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1.0 Summary

1.1 Fine particles in the air known as PM2.5 are the most dangerous part of Nottingham’s air
pollution. They are estimated to kill some 150 residents each year and make many more
people slightly or severely ill (3).

1.2 PM2.5 is the fine particles whose diameter is around one thirtieth of a human hair. The
particles can be smooth and round, jagged or rough sided. PM consists of carbon, ammonium
nitrate and ammonium sulphate, oxides and salts of many metals such as copper, iron,
aluminium, lead and much more. They come from local Nottingham sources which include
road traffic, industrial and commercial developments and wood burning stoves. They come
from other UK sources, Europe and the rest of the world. These sources include agriculture,
industry, coal burning, shipping and desert dust.

1.3 The Government now estimates that some 28,000 to 36,000 people die each ear from air
pollution and that the most deadly part is PM2.5. A recent expert review said

“Air pollution can harm acutely, usually manifested by respiratory or cardiac symptoms, as well as
chronically, potentially affecting every organ in the body. It can cause, or exacerbate many adverse
health conditions.... Harmful effects occur on a continuum of dosage and even at levels below air
Quality standards previously considered safe” (16)

1.4 PM2.5 is so fine that it is breathed deep into the lungs. Outdoor air pollution’s certainly
affects our respiratory system and causes premature deaths yet it causes an even higher rate
of deaths by triggering heart disease and strokes.

1.5 Nottingham City Council aims to meet the Government and EU target to bring down
Nitrogen Dioxide levels (annual mean of 40 ug.m(1). It has taken many steps to reach this
figure by 2020 such as the tram system, the work-place car levy, low or no emission buses,
less polluting taxis. Yet, it has no target for PM2.5 and only one monitoring point for PM2.5
in the City.

1.6 Clean Air Nottingham therefore set out to monitor PM2.5 throughout the city. Using a
high quality instrument it took PM2.5 readings around the city on two afternoons. It found:
e Readings between 7-15ug.m™ throughout the city.
e Readings on some housing estates were similar to those by busy roads
e The highest readings were near the Queens Medical Centre
e Many readings were above the annual mean limit set by the World Health
Organisation (10 ug.m) but they were all below the WHO limit set for an individual
day (25 pg.m?)
e A general problem of PM2.5 throughout the City and not just in the centre.

1.7.Pollution experts say PM2.5 cannot be tackled without monitoring , targets and
timetables. So this report calls for
e Citywide monitoring of PM2.5
e Analysis of sources of Nottingham’s PM2.5
e A plan showing how Nottingham City Council, the Government and other public and
private bodies can lower PM2.5 levels
e A medical investigation of effects of PM2.5 on hospital admissions in the City

1.8 In summary PM2.5 is currently the most deadly component of air pollution to our health.
Ignoring it is the same as saying we should do nothing about smoking, bowel cancer or obesity.

1 Microgrammes per cubic metre of air



2.0 Introduction —why this report is necessary.

2.1. The European Union (EU) has required all member countries to tackle air pollution.

A central requirement has been that all countries should bring the level of Nitrogen Dioxide
(NO) down to an annual average of 40 micrograms per cubic metre of air. Their original
target date for compliance by all 28 countries was 2010 (1).

2.2 The Government had been taken to the UK High Court three times by Client Earth for
failing to take sufficient action to reduce pollution to this level. In 2015 DEFRA produced a
report that identified six cities where NO; was above the EU limit. Nottingham was one of
those cities. DEFRA identified road traffic as a major source of NO; (2).

2.3 Nottingham City Council has been tackling air pollution and traffic control for many
years. It has introduced, or is introducing, many measures including:

A work place car parking levy to encourage use of public transport

A tram system

Encouraging active travel e.g. cycling and walking

Low and ultra-low emission public transport including electric and hydrogen fuel cell
buses and support for electric taxis.

2.4 Nottingham City Council has recently submitted plans to the Government as to how it will
reduce air pollution below the 40 micrograms level. The plan states this is possible by
continuing with the initiatives listed above and including others. These include:

e Upgrading the Nottingham City Transport diesel bus fleet to significantly reduce
emissions

e Ensuring only clean modern taxis can operate in Nottingham.

e Limiting access to the city centre only to buses that are cleaner Euro 6 Diesel, Gas
and electric buses

A much fuller description of Nottingham City Council’s plans are contained in its Local Plan
to Improve Air Quality in Nottingham (3).

