Last updated
January, 2017
1

The oceans are so vast and deep that until
fairly recently, it was widely assumed that no
matter how much and how many chemicals
humans dumped into them, the effects would
be negligible because they would be diluted.
Sewage outfall

Photo: UNEP report “sick water”
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Runoff into storm drain
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In reality some toxic man-made
chemicals have become even
more concentrated as they have
entered the food chain.
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Marine pollutants of major concern are toxic
chemicals and heavy metals, which can have a
very harmful effect on marine life and humans.

Of toxic chemicals the ones of most
concern are the ones that are not broken
down by water.
These are called POPs- Persistent
Organic Pollutants.
Of the over 63,000 chemicals thought to
be in use worldwide about 4,500 fall into
the category of POPs.
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SOME COMMON EXAMPLES OF POPs ARE:
PBCs - used
widely as
coolant fluids
in, for example,
transformers,
capacitors, and
electric motors
Banned internationally since
2004.

Dioxins and furans
are released as
by-products from
waste incineration,
the burning of
fuels, the
processing of
metals, and paper
manufacture.

PDBEs – since the
1970s, widely
used as flame
retardants in
children’s
pygamas,
furniture foam,
carpets, wire
insulation, and
other products.
Banned in some
areas.

DDT – since 1940s,
used as an insecticide.
Internationally banned,
but still used in some countries in food production
and for malaria control.
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SOME COMMON EXAMPLES
OF HEAVY METALS
that are toxic or poisonous
at low concentrations are:
 lead,
 mercury,
 copper,
 nickel, and
 arsenic.

For example, lead is found in:

Lures, jigs, and sinkers.

Antique toys (pre-1976)

Old house paint (pre-1978).
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WHAT ARE THE SOURCES OF
MARINE POLLUTION?

23%

44%

33%
.
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Almost 80% of marine pollution comes from land-based
activities worldwide:
industry, agriculture, or domestic.
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There are 3 WAYS THAT
LAND-BASED POLLUTANTS
ENTER THE MARINE
ENVIRONMENT:
 Direct dumping into ocean
waters (often via rivers
which carry the toxic
pollutants into the oceans).
 Land runoff, primarily via
rivers. Pollutants can seep
into the ground, especially
after a rain or flooding,
and then stream into rivers
and get carried into the
ocean. (Floods also carry
debris and other objects
out to sea.)
 Atmospheric fallout,
carried by air currents onto
the oceans’ surface.

Industrial
waste
dumped
directly
into the
ocean

Runoff of
fertilizers and
other potential
pollutants from
unprotected
farm field after
heavy rain
occurs

After a
rainstorm, a
river
discharges
sediment
and
nutrientladen water
to the sea
Photo: cc Malik Naumann, Marine Photobank
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DIRECT DUMPING
Types of hazardous waste dumped directly into oceans include:
 Untreated or under-treated sewage (from
toilets, bathing, dishwashing, laundry, etc.).
Many cities around the world still have
ineffective, little, or no sewage treatment.
 Industrial, chemical, and food processing wastes (e.g. pulp
and paper production, chemical plants, metal and oil
refineries).
 Coal and mineral mining waste (Each year, mining companies
dump more than 180 million tonnes of hazardous mine waste
into rivers, lakes, and oceans worldwide.)
 Radioactive waste from nuclear reprocessing plants (e.g. Since
Japan’s 2011 earthquake and tsunami, the Fukushima Daiichi
nuclear power plant has been leaking hundreds of tons - up to
300 litres per minute - of contaminated underground water,
containing radioactive strontium, into the ocean.
 Marine debris, in particular plastics because they leach toxins.
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Runoff includes many sources, such as:
 landfills and dumps,
 farms and ranches - toxins from fertilizers, pesticides, herbicides,
and animal waste (feedlots),
 construction of roads, buildings, channels, harbours
 mining,
 factories,
 oil production, oil pipeline leakages
 cars and trucks - automobile oil and grease from roads,
 and even our homes - toxic garbage, household items.

.
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Pollutants can be carried
great distances in the air
and then deposited on the
ocean surfaces, often in the
form of rain, snow, or mist.

Atmospheric sources of
pollutants include:
 factory smokestacks,
which can be far inland
from any coastline – e.g.
mercury and nitrogen
from coal burning
 landfills and other areas
– e.g. dust, plastic bags
 evaporation from inland
water or land surfaces
into the air

Pollutants can even be
transported in this way to
distant regions, like the
Arctic and Antartica.

