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W OE: IR KN W (RIAUM) AL B B 7 1 R K (AMD) By R #AT R 5 R AR AT, £ T RIAUM &
ARG AMD B pH B E B K UL R T4k S I ALARAR I R AL A P4 T RIAUM 4032 2 Goxd 1 B 22 AL 8 47 09 9% (3R #3t
T RIAUM 4 3 70 00 % 78 IR 2k BB AL . 2 REZ V. RIAUM A ¥ R A BT U RAE, BH RIFH IR 6k 7, Fe T34 % Tk
FAE 94.00% LA L, 1K Fe o it R (O & Tk 75 %o 4y HE AT VE (GB 20426—2006) ) B IR 8 3K s B Z P4 £ IR 3 70.29%
. 4h  RIAUM % Mn Pb Cr,Cd.SO7 ¥ E A — 8y 28R, =% £ 55 F 37.34% ,61. 65% . 86. 82% ,39. 42% ,28. 56% .,
RIAUM Hy 7 72 B #k U BR WL 4] 3£ B o b 0 0 KRL B 0 38 14 2 S8 A T 1 R e 3 B 5 SR 1B T PR ks B A i RO B 7T
HHFES T Fe B AHE  BAERBAEF, RAF AN, HAED KA LBEN SEAT Fe (1) By P F A
LMAREKGEFNTHEKERBR LR FTERAL TN F 6 SOT WRJE = A8 S HARMKF Yy Fe K P& RAKIE L 1Y
A A T AL VR R AL T A — B B AR SR A R R R T P BB A A MR P BT R A KR pH B, TR

RORER RN M B R B K AR R LR K e R G E E b AR A R
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FRYEW 1% 7K ( Acid Mine Drainage, AMD) &
IR A 4 SR AL ) (AN B R FesS, fif
BARH" AsFeS, \BEHIH CuFeS, 55 ) 7E /K | S S HITHK
AL TR AR IR S — Rl ER PR K AMD
HHBA M pH B (38) &8 (W Fe Mn , Cu,
Zn Cd \Pb Cr As 45 ) i e BE B R 45 25 A4 5, ZKAK
— R B AR LA AMD EAN G4 BT HE R
2 BT DX 10 K T R K A RN - S e | fE K
YRR A B E R AR AR, AMD 3
B AR SR AR BE R — 0

R GE AL EE AMD (15 FH 5 i 2 E i fin CaO |
Ca(OH), ,CaCO, ZEHRPE 24 7] (% hoFnk | TR ]
R 90% LA I, X Fh Tk AR AL AR AELE R 24
FIFEINR K BT 2 s T5 e A R R A
b7 R TR 1 N D N (T 1 €A 5.7/ R = S s

s BHA: 2023-05-16; 26 BHA:2024-01-26

R AR 7708 D S A BN R AT B
0 AMD IR B AR, I AR Z 3 1)z e, U
Yk BOAZ OB AR 2 ) IR A 0 0 B AL B S
KRR BBk 055 4 T8 1 TE AT i B Y D00
Py, NI 25 B K A i 8 46 J s -, o, ISR M 4
AL R AR AT 1 (Acidithiobacillus ferrooxidans) BE o 3
fEHE AMD Hp O R P AL = 0Bk JT B LR
AR P it ER 0 R B LA A e 3 D R 7
PRGN T  elmmEbic )5l s " 58 @ s+
T B N A BB TURE ™ L AR 1
ZOGE B T Z RS TR] 0 S ) B A T
AbBRE AMD, 40 A= — 41 IR AT R IR A PR G A
T AE MBI 6 34 J 1 A ) B by 2 211 A
KRB AT AL T 55 95 25 WF 58 B B, S A1 S5 e 1
R
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FATWE 5T 1A B &t 56 T B0 0 B g 1 B 2k
IIRYE B+ KR ( Reduction of Tron and Acidity Using
Microbiology, RIAUM) , %+ AR AEET AP S5 44 A 4t
SR TTE 5T A 1 5 B e e b R BT S5 B
RV R SN St b B AMD 33X & — iR A A
PER AT A B R R 7 T A R A9 AMD 3R 5 7k
RIAUM =223 i 78 f02E 9 s I B0 56 v 43 e U8 55
BEFRL 43, (038 A T AR ) R T TR K R B b B A
Kl e Y E R T WA L 5% (%) &R
B RBRER IHH R EE . A ] RIAUM 4031 5%
A AR DX KM 7 I8 1 /K ( H A3 ~25 m)
T T RAF A BRI R AR , AMD  H 5 i 25 W0 4%
FLSERIF- 24 L BR 25300 Ry 98. 63% il 90. 80% , i
FESE- 208 50. 89% 7' RIAUM Ab B 5 JH 45 #ih
W B B B PE 7K ( H AR PR ~ 10 m®) [FIAEER
5 TARUF A A BEAGCR | R K h i e A5 Bk BB &
B R0 5135 5] 70% ~95% il 90% LA |, /K& pH M
2.8~3 #FFE 5.6~9.3" SR, L BB ALEL R
S 114 b R A XS /N RIAUM AR B K 7K B AMD 1Y
ROCRAE LTI AR KRR B 2 Tz E R i)
I

