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Plastic particles from packaging, personal care products, synthetic

clothing, and many other applications, are a potential risk to the

ocean’s health. Tiny, light particles of plastic can float on the sea

surface for a long time. The sea surface is a special place: it is

rich in chemical compounds produced by marine organisms below.

Sometimes these substances make the sea surface appear as a

shining, darker or brighter layer. The sea surface also connects

the ocean and the atmosphere and controls important exchanges

between those two systems, including the flow of oxygen, which is

an essential element for life, and the flow of carbon dioxide, one

of the main gases responsible for climate change. Plastic particles

can increase the amount of chemical compounds in the sea surface

layer, because marine microorganisms (like bacteria) may be more

productive in the presence of plastic particles than they are in

plastic-free environments. This increased production and bacterial

activity can reduce the oxygen content of the water. We did a simple

experiment to explore this mechanism.
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THE SURFACE OF THE OCEAN

On a calm day by the sea, if you look at the water from a distance you
may observe a glassy, shining surface. Sometimes it looks like there
is a film of oil on top of the water. These spots may appear darker
or brighter compared to the water around them. When there are few
waves, when the sun is shining, and when there is not much wind, the
surface of the sea may appear like a smooth, reflective mirror.

The ocean has di�erent zones, and the surface layer has special
properties that make it di�erent from the water just a few centimeters
below. But the ocean holds a massive volume of water, from the
surface down to the abyss. Why should such a thin surface layer be
interesting, if it only represents a small volume of the whole ocean?
Here is why this thin layer is so important. The ocean covers almost
70% of the Earth’s surface. This means that 70% of the Earth’s surface is
the ocean’s surface [1]. The ocean’s surface is in an important position,
because it connects two systems: the water and the air. Since it is in
themiddle, the sea surfacemediates all exchanges between the ocean
and the atmosphere. We think that the sea surface layer may also be
very important for the world’s climate. To understand why, let us step
back and look at the circle of life in the ocean.

MICRO-LIFE IN THE OCEAN: THE CARBON CYCLE

Phytoplankton and bacteria are small marine organisms that support

PHYTOPLANKTON

Microscopic marine
algae that serve as food
for a wide range of sea
creatures including
whales, shrimp, snails,
and jellyfish.

all life in the ocean. With only sunlight and carbon dioxide
(CO2), phytoplankton can produce sugars. This process is called
photosynthesis. Sugars contain carbon and hydrogen atoms and

PHOTOSYNTHESIS

A process used by
plants, also marine
plants, and other
organisms to convert
light energy into
chemical energy
producing food for the
organism to survive.
Photosynthesis needs
carbon dioxide (CO2),
water and light to take
place. Through light
energy, the process of
photosynthesis
converts CO2 and
water in carbohydrates
and oxygen.

are therefore called carbohydrates. Carbohydrates are the building

CARBOHYDRATES

Biomolecules
consisting of carbon
(C), hydrogen (H), and
oxygen (O) atoms. The
term can be a synonym
of saccharides, a group
that includes sugars,
starch, and cellulose.

blocks of living things. Phytoplankton also produce oxygen (Figure
1). About 70% of the oxygen that we breathe comes from these tiny,
plant-like creatures in the ocean. Bacteria consume and transform
the carbohydrates and oxygen generated by phytoplankton. In this
process, the bacteria put CO2 back into the water, the sea surface and
finally, the atmosphere.

From tiny microbes to large whales, all forms of marine life rely
on this cycle, which is known as the biogeochemical cycle of

BIOGEOCHEMICAL

CYCLE

A pathway that a
chemical substance,
like carbon, moves
through. These cycles
include stages in which
the substance is
present in living things
and other stages where
it is present in
non-living things. The
carbon cycle is an
especially important
biogeochemical cycle.

carbon. In perfect conditions, the production and consumption of
oxygen and CO2 are in balance. Phytoplankton and bacteria produce
and transform “good” chemical compounds made with carbon,
called organic matter. This organic matter accumulates in highORGANIC MATTER

Carbon-based
compounds found in
natural environments.
Organic matter comes
from plants and
animals and their
waste products.

concentrations at the sea surface, where it serves as food for other
bacteria. Bacteria can live and prosper at the sea surface when there
are high concentrations of organic matter. The more organic matter,
the more active the bacteria. As a result, more oxygen is consumed
and more CO2 released at the air-sea interface [2].
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Figure 1

Figure 1

The biogeochemical
carbon cycle in the
ocean. Carbon moves
between living things
and non-living things.
From the atmosphere,
in the form of CO2,
carbon is absorbed by
phytoplankton and
incorporated into
glucose (sugar, a
carbohydrate) in the
process of
photosynthesis, which
contemporarily
produces oxygen.
Through
photosynthesis, these
marine creatures can
produce up to 70% of
the oxygen that we
breathe. In seawater,
bacteria consume
carbohydrates to get
energy. In this process
bacteria respire, using
oxygen and releasing
CO2. They also
transform
carbohydrates into
other compounds
(organic matter). This
way carbon now travels
through the bacteria
into organic matter and
then back to CO2 as it
moves again to the
atmosphere.

PLASTIC ON THE SEA SURFACE

Unfortunately, there are “bad” materials on the sea surface, too. Most
originate from man-made pollution, and one of the most common is
plastic. Plastics play a fundamental part in our everyday lives. However,
many of the single-use plastics we use, like plastic bags, takeaway
cups and lids, plastic straws, end up in the sea, where they do not
belong. Plastics were already floating in the ocean almost 50 years
ago [3]. The plastics found on the sea surface are usually light, small
particles (<5mm) called microplastics, which can float in this marine

MICROPLASTICS

Small pieces of plastic
<5mm in length.

compartment for a long time. Most microplastics come from the
fragmentation of bigger objects through the action of sun, waves,
and even munching by marine animals. Microplastic fibers get to the
ocean through the water discharged by domestic washing machines
when loadedwith synthetic clothes. Some plasticsmay be accidentally
discharged or lost at sea, like fishing nets. However, more than 80%
of the plastic in the ocean comes from land: rivers, households, and
mismanaged waste.

