HEALTHY LUNGS FOR LIFE SCHOOL RESOURCES
AIR QUALITY (KEY STAGE 3 / 11-14 YEARS)
Teachers Notes

Introduction
Air quality plays an important role in lung health for everyone, but young people are particularly vulnerable. In this lesson pupils will find out about outdoor and indoor air pollution, including the health effects of different kinds of pollutants.  They will also learn about what they can do to help reduce their exposure to harmful air pollution. This pack has been created by the European Lung Foundation as part of Healthy Lungs for Life. Healthy Lungs for Life is a global public awareness campaign which focuses on the importance of lung health.
How to Use These Resources
This pack includes a suggested lesson plan and accompanying materials (background information, PowerPoint slides and worksheets) to support you in delivering a 60-90 minute session on air quality and lung health. The activities are described in short blocks which you can mix and match to fit the time you have available. There are also some suggestions for longer extension activities which could be used for a class project or extra-curricular club. You are encouraged to adapt the materials to suit your pupils or educational setting.  
Before delivering the lesson, you are advised to read through all the materials, check if the risk assessment provided is suitable for your setting, gather any materials you will need and print the pupil worksheets. If you plan to do the ‘incomplete combustion‘ demonstration you are strongly encouraged to test it beforehand.
Materials needed:
· PC and Projector to deliver PowerPoint Slides (optional - internet connection/audio to show YouTube videos)
· Printed pupil activities/worksheets (1 per group or pupil)  
· If doing ‘incomplete combustion’ demonstration - candle or Bunsen burner, heatproof mat, ceramic tile or beaker, lighter or matches, PPE
· Computers/tablets/smartphones with internet access for air quality data activity

Learning Objectives
Key message: Air pollution causes and aggravates lung disease, but everyone can take steps to reduce their exposure
By the end of this session participants should be able to:
· Appreciate that air pollution causes and aggravates lung disease
· Name some different types of molecules that cause air pollution
· Identify places in their local area/country where air pollution is high and low
· Name some ways of reducing personal exposure to air pollution

Curriculum Links (English National Curriculum)
· Science
· Gas exchange systems (lung function, asthma and smoking)
· Atoms, elements, and compounds
· Chemical reactions
· Earth and atmosphere
· Geography
· Human geography
· Citizenship
· Volunteering, activism and improving communities


Activities and Background Information
	ACTIVITY
	BACKGROUND INFORMATION

	Introduction (approx. 10 min)
Resources: Slides 2-5, how the lungs work video
Mode: whole class teaching

· Discussion: Show slide 2 and ask ‘Why do we need clean air?’. Depending on your class you might ask follow up questions, introducing or clarifying the terms ‘air pollution’ or ‘pollutants’.
· Teaching: Show slide 3 and explain that air pollution can damage the lungs causing/aggravating asthma and other lung problems.
· Show slide 4 and describe/recap how the structure of the respiratory system and how the lungs work. You might like to show this video which includes an animation on how the lungs work https://www.youtube.com/watch?v=f_xnopMf3p8 (4 min)
· Show slide 5 and introduce how air pollution gets into the lungs and the problems it can cause.

	Why we need clean air
Humans have to breath to stay alive. But if the air we breathe isn’t clean it can cause all kinds of problems including lung damage, heart disease and neurological damage. Unfortunately 99% of the world’s population breathe air that contains high levels of pollutants. Children are more vulnerable to air pollution than adults because their brains, lungs and other organs are still developing. According to WHO worldwide 1 in 10 deaths under age 5, and 20% of newborn deaths are attributed to air pollution. The lungs of young people normally mature rapidly between the ages of 10 and 18 to reach adult lung function. Research has also shown that air pollution dramatically inhibits this normal development.

How the lungs work
We need oxygen from air for respiration – the chemical process which generates energy from our food. We also need to get rid of carbon dioxide, a waste product from respiration. This process of gas exchange takes place in the lungs. Inhaling pulls oxygen-rich air into the lungs. Exhaling pushes the air, including carbon dioxide, out of the lungs. Breathing is controlled by the diaphragm, a large muscle under the lungs which contracts as we inhale and relaxes as we exhale. This video gives a detailed animation of how the lungs work https://www.youtube.com/watch?v=f_xnopMf3p8 

How air pollution gets into the lungs
Air is mainly nitrogen (78%) and oxygen (21%) with the other 1% being a mixture of other gases and tiny particles. Air pollution, whether gases or particles, gets mixed into the air and so it gets pulled into the lungs when we breathe in. Different pollutants have different effects. Some irritate the lungs, causing wheezing or coughing. Others get lodged deep in the lungs or diffuse into the bloodstream causing longer term problems like cancer and damage to the cardiovascular and nervous systems. 


