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Abstract: Employing the anaerobic activities of microorganisms, sewage sludge can be used as a barrier to immobilize the heavy metals
leached from tailings. Due to the interactions between sewage sludge barrier and acid mine drainage (AMD), it is possible that the
heavy metals that have been immobilized previously might be released out. The acid buffering capacity ( ABC) of sewage sludge
suspensions with various anaerobic incubation time and the effect of ABC on the mobility of heavy metals were investigated by acid
titration tests. Test results showed that ABC of sewage sludge suspensions was increased with the solid-liquid ratio of the suspensions
and the anaerobic incubation time, and that carbonate and organics play an important role in acid buffer of sewage sludge suspensions.
During the acid titration test, Zn, Pb and Cu were released out obviously following the order of Zn > Cu > Pb as pH was decreased less
than 6. 2. A mathematical model was established to predict the ABC consumption of the sewage sludge barrier under AMD penetration
condition. The simulation results showed that a sewage sludge barrier with 2. 0 m thickness, even undergoing 666-years acidification by
AMD under 10. 0 m water head, can maintain a condition of pH=6. 2 and, therefore, keep immobilize the heavy metals of AMD in the
barrier.
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Table 1  Basic characteristics of sewage sludge used

527 Bl WOk

MK w/ % 120.57 LY/T 1213-1999

HHLE G % 25.80 LY/T 1237-1999

pH (ZEI#/K) 7.36 LY/T 1239-1999
Zn 706. 2 GB/T 17138-1997

ST 4 JB VR B/ 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 H GB 5086.2-1997
Cu AKH GB5086.2-1997
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W A Ak B 5 Ul 5 ZE TR K B 1220 .1 10 AN
1: Sy T & b (PR 2 0 [ LG ) IR &, IF 20 i A
CH,COONa fl NH,H, PO, 5# b4 9k & i 5 09 8
FYBL, A ZnCl, Pb(NO;), Fil CuCl, 584k H A5 H
GmUTE (WAL 2) KR A R IR 0 30 min J5 %
P37 24 h, e s e B R BRIC S 1, 2 A 3.
TE PRI A 25 CE R K IR i, KA I 28 W 1Y 18
JEIR AR .

YPRAIE IR RF L 5, 25, 50 d B, 2050 35
Pe i 1,2 F1 3 42 I 120 mL =W, IR 2 5 K
Qs Quus A Qg (Hovh i N5 B W G5 ) . & 2 5
T TR E L G Y S MR AR AR AR TR PR R AR
N (885-AC Anaerobic Chambers, PLAS&LABS), LI
WHE N 0.2 mol/Liy HCL S WAE Ay i A2 15 WL, 80 A
Fi B (702 SM Titrino, Metrohm) , 7E & S AR 1Y
A G PR W AT IR T S S B TR R E S IR R
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FiE 1Y pH i E 2 U I 35 e 2Ol ) pH LA AL
b B (Eh) I G R (EC) |, ST R U 10 mL
15 V8B, AL 22 23 B (50 1 5 3 4% 19 95 g A ik 4k 22 3
1R — W BRY G E . AW 2 b B, 2 35K pH
=3, SRR S o AR TE B A A 2 AL il R
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Table 2 Anaerobic cultivation conditions of sewage sludge suspensions
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HRYFASE/ mg-L™

4 J8 AL e i /mg 1!

I#il ¥ L

¥ pH  #)HE Eh/mV

B RS d 25 d HEFHS0d CH,COONa NH, H, PO, ZnCl, Pb(NO,), CuCl,
1 Qs (1 Q150 1:20 1 000 100 6. 89 162 500 500 500
2 Q,s Qys Q50 1:10 1 000 100 7.08 -12 500 500 500
3 Qys Qa5 Q150 1:5 1 000 100 7.17 44 500 500 500
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pH <4.2) , B 5 S 8k A0 % Mk 9V % I 57 (pH. <
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Sy R R VA R L PH BS TS e A LR 28 o R A
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Fig.2 Schematic curve of acid buffer processes in sewage

sludge suspensions system
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Table 3 Classification of acid buffer mechanism in sludge-water system

pH 75 Fl pH=6.2 5.5<pH<6.2 4.2<pH<5.5 3.8<pH<4.2 pH <3.8
72 5% vh AL i TR £k VS A FH B 728 A1 BT 2% it R AL T R A
9 I 0 L P 8 o A2 9 v [ (A AL 5 O, R BORE R
(@) BRQEIL =120 T8 B T L 43 R R ] A R 5 i 0 R 22 1) £ S S
—A— Qus0

| | I
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Fig.3 Acid titration curves for sewage sludge suspensions Q, ,

