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As the name suggests, microbeads are very small (microscopic) beads of plastic. Microbeads can vary in size and can 
be anywhere between 0.1 µm and 5 mm in size, depending on the product they are in. They are so small that they 
pass straight through many wastewater treatment processes and end up directly in the ocean. As scientists have been 
discovering, microbeads can have a detrimental impact on ecosystems as they enter many marine food webs.

While some governments are moving to ban products with microbeads, in many places around the world microbeads 
are still found in many household products. These products range from personal hygiene products to household 
cleaning materials.  

Is there a solution?
Ultimately, the best solution to the problem of microbeads is for people all over the world to stop using products with 
microbeads in them and for companies to stop putting microbeads in products. Thankfully, in some countries microbeads 
have already been banned! However, this change may be slow to take place in other countries, so while we are waiting for 
people to “ban the bead”, millions of microbeads will continue to find their way into the ocean all over the world. What if 
there was a solution to this problem? What if we could trap microbeads before they enter the sewage?

INTRODUCTION

EARTHECHO
W AT E R  B Y  D E S I G N
MICROBEADS: 
A MAJOR PROBLEM 
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As a result of this activity, students will be able to:
• Assess the environmental impacts of microbeads in commercially available cosmetic products  
• Discuss the potential impacts of microplastics on human health 
• Design and test a model for an effective filtration device to recover microbeads from household drains 
• Create a public awareness campaign to educate communities on the impacts of microplastics on the environment 

and human health

LEARNING OBJECTIVES

ENGINEERING CONNECTION

• One of the biggest issues with microbeads is their size. Since they are par ticles of less than 1mm, they are almost 
impossible to capture as they enter household drains. This leaves these small, solid balls of plastic to enter our 
aquatic ecosystems where they are ingested by organisms and accumulated within the food web. 

• New products are being engineered to remove microplastics from the water supply and the natural environment 
(for example, laundry bags to capture microfibres from the greywater of washing machines). 

• In this activity, students are challenged to design and construct their own device to extract microplastics from 
cosmetic products such as facial cleansers, body wash and toothpaste.
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Watch the following videos with your students:
• Plastic Pollution: How Humans are Turning the World into Plastic: https://youtu.be/RS7IzU2VJIQ 

• Plastics 101 | National Geographic: https://youtu.be/ggh0Ptk3VGE 

Share the following facts with your students:
Plastic Facts

• The first completely synthetic plastic was bakelite, which was made in 1907 by Leo Baekeland who also first used 
the word “plastics.” 

• Plastics are usually solids.  
• Plastics are poor conductors of heat and electricity.  
• Glassy polymers tend to be stiff (e.g., polystyrene). However, thin sheets of these polymers may be used as films 

(e.g., polyethylene). 
• Plastics are durable, with a slow rate of degradation. 
• A third of the plastic that is produced is used to make packaging.  
• Pure plastics are generally insoluble in water and nontoxic. However, many of the additives are toxic and may 

leach into the environment.    

(Source: Adapted from Anne Marie Helmenstine, Ph.D. 
https://www.thoughtco.com/plastic-chemical-composition-608930

WHAT IS PLASTIC?
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Source: Our World In Data: https://ourworldindata.org/wp-content/uploads/2018/07/Plast ics-by-polymer-type-01.png

Numerical coding from 1-7 is provided on plastic items and gives the information of their polymer grouping. Recycling 
depends on local recycling schemes: the table below gives the most common recycling potential for different plastics.

TYPES OF PLASTICS
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Watch the following video with your students:   
• What is a microplastic?: https://youtu.be/sjyDHIplvpM 
  
Share and discuss the following information with your students:

Microplastic is simply plastic of a very small par ticle size with a diameter typically less than 5 millimeters. Even smaller 
par ticles, measuring less than 0.0001 millimeters are called nanoplastics.

Microplastic can be created through primary or secondary processes. Primary microplastics are already of a small size 
such as fibres, pellets, microbeads, and capsules. Secondary microplastics form from the breakdown of larger plastic 
items. For example, when exposed to the natural environment, larger plastics can break up into smaller par ticles.

WHAT ARE MICROPLASTICS?

Particle category

Nanoplastics

Small microplastics

Large microplastics

Mesoplastics

Macroplastics

Diameter range

< 0.0001 mm (0.1µm)

0.0001 - 1 mm

1 - 4.75 mm

4.76 - 200 mm

>200 mm
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Watch the following video with your students:
• Story of Microbeads: https://www.youtube.com/watch?v=uAiIGd_JqZc&vl=en    

Share and discuss the following information with your students:Microbeads are plastic par ticles smaller than two 
millimetres which are added to personal hygiene products such as face cleansers and soaps, body washes, and 
toothpastes. The main types of microbeads are polyethylene (PE), polypropylene (PP), polyethylene terephthalate 
(PET), and polymethlyl methacrylate (PMMA) or nylon.

Companies use microbeads in their products because it’s cheaper than natural alternatives like apricot shells, jojoba 
beans, and pumice.   The majority of these products are designed to be rinsed off, so the microbeads go down the 
drain and into our wastewater. Most wastewater treatment doesn’t filter out microbeads, and thus they get discharged 
into waterways. As a result, microplastic particles are found in bays and seas worldwide, as well as inland waterways. 

Plastic microbeads absorb pollutants like pesticides, flame retardants, motor oil, and other industrial chemicals. A single 
microbead can be up to a million times more toxic than the water around it. These can move up the food web when the 
toxic-coated beads are consumed by fish and other marine organisms. Fish species that humans fish for food are known 
to eat microplastic particles, including microbeads, and the toxins absorbed in those plastics transfer to the fish tissue.

Reference: “Plastic Microbeads: They’re Bad. But Together We Can Stop Them.” The Story of Stuff Project, storyofstuff.
org/plastic-microbeads-ban-the-bead/.