2.5. However, all the above focuses on Nitrogen Dioxide. Nottingham City Council
acknowledges the presence of other harmful particles and gases that contribute to air pollution
in the city. Yet it does not plan to monitor them throughout the city, nor to specifically tackle
them.

2.6 Fine particles -known as PM2.5 - whose diameter is around a thirtieth of a human hair, are
considered by scientific researchers and experts to be a higher health risk than NO2 . Section
4 describes their health risk. Yet, apart from one city centre automatic monitoring station fine
particles are not monitored in Nottingham. This is despite the fact that the Council
acknowledge that some 150 Nottingham residents were expected to die from human made
particulates in 2010 (3). Nor are PM2.5 particles specifically included in the City Council’s or
DEFRA’s plans to tackle air pollution.

2.7. In reaction to this Clean Air Nottingham felt it essential to highlight the urgency of this
public health crisis and to spell out the serious risk to the health of the public. Clean Air
Nottingham wants clean air for all. Together with much of the UK we breathe in polluted air
day by day that can potentially kill and damage our health. Clean air cannot be achieved
without tackling PM2.5 levels. It cannot be achieved without monitoring levels of PM2.5
particles to see what is really happening in the city so plans can be made to lower levels.



2.8 We decided to monitor PM2.5 levels in the city on a trial basis. To achieve this a hand
held high quality monitor capable of measuring PM2.5 was loaned from the University of
Nottingham and on two days readings were taken around the city. The readings were all taken
by the authors and not by the University of Nottingham

2.9 At one level the scope of the monitoring exercise can be described as minimal and
limited. Yet, in the absence of other data, the results represent the most comprehensive
measurement of this pollution around Nottingham. The results underline the need for far more
regular and comprehensive monitoring, together with plans to tackle this potentially lethal
pollutant.



3.0 Description of monitoring process and results

3.1 A TSI SidePak Personal Aerosol Monitor Model AM510 was used to monitor the levels
of PM2.5 at various locations in Nottingham on two different afternoons. A full description of
the instrument, the monitoring method and the calibration factor is described in Appendix 1.

3.2 The results are shown in the table below. The Monitor was set to take a reading every
second and approximately 120 readings were taken in each location. The locations are
described below together with Grid References from an Ordinance Survey app which gave the
exact position claiming 5/10 metres accuracy.

3.3 The locations were based on a random set of criteria: similarity to locations monitored by
Nottingham City Council for NO, proximity to schools or colleges, within council estates ,
near diesel trains, near busy traffic routes.

3.4 The final reading of PM2.5 obtained is listed in the penultimate column and has been
adjusted with an appropriate calibration factor (see Appendix 1) to give the best indicative
reading considered possible within the limitations of this survey



Date Reading | Grid Ref X | Grid Ref | Location Time Average Number
number | OS Y OS Reading PM of one
2.5 pg.m? second
(all readings readings
rounded to nearest
whole number)
26/3/19 |1 57874 39475 Pavement outside BBC 249pm | 9 121
London Road
26/3/19 |3 57835 39468 Framework homeless 255pm |9 124
shelter London Road
26/3/19 | 4 57075 40964 Junction Mansfield Road | 3.21pm | 9 121
and Huntington St
opposite EIm Ave
26/3/19 |5 56264 41347 Forest side of Gregory 3.38pm | 7 131
Blvd opposite Djanology
Academy
6 55817 41201 Gregory Blvd/Radford 346pm | 9 120
26/3/19 Road junction —south
west corner
26/3/19 |7 Moving Moving Inside car driving on 3.50pm | 8 111
Gregory Blvd between
Radford Road and
Alfreton Rd
26/3/19 |8 56353 40188 Alfreton Road /Canning 4.01pm | 10 121
Circus. Pavement on west
side of Circus adjacent
pedestrian crossing
9 55100 38391 Outside Dunkirk 421 pm | 11 121
26/3/19 Community Centre
Clifton Blvd
10 54763 38571 West side of Clifton Blvd | 4.30 pm | 11 118
26/3/19 opposite QMC Medical
School Entrance
26/3/19 |11 53924 41953 Outside 12 Ledbury Vale | 5.15pm |7 120
Aspley
26/3/19 | 12 53257 43610 Londis garage A610 533pm | 7 124
1/4/19 24 57419 39389 Outside Crown/County 3.00 pm | 11 122
Courts Canal Street
1/4/19 25 57591 39421 Outside site entrance to 3.05pm | 11 120
new Nottingham College
building site Canal Street
1/4/19 26 57534 39337 By taxi rank serving 3.10 pm | 10 121

