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There is presently consistent epidemiological evidence, indicating that increased levels of
particulate air pollution (PM) leads to increased incidence of respiratory and cardiovascular
morbidity and premature mortality, as well as cancer. Experimental research in humans and animals
also point to the importance of adverse respiratory effects from short term particulate air exposures
and long term exposure has been linked with increased risks of cancer, as well as cardiovascular
and/or pulmonary disease, however mechanisms behind the translocation of PM through the lung
epithelium to the systemic circulation and effects in target organs are still not fully elucidated.

The aim of this thesis was to investigate the mechanisms involved in PM induced oxidative DNA
damage and systemic oxidative stress as well as effects on endothelial and lung function function,
as well as alveoli integrity. Controlled exposure of healthy human volunteers at realistic
concentrations was used and the fractions of air with particular significance were identified. The
thesis reviews the relevant research on air pollution and the associated health effects and each
chapter contains descriptions of the practical work performed and puts results obtained in this PhD
in perspective with the literature. Areas covered in this PhD thesis include: 1) Characterisation,
sources and exposure assessment of PM in relation to health effects assessment; 2) The
epidemiological evidence of health effects; 3) The importance of the respiratory airways and
potential mechanisms of translocation to other organs; and 4) The mechanisms involved in
oxidative stress, inflammation, oxidative DNA damage and endothelial dysfunction.

PM is typically classified according to aerodynamic diameter and the smallest of these, ultrafine
(UFP) PM, with a diameter less than 100 nm are now believed to be the most important in relation
to adverse health effects. Particularly, traffic-related UFP seems relevant as indicated by both acute
and long-term effect studies. The reason for UFP importance lies in their composition, size and
surface area. Additionally, UFP seems to possess the ability to translocate through the epithelium of
terminal bronchioles more effectively than larger particles via mechanisms that involve particle
overload, inflammation and oxidative stress. Translocation of UFP has been documented using
radio-labelled carbon, but this has been debated. In paper IV, we investigated the effect of ambient
levels of UFP on alveoli integrity using labelled diethylenetriaminepentaacetic acid (DPTA) and
plasma and urine CC16 levels. We found no evidence of altered alveoli integrity associated with the
exposure to PM, this may have been due to the relatively low levels of exposure but may also
reflect the general high lung integrity of the young non-smokers used.



DNA damage is considered to be an important initial event in carcinogenesis and can be caused by
direct reaction with DNA forming adducts or as a consequence of oxidative stress and inflammation
pathways. In paper | we investigated oxidized DNA in peripheral blood mononuclear cells (PBMC)
which was central in this PhD and considered an indicator of systemic oxidative stress relevant for
all outcomes studied. We found significant increases in oxidative DNA damage measured as FPG-
sites in the comet assay, which are related to the oxidative guanine lesion 8-oxo-7,8-dihydro-
2'deoxyguanosine (8-oxodG). This result confirms earlier results regarding exposure and oxidative
DNA damage, but no previous studies have correlated damage with a particular fraction of PM. In
paper | we were able to directly link these effects in DNA with sources of traffic emissions. We
found highest correlations with fractions of PM having diameters of 23 (NC23)and 57 nm (NC57).
The NC57 size mode mainly represents carbonaceous soot from diesel engine exhaust and
represents the largest fraction of surface area, whereas the NC23 size mode represents condensed
semi-volatile organic compounds from diesel vehicles. These size modes have a high deposition
fraction in airways, which for hydrophobic UFP with diameter 12-64 nm was found to be above
50% in our participants and are also believed to have a high translocation.

PM has consistently been shown to have adverse effects on endothelial function in both panel and
controlled chamber studies. A role of PM in reduced endogenous NO bioavailability in mediating
adverse vascular effects is suggested, which may be due to either increased consumption or reduced
production of NO. Risk factors including obesity, increasing age, cigarette smoke, and diabetes may
enhance the effects of PM on endpoints related to CVD. In papers Il and I11 we investigate the
effects of PM exposure on endothelial function (EF) within two age groups representing different
risk in light of age. All volunteers were healthy non-smokers with no family or personal history of
CVD. We found significant effects of PM on endothelial function in the elderly but no effect on the
young volunteers, reflecting the general consensus that age enhances the effects of PM and
increases risk.

Collectively, the results of this thesis provide evidence that PM does induce effects on endothelial
function in a vulnerable group (the elderly). We also find that PM induce oxidative DNA damage
among young volunteers but with no apparent upregulation of defence and repair mechanisms. We
found no evidence of increased biomarkers of inflammation or systemic oxidative stress possibly
reflecting a lower sensitivity of the biomarkers to measure small changes, nor did we observe
changes in lung blood gas barrier permeability
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