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Abstract. An Xact 625 ambient metals monitor was tested dusithree-week field campaign at the rural, trafiftuenced
site Harkingen in Switzerland during summer of 20IBe objective was to characterize the handlind) gperation of the
instrument, evaluate the data quality by intercanspa with other independent measurements, andtseapplicability for
aerosol source quantification. The Xact was coméduo measure 24 elements in BMith 1-h time resolution. Hourly
15 element concentrations ranged from a few rﬁ;fm trace elements in background conditions te tehpg nt for major
elements during a high-emission event (firework$je total Xact element mass comprised approximael% of the total
PM;o mass. The six major elements Si, S, Cl, K, Ca, acontributed 95 % to the Xact PjMnass, the remaining 5 %
were attributed to the trace elements. Data quedity evaluated by intercomparison with 24-h,pfilter data analysed with
ICP-OES for major elements, ICP-MS for trace eletsieand gold amalgamation atomic absorption speetity for Hg. 10
20 elements (S, K, Ca, Ti, Mn, Fe, Cu, Zn, Ba, Pbjvsib an excellent correlation between the comparethmdls, with ¥
values> 0.95, even though the Xact 625 yielded approxitya28% higher elemental concentrations than ICPtlese
elements. These elements demonstrate the highsime®f the Xact instrument. An average 28 perctfférence to ICP
analyses might in part be attributed to the diffiees in the sampling systems (inlets), the geogragibtance between the
inlets and between the inlets and the freeway,tandcertainties in the different analysis methddsadditional elements
25 (Cr, V, Co, Ni, As, Se, Cd, Sn, Hg, Bi) could na tompared to a reference, because their condensatere close to or
below the minimum detection limits of at least mfehe analysis methods. Sb revealed a calibratisme with the Xact,
which requires correction. Si, Cl and Pt were nuilgsed with ICP, and thus could not be evaluatéd well-quantified
elements were further used for a simple investigatf sources. The field campaign encompassedligs National Day
fireworks event, providing increased concentrati@rad unique chemical signatures compared to nemfirks (or
30 background) periods. Fireworks and traffic or rusackground emissions could clearly be identifieithvitheir element
mixture. The results demonstrate that multi-metwracterization at high-time resolution capabitifyXact is a valuable
and practical tool for ambient monitoring, exhibgi significant advantages compared to traditiol@amental analysis

methods.

1 Introduction

35 The quantification of trace elements in airbornetipalate matter (PM) can be achieved with variteshniques, such as
inductively-coupled plasma mass spectrometry (ICE};Mnductively-coupled plasma optical emissioncsmenetry (ICP-
OES), X-ray fluorescence spectrometry (XRF), angkgn-induced X-ray emission spectrometry (PIXE)e3d& methods
historically required a two-step procedure, i.engke collection followed by laboratory analysis. Bient pollutants are
typically collected on filter substrate for largen¢ duration such as 8-h or 24-h sampling time risuee that sufficient

40 elemental mass is available for analytical analyisiontrast to the non-destructive XRF methodne preparation for
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ICP analysis is very laborious, and the sampleslas&royed during this process. XRF method has beecessfully applied
to aerosol characterization in the last decadesisMement of low sample mass typically requiregsgto a synchrotron or
similar X-ray facility (Bukowiecki et al., 2005; Bowiecki et al., 2008; Calzolai et al., 2010; Cédeet al., 2015; Lucarelli
et al.,, 2011; Richard et al., 2010; Visser et a015b; Yatkin et al., 2016), which is notoriousliffidult due to the
overwhelming demand for analysis time at such ifasl Technical advances in X-ray sources andctiate have recently
resulted in the development of commercial systeapmable of sampling and analysing ambient PM saniplesb-hourly or
hourly resolution in quasi real time. Sampling whilgh time resolution generates large quantityathccapable of capturing
source emission patterns occurring at shorter tiommation. For source apportionment of PM compandiké elements, a
high time resolution of the order of 1 hour or lesadvantageous, as temporally variable environahéactors such as wind
direction and speed or insolation may affect transpnd source processes (e.g. resuspension, SaRddas et al., 2007;
Sarmiento et al., 2007; Visser et al., 2015b; Yaalad Turner, 2014). One such instrument, Coopeir&mmental’s Xact®
625 Ambient Metals Monitor, performs in-situ autdetameasurements of ambient RMr PM, s elemental concentrations
for a user-defined set of 24 or more elements withser-selected sampling time resolution of 1546 tinutes. The
instrument is transportable and can be deployefield campaigns where a suitable shelter with elegiower and an
appropriate sampling line connecting the outdodhle indoor is available. Remote access to tha idapossible during
operation, which allows for a continuous monitorioigthe operation status and the ambient metalecwnfAn in-depth
evaluation of the forerunner instrument Xact 626 weeviously published by (Park et al., 2014).

An Xact 625 monitor was deployed for a month td tee handling and data production of the instruménsmall field
campaign was organized at a monitoring statiorhefSwiss Air Pollution Monitoring Network (NABELyyhere quality-
controlled air pollution measurements are performeatinuously. The NABEL network provided the refiece for various
data intercomparisons (Hueglin et al., 2005; Lanale 2010). Comparisons between SR-XRF and fg@mples analysed
with ICP-OES and ICP-MS have been performed presljo(Richard et al., 2010). The goals of this téchhnote are 1) to
characterize the measurements of the test peridtiitkingen and compare them with previous studieSwitzerland and
elsewhere; 2) to examine the achieved data qualitthe selected elements with respect to theirimum detection limits;
3) to quantify the measurement quality based eraoimparisons between the Xact and NABEL;Pd&ta (1-h TEOM data
and 24-h filter samples) for Harkingen; 4) to eeauthe applicability of the instrument at high eéimesolution in typical
summer conditions and concentration ranges afffictmafluenced rural site in Switzerland; andtd)gauge the advantages
of high time resolution sampling for a preliminaiyvestigation of sources based on enhancementsratia diurnal
variability of elements. A pollution episode cagtdrduring the campaign resulted in high ambiententrations, widening
the range of studied concentrations. The selediments represented a typical mix of elements atsélected site. In
addition, a few elements notoriously difficult toeasure in Switzerland due to their generally lowbimt concentration
were included, namely Ni, As, Pt, and Hg.

2 Experimental setup
2.1 Site characteristics

The field campaign was performed at the permantaitos Harkingen (47.311877° N, 7.820453° E) of Bwiss Air
Pollution Monitoring Network (NABEL,http://www.bafu.admin.ch/luft/00612/00625/index.fitflang=en) from 23 July

until 13 Aug 2015. This station is located nexttiie Al freeway, the main traffic route between eastand western
Switzerland. About 1 km to the west the A2 freevbagnches off towards the north. The local terraitevel and the traffic
flows freely even during rush hours, limiting ineittes of excessive braking or forced acceleralibare are villages to the
south and east of the site, and agricultural lanchédiately to the west and north. Other local #atw include industrial
buildings approximately 500 m to the northwest i8tigs businesses), and a metal processing comygathe southeast
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across the freeway. The site is well documentet v@spect to gas phase traffic emissions, PM numdecentrations and
particulate elemental carbon (EC, Hueglin et &06), but an in-depth local source apportionmestrt been realised so
far except for organic aerosols measured in MaypZ0@nz et al., 2010).

The first week of the campaign was characterizedolser temperatures (maximum temperature <25 °Cetx23 July)
with some occasional rain cleansing the atmosphHne. remaining two weeks were part of a summer heate, with
temperatures reaching 36.4 °C at the maximum, ahaes above 30 °C on 7 days of this period. Only precipitation
event occurred during the hot period. The SwissdNat Day (1 August) fell on a Saturday, and theekend weather
promoted outdoor barbeques and fireworks. The btilthe fireworks were burnt on 1 August after 2Z08T, but some
individual fireworks were also burnt on 31 Julydehand 3 August.

For this study, the Xact 625 monitor and a Q-ACS3dadrupole aerosol chemical speciation monitorpdgne Inc.) were
installed in an air-conditioned trailer parked neexthe NABEL station. This trailer was placed e north of the freeway at
~23 m away from the centre of the freeway. Thacet the trailer on the orthogonal transect betviherfreeway and
NABEL shelter, which is located ~27 m from the centf the freeway. The trailer’s instruments weoarected to the

NABEL station’s power grid and Ethernet.

2.2 NABEL instrumentation

The NABEL station is equipped with a broad rangaiofquality instrumentation and standard mete@iokd sensors. The
relevant instruments for this field test were thigiel DA-80H HiVol sampler with a DPM 10/30/00 &tl for 24-h PM,
samples collection, and a TEOM FDMS 8500 (TaperkanEnt Oscillating Microbalance, Filter Dynamics adarement
System, Thermo Scientific) for continuous (10-mPM;q mass concentration measurements. Standard metgoall
measurements such as temperature, wind speed @utiati, and precipitation records are also moaedaat this station.
Furthermore, the station also provided hourly tcatbunts for the freeway in the form of total nwenlof vehicles, number
of heavy duty vehicles (HDV), and number of lightylvehicles (LDV).

2.3 Xact 625

The Xact 625 ambient metals monitor (Cooper Envitental Services (CES), Beaverton, OR, USA) is apiiawn and
analysing X-ray fluorescence spectrometer desidoednline, semi-continuous measurements of elesngnaerosols. In
this study, ambient air was sampled with a floverat 16.7 actual Ipm (i.e. temperature and pressareected) through a
PM,o flow separator (Tisch Environmental, TE-PM10-D)datine PM collected onto a Teflon filter tape. Thewf is
maintained to within about 1 %. After each samplinterval the filter tape is moved into the anadysirea of the
spectrometer, where it is illuminated with an X-tape in three excitation modes (25 kV and an Réffj 48 kV and a Pd
filter, and 48 kV and a Cu filter), and the excitéday fluorescence is measured with an X-ray deteio the energy range
from 0 to 40 keV. During this XRF analysis, the heample is collected on a clean spot of the filtgre. This cycle is
repeated during each sampling interval, which wagigured to be 60 minutes for this study. Aftecteanalysis interval,
raw and calibrated (for the actual volume in umitsxg m°) concentration data was stored on the hard diskefcontrol
unit. Daily advanced quality assurance checks (Qérgy calibration test, QA upscale test) were peréa during 30 min
after midnight to monitor shifts in the calibratiofihus, the sampling interval following midnight svemited to 30 min
only.

