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This teacher pack has been created for teachers by Ricardo, on behalf of Fife Council for their Clean
Air Day citizen science pack. The pack has been created with citizen science materials and exercises
for pupils.

This pack will help pupils to understand the key issues around air pollution, what air pollution is, where
it comes from, ways of tackling the issue and how they can influence their own air pollution impact.

What is Air Pollution and where does it come from?

Air pollution is defined as the “contamination of the indoor or outdoor environment by any chemical,
physical or biological agent that modifies the natural characteristics of the atmosphere” (WHO, 2016).
This includes a variety of gases and particulates (i.e. dust, soil, seal salt, etc) that can be detrimental
to human health, ecosystems and agricultural crops (Natural Hazards Partnership, 2015). Air pollution
comes from a variety of sources, which can be natural or from man-made activities (see Figure 1).

Figure 1. Air pollution sources and pathways to secondary pollutants
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(Scottish Government, 2015)

SOURCE: http://www.parliament.scot/ResearchBriefingsAndFactsheets/S5/SB _16-35 Air Quality in _Scotland.pdf




Why monitor Air Pollution?

Scientific studies have shown that air pollution impacts human health. For healthy people, moderate
air pollution levels are unlikely to have any serious short-term effects. However, exposure to elevated
pollutant concentrations and/or long-term exposure to air pollution can lead to more serious
symptoms and conditions affecting human health. These conditions mainly affect the respiratory and
inflammatory systems but can also lead to more serious conditions such as heart disease and cancer.

Those with existing heart or lung conditions (i.e. asthma) are more susceptible to increased health
risks associated with air pollution, therefore being aware of local air pollution is important.

What are the main air pollutants?

The main pollutants that are monitored under the Scottish Legislation Air Quality Standards and
Objectives are:

Pollutant Sources of pollutant
. o i.e cars, maritime, aviation engines & through natural processes such
Nitrogen Dioxide (NO,), . . )
as volcanoes, lightening and fires
Derived from (1) combustion sources (mainly road traffic); (2)
secondary particles, mainly sulphate and nitrate formed by chemical
Particulate Matter 10 (PMuo) & reactions in the atmosphere, and often transported from far across
Europe; (3) coarse particles, suspended soils and dusts (e.g. from the
Particulate Matter 2.5 (PM..s) pe; (3) p . p . (8 .
Sahara), sea salt, biological particles and particles from construction
work
Globally, much of the sulphur dioxide in the atmosphere comes from
natural sources, but in the UK the predominant source is power

Sulphur Dioxide (SO
g (502) stations burning fossil fuels, principally coal and heavy oils.

Not emitted directly from any man-made source in any significant
Ozone (03) guantities. In the lower atmosphere, Os is primarily formed by a
complicated series of chemical reactions initiated by sunlight.
Produced by incomplete, or inefficient, combustion of fuel. It is
Carbon Monoxide (CO) predominantly produced by road transport, in particular petrol-
engine vehicles.
Poly Aromatic Hydrocarbon (PAH)  Produced by the incomplete combustion of fuels.
Benzene is a Volatile Organic Compound (VOC) which is a minor
constituent of petrol. The main sources of benzene in the atmosphere

Benzene . T .

in Europe are the distribution and combustion of petrol.

The highest concentrations of lead and heavy metals are now found
Lead around these installations in industrial areas

1,3-butadiene, like benzene, is a VOC emitted into the atmosphere
1,3-Butadiene. principally from fuel combustion of petrol and diesel vehicles.



What are the main air pollutants in Fife Council?

The main pollutants within Fife Council, and the focus of this teacher pack, are Nitrogen Dioxide (NO,),
Particulate Matter 10 (PMo) & Particulate Matter 2.5 (PM.s).

Nitrogen dioxide (NO3)

Nitrogen dioxide can irritate the lungs and lower resistance to respiratory infections such as influenza.
Continued or frequent exposure to concentrations that are typically much higher than those normally
found in the ambient air may cause increased incidence of acute respiratory illness in children.

As stated in Figure 1, NO; can be formed from natural and anthropogenic processes, the main source
of NO; in Scotland is from vehicle emissions, see Figure 2.

Figure 2. Formation of NO: from vehicle combustion
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In ambient air, the main source of oxides of nitrogen (NOx) are emitted from combustion of fossil fuels
(i.e. vehicle emissions). NOx is the collective term for nitric oxide (NO) and nitrogen dioxide (NO,).
During the combustion process, 90-95% of the nitrogen oxides (NOx) are usually emitted as nitric
oxide (NO) and only 5-10% as nitrogen dioxide (NO;), although substantial variations from one source
type to another have been observed. The higher the combustion temperature, the more nitric oxide
(NO) is generated. In ambient conditions, NO is rapidly oxidized in air to form NO; by available oxidants
(such as oxygen, ozone and volatile organic compounds (VOCs)).

