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Abstract: Mine environmental restoration and the comprehensive utilization of solid waste are two ecological
issues that are highly concerned by the whole society at present. Based on the idea of "theoretical analysis—case
study—collaborative governance", taking Yulin, Shaanxi Province as an example, this paper comprehensively an-
alyzes the policy advantages, technical feasibility and market potential of multi-source solid waste collaborative
mine ecological restoration on the basis of systematic analysis of the current situation of industrial solid waste
and mine ecological restoration. Secondly, based on the multi-source solid waste modification of structure, nutri-
tion and environmental function, a soil conditioner was prepared. Finally, through the practical exploration of

applying soil conditioner to sand treatment, saline alkali land improvement and soil ecological restoration of
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mine waste dump, it is found that the average increase of above—ground biomass of plants in sand land, saline al-

kali land and waste dump after applying soil conditioner is 50.3%, 36.0% and 39.9% respectively. The present

manuscript may provide scientific support for the coordinated ecological restoration of multi-source solid wastes

in northern energy cities.

Keywords: coal based solid waste; ecological restoration; soil conditioner; analysis
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Fig. 1 Discharge of main solid wastes in Yulin city
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Tab. 1 Nutrient elements and heavy metal content of typical coal-based solid waste

% B A PR (ghkg) BRARA (mgke) AT (mgke)  Si0(%)  ALOY (%)  Fe,0,(%)  CaO(%)  MgO(%) K,0(%)
o3 1 IR 142 8.5 92.8 61.81 21.51 7.39 1.72 1.39 2.69
A 6.81 9.3 76.9 59.22 29.72 1.58 0.26 0.68 1.55
E2 Cr(mg/kg) Ni( mg/kg) Cu(mg/kg) Zn(mg/kg) Se(mg/kg) Cd(mgkg) Pb(mgkg) Hg(mgkg) -
oy 1 Ik 223 14.2 45 12.7 0.36 10.2 0.03 -
AT A 2.5 23.9 34.0 3.7 0.34 15.8 0.03 -
EPLAR HO) 250 220 100 25 0.6 170 34 -

e (DR A Hb - 38 75 g XU 38 98 A fE (U717 ) (GB15618-2018)
2 BEERERTESEENEARLME

Tab.2 Technology and examples of coal based solid waste used for ecological restoration

FURE A S FEN -
B WREMT AR TR A R e R Rl K CE B, 2003)

WK ROH EMRN EAEMOMIRREE R ORI T O (RS, 2023)
Bt RN BBRRR A LR R D+ FE A, 2022)
G TR BRI RR R AR 6 R A A LT TR AR R LS, 2029)

HERF 4 _ gy ORRPOECEACRIER RWMBEAT o o Gl 2018

PR R R T A Y R
ST A5 3T T R R A ) A AT A R

W+ W 0 38 4 T

Jb Rt Mol K 2: (R EUR %, 2022)




5534

ZiR A5 JERE BRI DI R L 0 8 A 208 S 10 BRI A BT 5 S BRAR R —— LA P A A T A 451 73

EEEARE 20 th Tl s LA S A AR
B SR R B AT R, T ARSI A L5, A B

THAE T AR T, FIRA B TS T b4
AN, PP T AR S RS K AR

SH

@

B e

+15
R
il

O Fissig
@ M +-Fi
® etk
@ WAL
® BRA L

2 REE R & T R R A

Fig. 2 Ideas for preparing soil conditioner by modifying multi—source solid wastes
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Tab. 3 Basic properties of soil and soil conditioner in the test site

ECE0 Kb Hh £ 0 4 Bty EERIA WAL RE” bR E/GB15618-2018
A HLIE Cg/kgd 2.72 7.44 5.1 22.60 - -
A A (mg/kg) 9.65 28.25 18.07 48.28 - -
PR W (mg/kg) 7.15 11.2 145 1689 - -
A (mg/kg) 1.57 82.8 69.99 125 - -
& ha (gkg) 0.55 24 0.47 0.70 - -
pH 8.64 9.11 8.19 7.73 - -
Cr( mg/kg) 21 12 24 39 65.10 250.00
Ni( mg/kg) 16 18 19 23 27.6 190.00
Cu( mg/kg) 6 9 7 70 18.90 100.00
Zn( mg/kg) 26 32 31 190 65.60 300.00
As(mg/kg) 0.79 1.03 1.98 4.77 11.40 25.0
Cd(mg/kg) 0.01 0.05 0.03 ND - 0.60
Hg(mg/kg) 0.08 0.07 0.06 0.09 - 3.40
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Fig. 3 Distribution of experimental sites for soil conditioner application
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(Trin.) Tzvel.. ¥ B ¥ Salsolacollina Pall.. H 3% £ - ST HLIBT SR P R - L TR B A I B, A R
Brassica rapa var.oleifera de Candolle 1 5 B #E Amor- K A 7 H0, S0 R F AH B0 P be (87, SR B
pha fruticosa Linn.6 25 W) Fp 4 WL Fp 61, #& b 72 4 KA AR T, IR R A pH HE . MY
4500 tkm’. % T 2021 4F 5 3 19 HATSL, CKOAAR AW R AR R 156 o B0 R TP 2 (H bl 22 3%
HEAE, 4b 3 TR S HEALE 4 500 vkm’, WA 2021 4F 6 7, SPSS23.0 AR (1 8L P 2y 2 43 Wi itk A 7 26 5 b 25
H#E 202248 A, K96 A1 2 H LA (P<0.05) .
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Tab. 4 Changes in soil physicochemical properties under typical site conditions

Ak B
L A b
CK SD-T1/SA-T1 SD-T2/SA-T2
A B (g/kg) 2.45+0.12° 2.96+0.24° 2.66+0.10° 3.33+0.16"
A 5% A (mg/kg) 16.20+0.81° 24.6+1.23° 28.3+1.42° 34.3+1.72°
R D Hy LB (mg/kg) 17.6+0.88° 19.0+£0.95° 28.30+1.42° 33.40£1.67°
L (Cmg/kg) 58.00£2.9° 84.10+4.21° 89.80+4.07° 89.90+4.57"
pH 8.54+0.06" 8.47+0.11° 8.45+0.10" 8.42+0.14°
A B Cg/kg) 10.21+0.24° 14.26+0.38" 13.55+0.10" 12.03+0.16°
A %A (mg/ke) 17.44+0.03° 22.45+0.12° 28.43+0.20" 27.87+0.15"
ER 8 A (mg/kg) 34.97+0.33" 38.82+0.96" 37.54+0.32" 38.50+1.28"
HEZET (mg/kg) 119.80+0.51° 106.12+0.34° 110.55+0.14° 107.18+0.45°
pH 8.56+0.06" 8.97+0.11° 8.15+0.10° 8.49+0.14°
FHLIE Cg/kg) 5.10+0.53° 6.12+0.82° - -
A 3 (mg/kg) 18.07+1.22° 33.62+3.23° — -
H 1+ LB (mg/kg) 14.50+1.03° 22.8+1.02" - _
A (mg/kg) 69.99+2.25" 72.8+2.31° - -
pH 8.19£0.11° 8.01=0.09° - -
e AR SRR R 22 5 W 3 (P<0.05)
of E
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Fig. 4 Biomass change of Leymus Chinensis in sandy and saline alkali land
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