The instrument was configured to quantify 24 eletsé8i, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, CZn, As, Se, Cd, Sn,
Sh, Ba, Pt, Hg, Pb, Bi, plus Pd for QA). Each agfsth elements was calibrated individually with @&mefice sample. An
uncertainty of 5 % or less due to fitting errorsdamncertainties in the standards has been derived faboratory
experiments with NIST standards (benchtop XRFeffitnalyses). The uncertainty may be higher foceotrations close to
the minimum detection limit (MDL), and due to salisorption effects for the lightest elements (SCKK, Ca). MDLs for
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1-h sampling for each element are listed in TableHS calculates MDLs using the sensitivity of #hement and the counts
in the region of interest of a blank unsampledisacdf tape, from where one sigma interference ffegction limits are
reported. XRF based MDLs are inversely proportidnahe square root of the X-ray analysis timetst Xact MDLs are
lower for longer sampling durations (Currie, 197The Xact reports purely elemental mass conceatrstiand unless
otherwise noted (e.g. S&) we refer to these pure elemental concentrations.

2.4 Q-ACSM

A Q-ACSM (Aerodyne Inc., Billerica, MA, USA) was epated in the trailer housing the Xact 625 during tampaign
(Crenn et al., 2015; Ng et al., 2011). The Q-ACS#dledmines quantitative mass spectra of non-refragiarticles up to
mass to charge ratiosz) of 150. lon fragments were attributed mainly tgamic aerosols, nitrate, sulphate, ammonium,
and chloride, which comprise the reported data usetis study. The collection efficiency (CE) wastermined for each
spectrum according to Middlebrook et al. (2012) #@s distribution peaked at the mode of 0.62 (D.293 out of 1055 CE
values of the full ACSM dataset were equal to 0B Q-ACSM collected sub-micron (RMparticles and chemically
analysed them in 30-min intervals, which were agated to 1-h averages for comparison with the &5 data. All

concentrations used in this study were CE corrected

2.5 24-h PM, filter samples

The 24-h PM, samples collected by the HiVol sampler on quaiiteré were weighed at Empa laboratory in Diibendorf
Switzerland to determine the gravimetric daily fdoncentrations. These values were then used teatdhe TEOM P\,
concentrations on a daily basis. Therefore the 2Z&0DM values correspond to 24-h gravimetric pMen 24-h PN\
samples were analysed for their elemental composit IDAEA-CSIC laboratory in Barcelona. A quartéreach filter was
acid digested using a mix of HF:HN@.5:1.25 mL), the solution was kept in a Tefl@actor at 90°C for at least 6 h, and
after cooling 2.5 mL of HCIQwere added. The acid solution was brought to endjom and the dry residual was re-
dissolved with HNQ@ and diluted with milli-Q water for subsequent ICEES and ICP-MS analysis. This method has been
validated and used in many studies, and is disdusséetail elsewhere (Minguillén et al., 2012; Quleet al., 2001; Querol
et al., 2008). A total of 41 elements from Li toére analysed: the major elements Na, Mg, Al, i, % a, Ti, and Fe with
ICP-OES; the trace elements with ICP-MS. Si, Cl Bhwere not analysed on the filters. Analysethefreference material
NIST 1633b (constituent elements in coal fly assing the same methodology as that for the sampddeyl satisfactory
results, with approximately 100% recoveries for éements under study. Tests of the used methogaldtty respect to
other ICP sample preparation and analysis methantts,applications of the methodology to NIST staddandicated the
reliability of the method, exerting a maximum seatf 10 % for any of the elements, with most utaiaty values clearly
below this limit. Relative uncertainties (precisioof the ICP measurements are less than 5 % foretbments with
concentrations well above their respective detaclimits, whereas the overall uncertainty reflegtithe entire sampling
procedure, the digestion and the ICP analysis itherorder of 25 %. Minimum detection limits forRGvere determined
according to Escrig et al. (2009), and the valwegdtie elements relevant for our intercomparisanliated in Table 1. Hg
was analysed with a Hg gold amalgamation atomiomati®n analyser (AMA-254, LECO instruments, Botast al., 2013;
Diez et al., 2007). The three methods are refetweas the offline or ICP methods (ICP-OES, ICP-MS8)d the Hg gold
amalgamation atomic absorption spectrometry isebated with AUAAA in this paper.

Three of the 10 filters were also analysed witheadhtop XRF system by CES, and with ICP-MS by afependent lab
(Eastern Research Group, ERG, Research Triangle R&, USA) to investigate inter-laboratory scattERG used a
different digestion method than IDAEA-CSIC. In atluh, three filters were prepared with a refereaeeosol of known
concentration for Fe, Cu, Zn, Sr and Pb, which tivere analysed by CES, IDAEA-CSIC, and ERG, agaig&in insight
into the inter-laboratory scatter. Details on théa& and the methods are given in the supplenfe¢hisaarticle.
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2.6 Data coverage and synchronization

The Xact 625 measurements started on 23 July 2008 CET, and ended on 13 August 2015 0600 CET.s&nepling
interval was set to 1 h. Two interruptions occurdeding the sampling period: one due to an Xact é@&puter problem
(33 h), the other one due to a delayed filter tapEnge (10 h). The Xact dataset consists of 456 ¢ahour samples out of
499 possible samples, attaining a coverage of @l.fhe NABEL data were tailored to coincide witle thact data. The 10-
min TEOM PM, values were aggregated to 1-h values to syncteotiiem with hourly Xact 625 measurements.
Additionally, TEOM data were also adjusted to th@wmetrically determined Pl masses from the HiVol filters to
provide an independent reference for intercompasisdhe data used here contained some gaps which amty partly
synchronous for the selected parameters. Wind speedlirection missed 12 data points (2.4 %), pitation 26 (5.21 %),
and PM, 53 (10.6 %) at hourly time resolution. The ACSMadeontained a gap of 14.5 h due to an erroneou® Bdue,
which caused the data to be very noisy for thattsperiod. These values were rejected from theyameal and only the
remaining 972 data points were averaged to 46¥dhkles, which then were resampled to the 456 Xaiet doints.

For the comparisons of the different instruments sampling intervals, all data were resampled éodbrresponding times
of the Xact 625, according to the sub-classifigatiof the data set (e.g. according to wind sectéi@) the intercomparisons
with the 10 filter samples, the Xact data of theresponding days were averaged to the 24 h ofillee $amples. During
each 24-h period, Xact generated 23 1-h valuesla3@min value were aggregated to 24-h daily awesaghis procedure
implicitly assumes that the half-hour sample of finet sampling hour is representative for the vehbbur. Tests with a

23.5-h weighted average yielded differences of tlkas 3 % between the two calculation methods.

3 Results and discussion
31 Data validity derived from general statistics ad minimum detection limits

The complete Xact dataset is visualized in Figurard general statistics are given in Table 1. J&leent feature of the
concentration time series is the huge peak latd émug, caused by the National Day's fireworks eg&oFurther peaks
before and after that day warranted dividing thi diata set into a fireworks period and a non-ficeks period. The
fireworks period started on 31 July 2015 2200 CE® kasted until 4 August 2015 1100 CET, as willdiecussed in more
detail in Sect. 3.3. The remaining non-fireworksige: is representative for the typical backgrourmheentrations at
Harkingen, and can be compared to literature values

MDLs for the Xact 625 and for ICP-OES/MS and the AIGAAA method are listed in Table 1. Note that MDafselements
measured by Xact 625 are based on 1-hr sampling while MDLs of filter based elemental concentrasiare based on
24-hr. Generally, values below 3*MDL are expectethave much higher uncertainty. Hence, elements mitre than 80 %
of the data below 3*MDL were rejected from furthexamination. Xact 625 MDLs have not been determibgdhe
manufacturer for Si, S, and Cl, because self-altisor@ffects for elements lighter than Ca becomeenimportant with
decreasing atomic number (Formenti et al., 201@wéler, these three elements are abundant, andsuena that they are
well above their Xact detection limit. For theseraénts, an ICP MDL is only given for S, becausedsinot be determined
in the filter samples, as it is a main constitueithe quartz filters and is also digested duriaggle preparation, and Cl
cannot be determined by ICP. The table indicatesatimount of data points >MDL in percent for thefefént analysis
methods. The elements K, Ca, Ti, Mn, Fe, Cu, Zn, Sim Ba, and Pb have most values above the MDd, thair
measurement should thus be reliable. Seven Xattesls have >50 % of their data points below MDL arate than 90 %
below 3*MDL: V, Co, As, Se, Cd, Pt, and Bi. Cr a@dl show the same behaviour for ICP. Ni revealedaibr blank
concentrations in the filters and could therefoot Ipe reliably measured with ICP. Hg is also mosiéjow MDL in the
AUAAA measurement, and Pt was not measured withdCal. In summary, 12 elements are above theil§fr both the
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XRF and the offline methods, 7 elements are beloldLMor the XRF, and 4 elements are below MDL foe tbffline

methods (of which only Cd is below MDL for both XRRd ICP).

The comparisons between online Xact 625 and offtikdn PM, elemental concentrations for 21 elements are shiowig.

2, Fig. 3, and Table 2. Only the 21 elements aealys/ both methods are compared by dividing themtimo groups based
5 on data characteristics.

Group A shows excellent correlations between the measurement methods (alues >0.95) and only small intercepts

(<40% of mean concentration), and consists of tamentsS K, Ca, Ti, Fe, Mn, Cu, Zn, Ba, and Pb (elementsitaics

were analysed with ICP-OES; the others by ICP-M3). average, the Xact 625 yielded approximately 28&gher

elemental concentrations than ICP for the Groupefnents.

