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The London Smog Disaster, Dec. 3.-11., 1952TheThe London Smog London Smog DisasterDisaster, , DecDec. 3.. 3.--11., 195211., 1952

Schwartz,J. (1994) Air pollution and daily mortality: a review and meta-analysis. Environ. Res. 64: 36-52,
http://www.doc.mmu.ac.uk/aric/eae/Air_Quality/Older/Great_London_Smog.html

Over 4,000 Deaths were attributable
to the Great London Smog

Whittaker et al. (2004) Sci. Total Environ. 334–335, 435–445
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Aus: Thurston, G.D. (1996) A Critical Review of PM10-Mortality Time-Series Studies. J. Expos. Analysis Environ. Epidem. 6: 3-21Aus: Aus: ThurstonThurston, G.D. (1996) A , G.D. (1996) A CriticalCritical ReviewReview of PM10of PM10--Mortality Mortality TimeTime--SeriesSeries StudiesStudies. J. . J. ExposExpos. Analysis . Analysis EnvironEnviron. . EpidemEpidem. 6: 3. 6: 3--2121

Comparison of Time-Series Study Estimates of the Total Mortality RR of a 100 µg/m³ PM10
Increase

Study Area (Reference) Mean PM10
(µg/m³) 100 µg/m³ RR 100 µg/m³ (95%CI)

Utah Valley, UT (Pope et al., 1992) 47 297 1.16* (1.10-1.22)
St. Louis, MO (Dockery et al., 1992) 28 97 1.16* (1.01-1.33)
Kingston, TN (Dockery et al., 1992) 30 67 1.17* (0.88-1.57)
Birmingham, AL (Schwartz, 1993) 48 163 1.11* (1.02-1.20)
Athens, Greece (Touloumi et al.,
1994)

78 306 1.07*
1.03**

(1.05-1.09)
(1.00-1.06)

Toronto, Canada (Özkaynak et al.,
1994)

40 96 1.07*
1.05**

(1.05-1.09)
(1.03-1.07)

Los Angeles, CA (Kinney et al.,
1995)

58 177 1.05*
1.04**

(1.00-1.11)
(0.98-1.09)

Chicago, IL (Ito, et al., 1995) 38 128 1.05** (1.01-1.10)
Santiago, Chile (Ostro et al., 1995) 115 367 1.08*

1.15*
(1.06-1.12)
(1.08-1.22)

*     Single pollutant model (i.e., PM10)
**    Multiple pollutant model (i.e., PM10 and other pollutants simultaneously)

One-day mean PM10-concentration employed
Multiple-day mean PM10-concentration employed

PMPM1010 = = particulateparticulate matter < 10 matter < 10 µµmm

Maximum PM10
(µg/m³)
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MetaMeta--Analysis of Analysis of EpidemiologicalEpidemiological StudiesStudies

Nach: Dockery et al., 1993
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Estimated city-specific mortality rate ratios adjusted for age, sex, 
smoking, education, and body mass index, plotted against mean
PM2.5 concentrations in six U.S. Cities.

From: Dockery et al. (1993) New Engl. J. Med. 329: 1753-1759
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The U.S. Environmental Protection Agency Particulate Matter Health Effects
Research Centers Program:
A Midcourse Report of Status, Progress, and Plans

Morton Lippmann, Mark Frampton, Joel Schwartz, Douglas Dockery, Richard Schlesinger, Petros
Koutrakis, John Froines, Andre Nel, Jack Finkelstein, John Godleski, Joel Kaufman, Jane Koenig, 
Tim Larson, Dan Luchtel, L-J. Sally Liu, Günter Oberdörster, Annette Peters, Jeremy Sarnat, 
Constantinos Sioutas, Helen Suh, Jeff Sullivan, Mark Utell, Erich Wichmann, and Judith Zelikoff

Environ Health Perspect 111:1074–1092 (2003)

IntroductionIntroduction

CellularCellular

ResponsesResponses

In In vitrovitro

ExposureExposure

HypothesisHypothesis



Harald F. Krug 7

ETHETH
ZZüürichrich
20062006

Cellular Responses to UFPCellular Responses to UFP
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Response!

