OCoOoO~NOOYOL &~ W DN

N NN B PR R R R R R R
N B O © 00 N O U0 A W N R O

NN NN
o0l h W

NN
o0

N
©

Supplementary information for manuscript

Identification and quantification of organic aeroso | from
cooking and other sources in Barcelona using aeroso | mass
spectrometer data

C. Mohr?, P. F. DeCarld*, M. F. Heringa®, R. Chirico'”, J. G. Slowik", R. Richter",
C. Reché, A. Alastuey?, X. QueroP, R. Secd™, J. Pefiuelad J. L. JiméneZ"> M. Crippa’,
R. Zimmermann®’, U. Baltensperget, and A. S. H. Prévét

! aboratory of Atmospheric Chemistry, Paul Schelmstitut (PSI), Villigen, Switzerland
%|nstitute for Environmental Assessment and Wateselaech (IDAEA-CSIC), Barcelona, Spain
3Unitat d'Ecologia Global CREAF-CEAB-CSIC, CentreRlecerca Ecologica i Aplicacions
Forestals, Universitat Autonoma de Barcelona, Bangg Spain

“Department of Chemistry and Biochemisti@poperative Institute for Research in the
Environmental Sciences (CIRES), University of Cattw, Boulder, USA

®Helmholtz Zentrum Munchen, Joint Mass Spectroméenter, Institute of Ecological
Chemistry, Neuherberg, Germany

"University of Rostock, Rostock, Germany

" now at: Department of Civil, Architectural, andilonmental Engineering, Drexel University,
Philadelphia, USA

** now at: Italian National Agency for New Techngies, Energy and Sustainable Economic
Development (ENEA), UTAPRAD-DIM, Frascati, Italy

***now at: Atmospheric Chemistry Division, Nation@lenter for Atmospheric Research,
Boulder, USA

Correspondence to: A. S. H. Prévét (andre.prevot@ps



30 1 Collection efficiency (CE)

0.70 — 100
O CE 04 3
—— AMS tot 0.3 <.,
0.65 0.2 & | g9
® 8= =
0.60 — 60
L
3)
0.55 — 40
0.50 @ « ;{\; — 20
0.45 T T T T T T T T T T T T T T T T -0
25.02.2009 07.03.2009 17.03.2009 27.03.2009
31 Date

32  Figure S1: Time series of the collection efficienc§CE) used for the present dataset (left axis) arbtal
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39  Figure S2: Scatterplot of combined time series obtal AMS species (HR) and BC (y-axis) and Grimm PM

40 The data were fitted with a least orthogonal distaoe fit (red line).
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42 3.1 UMR solution
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44  Figure S3: Mass spectra of the UMR 5-factor-PMF saition.




45
46
47

48

49
50
51
52
53
54
55

12x10° —10 BBOA

- p— B b o
32 8 —— Org60 - a
E_ 876~ | wom b<(880 Nm),s — 0.20g
2 B =
o E B z
% i 0'103.
ey s
- g.oo
120x10° — HOA ®
g 15 — —33
£ 80 —— Benzene N
E — no— ¢ " baps(880 NM)yragric — 2 g
S E a0 3
< —~ 10 —
o °
(2] «Q
= o
e a
1 —
S g
E 5,
L ~
=
* 2 — 20
20 SV-O0A >
15 — NOs B
105
10— M A THWE 2
5 TR Vdall! Wh----F — 5 _¢&
0 - — 0
8 — 8
6 — —6 8
S
a—{ WAL | 4 E
2 B B N B 2 E‘:'
o

I | I
03.03.2009 13.03.2009 23.03.2009

Date
Figure S 4: Time series of the UMR 5-factor-PMF saition and ancillary data.