station Trent Street




Date Reading | Grid Ref X | Grid Ref | Location Time Average Number
number | OS Y OS reading of one
second
readings
1/4/19 27 57496 39254 By a Class 158 diesel 3.15pm | 11 123
train at Nottingham Train
station
57688 39225 By HST 125 Powercar in | 3.22 pm | 10 119
1/4/19 28 open air at Nottingham
Train Station not under
canopy
1/4/19 29 54524 39371 Dorket Drive Wollaton 3.46 pm | 10 125
1/4/19 30 54454 39459 On central reservation on | 3.50 pm | 14 124
ring road at pedestrian
crossing on Middleton
Blvd
1/4/19 31 55103 38388 Outside Dunkirk 4.01 pm | 15 119
Community Centre
Clifton Blvd
32 54775 38738 West side of Clifton Blvd | 4.15pm | 15 120
1/4/19 opposite entrance to
QMC Medical School
1/4/19 33 53817 42214 On pavement outside 26 | 4.42 pm | 13 121
Shepton Crescent Aspley
1/4/19 34 52850 42195 On pavement outside 372 | 4.50 pm | 14 120
Broxtowe Lane
35 53046 42599 On pavement outside 137 | 4.57 pm | 12 121
1/4/19 Withern Road Broxtowe
36 56914 41634 Adjacent to bus shelter 522pm | 14 121
1/4/19 outside Clarendon

College Mansfield Road

3.5 The only automatic monitoring station (AURN) in Nottingham which measures PM2.5 is
located near the Victoria Centre opposite Wilkos. The measurements for the two time periods
when our readings were taken are listed in the table below.

PM 2.5 measurements Nottingham City Centre

Time 26/03/2019 03/04/2019
2.00 pm 22.8 12

3.00 pm 14.6 9.8

4.00 pm 141 6.8

5.00 pm 12.2 7.4




3.6 Our monitoring results indicate a widespread problem of PM2.5 throughout the city. The
WHO annual limit is set at 10 ug.m @ and a maximum 24 hour mean of 25 pg.m*. The
readings suggest that throughout the City levels are often higher than the annual mean but
less than WHQ’s daily mean.

3.7 On the first day of our monitoring, readings were generally below those recorded on the
Nottingham City Council Council automatic monitoring station in the City centre. On the
second day they were generally above.

3.8 The results on the first day reveal the readings were highest at busy junctions or roads
e.g. by the QMC and Dunkirk roundabout and along Canal Street.

3.9 On the second day reading nos 30-36 were remarkably homogenous and it is important to
note that two of the readings, nos 33 and 35, were taken within council housing estates away
from major flows of traffic. This illustrates the pervasive effect of PM2.5 in the city

3.10 Two readings were taken at Nottingham train station, one near a Class 158 diesel train
beneath a platform canopy and one besides a HST (High Speed Train) 125 power car. Neither
were notably high.

3.11 In summary, we found readings between 7 and 15 ug.m indicative of a general problem
throughout the city area and not just in the city centre.



4.0 Sources of PM2.5 and their health effects.

4.1 Particles in the air known as particulate matter (PM) are a complex mix of materials. PM
consists of carbon, ammonium nitrate and ammonium sulphate, oxides and salts of many
metals (such as copper, iron, aluminium, lead). They also include organic materials including
rather large and complex molecules and fragments of soil. Fine particles — PM2.5 - are one of
the main groups of particulate matter (PM) that are measured in air pollution.

4.2 The Royal College of Physicians (4) offers another way of describing PM by its origin.

Primary particles are those that are emitted directly to the air. These include particles emitted
during fossil fuel combustion, brake and tyre wear, and road dust resuspended by vehicles.
Secondary particles are particles formed by atmospheric processes. These include ammonium
nitrate and sulphate. The origins (precursors) of secondary particles include nitrogen dioxide,
sulphur dioxide, ammonia and volatile organic compounds.

