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Types of Pollution

• Noise

• Light

• Chemical

–Water

–Soil

–Air



Air pollution - Transport
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What are the Main Air Pollutants?

1. Nitric Oxide gasses (NoX)
2. Particulate Matter (PM) <10
3. PM <2.5
4.   Ozone (O3)
5. Sulphur Dioxide (SO2)
6. Carbon Monoxide (CO)
7. Ammonia



Proportion of Emissions 
from our Roads

Transport and environment statistics: Autumn 2021
- GOV.UK (www.gov.uk)

SCOTLAND
• Transport (inc international shipping, 

aviation) 37% of Scotland’s emissions
• Road transport 68% of transport 

emissions.

https://www.transport.gov.scot/publication/scottish-transport-statistics-
no-37-2018-edition/chapter-13-environment-and-emissions/

https://www.gov.uk/government/statistics/transport-and-environment-statistics-autumn-2021/transport-and-environment-statistics-autumn-2021


EU AIR QUALITY DIRECTIVE - NO2 
2008/50/EC

Nitrogen dioxide and oxides of nitrogen

Hourly limit value for 

the  protection of 

human health  (NO2)

Annual limit value  

for the protection

of human health

(NO2)

Annual critical level

for the protection 

of  vegetation and 

natural  ecosystems

(NOx)

Legal nature

ie level for legislation 

for human health

(NO2)

Upper  

assessment  

threshold

70 % of limit value  

(140 µg/m3, not to

be

exceeded more than 18  

times in any calendar

year)

80 % of limit value  

(32 µg/m3)

80 % of critical 

level  (24 µg/m3) 40µg/m3 for NO2

100µg/m3 for NoX

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32008L0050

The current EU directive legal value of 40µg/m3(annual mean) was set to protect the  public 

from the health effects of gaseous NO2.



Particulate Matter

1. Particulate Matter (PM) <10µ diametre

2. PM <2.5µ

The smaller particles adversely affect health
• 10µ not filtered by nose and go into lung
• 2.5µ not filtered by lung and go into blood

stream to damage other organs eg heart, brain



Particulate Matter



Tayside Pollution Research Programme 
(TPRP)

The Aim:
of our study was to determine the effect of regional 

air pollution, if any, on acute admissions to hospital
Study Design:
• Site: Tayside population circa 

350,000
• Admissions to 2 Hospitals 

• Dundee & Perth 

• Duration: 2000/2005 to May 2019



Study Design

Patients:
• Identified by Acute hospital admission 

at any point over 18y period
• Date of admission - Health Informatics Centre

• Linked to Postcode
• 3 pre determined subgroup analyses

Pollution measures in cities of Perth and Dundee:
• NoX, NO2, NO (2005-’18)

• PM10 (2000-’18)

• (PM2.5)
Adjusted for temp & humidity, weekends & holidays, 

Season of year



Mean NO2 & PM10 pollution per 
month over the study period

The red lines are at the Scottish legal limit. 

PM10 µg/m3 NO2 µg/m3



Nitrogen Dioxide (NO2) 
across Study Period

Associations between ambient air pollutants and hospital admissions: 
more needs to be done. Environmental Science and Pollution Research volume 28, pages61848–61852 (2021)



PM10 across Study Period

Associations between ambient air pollutants and hospital admissions: 
more needs to be done. Environmental Science and Pollution Research volume 28, pages61848–61852 (2021)



Pollution type Q1 Q2 Q3 Q4

NO2 <41.2 41-51.2 51.2-61.8 >61.8

NO <44.2 44-61.8 61.8-84.7 >84.7

NOX <109.4 109.4-146.2 146.2-190.8 >190.8

PM10 <12.5 12.5-16.9 16.9-22.8 >22.8

Quartiles: 
The pollution values for the Qs 

Associations between ambient air pollutants and hospital admissions: 
more needs to be done. Environmental Science and Pollution Research volume 28, pages61848–61852 (2021)



Results: All Admissions of any Age
NoX and PM10 

Fitton, Chalmers, Cox, Belch. An 18 year data-linkage study on the association between air pollution 
and acute limb ischaemia. 2021. https://doi.org/10.1024/0301-1526/a000972



% Increase in Admissions between 
Low (Q1) & High (Q4) Pollution Days

ALL admins Mean admins/day % increase

Low Q1 High Q4

NO2 91 149 64.7

NO 80 154 91.5

NOX 81 154 89.0

PM10 123 138 12.2

Mean hospital admissions/day
for days with low and high pollution, with % increase, for Dundee

ALL admins Mean admins/day % increase

Low Q1 High Q4

NO2 47 72 53.3

NO 45 73 64.4

NOX 45 73 63.4

PM10 52 68 30.2

Mean hospital admissions/day
for days with low and high pollution, with % increase, for Perth



