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Table S1. Impacts of primary sulfate/nitrate emission uncertainty on the estimated secondary
proportion of PMy s ! in China.

Change of sulfate/nitrate emission

City
10% 3%
Beijing 40.3 424
Tianjin 61.9 62.6
Shijiazhuang 44.8 45.2
Taiyuan 43.1 44.3
Hohhot 48.6 46.5
Shenyang 48.7 49.3
Changchun 47.9 46.7
Harbin 66.9 67.3
Shanghai 68.0 67.8
Nanjing 50.3 50.5
Hangzhou 45.6 453
Hefei 65.4 65.0
Fuzhou 64.8 62.1
Nanchang 62.5 62.7
Jinan 54.6 54.6
Zhengzhou 54.6 56.3
Wuhan 61.5 60.8
Changsha 65.9 64.9
Guangzhou 65.2 65.6
Nanning 65.2 65.2
Haikou 65.9 65.4
Chongqing 62.7 62.8
Chengdu 453 44.8
Guiyang 65.6 64.3
Kunming 70.4 70.5
Lhasa 56.1 55.1
Xian 52.6 53.0
Lanzhou 60.0 59.5
Xining 59.1 58.9
Yinchuan 59.5 60.1
Urumqi 72.1 70.3

I Based on the MEE observations in 2016.
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Table S2. The comparison of two assumptions on weak correlation between secondary PM; s
and X-tracer in the secondary proportions of PM2s (%) !.

City 512 523 ol -2
Beijing 40.3 38.2 2.1
Tianjin 61.9 61.4 0.5

Shijiazhuang 44.8 42.8 2.0
Taiyuan 43.1 40.9 2.2
Hohhot 48.6 46.8 1.7

Shenyang 48.7 47.0 1.7
Changchun 47.9 46.3 1.6
Harbin 66.9 68.3 -1.4
Shanghai 68.0 67.8 0.2
Nanjing 50.3 47.6 2.7
Hangzhou 45.6 43.4 2.2

Hefei 65.4 65.1 0.3

Fuzhou 64.8 63.9 0.8

Nanchang 62.5 61.2 1.4
Jinan 54.6 52.7 1.9
Zhengzhou 54.6 52.8 1.9
Wuhan 61.5 60.4 1.1
Changsha 65.9 65.7 0.2
Guangzhou 65.2 64.9 0.3
Nanning 65.2 64.8 0.5
Haikou 65.9 66.4 -0.4
Chongqing 62.7 61.9 0.7
Chengdu 45.3 43.8 1.4
Guiyang 65.6 66.1 -0.5
Kunming 70.4 70.9 -0.4
Lhasa 56.1 55.1 1.0
Xian 52.6 50.7 1.9
Lanzhou 60.0 59.6 0.4
Xining 59.1 58.3 0.8
Yinchuan 59.5 58.6 0.9
Urumgqi 72.1 73.3 -1.2

I Based on the MEE observations in 2016.
2 51 is mean value of the estimated interval.
3 82 is the specific value when r=0.
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Table S3. List of 31 populous cities and 19 regional background cities and the corresponding
averaged PMa 5 concentrations (ug m™) in China during the studying period.