10 The high linearity and little scatter in the reguiess testify for the precision of both the Xactiahe ICP methods, but the
differences in the slopes for different elementgune further investigation. No systematic deviaidbased on elemental
molecular weight or X-ray energy conditions weraatved in these slopes. The deviations of the slépen unity may be
partially attributed to the different inlets foretiXact and the HiVol samplers (Panteliadis et24112), which may produce a
difference in collected mass on the order of 10r##e inlets were not explicitly tested for their-ait characteristics in this

15 study. A slightly different cut-off value for theagiicle size may lead to differences in the cobidatass, especially for the
largest and heaviest particles in BMand hence to an underestimation or overestimatiadhe total mass collected with a
particular inlet. This may be of special relevanta near-road setting with lots of re-suspendest (hCES, 2012).

The results of additional investigations of a fewlested filters by independent labs and analyticedthods for
understanding these differences are discussecdisupplementary material. Examination of referesemples indicated a

20 high precision in XRF measurements despite comglgteunderestimating the absolute concentrationngea of
underestimation varying between 6 to 14% dependimghe element). In contrast, ICP measurementgateti greater
variability (underestimation by 30% to overestirnatby 60%, depending on the element) and henceshigicertainty in
estimated ambient concentrations. Examination méetHilter samples collected during the campaignahyoffline XRF
instrument (by CES) and by ICP at an external latwoy (ERG) indicated a variability of about 30% foost elements.

25 The relative mean difference of 28 % between Xadtfdter data (analysed with ICP) for samples ectéd during the field
campaign appears to be systematic. Such diffesemes result from a difference in location of theckand filter sampling
inlets (~5 m) and their relative distance from tfeeway. Ultrafine particle number concentratiémesn dust resuspension
due to vehicle traffic are known to decrease witiréasing distance from the road, with the shagiesine observed within
the first 50 m (Hagler et al., 2009). Crustal ederts, which dominate in the Rbkize fraction, are expected to settle faster

30 due to larger aerosol size. Hence the differencéact and ICP reported Pelemental concentrations may be indicative
of a gradient in PM occurring for some elementglose proximity to roadways. To quantify the diffat effects, a field
campaign with a different design would be needed, @n array of samplers along a line perpendicidathe freeway.
However, since the difference is also observed&farhich is typically found in the fine mode, doest have a major traffic
related source, and is not expected to suffer firmromplete digestion we assign part of the diffeemnalso to calibration

35 issues in the Xact.

Group B, the remainder, consists of the element€y Co, As, Se, Cd, and Bi, i.e. of those elem#imas are close to or
below their Xact MDL, plus Ni, Cd, Sn, Sb and Hg, 8d and Hg were below MDL for the offline metho@ad for Xact
and offline methods). Although an intercomparisbthese elements may not be justified, we obsesegde features in the
regressions of the Group B elements in Fig. 2 #matworth commenting. Cr is below the ICP-MS MDOir 60 % and

40 below 3*MDL for all filter values, but 75% are atethe Xact MDL. The ICP measurement is below MDktéuese of the
high and variable blank concentrations, which makeeaningful blank subtraction difficult, and whittcreases the Cr
MDL in these samples. Although the slope of Cr.31and thus comparable to the other Group A s|apesmparison with
ICP values is statistically not robust. However,seems to be quantifiable with the Xact. The regjoesplot of Bi shows
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two extreme values on 31 Jul and 1 Aug correspantbnthe fireworks days. These two points are abidid for both
methods and suggest good quantitative agreemeneértXRF and ICP for these two high-concentrat@ses. Sb shows a
moderate correlationr{ = 0.47), and a large intercept. Sn behaves siiyils Sb, with arn?® value of 0.15. The large
intercepts hint toward a problem in processing Xzt blanks. In addition, when Ca is abundant, raour case in
5 Harkingen, the Sb d line interferes with the Caline, producing low signal-to-noise ratios for Simd similarly for the
pair K — Sn. Hence, the reported Xact concentratimithese two elements reflect mainly spectras@o60 % of the filter
Hg data were below MDL and thus cannot be well carag with the Xact Hg data. Inspection of the Xast Hg spectra
showed a possible interference from Br causindittieg routine to attribute some Br mass to noistnt Hg peaks in the
spectra. Br was not calibrated in the fitting raeti Thus the Hg concentrations reported by the Xeetn to be due to this
10 interference and are not realistic, even thougBe8sf the measured values are above the Xact MDIuéga< 1.5 ng i are
in the same order of magnitude as the fortnighteslof Chiaradia and Cupelin (2000) for the city>@neva (Table 3). To
summarize, the Group B elements show issues withttimimum detection limits of at least one of tmalgsis methods,
which made a comparison meaningless. Individual gatnts above MDL reveal nevertheless a usablatification by the
Xact in these particular cases. Sh, Sn and Hg sthaimsgtrumental problems (line interferences) fa&r ¥act technique that
15 need to be improved.
The Group C elements Si, Cl, and Pt were not medsom the filters. An Xact MDL for S has not yeebedetermined. We
can obtain information on the accuracy of the Ssueament by comparing its concentrations with thecentrations of
another element originating from the same sourcéetonging to the same chemical compound. Hend&its unknown
MDL) and K (with known MDL) concentrations were dse this end. K and S were highly correlatgt=0.99) during the
20 fireworks period, with a slope of 2.30 £ 0.05 forus. S concentrations, which agrees with the sioibtric relation
between K and S when forming,®80,. For the non-fireworks periods the correlation wasak (2 = 0.16), which hints
towards a completely different, more random refstip between the two elements, as expected. Basdukse results, it
can be concluded that S can be measured as retiatdyby the Xact, despite the lack of an estabisMIDL for S. Xact Pt

measurements were always below MDL, and no coraiusbout the Pt accuracy can be drawn.

25 3.2 Comparisons with other data

Figure 1 shows that roughly 95% of the total aredyslemental mass by Xact is comprised of 6 elesn&it S, Cl, K, Ca,
and Fe. These major elements all show average statens >100 ng f Si, S, Ca, and Fe are observed throughout the
study, although with high variability. Cl and K aaéundant only episodically: Cl is strongly tiedwesterly winds during
the last week of July, and is practically abset#ra®2 Aug. K is prominent during the fireworks peti Ti, Cu, and Zn show

30 daily average concentrations between 11 and 34 fig The other analysed elements were found in dailgrage
concentrations <10 ng'™The concentrations are of the same order of radmias those recently measured at other places
in Switzerland, e.g. at an urban background sitéurich (Minguillén et al., 2012; Richard et alQ2L, Table 3), but are
generally lower than the measurements in olderiesu@hiaradia and Cupelin, 2000; Galli Purgharalet1990; R66sli et
al.,, 2001, Table 3). The decreasing trends in PNl ace element concentrations have been documémtadmerous

35 NABEL reports on the air quality in Switzerlanddg.BAFU and Empa, 2015; Gianini et al., 2012). §hérends make it
preferable to use modern studies for comparisomth&more, the episodic nature of the 2015 canmpaigo demands for
some generosity when comparing the measured valitite®annual or seasonal mean values.
A time series of the Xact 625 total element conegiuns together with the NABEL TEOM Pldata and the total ACSM
non-refractory (NR)-PM concentrations with 1-h resolution is presented Figure 4. The total ACSM NR-PM

40 concentration is the sum of sulphates, nitratesnania, chlorides and organic aerosols. Total;f&hows a generally
increasing trend over the whole campaign, withrangt peak superposed on 1 Aug 2015, which coincidé#sthe peak in
the Xact data. The peak is due to the fireworksibon that evening. On average the Xact 625 elesrmaake up about 20 %
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of the total PM, mass (regression slope 0r2= 0.63). A complete mass closure cannot be actjevecause the NABEL
station only reports the total gravimetric RNMnass and Pl elemental carbon (EC) concentrations with diurabetter
time resolution.
The measurement accuracy for S was tested by c@opawith ACSM sulphate measurements (Figure 5)e Eh
5 concentrations of the Xact 625 were multiplied wattiactor of 3, assuming that all S occurred infthven of SQ?. The
slope of the regression line for the non-firewocse is 1.34, withi> = 0.85, in line with the Group A elements, and in
agreement with the comparison of S from Xact andftCP, hence the slope between ACSM, 36d ICP SQwould be
~1. The high linear correlation suggests a higltipren of the Xact 625 data, but does not allowefinitive answer on the
accuracy because of expected self-absorption sffébe comparison for the fireworks period look$edent. The scatter is
10 large, and the correlation coefficient is only O/Mle hypothesize that fireworks produce larger aod-refractory particles
(e.g. KSO,) not measured by the ACSM.
In summary, the on average 25 to 30 % different¢evdrn the Xact and ICP data can probably be exgdaby differences
in the sampling inlets, the distance between thetspand uncertainties of the different analysethods. The correlation
coefficients close to 1 for many elements demotestitae high precision of the Xact and ICP methdd®e obtained time
15 series of those elements can thus reliably be @isedource apportionment. The subsequent analyses ¢lemental
concentration ratios, enhancement ratios) were dotfethe unmodified Xact data. The only exceptisrestimation of a
mass budget in the discussion of the extreme caoratems in section 3.3.