	Asthma (approx. 10 min)
Resources: Slide 6, drinking straws (1 per child)
Mode: whole class teaching with individual activity
*Review risk assessment

· Slide 6: Explain that asthma is a lung condition that makes it hard to breath. 
· Ask for hands up – do you have asthma? Do you know anyone who does? Possible extension questions - do you know anyone who uses an inhaler? Do you know what inhalers are for/what is in them?
· Activity and discussion* – breathing through a straw. Hand out one straw per child. Ask them to take a few breaths normally and notice how it feels. Then get them to put the straw in their mouth and breath through it, noticing how it feels different. Possible discussion questions: How do they feel different? What do you think it would be like to struggle to breathe all the time? What activities would be difficult? Collect and dispose of straws immediately after activity.

	Asthma
Asthma is a common long-term condition that causes inflammation and swelling which can restrict the airways making it harder to breathe. An asthma attack is when symptoms suddenly get worse. This can be triggered by a number of things including allergies, air pollution, exercise and infections. Asthma can be inherited (genetic) or triggered by repeated exposure to irritants like air pollution. Most people with asthma take medicine to help control it via an inhaler (puffer). It’s common to have two inhalers – a preventer which is taken regularly (often brown, orange or purple) and a reliever (blue) which is taken in an emergency. Around 1 in 12 adults and 1 in 11 children have asthma.

Other common lung conditions
COPD (Chronic Obstructive Pulmonary Disease) is a common lung condition in older people. It can have similar symptoms to asthma, but is mainly caused by smoking rather than genetics. It is aggravated by air pollution and colds/flu, but not allergies or exercise.

Lung Cancer is cancer of any part of the lungs. Around 80% of cases are caused by smoking, but air pollution is also a significant trigger.

Cystic Fibrosis is a genetic (inherited) lung condition. In the UK all newborn babies are tested for cystic fibrosis. It affects the balance of salt and water in the body so sticky mucus build up in the lungs. It can be treated with medicines and special exercises.

Pneumonia is a lung infection caused by an overgrowth of micro-organisms (bacteria, viruses or fungi) in the lungs. It is more common in young and old people whose natural defences are lower. It can often be treated with antibiotics.


	What is Air Pollution? (approx. 15 min)
Resources: Slides 7-11, pupil worksheet
Mode: whole class teaching 

· Show slide 7 and ask ‘What is air pollution?’ Explain that air pollution can include both harmful gases and tiny particles.
· Show slide 8 and introduce main gases outlining where they come from and why they are a problem. Pupils can complete worksheet questions as you are speaking or afterwards.
· Show slide 9 and ask for suggestions on what kinds of particles might be found in air. Write answers on worksheet.
· (optional) Show the first 1 min of this video - Good and bad particles https://www.youtube.com/watch?v=_8RI6KZ9R_g 
· Show slides 10 and 11 to recap on the video on the size of different particles and how they can get into the lungs. Complete worksheet questions.


	Types of air pollution
There are many different pollutants in the air. They have different sources and different effects. Most will irritate the nose and throat causing coughing and wheezing. Some can cause longer term or more serious problems. Here are some of the most important.

Gases
Ozone (O3) is a gas made of 3 oxygen atoms. It can be good or bad depending on where it is found. In the upper atmosphere ozone is good as it absorbs harmful ultraviolet radiation to stop it reaching the ground. Near the ground ozone is dangerous. It is created by the effect of sunlight (ultraviolet radiation) on exhaust gases like nitrogen dioxide and volatile organic compounds. Along with nitrogen dioxide, ozone is a major component of photochemical smog. Ozone irritates the lungs causing coughing and wheezing.   

Nitrogen Dioxide (NO2) is a gas made up of one nitrogen and two oxygen atoms. It is created when fossil fuels, particularly petrol and diesel, are burned. Because air contains nitrogen as well as oxygen, burning fossil fuels in air creates NO2 as well as CO2. NO2 is a toxic reddish-brown gas with a strong smell. NO2 is harmful on its own, aggravating lung conditions, but can also react with other compounds to make O3. 

Sulphur Dioxide (SO2) is a gas made up on one sulphur and two oxygen atoms. It is colourless but has a pungent ‘eggy’ smell. It is released when fossil fuels are burned particularly coal and oil. Coal and oil contain some sulphur as they are the remains of living things. It is also released by volcanoes. Like NO2, SO2 can irritate the lungs and also react with other compounds in the air to create other kinds of pollution.

