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1. Calculation of ozone formation potentials (OFPs) and secondary organic aerosol
formation potentials (SOAFPS)

The OFP of individual VOC species i, OFP (i), is calculated by the following equation:
OFP (i)=conc(i)*MIR(i)

where conc (i) is the concentration of VOC species i, and MIR (i) is the maximum
incremental reactivity coefficient of VOC species i, which is defined by Carter (2009).
MIR defined as the maximum amount of ozone formed per unit of VOCs added or
subtracted from the whole gaseous mixture in the given air mass.

SOAFPs is estimated using the following formula:

SOAFPs= z XXV

where Xi is the mass concentration of precursor i (ug m), and Yi (%) is the SOA yield
of precursor i. SOA yield is defined as mass of SOA formed divided by mass of VOCs
reacted (Loza et al., 2014). SOA vyield data have been obtained in controlled smog
chamber studies. In this study, the SOA yields are taken from Ng et al (2007), Lim and
Ziemann (2009) and Loza et al (2014). As SOA formation depend on nitrogen oxide
(NOx) (Ng et al., 2007), and we calculated SOAFPs under low-NOx and high-NOx

conditions, approximating the higher and lower limits.



19  Table S1. Comparison of mixing ratios (ppbv) of VOCs in present study with those
20  from other studies at metropolitan areas in the world.

Wang et Caietal., Zouetal.,

This study Li et al., 2015 Liu et al., 2017 al.2010 2010 2015

Beijing, Shanghai, Guangzhou,

Location Beijing, China Beijing, China Beijing, China China _ China China

Sampling sites type Ruran Urban Urban Urban  Urban  Suburban

2007.1- 2011.6-

Sampling periods 2014.10.25-2014.12.31 2014.10.18-2014.11.22 2015.12.15-2016.1.14 2008.6 2010 3 20125