ik, 2020 AF IR AT EE T B K H AL B A
1500 m® A BRI i S 1t , 42 %) I vz b 1 1 7
KT WD A R AR S A BT, B AR L 1) TPAR BR R
VB PR S 07 b A B A K B AMD 4 K 0138 AT RUR 5 2)
5 71 B3R K Dl 7 i 7t ) S A B R DB R AL, A U
i b PiAk RIAUM £2R T2 250, DUBR St Hh
DX T % A [ DL 04 10 e JRE 0T TR 1k 03 7K 3 P4 L
WAL S |

1 Me5IE

1.1 #HREXHEFR
WFFE DX A T 5 M 48 B0 B i 9 5 28 A i I 7 4
7 (26°51'22"N,107°51'57"E ) , BE0™ R K K 5 WL 36
1, 7K4K pH 7 3. 90+0. 45, Bt B2k (Fe,, ) fr a0
163.29+55. 95 mg/L, FZ DL PR W2k (Fe (11))
FE, A Fe, 1 91.04%, KIkH SO &N
1 281.51+370. 46 mg/L, J& ML B g M7 11 R K,
ZIEIKHEA U, T A K R = B,
FEMA S Mg [ AR SO AR AR 53R I R
Tk 75 Y ) HE R bR ME (GB 20426—2006 ) 1A ¢ 45
FRBRAEXT HE AT 40, #F 581X AMD 7K AR pH | Fe Y
JE X AR ERRAE, Hoh Fe 8 bR vE(E 23. 33 155,

5T X AMD 7K 32 DATR K %M 25 Sk 3, 2215 PR 22 55
W, KEZ R 50~1 500 m*/d,
K1 B EKKBRISE

Table 1 Water quality of coal mine wastewater

KESE PHAREE HEgsE R

pH 3.90=0. 45 6~9 2
EC/(pS/em) 1 536.78+338. 11 - -
Eh/(mV) 278. 09+68. 21 - -
DO/ (mg/L) 2.42+1. 82 - -
Fe,,/(mg/L) 163.29+55. 95 7 =
Fe(Il) /(mg/L)  148.66+66. 44 - -
SOi /(mg/L)  1281.51%370.46 - -
Mn/ (mg/L) 3.69=0. 75 4 &
Cd/ (pg/L) 1.75£0. 69 100 )
Cr/(pg/L) 77.01£203. 93 1 500 7w
Pb/(pg/L) 4.81+1.65 500 5

T :a ZH M T TS PP HHARE (GB 20426—2006) ; “ ~" £ HI T

VLTS AR

1.2 BREKRER K R R

NG FE BRI R 5 0 3t P 4 7K it — SR AL DT S
MHIC(1#,25 m £ x11 m FEx3.5 m %;2#,25 m
Kex11 m FEx3. 3 m ) ~fAE Y RV HIT (3#,25 m
Ex11 m 96%x3.3 m ‘f;ﬁ;4#,25 mEx11l mTPEx3.1 m
W) —VETT BT (54,30 m K:x26 m FEx2. 7 m ) -0k
FRRTR R BTG (64,30 m £:x30 m FEx2.3 m IK;7#,
30 m %26 m Fix2. 3 m IR) HI A, 45 5N LT A
HIIE 85 25 46 R AG 2, AMID 322 I 37 1) 4 S i i B
JC: FALTTIE B BATT (1, 1# 2#) — T4 W S0 PR
Jo( 11,34 4#) - e oo (1L, 54#) —6 b A
PTGV, 68 .74#) , SNt 3115 7K Ab BEARARE SRy <
1500 m*/d, Ab 3 R GE B e AL s an 1l 1 fr s, R
s PR B 7 A E 2 B

