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S1. General statistics of Xact 625 data

Table S1: Data characteristics of Xact 625 measuresnts in Harkingen. Elements are sorted according tthe groups in Table 1).
Data were classified into fireworks and non-firewoks periods. The non-fireworks period was further cassified into north (rural)
and south (freeway) sectors according to the windigkction. Numbers in italics indicate cases wherehe daily averages were
<MDL. The cases for the two wind sectors do not addp to the non-fireworks cases as wind data are nssg for a total of 12 h (cf.
Fig. 1).

Non-Fireworks Fireworks South sector (non-fireworks) North sector (non-fireworks)
Element avg sdev max median avg sdev max median avg sdev max median avg sdev max median
ngm> ngm> ngm™> ngm” ngm” ngm” ngm” ngm” ngm” ngm? ngm> ngm> ngm> ngm> ngm> ngm”
# cases 370 86 173 185

S 739 525 2508 602} 1155 1667 12034 677] 795 516 2254 660 712 537 2508 499

K 161 57| 484 153 1661 3855 27349 494 176 61 395 169 151 50 484 145
Ca 391 385 3211 263 253 390 3109 141 474 476 3211 275 325 266 2254 253
Ti 114 8.1 43.4 8.8 18.3 36.2 282.2 8.0] 13.1 8.9 39.6 11.1] 10.3 7.2 43.4 8.2
Mn 7.1 4.6 27.0 5.7] 7.3 3.9 22.2 7.0} 9.5 5.1 27.0 8.6| 5.0 2.8 21.0 4.7
Fe 587 429 2338 460 700! 386 1909 700 852] 453 2338 780 350 228 1309 304
Cu 24.1 17.7| 109 20.1 49.3 48.7 372 38.9 35.5 18.3 109 30.7] 13.5 8.5 49.0 9.9|
Zn 18.7 16.8 143 14.3) 28.6 18.9 104 23.4 26.1 20.8 143 20.7] 12.3 8.0 66.1 10.7]
Ba 7.1 5.5 25.3 5.3 75.4 169 1127 22.6) 10.2 6.0| 25.3 9.2] 4.4] 3.2 17.2 3.5
Pb 3.0 3.9 41.1 2.0 4.2 3.0 15.3 3.0 3.9 5.3 41.1 2.8 2.2 1.6 9.4 1.7]
14 0.06 0.15 1.22 0.00 0.00 0.00 0.00 0.00 0.07 0.18 1.22 0.00 0.05 0.13 0.89 0.00
Cr 2.4 2.3 13 1.75] 2.5 2.2 9.2 1.98) 3.8 2.5 13 3.4 1.09 1.10 6.2 0.76
Co 0.02 0.08 0.70 0.00 0.01 0.03 0.23 0.00 0.00 0.02 0.21 0.00 0.03 0.11 0.70 0.00
Ni 0.62 0.65 10.3/ 0.54] 0.56 0.35] 1.95 0.51] 0.64/ 0.45 4.0 0.59) 0.61 0.81 10.3] 0.50]
As 0.02 0.14 131 0.00 0.09 0.31 1.91 0.00 0.04 0.20 131 0.00 0.01 0.06 0.84 0.00
Se 0.27 0.32 4.4 0.20 0.16 0.13 0.44 0.14 0.30 0.41 4.4 0.24 0.24 0.22 0.50 0.17|
cd 6.8 3.6 23.6 6.2 6.5 3.1 21.3 6.1 6.9 3.7 19.1 6.3 6.7 3.6 23.6 6.2
Sn 20.8 7.8 55.3 19.6) 21.8 8.3 54.3 20.1 22.1 8.4 55.3 21.1 19.6 7.0 45.4 18.7]
Sb 313 11.2 112 29.8 31.0 10.4 68.0 29.4 33.0 11.9 77.6 31.3] 29.9 10.4 112 28.9
Hg 0.63 0.25 1.49 0.61 0.64 0.18] 1.31 0.63 0.63 0.23 1.18 0.63 0.64] 0.26 1.49 0.61
Bi 0.07 0.12 0.70 0.00 1.27 3.8 23.5 0.15 0.09 0.13 0.50 0.00 0.04 0.10 0.70 0.00
Si 839 398 3415 714 570 224 1758 532 925 469 3415 796 775 309 2052 682
cl 114 200 970 26.4 153 578 4455 18.1 88.0| 161 871 19.8] 116 211 970 30.5
Pt 0.05 0.11 0.66 0.00 0.03 0.07 0.34 0.00 0.04 0.10 0.66 0.00 0.06 0.11 0.64 0.00