Regional
Province Populous city PM> s background PM> s
city
Beijing Beijing 69.4 - -
Tianjin Tianjin 69.5 - -
Hebei Shijiazhuang 92.0 Zhangjiakou 33.3
Shanxi Taiyuan 62.8 - -
InnerMogolia Hohhot 42.0 Xilingol 16.2
Liaoning Shenyang 57.5 - -
Jilin Changchun 51.6 Yanbian 31.6
Heilongjiang Harbin 57.5 Daxinanling 20.4
Shanghai Shanghai 45.6 - -
Jiangsu Nanjing 52.8 - -
Zhejiang Hangzhou 49.1 Zhoushan 26.4
Anhui Hefei 61.6 Huangshan 28.3
Fujian Fuzhou 27.8 Nanping 233
Jiangxi Nanchang 40.9 - -
Shandong Jinan 75.3 Weihai 34.0
Henan Zhengzhou 80.2 - -
Hubei Wuhan 62.0 - -
Hunan Changsha 57.9 - -
Guangdong Guangzhou 38.4 Shanwei 273
Guangxi Nanning 39.0 Beihai 29.8
Hainan Haikou 20.5 Sanya 16.0
Chongqing Chongqing 50.8 - -
Sichuan Chengdu 59.4 Aba 15.1
Guizhou Guiyang 36.7 Qianxinan 18.2
Yunnan Kunming 28.8 Diqging 13.5
Xizang Lhasa 22.5 Linzhi 10.5
Shannxi Xi’an 68.8 - -
Gansu Lanzhou 50.1 Jiayuguan 30.9
Qinghai Xining 49.0 Yushu 18.0
Ningxia Yinchuan 44.7 Guyuan 35.6
Xinjiang Urumqi 70.4 Altay 11.3
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Table S4. List of PMa s component measurements (g m™) of China in previous studies.

City Period PMzs SO NOs NHs* SOA! SPM/PMas gie:;PMu Method References
2012 Summer 103 206 158 83 101 53.2% Offline  Tian etal., 2015
2012 - 2013 72 93 119 53 96  50.3% Offline  Liu et al., 2018b
2013 Winter 159 254 19.0 156 322° 58.0% Offline  Tao et al., 2015
2013 Winter 143 239 202 165 154 53.1% Ams  Huangetal,

2014b

Jan 2014 153 9.6 121 67  33.8° 40.6% Offline  Gao etal., 2018
Apr 2014 115 107 107 114 152° 41.6% Offline  Gao etal., 2018

Beiiing Jul 2014 9 256 256 141 11.1° 79.7% 31% ~ 80% Offline  Gao etal., 2018
Oct 2014 139 211 455 139 23.0° 74.5% Offline  Gao etal., 2018
2014 Winter 138 210 26 141 174 51.8% Offline  Lin etal., 2016
Jun2014-Apr2015 100 143 17.1 115 124> 55.6% Offline  Huang et al., 2017
12\/([;%2015 - Apr 114 86 1.1 52 101  30.9% Offline  Yuetal., 2019
Jul2015-Apr2016 81 96 124 86 77  47.1% Offline  Xu et al., 2019
Oct 2016 95 168 168 125 123" 61.5% Offline  Zhang et al., 2018
MTEA estimation 2 41% - This study
Jun2014-Apr2015 106 166 162 13.7 104> 53.8% Offline  Huang et al., 2017

Tianjin Jul2015-Apr2016 86 121 139 105 73  51.0% 41% ~ 54% Offline  Xu etal., 2019

Jul 2014 113 122 162 93 11.0°  43.0% Offline Gaoetal., 2018
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Oct 2014 101 128 99 82  1LI° 41.4% Offline  Gao etal., 2018
2014 Winter 183 195 407 151 21.8° 53.1% Offline  Gao etal., 2018
2&%2015 ~Apr 120 181 203 85 100 47.4% Offline Liu et al.,, 2018a
MTEA estimation 63% This study
Jun2014-Apr2015 155 255 234 188 17.7° 55.0% “19 - 550 Offline  Huang et al., 2017
Shijiazhuang Jul 2015 -Apr2016 105 168 149 123 96  51.0% Offline  Xu etal., 2019
MTEA estimation 49% This study
2012 Spring 70 153 86 64 57  51.4% Offline  Zhao et al., 2015
2012 Summer 51 97 56 3.6 37 443% Offline  Zhao et al., 2015
2012 Fall 8 179 202 78 77  654% Offline  Zhao et al., 2015
2012 Winter 70 11.6 132 5.6 8.5 55.6% Offline  Zhao et al., 2015
2012 Spring 64 120 108 43 49  50.0% Offline Lvang ctal,
2014a
2011-2013 Spring 49 11.0  11.0 69 59  71.0% Offline  Wang et al., 2016a
Shanghai 2011- 2013 Summer 31 8.1 52 42 4.7 67.3% 26% ~ T1% Offline  Wang et al., 2016a
2011- 2013 Fall 41 88 74 48 52 63.9% Offline  Wang et al., 2016a
2011-2013 Winter 65  13.0 132 83 67  63.4% Offline  Wang et al., 2016a
2012 - 2013 68 136 119 58 86  58.7% Offline  Liu et al., 2018b
Oct - Nov 2013 75 129 150 66 42 51.6% Offline  Ming et al., 2017
Dec 2013 —Jan2014 138 195 291 126 103 51.8% Offline  Ming et al., 2017
2&22014 ~Apr 9 123 104 55 45  34.1% Offline  Ming et al., 2017
Jun2014-Jul2014 56 67 28 21 29  259% Offline  Ming et al., 2017
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Huang et al.,