Photo coutesy of Ars Electronica on Flickr
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OCEAN-BASED MARINE POLLUTION
Offshore oil and gas activities produce the most

ocean-based pollution (39%):
 Drilling of wells generates significant quantities of waste,
which is made up of drilling fluids and the cuttings
generated during drilling.
 Formation water, which is produced in oil and/or gas
production operations.
 Oil and chemicals from accidental spills, both frequent
small spills, which can add up to thousands of tonnes of
chemicals, and large spills like the Gulf Oil Spill.
 Decommissioning of disused installations.
Rock cuttings from drilling and formation water brought up
with the hydrocarbons are considered the largest sources
of contaminants from offshore oil and gas operations.

12

Boats and ships produce the 2nd highest amount of

ocean-based pollution (32%):
 Container ships lose an estimated 10,000 or more
containers at sea each year (usually during storms).
 Discharge of waste and garbage from commercial
ships (including cruise ships) is often intentional even
though it is prohibited.
 Wastewater and bilge water from boats.
 Fishing-related debris, including lines, nets, pots, and
lures, are lost accidentally or deliberately dumped
into the ocean.
 Millions of litres of fuel are accidentally spilled from
large and small boats, often the result of careless
refuelling.
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Millions of litres of oil can be
spilled in major oil tanker
accidents or in major
accidental spills in the
offshore oil and gas
industry.

Deepwater Horizon Oil Spill
For 87 straight days, oil and
methane gas spewed from an
uncapped wellhead, 1 mile
below the surface of the
ocean. An estimated 4.2
million barrels of oil spilled
into the Gulf of Mexico.

Photo: U.S. Coast Guard
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Other ocean-based pollution comes from:


Aquaculture facilities (24%). Pollutants include pharmaceuticals

such as antibiotics, food additives,a nd dead fish. (These facilities can
also result in the spread of parasites and diseases.)







Dredging and dumping of dredged material (28%), which can resuspend bottom sediments and cause significant increases in water
column contaminant levels, even killing invertebrates and fish.
Historical dumping sites (21%). Though dumping of the most toxic
wastes is now banned, prior to 1972 uncontrolled dumping of PAHs,
chemical wastes, heavy metals, radioactive wastes, munitions and
chemical weapons were routinely dumped into the oceans.
Other ocean-based activities (8%), such as
◦ under-water testing of nuclear weapons,
◦ shipwrecks, which can lead to the leakage of toxic substances such as
arsenic, lead, mercury, and PCBs and
◦ shallow water seabed mining for minerals occupying the ocean floor.

Deep sea mining for precious metals and other resources, such as gold, silver,
copper, cobalt, and diamonds is now emerging as a serious threat to the
stability of ocean systems. Dumping tailings into the sea could smother marine
organisms like corals, sponges, and fish. Disrupting the seafloor crust could
release toxic materials. Industrial equipment could leak oil or damage reefs.
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Algal bloom

Agricultural runoff

Eutrophication

Photo: T. Archer

16

17

BIOACCUMULATION
is the progressive increase in
the amount of a substance in
an organism.

Most toxic
chemicals cannot
be excreted or
broken down for
use by organisms.
Therefore, over
time, with further
intake of
pollutants, the
amount of toxic
substance in an
organism
continues to
increase.
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Toxins that wash into the oceans and
bioaccumulate in marine organisms low on
the marine food chain are transferred to
humans and marine mammals that are higher
up in the marine food chain in a process
called BIOMAGNIFICATION.
ppm = parts per million
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BIOMAGNIFICATION
is bioaccumulation occurring through several levels of a
food chain and becoming more concentrated as it moves
.
higher.
As a result, organisms at the top of the food chain
generally suffer greater harm from a persistent toxin or
pollutant than those at lower levels.
For example, mercury that
enters the oceans is absorbed
by plankton, which are eaten by
small fish. Larger fish eat the
small fish and accumulate the
mercury into their bodies in
higher and higher
concentrations – passing it on
to the animals and people that
eat them.
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At the base of the ocean food web, POPs are absorbed by
phytoplankton, then zooplankton and krill eat the
photoplankton, consuming the POPs.
In the Northeastern Pacific Ocean, herring eat the plankton,
salmon eat the herring, and then Orca whales eat the salmon,
or eat seals that have eaten the salmon.
By the time these toxins have reached the whales, where they
build up in their tissues, levels have increased significantly.

