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Abstract. Time and size resolved data of trace elements weraelated to road traffic) and biomass burning organic aerosol
obtained from measurements with a rotating drum impacto(BBOA), explaining 60 %, 22 % and 17 % of total measured
(RDI) and subsequent X-ray fluorescence spectrometryorganics, respectively. Since different compounds are used
Trace elements can act as indicators for the identificatiorfor the source classification, a higher percentage of the ambi-
of sources of particulate matter10 um (PMg) in ambi- ent PMp mass concentration can be apportioned to sources
ent air. Receptor modeling was performed with positive by the combination of both methods.

matrix factorization (PMF) for trace element data from an
urban background site inlifich, Switzerland. Eight dif-
ferent sources were identified for the three examined sizel
ranges (PM_g.1, PM2s_1 and PMg_25): secondary sul-

fate, wood combustion, fire works, road traffic, mineral dust, ompient particulate matter concentrations have routinely
de-lcmg_ salt, industrial and local anthropogenic activities. yoan monitored in Europe. However, measurements are often
The major component was secondary sulfate for the smallyyieq to the mass concentrations of particulate matter with

est size range; the road traffic factor was found in all threeaerodynamic diameter less than 10 pm g@Mvithout infor-

size ranges. This trace element analysis is complementeg,.iisn on the elemental composition and the size distribution
with data from an Aerodyne high-resolution time-of-flight ot the aerosol particles. For the evaluation of the influence

aerosol mass spectrometer (AMS), assessing the - o oymospheric aerosols on human health (e.g. the toxicity
tion of organic aerosols. A separate PMF analysis revealegy ; meta| when inhaled) and the dispersion via atmospheric

three factors related to three of the sources found with thg, 501t knowledge about the composition and size distri-
RDI: oxygenated organic aerosol (OOA, related to inorganicy) vion s required. Accumulation mode particles (with di-

secondary sulfate), hydrocarbon-like organic aerosol (HOA,3meters around 0.1-1.0 um diameter) deposit slowly within

a few days preferentially by precipitation and can therefore
be transported over long distances, having effects in regions

Correspondence tavl. Furger remote from the source. In addition, particle size (and shape)
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(markus.furger@psi.ch) are key factors that control the extent of penetration into the
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human respiratory systerhighty et al, 2000. Furthermore, 2 Methods
information on the occurrence, strength, spatial distribution
a_nd variabil!ty of t_h'e sources of specific pollutants are the ba-, 4 Description of location and instruments
sis of pollution mitigation strategies. Recent papétar( et
al., 2005 Ondov et al.2006 Querol et al.2007, Viana et al, ) ) )
2008 Karanasiou et 812009 demonstrate the usefulness of 1he sampling site was located at the well-described urban
minor and major element measurements in ambient aerosofourtyard site in Hrich Kaserne, SwitzerlandH(eglin et
for the identification of pollution sources. On a mass basis 8l 2005 Lanz et al, 2007 in the centre of the metropoli-
trace elements represent a minor fraction of the atmospheritan area of Zrich with about half a million inhabitants. The
aerosol (generally in the order of a few percent), but theylocatlor) is cpngldered as an urban baquround site as far
can act as specific tracers for several emission sources. Tra@ traffic emissions are concerned and is one of the Swiss
metals are found in almost all atmospheric aerosol size fraclong-term monitoring stations. Measurements with the RDI
tions of PMyo. However, to obtain a more complete picture Were performed from 28 November 2008 to 5 January 2009
of the sources present in the atmosphere, additional informa(With & short break from 26 to 28 December), while the
tion besides the one on trace elements is required. The oAMS was deployed from 1 to 18 December 2008. Aerosol
ganic component of atmospheric aerosols plays an importart@mples taken with the RDI are segregated into three size
role mainly concerning particles with an aerodynamic diam-fanges, the coarse fraction kdlzs, an intermediate size
eter of less than 1 pm: at European continental mid-latitudest@nge PMs—1 and the fine fraction Ph.o 1. Particles larger
a fraction of 20-50% of the total fine mode aerosol massthan 10 um were removed by the inlet (RMmpactor) on
can be attributed to organic matt@htaud et a).2004, and  top of the RDI positioned approx. 2.5m above ground. The
about 70 % of the organic carbon mass (suburban summer) {gme resolution was set to 2 h, thus yielding 432 data points
found in fine mode particleséffrezo et al.2005 Jimenez et in 36 days. The campaign was accomplished with a combi-
al,, 2009 Lanz et al, 2010. nation of a series of different mstrument; (RDI, AMS, PM

To obtain most accurate results in apportionment stud-2nd PMo daily high-volume samplers with quartz fiber fil-
ies for the identification of ambient pollution sources, time t€rs, Aethalometer). Measurements of gas-phase pollutants
resolved samples are required. For this purpose measurdNO2,NO,CO, S0, Og) as well as total Pib with a time
ments were performed with a rotating drum impactor (RDI, fésolution of 1h (from a tapered element oscillating mi-
Bukowiecki et al, 2005 20094, having a time resolution in  ¢robalance, TEOM) and daily gravimetric B¥Mmass con-
the order of hours. Measurements of the organic component§éntrations were provided by the Swiss national air pollution
in the fine fraction of ambient aerosols from an aerosol masdgnonitoring network BAFU, 2007), and meteorological data
spectrometer (AMS) with a time resolution of four minutes from the MeteoSwiss network were available. Black carbon
were used to complement trace element data from RDI sam(BC) was measured with 2-min time resolution with a multi-
ples and subsequent X-ray fluorescence analysis. wavelength Aethalometen (= 370-950nm, Magee Scien-

This paper describes a five-week winter campaign at thdific) equipped with a 1-um cyclone. The 880-nm channel of
urban background site atifich Kaserne, Switzerland with the_ Aethalomgter was analyzed for BC mass concentrations,
focus on source apportionment applied to quantitative tracévhich were binned to 2-h lntervalg. Due to shadpwmg gf-
element and organic aerosol data. The campaign was pIannéBCtS that can occur on the quartz fiber f|Iters_ with increasing
in the framework of the European Integrated Project onloads _of light absorbing parfucles, a correction as proposed
Aerosol Cloud Climate Air Quality Interactions (EUCAARI, Py Weingartner et a2003 with an f parameter of 1.2 was
Kulmala et al, 2009, having the aim of investigating the role applied to _the Aethalometer data for the calculat_lon of BC
of aerosol particles on climate and air quality. The activi- concentrations. Aethalome.ter d'ata were only available from
ties described here are embedded in the project’s activitie§€ beginning of the campaign till 12 December 2008.
dealing with regional aerosol source apportionment and at- Characteristic weather conditions for Swiss winters are
tribution of different aerosol mass components in Europe tolow temperatures, persistent clouds with resulting low photo-
specific sources. Specific emission patterns were detectechemical activity and thermal inversions. The average tem-
with positive matrix factorization (PMRaatero and Tapper perature was about’Z and the beginning was characterized
1994 separately for RDI and AMS data. PMF was chosenby more precipitation compared to the end of the campaign.
amongst other source apportionment methods due to the fa®ue to inversion conditions which prevent dilution and mix-
that it can be run without initially knowing source compo- ing of air masses with cleaner air, aerosol mass concentra-
sitions and profiles. Receptor models can single out groupsions can significantly grow. In addition, low temperatures
of elements with correlated concentration trends and thus enshift the partitioning of nitrate as well as of semi-volatile or-
able attribution of these groups to real sources. These modganics from the gas-phase to the particle phase. This leads
els provide three pieces of information: the number of majorto a stronger influence on precipitation and dilution with
sources of particulate matter, their profiles and the mass coreleaner air masses compared to the influence of the vari-
tribution of each source to total particulate matter. ation of the sources themselves. Therefore time trends of

