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Introduction

The reason that I will not limit my presentation only to ultrafine particles (< 0.1 xm) is that a
considerable part of the information on health effects is originating from fine (< 2.5 um) or
bigger particles. This means if I would limit my presentation only to ultrafine particles we would
not understand the relevance which is behind the current political discussion on health effects of
emissions from combustion processes.

Ultrafine particles coagulate in the air. There are observations that aggregates of ultrafine TiO,
can separate in the lung again into ultrafines by dispersion in water and surfactant. If this
happens also to carbonaceous particles is not known. A possible disaggregation back again into
ultrafines could be significant for health effects. This means that in the environment particles are
measured as fines but in the lung they could act as ultrafines.

The definitions of the particles fractions found in the environment according to their diameter are
presented in a figure (see copy of overhead).

In the last decade epidemiologic studies were performed to investigate the effect of ambient
particles on health effects. These investigations led to the question which component of the
ambient air or which other parameter is responsible for these effects (e.g. climate influence).

Non-carcinogenic effects after acute and chronic exposure to environmental aerosols.

The question arises whether the observed increase in mortality is due to environmental aerosols.
If yes, which fraction of the aerosol is responsible for health effects, e.g. chemical components or
diameter fraction of aerosol ? How is the mechanism of pathogenesis ?

Oberdorster et al. (1998) proposed various hypotheses which fractions of ambient aerosols could
be responsible for the observed effects. These hypotheses were 1) acidic particles, 2) transition
metals in the particles like vanadium, 3) ultrafine particles, 4) ultrafine particles may act as carrier
for acids, metals or gases, 5) bioaerosols like spores, pollen, bacteria, viruses, endotoxins. Up to
now the mechanism why air pollution is leading to an acute mortality is not known. The
composition of ambient aerosols is very complex and very heterogeneous. This is one of the
reasons that the finding of a causal relationship is difficult.

Many epidemiological studies have shown a relationship of mortality and an increased
hospitalization with air pollution.

The conclusions of Pope & Dockery (1999) in regard to non-carcinogenic effects in humans
Were:

- Acute exposure studies suggest that each 10 ug/m’ increase in PM,, is associated with a
0.8 % increase in daily mortality.




- Total mortality increase is generally observed to be associated with chronic exposure to
particulate air pollution by approximately 2 - 4 % per 5 ug/m’ increase in PM, 5.

For the subject of this workshop the epidemiological studies are not very helpful to identify
whether solid carbonaceous particles or acid aerosol are of primary importance to reduce
emissions of combustion processes. .

One of the reasons that ultrafine particles are thought to be of special importance is that the
alveolar deposition fraction is increasing dramatically for particles with a diameter from 0.1 to
0.01 um. An epidemiological study of Peters et al. (1997) is pointing in the direction that
ultrafine particles are of special importance for acute respiratory effects.

Schwartz et al. (1999) investigated episodes with high exposure to coarse particles. The authors
concluded that coarse particles from windblown dust are not associated with mortality risk.

Further evidence for an important impact of ultrafines comes from animal experiments in which
pulmonary effects of fine versus ultrafine particles were investigated. Ultrafine carbon black is
much more efficient in inducing inflammatory reactions in the lung than fine carbon black
(MacNee and Donaldson, 1999).

Carcinogenic effects of diesel motor exhaust

Data from humans

Cohen and Nikula (1999) recently published a meta-analysis of diesel exhaust exposed workers.
The studies of occupational exposure to diesel exhaust and lung cancer have consistently
observed elevated lung cancer rates among exposed workers that cannot be readily attributed to
known sources of bias or confounders. Unfortunately, no current study provides quantitative
estimates of the past exposure of study subjects to any constituent of diesel exhaust; therefore the
dose-response relation cannot be estimated with great accuracy from the available
epidemiological data.

