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Abstract; Acid mine drainage (AMD) produced in the process of mining and utilization of mineral resources is
generally considered to be a serious environmental problem by the global mining industries. Acid mine drainage has
the characteristics of low pH value, high content of heavy metals and sulfate, which brings great hazards to the
ecological environment and human health. This paper mainly introduces the formation and hazard of acid mine
drainage,and summarizes the research status of acid mine drainage the remediation approaches at home and abroad,
including physical,chemical and biological methods. The advantages and disadvantages of each treatment options are
discussed and the effective treatment options at present is summarized. Finally.the comprehensive utilization of acid
mine drainage in mineral processing is further described, which can provide reference for acid mine drainage
treatment.
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Fig. 1 AMD generation and related contamination pathway
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Table 1 pH value and metal ion content of typical AMD!¢] /(mg- L")
Country Typical Mines pH Fe Cu Zn
Dexing Copper Mine 2.2—2.8 120—270 80—120 2.5—4.2
China Wushan Copper Mine 2.5—3.0 — 40—80 35.7—210
Nanshan Iron Mine 2.6—4 2 480 2 480 2 480
Anhui Tongling Metal Mine <5 17—33 4—6 1.17—10. 98
Russia Ursk Sulfide Ore 1.9 — 2.5 11
India Odisha Mine 2—4 56—558
USA Abandoned Coal Mine in Central Montana <3 620 0.14 19
France Carnoules Mine 1.2 6 800 — —
Spain Tharsis Mines <0. 35 194 000 3 500 11 000

2 BRMAH W EAKALEIEK

2.1 ¥k
2.1.1 Mg

W B 325 A 8 ) T 22 FL W BRE AR o 8T 1 K v Y T
VA 4 JR T W R ) 2 B A R S T DA T 3k 3] 2 R 4
JE& BT TR o MR BN L3 D 0 B B AR Ak 2 1 B
PRl AR A W2 BEE A AR A [ A LB AN [] o WA
MR Bk 3 R DT R A R R
25 OB B CPE A REAE L TR LA R AR A T B A
KL A7 (W B R L T2 BT AMD Ab 3R R

WK BT T ORI S AR R K X AMD
MRk B RERVAR 1 L BRACR . A5 R RE Y R K
BR VB BE R ) G BT VAR BE 43 ) R 655. 8,362. 3,
79.4.57.13 mg/L W, Bt 300 mL 8 B /K fim A
3 mol/ LA AT pH fHZ 10,40 15 g By
JKAE 25 CF W 60 min, JE/K A Fe,Mn,Zn fl
Cu (2= B 25 9135 F] 99.99%.,99. 48% ,100% Fil
99.95% , H 5% W ¥k B 4y B4 0.06,1.57,0 F
0.03 mg/L, 3k 3 B FKH bR E . LRA 555158 5
(6] 5 DR AT 6L B A% 22 25 40 T o R — o B A L
RA YRR AMD H Fe’ [ Zn*" (Cu®" fil Mn*"
EREE WM REITR. SRRV ERE
FHE 4 ~ 8 h N K B WL BRSP4 W Bk B 80 Y0 LA
e UESE T AR A A PR A B R R Ak B
AMD 1y R 4r ik # . AR FE B R B KR 1 1
+/HELL S 5 E AR, 7E 450 CHRRFRIRE T
Jrbe 1 h A5 2 WAL 0BT 98 & Min® " BRPEST 1L K
AEF . KW IR pH g 4 ~ 5 I HXS Mn® T LR A
KF) 9200, HARIENE L/ ST A 1 R R AR
AR L BRACRE L RORL 2 3R 15 {H g 33K g B R
Xof P 5 o X A S 4 TR AT R B AR L I ELME L [m]
WA AT

FEAE R B TR A% 6 1Y) W B 700 b B AMD 4
VEZ W98 N D3 A X — 263 7 i 3k 0 B 44 et 32E 47
I, JRAE X B R FE R AE AMD Ab 3 F b 4 R B T
FBRIOAS — 5 A o (X T W% B 500 A 4 ML LA
T 1l Sg B FH O 1T A 5 i — B IR R
2.1.2 Joy ek

S 5 5 2 R P B ) o 8 3 el M TE AN LR
(YBRBl T o S B R A [R)RE AR J0RE 9 43 15 . B G
Oy B HARAT N UE GHBUE BT B B R AR AR A
Fop B 40 08 R R B 0 AE AL B AMD b
I

