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Abstract: 
Associations have been observed between ambient concentrations of particulate 

matter and morbidity and mortality consistently and coherently in epidemiological 

studies. These effects seemed to be attributable to fine particles (diameter below 

2.5µm) when measurement techniques were employed. The effects were attributable 

to respiratory disease exacerbation as well as cardiovascular disease exacerbation. 

Recent studies investigating the biological mechanisms which might be responsible 

for linking deposition of particles in the lung to cardiovascular disease outcomes have 

suggested several pathways for particle action. These include an acute phase 

response leading to increases in systemic marker of inflammation in the blood, 

modification of the autonomic control of the heart and induction of endothelial 

dysfunction. These changes might predispose individuals to acute ischemia or to 

sudden cardiac death as indicated by the time-series analyses. Unclear is so far, 

which role the different components of the complex particle mixture play. A new 

approach is to address the role of ultrafine particles (diameter below 0.1µm) and to 

compare their health effects to those of fine particles. Data collected in Erfurt, 

Germany suggested that fine particles cannot be used as indicator for ultrafine 

particles. The limited body of studies including ultrafine measurements suggest that 

there might be health effects of ultrafine and fine particles independently of each 

other. Further research is needed to identify the particle properties responsible for the 

observed associations with fine particles. 
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Characterization of ambient particlesCharacterization of ambient particles

ll byby massmass
ll byby numbernumber
ll byby chemicalchemical

compositioncomposition

Kreyling et al. , GSF-IHB
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MassMass and and NumberNumber (0.01(0.01--2.5 µm) in Erfurt,2.5 µm) in Erfurt,
winterwinter 91/92 91/92 -- winterwinter 00/0100/01

Winter

91/92 95/96 96/97 97/98 98/99 99/00 00/01

PM
2.

5
 (u

g/
m

3
)

0

5 0

1 0 0

1 5 0

2 0 0

2 5 0

Cyrys et al. (2002)

Mass Concentration Number Concentration

Winter

91/92 95/96 96/97 97/98 98/99 99/00 00/01 01/02 

P
ar

ti
ke

la
n

za
h

lk
o

n
ze

n
tr

at
io

n
 (1

/c
m

3 )

0

1e+4

2e+4

3e+4

4e+4

5e+4



3
3

- Institute of Epidemiology

AdjustedAdjusted prevalenceprevalence of of bronchitisbronchitis
and and annualannual meansmeans of SOof SO22 and TSP in and TSP in 

thethe Bitterfeld Bitterfeld areaarea

Heinrich et al. (2002)

Annual mean of TSP [µg/m³]
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MortalityMortality StudyStudy on on ultrafineultrafine particlesparticles

ll Daily Daily mortalitymortality countscounts werewere collectedcollected in in 
Erfurt Erfurt betweenbetween summersummer 1995 and 1995 and thethe end of end of 
1998.1998.

ll ParticleParticle sizesize distributionsdistributions werewere measuredmeasured
withwith an an aerosolaerosol spectrometerspectrometer betweenbetween 10 10 
nm and 2.5 µm.nm and 2.5 µm.

ll UltrafineUltrafine particlesparticles werewere onlyonly moderatelymoderately
correlatedcorrelated withwith PMPM2.52.5..

WichmannWichmann et al. et al. HEI ReportHEI Report 20002000
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Time series plots of "PM2.5" and UP Time series plots of "PM2.5" and UP 
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Total mortality in Total mortality in ErfurtErfurt
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Total mortality in Total mortality in ErfurtErfurt
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Regression Regression resultsresults byby diseasedisease groupgroup
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Particulate air pollution and Particulate air pollution and 
ST depressionsST depressions: ULTRA: ULTRA

•• Panel Panel studystudy of of 
131 CAD 131 CAD patientspatients

•• Amsterdam, Amsterdam, 
Erfurt, HelsinkiErfurt, Helsinki

•• Age > 50 Age > 50 yearsyears, , 
nonnon--smokingsmoking, , 
12 12 examinationsexaminations, , 
winterwinter 1998/991998/99

Pekkanen et al. (2002) Circulation
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Particulate air pollution and Particulate air pollution and 
ST depressions during exercise: HelsinkiST depressions during exercise: Helsinki

UFP ACP PM2.5 PM
2.5 -10

Lag 0 1.12 1.04 1.12 1.48

Lag 1 1.21 1.10 1.11 0.78

Lag 2 3.14* 3.29* 2.84* 1.99

Lag 3 1.45 1.19 1.40 0.46

Estimates for the interquartile range of the pollutant, *p < 0.01
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UltrafineUltrafine particlesparticles and PMand PM2.52.5 induceinduce
STST--segmentsegment depressiondepression

UFPUFP ACPACP PMPM2.52.5

SingleSingle 3.143.14****** 3.293.29****** 2.842.84******

1.341.34
ACPACP 2.702.70****

2.552.55**** 3.913.91****

PMPM2.52.5 2.342.34**** 0.840.84

r r ACP ACP withwith UFPUFP= 0.53= 0.53

r r ACP ACP withwith PM2.5PM2.5= 0.80= 0.80

r r UFP UFP withwith PM 2.5 PM 2.5 = 0.18 = 0.18 
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SummarySummary

ll Although particle mass decreased, health Although particle mass decreased, health 
effects can be demonstrated at current effects can be demonstrated at current 
concentrations. concentrations. 

ll OnlyOnly a a limitedlimited numbernumber of of epidemiological epidemiological 
studies have been conducted to study the studies have been conducted to study the 
health effects of health effects of ultrafineultrafine particles.particles.

ll StudiesStudies conductedconducted thusthus far far indicateindicate thatthat
therethere mightmight bebe an an effecteffect of of ultrafineultrafine particlesparticles
in in additionaddition to fine to fine particleparticle massmass..
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OutlookOutlook

ll MoreMore evidenceevidence isis neededneeded to to evaluateevaluate thethe
rolerole of of sourcessources of of particlesparticles in in associationassociation
withwith adverseadverse healthhealth outcomesoutcomes..

ll StudiesStudies assessingassessing accountabilityaccountability will will bebe
importantimportant to to informinform regulatoryregulatory decisionsdecisions..
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