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Abstract: Benefit from the microbial activities especially the anaerobic sulfate reduction processes, sewage sludge could be used as a
barrier to immobilize the heavy metals leached from tailings. With respect to the redox reaction between sewage sludge and acid mine
drainage (AMD) , oxidation titration test was carried out to study the effect of oxidation buffer capacity (OBC) of sewage sludge on the
immobilization of heavy metals. Test results showed that OBC of sludge suspensions was decreased slightly with the solid-liquid ratio of
the suspensions, but increased with the anaerobic incubation time, and that more than 50% of OBC was contributed by the sludge
existed in strongly-reduction conditions (Eh < — 150 mV). During oxidation titration test, Zn was released obviously when Eh = -
150 mV, while Cu and Pb released obviously when Eh = 150 mV. According to the test results, a mathematical model was established
to predict the OBC consumption of the sludge barrier under AMD penetrating conditions. The simulation results showed that a sludge
barrier with 2m thickness, even undergone 38 787-years oxidation by AMD under 10m water head, keep in a strongly-reduced condition
and, therefore, promote an immobilization of heavy metals from AMD in the barrier.
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Table 1 ~ Typical barriers for solid waste landfills
it B 2 Y T AR SEAY) Sk
oK 91 i A FEL A AR 10 35 35 HSE 4 B (compacted clay liners, CCL) [4,5]
” RFL B 75 e W B K 03 1 3 + T2 &% 47 B (geosynthetic clay liners, GCL) [6,7]
it A B R AR J2 % B 4k HL 57 % ( reactive liners and barriers) [8,9]
SN [ F Ak 2 K A W) B g AWt (biobarriers) [10,11]
A 75 G By 1 75 3h ik b2 Fa 2 B L4 B (chemically stabilized clay liners) [12,13]
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Table 2 Physical & chemical properties of sewage sludge used

PR AE A Bl WIS
Gk w0/ % 120.57  LY/T 1213-1999
LI/ % 25.80  LY/T 1237-1999
pH(ZE 1K) 7.36 LY/T 1239-1999
Zn  706.2 GB/T 17138-1997
M AR /mg-kg™! Pb 74. 4 GB/T 17141-1997
Cu  120.6 GB/T 17138-1997
Zn 0.67  GB 5086.2-1997
B /mg L Pb KK GB 5086. 2-1997
Cu K GB 5086. 2-1997

1.2 SEE 7k

W5 e FZE 1K IR A LA 6] 1 11 3 EL (RIS T
T 5 2R R K R B L) C R, P 43 )
fiA CH,COONa F1 NH,H,PO, 381k 8 4 ¥ 4= K BF

B FRY R, N A ZnCl, \Pb(NO, ), .CuCl, 5%fk H
b 4 S VR B, TS B VR W) Ih pH (B, BB WLk
3. E R RO R A 30ming, SR S K BT RIS
b, 7Kg 25 °C fE R IR AR 8 5

MR 3 A iR B 1, 2. 3, 4 & T EH
(9 B0 g b, TR TR AR S5 1 R IR 408 57, B3k 15, 30
H160 d i 435 HURE 120 mL AR G 5 R Qs Q0 N
Queo (Hh i HEW G, 2 WK 3) , e IR AT F A
(885-AC Anaerobic Chambers ,PLAS&LABS) [N, {#i F
H 3% 4 (702 SM Titrino , Metrohm ) 7£ & S A% 37
S5 T AT AL T 2 . AR AT E R ] 2 A By
BORUCH € 2, BB 1 Eh 5 E 205500 o - 300,
- 150, 0, 150 F1 300 mV. & 1k % #3550 % FH 46 mf
JE TR N, BB 3 min i 44 0. 5 mL, IR AE B
Y I AL RTiE Sk B Y pH (E R Eh (8. 4 B
T E FAE RS 1A Eh Z 5 £ 1 59 458 4l 5
10 mL 29k, (k27 43 A M 300 i) B TR 4k 2 1 47
T B, HR W E N 2 > Eh &5 Rl &
%A FIA G — 25 Eh =300 mV B, 45
HEA TR A ok R AT A L A B B A R
BL(TDL-5A, -9 &} ) L4 500 r/min % 3 25 .00 20
min, B F R IE WK 25T 0,45 wm 194 HL L o g
Skt OB S VRS U A3 2 A, b — 3 Y VA i
T 53 56 1 (180-80 , Hitachi ) Yl 5 H b 8 4>
J& (Fe Zn Pb Cu) ¥ BE 5 I — 0 5 W 1 B8 €8
T4 (1CS-2500, Diones ) Ml 5 3 2 B FH &+ (F |
Cl~.SO;” \.NO,; M K* Na® Ca’" Mg*") k).
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Table 3  Basic characteristics of sludge suspensions used in anaerobic cultivation tests