WHAT ARE MICROBEADS?

https://storyofstuff.org/plastic-microbeads-ban-the-bead/
https://storyofstuff.org/plastic-microbeads-ban-the-bead/
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Name:

STUDENT WORKSHEET PRE-ACTIVITY RESEARCH:

1.   Investigate cosmetic products sold within your country that are known to contain plastic microbeads (a database 
of products can be found on the “Beat the Microbead” website: https://www.beatthemicrobead.org/). Do you use any 
of these products in your household? If so, write down the brand and name of the product(s): 

2.   Use the “Beat the Microbead” website to make a list of the types of plastics that are often found in cosmetic 
products: 

PRACTICAL ACTIVITY:

In this activity, you will use a number of different filter materials to try and extract as many microbeads as possible 
from a sample of body wash/facial cleanser. Some materials are provided but you may also bring in additional material 
from home to test.

AIM: to find out the best method of filtering microbeads from facial cleaners

HYPOTHESIS: the _______________________________________ will be the best filter material because 

EXTRACTING MICROBEADS FROM PERSONAL CARE PRODUCTS: STUDENT WORKSHEET
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MATERIALS: 
• Mesh laundry bag (small size for intimates works well) 
• Filter paper (coffee) 
• Stocking 
• Filter funnel 
• Other filtration materials e.g. cheesecloth, muslin etc 
• Beaker x 2 
• 200mL warm water 
• Spoon/stirring rod 
• Body wash or facial cleanser with microbeads 
• Small kitchen spoon  
• Electronic balance/scales *the balances need to be able to measure small amounts (0.1g for example)  
• Rubber bands  

VARIABLES:

Independent variable (what is the ONE thing being changed on purpose in this investigation?): 

Dependent variable (what is being measured or observed?): 

Controlled variables (what is being kept the same throughout the experiment?): 

METHOD:
1. Record the weight of the empty kitchen spoon using the electronic balance  
2. Fill the tablespoon with the body wash/facial cleanser. Carefully re-weigh the spoon. Calculate the mass of the 

body wash/cleanser sample. 
3. Use the spoon/stirring rod to stir the sample into 200 mL of warm water in a beaker. 
4. Cover a filter funnel with the laundry bag fabric on top. Secure with a rubber band. Place the filter into a second 

beaker and carefully pour the mixture over the filter material. 
5. Observe the filter and filtrate (the liquid that collected in the bottom of the beaker) for microbeads. Remove all 

microbeads from the filter material, allow them to dry and then weigh them on the electronic balance. Use this to 
calculate the percentage of microbeads extracted from the original sample.  

6. Repeat steps 1-5 for the remaining filter materials. Compare the results for each material to establish which is the 
best for removing the microbeads. 
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RESULTS:

DISCUSSION QUESTIONS:

1.   The best material for extracting microbeads from the facial cleanser/body wash was . 
This is because (describe features of the material that made it a better filter of microbeads) 

 
2.   Discuss how your method was effective/not effective: 

 
3.   Suggest improvements to your method: 

 
4.   What other ways could microbeads from cosmetic products be prevented from entering household drains and 
waterways: 

Mass of 
Empty 
Spoon (g)

Mass of 
Spoon + 
Cleanser 
(g)

Mesh 
Laundry Bag

Mass of 
Cleanser 
Sample (g)

% of 
Microbeads 
Extracted 
from Initial 
Sample

Mass of 
Microbeads 
Extracted 
(g)

Filter 
Paper

Stocking

(Other 
material)
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Every organism (living thing) has a place and set of conditions in which they live. This is called its habitat. For example, 
the habitat for a clownfish, like Nemo from the movies Finding Nemo and Finding Dory, is within a sea anemone on a coral 
reef. There are numerous other habitat types (e.g. deserts, rainforests, freshwater rivers, coastal waters, etc.), each with 
their own specialized organisms inhabiting them. Organisms need particular resources from their habitats in order to 
survive, including food, water, shelter, gases (e.g. oxygen), light, and mating partners for reproduction.

An ecosystem is a community of many different organisms,each with their own habitat, that interact with each other 
and their physical environment in a balanced way. For example, coastal marine ecosystems can be found in saltwater 
areas near land and have many types of interconnected organisms living together, such as phytoplankton (algae), 
zooplankton, jellyfish, crabs, sea snails, starfish, fish of various sizes, sharks, tur tles, seals, dolphins, and sea birds.

Food webs

Since organisms need food or nutrients for energy in order to survive within their habitats, the ecosystem that they 
are a par t of needs to provide an adequate supply. Plants, algae, and some bacterial species (primary-producers) 
have evolved to make their own food using solar or chemical energy, however animals can not do this and need to 
consume (eat) other organisms in order to get their energy. Animals that eat other organisms are called predators, 
while organisms that are eaten by another animal are called prey. For example, a tur tle (predator) eats jellyfish (prey) 
as their source of food and energy. Often, organisms can be both a predator (when it eats another organism) and 
prey (when they are then eaten by another predatorlike when a jellyfish that preys on plankton is then itself preyed 
on by a tur tle (which might then be preyed on by a predatory shark and so on). 

This interaction of predator-prey relationships is called a food web. Food webs star t with a photosynthetic organism, 
such as a plant, which gets its energy from the sun before it is eaten by a predator and passes its energy along a 
series of predator-prey relationships until it reaches the top of the food web at an apex predator (an organism that 
has no higher predator, such as great white sharks, lions, crocodiles). As humans eat many different types of food and 
have no natural predators, we are considered to be apex predators at the top of many food webs. 

When any organism dies and is not eaten by a predator (such as when an apex predator dies of old age), the body 
is decomposed (broken down) by microscopic organisms called decomposers (e.g. bacteria). Decomposers break 
down and return nutrients back into the soils and oceans to be used all over again by plants to grow and make their 
own food. This again provides food for all the animal predators along the food web. Therefore, nature has allowed the 
circle of life to cycle in a balanced way for millions of years through food webs that are found within ecosystems.

