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SI-1 Measurement sites location

Figure SI-1: Measurement sites location: GoogldrEsatellite image of the greater Paris
region in the Northeastern part of France.
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SI-2 Bounce efficiency estimation

The AMS collection efficiency (CE) has been defirgsdthe product of FE*Es, where

Ep is the bounce efficiency, Eorresponds to the losses in the aerodynamicdesrse E
represents the losses due to particles shape @lwrical particles are less efficiently
focused compared to spherical ones). Since we a&sswst of the CE is associated to the
bounce efficiency, in the following we will refes &, instead of CE.

The AMS bounce efficiency ¢t depends on particle transmission through the
aerodynamic lens, their focusing onto the vapoyizend the probability of flash
vaporization. Therefore ggdepends on both particle aerodynamic size and ositign.
For quantitative mass concentrations within the AM&smission window, the most
important consideration is the vaporization probgbiE, represents the fraction of
particles that are vaporized, with other partiddesincing off the heated surface without
vaporizing, or vaporizing too slowly for detectifiatthew et al., 2008).

For particles near the mode of the mass distributlg is primarily affected by the
particle composition. Typical values for ambienttigées are ~0.5, with higher values
observed for acidic particles and particles witbhhwater and/or nitrate content, Eas
recently been parameterized in terms of these giesnand a parameterization of & a
function of the NQ content has been calculated in this work for caimspa purposes
(Middlebrook, 2012).

Ep can also be estimated by comparison of AMS daexternal measurements. Note that
this is not a fully quantitative method of calciatE,, as the other instruments may have
their own biases or uncertainties. Additionallyclsiwcomparisons are complicated by the
differences in size-dependent particle transmisba&iween instruments. Because of these
complications, we adopt,E0.5 unless the comparisons provide evidence todgheary.
Here the AMS inorganic and organic mass conceotratare compared to PILS and off-
line filter measurements for the SIRTA and LHVResiwith a cutoff of PMs(Figure Sl-
2d, Figure SI-2f and Figure SI-4). In addition tAMS estimated volume, calculated
assuming a composition-dependent density for theSAspecies (Org=1.27 g/ém
SO=1.78 glcm; NOs=1.72 glcmi; NH,=1.75 g/cni; Chl=1.4 g/cm) (Duplissy et al.,
2011), has been related to the measured SMPS (sgammbility particle sizer) and
TDMPS (tandem differential mobility particle sizagplumes after the subtraction of the
estimated BC volume (assuming a density of 1.7#d)/6or the SIRTA and LHVP sites
(Figure SI-2b and Figure Sl-2e). The SMPS large-siatpoint at SIRTA was 453 nm,
while the TDMPS cutpoint at LHVP was ~800 nm. Hoe GOLF site the AMS mass is
compared to TEOM (tapered-element oscillating nbetance) PM measurements
(Figure Sl-2a).
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A comparison between total AMS mass and the Ridss concentration measured at the
GOLF site by the TEOM-FDMS has been performed. @&lgh the AMS to (TEOM
minus MAAP) ratio is slightly lower than 0.5, E 0.5 has been adopted for this dataset
due to the higher size cut of the TEOM (BMind the AMS intercomparison results
shown in SI-3. In addition, no N@lependence of thas been identified.

— i
1.0 F — ‘4—
21/01/2010 31/01/2010 10/02/2010
4 Date

PM, mass concentration ratio

AMS/(TEOM -MAAP)