Animal data

Driscoll et al. (1995) correlated for various chronic studies in which carcinogenic effects of solid
particles were investigated the tumour incidences with the retained mass or the retained surface
area of the particles. This analysis showed a better correlation with the surface. For titanium
dioxide chronic rat studies were done with ultrafine and the larger pigment grade particles
(Heinrich et al., 1995 and Lee et al., 1985). If the exposure is normalized to the cumulative dose
the data show clearly a higher carcinogenicity of the ultrafine TiO,.

Conclusions

Consequences for strategies to reduce critical components of emissions of combustion processes:
- Reduction of carbonaceous particles
- Sulfates are probably only of secondary importance for health effects (Heyder et al. 1999)

There is some evidence that fine and ultrafine particles play a significant role in the pathogenesis
of the mentioned diseases.

Therefore, for future epidemiological studies beside mass concentration 1) particle surface area
2) particle number 3) particle diameter (down to 10 nm) should be measured for environmental
aerosols.
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Acute Effects of Environmental Aerosols on Humans

- Are these effects caused by aerosols?

Which fraction of the aerosol is responsible for health effects, e.g.
chemical components

diameter fraction of aerosol ?

- How is the mechanism of pathogenesis

Particle-induced acute pulmonary effects: hypotheses.

e Acidic particles

e Transition metals

¢ Ultrafine particles (<50 nm)

e Ultrafines as carriers:
acids, metals, gases

¢ Bioaerosols |
(spores, pollen, bacteria, viruses, endotoxin)

Obe»rdg'rx)rw el. al. (98¢
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Conclusions: Non-Carcinogenic Effects in Humans

- Acut(? exposure studies suggest that each 10 ug/m’ increase in PM,, is
associated with a 0.8 % increase in daily mortality.

- ‘Total mortality i.s generally observed to be associated with chronic
expos3u.re to particulate air pollution by approximately 2 - 4 % per 5
pg/mr’ increase in PM, ..

(Pope & Dockery, 1999)

Eolr :he su.bject. of this workshop the epidemiological studies are not very
: p }ll to 1d'ent1fy whether solid carbonaceous particles or acid aerosol are
of primary importance to reduce emissions of combustion processes.
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Respiratory Effects Are Associated with the
Number of Ultrafine Particles

ANNETTE PETERS, H. ERICH WICHMANN, THOMAS TUCH, JOACHIM HEINRICH, and JOACHIM HEYDER

(i i herberg;
Institut flir Epidemiologie und Institut fiir Inhalationsbiologie, GSF—Forschu.ngszenFrum fl:n' UmweIF and'GIesuiZdhelt, Neu g
Lehrstuhl fir Epiderniologie, Institut fiir Medizinische Informationsverarbeitung, Biometrie und Epidemiologie,
Ludwig-Maximilians Universitdt, Miinchen, Germany

The association between fine and ultrafine particles and respiratory health was stud.ied in a(i;": .;:,It:n
a history of asthma in Erfurt, Eastern Germany. Twenty-seven nonsmoking asthimatics recorded the

i ko] il ize distribution of ambjient particles
iratory flow (PEF) and respiratory s 156} dily. The size ributl Ll -
pesk expiratory o aerosol spectrometer during the winter sea-

in th s .01 to 2.5 pm was determined with aF " sea
lsrc‘):uh1e9;ifln—(:g90;.oMost of th: particles (73%) wéfe in the ultrafine fr:actio.n (-sma!ler than 0.} w;n:n (;ils-
ameter), whereas most of the mass (82%) was :attiibutable to particles in t-r\e size re?n'ge o 2.0 591 ) .~a
pm. Because these two fractions did not have siimilar time courses (correla.ltlon co.efflaent r=0. j PE ;:
comparison of their health effects was possible. Both fractions were associated with a decr;e]ase o‘ | b_(;r
and an increase in cough and feeling ill during the day. Health effects of the 5-d mea.n.of't ;.: nufr;l Cts
of ultrafine particles were larger than those of the mass of the fine particles. Ir3 addition, the e e". -r
of the number of the ultrafine particles on PEF were stronger than th.ose c.mf p.artlfulate matt.er stmav r:,_
than 10 um (PM,,). Therefore, the present study suggests that the flze distribution of amb:,ent ?:A

cles helps to elucidate the properties of ambient aerosols responsible for health effects. : er; A
Wichmann HE, Tuch T, Heinrich }, Heyder ). Respiratory effects are associated with the num

ber of ultrafine particles. AM | RESPIR CRIT CARE MED 1997;155:1376-1383.