Ab B R G 45 Ak BT W D) B 5 0 S B AR
T AR TR R SRR K, ARk 2 S 1k
B RGEALTUE Nt (1#.2#) , Bl ok A SRk 2#
A R EBRER S Fe, M rp 25 HE 4507 B
e (81 2) o EARDTUE RN 2 5 B U E
SN (3# 44 ) , B TR SE 50 % pF R 45 2R 5 % 4b
VINEAE 'S S (X G/ ALY i )
HERE GEZBRR IR ) 5 R (KRR IR ) 2R ) )5 2
1 m B2 (HENE S REFHARRE 1 3, FE A M i
R 2 ProR) , RGP RE Y (g et gk A Ak
P R TR PR R R T B R AR 30 I T 45 ) SR L8 R
JiT, 25 )2 T LR IE R e is 17 5 4E DL b It
Gh, 5EATTVE B ICHA, T4 P S vy B 5T A, [R] A
BT, AR RO 2 S 1 E — g D) e
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Fig. 1 Schematic diagram of RIAUM composition and sampling sites

K2 b st ks S K A 3y s TR B R

Fig.2 Sketch diagram of treatment pool structure and water flow mode in the RIAUM

L (S#) , H AR R AR R B e R Tt iz
AT B8R K ] 3% Tl A oy s 7t AR R B R L 7 %K
it FEM AR AL BECR . DhRe A T 2 5 iR
PR P A S 0 L (64 7#) , MR I FE 374 2R
KifE R 5.0~10. 0 cm FIBKIRER 75 WORL, SRR £E A 1
BT ANER 3 7R AR ST AT B ANCAE 744k 34 v 31T
Fo T R IR ER 5 R
1.3 Hm*E&E

2021 4F 4 H ~2022 4 8 H , B H RE—HLIRIK
FETE 14~ THIGPEK ORI K DR ERAE S (1)

x2 BEERMER
Table 2 Basic properties of carbon sources in the

microbial reaction unit

S| C/ % N/% C/N
R UR 42. 67 2.01 21.06
TR 26.74 2.61 10. 24

Sl 44 SIZ1-1 8JZ1-2 SJZ2-2 SJZ3-1 SJZ3-
2 .SJZ4-2 SJZ5-2 SJZ6-2 SJZ7-2 , A RAE L 3
AFATRES . TS 50 mL B0 RERZK
& (0~30 em) FESL, 22 0. 45 um HITLFLIE IR I Y75



512 Mo ER B2 2024 4F.
xR3 BEBHREHS
Table 3 Composition of carbonate rock %
[ Si0, Al O, Fe,0, MgO Ca0 Na, 0 K,0 MnO P,0;5
G 6. 40 0.20 0.14 0. 84 50. 12 0.01 0.01 0. 001 0. 007

UE FRALST B TV U T ORAE A [ S =
7

AbFR AR G R FH WG Fb KR s (B 1) 22021 4R
4~6 H KM Model 1 #EK7720(M1) ,AMD M 1#if
K, 1~ THAE IS K, 7R M1 K], K BE Fe
M2k BB R A EUE Y RN BT (3#.44) T,
Tt i ) AP DT UE SO0 R OT (14 . 2#) 1 Fe K FBRECR
B, BRI 2 f Model 2 37K 720 (M2) |, 3895 6
1# 2#A0 BEYB AT | BT 3E N 3#HEIK | 28 3#~ T#I N b Ak
RIS 22 50 0 B 2k 0o IR &% R, SR AR R 43 il O
O M1 ], 2021 4F 4~6 F J 2022 4 3~8 A,
AMD 25 O# 1# 2# 3# A# 5# 6# T#55 w4 P15 HE
K, A BITE SJZ1-1 .8]Z1-2 SJZ2-2 SJZ3-2 SJZ4-
2 SJZ5-2 SJZ6-2 SJZT-2 % A R AEKEE ;@ M2
HAE] 2021 4E 6 H ~2022 4 2 H 1A, AMD %5 0# .,
34 44 54 o# T#F AL B IS HEK 20 Sl AE SIZ3-1,
SJZ3-2 SJZ4-2 SJZ5-2 SJZ6-2 SJZ7-2 %5 S fvi %
K,

AR ,2022 48 11 A A ROV it o eR AR DTRR
YIRE R UR TS FES 22 200 H #5 H .

