyl Compounds in the 
Bottlenose Dolphin (Tursiops truncatus) Food Web, Environmental Science & Technology, Vol. 40, 
No. 13, pp4138- 4141

139 Verreault J, Houde M, Gabrielsen GW, Berger U, Haukas M, Letcher RJ, Muir DC., (2005) Perfluo-
rinated alkyl substances in plasma, liver, brain, and eggs of glaucous gulls (Larus hyperboreus) from 
the Norwegian arctic. Environ Sci Technol Oct 1;39(19):7439-45

140 Jesus Olivero-Verbel, Lin Tao, Boris Johnson-Restrepo, Jorge Guette-Fernández, Rosa Baldiris-
Avila, Indira O’byrne-Hoyos and Kurunthachalam Kannan. (2006) Perfluorooctanesulfonate and 
related fluorochemicals in biological samples from the north coast of Colombia. Environmental 
Pollution, 142(2):367-372

141 Gregg T. Tomy, Wes Budakowski, Thor Halldorson, Paul A. Helm, Gary A. Stern, Ken Friesen, Karen 
Pepper, Sheryl A. Tittlemier, Aaron T. Fisk, (2004) Fluorinated Organic Compounds in an Eastern 
Arctic Marine Food Web, Environ. Sci. Technol., 38 (24), 6475 -6481

142 Jennifer M. Keller, Kurunthachalam Kannan, Sachi Taniyasu, Nobuyoshi Yamashita, Rusty D. Day, 
Michael D. Arendt, Al L. Segars, John R. Kucklick, (2005) Perfluorinated Compounds in the Plasma 
of Loggerhead and Kemp’s Ridley Sea Turtles from the Southeastern Coast of the United States. 
Environ. Sci. Technol., 39 (23), 9101 -9108

143 Action plan on perfluorocarboxylic acids and precursors, Environment Canada and Health Canada, 
http://www.ec.gc.ca/nopp/DOCS/consult/PFCA/EN/actionPlan.cfm.

144 Yanna Liu, Manli Qian, Xinxin Ma, Lingyan Zhu, Jonathan W. Martin (2018) Nontarget Mass Spec-
trometry Reveals New Perfluoroalkyl Substances in Fish from the Yangtze River and Tangxun Lake, 
China Environ. Sci. Technol., DOI: 10.1021/acs.est.8b00779

145 Keiter, S., et al., (2012) Long-term effects of a binary mixture of perfluorooctane sulfonate (PFOS) 
and bisphenol A (BPA) in zebrafish (Danio rerio) Aquatic toxicology (Amsterdam, Netherlands) 118-
119:116-29

146 UNEP/POPS/POPRC.12/11/Add.2 Risk profile on pentadecafluorooctanoic acid (CAS No: 335-67-1, 
PFOA, perfluorooctanoic acid), its salts and PFOA-related compounds Oct.2016

147 UNEP/POPS/POPRC.12/11/Add.2 Risk profile on pentadecafluorooctanoic acid (CAS No: 335-67-1, 
PFOA, perfluorooctanoic acid), its salts and PFOA-related compounds Oct.2016

148 Rodea-Palomares et al., (2015)
149 Ding G1, Zhang J, Chen Y, Wang L, Wang M, Xiong D, Sun Y. (2013) Combined effects of PFOS 

and PFOA on zebrafish (Danio rerio) embryos. Arch Environ Contam Toxicol. 64(4):668-75. doi: 
10.1007/s00244-012-9864-2.

150 Proposal to list perfluorohexane sulfonic acid (CAS No: 355-46-4, PFHxS), its salts and PFHxS-
related compounds in Annexes A, B and/or C to the Stockholm Convention on Persistent Organic 
Pollutants. UNEP/POPS/POPRC.13/4. 2017

151 Health-Based Maximum Contaminant Level Support Document: Perfluorononanoic Acid (PFNA) 
New Jersey Drinking Water Quality Institute Health Effects Subcommittee June 22, 2015

152 Draft consolidated guidance on alternatives to perfluorooctane sulfonic acid and its related chemi-
cals UNEP/POPS/POPRC.12/INF/15 26 July 2016

153 Gorrochategui E, Pérez-Albaladejo E, Casas J, Lacorte S, Porte. (2014) Perfluorinated chemicals: dif-
ferential toxicity, inhibition of aromatase activity and alteration of cellular lipids in human placental 
cells. Toxicol Appl Pharmacol. 1;277(2):124-30. doi: 10.1016/j.taap.2014.03.012.

154 An Hagenaars, Lucia Vergauwen, Wim de coen, Dries Knapen. (2011) Structure-activity relationship 
assessment of four perfluorinated chemicals using a prolonged zebrafish early life stage test, January 
Chemosphere 82(5):764-72 DOI:10.1016/j.chemosphere.2010.10.076

155 Lutz Ahrens, Jelena Rakovic, Siri Axelson, Roland Kallenborn, Source tracking and impact of per- 
andpolyfluoroalkyl substances at Svalbard– FluorosImpact – Department of Aquatic Sciences and 
Assessment, Swedish University of Agricultural Sciences April 2016 https://www.sysselmannen.no/
globalassets/svalbards-miljovernfond-dokument/prosjekter/rapporter/2016/14-103-sluttrapport.
pdf

156 Toxic Industrial Chemical Recommended for Global Prohibition Contaminates Children’s Toys Pa-
mela Miller and Joseph DiGangi, Ph.D. April 2017; www.ipen.org

157 UNEP/POPS/POPRC.11/10/Add.2 Risk profile on short-chained chlorinated paraffins Nov. 2015
158 UNEP/POPS/POPRC.5/10/Add.2 Risk profile on endosulfan Oct. 2009
159 UNEP/POPS/POPRC.5/10/Add.2 Risk profile on endosulfan Oct. 2009



96

160 Neal T. Halstead, David J. Civitello, Jason R. Rohr (2015) Comparative toxicities of organophos-
phate and pyrethroid insecticides to aquatic macroarthropods, Chemosphere 135:265-271 DOI 
10.1016/j.chemosphere.2015.03.091

161 Ronald W. Patra, John C. Chapman, Richard P. Lim, And Peter C. Gehrke (2007) The Effects of 
Three Organic Chemicals on the Upper Thermal Tolerances of Four Freshwater Fishes, Environ-
mental Toxicology and Chemistry, Vol. 26, No. 7, pp. 1454–1459

162 Renato Russo., Jeremias Becker., Matthias Liess (2018) Sequential exposure to low levels of pesti-
cides and temperature stress increase toxicological sensitivity of crustaceans Science of The Total 
Environment 610-611:563-569 DOI 10.1016/j.scitotenv.2017.08.073

163 J.C. Anderson, C. Dubetz, V.P. Palace, (2015) Neonicotinoids in the Canadian aquatic environment: 
A literature review on current use products with a focus on fate, exposure, and biological effects, 
Science of The Total Environment, Vol. 505, doi.org/10.1016/j.scitotenv.2014.09.090.

164 John Struger, Josey Grabuski, Steve Cagampan, Ed Sverko, Daryl McGoldrick, Christopher H. 
Marvin (2017) Factors influencing the occurrence and distribution of neonicotinoid insecticides in 
surface waters of southern Ontario, Canada, Chemosphere, Vol. 169, doi.org/10.1016/j.chemo-
sphere.2016.11.036.

165 Annika Agatz, Roman Ashauer, Colin Brown, (2014) Imidacloprid perturbs feeding of Gammarus 
pulex at environmentally relevant concentrations Environmental Toxicology and Chemistry 33(3) 
DOI 10.1002/etc.2480

166 USEPA 2017 Preliminary Aquatic Risk Assessment to Support the Registration Review of Imida-
cloprid. Office of Chemical Safety and Pollution Prevention. Washington DC https://www.epa.gov/
pesticides/epa-releases-neonicotinoid-assessments-public-comment

167 Sharon E. Hook, Hai Doan, Debra Gonzago, Dean Musson, Jun Du, Rai Kookana, Melony J. Sellars, 
Anu Kumar (2018) The impacts of modern-use pesticides on shrimp aquaculture: An assessment 
for north eastern Australia, Ecotoxicology and Environmental Safety, Volume 148, doi.org/10.1016/j.
ecoenv.2017.11.028.

