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Construction of technique system for mine ecological restoration
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Abstract: Unregulated mining operations can lead to the disruption of soil structure in mining areas, resulting in soil erosion
and posing significant threats to vegetation, water resources, atmospheric conditions, and human livelihoods. Consequently, the
importance of ecological conservation and restoration management for abandoned mining sites is underscored. A comprehensive
literature review was conducted, and various ecological issues associated with mining wastelands were analyzed. Core ecological
restoration techniques can be categorized into 3 major classes, primarily addressing soil and vegetation, encompassing physical,
chemical, and biological aspects. In response to the prevailing inadequacies in the existing mining ecological restoration technology
framework, particular attention was given to three key areas: risk mitigation, the selection of mining ecological restoration
techniques, and landscape ecological reconstruction. A comprehensive ecological restoration technology system suitable for the
practical implementation in China was formulated, including risk assessment technologies, land reclamation and stabilization, soil
matrix improvement, water resource restoration, vegetation ecological recovery, and landscape ecological maintenance. This paper
could provide a scientific basis for the selection and refinement of ecological restoration techniques, and offer a robust technical
support for the enhancement of mining ecological restoration efficiency and the resolution of issues such as soil erosion in mining
regions.
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Core technologies for ecological rehabilitation of mines

N *
R TR pmrm s fiskss A
L e RS g B
F L ESRE B Al s
T gg;fggiéﬁk&ﬂgﬁ%$k¢# TS MR TR, 71l RS L
R 0y s B, i WERA, LR, A
" Bk, PR 5
e R, TR \ I
CIIFES gl ek, SRR LR T R L
WWEAR ot PR E AR TR \ R
. o s TR BHTRERERAAN LA
WE R (b WORIES, AR, P
Stk ke Bt fre o b AR
I/ ﬁ;(%‘ N }f;f T ) Yol . s » ) N
Lo gg;gggi@ﬁﬁg‘ﬁﬁﬁrgﬁigg%ﬁﬁﬁﬁ*% EFRBEE. LR L
BB E P, e BORMRES ® 4 e .
éiﬂm%i gg:gg%ﬁﬁﬁr Ry, BAESR e ey T
o N T N
%ﬁiﬁﬁf$ﬁ% St KT . S P . TSI L
n vl BELA e
BABEE (LA RO AT AR LA A
sk Shit, BRI, BT S AR .
sy (D HRNEEE, IAERRKFAR BT, 100~ LISHRIR R OO, S
i St TRk 2m
: o BRI R AR AL - ST
sy S Bt AL B2 B ARLRALRLRAER
ik BRRER  (Ld K. RO, ST e S
i it FATRIICEE Ay FRmEER . AT 2
SRS L BRI L
i B S AR TEAHERERE BREN AL
e HRREL (b BIAL, k. KERR - P
WL B ROEPRRE AN TRERE, AT eSS0 emELHRED LR, BIEEE
ML ARG 4
g I (00 SRR WAL RIS ~ 10 e
SHR SRR (k. BN, 5FE ETL N
300 Bt AL KA IFEENT, A g i
LHH A L HIEK . LR OEE TR B
BABEE B . KB I R
= . o M ZHEHTRE, 5 e
o st L IEREEMET RS, JHBStE Bk, AT B K
ity I

)

A Bt SRS R

TPRTERANG 1L fr 03

113 AHBEIHERK EPHEBEEHEART SN
PIYMERER  MYMEREA | UEPEE AR
MY E YIS IBE A

(DB E A 9 R IR s B R
AR FE R i s RN S T4 S
Yok Ay + 32 IR SR RPN B B . ik 3 )

7 3 R A% 17 Sl B g 3 K A+
ROAHELRIBR A, R DORE R = S04 8 3R ) sl
[ R 0 25 IR SRR R 3t AR = 0
75 B K A H J, 76 BT I 23 26 T AR A 3 S A
BB M AH R, PR HRROR AP R, Dy R
BRI BRI B 4 o 1B A AR EY; M sl ik H



5 5 1

FEZ A TINAESBRE AR E 45

AEEREERIEES), X EL RGN RS T
—EMEEAEHR, BOYER et alt™ X ifr #5] 47 1
— RYNAGS, 25T e B 5 AN AT LAk 1 48 Y
HAGE BT, AT DLREAR 3 rh A 8 B
W

(2) MM A : B ) —Fh A 18 52 HoR
SETEAT L 5 b A 38 b AR — SRR o Y B R AR
Y. XEEARAMEY) EA KGR R T 5%
5, AR R R ELWISO) o A SR RE T s AR A, T
VI B 1K 5 38357 0 1 e O L A AE
FHA AT DL & L3 b A I8 ) M s ) A7 16 % . A
YR =T DM &+ 1 4 Jm 5 e, (A IR
NEEESBRZIG, 75 LRG58 5, HikT
BEPRAL PRS2 53 7 E KI5 % . MONTIEL-ROZAS
et al™ YRS SE SRR W], FER I Z i T R 15 Yt
M ) - v, 2k ( Terram operimentum) 2 il &
e b Gy i A, DA R /0 1) 255 Y A
%, PR A T i . TERA PR AE R
M (Paspalum thunbergii Kunth ex Steud ) g% 18
L3 e OR ) VR B R ek D T T SR R i
PR, TESZ R TE R AN LA S5 Bl 52 i Y 1
X s [ B | B BRI