4.3 Different sized particles have been found to have different health effects. Particulate Matter is
divided into three groups: coarse particles -PM10, fine particles- PM2.5 and ultra fine particles-
PM 0.1. Coarse PM10 has a diameter of 10 microns or less (a micron is a millionth of a metre).
PM 2.5 has a diameter of 2.5 microns or less, which is approximately a thirtieth of the diameter of
a hair. PM 0.1 has a diameter of 0.1 micron or less.

4.4 Particles larger than 10 microns are mainly deposited in the nose or throat, whilst PM2.5
particles pose a more serious risk as they can be drawn into the lung. The small size of PM2.5
particles means that they can be inhaled deep into the lungs.

4.5 Fine particles come in many shapes, some are smooth and round, some are jagged and/or
rough sided. Some are not even solids. Recent reports have singled out fluffy soot particles,
mainly from hydrocarbons that attract other elements and may be more toxic than smaller
particles.(5). Indeed different sources of particles vary widely in their toxicity. Moreover, just as
the effect of asbestos particles has been found to be related to shape and size, in a similar way
these issues affect the toxicity of PM2.5.

4.6 Much of PM2.5 had been associated with road traffic and traffic is certainly a major
constituent. However, there are many other causes. Because PM2.5 is light enough to travel on the
wind, it can go anywhere that wind goes. Poland’s coal burning for domestic fuel can affect other
EU countries; China’s pollution had been found to affect the US; a dust cloud from the
Taklamahan desert in China completed a circuit of the world in just 13 days in 2007 (6,7).
Shipping is another major source of pollution since bunker fuel , one of the dirtiest fuels used, is
burnt .

4.7 Agriculture releases a vast amount of ammonia, released by fertiliser use and from farming
animals . In the UK half of the emissions comes from cattle manure and slurry and a quarter from
poultry. (8) Ammonia mixes with Sulphur Dioxide and Nitrogen Dioxide to change them from
gases into particles which can combine with other pollutants to form PM2.5.

4.8 Domestic wood burning is held to be the largest single source of PM2.5 emissions (9). It has
been calculated that even ecodesign stoves if they are operating at the limits of their standard can
produce six times more particles than a Euro 6 diesel lorry. Wood burning in London has been
calculated to eradicate the benefits from the first two phases of the low emissions zone. (36)

4.9 Aircraft also emit particles, their fuel contains some 60-70 times more sulphur than road fuel.
One study found particles from an airport polluting a residential area some 18 kms away(10).

4.10 DEFRA’s most recent analysis of emissions published in 2019 lists the three top constituents
of PM2.5 as domestic combustion (41%), manufacturing industries and construction (19%) and



road transport as 12% (35).

4.11 The main dangerous gas monitored by Nottingham City Council and used for the
Government’s and EU air quality targets is Nitrogen Dioxide. Nitrogen Dioxide inflames the
airways and causes many other health effects but it also combines with other emissions to create
more pollutants, mainly particles and ozone.

4.12 The diagram below represents the many different sources of PM2.5 and estimates how
Nottingham’s PM2.5 is made up in 2016 according to modelled data not actual readings. It should
be noted that the graph does not fit well with the main constituents described above (4.10). It
illustrates how Nottingham has almost three times higher levels of PM2.5 than Inverness, worse
levels than Leeds and approximately 10% less than London . Dominating the graph is the
contribution of “distant upwind vapours”(12).

4.13 Ironically, this graph appears to mirror the findings of John Owens in the 1920s. This
talented doctor and engineer thought North Norfolk would provide cleaner air after years of living
in and studying London’s soot and dust. Only he discovered high levels of air pollution at the
seaside which he then traced, depending on the wind direction, to places like the industrialised
areas of Yorkshire and the Midlands and the industrial areas of Germany some 500 kilometres
away (8).

Annual mean PM25 north to south transect across the UK for 2016 from PCM model
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4.14 According to the Global Burden of Disease estimates, fine particulate matter PM2.5
(described in more detail below) is the fifth leading risk factor for death in the world
accounting for 4.2 million deaths — 7.6% of global deaths(13)
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4.15 The Health Effects Institute remarks on air pollution generally:

“It is responsible for more deaths than many better-known risk factors such as malnutrition,
alcohol use, and physical inactivity. Each year, more people die from air pollution-related
disease than from road traffic injuries or malaria” (14).

