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Nelson-Statur 5.-6.12.1952

Zunahme der Sterbefalle um 142 % in
der Altersgruppe zwischen 55 und 65
und um 235 % bei den 65- bis 75-

jahrigen. L_ondoner Stadtansichten von Monet
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2. Januar 2017, 18:01 Uhr Feinstaub

Feinstaub-Exzess durch

Rund 4000 Tonnen Feinstaub setzte das
Silvesterfeuerwerk nach Schatzungen des
Umweltbundesamtes frei, das entspricht 15 Prozent

der Menge, die Autos und Lkw im ganzen Jahr
erzeugen.

Neujahrsfeuerwerk sorgt fur Feinstaub-Hochstwerte
Tagesmittel fiir Feinstaub in pg/m’
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Quelle: Umwelt Bundesamt

Sranffurter Allgemeine  Statista ¥a

Feedback

Rauchen authéren, mehr Sport treiben, allgemein mehr auf
die Gesundheit achten. Doch vorher wird noch einmal kriftig
gesiindigt: Mehr als 100 Millionen Euro jagen die Deutschen
zu Silvester in Form von Feuerwerkskérpern in die Luft. und
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Umweltverschmutzung

,JUmweltverschmutzung” die durch menschliche Tatigkeiten direkt
oder indirekt bewirkte Freisetzung von Stoffen, Erschiitterungen,
Wiérme oder Ldrm in Luft, Wasser oder Boden, die der menschlichen
Gesundheit oder der Umweltqualitat schaden oder zu einer
Schadigung von Sachwerten bzw. zu einer Beeintrachtigung oder
Stérung von Annehmlichkeiten und anderen legitimen Nutzungen
der Umwelt fihren konnen

RICHTLINIE 2010/75/EU DES EUROPAISCHEN PARLAMENTS UND DES RATES vom 24. November 2010




»,Heat island effect“ and Luftverschmutzung in Berlin

(innerhalb des S-Bahnring)
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PM10 Belastung in Berlin

im August (Jahresmittelwert)

Mit feundlicher Genehmigung — Prof. Dr. Christian Witt, Charite Berlin



Pathophysiologie des Hitze-Stress in der Lunge

N Temperatur
Ozone -> \erschlechterung der Luftqualitit
Hitze (NOZ)
™ PM, I Ozon
Staub 1 Allergene

« Hyperventilation
 Verlust von Lungenflissigkeit

Heat-Stress « Lungen-Perfusion |

Airpollution _
(©,, PM,o; Nox) 1 Atemwegswiderstand

* 1 Inflammation in Bronchialschleimhaut

Mit feundlicher Genehmigung — Prof. Dr. Christian Witt, Charite Berlin



Luftbelastung kennt keine nationalen
Grenzen
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Landrigan et al. (2017 ). "The Lancet Commission on pollution and health." Lancet: pub online October 19, 2017




pm2.5 Belastung von Kohlekraftwerken in Europa

Mit feundlicher Genehmigung — Prof. Dr. Christian Witt, Charite Berlin EUROPE’'S DARK CLOUD



Umweltverschmutzung : 9 Mio. vorzeitige Todesfalle in 2015
(16% von allen Todesfallen weltweit)

The Lancet Commissions I

Mehr als dreimal so viele Tote als von AIDS, Tuberkulose und Malaria zusammen.

15 fache der Kriegsopfer oder Opfer anderer Gewalteinwirkung

“Pollution kills the poor and the vulnerable disproportionately”.

