Plastics in the ocean
There’s no getting away from the fact that it’s hard
to imagine our everyday lives without plastics.
Whether packaging at the supermarket, kids’ toys
or clothing, we encounter plastic products at almost
every turn. There are reasons for this. ‘Plastics’
refers to many different kinds of synthetic materials
that are made primarily using crude oil and that are
not biodegradable. Plastics have a variety of practical properties. They can be used to satisfy pretty
much any everyday need. They are malleable,
hard, elastic, unbreakable and can be changed in
almost any way imaginable by further processing
(e.g. mixing with additives). Low production costs
are also responsible for the triumphant global rise
of plastics, but this success story has also caused a
global environmental problem, since it takes several centuries for plastics to decompose.
322 million tonnes of plastics were produced
globally in 2015 alone, with an estimated 4.8 to 12.7
million tonnes making their way into the oceans
each year. The issue is expected to become much
more severe in a close future, as plastic production
should quadruple by 2050. By that time the plastic
waste in the sea may weigh more than all fish
shoals combined.

Figure 1: Global plastic production rises.
(Source: Plastics Europe, 2015)

Over the course of 24 expeditions in six years,
scientists discovered that more than five billion
pieces of plastic with a total weight of more than 268,000 tonnes are floating around the seven
seas.
Plastic waste patches the size of central Europe are already drifting around our oceans. These
include both macroplastics and microplastics (particles smaller than 5 millimetres). Over time,
many of the items of plastic might sink to the bottom of the sea, others can expose wildlife to
various risks. Specimen from more than 550 marine species, from invertebrates to mammals,
may have died from plastic ingestion or entanglement. Turtles, seals and other animals, for
instance, become entangled in torn-off nets, known as ‘ghost nets’, get injured or trapped and are
no longer able to swim. Another problem is that many creatures mistake plastic fragments with
food. Seabirds such as albatrosses, which spend most of their lives out at sea, confuse plastic
fragments floating on the surface with food and eat them by mistake. The seabirds then have a
full stomach but are unable to digest anything. Despite their stomachs being full, the birds starve
to death.
In January 2016, 30 sperm whales stranded around the North Sea. Animals stranded in Germany
had their stomachs filled with plastic debris. Fishing gear and a plastic car engine cover are just
some of the contents found inside the stomachs. While none of the items was responsible for the
death of the animal, the findings demonstrate the high level of exposure to marine debris and
associated risks for sperm whales and other large predators.
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An additional problem is that seawater contains many persistent organic pollutants (POPs) such
as DDT and PCB that enter the sea via rivers and coasts. As they share similar chemical properties, these pollutants often form deposits on the surface of microplastic fragments. As a result,
plastic fragments become floating pollutant carriers. Once the particles have been eaten by
marine organisms, the pollutants can enter the tissue. POPs are usually deposited in the fatty
tissue of the organism. On the one hand, these toxic substances can cause great harm to the
creatures concerned, as they affect their hormone systems, their immune system or can even
cause cancer. On the other hand, the pollutants enter the food chain and are transferred from one
trophic level to the next.

Figure 2:
Entanglement: A Humpback whale caught in a
net. The whale was completely covered with the
net and one of its pectoral fins was stuck. Several attempts were needed before the whale
could be released. Many whales which cannot
be helped die – often because they are no
longer able to reach the surface to breathe.
(Photo: Gary Freitag, Location: Metlakatla,
Alaska)
Figure 3:
Plastic eaten by animals: The images show the
stomach content of a sperm whale stranded in the
North Sea. After removal, the net was 13 m long.
(Photo: ITAW, Location: Büsum, Germany)
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Learning activities
1. Plastic river sampling
Whenever people carelessly drop litter, it can end up in rivers due to wind and rain. The water then
transports it from smaller to larger rivers before it finally enters the sea. More than 80% of the
annual input of plastic litter into our oceans, such as drink bottles and plastic packaging, comes
from land-based sources. Like many other marine animals, marine mammals mistake plastic
waste for a viable food source.
Research questions
A. Observing larger floating items: How many large items of waste float along the river towards
the sea? What is more common – natural floating items such as leaves and twigs or floating
items of waste?
B. Searching for microplastics by casting a microplastics net: How many microplastic particles
float along the river towards the sea?
Required materials:

Microplastic net (Hydrobios, Kiel)
String/rope (to cast the net), 20 m
Watch
Tray
Sealable bags
Wash bottle
Minimicroscopes for smartphone

Methods:
A. Observing larger floating items:
1. Start observing floating items. Look for a vantage point that gives you a good view of the
entire river. If the river is very wide, mark the point up to which you can see the river. To do
so, take a photo of an object in the water, such as a buoy or a rock. Estimate the width of
your river/the section you can see.
2. Keep a lookout for floating waste. As soon as you see an object, try to take a photo of it and
to determine its size. Observe the river for 30 minutes.
B. Searching for microplastics by casting a microplastics net:
1. Prepare the microplastic net. To do so, you need to fix one 500 ml plastic on each side of
the net as floating bodies by using cable ties.
1. Find a suitable spot for casting your microplastics net. This could be a jetty, a small bridge
or an accessible spot on the riverbank.
2. Cast your microplastics net, with the opening facing the opposite direction to the river’s
current. Stabilise the net so that the river water can flow through the opening. Note down
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the current time. The microplastics net should be in the river for 60 minutes. You can tie the
net to a bridge railing or a bollard.
3. As soon as the microplastics net has been in the water
for 60 minutes, bring it in.
4. Rinse the net into a tray using a wash bottle and empty
the entire contents onto a tray.
5. Now study the contents of the tray carefully. Look for
plastic fragments and take photos of the plastic fragments using the minimicroscopes for smartphone and
share them with your friends.
6. Transfer the plastic fragments into a sealable bag.

Figure 4: Microplastic net
with plastic bottles as
floating bodies. (Photo:
Kieler Forschungswerkstatt)

7. Calculating the number of microplastic fragments per 1,000 litres of river water.
You will need the following data to calculate the number of microplastic fragments per 1 m³
of river water:
- Flowspeed in m/s, for this measure 20 metres along the river bank using a tape measurand clearly mark a starting point at 0 metres and a finishing point at 20 metres with
a piece of wood or a stone. Now place a stick in the water, level with the starting point.
Start the stopwatch. Stop the stopwatch as soon as the stick passes the finishing point.
- Area of net opening: Measure the internal opening of your microplastics net in metres!
Side a = ___ m, side b = ___ m
Don’t forget that not all the net is submerged. Normally, about 9 to 11 cm of the net is
in the water. Therefore, use a value of 0.09 m for b. Calculate the surface area of the
opening in square metres =
a × b = ___ m²
- Length of time for which the net was cast = ___ seconds.

Enter your values in the following formula:

Figure 5: Formula to calculate the amount of microplastic particles floating along the river towards the
sea.

4 / 15

Plastics in the ocean
2. Rubbish on the riverbank
Whenever people carelessly drop litter, it can end up in rivers due to wind and rain. The water then
transports it from smaller to larger rivers before it finally enters the sea.
Research question
1. How much waste can be found on the riverbank and what material is the waste made of?
Required materials:

A straight stick, approx. 1 metre long
Piece of string, 1.5 metres long
Pebbles or similar objects to mark out a circle
Camera or smartphone

Method:
1. To take your samples, you need a bit of space on the riverbank. Look for an easily accessible spot measuring approx. 50 × 20 metres.
2. Identify three different riverbank zones:
Zone A:

This zone is in regular (daily) contact with the river and roughly 5
metres wide. Here, you can often see the most recent high-water
mark.

Zone B:

This zone is in irregular contact with the river and encompasses the next
10 metres of the river bank.

Zone C:

This zone is not in contact with the river and starts about 15 metres from
the river.