In the UK, vehicles are the main contributor for NO; in our atmosphere, especially in urban areas
where there are taller buildings and narrower streets that restrict the air dispersing quickly, instead
the air recirculates within the streets, adding more NO..

Particle Matter (PM1o & PM>3s)

Particulate matter can be categorised into two main groups, depending on the size of the particles.
PMio is the term given to particles up to 10 micrometers in size. PM; s refers to smaller particulates up
to 2.5 micrometers in size (100 times thinner than a human hair.) Particulate Matter is composed of
a wide range of materials arising from a variety of sources (as stated in the table above). However,
Particulate Matter pollutants can also be transported a great distance to Scotland by wind and air
masses. For instance, last April 2019, data analysis identified that air masses from the east (see Figure



3) along with strong easterly winds affecting the country brought wildfire smoke over from large fires
located in eastern Europe and Russia. In addition, wildfires in southern Norway added to these poor
air quality conditions resulting in the very high particulate matter measured across Scotland (Figure
4).

Figure 3. Air Mass coming from eastern Europe in April 2019, affecting Scottish air quality
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Particles are measured in several different size
fractions according to their mean aerodynamic
diameter. Most monitoring is currently focussed on 2 En
PMo, but the finer fractions such as PM, s have recently
been of more interest. In 2015, the Scottish
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Air Quality Monitoring in Fife

Automatic Monitoring
Fife Council have 4 automatic monitoring sites that monitor NO,, PM1 and PM;s all year round.

Site Monitors Picture
. NO, PM1g
Fife Cupar & PMys

This data is available at:
https://www.scottishairquality.scot/latest/site-info/CUPA

Fife NO; PM1g
Dunfermline & PM,.
This data is available at:
https://www.scottishairquality.scot/latest/site-info/DUNF
. . NO,; PMyg
Fife Kirkcaldy & PM,

This data is available at:
https://www.scottishairquality.scot/latest/site-info/KIR




NO; PM1o

Fife Rosyth & PM,,

This data is available at:
https://www.scottishairquality.scot/latest/site-info/ROSY

Passive Monitoring
Fife Council also have over 58 Nitrogen Dioxide ‘passive’ monitoring sites. The passive monitoring is
carried out by use of diffusion tubes (Figure 5). Diffusion tubes are used:

e Asalow-cost alternative to automatic monitoring at a greater number of locations of
concern for use within Local Air Quality Management.

e To give an indication of longer-term average NO, concentrations.

e For highlighting areas of high NO, concentrations where installation of an automatic
analyser isn’t feasible.

Figure 5. Diffusion tubes

They are small (roughly 8cm) plastic tubes and under the black cap is a steel mesh disc which is
coated with a chemical called triethanolamine (TEA). The white cap is removed from the diffusion
tube and they are deployed at a location of interest for approx. 4 weeks. Over the four weeks, TEA
soaks in the pollutant nitrogen dioxide (NO,) from the air. These are then sent to qualified labs to
assess the NO; concentration.



All of Fife Council diffusion tubes can been seen on the Scottish Air Quality Diffusion Tube map here
- https://www.scottishairquality.scot/latest

Fife Council publish all the data from the diffusion tubes and monitoring sites annually in their Local
Air Quality Management Annual Progress Report:

https://www.scottishairquality.scot/lagm-reports/fife-council

What is an Air Quality Management Area (AQMA)?

Since 1997, each UK local authority has been carrying out a review and assessment of their local air
quality. The aim of the review and assessment is to make sure that the air quality objectives are not
exceeded each year (see table below i.e. NO; annual mean should be less than 40 micrometres (ug
m-3) and should not exceed 200 ug m= more than 18 times a year). These objectives haven been put
in place to protect people’s health and the environment.

As stated above, diffusion tubes are a good way of gathering data for large and varied areas,
whereas automatic sites are stationary and monitor only one location.

Using automatic and non-automatic data, councils are able to determine whether or not a place will
exceed the objectives, if so they must declare an Air Quality Management Area and develop and Air
Quality Action Plan to improve air quality in that area. An AQMA could be one street or two, or a
whole town.

Air quality objective and pollutant Concentration

200 pug m3, not to be exceeded more than 18
Nitrogen dioxide (NO2) times a year

40 yg m-3annual mean

50 pyg m3, not to be exceeded more than 7 times
a year

Particulate matter (PM1o)

18 yg m=3annual mean

Particulate matter (PM2.5) 10 yg m annual mean