168 Kaimin Yu, Guochao Li, Weimin Feng, Lili Liu, Yanchun Yan (2015) Chlorpyrifos is estrogenic and 
alters embryonic hatching, cell proliferation and apoptosis in zebrafish, Chem Biol Interact. Sep 
5;239:26-33

169 Giddings J.M., Williams W.M., Solomon K.R., Giesy J.P. (2014) Risks to Aquatic Organisms from 
Use of Chlorpyrifos in the United States. In: Giesy J., Solomon K. (eds) Ecological Risk Assessment 
for Chlorpyrifos in Terrestrial and Aquatic Systems in the United States. Reviews of Environmental 
Contamination and Toxicology (Continuation of Residue Reviews), vol 231. Springer, Cham. doi.
org/10.1007/978-3-319-03865-0_5

170 http://dev.panap.net/sites/default/files/monograph-chlorpyrifos.pdf
171 Jessup DA, Johnson CK, Estes J, Carlson-Bremer D, Jarman WM, Reese S, Dodd E, Tinker MT, Zic-

cardi MH. (2010) Persistent organic pollutants in the blood of free-ranging sea otters (Enhydralu-
trisssp.) in Alaska and California.J Wildlife Dis 46(4):1214-33.

172 IARC Monographs Some organophosphate and insecticides and herbicides, Vol. 112 2017
173 Emerging Environmental Concern in Auckland’s Aquatic Sediments. ARC Technical Report 

2009/021. Prepared by NationalInstitute of Water and Atmosphere for Auckland Regional Council, 
Auckland

174 Stachowski-Haberkorn S, Becker B, Marie D, Haberkorn H,Coroller L, de la Broise D. (2008) Im-
pact of Roundup on the marine microbial community, as shown by an in situ microcosmexperiment. 
AquatToxicol 89(4):232-41.

175 Philip Mercurio, Florita Flores, Jochen F. Mueller, Steve Carter, Andrew P. Negri, (2014) Glyphosate 
persistence in seawater, Marine Pollution Bulletin, Vol. 85, Issue 2, Pages 385-390

176 Marlise Guerrero Schimpf, María M. Milesi, Paola I. Ingaramo, Enrique H. Luque, Jorgelina Va-
rayoud (2017) Neonatal exposure to a glyphosate based herbicide alters the development of the rat 
uterus, Toxicology.1;376:2-14. doi: 10.1016/j.tox.2016.06.004.

177 María M. Milesi, Virginia Lorenz, Guillermina Pacini, María R. Repetti, Luisina D. Demonte, 
Jorgelina Varayoud, Enrique H. Luque. (2018) Perinatal exposure to a glyphosate-based herbicide 
impairs female reproductive outcomes and induces second-generation adverse effects in Wistar 
rats Archives of Toxicology, 
https://link.springer.com/article/10.1007/s00204-018-2236-6

178 Stachowski-Haberkorn et al.,(2008).
179 Qiu H, Geng J, Ren H, Xia X, Wang X, Yu Y. (2013) Physiological and biochemical responses of 

Microcystis aeruginosa to glyphosate and its Roundup® formulation. J Hazard Mater 248-249:172- 
6.

180 Pérez GL, Torremorell A, Mugni H, Rodríguez P, Solange Vera M,do Nascimento M, Allende L, 
Bustingorry J, Escaray R, Ferraro M,Izaguirre I, Pizarro H, Bonetto C, Morris DP, Zagarese H. 
(2007) Effects of the herbicide Roundup on freshwater microbial communities:a mesocosm study. 
EcolAppl 17(8):2310-22.

http://www.ipen.org


  Ocean Pollutants Guide (October 2018) 97

181 J. R. Rice, P. Dunlap, S. Ramaiahgari, S. Ferguson, S. L. Smith-Roe, and M. DeVito., Effects Of 
Glyphosate And Its Formulations On Markers Of Oxidative Stress And Cell Viability In HepaRG 
And HaCaT Cell Lines. U.S. National Toxicology Program, 2018

182 Juliette King, Frances Alexander, John Brodie, (2013) Regulation of pesticides in Australia: The 
Great Barrier Reef as a case study for evaluating effectiveness, Agriculture, Ecosystems and Envi-
ronment 180 54-67

183 Stephen E. Lewis, Jon E. Brodie, Zoe T. Bainbridge, Ken W. Rohde, Aaron M. Davis, Bronwyn L. 
Masters, Mirjam Maughan, Michelle J. Devlin, Jochen F. Mueller, Britta Schaffelke, (2009) Herbi-
cides: A new threat to the Great Barrier Reef, Environmental Pollution 157 2470-2484

184 Lewis, S., Brodie, J., Andersen, J., Armour, J., Baillie, C., Davis, A., Eaglesham, G., Elledge, A.E., 
Fillols, E., Flores, F., Gallen, C., Kookana, R., McHugh, J., Masters, B., Mercurio, P., Mortimore, C., 
Mueller, J., Negri, A.P., O’Brien, D., Oliver, D., Packett, B., Paxman, C., Rojas-Ponce, S., Shaw, M., 
Silburn, D.M., Smith, R., Thornton, C.M., Turner, R., Warne, M. (2014). Pesticide Dynamics in the 
Great Barrier Reef Catchment and Lagoon: Management practices (sugar, grazing, bananas) and 
risk assessments: Overview report for project number RRRD037 and RRRD038. Report to the Reef 
Rescue Water Quality Research & Development Program. Reef and Rainforest Research Centre 
Limited, Cairns (22pp.). ISBN 978-1-925088-24 3.

185 Frederieke J Kroon, Sharon E Hook, Dean Jones, Suzanne Metcalfe, Brent Henderson, Rachael 
Smith, Michael St. J. Warne, Ryan D. Turner, Adam McKeown, David A. Westcott, (2015) Altered 
transcription levels of endocrine associated genes in two fisheries species collected from the Great 
Barrier Reef catchment and lagoon Marine Environmental Research 104C:51-61 DOI 10.1016/j.
marenvres.2015.01.00

186 Kefford, B.J., Wood, R.J., Mitrovic, S. and von der Ohe, P. (2014) Biomonitoring effects of pesticides 
in rivers draining on to the Great Barrier Reef. Final report for project number RRRD058: A novel 
biological method of monitoring herbicides. Report to the Reef Rescue Water Quality Research & 
Development Program. Reef and Rainforest Research Centre Limited, Cairns (109pp.).ISBN: 978-1-
925088-18-2

187 Moche W, Thanner G. Federal Environment Agency of Austria, Vienna, Austria. Levels of PBDE in 
effluents and sludge from sewage treatment plants in Austria. Brominated Diphenyl Ether (BDE) 
Residues in Canadian Human Fetal Liver and Placenta. Third International Workshop on Bromi-
nated Flame Retardants, University of Toronto, Ontario, Canada, June 6-9, 2004;

188 Hale RC, Alaee M, Manchester-Neesvig JB, Stapleton HM, Ikonomou MG (2003) Polybrominated 
diphenyl ether flame retardants in the North American environment. Environ Int 29:771-779

189 Higgins CP, Field JA, Criddle CS, & Luthy RG., (2005) Quantitative determination of perfluoro-
chemicals in sediments and domestic sludge. Environ Sci Technol. June 1;39 (11):3946-56

190 Stewart, M. Pharmaceutical Residues in the Auckland Estuarine Environment. (Prepared by NIWA 
for Auckland Council, 2013).

191 Watkinson, A. J., Murby, E. J., Kolpin, D. W. & Costanzo, S. D. (2009) The occurrence of antibiotics 
in an urban watershed: from wastewater to drinking water. Sci. Total Environ. 407, 2711–2723

192 Dr Kirstie Murdoch, Pharmaceutical Pollution in the Environment: Issues for Australia, New 
Zealand and Pacific Island countries, National Toxics Network 2015 http://www.ntn.org.au/wp/
wp-content/uploads/2015/05/NTN-Pharmaceutical-Pollution-in-the-Environment-2015-05.pdf

193 Hughes, S. R., Kay, P. & Brown, L. E. (2012) Global Synthesis and Critical Evaluation of Pharmaceu-
tical Data Sets Collected from River Systems. Environ. Sci. Technol. 47, 661–677

194 Emnet, P., Gaw, S., Northcott, G., Storey, B. & Graham, L. Personal care products and steroid 
hormones in the Antarctic coastal environment associated with two Antarctic research stations, 
McMurdo Station and Scott Base. Environ. Res. 136, 331–342 (2015)

195 Karen A. Kidd, Paul J. Blanchfield, Kenneth H. Mills, Vince P. Palace, Robert E. Evans, James M. 
Lazorchak, and Robert W. Flick (2007) Collapse of a fish population after exposure to a synthetic 
estrogen. Proc. Natl. Acad. Sci. U. S. A. 104, 8897–8901

196 Kidd, K. A., Patterson MK., Rennie MD., Findaly DL., Liber K. (2014) Direct and indirect responses 
of a freshwater food web to a potent synthetic oestrogen. Philos. Trans. R. Soc. Lond. B Biol. Sci. 
369.

