Supplementary Materials

1. Information about QC/QA in the total amount of HMs

There is no standard sample of MSWI fly ash. The accuracy
of the experimental data was determined by adding a standard
solution. The fly ash was digested, and a certain amount of
standard solution was added into the solution. The samples and
the samples added to the standard solution were tested for heavy
metals using ICP-OES. The recovery rate of the standard solution
added was calculated according to the following formula:

Recovery rate = E-D100%
c2

Table S1. Recovery rate of the addition of the standard solution (mg/L).

Element Concentration of the Concentration of the standard Concentration after adding the Recovery
sample (C1) solution added (C2) standard solution (C3) ratio
Pb 2.3852 3 5.1778 93.09%
Cu 0.9783 1 1.96745 98.92%
Zn 11.511 10 22.2665 107.56%
Cd 0.4623 0.5 0.94345 96.23%
Cr 0.9578 1 1.9367 97.89%
Ni 0.0449 0.1 0.1357 90.80%
As 0.2198 0.2 0.4297 104.95%
Ba 2.0109 2 4.01635 100.27%
By adding the standard solution at a similar concentration,
the recovery rate ranged from 90.80% to 107.56%. According to
the standard, when the contents of the components measured
was less than 1 mg/L, the allowable limit of recovery was 80%—
120%. The allowable limit of recovery was 90%-110% when the
contents of the components measured were 1-100 mg/L. When
the contents of the components measured were >100 mg/L, the
allowable limit of recovery was 95%-105%.
Two blank samples were made for each batch, and the blank
value of the tested elements was not lower than the detection
limit.
Each sample was measured three times, and the relative
deviation was calculated according to the following formula, as
shown in Table 1:
Relative deviation (Rd) = Measured value—average ., 100%
average
Table S2. Test concentration and relative deviation (mg/L).
Spring Summer Autumn Winter Rd1 Rd2 Rd3 Rd4
1 2.6503 3.2187 4.3891 2.4890 -1.76% -2.10% 0.89% -0.01%
Pb 2 2.6887 3.2902 4.3309 2.4600 -0.33% 0.07% -0.45% -1.18%
3 2.7540 3.3546 4.3315 2.5190 2.09% 2.03% -0.44% 1.19%
1 1.0359 1.3209 1.9870 1.3190 -1.33% -3.99% -0.90% -0.27%
Cu 2 1.0400 1.3590 2.1010 1.3789 -0.94% -1.22% 4.79% 4.25%
3 1.0738 1.4475 1.9269 1.2700 2.28% 5.21% -3.89% -3.98%
1 11.7908 15.0100 18.5309 12.8134 -0.27% 0.45% -0.04% -1.41%
Zn 2 11.8111 14.9500 18.5290 12.9999 -0.10% 0.05% -0.05% 0.02%
3 11.8663 14.8684 18.5555 13.1770 0.37% -0.50% 0.09% 1.39%
cd 1 0.5041 0.5509 0.6321 0.5499 -0.12% 0.61% 0.68% -1.13%
2 0.5109 0.5409 0.6300 0.5599 1.23% -1.22% 0.34% 0.67%



3 0.4991 0.5509 0.6215 0.5588 -1.11% 0.61% -1.02% 0.47%
1 0.9478 0.6890 0.5200 1.3490 -0.51% -0.21% 0.43% 0.91%
Cr 2 0.9555 0.7000 0.5199 1.3089 0.30% 1.39% 0.41% -2.09%
3 0.9546 0.6823 0.5134 1.3528 0.20% -1.18% -0.84% 1.19%
1 0.0440 0.0899 0.0590 0.0308 -4.09% -1.12% 1.30% -0.47%
Ni 2 0.0460 0.0902 0.0590 0.0313 0.29% =-0.77% 1.37% 1.15%
3 0.0476 0.0926 0.0567 0.0307 3.80% 1.89% -2.68% -0.68%
1 0.2267 0.5409 0.4487 0.1887 1.34% 0.29% -2.30% 2.78%
As 2 0.2209 0.5279 0.4509 0.1804 -1.26% -2.12% -1.83% -1.74%
3 0.2235 0.5492 0.4783 0.1817 -0.08% 1.83% 4.13% -1.04%

The relative deviation for the measured data is between —4.09% and 4.25%.

A standard curve was plotted before each measurement,
and the correlation linearity of the standard curve was greater

than 0.999.