1.4 Sk E

75 et FH A 48 XK B 2 B0 (6 [ YSI A
sensION156 AU ) B 370 & 7K {4 i 15 () | BR B J&
(pH) EALE JF L A7 (Eh) IE 48 (DO)  HL § R
(EC) %24, 2 MARIEW uk 43 6O B 3k (HI/T
345—2007) , fii F 4% 51 43 56 % BE 11 (UV - 9000s,
METASH, b ) 76 3 5 510 nm &b %2 7K FE 1 A9
Fe,, Fl Fe (11) AW, Fe (1) B E N Fe,, 5
Fe(11) W BERY 2508, o FH FLIBHI & 45 8 IR R A6
4% (ICP-OES, 2 [# Varian Vista-MPX %) ] %€ 3
HEICR R IE ; (8 T H B & 55 8 IR BT % X (1CP-
MS, 3E [ Agilent 7700X 1) 52 fol B OC K e 7 ; fif
FHE T (3% (3 [ DIONEX 1CS-90 %) il & SO%
I TR,

K (1) A RIAUM 4 FE R G4 0 H Fe Mn,
SOT WEBRFITHEAF, 2 (2) I RIAUM 4B R 50
H Fe MR BRSO R 2, BRI .

0=(1-C/J)*100% (1)
V=(J-C)/T (2)

P Q NEBRAE VA ROV HE A (mg/ (L-h)),
C OB HTCH KW BE (mg/L) |, J R R0 BT Y
IKHPE (mg/L) o B IE] (h)
DRI My AR A ] XS AT AL (XRD, 47 22
Empyream 8) £ 70 W R AR AT S 0, £ 14 4
BE(SEM, H 7 JSM - 7800F %) WL 5 U B4 2 1
Y2
1.5 HiELERZ
i H Microsoft Office Excel #E175U#E 4347 , 3875
BB 25 218 bR AR 22 , >R A Origin 2023
HEAT AT

2 4

2.1 KESHTUIHFE

3 & 4 43002 m ML R M2 #E7K ] pH
Eh EC DO /KRS HEIEN, HIE 3a, 8 4a 7]
M1 FT M2 BB, pH YRS TR (LA 1 BT J5
FhE (I ATV 550) a3, Bk pH ¥ 8 Fikk
pH. H/A&H, M1 B[], #£7K pH R 3.99+0. 36, pH
FE T A4 52 R B 0.53.,0. 42 AN B, 7F 11T,
IV HF43 5052 71 0.16.,0. 81 AN2A47, HiK pH ol
4.00+0.90, M2 W], ¥E/K pH Ny 3.46+0.34, pH
TE 11 P38 RRE 0. 32 N5 78 1L IV H 430 -3
Tt 0.10,0. 84 A~ 547, Hi 7K pH 4 4.07+0. 54,
M1 1 M2 #E 7K 3], AbHS KR pH 78, R HER
BRI B I B IR R £ v R 1 BR K pHL Y
HEJT o

& 3b &l 4b AI %01, M1 F M2 i#EK 18], Eh 2
G BT (LI HA5T) 5 TR (IV o) 1y H,
7K Eh & F#EK Eh, B4R, M1 B[] 357K Eh R
250. 06+79. 81 mV,Eh 78 I 11 11T 43 557 2 T &5
102.93,129.75, 16.94 mV, £ IV /1 F T [
129.73 mV, 7K Eh 4y 369. 96+131. 71 mV, M2
[],37E7K Eh & 364. 54+30.21 mV,Eh 7£ II 11 H453
ST B 86.71.58.10 mV, £E IV F1F 1 K (%
82.15 mV,H7K Eh & 427.21+51.93 mV, Eh REW%
FEIR KA T UL S A SRR, Eh > 0 38 7R B 2K ik
PR N7 T 1 2 2 K AR A TSR AR R B v TfiT Eh 7 T~
M FEE Fe(11)/Fe (1) HAE T B A2,
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Fig.3 Variation of water quality parameters during M1

Fe(11)/Fe(III) A T FERIIATETE Fe (111) HR B AH
XFFRIVEYE Fe(11) WREE LT, Ui BATE R 2K A1 45
IR A BEAETE Fe (1) A ALK Fe (10D RN .