197 https://www.theguardian.com/travel/2018/may/03/hawaii-becomes-first-us-state-to-ban-sun-
screens-harmful-to-coral-reefs

198 Roberto Danovaro, Lucia Bongiorni, Cinzia Corinaldesi, Donato Giovannelli, Elisabetta Dami-
ani, Paola Astolfi, Lucedio Greci, and Antonio Pusceddu (2008) Sunscreens Cause Coral Bleaching by 
Promoting Viral Infections Environ Health Perspect. 116(4): 441–447. doi: 10.1289/ehp.10966

199 Downs, C.A., Kramarsky-Winter, E., Segal, R. et al. (2016) Toxicopathological Effects of the Sun-
screen UV Filter, Oxybenzone (Benzophenone-3), on Coral Planulae and Cultured Primary Cells and 
Its Environmental Contamination in Hawaii and the U.S. Virgin Islands Arch Environ Contam Toxi-
col 70: 265. https://doi.org/10.1007/s00244-015-0227-7

200 http://www.waterencyclopedia.com/Oc-Po/Oil-Spills-Impact-on-the-Ocean.html



98

201 https://www.newscientist.com/article/mg17723831-400-ecowar-looms-in-the-pacifics-pristine-
waters/

202 Oil spills: A major marine ecosystem threat http://www.noaa.gov/explainers/oil-spills-major-ma-
rine-ecosystem-threat

203 Leila J. Hamdan, Jennifer L. Salerno, Allen Reed, Samantha B. Joye & Melanie Damour. (2018) The 
impact of the Deepwater Horizon blowout on historic shipwreck-associated sediment microbiomes 
in the northern Gulf of Mexico Scientific Reports Volume 8, Article number: 9057

204 Fiona M. Mitchell And Douglas A. Holdway. (2000) The Acute and Chronic Toxicity of the Disper-
sants Corexit 9527 and 9500, Water Accommodated Fraction (WAF) of Crude Oil, And Dispersant 
Enhanced Waf (DEWAF) To Hydra Viridissima (Green Hydra) Wat. Res. Vol. 34, No. 1, pp. 343-348

205 Yanling Chen, David H. Reese. (2016) Corexit-EC9527A Disrupts Retinol Signaling and Neuronal 
Differentiation in P19 Embryonal Pluripotent Cells PLoS One. 2016; 11(9): e0163724. doi: 10.1371/
journal.pone.0163724

206 Patrick Schwing, Bryan J O ‘malley, David J Hollander (2018) Resilience of benthic foraminifera in 
the Northern Gulf of Mexico following the Deepwater Horizon event (2011–2015) Ecological Indica-
tors 84:753-764 DOI:10.1016/j.ecolind.2017.09.044

207 Steven A. Murawski, William T. Hogarth, Ernst B. Peebles, Luiz Barbeiri (2014) Prevalence of Ex-
ternal Skin Lesions and Polycyclic Aromatic Hydrocarbon Concentrations in Gulf of Mexico Fishes, 
Post-Deepwater Horizon, Transactions of the American Fisheries Society, 143:4, 1084-1097, DOI:10.
1080/00028487.2014.911205

208 Sundt RC, Pampanin DM, Grung M, Baršienė, Ruus A (2011) PAH body burden and biomarker re-
sponses in mussel (Mytilus edulis) exposed to produced water from North Sea oil field: Labora-
tory and field assessments.  Mar. Poll. Bull. 62:1498-1505

209  olycyclic Aromatic Hydrocarbons (PAHs) Environment and Natural Resources (ENR) Government 
of the Northwest Territories, Canada http://www.enr.gov.nt.ca/sites/enr/files/pahs.pdf

210 Kelly, E. N., Short,J. W.,Schindler,D. W., Hodson, P. V., Ma,M., Kwan,A. K., and B. L. Fortin. (2009). 
Oil sands development contributes polycyclic aromatic compounds to the Athabasca River and its 
tributaries. Proc. Natl Acad. Sci. USA.106 (52):22346–22351 www.pnas.org_cgi_doi_10.1073_
pnas.0912050106

211 www.enr.gov.nt.ca/files/polycyclic-aromatic-hydrocarbons-pahs-fact-sheet
212 Thamaraiselvan Rengarajan, Peramaiyan Rajendran, Natarajan Nandakumar, Boopathy Lokeshku-

mar, Palaniswami Rajendran, Ikuo Nishigaki. (2015) Exposure to polycyclic aromatic hydrocarbons 
with special focus on cancer Asian Pacific Journal of Tropical Biomedicine Vol. 5, Issue 3, 182-189 
https://doi.org/10.1016/S2221-1691(15)30003-4

213 Brown DR, Bailey JM, Oliveri AN, Levin ED, and Di Giulio RT (2016) Developmental exposure to a 
complex PAH mixture causes persistent behavioral effects in naive Fundulus heteroclitus (killifish) 
but not in a population of PAH-adapted killifish Neurotoxicol Teratol. 53: 55–63. doi: 10.1016/j.
ntt.2015.10.007

214 Gregory et al., (2017) Reptilian Exposure To Polycyclic Aromatic Hydrocarbons And Associated Ef-
fects Environmental Toxicology and Chemistry, Vol. 36, No. 1, pp. 25–35, 2017

215 Kang X, Gale Hagood, Christina Childers, Jack Atkins, Beth Rogers, Lee Ware, Kevin Armbrust, Joe 
Jewell, Dale Diaz, Nick Gatian, and Henry Folmer. (2012) Polycyclic Aromatic Hydrocarbons (PAHs) 
in Mississippi Seafood from Areas Affected by the Deepwater Horizon Oil Spill. Environ. Sci. Tech-
nol., 46 (10), pp 5310–5318

216 G. J. Partridge, R. J. Michael (2010) Direct and indirect effects of simulated calcareous dredge mate-
rial on eggs and larvae of pink snapper Pagrus auratus. Journal of Fish Biology Vol. 77: 1 227-240

217 M. M. Dennis, B. K. Diggles, R. Faulder, L. Olyott, S. B. Pyecroft, G. E. Gilbert, M. Landos (2016) 
Pathology of finfish and mud crabs Scylla serrata during a mortality event associated with a harbour 
development project in Port Curtis, Australia, Dis Aquat Org 121: 173–188

218 Environment Australia, National Ocean Disposal Guidelines for Dredged Material May 2002, Com-
monwealth of Australia 2002

219 Peter A. Todd, Xueyuan Ong, Loke Ming Chou (2010) Impacts of pollution on marine life in South-
east Asia. Biodivers Conservation Vol. 19, Issue 4, pp 1063–1082 DOI 10.1007/s10531-010-9778-0

220 Dennis et al., (2016)
221 Dennis et al., (2016)
222 Flint M., Eden PA, Limpus CJ, Owen H, Gaus C, Mills PC. (2015) Clinical and Pathological Findings 

in Green Turtles (Chelonia mydas) from Gladstone, Queensland: Investigations of a Stranding 
Epidemic. Ecohealth. 12(2):298-309. doi: 10.1007/s10393-014-0972-5.

223 Bernhard Dold (2014) Submarine Tailings Disposal (STD) - A Review. Minerals 4, 642-666; 
doi:10.3390/min4030642

224 Wenbin Ma, Dingena Schott, Gabriël Lodewijks. (2017) A New Procedure for Deep Sea Mining 
Tailings Disposal Minerals, 7, 47; doi:10.3390/min7040047 www.mdpi.com/journal/minerals

http://www.ipen.org


  Ocean Pollutants Guide (October 2018) 99

225 Elisabetta B. Morello, Michael D.E. Haywood, David T. Brewer, Simon C. Apte, Gert Asmund, Y.T. 
John Kwong & Darren Dennis (2016) The Ecological Impacts of Submarine Tailings Placement. 
Oceanography and Marine Biology: An Annual Review, 54, 315-366

226 Wenbin et al.,(2017)
227 Morello et al., (2016)
228 Wenbin et al.,(2017)
229 David J. Hughes, Tracy M. Shimmield, Kenneth D. Black & John A. Howe. Ecological impacts of 

large-scale disposal of mining waste in the deep sea Scientific Reports Volume 5, Article number: 
9985 (2015)

230 Wenbin et al.,(2017)
231 Infauna refers to benthic animals that live in the substrate of a body of water, especially in a soft sea 

bottom. Infauna usually construct tubes or burrows and are commonly found in deeper and subtidal 
waters. Clams, tubeworms, and burrowing crabs are infaunal animals.