2013 Winter 91 108 124 75 21.8 57.7% AMS

Dec 2014 —Jan 2015 103 183 254 144 141> 70.1% Offline Duetal., 2017

gﬁrszols AP 74 87 112 57 92  47.0% Offline Duetal., 2017

MTEA estimation 67% This study

Apr — May 2013 110 231 11.7 64 17.7* 53.5% Offline Lietal., 2016

Aug 2013 86 184 81 54  142* 53.6% Offline  Lietal., 2016

Oct 2013 77 126 73 38 368 78.6% 5200 ~ 790 Offline Lietal., 2016
Nanjing Dec 2014 —Jan 2015 100 11.7 164 123 11.8° 52.2% Offline

2/([)?52015 —Apr 8 214 161 79 91"  65.6% Offline V¢t 2017

MTEA estimation 53% This study
Hangzhon Oct 2013 36 97 53 60 65  764% 76% Offline  Wuetal., 2016

MTEA estimation 53% This study

Dec 2012 —Jan 2013 75 10.6 5.8 5.1 6.5 37.3% Offline Liuetal., 2014

2012 - 2013 75 13.1 72 48 84  44.6% Offline  Liu et al., 2018b

1;5;32012 - Dec 61 93 57 42 119 51.0% Offline  Chen etal., 2016
Guangzhou 2013 Summer 51 8.9 49 4.0 6.6 47.8% 37% ~58% Offline  Cui et al., 2015