3. Now mark out your first transect (= a transect is an artificial line that connects two or more
points). This line runs from the edge of the river to the top of the riverbank. It is important
that you place your transect at random – and not because you see somewhere with a lot or
very little waste!
4. Now set up a sampling point in each of the three riverbank zones (A, B, C): At your sampling
point, place a stick in the ground and tie a piece of string measuring 1.5 metres in length
around the bottom. Run the string along the ground to trace out a circle. Use small stones
to mark the circle. Now trace out the second and third circles in zones B and C. The distance between the circles should always be more or less the same. Use figure 6 to help you.
5. Now search for waste in the first circle and collect it on a white cloth next to the circle. Only
collect waste – no natural objects such as wood or plant remnants. Only collect waste that
is at least as large as a cigarette butt. Also, only collect waste that is located within the
circle and not any waste outside the circle, even if it is very near by!
6. Count out the items of waste and sort them by material. Take photos of the waste with your
smartphone and share them with your friends.
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7. Repeat the procedure in the two remaining circles and then mark out a second and third
transect. Please ensure that your circles are roughly level with those of the first transect.
The distance between the transects should be at least 20 metres.
8. In order to work out how much waste there is in 1 m2 of your riverbank, we first of all need
to know the area of the circle. Use the following formula:
A = π x r² ; r = 1.5 m

Figure 6:
Riverbank sampling
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3. Microplastics beach sediment sampling
Plastics are currently accumulating on beaches worldwide and can pose a risk for many animals.
Research question
1. How much microplastic can be found on sandy beaches?
Required materials:

Microplastic sieve, frame (Mesh size 1 mm)
Tray
Piece of string, 20 metres long
Mini-shovel
Minimicroscopes for smartphone

Method:
1. Identify the high-water mark (the point at which wet and dry sand meet). If you cannot find
this line, take samples within the first metre of the beach.
2. Lay out a 20-metre-long piece of string along this line and mark out three points – at the
start, middle and end of the length of string (point 1, 2 and 3).
3. Measure out a 50 × 50 cm square at each of these points and mark it out in the sand.
4. Go to the first square. Remove all larger natural objects (e.g. stones, algae, plants, wood).
Use the mini-shovel to dig about 2 cm into the sand within the square and deposit it on a
tray.
5. Filter the sand on the tray with the microplastic sieve. Place everything left behind in the net
onto another tray.
If the sand is damp, do not filter it on the beach, but pour it into a bag. Label the bag with
the number of the sampling point (1, 2 or 3), close it securely and take it with you back to
your school/group room. Here, leave your sand to dry in an appropriately labelled tray and
filter it as soon as it is dry. Place everything left behind in the net onto another tray.8
6. Now study the contents of the tray carefully. Sort microplastic into one corner of the tray,
count the plastic fragments and pellets.
7. Take photos of the plastic fragments and pellets using the minimicroscopes for smartphone
and share them with your friends.
8. Work out the size of your sampling squares in square metres:
Side a in metres x side b in metres= ___ m² (area)
9. Work out the number of microplastic fragments per 1 square metre at each sampling. Use
figure 7 to help you with the formula.
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Figure 7: Microplastics beach sediment sampling.
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4. Searching for microplastic in everyday products
Plastic microbeads are added to many cosmetic and personal hygiene products, the aim being to
improve the cleansing effect of items such as facial scrubs. Although they are very small, they
also pose a significant risk to marine wildlife. Due to chemical properties, harmful organic substances attach themselves to these tiny particles. If they are then mistaken for prey and eaten by
plankton-eaters or other animals, they enter the food chain.