In 2013 the WHO considered the weight of evidence was strong enough to deem air pollution a
carcinogen (15).

4.16 A recent review of scientific research into air pollution concluded that:

“Air pollution can harm acutely, usually manifested by respiratory or cardiac symptoms, as
well as chronically, potentially affecting every organ in the body. It can cause, or exacerbate
many adverse health conditions. Tissue damage may result directly from pollutant toxicity
because fine and ultrafine particles can gain access to organs. Harmful effects occur on a
continuum of dosage and even at levels below air quality standards previously considered
safe” The authors noted there were over 70,000 scientific papers showing how air pollution
affects our health (16,17).

4.17 This report focuses on PM 2.5 for one reason. It is a major cause of death, illness, poor health
and shortened life in Nottingham. As well as the throughout the UK and the rest of the world.

4.18 PM2.5 has been singled out as the most dangerous constituent of air pollution. Public Health
England say the strongest evidence of health risk from air pollution is associated with fine
particles (18). The Committee on the Medical Effects of Air Pollutants (COMEAP) estimated in
2010 that deaths due to PM2.5 were approximately 70% of the total deaths from air pollution in
the UK namely some 29,000 fatalities(19) This Committee emphasised the difficulty in
disentangling the effect of one pollutant from another, and in particular in separating the effect of
PM2.5 and Nitrogen Dioxide. It has recently revised downwards its estimate for total deaths
from air pollution in 2013 to between 28,000 and 36,000 (20). The European Environment
Agency estimated that in 2012 there were 37,800 premature deaths and 14,100 of these were from
Nitrogen Dioxide (35).

4.19 Professor Frank Kelly , Chairman of COMEAP and head of the Environmental Research
Group at Kings College found Londoner’s lungs too compromised to study in relation to
pollution. So he recruited Swedish volunteers and subjected them to diesel exhaust similar to
levels on Oxford Street. His results were alarming. “Usually lungs fight to protect themselves
from the outside world . What they came across were little black soot particles covered in lots of
chemicals, which they have no way of dealing with” So the bodies immune system and defensive
cells attack the lung itself, doing a little more damage each time (15).

4.20 The current World Health Organization limit for PM2.5 has been set at annual mean of 10
pug.m? (2) of air. The EU has set a limit of 25 pg.m™ (21).

It is generally acknowledged that there is a dose response relationship between levels of PM2.5
and health and the relationship is largely linear. In other words you can show that as pollution
decreases so do the health effects on the population and this can be illustrated by a straight line
graph (22,23). However, there is some discussion about how much lower level of pollutants can
still affect health. The 2018 COMEAP report states that there is now evidence of annual outdoor
levels as low as 5 micrograms per cubic metre of Nitrogen Dioxide that are associated with
mortality. This is a level which is 1/8 of the present WHO/EU limit which Nottingham is aiming
to meet.. Their report does not include a similar figure for PM2.5(20).

2 Microgrammes per cubic metre of air
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4.22 Numerous studies point up the far reaching effect of particulates . For instance, breathing
particulate matter and ozone at typical city levels caused healthy adults to have constricting
arteries within 10 minutes (24). One recent study based on the UK’s Biobank found there was an
association (not a causal link) between PM2.5 and the size of the heart .For every extra 1
microgram of PM2.5 there was a 1% enlargement of the heart or as the authors describe it, the
heart is “remodelled”(25). In Taiwan Alzheimers rates increased sharply as ozone and particle
pollution increased (26).

4.23 Neither the concentration limits set by government, nor the World Health Organization’s air
quality guidelines define levels of exposure that are entirely safe for the whole population.

4.24 The UK has a higher mortality rate from respiratory diseases than other countries with
similar health system performance (27). Yet, contrary to most people’s beliefs outdoor air
pollution ‘s deadliest effect is not its effect on our breathing. In 2016 WHO estimated that 58% of
outdoor air pollution related premature deaths were due to ischaemic heart disease and strokes,
whilst 18% were due to chronic obstructive pulmonary disease and acute lower respiratory
infections (21).