232 David J. Hughes, Tracy M. Shimmield, Kenneth D. Black, John A. Howe. (2015) Ecological impacts 
of large-scale disposal of mining waste in the deep sea Scientific Reports Volume 5, Article number: 
9985

233 R.E. Boschen, A.A. Rowden, M.R. Clark, J.P.A. Gardner (2013) Mining of deep-sea sea floor mas-
sive sulfides: A review of the deposits, their benthic communities, impacts from mining, regula-
tory frameworks and management strategies Ocean & Coastal Management. Vol. 84, 54-67

234 Boschen et al., (2013)
235 A monomer is a molecule that forms the basic unit for polymers. Monomers bind to other mono-

mers to form a repeating chain molecule via a process called polymerization.
236 Microplastics in marine environments: Occurrence, distribution and effects, Report SNO. 6754-

2014 Norwegian Institute for Water Research http://www.miljodirektoratet.no/Documents/pub-
likasjoner/M319/M319.pdf

237 Avio, C.G., et al., (2016) Plastics and microplastics in the oceans: From emerging pollut-
ants to emerged threat, Marine Environmental Research, http://dx.doi.org/10.1016/j.maren-
vres.2016.05.012

238 Gore et al. (2014)
239 Mato, Isobe, Takada, Kahnehiro, Ohtake, and Kaminuma. (2001) Plastic Resin Pellets as a Trans-

port Medium for Toxic Chemicals in the Marine Environment Environ. Sci. Technol. 35, 318-32
240 Fossi et al., (2012) Are baleen whales exposed to the threat of microplastics? A case study of the 

Mediterranean fin whale (Balaenopteraphysalus), Marine Pollution Bulletin Vol. 64, Issue 11, 
2374–2379

241 Gore et al., (2014)
242 American Chemical Society. “Hard plastics decompose in oceans, releasing endocrine disruptor 

BPA.” Science Daily. Science Daily, 24 March 2010. 
<www.sciencedaily.com/releases/2010/03/100323184607.htm>.

243 Mato et al., (2001)
244 Angelo Massos, Andrew Turner, (2017) Cadmium, lead and bromine in beached microplastics, Envi-

ronmental Pollution 227:139-145
245 Yang et al, (2011) Most Plastic Products Release Estrogenic Chemicals: A Potential Health Problem 

That Can Be Solved Environ Health Perspect 119:989-996 https://ehp.niehs.nih.gov/1003220/
246 Oehlmann J, Schulte-Oehlmann U, Kloas W, Jagnytsch O, Lutz I, Kusk KO, Wollenberger L, Santos 

EM, Paull GC, Van Look KJW, Tyler CR (2009) A critical analysis of the biological impacts of plasti-
cizers on wildlife. Phil Trans R Soc B. https://doi.org/10.1098

247 Gallo et al. (2018)
248 Van der Ven LT, et al. (2008) Endocrine effects of tetrabromobisphenol-A (TBBPA) in Wistar rats as 

tested in a one-generation reproduction study and a subacute toxicity study. Toxicology. 12;245(1-
2):76-89. doi: 10.1016/j.tox.2007.12.009. Epub 2007 Dec 23.

249 Abdulla Bin-Dohaish el-J. (2012) The effects of 4-nonylphenol contamination on livers of 
Tilapia fish (Oreochromus spilurs) in Jeddah. Biol Res.;45(1):15-20. doi: 10.4067/S0716-
97602012000100002.

250 Gallo et al. (2018)
251 Toxicological Profile for Nonylphenol September 2009 Integrated Risk Assessment Branch Office of 

Environmental Health Hazard Assessment California Environmental Protection Agency 
www.opc.ca.gov/webmaster/ftp/project_pages/MarineDebris_OEHHA_ToxProfiles/Nonylphe-
nol%20Final.pdf

252 www.opc.ca.gov/webmaster/ftp/project_pages/MarineDebris_OEHHA_ToxProfiles/Nonylphe-
nol%20Final.pdf

253 California Coastal Commission / Miriam Gordon (2006) “Eliminating Land-based Discharges of 
Marine Debris in California: A Plan of Action from The Plastic Debris Project,” www.plasticdebris.
org Note, one year after implementation of the San Francisco ordinance that prohibits the use of 



100

EPS foodware, San Francisco’s litter audit showed a 36% decrease in EPS litter. EPS has a very low 
recycling rate (Califonia’s 0.8%)

254 Microplastics in fisheries and aquaculture, Status of knowledge on their occurrence and implica-
tions for aquatic organisms and food safety, FAO Fisheries and Aquaculture Technical Paper 615, Food 
and Agriculture Organization of the United Nations Rome, 2017

255 Kawamura, Y. Nishi, K. Sasaki, H. Yamada, T. (1998) Determination method of styrene dimers and 
trimers in instant noodles contained in polystyrene cups. The Agriculture, Forestry and Fisheries 
Research Information Technology Center FAO http://www.affrc.go.jp/en/

256 Gallo et al. (2018)
257 Hartmann, N.B., Rist, S., Bodin, J., Jensen, L.H., Schmidt, S.N., Mayer, P., Meibom, A., Baun, A., 

(2017) Microplastics as vectors for environmental contaminants: Exploring sorption, desorption, 
and transfer to biota. Integr. Environ. Assess. Manag. 13, 488–493. doi:10.1002/ieam.1904

258 Chelsea M. Rochman, Eunha Hoh, Tomofumi Kurobe & Swee J. Teh, (2013) Ingested plastic trans-
fers hazardous chemicals to fish and induces hepatic stress Scientific Reports 3, Article number: 
3263 
http://www.nature.com/articles/srep03263

259 H. Hirai et al. (2011) Organic micropollutants in marine plastics debris from the open ocean and 
remote and urban beaches, Marine Pollution Bulletin 62 1683–1692

260 Mato, et l., (2001)
261 Frias et al, Organic pollutants in microplastics from two beaches of the Portuguese coast, Marine 

Pollution Bulletin, Volume 60, Issue 11, November 2010, Pages 1988–1992
262 Mato, et al., (2001)
263 L.M. Rios et al. Persistent organic pollutants carried by synthetic polymers in the ocean environ-

ment, Marine Pollution Bulletin 54 (2007) 1230–1237
264 Massos et al.,( 2017)
265 Llorca et al., (2014)
266 Guzzonato et al., Evidence of bad recycling practices: BFRs in children’s toys and food-contact 

articles Environ. Sci.: Processes Impacts, 2017, Advance Article
267 Massos et al.,( 2017)
268 Ogata, Y., H. Takada, K. Mizukawa, H. Hirai, S. Iwasa, S. Endo, Y. Mako, M. Saha, K. Okuda, A. 

Nakashima, and others. (2009) International Pellet Watch: Global monitoring of persistent organic 
pollutants in coastal waters. Part 1. Initial phase data on PCBs, DDTs, and HCHs. Marine Pollution 
Bulletin 58:1,437–1,446, http://dx.doi.org/10.1016/j.marpolbul.2009.06.014.

269 Marvin Hesketta et al, (2012) Baseline Measurement of persistent organic pollutants (POPs) in 
plastic resin pellets from remote islands: Toward establishment of background concentrations for 
International Pellet Watch. Marine Pollution Bulletin Volume 64, Issue 2, February, Pages 445–448

270 DiGangi J, Strakova J, Bell L (2017) POPs recycling contaminates children’s toys with toxic flame 
retardants, IPEN http://ipen.org/documents/pops-recycling-contaminates-childrens-toys-toxic-
flame-retardants

271 Ionas AC, Dirtu AC, Anthonissen T, Neels H and Covaci A (2014) Downsides of the recycling pro-
cess: Harmful organic chemicals in children’s toys, Environment International 65: 54-62

272 Samsonek J., Puype F. (2013) Occurrence of brominated flame retardants in black thermo cups and 
selected kitchen utensils purchased on the European market, Food Additives & Contaminants: Part 
A, 30 (11), 1976-1986.

273 Toxic Industrial Chemical Recommended for Global Prohibition Contaminates Children’s Toys, Pa-
mela Miller and Joseph DiGangi, Ph.D. April 2017

274 Norman C Duke, Alicia M Bell, Dan K Pederson, Susan Maria Bengtson Nash (2005) Herbicides im-
plicated as the cause of severe mangrove dieback in the Mackay region, NE Australia: Consequences 
for marine plant habitats of the GBR World Heritage Area, Marine Pollution Bulletin 51(1-4):308-
24 DOI: 10.1016/j.marpolbul.2004.10.040

275 Melissa Mary Schultz, Stephen E Bartell, Heiko Schoenfuss (2012) Effects of Triclosan and Triclo-
carban, Two Ubiquitous Environmental Contaminants, on Anatomy, Physiology, and Behavior of the 
Fathead Minnow (Pimephales promelas), Archives of Environmental Contamination and Toxicology 
63(1):114-24 DOI:10.1007/s00244-011-9748-x

276 Judith McDowell Capuzzo, Michael N. Moore and John Widdows (1988) Effects of toxic chemicals 
in the marine environment: predictions of impacts from laboratory studies Aquatic Toxicology, II 
303-311

277 Toxication or toxification is the conversion of a chemical compound into a more toxic form in living 
organisms or in substrates such as soil or water.