LOPEZ 4™ Fi| Fil 4 g 2 AR . AMD  [a] i 5
fig f 4@ B 7 (Cu*" JZn™" MG L0 . 7 pH=1
B 3 o % B 0 M 2 (NF270) L 3T M J2 ik b B
ik 0 JZ = b S ) 28 T (1% 409 0 RS 0E AT F 5T L 4 R R
B NF270 HAT 3 35 8 00 &, JF B 4 8 K o
KB 98 %6 Lh I, BB 5 AT A% B 3 T v Il A B R
AGUIAR 2 JF 58 % B . NF J 5 15 77 F1 fE #E 45
IR R ME T RAI, R AR&E M B EE G, B
NF270 ik £ ¥ F s /K 1k = o 76 4 3 R v 1) AMD
bR 3T FE R E YRR AF . AGUIAR 4557 F) H 44
JE (NF) FI 38 5 (RO AL B4 87 11 R M R K . 31
T B AE SR XA B 4w L R Pk R K R .
iR EL WL NF [ RO B S & 4B AMD, 525 NF
HAEEMNBEEREMETNEREE R B
NF270 B4 pH i 5.5 B %F AMD &b P %% 5 5%
. SRR o Rk ISk 2] 60 %, ki
7K i

HEE 43 5 B AR AT I F 4 T8 8 1 s Bk 4 3 R [
W B 5 Ul 7 A 7 A e B A T K . ABAE AR A
T r A 7 7E — S B ity Q) R 3 R s R B HL AR
25, HE TR A T LU 3R I I 00 63 e ™ B F
F A



134 4B T/’

%12 %

2.1.3 BT

BT A R B T A0 5 AMD g fig
MESEE T RAECIREN HESEE TEE N
T A 50 BRI L BRI K P E G R . EN Sk
B T34 ) 2 B T A B L X R — P LA
IR S5 4 B A SRR IR T RE T T RE R AR

ALEXANDRE %% 3% i [ 8 1 58 4 9 A5 M
AMD 4y B8l O 3 BIF5E 2 B BH B 1 38 A IR A
AR SR 10 38 B M R R A RE T o B AR R R R A R
PEA T, [ UO, SO, (H, O) 4 5 W IR -5 2 £ 14
FAHEAE FE B b M i R 46 2% & 0 Al R L o R
T2 8 248 5 W38 2o 265 5 AL T IR R DA I 8 il 6 3R A TR
PEBE K 4y B M k. ZTURK 409 % H
AmberliteIRA-400 1 Dowex1X2 7% ik B T 3¢ ¥ #4
Jg R BE BT e A A K TP B R R A SRR AR A R Ak 2 B
RORIEATRIF ST - 45 S 2 B, K 22 B0 R &k L 6 A i 1R
R ER B A LY ¥ AT X R R N T K

BTG AR AL AMD i 5 42 )8 DA
B P AN (S 488 A T 2 L ) [l i 2 4 J L Ak R OK B
KKK B AT T ELIR AS 25 77 A At X6 28 85 338 il —
W5 Y 4 5 JIF DATE 2 /K Ak B8 D T A5 21 )32 v
R B 3 48 1) W iR 7 8 K ok PR P AR 2
W BN TR K A PR A
2.2 HEE
2.2.1 I

HORT R — A I AMD Ab 38 75 3, 2 48 il i
i) AMD H s gt 350 DA 5 K pH (L IR
fife 19 42 ) 1 F LA S R AL 0 TE 1 KBk, 7R KM
B AMD 4b 3 v, 5 FH I R 570 42 455 be il (&AL
B AR KA EUR ARG A, 7R X e R
AR A K AT T R AR ARG R 2R R T )2
il

Ty B A5 SR Y HR ORI A O TR Ak B T2 RS [
INRH R S FHRGE AMD g 85 R BRAIUR . 1
WS RE B 2 8. 88 g/h AT L L B T
(10 77 o A5 R P 5 4 P /K P A B T 1 S PR RO
4f, PEREIRA %§U* 7 S & k& pH HK 7.0 Al
8. 7. A A4S pH K 7.0 F1 8.7 (b H & 1F R,
XF A R R A R RN R ER 1 AMD #F 17 ep FN AR
B, 48 S 3 0 0 o i 35 480 BE A R AR 4 B VR
Horp pH S 8.7 19 & A A0S Ab AR et R R
B Y 25 B 00 R AN A {HL 28 Ak A I K 5 31 HE ik
Pt

SR AN T pH Y A2 £k 3E AT v A TE N
% 1) R R 2 R K AR AE AR VB R LR A AR 4 R
BF 2R AT S B BRI R A A K Ab B
AMD I, 257 A R 3 K a1 95 8 L T 7 AR TS
Je A ¥k F B 52 X AT RE 43 M i AMD BT iz
B S FER AT R, A S AL A Ak PR
AMD B A 1 4 )8 L BRBE 7 (5 5 HAth 75 125 A1
o A Bt
2.2.2 wALYUiE L