92% durch Umweltverschutzung bedingten Todesfalle sind in “low-income and middle-

income” Landern
e Kinder: hohes Schadigungs-Risiko im Uterus und in der frithen Kindheit

www.thelancet.com Published online October 19, 2017



Geschatze Todesfalle als Folge der
wichtigsten Risikofaktoren 2015  mececommision
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Landrigan et al. (2017 ). "The Lancet Commission on pollution and health." Lancet: pub online October 19, 2017




Berechnete globale Todesfalle (Mio) in Bezug

auf die Art der Umweltverschmutzung

The Lancet Commissions I

Global estimated deaths (millions)
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Landrigan et al. (2017 ). "The Lancet Commission on pollution and health." Lancet: pub online October 19, 2017



Estimated global deaths by pollution risk factor and age at
death, 2015
GBD Study, 2016.42
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Landrigan et al. (2017 ). "The Lancet Commission on pollution and health." Lancet: pub online October 19, 2017



Berechneter Einfluss der Umweltverschmutzung auf die
Todesfalle von nicht-tGbertragbaren Erkrankungen 2015
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Percentage of disability-adjusted life-years attributable to air pollution
(household air pollution plus ambient air pollution)

by disease and country income group

Lower respiratory Tracheal, Ischaemic heart Ischaemic Haemorrhagic Chronic Cataracts
infections bronchial, disease stroke stroke obstructive
and lung cancer pulmonary
disease
High income 12% 8% 13% 9% 11% 16% 1%
Upper-middle income 34% 30% 24% 20% 24% 41% 14%
Lower-middle income 57% 38% 35% 28% 31% 52% 25%
Low income 64% 48% 43% 36% 22% 51% 35%
Global 53% 24% 28% 37% 27% 44% 19%

Calculations based on data from the GBD 2015 Mortality and Causes of Death Collaborators (2016)* and the GBD 2015 Risk Factors Collaborators (2016).

Landrigan et al. (2017 ). "The Lancet Commission on pollution and health." Lancet: pub online October 19, 2017




Estimated global DALYs by pollution risk factor and age at death,
2015

GBD StUdy, 2016 . DALYs=disability-adjusted life-years
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Landrigan et al. (2017 ). "The Lancet Commission on pollution and health." Lancet: pub online October 19, 2017






Teilchengrof3enbereiche von Aerosolen
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Luftqualitats-Grenzwerte in Europa

Kurzzeit PM10 : Arlthmetlsches Mittel tber 24 h (0 — 24 Uhr)
Langzeit PM10: 1 Jahr

2005: Kurzzeit PM;q = 50 pg/m3 (max. Uberschreitung 35/Jahr)
Langzeit PM;; = 40 pug/ms3

2010: Kurzzeit PM,, = 50 pg/m3 (max. Uberschreitung 7/Jahr)
Langzeit PM;q = 20 ug/m?3

PM10: Particulate Matter: Masse aller Teilchen bis zu einem
Durchmesser von 10pum




Einflul der PartikelgrofRe, —anzahl und -oberflache bel
einer gegebenen Partikelmasse

Gemessen wird die Masse der Tetlchen nicht die Anzahl

Partikeldurchmesser Anzahl von Oberflache
In um Partikeln der Partikel
10 1 1

1 103 102
0,1 106 104
0,01 10° 106




Kritisch ist nicht die Masse, sondern die bedeckte Oberflache




Grenzwerte NO,

Grenzwerte fiir die menschliche Gesundheit

1-Stunden-Grenzwert: 200 pg/m3 (darf nicht 6fter als 18-mal im Kalenderjahr
Uberschritten werden)

Jahresgrenzwert betragt 40 ug/m3.

Zum Schutz der Vegetation wird ein kritischer Wert von 30 pg/m3 als Jahresmittelwert
verwendet.




— Atemtrakt beim Menschen

Reihe 12, Band 376 Verzweigungen der Luftwege und Ein-dringtiefen verschiedener
Partikelgrof3en

Nasenschleimhaute
und Rachen > 10 pm

Kehlkopf 5-10 um

Luftréohre und
Hauptbronchien 3-5um

Sekundare und ter-
— minale Bronchien 1-3pum

— Alveolen < 1lpm




Overview of diseases, conditions and biomarkers affected
by outdoor air pollution.