0.0 -

T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5
NO; fraction

Figure SlI-2aE, estimation for the C-ToF at the GOLF site.
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From the AMS vs. SMPS subtracted by the BC contidinuvolume comparison, the, E
is estimated to be 0.5. Although the two instruredmve relatively similar cut points
(SMPS cut off=453nm), the apparent presence of Byoalues (0.5 and 1) during
different periods of the campaign are most probadgociated to the role of the size
distribution and higher mass concentrations whiatremstrongly influence the AMS
because of its transmission function for large ipled. No NQ-dependent Ecould be
inferred. In addition the comparison with the Pli@asurements (PILS cut off equal to
PM,s) shows a good agreement between the two instremaiter applying E0.5
(Figure SlI-2d). The difference between the AMS &@MBIPS volumetric ratios is
associated to a change in the particles densitpoaged out in Figure Sl-2c, affecting
the overlapping range of measurements of the tatouments.
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Figure SI-2b: E estimation for the HR-ToF-AMS at the SIRTA site.
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184 Figure Sl-2c: k estimation for the HR-ToF-AMS at the SIRTA sitettwthe respect of
calculated density.
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A comparison of the AMS-estimated volume (cut oM with the TDMPS (cut-off
around 800 nm) BC volume subtracted is reporteddithmhal comparisons of AMS
measurements with inorganic species from the P8uSdff PM,5) have been performed.
From the agreements with the volume and inorggmecies comparisons, thg Eas been

assumed equal to 0.4.

The application of a N©dependent Ewhich could be inferred from Figure Sl-2e
(Middlebrook, 2012) causes a significant underestiom of the inorganic AMS species
during the high mass concentration events when aoaapto the PILS measurements

(Figure SI-2f).
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Figure Sl-2e: Eestimation for the HR-ToF-AMS at the LHVP site.
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Figure SI-2f: Inorganic species comparison at tH& P site applying a nitrate dependent
Ep, to the AMS data.

SI-3 AMS intercomparisons

AMS intercomparison exercises were performed dutiiregParis campaign to determine
measurement consistency among the different ingtnisn The intercomparisons were
conducted at the three stationary sites involvisg &vo HR-ToF-AMS deployed in two
mobile laboratories. A detailed characterizatiorthtefse two mobile laboratories can be
found in Mohr et al. (2011) and in Drewnick et 2012).

In the interpretation of the results, it is necegda take into account the differences in
the inlets and setups (therefore different tempeeainfluence, losses etc.). A similar
exercise was performed by Bahreini et al. (2008Y the total AMS variability was
estimated at 30% (10% for different inlets, 20% ttog ionization efficiency calibrations
and 20% for the bounce efficiency).

These comparisons are primarily necessary to iyepgriods in which significantly
different mass concentration levels were measutdtiea3 sites during the campaign.
Moreover, the comparison of the mass spectra iessacy to evaluate if all the
instruments have the same organic fragmentatioterpatin order to allow the direct
comparison of PMF results. Figures SI-3a, SI-3B3&land SI-3d show the AMS species
time series and mass spectra for each intercongpaggercise. Although it was not
possible to compare directly side by side all tHdSAdeployed during the campaign,
however it is possible to argue that also indiseatl the AMS agree within 30%.
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During the whole campaign stationary measuremeetg werformed at the SIRTA site
deploying also the PSI mobile laboratory (Mohrlet2011), mainly over night or during
the not mobile measurements periods. Egef the AMS operating in the PSI mobile
laboratory and the one deployed at the SIRTA statip site were both 0.5. The
agreement of the inorganic compounds and the argainagmentation is very good
(maximum 10% of deviation), whereas 30% of diffeencan be identified in the
organics time series.
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Figure SlI-3a: PSI mobile laboratory vs. SIRTA ®aiSIRTA intercomparison during
the whole campaign).
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During the whole campaign, at the GOLF site seveoahparisons between the AMS
operating at the fixed site and the one deployethéenMPI mobile laboratory (Von der
Weiden-Reinmdiller, in preparation) were performgglis for both instruments 0.5. The
correlations of the times series and mass spedraithin the uncertainty range (30%).

