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Effect of Zn( I ) on Microbial Activity in Anaerobic Acid Mine Drainage

Treatment System with Biomass as Carbon Source

LI Shao-jie' , CHEN Tian-hu', ZHOU Yue-fei', YUE Zheng-bo', JIN Jie’, LIU Chang'
(1. School of Resources and Environmental Engineering, Hefei University of Technology, Hefei 230009, China; 2. Department of
Biological and Environmental Engineering, Hefei University, Hefei 230009, China)

Abstract: In this study, with rape straw as carbon source, anaerobic batch experiments were executed to investigate the effect of Zn
(Il') on the activity of sulphate reducing bacteria (SRB) in the microbial treatment of simulative acid mine drainage (AMD). The

** concentrations were in the range of 73.7 to 196.8 mg-L™",

results showed that during the 60 experimental days, when initial Zn
SRB had high culturalbility. At the end of these experiments, pH values rose from initial 5. 0 to neutral, about 96% of sulphate was
reduced and the concentrations of Zn>* reduced to 0. 05 mg-L™". The results of Tessier sequential extraction, field emission scanning
electron microscope( FE-SEM) and X-ray diffraction( XRD) showed that Zn was found to be fixed through forming organic and sulphide
(mainly sphalerite) compounds. For the experiment with high Zn*>* concentration (262.97 mg-L~"), at the end of experiments, pH
values dropped from initial 5.0 to 4.0, only 27% of sulphate was only reduced and the concentrations of Zn>* kept in high range (25
mg-L""), the activity of SRB significantly inhibited. This study indicated that; (D Rape straw can be used as slow-release carbon
source for long term anaerobic AMD treatment; 2 Rape straw can decrease the toxicity of Zn** to SRB through adsorption; @) In
anaerobic AMD treatment system, Zn can be fixed by sulphide minerals with mediation of SRB.

Key words:acid mine drainage; sulphate reducing bacteria; rape straw; Zn”>* ; microbial activity
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1) 99.50% . E R4 48 K 5 35.0% , F 47 4 R
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15U B H AT BN K AL BT R, &
HERHFE 1 h e, 355 DWW, BUR 4TS /B i
YHERERE. SRS Y8 pH N 6. 77 B L1535
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18.04 gL', FH R B A2 1500 73 S B8 (L CaCo,
1) 4 600.60 mg-L~", 4 K& 4 of A K &
47.59% .
1.2 SRk

FE 250 mL [ I8 R R AT IR ARUAE S 5, AR B
In® R PEE AR SAEHERT T 5 LSR5 H ZnSO, F
Na, SO, FLHlEAHUmMED 1LHEK T Zn®* FIBRERAR
1% PR FRVEY pH (5.0 £0. 1) {8, A A =%
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Table 1  Initial condition of experiments

G Zo® YR PE /mg L S0;~ M /mg-L"! SRR AT At /g L 15 /gL pH
CON — 1021.55 8.0 0.7 4.9
Zn-1 73.70 1007. 42 8.0 0.7 5.1
In-2 134.95 978. 65 8.0 0.7 5.0
Zn-3 196. 87 1001. 65 8.0 0.7 5.0
Zn-4 262.97 1011.23 8.0 0.7 5.0

L3 UKoy

S PSS A 1AL AR IBURE . pHL SR FH 338 W B vk
(Delta pH 1) M 2, %A fk 36 J5L # {3 ( oxidation-
reduction potential, ORP) & ] Ultrameter II TM ( 3¢
R ) 28 H G A AN S, B v SR D1 IR A
JEIERE  (WFX- 130A, b5t i Al ) I 5, B Bk
(Total organic carbon, TOC) K H & [& Jena C/N
2100 % TOC 73 Hr S 7 , B W A ik B R FH s R B0 7
TG RE RN 1 e A R A e B SR AR 4
T (AJ-2100, EIZZR) M. ZEIE TOC

I TSR E FEFES 000 romin ™' AU S5 F R B0 5
min , B AL AP0 AR T SE 285 0. 22 pm TR A £F
A F BR RS U8 T

