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Data processing

The mass spectra were processed using a custom software named SIEVE, which was developed by
Thermo Scientific in Germany. The detailed processing steps and settings in the software are
presented as follows: A threshold peak abundance of 1x10° arbitrary units in the the two-
dimensional space of the retention time window from 0—11.05 min and m/z window from 50—-500
was applied to all ions. The software automatically searched the ions with their peak abundance
above the threshold and only ions with peak abundance in the ambient samples 10 times higher
than those in the blank samples were retained. Subsequently, all mathematically possible formulas
for these ions were calculated with a mass tolerance of £ 2 ppm with the elemental number ranges
of 1-39 (**C), 1-72 (*H), 0-20 (**0), 0-7 (**N), 0—4 (*3S) and 0—2 (**Cl) (Kind and Fiehn, 2007;Lin
et al., 2012;Wang et al., 2018). In the positive mode (ESI+), 0—1 of Na was also included in the
formula calculation because of the high tendency of sodium to form adducts with polar organic
molecules. To remove the chemically unreasonable formulas, the identified formulas were further
constraint by setting H/C, O/C, N/C, S/C and CI/C ratios in the ranges of 0.3—3, 0-3, 0-1.3, 0-0.8
and 0-0.8, respectively (Kind and Fiehn, 2007;Lin et al., 2012;Rincén et al., 2012;Wang et al.,
2018;Zielinski et al., 2018). Meanwhile, the resulting neutral formulas with a non-integer or
negative double bond equivalent (DBE) or elemental composition which disobey the nitrogen rule
for even electron ions were also removed. It should be noted that only formulas detected in the
three repetitions and observed in all three filter samples for each city were discussed in this study.
The peak abundance of a compound in each city sample refers to the average area of its
chromatographic peak in the three filter samples and was blank-corrected. After that, the arbitrary
abundances of all isomers for a given formula were added up.

To reflect the degree of unsaturation of a compound, the double-boud equivalence (DBE) was
calculated for chemical formula C:HnO,NnSsClx by the equation: DBE = (2c +2 -h —-x +n)/ 2,
where ¢, h, x and n represent the numbers of atoms of carbon, hydrogen, chlorine and nitrogen,
respectively.

Additionally, the aromaticity equivalent (Xc) was suggested to improve the identification and
characterization of monoaromatic and polyaromatic compounds (Yassine et al., 2014;Kourtchev et
al., 2016;Wang et al., 2017). Xc of the formula C:H,O,NnSsClx was calculated as follows:

Xc=[3(DBE-(pxo0+qgxn))—2]/[DBE—(p*0+qxn)]

where p and q, respectively, refer to the fraction of oxygen and sulfur atoms involved in n-bond

structure of a compound that varies based on the category of the compound. For example,
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carboxylic acids and esters are characterized using p =q = 0.5, whilep=g=21andp=qg=0are
used for carbonyl and hydroxyl, respectively. Since it is impossible to identify the structurers of
the hundreds of formulas observed in this study, we cannot know the exact values of p and g in an
individual compound. Therefor, in this study, p = g = 0.5 was applied for compounds detected in
ESI- due to carboxylic compounds are prone to be ionized in negative mode. However, because of
the high complexity of compounds detected in ESI+, p = g = 1 was used in ESI+ to avoid an
overestimation of the amount of aromatics. Moreover, if DBE < (p x 0 + q % n) or Xc <0, then Xc
was defined as zero. When using p =g =0.5 and (p x 0 + q x n) gave an odd number, the value of
(p x 0 + g x n) was rounded down to the lower integer (Yassine et al., 2014). Xc¢ > 2.50 and Xc¢ >
2.71 are suggested to unambiguous minimum criteria for the presence of monoaromatics and

polyaromatics, respectively (Yassine et al., 2014).

It should be noted that different organic compounds have different signal response in the mass
spectrometer, so uncertainties exist when comparing the peak areas between compounds. In this
work, we assume that all organic compounds observed in this study have the same abundance
response in the mass spectrometer. And the abundance-weighted average molecular mass,
elemental ratios, DBE, and Xc for formula C:HhO,NnSsClx were calculated using following

equations:

MMayg =3 (MM; X A)) /> A
OICavg =Y. (O/Ci x A)) / Y. A
H/Cavg =Y (HICi x A))/ ¥ A
DBEag =Y (DBEi x A))/ Y A
XCavg = (XCi x Aj) /Y Aj

where A; was the peak abundance for each individual formula i.
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Table S1: The daily average concentrations of PM2s, SO,, NO,, CO and Os, and average

temperature (T) in Changchun, Shanghai and Guangzhou during filter sampling dates.

Sampling PMs s SO, NO>, CO 03 T
Sample 1D | Date | (ugm?) | (ugm?) | (ugm?) |(mgm?) | mem?) | (O
04-01-2014 222 72 63 1.5 43 -14
Changchun |24-01-2014 162 77 51 14 70 —11
29-01-2014 185 70 29 0.9 58 -9
01-01-2014 171 63 99 1.7 61 10
Shanghai | 19-01-2014 159 33 61 1.3 74 7
20-01-2014 172 59 76 1.8 42 6
05-01-2014 152 39 89 14 113 16
Guangzhou | 06—01-2014 138 42 109 1.7 117 15
11-01-2014 138 24 80 1.6 69 16

The data was supported by an open air quality database (www.agistudy.cn).
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93  Figure S1. The van Krevelen diagram for CHO— compounds in Changchun, Shanghai and
94  Guangzhou samples. The area of the circles is proportional to the fourth root of the peak abundance
95  of an individual compound and the color bar denotes the aromaticity equivalent (gray with XC <
96  2.50, purple with 2.50 < XC < 2.70 and red with XC > 2.70).
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102
103  Figure S2. Classification of CHON+ compounds into different subgroups according to O/N ratios

104  intheir formulas. The y-axis indicates the relative contribution of each subgroup to the sum of peak

105  abundance of CHON+ compounds.
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Figure S3. Double bond equivalent (DBE) vs C number for all CHON+ compounds of all samples.
The molecular formula represents the abundance-weighted average CHON+ formula and the area
of the circles is proportional to the fourth root of the peak abundance of an individual compound.
The color bar denotes the aromaticity equivalent (gray with XC < 2.50, purple with 2.50 < XC <
2.70 and red with XC > 2.70). The pie charts show the percentage of each Xc category (i.e., gray
color-coded compounds, purple color-coded compounds and red color-coded compounds) in each

sample in terms of peak abundance.
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