Calibration Summary

Analwvte Ztds. Equation Intercept Slope Curvature Corr. Coef. Reslope
4= 185979 5 Lin, Cale Int -0.4 36. 86 0. 00000 0.999358

Cr ZBT.TIE 5 Lin, Cale Int -16. 3 BOL.3 0. 00ooo 0. 999554

Cd 225 802 5 Lin, Cale Int -B0.0 1014 0. 00000 0. 999756

Cu 32T. 393 5 Lin, Calec Int -B3.5 1035 0. 00ooo 0. 999753

Wi 231. 604 5 Lin, Cale Int -23.6 396, T 0. 000oa 0. 999736

b 220353 3 Lin, Calc Int 5.1 114.9 0. 00oo0 0.993730

In Z06. 200 5 Lin, Cale Int 1789, 7 BOSE0 0. o0ooo 0. 999522

Figure S1. Correlation of standard curve.

2. Information about QC/QA in the Leaching Program

Leaching was performed using the HJ/T299-2007 method.
The standard sample measurement details are dictated
below.

Table S3. Recovery rate of the addition of the standard solution (mg/L).

Concentration of the Concentration of the standard Concentration after adding the

Element Recovery ratio

sample (C1) solution added (C2) standard solution (C3)
Zn 0.3124 0.5 0.7930 96.12%
Pb 3.2823 3 6.2130 97.69%
Cu 0.3305 0.5 0.7952 92.94%
Cr 0.3341 0.5 0.7699 87.16%
Ni ND 0.5 0.4857 97.14%
As ND 0.5 0.4903 98.06%
Cd ND 0.5 0.5123 102.46%
Two blank samples were created for each batch, and the blank value of the tested elements was
not below the detection limit.
Detailed data from the three tests are presented below.
Table S4. Details for HM concentration using the HJ/T299-2007 method (mg/L).
Element Spring Summer Autumn Winter Rd1 Rd2 Rd3 Rd4

1 0.3187 1.4789 0.8497 0.4899 1.76% -0.11% -0.48% -1.33%
7n 2 0.3067 1.4804 0.8502 0.4859 -2.08% -0.01% -0.42% -2.13%

3 0.3142 1.4822 0.8615 0.5137 0.32% 0.11% 0.90% 3.46%

1 3.3091 9.3478 10.5923 5.9809 1.00% -0.12% -0.44% -0.15%
b 2 3.2987 9.3509 10.6409 6.0010 0.69% -0.08% 0.02% 0.19%

3 3.2208 9.3774 10.6835 5.9869 -1.69% 0.20% 0.42% -0.05%

1 0.3390 0.2509 0.2103 0.2378 1.44% 3.38% 1.20% 1.62%




Cu 2 03356 0.2440 0.1991 0.2301 0.42% 0.54% 0.63% -1.67%
3 0.3280 0.2332 0.2140 0.2341 -1.86% -3.91% -1.83% 0.04%
1 0.3079 0.0968 0.0929 0.1622 3.39% -0.72% -0.21% -1.04%
C 2 0.2934 0.0969 0.0925 0.1635 -1.48% -0.62% -0.64% -0.24%
' 3 0.2921 0.0988 0.0939 0.1660 -1.91% 1.33% 0.86% 1.28%
A standard curve was plotted before each measurement, and the correlation linearity of the
standard curve was greater than 0.999.
Calibration Summary
Analvte Std=. Equation Intercept Slope Curwature Corr. Coef. FReslope
As 186.979 5  Lin, Cale Int -0.8 31.85 0. 00000 0. 939529
Cr 257.T16 S  Lin, Calc Int -26.9 £58. 2 0. 00000 0. 939336
Cd 226.802 5  Lin, Cale Int -51.1 1084 0. 00000 0. 939858
Cu 327.393 S  Lin, Calc Int -38.3 1517 0. 00000 0.939773
i 231.604 5  Lin, Calc Int -19.9 40,2 0. 00000 0. 999823
Fb 220.353 S  Lin, Calc Int 0.2 103.5 0. 00000 0. 939815
In 206.200 S  Lin, Cale Int 1789.7 B0SE0 0. 00000 0. 939522
Figure S2. Correlation of standard curve
Table S5. Details of HM concentration using the TCLP method (mg/L).
Element Spring  Summer  Autumn  Winter Rd1 Rd2 Rd3 Rd4
1 04427 1.5326 1.0760 0.5097 -0.11% 0.62% -0.19% -0.14%
Zn 2 0439 1.5197 1.0803 0.5100 -0.81% -0.22% 0.21% -0.08%
3 04473 1.5170 1.0777 0.5115 0.93% -0.40% -0.03% 0.22%
1 3.2278 6.3301 4.9803 2.6983 0.00% 0.04% 0.08% -1.05%
Pb 2 32198 6.3267 4.9703 2.7145 -0.25% -0.01% -0.12% -0.45%
3 32358 6.3254 4.9789 2.7679 0.25% -0.03% 0.05% 1.50%
1 0.0856 0.1345 0.0862 0.0693 -1.27% -2.18% -2.16% -0.29%
Cu 2 0.0862 0.1387 0.0894 0.0683 -0.58% 0.87% 1.48% -1.73%
3 0.0883 0.1393 0.0887 0.0709 1.85% 1.31% 0.68% 2.01%
1 0.1667 0.0681 0.0763 0.0937 -1.59% -1.59% -2.05% -0.43%
Cr 2 0.1698 0.0693 0.0764 0.0950 0.24% 0.14% -1.93% 0.96%
3 01717 0.0702 0.0810 0.0936 1.36% 1.45% 3.98% -0.53%

