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Immobilization and Its Influencing Factors of Heavy Metals During Composting of Sewage Sludge

GE Xiao', BIAN Xin-zhi', WANG Yan? ZHANG Sheng-hua', CHU Yan—chun', DING Jing', WANG Xiao—zhi', FENG Ke'

(1.College of Environmental Science and Engineering, Yangzhou University, Yangzhou 225127, China; 2.Jiangsu Institute of Agricultural Sci—
ences in the Lixiahe District, Yangzhou 225007 )

Abstract : Contents and bioavailability of heavy metals in municipal sewage sludges are the main factors limiting their agricultural uses. This
study examined changes and their influencing factors of various forms of heavy metals at different stages during sewage sludge composting
processes using BCR sequential extraction method. Cu, Ni, Cr and Pb, except Zn and Cd, in sewage sludge were mainly in an oxidation state
and residual state, with low bioavailability. Composting processes significantly reduced the bioavailability of heavy metals, and altered the
distribution of heavy metals among various forms, transforming acid —soluble and reducible heavy metals into more stable forms, oxidation
state(OXT) and residual state(RES ). Residual fraction of Cu, Zn, Ni, Cd, Cr and Pb at the end of the composting increased by 6.3%, 6.7%,
22.0%, 15.2%, 11.0% and 40.5%, respectively, compared with those at the beginning of the process. Heavy metal forms were significantly
correlated with DOC content, but not with OM. pH mainly affected distribution of reducible and bioavailable fractions of heavy metals.
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1 #RE7FE

1.1 X3 Hr

KGRI H M T 5 KA R B4
FEAFHC A BRI A L, A FH RO A A AR, LA
LR 1.

1.2 iK%

A SCHARE L 1:0.4:0.025 B HENE AT, BV hn
15l R 1750 kg, W46 i i R 694 kg, F5FT & 43
kg, [FIEHASIN 0.29% ENE TR . &Pk L 134 5118
A HEREZY 1.2 m, A2 ETE T BE AR R
S 3 d BIdE— IR, 205 B B, B
HEAAR I EB 5 6 7043 ®H R ST HENE R 1R 90 d.

1.3 RHERMNE

FRRBIHERS, ZR0RFE, BUCREADT 500 g
A, SR FH L A 00 5 7K 38 pH E L5
2 PLRA AT SR AR AT A PR A
S Cu.Zn Cr.Pb .Cd Ni &4 )8 S &, CuZn.Cr,

Pb Cd \Ni 825 B 5 2R ] BCRISRAIR 4R, I 51
WL RETHINE SR BCE IR IR 2 Pr.

3 2 BCR FREG B

Table 2 Extraction processes in BCR procedure

$RIBUL TR IR 1) I
(1)0.1 Imol-L"HAc iZ4& P& 16 h TR ZS(EX)
7 . 2L,
(2)0.1 mol - L'HNH,0H - HCI, 2 # W5 16 b ST (RED)
(pH=2)
(3)20 mLH,0, Ak, I mol-L" . -
2L ; ki 16 h ] 84 2 (0XT
NH,Ac ‘/‘X'};Eé(pH:Z) k% AT A AR ( )
(4)HF-HNOs-HCIO, j}4fi# Bt A (RES)

BAFMBE 3 ANERE, BOFEE R A4S
R BFGESIE SR SRS T B H R YR 3 M
BEHERZE, A NESE TR TEIT. N RIESEE
FOHERAPE, FE A RE A R I AP TR A
IR B3Ry 92%~102%

2 BRESH

2.1 B REREEEARERETN

eSS AT HENE V5 U 2t Bk, ORI AT, FFal
B A, HERATEEIRE] 55 CLL ERECH8 d,
REAS AT A5 AR FETS VR H I SR A 1) . A R 27485
4 99.6% , 15 YR HENE P S R A K G VR

HEAE LR FP AR PRI R AN S5 3 TR HERES)
FHG K AR IR Y 74.41 %85 2 39.56% , Herh i e
YT 10 d & 7K R AR 25, HEAL R AR b pH AR
AR, FEHENE 20 d B2 2 T, Bl JS A RIS, —
HARE 7~9 Z 8], A R T n Ao i sh o Hedk
L R — AR AR AR i A9 3 mS - em ™ML
T o BEEHENE LSRR T, AP A HENE )
o SRR R B, HE IR &G O A B R I ik
22.24% ., DOC 7EHENEAITT 20 d SRR, b A A
FiFtEr, &40 d BFik 6.5 g-ke™, T A E]
BEOHENE 90 d IFFEEE 3 gokgs
22 HEERRHESERETK

