Article

Approval Research for Carcinogen Humic-Like
Substances (HULIS) Emitted from Residential
Coal Combustion in High Lung Cancer Incidence
Areas of China

Kai Xiao 1, Qingyue Wang *, Yichun Lin 1, Weiqian Wang !, Senlin Lu >* and Shinich
Yonemochi 3

1 Graduate School of Science and Engineering, Saitama University, 255 Shimo-Okubo, Sakura-ku,
Saitama City, Saitama 338-8570, Japan; xiao.k.662@ms.saitama-u.ac.jp (K.X.);
lin.y.852@ms.saitama-u.ac.jp (Y.L.); weigian@mail.saitama-u.ac.jp (W.W.)

2 School of Environmental and Chemical Engineering, Shanghai University, 99 Shangdalu, Baoshan
district, Shanghai 200444, China

3 Center for Environmental Science in Saitama, 914 Kamitanadare, Kazo, Saitama 347-0115, Japan;
yonemochi.shinichi@pref.saitama.lg jp

* Correspondence: seiyo@mail.saitama-u.ac.jp (Q.W.); senlinlv@staff.shu.edu.cn (S.L.)



Figure S1. The correlation coefficients between NHs* and SO42-.
Table S1. The mass concentration of ion species (g m) and percentage of SIA/WSIIs (%)

Table S2. Charge balance of ions

Table S3. Pearson correlation coefficients between HULIS-C and WSOC

Table S4. The P value of Pearson correlation coefficients between HULIS-C and WSOC and
water-soluble ions in RCC particles

Table S5. Simulated combustion conditions

Table S6. Non-carcinogenic health risk of WSPTMs in RCC particles

Table S7. Carcinogenic health risk of WSPTMs in RCC particles



6L R2=0.999

2 points overlap

L L L L L L L L L

0 5 10 15 20 25 30 35 40
SO,* g m®

Figure S1. The correlation coefficients between NHs* and SO4?~.
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Table S2. Charge balance of ions.

Sample Size (um) cation Anion Anion/cation
BL <1.1 0.49 1.11 2.25
1.1-2.0 0.08 0.22 2.83
2.0-3.3 0.04 0.17 3.74
3.0-7.0 0.02 0.07 3.80
>7.0 0.03 0.08 2.36
LM <1.1 0.53 1.60 3.02
1.1-2.0 0.05 0.21 3.99
2.0-3.3 0.02 0.12 5.05
3.0-7.0 0.02 0.06 3.26
>7.0 0.04 0.09 2.58
SF <1.1 1.35 2.14 1.59
1.1-2.0 0.12 0.26 2.17
2.0-3.3 0.04 0.13 3.57
3.0-7.0 0.09 0.12 1.35
>7.0 0.03 0.10 3.10
LJW <1.1 0.13 0.90 6.85
1.1-2.0 0.05 0.13 2.35
2.0-3.3 0.11 0.14 1.28
3.0-7.0 0.02 0.06 2.96
>7.0 0.05 0.05 1.09
GM <1.1 0.38 0.68 1.81
1.1-2.0 0.06 0.14 2.24
2.0-3.3 0.02 0.07 2.96
3.0-7.0 0.02 0.04 2.58
>7.0 0.04 0.07 1.97
ZF <1.1 1.65 1.95 1.18
1.1-2.0 0.08 0.24 2.82
2.0-3.3 0.03 0.09 2.48
3.0-7.0 0.03 0.05 1.66
>7.0 0.03 0.07 2.79
AVERAGE 2.72
SD 1.18