A standard curve was plotted before each measurement, and the correlation linearity of the
standard curve was greater than 0.999.

Calibration Summary

Anialyte Stds.  Equation Intercept Slope Curvature Corr. Coef. Reslope
hs 103 979 = Lin, Calc Int 4.5 i 0. Qo000 0.983310

Cr 26T.T16 3 Lin, Calc Int 207. 2 37000 0. Qoo00 0. 999534

Cd 225 802 5 Lin, Calc Int 1134. 4 138700 0. Qo000 0. 999376

Cu 327,395 5 Lin, Calec Int -995. 7 45850 0. Qoo0a 0.993779

Hi 231 604 5 Lin, Calec Int 585. 9 25910 0. gooaa 0. 999566

b 220,353 = Lin, Calc Int 187. 4 Ta1: 0. Qo000 0.983309

Lo 206, 200 = Lin, Cealc Int 1789, 7 BOSED 0. Qaoa0 0. 999322

Figure S3. Correlation of standard curve
3. QC/QA about Metal Bioavailability

The standard sample measurement details are shown below.

Table S6. Recovery rate of the addition of the standard solution (mg/L). (ND means below the

detection limit).

Element  Concentration of Concentration of the Concentration after adding  Recovery
the sample (C1)  standard solution added  the standard solution (C3) ratio




(€2)

Pb 0.0105 0.0100 0.0203 97.78%
Zn 0.0068 0.0500 0.0566 99.55%
Cd 0.0029 0.0050 0.0075 92.84%
Cu 0.0005 0.0005 0.0011 113.20%
Cr 0.0002 0.0002 0.0004 100.00%
As ND 0.0500 0.0492 98.40%
Ni ND 0.0500 0.0521 104.20%

Two blank samples were created for each batch, and the blank value of the tested elements was
not below the detection limit.

Detailed data from the three tests are presented below.

Table S7. Test concentration and relative deviation (mg/L).

Element Spring ~ Summer Autumn = Winter Rd1 Rd2 Rd3 Rd4
1 0.0104 0.0074 0.0145 0.0067 -1.16% -4.74% 1.44% —2.47%
Pb 2 0.0103 0.0079 0.0147 0.0065 -2.11% 1.70% 2.84% -0.44%
3 0.0109 0.0080 0.0137 0.0070 3.27% 3.04% -4.28% 2.04%
1 0.0066 0.0038 0.0068 0.0022 -3.28% -4.62% -2.63% 2.61%
Zn 2 0.0067 0.0041 0.0072 0.0021 -1.82% 2.91% 3.09% -2.05%
3 0.0072 0.0041 0.0070 0.0021 5.10% 1.71% —0.46%  -0.56%
1 0.0029 0.0019 0.0025 0.0018 1.47% —2.66% —4.65%  -5.16%
Cd 2 0.0028 0.0019 0.0028 0.0019 -2.03% —2.66% 6.79% 0.11%
3 0.0029 0.0021 0.0026 0.0020 0.56% 5.33% -2.14% 5.06%
1 0.0005 0.0012 0.0033 0.0001 —6.25% 0.00% 0.00%  -50.00%
Cu 2 0.0005 0.0013 0.0032 0.0003 —6.25% 8.33% -3.03%  50.00%
3 0.0006 0.0011 0.0034 0.0002 12.50% -8.33% 3.03% 0.00%
1 0.0002 0.0001 0.0001 0.0002 20.00% 50.00% 50.00%  20.00%
Cr 2 0.0002 0.0001 0.000 0.0002 20.00% 50.00%  -100.00%  20.00%

3 0.0001 0.0000 0.0001 0.0001 -40.00%  -100.00% 50.00%  -40.00%

The relative deviation of the measured data is between -5.16% and 6.79% (for Pb, Zn, and Cd).
The large relative deviations for Cu and Cr are due to their low concentrations, and the
concentrations for As and Ni are below the detection limit.