Potential Reduction of all Hospital Admissions
& for CVD/year for each Pollutant, 

Pollutant

Mean total 

admins/yr
% reduction

Mean total 

reduction

NO2
All Admins 74,975 10.15% 7,607
All CVD 10,297 9.51% 979
NO 
All Admins 74,975 12.10% 9,073
All CVD 10,297 12.22% 1,258
NOx 
All Admins 74,975 11.74% 8,803
All CVD 10,297 11.73% 1,208
PM10 
All Admins 74,975 1.62% 1,212
All CVD 10,297 1.43% 147



Pollution: All Admissions 
Adjusted Risk Ratios with 95% 
CIAll admin. Dundee P value Perth P value

10ug/m3 increase

PM10 1.021 (1.012-1.031) <0.0001 1.045 (1.033-1.057) <0.0001

NOX 1.016 (1.015-1.018) <0.0001 1.012 (1.011-1.014) <0.0001

NO2 1.072 (1.065-1.080) <0.0001 1.048 (1.041-1.054) <0.0001

NO 1.030 (1.028-1.033) <0.0001 1.023 (1.020-1.026) <0.0001

Quartile 4

PM10 1.041 (1.018-1.063) <0.0001 1.089 (1.059-1.120) <0.0001

NOX 1.276 (1.241-1.313) <0.0001 1.181 (1.148-1.214) <0.0001

NO2 1.197 (1.165-1.231) <0.0001 1.169 (1.136-1.202) <0.0001

NO 1.293 (1.256-1.330) <0.0001 1.184 (1.151-1.218) <0.0001

Quintile 10

PM10 1.072 (1.038-1.107) <0.0001 1.130 (1.083-1.179) <0.0001

NOX 1.448 (1.388-1.510) <0.0001 1.224 (1.173-1.277) <0.0001

NO2 1.304 (1.250-1.359) <0.0001 1.244 (1.191-1.299) <0.0001

NO 1.478 (1.417-1.542) <0.0001 1.223 (1.173-1.276) <0.0001



Acute Limb Ischemia (Pre-specified)

The Aim:
of our study was to determine the effect of regional 

air pollution, if any, on admissions to hospital for 
acute limb ischaemia

Study Design:
• Site: Tayside population circa 

350,000
• Admissions to 2 Hospitals – Dundee & Perth 

• Duration: 2000/2005 to May 2019



Results: Acute Limb Ischemia 
in patients >45y of age

PAD PAD



ALI 

Admissions
Mean admissions/year % increase 

low to 

high
Low 

Q1

Q2 Q3 High 

Q4

NO2 160.1 197.0 196.3 210.8 31.7

NO 151.6 196.7 206.7 209.2 38.1

NOX 152.0 198.8 204.4 209.1 37.5

PM10 165.9 180.4 183.8 194.7 17.4

Mean Acute Limb Ischemia 
Admissions/Year 

Fitton, Chalmers, Cox, Belch. An 18 year data-linkage study on the association between air pollution and acute 
limb ischaemia. 2021. https://doi.org/10.1024/0301-1526/a000972



ALI 
Admissions

Mean 

admins/

year

Excess admissions in Qs per year Total 

excess 

admins/

yearLow Q2 Q3 High

NO2 160.1 36.9 36.2 50.7 123.8
NO 151.6 18.1 55.1 57.6 130.8
NOX 152.0 46.8 52.4 57.1 156.3
PM10 165.9 14.5 17.9 28.8 61.2

Excess admissions in Q2, Q3 and 
Q4 (high) compared to Q1 

(low pollution). 

Fitton, Chalmers, Cox, Belch. An 18 year data-linkage study on the association between air pollution and acute 
limb ischaemia. 2021. https://doi.org/10.1024/0301-1526/a000972



Pollution: ALI
Adjusted Risk Ratios (95%CI)

Fitton, Chalmers, Cox, Belch. An 18 year data-linkage study on the association between air pollution 
and acute limb ischaemia. 2021. https://doi.org/10.1024/0301-1526/a000972



Exposure to Long-Term Air Pollution
and Incidence of Peripheral Arterial Disease in the 

General Population: Korea 2021 

Gwon GJ et all. 2021. https://doi.org/10.21203/rs.3.rs-506193/v1



Epidemiological Data of PAD 
against Data of the Concentrations 

of the main Environmental Pollutants: 2021

Serra et al. Environmental Pollution and Peripheral Artery 
DiseaseRisk Management and Healthcare Policy 2021:14 2181–2190 



Childhood Admissions <16y of Age 
(Pre-specified)