Reference: “Food Chains & Food Webs.” Khan Academy, Khan Academy, www.khanacademy.org/science/high-school-
biology/hs-ecology/trophic-levels/a/food-chains-and-food-webs-ar ticle.

FROM OCEAN TO HUMANS: IMPACT OF MICROPLASTICS ON HUMANS
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Humans eat organisms embedded with microplastics.

Effects of microplastic on human health:
• Leaching of dangerous chemicals 
• Desorption of dangerous contaminants 
• Effects on endocrine system/hormones 
• Links to cancer 
• Other negative health effects 

Micro-and nano-par ticles are of the greatest concern for human health as par ticles are small enough to be ingested. 
This can be orally through drinking water, consumption of fish and shellfish containing microplastics,through the skin 
via cosmetics, or by inhalation of par ticles in the air.

Microplastics can be passed up the food web when a species consumes organisms of a lower level which have 
microplastics in their gut or tissue. This has been shown at higher levels of the food web in the gut and digestive 
tracts of fish. However, any human exposure and potential risk has not yet been able to be identified or quantified. 
One factor could be that microplastics are found in par ts of the fish not eaten by human.

Share article with students: https://edition.cnn.com/2018/10/23/health/microplastics-human-stool-pollution-intl/
index.html

So why is there concern about microplastics in humans? Three possible toxic effects of microplastics have been 
identified: the plastic par ticles themselves, the release of persistent organic pollutants adsorbed to the plastics, and 
leaching of plastic additives.

Microplastics are hydrophobic so they can sorb (attract) environmental contaminants (polychlorinated biphenyl; PCB, 
for example). Significant accumulation of such environmental contaminants could ‘biomagnify’ up the food web to 
higher levels. 

To date, there has been no clear evidence of the accumulation of persistent organic pollutants or leached plastic 
additives in humans. Continued research in this area, however, is important to better understand the role of plastic 
within broader ecosystems and risk to human health.  
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Watch with your students:

• Micro-Plastics | Toxins in our seafood?: https://youtu.be/UpGt5L3GC7o  

Discuss the following with your students:

Adsorption of human introduced dangerous contaminants (e.g. PCBs - history of PCBs)

Microplastic par ticles can adsorb (bind with) other pollutant/chemical contaminants from the environment such 
as PCBs, PBDEs, persistent organic pollutants (POPs), endocrine disruptor chemicals (EDCs), flame-retardants and 
other industrial chemicals. These contaminants are dangerous to the health of animals and have been shown to 
cause neurological problems (e.g. in the brain and nervous system), decrease immune function (e.g. in the endocrine 
system) and cause issues with fer tility in females. A single plastic par ticle can absorb up to 1,000,000 more toxic 
chemicals than the water around it. 
  

Algal growth on microbeads?

As all food webs begin with a photosynthetic plant as their primary producer of energy, it is important to realise that 
the relationship between algae and floating plastic in the marine environment is the first step in microplastic being 
introduced into marine food webs. Phytoplankton (algae) are tiny but highly abundant photosynthetic organisms that 
float on the surface of oceans where they photosynthesize and are therefore the first organism in most, if not all, 
marine food webs (e.g. they are eaten by tiny zooplankton, such as krill, and also huge filter feeding animals like baleen 
whales). Algae attaches to and grows on microbeads when they enter our oceans and this often tricks animals that 
prey on algae into eating microbeads. For example, algae attached to microplastics are more easily captured by filter 
feeders like baleen whales than microplastics floating in the water column. Sadly, up to 56% of phytoplankton in the 
Mediterranean Sea contain microplastic par ticles. 

Eaten by zooplankton at start of food web

More than 600 species of marine organisms (from tiny zooplankton to gigantic whales) have been affected by plastic 
pollution either through ingestion (eating) or entanglement. In some species, ingestion is reported in over 80% of 
individuals. Many marine animals eat plastic pollution because to them plastic can look, smell, feel, and even sound like 
their natural prey. Plastic has been found inside the stomachs of one third of fish caught in the UK (1), including fish 
species that humans regularly eat, and has also been found in mussels (2) and lobsters (3).
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Sea cucumbers who feed by crawling along the ocean floor and scooping sediment into their mouths feel for 
anything that might be edible. Due to the high amount of microplastic found within ocean sediments, sea cucumbers 
eat an incredible amount of plastic because they are tricked by the feeling of plastic within the sediment. This is 
concerning when we consider that at Middle Harbour (an area within Sydney Harbor in Australia), scientists found 
60-100 par ticles of microplastic in just 100 milliliters of sediment (among the highest levels in the world). Fur ther, 
zooplankton (such as Pacific krill that float in ocean currents) have evolved to choose suitable food by feeling (with 
their appendages) for cer tain size prey. Therefore, microbeads that are the same size as their natural food source are 
accidentally consumed by zooplankton.

Those zooplankton that are lucky enough to eat their natural food source, phytoplankton, often also eat microplastic 
that the algae is growing on. This causes the microplastic to release a chemical compound called dimethyl sulfide 
(DMS), that fish and feeding seabirds, such as albatrosses, are attracted to. The smell of DMS coming from the plastic 
tricks seabirds and fish into eating plastic instead of their natural food source, zooplankton.

Sea tur tles are visual predators, meaning that they eat prey based on what they see. Unfor tunately, the natural food 
source of sea tur tles, jellyfish, looks very similar to floating soft plastics such as plastic bags. Shearwaters (another type 
of seabird) also consume plastic (par ticularly those red in color) when they see it.