Particles
Particulate air pollution includes a huge variety of materials including natural and man-made particles. Man-made particles include soot from burning fossil fuels, tiny fragments of rubber, metal and dust created by the friction of tyres on the road, vehicles braking, and other industrial processes. Natural particles include pollen, soil, sea spray, and mould spores. Most important for lung health isn’t the source of the particles, but the size. Larger particles will often be trapped and removed by the mucus in the nose and lungs. But very tiny particles (called PM10 and PM2.5) can get right down into the lungs and potentially into the bloodstream. 


	Incomplete Combustion (approx. 10min as a demonstration, allow 20min as a group activity) 
[bookmark: _Hlk134107775]Resources: Slides 12-15, candle or Bunsen burner, heatproof mat, ceramic tile or beaker, lighter or matches, PPE 
Mode: whole class teaching with demonstration or group activity
*Review risk assessment

· Show slide 12 and ask where air pollution comes from.
· Show slide 13 and explain that most air pollution comes from burning fossil fuels. 
· Show slide 14 and set up for demo 
· Light candle or Bunsen burner (yellow flame)
· Hold ceramic tile or beaker in the flame, restricting the air flow, until you start to see soot build up
· Show the sooty tile/beaker to the class and ask what they think has happened, what the black stuff is, how this relates to air pollution.
· Show slide 15 and explain incomplete combustion and how it leads to particulate air pollution

If you have sufficient equipment this could be done as a group activity. Or if you don’t have any equipment you could show this video instead
https://www.youtube.com/watch?v=RU_Nobzk60o 

	In theory burning fossil fuels or wood with a plentiful supply of oxygen should just produce CO2 and water. In reality, none of these fuels are pure hydrocarbon – they contain impurities like sulphur, and they are burned in air which is mainly nitrogen rather than pure oxygen. They are also often burned in restricted spaces like car engines which can reach high temperatures/pressures and don’t have a good air flow. This results in incomplete combustion and all kinds of additional reactions and byproducts.

This demonstration shows how soot (carbon dust) is produced as a byproduct of burning a hydrocarbon like methane gas or candle wax.
Complete combustion: hydrocarbon + oxygen  carbon dioxide + water

Incomplete combustion: hydrocarbon + oxygen  carbon dioxide + water + carbon monoxide + carbon

The carbon/soot produced on the tile would be particulate air pollution if it was suspended in air.

When the Bunsen burns with a hot blue flame (hole open) it is complete combustion. When the hole is closed oxygen is limited so the cooler yellow flame is a sign of incomplete combustion. 

	Sources of Air Pollution (approx. 20 min)
Resources: Slide 16-19, printed cards cut up for sorting, printed worksheets
Mode: whole class teaching with group card game

· Show slide 16 and ask where does air pollution come from? Manage discussion and provide background information as needed
· Card sorting game in pairs or groups – sort cards into sources of air pollution and not sources of air pollution
· Show slide 18 and discuss the results. Are there any that are surprising? Look at the sources and discuss which ones are worse than others. You can decide how much detail you provide on the kinds of air pollution from each one.
· Discuss what we can do to as a society to reduce air pollution. Which things can be avoided? Which things can’t be avoided but could be done differently? What kinds of behaviours would help? 
· Show slide 19 and complete ‘causes, effects, solutions’ worksheet individually or in pairs/groups. To extend this activity pupils could research their own answers using books or the internet. Or they could choose one source of pollution to focus on in detail as a mini-project.

	Definitely sources of air pollution
Burning anything (petrol/diesel, wood, coal, gas) will create both gases and particulates. So fires (including bonfires and domestic fires/log burners), buses, trains and aeroplanes, petrol/diesel cars and motorcycles, smoking, fireworks and power stations (if burning coal, oil or gas) are all sources of air pollution. (NB – the big clouds sometimes seen over factories and power stations are often steam from cooling towers rather than smoke).  There can be natural sources of air pollution like pollen, volcanos, sea spray and dust storms – ash clouds from a volcano in Iceland caused huge travel problems in 2010. Aerosols and cleaning products can produce droplets and gases which can irritate the lungs, especially if they are used indoors with poor ventilation. Farming releases ammonia (NH3), mainly from animal manure and fertilizer, which can react with other materials to form PM. 

Can be a source of air pollution. 
Any form of transport can generate particles from friction on tyres and brakes - that includes electric cars, electric trains/buses/trams and cycling.

Not sources of air pollution
Walking. Wind turbines and solar panels. Trees can actually reduce pollution by absorbing dangerous gases and trapping particles on their leaves.