S2. Ambient filter samples for method intercomparisns

A quarter each of three NABEL filters of the ser@mlysed at IDAEA were also analysed with XRF BSGind with ICP-
MS at ERG. This allows for an intercomparison b&mwédenchtop XRF and ICP-MS, between ICP-MS of tifferént
laboratories, and between Xact XRF and benchtop.XRIe elements Zn, Sr, Cu, Pb, Fe, K, Ca, Mn, &d, Ba were
selected for this comparison. Benchtop XRF requiredurther sample preparation except punching-andv piece of the
original filter. IDAEA’s digestion protocol is desbed in the main paper. Of three different filldanks, blank 1 appeared
contaminated and was not further considered, bl2résd 3 were averaged and subtracted from thgsisabut the values
are not reported. ERG followed a protocol of theBP8. describing the multi-elemental determinationtafl metals by
ICP-MS in ambient air samples collected on 47 mrfioRé filters following guidelines in EPA method 10-3ahd EPA
FEM Method “Standard Operating Procedure for théeBeination of Lead in PM10 by Inductively CouplBthsma Mass
Spectrometry (ICPMS) with Hot Block Dilute Acid amtydrogen Peroxide Filter Extraction” (EQL-0512-20Zhe filters
were digested in a HotBlock™ for 2.5 hours using extraction fluid containing 1.85 % nitric acid (), 0.5 %
hydrochloric acid (HCI), and 0.17 % hydrofluoricid¢HF) with 0.33 mg [* of gold added for mercury stabilization. One
aliquot of hydrogen peroxide (B,) was added after 1.5 hours of extraction and Wewed to effervesce. The extract was

analyzed by ICP-MS and the data were collectedgusie manufacturer’s software. The results arergimelable S2.
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Table S2. Analyses of three ambient (NABEL) samplegl, 6 and 12 August 2015) from Héarkingen. Comparans of Xact and
benchtop XRF (CES), benchtop XRF (CES) and ICP-MSIDAEA and ERG), and ICP-MS at two laboratories (IDAEA and ERG).
NR = not reported; BD = below limit of detection.

% Difference
Xa_d CES XRF IDAEA ERG ERG vs.
Sample Element bely Results Background Results | Values Background | CESvs. A IDAEA
Average . (ng cm’z) . ; (ng m") IDAEA verage | Cesvs. | Average (G- Average | Xactvs. | Average
(ngm?) (ngm™) (ngm~) | (ngm™) (ces-10aea)| CESVS. | ERG (ces- | CESVS. | ipaga); | ERGVS |CES (Xact-| Xactvs.

/10AEA | IDAEA | erG)/eRG | ERG oaeA | IDAEA | cEs)/ces | CEs
Field_PSI_213 31 19.2 1.0 19.6 22 64 -1.9 -14.2 14.4 62
Field_PSI_218 Zn 25 16.5 1.0 15.8 15.9 64 4.2 -15 3.5 -0.8 0.7 0.4 54 59
Field_PS|_224 30 18.8 1.0 20 17.4 64 -6.7 8.2 -13.7 61
Field_PSI_213 NR 60 0.0 61 59 0.9 -1.9 24 -4.1 NR
Field_PSI_218 Sr NR 1.5 0.0 2.0 1.9 0.9 -24 -37 -18.4 -32 -6.8 -8.3 NR NR
Field_PSI_224 NR 0.2 0.0 1.1 0.9 0.9 -84 -81 -14.0 NR
Field_PSI_213 58 a5 0.0 42 50 1.9 5.5 -10.6 18.0 31
Field_PSI_218 Cu 39 26 0.0 26 31 1.9 -1.3 -0.1 -17.6 -15.2 20 18 51 51
Field_PS|_224 36 21 0.0 22 26 1.9 -4.5 -17.3 15.5 70
Field_PS|_213 4.4 NR 0.0 4.4 4.5 8.7 NR NR 2.2 NR
Field_PSI_218 Pb 43 NR 0.0 4.0 3.4 8.7 NR NR NR NR -15.5 -15 NR NR
Field_PSI_224 5.3 NR 0.0 4.6 3.2 8.7 NR NR -31 NR
Field_PSI_213 757 530 34 465 479 75 13.8 10.5 3.0 43
Field_PSI_218 Fe 1021 805 33 685 732 75 17.5 124 10.0 9.7 6.9 2.5 27 36
Field_PSI_224 907 662 33 625 610 75 5.9 8.5 -2.4 37
Field_PSI_213 2641 2046 0.0 2263 2663 a1 -9.6 -23 17.7 29
Field_PSI_218 K 226 194 0.0 143 156 a1 36 9.7 24 0.3 9.4 9.9 16.3 33
Field_PS|_224 210 137 0.0 133 137 41 2.8 0.0 2.8 53
Field_PSI_213 214 172 12.9 161 796 190 7.2 -78 395 24
Field_PSI_218 ca 792 598 12.6 556 603 190 7.6 4.7 -0.9 -28 8.5 136 32 39
Field_PSI_224 518 325 12.7 327 337 190 -0.7 -3.6 3.0 59
Field_PSI_213 7.3 8.3 0.1 43 5.8 1.4 95 42 37 -12.2
Field_PSI_218 Mn 12.3 11.9 0.1 8.1 9.7 1.4 47 57 23 26 19.6 25 3.1 3.4
Field_PSI_224 11.1 9.3 0.1 7.1 8.4 1.4 31 12 17.3 19.3
Field_PSI_213 8D BD 0.0 0.3 0.5 0.1 NR NR 64 NR
Field_PSI_218 Se 0.3 8D 0.0 0.4 0.5 0.1 NR 169 NR -13.3 41 105 NR -25
Field_PS|_224 0.7 1.0 0.0 0.4 1.1 0.1 169 -13.3 210 -25
Field_PSI_213 109 89 13.6 11 111 81 -19.8 -19.9 0.1 23
Field_PSI_218 Ba 14.3 BD 13.3 10.7 8.5 81 NR -19.8 NR -19.9 -21 -33 NR 23
Field_PSI_224 9.2 BD 13.3 8.6 1.8 81 NR NR -79 NR