Atmos. Chem. Phys., 11, 8948963 2011 www.atmos-chem-phys.net/11/8945/2011/



A. Richard et al.: Source apportionment with elements and organics from EUCAARI 8947

individual sources are typically not separated as clearly infactor profilesF — for which the represented source types

winter as in summerL@nz et al, 2007, 2008. have to be interpreted. The objective of multivariate recep-
tor modeling is to obtaip independent factors, representing
2.2 Analysis methods p different sources of emissions as well as their elemental

composition and the amount that they contribute to the total
The elemental analysis of RDI data was carried out by Syn-ignal. There are some fundamental physical constraints that
chrotron radiation induced X-ray fluorescence spectrometrymust be obeyed, for example that the original data must be re-
(SR-XRF) at two different beamlines to detect the-knes  produced by the model. The predicted source compositions
of 23 elements (Al, Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, and the contributions must be non-negative since a source
Co, Ni, Cu, Zn, Sr, Zr, Mo, Sn, Sb, Ba and the-dine  cannot have negative elemental contributions of an element
of Pb). Elements withZ = 13-24 (A-Cr) were measured or emit negative mass. The sum of the predicted elemen-
at the XO5DA beamline at the Swiss light source (SLS) attal mass contributions for each source must be less than or
PSI Flechsig et al.2009, while elements withZz =25-82  equal to the total measured mass for each element. The cor-
(Mn—Pb) were detected at the beamline L, HASYLAB at responding two-way factor model can be expressed through
DESY. Raw counts per element were calibrated with a sensithe following equation:
tivity curve [counts ug m~3] measured in the same geom-
etry on customized external reference standards on thin filmX = GF+E Q)
described elsewherd-iftschen et a).2006 201Q Richard
et al, 2010. Details of the methodology can be found in OF

Bukowiecki et al.(2008 20093. p
Two high-volume samplers (Digitel, Aerosol Sampler x;; = Zgikfkj +eij (2)
DHA-80) with PM; and PM inlets were used to collect 24- k=1

h filter samples in the period from 1 to 17 December 2008
(daily samples for P and every second day for Rl). A
fraction of the quartz micro-fiber filter was acid digested and
subsequently analyzed by inductively coupled plasma opti-
cal emission spectrometry (ICP-OES) and mass spectrome-
try (ICP-MS, see details of the method@uerol et al.2008

for the determination of major and minor elements. Ambient
mass concentrations of the following species are available;
Na, Mg, Al, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Co, Cu, Zn,
As, Se, Rb, Y, Cd, Sn, Ce, Sb, Pb as well asjé,CNOg and
NHJr In the framework of an additional long-term project

withi=1,....,n; j=1,....m; k=1,..., p, X isthen xm data
matrix consisting of: rows ofrn samples ang: columns con-
taining them detected specie§ is an x p matrix of source
contributions andr is a p x m matrix of source profiles. The
remaining unmodeled part of the data is represented by the
residual matrixE. The valuesg;;, and fk] (required to be
non-negative) are adjusted until a minimum for the objective
function Q, the sum of squares of the ratio of the residuals
and the user defined uncertainty matiXEqgs.7 and8) for

a given number of factorg is found:

(G|an|n| et al, 2011), filter samples were taken on every Xii— gik fr
fourth day from August 2008 to July 2009, matching this O = ZZ(%) 3)
study’s sampling period from 2 December 2008 to 3 January i=1;=1 Y
20009. . .

An Aerodyne high-resolution time-of-flight aerosol mass The theoretical) (Qexp) can be approximated as
spectrometer (AMSDeCarlo et al. 200§ was deployed Qexp=nm — p(n+m) 4)

from 1 December 2008 till 18 December 2008 to charac-
terize non-refractory submicron aerosol components. Datat is the goal to find solutions with a minimum f@/ Qexp.
of organic fragments with a time resolution of four minutes Hence it is tempting to examine the resulting and estimated
were obtained from the aerosol mass spectra, assuming a cop value as a function op to determine the number of fac-
lection efficiency of 1. The AMS was run in two modes, the tors to retain, but this approach can be misleading if the data
V and W mode, but results presented here are taken in thgoint uncertainties are not well determined. Another useful
V-mode, which has lower resolution but higher sensitivity. A indicator can be the plot of scaled residuals, the ratio of the
detailed description of the AMS data analysis principles canPMF-modeled residuaj; to the input uncertainty;;:
be found inCanagaratna et gR007).

eij _Xij—zllegikfkj 5
2.3 Source apportionment method ;./. - 0ij ®)

Positive matrix factorization (PMFPaatero and Tapper The examination of scaled residuals can help to ensure that
1994 Paaterp 1997 is a multivariate factor analysis tool the appropriate number of factors was chosen. A reasonable
which differentiates the sample matr¥ of ambient mass solution should have Gaussian-like scaled residuals distribu-
concentrations into two matrices — factor contributi@and tions mostly betweer-3 and+3. If the value of the scaled
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residual for a data value is larger than the outlier threShOIdTable 1. List of elements finally retained in the data set (indi-

distancex (set to 4), itis defined as an outlier: cated with an “x”) having more than 50 % of values above detection

limit and not more than 20 % of replaced missing values. Elements

e
Hlsa=4 (6) marked with an asterisk’] had a signal-to-noise ratio ¢/ N <2

Oij and were thus included as weak variables.
PMF was always run in the robust mode, where outlier values
are excluded to decrease the influence of extreme values on Element PMo-25 PMzs—1 PMiog
the PMF solution. Al X - _
Si X X X*
2.4 Data preparation P - X X
S X X X
Data values with unusually high variability can be down- cl X X —
weighted in PMF by attribution of a larger uncertainty K X X* X
(Paatero and Hopk&003. This provides on the one hand Ca X X Xt
a convenient measure to include these high variability ele- Ti X X X
ments and those with a high intrinsic uncertainty into the cal- v - - X
culation without distorting the result inappropriately. On the Cr - Xt -
other hand it requires a thorough calculation of measurement Mn X X X
L . . Fe X X X
uncertainties to prevent an undesired alteration of the result. Co « “ B
Before starting the PMF algorithm, data were inspected with Ni _ x* X
respect to reliability (outliers and extreme values) and mea- Cu X % X
surement uncertainties. 7n X X X
For the RDI-PMF calculations, missing values (i.e. when Sr X X X
the fit for SR-XRF spectra yielded no reasonable result) Zr X X X
were substituted by the mean of adjacent values rather than Mo X X X
excluding the whole sample completely from the data set Sn X X X
(Huang et al.1999. An uncertainty of 10% of the over- Sb x x X
all maximum concentration of this species was attributed to ES X )’(‘k )’((