The Aim:
of our study was to determine the effect of regional 

air pollution, if any, on admissions to hospital of 
children <16y of age

Study Design:
• Site: Tayside population circa 

350,000
• Admissions to 2 Hospitals
• Duration: 2000/2005 to May 2019



Mean Childhood (<16y) 
Admissions / Year

All child 

admins
Mean admissions/year

Low Q1 Q2 Q3 Q4
Both Dundee & Perth
NO2 871.8 1084.5 1223.6 1179.0
NO 803.6 1059.7 1156.9 1230.0
NOX 806.8 1056.7 1131.6 1234.4
PM10 946.1 1013.2 1050.6 1110.7

All child 

admins

Mean 

admins/year

Excess admissions in Qs per year Total excess 

admins/year

Low Q1 Q2 Q3 Q4
Both Dundee & Perth
NO2 871.8 212.7 352.0 307.2 871.9
NO 803.6 256.1 353.3 427.3 1036.8
NOX 806.8 249.9 324.9 427.7 1002.3
PM10 946.1 67.1 104.5 164.7 336.3



Childhood Skin Admissions 
& Excess Admissions

skin 

admins

Mean 

admins/year

Excess admissions in Qs per year Total excess 

admins/year
Low Q1 Q2 Q3 Q4

Excess skin admissions
NO2 30.8 0.623 6.4 15.5 22.5
NO 28.8 2.403 5.0 8.5 15.8
NOX 28.3 4.094 5.4 8.1 17.6
PM10 31.3 1.602 3.9 6.5 12.0

skin 

admins

Mean admissions/year
Low Q1 Q2 Q3 Q4

Skin admissions
NO2 30.8 31.4 37.2 46.3
NO 28.8 31.2 33.7 37.2
NOX 28.3 32.4 33.7 36.4
PM10 31.3 32.9 35.2 37.8



Childhood GI Admissions 
& Excess Admissions

GI child 

admins

Mean admissions/year

Low Q1 Q2 Q3 Q4

Both

NO2 185.3 280.8 297.7 291.5
NO 161.4 272.7 292.3 297.3
NOX 162.3 274.3 294.9 294.2
PM10 244.6 260.0 275.8 299.0

GI admins Mean 

admins/year

Excess admins in Qs per year Total excess 

admins/year
Low Q1 Q2 Q3 Q4

Both
NO2 185.3 95.5 112.4 106.2 314.1
NO 161.3 111.3 130.9 135.9 378.2
NOX 162.3 112.0 132.5 131.8 376.3
PM10 244.6 15.4 31.2 54.4 101.0



The impact of acute air pollution fluctuations 
on bronchiectasis pulmonary exacerbation
J Chalmers et al

Exposure–lag-response surfaces for the association between bronchiectasis exacerbations and exposure to particles with a 50% cut-off 
aerodynamic diameter of 10 µm (PM10)  and nitrogen dioxide (NO2). Relative risks (RRs) are relative to the reference value of 10 µg·m−3 (bold line). 
A lag of zero is the day of exacerbation, while a lag of one is the day before the exacerbation. 
A lag of two, three and four corresponds to 2, 3 and 4 days before the exacerbation.

Goeminne CP, Cox B, Finch S, et al. The impact of acute air pollution fluctuations on bronchiectasis pulmonary 
exacerbation.  A case-crossover analysis. Eur Respir J 2018 (https://doi.org/10.1183/13993003.02557-2017).



Why?



Emissions trends in Scotland 
since 1990

Cleaner Air for Scotland 2 - Towards a Better Place 
for Everyone - gov.scot (www.gov.scot) July 2021

https://www.gov.scot/publications/cleaner-air-scotland-2-towards-better-place-everyone/pages/3/


PM10 2007 to 2019



PM10 2015-2019



Statement by Scottish 
Government: 2019

Emissions trends – 1990 to 2018
• Emissions of the eight main air pollutants - lower 1990 to 2018
• But rate of decline has started to level off
• Ammonia (NH3) emissions have declined at a slower rate and 

even increased slightly over recent years. 
• Ditto Ozone

it was recognised, that despite strategic measures, areas of poor air 
quality would likely remain

• Local Air Quality Management (LAQM) regimes

• In 2019 - 38 active Air Quality Management Areas (AQMA)

https://www.gov.scot/publications/cleaner-air- scotland-2-towards-better-place-everyone/pages/3/ 
July 2021



CHttpHandler.ashx (glasgow.gov.uk) 2020

Glasgow figures 2019

https://www.glasgow.gov.uk/CHttpHandler.ashx?id=50194&p=0


laqm-annual-progress-report-2020 (edinburgh.gov.uk)

Edinburgh figures 2019

https://www.edinburgh.gov.uk/downloads/file/28720/laqm-annual-progress-report-2020


Mean PM10 Values - Day of 
Week



Letter to 1st Minister in 
The Herald 21st Oct 2021

RESPONSE

• LEZ in Dundee, Glasgow, Edinburgh, Aberdeen

• All Responsibility of the Local Council

• Schools can ‘hire’ one of 5 air monitors in Scotland  for a month from SEPA



Staggering Arrival Times at 
School

Cameron, Valerie, et al. "Simple traffic measures significantly reduce the exposure of primary school children to 

NO2." Environmental Health Scotland 31.2 (2019): 29-34.