T AL T € V5 2 R B A6 R0 1 AMD w1 4
Ja& 1 ¥ OME T 1) 463 J Ak ) T 3 5 WS 0 2R TV
TRV 1 T 43 Je8 B Ak 0 D UE 1 K PR - DT A R B IR
Koy 48 & . WAL H A Na, S.NaHS,
HZS %[3’1] s

i 4 SC A R T AR A BN = R ) b
pH SEHEAE SRR & YRR M 1L PR K R T A BR
RORWZm . TEmALE S8 E FY &l 3,
R pHAE R 6 ~ 9 By B A BAE 2T 55 8
TR EBRFRIRE 99. 6% . B HZED R ALY
TUUE 12 Ak 355 ] R P 1 K A 3880 1l AT I K b ) A 25
TLUCTE JG R oKW B AR T T2,
GEOFFROY 2557 #ff 58 78 — 5 i JE . pH (DL K 6 1k
A5 G P ) OB R L SRR B AR BN 300 mg/L
TG P 55 T P Ak TR R 5 W PP B ) 5 BRASOR . 7E pH
R 70 BRALER SRR AW B R L 1.7 ~ 11, R
Sy 23 CRYLTER N 10 min J&5 ¥ W& Al ¥ A 5% B
HH/NF 0.005 mg/L. 7= A B Ak B DT T Fe e R AT
RE A A0 B 95 R 1 VS VR A G 5

T ALY DT IE VA UL A 4G - D I LAY B Ak 4 DL e
FEMEL s DO TERARE pHE T . &8 LR R &,
A SO 42 @ 5 3 AL RIS 1 AMD H /K 5 i 4, 1]
MG 25 T K 3008 2 [ K HE bR o . Bk AL S DX
SR AL R E K Tl R 25 5 7 AR A SR R FR R
W IG5 2) 8 TR m R K & m LR T
R AN i UR i o | TR T | KT - B i B N
155 53) AR BT AL 4 U0 € 25 4h B AMD 1 3 72 o
SRR I B AR T L 0 SR S Ak A AR Y L
o IR BE G Y
2.3 EWiEE
2.3.1 fRERELIL )R (SRB) %

A= AL B R R RN 4 B B T AMD i
FErp, SRB 75 K E 5 T K AMD H ) i 12 8 140 Ji
S A A B IR R 1 5 A A B A A S
5K b 4 Je 1 SO T ME VS 1 4 ) Ak ) 1T



543

M NS IR PR B K IR B S S A RO S 0t 135

TE o 575 4 T 15 B A RO R T B 7 A v )
L B AMD [ R e

AKINPELU 28 fff Fi 6 BR £k 148 J5 Ak #1357
MR M E S JE A LR R K R K h E 4R Cd*
AP Mn?*" Pb*" [ Sr*" 1 Cu® Y 2 5 R 43 31l 5k 5]
98%.97%.95% .94 % .94 % 1 91 % , i R #h L BR R
EF] 85% ., KIRAN %51 %k SRB A FH A [a] 25 8 Ay
AW N A A B R R B 4 R R K I T AR R
W, 2 A0 315 Y IR K B R R & R AR A )R LR
Fe IRARENURA pH A — B R E G R IR
—BERER ST —WE MG ek — AL IR BEDUIE L2
Xof A A R MR R K R AT AL B B 5E R WY TR E K
pH g 4.5, p(DOC)/ p (SOF ) Ky 1.5 I i o I
HRT 2 24 h B i Ak &0 50 62 1 32 185 o DR 480
SEE R KRR 2, DOC DA KB R £6 25 B 24 ] 34 |
80 %0 LA I T 42 JB 4 B LR R 1Y) 2% B R 40 i) 3k
99.19% .96. 46 % .95. 67 % F1 71. 48 % » HLAF| FH = A=
18 it A S RSO K v i i Ak 3R Y R M P K 5 B
] S HEObR i

AR X AMD Ab B i BIF 5% 3% BH L 4 R b A R
W REE FE AMD 1R % 45 (9 PR 5% b Az 4 fn 55 L R
SRB M\ AMD H [m] i 5 4 J R R AIG At iR ik 2 i H
A R R AR . SRB 4440 B AMD A H
T P AL L2 A O AR TR AR L
TORTG YL L BRI, SRB R L AF AE — 2B )R
PR, an AMD (1) =y R B2 ™ B 5% ) it 1R 2k 38 it 7R 1Y
Az SR 5 i 2 ) N 2 PR RES
2.3.2 ANTIRHLE

N L b 38 8 VD F 8RR A BRI DL R K
TEVEH F AR CAn A8 3 P 35 A AR R A5 Mg i, HL
ZERPUIAL 5 Y TR A W B TOVE L U8 A=)
R AR RIS A LIRS LR
3 R )RR AR W B TR AR ) A B A A
AITCARY) » B0 T8 2o A O % A A 41 L BRI AT R
B AMD (9 5 4 J8 B9 1 32 S R K pH L 20
KK