each replaced value. Elements with a large numbe0(©o)
of replaced values were completely excluded from the data
set. Whenever a single value was below the detection limit
of its species, the value was replaced with half of the minimaltainties were calculated under the assumption that the extrap-
detection limit (MDL/2) and the corresponding uncertainty olation from the lower beam size to the larger total area of
value was replaced with/6- MDL (Polissar et a).1998. the RDI-bar introduces an estimated uncertainty of 20 % of
Elements retained in the final data set were those with moréhe area due to a not perfectly homogeneous distribution of
than 50 % of values above detection limit and not more thansample material on the film. Also the not perfectly constant
20 % of replaced missing values as reported in Table flow of the impactor pump and the uncertainty of a linear
AMS-PMF calculations were done with a total of 269 regression used for the absolute calibration enter into the un-
species containing reliable information on the organic certainty calculation with a relative uncertainty of 5% each.
aerosol phase (mass-to-charge rating,12—13, 15-18, 24— Gaussian uncertainty propagation was performed for these
31, 37-38, 41-45, 48—-148, 150-181, 185 and 187—-300). Th#hree terms on the basis of the calibration formula introduced
otherm/zs were excluded due to dominant contributions of in Richard et al(2010. During the analysis different meth-
the air signals (e.gn/z 32 and 40 for @ and Ar, respec- 0ds to calculate the uncertainty matay; for example as
tively), inorganic species (e.gn/z39 and 46 for K and ni- compiled inReff et al.(2007) were tested and Eq7)( was
trate, respectively), high background levels (engz186) or ~ found to give the most stable results. Different ways of cal-
lack of plausible organic fragments (emg/z< 12). More de-  culating the measurement uncertainties and testing the influ-
tails on the interpretation of organic fragments can be foundence on the final results helped in obtaining a robust and fea-

in Allan et al.(2004 andZhang et al(20095. sible solution. However, the influence of the method of un-
The uncertainty matrix;; rpi 0f RDI data for the source certainty calculation compared to the influence of the choice
apportionment calculations was obtained as follows: of elements on the final result was low.

The uncertainty estimate; avs for a given AMS signal

017 RD1 = 51) + DL 7y in[Hz]is defined as:

’ 3
wheres;; is the systematic analytical uncertainty introduced o w (Ijo+1;b) ®)
through sampling and analysis methods. Analytical uncer- JAMS = ts

Atmos. Chem. Phys., 11, 8948963 2011 www.atmos-chem-phys.net/11/8945/2011/
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Table 2. Settings chosen for the PMF calculations, for each RDI
size range PNp_»2 5, PMy5_1 and PM_g 1 as well as for AMS-
PMF. The FPEAK values indicate a rotation of the solution, the

value of the extra modeling uncertainty is listed in the column

8949

in Sect.3.2 For calculations with AMS data the PMF Eval-
uation Toolkit (PET, version 2.03A), developed at the Uni-
versity of Colorado and presented bjbrich et al. (2009
was employed. The PMF2 algorithm was used with error

named m.e., which can be specified for each calculation by themodel EM= —14 for RDI data, which is commonly used

constantC3 and EM is the error model, which was kept constant
for all calculations (Eq10). Elements and mass fragments defined

in many environmental applications and EM-22 for AMS
data. The difference of the two models is that the uncer-

as weak variables (resulting in tripling of the user-specified uncer-tainties are calculated once on the basis of the data matrix

tainty) are given in the last column.

fraction FPEAK m.e. EM weak var.

PM1o_25 -1 5% —14 Al Ni, Pb

PMos_1 0 5% —-14 K,Cr Ni,Pb

PM1_g1 0 5% -14 Sij,Ca

AMS -0.4 0% -—-12 150,167,207,
208, 280-283

and was calculated from the ion signalsrofz;, I;, and
Ijp (the ion signal at blocked aerosol beafy, is sub-
tracted from the open beam signal, in order to calcu-
late the total AMS signal), sampling timgand a statistical
distribution factore and was then transferred into organic-
equivalent concentrations (org-eq. ugH using the ToF-
AMS Analysis toolkit version 1.47 based on the work of
Allan et al. (2003 (http://cires.colorado.edu/jimenez-group/
ToFAMSResources/ToFSoftware/index.html

Furthermore, the data were analyzed for the signal to nois

ratioS/N:
Yiq(xij —0ij)?

( )j - Z?:laii'

with the user-defined error matrix(Eqs.7 and8). Variables

S

= ©

with 0.2 < /N < 2 were defined as weak variables and were

downweighted by tripling of the user-provided uncertainty.
Variables withS/N < 0.2 were called “bad” and were ex-
cluded from the analysis. A number of elements amds
were categorized as weak variables as reported in Tdbles
and2. Downweighting of tham/Zs proportional tam/z44 as
suggested byJlbrich et al.(2009 did not lead to reasonable

X for EM=—-12 (d = |x;;| in Eq. 10), while for EM=—14
the uncertainty is recalculated after each iteration using the
maximum of the input valuX or the modeled valu¥ = GF

(d =max(|xij|. |yij )

Sij=C1ij+C2ij

’

ld|+C3;jld| (10)

with error constant€'1 (constant uncertainty value, not used
because the user defined measurement uncertainties were
read in),C2 (only used in Poisson like situations) ao®
(0-0.25 for environmental problems). This extra modeling
uncertainty quantified by the constafi8 can be chosen for
each run and will reduce the ratio ¢f/ Qexp, to account for
variability of source profiles and chemical transformations in
the atmosphere. It was varied between 0-20 % and finally set
to the values reported in Tabk

The determination of the right number of factors and the
interpretation of the factor profiles with respect to a realistic
physical meaning form the most critical part in the analysis
gince personal interaction is involved. Inclusion and exclu-
sion of species can significantly influence the PMF model
results; this was also experienced Hyang et al.(1999
and therefore many different combinations of data sets were
tested. The result of these tests was a less clear separation
of sources, or elements being mixed into factor profiles that
do not match to the emission source. To explore rotations
of the solutions for a given humber of factors, the parameter
FPEAK can be varied. For the RDI analysis, FPEAK val-
ues in the interval{1.2, 1.2] with a step width of 0.1 were
tested. For the AMS analysis the FPEAK parameter was var-
ied from —0.6 to 0.6 and the finally chosen values for the
most meaningful solution are listed in Tal2e

results as it complicated the separation of different sourceg Resyits
from each other. This might be due to meteorological vari-

ability and the resulting similarity of time series of different

factors and therefore the small amount of a priori information

included inm/z44 proved to be helpful for a better separation
of sourcesohr et al, 2011).

