CMA4CH 2008, Mediterraneum Meeting

Multivariate Analysis and Chemometry Applied to Eloviment and Cultural Heritage
2nd ed., Ventotene Island, Italy, Europe, 1-4 R0O@8

Selection of Appropriate Tracersfor the Source | dentification of Airborne
Particulate Matter by Fisher Weight and Factor Analysis

A. Pietrodangelo’, S. Canepari?, C. Perrino®

'CNR Inst. for Atmospheric Pollution, Via Salaria K&9, Monterotondo St-00015, Rome, ltaly
’Dept. of Chemistry, University of Rome “La SapiefizP.le A. Moro, 5, 00185 Rome, Italy

Abstract

A large data set was generated following the chemical determination of 40 components of
airborne particulate matter (PM) on 120 samples. PM10 and PM2.5 samples were simultaneously
collected at different sites in the area of Lazio (Italy) and analysed for inorganic ions (IC), total
organic and inorganic carbon and major elements (ED-XRF); the same samples were further
subjected to two-step chemical fractionation based on differences in elemental solubility ICP-AES).
Prior to apply receptor modeling, analysis of redundancies was performed. To this aim two
approaches were applied: Fisher weight and Factor Analysis. The discriminating power of chemical
components as PM source tracers was evaluated by combining results from both approaches. This
led to select 23 of initial 40 variables. Fisher weight selection made it possible to evidence chemical
components relevant for the identification of local sources (e.g. re-suspension of road dust).
However, only by Factor analysis the role of Cr, Ni, Mn and Zn as selective tracers of two different
non local sources of PM was evidenced.

Introduction

Chemical characterization of airborne particulate matter (PM) is of main relevance in
environmetric approaches of source identification and apportionment, e.g. receptor modeling
methods based on multivariate statistics. It is recently recognized that evaluating the solubility of
major and trace elements in different PM sizes improves PM source identification, with respect to
considering total element content. When chemical characterization of PM includes two- (or multi-)
step chemical fractionation, large dataset are produced, requiring thus a large number of PM samples
to ensure statistical robustness of results. In these cases, when cost/effectiveness evaluations are
done, analysis of redundancies is determinant to reduce dimensions of data matrix. In this paper,
two approaches to evaluate redundancies, Fisher weight (W) [1, 2] and Factor analysis (FA), are
applied to a large dataset generated from chemical characterization and two-step fractionation [3] of
PM10 and PM2.5. Samples were collected during a large-scale field campaign at different sites in the
area of Lazio region (Italy) to the aim of identifying main PM sources. In the case of W, an absolute
and independent measure of the discriminating ability of each variable is determined [2], whereas by
FA mutual correlations between variables are considered for selection. Results from both
approaches are compared and combined to select relevant PM components for source identification
and apportionment.

Materials & Methods

The W, is calculated as the average of the ratios between the squares of the difference
between means and the sum of the variances for all combinations of two categories into which the
objects have been subdivided [1, 2]. In this paper, PM10 samples were categorized by site. Varimax
rotated FA with retention of principal components was performed by STATISTICA 7.1 software;
principal components with eigenvalues greater than unity were retained.

A. Pietrodangelo et al., Selection of Appropriatacers for the Source Identification of AirbornetiRalate Matter



CMA4CH 2008, Mediterraneum Meeting, Multivariate Aygit and Chemometrics Applied to Environment antuCal
Heritage, 2nd ed., Ventotene Island, Italy, Eurdpé,June 2008

Results
5 Factor analysis (Marimax rotation): loadings.
Fattore Fa.'b:re Fatiore Fattore Fattore Fatiore
| Fisher weight, 1 2 3 4 5 [
Ly Al 0.00 ] 0.15 0.21 [EE] D.05
T\‘ Si 012 ] D.18 0,18 092 D.08
35 K 0.82 0,08 0.04 o1 042 0.03
S04= 0.03 024 .44 0.62 044 007
NHA+ 023 [ 018 0.71 032 003
i oM 0.73 -0.08 024 018 024 0.15
= \ EC 0.58 011 003 016 011 D.03
B35 As e 031 010 0.50 053 021 D20
H Cre 0.06 0.11 0.02 -0.11 -0.05 0.96
5., Cue 0.57 [N 0.11 0.55 004 0.0
&= \ Fe e 0.26 030 004 0.06 003 0.23
Mg e -0.18 -0.05 0.80 -0.00 012 0.0
15 Mn e 0.11 089 0.20 0.7 02 0.10
\\ Ni e -0.08 0.53 D.05 015 0.24 0.77
w Sh e 0.00 0.06 D.09 0.88 004 003
Zn e 0.25 [(E] 007 D.O7 0.0 D.03
\ Crr 0.85 022 D.20 0.00 001 o007
05 Cur 0.51 012 D.25 018 065 003
M Fer 0.51 023 0.75 D.07 0.18 0.07
W — T Banansasag Pin ¢ 0.5 0.52 Q.63 0.05 012 -0.05
ANRARS @/ \ [ h(-\ 0.0 0% O i ggg I:;M g-é g;g .:g:_l, 4:_3'1
AR AR AN 7 % ﬁ X 025 2 X 0.01 002
ORRIRAONIEN KX Y° Fehe N R ISR "‘“\19 %' %ﬂ L 014 EE] 0.08 Toz 007 0.10
PM component War. Sp. 5.70 342 2.53 2.38 201 1.69
Prp-Tct. 0.25 012 0.11 0.10 013 D.07

Fig. 1(left): W: for PM10 components calculated over the threeectitin sites. Fig. 2(right): FA loadings for
source identification at urban background siteuBla/insoluble element fractions are respectivetiidated by
subscripts e and r. Al, Si, K, OM and EC were dateed as total content. F1: traffic combustion/sgmnsion; F2:
source of total Mn and Zn; F3: sea spray; F4: sgdapninorganic aerosol; F5: crustal material; Frse of
soluble Cr and Ni.

Three sites were chosen for this study: traffic (MZ), urban background (VA) and rural
background (FC). Wy selection was carried out by considering PM10 components having W, > 0.1
(fig. 1). FA was performed under different combinations of variables: a) -all 40 components, b) -
removing minor components one at a time (this allowed the selection of 30 variables which
explained about 86% of total variance at each site and evidenced the influence of two non-local
sources, i.e. affecting all sites irrespective of type), c) -only Wy, -selected components, d) -the 17
variables selected by both approaches (Al Si, K, OM, EC, As,, Cu, Fe_, Mg, Sb,, Cu,, Cr,, Fe, Sb,,
Snr).

Conclusions

The 17 variables selected by both approaches allowed the identification of local sources
(crustal, secondary inorganic aerosol, sea spray, traffic) but the two non-local contributions were not
evidenced. Only after including Cr,, Ni, Mn_, Zn_, Mn,, Zn, (selected by FA but not by W) it was
possible to recognize these two sources, as reported in fig. 2.
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