3.3 Extreme concentrations: the fireworks period

As mentioned in Sect. 3.1 the measurement campaignbe divided into a fireworks and a non-firewopesiod. A K
20 concentration > 220 ng freerved as the criterion to distinguish betweeseteriods, and we required the fireworks period
to be contiguous from the first increase in K onJally 2015 2200 CET to the final decay to backgtbualues on 4 August
2015 1100 CET. The average K concentration dutiegfireworks period was 2 pginbut this period showed extremely
high hourly PM, concentrations and an element mix different framremainder of our test campaign.
Figure 4 shows an extreme peak on 1 Aug 2015 230D, @hen the NABEL PN} reached a 1-h concentration of 59.6 pg
25 m> The Xact 625 monitor reported a total of 48.4mGfor the sum of all analysed elements (except Rudclvwas used
only as an internal standard). The bulk of thisogorration (47.4 pg i) was made up of a few elements (in brackets:
concentrations in g t and abundances relative to total analysed elemass$, PNb.ciement: K (27.3, 56.5%), S (12.0, 24.9
%), CI (4.5, 9.2 %), Fe (1.5, 3.2 %), Ba (1.1, %8 Si (1.0, 2.2 %). Absolute K and S concentratiare in good agreement
with the values in Drewnick et al. (2006). K likedyiginated from KNQ@, a basic constituent of black powder (Drewnick et
30 al., 2006; Kong et al., 2015). The period was ctigréized by four strong peaks (with decaying inighsn the K/S ratio
(Fig. 6). The expected K/S ratio for black powdeRi76 (Drewnick et al., 2006), and was nearlyirgth on the first two
evenings.
The ACSM NH, did not show an effect of the fireworks in the ¢irseries (Figure 6); NCand organic aerosol showed a
quick drop immediately before due to a wind shéfitd only SQ@ and chloride showed a five-fold and 2.6-fold irase,
35 respectively, at the time of maximum fireworks wityi, relative to the pre-fireworks period, and wbsequent decay. The
absence of fireworks N{has been observed previously (Drewnick et al.62@Md indicates that all nitrogen of the black
powder is converted intoNor NG,. The NQ option is not supported by a strong increase i iINGhe NABEL data, nor is
there a strong correlation between Nghd K, and hence our measurements indicate theatiway. SQreached a peak
concentration of 5.9 pg P and chloride reached 0.5 pg*nThe organic aerosol concentrations showed a \afl@2 g
40 m*, and were further increasing after the firewofldse other species showed minima during the houiardé¢he fireworks,
which coincides with northwesterly flow, followed la slow increase and south-westerly flow overrtagt few hours. In
total, the ACSM PM contributed 11.9 pug t(25 %) to the aerosol concentration in the firdegonour (2300 CET). The
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SO, peaks coincide with a strong drop of the D5 concentration, which indicates that lWND; reacted with HSQ,, and
HNO; escaped into the gas phase. The slight increaS€8M chloride may be due to reaction of Niith HCI.
The comparison of the Xact concentration and th©@ MEPM;, concentration for the 1 August peak in Fig. 4 ieggitaking
into account the systematic difference betweenxtaet and TEOM measurements discussed above, anfh¢hé¢hat the
5 elements are typically not present in elementalratiter in their oxidized form, such that the mafkthe latter needs to be
included for a quantitative comparison. We therefestimate a mass budget for the fireworks peak ab@300 h CET,
when the six elements K, S, Cl, Fe, Ba, and Si a@mapghe bulk of the total mass. We calculate the balance for the
positive ions K, F&¢*, B&", S#*, submicron NH" and negative ions GISQ?, and submicron NQ We further add all
available components from the NABEL station (RNEC) and the ACSM (N§ NH,, organic aerosols, but not §@s this
10 is already considered with the S in the Xact dadajhe mass balance. Using the measured valud® ofdct 625 yields an
excess of negative ions of 2.7 %, and a total r6%3.6 g ni, which overestimates the TEOM value of 59.6 [iyby 30
%. If we scale the Xact concentrations towardsl@f concentrations with the corresponding regressiopes from Table
2, using for Cl and S the average slope of 1.2éhftioe other four elements, then the calculatiofdgian excess of 11% in
positive ions which are then assumed to be nerélby oxygen. This yields a total mass of 63.#jfgwhich is only 7 %
15 higher than the TEOM value. Our values are loweit§ of the total mass, because the balance isript=ie with respect to
relevant elements in the fireworks (e.g. Sr) ariteothemical species like carbonaceous and nitrogetaining molecules
in the coarse fraction. The result shows that thik bf fireworks PM, aerosols are a few metals oxidised to sulphates,
chlorides, and oxides. The result further demaitstr the applicability of the Xact in conditiongtwhigh concentrations,

and the advantages of high time resolution sampling

20 34 Investigation of sources

Trace elements can be excellent tracers for spedfiosol sources (e.g. Hopke, 2016; Park et@Ll4;2Querol et al., 2007;
Visser et al., 2015a). A simple approach for chi@rging a common source for a group of elements &udy the temporal
covariation of the elements in this group. For élérkingen data, the time series indicate the striofigence of the
fireworks on the concentrations of K, S, Ti, Cuda®a (Figures 7 and 8), which are important comstits of fireworks
25 (Kong et al., 2015; Moreno et al., 2007). In aduglitiwe would expect Sr as a fireworks tracer (Kehgl., 2015; Moreno et
al., 2007). We checked a few raw spectra from thewbrks and non-fireworks periods and could cheadentify an
enhancement of Sr during fireworks, while the peas definitively absent during the non-fireworksripd. Sr was,
however, not quantified in our configuration, as & emphasis on crustal elements and some spea@ elements
difficult to detect in Switzerland (Hg, Pt). Theagiual decay of the K/S ratio to ~0.5 over the foeks period (Figure 6)
30 hints towards a depletion of K relative to S, whioly indicate the increasing presence of seconsliphate from S@
oxidation, or to the influence of a source othemtliireworks. Barbecues are a typical summer egeadaiivity, especially
on weekends. The charcoal K/S ratio ranges from t6.2 (Humphreys and Ironside, 1980), which brasketr
measurements.
The 1-hour sampling interval allows for the resiointof diurnal variations of the elements. Ca aral @e presented in
35 Figure 7 and the other elements in the supplemiigt §3), which shows the classification of theadatcording to
fireworks and non-fireworks periods. It can be stmrthe time from 2300 h to 0600 h that the eletmeéBa, Bi, Cu, K, S,
and Ti show a clear distinction between the twdqar The fireworks elements show a maximum comeéoh at 2300 h
and a gradual decay over the next 6 to 12 h irgontlerning hours of the (following) day. Mn, Fe afwl also show an
increased and then decaying concentration aftenigfitl but the difference compared to non-firewodkss is within the
40 data variability. Si is depleted during the firek®mperiod relative to the non-fireworks period. §t probably a weekday
vs. weekend effect, when fewer heavy duty vehi@it3V) circulate (Switzerland does not permit HDVeusn Sundays),

and less road dust is re-suspended (BukowieckKi,e2G09). For the non-fireworks cases the traosiglements Mn, Fe, Zn,
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and the element Pb are characterized by a broadimgopeak with a maximum around 1000 h, correlatiredl with the
increasing traffic in the morning hours, and thedkup of the temperature inversion. The non-firdw@i increase in the
morning hours runs parallel to the increasing itadhd NQ (Fig. 9). However, Si and traffic deviate in tHeeenoon, when
traffic still increases until the evening rush howhile both Si and total PM concentrations deaedhe Si curve thus
resembles more the number of HDV, which remainsston throughout the working hours, than the totaiber of
vehicles (Bukowiecki et al., 2010).

To identify the fireworks tracers, an enhancematior(ER) was defined as the ratio between the nceanentrations of an
element for the fireworks period to the concentragiin the non-fireworks period (Figure 8). For®y, and Ba the ER is
larger than 2 (Cu), and goes up to 10.6 (Ba). STCEZn and Pb show an intermediate ER betweendl2a Cr, Mn, and Fe
ER are close to 1. Si and Ca are depleted withRrafdund 0.5, both of which are probably relatethsabove weekend
effect. The elements with the high ER are cleatgntified as elements of fireworks: S, K, Ti, Cum, Ba, Bi.

Further refinement of sources can be obtained wlassifying the non-fireworks data by wind directioto a north (270° —
0° - 90°) and a south (90° — 180° - 270°) sectagyfe 10), with the south sector more stronglyueficed by highway
emissions (Hueglin et al., 2006). The freeway rfrosn 120 ° to 270 °, but a shift of the applied @isectors by 20 °
showed no significant difference. The north sectwracterizes the (rural) background concentratidrthe central Swiss
plateau. Table 1 summarizes the mean element ctratiens for the campaign divided into the differ@eriods and wind
sectors. Ba, Cr, Cu, Fe, and Mn show the signatcentinuous freeway traffic emissions during ttagy. Pb and Zn show a
morning peak only and are well correlated in battars. Si, K, Ca, and Ti show another pattern ¢batd reflect the local
and regional transport of crustal material partysuspended by traffic (south sector), partly odaging from the agricultural
area north of the freeway. S shows a high varigbéind no clear difference between the sectors,aamihterpretation is
difficult. This could be the result of a specifigerhaps episodic wind pattern advecting higher eotrations from south
during the night and from north during the day.atslo shows a unique behaviour. An increase in Gl segen in the ACSM
data only during the fireworks. We therefore codeluhat Cl during the non-fireworks period was @fional (probably
maritime) origin and hence rather an indicatorasfg-range transport. A full understanding of theb€haviour requires a
more detailed study of the wind field and a mongtssticated source apportionment which is beyoedsttope of this study.
Figure 11 shows the enhancement ratios south/napért from CI, all south — north differences amsitive, and Si, S, Ca,
and Fe concentration differences are larger thang8f®. These are mainly crustal elements (although Rasis emitted
from vehicles). The enhancement ratios of the itanselements Cr, Mn, Fe, Cu, Zn, Ba, and Pb argdr than 1.2 and
related to traffic emissions (engine abrasion, tyear, brake wear).

4 Conclusions

A three-week test of a Cooper Environmental Xa& Bfhbient Metals Monitor was performed at the SVNSBEL station
Harkingen. The instrument was configured to meagdrelements continuously with 1-h time resolutibhe selection of
elements ranged from Si to Bi, thus covering a eaofgenvironmentally relevant elements. Besidesgtandard’ elements
from K to Pb, which have been well characterizedhsymanufacturer with respect to their accuraaies detection limits,
we included several abundant light elements (SCIpand — more for curiosity - some low-concentmatelements (As, Pt,
Hg) in our selection to test the behaviour of thetiument in a typical Swiss environment. We tested measurement
quality of the Xact 625 by intercomparison with laedtablished methodologies (ICP-OES and ICP-MSyara on 24-h
PM;, samples for major and trace elements, and AuAAAHQ), ACSM, and TEOM, and used additional metengal
data for the interpretation of the results.

The general findings are:

* The total of elements analysed with the Xact cosggtiof approximately 20 % of the Rjvnass.

10



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016-383, 2017 Atmospheric
Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 11 January 2017 Techniques

(© Author(s) 2017. CC-BY 3.0 License.

10

15

20

25

30

35

40

Discussions

e The Xact 625 produced element concentration times¢hat were highly correlated with the ICP asabyof 24-h
filter samples G> 0.95), even though the slopes deviated from 1.