In this study two programs to solve E®)(were tested
with the same RDI input data: PMF2 (version 423aterp
20049 and the Multilinear Engine (ME-2Paaterp 1999
PMF2-equivalent script). Good agreement was found for cal

3.1 Trace element data from RDI and high-volume
samplers

Trace element mass concentrations obtained by RDI mea-
surements were compared to several daily filter measure-
ments. Accordingly, the RDI data were binned into 24-h
intervals by calculating the mean of 12 data points and all
three RDI-stages were summed up for a comparison tggPM

culations with ME-2 and PMF2 and exemplary results arewhile PM; filter values were compared to R\ 1 RDI val-

shown in the supplementary material (Fig. S1). Since the obues.

Figuredsl and S2 display the overall good compari-

tained results were almost identical, only the solutions pro-son of filter and RDI data for PM and PM, respectively.
duced with the PMF2 for RDI and AMS data are discussedMeasurement uncertainties of the RDI data are the analytical

www.atmos-chem-phys.net/11/8945/2011/
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Table 3. Mean values, minimal detection limits and relative uncertainties (in %) for all three size ranggs. VMPMo 5_1 and PM_g 1
; —3
inngm—2,

Element PMg_25 PM25_1 PM1_01
mean MDL rel. unc. mean MDL rel. unc. mean MDL rel. unc.
(ngm3)  (ngm3) (%) (ngnT3)  (ngm-3) (%) (ngnT3)  (ngm3) (%)

Al 64.2 12.35 28 - - - - - -

Si 145.2 15.57 26 54.6 7.36 26 11.1 3.6 42
P - - - 25.1 6.71 43 26.1 3.12 30
S 363.8 18.91 23 864.8 8.85 21 1165.7 3.83 21
Cl 605.7 9.25 22 50.8 4.38 43 - - -
K 245.4 11.57 23 333.1 5.62 22 739.7 1.89 21
Ca 104.8 0.78 21 30.3 0.38 21 2.3 0.11 23
Ti 4 0.48 25 1.8 0.24 25 0.7 0.05 37
\% - - - - - - 0.4 0.07 66
Cr - - - 0.9 0.13 25 - - -
Mn 3.5 1.3 35 1.6 0.6 35 0.7 0.27 38
Fe 237.7 1.03 21 121.3 0.48 21 30.7 0.21 21
Co 1.7 0.82 42 0.9 0.37 41 - - -
Ni - - - 0.4 0.29 62 0.2 0.13 55
Cu 16.9 0.56 22 8.8 0.26 22 2.4 0.12 22
Zn 5.9 0.48 24 5.7 0.22 22 8.7 0.1 21
Sr 0.5 0.13 37 0.6 0.06 33 0.4 0.03 48
Zr 0.8 0.11 25 0.4 0.05 25 0.1 0.02 28
Mo 0.8 0.09 26 0.4 0.04 24 0.1 0.02 26
Sn 1.4 0.13 24 0.8 0.06 23 0.4 0.03 23
Sb 1.4 0.15 24 0.8 0.07 24 0.3 0.03 24
Ba 3 0.44 26 2.4 0.2 25 1.3 0.09 32
Pb - - - 3.6 0.3 31 10.6 0.14 22

reasonable agreement. Averaged mass concentrations of el-
ements detected by both methods for days of simultaneous
measurements compared very well: the sum of mass con-
centrations of the analyzed elements of Pfifter data were
equal to 0.64 ugm® while the PM_g1 RDI data summed
up to 0.68 ug m? (this comparison includes the following
elements: P, S, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Rb,
Sr, Zr, Sn, Sh, Ba and Pb). Average mass concentrations
of PMyo filter data amounted to 2.7 ugm and the aver-
age mass concentrations of PiMo 1 RDI data were equal to
/ 2.55 ug n3, including the same elements as for Pas well
as Cl and Mo. Tabl& gives an overview on mean concen-

e-06 1e-04 e=02 1e+00 trations, absolute uncertainties and minimal detection limits.

Filter mean concentration [ug m™] For comparison, average mass concentrations for totahPM

and PM s during the campaign were 25 and 21 pginre-

pectively.

1e+00

PM10

1e-02

1e-04

™

RDI mean concentration [ug m'3]

1e-06

-

Fig. 1. Comparison of the mean values of nine RMilter samples
from high-volume samplers and RDI data. Elements measured a%

the XO5DA beamline at SLS are displayed in red, elements mea- Du€ t0 the high time r_es‘)lUtion _Of_RDl data it was pos-
sured at HASYLAB L beamline are displayed in blue. sible to detect average diurnal variations of elemental mass

concentrations, which are displayed in Figsand S4 as an

example for PMgp_25 and PM_g1. Each 2-h interval in
uncertainties s;;, Eqg. 7) and are calculated with Gaussian the box plots contains 36 data points. Fe, Cu, Sn and Sb
error propagation for the calculation of mean values, the unshow a related pattern to the rush-hour times of increased
certainties of filter data were calculated following the methodtraffic activities. Since the measurement location is an ur-
of Escrig et al(2009. A comparison to the values of the ad- ban background site, road traffic related particles reach the
ditional long-term campaign is shown in Fig. S3 and showssampling site slightly later than the actual emissions occur.
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Fig. 2. Average diurnal variations of Fe, Cu, Sn and Sbin the IargestcI in the coarse mode, which are as;umed to be present as
size range, PNb_»5, (@) and S and K in the smallest size range Water soluble salts). In the largest size range Cl (presum-
PM;_g.1, (b). Coarse mode traffic related elements show a relateg@Ply from de-icing salt) and crustal elements (Fe, K, Ca, Si,
pattern to morning and evening rush hours, whereas fine mode ) contribute the largest amounts. Sulfur (not shown be-
and K show no clear diurnal variation. Parfe) shows average cause of redundancy with ﬁO) and potassium account for
diurnal variations of crustal elements Si, K, Ca and Sr in the largesthe highest contributions in the fine mode, whereas contri-
size range, P2 5. Elevated mass concentrations of mineral dust putions from metals are negligible. The intermediate size
are found during midday and the variations are not as strong as fOfange represents a mixture of these characteristics: K also
traffic related elements. Data during fireworks at New Years Eve ontributes the highest amounts to the total mass concentra-
from 31 December 2008 15:00 LT to 1 January 2009 05:00 LT aretion, but crustal elements like Fe, Ca, Si, as well as Cl are
excluded. . .
also observed. Note that for all comparative figures (Figs.
3, S4 and Sb5) the period from 31 December 2008 15:00 LT
Diurnal variations are also influenced by atmospheric mix-t0 1 January 2009 05:00LT is excluded to avoid distortion

ing and dilution and can therefore differ from the mere traf- through unusually high emissions of some elements during
fireworks at New Year’s Eve (NYE).