The low ion transmission efficiency of the C-ToF-SMieployed at the GOLF stationary
site has been taken into account with a scalingpfaxf 1.3 for the organic concentrations
after the comparison with contemporary measurempatformed with the HR-ToF-

AMS deployed at the same location.
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Figure SI-3b: GOLF site comparisons (during the lgampaign).
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During this exercise the MPI mobile laboratory ahd LHVP stationary AMS were
compared. Eequal to 0.4 has been assumed for the LHVP AMS®bdor the MPI
mobile laboratory instrument. The AMS species tgrees agree within the uncertainty
range (30%) (Bahreini et al., 2009), whereas tlgamics mass spectra are perfectly
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A second intercomparison was performed at the LI4W® between the AMS deployed
in the PSI mobile laboratory and the LHVP instrutmlecated into the stationary trailer.
The applied Efor the PSI mobile van AMS is 0.5 and for the LHMBtrument is 0.4.

The correlations of the AMS species time series Brags spectra are within 20% of

deviation.
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466 SI-4 Organic carbon (OC) comparison between AMS and filter
467 measurements

468

469 In Figure SI-4 comparison between the organic carf@C) evaluated using high
470 resolution AMS data and the OC measured with thier fsamples with 12 hours time
471 resolution (PMys) is presented for the LHVP and SIRTA sites. Inhbecases the influence
472 of the different size cut between the AMS and ifdtbave to be taken into account. The
473 two scatter plots present a very good linear cati@h between the AMS and the filter
474  data (R=0.85 for the SIRTA site and’R0.92 for the LHVP one). The AMSyBRssumed
475 from the previous comparisons (0.5 for the SIRT# and 0.4 for the LHVP instrument)
476 has been applied to the AMS OC concentrations.
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479 Figure Sl-4: ki estimation: OC from AMS and filter measurements.
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490 SI-5 PMF results in the f44 vs 43 triangle

491

492

493 The identified source profiles from the PMF anayfr each measurement site are
494  represented within the triangular space definefigure SI-5.1 (Ng et al., 2010), where
495 {43 and f44 are the organic fractional signals asses 43 and 44.

496 The purpose of Fig. SI-5.1 is to show that the idfiex organic sources can be grouped
497 in different region of this triangular space, aligh some of the differences within each
498 group of sources might be due to the deploymediftérent types of instruments (e.g. C-
499 ToF vs HR-ToF-AMS), different ion transmission dragmentation etc.

500 The BBOA components lie outside the left side oé tliangle, the hydrocarbon
501 components stay at the bottom base of the triadgke to their low oxidation state,
502 whereas the cooking factors are in between the @& BBOA. Analogous results for
503 the primary sources have been obtained through simagber experiments (Heringa et
504 al., 2011).

505 Oxidized OA moves upwards and to the left with agd oxygenation, while the OGQA
506 BBOA fractions are less oxidized. Uncertaintiesoagsted with the deployment of three
507 different AMS resulting in a variability of the nespectra of each source separated by
508 PMF at the three sites must be taken into accouthe interpretation of thefvs. f3
509 ratios (see also SI-6.6).
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515  Figure SI-5.1: PMF factors in the f44-f43 trianguspace.
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SI-6 PMF results

SI-6.1 Q/Qexp Criterion

Q/Qexp plots show diminishing of this ratio around 3-&ttas. The theoretical Q&)

value is equal to 1.
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Figure SI-6.1: Q/Qpfor the three sites.

SI-6.2 PM F solutions discussion
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Figure SI-6.2.1:Mass spectra and time series associated with tifectérs solution

(SIRTA site).

15




562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607

1 OOA 6
0.20 | 1 HOA
0.15 1 COA 4
0.10 | 1 BBOA )
0.05 1 split OOA )\MMJJJ\U\
o | i A ol . g At A\ N L
0.10 — 5
0.08 —| g
0.06 —|
o | ;
902 7 L | al |“ PRRNNTTTTY FTTO PRI PRI
08— 10 _[=oon
= HOA
60 | o~ 8 —|mmcon
".’g 404 | ?En ﬁ A= ggﬂ‘splh }M
x Y
7 7 2] W...
o N (TIPSR 1 NP 1 TSR 1 PP PR WO § o - bosod
=
80 \ l
4
? 60 — |
g af Lt koA el
207 | I I I ‘I’ Whely _»J" A ARARY 'v-»,’“v"“ WA A sal?\L L.U’"‘Jl/ WA M Y
- 111 L ull vy A P Y I N 8
2
3 015 H
% 010 4
S 2
£ 0.05 l | l 2
s 111 1] r T T T T
£ 0004tk ERRTR L A RLLLLENES SEALLEEEE SESSTIETS ESRSEETED e SRR :
16/01/2010 21/01/2010 26/01/2010 31/01/2010 05/02/2010 10/02/2010
© © Py 'S 'S ®
m Date