& 3¢ & 4c BT, M1 A1 M2 #E/KI1R], DO )
TR $I0) 7 BT R IV BT 1Y
K DO 4R T kK DO B, M1 iE, #Ek
DO 4 2.361. 85 mg/L,DO £ I 11 F 35 F-44 F [
0.22.1. 10 mg/L, f£ I IV H 43512 EFF 1. 04,
0.79 mg/L, H7K DO Jy 2.87+2.10 mg/L, M2 i}
], 77K DO A 2. 76+1. 20 mg/L,DO 7E I F3EH4 T
F% 1. 85 mg/L, 7€ 111V H 435 F3 |- 7t 2. 28 3. 93
mg/L, 117K DO 4 7. 11£3.01 mg/L, I.11 FATHER
AT KEIEFE O, BAb2E SN, i 7K A i i) 8 4k
RRFUAAHER  FEO N DO FRE M1 ]
[E], DO 7€ 11 HLoTH FRER 119 4. 96 £, R HIT 1T
15 0, MG b2 e m B 2 1 1, LIV
DO A i LT, BV s B o v RE S /N T 4
MR R LIV el e &R TIHAE O, Mfk2# e
N AE RN AR B /N T 10

H & 3d AJ 1, M1 K BTE] EC 2258 BT (T
I 1L 5A5T) 5 FRE(IV B1o0) iy 1K EC AR
TFHEK EC {8, Horf, ¥E/K EC 4 1 338.89+303. 87
puS/em, EC 7E T 1T, T A 43 5 °F 35 F+ & 21141,
131.21.,120.22 wS/cm, 7E IV o344 R [ 592,11
nS/cm, 7K EC 24 1209. 61+385. 80 wS/cm, [l 4d
AT, M2 K] EC 2R R B AE I~ 1V
TR, Hk EC AR T #EK EC, Hdr, k7K EC
1 754.00+300. 82 wS/cm,EC 7£ 11 11 IV 143513
¥R % 1.06.,96.06,290.00 wS/cm, 7k EC X
1 366. 88+215.36 uS/cm, EC A LISk 2 Wiz i
BP0 B LA B R SRk R S b P EC
(R R T R RERS W] AMD Hh i 2575 42 8 3 IR
REAE
2.2 BENTHIE

JKAM pH RAE K R v &0 1 vk B 48 4%, 1T g
JEE R K AR B 5 s ek AR R RT R 4 ) T 1
AR Y DL ROK AR A HY A A
LS SRy IRk Is R S5 o 3t Hh R B (LA CaCO, 3 it)



514 FIERE > =7 N 2024 4

K4 M2 KK S UE fRFAE

Fig.4 Variation of water quality parameters during M2

K5 BREE IS ALAFAE
Fig.5 Variation of acidity

hE4NM  https://www.cnki.net
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Fig. 6 Chemical reaction rate of acidity

SRR TR BE T B AR DR 52 o7 e h RS T e, F
IKFR B Ny 734. 38+204. 82 mg/L, 1 11 111V 143 5]
S8R [ 33.55.287. 39 .67. 58 ,127. 57 mg/L, K
R Sy 218. 18 +146. 87 mg/L, £ %K 70.29% .,
P2 J8E 1) IR T ok 2 D AR R DI s 7 1t LA IR A 1Y

TR g

A2 B T A48 B8 6 S B IR 8 78 A () 2 1 B TT
Y BRI fb 2 S0 R R K R B 1 25 BR K
R R B 6 FRIR B I Ak RN R o T
10D TV AR BE Ak 27 S 7 3R 2% 43 501 R 2. 08 +0. 87
8.4422.12 1.80+1.62.1.79£1.06 mg/(L-h), M
JE T D8 DA R A 27 S I R 38 3R W TR R 2 Bk 2
RAEAEMA Y RN BRTT R, T R R AR ST
H B RN B TC AR K AT 74 50 Tt B A
B R 7, R i D (AR AT B A s
IR B 0 R, BOAR R X pH Y £ TH R
(<0. 62) FHEL TR A T IR 2 (TR I8 70. 29% ) T
B (IR BE (9 KR PR AR % 2R B K M R ik H
T T LA B P BRBE T B, PRI b 2 42 DR fE )
T A
2.3 Fe,, #1 Fe(II)iKETLIFE