Table S3. Pearson correlation coefficients between HULIS-C and WSOC

Size WSOC HULIS-C Pearson correlation
Samples o
(um) (ugm?®) (Cpupgm?3) coefficients
<1.1 129.93 92.02 0.99
BL 1.1-2.0 76.47 45.76
2.0-3.3 81.08 54.33
3.3-7.0 27.44 17.52
<1.1 224.58 136.86 1.00
1.1-2.0 51.37 31.77
LM
2.0-3.3 48.88 26.50
3.3-7.0 23.91 17.52
<1.1 137.40 90.78 0.98
SF 1.1-2.0 78.04 46.41
2.0-3.3 67.17 21.86
3.3-7.0 68.24 24.06
<1.1 408.91 123.02 0.99
1.1-2.0 122.76 50.99
LJW
2.0-3.3 70.75 28.36
3.3-7.0 61.18 18.04
<1.1 31.96 22.42 0.57
1.1-2.0 58.04 16.34
GM
2.0-3.3 13.74 14.58
3.3-7.0 7.95 3.27
<1.1 68.07 34.94 0.99
7F 1.1-2.0 20.78 14.58
2.0-3.3 13.11 9.01
3.3-7.0 10.75 6.34
Average 0.92
TSD 0.16




Table S4. The P value of Pearson correlation coefficients between HULIS-C and WSOC and

water-soluble ions in RCC particles

The P value
HULIS-C  Nat NHs K+ Mg Caz* CI- NO~ NOs SOs2>
BL 0.021 0.020 0.020 0.021 0.020 0.020 0.020 0.019 0.020
LM 0.070 0.061 0.062 0.063 0.061 0.062 0.061 0.061 0.061
SF 0.018 0.017 0.013 0.013 0.012 0.012 0.012 0.014 0.012
LJW 0.045 0.044 0.045 0.046 0.045 0.046 0.045 0.045 0.045
GM 0.016 0.029 0.017 0.017 0.015 0.017  0.016 0.016 0.016
ZF 0.048 0.136 0.029 0.027 0.027  0.024 0.024 0.024 0.024
WSOC Na* NHs K+ Mg Caz* CI- NO~ NOs SOs>
BL 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008
LM 0.059 0.054 0.055 0.055 0.054 0.055 0.054 0.054 0.054
SF 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
LJW 0.067 0.067 0.067 0.068 0.067  0.068 0.067 0.067 0.067
GM 0.024 0.030 0.025 0.025 0.024 0.025 0.024 0.024 0.024
ZF 0.061 0.095 0.050 0.048 0.048 0.046 0.046 0.046 0.046
Table S5. Simulated combustion conditions
Pump,
. Volume i o
Samples Date period L/mi Volume Temperature™C Humidity%
min
m3/min
9: 52-
BL 2017.8.08 566 50 25.7 75
11:52
10:10-12:
LM 2017.8.15 10 566 50 33 81
16: 36-
SF 2017.8.16 566 50 36 78
18: 36
LJW 2017.8.16  10:12-12:12 566 50 35 79
14: 10-
GM 2017.8.20 566 50 28 81
16:10
16: 55-
ZF 2017.8.20 566 50 38 80
18:55
Average 32.62 79.00
SD 4.39 2.08