The data shows a somewhat better comparison betefflere XRF and ICP than between online XRF (Xaatid ICP,
though the scatter in the relative differences (XRP/ICP) varied from -37 % (Sr) to +57 % (Mn)S& and Ba, for which
only one filter shows concentrations above the X#fection limit, are not considered. Comparing tGE-MS results
between the two labs (ERG-IDAEA/IDAEA) shows a rangom -33 % (Ba) to +25 % (Mn), when Se and Caraoe
considered. Se concentrations are close to th&irMDL and hence rather uncertain, while Ca showwsohlem with one
ERG measurement. If Ca and Se are excluded, thageveelative difference between the two labs .i$ 99, with a standard
deviation of 19 %. Similarly the agreement betweanh of the labs and bench top XRF is good as welke and Ca are
excluded the average percent difference between ¥RFIDEA is 5.4 % while the difference between X&td ERG is -
3.1 %. The comparison of the daily averaged Xatties with the benchtop XRF values shows an aveddfgrence of
37 % (Xact-CES)/CES) for the elements Zn, Cu, FeC&, and Mn, which is close to the observed méfference to ICP.
It is also consistent in the sense that all avedifferences Xact — CES for these elements ardipesiThe benchtop XRF
and the Xact are typically within 5 % when analgsthe same standard. Further both benchtop XRFKantluse the same
type of fitting routine (with minor differences ithe determination of spectral background), hena riost likely

explanation for the difference between the Xact thedabs is differences due to sampling or sarggbiation.

S3. Spiked filter samples for method intercomparises

CES produced a set of six quartz filters coatedh witown amounts of the elements Zn, Sr, Cu, Pb,Fendlhese filters
were analysed with a benchtop XRF instrument by Gifd three each of them were sent to IDAEA-CSI@ BERG for

analysis with ICP-MS. The results are presenteddhle S3. Notice that Pb is not reported for XREcduse of large
variations of the measured values for quartz Bltd@his indicates a problem with the XRF fittingitioe for quartz filters, as

the issue is not seen with Teflon filters.
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Table S3. Spiked filter analyses for five elementsComparison between XRF and ICP-MS analyses perfored at three
independent laboratories.

CES IDAEA ERG % Difference Average Percent Difference
spiked |  XRF ERG spiked | SPiked | spiked |,nren ue | ErGvs. | spiked | SPiked | Spiked |\naen uo | erg ys.
Sample Start Time |  Sample | Element conc. | conc. Blank | Conc. Vidives Blank [ o e [VS-IDAEA| vs.ERG | (o ces | vs.ces |VS-IDAEA| VS.ERG | (p¢ cEs
B . | (ngem?) | (ng em™) . | (ng em®) |(ces-spikea)| PAFA- (ERG- s 1DAEA) | (cEs-ERG)/ (ces - spiked)| AEA- (ERG- | ces.1DAEA) | (cES-ERG) /
(ng cm™) [ (ng cm™) (ng cm™) [spikea | spiked)/ | spiked)/ | pn ERG spikea | SPiked)/ | spiked)/ |70 e ERG
spiked spiked spiked spiked