4.25 In summary PM2.5 is currently the most deadly component of air pollution to all our health.
Ignoring it is the same as saying we should do nothing about smoking, bowel cancer or obesity.
Yet each of these health problems is subject to massive publicity, public awareness interventions,
and preventative action.
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5. Discussion of results in relation to health effects and actions by DEFRA and City
Council .

5.1 The Government recently published their Clean Air Strategy 2019 (32). It contains many
positive aspirations and positive initiatives but the Government’s record of action has been
derisory at times in the last decades. The UK banned lead in petrol 30 years after the US (8).
Being dragged to the High Court by Client Earth for their inadequate response to UK air
pollution says much about their current ability to respond to a major public health crisis.

5.2 Meanwhile, Nottingham City Council has taken many steps to improve air quality which
also reduce carbon dioxide emissions and contribute to tackling global climate change.

5.3 A comparison with another hazard is helps in place both local and nation responses in
context. In the 1970s accidental carbon monoxide deaths in the home ran at just under 100
each year. By the end of the 1990s with the introduction of Gas Safety Regulations they were
coming below 40 and now are less than 10 a year (28). In the 1990s in particular there was
not only considerable public awareness but strong campaigning and political leadership
resulting to change. In comparison, with air pollution deaths running way at around 40,000,
our politicians are strangely silent at the enormity of this public health disaster. Action is
needed but the action must be carefully directed.

5.4 China is famous for its polluted air. In 2011 it was still omitting any mention of PM2.5
from it’s official pollution reports despite it being he largest hazard in the country’s air. Only
when PM 2.5 data from the US embassy in Bejing was shared through VPNSs did the
Government suddenly face pressure and felt obliged to start publishing PM2.5 results in more
and more cities. This marked the turning point for China’s present plans for clean air (15).

5.5 This report is the first to look at PM2.5 citywide in Nottingham. It is very limited and the
measurements are subject to uncertainties . However, the combination of the weight of
research on the health dangers of PM2.5 and our findings, suggest a huge public health
problem in Nottingham. That is not being sufficiently acknowledged nor whole heartedly
tackled.

5.6 Nottingham City Council acknowledges that “Further reductions of levels in PM2.5 and
Nitrogen Dioxide are required for public health” (3). Yet it has only one monitoring station
measuring PM2.5.

5.7 Nottingham City Council’s position at the moment is that “rather than adopt any specific
target concentration ...we are seeking to reduce air pollution (NO>, particles and other
pollutants) and their ambient concentrations to “as low as practicable through a range of
strategies and policies” . They also point out that they have asked the Government to adopt
WHO guidelines as legal standards ( 29). Whilst their policies are geared to tackle Nitrogen
Dioxide levels which to some extent will help reduce PM2.5 levels , they do not appear to
have any specific PM2.5 policies or action plans. Whilst many measures that have been, and
are being taken, by Nottingham City Council, they do not analyse the problem of PM2.5 in
any detail. Indeed the focus on NO- and traffic at the expense of other pollutants is well
illustrated by the 2017 DEFRA report entitled “Air Quality Plan for tackling nitrogen dioxide
concentrations in Nottingham Urban Area”. The emphasis is on Nitrogen Dioxide .

5.8 The focus by the Government and Nottingham City Council on roadside and City Centre
measurements of Nitrogen Dioxide diverts attention away from the air pollution in other parts
of the City. We never breathe one pollutant; we breathe a mixture. The few measurements taken in
this study indicate pollution levels of PM2.5 are similar within housing estates. Moreover,
there is evidence that roadside pollution of PM2.5 does not cut off neatly by the
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roadside. The US Environmental Protection Agency,for instance, highlights this situation
stating that roadway pollutant “concentrations generally decrease to background levels within
500-600 feet. Pollutant concentrations tend to be higher when winds blow from the road and
wind speeds are low” (30)

5.9 The Lancet Commission (6) on pollution and health considers the following essential to
tackle all forms of pollution:

“Targets and timetables are essential ,and governments at all levels need to establish short-
term and long-term targets for pollution control.”

In the light of such comments and the absence of information on the level and extent of
PM2.5 in the city, we urge the following 4 steps as essential to start tackling PM2.5.