Some marine mammals such as dolphins and toothed whales (e.g. sperm whales) have evolved a special technique for 
hunting called echolocation. When they use echolocation they make a high pitched sound which is sent out into the 
water to bounce off of objects, including prey. Dolphins and toothed whales use echolocation to find food in dark or 
murky waters. Unfor tunately, when using echolocation, plastic pollution “sounds” very similar to prey, and as a result 
many of these marine mammals have been found dead with a stomach full of plastic bags and other rubbish.

Once an animal from any par t of the food web has consumed microplastics, the dangerous contaminants (such as 
PBDEs) that adsorbed to the microplastic par ticles in the ocean then desorb (otherwise known as leeching) and can 
cross the intestinal wall and enter into the bodies of the animal. The microplastic par ticles themselves also cross into 
the animal’s body. PBDEs that were adsorbed to microplastic par ticles in the ocean have been found in the bodies of 
some mussels and lugworms after they have consumed microplastics (polyethylene and polystyrene). When an animal 
eats lots of microplastic over a long period of time, and par ticles Â and contaminants cross the intestinal wall into 
the the body, the animal begins to accumulate large amounts of these substances in their bodies. When an organism 
eats (or accumulates) a toxic substance (such as chemical contaminants like PBDEs) faster than they can remove it 
from their body we call it bioaccumulation. Sometimes the contaminants can poison the animal and cause it to die. 
Also, because there is no nutritional value in microplastic, an animal eating it in high quantities can also die due to 
starvation or malnutrition.
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However, if these animals with microplastic in their bodies are eaten by their natural predators, then these 
microplastics (and the dangerous contaminants bound to them) are also passed into the bodies of the predators. This 
means that any predator of an organism who has eaten microplastics passes the microplastic up the food web (e.g. 
fish that have eaten crustaceans like langoustine, which contain microplastics like polypropylene filaments. When an 
apex predator preys on animals that have bioaccummulated microplastics from their prey, it all builds up or magnifies 
in the body of this apex predator. We call this biomagnification. The issue with biomagnification is that all of the 
dangerous contaminants build up in whoever is the last to eat them, meaning the worst health effects are dealt 
to that animal. Quite often humans are these apex predators, especially when we eat seafood. In fact, the average 
Australian who eats seafood is ingesting about 11,000 pieces of microplastic each year.  

Reference: Gallo, Frederic, et al. “Marine Litter Plastics and Microplastics and Their Toxic Chemicals Components: the 
Need for Urgent Preventive Measures.” Environmental Sciences Europe, vol. 30, no. 1, 2018, doi:10.1186/s12302-018-
0139-z.

Picture Reference: https://www.sciencealert.com/microbeads-are-causing-the-f ish-we-eat-to-become-toxic-study-f inds
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MICROPLASTIC - FROM BATHROOM TO WATER MANAGEMENT FACILITY

Image Reference: http://www.beatthemicrobead.org

Display and discuss the graphic above with your students:

Each year millions of liters of wastewater and sewage enters the system through a network of underground pipes. 
The sewage then enters one of the larger trunk sewers. These slope downwards so gravity helps the sewage flow. 
Eventually, pumping stations push it back up to ground level to be processed at a water management facility.
It is important to note that all communities have different types of wastewater and sewage treatment systems. The 
system we are going to look at below is more complex than systems in rural communities for example. In some places 
in the world there is no municipal sewer, only septic systems, where sewage is stored in underground containers. 

Wastewater and Sewage Treatment (based on Melbourne, Australia’s treatment plants): 

Primary Treatment

During the primary treatment of sewage, sludge is separated from the sewage before it goes to secondary treatment. This 
sludge is then treated in an anaerobic environment, where there is no free oxygen. In this anaerobic environment, micro-
organisms such as bacteria break down organic materials in the sludge. This creates biogas, including methane and carbon 
dioxide. At both the Eastern Treatment Plant (ETP) and the Western Treatment Plant (WTP), the biogas is captured to produce 
electricity for use on the site. By capturing these gases, we reduce the greenhouse gases and odors released into our air. At the 
ETP, the sludge is anaerobically treated in large tanks called digesters. At the WTP, this treatment occurs in large covered lagoons.
Watch: Primary Treatment https://youtu.be/--GS_djOzcg  

Secondary Treatment 
During the secondary treatment of sewage, bacteria are used to reduce nutrients in the wastewater. This occurs in 
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the activated sludge plant, where different types of bacteria exist in aerobic (with added oxygen) and anoxic (without 
added oxygen) environments, which are side by side. These microorganisms break down organic materials and 
remove ammonia at both the Eastern Treatment Plant and the Western Treatment Plant. Ammonia is first converted 
to nitrates, and finally to nitrogen gas that is released into our air. The water then passes through sedimentation tanks 
where more sludge is removed and treated secondary effluent is produced.
Watch: Secondary Treatment https://youtu.be/yF9hQUebDNA 

Tertiary Treatment 
In the maturation lagoons at the Western Treatment Plant, effluent is disinfected naturally by sunlight. These lagoons are shallow, 
allowing UV light from the sun to penetrate the water and remove bacteria and pathogens. Additiona lmicroorganisms are 
removed as they are eaten by larger organisms. After 30 to 35 days in the lagoon system, the treated effluent is either recycled, 
sent on for fur ther disinfection, or is discharged to Port Phillip Bay under strict EPA Victoria license requirements.
Watch: Ter tiary Treatment https://youtu.be/_v39CRr8gGY  Reference: “Huber Company, Berching, Germany (2012). 
“Sedimentation Tanks.” Archived 2012-01-18 at the Wayback Machine.”  
Discussion questions for you and your students:
• What happens when microbeads enter water management facilities? Most water treatment plants remove some 

microplastics but most do not remove microbeads or nanoplastics. 
Complete the vir tual tour of the Sydney Water Wastewater Treatment Plant (20 minutes)
https://www.sydneywater.com.au/Education/Tours/vir tualtour/tour.html