Q) MAEMEE B AR MAEDEE AR E
T AR P A TN il S LR TG B, T AR S L
J% 35 b - SRR SR G A A R P A R R R[]
VISt I 5 A= 33 v (A LTS ), 6T LU AR
&R RN IR SR 15 Y R, sk 385
Y HA PR o TR P xs SR T A
Rkt A R U AL AVE X S Aa PR B R 2 A
Yo a T U FE T, 4 B3Rt T R E M ERY
Joz, [ st ] Al A AR 0 B rp B SR B RIK
Sy UL IS ). BANDYOPADHYAY et alt™ 4 H1
-7 2 W T 4 o A P e A s I v A 38 i L
YRR, J38 3 B 1) s A M A e o ke U DA A
T A Y AR Y R A T

(4) FE) - A iR B A S R : R - TR B
HBEHAE BT —FEOH B3O RSB 2 4
R, B R—FHY) 5 FRR R YR AR R, A
T DR FE A ) WM 7, B SR A P Ve, S s Ae )
MBS RE ST o P TEBRJZ T b I [R) B A A ] s
WRAR B s A TIE R RUR, % T —E B It
B, ZEATHTBEN XEFME SR,

WU et al*®! X 8 B R AR AE Y —— 75 B 5t K (Sedum
alfredii) 53 MIHEAT T RN SRR AR A KA
(PGPB) %A R TR, S50 45 SR % W], PGPB 21
AT AR T 7R i S RATL A PN 1 5| e £ 1R 45
A2 R e B, AR AR A K, 325 T B
AR, IR R, 7RG (Leucaena
glauca) WEBRAZFIAR IR B AT LAAT R0 2 A 5 ] R ]
R A1) A5 1, R B A5 U R 6 2 A 3] A
o TAESH(Mo) V5 Y2 i) - 3 vh R IR B, o n] DA
PRHFEXT Mo 1M, A 2/ 14 rh Mo Wk EE, 155
B2 BRI,
1.2 #FlisETEEE

B3 IS S R FE L L | ol
2. BRI L PR | AR sk sk N
ek R+E AR A IE R

(1) 3 B b S X W e AN 12 m ™
Wih Y, AR . SR B S
Il T v B AN R, T L AR R, AN S R
A TP TR E BRI,

(2) i [ 246 A A AT A7 1L 3R 3 i sk 4%
1 2 ) — R [ A 582 v, Dokt e i PR SR
JoT K Y A, B T AR E R BE 3 1 450

(3) K I g 4 2 o A A v S8 e 5 ThT b A4 —
FERNSE AL IR PRk 22 W), [ 58 iU AT LA
LIRS PE L2 5 T R A — A, 55— R SEmE
12 cm Ph_EBFEP LT, 25 RS 2 em DL B
PR FEFRY T . % 2 TR BENE 13
Yoo AR R Rk 22 ) 5 R ) R TR AH
4G, MR RS REEATIE B R, PR I+,
ARXFIHATIRAP, IRB] T B AR BB

(4) BB - 3E A R TR AEAN R S I
Ak TR - 00 s 35, wT LAXT R AR A 2k
L R ER o FERS 5% N A - 58 h A
K, ] B S b i VR T

(5) 13k B+ A A B B 1 2 ek R AR
BRI A L AR YRR RS S A LR —
LA g v, 38757 1398 pHL B i [ Fn A FH 2
RACR, VIR B 5880, Pl ol RS ) -4
T AL, HCE R AR, B AR
HESAE YA N T RG 7 A AR T, X LAY Fh
T ATE L R 5 i R AT, JF HR R AF, 15
B TREH A A KA Z B H e 2,



46 IREE LR R

549 3

FI G 1 T B9 8™ L 3 T A ) 18 2 SR B g
MAARIB R IE | HBEREE L S kil . FREAR R
BRIk

(DAEARBEREEEMN T ATERZEE 15~
30 cm ELO b 4 58 BB RARBE R AT T,
SERTR L35I AT A S0 PR RE R RS2, R BT
WK AT LR AR B ST A T BB S 0 1 M X
I, 22 BROK B R, S BN i X AR S B E
RONG et al'” BF5¢ A BE, HE AR A4 A0 ZE T 3R N
AR S, S T A B AR TR A, X R
B T —ERIEES TR, RIS Bsib 1 5ok =

(2) M BRI 1o 2 A 2 M 2 TR A5 LE A0
il 7€ W TR Bt AR B 7 IE 07, B L AL
JEEFE BT, ARV A AR SE AR 2, De T8 1L
ST, A A B B P R A B S RORY, 1207 108
MTHAEBBOF HATIEZEE 8 ~ 10 cm, I Hi%
TS FAA BN FH A T B AR ZOR B, AT
BORHARRA 1A B

(3) F HEAAE S FPAB IR AR L0 BB T A
AR, N HAT EFEIR, DA% S R, RETERL
LI ) PR P R A T, e AL 19 A A i
T s 23 68 - 3 v 4 S e R BB S B9 PE A .
R ASAE )RR ] T 5 AR BE U A A LA
W BEE RSB, WY 2 B A U,
BB O FRARAS 25 AR A R SR I TR
AIFRI o SO AR UM AR LR AT Y O AR &
A WA, %) 320 i R AR B B 4 ) 4 4, AR A
LG e R a S R BB e
1.3 wLEHEE