Respiratory disease mortality Stroke
Respiratory disease morbidity Neurological development
Lung cancer Mental health

Pneumonia Neurodegenerative diseases
Upper and lower respiratoq

Airway inflammation
Decreased lung function
Decreased lung growth

Cardiovascular disease mortality
Cardiovascular disease morbidity
Myocardial infarction

Arrhythmia

Congestive heart failure

Changes in heart rate variability
ST-segment depression

Insulin resistance
Type 2 diabetes
Type 1 diabetes

Bone metabolism Skin ageing

High blood pressure
Endothelial dysfunction
Increased blood coagulation
Systemic inflammation
Deep venous thrombosis

Premature birth

Decreased birthweight
Decreased fetal growth
Intrauterine growth retardation
Decreased sperm quality
Pre-eclampsia

ERS/ATS STATEMENT | G.D. THURSTON ET AL. Eur Respir J 2017; 49: 1600419.



The , Pollutome”

Numbers of pollution-related deaths
included in GBD estimates by zone

Zonel
Well characterised
health effects of
well studied pollutants.
Data are included in GBD
estimates and in this report.

Zone 1: 9-0 million

Zone 2

Zone 2: none Emerging, but still unquantified, health effects

e of known pollutants. Data are not included in
GBD estimates or in this report.
Zone3
Zone 3: none Inadequately characterised health effects of emerging
at present pollutants. Data are not included in GBD estimates or in this report. . ..
Landrigan et al. (2017 ). "The Lancet Commission on

pollution and health." Lancet: pub online October 19, 2017




Mortalitat und Partikelbelastung

Harvard Six Cities Study

Prospektive Studie iber 14-16 Jahre von 1974 bis 1989 P: Portage, Wisconsin

T: Topeka, Kansas
W: Watertown, Massachusetts
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1200 bis 1600 Teilnehmer im Alter von 24 bis 78 Jahre/ Stadt — nur WeilRe

Dockery, D. W.,, et al. (1993). N Engl J Med 329(24): 1753-1759



Mortalitat und Partikelbelastung

Harvard Six Cities Study - Nachuntersuchung
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Mortalitat und Partikelbelastung

) .. P: Portage, Wisconsin
Harvard Six Cities Study - Nachuntersuchung T: Topeka, Kansas

W: Watertown, Massachusetts
L: St. Louis, Missouri
H: Harriman, Tennessee

@ S: Steubenville, Ohio
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Parallel zur Reduktion der Partikellast reduzierte sich die Mortalitat

Laden, F, et al. (2006). Am J Respir Crit Care Med 173(6): 667-672



Risiko einer koronaren Herzerkrankung mit der Nahe zu
einer vielbefahrenen Stralle

Untersuchung aus Lelpzig

Distance to major Odds ratio* 95% ClI
road (m)

>200 1.0 (reference)

101-200 1.08 0.85-1.39
51-100 1.34 1.00-1.79

0-50 1.63 1.14-2.33

Hoffmann et al. Circulation. 2007;116:489-496



Abhangigkeit einer kardialen Erkrankung von der
Nahe des Wohnortes zu einer Verkehrsstralde

523 Falle von 107130 Teilnehmern der Nurses’ Health Study

~iculat

Distance, m

Cases, n

Person-Years

Basic*

Multivariablet

MultivariableF

0-49

50-199

200-499

>500

Linear (per 100 m closer)§

103
150
169
101
523

354901
661072
770257
594129
2380358

1.56 (1.18-2.05)
1.27 (0.98-1.63)
1.26 (0.98-1.61)
Reference
1.08 (1.03-1.14)

1.40 (1.06-1.85)
1.19(0.92-1.53)
1.20 (0.94-1.54)
Reference
1.06 (1.01-1.12)

1.38 (1.04-1.82)
1.17 (0.91-1.51)
1.20 (0.93-1.53)
Reference
1.06 (1.01-1.11)

Hart, J. E., et al. (2014) Circulation 130(17): 1474-1482



AHA Scientific Statement

Particulate Matter Air Pollution and Cardiovascular Disease

An Update to the Scientific Statement From the American
Heart Association

Harvard

14 | Six Cmes,\

all cause

Southwest states
@< vs NMMAPS, all cause

- ACS vs
7 NMMAPS, —__
cardiopul.