AR AT LA 4 s B AR5 e P R 4 T, AR

x| HRERERMR

Table 1 Basic properties of materials used in experiment

YrEL TKFI%  APR% kg kg

UL A/ kg THER/g kg HAH/g kg

pH{H HESF/mS:-em” DOC/g kg

5l 81.0 48.7 233 372
TR 1k i 57.2 79.8 12 10.1
FEAF 9.3 77.1 4.7 9.37

1.0 2.1 6.8 1.3 1.8
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Table 3 Physico—chemical properties of sludge mixture

at different stage of composting

YRR 0d 10d 20d 30d 40d 90d
FKRI%  TA4la 6320b 64.96b 60.54b 60.83b 39.56c
pH 7.76b  797b  8.02a 7.44d 7.54c  7.53c
5% /mS-em™  1.51¢ 1.49¢ 1.42¢ 1.50¢ 1.68b 1.93a
YA/ ke 21.16c 24.14a 21.05d 16.40f 18.58¢ 21.26b
HHLE/%  59.98a 52.69ab 49.06b 48.08b 46.70b 46.64b
DOC/g+-kg?  3.40b 220b 2.09b 3.52b 6.50a  3.00b

PRI 270 AR B (005,
Note: Values followed by same letters within a row are not significantly

different at P>0.05 level.
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Figure 1 Changes of total heavy metals during composting
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Figure 2 Forms of heavy metals during composting
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i OXI-Cr 3Gy, 2 30 d i OXI-Cr it
Fe ik 3] 67.4% , Bl B ZE 45.9%  HEAE 90 d Bf RES-
Cr S il 1%, FRIHEAE rT LIS Cr B975 2,
fdi OXI-Cr [i] RES-Cr 5675

K 2(b) fros , YEAE W] Zn FE 2L RED-Zn
(26.5% )}z OXI-Zn(40.6% ) B FIE S AETE, i 2 Fl
di 3 67.1% . (HZ TR W5 &S5 , RED-Zn
OXI-Zn 445 FITREAC , FEARIR FE 53500 2.7% .6.8% 1M
EX~Zn & EIRA AN,k 14.7% AEHENERT IS Zn 194
YA RCE (DL EX=Zn Fl RED-Zn it ) R 748, K
41.2% ., SHEREWIA EL , HEABSE BRI RES-Zn A 5K I8
FERIENN, BRI 6.7% . 5 Cu AHEL, Zn B
PIEEA R

i 2(d) R, Cd FE 2L EX-Cd . RED-Cdf7
16, WA SO o EX=Cd 783 RE s R pi i S 1
%, 2 20 d AR SE 62.1% , B 5 FEAIL, HEAE
SERIN R R 45.5% , HENBSS AT RES-Cd & 4 finie
JEREK WENRIR 15.2% WEEAR KT Cd ifeseE Y
5 [ OXI-Cd [i] RES-Cd #5725

W 2(6) %, Pb E% L OXI-Ph [EX-Ph BiF
JEASAETE, 5 Pb MR 63.4% ., HENESS T EX-Pb
5 RED-Pb it /5 Al 53510 26.6% .13.5%, i RES—
Pb ik 59.9%, ZFIAHEAALFE AT DIAEE HABIE A Ph
i} RES—Pb 475

RS HEAR A PR AR T AR TR A0, B
WK TES B AEYARSNE. BT AR A
PRARME T AR A %) 8 4 g TR A8 43 A A B LAY 2 ™,
ARSCHEI pH {H A HLITE(OM) | I 44 HL (DOC)
VERFFERTG  IRHEE S B rh S R B HiX 3
A CEESE AR M

