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PM, s site/seasonal variability in Ireland: chemical analysis and toxicological effects
D Healy'. V. Silvari’, E Peré-Trepat'. J. Lopez'. A. Whittaker'. M. Mahoney'. I. O° Connor’. S. Hellebust',
A. Allanic'. ] Wenger'. I. Heffron® and John Sodeau’

! Department of Chemistry and Environmental Research Institute, University College Cork. Ireland
- Department of Biochemistry. University College Cork. Ireland

Keywords: PM- s, chemical composition, toxicity, chemomerrics

Until recently little information about the chemical composition and toxicological effects of particulate matter
(PMj; or PMs 5) collected in Ireland has been available. However since 2003 University College Cork has taken
advantage of two progranunes run by the Irish EPA and the Marie Curie Transfer of Knowledge Scheme to
initiate a systematic monitoring and analysis effort focussing on fine particulates. The resulting studies are fully
relevant to the aims and objectives of COST 633: therefore Ireland formally joined the groupmg mn 2007. This
presentation centres mainly on results obtained in a sampling campaign (ERITASK) performed in Cork City
between 2004 and 2006. However some very recent data from a new campaign (ELIPSE) directed toward
monitoring shipping watfic in Cork Harbour will also be discussed.

Project ERITASK
This field campaign/laboratory study is the first of its kind in Ireland to encompass the four necessary stages to

tully characterize ambient PM, s as a basis to predict its potential effects on health. The stages are: 1.Sampling:
2.Physico-chemical compositional analysis: 3. Toxicological studies: 4.Chemometrics/statistical analysis. The
ultimate aims are to investigate: (1) the hypothesised link that exists between PM, ;s composition and its potential
toxicity and (i1) any observed geographical and seasonal differences for PM s sampled in the urban area of Cork
City.

PM,s was collected at three sites located throughout Co. Cork. Ireland: the Urban/City Centre. an Urban
Background Location and a Rural Site. The collections were made on Polyurethane foam (PUF) filter substrates
using a high volume cascade impactor sampler (900Lmin™). Analyses for organic components (such as PAHs.
alkanes and quinones) were made using GC-MS techniques. However this presentation will provide a synopsis
of the main results obtained for the inorganic content. particularly the transition elements, because they have
long been recognised as toxic components of particles found in occupational settings. In addition there are a
number of well-characterised pathological diseases caused by the inhalation of particles of specific metallic
compounds. (Samet ef a/. 2007)

Elemental concentrations of a representative suite of 20 metals were determined using microwave extraction and
ICP-OES. In addition. aqueous extracts were analysed. after sequential agitation/sonication to quantifv the
solubility (bioavailability) of the different metal components. This procedure was also utilised in the
determination of the inorganic ion content of the PMs by ion chromatography. The % total carbon was
determined by use of a CE440 Elemental Analyser.

To investigate the biological effects of PM, - at a sub-cellular level. the human epithelial pulmonary A549 cell
line was exposed for 72hrs to different concentrations of PM, 5 (0. 5.5. 11.0. 22.0 ug/em?). As an index of
cytotoxicity after PMss exposure. the activity of LDH released from the cytosol of damaged cells into the
supernatant was determined using the appropriate colorimetric detection kit from Roche. In virro cell
proliferation and cytotoxicity after PMs s exposure was also determined using the resazurin assay. The reduced
glutathione (GSH) assay (Hissin ef a/.. 1976) was employed to evaluate how GSH. one of the primary bio
chemicals for cell defence. can be influenced by PM toxicity. Hence in the ERITASK study the ability of the
three different concentrations to induce release of the pro-mflammatory cytokines interleukin-6 (IL-6) and
mterleukin-8 (IL-8) from human epithelial lung cells (A549) was investigated. The most potent samples
exhibited a relatively high content of transition metals (e.g. Fe and Zn): this observation was found to be
especially true for the summer samples collected at the three sites when looking at IL-6. Significant cytotoxicity
was noted only at higher concentrations of particle exposure. which would indicate that chemical composition of
PM:: is a critical determinant for the marked differences in potency to induce cytokine responses in human
epithelial lung cells. A concentration-dependence was noted for the toxicological assays: ROS. IL-6 and LDH.
However the IL-8 response did not always increase with increasing particle dose over the 5.5-22.0 ng/cm’ range.
In these cases. the decrease in IL-8 at higher particle concentrations could not be explained by loss of cell
viability.
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