S A G R ) Tessier T 254328500 ot [ 44
ULVEYI Y o 4 @ B S 347 40 A, X S G qi S4)
(XRD) (D/MAX2500VL/PC, H A F ) 43 Bt KL
P [ AT 0 A AL, 53 BT 454 R : CuKar
2,8 R 40 kV, B L 100 mA, $9 H HOR
4(°)/min, FHETEE 26 S 10° ~70°. FEARTLIED H
2. 5% I ZBERE E A RS (EDS) i & ST f
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XF 3 AN Zn S5, 0 Zn #iZ | pH T > (U0 Zn-
1 EFEN 7.0 245,10 Zn-3 BRI 6.5 247) 5 Sk
Zn-4 T pH AL S H T LA B E 25 LR
FFR A 20 d 9 pH # £ TR (4.0 LLF),20 d J5 %%
18 ETh, S s A ik E 4.0 £ 4.
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MR RIS IR E B () N IR I pH A Ak AT
PR AR A R I AR . X LA ) S5,
Zn® " A E pH LTk, 58 H R A o] 58
FHT 20’ 2V T SRB MUAE K. 2 K& Zo® T
ABE I T pH AT B, 5 H D PR AT BE 2 g v
(%) Zn** XF SRB j72E T8k, AE K218 (B iR
BRIXT Zn® " (RN 52 R T DRI 25 HE R Zn®* S50 R 4k
AR AR M A 7 AR R AR R pHL AT,
2.2 W) TOC FIARFRAR IR B AR 1k

W TOC A2k an &l 2 ir7~. CON Fl Zn-1 7
SCE TR 20 d N BB, 20 d S 4 ik B

pH

3‘5 1 1 1 L 1 1

B 1 Ak pH FER EIZEX

Fig. 1 Time profile of pH in the aqueous solution

813 mg-L ™' 1 405 mg-L ™' iy IE (4, b J5 B W T
K, S 06 45 B 43 i B %) 400 mg- L' Al 180
mg-L ™" Zn-2 Ml Zn-3 " TOC W& b FHE08 ¢
40 d 2 A A F) 468 mg- L'l 326 mg- L~ {14
{8, B J5 JF 6 N B, 52 90 45 SR B ok B 4 i) % )
369 mg-L~'H1228 mg-L~'; Zn-4 H1 TOC N #H &
A +5 7 AR K 0 ¥k BE KO- (50 mg-L™"). £ Zn-4
I T R B BB T (8 3 262,97
mg- L") B T AR T M R B0 SR
FE TG 0K M 0002 ) & T K M S B 2, A HLTR 45
INGFFA B, BT DL TOC R 72 BRI 7K
F-. CON Fll Zn-1 il T WA KA & Zn’" B8 H
YERL, J B 7 Wa 1 16 Mo, TOC AL R a bl | Bt )5 3k
Ay KO R MUK, TOC % 7 [ AIC o A7 2%
W15 MAE Zn-2 M1 Zn-3 o (K R P 0 50E D 7E
W EE Zn® T PE T, oA i 2 B oA
P EA — 9 HA  7E e ) AR A K A
TOC LR FHX 5 /0 | W H A .
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800 —A—7n-1
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id
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Fig. 2 Time profile of TOC
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B SO;~ ¥R B ¥4 B Iof () 72 T B AIG, HLr | SC 56 Zin-
1.Zn-2 Fl Zn-3 REARIR DR, 52 90 45 OB i B 4 1 %2
30 mg-L ™' A4 IR SRR E] 96% (RIS 1) i3
P S5, o JE A fa 4y Bk 16.8 ., 16.3 il 16.9
mg- (L-d) "5 Zn-4 R R SLR S5 T SO3
WREZ Sk 800 mg- L™, i R HA 27% ; CON H
SO;™ WREE T B A T 3 Z 0], S 50 45 SR i Foe 78
275 mg- L' Z2 45 05 73% L EA1IE  SRB 43
R SO AR H, S, I P s in 17 Zn® i Hi2y
5 H,S SR AR BUREBR A , DA I B AT R T HL,S 1Y
VR AN A B R AR 199 38 I [ 1 2 17 ' [ i
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Fig. 3 Time profile of sulfate concentration
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B Zn® T W ASAL N 4 TR, 4 HEIN T
Zn®* S IG Hp R R A I s ] 328 9 AR, e Zin-
1.Zn-2 Fl Zn-3 1 Zn®* W BEREARAPRE 20 d J5 RIER
SETEARAR 7K (0.05 mg-L™" DLF ), EER# >
99% ; Zn-4 H U 60 d Ji5 AT PR AR S e A MR EE (25
mg- L ZE47) OV IR I P AN H,S R i
Zn®* YR PE IR i 32 2 5 MR B AT G, B A SE I
AT, H,S B WG 2 | I I BfE 245 A0 28 A5 Y Zn®
YAHERES H,S W M PLE. 7€ Zn-4 1, B I,
SRB fRIHE A AT L& 52 188 mg- L") Zn® " | A
ZHFIARTS mg- L™ BT LB RS Zn®* (L3
2 Zn-4 BB TS MUFEEE Zn®t (25
mg- L™ 24T ) iR AR ZEAR 5 v B L AR T 1A ) 1)