Inflammatory
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incorporated
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Krug et al. (2006) Toxicity of Nanomaterials – new 
carbon conformations and metal oxides. In: Impact 
of Nanomaterials on the Environment, Series title: 
Nanotechnology for Life Sciences (Kumar, C., ed.) 
Wiley-VCh, Weinheim
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ParticleParticle PropertiesProperties

Nel et al. (2006) Science 311: 622-627
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Nel et al. (2006) Science 311: 622-627

TheThe HierarchicalHierarchical OxidativeOxidative Stress ModelStress Model

IntroductionIntroduction

CellularCellular

ResponsesResponses

In In vitrovitro

ExposureExposure

HypothesisHypothesis



Harald F. Krug 10

ETHETH
ZZüürichrich
20062006

Surfactant
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Situation in the LungSituation in the Lung
Fate of Particles Fate of Particles 
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Ultrafine Ultrafine ParticlesParticles -- NanoparticlesNanoparticles

HematiteHematiteHematite SilicasolSilicasolSilicasol

Fly AshFlyFly AshAsh

CarbonCarbon Black (Black (SootSoot))
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FlyFly AshAsh as Model as Model ParticlesParticles forfor RealReal--LifeLife
EmissionsEmissions

Medium Mass of the Components [% of total Mass]:
• ca. 75 % Sulfates and Chlorides of Na, K and Ca
• ca. 6 % Metals (Cd, Cu, Fe, Pb, Sb, Sn, Ti, Zn)
• ca. 1 % Carbon
• ca. 70% are watersoluble Constituents (pH 7,4)

Diabaté et al. (2002) Int. J. Hyg. 
Environ. Health 204: 323 - 326 0.0E+00
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Transwell®
Insert

Transwell®
Insert

Membrane with
Pores (Ø 400 nm)
Membrane with

Pores (Ø 400 nm)Endothelial CellsEndothelial Cells

Epithelial CellsEpithelial Cells

MakrophagesMakrophages

NanotoxicologyNanotoxicology
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3D3D--Cell ModelCell Model
Exposure to Particles at the AirExposure to Particles at the Air--LiquidLiquid--Interface Interface 
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Aerosol

Pumpe

TheThe CultexCultex/FZK/FZK--SystemSystem

M. M. AufderheideAufderheide, U. Mohr (2004), U. Mohr (2004)
Exp. Exp. ToxicolToxicol. . PatholPathol.., 55, 451 , 55, 451 –– 454454
ITEMITEM--HannoverHannover
www.vitrocell.comwww.vitrocell.com
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SurvivaltimeSurvivaltime duringduring AirAir--ExposureExposure
Lab Air without Flow
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InterleukinInterleukin--ProductionProduction afterafter FlyFly AshAsh ExposureExposure
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InductionInduction of Hemoxygenaseof Hemoxygenase--11
AntioxidativeAntioxidative ProtectionProtection
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FlyFly AshAsh inducesinduces ArachidonicArachidonic AcidAcid ReleaseRelease 
in RAW264.7 in RAW264.7 MacrophagesMacrophages
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In Vitro Studies byIn Vitro Studies by
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Hypothesized pathways leading to adverse Hypothesized pathways leading to adverse 
cardiovascular health effects from exposure to cardiovascular health effects from exposure to UFPsUFPs

Delfino et al. (2005) Environ. Health Perspect. 113: 934-946

IntroductionIntroduction

CellularCellular

ResponsesResponses

In In vitrovitro

ExposureExposure

HypothesisHypothesis



Harald F. Krug 22

ETHETH
ZZüürichrich
20062006

Donaldson et al. (2005) Particle&Fibre Toxicol. 2 (doi:10.1186/1743-8977-2-10)
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Characteristics of Combustion Derived Characteristics of Combustion Derived 
Nanoparticles (CDNP)Nanoparticles (CDNP)

Donaldson et al. (2005) Particle&Fibre Toxicol. 2 (doi:10.1186/1743-8977-2-10)
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