Period Period Before During After Clear Light  Heavy

Types Period I =7, Il APEC APEC APEC days naze haze
days  days
Ethane 325 244 367 1080 771 1131 371 803 1763 353 - 3.66
Propane 288 130 248 638 444 540 212 518 1252 285 481 4.34
i-Butane 112 047 075 232 157 175 044 091 205 147 1.43 2.67
n-Butane 128 056 084 327 189 225 073 176 371 187 2.03 3.07
i-Pentane 143 0.56 1.02 216 114 141 039 083 176 2.03 2.29 1.72
n-Pentane 062 025 046 161 074 099 026 054 131 091 - 1.37
2,2-Dimethylbutane 0.03 0.02 003 007 002 003 006 008 013 0.05 - 0.37
Cyclopentane 006 004 005 035 009 014 007 016 0.29 0.10 - 0.15
2,3-Dimethylbutane 005 003 004 025 014 018 003 007 009 0.09 - 0.13
2-Methylpentane 017 008 012 073 044 054 016 036 059 052 0.67 0.88
3-Methylpentane 015 007 010 049 025 027 018 024 042 0.34 0.48 0.75
n-Hexane 051 032 140 093 066 062 093 081 104 056 0.84 1.43
Methylcyclopentane 010 0.06 009 044 023 027 021 032 065 025 0.27 0.32
2,4-Dimethylpentane 002 001 002 0.06 003 003 003 004 005 0.04 0.21 0.37
Cyclohexane 017 0.04 008 041 013 018 007 013 024 0.09 - 1.65
2-Methylhexane 0.07 002 005 020 009 012 005 009 018 0.8 0.18 0.58
2,3-Dimethylpentane 0.03 0.02 003 012 005 0.07 - - - 0.08 - 0.26
3-Methylhexane 009 0.04 007 021 010 014 007 014 036 021 0.21 0.52
2,2,4-Trimethylpentane  0.04 003 0.04 018 009 011 006 014 022 0.03 - 0.22
n-Heptane 0.09 0.03 008 026 012 018 007 015 035 0.19 0.23 0.32
Methylcyclohexane 005 002 004 023 008 012 005 011 026 0.09 - 0.26
2,3,4-Trimethylpentane 001 001 0.02 009 004 005 002 005 0.7 0.03 - 0.12
2-Methylheptane 003 0.01 002 008 004 006 003 005 008 0.05 - 0.08
3-Methylheptane 003 001 002 005 002 003 002 003 005 0.5 - 0.08
n-Octane 0.04 002 004 013 007 010 003 005 009 011 - 0.19
n-Nonane 0.04 0.02 004 010 0.05 0.08 003 005 009 0.09 0.09 0.35
n-Decane 013 0.04 007 010 0.06 0.07 002 003 006 0.10 0.09 0.03
n-Undecane 015 0.07 009 006 004 005 003 003 004 0.06 - 0.17
n-Dodecane 013 0.08 006 005 0.05 0.04 005 005 0.05 - - 0.14
Ethylene 179 125 231 718 551 1123 243 654 1514 418 - 2.99
Propene 043 037 082 133 116 242 089 235 451 088 0.84 1.32
1-Butene 011 006 014 035 022 042 019 044 0.78 1.17 0.26 0.44
1,3-Butadiene 015 0.08 025 - - - - - - - - -
trans-2-Butene 002 001 004 012 010 015 011 012 015 0.14 0.24 0.28
cis-2-Butene 002 001 004 016 009 017 012 012 0.17 0.12 0.22 0.22
1-Pentene 0.03 0.02 0.05 - - - 0.07 011 019 0.06 0.13 0.05
Isoprene 016 0.06 020 011 006 0.07 007 012 016 025 0.12 1.14
trans-2-Pentene 0.02 0.02 002 006 003 005 006 007 009 0.05 - 0.03
cis-2-Pentene 001 001 002 003 001 002 016 022 051 0.05 - 0.19
2-Methyl-2-butene 0.02 0.02 0.02 - - - - - - - - -
Benzene 0.87 041 0.80 198 102 187 059 133 354 1.23 1.81 0.62
Toluene 127 034 084 331 157 237 055 134 318 2.53 4,70 459
Ethylbenzene 068 015 032 113 049 074 01 027 068 083 1.23 1.48
m/p-Xylene 0.77 015 042 101 048 071 024 066 156 1.13 1.40 141
Styrene 0.17 003 015 024 011 021 006 013 0.25 0.14 0.14 0.41
0-Xylene 033 007 018 071 032 049 009 024 057 032 0.49 0.66
Isopropylbenzene 002 001 002 005 002 003 001 002 002 0.04 - 0.10
n-Propylbenzene 0.07 0.02 004 009 004 006 0.02 002 004 0.08 - 0.23
m-Ethyltoluene 014 003 009 025 010 016 004 008 014 0.12 - 0.25
p-Ethyltoluene 0.06 0.02 004 013 0.05 0.08 - - - 0.10 - 0.21
1,3,5-Trimethylbenzene 0.05 0.01 004 0.09 004 006 002 004 006 0.08 - 0.21
o-Ethyltoluene 0.06 0.02 004 010 0.04 0.07 002 003 006 0.08 - 0.27
1,2,4-Trimethylbenzene 0.22 006 0.13 029 013 019 0.04 011 0.19 0.16 - 0.21
1,2,3-Trimethylbenzene 0.08 002 0.06 0.08 004 006 002 003 0.06 0.08 - 0.15
1,3-Diethylbenzene 0.04 002 003 002 001 001 002 003 003 012 - 0.12
1,4-Diethylbenzene 0.08 0.02 005 0.06 004 004 002 002 003 010 - 0.11
1,2-Diethylbenzene 0.02 001 0.02 - - - - - - - - -
Ethyne 313 163 301 641 404 827 251 672 13.69 440 - -
21
22
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24
25

(Tab S1 Continued)