Figure SI-6.2.2:Mass spectra and time series associated with tlfectdrs solution

(SIRTA site).
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SI-6.3 Rotational ambiguity: fpeak variation

The rotational ambiguity of the selected PMF solusi are explored for each site via the
fpeak parameter in the range +1. Fig. SI-4.3 shithvwsmean factor contributions for the
convergent solutions within this range. Concerrboth the GOLF and LHVP data, only
fpeak < 0 produced source profiles showing good agreemstft literature spectra,
whereas positive fpeaks were acceptable for thd SidRataset.
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Figure SI-6.3: Relative factors contribution asdiion of the fpeak parameter.
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SI-6.4 Local minima investigation: seeds variation

To investigate the possibility of local minima imet PMF solution space, the algorithm
was initialized using 50 different starting poilftseeds”). Figures SI-6.4.1, SI-6.4.2 and
SI-6.4.3 show the variation of the relative sourcestributions and of the Q&)
parameter as a function of seed for the SIRTA, LH¥WB GOLF sites respectively.

0.0

0.2

Figure SI-6.4.1Relative factors contribution as function of difat seeds (SIRTA site).
The solution is stable using 50 different starpagnts.

0.4

0.6

Relative factors contributions

0.8

1.95

1.90

Q/Qexpected

1.85

1.80

The GOLF station seed analysis provided 2 groumohiftions characterized by different
values of the ratio Q/&), as shown in Fig. SI-6.4.2. The two groups of Bohs are
mostly similar (Fig. SI-6.4.3). However, those witligher” Q/Q., values are
characterized by higher org44 in the HOA spectriumpgared to the other group. In
addition the switch between the 2 groups of soh#tis associated also with different
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746 interpretation of the PMF factors. Considering tHewer” Q/Qex, solutions the
747 interpretation of the source spectra is OOA, HOBO\, OOA-BBOA and split of
748 OOA,-BBOA moving from factorl to factorb, whereas itG©A, OOA-BBOA, HOA,
749 BBOA and split of OOA-BBOA for the “higher” Q/Qy, ratios.

750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775

776

777 6.65

778

S AR
=l L T

783 0 10 20 sced 30 40 50
784
785 Figure SI-6.4.2: Relative factors contribution asdtion of different seeds (GOLF).
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Figure SI-6.4.3Mass spectra comparison of different @43olutions (GOLF).

The analysis of the seeds variation for the LHVRaskt gave 2 groups of solutions
characterized by different values of the ratio Q/@hown in Fig. SI-6.4.4.

The solutions with “higher” Q/Q, values are not completely physically meaningful
since the BBOA spectrum does not show org44 inntlass spectrum and the O®A
BBOA profile is less clear than the one from thieeotgroup (Fig. SI-6.4.5). In addition a
different interpretation of the PMF factors candeen between the 2 groups of solutions.
Considering the “high” Q/, solutions the interpretation of the source spast@OA.-
BBOA, COA, HOA, BBOA and OOA moving from factorl tactor5, whereas it is
COA, OOA-BBOA, OOA, HOA and BBOA for the lower Q£ ratios.
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Figure SI-6.4.5Mass spectra comparison of different Q/Qexp sahstittHVP).