Table S6. Non-carcinogenic health risk of WSPTMs in RCC particles



Table S6. Table Non-carcinogenic health risk of WSPTMs in RCC particles

v Cr(VI) Co As Cd Zn Mn Ba
Samples = Size pm HI
1EC HQ 1EC HQ 1EC HQ IEC HQ 1EC HQ 1EC HQ 1EC HQ 1EC HQ
>7 8.74E-04 2.19E-03 2.62E-04 6.56E-04 7.58E-05 120E-02 2.20E-04 147E-02 236E-05 2.36E-03 1.12E-01 3.73E-05 4.92E-03 9.84E-03 4.88E-03 9.75E-02 1.40E-01
3370  294E-04 7.34E-04 346E-04 8.64E-04 221E-05 3.69E-03 1.76E-04 1.17E-02 1.50E-05 1.50E-03 6.16E-02 2.05SE-05 4.19E-03 838E-03 5.05E-03 1.01E-01 1.28E-01
M 2.0-3.3  926E-05 232E-04 279E-04 G6.98E-04 9.52E-06 1.59E-03 2.68E-04 1.79E-02 S31E-02  1.76E-05 5.23E-03 1.0SE-02 1.44E-02 2.88E-01 3.19E01
11220  7.54E-05 1.89E-04 3.66E-04 9.14E-04 3.00E-05 S5.00E-03 3.42E-04 2.28E-02 943E-02  3.13E-05 6.36E-03 1.27E-02 1.32E-02  2.64E-01 3.06E-01
<Ll 199E-04 497E-04 9.65E-05 241E-04 2.93E-04 4.89E-02 3.93E-03 2.62E01 387E-05 387E-03 748E-01 248E-04 2.14E-02 4.29E-02 4.33E-01 8.66E+00  9.02E+00
>7 1.70E-04  4.24E-04 3.55E-04 8.86E-04 4.91E-05 8.19E-03 1.79E-04 1.19E-02 429E-02  143E-05 E-03  6.66E-03  1.35E-02  2.69E-01 2.98E-01
3370 845E-05 211E-04 S5.53E-04 1.38E-03 4.00E-05 6.67E-03 2.54E-04 1.69E-02 431E-02 143E-05 198E-03 3.96E-03 131E-02 261E01 2.90E-01
BL 2.0-33 26lE-05 65IE05 3.11E-04 7.77E-04 1.12E-04 1.86E-02 5.39E-04 3.59E-02 9.97E-05 9.97E-03 9.39E-02 3.12E-05 4.63E-03 9.26E-03 4.63E-03  9.26E-02 1.67E-01
11220  274E05 6.85E-05 3.56E-04 8.89E-04 1.12E-04 1.86E-02 6.30E-04 4.20E-02 1.30E-04 130E-02 1.06E-01 3.53E-05 148E-03 2.96E-03 4.28E-03  8.56E-02 1.63E-01
<L1 1.89E-04 4.72E-04 3.01E-04 7.5IE-04 3.97E-04 6.62E-02 285E-03 1.90E-01 3.67E-04 3.67E-02 2.91E-01 9.68E-05 194E-02 3.89E-02 S5.91E-02 1.I8E+00 LSIE+00
>7 LI6E-03 291E-03 232E-04 S5.80E-04 6.97E-05 1.16E-02 1.58E-04 1.05E-02 LOGE-01  3.54E-05 249E-03 4.99E-03 5.20E-03 1.04E-01 1.35E01
33-7.0 250E-04 6.26E-04 1.15E-04 2.88E-04 3.67E-05 6.11E-03 2.27E-04 1.5IE02 1.50E-05 1.50E-03 3.87E-02 1.29E-05 3.15E-03 629E-03 1.53E-03 3.06E-02 6.05E-02
SF 2.0-3.3 B874E-05 2.19E-04 1.85E-04 4.61E-04 120E-05 2.00E-03 1.55E-04 1.03E-02 7.12E-02 237E-05 4.83E-03 9.65E-03 1.ISE-02 229E-01 2.52E-01