As a result, transient killer whales (Orcas) from the
Northeastern Pacific are among the most PCB
contaminated marine mammals in the world.
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Photo courtesy of WWF
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In certain kinds of
fish, birds, and
mammals, POPs
are linked to
declines, diseases,
or abnormalities.

Harbour seal
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MARINE MAMMALS
In marine
mammals, POPs
are known to
cause:
 hormone
disruption,
 reproductive
failure, and
 immune
deficiency
.

In polar bears,
POPs can also
affect the
ability of the
animals to
grow and
thrive, and
even to learn.
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Photo: Suzi Eszterhas

In Sea otters in California, United

States:
 It has been estimated that 60 to
70% of male sea otters carry a
parasite called Toxoplasma,
commonly spread by domestic cats.
Toxoplasma eggs are shed in their
feces and can be washed into
 Near Santa Cruz, sea otters have
the ocean by rainwater. Once
been poisoned by a toxin called
there, they can effect shellfish
microcystin, which can appear when
that otters eat, such as clams.
human sewage and fertilzers run
into lakes and rivers. In this case
they travelled downstream into the
ocean from a polluted lake, 4 km
away, and got into shellfish the
otters eat. The dead sea otters had
bright-yellow eyes and gums.
It was also recently
discovered that
endangered Antillean
manatees in Puerto
Rico carry
Toxoplasma. Photo: Paul
Nicklen Natl Geo
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In mammals, POPs can
be transferred
through the placenta
and breast milk to
developing offspring.

For example, in female
dolphins, about 80% of
toxic contaminants are
passed to their firstborn calf.

In dolphins:

In Florida, papilloma and herpes
viruses have appeared in Indian
River dolphins over the last 30 years.
The viruses manifest as grisly
tumors, sometimes on the dolphins'
genitals. This has been linked to
mercury, mostly from vehicle
exhaust from boats and cars, and
power plants as far away from China.
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Bottlenose dolphins in

the Gulf of Mexico suffer
damaged immune systems
from the bio-accumulation
of POPs within their bodies
and, in oil spill areas, were
found to be underweight,
anemic, and showing signs
of liver and lung diseases.
In eastern Florida, many of
the 280 Bottlenose dolphins
that live along a 275km
stretch near Ft. Pierce are
sick, suffering from diseases
that could be triggered by
human activities, especially
pollution.

In southern Georgia, extreme
concentrations of PCBs have been
found in Bottlenose dolphins living
in a coastal area highly
contaminated by byproduct pollution
from a former plastics facility. 26%
percent of sampled dolphins had
anemia and decreased immunity.
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SEA TURTLES
Sea turtles’ migration habits
increase their exposure to
marine pollution.
Fibropapillomatosis is a disease
affecting sea turtles, predominantly
Green sea turtles. It results in
large white tumors growing on
faces, flippers, and internal organs.
The tumours can affect sight,
swimming, swallowing, and internal
system functions, and can be fatal.
Researchers studying Green sea
turtles in Hawaii have linked this
disease to nitrogen in the runoff of
urban and farm pollution (eg. from
fertilizers).

For example, tracking of 17 Leatherback
migration movements
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Birds have played a major
role in creating awareness of
pollution problemas.

After World War I, DDT was widely used
as a pesticide and washed into nearby
waterways, where aquatic plants and fish
absorbed it.
Bald eagles and other predatory birds
such as Ospreys, Peregrine Falcons, and
Pelicans, in turn, were poisoned with
DDT when they ate the contaminated fish
and the DDT and its relative toxins bio
accumulated in their fatty tissues.

Photograph courtesy Gary M. Stolz/U.S. Fish and Wildlife Service
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THE BIOACCUMULATION OF DDT
altered the birds’ calcium metabolism. As a result, their
eggs had shells so thin that they often collapsed under
the weight of the adult bird during incubation or
otherwise failed to hatch.

