Supplement of Atmos. Chem. Phys., 23, 1147-1167, 2023 A m h ri
https://doi.org/10.5194/acp-23-1147-2023-supplement t ospheric

© Author(s) 2023. CC BY 4.0 License. Chemistry
and Physics
Supplement of

Measurement report: Intensive biomass burning emissions and rapid
nitrate formation drive severe haze formation in the Sichuan Basin, China
— insights from aerosol mass spectrometry

Zhier Bao et al.

Correspondence to: Yang Chen (chenyang @cigit.ac.cn)

The copyright of individual parts of the supplement might differ from the article licence.



10

11
12

12

y= 0.69x-1.08, R2=0.81,
= 8
o)
2
o
2 4

0 ' T ' T ' T ;
0 5 10 15 20

[NHZJ[SOZ]

Fig. S1 Molar ratios of nitrate to sulphate vs. ammonium to sulphate during daytime
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Fig. S2 Variation of nitrate and sulphate as OX/ALWC increases during (a) daytime (left column)
and (b) nighttime (right column). The data of nitrate and sulphate concentrations were grouped into
different bins according to 20 pg/m? increment of Ox, and 100 pg/m?® increment of ALWC. The
mean (square), 50th (horizontal line inside the box), 25th and 75th percentiles (lower and upper

box), and 10th and 90th percentiles (lower and upper whiskers) of the box chart are marked in (a).
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Fig. S3 Diurnal variations of (a) chemical composition in NR-PMas, (b) O3, NO2, and SO, (c) RH

and temperature, (d) planet boundary layer height (PBLH) and solar radiation (SR). The PBLH was

derived from the European Centre for Medium-Range Weather Forecasts (ECMWF) dataset of

ERAS hourly data (https://cds.climate.copernicus.eu/cdsapp#!/home).
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Fig. S4 Mass spectrum profile of OA factors resolved by PMF for (a) 3-, (b) 4-, and (c) 5-factor

solutions
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Fig. S5 OOA concentration as a function of (a) Ox and (c) ALWC during daytime. (b) and (d) are

the same as (a) and (c) but during nighttime. The data of OOA concentration are grouped into

different bins according to 20 pg/m?® increment of Ox and 100 pug/m?® increment of ALWC during

both daytime and nighttime. The colour scale represents O3/Ox ratios in (a) and (b). The mean

(square), 50th (horizontal line inside the box), 25th and 75th percentiles (lower and upper box), and

10th and 90th percentiles (lower and upper whiskers) of the box chart are marked in (b).
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47 Fig. S6 Box chart of (a) f44 and (b) f60 as a function of Ox concentration. The data are grouped
48 into different bins according to 20 pg/m? increment of Ox
49
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Fig. S8 Fire maps of areas around Deyang during (a) non-haze, (b) H2 and H3 periods. The Fire
Maps were acquired from Fire Information for Resource Management System (FIRMS) developed
by the National Aeronautics and Space Administration (NASA). The data of VIIRS (375m) was

used (https://firms.modaps.eosdis.nasa.gov/active_fire/).
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Fig. S9 Variation of O:C of OA and relative contribution of OOA, BBOA, and HOA to OA during



70
71 Table S1 Summary of mass concentrations of PM2 s compositions measured during winter in

72 different cities.

Species  Thisstudy®  Chengdu®  Chongging® Xi’an® Changzhou  Beijing®

OA 39.2 +3.9 N.A. N.A. 64.2+406 3124119 10333
NOs 29 £14 3344295 158495 27.7x204 241=*118 43 £11
NH4* 15.1+6.4 12479 11.3 5.2 125+9.1 13.1 £3.7 149 £5.1
SO4* 10 +4.2 16.6 £13 17574 176+*142 18776 47 £15

CI- 52+4.1 N.A. 1.6+1.2 5.1+4.0 N.A. 35.4+£79

Reference (Huang et (Wang et (Duan et (Yeetal., (Elser et

al., 2021) al., 2018) al., 2021) 2017) al., 2016)

73  2The data of rainy hours (0:00-9:00 25 December, 2021 & 0:00-8:00 1 January, 2022) were removed.
74 The concentrations of water-soluble inorganic ions were measured by an ion chromatography,
75  while the compositions in other cities listed in the table were measured by AMS.