Microbeads enter ocean from water management facility/sewerage system

Microbeads found within products like body wash and toothpaste are designed to be washed down the drain. 
The issue is that microbeads less than 0.5mm in diameter are too small to be removed by many waste treatment 
facilities. In addition, during heavy storms some waste treatment facilities overflow, allowing the waste to directly 
enter waterways. A survey of North America’s Great Lakes found up to 1.1 million tiny beads per square kilometer of 
water. It has also been estimated that 8 trillion microbeads per day are being released into waterways in the US alone 
(enough to cover more than 300 tennis courts).
However, this only makes up 1% of the microbeads washed down the drain in the US every day. The other 99% (800 
trillion microbeads each day) end up in the sludge of sewage plants and are often spread over agricultural land areas. 
Unfor tunately, the microbeads within this then also wash away into our waterways. Microplastic par ticles have been 
found in all oceanic gyres (a large system of circulating ocean currents), bays, gulfs, and seas around the world. 
In total, more than 12.7 million tons of plastic enter our waterways every year. One of the problems with plastic is that 
it does not break down in the environment, like most substances, but rather breaks up into smaller and smaller pieces. 
Because of this, larger pieces of plastic pollution break down into microplastics, contributing to the microplastic problem.  
Reference: “Environment and Climate Change Canada. “Microbeads - A Science Summary.” Environment and Climate 
Change Canada - Climate Change - Climate Trends and Variations Bulletin - Winter 2015/2016, 30 July 2015, www.ec.gc.
ca/ese-ees/default.asp?lang=en&n=adda4c5f-1.”

Watch videos on ways to minimize the entry of microbeads into the ocean:

• Plastic Soup Foundation: https://youtu.be/voWTpAE9pqQ 
• Microplastics: The Invisible Plastic: https://www.boomerangalliance.org.au/mpp-blog-02-microplastics
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MICROPLASTIC - WHAT CAN WE DO ABOUT IT?

Name: 

Introduction

As the name suggests, microbeads are very small (microscopic) beads of plastic. Microbeads can vary in size and 
can be anywhere between 0.1 µm and 5 mm in size, depending on the product they are in. They are so small that 
they pass straight through many wastewater treatment processes and end up directly in the ocean. As we have been 
exploring, microbeads can have a detrimental impact on ecosystems as they enter many marine food webs.

While some governments are moving to ban products with microbeads, in many places around the world, microbeads 
are still found in lots of household products. These products range from personal hygiene products to household 
cleaning products.

Is there a solution?

Ultimately, the best solution to the problem of microbeads is for people all over the world to stop using products 
with microbeads in them and for companies to stop putting microbeads in products. Thankfully, in some countries, 
microbeads have already been banned! However, this change may be slow to take place in other countries, so while we 
are waiting for people to ‘ban the bead’, millions of microbeads will continue to find their way into oceans all over the 
world. What if there was a solution to this problem? What if we could trap microbeads before they enter the sewage?

STEM DESIGN CHALLENGE ACTIVITY - STUDENT WORKSHEET
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Engineering Design Process

STEP

1
INVESTIGATE:

Identify the
Problem

STEP

2
INVESTIGATE: 
Identify Criteria 
and Constraints

STEP

3
PREPARE: 

Possible Solutions 
and Generate 

Ideas

STEP

4
PREPARE:

Research the 
PossibilitiesSTEP

5
PREPARE:

Select an Approach/ 
Prototype/ 
Solution

STEP

6
ACT:

Build a Model 
or Prototype

STEP

7
REFLECT:
Refine the 

Design

STEP

8
DEMONSTRATE: 

Share with 
Others and 
Community
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STEP 1: Investigate - Identify the Problem

From what you have learned so far, outline why it is problematic for microbeads to be used in household cleaning and 
cosmetic products. 

STEP 2: Investigate Identify Criteria and Constraints Design Brief:   Your challenge is to design a device that can tackle 
the issue of microbeads at the source. Your device will need to extract microbeads from your household wastewater 
before they enter the sewerage and cause problems in the environment. 

Design Criteria and Constraints:

Your device will need to fit the following criteria:
• Device needs to be able to be installed in pre-existing drains within a house so that plumbing doesn’t need to be 

replaced 

• Needs to fit in a standard sink and shower drain  

• Device needs to remove microbeads from the wastewater going down household drains before the wastewater 
enters the sewage system 

• Device needs to remove microbeads from the water at a rate that is fast enough to process the wastewater 
flowing down the drain without flooding 

• Device should be made from durable materials so that it won’t need frequent replacing 

• Device should be affordable and easy to install so that people are going to want to adopt it in their homes. If it is 
expensive or too difficult to install, people won’t bother installing it 

• Device should be easily accessible for regular cleaning
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STEP 3: Prepare - Possible solutions and generate ideas
Brainstorm some possible strategies that could be used to catch microbeads before household wastewater leaves the 
house.

Individual Draft

DrawingIdeas
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Design 2Design 1

STEP 4: Prepare - Research the Possibilities

Research some existing technologies that can be used to catch microbeads
Research some materials you could use to build your device

Design 4Design 3
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STEP 5: Prepare - Select an approach/prototype/solution

Share your design with your group and discuss the positive aspects of each design. Make sure everybody in your 
group gets to share. As a group, work together to prepare a final design.

Use the space below to write a description of your device and create the final drawing.

Description

Drawing
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STEP 6: Act - Build a model or prototype

Using recycled materials or upcycled materials, prepare a prototype of your microbead removal device. Be sure that 
your prototype matches the design criteria and constraints. 

Recycled materials you could use for the construction of your design include:
• Recycled plastic packaging 
• Recycled fabrics (maybe from old clothes) 
• Recycled elastic bands 
• Recycled timber products 
• Recycled cardboard/paper (remember that your device will need to be tested in water) 

STEP 7: Reflect - Refine the design

1.   As a group, discuss your finished prototype (if your prototype is able to be tested, you could even test it with a 
sample of water containing microbeads). What aspects of your design do you think will be most effective? 