«  Element concentrations ranged from ng ¢m background conditions) to tens of pg during the fireworks), and
no instability in operation due to sample overloae@lse could be observed.

* Measured concentrations agreed reasonably wellatfithr recent field measurements in Switzerland.

The results for measurement accuracy, precisiordatalquality are:

* We found an excellent correlation between Xact 828 ICP-OES/ICP-MS for the elements S, K, Ca, T, FHe,
Cu, Zn, Ba, and Pb (“Group A"), indicating that aflethods reproduce these concentrations well. Bdie
differences of on average 25 to 30 % are attribtiteghysical reasons in the experiment settingsh sas the
different characteristics of the two inlet systemh® distance between the inlets and to the mairceq(freeway),
and uncertainties in the various analysis meth&ds. XRF this includes particle size dependent abferption
effects for the lighter elements and line intenfmes between different elements. For ICP this thesuthe entire
sampling, digestion and the analysis procedure,indécated by limited inter-laboratory and inter-imed
comparisons).

¢ The remaining elements (“Group B”) of the filtetercomparison, V, Cr, Co, Ni, As, Se, Cd, Sn, Sb, &hd Bi
(11 elements) were mostly below detection limit atfleast one method, or showed issues with theysisal
procedures (Sn, Sb, Hg). A general quantitativeestant on their quality could not be achieved. diotiere that a
longer sampling time, e.g. 2 or 4 hours, would hkoweered the Xact MDLs, but on the cost of a redutime
resolution.

« Siand Cl were not analysed on the filters, andt tkact detection limits have not yet been deteedirHence their
accuracies could not be quantified directly. Sontirect approaches were calculated.

« The Pt concentrations reported by the Xact 625 vbedlew MDL, and Pt was not analysed on the filtéds.
conclusion about the accuracy of this difficulinteasure element can be drawn.

The results from the investigation of sources iatic

* The period influenced by fireworks was clearly isigtiished from the normal conditions. It showedextely high
or strongly enhanced concentrations of elemenis §), Cu, Zn, Ba, and Bi.

« The normal, non-fireworks conditions could be satitording to wind direction into a traffic-influeed sector and
a rural background sector. The enhancement ofdredfated elements relative to the background ecoixld clearly
be shown.

e Average diurnal variations of element concentraticcould be calculated. They further demonstratesl th
capabilities of the Xact 625 instrument to refihe investigation of PM sources.

Compared to rotating drum impactor sampling withnadyotron radiation induced XRF or streaker sangplivith PIXE
analysis, the Xact 625 measures ambient concestigatif the most relevant elements in near real,tand provides data
with a delay of only one sampling/analysis cyclbisTis a major advantage compared to the usual diefeey of a couple
months caused by the restricted access to synohrotraccelerator facilities. Of course, the highetresolution of the Xact
625 comes at the cost of sensitivity, visible ia thinimum detection limits, which are higher thaa MDLs for the offline
methods. In our short-time test study, we fixed $henpling interval to 1 h, but longer sampling iméds and therefore
lower MDLs could be set at the instrument, thugeding the number of successfully analysed eleménisther advantage
is the continuous operation capability that circemé sample number limitations due to restricteahiieme assignments at
synchrotrons. This enables long-term sampling andime monitoring. Useful extensions of the presepabilities of the
Xact could be the addition of more elements to teysed (especially under the circumstance thafutenix of observed

elements cannot always be known in advance), inggt@uantification of the lightest elements (espbctheir MDLs), a

11
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vacuum or helium device for analysing light elenselite Na and Mg, and an inlet switch to alternatekasure Pl and

PM, s with one single instrument.

5 Supplementary Material

6 Competing interests

Krag Petterson and Varun Yadav are employed by &oBpvironmental Services, the manufacturer ofiXaet® 625.

7 Acknowledgements

This study has been partly funded by the Swiss e¢deaffice for the Environment (FOEN). We thank ReRichter and
Roland Scheidegger of PSI for their support duthmg field campaign. We are grateful to Chris Kool dohn Cooper of
Cooper Environmental Services for instructions strument operation and numerous discussions omethdts. Andrés
Alastuey, Xavier Querol and laboratory personnehfilDAEA-CSIC are also acknowledged. We also thaulle Swift and
Randy Mercurio of ERG for the ICP-MS analyses.

8 References

ACES: Equivalence of PM10 instruments at a roaffitraite, Stockholm University, Stockholm, Swedé, pp., 2012.
BAFU and Empa: NABEL - Luftbelastung 2014, Bern,i&erland, UZ-1515-D, 132 pp., 2015.

Botasini, S., Heijo, G., and Méndez, E.: Towardateralized analysis of mercury (ll) in real sampl&<ritical review on
nanotechnology-based methodologies, Anal. ChimaAg®0, 1-11, 2013.

Bukowiecki, N., Hill, M., Gehrig, R., Zwicky, C. NLienemann, P., Hegedis, F., Falkenberg, G., Végingr, E., and
Baltensperger, U.: Trace metals in ambient air: Hosize-segregated mass concentrations deterntipegnchrotron-XRF,
Environ. Sci. Technol., 39, 5754-5762, 2005.

Bukowiecki, N., Lienemann, P., Zwicky, C. N., Furghl., Richard, A., Falkenberg, G., Rickers, K. oinund, D., Borca,
C., Hill, M., Gehrig, R., and Baltensperger, U.ra§ fluorescence spectrometry for high throughmatigsis of atmospheric
aerosol samples: The benefits of synchrotron X;r@pectrochim. Acta, Part B: Atomic Spectrosco8y, $9-938, 2008.
Bukowiecki, N., Lienemann, P., Hill, M., Figi, RRichard, A., Furger, M., Rickers, K., Falkenberg, Zhao, Y., Cliff, S.
S., Prevot, A. S. H., Baltensperger, U., Buchm@nand Gehrig, R.: Real-world emission factorsdatimony and other
brake wear related trace elements: Size-segregaiees for light and heavy duty vehicles, Envir@ti. Technol., 43,
8072-8078, 2009.

Bukowiecki, N., Lienemann, P., Hill, M., Furger, MRichard, A., Amato, F., Prévdt, A. S. H., Balteesger, U.,
Buchmann, B., and Gehrig, R.: PM10 emission factorsion-exhaust particles generated by road traffian urban street
canyon and along a freeway in Switzerland, Atmawion., 44, 2330-2340, 2010.

Calzolai, G., Chiari, M., Lucarelli, F., Nava, @and Portarena, S.: Proton inducerhy emission yields for the analysis of
light elements in aerosol samples in an externambeet-up, Nucl. Instrum. Methods Phys. Res., 8ecB: Beam
Interactions with Materials and Atoms, 268, 154@4,52010.

Calzolai, G., Lucarelli, F., Chiari, M., Nava, &iannoni, M., Carraresi, L., Prati, P., and Vecéhi,Improvements in PIXE
analysis of hourly particulate matter samples, Nuibtrum. Methods Phys. Res., Section B: Beamraot®ons with
Materials and Atoms, 363, 99-104, 2015.

Chiaradia, M. and Cupelin, F.: Gas-to-particle @sion of mercury, arsenic and selenium throughtieas with traffic-
related compounds? Indications from lead isotop@sps. Environ., 34, 327-332, 2000.

12



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016-383, 2017 Atmospheric
Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 11 January 2017 Techniques

(© Author(s) 2017. CC-BY 3.0 License.

10

15

20

25

30

35

40

Discussions

Crenn, V., Sciare, J., Croteau, P. L., VerlhacFghlich, R., Belis, C. A., Aas, W., Ajjala, M. l#stuey, A., Artifiano, B.,
Baisnée, D., Bonnaire, N., Bressi, M., Canagaraltha,Canonaco, F., Carbone, C., Cavalli, F., Caz,&bison, M. J.,
Esser-Gietl, J. K., Green, D. C., Gros, V., Heilddn L., Herrmann, H., Lunder, C., Minguillon, M. ,@Vo¢nik, G.,
O'Dowd, C. D., Ovadnevaite, J., Petit, J. E., RBietr&., Poulain, L., Priestman, M., Riffault, \Rjpoll, A., Sarda-Estéve,
R., Slowik, J. G., Setyan, A., Wiedensohler, A.Jt8asperger, U., Prévét, A. S. H., Jayne, J. Td Bavez, O.: ACTRIS
ACSM intercomparison - Part 1: Reproducibility adncentration and fragment results from 13 individgaadrupole
aerosol chemical speciation monitors (Q-ACSM) aodststency with co-located instruments, Atmos. Md@ash., 8, 5063-
5087, 2015.

Currie, L.: Detection and quantification in X-rayudrescence spectrometry. In: X-Ray fluorescencalyais of
environmental samples, Dzubay, T. G. (Ed.), IX, Abor Science Publishers, 289-306, 1977.

Diez, S., Montuori, P., Querol, X., and Bayonay}. Total mercury in the hair of children by comhboa atomic absorption
spectrometry (Comb-AAS), J. Anal. Toxicol., 31, 1449, 2007.

Drewnick, F., Hings, S. S., Curtius, J., EerdekdBs, and Williams, J.: Measurement of fine partételand gas-phase
species during the New Year's fireworks 2005 infdaGermany, Atmos. Environ., 40, 4316-4327, 2006.

Escrig, A., Monfort, E., Celades, I., Querol, X.mato, F., Minguillon, M. C., and Hopke, P. K.: Afgaltion of optimally
scaled target factor analysis for assessing saron@ibution of ambient PM10, J. Air Waste Managssoc., 59, 1296-
1307, 2009.

Formenti, P., Nava, S., Prati, P., Chevalillier, l9gver, A., Lafon, S., Mazzei, F., Calzolai, GndaChiari, M.: Self-
attenuation artifacts and correction factors ofhtiglement measurements by X-ray analysis: Imgtioator mineral dust
composition studies, J. Geophys. Res.: Atmos., 03203, 2010.

Galli Purghart, B. C., Nyffeler, U. P., Schindléx, W., Van Borm, W. A., and Adams, F. C.: Metalsirborne particulate
matter in rural Switzerland, Atmos. Environ., Part24, 2191-2206, 1990.

