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Bronchial tree
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Deposition Mechanisms
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Scintigramm, Lunge
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tracheo-bronchial deposition for mouth breathing in humans

Stahlhofen et al. 1988
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Deposition Conventions
in ISO 7708 (EN481)

Air Quality –
Particle size fraction definitions 
for health – related sampling

(1.4.1995)
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macrophage with fiber
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alveolar macrophage
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Aerosol composition

• physical properties
shape (sphere, fiber,...)
aggregate state (solid, liquid)
electric charge
hygroscopicity

• chemical composition
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Atmospheric Aerosol
(schematic)

Wilson and Suh 1977
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Wilson and Suh 1997
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Periods of PM- Exposure

! until 1960   Coal Smoke Era 
(Meuse Valley (1930), Donora (1948), London (1952, 1960)

! 1960 – 1985   Intermediate Era

! 1985 – today
1985 – 1995  initial US epi-studies (6 Cities, ACS)

1995 – today many studies worldwide

(multicenter studies in US, Europe, Asia)
Lippman 1995
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Smog - Episode London 1962

Lippman 1996
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ambient TSP (daily and monthly means) in Vienna 1962/63

Baumann et al. 1966
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PM (TSP)- trend in Vienna and Linz
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Dockery et al. NEJM 1993

6 Cities study (mortality)
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comparison of  time series 
study estimates

study area (reference) PM10 (µg/m3) RR

mea n max.

Uta h Valley, UT 
(Po pe et a l. 1992)

47 297 1,16ad

St.Louis, MO 
(Dockery et al. 1992)

28 97 1,16ac

Kingsto n, TN 
(Dockery et al. 1992)

30 67 1,17ac

Birmingha m , AL 
(Sc hwartz 1993)

48 163 1,11ad

Athens, Greece 
(Touloumi et a l. 1994)

78 306 1,07ac

1,03ad

Toronto, Canada 
(Özkay nak et al.
1995)

40 96 1,07ac

1,05bc

Los Ange les, CA
(Kinney et a l. 1995)

58 177 1,05ac

1,04bc

Chicago, IL 
(Ito et a l. 1995)

38 128 1,05bc

Sa ntiago, Chile 
(Ostro et al. 1995)

115 367 1,08ac

1,15ad

Relative risk (RR) for all cause 
mortality for a 100 µg/m3 PM10
increase

Lippman 1996

a single pollutant model (PM10)
b multiple pollutant model (PM10
and other pollutants simutaneously)

c one-day mean PM10 concentration employed
d multiple-day mean PM10  concentration

employed
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WHO 2004

all cause mortality
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Daniels et al. 2000

mean and 
95% conf.int.

20 US cities
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Health effects of particles

• long term – short term effects

• mortality – morbidity

" respiratory effects
changes in lung function, bronchitis,
asthma acerbation

" heart rate variability
increase in blood viscosity (thrombosis)
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Hill‘s Criteria
Proc. Royal Soc. Med. (1965) 295-300

• Strength
• Consistency
• Specificity
• Temporality

• Plausibility
• Dose-Response
• Experiment
• Analogy
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Utah Steelmill Experiment
1987

Pope 1989
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Oberdörster et al. 1994

Inflammation after fine vs. ultrafine TiO2  exposure
in mice
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known and suspected paths of clearance of unsoluble particles
in the alveolar-region
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possible effects of particles
on the respiratory and cardiovascular system
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hypotheses about transport of ultrafine particles

Oberdörster 2004
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Which parameters define the
effects of PM ?

• concentration
• metrik (mass, number, surface)
• size (TSP, PM10, PM2.5, PM1.0, PM0.1, PMxx)
• chemical composition

(C, metals, adsorbed gases,..)
• shape (fibers,..)
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scheme of a dose-response relation

US-EPA 1996
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consequences
of a

threshold

McClellan and Miller 1997

Concentration distribution
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dose-response relation – various populations

Daniels et al. AJE 2000
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WHO risk assessment
for a 10 µg/m³ concentration increase

short term effects

1.0074
(1.0062-1.0086)

1.015
(1.011-1.019)

mortality

1.0324
(1.0185-1.0464)

lower respiratory 
symptoms

RR für PM10RR for PM2.5endpoint

WHO: Air Quality Guidelines for Europe 2000
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19971997
20012001

SwitzerlandSwitzerland
19971997

40 (20)40 (20)

2020

50 *50 *

150150

50 **50 **

PMPM1010
((DaeDae 50% <10 µm )50% <10 µm )

TSPTSP

PMPM1010
((DaeDae <10 µm)<10 µm)

EU: to EU: to be reached untilbe reached until 2005 (2010)2005 (2010)
* * notnot to to be exceded more thanbe exceded more than 30 (25 30 (25 startingstarting 2010) per 2010) per yearyear
** 1 ** 1 excedanceexcedance per per year allowedyear allowed

19991999
EUEU annual meanannual mean

µg/mµg/m33
daily meandaily mean

µg/mµg/m33

40 (20)40 (20) 50 * (7x)50 * (7x) PMPM1010
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* not to * not to be exceeded more than once be exceeded more than once per per yearyear
+ 3+ 3--year averageyear average
++ ++ spatial averagespatial average ofof designated monitorsdesignated monitors

## 9999--percentilepercentile
#### 9898--percentilepercentile

19711971

19871987

19971997

USAUSA

secondary standardsecondary standard

secondary standardsecondary standard

primary standardprimary standard TSP (TSP (HiVSHiVS))

primary standardprimary standard PMPM1010

PMPM1010

annual meanannual mean
µg/mµg/m33

5050

7575
((geomgeom. . meanmean) ) 

50 50 ++

((arithmarithm. . meanmean))

5050
15 15 ++++

daily meandaily mean
µg/mµg/m33

150150

150150

260 *260 *

150 *150 *

150 150 ##

65 65 #### PMPM2.52.5