1. A city wide monitoring of PM2.5 both at roadsides and within urban areas to be
completed within 6 months.

2. An analysis of the constituents of PM2.5 in Nottingham to be completed within 6
months.

3. A report by the City Council spelling out the short term, medium term and long term
that would be necessary by Nottingham City Council, the Government , other public
bodies and the private sector to tackle PM2.5 and reduce levels significantly.

4. Areport /study by academia and medical experts in collaboration with Nottingham
Air Pollution Action Group. This study should pinpoint the effects of pollution peaks
(PM2.5 and other pollutants) on local health admissions especially in regard to the
geographical areas most affected in the Nottingham area.
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Appendix 1
Details of monitoring equipment , monitoring process and calibration.

A.1l The SidePak Personal Aerosol Monitor AM510 was Kindly loaned by the University of
Nottingham. It had recently been used to research Indoor Air Quality.

A.2 The Monitor is a laser photometer that measures airborne particle mass=concentration in
units of milligrams per cubic metre. Air is drawn in through a complex path so that larger
particles stick to a greased plate. The remaining particles are detected by a light scattering
method , which detects the amount of laser light scattered by them at 90 degrees. The built in
sampling flow rate is user adjustable so it it can be used to measure a range of different sized
particles. The monitoring information is stored electronically and downloaded on to a
spreadsheet using the TrakPro software.

A.3 The “impactor” O ring and plate was cleaned and lightly greased before each set of
readings. The zero filter was also used to “zero cal” the instrument before the readings. This
ensures more accurate data, especially for low aerosol concentrations.

A.4 Additionally a test reading was undertaken before each set of readings to ensure the
instrument was operating within the expected range.

A.5 Having obtained readings it is necessary to apply a “Calibration Factor”. This is
necessary because the machine had been calibrated against Arizona test dust, defined by an
ISO standard rather than Nottingham or Arizona outdoor air. The TSI website recommends a
factor of 0.38 but there was no adequate evidence for this. TSI were contacted and their
European Technical Sales Director, Hans-Juergen Scholen replied. He stated that the 0.38
Calibration factor was obtained after tests to their Dustrak instrument which is also a
photometer but differs in flow rate and the design of its optical chamber. He had no other
tests to inform his view that the 0.38 CF “is not far from the correct one for the AM510 but
for sure it is not precisely the one”(31).

A.6 His answer raised questions as to the use of 0.38. Further help was sought which led to
Kings College Environmental Research Unit. They have experience of using Sidepaks and
have run tests against the more accurate gravimetric method (see below) of measuring
PM2.5. In a personal communication relating to a publication under review they use a
conversion factor of 0.44 (37). Their experience and reputation was considered to carry more
weight than the manufacturer’s and accordingly this conversion factor was used in this report.

A.7. Gravimetric sampling for PM2.5 will usually involve a pump drawing in air which is
passed through a very fine filter.Filters are weighed before and after sampling.

A.8 The methods for measuring PM2.5 are not as accurate as we would all wish for. The
UK’s Air Quality Directive therefore requires a measurement uncertainty of +/- 25% to be
highlighted . For other pollutants it is +/- 15% (33).

A.9 A fuller discussion of the complex nature of measuring PM2.5 is available in a paper
prepared by researchers from the University of Nottingham, University of Chester and the
Lawrence Berkeley National laboratory (34).

A.10 The type of monitor used had the ability to measure changes over time; it can measure
at one second intervals or longer intervals. Unfortunately, we were unable to use this facility
due to our own time constraints. Gravimetric modelling, however, cannot do this and
samplers must be left for sometime so sufficient particles accumulate for weighing.

15



Appendix 2 references

1. European Parliament and Council (2008) Directive 2008/50/EC of the European
Parliament and of the Council on ambient air quality and cleaner air in Europe. Document
32008L.0050

2. DEFRA/DQOT (2015) Air quality in the UK: plan to reduce nitrogen dioxide emissions .

3. Nottingham City Council (2018) Local Plan to Improve Air Quality in Nottingham - “the
Business Case. ”

4. Royal College of Physicians (2016) Every breath we take: the lifelong impact of air
pollution. Report of a working party.London:RCP

5. Yuanyuan S et al (2015) Nanoscale characterisation of PM2.5 airborne pollutants reveals
high adhesiveness and aggregation capability of soot particles. Scientific Rep Jul16;5:11232