SI-6.5 PMF solution residuals

Figures SI-6.5.1, SI-6.5.2, SI-6.5.3 representréisgduals of the PMF algorithm in terms
of time series and mass spectra. Significantly irgm to evaluate the performance of
the model are the scaled residuals graphs (batiérims of time series and mass spectra)
which represent what the model was not able tortescAt all the three stations PMF
residuals are on average quite low.
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Figure SI-6.5.1Residual time series and mass spectra (SIRTA).

24



923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966

sid
N
|

IR

T Abs(Resid)
S
l

/ZTotal

¥ Resi
=
S
|

¥ abs(Resid)/=Total

¥167) Qexp
N
o
o
|

T (Rjjid

21/01/2010

26/01/2010

31/01/2010

Date

05/02/2010

M ‘ L
I
10/02/2010

ul, .u]ﬁ
I

15/02/2010

T Abs(Resid)
a -_
< o
|

T Resid/ZTot

O O O =

T abs(Resid)/=Total
N
|

50

100

150

200

250

300

Figure SI-6.5.2Residual time series and mass spectra (GOLF).

25



967
968

969
970
971
972
973
974
975

Abs(Resid)
o
S

5

STotal
T Resid/=Tofal
Soo
S Lodo
(=2} o (&)
| | |

bs(Resid)/.

s

I=

&
|

20+ '™ O T )

VU W WIS DAY PR N
T T T

T T [ Py
T

d | T
16/01/2010 21/01/2010 26/01/2010 31/01/2010 05/02/2010
Date

S (ReBid’/6 )/ Qe

10/02/2010

i
15/02/2010

> Resid
D

T Abs(Resid)
w
o
|

1

60x10™>
40 —
20

P NPPRE Y N | VN PSP T """|'|"". n|u.|.- TN
|

~Tot

o
o
|

)=Total ¥ Resid/
o
N
1 I

bs(Resid
o
N
|

1

220 —

$id*/67)/Qqy
=
L 1|

1

z

20 40 60 80 100 120 140 160 180 200 220

m/z

240

260

Figure SI-6.5.3Residual time series and mass spectra (LHVP).

26



976 SI-6.6 Tracersof cooking and biomass burning sour ces

977

978

979 The relative contribution of the biomass burningtéa separated by PMF at the three
980 sites is compared with the fraction of organic60the total organic mass (f60), as
981 sensitive quantity for BBOA.
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986 Figure SI-6.6.1Relative contribution of organic60 as tracer ofrbass burning aerosols.
987

988

989

990

991 The relative contribution of the cooking factor aegied by PMF at the SIRTA and
992 LHVP sites is compared with the organic ratio atssi®5 to organic at mass 57
993 (org55/org57). The ratio org55/org57 representstaist marker for COA as introduced
994 by Mohr et al. (2012). The contributions at orgamasses 55 and 57 apportioned to the
995 OOA factors have been subtracted when calculatiagdtio org55/org57.

996

997
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SI-6.7 Intercomparison of PMF solutions at the 3 si  tes

A comparison of the PMF results obtained at thedlsites in terms of mass spectra and
time series is represented in Figure SI-6.7.1. Miass spectra of the identified sources
are quite stable among the sites; however therdiffees at masses 15, 29 and 44 are
most probably associated to the use of several Ad$jscussed in section SI-3.

Oxidized organic aerosols indicate a homogeneaupdeal variation over the Parisian
region, while the role of local primary emissionusmes can be identified in the time
variability of HOA and COA. The wood burning emss appear to have a regional
behavior, although several local spikes can betiiilesh
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Figure SI-6.7.1PMF results over the Paris region.
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SI-7 Comparison of black carbon measurements at SIR  TA and in a remote

rural site
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SI-8 Back trajectories for specific events

Back trajectories ending at the SIRTA site havenb®eluated using HYSPLIT (Hybrid
Single Particle Lagrangian Integrated Trajectoryd®fpat an initial altitude of 500 meters with
a total run time for each day trajectory of 48 Bdi@raxler, 1997, 1998). The vertical motion
was considered isobaric and the meteorologicainrd@ton has been obtained from the GDAS
database.
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Figure SI-8: Back trajectories of specific events.
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