ETTEIEB %" 3R N T3 b 28 48 %0 11 % 7K
WO Y 2 BRAOCR #E 4T 1 ESE . R S I E h LN D
M I AE L B AE A AR 47 d AL BRS L E K
Hh TG 3 3 0 AR A 0 U RN A T O, K R R A
54.13% ., KIISKILA %5 2 K #3856 0 3 7 &
MRE X AMD v 4 J& 8 1 EBRACR i 5T £ . &4
MR F Y AMD i Fe Fl Pb /) A BR &R %] 81%,
FBRROR BT

N R e Ak ¥ AMD i E T4 BRI AL 2 T
EEA B AT B AT T T HE Y REFEICA
RAEIL A o EALAF 7R — SEAR AP 1 R A 3
o Teg RO I A BRI (A A 2 o N T3 iR — BB
TR AMD Kb ERE A, A X A5 AR A8 SR H
BTz LT E A AR P TRAR R

3 BRMA W JEKERAS PR

i 1 E 3 W B AL A R A R B R AL 2
FEAR T AMD MMM ZBR T AMD i E 4 ) B
TR T AMD A A0 B IOF SR 15 B A
B . X 2836 B4R T7 B S 8 AL S dh L RE
P AT RE ™ A TS e L Ab BB T &) B HLOR T AR
T 2R FH 28 5% W] 7 22 (036 BLEOR O 1787 th 4l 138
DIk o BRI O RIE AT LI Al A9 7T 45 22 72 i IR
PEARAL BEASAS » 2% HE 3] AMD it & 17 24 i (8
FBE IR Ir LAAE 26 4 AR 7 o AMD 947 25 5 FLH
Jede i AMD 9 35 A I R g 2> AMD Sh ) 8 2L
AR X LAl Y B2 RS E K A R AN T Bk
ER .

AMD AT Sy G B 70 8 16 A 3o i rR A K il
) 8 BRATIE AL R BAT 262 F AT AMD i 1k 5 Ak 4
WA Bl v B R CHLAS) 1 61 14 o e, BF 98 %
W, 24 AMD 5 HAS {RBIL Dy 3+ 1 1, I B 2545
Ohy A MACTR o i L TR A ) B A S ] i
AR B T4 A0, JEBT T R TR R K TR 4 Ak
BRI A T T ARl A A ] ) BBk K L B A
P BRRS B ih SLER R 400, TR AR 9. 1504,

AMD J A 3k 47 [5] oKk BE 17 96 35 A 288 5
SRR K BN TR R0
A S H A pH L BT A3 BB B A RS B AT
bR BRSO BRI OK I R R IR B S
WL TR e v SEBL TR R R W R K AE e A
HFRIEERFI T 7 8 A SR K AMD S gl
KL T+ 6 1 HE IR & 1R T 2 K S 22 P i i 0
NS H S A28 15,19 %, [IR 89, 90 %6, Ik
BT AMD Xf PR R

AMD A g B 37 28 v v 40 1 70 0 2 SR
PR P K AR A A e 2 20 400 1 R0 BAS: T LA Y 3
PEROR . A 22 U R IR I R K B R AR R
PR PR K IS P T JSE 4 S 357 16 T 2w AR TR A 3
RS B B A 3 FH K AR 2 7 3 AN K il P 7 3ok
FEARGF A TR B RR A 4 K B3 T R AP
MO BERAT . %2 9T 450 K i B 1R 7 A 0 K &t TR



136 4B T/’

%12 %

P2 7K AR A ARt 7 i B 326 1 410 1 5910 5 R RS i
P2, B AR AR RS 0 5 7 31.38%, [l g R
86. 52 0 22 B IR 1 2 /K X Bl ™ V2 38 EL AT 1R A 1) 410 o)
EH .

WAL B A T LN AMD H [mLCA B85 40 35
LS5 HBR AL UTE 35 I AMD w5, 56 i A i
AR HE AT B AL DT UE S5 P 0 A B 24 3 SR04 L T
i ) AT WA T pH R R UTUE Bk Ak B 1 K T ik
SNHEBARE IR RGO A ALl 37, 1200 R 4R G
A (B . A 225 SR A Ak 32 % 25 4 AMD
HEAT R A TCVE [T WSO L B Ak 52 N IS B 08 I A K
A A PR Az = v, BESEL T /KA 20 1 S TR1 i
THERKBEM AR, 55 R AMD fE i
EE X A B B A R A R AT R AL B AR AR AT
IR R AR P T AMD X R385 1 75 e [n] 5
T FL S 5 2 A i i 4 A 3 [l SR