Let us imagine what happens at the sea surface: we have a lot of
organicmatter andmany active bacteria transforming it and producing
CO2. Then comes the plastic. Since bacteria cannot swim but are
carried by the currents, any particle big enough for the bacteria to
attach to will provide a place for them to live. The more places to
attach, the more bacteria will end up living in that environment. More
bacteria means that more oxygen will be used and more CO2 will be
produced (Figure 2).
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Figure 2

Figure 2

Small plastics particles
(<5mm) can float on
the sea surface for long
time. When bacteria
encounter these
particles on the sea
surface, they can
produce organic matter
and transform
pre-existing
compounds that help
them sticking to the
particles, producing
CO2. This way, the
organic matter
produced and
accumulated at the sea
surface can slow down
the flux of oxygen and
CO2 between the
ocean and the
atmosphere. MPs,
microplastics.

BACTERIA PRODUCEMORE ORGANICMATTER AND USE

MORE OXYGENWHEN PLASTIC IS PRESENT

The sea surface is complicated to study. So to study the bacterial
response to microplastics, we recreated a simplified sea in our lab.
We made our own seawater and then added a “soup” of organic
matter and bacteria. Then we studied the bacteria in the presence
and absence of plastic [4]. We used two small tanks, each containing
4.5 L of artificial seawater. One tank, called the control, was free of
microplastics. We added about 1,300 particles of microplastic per liter
to the other tank, called the treatment (Figure 3). We took samples
from the water surface and the water below the surface during a 24-h
period. In each sample, we measured oxygen, organic matter, and the
number of bacteria. We compared the measurements between the
control and the treatment.

We observed that there was more organic matter present in the
samples that came from the tank containing microplastics, and this
di�erence was even greater in the samples taken from the water
surface. When organic matter accumulates at the water surface,
it can impede the flow of oxygen to the water below. We saw
this in our experiment: the more organic matter was present, the
lower the oxygen concentration right below the surface water (Figure
4). So, we can conclude that, when microplastics are present,
bacteria producemore organic matter. In our experiment, the bacteria
must have transformed the organic matter that we added to the
tank and produced new organic compounds. This process uses
up oxygen.

The number of bacteria did not change throughout the experiment.
This was a surprise. But we have an explanation: we could only
measure free-floating bacteria. There might have been billions of
bacteria stuck to the microplastic particles that we could not
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Figure 3

Figure 3

Experimental setup. In
the control, only
bacteria and organic
matter were present. In
the treatment, plastic
particles were also
present. During the
24-h experiment, we
collected samples of
the surface water and
of the water below the
surface. The amounts
of organic matter,
bacteria, and oxygen
were measured in each
of the samples.

count. These particle-attached bacteria probably helped to lower the
oxygen concentration.

Our experiment proved an important concept. When bacteria find
microplastics, they produce more organic matter and consume more
oxygen. Why do bacteria produce more organic matter when plastic
particles are present? Bacteria like to attach to particles. When they
find plastic particles, they produce and transform organic matter that
help them to stick to the particles.

PLASTICS IN THE OCEANMAY CONTRIBUTE TO CLIMATE

CHANGE

The presence of microplastics in the sea surface is a serious problem
that can interfere with fundamental biological processes. These
processes control the flow of important gases, like oxygen, between
the sea surface and the atmosphere. Using oxygen, bacteria transform
organic matter in the sea water and, in the process, produce CO2.
When there is a lot plastic present, bacteria consume more oxygen.
This is a problem because less oxygen will be available for other
life. The ocean is the Earth’s blue lung: if we reduce its capacity to
produce oxygen, wewill change how this lungworks. This is a problem
because, when there is a lot of organic matter on the surface of the
ocean, the flow of oxygen from the ocean into the atmosphere might
slow down. The flow of CO2 from the atmosphere into the ocean
might slow down as well. This is an even bigger problem, because our
oceans are one of the prime sinks of CO2, meaning that they absorb
a lot of the CO2 that humans emit to the atmosphere through fossil
fuels combustion and that, in excess, causes the greenhouse e�ect
and global warming. If the ocean takes up less CO2, the Earth could
face unimaginable changes in its climate. The amount of plastic in
our oceans is gigantic and keeps increasing. Therefore, we need to
think hard about the consequences of increasing amounts of plastics
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Figure 4

Figure 4

(A) The box plot shows
the concentration of
organic matter
(measured as the
extinction of light
passing through the
organic matter in a
distance of a meter,
therefore m−1) in
control (blue) and
microplastics (MP)
treatment (orange). You
can see that there was
more organic matter in
the presence of
microplastics, as shown
by the higher minimum
and maximum values
and the median values
(the horizontal line
inside the box). (B) The
concentration of
oxygen (units are µmol
oxygen per liter of
water: L−1) was
measured in samples
from control (blue) and
MP treatment (orange).
Generally, oxygen
concentrations in the
water below the
surface were lower in
the presence of
microplastics. This is
shown by lower
minimum and
maximum values and
lower median values
compared to the
control.

in our rivers and oceans. It is important for all of us to join together
with our families, friends, scientists, and society to find solutions to
this global problem.
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