Borbon Leuchner and

GUSO%?I" etal, Rappengluck., Elaugloclzt Garzon et al., 2015 elt_:ka;ggg Saito et al., 2009
2002 2010 " "
Location Hog%ﬁzng, FI;IeIrI\?:,h Houston, USA FPr chs:h Mexico city, Mexico Fg:)elze::léa, Nagoya, Japan
Sampling sites type Urban  Urban Urban Urban Urban Marine urban
. . 2002.9- 1997.5- Fall, 2004-
Sampling periods 20038 19994 2006.8-9  2010.1-2 2005.11-12 2011.11-12 2006 2003.12-2004.11
Types
Ethane 1.83 4.86 6.21 5.70 7.01 1.57 1.95 3.86
Propane 1.60 2.48 5.39 5.09 45.82 10.12 0.47 3.34
i-Butane 0.90 1.64 3.33 4.74 11.49 5.04 0.17 1.40
n-Butane 1.46 3.07 231 8.11 4.44 13.58 0.24 2.66
i-Pentane 0.52 5.23 1.74 6.72 3.76 5.92 0.23 1.33
n-Pentane 0.25 151 0.92 3.12 0.22 3.55 0.20 0.70
2,2-Dimethylbutane - - 0.06 - 0.73 0.28 0.08 0.08
Cyclopentane - - 0.14 - 1.31 1.42 0.04 0.08
2,3-Dimethylbutane - - 0.11 - - - 0.03 0.11
2-Methylpentane - - 0.39 - 0.05 1.08 0.14 0.37
3-Methylpentane - - 0.28 - - - 0.05 0.29
n-Hexane - 0.50 0.47 1.75 4.50 4.88 0.10 0.56
Methylcyclopentane - - 0.22 - 0.31 0.17 - 0.13
2,4-Dimethylpentane - - 0.05 - - - - 0.06
Cyclohexane - - 0.12 - 0.54 0.73 0.02 0.18
2-Methylhexane - - 0.23 - 0.61 0.11 - 0.12
2,3-Dimethylpentane - - 0.03 - 0.71 0.43 - 0.07
3-Methylhexane - - 0.22 - - - - 0.14
2,2,4-Trimethylpentane - - 0.31 - - - - 0.13
n-Heptane - 0.40 0.18 - 111 1.23 0.05 0.16
Methylcyclohexane - - 0.22 - 2.36 0.28 - 0.21
2,3,4-Trimethylpentane - - 0.08 - 2.43 0.39 - -
2-Methylheptane - - 0.04 - 2.18 0.22 - -
3-Methylheptane - - 0.05 - - - - -
n-Octane 0.18 0.13 0.06 - 2.20 0.28 0.07 0.10
n-Nonane - - 0.10 - 2.32 0.50 - 0.13
n-Decane - - - - - - - 0.19
n-Undecane - - - - - - - 0.13
n-Dodecane - - - - - - - -
Ethylene 1.47 7.83 2.10 181 8.49 4.75 0.08 2.89
Propene 0.32 2.01 112 112 22.29 2.30 0.24 0.71
1-Butene 0.09 0.61 0.15 - 0.26 0.47 0.05 0.21
1,3-Butadiene 0.05 0.40 0.17 - - - - -
trans-2-Butene - 0.59 0.06 - 0.39 0.27 0.02 0.14
cis-2-Butene - 0.43 0.04 - 7.25 0.15 0.02 0.14
1-Pentene - 0.15 0.06 - 4.57 0.15 - 0.15
Isoprene - 0.19 0.54 0.74 - - - 0.66
trans-2-Pentene - 0.32 0.06 - 0.22 0.50 - 0.15
cis-2-Pentene - 0.16 0.03 - 1.03 0.53 - 0.10
2-Methyl-2-butene - - 0.03 - - - - -
Benzene 0.42 243 0.34 341 3.93 2.30 0.23 0.52
Toluene 2.77 5.12 0.80 12.60 30.93 12.73 0.17 2.54
Ethylbenzene 0.40 0.81 0.16 - 3.20 1.48 - 0.52
m/p-Xylene 0.70 2.56 0.53 12.20 6.20 2.50 - 0.68
Styrene - - 0.30 - 3.48 0.55 - 0.13
0-Xylene - 0.99 0.20 - 2.29 1.95 - 0.25
Isopropylbenzene - - 0.02 - 213 0.87 - -
n-Propylbenzene - - 0.03 - - - - -
m-Ethyltoluene - - 0.08 - - - - 0.20
p-Ethyltoluene - - - - - - - 0.11
1,3,5-Trimethylbenzene - 0.27 0.08 - - - - 0.16
o-Ethyltoluene - - - - - - - 0.11
1,2,4-Trimethylbenzene - 0.78 0.20 - - - - -
1,2,3-Trimethylbenzene - 0.24 - - - - - 0.14
1,3-Diethylbenzene - - 0.04 - - - - 0.08
1,4-Diethylbenzene - - 0.06 - - - - 0.13
1,2-Diethylbenzene - - - - - - - -
Ethyne 1.95 5.13 0.67 0.73 11.35 4.92 0.23 1.99




