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Air pollution and health:
Problems — solutions — and roadblocks
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Global Burc

Malnutrition

en of Disease

Global, Both sexes, All ages, 1990

I Air pollution

WaSH

Tobacco

High blood pressure

Dietary risks -

Occupational risks

High fasting plasma glucose -

High LDL -

High alcohol use

Kidney dysfunction -

High body-mass index

Non-optimal temperature

Other environmental

Unsafe sex

Drug use

Low bone mineral density -

Low physical activity

Childhood sexual abuse and bullying

Intimate partner violence

Malnutrition -
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Tobacco

Dietary risks

High fasting plasma glucose

High body-mass index

High LDL -

Kidney dysfunction
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High alcohol use

WaSH

Unsafe sex o

Non-optimal temperature
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Drug use -

Low bone mineral density

Low physical activity

Childhood sexual abuse and bullying -

Intimate partner violence
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Global, Both sexes, All ages, 2021

Self-harm & violence

| Unintentional inj

| Transport injuries
Other non-communicable
Musculoskeletal disorders

| Sense organ diseases

| Diabetes & CKD

| Substance use
Mental disorders
Neurological disorders

| Digestive diseases

| Chronic respiratory

| Cardiovascular diseases

| Neoplasms
Nutritional deficiencies
Maternal & neonatal
Other infectious

| NTDs & malaria

| Enteric infections

| Respiratory infections & TB

| HIV/AIDS & STIs

1k

2k
DALYs per 100,000

From: https://vizhub.healthdata.org/gbd-compare/#
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Air pollution affects many organs T
Asth ©
R:sp'::tory/airway symptoms q
e.g. wheeze

Exacerbation of the disease,
increase in symptoms or q

® Long or short-term effects

Impaired Lung growth

* Different pollutants

Bronchitis

® State of the evidence Nevaysptry i,

Development of lung cancer

-\ . A& A& a a

Lung function decline

i/ cardiovascular system
Atherosclerosis

Hypertension
Arrhythmia

Blood coagulation

i/ Nervous system

Brain volume (white matter)
decline

Cognitive performance decline
(dementia)

-

i Mortality

Non-accidental mortality

Mortality due to cardiovascular
disease

Mortality due to respiratory
diseases

Mortality due to asthma
Mortality due to COPD

F rO m : Mortality due to lung cancer

Mortality due to respiratory

https://www.swisstph.ch/en/projects/ludok/healtheffects (ract) infection

Causality: @ causal i © likely causal i

Swiss TPH & 4



tps://www.swisstph.ch/en/projects/ludok/healtheffects

Swiss TPH g




Air pollution regulation — two places to act

Make sure that:

The precautionary principle:
Reduce/avoid all emissions if
technically feasible and for

which the costs are bearable.

1) The health of people and animals
does not suffer.

2) Buildings are not damaged.

3) The fertility of the soil, the quality

of the water, and ecosystems are
not negatively affected.

Wy | : I
L 1{ ‘ : q |
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The precautionary principle:
Reduce/avoid all emissions if
technically feasible and for

which the costs are bearable.

-

What is the solution?
Reduction of emissions



Air pollution has natural and anthropogenic sources...

Examples of anthropogenic sources:

Traffic (cars, motorcycles, mopeds, trucks, buses, trains)
Airplanes, propellor planes, helicopters, drones
Recreation (barbecue, campfires, fireworks, motorsports)
Industry

Agricultural burning, intensive cattle farming

Residential combustion (cooking, heating)

Smoking (Environmental Tobacco Smoke)

Power generation Relatively easy to

Construction control and regulate

War (bombs, missiles)

Examples of natural sources:

® Volcanic eruptions
* Wildfires
* Desert dust

e Pollen? Relatively hard to
control and regulate

e—
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N




Air pollution is a heterogeneous mixture of gases and particles

*Nitrogen Dioxide: NO,
-Brownish gas, irritates the respiratory system
-Originates from combustion (N, in air is oxidized)
°Ozone: O,
-Stratospheric ozone protects us from UV radiation, but ground-level ozone is an airway irritant
-Secondary air pollutant: formed by a reaction

- NO,+UV-light->NO+0O
- 0+0,- 0, — |

°Particulate Matter (PM)

Swiss TPH & 9




Particulate matter (PM) — Size matters!

* Different size fractions: PM,,, PM, ¢, ultrafine particles (<0.1 pum)

The smaller the particles, the deeper they penetrate into the lungs

Ultrafine particles can transcend between the lung-blood and blood-brain barriers
We don’t have enough epidemiological evidence on ultrafine particles (yet)

€PM25s "
Combustion particles, organic : .
HUMAN HAIR compounds, metals, etc. s ® ',g‘ >
_50-70pum <2.5m (microns) in diameter Upper
(microns) in diameter respiratory =
tract PM10
© PMqo
Dust, pollen, mold, etc.

<10 um (microns) in diameter Lower

respiratory PM 2,5

tract

Spread to nearby

90 um (microns) in diameter
organs UFPs

FINE BEACH SAND
From: US Environmental Protection Agency
Swiss TPH b\)‘ From: Loaiza-Ceballos, 2021 10




Air pollution concentrations vary in time...