Open letter to 1ST Minister:
All these data are EVIDENCE based



Air Pollution Exposure & Admission 
with Very Pre-term Birth

Pollutant Crude Adjusted*

NO2

Very Preterm 1.10 (1.02,1.18) 1.08 (1.00,1.17)

PM10

Very Preterm 1.02 (1.01,1.03) 1.013 (1.00,1.03)

Dibben, Chris, and Tom Clemens. "Place of work and residential exposure to ambient air pollution and birth outcomes in 
Scotland, using geographically fine pollution climate mapping estimates." Environmental research 140 (2015): 535-541.

*Adjusted for social class, parity, individual estimated income, ethnicity, smoking, area log crime rate, mother's age, 
mothers education, season of birth, loneparent at birth registration and year of birth.



Bi-parietal diameter growth trajectories & 
relative differences for different levels of 

pollutant exposure

minimum exposure (solid lines) maximum exposure (dashed line)

Clemens, Tom, Steve Turner, and Chris Dibben. "Maternal exposure to ambient air pollution and fetal growth in 
North-East Scotland: A population-based study using routine ultrasound scans." Environment international 107 
(2017): 216-226.



Average NO2 concentrations (μg m − 3) 
The standardized morbidity ratios 
(observed/expected) 
for respiratory hospital admissions

Lee, Duncan, Claire Ferguson, and Richard Mitchell. "Air pollution and health in Scotland: a multicity study." Biostatistics 10.3 (2009): 409-423.

A multicity study of Air Pollution



On the left (A) -standardised morbidity ratio for respiratory hospitalisations
On the right (B) - average concentrations of PM2.5.

D. Walsh, G. McCartney, C. Collins, M. Taulbut, G. Batty. History, politics and vulnerability: explaining excess mortality in Scotland and Glasgow. 
Public Health, 151 (2017), pp. 1-12



Admissions to Hospital during 
Pandemic correlates to Air Pollution

Zahid, Farisa Dania Binti Mat, et al. The impact of coronavirus-related lockdowns on air quality. Granite Journal 
2022 (ISSN 2059-3791): Vol. 7, Issue 1 



SMR For Covid-19 Hospitalisations & Deaths
Lower Panels Depict NO2 & PM2.5 Concentrations

Lee, Duncan, et al. "Quantifying the impact of air pollution on Covid-19 hospitalisation and death rates in Scotland." 
Spatial and Spatio-temporal Epidemiology (2022): 100523.



Results of Clean-up

• Ireland banned coal burning: 
• Cardiovascular death rates dropped 10.5%

• Hong Kong banned high-sulfur fuel oil: 
• Cardiovascular death rates dropped 25%

• 1996 Atlanta Summer Olympics, reduced  traffic
• significant drop in children’s asthma

• After German reunification, pollution     
• children’s respiratory symptoms decreased dramatically

Friedman, M.S., et al. JAMA, V. 285, No. 7, 2001

Heinrich, J., et al., Am. J. Resp. and Crit. Care Med., V.161,2000



Improved Lung Development as Pollution decreases

Association of Improved Air Quality with Lung Development in Children. NEJM 2015



Asthma in Children 
& Air Pollution reduction

Hasunuma, Hideki, et al. "Decline of ambient air pollution levels due to measures to control automobile emissions and effects on the 

prevalence of respiratory and allergic disorders among children in Japan." Environmental research 131 (2014): 111-118.



Assessment of Interventions on Health

Burns, J., et al. "Interventions to reduce ambient air pollution and their effects on health: an abridged Cochrane 
systematic review." Environment International 135 (2020): 105400.



Estimated reductions in respiratory hospitalisations due to a 5 µg m3 

reduction in NO2 concentrations,  The blue line denotes the boundary of 
the Glasgow LEZ.

Lee, Duncan, et al. "Estimating the health impact of air pollution in Scotland, and the resulting benefits of reducing 
concentrations in city centres." Spatial and Spatio-temporal Epidemiology 29 (2019): 85-96.

Edinburgh Glasgow



What can we do as Professionals ?

40,  18,  10•
µg/m3

Ts10, 10, 5
µg/m3

• Remove disconnect between central and local Government –
enforce legislation

• Look at your own Region’s data & publish
• Engage with Local Councils, Engage with patients

Insist on compliance –
THESE VALUES ARE THE LAW

NO2 /PM 10 /PM 2.5 
40,  40,  25
µg/m3



• Linked to MANY DISEASES
• Increases all cause mortality
• Damage to other organisms such as food crops
• Preventable 
• Is now a health and legislative priority

Air pollution:  Conclusion