fic pattern. No clear diurnal variations were found for fine
mode S and K, indicating a regional rather than a local ori-
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3.2 Interpretation of PMF results tion of the elemental mass concentration on the righkis
(the contributions of one element in all factors sum up to 1
3.2.1 RDI-PMF and are depicted as blue squares). If both fraction of profile

signal and fraction of elemental mass concentration are high
RDI data with 2-h time resolution were used for source ap-for a certain element it is considered as a specific and strong
portionment studies with PMF. The relation between ob-marker for a source. Plots of the explained variance of PMF
served and predicted time trends and their correlation withc@lculations for each element can be found in the supplemen-
time series of additional data (Se8t2.3 were investigated. tary material (Figs. S6-S8).
Profiles were also compared to elemental signatures found in For PM;_q 1 five factors were identified and the profiles
the literature. The factor profiles in Figé.5 and6 display  of secondary sulfate, wood combustion, road traffic, an in-
the fraction of the profile signal on the leftaxis for each  dustrial factor and local anthropogenic background activi-
factor (the normalization is chosen such that the sum of allties are shown in Fig4a. Corresponding time series are
elemental signals equals to 1 for each factor) and the fracshown in Fig.4b. When the exceptional data during NYE
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Fig. 7. Contributions of factors to the measured elemental mass concentration for all three size ranges, when exceptional data during NYE
are excluded. The identified factors explain 92 %, 91 % and 88 % of the elemental mass concentration measureglin™¥ s_1 and
PMj0_2 5, respectively.

are included a distinct fireworks factor was found, which is to the fact that wood combustion is used for heating purposes
shown in Fig.4c and d (all factors for this calculation are in Switzerland and is therefore contributing to this regional
shown in Fig. S1). However, to exclude all unusual eventssource.

and outliers the data set was reduced to the days from 1 De- K and S are typical elements found in emissions from
cember 2008 to 31 December 2008 for all further calcula-wood combustion and therefore the factor with high con-
tions, excluding NYE data and two unusually high peaks intributions of K, S and Pb is attributed to local combustion
the lead time series to remove non-representative emissioria open log-wood fires of homeless peophriagu and Pa-
that are not helpful in describing the pollution status of the cyna(1988 found Cu, Pb and Zn in emissions from biomass
city. Secondary sulfate, which is present in secondary andombustions an&chauer et al(2001) also found Zn. In-
aged aerosol, explains the highest fraction of elemental masterestingly, next to minor contributions of a number of other
concentration in the fine PM (Fi@) and correlates with the elements, also Ti, V and Ni contribute to the wood combus-
time series of total Plyp mass concentrations (Se8t2.3. tion factor. It is further discussed in Se8t2.3

The high contributions of P and K to this factor are attributed
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The factor with high contributions of metals like Mn, Fe,
Ni, Cu, Zn, Zr, Mo, Sn, Sbh, Ba and Pb is attributed to a traffic
related motor vehicle source since these elements are found
in abrasion processes, e.g. from brake p&iskoéwiecki et
al, 2009h. At the high temperatures in the lining/rotor
interface during braking, vaporization of particles can oc-

cur which then end up in the fine mode after condensation 1%
(Karanasiou et al2009 Salma and Maenhau2006. Fur-

thermore, it can be hypothesized that trains from the nearby

main station also play a role in the fine mode since the factor 17%

is dominated by iron. However, on a mass basis this traffic
contribution in the fine range is very small: it only amounts
to 2% of the elemental mass in RMy1 (Fig. 7).

Furthermore, a local factor of anthropogenic background @ QA B BBOA
activities with no clear time series and a factor with mainly @ HoA O unexplained fraction
contributions of Zn and Pb were identified with very low con-
tributions to the fine mode elemental mass in the order of Irig. 9. Contributions of identified factors with AMS-PMF to mass
and 2 %, respectivelyAmato et al (2010 also found afactor  concentration of organic compounds measured with the AMS (from
with high mass concentrations of Zn, Pb and some Mn andi till 18 December 2008).
Ni in Barcelona and attributed it to industrial emissions. For
Zurich industrial emissions play a smaller role. Sinéeizh
Kaserne is surrounded by different workshops and atelierggreen) and Pb (redMoreno et al, 2007, 201Q Godri et
and also smaller construction sites, contributions of Si, Caal., 2010. One could also expect Sb which is commonly
(mainly crustal origin, but also found in gypsum at construc- used for glittery effects, but here most of Sb was attributed
tion works) and Ti (included in white paint) from local an- to brake pads. Elements commonly found in fireworks such
thropogenic activities can be expected. as K, Ti, V, Sr and Ba exhibit sharp peaks (restricted to the
When including the measurement interval coinciding with time slot from 31 December 2008, 15:00LT to 1 January

fireworks during New Year's Eve an additional factor is 2009, 09:00LT) with mass concentrations exceeding up to
obtained for PM_g.1 with a distinct time series shown in 200 times the average ambient mass concentrations. These

Fig. 4d. It explains the highest fraction of the elemental concentrations in the fine mode decreased to a moderate mass
mass concentrations of Ti, V, Sr and Ba comparing well concentration only on 3 January 01:00 LT. Weaker peaks are
with findings fromMoreno et al(2007). The explosive ma- observed for Si, P and Cu. The elevated mass concentrations
terial in fireworks is black powder: KN§ S, and C (not around New Year's Eve are also reflected in the time series
quantified with the RDI-SR-XRF method). Colors originate 0f SO;, CO and NO.

from metallic additives, such as Sr (red), Cu in the form of For the largest size fraction, PNl 2 5, three factors were
C4HsASsCusO15 (blue), Ca compounds such as the chloride identified, see Figh. A mineral dust factor consisting mainly
and sulfate (orange), Ti (silvery, grey),/&u (violet), BgCl of Al, Si, K, Ca, Ti, Fe and Sr was found. These elements
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Fig. 10. Matrix of scatter plots showing the pair-wise correlations of the secondary sulfate factor found fop PMith RDI-PMF, AMS-
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most relevant species, the ones not shown do not have significant correlation). The panels in the upper right half show the Pearson correlatior
coefficients and the lower left panels show corresponding data points.