Gianini, M. F. D., Gehrig, R., Fischer, A., Ulrich., Wichser, A., and Hueglin, C.: Chemical comgiosi of PM10 in
Switzerland: An analysis for 2008/2009 and charsjese 1998/1999, Atmos. Environ., 54, 97-106, 2012.

Hagler, G. S. W., Baldauf, R. W., Thoma, E. D., gpil. R., Snow, R. F., Kinsey, J. S., Oudejansahd Gullett, B. K.:
Ultrafine particles near a major roadway in Raleiforth Carolina: Downwind attenuation and corrielatwith traffic-
related pollutants, Atmos. Environ., 43, 1229-123309.

Hopke, P. K.: Review of receptor modeling methamissource apportionment, J. Air Waste Manage. As&f; 237-259,
2016.

Hueglin, C., Gehrig, R., Baltensperger, U., Gyaél, Monn, C., and Vonmont, H.: Chemical charactgien of PM2.5,
PM10 and coarse particles at urban, near-city aral sites in Switzerland, Atmos. Environ., 39, &1, 2005.

Hueglin, C., Buchmann, B., and Weber, R. O.: Loagrt observation of real-world road traffic emissifactors on a
motorway in Switzerland, Atmos. Environ., 40, 369709, 2006.

Humphreys, F. R. and Ironside, G. E.: Charcoal fidew South Wales species of timber, Forestry Corsimisof New
South Wales, Sydney, 1980.

Kong, S. F., Li, L., Li, X. X., Yin, Y., Chen, KLiu, D. T., Yuan, L., Zhang, Y. J., Shan, Y. P.dah, Y. Q.: The impacts of
firework burning at the Chinese Spring Festivalainquality: insights of tracers, source evolut@md aging processes,
Atmos. Chem. Phys., 15, 2167-2184, 2015.

Lanz, V. A., Prévét, A. S. H., Alfarra, M. R., Weam S., Mohr, C., DeCarlo, P. F., Gianini, M. F., Blueglin, C.,
Schneider, J., Favez, O., D'Anna, B., George, @&, Baltensperger, U.: Characterization of aerokehtcal composition
with aerosol mass spectrometry in Central Europenerview, Atmos. Chem. Phys., 10, 10453-10471020

Lucarelli, F., Nava, S., Calzolai, G., Chiari, Mdisti, R., and Marino, F.: Is PIXE still a usetathnique for the analysis of
atmospheric aerosols? The LABEC experience, X-RmcBom., 40, 162-167, 2011.

13



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016-383, 2017 Atmospheric
Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 11 January 2017 Techniques
(© Author(s) 2017. CC-BY 3.0 License.

Discussions

Middlebrook, A. M., Bahreini, R., Jimenez, J. LndaCanagaratna, M. R.: Evaluation of compositiopeaelent collection
efficiencies for the Aerodyne aerosol mass speatenusing field data, Aerosol Sci. Technol., 48-271, 2012.
Minguillén, M. C., Querol, X., Baltensperger, UndaPrévét, A. S. H.: Fine and coarse PM compostiat sources in rural
and urban sites in Switzerland: Local or regior@lytion?, Sci. Total Environ., 427-428, 191-20012.

5 Moreno, T., Querol, X., Alastuey, A., Cruz Mingdili, M., Pey, J., Rodriguez, S., Vicente Mir6, &li$; C., and Gibbons,
W.: Recreational atmospheric pollution episodebalable metalliferous particles from firework dsps, Atmos. Environ.,
41, 913-922, 2007.

Ng, N. L., Herndon, S. C., Trimborn, A., Canagaaathl. R., Croteau, P. L., Onasch, T. B., SueperVilorsnop, D. R.,
Zhang, Q., Sun, Y. L., and Jayne, J. T.: An aerab@mical speciation monitor (ACSM) for routine ritoring of the

10 composition and mass concentrations of ambiensagrAerosol Sci. Technol., 45, 780-794, 2011.

Panteliadis, P., Helmink, H. J. P., Koopman, P.Haonhout, M., de Jonge, D., and Visser, J. H.: PMampling inlets
comparison: EPA vs EU, European Aerosol ConfereBcanada, Spain, 2012.

Park, S.-S., Cho, S. Y., Jo, M. R,, Gong, B. JrkP& S., and Lee, S. J.: Field evaluation of araeal time elemental
monitor and identification of element sources obsdrat an air monitoring supersite in Korea, Atnfsllut. Res., 5, 119-

15 128, 2014.

Querol, X., Alastuey, A., Rodriguez, S., Plana, Ruiz, C. R., Cots, N., Massagué, G., and Puig,F®10 and PM2.5
source apportionment in the Barcelona metropobtaa, Catalonia, Spain, Atmos. Environ., 35, 64079 2001.

Queroal, X., Viana, M., Alastuey, A., Amato, F., Mo, T., Castillo, S., Pey, J., de la Rosa, J.cl&mnde la Campa, A.,
Artifiano, B., Salvador, P., Garcia Dos SantosfF&mnandez-Patier, R., Moreno-Grau, S., NegralMinguillén, M. C.,

20 Monfort, E., Gil, J. 1., Inza, A., Ortega, L. A.aBtamaria, J. M., and Zabalza, J.: Source origiragk elements in PM from
regional background, urban and industrial siteSpdin, Atmos. Environ., 41, 7219-7231, 2007.

Querol, X., Pey, J., Minguillén, M. C., Pérez, Mlastuey, A., Viana, M., Moreno, T., Bernabé, R., Mlanco, S.,
Cardenas, B., Vega, E., Sosa, G., Escalona, S, Ruiand Artifiano, B.: PM speciation and souindglexico during the
MILAGRO-2006 campaign, Atmos. Chem. Phys., 8, 128;22008.

25 Richard, A., Bukowiecki, N., Lienemann, P., Furgek, Fierz, M., Minguillén, M. C., Weideli, B., FigR., Flechsig, U.,
Appel, K., Prévot, A. S. H., and Baltensperger, Quantitative sampling and analysis of trace elémén atmospheric
aerosols: impactor characterization and synchrexi@f mass calibration, Atmos. Meas. Tech., 3, 14485, 2010.
Richard, A., Gianini, M. F. D., Mohr, C., Furger,. MBukowiecki, N., Minguillén, M. C., Lienemann, ,FFlechsig, U.,
Appel, K., DeCarlo, P. F., Heringa, M. F., Chiridd,, Baltensperger, U., and Prévodt, A. S. H.: Seagportionment of size

30 and time resolved trace elements and organic dsrfyeon an urban courtyard site in Switzerland, AsnChem. Phys., 11,
8945-8963, 2011.

R&6sli, M., Theis, G., Kunzli, N., Staehelin, J.,atlys, P., Oglesby, L., Camenzind, M., and BrauhHBader, C.:
Temporal and spatial variation of the chemical cosifpon of PM10 at urban and rural sites in thedBasea, Switzerland,
Atmos. Environ., 35, 3701-3713, 2001.

35 Sanchez-Rodas, D., Sanchez de la Campa, A. M.ad®osa, J. D., Oliveira, V., Gbmez-Ariza, J. L.,e@l, X., and
Alastuey, A.: Arsenic speciation of atmospherictipatate matter (PM10) in an industrialised urbée & southwestern
Spain, Chemosphere, 66, 1485-1493, 2007.

Sarmiento, A. M., Oliveira, V., Gomez-Ariza, J. Njeto, J. M., and Sanchez-Rodas, D.: Diel cyclearsenic speciation
due to photooxidation in acid mine drainage from ftherian Pyrite Belt (Sw Spain), Chemosphere 6686683, 2007.

40 Visser, S., Slowik, J. G., Furger, M., Zotter, Bukowiecki, N., Canonaco, F., Flechsig, U., Apg€l, Green, D. C.,
Tremper, A. H., Young, D. E., Williams, P. I|., AtiaJ. D., Coe, H., Williams, L. R., Mohr, C., Xu,,INg, N. L., Nemitz,
E., Barlow, J. F., Halios, C. H., Fleming, Z. Lal@nsperger, U., and Prévét, A. S. H.: Advancadaapportionment of
size-resolved trace elements at multiple sitesaindon during winter, Atmos. Chem. Phys., 15, 1129309, 2015a.

14



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016-383, 2017 Atmospheric
Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 11 January 2017 Techniques
(© Author(s) 2017. CC-BY 3.0 License.

Discussions

Visser, S., Slowik, J. G., Furger, M., Zotter, Bykowiecki, N., Dressler, R., Flechsig, U., App#&l, Green, D. C.,
Tremper, A. H., Young, D. E., Williams, P. I., AtiaJ. D., Herndon, S. C., Williams, L. R., Mohr, &u, L., Ng, N. L.,
Detournay, A., Barlow, J. F., Halios, C. H., FlegirZ. L., Baltensperger, U., and Prévot, A. S. Kerb and urban
increment of highly time-resolved trace element$£M10, PM2.5 and PM1.0 winter aerosol in LondonimtyrClearfLo
5 2012, Atmos. Chem. Phys., 15, 2367-2386, 2015b.

Yadav, V. and Turner, J.: Gauging intraurban valitytof ambient particulate matter arsenic andeothir toxic metals from
a network of monitoring sites, Atmos. Environ., 898-328, 2014.
Yatkin, S., Belis, C. A., Gerboles, M., Calzolai, Gucarelli, F., Cavalli, F., and Trzepla, K.: Aaterlaboratory comparison
study on the measurement of elements in PM10, AtEogiron., 125, 61-68, 2016.