M2 4 nTLIE 1, DOC AYZASAL B 252 M AR i A
t Zn Ni Cd .Pb B34  EX-Cu 5 OM RIS
SR A AF OGP UESE Cu 5 ML A B i 45 & 1™,
Hrh YA RS Cu( L EX=Cu #1 RED—Cu i) 5 pH
fH )z OM S B EMAR, X Zn M5 ,EX-Zn OXI-Zn
KA S Zn( Lh EX=Zn Fil RED-Zn )5 DOC
SRFI N B F A E , RED-Zn 5 pH {HAYAH &1
J3 0.788%, TN 4 Fii7n , EX-Ni 5 DOC £ N B E1F
A (R=0.990%* ), ] OXI-Ni RES-Ni Fl4:= ¥ 32
Ni( L EX-Ni #1 RED-Ni )5 DOC #4380 0 8 % 11
HI5&. Cd % pH HM R LK, EX-Cd 5 pH (H 2
5 E A S, RED-Cd . OXI-Cd ¥ if 5 pH {f 5 17 A
%, DOC 5 RED-Ph OXI-Pb #HXM:A B2 54

x4 SREEERPEMESESES pH AUR(OM) R
AIAMANE(DOC) EERHEXERH(R)
Table 4 Linear correlation coefficients(R ) of heavy metals
fractions with pH , organic matter(OM ) and dissolved organic
carbon(DOC )during sewage sludge(SS) composting

SH 15 R HENE
pH  AHUG(OM) ¥EfEHATHLER (DOC)
Cu EX -0.598 -0.717* -0.093
RED  -0.456 0.306 0.546
OXI 0.128 0.072 0.302
RES -0.073 -0.023 -0.300
EX+RED -0.681*%  -0.623* 0.034
Zn EX 0.182 -0.172 —0.870%**
RED  0.788* 0.420 -0.846%
OXI -0.524 -0.119 0.997:
RES -0.086 -0.269 -0.554
EX+RED  0.652* 0.250 ~0.9447
Ni EX -0.570 -0.054 0.990%**
RED 0.385 0.102 0.441
OXI -0.222 -0.042 -0.937:
RES 0.295 0.034 -0.940%
EX+RED 0427 -0.003 ~0.9415
Cr EX -0.499 0.332 0.222
RED -0.391 0.579 0.624*
OXI -0.211 0.238 0.399
RES 0.276 -0.282 -0.398
EX+RED  -0.495 0.421 0.351
Cd EX 0.869%* -0.182 -0.406

T 5 FORMIER R BE AR P<0.05 Fill P<0.01 {i[H
Note: * and ** indicate statistically significant at 0.05 and 0.01 levels,

respectively.

ARG Ph AR GURSEHE, o RED-Pb 15 pH {E A
PSRy T

3 e
BCR WK E 4 @ o MRS ik R 2% vl A4k

B BRES, Hb BRIES NIRRT 4R A 5 Bt
FEYICRI T, ol AR BRIE S LR E , AN 2 Wit
PRI MSOR FH o 15056 2 BT e Hh i 4 T R B2 DA Rl Sk
BRFRE S, E T Cd A, A H A E S 8T 4A
B RIRE S Z KT 60%, Hrp Cu Ni Cr A4
S RARIESZ A E T 90%. 43t 90 d Fy3ERE AL
P R AN A 0 S A W S Y
15 TR HERE = fh AN 20T e vh N 4 SR VT L

Cu EE L) OXI-Cu 5 RES-Cu MR E S IELE,
56U 455 1R, A A SRR, B
R sm e e . HENE LR b OXT-Cu A IrREAIG,
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RES-Cu Z ¥ Fbimy, J5 A AT Re A ML T ) K
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3), AR Zn BAAE5ES Zn(Lh EX—Zn FIRED-
Zn i1k pH AR A 4L, 3 UE T pH (A28 fk
X} RED-Zn . (EX+RED)-Zn /) & S0 A B & 10 5%
M (2 4), HA VR H X4 m Zn EE A
FEEAEN . B, SRERHE A pH (H, (2 I
DOC =4z, A LIfdi Zn N EX-Zn RED—Zn [i] 5 &
JNFEE R OXI-Zn G HUEEEEAS . Zorpas SF2HF5Y %
HY5 e 5 il IR A HEAR TR 25%~29% 1) Zn S 1T %
PERY, Walter SFPIRFR R BITEHENE S B P A HLEE 538
B AR IS 5 B 59%H 37% . A SCHFSE KR
HENE G EX—Zn 5 OXI-Zn 4355 17.4%F1 33.8%, 3k
NEAR RS Zn IR R, BEAK T Zn 0990 A 3500 -

Ni AR YA RO, MENE TS EZ AT & i
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HERE BT A SRR Ni (2B P06 M, 5 Wong S50
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SRIEEN A0, BEE A VLA, 7= A il i
AWLRALE X EX-Ni & 5 i3 A o 0 - E
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G Ni (A 50 SR I 1) A

Cd YA N E SR, EHEIE 20 d £
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AR, ALY A A, R T
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