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Figure S1 Per-unit-area emissions of HCI (a), fine particulate CI" (b), Clz (c) and HOCI (d) by province.
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Figure S2 Per-capita emissions of HCI (a), fine particulate CI" (b), Cl» (c¢) and HOCI (d) by province.



Fine particulate CI- Cl, HOC1

HCl1

120°E  135°E

L
105°E

135°E

120°E

135°E

120°E

135°E

120°E

90°E

75°E

90°E  105°E

75°E

90°E  105°E

75°E

90°E  105°E

75°E

uonsnquIod (8o uoneIeuIour SN

Suruing sseworg

1.5
Mg grid! yr!

1

0.5

0.3 0.4 0.5
yr!

0.2

Mg grid!

Figure S3 Spatial distribution of anthropogenic chlorine emissions by source category.
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Figure S4 Spatial distribution of anthropogenic chlorine emissions by economic sector.
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Table S2 Emission factor of HCI from different sources

Source category Sub-category Emission factor Reference
Cement production (g/t) 16.30 Yi et al. (2020)
Iron production (g/t) 0.60 Yi et al. (2020)

Industrial production Steel production (g/t) 0.80 Yi et al. (2020)

process HCI production (g/kg) 0.08 Yi et al. (2020)
Flat glass production (g/t) 12.50 Ministry. (2011); Wang et al.

(2014)

Waste incineration Open burning (g/kg) 3.58 Fu et al. (2018)

Rice straw (g/kg) 0.44 Yietal. (2021)
. . Wheat straw (g/kg) 0.60 Yietal. (2021)

Biomass burning .
Other crop straw (g/kg) 0.52 Yietal. (2021)
Firewood (g/kg) 0.06 Yietal. (2021)
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Table S4 Emission factor of fine particulate Cl” from different sources

Source category

Sub-category

Emission
factor (g/kg)

Reference

Cl' in PMzs
(%)

Reference

Industrial
production process

Waste incineration

Cement production
Iron production
Steel production
Flat glass production
Open burning

0.5
0.17
0.2
0.546
9.8

Yi et al. (2020)
Yi et al. (2020)
Yi et al. (2020)
Pan et al. (2015)
Wiedinmyer et al.
(2014)

0.73
3.54
3.54
2

13.8

Yi et al. (2020)
Yi et al. (2020)
Yi et al. (2020)
Wen et al. (2019)
Wiedinmyer et al.
(2014)




Table S5 Straw-to-product ratio, dry matter fraction, and combustion efficiency for biomass burning (Zhou et al., 2017).

Crop type Straw-to-product ratio (R) dry matter fraction (D) combustion efficiency (C)
Rice 1.323 0.89 0.93
Wheat 1.3 0.89 0.83
Corn 1.269 0.87 0.92
Bean 1.6 0.91 0.68
Potato 0.5 0.45 0.68
Cotton 3 0.83 0.9
Peanut L.5 0.94 0.82
Rapeseed 1.5 0.83 0.9
Sesame 2.2 0.83 0.9
Hemp 1.7 0.83 0.9
Sugar cane 0.3 0.45 0.68
Sugar beet 0.1 0.45 0.9

10



Table S6 Percentage of biomass domestic burning and open burning by province (Zhou et al., 2017).

Province Percentage of domestic burning Percentage of open burning
Beijing 0.0923 0.096
Tianjin 0.42 0.165
Hebei 0.35 0.165
Shanxi 0.45 0.2
Inner Mongolia 0.338 0.246
Liaoning 0.396 0.2
Jilin 0.3 0.259
Heilongjiang 0.26 0.5
Shanghai 0.2 0.148
Jiangsu 0.3 0.225
Zhejiang 0.3 0.3
Anhui 0.29 0.319
Fujian 0.3 0.188
Jiangxi 0.23 0.2
Shandong 0.45 0.2
Henan 0.3 0.2
Hubei 0.283 0.197
Hunan 0.4 0.2
Guangdong 0.17 0.1976
Guangxi 0.2226 0.2273
Hainan 0.45 0.2
Chonggqing 0.4922 0.1211
Sichuan 0.45 0.2
Guizhou 0.35 0.2
Yunnan 0.2 0.1
Xizang 0.338 0.148
Shaanxi 0.338 0.159
Gansu 0.338 0.159
Qinghai 0.338 0.159
Ningxia 0.338 0.159
Xinjiang 0.143 0.137

11



Table S7 Emission factors for biomass burning (Yi et al., 2021).