LI AT IR BB 2 B A A IR AN
T A FERF IR o AR TER PR RS BIR, B
B JOAE AT IR R LI, SR i L Bl
| AR FIOK ), X2 IR TS AL, 3%
Seyyn] LU R I TAE, (B &G
b, BORREE L ARAF T R ik o BRIR A, DA
R R . WOOFEE TR I BRI
AHEP A ALK

FHAE SR IR AR T A7 KGR L e | S
FEL TR - S A R A ST R A i AR ) AR 2
BEFUAPRE, WM G = A ) HARYIA 5 A K 13
H, BORRRERAT T P O HLIR h e T A K e

J1, JAEW A R BEE TR B IR A . X AL
R rT LS H AR SR G /A . % RIE T
T RME A LA A T3 S AR

2 FrRaE

ASCAMA RN I AESBEAERERT
HiuPR 52 RN S R Ak A A 2L H AR, 724
fEu NN BN Y 5N N S R S o T 0= VAR SN
KR NISREE S ILNSOSHTED 11, TR
Ry 1537 N B T b2 L = I OB 1) W S b TS
TR B T AR R i = 2 ) R 15, A7 L AR
AT BIHR NG R, FEM R R F R kA
Ve A 5 9, 6 N R AR Al 28 4 1 ™ J i 2R B
PR, 7 LU A= B 52 1 B — 2D B AR R 3 e A X
B, SR DA B il AR IE J] L R A 6 IR BT 48 45
9 AR I AE S B HOR SRR, D ) B A
DB A A PS5 (0] ) At 27 — 20 oA
ADEH, 7" X FOWE g DL e 5
W, I8 24 i M A SRR
21 FULUEFMESEERE
211 BARRERAERE FILIFRESME
IR T AR ZS TR, 38 25 R )2 g8 R] 2= B AR K, 3
KT RIS T a0 RS - i 3 & A i
PROMER . 2B BIRETN . HIEAT FARBIE, Xk
T RUSRE S TR, 2 B ol R R R R L 2
R AfEE . B, TR A 3 R R
/N5 T, AR A SR 935 R A AU 230
212 F LA ERREE RIETILEREL
BT AR YRR M KBS A
PR CR S MR AR B | 7 1 A5 YLtk v A R L
AN 25 A, ANFERT . R KA AR TR AN A A A7
Bl % P A2, PR ) B R T A i L AR S B
BHAR, BREGED IS TG Y 8, e A S0
JEAFI R, SR 10 % 7 AR S A Ak e 2
213 FUASTE FOWESHERKET X
INER ()23 [BIAE SRy A . AR i 2R | AR i
V& R E | A R AR KRR 95 AR T
E SR Eb et TN SRR O 9 A ae st P S e =
A G R ERaraY), A YIRE AT DL S R0 g e
IR, T LA ARSI . 7R RO A i
TR, O I 2 A A S S s R, it



5 5 1

FEZ A TINAESBRE AR E 47

Fr—FRIVAEE G, FJE 00 RS 58710 E
ML A, BRI RERE,
22 BAREKRGE

F A SRR IR EEA LU LA T : 3k
IMEREIR . 551 KRR A i S K E . 1T KoK
(R BT HK RIS Y™ 8 A E R BIR  3R55T5
YW ER R E | B AN 4 JE X AR A AR
ARSI T8 WL A S S R, IRkl =
I ) R A 2 S ARG A, IARUG: T
A AR R R R K
VR AR | AR A BRSO A SR
ARix 6 LT, W —ET I ESBEEAR
N =

(1) XU TR AR . 8 10 3 1 ) e BB 35
W%, ik REBARE, BB MR
FAREGE, #2511 LA I 3 A0 + 2515 . R,
IR A BT AR . 3S B GPS 45k
SEAL R G0 . LT % 35 TR 38 B R (GPR) 2% a5
(POD B A Z H 28 WA W S £ AR, Xh ™ 1L & 57 b 1)
)R RASRN I T 9 AR DL T A TN TR WA, i
S H i 3RE G X AR ICE ) KR SRR B I AR g
L1 5 37 1 0 1) A 25 B8 R AT %) A= i i LA
Ko Pz 4 ) H i, SONG et al®™ b P60 1% 211
A S EC(IM-RSED) A [ L A< 45 7 DU i) i X A 4™
PV AR X A SRR T T 1A

(2) L AR E A . HEIHEA R B bR 4T
WL S )+ M IR TR B A, X Ll
FE bR AT b R A 5 R A AR X PR A
I AR RG2S AE T 1
1, S JE W R RS A R L A P T A R A
R B A A A AR S Al . R 35 A B R
AL BRI B AGX 3 Rl B S
SN SR HE AT, AR R TR KA PR R 1
“HER ML HE T8 B, K2 R — e Ui
HEF e A, AT (TR 2 RN o R, mT A 2]
H S e 2448 MEH, PR T3 A IR TR K A
FEALR, MR A R B 4 R FR IR

(3) HHEIL T RBEAR . I A 38 i X
LU 37 b - L A TRl R, RERS R 0 Ll - 4
JIE T3 A0 4 )2 25, AR AR BE L mT AR i 3 PiiR
PR AR HRRE S5, AR PR R A KR