R R BRYFRE /mg- L' Wk 4R AR S /mg- L
HREW — — - B —— - —e
By 15d  BHE30d K60 d CH,COONa NH,H,PO,  pH ZnCl,  Pb(NO,), CuCl,
1 Qs Q130 Q160 1:20 1000 100 7 — — —
2 Q15 Q230 Q2260 1:10 1000 100 7 — — —
3 Qs.is Q330 Qs.60 1:5 1 000 100 7 — — —
4 Qs Qu30 Q460 1:10 1 000 100 6 500 500 500
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AL A 52 ek A A AE 7 D NaClo %5 .
T NaClO ¥ W 52 0 H A F 2, 78 % o 7k
NaClO ¥ W 4 15 2 pH = (9.0 = 0. 1), 5 % # &
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K,Cr,0, """ 1 KMnO, """ 5 S 846 70 58 0 5 -7k 1k
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TE SR 4 1F T P ee R BLAY 20 AR5 1 B4
NaClO by 55 & Ak 7, T LU AL B2 (0 2 55 AL 9 A
KR TEALIE S5 P9 2. NaClO 7 75 ¢ 2 Wi K fi
AR HCIO 7 F M O fa o, 3 — 2B 4 il AR R
OC1™. OC1™ # &y Bl A5 o+, 5| R PR 19 S Ak 18 D J
. BEAh , NaClO 7 A H i) B 26 g 77 ) 92 Na ™ Al
Cl™ EATX 5 Ve v 4 80kr Y 4 o 4 T A 4 @ 1Y
VRN 23 7 AR B R B L D e, AR BT 5
55 504 NaClO #4775 Je SR Ak ik 2 S8 5, A F T
SR AR A i B N X FE 4 T TR R Y 52 e

2 HR5ITR

2.1 5B E G e

3 A A A R 0 4 ) b K IR R
Ja& 1% B PR TS G BE ), 7R BR BT Ok 47 45 IE AR H 55
ZR IR — U, TR KR R A R
R FZ 4 br 2 H AL S AL (Eh) . Eh J2 — 4
HA 5 B BT 4R AR, AT LAZR G B 47K AR &R i ik
R S8 IR SRS, (H I AN BE Sz i - -7k AR & HIRH0 40 Bt
A Bk SR A R S8 A JEOIR 25 A 22 A e
PRI, 0 -7 A 2R B A D T ) T 5 3 s |
AR AR B AUk 2 oh 45 it (oxidation
buffer capacity, OBC) "J LLxE SR R ) Eh 5 2]
e — BRI, T T TR A S A

— BNy, KRR LR IE R A g2 vh A i 2
KR T & Mn™" Fe'™ (ST ST R JE A H MR LTS
AT L S S T AT e S R AL A
G353 M7 ¥ 8 2 I S A D ) B vk R T A
RIS s B SRR A T Al R R
ZER/IN MR, T IR R R v S [ (A 0RE R (A
159y, AT BE AT 5 SR 50 B B 3T 55 58 D 5] 5
R WU P 5, 2 T R 4 1k % o 2 Y R IR AT Ik
R FH AL BB 5 LK AR & 92 B 3k B — Eh
JIt T B AR A R AE K IR R i A 2
st (R OBC) , fE PRI B2 vp B O K

CAMREREY] TE KK R T Eh = - 150
mV G R 45 F 1A 5 s Eh =100 mV RS F i A

AT IR [ 2 ) i R AE TR R B 5 Eh
=300 mV fREH CHEA T ARS8 1, A oF
FOHs -k MR R B A AL JEUIR 5 R0 43 o AR L5 i
J 5 SRR B Z0A 4 A X ] (g 4) . ek,
H 75 e 2 WM R s Eh {57 % 2 Eh =300 mV B} 5
{37 JF A5 08 T 11 6 1 48 AL 0 0 R I s S TS TR
R Y LA % A (B R mol kg ).
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Table 4  Classification of redox states for soil-water system

Eh/mV > 300 100 ~300 —-150 ~ 100 < -150
Ak A %K B 21 i
- GALINA B R A o 0
g el K O A5 kA

1A AR ER L5 R B 1, 2. 3 &R
] PR A B SR i 6] I i St s i 4k, & 5 9 T &%
B S AT IR . OB RE Qs Quus s
Q.15 F AL T E MR AT DL &2 B, BE 25 161 9 HE iR 38 K
WA B[R] Eh A8 I 75 48 AR Y L BE 2 1 K.
32 PR Sy (B VR L ) R R A TS e e A B R A
TV V5 16 8k VA HH A R 0 5 I R R B . AR A BT S
B A T A S U T RE Y R R i B (B
OBC) , Al LA H Qs > Quus > Qus, RIFH 2 [ LE
3G R, 75 U8 1 OBC W& A /1. AHALAY , IR A HE %
30d A 60d 1Rk WA ER I 4, Bl OBC A7 7E
Q130 > Qa0 > Qusg 1 Qg0 > Qa0 > Q- X 2 A A il
FAER AR NI = S L AR N TR Al | IR
7% HDE LA 78 43 28 5%, 1 1A JB0RE 55 480 700 22 [ 1) )2
AN 5E 4 1 A