2013 Fall/Winter 68 9.8 73 4.5 9.4 45.6% Offline  Cui et al., 2015

2013 Winter 69 127 89 69 114> 57.8% Ams  Huangetal,

2014b
2014 Spring 44 8.2 24 3.6 4.5 42.5% Offline Taoetal., 2017
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2014 Summer 37 7.6 0.3 2.6 3.7 38.4% Offline Taoetal., 2017
2014 Fall 48 114 1.0 44 4.7 44.8% Offline  Tao et al., 2017
2014 Winter 63 9.8 55 438 7.0 43.0% Offline  Tao et al., 2017
MTEA estimation 66% This study
Dec 2012 137 135 98 6.6 21.6°  37.6% Offline  Zhang et al., 2015
<ian 2012 Spring 164 17.8 152 6.5 13.9 32.6% Offline  Niuetal., 2016
2012 Summer 109 25.0 10.1 6.6 8.8 46.3% Offline  Niuetal., 2016
2012 Fall 155 18.7 165 8.2 184  39.9% 33% ~55% Offline  Niuetal., 2016
1;5;32012 - Feb 244 321 293 168 397 483% Offline  Niuetal., 2016
]2)06;52014 ~Nov 113 152 166 84 213  547% Offline  Dai et al., 2018
MTEA estimation 55% This study
Oct — Nov 2014 62 10.5 93 69 8.3%  56.5% Offline  Wang et al., 2018
Jan — Feb 2015 114 164 175 127 158° 54.7% Offline  Wang et al., 2018
Chengdu Apr 2015 48 8.3 59 51 5.0°  50.6% 44% ~57% Offline  Wang et al., 2018
Jul 2015 45 9.7 39 42 59°  52.6% Offline  Wang et al., 2018
Jan 2015 48 6.1 37 24 8.7 43.5% Offline Lietal., 2017
MTEA estimation 46% This study
2012 - 2013 74 19.7 6.5 6.1 8.6 55.3% Offline  Liuetal., 2018b
Oct —Nov 2014 56 9.9 78 5.7 7.8°  55.7% Offline  Wang et al., 2018
Chongqing  Jan — Feb 2015 115 175 15.8 113 19.4° 55.7% 44% ~56% Offline  Wangetal., 2018
Apr 2015 58 104 59 52 8.0°  50.1% Offline  Wang et al., 2018
Jul 2015 54 1.1 1.6 4.0 6.8°  43.5% Offline  Wangetal., 2018
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MTEA estimation 61% This study
Dec 2012 120 1.8 72 6.7 212 39.1% Offline Tanetal., 2016
Jun —Jul 2013 34 4.3 19 1.9 5.8 40.9% Offline Tanetal., 2016
Apr — May 2014 83 4.0 1.7 0.8 8.0 17.5% 18% ~ 41% Offline  Wang et al., 2016b
Lanzhou Aug 2014 38 4.8 20 1.3 3.5 30.5% Offline  Wang et al., 2016b
Oct 2014 93 5.8 7.1 3.6 127 31.4% Offline  Wang et al., 2016b
Jan, Dec 2014 141 7.6 10.1 6.0 182  29.7% Offline  Wang et al., 2016b
MTEA estimation 63% This study
Sep — Oct 2013 102 194 26 8.7 12.5°  42.4% Offline Tangetal., 2017
Dec 2013 — Jan 2014 145 193 9.7 143 205° 44.0% 41% ~ 44% Offline Tangetal., 2017
Changsha Apr — May 2014 97 170 14 75 14.0°  41.1% Offline  Tang et al., 2017
Jul — Aug 2014 78 139 29 74 9.4°  43.1% Offline Tangetal., 2017
MTEA estimation 67% This study
Jan 2015 17 3.1 0.5 1.0 23 40.1% Offline  Liuetal., 2017
Mar 2015 9 1.6 02 05 1.2 38.8% 32% ~ 40% Offline Liuetal., 2017
Haikou Jul 2015 23 3.8 03 038 24 31.7% Offline Liuetal., 2017
Sep 2015 47 7.9 3.1 3.0 2.8 35.7% Offline Liuetal., 2017
MTEA estimation 61% This study
Oct 2014 143 19.6 179 9.2 12.0  41.0% Offline  Jiang et al., 2017
Dec 2014 — Jan 2015 191 235 265 198 22,6 48.4% 41% ~ 54% Offline  Jiang et al., 2017
Zhengzhou  Apr 2015 138 19.7 203 144 113 47.6% Offline Jiang et al., 2017
Jul 2015 110 242 143 139 173 54.3% Offline  Jiang et al., 2017
MTEA estimation 60% This study
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2013 -2014 82 132 46 45 1.7 41.5% 42% Offline

Liu et al., 2018b

Shenyang — -
MTEA estimation 51% This study
Ih 2013 -2014 36 0.8 0.5 04 7.6 25.8% 26% Offline Liuetal., 2018b
asa
MTEA estimation 64% This study

' SOA =0.5*OM, OM = f * OC. Default fis 1.2. In case of a, b and ¢, the f'is 1.8, 1.6 and 1.4 respectively.
2 For period of 2014-2018.
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Table S5. Impacts of anthropogenic emission uncertainty on the estimated secondary
proportion of PMy s ! in China.