6. Lancet (2018). The Lancet Commission on pollution and health. 391;February 2018 461-51

7.Uno . et al (2009) Asian dust transported one full circuit around the globe. Nature
Geoscience Vol 2 (8)

8. European Environment Agency (2015) Air Quality in Europe 2015.Report No 5/2015
9. BMJ (2015) Air pollution in UK: the public health problem that won "t go away. 350:h2757

11. DEFRA (2019) Emissions of Air Pollutants in the UK 1970 to 2017. Statistical Release
15" February 2019

12 Air Quality Expert Group (2012) Fine Particulate Matter in the United Kingdom
13. Cohen A. J., Brauer M., Burnett R. et al (2015) Estimates and 25 year trends of the global
burden of disease attributable to ambient air pollution: an analysis of data from the Global

Burden Diseases Study. Lancet ;389;1907-18

14. Health Effects Institute (2019). State of Global Air 2019. Special Report. Boston,
MA:Health Effects Institute.

15. Gardiner B (2019) Choked London Granta Publications.

16. Scraufnagel DE et al (2019) Air Pollution and Noncommunicable Diseases. A review by
the Forum of International Respiratory Societies Environmental Committee.Part 1: The
Damaging Effects of Air Pollution Chest 2019 Feb;155(2) 409-416

17. Scraufnagel DE et al (2019) Air Pollution and Noncommunicable Diseases. A review by

the Forum of International Respiratory Societies Environmental Committee.,Part 2: Air
Pollution and Organ System Chest 2019 Feb;155(2) 409-416

16



18. Public Health England (2018) Health matters: air pollution- sources, impacts and actions

19 Committee on the Medical Effects of Air Pollutants (2015) The evidence for the effects of
nitrogen dioxide on health.

20. Committee on the Medical Effects of Air Pollutants (2018) Associations of long term

average concentrations of Nitrogen Dioxide with mortality Public Health England
DEFRA /DOT (2019) Emissions of Air Pollutants in the UK 1970 to 2017

21. World Health Organisation (2018) Ambient (outdoor) air quality and health

22. Pope 111 C A, Dockery D W (2012) Health Effects of Fine Particulate Air Pollution:
Lines that Connect. Journal of the Air and waste management Association 56;6,709-742

23. Dockery D W et al (1993) An association between air pollution and mortality in six US
cities. New England Journal of Medicine Vol 329(24) pp 1753-9

24. Brook R., (2002) Inhalation of Fine Particulate Air Pollution and Ozone Causes Acute
Arterial Vasoconstriction in healthy Adults. Circulation 105, nol13, 1534-36

25. Aung N et al (2018) Association between ambient air pollution and cardiac morpho-
functional phenotypes. Insights from the UK Biobank Population Imaging Study .Circulation.
2018;138:2175-2186

26. Jung CR, Lin YT and Hwang BF (2015) Ozone particulate Matter and Newly Diagnosed
Alzheimer’s disease. Journal of Alzheimer’s Disease 44 no 2:573-84

27. Salciccioli J D et al (2018) Respiratory disease mortality in the United Kindom compared
with the EU15+ countries in 1985-2015: observational study. BMJ 2018;363:k4680

28. BBC News 21.9.2018

29 Sally Longford ClIr (2019) Reply to Nottingham Friends of the Earth. Email dated 18"
March 2019

30. United States Environmental Protection Agency (2014) Near Roadway Air Pollution and
Health”Frequently Asked Questions .Office of Transportation and Air Quality

31. Scholen, H-J, (2019) Personal communication to author
32. DEFRA (2019) Clean Air Strategy 2019

33. Air Quality Expert Group (2012) Air Quality Expert Group. PM2.5 in the United
Kingdom

34. Jones B et al (2018) Diagnostic barriers to using PM2.5 concentrations as metrics of
indoor air quality. AIVC 2018 Smart Ventilation Conference September 2018 Juan-les-Pins

35. Air Quality Expert Group (2013)Mitigation of United Kingdom PM2.5 Concentrations

36 Fuller G (2018) The Invisible Killer — The Rising Global threat of Air Pollution — and how
we can fight back. Melville House

37. Personal communication to author 12" July 2019

17