Ko BHEARMHENEAREY LR fbFR R 4
Y R AIZE A R X 4 2 TR . BURGER™ ¥ [1]
WR R L TVE AR Z . BT R R R S S A L
AR, R AR AR IX A A F T, AR e R
JZ, VIS InG™ X 2 38 078 HILITE R o RN i 37 43
TEAROR . B FIH BS T M B E H A
16 52 T B 2 A DX S i A B O i 30, 3k 0 AR I
AR T BB R S TR, A e R
P SR L5 RS B A= W B, 5 Bh ok R AR s X %
Fi M B AR S R A R AR K TR TR
BE 8 MHZ A, Mk K 3 RIAE] 90%. L
R, SRR S & B A
B2, R A KT LU S b, A A
KL wEAE,

(4)KBRIRE AR . I AR S0 138 S i
T 8 A RN S BT o0 B K 4y, SRR K Y
Tl HERFK SOV . I — S HEoK TR, B30
FRIK 78 FHE K 78 DLk /0 Hi e 42 3 stk i A BT 1
Yedrh, B 1k R B B LR AK R Bt £, 1R
AR AR AR AR . IR AR HE AR K
KRR AKX 2 8 TRE . BB B A /b AT
DIR 52 7K SCHY T sh A%, Bk s 3 | 677 i
IR KRN S5 K S AR B IE 5, 38 B FREZK SC
o ry Bl [Ra s s S35 5, (it
PA e,

(S) MBI E AR . WA RS A+
e 7 [ RN - B A R A Rl N . SR
o 1L R 57 AN [R) B AR A 3R b X Y
H R KRS RAIEO, HEHE A AR, N
FHEE R mE ARl N TR R AE R AP, (X — X3k
MY R R R E S T- M, & AE VR . Iz AR
FERRERA . WO SR TR O X 2 TR, 7
ELPE, B A B S RHEY, A s s T
HiRfb B A S 8 A S RME Y &
B R T AV, Ik g 2 R
PR ) F= W AR H AR 138 A K04 AT (1 B
FEH N B R R R R, TR 45 & Al
TP PFER 22 ) RN AT 181 72 SRR BB AR, Xk e
AU X S R T A, 2 X S — A A
WAL R T R IRF 65%, INLLFRY G ARSI ROR
RA4f



48

B2 XS RS 5 49 %

x2 FLESEEERERGRE

Table 2 Construction of mine ecological restoration technology system

HARIA

IR HAREAS

YR
ST —
ek U5

b ﬂﬁﬁﬁm\?%ﬁﬁ\Gméﬁ%&&ﬁ\w&ﬁ\ﬁﬁﬁﬁﬁﬁ(mm>&ﬁw\%@ﬁ

Y

(POI) Heir Z B Gem it
b PALRE [ . COBUREOR | Ik | I BIEDY
T JEAFAALARREAT . NI, AU B
84 ESa IR i R
HoRZEH

+
BI7 WA i g1 A

PANCREEE &5 % NNIPC U1 B/ VINIRE & 10k B
WA B AR SRR A E A AR
AR ARMES L TR
B MBEREE L . BT RUAEAEP . BALRROI I SFRaE I AR BB
Ry TEI

A

(TR VAR SRS DS AY (i3 aE 5 o NI E TS R G
Pkt BUFFREERT, PIbdE . BiTAE | IRBE LS
H:K B2z RSB . B, = ZERE 1
AR SRR . GCEMIGRE L | A ST EIE B EAR

PrEis )

/ FLHAR, B ALY PEESE . AUPE L L EORDY

ezl )

TCHLSCR ARt R T pHT AR Lk 24500
AR T . JCEEEKTS T AT RR . e . S FEEnY

EHEHE

YR
ISR

/ TS B BCEVIBRAR . TRME Y R

AR

LREE R

YAkt AKR-AKEARREL . K- KK E /AR E AL
ﬁEMMQR%W%H%$%ﬁ%
JIAEDTA/DTPAZE A5

-1 7
MY T/ AM LA HE YRR

Ik s i i #HEK
AmEAR

sk R G
%
WETFR L SMEBSEOKE . HoKH B
SIS Y- B A SR S MIU ST B SHEACTE . HEZKERIE . HEAR ALY

TR A

ok
WEH R KPEE R, BRI WEiEaw. EERFERER

R s T HERE R
/RSN

Hizk
RG] FERA BTG . FPREE T . SRR IR R Ak
ANTHRE BT AR . OB AR 0%

BemiEpE R/

BN el . SEMTER . RS HERAS . AEASRERER | A AR B LR AL

SR

SFOAAS

TR
TR
TR

GeKk . EIE . FHBG . EARKME . Jogii B s
JHER 25 IR IS EE

KBS, AR s SRy . RIS s . A %)

FRPHAR
SO

gL ]
IR
T B

SR RH .
S
AMRIRER . I AL

(6) FEMA SRR . I AR ISR
PRI B S TR, 28 I AR S B R i A
B EE —IHER o X0 LR 55 18 5 1 R 58
JSCH - EFIAE B A 7 — B o] B PR R 37, 3R 5
S HEAE 7, T - A AA AR 5 M AR AT
AR R A AR RE o [R]I2E0 EX LZIX