The standard curve was plotted before each measurement, and the correlation linearity of the
standard curve was greater than 0.999.

Calibration Summary

Analwte Stds. Egquation Intercapt Slope Curvature Corr. Coef. Raslope
A= 158979 5 Lin, Cale Int 1.2 32,39 0. noooo 0. 999135

Cr 2BT.T1G = Lin, Cale Int -18.0 EE9.0 0. Qooag 0. 999363

Cd 225 802 5 Lin, Cale Int a1 970, & 0. 000ao 0. 999965

Cu 327,333 5 Lin, Cale Int -10800. 1 30850 0. Qoo 0. 985232

Wi 231.604 5 Lin, Cale Int -4435.0 13450 0. Qooaa 0. 9539254

FL 2200353 5 Lin, Cale Int 09 103.5 0. oooo 0. 999641

Zrn 206. 200 = Lin, Cale Int -3289.8 28E10 0. Qooaa 0. 939345

Figure S4. Correlation of standard curve
4. Other Interesting Information

Research pointed out that the main sources of heavy metals in MSW are kitchen waste, ash,
plastic, and paper [1, 2]. The composition changes in domestic waste in Beijing are shown in
the table below.



Table S8. MSW physical composition of the Haidian and Dongcheng districts (%) [3]

District season Kitchen Paper  Plastic  Fabric Wood Ash Metal  Glass Mixture
waste
Haidian Summer 68.83 10.02 13.92 1.43 0.43 1.26 0.87 0.25 3.00
Winter 50.08 17.40 7.10 6.82 0.80 0.00 1097  0.88 5.95
Dongcheng ~ Summer 60.32 18.60 10.96 2.69 0.13 0.22 2.10 4.07 4.24
Winter 46.75 0.31 8.01 1.08 0.99 0.00 4.19 0.59 241
Table S9. MSW physical composition of the Xicheng and Shijingshan districts (%) [4]
Kitchen- Mang-
Month waste Dirt Tile Paper Plastic Textile Glass Metal osteen Mixture
January 50.75 0.00 0.74 23.52 20.52 0.74 1.12 0.00 262  0.00
February 44.89 0.00 0.00 25.16 22.92 0.00 1.97 1.55 352  0.00
March 57.19 0.00 0.00 17.29 21.40 0.00 0.81 0.00 3.31  0.00
April 51.19 1.29 0.00 23.76 21.00 0.00 1.11 0.00 1.66  0.00
May 51.90 1.56 0.44 19.81 19.62 131 1.56 0.00 3.80  0.00
June 50.64 0.56 2.03 17.94 18.86 0.00 1.48 148 7.02  0.00
Xi-cheng July 42.96 0.00 0.00 20.93 27.28 0.00 1.39 1.39 6.05  0.00
August 53.45 0.00 2.90 19.62 20.25 0.00 2.90 0.00 0.87  0.00
September 51.39 0.00 0.00 19.29 24.26 1.43 1.90 0.00 172 0.00



October 53.33 0.00 0.60 18.86 20.74 1.00 1.00 1.14 3.33 0.00
November 47.67 0.00 0.00 19.84 28.67 0.00 0.00 0.00 3.81 0.00
December 50.83 0.00 0.00 25.54 18.43 0.00 1.91 0.00 328  0.00

January 55.36 0.00 0.00 16.07 19.64 0.00 5.36 0.00 3.57  0.00
February 52.94 0.00 2.94 19.12 16.18 441 2.94 0.00 1.47  0.00

March 55.93 0.00 0.00 22.03 18.64 0.00 0.00 0.00 3.39  0.00
April 44.64 0.00 0.00 28.57 23.21 0.00 0.00 0.00 3.57  0.00
May 45.65 2.17 0.00 26.09 19.57 0.00 2.17 0.00 435 0.00
June 40.00 0.00 0.00 25.71 28.57 0.00 0.00 0.00 286  2.86
Shijingshan July 43.24 0.00 0.00 18.92 21.62 0.00 2.70 2.70 10.81  0.00

August 50.82 0.00 0.00 19.67 24.59 0.00 4.92 0.00 0.00  0.00
September 49.46 0.00 0.00 13.93 25.81 2.40 4.80 0.00 3.60 0.00

October 54.17 0.00 0.00 16.67 22.22 0.00 0.00 0.00 694  0.00
November 62.26 0.00 0.00 18.87 16.98 0.00 0.00 0.00 1.89  0.00
December 54.88 0.00 0.00 26.22 17.68 0.00 0.00 0.00 122 0.00
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