XF LE A [ [ LG ) R T DU L Bl A 8 SR )
Vi) 1) B K, 5 3 BV 1 R A B 40 3R T B A R 3 TR
BLSy 15 TR ik WY OBC Bl 22 36 . il an , IR AU KE 3% 15
d, 30 d #1160 d BJIAE Qs Qa0 Fl Qg , OBC M
0. 09 mol/ gy |3 %) 0.21 1 0.75 mol/g. 5 Q, s
FHLE, Qa0 RIS Eh BEAK ( REIAE J5E A5 B2 ) , (H X}
T Qa0 Fl Qe 1T 7, W54 M F1 4 Eh JL-F-AH 55, 1M
Q0 b Q59 OBC ¥4/ T 2. 57 £%, 3 H OBC [y
MEEREH T Eh< - 150mV X7 5 58 FUk 5 X JH]
(BT (a) ] % H A HT R AE Quus Qo+ Quo AT AR
Q115+ Q330 + Qg0 , OBC A7 7E FS AL 1) i #3158 BH fik
A ) 1) DR B R 8 5k Y b 3 43 3 2B B, )
IR ET Eh A AR K AR Ak, 2580 5Lk 43 1 i 2] — 7 R
J&  Eh 2L R 48 T AL vh R RS T ak s R L AR
AR TR IR £ -K R R 038 S I 8l A R AE T
§4r OBC Lt Eh 5 Jinf)i .

30, MRS TR A Qe Qa0 Q60 11 OBC
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Table 5 Characteristic values of oxidation titration tests on sludge suspensions
- — PRAR 35 SR 1] ¥4 Eh OBC OBC 14343/ %
/d /mV /mol kg~ R FLAE TR 8] rh 5 34 T X J] 55 346 JRUIX 8]

Qs 1:20 15 -233 0. 09 27.27 36.36 36. 36
Q130 1:20 30 -351 0.21 40. 00 44.00 16. 00
Q160 1:20 60 -360 0.75 62.22 30. 00 7.78
Qy.is 1:10 15 -260 0.08 33.33 38. 89 27.78
Q230 1:10 30 -369 0.15 36.36 39.39 24.24
Qu60 1:10 60 -385 0. 60 50.34 39.16 10. 49
Q345 1:5 15 -241 0. 06 20. 69 31.03 48.28
Q330 1:5 30 -386 0.15 36. 00 37.33 26. 67
Q360 1:5 60 -393 0.42 52.50 37.50 10. 00

() B (5L 1:20)

1
30

20 40 50
0.1 mol/L. NaOCI# il & /mL
400
300 ——Qz.15
200
100
>
g
= 0
&)
-100
-200
-300 (b) B2 (A L1:10)
—400 1 1 L 1 1 1 1
0 10 20 30 40 50 60 70 80
0.1 mol/L. NaOCI# il & /mL
400

(c) &3 (FEW1:5)

1 1 1 1 1 ! Il L

1
30 40 50 60 70 80 90 100 110120
0.1 mol/L NaOCHR i &/mL

1
Fig. 1

A [E B & b 35 R B 0 AL E 2
Oxidation titration curves for sludge suspensions

with various solid-liquid ratios
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Pl 2 2 28 I A () 355 35 B 1] 19 75 8 B TR 4 e 48U Ak
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Fig.2 pH change of sludge suspension 4 during

oxidation titration tests
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2 R pH B Eh [ 28 {0, — Bk U, Ak
AR A pH A RRAT, X2 B AL 4L 4 H
XTI S A R BRI L S 8 o SR B4 A Ak ) 2
SIHRE B, X A — R B T pH B R AR & 2
SRR 3 AR FETE A AL L R pH AU 3h
TE 5.50 ~6.50 Z[a], A5 A BEAR /. e A, Bl o DR 4R
15 % 0] (0 2K B A W R R i 1 S T A B
WA LR , 7= A2 1 CO, 75 fifk I 78 BV Th T B 55 B 1k
(B R 5, B A pH NG A 4 g R

Pl 3 25 D5 AN [) R 48355 75 IF I 1) 75 10 B 4 7
SR E i R SO W EE R AR AR . T LB
IRE Qs B0 B R AR 40 4R Wk B3 55 3K 405,93 mg- L',
INNRBE Qs 7 1 T8 T 4R HT 8 T A E A R £k 8 5
Wy B S Ak S e B P R AR MR AR /N T RE R T
AT B4 3R I 5] S AR B . X TR RE Qe F
Q.o 5 , B R M 0 4R e BE 43 3 & 4.85 HI 3.53
mg- L1 BB 7 T S 2 A RE B 28 Bk A B R £h 18 J5
Wy B s 7 AT A A B P B R AR VA B Y T IR S AR
U/ E R ADES