1.120 291E-05 7.28E-05 7.60E-05 1.90E-04 9.09E-06 1.51E-03 1.83E-04 1.22E-02 2.67E-05 267E-03 B8.68E-02 2.89E-05 6.81E-03 136E-02 1.34E-02 267E-01 2.98E-01
<Ll  185E-04 4.64E-04 263E-04 6.57E-04 7.55E-05 1.26E-02 1.14E-03 7.60E-02 3.86E-05 3.86E-03 9.13E-01 3.03E-04 1.32E-02 2.64E-02 2.97E-01 5.94E+00 = 6.06E+00
>7 248E-04 6.19E-04 229E-04 S5.73E-04 3.04E-05 S.07E-03 1.61E-04 1.08E-02 6.16E-02  2.05E-05 3.39E-03 6.78E-03 1.67E-02  3.33E-01 3.57E01
3370  925E-05 231E-04 4.63E-04 1.16E-03 3.33E-06 5.55E-04 1.39E-04 9.26E-03 S.88E-02  1.9SE-05  9.84E-04 1.97E-03 4.10E-03  8.20E-02 9.52E-02
LW 2033 689E05 1.72E04 242E-04 G6OSE-04 9.83E-06 1.64E-03 1.58E-04 1.05E-02 5.38E-02  L79E-05  1.41E-03 2.82E-03 1.35E-03  2.71E-02 4.29E-02
11220 L7106 428E-06 1.98E-04 4.96E-04 1.67E-05 2.78E-03 146E-04 9.71E-03 7A43E-02  247E-05 S5.53E-03 L11E-02 5.92E-03  1.I8E-01 1.42E-01
<Ll  L62E-04 4.06E-04 116E-04 291E-04 9.13E-05 1.52E-02 2.14E-03 143E-01 6.76E-05 6.76E-03 3.93E-01 1.31E-04 6.79E-03 1.36E-02 6.02E-03  120E-01 3.00E-01
>7 273E-04 6.82E-04 1.82E-04 4.55E-04 6.02E-05 1.00E-02 1.44E-04 9.62E-03 437E-02 145E-05 S553E-03 1.11E-02 1.07E-02  2.13E-01 245E-01
33-7.0 138E-04 346E-04 1.86E-04 4.65E-04 4.5IE-05 7.52E-03 9.83E-05 6.55E-03 425E02 141E-05 262E-03 523E-03 8.66E-03  1.73E-01 1.93E01
GM 2033  LIIE04 278E-04 127E-04 3.17E-04 7.68E-06 1.28E-03 1.10E-04 7.33E-03 4.26E-02 142E-05 1.00E-03 2.00E-03 891E-03 1.78E-01 1.89E-01
1120  126E-04 3.14E-04 225E-04 S5.64E-04 5.88E-05 9.80E-03 3.29E-04 2.19E-02 7.98E-02 2.65E-05 3.60E-03 7.21E-03 225E-03 4.51E-02 8.49E-02
<Ll  659E-04 1.65E-03 3.05E-04 7.63E-04 248E-04 4.13E-02 147E-03 9.82E-02 5.02E-04 S502E-02 323E01 107E-04 320E-02 639E-02 1.I8E-01 235E+00 = 2.61E+00
>7 2.00E-04 5.01E-04 241E-04 6.02E-04 7.68E-06 1.28E-03 2.09E-04 1.40E-02 4.28E-02 142E-05 1.72E-03 3.44E-03 2.37E-03  4.74E-02 6.72E-02
3370 LO9E04 271E-04 308E-04 7.70E-04 261E-05 434E-03 197E-04 131E-02 493602 1.64E-05 148E-03 297E-03 192E-03 383E02  5.98E-02
ZF | 2033 45705 L14E-04 2.60E-04 6.50E-04 240E-04  1.60E-02 220E-02 729E-06 1.73E-03 3A7E-03 192E-03 383E-02  S5.86E-02
1120  623E05 1.56E-04 147E-04 3.68E-04 7.88E-06 131E-03 573E-04 382E-02 338E-04 338E02 471E-02 156E-05 3.80E-03 7.59E-03 397E-03 795E-02  161E0I