2.   What worked well in your device? 

3.   What challenges did you face as an individual while designing the device? How did you try to overcome them? 
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4.   What challenges did your group face during the design and prototype process? How did you try to overcome 
them? 

5.   Based on your reflections, if you could improve on the design for your microbead removal device, what would you 
do differently? Why? 

STEP 8: Demonstrate - Share with others and the community

Unless people are aware of the problem that microbeads pose to the environment, they won’t see why we should be 
removing them from our household wastewater (and even removing them from household waste products in the first 
place).

Your task is to develop promotional materials that will educate people about the problem of microbeads and 
promote your device as a solution to the problem. You could choose to use a poster, infographic, video, or another 
form of media of your choosing.
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ASSESSMENT RUBRIC

Use the Microbead Filtration Device Assessment Rubric to assess student work on the engineering project. Criteria 
include testing of knowledge and concepts, conducting an investigation, design and/or construction of a filtration 
device, and public awareness campaign.

MICROBEAD FILTRATION DEVICE MARKING RUBRIC:

Marks 
Awarded

LIMITEDSOUNDEXCELLENT

15
Students 
complete the 
pre-activity 
research 
showing a high 
level of detail 
and scientific 
understanding 
of the effect of 
microbeads on 
health and the 
environment

10
Students 
demonstrate 
some level 
of detail and 
scientific 
understanding 
of the effect of 
microbeads on 
health and the 
environment

5
Students 
demonstrate 
little or no detail 
in research 
or scientific 
understanding 
on the effect of 
microbeads on 
health and the 
environment

Research the 
problem

Conducts an 
investigation

15
Students follow 
the method 
in detail to 
obtain accurate, 
reliable, valid and 
relevant data 
on the amount 
of microbeads 
in cosmetic 
products

10
Students make 
a fair attempt 
to follow 
the method 
in order to 
obtain accurate, 
reliable, valid and 
relevant data 
on the amount 
of microbeads 
in cosmetic 
products

5
Little attempt is 
made to follow 
the method 
correctly in 
order to obtain 
accurate, reliable, 
valid and 
relevant data 
on the amount 
of microbeads 
in cosmetic 
products
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 /100Total

15
Students worked 
well together ; all 
par ticipated and 
stayed on task

10
Most students 
stayed on task

5
Students often 
off-task

Working 
as a team

Making the 
product

20
Uses experimental 
data effectively to 
draw a detailed 
diagram or create 
a prototype of 
filtration device; 
evaluates the 
filtration materials 
used and relates 
this to the 
function of the 
filtration device

15
Experimental 
data is used 
to draw a 
diagram/create 
a prototype 
of filtration 
device showing 
less detail or is 
missing some key 
design aspects

10
Very little 
attempt has 
been made to 
use experimental 
data in order to 
design a filtration 
device

Evaluating 
the product

20
Students are able 
to effectively 
communicate 
limitations of 
their filtration 
device and can 
suggest possible 
improvements to 
its design

15
Students are 
able to discuss, in 
simple terms, a 
limitation of their 
filtration device; 
no improvements 
to its design 
addressed

5
Students 
experience 
difficulty 
identifying 
limitations or 
improvements 
to their filtration 
device

Communicate 15
Students clearly 
utilize their 
research and 
evaluation of their 
filtration product 
to create a 
public awareness 
campaign on 
microbeads in 
cosmetic products

10
Students create a 
public awareness 
campaign on 
microbeads with 
some details 
missing

5
Some attempt is 
made to create a 
public awareness 
campaign
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EXTENSION

AN INFOGRAPHIC IS A graphic, that is an easily understandable visual 
representation of information. They can communicate data, patterns, and trends 
that are easily understandable at first glance.

COMMUNICATION TASK INFOGRAPHIC:

TASK: Investigate the impacts of microbeads/microplastics on the diet of Little 
Penguins. Make an eye-catching colorful Infographic for a T-Shir t to communicate 
the impact of microbeads/microplastics to the health of Little Penguins through 
their diet. Visit Save Our Seabirds for an example of an Infographic T-Shir t. 
https://adriftlab.org/save-our-seabirds-shir ts/ 

You can use Microsoft Publisher or an online infographic design site such as www.piktochar t.com to communicate the 
topic information. Use text, graphics, char ts, and numbers to communicate the issue, analyze the data, and summarize 
the facts. Your design must include: 
1. A main title for the infographic 
2. Eye-catching section headings 
3. A minimum of three colors 
4. A minimum of one char t/graph 
5. A minimum of four graphics/diagrams 
6. Relevant non-fiction text summarizing and analyzing the data 

Use the T-Shir t outline to illustrate your infographic or go to https://www.customink.com/ndx/#/ to illustrate your 
final product.
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Use the Microbead Infographic Assessment Rubric to assess student work on the T-Shir t Infographic. Criteria include 
testing of knowledge and concepts, interpreting data, design, and overall presentation. 