Change of secondary proportion

City Secondary proportion of PM s of PMzs
a—0.1 a+0.1
Beijing 40.3 -2.9 2.1
Tianjin 61.9 -3.0 0.7
Shijiazhuang 44.8 -1.7 0.4
Taiyuan 43.1 -2.8 1.1
Hohhot 48.6 3.2 -2.1
Shenyang 48.7 -1.7 0.7
Changchun 47.9 2.2 -1.1
Harbin 66.9 -0.5 0.4
Shanghai 68.0 -6.7 -0.2
Nanjing 50.3 0.6 0.2
Hangzhou 45.6 0.0 -0.3
Hefei 65.4 -4.2 -0.5
Fuzhou 64.8 3.9 -2.7
Nanchang 62.5 -1.0 0.2
Jinan 54.6 0.4 0.1
Zhengzhou 54.6 -3.6 1.7
Wuhan 61.5 2.4 -0.8
Changsha 65.9 -2.5 -1.0
Guangzhou 65.2 -1.5 0.5
Nanning 65.2 -1.8 -0.1
Haikou 65.9 1.2 -0.5
Chongqing 62.7 -1.2 0.2
Chengdu 45.3 2.8 -0.5
Guiyang 65.6 1.7 -1.2
Kunming 70.4 -2.5 0.0
Lhasa 56.1 1.9 -1.0
Xian 52.6 -0.5 0.4
Lanzhou 60.0 1.5 -0.5
Xining 59.1 -1.0 -0.2
Yinchuan 59.5 -0.7 0.7
Urumqi 72.1 -6.8 -1.8

I Based on the MEE observations in 2016.
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Table S6. Impacts of tracer concentration uncertainty on the estimated secondary
proportion of PM, s ! in China (Unit: %).

Change of secondary proportion of PM; 5

* *
City SecF)ndary c0111.clentr(231§on cogfentr(;gon
proportion of PMa s

& 0.9 * PMC & 1.1 * PMC

concentration concentration
Beijing 40.3 -0.01 0.01
Tianjin 61.9 -0.32 -0.52
Shijiazhuang 44.8 -0.26 -0.28
Taiyuan 43.1 0.22 0.17
Hohhot 48.6 -0.03 -0.01
Shenyang 48.7 -0.06 -0.06
Changchun 47.9 0.03 0.04
Harbin 66.9 0.22 -0.59
Shanghai 68.0 -1.51 -1.90
Nanjing 50.3 0.00 0.03
Hangzhou 45.6 -0.42 -0.46
Hefei 65.4 -1.57 -1.73
Fuzhou 64.8 -0.25 -0.44
Nanchang 62.5 -0.33 -0.42
Jinan 54.6 -0.04 -0.02
Zhengzhou 54.6 0.14 0.14
Wuhan 61.5 -1.45 -1.49
Changsha 65.9 -1.60 -1.74
Guangzhou 65.2 0.00 -0.28
Nanning 65.2 -0.22 -0.47
Haikou 65.9 -0.15 -0.09
Chongqing 62.7 -0.23 -0.31
Chengdu 45.3 0.42 0.44
Guiyang 65.6 -0.22 -0.50
Kunming 70.4 -0.40 -0.69
Lhasa 56.1 0.07 0.05
Xian 52.6 -0.04 -0.01
Lanzhou 60.0 0.15 0.02
Xining 59.1 -0.56 -0.60
Yinchuan 59.5 0.02 -0.06
Urumgqi 72.1 -2.70 -2.85
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I Based on the MEE observations in 2016.
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Figure S1. An illustration for scanning the aim interval (green shadow) in the MTEA
approach.
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Figure S2. The spatial distribution of (a-b) NO,, (d-e) CO and (g-h) maximum daily 8-
h average O3 (MDAS) mass concentrations before (01~23 Jan 2020) and during (23-
Jan ~ 17-Feb 20) COVID-19 national lockdown. The right panel (c, f, and g) indicates
relative change, i.e. (post-lockdown — pre-lockdown)/pre-lockdown.
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Figure S3. The nationwide correlation between PM versus Os. Bule bars denote the
correlation coefficients between SPM and Os. The red dots indicate the ratios of the
correlation coefficient of PPM vs O3 to that of SPM vs Os.

16/20



Reference

Chen, W., Wang, X., Zhou, S., Cohen, J., Zhang, J., Wang, Y., Chang, M., Zeng, Y., Liu,
Y., Lin, Z., Liang, G., and Qiu, X.: Chemical Composition of PM> s and its Impact
on Visibility in Guangzhou, Southern China, Aerosol Air Qual. Res., 16,
10.4209/aaqr.2016.02.0059, 2016.