26  Table S2. Ozone formation potentials (OFPs) of VOCs in the southerly and
27 northerly air masses during period I, 11 and I11.
Ozone formation potentials, ppbv

Alkanes Alkenes Aromatics Ethyne Sum
Period | 10.02 25.90 21.81 291 60.64
Period Il 451 17.42 5.07 151 28,51
Period Il 8.78 36.73 13.17 2.80 61.47
Period | South @ 12.04 30.03 23.57 3.58 69.21
North ® 3.97 13.53 16.53 0.90 34.92
Period Il South @ 6.07 20.46 7.29 2.08 35.89
North ® 2.27 13.04 1.85 0.69 17.86
Period Il South @ 14.15 67.64 25.40 5.51 112.70
North ® 5.93 20.38 6.70 1.36 34.39

28 aFor the datasets in the southerly air masses; ® For the datasets in the northerly air masses.
29



30 Table S3. Secondary organic aerosol formation potentials (SOAFPs) of VOCs in
31  the southerly and northerly air masses during period I, Il and I11.

Secondary organic aerosol formation potentials, pug m™

Low-NOx High-NOx

Alkanes Aromatics Sum Alkanes Aromatics Sum

Period | 1.47 7.30 8.77 1.63 2.39 4.02
Period Il 0.61 1.93 2.54 0.68 0.75 1.43
Period 111 0.68 4.62 5.30 0.75 1.68 243
Period | South 2 1.66 8.08 9.74 1.83 2.71 4,54
North © 0.91 4,96 5.86 1.01 1.44 2.45

Period Il South 2 0.75 2.80 3.55 0.84 1.09 1.92
North © 0.40 0.68 1.09 0.45 0.27 0.72

Period 111 South 2 1.08 9.11 10.19 117 3.37 4,54
North ® 0.47 2.25 2.72 0.52 0.79 1.31

32 2For the datasets in the southerly air masses; ® For the datasets in the northerly air masses.
33



34  Table S4. Average reductions of VOCs (ppbv) contributed by the control of
35 different sources as derived from the PMF source apportioning results.

Sources Average sources reduction contribution, ppbv
All 2 South ® North ¢

Gasoline exhaust 3.18 4.00 0.57
Industrial emission 1.35 1.77 0.27
Solvent use 4.29 4.90 2.22
Diesel exhaust 2.28 2.03 1.71
Coal/biomass burning 0.31 0.16 0

Total 11.41 12.86 4,77

36 aFor all the data; ® For the datasets in the southerly air masses; ¢ For the datasets in the northerly air masses.
37
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Figure S2. Mixing ratios of VOCs and corresponding back trajectories of air masses
arriving at 100 m above the ground level during (a) 3-5 November, (b) 18-21 November,

(c) 28-30 November, and (d) 26-28 December, respectively.
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