S A5 B, AR 5 SR A R 5 B R A AR 25 OK
o FERER B, BRI B 4 K IR
WLZ A AR B T, 4 i IX A S RGN
FEE LRI b 2 SRR R IE Az b, 4
FEIFINTR T X A A 0, 36 T T X R ST X e
AR SR, Tl 5 XA 2500, v 1



5 5 1

FEZ A TINAESBRE AR E 49

YA, W T AR TR AR . AR ER L L
PR T AR LR AR D B LU LU A Y A 25022 A ) RS
R IR SR A o TR H A, J AR 21 PR 545
177 s, fHE RS i iR s B AR AR LS
PRI AT — AL A2 FE

3 Az

1IN EA

(1) A mi g FEASER, o0 TH
FHA ™ Ll A 2548 52 FR B HAE VB ALk A
PiRSE /R e a3 NN e pila wik /B L N e L ey S 2L 7
PE 3 KK, NZ R0 IAESBE H AR PR A
R, LART DL A e A e i s AR BB R
FAR, R30I B B 5 R

(2) 38 35 43 4 LU 25 2 A S i I R e [
JEH T RRAR R 2 A XU . B 1 AR A8 B i R e g%
AR ST HE 3 K0 IR S A B R 1 A
358 O P TR NI w0 =4 D A 5 N
FE R AR KR E R A | g SR E
R FMASTRYHEA N E+, B aEE—8
T8 T pe R 1 A S PR R R V5 e ()
T IABBE AR,

(3) MR B Zn A 7S ) AL 158 i S8
%, v AR 2 Fh A= 5408 5 BRI A G 2238 Ry
R AN, A EEXERPE R A AR SE R BORRHER
KB BE AR R AL, HRZEBBER
KRR FR B Z — % B 92 BRI A, 276 45 i 5%
i, AT DR B AR AR R 2 A T SRR LA A
(L1

2 F XMk

(17 5k%. S8 K LA BB EAR BECRIFN DT (D], ii#s: PR
S, 2021.

[2] WANG HF, LIU HL, YANG T H, et al. Mechanisms underlying
the succession of plant rhizosphere microbial community structure
and function in an alpine open-pit coal mining disturbance
zone[J]. Journal of Environmental Management, 2023, 325:
116571.

[3] SONG W, GU H H, SONG W, et al. Environmental assessments in
dense mining areas using remote sensing information over Qian'an
and Qianxi regions China[J]. Ecological Indicators, 2023, 146:
109814.

[4] DING T T, DU S L, ZHANG Y H, et al. Hardness-dependent
water quality criteria for cadmium and an ecological risk

assessment of the Shaying River Basin, China[J]. Ecotoxicology

and Environmental Safety, 2020, 198: 110666.

[5] XIAO W, DENG X Y, HE T T, et al. Using POI and time series
Landsat data to identify and rebuilt surface mining, vegetation
disturbance and land reclamation process based on Google Earth
Engine[J]. Journal of Environmental Management, 2023, 327:
116920.

(6] E3A, BUA, W, 4. SEREG™ IR A A B RO ).
#5304k, 2015(12): 99 — 101.

(7] 7 5F, t R, BrisUi, 55, e LD FRRE &2 55 1 LU LT

— D) e [ B AR AN ) 5 Piesberg Al AP [ YE g AT A 4]
(7], Hh R AR, 2015, 27(11): 22 - 26.

(8] Effi. 07 ARSI SWSIE BIFH 48 PRI R W5 [D].
R bR, 2014,

[9] HOLMES P M, RICHARDSON D M. Protocols for restoration
based on recruitment dynamics, community structure, and
ecosystem function: perspectives from South African fynbos[J].
Restoration Ecology, 1999, 7(3): 215 — 230.

[10] RONG H, SHAN D, HE J L. Ecological restoration modes of soil
and water conservation on the mining wasteland in northern
grassland[C]//E3S Web of Conferences. EDP Sciences, 2020,
194: 04008.

[11] SPANIDIS P M, ROUMPOS C, PAVLOUDAKIS F. A multi-
criteria approach for the evaluation of low risk restoration
projects in continuous surface lignite mines[J]. Energies, 2020,
13(9): 2179.

[12] rhie A RSEFIE e NRBUN. B 23R4 44 5. 071030
Ji B BEE A4 38 € (EB/OL]. http://www.gov.cn/fIfg/2009-03/05/
content_1251130.htm.

[13] rrie AR [ L R, AR AR SR 3 B 7= A7l
FrifE: DZ/T 0223—2011[S]. Jtst: sp bR Mt 2011.

[14] rhie N RSN E e N R B . [ 45 B 06 T B & L 875 4L By
IR AT iR B9 3 %0 [EB/OL]. [2016-05-31]http://www.gov.cn/
zhengce/content/2016-05/31/content_5078377.htm.

[15] rie A RESLFNE A e R BRORF. S6 Tmssa™ (h s B ER s 0k 52
FLE AR F Y35 5 78 W . [EB/OL]. [2016-07-01]https://www.
mee.gov.cn/gkml/hbb/gwy/201611/t20161124 368161.htm.