76 ¢ The concentrations of different compositions were measured before COVID-19 lockdown.

77 9The concentrations of different compositions were measured during extreme haze episodes.

78
79
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80

81 Table S2 Description of the PMF solutions
Factor numbers fpeak  Q/Qexp Comment
2 0 3.13 Too few factors and large residuals.

Optimum PMF solution. Q/Qexp decreases by
15.7 %. Temporal profile and diurnal variation of
different factors are consistent with external tracers.
3 0 2.64
The factors (HOA, BBOA, and OOA) resolved also
represent major OA sources around the observation
site.
Q/Qexp decreases by 14.8 %. A new factor (factor2 in
Fig. S4 (b)) with high m/z 55/ m/z 57, which makes itself
look like cooking organic aerosol (COA), is separated.
4 0 2.25 However, the diurnal profile of this factor does not show
apparent peaks at noon and in the evening. The
observation site is not affected by intense cooking
emissions either.
Q/Qexp decreases by 10 %. OOA is split into two factors
with similar time series. One of the factors (factor4 in
5 0 2.03
Fig. S4 (c)) has too low m/z 44 signal intensity, which is

not reasonable for OOA.

82

83
84

12



85

86 Table S3 Summary of meteorological parameters, mass concentrations of PM2 s species, OA
87 factors and elemental ratios during different episodes.
H1 H2 H3 F1 F2 F3 Overall
Meteorological Parameters
T(C) 8.2+2.7 6.6 +£2.8 8.0+2.4 6.2 +2.3 15+3.2 47+13 7.3+2.8
RH (%) 80.7x11.3 815117 79.7x124 99.9 +0.3 99.0x14 99.5 0.7 81.0x124
WS (m/s) 0.7 £0.5 0.7 0.4 0.7 +0.4 09+0.4 0.7 £0.2 0.6 £0.2 0.7 £0.5
SR (W/m?)2 297 +156 318 £157 276 £162 470 500 75 276 £164
PMa5 species (ug/m?3)
Org 456 £18.4 421115 4224118 53.3=*x12.8 45.0+x12.7 45.4 £8.4 39.2 £15.7
NOsz 343+174 335+11.1 3024110 41.1+178 223+127 23.0%+49 29.0+139
S04 10.5+4.7 11.5+34 10.3 +3.8 14.6 £6.7 10.3+2.2 13.0 6.1 10.1 4.2
NH4* 16.9 £7.6 17.1 5.0 15.8 £5.5 21.3 8.6 15338 13.6 £2.5 15.1 +6.4
Chl 58 +3.3 51+28 59444 8.3+3.6 16.2 £10.9 8.1+27 52441
BC 6.7 £2.6 6.2 +2.3 7.1+22 8.3+1.9 9.3+2.8 9.3+1.0 6.2 +2.8
OA (pg/m®)
HOA 11.7£7.6 10.5+6.9 8.6 £5.1 13.9+46 16.3+7.7 11.0+2.9 8.9+6.5
BBOA 7.7+55 10.0 +4.7 10.6 +4.6 11.2 +3.8 14.7 £5.2 13.0+3.0 89+54
OO0A 183 +74 20.5+6.9 155+44 223+101 128451 12.1+27 16.3 +6.8
Elemental ratios °
o/C 0.70+0.14 0.71+0.14 0.68+0.12 066+0.13 054+013 055=+0.06 0.71+0.14
H/C 154 +0.03 156+0.02 158+0.02 1.56=+0.01 1594001 159+0.01 1.56=+0.09
0S, -0.12+0.39 -0.14+0.28 -0.23+0.25 -0.23+0.26 -051+0.22 -0.48=+0.12 -0.14+0.31

88  2The daily maximum was used for calculating the average values during different episodes

89  PThe O/C and H/C were determined by the parameterization proposed by Canagaratna et al. (2015).

90  The OS, was calculated as 20/C - H/C recommended by (Heald et al., 2010).
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