<11 543504 136E-03 208E-04 S.19E-04 3.69E-05 6.15E-03 3.69E-03 246E-01 230E-03 230E-01 187E-01 622605 162E-02 325E-02 LI1IE-02 222E-01  7.39E01
Table S7. Carcinogenic health risk of WSPTMs in RCC particles
Table S7. Carcinogenic health risk of WSPTMs in RCC particles
. v Cr(VI) Co As Cd Pb TCR
Sample  Size (um)
Child Adult Child Adult Child Adult Child Adult Child Adult Child Adult Child Adult
>7 6.74E-07 2.70E-06 2.92E-07 1.17E-06 6.34E-08 2.54E-08 8.77E-08 3.51E-07 3.95E-09 1.58E-08 LSIE-10 6.04E-10 1.12E-06 4.26E-06
33-7.0 2.26E-07 9.03E-07 3.85E-07 1.54E-06 1.85E-08 7.39E-09 7.03E-08 281E-07 251E-09 1.00E-08 L41E-10 5.64E-10 7.03E-07 2.75E-06
M 2033 7.14E-08 2.86E-07 3.11E-07 1.24E-06 7.95E-09 3.18E-09 LOTE-07 4.28E-07 1.14E-10 4.54E-10 4.98E-07 1.96E-06
L1220 5.81E-08 2.32E-07 4.07E-07 1.63E-06 2.51E-08 1.00E-08 1.37E-07 5.46E-07 1.36E-10 S44E-10 6.27E-07 2.42E-06
<1.1 1.53E-07 6.12E-07 1.08E-07 4.30E-07 245E-07 9.80E-08 1.57E-06 6.27E-06 6.46E-09 2.58E-08 3.07E-09 1.23E-08 2.08E-06 7.4SE-06
TSP 1.18E-06 4.73E-06 1.50E-06 6.01E-06 3.60E-07 1.44E-07 1.97E-06 7.88E-06 1.29E-08 S5.17E-08 3.61E-09 1.44E-08 5.03E-06 1.88E-05
>7 1.31E-07 5.23E-07 3.95E-07 1.58E-06 4.11E-08 1.64E-08 7.13E-08 2.85E-07 3.95E-11 1.58E-10 6.38E-07 2.40E-06
3370 6.51E-08 2.61E-07 6.16E-07 2.46E-06 3.34E-08 1.34E-08 LOIE-07 4.06E-07 5.74E-11 2.30E-10 8.16E-07 3.14E-06
BL 2033 2.01E-08 8.03E-08 3.46E-07 1.39E-06 9.34E-08 3.74E-08 2.15E-07 B.61E-07 1.67E-08 6.60E-08 1.54E-10 6.16E-10 6.92E-07 243E-06
1.1-20 2.11E-08 B.45E-08 3.96E-07 1.58E-06 9.34E-08 3.74E-08 2.52E-07 1.0IE-06 2.17E-08 8.69E-08 1.26E-10 5.02E-10 7.84E-07 2.80E-06
<L.1 1.45E-07 5.82E-07 3.35E-07 1.34E-06 3.32E-07 1.33E-07 1.14E-06 4.55E-06 6.14E-08 2.45E-07 4.39E-10 1.76E-09 2.01E-06 6.85E-06
TSP 3.83E-07 1.53E-06 2.09E-06 8.35E-06 5.93E-07 2.37E-07 1.78E-06 7.11E-06 9.97E-08 3.99E-07 8.1SE-10 3.26E-09 4.94E-06 1.76E-05
>7 8.96E-07 3.58E-06 2.58E-07 1.03E-06 5.82E-08 2.33E-08 6.31E-08 2.52E-07 441E-12 L.76E-11 1.28E-06 4.89E-06
3370 1.93E-07 7.71E-07 1.28E-07 S5.14E-07 3.06E-08 1.23E-08 9.06E-08 3.63E-07 2.51E-09 1.00E-08 445E-07 1.67E-06
SF 2033 G6.T4E-08 2.69E-07 2.06E-07 8.23E-07 1.00E-08 4.00E-09 6.17E-08 247E07 3.45E-07 1.34E-06
1.1-20 2.24E-08 8.98E-08 8.47E-08 3.39E-07 7.59E-09 3.04E-09 7.30E-08 2.92E-07 4A46E-09 1.78E-08 3.07E-10 1.23E-09 1.93E-07 743E-07