are commonly attributed to soil and terrestrial elements andor the coarse fraction. The third source is a distinct chlorine
are present as oxides: A3, Si0y, K20, Ca0, TiQ, Fe03 factor with some contributions from S and some crustal el-
and SrO. This factor contains also contributions of S, Mn,ements. It is attributed to de-icing salt used on the roads in
Zn and Ba which were also described to be present in thevintertime and possibly mixed to a small extent with resus-
earth’s crust byRudnick and Gaq200§. There are some pension of mineral dust or traffic related particles.
constraints on the inter-elemental ratios in crustal material: PMy5_; includes the tail ends of coarse and fine particles
for silicon and aluminum, it is expected that there is no Al and accordingly it is expected that factors similar to those of
without Si unless there is an Al smelter in the vicinity of PMjg_25 and PM_g1 will appear. In fact, a mixture of six
the receptor site. On the contrary, there might be Si withoutaforementioned sources from the other size ranges was iden-
Al (quartz). Rudnick and Gaq2006 found a ratio of 3.8 tified: fine-mode secondary sulfate, local background activi-
for Si/Al in the upper continental crusRahn(1976 found ties and industrial as well as coarse-mode road traffic, min-
higher SyAl ratios for urban areas (2—4.63) and lower ra- eral dust and de-icing salt (Fi¢). When including NYE
tios for non-urban areas (1.4-3.19). Th¢Airatio found in data, it was observed that the fire works factor decreases
Zurich for PMg_25 was 2.3. This is also in agreement with somewhat faster for the intermediate size range, indicating
the values found bip’Alessandro et al(2003, which are in  that the life time of PM particles in the atmosphere is longer.
the range of 1.9-3.7. However, previous studidsdglin et Not only the time trend of the fire works factor is varying for
al., 2005 assumed a higher ratio (@il = 3.41) for the esti-  the different size ranges, there are also small deviations for
mation of the Si mass concentration from Al-filter values in other factors. This might be due to different mixing mecha-
Zurich Kaserne. The same road traffic factor as for the finenisms of particles in differing sizes.

size range was identified, with the difference that the frac-

tions of elemental contributions of S, K, Si and Ca are higher
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Pie charts depicting the relative contributions of the iden-ment site and to a lesser extent to plastic burning which could
tified sources to the respective sum of measured elementalriginate from the open fires within Kaserne. The BBOA fac-
mass of the three size ranges are shown in Figsince Cl  tor resembles most the time serieswk60. Mass-to-charge
contributes the highest amount to the mass of all detectedatios 15, 29, 60, 73, 91 as well as 137 have also been linked
elements in PNp_25 (Fig. 3), the de-icing salt factor con- to BBOA by Schneider et a{2006 andAlfarra et al.(2007).
sistently shows the highest percentage of all factors. Con- Coefficients of determinationR€) between the OOA
tributions of mineral dust and road traffic factors are in thetime series and the time series of 50 NO;, NH; in-
same order of magnitude in both RM>5 (25 and 28%, creased with negative FPEAK, reaching maximal values at
respectively) and Pis_1 (11 and 9%, respectively). The FPEAK=-0.6 (R2=0.69, 0.71 and 0.83 for Sfp NO;
secondary sulfate factor presents the largest contribution fognd NH;, respectively). In contrasi®? between the HOA

the fine and intermediate size range. time series and the time series of N®as maximal at posi-
tive FPEAK (R? = 0.47, FPEAK=[0.5, 0.0]) and decreased
3.2.2 AMS-PMF with negative FPEAK Rz =0.39-0.37, FPEAK=[-0.1,

) ) ) —0.6]). In a second step, the spectral similarity of AMS-PMF

A separate PMF calculation with AMS data yielded a three- mass spectra with a selection of illustrative reference spectra
factorial solution with oxygenated (OOA), hydrocarbon- a5 determined. The correlation of the OOA spectrum found
like (HOA) and biomass burning (BBOA) organic aerosol. py | anz et al.(200§ in winter at the same location and ref-
Source profiles are displayed in the right panel of 9. grence OOA spectra from Pittsburgtlrich et al, 2009
showing the normalized fraction of the profile signal ver- Zhang et al.2005 and an aged rural reference spectridth (
sus mass-to-charge ratim(z, corresponding time series are farrg et al, 2004, all compiled byUlbrich et al.(2009), in-
shown in the left panel. Calculations were made with the full cregsed with negative FPEAK. The largest correlation of the
range of 269n/Zs, but the profiles show only the most abun- oA and wood burning reference mass spectra was found
_dant elements (_up tm/z100). The factors identified here are for negative FPEAK. In contrast to OOA and BBOA, largest
in agreement with the same three sources detectediyet  cqrrelations with reference mass spectra were found for HOA
al. (2008 in an earlier winter measurement campaign at theg; positive FPEAK. HoweveR? did not increase as much as
same site. However, a hybrid receptor model solved by ME-yith BBOA and OOA, and it changed only slightly present-
2 including HOA as a priori source was used there, whereagng always values larger than 0.75. Due to correlation values
no initial assumptions about sources were made here. (mass spectra and time series) the most reasonable solution

To identify the most appropriate number of factors, PMF was chosen at a negative FPEAK 6D.4 (the OOA time
was run by varying the number of factors between 2 andseries correlated with the inorganic species measured in the
7 (see also the supplementary material). The most reasorgpms (NOg, so}; and NH;), and the highest correlation
able number of factors was determined fOIIOWing the inter-was found for BBOA and OOA mass Spectra with reference
pretability of the identified factors (according to the meth- mass spectra). Moreover at this FPEAK I/ Qexp and
ods applied byLanz et al.(2007) for measurements at the |ow rotational freedom (indicated in PMF through the matrix
same sampling site) and the criteria of the “uniqueness Ofrotmat) were found.
the derived factors” as discussedAlan et al.(2010. Two For all the three factorial solutions the largest organic
factors revealed an OOA factor and a mixture of HOA and gerosol fraction was explained by OOA (45-63 %, depending
BBOA. With four and five factors, the OOA factor was split gy, FPEAK). Lower contributions were observed for HOA
into a component dominated lby/z 44 and 28 and a second (22-36 %) and BBOA (14-19%). For the chosen solution,
one dominated byn/z 29, whilem/z 29 mostly disappears the contributions were OOA 60 %, HOA 22 % and BBOA
from the BBOA mass spectra. Furthermore the time series7 o4 (Fig.9). Lanz et al.(2008 found higher values for
were not unique anymore, since the new factor dominated bysgoA in winter at the same site, which can be explained
m/z29 and the BBOA factor have the same time trend in thepy |ower temperatures with average values below zero dur-
beginning of the measurement campaign. ing that campaign. The high contributions from OOA can

A distinct peak in the profile is found for the OOA fac- pe due to winter inversion weather conditions, i.e. stagnant
tor atm/z44, a signal dominated by the fragment£®om  ajr where accumulation of reaction products of precursors in
di- and poly-carboxylic acid functional groups, representing cold air can be expected.
oxygenated organic aerosol components. Smaller peaks are
found form/z29 and for 18 and 28 (proportional to/z44). 3.2.3 Comparison and interpretation of results
The HOA factor is dominated by/Zs 27, 29, 41, 43, 55, 57,
67 and 69m/z57 (butyl, QH9+) is a tracer for hydrocarbon- On the basis of all available information, RDI trace ele-
like combustion aerosol (e.g. diesel exhaust). The high peaknents, RDI-PMF, AMS organics, AMS-PMF, AMS inorgan-
of m/z55 in HOA might be attributed to food cooking and ics, gaseous pollutants, total Rptand meteorological data
charbroiling Mohr et al, 2009 Lanz et al, 2007, since sev-  we try to obtain an increased understanding of the composi-
eral restaurants are located in the streets close to the measutén of atmospheric pollutants. For this purpose this section
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Fig. 11. Matrix of scatter plots showing the pair-wise correlations of the traffic factor found fapPMs (must abundant in this size range)

with RDI-PMF, the AMS-HOA factor, Fe (also PM_25) measured with RDI, N@ NO, SQ, CO and BC PM mass concentrations