Bl 7a F1 7b Fm M1 dEK A Fe,, Fl Fe(11)
Ve BEAS AL ERAE | I Te A1 7d s M2 K] Fe,,
1 Fe( 1) A3k B AR AL SFAE ; K] 8a F1 8¢ E/n M1 i

7 KR Fetot 1 Fe(11) f¥ AL AFAE

Fig.7 Variation of Fetot and Fe(II) concentrations in water
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JKINIE] Fe,, F1 Fe (1) 14k [ g 3 #4, [&] 8b F1 8d
FeR M2 HEKIIE] Fe,, 1 Fe (1) (4622 UM %
H P 7a A1 7b BT %0, M1 18] Fe,, \Fe (I1) R
JEVI R TR, Hrp 35K Fe,, #RIEH 130. 11+
41. 83 mg/L,Fe,, MRBETE 1 11 11 1V H43 5 73 F
F% 36.18.59.97.7.64 .19. 64 mg/L, 17K Fe, WP
M 6.69+9.72 mg/L, Fe,, F¥FEHEEF N 94.86%,
PE/K Fe (I1) ¥ A 114.35+53.23 mg/L, 7£ 111,
LIV 40 513 2 R B 41.70,63.55.4.32.2.79
mg/L, 7K Fe (D) W& BEh 1.99+£2. 39 mg/L, Fe (1)
P LERFE R 98.26%

H P 7¢ A1 7d BT%0, M2 18] Fe,, (Fe (11) )3
JEYJR NG, Horp 3EK Fe, RN 170.37+
41.53 mg/L,Fe,, HeJELE I I IV 43502 F %
120. 37 21. 23 24. 74 mg/L, 7K Fe, ¥JEH 4. 03+
8.30 mg/L, Fe,, V¥ ERFH 97.63%; it K
Fe (1) #eJ¥ 2 143.22+51. 77 mg/L, {6 11 11,1V
Iy 9 2R B 131,29, 757, 2.12 mg/L, K
Fe(11) #e 2. 25+6. 25 mg/L, Fe (11) P EER R
4 98.43%,

FH &) 8a F1 8c A AT, M1 /K B Ta], T 11 11T, IV

i Fe,, fb 2 RN T AR 5 1.04£0.69.3.18 +
0.99.0.28+0.23.0.35+0.21 mg/(L-h),Fe(Il) 1k
SETN RN 1.19£0.75 .2.96+1.34 0. 15+
0.21.0.04+0.07 mg/(L-h), Hi[& 8b F1& 8d ]
M2 FEAK R IV Fe,, A5 S0 338 53
Sk 4.53+1.02.0. 77+0. 63 ,0. 44+0.32 mg/(L-h),
Fe (1) fb27 K W 3 #8535 04 6.06 £ 1.34 10.20 +
0.28.0.04+0.07 mg/(L-h), MI &) Kz M2 el
WEEP R Fe,,  Fe (11) (1627 520 8% 34 1
T H AV HTT

oA M1 AT M2 i K B TE] AN [6] 52 Bzt Fe,, 1
Fe(11) Y228 | LB DL R AL I N R ] AL R
[F) SRt Xt Fe,, B 2BREETT Fe (11) B LEE T LA
I Fe,, Fl Fe(11) By Ab27 IR 8OR K /MEK N 11>
(I>) IV, BRSSO 0 BT AT Fe J3B5 Y 5T Mk B K,
SR BRI R SN T e AU ) Fe KBREATT,

M1 Fl M2 PIFPEKAE T | Fe,, 3 28R 345
WIH 94. 86% 97. 63% , K Fe,, WS <7 mg/L,
G Tl 5 G W HE bR #E ( GB 20426—2006 )
X} Fe,, HEBCEESK | 22 WA BRI S 1 th e 4% 76 B A1
FMFTRUE SR0stT, (R TEERNE, 48 M2 i