AMD X R85 75 Je L, AL I T A A AR A
1R AN LT | A B B S, T Ak R ] R AR R AR
i AMD [y 4k BT R B 0 B 4% . AMD R T & 4R
BT P AT DADR A U Ak R I A R Y
AT 36 7 I 7 A 18 B 7K A 35 43 %t R AR5 T
H T AT Si 1k T2 b AR R AR A R T
LY A I T B ER A K B B RE T
R 1 28 9% A% 4 A0 PR 2 0 4

4 5 EA

DAMD J& — 5 & & 8 Fa IR £ 10 1R 1 %
W BT I B E A HE R KRR A0 TR
WK T T E R IREE NS, [ P AR BT 1L K Ak PR
B L85 2 ELAR I 5 o] b Ak 38 5 92 b MO T 1K
KB B3 HE T 4 TR R R A i AR A
I, 5B AMD g A 7 25 e Ak B AT 17 I AR R Bk A%

D TEWFIE A A S AR AL B AMD (1) [F] 1), 75
£ AMD 4b 33t B 254 DR A K T A i 4
J& MR AL . I8 F] AMD H Hij 8 oA i i B2 18]
4 3T A TR 5 3 BN B8 o AR T AT R 1 Ak
B 748 LLSE K m] A R B IR0, o AMD L H
TR AR 77 b A I AR I Bk T
T T el D B R b I R 1 s T TR R
T 38 H AR TR A 41 o L 4 24 25 R0 A L A R AT
FR 7 S RO & () R o] g ) P K e R R P K . 3X —
FABEAR T K Ab B A , ) 75 1 R AT 19 48 0 4 25 A0
B4R, ST AMD W] F5 82 & & ) vl Be L K
AMD ) 4b B RE BT IR A2

SE 3k

(1]

(2]

(3]

L6]

7]

[8]

(9]

(10]

KTV HRAL RIRE W IR K ab B T 20T .
BACH A ,2020,36(1) :204-206.
ZHU Aiping, TIAN Huwei. Discussion on acid
wastewater treatment technology of metal mine[]].
Modern Mining.2020,36(1) :204-206.

ACHARYA B S, KHAREL G. Acid mine drainage
from coal mining in the United States-An overview[ ] .
Journal of Hydrology, 2020, 588. 125061. DOI. 10.
1016/j. jhydrl. 2020. 125061,

NAIDU G,RYUYU S,THIRUVENKATACHARIR,
et al. A critical review on remediation, reuse. and
resource recovery from acid mine drainage [ J ].
Environmental Pollution,2019,247.1110-1124.

AKCIL A, KOLDAS S. Acid Mine Drainage (AMD) .
Causes, treatment and case studies [ J]. Journal of
Cleaner Production,2006,14(12/13) :1139-1145.
SKOUSEN ] G,ZIEMKIEWICZ P F, MCDONALD L. M.
Acid mine drainage formation, control and treatment:
Approaches and The
Industries and Society,2018,6(1) :241-249.
By A % BT L AL PR IR LR KR BB R 1 BF
FEE LT ] KA BL%, 2017, 23(2) :42-45.

MOU Li, HE Tengbing, HUANG Huiqian, et al.

strategies [ ] . Extractive

Progress in research on the acid mine drainage
treatment [ J ]. Tianjin Agricultural Sciences, 2017,
23(2) :42-45.

ZEFTI0 . BT . TR AT I K IR SRR IR K
JELT]. 3RE: T/ ,2013,31(5) :35-38.

ZUOQO Lina, HE Qianfeng. The state-of-art and progress of
the treatment technology for acid mine wastewater[ ] ].
Environmental Engineering,2013.31(5) :35-38.
VFJT 3C 5K SO B BT 1 B K 5 e o A LT .
LG4k T.,2004(1) : 87-90.

XU Wanwen, ZHANG Wentao. Analysis of acid mine
drainage pollution in Dexing Copper Mine[ ] ]. Jiangxi
Chemical Industry,2004(1) :87-90.

KL R R RAL BRI R R MR K i W LT .
BR LR ,2003,23(1):31-33.

WU Fei. Neutralization of acidic waste of underground
mines using tailing water of Wushan Copper Mine: A
study[ ] ]. Mining and Metallurgical Engineering,2003,
23(1):31-33.

sk AR, Rar k., 2. ML AMD R B T
207 AR ,2001,17(19) . 11-13.

ZHNAG Weihua,ZHU Liqiang,ZUO Pingsheng. AMD

treatment process of Nanshan Iron Mine[ J]. Modern



543

MG NS LR P B K IR S S A OF 5 0t

137

(11]

(12]

[13]

[14]

(15]

(16]

[17]

[18]

[19]

[20]

Mining,2001,17(19) :11-13.