3.2 Comparison of UMR and HR PMF solution

The R? of the correlation of the mass spectra of the Uafild HR PMF solution range from 0.80
(COA) to 0.99 (LV-OOA), confirming their similardés. Bigger differences can be seen in the
time series of the corresponding factors. The Ci#e tseries show discrepancies in the total
mass especially in the beginning of the campaignil(02 March 2009), visualized in the data
points with a much lower slope in Fig. S5 h. Fa BBOA, the UMR time series features peaks
not inherent to the HR time series. Concerningnfass attribution to each factor, HR generally

assigns more mass to the primary OA factors ansl testhe OOA factors. Here the higher



56 resolution and, related to that, the signal onratividual ion basis of the HR data matrix adds
57 additional information to the HR data matrix andighallows for a better quantification of

58 primary and secondary OA.
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3.3 UMR solution criteria

The PMF solution for a chosen number of facfpis a weighted iterative least squares fit
minimizing Q as in Eqg. (1), wittm andn denoting the rows and columns of the input magtice
respectively. The known standard deviationsf the measured input valugsare used to

determine the weights of the residugjs

2

Q:m n(elj/sij) (1)

i=1 j=1
If the model is appropriate and the data uncersrgstimations are accuratey, { i,-)z is ~1 and
the expecte® (Qexpectefl= mnp(m+n) mn the degrees of freedom of the fitted data. Qhe
value is one mathematical criterion for the quabtyhe PMF solutionQ/Qexpected>1
indicates an underestimatid@/Qexpecteck<1 an overestimation of errors in the input data
(Paatero et al., 2002). The mathematically cowaltte ofp in PMF would be where the line
changes the slope in the plot of a serieg @dlues versus their respective minimizg@Fig. S6
a). However, a PMF solution has to be feasibleniambient context and thus does not
necessarily correspond to the mathematically couaae ofp.
Rotational ambiguity is a significant problem irethse of factor analysis (Paatero et al., 2002).
PMF solutions are not unique since linear transédiom (still conserving the non-negativity
constraint) are possibl&E = GTT'F). The rotational freedom of the chosen solution be
explored through a non-zero valued user-specifi¢ational parametdpeak Fpeak >0 tries to
impose rotations on the emerging solutions usingjtpe coefficientsr in T, fpeak <0 vice
versaFpeak= 0 produces the most central solution (Fig. S6 b)
The number of factorg was chosen to be 6 for the UMR dataset (Fig. B7the solution with
p="5 (Fig. S8 a), the spectra of BBOA, HOA, and C@w less clearly separated (e. g. high
signal atm/z57 in the top factor resembling BBOA, but verylditsignal atm/z57 in the red
factor resembling COA). Figure S8 b shows the tgsages of the 5-factor solution — they are
less clearly distinct than those of the 6-factduon. The 7-factor solution (Fig. S9, a) features
a factor consisting mostly of signal 'z 43 and a factor (orange) with single, isolatedkpea
inconsistent with regular ion series. The timeeseshow a more similar evolution (Fig. S9 b),

indicating a split of factors.
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For the PMF solution presented in the manusciia,a-factor solution was chosen and the two
factors assigned to SV-OOA (black and purple) regeal to one SV-OOA, using the sum for
the time series and the loadings-weighted averateespectra.

Figure S10 presents the explained variance of thanics as a function dpeakfor the chosen
6-factor solutionfpeakwas chosen to b -0.7 based on correlations ottnesponding factors
with reference spectra (Ng et al., 2011).

A boxplot of the scaled residuals (boxes are +802% points) pem/zis shown in Fig. S11,
time series of the residuals a@dQexpectedre shown in Fig. S12. On 16 March 2009, a power
failure led to a breakdown of the instrument arslibsequent pumping down effect (Fig. S12).
Downweighting this period in the input for PMF didt alter the solution.

The solution space for the choges 6 (central rotation) was explored by running PMEh 50
random initial valuesSEED at iteration start (Figs. S13 — 14). Roughly ¢hselution groups
can be identified (numbers in Fig. S14). Group®sd 2 feature a factor spectrum predominantly
consisting ofm/z43 and two spectra that are basically identicake $pectrum with BBOA-like
features shows no contributionsnatz44, which is inconsistent with previous studiest §roup

3, all spectra not assigned to OOA show very highilarities. The solution with a central
rotation (peak= 0) was thus discarded regardlesSBEDvalues. Similar information was also

published in the supplementary information of Mehal. (2011).
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Figure S 6: Q/Qexpectedrersus the number of factorg (a) or fpeak (b). The orange circle denotes the chosen
UMR solution.