E 8 RIS EICH Fe,, M Fe(Il) b2k 0 # %
Fig. 8 Chemical reaction rate of Fe  and Fe(II) in different RIAUM units
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JKI Fe,, HeBERT T M1, 18 M2 (1) Fe,, HHKHELT
M1, B M2 () Fe ZBRA T M1, P4 Tk 2
RGATER AL X T AR A AR AMD,
A DAFESE KA et R G, REUAS & B | AL T
FL BTG M2 HEAK R
2.4 SO7 Mn REEEBILERETIFE

9 FoR M1 HT M2 /K E] SO A Mn [k
FEARBAEAE 8] 10 & Pb Cr, Cd S5 fd0im G 2 (kY
IKHR AR AE

P&l 9a AT, M1 #EAHH ], SOT v E 525 1T+
(1 FI I 300) Ji FRECIIT AD IV BAT0) (o ka$, ik
SOT WAL FH#EK SOT Wk, Horp K SO
JEH 1 094. 88+151. 06 mg/L,SO% WJELE 1,11
Iy T 73.30.71.53 mg/L, 7E T IV F143
AR RE 142,16 .315. 43 me/L, Hi 7K SOT ¥ &
h782.13+300. 18 mg/L, FEH) £ %K K 28.56%
P ob BT, M2 R K 31 6], SOT e B S5 M N %

(IL L1V 5o0) Byadi, Hor, 37K SOy W
1 469.09+272. 39 mg/L,SO; REELE 11 11,1V Hi 43
W2 B 50.79 35,57 .227. 89 mg/L, Hi/K SO
HeFE N 1 154.84 £208.96 mg/L, 1 £ HE N
21.39%, M1 F1 M2 /K #iH] SOT MR B AR [
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Fig.9 Variation of SO and Mn concentrations in water
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Fig. 10 Variation of trace element concentrations in inlet and outlet water
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Fig. 11 Morphology of sediments
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Fig. 12 XRD patterns of secondary minerals
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Effectiveness of Reduction of Iron and Acidity Using Microbiology System
on Treating Acid Mine Drainage
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LIU Yizhang®, SUN Jing®, LIU Chengshuai’
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Abstract: Through continuous monitoring, systematic sampling, and analysis, the variations in key physicochemical parameters such
as pH, acidity, total iron (Fe,, ), and ferrous iron (Fe(Il)) concentrations as well as the efficacy in reducing acidity and concentra-

tions of Fe,,, Fe(II), SO, and select trace elements, of the Reduction of Iron and Acidity Using Microbiology (RIAUM) system for

tot 2

treating Acid Mine Drainage ( AMD) was assessed. The potential Fe removal and acidity reduction mechanisms within each RIAUM

unit was also explored. Results indicated stable operation of the RIAUM system with notable removal capacities for Fe , and acidity,

tot

achieving an average Fe , removal rate exceeding 94. 00% and an average acidity removal rate of up to 70.29%. Effluent Fe  concen-

tot tot

trations met the limit requirements outlined in the Emission Standard for Pollutants from the Coal Industry of China ( GB 20426—
2006). Furthermore, RIAUM exhibited removal effects on Mn, Ph, Cr, Cd, and SO , with average removal rates of 37.34%,
61.65%, 86.82%, 39.42%, and 28. 56% , respectively. The primary purification mechanisms of RIAUM encompassed three aspects.
Firstly, in the oxidation-precipitation reaction unit, Fe removal and acidity reduction occurred through natural chemical oxidation-pre-
cipitation, as well as curtain adsorption and filtration. Secondly, the microbial reaction unit potentially employed a " binary" Fe purifi-
cation mechanism. In surface water, besides chemical oxidation, microorganisms such as Fe-oxidizing bacteria facilitated the rapid oxi-
dation and precipitation of Fe(II) , while in bottom water, $*~ generated by the reduction of SO mediated by anaerobic bacteria such
as sulfate-reducing bacteria (SRB) reacted with Fe to form iron sulfide precipitates with low solubility. However, further comprehen-
sive research is required to validate this purification mechanism. Thirdly, the alkali neutralization reaction unit involved the neutraliza-
tion of acidity and elevation of the water body’s pH through the dissolution of carbonate rocks. The successful application of RIAUM
holds promise in providing crucial theoretical insights and potential technical support for AMD treatment initiatives.
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