B B B S TR T LD Ak L R A K
AT BRL. VEURAE 05 T 2020,35(3) 1 10-13,
SHAN Shifeng. Analysis of acid water pollution in
mineralized surrounding rock ofan abandoned metal
mine in Tongling, Anhui province [ J ]. Resource
Information and Engineering,2020,35(3) :10-13.
RMGA B,CRCA B, MOA B,et al. Seasonal variability
of extremely metal rich acid mine drainages from the
Tharsis mines(SW Spain)[]]. Environmental Pollution,
2020, 259. 113829. DOI. 10.1016/j. 2019.
113829.

SAMAL D,SUKLA L B,PATTANAIK A,et al. Role

envpol.

of microalgae in treatment of acid mine drainage and
recovery of valuable metals [ J]. Materials Today:
Proceedings,2020,30(3) :346-350.

GAMMONS C H,DUAIME T E,PARKER S R, et al.
Geochemistry and stable isotope investigation of acid
mine drainage associated with abandoned coal mines in
central Montana, USA [J]. Chemical Geology, 2010,
269(1/2):100-112.

LUDOVIC G,ROBERT D,CORINNE C,et al. Three-
year survey of sulfate-reducing bacteria community
structure in Carnoulés acid mine drainage ( France),
highly contaminated by arsenic[J]. Fems Microbiology
Ecology»2013,83(3) :724-737.

MYAGKAYA I N, LAZAREVA E V, ZAIKOVSKII
V 1, et al. Interaction of natural organic matter with
acid mine drainage: Authigenic mineralization ( case
study of Ursk sulfide tailings, Kemerovo Region,
Russia)[J]. Journal of Geochemical Exploration, 2020,
211 (3/4): 106456, DOI. 10.1016/j. gexplo. 2019.
106456.

SIMATE G S, NDLOVU S. Acid mine drainage:
LT
Environmental Chemical Engineering, 2014, 2 (3):
1785-1803.

WFATE . & BT 1L R A I K Ak BRE R LT ] v [ % I 45
A FH .2017,35(10) :29-31.

YANG Songqing. Treatment technology of acid mine

Challenges and opportunities Journal  of

wastewater | J |. China Resources Comprehensive
Utilization,2017,35(10) :29-31.

K 2% K e M A JE T Ll TR T R K A B R B Y
JELT] P EE,2012,21(4) :45-48.

ZHANG Xin,ZHANG Huanzhen. Progress in research
of metal mine acid wastewater treatment [ ] ]. China
Mining Magazine,2012,21(4) :45-48.

WO AR ROREZAS 55 R K AL BIR 1 4 L R K

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

PR SE [0, 30 58 B 2 5 B R, 2016, 39 (3 7] 1)
280-284.

PENG Yinglin. YI Liging. ZHENG Yajie, et al.
Treatment of acid mine drainage using fly ash[J].
Environmental Science and Technology,2016,39(S1)
280-284.

LRA B, GB B, HS B, et al. Alternative treatment for
metal ion removal from acid mine drainage using an
organic biomixture as a low cost adsorbent [ J].
Environmental Technology &. Innovation, 2021, 24
101853. DOI:10. 1016/j. eti. 2021. 101853.

REE. W -8 E R AL S Mo R
AKLID 7 M AL T, 2019,47(21) : 64-66.

ZHU Xinchang. Bentonite-steel slag composite for
treatment of acid mine wastewater containing Mn®*" [ J].
Guangzhou Chemical Industry,2019,47(21) :64-66.
LOPEZ J, GIBERT O, CORTINA J L. Integration of
membrane technologies to enhance the sustainability in
the treatment of metal-containing acidic liquid wastes:
An overview[ ] |. Separation and Purification Technology ,
2021, 265; 118485. DOI: 10.1016/j. seppur. 2021.
118485.

LOPEZ ], REIG M, GIBERT O, et al. Recovery of
sulphuric acid and added value metals(Zn,Cu and rare
earths) from acidic mine waters using nanofiltration
LTl
Technology.2019.212:180-190.

AGUIAR A, ANDRADE L, GROSSI L, et al. Acid

membranes Separation and  Purification

mine drainage treatment by nanofiltration: A study of
membrane fouling, chemical cleaning, and membrane
ageing [ J ]. Separation and Purification Technology,
2018,192:185-195.

AGUIAR A O, ANDRADE L H, RICCI B C, et al.
by membrane

the

Gold acid mine drainage treatment

separation processes: An evaluation of main
operational conditions[]J]. Separation and Purification
Technology.2016,170.:360-369.

ARG, R B B 5 A2 46 1 b B TN I K rP R 6 ) i B
W5 &R AR AT, 2017,46(10) :190-192.

Z0U  Tao,

development of ion exchange method for treatment of

LIU Mingyuan. Present status and
heavy metals in industrial waste water[J]. Shandong
Chemical Industry,2017,46(10):190-192,

EEA B L BhH A B A B 5 0 B A R X 4 e
JE oK Ab B W 5T F R (T, KE 4 4k T Al fA . 2019,
49(4) . 1-4,40.