[16] rrie A RGN E i e AR B, H AR IRROC TR R A i
G A7 e #E A1l A A58 2 R 7 L. [EB/OL]. [2019-12-
24]http://www.gov.cn/xinwen/2019-12/25/content_5463827.htm.

(17] X% 2022 4 PRG-I AR ST BOR /T B4 SR
17 [EB/OL]. [2023-08-11] https://www.sohu.com/a/582855151_

120950203.

(18] rrie AN REFEFNE b e AR B [ 55 BE AT 56 T8 Al S
Rt & BAZ 5ESR BRI, [EB/OL]. [2021-11-
10] https://www.gov.cn/zhengce/content/2021-11/10/cont
ent_5650075.htm.

(191 B S SHRBL, ARl 8 KD HE+ 357 6 otk i +
SEE I I]. ﬁﬁ%ﬂi 2001C1): 18 =21,

(207 KME, HUR, B8 TR 1L SRR S VA B b = 4
P A4 1 —— LA %L,ﬁr!{“ﬁm?ﬁﬁ" I 1 BT A AR A B
109]. FFEEAE, 2013, 23(1): 34 - 36.


https://doi.org/10.1016/j.jenvman.2022.116571
https://doi.org/10.1016/j.ecolind.2022.109814
https://doi.org/10.1016/j.ecoenv.2020.110666
https://doi.org/10.1016/j.ecoenv.2020.110666
https://doi.org/10.1016/j.jenvman.2022.116920
https://doi.org/10.3969/j.issn.1674-1803.2015.11.06
https://doi.org/10.1046/j.1526-100X.1999.72015.x
https://doi.org/10.3390/en13092179
http://www.gov.cn/flfg/2009-03/05/content_1251130.htm
http://www.gov.cn/flfg/2009-03/05/content_1251130.htm
http://www.gov.cn/zhengce/content/2016-05/31/content_5078377.htm
http://www.gov.cn/zhengce/content/2016-05/31/content_5078377.htm
https://www.mee.gov.cn/gkml/hbb/gwy/201611/t20161124_368161.htm
https://www.mee.gov.cn/gkml/hbb/gwy/201611/t20161124_368161.htm
http://www.gov.cn/xinwen/2019-12/25/content_5463827.htm
http://www.gov.cn/xinwen/2019-12/25/content_5463827.htm
http://www.gov.cn/xinwen/2019-12/25/content_5463827.htm
https://www.sohu.com/a/582855151_120950203
https://www.sohu.com/a/582855151_120950203
https://www.gov.cn/zhengce/content/2021-11/10/content_5650075.htm
https://www.gov.cn/zhengce/content/2021-11/10/content_5650075.htm
https://www.gov.cn/zhengce/content/2021-11/10/content_5650075.htm
https://www.gov.cn/zhengce/content/2021-11/10/content_5650075.htm

50

A S

549 3

[21] JE I fH. &0 B3R EBE
78 — 80.

[22] $A5E, BUVAE. 97 LR B Z HORBE ST BERE (1], 9 7= 14 5 F)
H, 2020, 40(4): 40 — 45.

(23] &—ng. 4" 1L & 57t TR AL BRI A BB I AES W5 (D]
Jest: Jemphill ez, 201s.

[24] Bk, 5 1L v B T A= A e 55 1 S5 1B B H R R R [CT//ep I 3F
1ERL2#22 45 (Chinese Society for Environmental Sciences). 2019
MR R F RLEBOR 210 B (4. 2019: 798 —
802.

[25] #37%, L IE, FEAN A, 4. 2T L KAR IR A A5 52 X%

F e KA IR B R G H AR R R ATSE 0], AR [ B,
2022,38(6): 63 —71.

[26] WU J M. Comprehensive analysis of environmental ecological

AR (). PEHEFHEUR, 2021(6):

restoration effect of mining area under the planting of arbor and
shrub plant landscape[J]. Arabian Journal of Geosciences, 2021,
14(100: 1—12.

(7] WiPHY. RS A 5B R
2023, 41(7): 149 — 151.

(28] XU & LUEF AR B AE BB Z BRI (D], SIE: 2kl
K2F, 2022,

[29] 3. F A I AE B Z IR S U], A (A4 )m
(L3R4, 2022, 74(4): 115 — 118,

(301 MR EN. 4 11 AR A5 PREE IR0 K BRa O 4Pt (0] 5 (24
J&, 2022(5): 220 - 222.

(31] B, 0 LR Tt A= B R 5 S MBI 5E (D] Kb RS
Al K2, 2020.

[32] B, GBI B, AR, S5 ol B2 7 b 9 A A5 K B = A
23], Wk L2, 2007C1): 52 - 55.

[33] B, S R e LA S E BRI R
2017¢6): 1—7.

[34] Z=GH, M3z, 0 s g4k
2018, 45(2): 66 — 70.

[35] 2RI 58, W, 4654 5 KOG I AE S B FH AR BT I].
Hi R SR, 2022, 58(1): 168 — 175.

[36] W32, KA, BEhNsR, 55, B 3v L0 AR BT A YRR BT
BB ——RARAT AL B R 1], 7J<i{%m3m 2014, 21(4):
154 —157.

(37] Wi, X257, IVRF. ARt RS 1 TRE SR b AR AT
FEL]. AR AREF R A, 2008(5): 38 — 40.