The worst/most dangerous sources of air pollution are smoking and burning fossil fuels. But a diesel bus/train is better than a car because it can transport a lot more people. Burning gas creates a lot less pollution than burning coal. Electric cars and cycling are much better than conventional cars because they produce vastly less air pollution.

	True or False Game (approx. 10min)
Resources: Slide 20-26
Mode: whole class teaching with voting

· Show each statement and ask students to vote true or false. Voting could be done by raising hands or by designating one side of the classroom true and the other false and asking children to move to the one they believe is correct.

· Reveal each answer and discuss misconceptions

	Air pollution affects children more than adults: TRUE! Childrens lungs are more vulnerable as they are smaller and still developing. They also breathe faster so may take in more pollutants.

You can always smell air pollution: FALSE! Some air pollutants, like car exhausts, have a strong smell but others are completely odourless

Air pollution only affects our lungs: FALSE! Air pollution can also affect the heart/ circulatory system and the brain/nervous system
Sometimes air pollution is invisible: TRUE! Some of the most dangerous air pollutants are incredibly tiny particles which can go deep into the lungs and get into the bloodstream.
All air pollution is made by humans: FALSE! Natural sources of air pollution include wildfires, volcanoes, and dust storms. Mould spores and pollen can also aggravate lung problems.
Air pollution is often worse on hot sunny days: TRUE! The sunlight can trigger chemical changes which make the pollutants even more dangerous.
Air pollution is always worst outdoors: FALSE! Air pollution can much more concentrated inside buildings and cars. The air is more still so pollution builds up.

	Looking at air pollution data (approx. 20 min)
Resources: Slide 27-29, laptops/tablets for pupils to access internet, worksheet per pupil or group
Mode: individual or group activity

· Show slides 27 and 28 to explain that they will be looking at real time data on levels of air pollution in different places
· Load the air pollution map on the presentation screen and give an overview of how to navigate it – how to navigate, change pollutant, find specific places, colour scale
· Get students to explore the map and get a feel for how it works
· Set students to looking for specific data and recording it on their worksheets
· Option 1 – use the search to find either places near where you live or specific towns/cities
· Option 2 – look for places with very high and very low levels of different kinds of pollution. 
· Discuss what the students have discovered. What trends/patterns have they found? Can they explain why their findings? Were any of the results surprising? 


	Interactive air pollution data maps
Decide how you will ask students to engage with the data – you might invite them to choose a place or you might allocate places or specific pollutants to particular groups.
The worksheet is based on using the Plume Labs map and data.

Plume Labs/AccuWeather 
You are advised to start with this one as it is the simplest to use with worldwide coverage. Only basic, real time data
https://air.plumelabs.com/air-quality-map 

World Air Quality Index project
Nicely presented real time data and historic data with easy to understand smiley face scale but website has a lot of pop-up ads
https://waqi.info/ 

European Air Quality Map 
Detailed real time and historical data with the option to go into Google Maps and look at exact monitor locations. Doesn't include UK.
https://airindex.eea.europa.eu/Map/AQI/Viewer/

	Clean Air Pledge (approx. 5 min)
Resources: Slide 30/31 and cards/paper for writing pledges
Mode: Mode: whole class teaching with individual pledge sheets

· Show slide xx and ask pupils to look at their sources of air pollution worksheet and think about something they would like to change about their routine or local area.
· Get students to write a pledge to do that one thing to help reduce air pollution in their own lives.
· Ask them to explain their pledge to a partner to help them think through what they need to do to make it happen.
· You might like to collect the pledges and make some kind of a display with them (e.g. writing them on cloud shaped pieces of paper, or as leaves on a tree) to revisit at a later date
	People are more likely to follow through on behaviour change if they make a public declaration and feel like they are conforming to a social norm.

Choosing to change just one thing makes it feel less overwhelming.

If a lot of the students have similar ideas you could turn this into a whole school pledge, perhaps organising a school assembly to tell other pupils or parents what they would like to change.

	OPTIONAL EXTENSION ACTIVITIES
	

	Tracking Air Quality Over Time (set up plus at least 20min per week over a period of time)
Resources: laptops/tablets for pupils to access internet, spreadsheet
Mode: individual or group activity 
· Repeat the ‘Looking at air quality data’ exercise regularly, e.g. daily or weekly, recording how the air quality in particular places changes over time 
· The data could be used to feed into the creative presentation activity or presented as a project or school assembly etc.
· Another option would be to set up a datalogger in or near the school grounds and collect results regularly. Check with your educational supply company to see what they have available.
	The importance of tracking air quality over time
Tracking air quality over time is useful as weather and changes in human activity can make a significant difference. Some types of air pollution are worse in hot weather, others during cold weather. There are peaks in traffic pollution at busy times of day. Natural particles like pollen peak at certain times of year. Even fun things like public celebrations where fireworks are lit can temporarily worsen air quality. Monitoring air quality over a period of time tells us much more about where the real problems are than a single snapshot.