Required materials:

Round microsieves (100 or 300 micrometer)
Petri dishes
Water tanks (plastic aquariums)
Cosmetic products (Body peeling/scrub, shower gel)
Wash bottle
Minimicroscopes for smartphone

Method:
1. Put a normal quantity of the cosmetic product into the microsieve (usual amount of the
cosmetic product, that you would use for washing).
2. Rinse the sample in the microsieve. For this, put the microsieve in the water basin and use
your finger. It should be rinsed until the sample no longer foams up.
3. Using the wash bottle, transfer the rinsed samples to clean petri dishes. Observe the
samples by using the minimicroscopes for smartphone.
4. Repeat the process with various cosmetic products and compare the amount of microplastics among the products.
5. Download the app ”Beat the microbead” and ”CodeCheck” on your smartphone. Scan your
cosmetic products at home and in your local supermarket for microplastics ingredients.
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5. How long does it take for plastic bags or fishing lines to biodegrade?
We hardly ever question the fact that we use plastic. Plastic is a synthetic material that nowadays
comes in many different forms with all kinds of properties. What all plastics have in common is
that they are made primarily using crude oil. Plastics have many practical properties. Plastics
have become over the years a daily essential material present in a widely range of products due
to several outstanding characteristics. They are malleable, hard, elastic, unbreakable, long-lasting and can be changed in almost any way, such as by mixing with additives. As they can also be
produced relatively cheaply, they are found across the globe.

Required materials:

Degradation poster
Magnet boxes with waste material

1. Estimate with the diagram on the poster how many years it takes for the waste items inside
the magnet boxes to biodgrade in the ocean.
2. Once you’re done, think about where the waste ends up in the ocean.

Figure 8:
Degradation of litter in the ocean.
(Adapted from: World Ocean Review 1)
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6. Waste at home
You are no doubt familiar with various plastic products. It is hard to imagine everyday life without
them. An average european, for example, uses more than 100 kilograms of plastic a year. The
global increase in the consumption of plastic materials has given rise to huge quantities of waste.
Think about how much plastic you use and dispose of every day:
Method:
1. Keep a plastic waste diary for a week. Note down the quantities of plastic waste that you
personally generate each day. Make a list of all the plastic items that you throw away.
Day of Week

Number of plastic waste items

Type of plastic waste items

Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
2. What do you notice? Compare your results with others.
3. Now try to reduce your plastic waste for a whole day or week. Count it again. What has
changed? What can you do differently in the future to reduce your plastic waste further?
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7. Floating plastic
Researchers are now studying the behaviour of plastic waste in seawater. This knowledge is
essential to find out what damage plastic waste causes in the sea. A key question in this regard
is how plastic waste is transported/spread. Alongside the type of plastic, its form and density play
an important role. This determines whether a plastic object floats on the surface, drifts within the
water column or sinks to the seabed.
Method:
1. Collect three items of plastic waste. For this, choose the three plastic objects that you find
most often in your household waste or recycling bin.
2. Consider the factors that may determine the floatability of the plastic.
3. Develop a series of experiments that you can use to study this property. You can use entire
plastic objects or cut out small samples. If you don’t have any ideas, you can examine the
following questions:
What items float in the water and how do they behave in water?
- Closed bottles with a lid and open bottles without a lid
- Closed and filled bottles
- Bottles with different volumes (e.g. 250 ml, 500 ml and 1.000 ml)
- Bottles colonised by species such as barnacles (can be simulated using plasticine)
- Bottles made from different types of plastic (e.g. drinks bottles and shampoo bottles)
4. Carry out the experiments with other plastic types (e.g. plastic bags or yogurt pots) or in salt
water to study the behaviour of plastic waste in the oceans. Seawater has 35 grams of salt
per one liter.
5. Which marine organisms are affected by floating and sinking plastics?
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8. Mystery Game
Situation: In 2016, 30 sperm whales stranded at various locations along the North Sea coast. All
individuals were young bulls around the same age. Several research groups from the countries
concerned are trying to explain the stranding.