278 Capuzzo et al., (1988)
279 Barni MFS, Ondarza PM, Gonzalez M, Da Cuña R, Meijide F, Grosman F, Sanzano P, Lo Nostro 

FL, Miglioranza KSB (2016) Persistent organic pollutants (POPs) in fish with different feeding habits 

http://www.ipen.org


  Ocean Pollutants Guide (October 2018) 101

inhabiting a shallow lake ecosystem. Sci Total Environ. 15;550:900-909. doi: 10.1016/j.scito-
tenv.2016.01.176.

280 Lyndal Johnson, Bernadita F. Anulacion, Mary R Arkoosh, Gina M Ylitalo (2013) Effects of Legacy 
Persistent Organic Pollutants (POPs) in Fish-Current and Future Challenges Fish Physiology 33:53-
140 DOI:10.1016/B978-0-12-398254-4.00002-9

281 Moscrop, A. & Simmonds, M.P. (1995): The Significance of Pollution for Marine Cetaceans, Scien-
tific Committee, International Whaling Commission Review SC/46/0 14.

282 Reijnders, P., Donovan, G.P. (April 1995): Report of the Workshop on Chemical Pollution and Ceta-
ceans’ Scientific Committee, International Whaling Commission.

283 An Subramanian, S Tanabe, R Tatsukawa, S Saito, N Miyazaki (1987) Reduction in the testosterone 
levels by PCBs and DDE in Dall’s porpoises of northwestern North Pacific Marine Pollution Bul-
letin Volume 18, Issue 12, 643-646 https://doi.org/10.1016/0025-326X(87)90397-3

284 Geir W. Gabrielsen, Even H. Jørgensen, Anita Evenset and Roland Kallenborn, Report from the 
AMAP Conference and Workshop Impacts of POPs and Mercury on Arctic Environments and 
Humans, Tromsø, 20-24 January 2003

285 Johnson et l., (2013)
286 Feist, S.W., and Lang, T. (2014). Liver tumours in flatfish. ICES Identification Leaflets for Diseases 

and Parasites of Fish and Shellfish Leaflet No. 61 5 p
287 P.K. Krishnakumar and P.K. Asokan Environmental impacts of marine pollution- effects, challenges 

and approaches. January 2017 In book: Mathrubhumi Year Book Plus 2017 Chapter: Environmental 
Pollution Editors: Mathrubhumi

288 Daniel Martineau, Karin Lemberger, André Dallaire, Igor Mikaelian, (2002) Cancer in Wildlife, a 
Case Study: Beluga from the St. Lawrence Estuary, Québec, Canada Environmental Health Perspec-
tives 110(3):285-92 DOI 10.1289/ehp.02110285

289 Olsson, M., Karlsson, B., Ahnland, E. (1994) Disease and environmental contaminants in seals from 
the Baltic and the Swedish west coast. Sci. Total Environ 154 217-227.

290 Cynthia De Wit, Aaron T. Fisk, Derek C.G. Muir. (2005) Effects of Persistent Organic Pollutants 
(POPs) in Arctic Wildlife. Organohalogen Compounds - Volume 67 (200

291 De Wit et al., (2005)
292 De Wit et al., (2005)
293 Jason P. van de Merwe, Mary Hodge, Henry A. Olszowy, Joan M. Whittier, Kamarruddin Ibra-

him, Shing Y. Lee (2009) Chemical Contamination of Green Turtle (Chelonia mydas) Eggs in 
Peninsular Malaysia: Implications for Conservation and Public Health Environ Health Per-
spect. Sep; 117(9):1397-1401. 
doi: 10.1289/ehp.0900813

294 Rusty D. Day, L. Segars, Michael D. Arendt, A. Michelle Lee, Margie M. Peden-Adams (2007) Rela-
tionship of Blood Mercury Levels to Health Parameters in the Loggerhead Sea Turtle (Caretta caret-
ta) Environ Health Perspect. 115(10): 1421–1428. doi: 10.1289/ehp.9918

295 Jennifer M. Keller, Patricia D. McClellan-Green, John R. Kucklick, Deborah E. Keil, Margie M. 
Peden-Adams (2006) Effects of Organochlorine Contaminants on Loggerhead Sea Turtle Immu-
nity: Comparison of a Correlative Field Study and In Vitro Exposure Experiments Environ Health 
Perspect. 114(1): 70-76 doi: 10.1289/ehp.8143

296 van de Merwe et al., (2009)
297 Munday, B.L., Stewart, N.J., & Sodergren, A., (1998). Occurrence of polychlorinated biphenyls and 

organochlorine pesticides in platypuses (Ornithorhynchus anatinus) in Tasmania. Aust Vet J., Vol 
76, No 2

298 Gregory D. Bossart, (2006) Marine Mammals as Sentinel Species for Oceans and Human 
Health Oceanography Vol. 19, No. 2,

299 Ylitalo, G.M., J.E. Stein, T. Hom, L.L. Johnson, K.L. Tilbury, A.J. Hall, T. Rowles, D. Greig, L.J. 
Lowenstine, F.M.D. Gulland. (2005). The role of organochlorines in cancer-associated mortality in 
California sea lions (Zalophus californianus). Marine Pollution Bulletin 50:30–39.

300 Gregory D. Bossart, Emerging Diseases in Marine Mammals from Dolphins to Manatees. (2007) 
Microbe Vol. 2:11 pp 544-549

301 Gregory D. Bossart, Marine Mammals as Sentinel Species for Oceans and Human Health (2006) 
Oceanography Vol. 19, No. 2

302 A. Bakir et al. (2014) Transport of persistent organic pollutants by microplastics in estuarine condi-
tions, Estuarine, Coastal and Shelf Science 140

303 Nelms SE, Galloway TS, Godley BJ, Jarvis DS, Lindeque PK. (2018) Investigating microplastic tro-
phic transfer in marine top predators. Environ Pollut. 238:999-1007

304 Trophic refers to the position an organism occupies in a food chain, e.g., plants, herbivores, carni-
vores that eat herbivores, carnivores that eat other carnivores, apex predator. Trophic transfer refers 
in this case to the movement of contaminants through the food chain.



102

305 Amy Lusher, Jeremy Mendoza-Hill Microplastics in fisheries and aquaculture, Status of knowledge 
on their occurrence and implications for aquatic organisms and food safety., FAO Fisheries and 
Aquaculture Technical Paper 615 Food and Agriculture Organization of The United Nations Rome, 
2017

306 Yooeun Chae, Dokyung Kim, Shin Woong Kim, Youn-Joo An, (2018) Trophic transfer and individual 
impact of nano-sized polystyrene in a four-species freshwater food chain Scientific Reports Vol. 8, 
Article 284 doi:10.1038/s41598-017-18849-y

307 Ellen Besseling, Bo Wang, Miquel Lurling, Albert Koelmans (2014) Nanoplastic Affects Growth of 
S. obliquus and Reproduction of D. magna Environmental Science and Technology 48(20):12336-
12343 DOI 10.1021/es503001d

308 Luisa Amo, Miguel Ángel Rodríguez-Gironés, Andrés Barbosa, (2013) Olfactory detection of 
dimethyl sulphide in a krill-eating Antarctic penguin MEPS 474:277-285 DOI: https://doi.
org/10.3354/meps10081

309 Matthew S. Savoca, Martha E. Wohlfeil, Susan E. Ebeler, Gabrielle A. Nevitt, (2016) Marine plastic 
debris emits a keystone infochemical for olfactory foraging seabirds. Science Advances; Vol. 2, 
no. 11, e1600395 
DOI: 10.1126/sciadv.1600395

310 Ecotoxicity, the subject of study of the field of ecotoxicology (a portmanteau of ecology and toxicol-
ogy), refers to the potential for biological, chemical or physical stressors to affect ecosystems.

311 Rochman CM, Browne MA, Underwood AJ, van Franeker JA, Thompson RC, Amaral-Zettler 
LA. (2016) The ecological impacts of marine debris: unraveling the demonstrated evidence 
from what is perceived Ecology. 2016 Feb;97(2):302-12.

312 Amy Lusher and Jeremy Mendoza-Hill, Microplastics in fisheries and aquaculture Status of knowl-
edge on their occurrence and implications for aquatic organisms and food safety FAO Fisheries and 
Aquaculture Technical Paper 615 Food and Agriculture Organization of the United Nations Rome, 
2017

313 Avio, C.G., Gorbi, S., Milan, M., Benedetti, M., Fattorini, D., d’Errico, G., Pauletto, M., Bargelloni, 
L. & Regoli, F. 2015a. Pollutants bioavailability and toxicological risk from microplastics to marine 
mussels. Environ. Pollut., 198: 211-222.

314 Rist SE, Assidqi K., Zamani NP, Appel D , Perschke M , Huhn M , Lenz M .Suspended micro-sized 
PVC particles impair the performance and decrease survival in the Asian green mussel Perna viridis. 
Mar Pollut Bull. 2016 Oct 15;111(1-2):213-220. doi: 10.1016/j.marpolbul.2016.07.006.