Cui, H., Chen, W., Dai, W., Liu, H., Wang, X., and He, K.: Source apportionment of
PM2: s in Guangzhou combining observation data analysis and chemical transport
model simulation, Atmos. Environ., 116, 262-271,
10.1016/j.atmosenv.2015.06.054, 2015.

Dai, Q., Bi, X, Liu, B., Li, L., Ding, J., Song, W., Bi, S., Schulze, B. C., Song, C., Wu,
J., Zhang, Y., Feng, Y., and Hopke, P. K.: Chemical nature of PM> 5 and PMjo in
Xian, China: Insights into primary emissions and secondary particle formation,
Environ. Pollut., 240, 155-166, 10.1016/j.envpol.2018.04.111, 2018.

Du, W., Zhang, Y., Chen, Y., Xu, L., Chen, J., Deng, J., Hong, Y., and Xiao, H.:
Chemical Characterization and Source Apportionment of PM> s during Spring and
Winter in the Yangtze River Delta, China, Aerosol Air Qual. Res., 17, 2165-2180,
10.4209/aaqr.2017.03.0108, 2017.

Gao, J., Wang, K., Wang, Y., Liu, S., Zhu, C., Hao, J., Liu, H., Hua, S., and Tian, H.:
Temporal-spatial characteristics and source apportionment of PM 5 as well as its
associated chemical species in the Beijing-Tianjin-Hebei region of China, Environ.
Pollut., 233, 714-724, 10.1016/j.envpol.2017.10.123, 2018.

Huang, G., Cheng, T., Zhang, R., Tao, J., Leng, C., Zhang, Y., Zha, S., Zhang, D., Li,
X., and Xu, C.: Optical properties and chemical composition of PM; 5 in Shanghai
in the spring of 2012, Particuology, 13, 52-59, 10.1016/j.partic.2013.10.005,
2014a.

Huang, R. J., Zhang, Y., Bozzetti, C., Ho, K. F., Cao, J. J., Han, Y., Daellenbach, K. R.,
Slowik, J. G., Platt, S. M., Canonaco, F., Zotter, P., Wolf, R., Pieber, S. M., Bruns,
E. A., Crippa, M., Ciarelli, G., Piazzalunga, A., Schwikowski, M., Abbaszade, G.,
Schnelle-Kreis, J., Zimmermann, R., An, Z., Szidat, S., Baltensperger, U., El
Haddad, 1., and Prevot, A. S.: High secondary aerosol contribution to particulate
pollution during haze events in China, Nature, 514, 218-222, 10.1038/nature13774,
2014b.

Huang, X., Liu, Z., Liu, J., Hu, B., Wen, T., Tang, G., Zhang, J., Wu, F., Ji, D., Wang,
L., and Wang, Y.: Chemical characterization and source identification of PM; s at
multiple sites in the Beijing—Tianjin—Hebei region, China, Atmos. Chem. Phys.,
17, 12941-12962, 10.5194/acp-17-12941-2017, 2017.

Jiang, N., Guo, Y., Wang, Q., Kang, P., Zhang, R., and Tang, X.: Chemical Composition
Characteristics of PM; s in Three Cities in Henan, Central China, Aerosol Air Qual.
Res., 17, 2367-2380, 10.4209/aaqr.2016.10.0463, 2017.

Li, H., Wang, Q. g., Yang, M., Li, F., Wang, J., Sun, Y., Wang, C., Wu, H., and Qian, X.:
17/20



Chemical characterization and source apportionment of PMys aerosols in a
megacity of  Southeast  China,  Atmos. Res., 181, 288-299,
10.1016/j.atmosres.2016.07.005, 2016.

Li, L., Tan, Q., Zhang, Y., Feng, M., Qu, Y., An, J., and Liu, X.: Characteristics and
source apportionment of PM> s during persistent extreme haze events in Chengdu,
southwest China, Environ. Pollut., 230, 718-729, 10.1016/j.envpol.2017.07.029,
2017.