Figure 9: Uwe Piatkowski from Geomar and Ursula Siebert from the Hanover Veterinary College investi
gating the whales’ unfortunate deaths. (Photo: Kieler Forschungswerkstatt)

Scientific approach:
Experiments and research are important to answer scientific questions. At the same time,
publish results as well as presenting them to others in conferences is essential to progress
in science. These steps are important to make information accessible globally and to find
solutions together. It happens often that several research groups are conducting research
on the same problem and, of course every group wants to be the first to publish their
findings.
Method:
1. You will be one researcher from Germany, France and United Kingdom. You and your
colleagues will try to find a plausible explanation for the stranding in the North Sea by using
the cards. Create a logical sequence of incidents and try to explain this phenomenon.
Start with card 7 and use at least 5 more. If you find a plausible explanation for the strandings, you can publish it.
2. Read all the mystery game cards and group them into categories. Sort the cards in a logic
sequence and eliminate cards that are not relevant for the stranding of sperm whales. Look
for similarities and differences and try to find relationships between the cards.
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9. What can I do?
We humans have been using rivers, seas and oceans since time immemorial. These habitats give
us a great deal of resources. But instead of caring for them, we pollute and exploit them. Fortunately, there are also people and organisations who actively campaign to protect the planet. There
are many ways of protecting the environments and its inhabitants. Each and every one of us can
do our bit. In order to reduce plastic consumption, you can apply the three R´s rule. The three R´s
are reduce, reuse and recycle – and further R´s – such as refuse, repurpose and rethink – can be
added.
1. Reduce
Here, the aim is to cut down on things that you don’t actually need. Do you really need the
latest smartphone or yet another pair of shoes? If you are now thinking about throwing away
everything that is surplus to requirements, then this would be the wrong approach. You can
get rid of superfluous items in other ways, such as by getting them to places where they can
still be used. Therefore, you should sell, give away, donate or swap your items instead.
2. Reuse
Before buying something new, why not use something that you already have and spend
your money on things that you will use more often? One example would be shopping bags
that can be reused many times. If you think carefully on a day-to-day basis, you will find all
kinds of disposable items that can be replaced with alternatives.
3. Recycle
Separating waste is essential when it comes to recycling. Not all rubbish items can be recycled. In some countries, container deposit schemes, where the consumer pays a small
deposit for items such as bottled drinks, which they then get back upon returning the bottles, are an example of where recycling works well.
4. Refuse
This means saying no whenever you are offered things that you don’t need. Classic
examples include advertising brochures, straws and free plastic bags. In many cases, there
are eco-friendly alternatives to these products that you can either buy or make yourself at
home, e.g. scrubs.
5. Repurpose
Many products can be repurposed, i.e. used for something else. All it takes is a little bit of
thought and creativity. There are plenty of examples these days.
6. Rethink
It is often easier than we think to change our habits. All you have to do is plan a sensible
course of action and stick to it. This applies not only to private individuals, but to businesses, politicians and the research community. One example could be a future decision to
stop making cosmetic products and toothpaste containing microplastic.
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TASK 1:

Find at least one other example for each R.

TASK 2:

How could you change your everyday routine in order to produce less plastic
waste? Note down your ideas.

TASK 3:

Think about ways in which you could raise public awareness of the problem of
plastic waste pollution in the oceans so that more people are informed. What
initiatives could you carry out so that lots of people get involved? What can
people who do not live in coastal areas do to help protect seas and oceans?
You may find the following questions useful:

TASK 4:

-

Who produces a lot of waste in your area?

-

Who is still not aware of the waste problem?

-

How can we present the results?

Put the project into practice and document every step with photos.

Information for teachers educators:
The aim of this teaching module is to familiarise young generations with the overall topic and its
impacts on marine mammals. First, we state the current state of research as an introductory chapter with focus on origin, abundance and impact of plastic waste in the sea (especially on marine
mammals).
We developed seven different learning activities. Most will be suitable for the classroom as standard lesson (4-9), others for projects as out-of-class activities (1, 2, 3). Experiments can be
applied individually or in a modified order depending on thematic focus and available time. All
learning materials will be appropriate for different age groups (10 – 18).
This project is funded by the Horizon 2020 Framework Programme
of the European Union under Grant Agreement no 710708.
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