(shown are only most relevant species, the ones not shown do not have significant correlation). The panels in the upper right half show the
Pearson correlation coefficients and the lower left panels show corresponding data points.

deals with the investigation of correlations of species andin Figs. 10, 11 and S10. As part of the continuous mea-
the comparison of diurnal variations of obtained factors with surements performed by the national air pollution monitor-
those of other tracer species. ing network (NABEL), mass concentrations of nitrogen ox-

AMS measurements of organics, sulfate, ammonium anddes (N& and NO), carbon monoxide (CO), sulfur dioxide
nitrate in atmospheric aerosols complement the elementaSC2) and PMo were recorded with a time resolution of 1 h.
RDI-SR-XRF analysis. Three factors — secondary aerosold hese data were also binned into 2-h intervals and are corre-
(including sulfate extrapolated from S identified with the lated to the factors. The correlation plots reveal a good agree-
RDI), traffic related emissions and emissions from biomassMent for secondary sulfate and traffic related factors identi-
combustion — were detected by both methodS, but deterfiEd with RDI-PMF and the OOA and HOA factors identified
mined with different tracers. The combination of both meth- With AMS-PMF, respectively.
ods increases the capability to explain the origin of total Secondary aerosol is formed through atmospheric oxida-
atmospheric P, since they explain different aspects of tive processes of gaseous precursors (e.g., 1$Oy, volatile
emission sources (e.g. RDI: traffic related abrasion particlesprganic compounds (VOCs)) and the subsequent deposition
AMS: traffic related exhaust particles). The only common of condensable species (e.2$0y) or low-volatility organ-
species detected by both methods are S and K (quantitativies on existing particles. Hence the “source” is a set of at-
measurements of elemental S and K (RDI) an@SG\MS) mospheric reactions, not a localized surface emission pro-
and qualitative measurements of chemical compounds sucbess and therefore the production rate is sensitive to the ef-
as KCIl and KSO, for the AMS). Scatter plots and Pear- ficiency of these reactions. Even though there are also nat-
son correlation coefficients for the three related factors idenural sources of S@the main source in Switzerland is an-
tified with RDI-PMF and AMS-PMF (inorganic secondary thropogenic (e.g. combustion of heating oil and industrial
sulfate related to OOA, wood combustion related to BBOA sources). Secondary aerosol formation from\N8G, and
and traffic related to HOA) and other compounds are shownVOCs proceeds slowly (on the time scale of hours and days).
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factor is characterized through high contributions of P and
P, ,,RT - PM,,.MD  _ - K, typical elements found in wood combustion processes. In
: : ' L addition, higher mass concentrations in the secondary sul-

LT L fate factor were found for PM g1 towards the end of the
' ‘ 1 measurement campaign (no AMS data available). This last
period is characterized by temperature inversion conditions,
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lation mode increased strongly, such that now the majority
of this factor is found in the intermediate size range. This
e e can be due to particle growth under the given meteorological
09 AT conditions.
Since no correlation of the two biomass burning related
Fig. 12. Average Diurnal variations of the road traffic (RT), mineral factors was found (Fig. S10) they were further investigated.
dust (MD) and secondary sulfate (SS) facta) hows the diurnal A tracer for freshly emitted wood combustion emissions is
variations of the road traffic (RT) and the mineral dust (MD) factor levoglucosan (6H100s) which significantly contributes to
for PM1g_2 5, (b) shows the same for PM_1. (c) shows the vari-  the wood burning markem/z 60 in the AMS mass spec-
ations of the road traffic (RT) and secondary sulfate (SS) factor fortra. It dominates the time series of the BBOA factor identi-
PMi_0.1. fied with AMS-PMF. This primary BBOA factor shows no
correlation to the wood combustion factor identified with
RDI-PMF. In addition, the correlation of the wood combus-
Therefore it is reasonable that the secondary sulfate factofion factor from RDI-PMF has a correlation coefficient of
does not exhibit a clear diurnal variation (Figc), indicat- 0.6 to the OOA AMS factor (compared ®%=0.78 of sec-
ing a regional rather than a local source. The time trends obndary sulfate with OOA), pointing to a regional origin if
OOA and secondary sulfate correlate with the time series othe regional wood burning gets oxidized and therefore ap-
NO;, NH;, SO, andm/z44 (Fig. 10) giving further evi-  pears to some extent as OOA. Therefore the AMS-BBOA can
dence that OOA refers to mostly secondary organic aerosolpe interpreted as freshly emitted biomass burningiinich
Despite the fact that at many urban locatioAgn et al, Kaserne and nearby, whereas the RDI-PMF secondary sul-
2010 AMS-PMF calculations revealed a cooking factor, no fate and wood combustion factors each describe parts of the
such source could be differentiated foiiri£h Kaserne in  regional wood combustion. Furthermore it might be hypoth-
winter with higher factorial solutions. Restaurants close toesized that the RDI can not detect the very fresh components
Zurich Kaserne are equipped with filters, so that we observenf wood smoke because the cutoff diameter of the lowest
a “contamination” ofm/z55 in the HOA factor from cook-  size range might be somewhat larger than 100 nm (rather in
ing activities, which is not strong enough to be identified in athe order of 200 nm, seRichard et al.2010 and therefore
separate factor. In contrastanz et al.(2007) found a char-  the smaller fresh aerosol particles are partially cut off by the
broiling factor for a measurement campaign at the same sit@®DI, but still seen with the AMS.
in summer, which is mostly attributed to leisure events, like The road traffic factor with characteristic elements found
charbroiling, which have no influence in winter. in brake pads is present in all three size ranges of the RDI,
Regional wood combustion is likely included in the sec- but contributes most to mass concentrations of trace elements
ondary sulfate factor identified with RDI-PMF in the inter- in PM1g_25. The time trend of this factor shows some cor-
mediate size range PM_;, because the secondary sulfate relation with the time series of NQONO, CO, SQ and BC
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Fig. 13. Average diurnal variations of the OO®&), HOA (b), and BBOA(c) factors from the AMS-PMF analysis.