315 Amy Lusher and Jeremy Mendoza-Hill Microplastics in fisheries and aquaculture Status of knowl-
edge on their occurrence and implications for aquatic organisms and food safety FAO Fisheries and 
Aquaculture Technical Paper 615 Food and Agriculture Organization of the United Nations Rome, 
2017

316 Devriese LI, van der Meulen MD, Maes T, Bekaert K, Paul-Pont I, Frère L, Robbens J, Vethaak AD., 
(2015) Microplastic contamination in brown shrimp (Crangon crangon, Linnaeus 1758) from coastal 
waters of the Southern North Sea and Channel area. Mar Pollut Bull. 15;98(1-2):179-87. doi: 
10.1016/j.marpolbul.2015.06.051.

317 Sajjad Abbasi, Naghmeh Soltani, Behnam Keshavarzi, Farid Moore, Andrew Turner, Mina Has-
sanaghaei (2018) Microplastics in different tissues of fish and prawn from the Musa Estuary, 
Persian Gulf Chemosphere Vol. 205, pp80-87 https://doi.org/10.1016/j.chemosphere.2018.04.076

318 Mingxin Wang, Xiao Wang, Xianxiang Luo, Hao Zheng, (2017) Short-term toxicity of polystryrene 
microplastics on mysid shrimps Neomysis japonica IOP Conf. Ser.: Earth Environ. Sci.61 012136

319 Chang-Bum Jeong, Hye-Min Kang, Min-Chul Lee, Duck-Hyun Kim, Jeonghoon Han, Dae-Sik 
Hwang, Sami Souissi, Su-Jae Lee, Kyung-Hoon Shin, Heum Gi Park& Jae-Seong Lee, (2017) Ad-
verse effects of microplastics and oxidative stress-induced MAPK/Nrf2 pathway-mediated defense 
mechanisms in the marine copepod (Paracyclopina nana) Scientific Reports volume 7, Article num-
ber: 41323 doi:10.1038/srep41323

320 Bråte, I. L. N., Huwer, B., Thomas, K. V., Eidsvoll, D. P., Halsband, C., Almroth, B. C., & Lusher, A. 
(2017). Micro-and macro-plastics in marine species from Nordic waters. Nordic Council of Minis-
ters. (TemaNord; No. 2017:549). DOI: 10.6027/TN2017-549

321 Lusher, AL., McHugh M, Thompson RC, (2013) Occurrence of microplastics in the gastrointestinal 
tract of pelagic and demersal fish from the English Channel, Marine Pollution Bulletin, Vol. 67, Is-
sues 1-2, 2013

322 Sajjad Abbasi, Naghmeh Soltani, Behnam Keshavarzi, Farid Moore, Andrew Turner, Mina Has-
sanaghaei, (2018) Microplastics in different tissues of fish and prawn from the Musa Estuary, 
Persian Gulf Chemosphere Vol. 205, pp 80-87 https://doi.org/10.1016/j.chemosphere.2018.04.076

323 Lu, Y., Zhang, Y., Deng, Y., Jiang, W., Zhao, Y., Geng, J., Ding, L. & Ren, H. (2016) Uptake and Accu-
mulation of Polystyrene Microplastics in Zebrafish (Danio rerio) and Toxic Effects in Liver. Environ. 
Sci. Technol., 50(7): 4054-4060.

324 Avio et al., (2016)

http://www.ipen.org


  Ocean Pollutants Guide (October 2018) 103

325 Yooeun Chae et al., (2018)
326 Amy Lusher and Jeremy Mendoza-Hill Microplastics in fisheries and aquaculture Status of knowl-

edge on their occurrence and implications for aquatic organisms and food safety FAO Fisheries and 
Aquaculture Technical Paper 615 Food and Agriculture Organization of the United Nations Rome, 
2017

327 Lavers, J., Bond A., Hutton I. (2014). Plastic ingestion by Flesh-footed Shearwaters (Puffinus 
carneipes): Implications for fledgling body condition and the accumulation of plastic- derived 
chemicals. Environmental Pollution (187), pp. 124-129.

328 van Franeker JA1, Blaize C, Danielsen J, Fairclough K, Gollan J, Guse N, Hansen PL, Heubeck 
M, Jensen JK, Le Guillou G, Olsen B, Olsen KO, Pedersen J, Stienen EW, Turner DM. (2011) Monitor-
ing plastic ingestion by the northern fulmar Fulmarus glacialis in the North Sea. Environ Pol-
lut. 159(10):2609-15. doi: 10.1016/j.envpol.2011.06.008. Epub 2011 Jul 6

329 Lusher AL, Hernandez-Milian G, Berrow S, Rogan E, O’Connor I.(2017) Incidence of marine debris 
in cetaceans stranded and bycaught in Ireland: Recent findings and a review of historical knowl-
edge Environmental Pollution 232:467-476. doi: 10.1016/j.envpol.2017.09.070

330 Lazar B, Gračan R., (2011) Ingestion of marine debris by loggerhead sea turtles, Caretta caretta, in 
the Adriatic Sea. Mar Pollut Bull. 62(1):43-7. doi: 10.1016/j.marpolbul.2010.09.013.

331 Teuten EL, Saquing JM, Knappe DR, Barlaz MA, Jonsson S, Björn A, Rowland SJ, Thomp-
son RC, Galloway TS, Yamashita R, Ochi D, Watanuki Y, Moore C, Viet PH, Tana TS, Prudente 
M, Boonyatumanond R, Zakaria MP, Akkhavong K, Ogata Y, Hirai H, Iwasa S, Mizukawa K, Hagino 
Y, Imamura A, Saha M, Takada H. (2009) Transport and release of chemicals from plastics to the en-
vironment and to wildlife. Philos Trans R Soc Lond B Biol Sci. 27;364(1526):2027-45. doi: 10.1098/
rstb.2008.0284.

332 Rochman et al., (2013) 
http://www.nature.com/articles/srep03263

333 Lavers, J., Bond A., Hutton I. (2014). Plastic ingestion by Flesh-footed Shearwaters (Puffinus 
carneipes): Implications for fledgling body condition and the accumulation of plastic- derived 
chemicals. Environmental Pollution (187), pp. 124-129.

334 Lavers et al., (2014)
335 Carlo Giacomo Avio, Stefania Gorbi, Massimo Milan, Maura Benedetti, Daniele Fattorini, Giuseppe 

d’Errico, Marianna Pauletto, Luca Bargelloni, Francesco Regoli, (2015) Pollutants bioavailability and 
toxicological risk from microplastics to marine mussels Environmental Pollution 198 211-222

336 Teuten et al., (2009)
337 Rochman CM, Lewison RL, Eriksen M, Allen H, Cook AM, Teh SJ. (2014) Polybrominated diphenyl 

ethers (PBDEs) in fish tissue may be an indicator of plastic contamination in marine habitats. Sci 
Total Environ. 1;476-477:622-33. doi: 10.1016/j.scitotenv.2014.01.058.

338 Fossi et al., (2012)
339 Katharine E Clukey, Christopher A. Lepczyk, George H. Balazs, & Jennifer M. Lynch (2017) Persis-

tent organic pollutants in fat of three species of Pacific pelagic longline caught sea turtles: Accumula-
tion in relation to ingested plastic marine debris Science of The Total Environment 610-611:402-411 
DOI 10.1016/j.scitotenv.2017.07.242

340 Clukey et al., (2017)
341 Amy Lusher and Jeremy Mendoza-Hill Microplastics in fisheries and aquaculture Status of knowl-

edge on their occurrence and implications for aquatic organisms and food safety FAO Fisheries and 
Aquaculture Technical Paper 615 Food and Agriculture Organization of the United Nations Rome, 
2017

342 Velzeboer I, Kwadijk C, Koelmans AA (2014) Strong sorption of PCBs to nanoplastics, microplastics, 
carbon nanotubes, and fullerenes. Environ Sci Technol 48:4869–4876

343 Velzeboer et al.,(2014)
344 J.B Ogunremi, O.I Oladele (2012) Adoption of Aquaculture Technology by Fish Farmers in Lagos 

State, Nigeria Life Science Journal 9(2) http://www.lifesciencesite.com
345 Sunderland, E. M., D. P. Krabbenhoft, J. W. Moreau, S. A. Strode, and W. M. Landing (2009), Mer-

cury sources, distribution, and bioavailability in the North Pacific Ocean: Insights from data and 
models, Global Biogeochem. Cycles, 23, GB2010, doi:10.1029/2008GB003425.