Crop type PMz.5 Emission Factors (g/kg)
Rice straw 0.4635

Wheat straw 0.5271

Corn straw 0.4146

Bean straw 0.233

Rapeseed straw 0.246

Other straw 0.37684

Firewood 0.16

12
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Table S9 Size of swimming pool (Li et al., 2020).

Public swimming pool

Size Type Standard swimming pool Semi standard and non-standard

swimming pools

Private swimming pool

Length (m) 50 25
Width (m) 21 21
Depth (m) 1.8 1.8

10
8
1.4

14



Table S10 Parameters of breeding disinfection (Li et al., 2020).

Breeding type Breeding density Disinfectant usage per Sterilization frequency Chlorine volatilization
(m?/per) unit area (g/m?) (times/year) rate

Livestock 1.2 1 52 0.3

Poultry 0.05 1 52 0.3

Aquaculture - 0.3 18 0.2

15
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Table S13 Variation coefficient of activity data.

Source category Distribution ~ Variation Reference
type coefficient
Coal combustion Coal consumption of power plant Normal 5% Fu et al. (2018); Yi et
al. (2021)
Coal consumption for heat supply Normal 5% Fu et al. (2018); Yi et
al. (2021)
Coal consumption of industry Normal 10% Fu et al. (2018); Yi et
al. (2021)
Coal consumption of residents Normal 20% Fu et al. (2018); Yi et
al. (2021)
Coal consumption of traffic Normal 30% Fu et al. (2018); Yi et
al. (2021)
Coal consumption of business Normal 30% Fu et al. (2018); Yi et
al. (2021)
Coal consumption of construction Normal 30% Fu et al. (2018); Yi et
industry al. (2021)
Coal consumption of agriculture Normal 30% Fu et al. (2018); Yi et
al. (2021)
Coal consumption of other Normal 30% Fu et al. (2018); Yi et
al. (2021)
Industrial production Production of cement Normal 10% Fu et al. (2018); Yi et
process al. (2021)
Production of iron Normal 10% Yietal. (2021)
Production of steel Normal 10% Yietal. (2021)
Production of hydrochloric acid Normal 20% Fu et al. (2018); Yi et
al. (2021)
Production of flat glass Normal 10% Fu et al. (2018); Yi et
al. (2021)
Waste incineration Waste incineration amount Normal 10% Fu et al. (2018); Yi et
al. (2021)
Open incineration amount of garbage Normal 30% Fu et al. (2018); Yi et
al. (2021)
Biomass burning Biomass combustion Normal 30% Fu et al. (2018); Yi et
al. (2021)
Cooking Household Normal 20% Zheng et al. (2022)
Restaurant Normal 30% Zheng et al. (2022)
Canteen Normal 10% Zheng et al. (2022)
Cooling tower Supplementary water volume Normal 30% Yi et al. (2021); Li et
al. (2020); Zheng et
al. (2022)
Water treatment Treatment water volume Normal 10% Yietal. (2021)
Waste water treatment Domestic sewage treatment volume Normal 10% Yietal. (2021)
medical wastewater treatment volume  Normal 30% Yietal. (2021)
Swimming pool Number of swimming pools Normal 30% Li et al. (2020)
Volume of pools Normal 50% Li et al. (2020)
Tap water use Tap water consumption Normal 50% Li et al. (2020)
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Environmental disinfection = Disinfectant usage Normal 50% Li et al. (2020)
Pesticide Usage of disinfectants Normal 40% Yi et al. (2021)
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Table S14 Variation coefficient of emission factors.