ACSvs
NMMAPS,
all cause

Mortality Increase (%)

“....Itis the opinion of the
writing group that the overall evidence

P Dublin, cardio

10 US cities,

Anstieg der Sterblichkeit (%) pro 10 PM 2,5ug

o e ™ Utah Valley is consistent with a causal relationship
N - between PM.sexposure and
24 uolin, . . .
N L oewectes cardiovascular morbidity and
yro cilles, all cause . «

o e N | mortality....

1 2 5 20 3040 183 365 3653

(6 mo) (1yr) (10 yrs)
Time (days)

Brook, R. D, et al. (2010). Circulation 121(21): 2331-2378



Feinstaub und Lungenkrebs

Harvard Six Cities Study

PERCENTAGE MOST vSs. LEAST
CAUSE OF DEATH OF TOTAL CURRENT SMOKERST FORMER SMOKERS$ PoLLuTED CITY

rate ratio (95% CI)

All 100 2.00 (1.51-2.65) 1.39 (1.10-1.75) 1.26 (1.08-1.47)

Lung cancer 8.4 8.00 (2.97-21.6) 2.54 (0.90-7.18) 1.37 (0.81-2.31)

Cardiopulmonary 53.1 2.30 (1.56-3.41) 1.52 (1.10-2.10) 1.37 (1.11-1.68)
disease

All others 38.5 1.46 (0.89-2.39) 1.17 (0.80-1.73) 1.01 (0.79-1.30)

Dockery, D. W.,, et al. (1993). N Engl J Med 329(24): 1753-1759



Air pollution and lung cancer incidence in 17 European cohorts: prospective analyses from
the European Study of Cohorts for Air Pollution Effects (ESCAPE)

@ PM, NOx, and NO, measured
B NOx and NO, measured

e e Areas where cohort

' members lived,
measurements were
taken, and land-use
regression models for
prediction of air
pollution were
developed

~@ Stockho
ye

NO,=nitrogen dioxide
NOx=nitrogen oxides
PM=particulate matter

Raaschou-Nielsen et al. 2013
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Lungenkrebs durch Umweltbelastung

Study HR (95% CI) Weight (%)
HUBRO ™ 1.06 (0-50-227) 492
SNACK 0-89(0-37-212) 371
SALT : 069 (0-32-1-47) 4.82
Sixty - 163(072-367) 429
SDPP X 117 (0-40-3.40)  2.48
DCH + 1.10(0-69-176) 1277
EPIC-MORGEN < ; 036(0:08-157) 133
EPIC-PROSPECT ' » 1.89(035-1031) 098
EPIC-Oxford * 1-64 (0-50-5:39) 1.99
VHM&PP — 1.20(0-87-1.66) 2770
EPIC-Turin — 1.45 (0-69-3-04) 511
SIDRIA-Turin * 141(0-46-431) 227
SIDRIA-Rome ——.— 135(0-85-216)  12:85
EPIC-Athens + 155 (1-00-2-40) 1479
Overall (1>=0-0%, p=0-828) <> 1-22 (1-03-1-45) 100-00
I : I T |