346 Global Mercury Hotspots. A Publication by the Biodiversity Research Institute and IPEN Updated: 
October 2014 Initial Release: January 9, 2013 http://www.ipen.org/sites/default/files/documents/
BRI-IPEN-report-update-102214%20for%20web_0.pdf

347 Global Mercury Hotspots. A Publication by the Biodiversity Research Institute and IPEN Updated: 
October 2014 Initial Release: January 9, 2013 http://www.ipen.org/sites/default/files/documents/
BRI-IPEN-report-update-102214%20for%20web_0.pdf

348 van de Merweet et al., (2009)



104

349 Schæbel LK, Bonefeld-Jørgensen EC, Vestergaard H, Andersen S. (2017) The influence of persistent 
organic pollutants in the traditional Inuit diet on markers of inflammation. PLoS One. 19;12(5) 
doi: 10.1371/journal.pone.0177781.

350 Kavita Singh, Hing ManChan (2018) Association of blood polychlorinated biphenyls and cholesterol 
levels among Canadian Inuit Environmental Research Volume 160 : 298-305 
https://doi.org/10.1016/j.envres.2017.10.010

351 Samuel Byrne, Samarys Seguinot-Medina, Pamela Miller, Vi Waghiyi , Frank A. von Hippel , C. Lo-
ren Buck , David O. Carpenter (2017) Exposure to polybrominated diphenyl ethers and perfluoroal-
kyl substances in a remote population of Alaska Natives Environmental Pollution 231: 387-395

352 Alexey A. Dudarev (2012) Dietary exposure to persistent organic pollutants and metals among Inuit 
and Chukchi in Russian Arctic Chukotka, Int J Circumpolar Health. 71: 10.3402/ijch.v71i0.18592.

353 Simonetta Corsolinia, Nicoletta Ademolloa, Teresa Romeo, Silvio Grecob Silvano Focardia (2015) 
Persistent organic pollutants in edible fish: a human and environmental health problem Micro-
chemical Journal 79, 1–2, 115-123 https://doi.org/10.1016/j.microc.2004.10.006

354 Espen Mariussen, Eirik Fjeld, Knut Breivik, Eiliv Steinnes, Anders Borgen, Gösta Kjellberg, Martin 
Schlabach (2008) Elevated levels of polybrominated diphenyl ethers (PBDEs) in fish from Lake 
Mjøsa, Norway. Science of The Total Environment 390 132–141

355 Guo J1, Wu F, Shen R, Zeng EY. (2010) Dietary intake and potential health risk of DDTs and PBDEs 
via seafood consumption in South China. Ecotoxicol Environ Saf. Oct;73(7):1812-9. doi: 10.1016/j.
ecoenv.2010.08.009.

356 DL Kamen, MM Peden-Adams, JE Vena, GS Gilkeson, TC Hulsey, L Moultrie and BE Ste-
vens (2012) Seafood consumption and persistent organic pollutants as triggers of autoimmunity 
among Gullah African Americans Arthritis Research & Therapy 14 (Suppl 3) :A19 https://doi.
org/10.1186/ar3953

357  http://www.health.nsw.gov.au/environment/factsheets/Pages/dioxins.aspx
358 Dietary advice for fish from Currambene Creek, 07 May 2018 

https://www.epa.nsw.gov.au/news/media-releases/2018/epamedia180507-dietary-advice-for-fish-
from-currambene-creek

359 Peter D. Sly, David O. Carpenter, Martin Van den Berg, Renato T. Stein, Philip J. Landrigan, Marie-
Noel Brune-Drisse, William Suk. (2016) Health Consequences of Environmental Exposures; Causal 
Thinking in Global Environmental Epidemiology Annals of Global Health, Vol.82 : 1,

360 Wilfried Sanchez, Coline Bender, Jean-Marc Porcher (2014) Wild gudgeons (Gobio gobio) from 
French rivers are contaminated by microplastics: Preliminary study and first evidence, Environmen-
tal Research, Volume 128, DOI: 10.1016/j.envres.2013.11.004

361 Diogo Neves, Paula Sobral, Joana Lia Ferreira, Tania Pereira, (2015) Ingestion of microplastics by 
commercial fish off the Portuguese coast, Marine Pollution Bulletin, Vol. 101, Issue 1, 2015

362 Van Cauwenberghe L, Janssen C, (2014) Microplastics in bivalves cultured for human consumption. 
Environmental Pollution, 193, 65-70. DOI: 10.1016/j.envpol.2014.06.010

363 Chelsea M. Rochman, Akbar Tahir, Susan L. Williams, Dolores V. Baxa, Rosalyn Lam, Jeffrey T. 
Miller, Foo-Ching Teh, Shinta Werorilangi & Swee J. The. (2015) Anthropogenic debris in seafood: 
Plastic debris and fibers from textiles in fish and bivalves sold for human consumption Scientific 
Reports 5:14340 DOI: 10.1038/srep14340

364 https://www.government.se/press-releases/2018/02/more-steps-to-reduce-plastics-and-microplas-
tics-in-the-oceans/

365 Jabeen, K., Su, L., Li, J., Yang, D., Tong, C., Mu, J. & Shi, H. 2016. Microplastics and mesoplastics in 
fish from coastal and fresh waters of China. Environ. Pollut., 221: 141-149.

366 Amy Lusher and Jeremy Mendoza-Hill Microplastics in fisheries and aquaculture Status of knowl-
edge on their occurrence and implications for aquatic organisms and food safety FAO Fisheries and 
Aquaculture Technical Paper 615 Food And Agriculture Organization of the United Nations Rome, 
2017

367 Messika Revel, Amélie Châtel and Catherine Mouneyrac, Micro(nano)plastics: A threat to hu-
man health? Current Opinion in Environmental Science & Health 2018, 1:17–23 https://doi.
org/10.1016/j.coesh.2017.10.003

368 Rochman et al., (2015)
369 Messika Revel, Amélie Châtel, Catherine Mouneyrac (2018) Micro(nano)plastics: A threat to human 

health? Current Opinion in Environmental Science & Health 1:17–23 
https://doi.org/10.1016/j.coesh.2017.10.003

370 Messika Revel et al., (2018)
371 Sinja Rist, Bethanie Carney Almroth, Nanna B Hartmann, Therese Karlsson (2018) A critical per-

spective on early communications concerning human health aspects of microplastics Science of The 
Total Environment 626:720-726 DOI 10.1016/j.scitotenv.2018.01.092

372 Rist et al., (2018)
373 http://www.bbc.com/news/science-environment-43389031

http://www.ipen.org


  Ocean Pollutants Guide (October 2018) 105

374 ‘Invisibles: The plastic inside us’ https://orbmedia.org/stories/Invisibles_plastics/multimedia
375 Synthetic polymer contamination in bottled water, Sherri A. Mason, Victoria Welch, Joseph Ner-

atko, State University of New York at Fredonia, Department of Geology & Environmental Sciences, 
2018

376 Ali Karami, Abolfazl Golieskardi, Cheng Keong Choo, Vincent Larat, Tamara S.Galloway & Babak 
Salamatinia (2017) The presence of microplastics in commercial salts from different countries, 
Scientific Reports 7, Article number: 46173

377 UNEP (2016). Marine plastic debris and microplastics – Global lessons and research to inspire 
action and guide policy change. United Nations Environment Programme, Nairobi. http://wedocs.
unep.org/handle/20.500.11822/7720

378 The Center for International Environmental Law (2017) Fossils, Plastics, & Petrochemical Feed-
stocks, Washington, DC http://www.ciel.org/wp-content/uploads/2017/09/Fueling-Plastics-Fossils-
Plastics-Petrochemical-Feedstocks.pdf

379 https://www.unenvironment.org/explore-topics/oceans-seas/what-we-do/addressing-land-based-
pollution/why-does-addressing-land

380 www.unep.org/gpa/what-we-do/global-partnership-marine-litter
381 https://sustainabledevelopment.un.org/rio20.html
382 United Nations (2015) Transforming our world: The 2030 Agenda for Sustainable Development, 

UN General Assembly, A/RES/70/1 http://www.un.org/ga/search/view_doc.asp?symbol=A/
RES/70/1&Lang=E

383 Indicators and a Monitoring Framework for the Sustainable Development Goals, Launching a data 
revolution for the SDGs. A report to the Secretary-General of the United Nations by the Leadership 
Council of the Sustainable Development Solutions Network, June 12, 2015 https://sustainabledevel-
opment.un.org/content/documents/2013150612-FINAL-SDSN-Indicator-Report1.pdf

384 https://www.unenvironment.org/explore-topics/oceans-seas/what-we-do/working-regional-seas/
regional-seas-programmes

385 http://cleanseas.org/about
386 https://oceanconference.un.org/coa/MarinePollution
387 https://www.env.go.jp/water/marine_litter/07_mat13_2_%EF%BC%93-2ALD.pdf
388  http://www.g20.utoronto.ca/2017/2017-g20-marine-litter.html
389 Pritzker Environmental Law and Policy BRIEF NO. 5 | October 2013 Stemming the Tide of Plastic 

Marine Litter: A Global Action Agenda by Mark Gold, Katie Mika, Cara Horowitz, Megan Herzog, 
& Lara Leitner. (www.law.ucla.edu/emmett Pritzker Brief No. 5 | October 2013)

390 International Convention for the Prevention of Pollution from Ships, 1973, Nov. 2, 1973, 12 I.L.M. 
1319, as amended by Protocol, Feb. 17, 1978, 17 I.L.M. 546.

