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hypothesishypothesis
airborne particles are associated with health effects 

main questionsmain questions
what kind of particles (ultrafine, fine, PM2.5 or PM10) cause these health effects

linked with this question
• problem of exposure pattern and/or exposure scenarios
• contribution to the doses coming from outdoor respectively indoor exposure 
• influence of traffic on outdoor and indoor concentrations, since traffic is the

main source for ultrafine particles in urban areas

Within epidemiological studies the exposure situation is usually characterized 
using outdoor particle concentrations, 
yet knowing that people spend most of their time indoors 
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why do epidemiological studies consider particles < 10 µm
• very large particles not inhalable and respirable → no internal burden 
• particles < 10 µm 

• inhalable
• deposited in the upper airways and the lungs 

some findings suggest 
• particle < PM2.5 of great importance for adverse effects 
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special attention to particles < 1 µm and to ultrafine particles (UF): 

• both may reach the deepest regions of the human respiratory system

• clearance mechanisms do not work effectively for UF

• compared with mass the number concentration is very high

• chemical composition of submicron and ultrafine particles may differ 
from larger ones because these particles originate from different 
sources

• urban traffic is a main source of these particles and urban traffic 
volume is increasing
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increase of cases using emergency units
per 1000 particles / cm³; per 1 µg /m³

02/2002 – 01/2003; N = 5326 (cardiovascular diseases); n = 1513 (hypertensive crisis)
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increase of cases using emergency units
per 1000 UF particles / cm³, per 1 µg PM10 / m³

cardiovascular disease (total)  vs. different fraction of fine dust

day after exposure 0 1 2 3 4 5 6 7
Odds Ratio

p

0.999 1.012 1.033 1.018 0.989 1.023 1.043 1.043

0.938 0.480 0.063 0.299 0.511 0.190 0.017 0.371

number-
conc. < 
100 nm

p

Odds Ratio
0.9400.8510.8050.3040.3790.5390.8620.837
1.0000.9990.9981.0071.0061.0041.0011.001

PM 10

hypertensive crisis vs. different fraction of fine dust

p

Odds Ratio

0.0040.0060.0140.0480.0030.0010.7110.532

number-
conc. < 
100 nm

1.0521.0491.0441.0351.0521.0581.0060.989

p

Odds Ratio
0.0710.0270.0010.0310.6690.5710.4030.681PM 10
1.0121.0151.0151.0151.0030.9960.9950.997
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CONCLUSIONSCONCLUSIONS

There is a time lag between exposure and effect.There is a time lag between exposure and effect.

The health risk depends on the medical endpoint.The health risk depends on the medical endpoint.

Health effects of airborne particles depend Health effects of airborne particles depend 
sophisticated on size fractions.sophisticated on size fractions.
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localitieslocalities urban background site
• different buildings / rooms in different floors on the institute campus 

representative for traffic pollution in a city centre
• second floor of an apartment house in an unoccupied apartment

InstrumentsInstruments

• two different differential/scanning mobility 
particle sizer systems 
~15 nm and ~800 nm indoors & outdoors simultaneously

• conventional PM 2.5 and  PM 10 measurement instruments

comparability of both 
systems was verified 
by parallel outdoor 
measurements
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indoor and outdoor total number concentrations 
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CONCLUSIONSCONCLUSIONS

Outdoor particles contribute to indoor particle exposure. Outdoor particles contribute to indoor particle exposure. 

Both indoor size distributions and concentrations are different Both indoor size distributions and concentrations are different 
from those measured outside. from those measured outside. 

Total exposure including the time budget indoors and outdoors Total exposure including the time budget indoors and outdoors 
differs from the exposure measured outdoors. differs from the exposure measured outdoors. 
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CONCLUSIONSCONCLUSIONS
differences between indoor and outdoor exposure 
can be summarized by “3 indoor L’s”:

LESS: 
indoor environment is generally shielded against outdoor particulates, 
→ lower number concentrations indoors than outdoors, 

(if no important indoor sources)

LARGER:
indoor size distributions of particles very different from outdoor one: 
→ concentrations of very fine particles are decreased significantly 
→ concentration maxima are shifted to larger diameters

LATER: 
→ time lag between outdoor and indoor number concentrations
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local traffic contribution to local particle exposure
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CONCLUSIONSCONCLUSIONS

Traffic is significantly contributing to local exposure. Traffic is significantly contributing to local exposure. 

Traffic reduction in a street results in decreased concentrationTraffic reduction in a street results in decreased concentration
of the concentration of traffic related particle sizes. of the concentration of traffic related particle sizes. 

Road blocking reduces the particle exposure  but not very much. Road blocking reduces the particle exposure  but not very much. 
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