0-25 1 2 4 6
B
1UBRO H 0-83(035-2:00) 574
iNACK < 073(012-437) 138
SALT < »  124(023-676) 154
Sixty . - 1-56 (0-41-5-98) 2-45
SDPP . »  2.01(040-10.01) 171
DCH —.—— 0.91(052-1-60)  14-09
EPIC-MORGEN < 049 (0-08-321) 126
EPIC-PROSPECT < » 109(017-6-99) 128
EPIC-Oxford < : 053(015-1.91) 273
VHM&PP ~.— 1-32 (0-97-1-81) 4456
EPIC-Turin L. 160(067-3-81) 587
SIDRIA-Turin - p  1.94(0547.00) 267
SIDRIA-Rome ——*-.— 133(0-69-258) 1012
EPIC-Athens : 090 (034-2-40) 458
Overall (>=0-0%, p=0-922) ‘<> 118 (0-96-1-46) 100-00

025 ‘“ 1 2 4 6

Risk for lung cancer according to
concentration of particulate
matter in each cohort study

<2-5 pm.

Raaschou-Nielsen et al. 2013




LLung Cancerland Exposure tqNitrogen Dioxideland Traffic: A systematic Review and Meta-Analysis

Study RR (95% C1)

Cao et al. 2011 + 1.02 (0,99, 1.07)
Mafstad et al. 2003, men i * 1.08(1.02,1.15)
Raaschou-Meilsen et al. 2013 —#—i— 1.00 (0.9, 1.03)
Raaschou-Meilsen et al. 2010, Copenhagen City Haart Study : + 1.04{1.01, 1.08}
Raaschou-Meilsen et al. 2010, Copenhagen make study i 1.00(0.93, 1.08)

Overall (/2 = 33.0%, p=0.202) @ 1.02(1.01, 1.05)

04 1.0 115
Relative risk astimate

Relative risk (RR) of lung cancer associated with a 10-pyg/mzincrease in exposure to NOX.

The meta-estimate for the change in lung cancer associated with a 10-pug/m3 increase in
exposure to NO2 ! was 4% (95% CI: 1%, 8%).

The meta-estimate for change in lung cancer associated with a 10-pg/m3 increase in Nox !
was similar and slightly more precise, 3% (95% CI: 1%, 5%).

G.B. Hamra et al. Environ Health Perspect 2015



Mechanismen

| -

Pulmonary oxidative
stress & inflammation

Sub-donie &
[ Teronee

PM or constituents “ ,
in the circulation - - . S)'/stemic ANS imbalance
\ Lt Y spill-over”
UFP, soluble metals ) £l i TSNS / VPSNS
Organic compounds Systemic Oxidative Stress and Inflammation l
Cellular inflammatory response (t activated WBCs, platelets, MPO)
t Cytokine expression/levels (t IL-1B, IL-6, TNF-a) Vasculature
7 t ET, histamine, cell microparticles, oxidized lipids; + anti-oxidants Vasoconstriction
Vs:cu';?i’;?m l l Endothelial dysfunction
SOCO! N I-mediated ROS
Endothelial dysfunction - Acule phase response e
PM-mediated ROS t Adipokines ' ' t Clotting factors
t BP (PAI-1, Resistin) ~ =, ° Fibrinogen, CRP Blood
? Atherosclerosis o AT i
r— P - t Platelet aggregation
Blood Inflamed fat l ¥ Inflamed Kver Heart
? t Platelet aggregation Direct actions + HRV
Vascul Endothelial cell os t Heart rate
sculature thelial cell dysfunction/vasoconstriction, tR . frie poterifi

Atherosclerosis progression/plaque vulnerability

t Thrombogenecity (e.g. tissue factor)
Metabolism Insulin resistance, dyslipidemia, impaired HDL function
Blood t Coagulation, thrombosis; ¢ fibrinolysis (e.g. PAI-1)




Environmental agent

|
Exposure

Enters the body through Dermal absorption Inhalation Ingestion
established routes