Episodes of High Coarse Particle Concentrations Are Not Associated with
Increased Mortality

Joel Schwartz,” Gary Norris, %3 Tim Larson,?? Lianne Sheppard,?3* Candis Claiborne,® and Jane Koenig*

"Environmental Epidemiology Program, Department of Environmental Health, Harvard School of Public Health, Boston, MA 02115 US
2Departments of Civil and Environmental Engineering, 3Biostatistics, and “Environmental Health, University of Washington, Seattle, \*
98195 USA; SDepartment of Civil and Environmental Engineering, Washington State University, Pullman, WA 99163 USA

seen at more common levels are causal, p:

Fine particle concentration (i.c., particles <2.5 pm in aerodynamic diameter; PM, 5), but not ticularly because they appear to lie on t

coarse particle concentration, was associated with increased mortality in six U.S. cities. Others

criticized this result, arguing that it could result from differences in measurement error between
the two size ranges. Fine particles are primarily from combustion of fossil fuel, whereras coarse
particles (i.e., particles between 2.5 and 10 pm in aerodynamic diameter) are all crustal material,
i.e., dust. One way to determine if coarse particles are a risk for mortality is to identify episodes
of high concentrations of coarse, but not fine, particles. Spolane, Washington, is located in an
arid area and is subject to occasional dust storms after crops have been harvested. Between 1989
and 1995, we identified 17 dust storms in Spokane. The 24-hr mean PM,, concentration during
those storms was 263 pg/m>. Using control dates that were the same day of the year in other
years (but with no dust storm on that day) and that had a mean PM,, concentration of 42
pg/m>, we compared the rate of nonaccidental deaths on the episode versus nonepisode days.
There was little evidence of any risk {relative risk (RR) = 1.00; 95% confidence interval (CI),
0.81-1.22] on the episode days. Defining episode deaths as those occurring on the same or fol-
lowing day as the dust storm produced similar results (RR = 1.01; CI, 0.87-1.17). Sensitivity
analyses, which tested more extensive seasonal control, produced smaller estimates. We conclude
that coarse particles from windblown dust are not associated with mortality risk. Key words: air

pollution, dust storms, mortality, particulates. Environ Health Perspect 107:339-342 (1999).
{Online 23 March 1999)

same dose—response curve (9).

Similarly, assessment of the health effe
of coarse particles could be aided by exam
ing episodes of high concentrations of coa
particles. Indeed, for coarse particles, episc
studies have a major advantage. Episodes
high concentrations of combustion partic
are characterized by low wind speed and
low-lying inversion layer, which leads
increases in other combustion-related pol
tants as well as particles. Hence, the stud
pinpoint combustion pollution as a risk F:
tor for mortality, bur it is more difficult
determine’ which species of the combusti
mix is responsible,

In contrast, episodes of high coarse m:
particles are generally associated wich
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Conclusions

Consequences for strategies to reduce critical components of emissions of
combustion processes:

- Reduction of carbonaceous particles
- Sulfates are probably only of secondary importance for health effects

(Heyder et al. 1999)

There is some evidence that fine and ultrafine particles play a significant
role in the pathogenesis of the mentioned diseases.
Therefore, for future epidemiological studies beside mass concentration
particle surface area
particle number
particle diameter (down to 10 nm)
should be measured for environmental aerosols.

Comparison Working Place

ntal Aerosol

Occupational exposure limit to diesel exhaust : 100 ug/m’ (8 hr/day) (in
Germany)

Thi.s is a technical derived exposure limit. It reflects the currently
achievable technical safety.

This value cannot directly be compared to environmental aerosols.
~ These are much more complex in their chemical composition.
- Sensitive subpopulations are also exposed in the environment. This is

an important difference to occupational exposure ( ,,healthy worker
effect®)