0.04 6
0.02 2
_g-80 A V1, S, RTAO W, W0,V Y IR -
0.06 12
0.04 8
0.02 4

sl

Fraction of signal
I=i=1==]
[=l=l=>"1
ey
LN
a o
P |

mj__‘.\_LI,_JALJl\_Jm_uu‘ g
¢ a
5 012 86
0.08 2,
0.04 || | 2 %
_gog .ol 111 M | | T . P’ bo
0.08 | =
0.06 — 15
s8] I Al k
D:ﬂz— 1 1 ] L I|I||| Ll INA N 5 Ly =
B8 2
0.08
0.06 — b
0.04 — 10
0.02 — 5
0.00 —

20 3 40 50 60 70O 30 90 100 03.03.2009 13.03.2009 23.03.2000
112 mfz Date and time

113 Figure S7: 6-factor UMR solution chosen, mass speat (a) and time series (b). The black and the pure
114  factor (SV-OOA 1 and 2) were regrouped to SV-OOA.

a) oes - b) e
0.04 — 6
0.02 -] } | 4
o] A I 2
o ||. L || il 4
A0 6
0.08 —
0.06 — 40
0.04 — l |
— 0.02 20
£ s00—
) - —
@ 042 Te1z
% 008 2,
g o0 | i A il *
£ 50— A | i 111 I ';"9 o "y B et L P L WY,
“ p.08 12
0.06 —
0.04 | | | 8
02 4
_g__ge - | | I | |I||| 1. .||.|||r " ||| ||I| Ltitews
012 8
0.08 4
0.04 | 2
0.00 -1 I..l. u e s T 1 | : |
20 30 40 % 6 7O 80 9% 100 03.03.2009 13.03.2009 23.03.2000
116 'z Date and time

117  Figure S8: 5-factor UMR solution, mass spectra (and time series (b).

10



o
St

POOOOP O O OPOOCO0 $ OO OOHOoOK
EERNFS R E & S3REE

NN
E—= B
-3,
]Nﬁ-ﬂ
o

E

(bgm
E —“nwad o
it % ;

Fraction of signal

bl
E
I

0.06 12

0.04 L

0:02 | P 1 | [PPSR 1T P e P 4

0.15

0.10 3

0.05 | 2

0.00 | T 1 —— T i T T T

20 30 40 50 60 70 80 80 100 03.03.2009 13.03.2009 23.03.2000
1 18 m'z Date and time

119  Figure S9: 7-factor UMR solution, mass spectra (and time series (b).

120
0.0 = _l
0.2 -
2 M Residual
C_) m Factor1
© _ = Factor2
§ 0.4 m Factor3
N = Factor4
° @ Factorb
S 06— 1 Factor6
=
[T}
s
'
0.8 —
1.0 T rrrrr T T T
-1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-01 0 0.1 0.20.3 040506070809 1
fpeak
121

122  Figure S10: Variance explained by PMF due to the actor UMR solution as a function offpeak For the
123  solution presentedfpeak=-0.7.
124

125
126

11



127
128

129

130
131

132

133
134

135

Scaled Residual

_||H|||||||r||||a||||||||||s|||||||uv||r||||||||||||a|n||||v|||||||||||||||r||r|||||||||||n||v||||w|||||||||||||||r||||||||||||w||v|||||||||||
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
miz

Figure S11: Median black strokes) and lower/upper gartiles (boxes) of the scaled residuals pen/z

(ugrg)
mownpmo
N

Residual Mass
ddlo O =

o
=]
]

&~
o
]

exp
tribution
N
o
1

1

AL

I
26.02.2009 03.03.2009 08.03.2009 13.03.2009 18.03.2009 23.03.2009
Date and time

/Q

Col

Figure S12: Time series of scaled residuals (top pal) and Q/Qexpectedlower panel).

25120 | @ Qforp= 6]

2.5118 —
2.5116 —

2.5114 —

Q/Qexpected

2.5112 +

2.5110 —

2.5108 —

| I | | |
10 20 30 40 50
SEED

Figure S13:Q/Qexpecteds a function of differentSEED values.