10

15



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016-383, 2017 Atmospheric

Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 11 January 2017 Techniques
(© Author(s) 2017. CC-BY 3.0 License. T Discussions
9 Figures

(?50x19;_lulululxlyl|\;\w\w%:Illululllmlnfllrewwo\rkus\r\wiwl T

£ 30 m filter analysed m Pb

= 20 — Hg

Pt

100 | ™ Ba

w Sb

m Sn

g | .o

As

Zn

Cum. Concentration (%)

EEEEN EEEEER §
)

fireworks
non-fireworks

non-fireworks south
non-fireworks north

<+ ©
R
oo
? 2
oY)
2 e
S o
& «

2015-07-26
2015-07-27
2015-07-28
2015-07-29
2015-07-30
2015-07-31
2015-08-01
2015-08-02
2015-08-04
2015-08-05
2015-08-06
2015-08-07
2015-08-08
2015-08-09
2015-08-10
2015-08-11
2015-08-12
2015-08-13

5
S 2015-08-03

5 Figure 1. Main panel: Relative amount of analysed lements by Xact 625 during the field campaign. Topanel: Absolute
concentrations, stacked. The grey shaded area derstthe fireworks period. The red squares mark the ays when 24-h filters were
analysed and used for comparisons in this study. Bom panel: relative cumulative elemental concentrions, stacked. Right
panel: Average relative contributions (in %) of elenents for the fireworks period, the non-fireworks period, and for the south and
north sectors during the non-fireworks period.

16



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016-383, 2017 Atmospheric
Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 11 January 2017 Techniques
(© Author(s) 2017. CC-BY 3.0 License. T Diemiecinme

() @

BY

EGU

$$900y uadQ

Discussions

n n n P T S
[Coment vaes £ o s deveron
o~ PR e o~ 2o-{[K] oo -
e 5 oo A A A
2 1500 8] F2 200 L g L 2
Conficent vaves 4 e ssdard
10004 L 1600-] s =S24182102 r § L
S Iyumsoone
1000 L
§ 8 8 $
g s -8 2 2
g B g g
< < < <
o w0 s 120 o S0 1000 1500 2000
ICP concentration (ng m”) ICP concentration (ng m)
. L n L oot L1 - L L L L
< | < " E <= <= ]
£ 10 e gl Ll & s L% 4
£ g g g =4 r
{ L w L
: E oo . -f 2 :
e r » r 15 +
4001 +
g ] [ § . i (A i by [
RS B r g g 1o e 12 F§ s Ve o sarcard devaton |
% BT % = X b mzmuso0s 2 s mssests218
H ® *1.3304 2 00798 " ® 1797220132
T T T — —T— T T T T T T T
o 2 ‘. o s 0 10 200 %0 400 &0 600 o 0 2 % ° s 10 8w
ICP concentration (ng m”) ICP concentration (ng ) ICP concentration (ng m) ICP concentration (ng m”)
P "
| S———ye
~ o [Ba] R o 0w 0172
e E= 3 8 -osesss 0067
4 2 & +
§ 1 Fog|E
gk §
60 H - E « L
© bl [ °
g g 2 L
g 21 ro2
2 2
d
— T T T T T
o 2 4 e @ 100 o 2 4 o
ICP concentration (ng m”) ICP concentration (ng m”)
Group B
R PR P s s s L
e L € n|s-m He =.@ L e L
o Costicient vaes ¢ e stancars 0x10 .
2 2 oo s 00 e 2 o —inin F
H b =oimTz00M o g.010875 1 00168 H @ oounesoon
3 r 60+ 3 =0.18480 2 0.204 1 ® =0 55679 £ 0197
010 -
v 0104 . -
P L w0 -
8 § oo H8 . § oos F
1 Cosficant vales : one standerd devision - 204 . . o
g 3 s moam k] .- g g
x 5 scasiomm % = . = .
— T T —T T TSy T T
40 05 00 05 10 15 00 02 o4 08 08 10 000 002 004 006 008 0.10 00 01 02 03 o4
1CP concentration (ng ) ICP concentration (ng m”) 1CP concentration (ng m”) 1CP concentration (ng m )
PR P S ST PR R R P T
- E=m - »— . - - -
€ E Lo E 254 F E . s
& o] Commommtvam s crssmtceiien | 5 o f— l & IOl ]
g o 0 0037287 £0.146 g £ PR £
® =0 20411 ¢ g 20 s e | .
E 04 L « + § 151 t E 20 L
§ . 5 i L3
@ o024 X rF 2 2 F8 g 104 F
o Cosficint vales 1 one standard Gevisson - Cosficient values + 00 stancard Gevison L Cosfictus: r
] ] T 10 e T e ] s i
x x 5 =071 o b 032021 = v Smne
00 01 02 03 04 05 06 400’ 2 0 20 “© o 1 2 3 4 5 & 00 05 10 15 20 2§
ICP concentration (ng ') ICP concentration (ng m”) ICP concentration (ng m”) 1CP concentration (ng m*)
N PR S S R P
| 08+ . - €
£ __——1 &
§ | —— 15 r
£ oo . +
Confioert vaues : o stndard deveton
104 3 L eeis s o0mz L
04 L 5 ~o7eests00
3 Bl | g
g 8 os L
T 92 cosment gwiion [ G
3 o dhi s noses k}
b et .
— T T T — T T
0 12 3 48 g 00 05 10 15 20 28
AUAAA concentration (ng m ) ICP concentration (ng m)

Figure 2: Scatterplots of Xact 625 (ordinate) vs.CP-OES/MS (abscissa) data. The Levenberg-Marquardlinear least squares
fitting method was applied, taking the ICP measurerants as the independent data. Regression equatianyi = a + bx.

17



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016-383, 2017 Atmospheric
Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 11 January 2017 Techniques
(© Author(s) 2017. CC-BY 3.0 License. T Discussions
6
Group A Group B E/‘ =
- = g
5] 2 :
a Filter analysis method 2 ;
2 1| = IcP-OES - poy
> m ICP-MS © ©
E 4 o AuAAA = S
© ) =]
4 i
wn 4
2] Slope =1
S 2
©
S
[0
5
%]

Element

Figure 3: Slopes of the Levenberg-Marquardt leastquares fit regression analyses of Xact 625 vs. 8it analyses with ICP-OES,

ICP-MS and Hg AuAAA analysis. Error bars indicate the computed uncertainties of the fits.

60 =
59.6
=
484 2
50 — » =
Lo .
m-
o » - Y
' 40 — - Ry o =
Sk v A Vi e 5
S A BEL 31 Wialtie 8
5 5 Wi W PEMEAL T R @
© — Xact-625 PMyg_gimnt
z —— NABEL PM,,
3 —— ACSM PM,
S 20— * NABEL Wind Dir
o = NABEL Wind Spd
I
L . ‘ 1
N |
i L \
'\‘»\, VA ‘\M “ !
0|||||||||||||||||||||||||||||||||||||||||||
23.07.2015 27.07.2015 31.07.2015 04.08.2015 08.08.2015 12.08.2015
Date and Time CET

5 Figure 4: Time series of Xact625 total elemental ocentration (red), NABEL TEOM PM ,, data (black), and wind speed (WSpd)

and direction (WDir) measurements (blue) in Harkingen.

18

$$900y uadQ

EGU



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016-383, 2017 Atmospheric

Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 11 January 2017 Techniques
(© Author(s) 2017. CC-BY 3.0 License. Discussions

40
® fireworks SO,
° —— fit fireworks SO,
O non-fireworks SO,
—— fit non-fireworks SO,
30—
®
o Coefficient values + one standard deviation
E a =-0.04 +1.10
o b = 244 £0.68
]
O’ Coefficient values + one standard deviation
» 20 a =0.13+0.06
0 b =1.32+0.03
I
@
3}
<
=

ACSM S0, (ug m*)

Figure 5: Comparison of Xact PM, SO, vs. ACSM PM, SO,. Data were split into fireworks (red) and non-firevorks (blue)

periods.
5
Il | Il 1 Il | 1 | 1 | 1 | 1
e 120 -
T [ Acsm (PMm,) |
(=
o 80 L
o
c - -
T [/
T 40 — ‘\ L
>
¢ it sobiand . gl
§ " el N TR Yot ity
3 NH,eq ~ 30x10°
| m SO.eq
u m NOjeq, stacked || o5 =
i »
Xact 625 (PM) — K/S ratio Q
2 K, fireworks 20 %
2 8 —— S, fireworks 3
© 3
« - 15 g
f i fireworks =
4 S
14 — 10 =
N «
3 '
—W S =
0 T | T T T | T T T I T T T O
31.07.2015 02.08.2015 04.08.2015 06.08.2015

Date CET

Figure 6: Top: Time series of equivalent concentradns of NH,;, NO; and SQ, in PM; measured with the ACSM. The NQeq is
stacked on SQeq. Bottom: Time series of the K/S mass ratio (bl&g left axis) of the Xact 625. The K and S concerdtions for the
fireworks period (31 July 2200 CET to 4 Aug 1100 CE, shaded) are given in yellow and brown (right ax§). The orange line

10 indicates the K/S mass ratio of 2.75 for black powet.

19



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016-383, 2017
Manuscript under review for journal Atmos. Meas. Tech.

Published: 11 January 2017
(© Author(s) 2017. CC-BY 3.0 License.

Atmospheric
Measurement
Techniques

Discussions

- —— Fireworks
“?E 2000 | — Non-fireworks

g 1500 — T

c

2 1000

2

S 500

o ]

5

O 0-:: 1

L e e LA S s s e s s S e s e B e
0 12 18 24
(a) Time of Day

__ 800 - — Fireworks
‘?E T — Non-fireworks

o> 600 —

£

=

S 400 —

=

o

S 200

o

c

Q o

&] 0 -

T T T T T T T T T T | T T T T T | T T T T _I
0 12 18 24
(b) Time of Day

Figure 7: Mean diurnal variations of a) Ca and b) B, stratified for fireworks (red) and non-fireworks (blue) periods. Error bars
denote * 1 standard deviation of the averaging pesd. Diurnal variations for the other elements are Bown in the supplement S4

(Fig. S3).

— —_ o L E 00 -TCcCnTVCAODT DA
n 0 0 olr—|>|O|§Iu_|oIZIOIN|<|U)|olt/)|w|m|n.|3:|n.|m
150 = =
9= 1004 % g
'E < < H
o 50 H
(=
v o EE __ B
o
c
L .50 —
;z“g’ 1004 |3 = Fireworks - non-fireworks
o- § mean concentrations
-150 1
5— - @ averages © o
o I medians e 2
4 —
g 37
&
2 —
il
(i LATESo TOEAEE solO0OEL: I
0 , o
o

Bi

Element

Figure 8: Bottom: Enhancement ratios for all analyed elements for fireworks/non-fireworks classificabn. Top: ‘Background’-
subtracted mean concentrations of the south sectdor the non-fireworks period. Numbers indicate valies outside the axis range

for Si (negative), S, and K.