HU Haihua, HAN Yu, ZHONG Shihua. Progress on

treatment of heavy metal-containing wastewater by ion



138

e = R i

%12 %

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

exchange or adsorption resin [ J]. Fine Chemical
Intermediates,2019,49(4) :1-4,40.

ALEXANDRE C B,MATHEUS C Q,HEITOR A D A,
et al. Uranium separation from acid mine drainage
An experimental/theoretical

the

using anionic resins:

investigation of its chemical speciation and
interaction mechanism [ J ]. Journal of Environmental
Chemical Engineering, 2019, 7 (1) 102790. DOI. 10.
1016/j. jece. 2018. 11. 035.

ZTURK Y, EKMEKI Z. Removal of sulfate ions from
process water by ion exchange resins [ J]. Minerals
Engineering, 2020, 159. 106613. DOI. 10. 1016/j.
mineng. 2020. 106613.

BfE, £ E AT S A2 RN b B R TR T
PR o T4 LT 7 I 46 T2, 2021, 49 (7))
118-121.

YANG Cheng, WANG Guangcheng, WANG Shaoping .,
et al. Optimization of chemical neutralization process
for treating manganese containing acid mine
wastewater[ J |. Guangzhou Chemical Industry, 2021,
49(7):118-121.

PEREIRA T,SANTOS K,LAUTERT-DUTRA W,et al.
Acid mine drainage( AMD) treatment by neutralization:
performance and

Evaluation of physical-chemical

ecotoxicological effects on zebrafish ( Danio rerio )
development [ J ]. Chemosphere, 2020, 253: 126665.
DOI:10. 1016/j. chemosphere. 2020. 126665.

KEFENI K K,MSAGATI T A M,MAMBA B B. Acid
mine drainage: Prevention, treatment options, and
resource recovery: A review [ J |. Journal of Cleaner
Production,2017,151:475-493.

SRAFELR K B B AR AR VIR RS ES R
PR AR5 3k R L) 1. Tl K b #8,2011,31(12) :9-13.
GUO Yanni, FANG Zengkun, HU Jiehua, et al.
treating  wastewater

Research  development  of

containing heavy metals by chemical precipitation
process[ J . Industrial Water Treatment,2011,31(12);
9-13.

P26 3C, B A A S0 A AR T DE Wk A B
PR [T 3R TR 24,2013, 7(4) : 1394-1398.

HE Xuwen, HU Jianlong, LI Jingwen, et al. Treatment
lead by sulfide
precipitation[ J ]. Journal of Environmental Engineering,
2013,7(4):1394-1398.

BUMA A2 R T B AL U TE Bk Ak B R IR
JE K S ERLT . B R Tl . 2013(6) :51-52.

HE Yingchun, LI Xuzhong,ZHOU Qianjun. Treatment
sulfide

of wastewater containing sodium

of copper-containing acidic wastewater by

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

precipitation [ J ]. Sulfuric Acid Industry, 2013 (6):
51-52.

GEOFFROY N,DEMOPOULOS G P. The elimination
of selenium( [V ) from aqueous solution by precipitation
sulfide [ J J]. Journal
Materials,2011,185(1) :148-154,
MAGOWO W E, SHERIDAN

with sodium of Hazardous
C, RUMBOLD K.
Global co-occurrence of acid mine drainage and organic
rich industrial and domestic effluent; Biological sulfate
reduction as a co-treatment-option[ ] ]. Journal of Water
Process Engineering, 2020, 38:101650. DOI: 10. 1016/
j. jwpe. 2020. 101650.

AKINPELU E A,NTWAMPE S, FOSSO-KANKEU E,
et al. Performance of microbial community dominated
by Bacillus spp. in acid mine drainage remediation
systems: A focus on the high removal efficiency of
SOi™ ,APY, Cd*", Cu*™, Mn*", Pb*" , and Sr**" [J].
Heliyon,2021.7(6):e07241. DOI. 10. 1016/j. heliyon.
2021. e07241.

KIRAN M G. PAKSHIRAJAN K., DAS G. An
overview of sulfidogenic biological reactors for the
simultaneous treatment of sulfate and heavy metal rich
wastewater[ J |. Chemical Engineering Science, 2017,
158.:606-620.

TRAN TR AR AR B T R R S R A 1L K
KA i AR A BB 5 [T ). K Ab PR R 2020, 46 (6) -
117-121.

ZHANG Jie, LONG Qi, LI Yancheng, et al. Study on
the entire process treatment of acid mine drainage
based on sulfate reduction[ J]. Technology of Water
Treatment,2020,46(6) :117-121.