Lin, Y. C., Hsu, S. C., Chou, C. C., Zhang, R., Wu, Y., Kao, S. J., Luo, L., Huang, C.
H., Lin, S. H., and Huang, Y. T.: Wintertime haze deterioration in Beijing by
industrial pollution deduced from trace metal fingerprints and enhanced health risk
by heavy metals, Environ. Pollut., 208, 284-293, 10.1016/j.envpol.2015.07.044,
2016.

Liu, B, Li, T., Yang, J., Wu, J., Wang, J., Gao, J., Bi, X., Feng, Y., Zhang, Y., and Yang,
H.: Source apportionment and a novel approach of estimating regional
contributions to ambient PM> 5 in Haikou, China, Environ. Pollut., 223, 334-345,
10.1016/j.envpol.2017.01.030, 2017.

Liu, J., Li, J., Zhang, Y., Liu, D., Ding, P., Shen, C., Shen, K., He, Q., Ding, X., Wang,
X., Chen, D., Szidat, S., and Zhang, G.: Source apportionment using radiocarbon
and organic tracers for PM 5 carbonaceous aerosols in Guangzhou, South China:

contrasting local- and regional-scale haze events, Environ. Sci. Technol., 48,
12002-12011, 10.1021/es503102w, 2014.

Liu, W., Xu, Y., Liu, W., Liu, Q., Yu, S., Liu, Y., Wang, X., and Tao, S.: Oxidative
potential of ambient PM2 s in the coastal cities of the Bohai Sea, northern China:

Seasonal variation and source apportionment, Environ. Pollut., 236, 514-528,
10.1016/j.envpol.2018.01.116, 2018a.

Liu, Z., Gao, W,, Yu, Y., Hu, B, Xin, J., Sun, Y., Wang, L., Wang, G., Bi, X., Zhang, G.,
Xu, H., Cong, Z., He, J., Xu, J., and Wang, Y.: Characteristics of PM> 5 mass
concentrations and chemical species in urban and background areas of China:
emerging results from the CARE-China network, Atmos. Chem. Phys., 18, 8849-
8871, 10.5194/acp-18-8849-2018, 2018b.

Ming, L., Jin, L., Li, J., Fu, P., Yang, W., Liu, D., Zhang, G., Wang, Z., and Li, X.: PM2s
in the Yangtze River Delta, China: Chemical compositions, seasonal variations,
and regional pollution events, Environ. Pollut.,, 223, 200-212,
10.1016/j.envpol.2017.01.013, 2017.

Niu, X., Cao, J., Shen, Z., Ho, S. S. H., Tie, X., Zhao, S., Xu, H., Zhang, T., and Huang,
R.: PM; 5 from the Guanzhong Plain: Chemical composition and implications for
emission reductions, Atmos. Environ., 147, 458-469,
10.1016/j.atmosenv.2016.10.029, 2016.

Tan, J., Xiang, P., Zhou, X., Duan, J., Ma, Y., He, K., Cheng, Y., Yu, J., and Querol, X.:
Chemical characterization of humic-like substances (HULIS) in PM; 5 in Lanzhou,
18/20



China, Sci. Total Environ., 573, 1481-1490, 10.1016/j.scitotenv.2016.08.025,
2016.

Tang, X., Chen, X., and Tian, Y.: Chemical composition and source apportionment of
PMas5 — A case study from one year continuous sampling in the Chang-Zhu-Tan
urban agglomeration, Atmos. Pollut. Res., 8, 885-899, 10.1016/j.apr.2017.02.004,
2017.

Tao, J., Zhang, L., Gao, J., Wang, H., Chai, F., and Wang, S.: Aerosol chemical
composition and light scattering during a winter season in Beijing, Atmos.
Environ., 110, 36-44, 10.1016/j.atmosenv.2015.03.037, 2015.