21.04.2016 11:50 PQO42116A 97 88 10.2 133 -9.6 37 -34

21.04.2016 12:25 PQ0421168 97 89 10.2 155 -8.4 59 -42

21.04.2016 13:00 PQ042116C Zn 97 84 10.2 98 -14 0.3 -14.5 97 32 2 30 25

21.04.2016 15:13 PQ042116D 97 88 10.2 104 31 -9.3 6.8 -15.1

21.04.2016 15:46 PQO12116E 97 92 10.2 123 31 -5.1 26 -25

21.04.2016 16:19 PQO42116F 102 90 10.2 136 31 -11 34 -34

21.04.2016 11:50 PQO42116A 206 192 179 -7.0 -13.3 7.3

21.04.2016 12:25 PQ0421168 206 194 194 -5.8 -5.6 -0.2

21.04.2016 13:00 PQ042116C s 206 194 148 -5.9 -28 31 6.2 15.7 7.0 127 08

21.04.2016 15:13 PQ042116D 206 192 191 1.5 -7.0 -7.5 0.5

21.04.2016 15:46 PQO12116E 206 194 190 15 -5.8 -7.9 2.2

21.04.2016 16:19 PQO42116F 206 194 195 1.5 -5.9 -5.5 -0.3

21.04.2016 11:50 PQO42116A 128 108 112 -15.3 -12.3 -3.4

21.04.2016 12:25 PQ0421168 128 111 118 -13.3 -7.7 -6.1

21.04.2016 13:00 PQ042116C cu 128 112 88 -12.3 -31 27 136 17,0 58 59 182

21.04.201615:13 | PQO042116D 128 108 0.8 131 13 -15.3 2.8 -17.6

21.04.2016 15:46 PQO12116E 128 111 0.8 129 13 -13.3 14 -14.5

21.04.2016 16:19 PQO42116F 128 112 0.8 144 1.3 -12.3 13.1 -22

21.04.2016 11:50 PQO42116A 21 NR 23 NR 10.3 NR

21.04.2016 12:25 PQ0421168 21 NR 38 NR 85 NR

21.04.2016 13:00 PQ042116C b 21 NR 21 NR 2.1 NR NR 2 s8 NR NR

21.04.2016 15:13 PQ042116D 21 NR 27 1.1 NR 32 NR

21.04.2016 15:46 PQO12116E 21 NR 29 1.1 NR 42 NR

21.04.2016 16:19 PQO42116F 21 NR 41 1.1 NR 99 NR

21.04.2016 11:50 PQO42116A 3025 2760 2828 -8.8 -6.5 -24

21.04.2016 12:25 PQ0421168 3025 2795 3544 -7.6 17.2 -21

21.04.2016 13:00 PQ042116C Ye 3025 2786 2378 -7.9 -21 17.2 81 36 08 21 72

21.04.2016 15:13 | PQ042116D 3025 2760 155 2901 141 -8.8 -4.1 -4.9

21.04.2016 15:46 PQO12116E 3025 2795 155 2901 141 -7.6 -4.1 -3.6

21.04.2016 16:19 PQO42116F 3025 2786 155 3203 141 -7.9 5.9 -13.0

Tests with specifically produced reference sampfdse, Cu, Zn, Sr, and Pb (Table S3) showed relatifferences between
the measured concentrations and the theoreticappgated concentrations ranging from -6.2 % (Sr}1t8.6 % (Cu) for
benchtop XRF, on average -9.4 % (without Pb). Hahase elements, XRF underestimated the expeetket, as expected
for absorption of fluorescence radiation by therguéiber material (Tanner et al., 1974). Similaslyiked teflon filters (not
shown) also showed underestimation of the expemadentrations, though not as much as for the gtifters. A statistical
analysis revealed that at the 99 % confidence lenl Cu showed a significant difference betweenttto filter types. ICP
showed differences between -17 % and +32 % (aves&geo) for IDAEA-CSIC, and -7 % and +58 % (averdgeb %) for

ERG for quartz filters. The scatter is much lardm for the field samples, and differences capdsitive or negative.



S4. Diurnal variations of elements for fireworks am non-fireworks periods
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Figure S4: Diurnal variations of the Group A elemens Si, S, Cl, K, Ti, Mn, Fe, Cu, Zn, and Pb. See §i 6.



S5. Diurnal variations of elements for north and soth wind sectors
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Figure S5: Diurnal variations of the Group A elemets Si, Cl, Ca, Ti, Fe, Cu, Zn, and Ba. South mearswind from the freeway
towards the station. See Fig. 8.
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