20



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016-383, 2017 Atmospheric

Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 11 January 2017 Techniques
(© Author(s) 2017. CC-BY 3.0 License. Discussions

8000 — 1200
—8— Total number of vehicles
—A— Heavy duty vehicles 120
—- Light duty vehicles
1 NO, (NABEL)
—— Ca (Xact 625) = 1000
PM,q (NABEL) | 100
6000 —
— 800 o =
e ks
£ 2 ]
S 4000 - - 600 3 =S
-3 = S
o S 60 =
: H
@ )
2 s
3 g
- 400 _¢ =
40
2000
- 200 L 20
L T B e e o e Lo
o 8 12 18 24
Time of Day (h CEST)

Figure 9: Diurnal variation of traffic counts (average diurnal variations) and NQ, concentration in Harkingen for the non-
fireworks period. Note that the time axis is in CES (Central European Summer Time = UTC + 2h = locatime).

21



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016-383, 2017

Manuscript under review for journal Atmos. Meas. Tech.
Published: 11 January 2017
(© Author(s) 2017. CC-BY 3.0 License.
- — South T | S
? -1 _  s—North - ‘
= 1500 - _ T T _ N
S 1000 — 1 TT AT Tl
"(E T T TN 1 T 4+ N
£ TT TP TN
8 | /\/ 1 _:_- \_
N + L 1 4 1
£ 50-NJA SZANNE: Il / 1]
O 1+ fL* 1= 1 1 1 T 1
T T T T T I T T T -I- -I- -I- I- T T T T I T T T T
24
@)
™
S
(@]
£
c
S
j
<
®
[&]
c
S
@)
T T T T T T I T T T T T I T T T T T I T T T T T
0 6 12 18 24
(b) Time of Day
25
— soun T [Po]
@ 20 — North m
S -
2 15 B
c
S 10—
g 1
c 5 /1 L 1 4
P BRI
c iz =T L]
o) 0 T+
O 1
5 — B
T T T T T I T T T T I T T T T T I T T T T 1
0 6 12 18 24
(© Time of Day

22

Atmospheric
Measurement
Techniques

Discussions



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016-383, 2017 Atmospheric
Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 11 January 2017 Techniques
(© Author(s) 2017. CC-BY 3.0 License.

Discussions

Concentration (ppb)

0 6 12 18 24
(d) Time of Day

Figure 10: Mean diurnal variations of a) S, b) Mn,c) Pb, and d) NQ for the non-fireworks period stratified for south (red) and
north (blue) wind directions. Error bars denote +1standard deviation of the averaging period. Diurnalvariations for the other
elements are shown in the supplement S4 (Fig. S4).

— —_ © . _ L 00 -0 CVLOUVTCAO®a DA
n wlolx [&] »—|>Io|§ w o|z|o|N|<leolmlwlmln.lj:ln.lm
120 55 =
o 71 % % % = South - north
E 80— mean concentrations
g ]
8 40
2, HE N O
g o = =
7 1
-40 —
2.0—| = averages| _
@ medians I -
1.5+
2
§ 1.0
I
0.0
JUNEY S U N [ )R [ [ N I U [ S R [ (Y Y (e |
< gE> §2335885 %

Element

5 Figure 11: Bottom: Enhancement ratios for all analged elements for south/north sector classificatiofor the non-fireworks
period. Top: ‘Background’-subtracted mean concentraions of the south sector for the non-fireworks pepd. Numbers indicate
values outside the axis range for Si, Ca, and Fe.

23



Techniques
Discussions

Atmospheric
Measurement

10.5194/amt-2016-383, 2017

11 January 2017

Manuscript under review for journal Atmos. Meas. Tech.

Published
(© Author(s) 2017. CC-BY 3.0 License.

Atmos. Meas. Tech. Discuss., doi

uondiosqy d1wory weSjewy ploo SkioyTaN[ |
SW-dDI ‘$30-d21 10§ 410G,

7€0 200
00'ssvr  [co'sLs

008t [sr'Eze

08°€ 067
B3 sz

967 9d
ZTL eg

seve  [evee o8t uz
zze [wese oz n
6876, [8669 Trzss | e
206 660 0Tz uN
0 ezt s Tt [
Q vever  [esovt 95°06¢ ©
w et [eoeer 00°ToT B
[ oe6L  [sT9 [szeez B
Soseo
X X X Wiy | wdu | _wBu | _wdu | .wdu | _whu | _wdu | _wdu | _wdu
OW | (Uvd) | 1aw | (uwoo) [ uepaw | xew | Asps Bae | uepaw | xew Aops Be uelpaw | xew Aops Bae [ uepaw | xew aps e W
<sd | aw | <4 | oW swap
m dd1 ey (s)40ma11y-uou) 10323s YyIoN (s$)40ma114-uou) 103235 YyInos syIomally SHI0MaJI4-UuoN

Table 1: Data characteristics of Xact 625 measuremes in Harkingen, and minimum detection limits (MDL) for Xact and ICP/Hg

AUAAA. Elements are sorted according to the groupsn Table 2). Data were classified into fireworks ad non-fireworks periods.
The non-fireworks period was further classified inb north (rural) and south (freeway) sectors accordig to the wind direction.

5 Numbers in italics indicate cases where the dailyvarages were <MDL. The cases for the two wind sectodo not add up to the

non-fireworks cases as wind data are missing for @tal of 12 h (cf. Fig. 1).
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Table 2. Regression coefficients for the comparisaof Xact 625 and offline data. The 1-h values of thXact 625 were averaged to
24-h values. Primed quantities are uncertainties.

Regression coefficients
fitx =a +bx
Element a +a' b +b' s Group
S -169.73 30.57 137 0.03 1.00}
K 52.42 19.15 115 0.02} 1.00|
Ca 13.87 17.91 145 0.06) 0.99|
Ti 5.58 0.57 113 0.06 0.98|
Mn 1.72 0.28 131 0.06 0.99 A
(72 93.05 35.80 134 0.08| 0.97|
Cu 4.93 1.27 1.27 0.05 0.99
Zn -5.56 218 1.80 0.13) 0.96
Ba -1.62 173 1.01 0.03 0.99
Pb 0.32 0.17 0.97 0.04} 0.99
\ -0.03 0.03 0.15 0.05 0.57|
Cr 213 0.26 1.02 0.28] 0.63)
Co 0.01 0.02 0.18 0.29 0.05
Ni -0.55 1.02 -0.15 0.13 0.14}
As -0.09 0.06 0.56 0.20| 0.50|
Se 0.00 0.15 0.76 0.41) 0.30] B
Ccd 6.49 0.20 10.36 7.83) 0.18]
Sn 19.73 0.96 0.36 0.21 0.27|
Sb 22.17 3.58 3.92 1.63 0.42f
Hg 0.64 0.06 24.88 24.13] 0.12}
Bi -0.16 0.06 0.79 0.04} 0.98
Si
c C
Pt
Group A average slope 1.28
Group A standard deviation 0.24
Elements analysed with ICP-OES
Elements analysed with ICP-MS
Element analysed with Au AAA
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Table 3. Comparison of Xact data with published ICRdata of other campaigns.
Xact 625 averages Switzerland
Alldays  Non- Belp Geneva Basel, Payerne Zurich Zurich,  Payerne, Payerne, Harkingen
fireworks| summer summer summer  summer NABEL
days
Reference 1) 2) 3) 4) 5) 6) 6) 7) 8)
# cases, size 22 17 PM8 PM10 PM10 PM10 PM10 PM10 PM10 PM10 PM10
Sampling 2015 2015 1985/86 1996/97 1997/98 1998/99 2008/09 2009 2009 2012 2015
period
Unit ng/m>  ng/m® | ng/m’ ng/m? ng/m® ng/m’ ng/m® ng/m® ng/m’ ng/m® ng/m®
Si 783.14 829.45 210.90 571.00 634.00 370.00
S 822.74 790.19 2394.30 625.00 637.00 360.00
cl 113.17 109.40 41.00 656.50 66.00 190.00 30.00
K 408.00 166.56) 630.00 98.00 1318.20 187.00 188.00 120.00
Ca 367.99 397.57 720.00 100.00 137.40 451.00 355.00 180.00
Ti 12.26 11.30) 38.00 6.50 13.90 14.30 9.90
\ 0.05 0.06| 3.90 0.70 0.40 1.00 1.20 0.70
Cr 2.39 243 8.00 0.90 2.30 1.60 1.00
Mn 7.11 7.21 31.70 16.00 2.80 5.80 7.20 5.00 2.80
Fe 600.48 593.92 760.00 89.00 389.70 455.00 202.00 130.00
Co 0.01 0.02 2.60 0.10 0.10
Ni 0.60 0.63 8.00 1.20 0.60 0.90 1.00 0.50 0.90
Cu 28.04 24.45 7.90 35.00 75.00 6.00 28.10 17.40 4.30 2.80 19.70)
Zn 20.23 19.04] 65.00 120.00 73.00 20.30 16.10 9.40 7.50
As 0.03 0.02 2.20 2.00 1.00 0.53 0.30 0.50 0.20 0.31
Se 0.27 0.30] 6.00 0.16 0.30 0.30 0.20
Cd 6.57 6.67 0.88 0.40 0.00 0.32 0.10 0.10 0.07|
Sn 21.00 20.93 2.60 2.60 1.00
Sb 31.33 31.59 29.00 0.26 2.50 2.40 0.50
Ba 18.09 7.12] 110.00 6.70 6.50 3.90 1.80
Pt 0.04 0.05
Hg 0.64 0.64 0.50
Pb 3.13 3.04 134.00 95.00 51.00 10.00 14.20 3.60 3.10 1.20 4.90)
Bi 0.26 0.07| 0.20 0.10
1) Galli etal. 1990
2) Chiaradia and Cupelin 2000 - fortnight averages
3) Ro06sli et al. 2001
4) Hueglin et al. 2005
5) Richard et al. 2011
6) Minguilldn et al. 2012
7) Alastuey et al. 2016
8) BAFU/Empa 2015 - annual mean values
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