Tao, J., Zhang, L., Cao, J., Zhong, L., Chen, D., Yang, Y., Chen, D., Chen, L., Zhang,
Z.,Wu, Y., Xia, Y, Ye, S., and Zhang, R.: Source apportionment of PM> s at urban
and suburban areas of the Pearl River Delta region, south China - With emphasis
on ship emissions, Sci. Total Environ., 574, 1559-1570,
10.1016/j.scitotenv.2016.08.175, 2017.

Tian, P., Wang, G., Zhang, R., Wu, Y., and Yan, P.: Impacts of aerosol chemical
compositions on optical properties in urban Beijing, China, Particuology, 18, 155-
164, 10.1016/j.partic.2014.03.014, 2015.

Wang, H., Tian, M., Chen, Y., Shi, G., Liu, Y., Yang, F., Zhang, L., Deng, L., Yu, J.,
Peng, C., and Cao, X.: Seasonal characteristics, formation mechanisms and source
origins of PM2 s in two megacities in Sichuan Basin, China, Atmos. Chem. Phys.,
18, 865-881, 10.5194/acp-18-865-2018, 2018.

Wang, H. L., Qiao, L. P,, Lou, S. R., Zhou, M., Ding, A. J., Huang, H. Y., Chen, J. M.,
Wang, Q., Tao, S. K., Chen, C. H., Li, L., and Huang, C.: Chemical composition
of PM2 5 and meteorological impact among three years in urban Shanghai, China,
J. of Clean. Prod., 112, 1302-1311, 10.1016/j.jclepro.2015.04.099, 2016a.

Wang, Y., Jia, C., Tao, J., Zhang, L., Liang, X., Ma, J., Gao, H., Huang, T., and Zhang,
K.: Chemical characterization and source apportionment of PM> s in a semi-arid
and petrochemical-industrialized city, Northwest China, Sci. Total Environ., 573,
1031-1040, 10.1016/j.scitotenv.2016.08.179, 2016b.

Wu, J., Xu, C., Wang, Q., and Cheng, W.: Potential Sources and Formations of the PM> s
Pollution in Urban Hangzhou, Atmosphere, 7, 100, 10.3390/atmos7080100, 2016.

Xu, H., Xiao, Z., Chen, K., Tang, M., Zheng, N., Li, P., Yang, N., Yang, W., and Deng,
X.: Spatial and temporal distribution, chemical characteristics, and sources of
ambient particulate matter in the Beijing-Tianjin-Hebei region, Sci. Total Environ.,
658, 280-293, 10.1016/j.scitotenv.2018.12.164, 2019.

Yu, S., Liu, W, Xu, Y., Yi, K., Zhou, M., Tao, S., and Liu, W.: Characteristics and
oxidative potential of atmospheric PM> s in Beijing: Source apportionment and
seasonal variation, Sci. Total Environ., 650, 277-287,
10.1016/j.scitotenv.2018.09.021, 2019.

19/20



Zhang, Q., Shen, Z., Cao, J., Zhang, R., Zhang, L., Huang, R. J., Zheng, C., Wang, L.,
Liu, S., Xu, H., Zheng, C., and Liu, P.: Variations in PMas, TSP, BC, and trace
gases (NO2, SO, and O3) between haze and non-haze episodes in winter over Xian,
China, Atmos. Environ., 112, 64-71, 10.1016/j.atmosenv.2015.04.033, 2015.

Zhang, Y., Lang, J., Cheng, S., Li, S., Zhou, Y., Chen, D., Zhang, H., and Wang, H.:
Chemical composition and sources of PM; and PM> s in Beijing in autumn, Sci.
Total Environ., 630, 72-82, 10.1016/j.scitotenv.2018.02.151, 2018.

Zhao, M., Huang, Z., Qiao, T., Zhang, Y., Xiu, G., and Yu, J.: Chemical characterization,
the transport pathways and potential sources of PM2s in Shanghai: Seasonal
variations, Atmos. Res., 158-159, 66-78, 10.1016/j.atmosres.2015.02.003, 2015.

20/20



