Air Pollution and
its affect on
Health

STRIVING FOR
EXCELLENCE | Prof Jill JF Belch
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Air Pollution

Sources of pollution

Examples of common pollutants and their effects

How pollutants can affect humans




Air Pollution and Health
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Air Pollution and Health
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Air Pollution and Death
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Sources Of Air Pollution -2t

* Natural

Example: forest fires, Volcanic eruptions
* Human Activities

Example: combustion of fossil fuels as

2000 %

| o N 14%
Major sources of air pollution of new car

remain industrial processes
and diesel motor vehicles.




v¢ ' Diesel Vehicles are Biggest Source “omy
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of Transport Air Pollution
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Figure 2: Contribution of Air Pollutants to Health
Impacts, Hamilton (%)
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1. Nitric Oxide gasses (NoX)
* Produced directly from burning fuel
 Oxidation of NO by ozone
* NoX levels are highly correlated with
PM levels

® Nitrous Oxides
41 Diffusion Tubes
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EU AIR QUALITY DIRECTIVE 2008/50/EC
Nitrogen dioxide and oxides of nitrogen
Hourly limit value for the Annual limit value Annual critical level for
protection of human health for the protection of the protection of

(NO2) human health (NO>) vegetation an

ural
ms (Noxy/

e
Upper 70 % of limit value 80 % of limit xal/uvﬁof criai}alfle(el

assessment (140 pg/m3, not to be (32 ug/m3) (24 pug/ms3)
threshold exceeded more than 18

times in any calendar year)
Lower 50 % of limit value 65 % of limit value |65 % of critical level
assessment (100 pg/m3, not to be (26 pg/ms3) (19,5 pg/ms3)

threshold exceeded more than 18
times in any calendar year)

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

The current EU directive value of 32ug/mg(annual mean) was also set to protect the
public from the health effects of gaseous NO2.



Particulate Matter

1. Particulate Matter (PM) <10p
2. PM <2.65u

Black smoke — in past
Diameter of the Particles in microns (p)
Concentrations expressed as mg/m3

The smaller particles are very bad for health

10 not filtered by nose and go into lung

 2.5u not filtered by lung and go into blood
stream to damage other organs eg heart, brain
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Mational air quality objectives and Eurcpean Directive limit and target values for the protection of human heatth

Date to be
achieved by (and
maintained

thereafter)

UK

UK

Scotland
UK (except
Scotland)
Particles (PMy:)
Scotland
Exposure
Reduction LK urban
areas

50 pgim® not to be
excesded more than 35
times a year

40 pgim®

50 pg'm® not to be
excesded more than 7
times a year

18 pg'm*

25 pgim=

10 pg'm*

Target of 15% reduction
in concentrations at urban
background

24 hour mean

annual mean

24 hour mean

annual mean

annual mean

31 December 2004

31 December 2004

Indicative 2010 objectives for PMg (from the 2000 sirategy and Addendum) have been replaced by an exposure reduction ap
for PMzs (except in Scotland — see below)

31 December 2010

3 December 2010

2020

31 December 2020

Between 2010 and
2020

European Dbligations Date to be
achieved (by and
maintained
thereafter)

50 pg/m® not to be 1 January 2005

excesded more than 35

fimes a year

40 pgim?* 1 January 2005

50 pp'm? not to be
exceeded more than 25
fimes a year

40 pgim? 1 January 2

Target value - 25 pgim? 2

Limit value - 25 pgim? 1 January 2015

Between 2010 and
2020

Target of 20% reduction
in zoncentrations at urban
background.
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background

= Air quality monitoring in UK is extensive and
collated at the UK level for reporting purposes —
driver for this is clear links between air
pollution and human health

= Devolved administrations have responsibility for
AQ matters and need accurate, disaggregated data
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Brook Cottage Consultants Ltd.: Experts

2015 UK Air Quality Plan

 In areas of concern:
- Transport: 80% NOx

- The largest source - diesel
vehicles

- Due to

- the significant growth in diesel
vehicle numbers

- the emissions standards not
delivering the expected
emissions reductions.

in Air Quality Management

Owpaarrenct
or Erveroremert
Food A Rursl Aars

Improving alr quality In the UK
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HEALTH OF MORE THAN 90% OF d
WORLD’S POPULATION AFFECTED -BY AIR
POLLUTION "EMERGENCY’, WHO SAYSE

http://www.independent .co.uk/environment, /air-pollution-public-health -emergency -who-world -health -organisation-a6821256 .html Jan 2016



http://www.independent.co.uk/environment/air-pollution-public-health-emergency-who-world-health-organisation-a6821256.html
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Comparison of Cause of Death in UK

Smoking
100,000

Air Pollution

35-50,000 Obesity
34,100 Alcohol  lllegal

6,700 Drugs

. ) \ , | 1,600
|
Legislation adherence Non-adherence 0.‘
|
Traffic

1,900



Annual Deaths

Air Pollution 35-50,000
Drunk Driving 17,000
Murder 20,000
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Evidence conclusive

 Asthma
* Obstructive Alrways Disease (COPD)
* Lung Cancer :
e Allergies

* Heart Attack
* Sudden Death/lrregular heart beat
* Dementia
 Amputation
e Stroke
 Diabetes?