[38] SUN W, JI B, KHOSO S A, et al. An extensive review on

SEUES AT D). AP EBEHREE & I,

(7], SEAR,

BB EEOR ], BB ML,

restoration technologies for mining tailings[J]. Environmental
Science and Pollution Research, 2018, 25(34): 33911 — 33925.

(39] BRE, At 7 1L AR B S BUIR B HAREAT [CL/ALPE 4 T
S TP AT R 20211 P4 H e 4+ — IR AR
RV R W T 2 2021 4R RIS, 2021: 213 —
217.

[40] KUZNETSOV M N, MOTYLEVA S M, LEONICHEVA E V,
et al. Zeolite effect on heavy metal content in grey forest soil in
conditions of technogenic pollution[J]. Russian Agricultural
Sciences, 2009, 35(3): 179 — 181.

[41] GRAY C W, DUNHAM S J, DENNIS P G, et al. Field
evaluation of in situ remediation of a heavy metal contaminated
soil using lime and red-mud[J]. Environmental Pollution, 2006,
142(3): 530 — 539.

[42] REDDY K R, AL-HAMDAN A Z, ALA P. Enhanced soil
flushing for simultaneous removal of PAHs and heavy metals
from industrial contaminated soil[J]. Journal of Hazardous,
Toxic, and Radioactive Waste, 2011, 15(3): 166 — 174.

[43] BOYER S, WRATTEN S D. The potential of earthworms to
restore ecosystem services after opencast mining —a review [J].
Basic and Applied Ecology, 2010, 11(3): 196 — 203.

[44] MONTIEL-ROZAS M M, MADEJON E, MADEJON P.
Evaluation of phytostabilizer ability of three ruderal plants in
mining soils restored by application of organic amendments[J].
Ecological Engineering, 2015, 83: 431 — 436.

[45] RIOS C O, SIQUEIRA-SILVA A I, PEREIRA E G. Revegetation
of mining-impacted sites with a tropical native grass: Constraints
of climate seasonality and trace-element accumulation[J].
Journal of Environmental Management, 2023, 326: 116655.

[46] 08 4 DX % St L e A AR R WP SEat R (] W Rl 2020,
14(13): 51 — 54.

[47] BANDYOPADHYAY S, MAITI S K. Evaluation of ecological
degraded  lands[J].
Environmental Quality Management, 2019, 29(1): 89 — 100.

[48] WU Y J,MA LY, LIU Q Z, et al. The plant-growth promoting

restoration  success in  mining -

bacteria promote cadmium uptake by inducing a hormonal
crosstalk and lateral root formation in a hyperaccumulator plant
Sedum alfredii[J]. Journal of hazardous materials, 2020, 395:
122661.

[49] Bz, BRZLYE, BEsE, 55, 07 1R 1 52 B 5 AR IR I DS
HERELT). th K L LREFRIE, 2012, 10€2): 107 — 114,

[50] VP, FEBERBE L BOR TAL R X R AR A 0] v
IR M, 2020, 32(7): 40 — 45.

[51] BERE, WFVE, Wl E. 57 1ILRF AR ST AR ], 3
TRFHE, 2021, 27(5): 59 — 64,

[52] XU, BEPEIBE, ih 74, 55, B IR L4 10 A e E BT
S5 T]. RBE T AR, 2015, 33C11): 160 — 165.

[53] £, 0K FH A BB B 550 E & D). AR 22, 2021,
44(24): 153 — 154.

[54] FENG Y, WANG ] M, BAI Z K, et al. Effects of surface coal
mining and land reclamation on soil properties: A review[J].
Earth-Science Reviews, 2019, 191: 12 — 25.

[55] REN J C, KANG X T, TANG M, et al. Coal mining surface
damage  characteristics and  restoration  technology[J].
Sustainability, 2022, 14(15): 9745.

[56] BE. 88 KA IR E AR RIS A S RS 1], 15T
P, 2022(3): 99 — 100.

(485 54 )


https://doi.org/10.13869/j.cnki.rswc.2014.04.031
https://doi.org/10.3969/j.issn.1673-5366.2008.05.015
https://doi.org/10.1007/s11356-018-3423-y
https://doi.org/10.1007/s11356-018-3423-y
https://doi.org/10.3103/S1068367409030148
https://doi.org/10.3103/S1068367409030148
https://doi.org/10.1016/j.envpol.2005.10.017
https://doi.org/10.1061/(ASCE)HZ.1944-8376.0000076
https://doi.org/10.1061/(ASCE)HZ.1944-8376.0000076
https://doi.org/10.1016/j.baae.2009.12.005
https://doi.org/10.1016/j.ecoleng.2015.04.096
https://doi.org/10.1016/j.jenvman.2022.116655
https://doi.org/10.1002/tqem.21641
https://doi.org/10.1016/j.jhazmat.2020.122661
https://doi.org/10.3969/j.issn.1674-0254.2021.05.013
https://doi.org/10.3969/j.issn.1674-0254.2021.05.013
https://doi.org/10.1016/j.earscirev.2019.02.015
https://doi.org/10.3390/su14159745