ASSESSMENT MICROBEAD T-SHIRT INFOGRAPHIC MARKING RUBRIC 

MICROBEAD T-SHIRT INFOGRAPHIC MARKING ASSESSMENT RUBRIC:

Marks 
AwardedLIMITEDSOUNDEXCELLENT

15
Students show 
a high level of 
detail and scientific 
understanding of the 
effect of microbeads 
on penguin health and 
the environment

10
Students demonstrate 
some level of 
detail and scientific 
understanding of the 
effect of microbeads 
on penguin health and 
the environment

5
Students demonstrate 
little or no detail in 
research or scientific 
understanding on the 
effect of microbeads 
on penguin health and 
the environment

Topic

Content 15
Infographic includes 10 
accurate and carefully 
chosen facts and 
non-fiction text that 
summarizes the data

10
Infographic includes 
5-9 accurate facts and 
non-fiction text

5
Infographic includes 
less than 5 accurate 
facts

Data 
Visualisations

15
Students choose data 
visualization formats 
that make the data 
presented easy for the 
viewer to understand

10
Students choose some 
data visualization 
formats that make 
the data easy to 
understand

5
Little attempt is made 
choose data visualisation 
formats that make the 
data presented easy 
to understand

15
The infographic is 
enhanced through the 
use of graphics and 
design, and includes 
a minimum of four 
graphics

10
The infographic 
sufficiently 
communicates 
information through 
space, lettering, and color, 
and includes 2-3 graphics

5
The infographic does 
not communicate the 
information clearly

Visual/Overall

References 15
All graphics and data 
referenced

10
Most graphics and 
data referenced

5
Only some data/
graphics referenced

Teacher Resources:
• Kathy Schrock’s Guide to Everything Infographics as a Creative Assessment http://

www.schrockguide.net/infographics-as-an-assessment.html 
• http://www.schrockguide.net/uploads/3/9/2/2/392267/schrock_google_

infographics_0915.pdf

Total  /75
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CURRICULUM STANDARDS

AUSTRALIAN CURRICULUM STANDARDS – YEARS 4-6

Biological sciences

Strand Australian Curriculum Year 4 Year 6

Living things have life cycles 
(ACSSU072) Living things 
depend on each other and 
the environment to survive 
(ACSSU073)

The growth and survival of 
living things is affected by 
physical conditions of their 
environment (ACSSU094)

Chemical sciences Natural and processed 
materials have a range of 
physical properties that 
can influence their use 
(ACSSU074)

Science As a Human 
Endeavour

Science involves making 
predictions and describing 
patterns and relationships 
(ACSHE050) & (ACSHE061)

Science knowledge helps 
people to understand 
the effect of their actions 
(ACSHE051) & (ACSHE062)

Science involves testing 
predictions by gathering 
data, and using evidence 
to develop explanations of 
events and phenomena, and 
reflects historical and cultural 
contributions (ACSHE081) & 
(ACSHE098)

Scientific knowledge is used 
to solve problems and inform 
personal and community 
decisions (ACSHE083) & 
(ACSHE100)

Investigating

Questioning and predicting
With guidance, identify 
questions in familiar contexts 
that can be investigated 
scientifically and make 
predictions based on prior 
knowledge (ACSIS053) & 
(ACSIS064)

With guidance, pose clarifying 
questions and make predictions 
about scientific investigations 
(ACSIS231) & (ACSIS232)

https://www.australiancurriculum.edu.au/f-10-curriculum/science/?strand=Science+Understanding&strand=Science+as+a+Human+Endeavour&strand=Science+Inquiry+Skills&capability=ignore&priority=ignore&year=12004&elaborations=true&cd=ACSSU072&searchTerm=ACSSU072#dimension-content
https://www.australiancurriculum.edu.au/f-10-curriculum/science/?strand=Science+Understanding&strand=Science+as+a+Human+Endeavour&strand=Science+Inquiry+Skills&capability=ignore&priority=ignore&year=12006&elaborations=true&cd=ACSSU094&searchTerm=acssu094#dimension-content
https://www.australiancurriculum.edu.au/f-10-curriculum/science/?strand=Science+Understanding&strand=Science+as+a+Human+Endeavour&strand=Science+Inquiry+Skills&capability=ignore&priority=ignore&year=12004&elaborations=true&cd=ACSSU074&searchTerm=ACSSU074#dimension-content
https://www.australiancurriculum.edu.au/f-10-curriculum/science/?strand=Science+Understanding&strand=Science+as+a+Human+Endeavour&strand=Science+Inquiry+Skills&capability=ignore&priority=ignore&year=12003&elaborations=true&cd=ACSHE050&searchTerm=ACSHE050#dimension-content
https://www.australiancurriculum.edu.au/f-10-curriculum/science/?strand=Science+Understanding&strand=Science+as+a+Human+Endeavour&strand=Science+Inquiry+Skills&capability=ignore&priority=ignore&year=12004&elaborations=true&cd=ACSHE061&searchTerm=ACSHE061#dimension-content
https://www.australiancurriculum.edu.au/f-10-curriculum/science/?strand=Science+Understanding&strand=Science+as+a+Human+Endeavour&strand=Science+Inquiry+Skills&capability=ignore&priority=ignore&year=12003&elaborations=true&cd=ACSHE051&searchTerm=ACSHE051#dimension-content
https://www.australiancurriculum.edu.au/f-10-curriculum/science/?strand=Science+Understanding&strand=Science+as+a+Human+Endeavour&strand=Science+Inquiry+Skills&capability=ignore&priority=ignore&year=12004&elaborations=true&cd=ACSHE062&searchTerm=ACSHE062#dimension-content
https://www.australiancurriculum.edu.au/f-10-curriculum/science/?strand=Science+Understanding&strand=Science+as+a+Human+Endeavour&strand=Science+Inquiry+Skills&capability=ignore&priority=ignore&year=12005&elaborations=true&cd=ACSHE081&searchTerm=ACSHE081#dimension-content
https://www.australiancurriculum.edu.au/f-10-curriculum/science/?strand=Science+Understanding&strand=Science+as+a+Human+Endeavour&strand=Science+Inquiry+Skills&capability=ignore&priority=ignore&year=12006&elaborations=true&cd=ACSHE098&searchTerm=ACSHE098#dimension-content
https://www.australiancurriculum.edu.au/f-10-curriculum/science/?strand=Science+Understanding&strand=Science+as+a+Human+Endeavour&strand=Science+Inquiry+Skills&capability=ignore&priority=ignore&year=12005&elaborations=true&cd=ACSHE083&searchTerm=ACSHE083#dimension-content
https://www.australiancurriculum.edu.au/f-10-curriculum/science/?strand=Science+Understanding&strand=Science+as+a+Human+Endeavour&strand=Science+Inquiry+Skills&capability=ignore&priority=ignore&year=12006&elaborations=true&cd=ACSHE100&searchTerm=ACSHE100#dimension-content
https://www.australiancurriculum.edu.au/f-10-curriculum/science/?strand=Science+Understanding&strand=Science+as+a+Human+Endeavour&strand=Science+Inquiry+Skills&capability=ignore&priority=ignore&year=12003&elaborations=true&cd=ACSIS053&searchTerm=ACSIS053#dimension-content
https://www.australiancurriculum.edu.au/f-10-curriculum/science/?strand=Science+Understanding&strand=Science+as+a+Human+Endeavour&strand=Science+Inquiry+Skills&capability=ignore&priority=ignore&year=12004&elaborations=true&cd=ACSIS064&searchTerm=ACSIS064#dimension-content
https://www.australiancurriculum.edu.au/f-10-curriculum/science/?strand=Science+Understanding&strand=Science+as+a+Human+Endeavour&strand=Science+Inquiry+Skills&capability=ignore&priority=ignore&year=12005&elaborations=true&cd=ACSIS231&searchTerm=ACSIS231#dimension-content
https://www.australiancurriculum.edu.au/f-10-curriculum/science/?strand=Science+Understanding&strand=Science+as+a+Human+Endeavour&strand=Science+Inquiry+Skills&capability=ignore&priority=ignore&year=12006&elaborations=true&cd=ACSIS232&searchTerm=ACSIS232#dimension-content
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Investigating