* Annually, air pollution is estimated to result in 3.5 million deaths
worldwide

https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-air-pollution Feb 2016



https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-air-pollution
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w0 Particulates: Cardiac Effects -

Vascular inflammation

Blood pressure

Blood clotting protein levels
Cardiac arrhythmias/Irregular HB
Heart rate variability
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Next-Day Heart Attacks

» Short term exposure to particulates (PM2.5)
increases the incidence of heart attacks for
one day following exposure

» As air pollution goes up the risk of heart

attack goes up '
|

Increased Particulate Air Pollution and the Triggering of Myocardial Infarction Peters, et al.; Circulation, June
12, 2001, vol. 103




%] Traffic Emissions —=
and Death

Near-road group had:

» Almost double the death rate from
heart and lung disease

> 1.4 times higher overall death rate

Hoek, G., et al. “Association between Mortality and Indicators of Traffic-related Air Pollution in the Netherlands:
A Cohort Study”. Lancet 360 (2002) 1203
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Pollution Affects the Most Vulnerable

* Those who already have heart or lung disease

* Areas of Deprivation often line busy main
roads

* The elderly

e Children

— Higher death rate
15t year of life x2

— Lungs under-
developed

e Babies in the womb




Link Between Pollution and Survival:

Patients With Lung Disease
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Patients with Heart Disease
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Heart and Lung ’

For every increase in particulate exposure of 10
ug/m3, there was increased risk of:
— 4% in All cause mortality
— 6% in Cardiopulmonary mortality
— 8% in Lung cancer mortality

* Risk same as living with a smoker

— 3% drop in life expectancy

Effect of Air Pollutants on Acute Stroke Mortality. Hong, et al.
Feb., 2002; Environmental Health Perspectives, v. 110. no.2

Pope, et al. JAMA 2002 ;287:1132-1141,
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Pollution Affects the Most Vulnerable

Older person

Indoor pollution: tobacco smoke, household fumes®

Type 2 dighetes
E Heart attocks
m Start of lung concer

" Heart atiecks, heost
- failure and strokes

m Lumg comcer
!
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In the womb Baby/toddler Child

QOutdoor pollution: vehicle exhaust, industrial emissions

Developrmental Slower development
o Smaller head U problems m of lung function
Harms from
high pollution @ L‘:‘t‘:r:"'h s m Were wheering ".\ Asthmo
Stort of
‘ l B e bl @ athergsclerasis

Low birth weight

Premature birth

e

Stillbirth

i se

Organ damage



Concerning news on the Horizon
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Childhood asthma

Increased by 55% from 1982-1996

No 1 cause of hospitalization (< 18 yrs)
No 1 health care cost for childhood diseases
No 1 cause lost school days (chronic illness )

1/2 to 1/3 of NC asthma due to air pollution
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Medical Care Costs

Every 10 mg/m?3
particulates=

$177 extra cost to
Medicare per patient
per year in USA

Air Pollution and Medical Care Use by Older Americans: A Cross Area Analysis. Fuchs, Victor and Rosen,
Sarah

Health Affairs, vol. 21, no. 26 pp207-214



Why the RCP is tackling this issue

* Air pollution estimated to
cause around 40,000 deaths
per year in the UK

* Estimated cost of air
pollution is £20bn annually

in the UK
* Linked to major health

challenges of our day such
as heart disease, asthma,
lung cancer and dementia

¥ 4 Royal College
). Of Physicians Setting higher standards



Personal Involvement  -2u

"F"4 Royal College R C P G H
y of Physidians | soscocorcr v

sg Hhe-wi) it Childrna’s Healbh

“When our patients are exposed to such a clear and
avoidable cause of death, iliness and disability, it is our
duty as doctors to speak out”

The lifelong
impact of
air pollution

Report of a working party




Is There Hope?

DOOM GLOOM
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Managing Pollution:
Improved outcomes at 2 years

Hospitalization Cardiac mortality Total mortality

All comparisons for pre- and post-pollution measures p < 0.05



Improved Lung Development as Pollution decreases

25 [ Cohort C (1994-1998)
W Cohort D (1997-2001)
W Cohort E (2007-2011)

204

154

104

Proportion of Children with Low FEV, (%)

<90% Predicted <85% Predicted <80% Predicted

259 [l Cohort C (1994-1998)

W Cohort D (1997-2001)
W Cohort E (2007-2011)

20

154

104

Proportion of Children with Low FVC (%)

<90% Predicted <B5% Predicted <80% Predicted

Association of Improved Air Quality with Lung Development in Children. NEJM 2015
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Results of Clean-up

e 1996 Atlanta Summer Olympics, reduced
pollution levels due to transit system changes
led to a significant drop in children’s asthma.

* After German reunification, pollution
dropped and 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



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 2.5%
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So what can we do? -

25 10
pug/ms pg/ms

World Health
Organization

I —— R —

* Remove disconnect between Government and
Local Councils — enforce legislation
* Ensure current legislation regarding Air Quality
assessments carried out
* Ensure cumulative effects are counted
THESE ARE THE LAW
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«  Particle traps for exhausts -~
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Altering fuels

Lesion size

(histological analysis of serial
sections of barchiocephalic artery)

atherosclerotic burden
(% of media)
S
o

Electric vehicles ;

control DE DceE
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L B Air pollution: ——

Conclusion 1

e Causes disease, death to humans, damage to
other living organisms such as food crops

* |s now a health and legislative priority




Air Pollution: Conclusion 2

e Major health and economic issue
e Over half the problem is traffic

e Prioritize air quality improvement in
Government and Council decision making

e Impose penalties for legislation non-
adherence

e Pollution imposes risk on all population
groups, especially our children, the ill the
elderly and the deprived.