54 B2 XS RS

549 3

ACTE, RIS T R A R K BEIRAN Dy 326.65 12
JC, BIiE AL 0.53 ACTnmiK BEIRAN (B 3, 2ORA %
SR EORIERN ST

H T BRI T A AR USR], 2R B 22
4 S B i 0 1B S 0 R, B EY p E BE  1sF
], 23 [a) A SIS 23 9 5 T 19 H ARG st 2k
A= SRR, T LA RO B2, TR,
-3 A WIS Vil SEYS S = Ppiibos Sl el
PR A TE] SR PR BT BERAE B, 4R BT SRR
TG SR . (HAS IR e, TEF R R SRR &
JEIFA AR 522 T, 1l 358 SR E A5 1Y
75 RE I E O (AR O BRI Sl I AN 2
B B U 28 A, T AN TR] A1 2 1 A2 e
L WA ) E BN < A A AR R B RIE S S 1]
QU 2 A A H T 17

LA, PRI G EAZ S 1 B U AN SR PR
TIREL DT R, HO 2 402 3 [ PR3 B U6 10 AR [
18, F AR — T I ST IR A B B MR
(ELRZ S0 T T30 PR 58 B RS Ak . o PR DR 4 B
WM S 2T AR | et A — R 4xii Ak

(E##E 50 7D

[57] #4F. SR &R0 LSRG A AL BB T HA I 1], Wi 2k
ABlEE2ER, 2022, 9(1): 50 — 57.

[58] PRACH K, TOLVANEN A. How can we restore biodiversity and
ecosystem services in mining and industrial sites?[J].
Environmental Science and Pollution Research, 2016, 23(14) :
13587 — 13590.

[59] BURGER J A. Sustainable mined land reclamation in the eastern
US coalfields: A casefor an ecosystem reclamation approach[C]//
Proceedings of the national meeting of the American society of
mining and reclamation, bismark, ND, USA. 2011, 15: 113 —
141.

[60] Lhiliak. BS it ek S R HARBIBFE 5 W H—— LA R
AL B I g s A 8 ] K AR R, 2013(1):

JERAA AR
2 £ XM

(1] 0. K e o (o DR B 78 S T ) A % ) e 2 (0]
RA4xAl, 2021(12): 68 — 73.

(2] s 08, s AR . 3 U L 0TI 3R R P35 B AT A S5t PRI 5
S T]. AR SR 25, 2022, 42(3): 93 — 99,

(3] ik, Tk PRV Y Tt AT AR A ) 5 ) S il (0], o
i, 2021(12): 78 — 80.

[4] ZE30k. AKEHRMHERRITTSE (1], SEIRRLE, 1998(1): 37 — 45,

(5] 230k, AR ERIIE L], T EZKA, 1999(7): 10 - 11.

(6] Az 6. BRI K BEIR 7% 7™ M (E AL A58 (D] BRI s &
Bk k2%, 2019.

(7] E ik, 2305k, KUPE, TERRAN. K SR M (A B A R BT 5 1k
JELT]. RUERl2, 2021, 43(9): 1834 — 1848,

(8] FEHh. ¥rma mid DK BHRE M ERDRIZR S IEA [J]. BT & 5T
,2006(1): 30 — 31.

(91 W3, /N2, BRAE R, T 55 . 7 & K SR H A 25 51T
#r (9], AREHA, 2010, 32(7): 66 — 67.

[10] J5 2%, Z2%. g IR EK LA 40 & BOR B 0D]. IRBE 4R, 2018,

468 1): 30 - 34.
(111 2230k, EARZR. KGEIEMER 2w sr (00, b B E R,
1998(3% 1): 10— 13.

SIS IS IO OSSOSO S-S IO S-S S-S S S-S S-S S-S S-S S-S S-S S S-S S-S S-S S-S S-S S-S

9—-11.

L61] A, XITER, 200, % BARILA LUK S AR B R R A
FUTI). WHERRLE, 2012, 41C1D: 10 — 14,

[62] ZHANG L, WANG J M. Prediction of the soil saturated
hydraulic conductivity in a mining area based on CT scanning
technology[J]. Journal of Cleaner Production, 2023, 383:
135364.

[63] CHAER G M, RESENDE A S, CAMPELLO E F C, et al.
Nitrogen-fixing legume tree species for the reclamation of
severely degraded lands in Brazil[J]. Tree Physiology, 2011,
31(2): 139 — 149.

[64] COUIC E, TRIBONDEAU A, ALPHONSE V, et al. Positive
effect of ecological restoration with fabaceous species on
microbial activities of former guyanese mining sites[J].

Molecules, 2022, 27(6): 1768.


https://doi.org/10.3969/j.issn.1003-9031.2021.12.009
https://doi.org/10.3969/j.issn.1003-9031.2021.12.009
https://doi.org/10.3969/j.issn.1674-1021.2022.03.023
https://doi.org/10.18402/resci.2021.09.10
https://doi.org/10.3969/j.issn.1005-8141.2006.01.011
https://doi.org/10.3969/j.issn.1005-8141.2006.01.011
https://doi.org/10.3969/j.issn.1000-1379.2010.07.030
https://doi.org/10.14026/j.cnki.0253-9705.2018.z1.005
https://doi.org/10.3321/j.issn:1000-6923.1998.Z1.002
https://doi.org/10.1007/s11356-016-7113-3
https://doi.org/10.1016/j.jclepro.2022.135364
https://doi.org/10.1093/treephys/tpq116
https://doi.org/10.3390/molecules27061768