Planning and conducting
With guidance, plan and 
conduct scientific investigations 
to find answers to questions, 
considering the safe use of 
appropriate materials and 
equipment (ACSIS054) & 
(ACSIS065) Consider the 
elements of fair tests and 
use formal measurements 
and digital technologies as 
appropriate to make and 
record observations accurately 
(ACSIS055) & (ACSIS066)

Identify, plan, and apply 
the elements of scientific 
investigations to answer 
questions and solve problems 
using equipment and materials 
safely and identify potential 
risks (ACSIS086) & (ACSIS103) 
Decide variables to be changed 
and measured in fair tests, and 
observe, measure, and record 
data with accuracy using digital 
technologies as appropriate 
(ACSIS087) & (ACSIS104)

Investigating

Processing and analyzing data 
and information

Use a range of methods 
including tables and simple 
column graphs to represent 
data and to identify patterns 
and trends (ACSIS057) & 
(ACSIS068) Compare results 
with predictions, suggesting 
possible reasons for findings 
(ACSIS215) & (ACSIS216)

Investigating

Evaluating
Reflect on investigations, 
including whether a test was 
fair or not (ACSIS058) & 
(ACSIS069)

Reflect on and suggest 
improvements to scientific 
investigations (ACSIS091) & 
(ACSIS108)

Investigating

Communicating
Represent and communicate 
observations, ideas, and findings 
using formal and informal 
representations (ACSIS060) & 
(ACSIS071)

Communicate ideas, 
explanations, and processes 
using scientific representations 
in a variety of ways, including 
multi-modal texts (ACSIS093) 
& (ACSIS110)

Construct and use a range 
of representations, including 
tables and graphs, to represent 
and describe observations, 
patterns, or relationships in 
data using digital technologies 
as appropriate (ACSIS090) 
& (ACSIS107) Compare data 
with predictions and use 
as evidence in developing 
explanations (ACSIS218) & 
(ACSIS221)
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NEXT GENERATION SCIENCE STANDARDS:

MS-PS1-3 Gather and make sense of information to describe that synthetic materials come from natural resources 
and impact society.

MS-ESS3-3 Apply scientific principles to design a method for monitoring and minimizing a human impact on the 
environment.*

MS-ETS1-1 Define the criteria and constraints of a design problem with sufficient precision to ensure a successful 
solution, taking into account relevant scientific principles and potential impacts on people and the natural 
environment that may limit possible solutions.

MS-ETS1-2 Evaluate competing design solutions using a systematic process to determine how well they meet the 
criteria and constraints of the problem.

MS-ETS1-3 Analyze data from tests to determine similarities and differences among several design solutions to 
identify the best characteristics of each that can be combined into a new solution to better meet the criteria for 
success.

MS-ETS1-4 Develop a model to generate data for iterative testing and modification of a proposed object, tool, or 
process such that an optimal design can be achieved.

MS-LS2-1 Analyze and interpret data to provide evidence for the effects of resource availability on organisms and 
populations of organisms in an ecosystem. 

MS-LS2-2 Construct an explanation that predicts patterns of interactions among organisms across multiple 
ecosystems.

MS-LS2-3 Develop a model to describe the cycling of matter and flow of energy among living and nonliving par ts of 
an ecosystem.

MS-LS2-4 Construct an argument supported by empirical evidence that changes to physical or biological 
components of an ecosystem affect populations. 

MS-LS2-5 Evaluate competing design solutions for maintaining biodiversity and ecosystem services.

https://www.nextgenscience.org/pe/ms-ps1-3-matter-and-its-interactions
https://www.nextgenscience.org/pe/ms-ess3-3-earth-and-human-activity
https://www.nextgenscience.org/dci-arrangement/ms-ets1-engineering-design
https://www.nextgenscience.org/dci-arrangement/ms-ets1-engineering-design
https://www.nextgenscience.org/dci-arrangement/ms-ets1-engineering-design
https://www.nextgenscience.org/dci-arrangement/ms-ets1-engineering-design
https://www.nextgenscience.org/pe/ms-ls2-1-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/pe/ms-ls2-2-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/pe/ms-ls2-3-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/pe/ms-ls2-4-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/pe/ms-ls2-5-ecosystems-interactions-energy-and-dynamics
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