Initial response

Directly or indirectly interacts Translocation/systemic absorption Receptor activation Metabolism
with one or more tissues
Molecular and cellular effects Modifving factors
Agents or metabolites initiate cascades | Altered cell signalling, gene expression, and inflammation | <+——— B Ag;y g
of adaptive or maladaptive responses :
= Diet
‘ = Lifestyle
= Co-exposure
: Genetics
Tissue and organ responses - 7
Physiological responses induce - o::t_.esa;?:ﬁ;s;b!;:nl:fgcts AT <——| = Health status
changes in specific bodily systems Y s Stress
Subclinical effects
Early detection of pathological Thrombosis Atherosclerosis Alterations in cardiac
changes can provide evidence structure and function
of disease processes
Clinical cardiovascular effects
Pathological changes associated Cardiomyopathy

Ischaemic events Arrhythmia events

with exposure manifest as and heart failure

overt disease

Cosselman, K. E., et al. (2015). "Nat Rev Cardiol 12(11): 627-642




Traffic-related air pollution

Exposure i
Enters the body through Inhalation
established routes

Initial response

D!rﬁctly or indirectly interacts Particle translocation Sensory receptor activation
with one or more tissues
Y Y v

Tgolei:ular ant{ ct;'-.‘lllutlar ef&ec{s o — Lipid oxidation Systemic oxidative Pulmonary oxidative Autonomic

ents or metabolites initiate cascades | | 2 - stress and - stress and nervous system
of adaptive or maladaptive responses and metabolism inflammation inflammation imbalance

l l l 4 *
f \

Tissue and organ responses Increased Decreased heart-rate variability
Eﬁgﬁ'géggi'ﬁ aslprg;%gnbsg;l;ng;;tgms Endothelial dysfunctionii~—*Epiood pressure and cardiac output

| B |

Subclinical effects n R -
: : Metabolic syndrome; Alterations in
Eﬁgﬁ %e;ti{;tr;onrgéiggtg\%gegrl%ij le | lipid and glucose |=| Atherosclerosis [-=—=| Hypertension |=—=| cardiac function
of dis%ease prgcesses abnormalities and structure
Clinical cardiovascular effects & + ¢ *
Pathological changes associated Peripheral Ischaemic . Arrhythmia | Cardiomyopathy
with exposure manifest as arterial disease events events and heart failure

overt disease

Cosselman, K. E., et al. (2015). "Nat Rev Cardiol 12(11): 627-642




Extremer Smog in London 5.-6.12. 1952

Zunahme der Sterbeféalle um 142 % in der
Altersgruppe zwischen 55 und 65 und um
235 % bel den 65- bis 75-jahrigen.

Nelson-Statur 5.-6.12.1952
London




Traffic-related air pollution

Exposure l
Enters the body through Inhalation
established routes

Initial response

Directly or indirectly interacts Particle translocation Sensory receptor activation
with one or more tissues

l ! Y l
Molecular and cellular effects Platelet i onary oxidative Autonomic
Agents or metabolites initiate cascades —  aggregation [ nervous system

imbalance
L
creased heart-rate variabi

and cardiac output

Subclinical effects - i
Early detection of pathological - Thrombosis ‘ - Vulnerable Alterations in

of adaptive or maladaptive responses and coagulation

i

Endothelial dysfunction

Tissue and organ responses
Physiological responses induce
changes in specific bodily systems

changes can provide evidence atherosclerotic plague cardiac function
of disease processes

Clinical cardiovascular effects
Pathological changes associated
with exposure manifest as

overt disease

Cardiomyopathy

Ischaemic events  |-»|  Arrhythmia events |- and heart failure

Cosselman, K. E., et al. (2015). "Nat Rev Cardiol 12(11): 627-642




Wirkungen von Feinstaub beim Menschen

e Umweltbelastung ist flir mehr als 9
Mio. vorzeitige Todesfalle verantwortlich.

e Kardiovaskulare Erkrankungen
e Chronische Lungenerkrankungen

e Lungenkrebs

Akut 0,4-1,0% A tagliche Mortalitét, A 10 pg/m3 (1-5 Tage)
Chronisch 109% A Gesamtmortalitat, A 10 pg/m? (Langzeit)

Lancet 2017 Brook et al., Circulation 2010
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