W, R Zo®t X SRB 6 EA WHIER , B A
TR MR BE 1Y Zn® IR K AR AR B | (1145 SRB
RGHE 2%, SO i JFERAK (& 3) , Bk nr DLy~
A P EEAE Zn®t fEOAN 2 DL 2 4 Zn® . f
A UL W B RDLUE ¥ BT REAIR Zn* X SRB 1Y 7
PE. ARG R4 19 SRB i 32 Zn®* M BE A T 196. 87
mg-L ™" Fl 262. 97 mg-L ™' Z 0], it KT H Al 2% E 3K
PR X 5 A 98 R FH S FF B AT AR 1
Zn® " T RE A K.
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Fig. 4 Time profile of Zn?* in the aqueous solution

2.4 [E{RPESEESS T

ERTTIE Y 0 4 R I SO B & (R oy
B gk 2 Fon, 4ok A Jm T S A BRI B A5 A
A Fe-Mn FALYEE G4 BiAbP 4 G A TR AT
(5 2812 FE Zn-1 Zn-2 Fl Zn-3 HHEER) FEEIB
BREMMADLE A, 405 B RN 90% UL E, Hik
TIRRIRERGE B, A0 2% ~5% | ik — 5 R R ATE
SRBAEH T, Zn* " e & LI (B Ak i R k)
LB E . 7E Zn-4 TS 1 14.8% ,
WAL ZE S B G 74.8% | 1% F W] Zn-4 HAE 245
g3 Zn® TSR AR TSR RS AF R A, [RIAS {75 F SRB
A SO; AR JE AR 1) Zn PUTE , (0 HAE JRCR
AN HE 3 4 S/,

F2 BEMERSHESInERE/ %
Table 2 Contents of various forms of Zn/%
%5 BT s WA A Fe-Mn E/LH 4 EE AL A2 BRI
Zn-1 0.3 5.5 1.3 91.5 1.4
Zn-2 0.2 3.2 1.1 9.5 1.0
Zn-3 0.1 2.4 1.0 95.3 1.3
Zn-4 14.8 8.9 0.7 74.8 0.8
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2.5 [ERYIAHLE AT S ARRE
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B, AT LAULSR 21 R DT VE P B 5 AR5 FF 1, AR
TUVE W 2 LA TE 9 K G BROIR J00RE 4 2R 4 — i
TE R JE BT — A BROR R R R A — i, X
SRR S0 4 R B MR 45 EDS,
Zn JLEM S JLE. B 5(b) N EARTLIEY A XRD

i LT INEETREAE AT S 06 | 3R B A DT vE P
T Zn EZLIGALY I RAFHE. TESL R E M
HIR ST, #B8% 1 SRB i3 34 W 1L e 1 1
INEER (ZnS) ). S AR W b i SR A SRB T,
HACE =41 S* AV W R i Zn® " 254, SRB
SHYIES Zn A1 S LKL ZnS TE X UTVE T K,
RN D

(b) XRD

Q: fidk
Z: [N

20 40 60 80 100

(a) B /NE R Sk T8 AL I U5 FE (EDS 4528 )
BES5 EfXEYH SEM K XRD 4R
Fig. 5 SEM and XRD results of solid residue
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(1) WEREFF AT LAVE R IR A SRB A 1Y 2% B fil
U, R AR AR B R AR ) R RE R 7R R [
o’ WREET IR A SRB R B AR B 16 M. 2l
FEFFHHETE 8.0 gL'}, Zn* " MR 7E 196 mg-L ™"
AN SRB {5 PR R 4F , SR HLIA [ Rt 96% 5 >4
iK% 263 mg- L' B, ZK A 1A 15 PR B A0 TR A SRB
PR P Tl S ) B R AR A0 S R 22
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