Q,, Q; with various solid-liquid ratios
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F 3, 75 Y 8 W AR B AR ] pHL BT 75 R 1) B e
Bl 2 48 . i 2 PR A [ R L ) R R R 7 g A R
0 5 i, AH L M, 775 08 F R b 0 ) e A
ARG HT % 4 v B J e T e FE B R (R
ABC) mT LA, Bl 198 L iy 38, 75 e 3R Q5
Qus Fll Qs YR Z2 i 25 B WS AT T . 3 J2 X O, Bl

REIA B S8 2R AS. WL 25 d TR F2 R FE Q0 -
Q,05+Qy5, FI1 50 d PRAEE F2 B IRHFE Q150 Q50+ Qs50 »
WAFAE S bR LA A ] A B 3 33 W ¥ 8 v i {
Wy i e R TR R % R RE T B L B T B A R
ERLEST S N

Ll A [ R L AR TR A TR] — 2 KRR T DU B (3R
4) , Bt A B SR R A RE 4 V5 e B ABC B 22 1
KA FE Q5 Qs AT Q5 1 IR S 15 55 15 8] 43 5]
25,25 f1 50 d, ABC 43 ]2 0.73.0.83 F1 1.73
mol/kg. X J2& K Ay Bifi % IR A 85 5% B 18] B9 28 4, A
Q15.Q,.05 Qs EALEE LA (ER) E iy 162 mV 43
BITFMEZE —57 mV Fl -289 mV, HJi5 8 5 W (1 %) 4
DR . — R U 8 S B AR AR R A pH
(10 T 25 RBE 14 48 K, 3K 2 PR SR 3 D £ 43 HE G T AR
PR A S e B . I A, B 35 TR 4801 9% I f] f 4iE
Ko, Bl A= e 5 WL 1 8 e A Bt v A ) A A, A —
ERE LA RETGRERNRE A" R
Q15 Q155 Q5o B ABC 38l 3= 225k [ ik 2 £ 17 il X
) SEIE I T 35— 5. 2% 4 A9 BHE R 0T, oAt 2 4 [
FEAH 1) B AE Qus 4 Qs Quge AT AR Qus0 Qs
Q50 , L F B H MILAY HLAE | RIS I8 B 90 400 1R 3 Jid At
AR VE , ABC Rk, H ABC 38 hin = ok 1 % g
g m.

SETE U R AR R R, R E Y R 2% R ML
FEA S M AR ER i (pH=6.2) ([H & 1554
M (5.5<pH <6.2) AHLFEZ (4.2 <pH <
5.5) FREEALYE R (3. 8 <pH <4.2) Mgk & AL
Vs i (pH < 3.8) . FRAR A R 28 wh ik A 17 2 HL 4% &1
2 JIE R 1 G B R AR AE . AR BF 5T S 0 1) 1R 2% o fih 2k ([
3) BN, I B A A WK R AE. 52, Zhang 51
It Rk A HLA Cappuyns 52 % i % i U8 F A7
P % A SI2 6, AL A5 3 5 A B 5 A RL A% T L il £ X T
fiE 2 PR Ry 2 VR o ook R v, TR AR SR 2 T 1Y) Ak
27 TV LU WA T B o 2 (R) Y RN B R R AR £,
TR TS [RIAIL A R -k s oz X[ %) & fin . =y 1 T Ak 4y
BT B2 [0 - R A S g % A e Ak 2% L TR I pHL X
[B], 45 oK V5 e B VR 1Y TR % i 4% i MK R A it 6 40
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Table 4  Characteristic values of acid titration tests for sewage sludge suspensions

AN TE) R % e AL BT 5 ABC R 43 b/ %

PR &5 ko)

Be Bwk e P8 ABC mma e

W B e mg WATRR ARUREN  WARLGEE KA
(oH=6.2) (5.5<pH<6.2) (4.2<pH<5.5) (3.8<pH<4.2) (pH<3.8)

Qs 1:20 5 6. 89 162 0.73 9.48 8.72 48. 05 11.62 22.19

Q55 1:20 25 7.57 -57 0. 83 16. 41 13.57 45.02 7.85 17. 17

Q50 1:20 50 7.68 289 1.73 35.66 13.56 34.21 4.86 11.77

Qa5 1:10 5 7.08 -12 0.59 14. 50 16.95 44. 04 6. 88 17. 54

Q,05 1:10 25 7.49 292 1.32 38.27 14. 21 29.55 5.49 12.78

Q,50 1:10 50 7.82 425 1. 46 38.28 12.24 29. 14 6.72 13.53

Q35 1:5 5 7.17 -44 0.56 14.97 13.05 43.91 8.25 19.94

Q3.5 1:5 25 7.26 -295 0.72 30.29 12.96 35.37 5.82 15.56

Qs.50 1:5 50 7.61 431 0.92 33.84 12.03 31.52 7.31 15. 30

fifr #25 AR DX ] (R 4) . NFR 4 T 3 TG O &
) ABC 3 ZOR R T FR 28 45 1 MR BIL B 2% e, L
UOR IR T8k 2 A AL W i ik | FH S 1 5 8 S i AR =
SEAL YT