12



136
137
138
139

140
141

142
143

144

o)

Ry

%PPFFP
2ERE:s
i

Fraction of total Org

gnal
eeo
BER

Fraction of si

0.0

0.2

e
S

o
o

0.8

1.0

3.4 HR solution criteria

TPPP
B ¥ B

3

epocpese
SESBEIER

:

(AP N |y P P

pooee
2E8aa

(=3
~—

Mass (pg m'a]

-

sB88
]

Figure S14: Variance explained by PMF due to the @&ctor UMR solution as a function of SEED. The

numbers 1, 2 and 3 denote the three solution groupdentified (see text).

e

! e ! T
3

26.02.2009 03.03.2009 08.03.2008 13.03.2009 18.03.2009 23.03.2009
Date and time

Figure S15: Chosen 6-factor solution of the HR dat®t, mass spectra (a) and time series (b).

13



a) o0 b) 4
0.06 — 30
0.04 ‘ 20
0.02 10
8-00 1 I|“| ll l ani| L || || | I |.|.| L1 I I
0.04 12
0.03

8
0.02 -
o] h |t :

= —oo—i Ll TR 1 TIPSO A OO M O

e
5 0.06 | 10
[ B

E 0.04 ;g

pesdl i

I:_@ 8-66— 1 | IR | [1| TR T |.l.|1].| L |||,|.| I Ll é A — ooy o ARASLLI L.IHLML i

6

29
~
|

P © © ©
b o © =
P A & N
P B |
Nan-oim;

'f”|l fuuln‘ " 1 s
40 50 60 70 80 20 100 03.03.2009 13.03.2009 23.03.2009

145 m/z Date and time
146  Figure S16: 5-factor solution for the HR dataset, rass spectra (a) and time series (b).

147

0.08 40 —
a) 2% b) 497
0.04 | 20
0.02 | 10
006 p—ld b lARNG  dud  wlt b LANARKEN, Mlalanldaifil L Lok sa)
0.06 | 10
0.04 | .
0.02 7
008 |
0.06 - 64
_ 04 ‘ I 4]
s | P [T 1| (RN A AR O | g__!ﬂm
5 —8:08 — -
2 oo E10
c 004 2R
5 0.02 = 4
i ; a2
2 016 .
a2 =5
0.08 1
g:g L.l 1l | L ul L 2 -
0.12 &
0.08 g
00 vyl ol 47
0.12 gt
0.08 | 6
0.04 4
000 dwl il | PP 2]
20 30 a0 50 80 70 80 90 100 i
mz 03.03.2008 13.03.2009 23.03.2008
148 Date and time

149  Figure S17: 7-factor solution for the HR dataset, rass spectra (a) and time series (b).

150



12.565
12.560
14 12.555

12 12550 1 o ¢ PR o6 @ =

T T T T T T I T I 1 I I I I 1

Q/Qexpecte
>
Q/Qexpecte

1 2 3 4 5 6 7 8 9 10 -1.0 -0.5 0.0 0.5 1.0
1 5 1 No. of factors p fpeak

152  Figure S18:Q/Qexpectedrersus the number of factorsp (a) or fpeak (b), HR PMF. For fpeak< -1, Q/Qexpected
153 starts to increase again (not shown). The orangercle denotes the chosen solution.

TR

Factor1
Factor2
Factor3
Factor4
Factor5
Factor6

155 fpeak
156 Figure S19: Variance explained by PMF due to the 6actor HR solution as a function offpeak For the

e
(Y

e
~
|

Fraction of total Org
e
[=2]
|

(=}
-3
|

1.0 —

157  solution presented fpeak=0.
158

15



159
160

161

162
163
164

Figure S20:Q/QexpectedrersusSEED for the HR solution.

Figure S21: Variance explained by PMF due to the @ctor HR solution as a function ofSEED.
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Figure S22: Median (black strokes) and lower/uppenquartiles (boxes) of the scaled residuals pen/z(HR

solution).

Figure S23: Time series of scaled residuals (top pel) and Q/Qexpectedlower panel) for the HR solution.

17



172
173
174

175

Figure S24: Scatter plot of the time series of (880 nm),.ic and HOA. The red line is the least orthogonal

distance fit where the circle data points were remeed.
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177 Figure S 25:m/z55/0rg (fss) plotted againstm/z57/0rg (fs7).
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the cooking spectra there is also substantial coribution from the oxygen-containing ion GH3O". Reprinted
from Mohr et al. (2009).
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