® Diurnal - rush hour

* Daily basis - weather & activity dependent
® Seasonal basis - inversions, heating season

® Long-term trends

Feinstaub (PM10) [ugim?] o
Jahresmittelwerte von 2000 bis 2024

- Bern-Bollwerk Lausanne-César-Roux - Lugano-Universita

- Zirich-Kaserne Basel-Binningen Dibendorf-Empa

- Harkingen-&1 - Sion-Aéroport-A% - Magadino-Cadenazzo
Payerne - Tanikon Beromiinster

- Rigi-Seebodenalp Jungfraujoch

From: Meier et al., 2015

Basel

SR AT

40 b

a0 F

Air Pollution over Tiananmen Square, China
From: The Guardian

20

10 F

1 1 1 1 L 1 1 1 1 1 1 1 1 1 1

Almaty, Kazakhstan during an inversion

1 1 1 1 1 1 1 1

Cuelle: NABEL

g[llﬂﬂ 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

sane From: NABEL Switzerland 11




Examples of interventions on the emissions side

- Since 1970: Phase-out of tetra-ethyl lead as anti-knock agent in petrol for cars

- 1970-2010: Use of increasingly low-sulfur fuels

- Since 1987: Catalytic converters on cars: reduction of NO,, oxidation of CO and unburned hydrocarbons
- 1990: Irish coal ban

- From 2000 onwards: Diesel particulate filters

- From 2035 onwards: Electric driving - no more combustion engine sold in Europe after 2035!

BENZIN -
| — ! N,.H-,0. CO 0.8 % ~ Heizdl EL Standard
C | 21 2% UT2 Three-way catalyst — _ **" max. 0,1 %
‘.—- | E — Heizdl EL schwefelarm
: % % 0,6 % } max. 0,005 %
Y © :
8 | ? 05%1 e
Erste ' o :
Minchner %’ : i
Zapfsaule g 0.3 %t ........... :

0.2 %1 e |
0% e ‘

w2 ' : HC, CO, NOx i : i :
! 2 . ‘ 1973 1976 1979 1988 2003 2008 Jahr
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Roadblocks

* Still a lot of unnecessary anthropogenic pollution
* Environmental inequality: polluting activities / fuels are moved to low & middle income countries

Stubble burning in Pakistan Maximum sulfur limits in gasoline, 2023
From: https://imaggeo.egu.eu/view/4190/ From: Stratas Advisors

'.F; :.’ . "
- 7 .

e -
&;‘ Gy

. .

0-10 ppm m 11-30 ppm m 31-50 ppm = 51-150 ppm = 151-500 ppm ®m 501-2500 ppm m No information / Not regulated

13
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What is the solution?
Regulation of ambient concentration



Ambient concentrations: Epidemiological studies in a nutshell

Air quality (NO,) pg/m3

Bl <= 20

[ 20 -<=25
[25-<=30
[ ]30-<=35
[ ]35-<=40
[ ]40-<=45
[]45-<=50

g [ 50 - <=60
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What does a concentration-response curve have to do with health protection?

Hazard Ratio

: The exposure distribution on the European population

Blau: Concentration-response curve: the risk increases with higher exposure

The brown line shows the current air quality standards in der EU and changes planned for 2030

The red line shows the current air quality standards in Switzerland

The line shows what World Health Organization (WHO) recommended in 2021  strak, Weinmayr, Rodopoulou et al., 2021.

Every additional reduction in air pollution benefits public health

Natural mcrtality
22 -

2.0}
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Results from the ELAPSE study: Effects of
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Roadblock: are the current laws sufficient to protect our health?

®* Most countries have "acceptable" limit values that are (far) above the WHO’s recommendations
* For particulate matter, only PM,, und PM, . are regulated, ultrafine particles not (yet)
* Regulations do not ensure clean air when they are not enforced

Exposure to particulate matter with an aerodynamic diameter of 10 ym or less (PM10)
in 1081 cities, 2003-2010

Particulate Matter

Annual mean PM10 (ug/m3)
WHO global
. I . t 20-29
air quality i
guidelines L B
oA Annual average air quality limit values for particulate matter (PM2.5 and PM10) 155
0 ke, 5uf i ioidy . 2
[ | <=10 g PM2.5/m3 or <=20 pg PM10/m3 (WHO-AQG) I >35 1:g PM2.5/m3 or >70 pg PM10/m3 or (higher than WHO-AQG Interim Target 1) [ Data not avaiiable
] >10 to 15 pg PM2.5/m3 or >20 to 30 pg PM10/m3 (WHO-AQG Interim Target 3) No data available l: Not applicable . e P
= 1 :
|7 | >150 25 yg PM2.5/m3 or >30 to 50 pig PM10/m3 (WHO-AQG Interim Target2) | | No standard set ==
- >25 to 35 pg PM2.5/m3 or >50 to 70 pg PM10/m3 (WHO-AQG Interim Target 1) - Other standard set (e.g. for TSP) The nd hown and the used on this map do not imply the expression of any opinion whatsoever Data Source: World Health Organization World Health
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, Map Production: Public Health Information Organization
or concerning the delimitation of its frontiers or boundanes. Dotted lines on maps represent approximate border lines for which and Geographic Information Systems (GIS)
there may not yet be full agreement World Health Organization ©WHO 2011. Allrights reserved

Kutlar Joss, Eeftens, ..., Klinzli,
UPH, 2017 From: World health Organization, 2011
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Environmental Epidemiology

1) Air pollution remains a major problem around the world

2) Reduction of emissions and regulation of ambient air and enforcement are solutions
3) Roadblocks:

- Unnecessary anthropogenic emissions and inequal distribution of polluting activities
- Current legislation accepts exposure levels at which health effects still occur, and do not yet regulate all pollutants

g Research Group «Sensoring and
Environmental Epldemlology»

Swiss TPH - 18
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