(Fig. 11) with Pearson correlation coefficienksin the range  showing elevated mass concentrations during the entire day.
of 0.5-0.6. The correlations are shown for the beginningAmato et al.(2010 identified a comparable mineral factor
of the campaign (28 November 2008-12 December 2008)pn days with street cleaning activities eliminating direct in-
where also BC data are available. Accordingly, the non-fluences of traffic with constantly higher concentrations dur-
exhaust traffic related emissions identified through metallicing the day, but no significant variation within the hours of
trace elements are to some extent correlated to the exhausite day. Increasing day-time concentrations of coarse resus-
related emissions. HOA has correlation coefficients of 0.57pended dust particles were also observedBhiowiecki et
and 0.7 with NQ and NO. NQ is formed for example at al. (2002 in the Zirich area with a mobile pollutant mea-
high temperatures in internal combustion engines throughsurement laboratory.
the oxidation of ambient nitrogen, indicating local and fresh  The average diurnal variations of the traffic factors for
sources. Since CO also originates from biomass combustiorPM;o_25 and PMy5_1 are displayed in Figl2 and show an
one would not expect a perfect correlation of these emis-elevation in the morning and even higher increase in the early
sions with the traffic generated ones (Fid, Lanz et al, evening. Since the measurement site iirizh Kaserne is
2008. Bukowiecki et al.(2010 have analyzed the traffic surrounded but not directly influenced by streets, the higher
related emissions (through trace elements, BC and nitrogerlevation in the evening can be explained by accumulation of
oxides) at a heavily congested street canyoniinich and traffic related emissions and reduced atmospheric mixing of
assigned 21 % of the traffic related Pdvemissions to brake air parcels. The same is observed for the HOA factor iden-
wear, 38 % to road dust and 41 % to exhaust emissions. Withified with the AMS as shown in Figl3. The example of
the here presented PMF analysis restricted to trace elementBe nicely shows the advantage of the size segregation of par
only one direct traffic factor — related to brake wear — couldticles measured with the RDI since Fe in the coarse mode
be identified. Exhaust emissions are expected to occur witloriginates both from mineral dust (together with Al, Si and
the same time pattern as brake pad abrasion and when AMSza) and mechanical abrasion from motor vehicles and trains,
PMF measurements are included, the picture is completed bwhile there is no considerable contribution from mineral dust
an HOA factor attributed to traffic exhaust emissions. on Fe in the fine mode. In addition, the diurnal variations re-
The mineral/road dust factor found here can also be dussulting from the high time resolution allow the distinction of
to other anthropogenic activities inidch Kaserne, for ex- road traffic and other anthropogenic sources.
ample construction and demolition works. Average diurnal
variations of the mineral dust factor are depicted in Ei2p,
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NO; PM;

4 Conclusions

Size-segregated trace element measurements with a time res-
olution of 2h were compared to low-time resolution filter

15% data and show good agreement. The application of the PMF
OOA PM model to the size resolved trace element data collected in
6% winter 2008/2009 in drich Kaserne, Switzerland resulted
HOA PM; in isolating and evaluating the contributions and composi-
3% tions of eight sources: secondary sulfate, wood combustion,
traffic PM, road traffic, fireworks, mineral dust and de-icing road salt,
local anthropogenic background activities and an industrial
BC PM, source. On a mass basis, the most important isolated fac-
tors affecting the urban background site in winter were found
BBOA PM14 7o 28% to be consistent with secondary sulfate (accounting for 68 %
1% o unexplained and 60 % of the trace element mass of Pkh and PMys_1,
wood comb. /3% N 3% ively) and de-icing salt ting for 35 % and 6 %
PM, min. dust de-ioing respectively) and de-icing salt (accounting for o an )

PMio  salt PMy,
other RDI factors (<1%)

of the trace element mass of R, 5 and PMbs_1, respec-
tively). This is followed by the traffic factor accounting for

28%, 9% and 2 % of the trace element mass ofi M5,

Fig. 14. Contributions of all identified sources with RDI- and AMS- PMa2s-1 and PM_o1, respectively and mineral dust with
PMF plus inorganic compounds measured with the AMS as well as25 % and 11 % of the trace element mass of;BMs and
BC (PMy) to total PMyg mass for the interval of simultaneous RDI, PM25_1, respectively. Furthermore there are minor contri-
AMS and BC measurements. The secondary sulfate factor foundutions (in the order of a few percent) of industrial and an-
with RDI-PMF is omitted to avoid double counting with %O thropogenic background sources to $£iM; and PM_g 1.
Calculations were accomplished with both the PMF2 and
the ME-2 algorithm which produced equivalent results and
Very similar AMS factor profiles were observed in two showed good agreement. Calculations were performed with
winter campaigns in @drich with a mobile laboratory by varying seed values and no significant difference in the so-
Mohr et al.(2011). A second AMS in the mobile van mea- Iutions was observed. It has been shown that trace element
sured while driving through busy roads as well as more quietmeasurements can add substantial information on the deter-
neighborhoods. The BBOA factor there contains esz60, mination of different emissions sources. In addition, organic
indicating that the contribution from fresh local emissions of compounds measured with an AMS were subjected to a sep-
log-wood fires to BBOA in Kaserne is higher than in other arate PMF analysis. Three factors were identified: OOA,
parts of the city. HOA and BBOA. The high contribution of OOA to total
Figure14 shows the contributions of all identified sources organics confirms the finding that secondary aerosols dom-
by the RDI and the AMS plus additional inorganic com- inate the aerosol load ini#ich. Through the combination of
pounds measured by the AMS as well as BC (kb to- RDI and AMS measurements contributions of both exhaust
tal PMhp mass (interval of simultaneous RDI, AMS and BC and abrasion related particles could be attributed to traffic
measurements). The RDI-PMF was performed with the pureemissions. Wood combustion emissions are due to open fires
elemental masses but contributions in Fig.are extrapo-  within Kaserne (explained by the local BBOA source iden-
lated to the corresponding oxides. Based on the compartified with AMS measurements) and regional wood combus-
ison of the sum of species identified by AMS, RDI and tion from domestic heating (included in the RDI wood com-
Aethalometer measurements to the totaligktass it can be  bustion and also in the RDI secondary sulfate factor). Since
estimated that through the combination of all methods moreboth instruments, AMS and RDI, each only allow for the
than 70 % of the total PhMh mass can be apportioned to emis- identification of a part of the total P\ mass concentra-
sion sources. On the basis of this data, it can be estimatetion, one analysis can complement the other and the infor-
that about 70 % of PMaerosol is secondary, while for B  mation on composition of identified sources is enhanced. It
the fraction of secondary aerosol is smaller (about 60 %)was shown that PMF can identify a number of sources due
With the mobile measurements in the city diirieh contri-  to the temporal evolution of elements. A clear advantage is
butions of the factors to total measured RMvere found in  the high time resolution of analyzed samples enabling the
the following ranges for different locations: 10—20% OOA, identification of sources varying at different hours of the day.
4-14% HOA and 8-15% BBOA. The same conclusion asThis is a considerable improvement compared to 24-h filter
here can be drawn: a significant fraction of the P&¢rosol  analysis, where the attribution to specific sources is possible
in downtown Zirich can be attributed to secondary and re- only on a larger time scale and is mostly based on seasonal
gional emissions4ghang et al.2007). variations.
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