391 Protocol of 1978 Relating to the International Convention for the Prevention of Pollution from 
Ships, 1973, Feb. 17, 1978, 94 Stat. 2297, 1340 U.N.T.S. 22484, as amended by Amendments to the 
Annex of the Protocol of 1978 Relating to the International Convention for the Prevention of Pollu-
tion from Ships, 1973, July 15, 2011 (entered into force Jan. 1, 2013) [hereinafter, MARPOL Annex 
V].

392 U.N. Convention on the Law of the Sea, Dec. 10, 1982, 1833 U.N.T.S. 3, 21 I.L.M. 1261.
393 Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter, Dec. 

29, 1972, 26 U.S.T. 2403, 1046 U.N.T.S. 120, 11 I.L.M. 1291.
394 Convention for the Protection of the Mediterranean Sea Against Pollution, Feb. 16, 1976, 15 I.L.M. 

285, revised as Convention for the Protection of the Marine Environment and the Coastal Region of 
the Mediterranean, June 10, 1995, 1102 U.N.T.S. 27 (entered into force July 9, 2004).

395 Convention for the Protection and Development of the Marine Environment in the Wider Carib-
bean Region, Mar. 24, 1983, 1506 U.N.T.S. 157, 22 I.L.M. 221.

396 Directive 2008/56/EC, of the European Parliament and of the Council Establishing a Framework 
for Community Action in the Field of Marine Environmental Policy (Marine Strategy Framework 
Directive), 2008 O.J. (L 164).

397 Convention for the Protection of the Marine Environment of the North East Atlantic, Sept. 22, 1993, 
2354 U.N.T.S. 67, 32 I.L.M. 1069.

398 Convention on the Protection of the Marine Environment of the Baltic Sea Area, 1992, Apr. 9, 1992, 
1507 U.N.T.S. 167, 13 I.L.M. 546 (entered into force Jan. 17, 2000).

399 Pritzker Environmental Law and Policy BRIEF NO. 5 | October 2013 Stemming the Tide of Plastic 
Marine Litter: A Global Action Agenda by Mark Gold, Katie Mika, Cara Horowitz, Megan Herzog, 
& Lara Leitner. (www.law.ucla.edu/emmett Pritzker Brief No. 5 | October 2013)

400 http://www.saicm.org/
401 NGO Guide to SAICM (2014), A Framework for Action to Protect Human Health and the Environ-

ment from Toxic Chemicals by Jack Weinberg Senior Policy Advisor, International POPs Elimination 
Network https://ipen.org/documents/ngo-guide-saicm-2014

402 http://chm.pops.int/



106

403 POPRC-6/2: Work programmes on new persistent organic pollutants, Report of the Persistent 
Organic Pollutants Review Committee on the work of its sixth meeting, UNEP/POPS/POPRC.6/13

404 Rainer Lohmann (2017) Microplastics are not important for the cycling and bioaccumulation 
of organic pollutants in the oceans-but should microplastics be considered POPs themselves?: 
Should Microplastics Be Considered POP Integrated Environmental Assessment and Management 
13(3):460-465 DOI:10.1002/ieam.1914

405 Gallo et al. (2018)
406 Mcdonough, W. and Braungart, M. (2002), Cradle To Cradle: Remaking The Way We Make Things 

(San Francisco, CA: North Point Press)
407 http://www.basel.int/
408 www.basel.int/Portals/4/download.aspx?d=UNEP-CHW-WAST-GUID-PlasticWastes.English.pdf
409 www.basel.int/Implementation/MarinePlasticLitterandMicroplastics/Overview/tabid/6068/De-

fault.aspx
410 http://www.basel.int/Implementation/HouseholdWastePartnerships/Meetings/1stHWPMay2018/

tabid/6298/Default.aspx
411 Gallo et al. (2018)
412 Minamata Convention on Mercury http://mercuryconvention.org/Convention/tabid/3426/Default.

aspx
413 Guide to the New Mercury Treaty, IPEN Heavy Metals working Group, April 2013 https://ipen.org/

pdfs/ipen-booklet-hg-treaty-en.pdf
414 www.basel.int/Portals/4/download.aspx?d=UNEP-CHW-IMPL-MarinePlastic-HonoluluStrategy.

English.pdf
415 http://web.unep.org/environmentassembly/un-environment-assembly-and-governing-council
416 www.basel.int
417 Mercury monitoring in women of child-bearing age in Asia and the Pacific Region April 2017, Lee 

Bell IPEN Mercury Adviser www.mercuryconvention.org/Portals/11/documents/News/Mercu-
ry%20Monitoring%20Women%20Asia%20Pacific%20April%2011%20Short.pdf; Global Mercury 
Hotspots. A Publication by the Biodiversity Research Institute and IPEN Updated: October 2014 
Initial Release: January 9, 2013 http://www.ipen.org/sites/default/files/documents/BRI-IPEN-
report-update-102214%20for%20web_0.pdf

418 James Bradley, The end of the oceans, August 2018 https://www.themonthly.com.au/issue/2018/
august/1533045600/james-bradley/end-oceans

419 Jones et al., (2018) The Location and Protection Status of Earth’s Diminishing Marine Wilderness, 
Current Biology, https://doi.org/10.1016/j.cub.2018.06.010

http://www.ipen.org


  Ocean Pollutants Guide (October 2018) 107



www.ipen.org

ipen@ipen.org

@ToxicsFree

http://www.ipen.org
mailto:ipen%40ipen.org?subject=Message%20to%20IPEN
http://twitter.com/ToxicsFree

	Executive Summary
	Chapter 1
Introduction to Ocean Pollutants
	The Global Ocean
	Ocean Pollution
	Ocean Pollution Outlook
	Ocean Pollution Sources
	Ocean Gyres and “Garbage Patches”

	Microplastic Pollution
	Fracking and Plastics

	Climate Change and Ocean Pollutants

	Chapter 2
Identifying Ocean Pollutants
	Endocrine Disrupting Chemicals
	Tributyl Tin and Imposex
	Mercury – An Ubiquitous Marine Pollutant
	High Mercury Levels in Asia Pacific Communities

	Global Toxic Pollutants: Persistent Organic Pollutants
	Contamination of the Arctic Food Web

	POPs in the Marine Environment
	Current Use Pesticides as Marine Pollutants
	Pesticides and the Great Barrier Reef
	Waste Water and Pharmaceutical Pollution
	Sunscreen Chemicals and Coral Reefs

	Oil Pollution
	Polycyclic Aromatic Hydrocarbons (PAHs)
	Dredging and Ocean Pollutants
	Mining Wastes and Ocean Mining
	Marine Plastics Contaminants
	Plastic Types and Additives
	Endocrine Disrupting Chemicals in Marine Plastic
	Plastic Degradation Products
	Sorption of Toxic Contaminants
	International Pellet Watch

	Plastic Nurdles
	Toxic Recycling: A Source of Contaminants in Marine Plastic


	Chapter 3. Impacts of Ocean Pollutants
	Ecological Impacts
	Marine Sentinel Species
	Impacts of Microplastic Contamination
	Bivalves and Crustaceans
	Fish
	Seabirds and Marine Mammals
	Transfer of Contaminants via Microplastics
	Chemical Contamination of the Marine Food that Humans Eat
	Mercury in Fish
	POPs in Indigenous Peoples’ Diets
	Microplastic Pollution of the Human Food Chain
	Microplastic Contamination of Drinking Water


	Chapter 4.
Opportunities and Challenges in Addressing Ocean Pollutants
	Political Will to Address Ocean Pollutants
	Global Programme of Action for the Protection of the Marine Environment from Land-based Activities
	UN Sustainable Development Goals
	Sustainable Development Goal 14, Life Below Water
	Community of Ocean Action
	High Level Political Will – G7 and the G20
	International Instruments Addressing Marine Pollution
	The Circular Economy

	UN Framework Convention on Climate Change
	Strategic Approach to International Chemicals Management (SAICM)
	Chemical and Waste Conventions
	Stockholm Convention on Persistent Organic Pollutants 2001
	POPs Chemicals
	Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and their Disposal 1989
	Minamata Convention on Mercury 2013

	Voluntary Agreements
	UN Environment Assembly
	Non-Governmental Organizations
	IPEN Ocean Pollutants Platform


	Conclusion
	End Notes