FT T R E K 8 e F S AL R B O
JEL)]. 3R8E 5 K& . 2017,29(7) :99-100.

WANG Ningning. Research progress on harmfulness
and treatment technology of acid mine wastewater[ ] ].
Environment and Development,2017,29(7) :99-100.
LAGOS G I,SC M, GEO P. The use of bench-scale
treatability studies in the design of engineered
wetlands for the remediation of acid mine drainage
(AMD) and Leachate in the vicinity of coal mines: A
case study in Ohio, United States[J]. Procedia Earth
and Planetary Science,2011,3:11-16.

ETTEIEB S,ZOLFAGHARI M,MAGDOULI S, et al.
Performance of constructed wetland for selenium, nutrient
and heavy metals removal from mine effluents [J].
Chemosphere, 2021, 281; 130921. DOI; 10. 1016/.
chemosphere. 2021. 130921.

KIISKILA J D, SARKAR D, PANJA S, et al.



543

MG NS LR P B K IR S S A OF 5 0t

139

[46]

[47]

[48]

[49]

[50]

[51]

Remediation of acid mine drainage-impacted water by
vetiver grass (Chrysopogon zizanioides) : A multiscale
long-term study[J]. Ecological Engineering.2019,129;
97-108.

BAIS J,BI Y X, LI J,et al. Innovative utilization of
acid mine drainage (AMD): A promising activator for
pyrite flotation once depressed in a high alkali solution
(HAS) ;Gearing towards a cleaner production concept
of copper sulfide ore[ J ]. Minerals Engineering, 2021,
170:106997. DOI.:10. 1016/j. mineng. 2021. 106997.
SRV L R M S K VR B AR R RO L. A
SR GEB 43 . 1992(6) :12-14,

ZHOU Hengbo. Study on sulfur flotation of mine acid
sewage and the application [ J]. Nonferrous Metals
(Mineral Processing Section) ,1992(6) ;12-14.

EHT L BFEA L RN ST IR R K N T
ks KA L)) WM G e R, 2016, 32(3) .
7-8,19.

GONG Xinyu, MA Xiuhua, WU Xiaoling, et al.
Research on the application of wastewater from stope
in beneficiation of pyrite [ J]. Hunan Nonferrous
Metals,2016,32(3) :7-8,19.

BUB M. BB IR K B TR g T R S i
gL, IR Tolk 4R ,2017(2) : 54.

DUAN Zhihui. Experimental study on application of
mine acid wastewater in pyrite beneficiation system[]].
Shandong Industrial Technology,2017(2) ;54.

T3 A XU 52, X F e A5 35 4 Rk % K el 2
iR B L], 0= g5 A R T, 2020(1) £ 120-124.
WAN Xuanzhi, LIU Mingshi, LIU Zilong, et al.
Experimental study on heavy metal acidic wastewater
recycling the concentrator[J]. Multipurpose Utilization
of Mineral Resources,2020(1):120-124.

X4t B K i R LT e 5 E e,

[52]

[53]

[56]

2013,28(6):61-62.

LIU Wei. Application of acidic wastewater in mineral
processing [ J]. Phosphate & Compound Fertilizer,
2013,28(6):61-62.

A2 R BRI ENE L 5F. BRI K TE BRI T % T
2R AL A AR QLRI .2016(3) :56-58.

LI Ruolan, SONG Huilin, ZHANG Chaowang, et al.
Application of acid waste water in phosphate reverse
flotation technology [ J]. Nonferrous Metals ( Mineral
Processing Section) ,2016(3) :56-58.

Ao L /N B R MR IR K TE B 0TI 2 b AR
A B 5E L1 e T8 % 5 T2, 2015, 44 (7))
17-18,22.

LI Huiyong, XIE Tian, JIANG Xiaoming. Study on
acidic waste water used as depressor in flotation of
phosphate rock[ J7]. Industrial Minerals &. Processing.,
2015,44(7).17-18,22.

AREAG . E VA B R 22 A R IR K I B AL T
P00 AT AR L1996 (1) 1 26-30,

ZHOU Lianhua, WANG Dianzuo, XUE Yulan. Sulfide
precipitate flotation of copper and iron ions wastewater[J].
Chemical Mining Technology,1996(1) ;26-30.

B AR B 1l e R v R K b B L S ER LT ] A
4@ TFE,2017,7(3):97-100.

QIU Weijun. Industrial application of acid wastewater
treatment for a copper mine [ J]. Nonferrous Metals
Engineering,2017,7(3) :97-100.

AT R K B IR AL A R T i Sk [T ] A
48 T FE,2015,5(4) :90-93.

ZHAN Youhong. Wastewater utilization practice in
Dexing Copper Mine[ J]. Nonferrous Metals Engineering,
2015,5(4) :90-93.

(HiE 2745