<L.1 1.43E-07 5.72E-07 2.93E-07 L17E-06 6.31E-08 2.52E-08 1.82E-06 6.46E-09 2.58E-08 5.55E-10 2.22E-09 9.61E-07 3.62E-06
TSP 1.32E-06 5.28E-06 9.70E-07 3.88E-06 1.70E-07 6.78E-08 743E-07 2.97E-06 1.34E-08 5.37E-08 8.66E-10 3.46E-09 3.22E-06 1.23E-05
>7 L9IE-07 7.64E-07 2.56E-07 1.02E-06 2.54E-08 1.02E-08 6.44E-08 2.58E-07 5.36E-07 2.05E-06
3370 7.13E-08 2.85E-07 5.16E-07 2.06E-06 2.78E-09 L1IE-09 5.55E-08 2.22E-07 6.45E-07 2.5TE-06
uw 2033 5.31E-08 2.12E-07 2.70E-07 1.08E-06 8.21E-09 3.28E-09 6.31E-08 2.52E-07 3.94E-07 1.55E-06
11-20 1.32E-09 5.28E-09 221E-07 8.84E-07 1.39E-08 5.57E-09 5.82E-08 2.33E-07 2.94E-07 1LI3E-06
<L1 1.25E-07 5.00E-07 1.30E-07 S5.19E-07 7.63E-08 3.05E-08 8.55E-07 3.42E-06 1.13E-08 4.52E-08 1.73E-10 6.91E-10 1.20E-06 4.51E-06
TSP 442E-07 L77E-06 1.39E-06 5.5TE-06 1.27E-07 5.07E-08 1.10E-06 4.38E-06 1.13E-08 4.52E-08 L73E-10 6.91E-10 3.07E-06 LI8E-05
>7 2.10E-07 B41E-07 2.03E-07 8.11E-07 5.03E-08 2.01E-08 5.76E-08 2.30E-07 5.21E-07 1.90E-06
3370 LO7E-07 4.26E-07 2.07E-07 8.30E-07 3.77E-08 1.51E-08 3.92E-08 1.57E-07 3.91E-07 143E-06
M 2033 8.57E-08 343E-07 L41E-07 S5.64E-07 6.41E-09 2.57E-09 4.39E-08 1.75E-07 2.77E-07 1.08E-06
L1220 9.68E-08 3.87E-07 2.51E-07 1.00E-06 4.91E-08 1.96E-08 L31E-07 5.25E-07 4.87E-11 1.95E-10 5.28E-07 1.94E-06
<L.1 5.08E-07 2.03E-06 3.40E-07 1.36E-06 2.07E-07 8.28E-08 5.88E-07 235E-06 8.40E-08 3.36E-07  0.00E+00  0.00E+00 1.73E-06 6.16E-06
TSP 1.O1E-06 4.03E-06 1.14E-06 4.5TE-06 3.50E-07 1.40E-07 8.60E-07 3.44E-06 8.40E-08 3.36E-07 4.87E-11 1.95E-10 3.44E-06 1.25E-05
>7 1.54E-07 6.17E-07 2.68E-07 1.07E-06 6.41E-09 2.57E-09 8.36E-08 3.35E-07 S.13E-07 2.03E-06
33-7.0 8.36E-08 3.35E-07 3.43E-07 1.37E-06 2.18E-08 8.71E-09 7.85E-08 3.14E-07 5.27E-07 2.03E-06
ZF 2033 3.52E-08 141E-07 2.90E-07 1.16E-06 9.60E-08 3.84E-07 4.21E-07 1.68E-06
L1220 4.80E-08 1L92E-07 LG4E-07 6.55E-07 6.58E-09 2.63E-09 2.29E-07 9.14E-07 5.65E-08 2.26E-07 1.27E-09 5.07E-09 5.03E-07 2.00E-06
<Ll 4.19E-07 1.67E-06 2.31E-07 9.25E-07 3.08E-08 1.23E-08 147E-06 5.90E-06 3.84E-07 1.54E-06 241E-08 9.65E-08 2.56E-06 1.OIE-05
TSP 7.40E-07 2.96E-06 1.30E-06 5.19E-06 6.56E-08 2.62E-08 1.96E-06 7.84E-06 4A1E07 1.76E-06 2.54E-08 LO2E-07 4.53E-06 1.79E-05