400
350 | D\D%D\D

300

—o— Qu15
T.] —o— Q430
w 290T —— Q460
B
#® 200 -
%
N
S 150}
)

(1] 1 1 1
-400 -300 -200 -100 0 100 200 300 400
Eh/mV

3 SRERAEENHEETRE D SO REMTILER
Fig.3 Changes in SO2~ concentration of sludge

suspension 4 during oxidation titration tests
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.24 Eh= - 150 mV &}, Zn BB H [ K 5(a) |;
£ Eh=150 mV B} ,Cu f1 Pb BB H [ E 5(b) F1 5
(¢) 1. 3537 15d 1975 8 B W, B0 A A B0 1R 2 38 J5E
W B, T 4 A o R 3 5 0 B4 P TR BRI I A R
ALY TE LR S B AT T R T R
Fy 48 Ak 3 JE R 2 S B0 AR PR B8 4% 1F 9 A8 Ak, 4 pH
(1 AR AT, 3¢ 2 e 75 460 480 A 00 ROV B TR R 1) T % 1 LA %
fire W BAE AR FH 0 S B 4 U RO R . T B 3R 30d AN
60d 75 e B , & 2ok A B BR 538 LY Bt , 42 )8
A RN R R 0T £ Ak B R R 1 B AL
PrvE S R A A i R AR R B
T 4 Ja BT 4 ) S e % R S R
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250 ——Qu30
—— Q460
T
= 200 |
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)
&
§
e 100 -
50 -
0 1 | | | | e
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Fig.4 Release of Fe from sludge suspension 4

during oxidation titration tests

KIS MEE R B RARHCEENELE,
AL RR AL 00 SCAE AT PR 0 XU
BRI , 24 Eh= - 150 mV B ,Zn FF LR 1 Eh =
150 mV B}, Cu F1 Pb A FFah ¥ th . o ki, % T B
b 4@ Zn Cu F Pb i 5 , 7E 58 Z1iA 7 X 0] (Eh <
- 150 mV) ANAELER 0 KRS . DA TR 4 45 1 16
FE 38 K T Ve AR 5 ZU A T DX Ta] B AT 1Y AR AR 27 b AR
HOE U TR A SR A . R S5 R N
AREAE A R BIEFEZ )G, AR A F [ e RS
SR i I I R R N BN =y G ) & NE £
BEWAE .

2.3 BUAIE T IEURBEER AALZE hBY

LRSS R R, W E S AMD %R B
UL 3E 2o 5 U B B E A AR A 2R P AR R T AR SE 2,
15 YR BF B 2 T (R A, BT U B s R W [ e
HE R R A SR S IR Z 5, 15 U b
PR R0 A o, BRIV 2 7E TS U B B A A R 4



2710 BN i) B = 31 &
120 PR X, D (OBC),, KRB b 207 416 5 I 5 B
a) Zn
100 |- BT H A MR A% A B Z R (mol);
- iQms z Oxidants i [A] ¢ P %5 385 A7 4% 101 75 V8 5 s B
2801 Qa30
Eﬂ Q460 JLI AMD m A B A Ak - (mol).
g 60
N
ﬁ 40 -
I
20
—(4)100 —330 =200 -100 0 l(l)() 2(I)0 3(I)0 400 1
8
(b) CuBiK
T+ * B
T.J, 6 ¢ =[0z]aq
£ .
g AL OBCEFER — Do
= "Lty
& s e S -
e RmgEm | L
' o2l g
1 PAAOBC —f: 111
0 i S 1 1 T
-400 -300 -200 -100 0 100 200 300 400
1.0
(c) PbBFI
09 -
E6 SREBHEATERNEBMESKENT SRR
TA 0.8 Fig. 6  Conceptual profile of the redox front and
é" 0.7 - oxygen concentration in a sludge barrier
g
% 061 Ny, = NP RN
B osl TR SR ST Je R B, A R R T8 A
§ ' LB 2R T A BE s th S AL R e ). I BIACE
0.4 - 5 @ = -
T TR FLBEE (n) RO E , B 52 T 19 5 U8 20
03~ = 2 Y A=) [N =N ” = SE Y 23
A S AL wh 2 B DE B 35 U8 B R A SR A 22 o A

0.2

-400 -300 -200 -100 0 100 200 300 400
Ebh/mV

ES5 SRERIESUBEIRPESERMER

Fig.5 Release of heavy metals from sludge suspension

4 during oxidation titration tests
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15 1A SUEALZE th 2 & (mol/kg) 5 S R i U8 B s
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SEHE
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