LR LA LS5 R, BB A DR AR 85 57 16 8] A 32
158 (0 TR 22 h 245 R 6 1, BV R A O Y 1R % e
AE TR S B IR S AR AL 5 R Y R AL HE A . B8R, 75
Je It Bt BLAT B 5i 200 BR85S, A 2500 o B G s Y
PR A f 19.
2.2 {5kt AR b E 6w R R Ak

DURY) I B 4 R U 3R, — gk S R R
NS BHASF A AT 25 K Bl S 2 (i R Eh 4
BB ALY KA A5 Fe-Mn LW 455 &
FsRERZS ™ DU R A R IOR S T AR A
TR h AR S 6. P 2P R, B4 8
DURRY ORI BIL ) 5 22 0 3 e A L 1 s A
AR

TE R 17 52 1 A2 P, 0T SR Th B F  EE J R E
PEAT TR E, KL T i Ha 8 3 5 ABC /9 ¢
AT S E P o A R A RS TS YR B R
AL R CO, X B pH B9S2 IR, 5 50 0 7 E R L
FREAGFIRH B, MR AT R 4 il b
Q15.Q125 Qs TERR T 5 ' Zn Pb Hl Cu 942 AL 1
DL 75 U8 B ) A5 i B b RS 500 mge LT Y
Zn®" PH TN Cu’ A BN A R b H B TR L
UUBE ALY S SRR YT UTTE TR I, Fe-Mn 4L
F0 R B 5 00 , e SRR AT AL BRIORE 45 F) W% B A
HT, 4 T B AL DL TE AT JRCAF AL T %E #0480 (pH =
7) S T g e v AR AR ot R, D 5 A i i
AME SRS TAERER R BRELG R HE. X

5 Kamon %52 (B 58 25 S AH .

IE 4 /] DL TR S FE BB R 1Y
JACER pH B FBEAR) A Q5. Qs A Q50 Y Zn
Pb Fll Cu ()RR AR 2 3 fa 4. & & @ B T 76 R
PESAE TR B mT DL 2 Fn e 3 19 S LRI 25 T
fif FE. BE B W) IR TR A BE 35 B ) 28 KL KRR Qs
Q125 Q150 11 Zn I Cu (Y B AR IR BEAIR. 3K 2 Ay
BEE R R R IR, BB RATE S kKA T4
fh. Zext 5 d. 25 d f150 d IREREFRIG ik Q.
Q,25.Q, 5 Eh 435 FFEF] 162 mV | =57 mV Fl
—-289 mV. Eh — HAIKF - 150 mV, i iR £ i Ji i &
W e HE T 2300 MV ) T 42 JR Bk .
54yl TR IR A HE R 50 d B IR QgL Qus A
Q5o FE TR 5 2o 7 v 76 42 I 19 R I . X L 1AL 5
ATLLVE IR FE o, Zn W RBECEL L Pb AT Cu B
85 At o AT DAIA S B 2 D5 T B K B[] Y R R
B3R 2 )5 ,Pb Al Cu 9 [ 8 R H Zn B .

F KR &R A R R, N AN S A
SRR S I 7 e o R AR /B N e 7 SR (T ]
K NE 4 FTLLE M BEE BRI, 15 Je B h AN
[vi) . 48 J O 46 7t 9 im B¢ pH RS A 22 5] X6 Zn T
FLE4Ca) ], YRR pH =7 B, Zn FFi5H D
S pH =6 B, Zn (RS & T 46 PR 1 . XF
T PbiiiE [ & 4(b) ], HEREEFEALZE pH =6 B, Pb
TFUGA A BV 5 24 pH =5 IF Pb it B ik T 4R PR
B X T Cu i F (K 4(c) ], HIREREALE pH
=7 0, Cu FFIGA DB Y pH =5 B Cu M B
ST LR PR UG 0. EE 4 JE AE IR b ik B i R A AT
4 Zn > Cu > Pb. Coz"™*' Jz Singh ™ &y sz 45 1 5
AR5 H L.
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Fig.4 Release of Zn, Pb and Cu from sample Q,

in acid titration tests
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Fig. 6 An acid-base front and acidity concentration profile

in a sewage sludge liner at tailing impoundment
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Fig.7 Effective acid buffer capacity depletion time

vs sewage sludge thickness and AMD head
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