Parameter Distribution ~ Variation Reference
coefficient
Coal combustion
Cl release ratio Pulverized coal boiler Uniform 78%, 98.5% Fu et al. (2018); Yi et
al. (2021)
Stoker furnace Uniform 75%, 99% Fu et al. (2018); Yi et
al. (2021)
Circulating fluidized bed boiler =~ Uniform 86%, 99.6% Fu et al. (2018); Yi et
al. (2021)
Traditional stove Normal 50% Yietal. (2021)
Strengthen stove Normal 50% Yietal. (2021)
Tea bath Normal 50% Zheng et al. (2022)
Removal efficiency Wet scrubber Uniform 40%, 60% Fu et al. (2018); Yi et
al. (2021)
FF Uniform 9.5%, 11.3% Fu et al. (2018); Yi et
al. (2021)
ESP Uniform 0.9%, 12% Fu et al. (2018); Yi et
al. (2021)
Mechanical dedusting Uniform 16.8%, 27.8% Fu et al. (2018); Yi et
al. (2021)
Wet desulfurization Uniform 93%, 99.4% Fu et al. (2018); Yi et
al. (2021)
Other desulfurization Uniform 85%, 94% Fu et al. (2018); Yi et
al. (2021)
ClI content in coal ClI content in coal Lognormal  50% Fuetal. (2018)
Industrial production process
HCI emission factor Cement production Lognormal  10% Yietal. (2021)
Iron production Lognormal  50% Fu et al. (2018); Yi et
al. (2021)
Steel production Lognormal  50% Fu et al. (2018); Yi et
al. (2021)
HCI production Lognormal  30% Yietal. (2021)
PM2.5 emission factor Cement production Lognormal  50% Zheng et al. (2022)
Iron production Lognormal  50% Zheng et al. (2022)
Steel production Lognormal  50% Zheng et al. (2022)
Flat glass production Lognormal  50% Zheng et al. (2022)
Fine particle Cl- percentage  Cement production Uniform 0.3%, 1.92% Yietal. (2021)
Iron production Uniform 0.74%, 8.37% Yietal. (2021)
Steel production Uniform 0.74%, 8.37% Yietal. (2021)
Flat glass production Lognormal  50% Zheng et al. (2022)
Flat glass production Reference air displacement Lognormal  50% Zheng et al. (2022)
HCI emission concentration Lognormal  50% Zheng et al. (2022)
Cl2 emission concentration Lognormal  50% Zheng et al. (2022)
Waste incineration
HCI emission factor Incineration station Lognormal  50% Zheng et al. (2022)
Open burning Lognormal  50% Fuetal. (2018)



PM2.5 emission factor Incineration station Lognormal  50% Zheng et al. (2022)
Open burning Lognormal  50% Zheng et al. (2022)
Fine particle CI- percentage  Incineration station Lognormal  50% Fu et al. (2018)
Open burning Lognormal  50% Fuetal. (2018)
Biomass burning
HCI emission factor Rice straw (g/kg) Uniform 0.0393,0.8065  Yietal. (2021)
Wheat straw (g/kg) Uniform 0.0201, 1.0034  Yietal. (2021)
Other crop straw Lognormal  50% Yietal. (2021)
Firewood (g/kg) Uniform 0.0376, 0.087 Yietal. (2021)
CI' emission factor Rice straw (g/kg) Uniform 0.187, 0.83 Yietal. (2021)
Wheat straw (g/kg) Uniform 0.1317,0.939 Yietal. (2021)
Corn straw (g/kg) Uniform 0.059, 1.026 Yietal. (2021)
Bean straw (g/kg) Uniform 0.068, 0.361 Yietal. (2021)
Rapeseed straw Lognormal  50% Yietal. (2021)
Other straw Lognormal  50% Yietal. (2021)
Firewood (g/kg) Uniform 0.086, 0.276 Yietal. (2021)
Cooking
PM2.5 emission factor Cooking Lognormal  50% Zheng et al. (2022)
Fine particle Cl- percentage  Cooking Lognormal  20% Yietal. (2021)
Cooling tower
Cl2/HOCI emission factor Cooling tower Lognormal  50% Yietal. (2021)
Water treatment
Cl2/HOCI emission factor Chlorine dose Lognormal  50% Yi et al. (2021); Li et
al. (2020)
Free chlorine Lognormal 5% Yi et al. (2021); Li et
al. (2020)
Emission factor Uniform 10%, 30% Yietal. (2021)
Waste water treatment
Cl2/HOCI emission factor Chlorine dose Lognormal  50% Yi et al. (2021); Li et
al. (2020)
Free chlorine Lognormal  30% Yietal. (2021)
Emission factor Uniform 10%, 30% Yietal. (2021)
Swimming pool
Cl/HOCI emission factor Chlorine dose Lognormal  50% Li et al. (2020)
Tap water use
Cl2/HOCI emission factor Free chlorine Lognormal  10% Yietal. (2021)
Emission factor Uniform 5%, 15% Yi et al. (2021); Li et
al. (2020); Zheng et al.
(2022)
Environment disinfectant
Cl2/HOCI emission factor Emission factor Uniform 20%, 40% Yi et al. (2021); Li et
al. (2020)
Pesticide
Cl2/HOCI emission factor Pesticide Lognormal  50% Yietal. (2021); Zheng

et al. (2022)
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