	Creatively visualising air quality data (data collection plus at least 1 hour)
Resources: depends on activity chosen
Mode: individual or group activity 

· Using the air quality data collected, challenge the students to think of a creative way of displaying it.
· Encourage them to research what other people have done to get ideas (some examples are included in the background information)
· Get them to create their own way of displaying the data to help people understand and connect with it.

	Air monitoring creates a lot of data which can be hard to understand quickly It’s why colour coded maps like the one used in this session can be so helpful. Artists can find even more creative ways of conveying data. These creative visualisations can help people more quickly understand and connect with the data.

Some examples include: 
· Air Transformed: necklaces and glasses in different colours, sizes and densities to indicate air quality data  https://miriamquick.com/air-transformed 
· Yellow Dust: a giant vapour cloud which changed density and humidity to represent air quality  https://warwick.ac.uk/fac/soc/impact/visualisingairpollution/
· Particle Falls: a light installation ‘waterfall’ which changed colour and intensity depending on air quality https://www.sciencehistory.org/particle-falls 
· Mutual Air: a network of wind chimes which sounded when they detected air pollution https://mutualair.org/ 

	Campaign for Clean Air
Resources: depends on activity chosen
Mode: depends on activity chosen

· Choose a topic that the students are passionate about and that is relevant to your setting. Here are some examples 
· encouraging students to walk to school
· encouraging parents to switch off their engines outside school
· campaigning to reduce the speed limit or introduce traffic calming outside school
· campaigning to improve foot or cycle paths in the local area
· Plan and implement a campaign. Here are some examples
· doing an assembly for other pupils or parents
· making and putting up posters
· writing to local council or MP
	Active citizenship
As it is invisible and the causes are often out of their control, air pollution can feel scary to children. Focusing on what they can do can help bring a sense of control and competence. It also helps young people learn about how their local community works and the develop skills needed for active citizenship. 

You can get ideas and resources for tackling air pollution around your school on the Clean Air for School website 
https://www.transform-our-world.org/programmes/clean-air-for-schools 





Risk Assessment
Possible risks and suggested precautions are detailed here but it is your responsibility to conduct a risk assessment which takes into account your setting and the educational and emotional maturity of your pupils.
	Activity
	Possible hazards
	Suggested precautions

	Breathing through a straw

	Transfer of saliva between participants
	Provide a new straw for each participant and dispose of used straws.

	
	Breathlessness or dizziness
	Check if participants have any adverse health issues (e.g. lung or heart condition) and discourage participation where necessary.
If affected, participants should sit down and breathe slowly and deeply. Seek first aid if necessary.

	Incomplete combustion demonstration
	Risk of burns from lighter/candle/Bunsen burner
	If students are not confident in working with Bunsen burners/flames then this should be done as a demonstration only 
Use appropriate PPE and surface protection




Links for further information
European Lung Foundation Healthy Lungs for Life https://europeanlung.org/en/projects-and-campaigns/healthy-lungs-for-life/ 
World Health Organisation Air Pollution https://www.who.int/health-topics/air-pollution
Asthma and Lung UK – Lung Conditions https://www.asthmaandlung.org.uk/#about 
Clean Air for Schools Programme https://www.transform-our-world.org/programmes/clean-air-for-schools 



About the European Lung Foundation (ELF)
ELF is a patient-led organisation that works internationally to bring patients and the public together with healthcare professionals to improve lung health and advance diagnosis, treatment and care. Founded in 2000, ELF works in partnership with the European Respiratory Society (ERS) to develop the union between lung health professionals and patients. Based in Sheffield (UK) and Brussels (Belgium) ELF has grown and developed a core team of specialists and a network of individual patients and patient organisations. ELF works with people from all over the world, including our volunteer patient network of more than 350 people and our patient organisation network with more than 200 respiratory organisations in Europe; working together with people living with more than 40 different lung conditions. Our ethos is openness, inclusiveness and collaboration. We believe in working together to improve lung health.
Find out more at https://europeanlung.org/ or search for ‘European Lung’ on social media.

These resources have been created by Sarah McLusky (www.sarahmclusky.com) for the European Lung Foundation. © European Lung Foundation 2023