Osprey

Bald Eagle eggs effected by
DDT

This drastically reduced
populations of Bald Eagles and other birds.
Background photo: Michelle Mech
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With the banning of DDT in the 1970s and 1980s, Bald
Eagle and other predatory bird populations have
recovered to a significant extent.
The Bald Eagle’s recovery
is one of the best
examples of how
environmental laws can
work to restore animal
populations.
In the mid-1960s fewer
than 500 nesting pairs of
Bald Eagles existed in the
U.S. Today there are
approximately 10,000
pairs of bald eagles there.
Unfortunately, DDT is
still being used in
many tropical
countries to control
malaria.
Background photo: Michelle Mech
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Exposure to heavy metals
has been linked with:
 developmental
retardation,
 various cancers,
 kidney damage,
 other adverse health
effects, and
 even death in some
instances of exposure
to very high
concentrations. (WRI)

For example:
 Lead can damage
the brain, kidneys,
and reproductive
system and can
cause birth defects.
 Mercury is a
neurotoxin and if it
enters the brain it
can cause
permanent brain
damage.
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POPs
Many POPs and other toxic chemicals are
called ‘endocrine disruptors’. Endocrine (or

hormone system) disruption in humans can cause:
 enlarged prostrates,
 cancer,
 heart disease,
 diabetes,
 thyroid disorder,
 ADHD,
 infertility,
 obesity,
 early puberty in girls,
 mental disorders.
POPs have also been linked to reproductive,
developmental, behavioral, neurologic, and
immunologic adverse health effects.
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RESULTS OF OIL SPILLS
Oil spills can:
 contaminate shorelines and ocean sediment,
 cause the death of many animals,
 deteriorate water quality,
 cause commercial fishing closures, and
 impact tourism.
Oil contains PAHs
(polycyclic aromatic
hydrocarbons), which
are toxic, very
difficult to clean up,
and last for years in
the marine
environment.

Less than 1%
of oil soaked
birds survive.
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THE EXXON VALDEZ,
in 1989, ran aground in Alaska and spilled 41 million litres
of oil. Only 3% of the oil was recovered.
Over 2,000 km of coastline was polluted and an estimated
2,800 sea otters, 250,000 birds, 1.9 million salmon, and
12.9 billion herring were killed.
20 years after the spill an estimated 75,000 litres of oil remained in the
area, causing lingering effects on local marine life.

Cleaning the beach
Background photo: Exxon Valdez oil spill,
Courtesy of Chris Wilkins/AFP/Getty Images
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THE GULF OF MEXICO OIL SPILL,

in 2010, released 880 million litres of oil into the
ocean. Researchers estimate that 6,000 sea turtles,
26,000 dolphins and whales, 82,000 birds, and
countless fish and invertebrates were harmed or killed.
Five years after the spill, Bottlenose dolphins and sea turtles are dying in
record numbers and other marine animal are still being affected. For
example, since the spill began, approximately 1,000 bottlenose dolphins
have been found dead in the northern Gulf of Mexico.

The 2.5 million litres of toxic
dispersants used to break up
the oil in the Gulf oil spill
may have worse long-term
human and ecological
impacts than the oil itself.

Gulf of Mexico oil spill

Photo: Joel Sartore, National Geographic

Background photo courtesy of Boston.com
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Foto: Charlie Riedel

Oiled whales and
sea otters

Oil soaked
sea turtle
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RESULTS OF MARINE POLLUTION EUTROPHICATION
The release or runoff of sewage and toxic
waste, in particular from agricultural
fertilizers and manure, into coastal
waterways can lead to outbreaks of
harmful algal bloom which poison other
marine life.
This is known as EUTROPHICATION.

Depleted oxygen levels
are the most common
cause of fish kills.
Photo: Michelle Mech
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Though dead zones can occur
naturally, increasing human
population, demand for
resources and development,
and use of pesticides and
fertilizers are causing increases
in their size and number.
They are occurring primarily
near inhabited coastlines.

In January 2011, 534
(WRI) dead zones were
counted worldwide –
caused by climate
change, overfishing,
and marine pollution.
contaminación
marina.

The light blue is the 22,000 square kilometer
dead zone in the northern Gulf of Mexico in the
United States near the Mississippi river. Fertilizers
and pesticides from agricultural activities, and
other runoff, are brought to the ocean by the
river. The excess nutrients cause an explosive
growth of algae. As a result the water is depleted
of oxygen, suffocating fish and other aquatic life.

Image: Robert Simmon, NASA
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