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Abstract: The speciation distribution of heavy metals in excess sludge samples collected from thir-
teen typical municipal wastewater treatment plants in Chaohu Lake basin was studied by using Tessier se-
quential extraction, and the ecological toxicity of the samples was analyzed combined with wheat seed ger-
mination experiment. The results showed that the content of the same kind of heavy metal in sludge sam-
ples from different wastewater treatment plants varied obviously. The mass fractions of Ph, Cu, Cr, As,
Cd, Ni and Zn ranged from 16.27 to 55.56 mg/kg, 50.29 to 310. 60 mg/kg, 56.14 to 1 205.32 mg/
kg, 3.72 t0 33.65 mg/kg, 0.81 to 2. 19 mg/kg, 10.61 to 201. 38 mg/kg and 227.99 to 3 089. 20 mg/
kg, respectively. Pb existed mainly in residual fraction, and its bioavailability was very low. Cu, Cr and
As were dominantly associated with residual and organic fraction, and their bioavailability and release po-

tential were relatively weak. Cd and Ni were principally distributed in the Fe-Mn oxides, organic and re-
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sidual fraction and showed a certain migration ability and potential ecological risk. Zn had relatively high
bioavailability and release potential. FEcological toxicity analysis showed that the extracts from most of the
sludge samples had significant inhibition effects on wheat seed germination, and germination index was
significantly (P <0.01) negatively correlated to exchangeable heavy metal fraction. The above results in-
dicated that although most of sewage sludge samples from Chaohu Lake basin could meet the quality

standards for green land use, heavy metals should be stabilized before applied for land use to reduce the
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ecological risk.
Chaohu Lake basin;

ecological toxicity

Key words

extraction ;

s e i) Ak Oy S AR O B e
AE RS S R TS TR R AR
VEPRIT YR AL B 7 1 0 T BRI o (ER R IR
WSR2 &b FESR BRI, Kk
LS S W T 4 S V5 5 e A R B S R A S R
W UTARESK , Bl S K TS YA U BRI S
TS FAL B A AN WA 57, T 8 2B o 2RI n, 2R
MXTEIERAL BAL & R A H 258 . HIL, &
Xof S5 T 3 M R SRR S K ) s e R A SR R A
ARHE S S BEE AT T R0 AT, LU N S8R
BTG KT V5 % ik B O R PRS2
1 HHE 7%
1.1 SRERORERBILE

SR AR S JE 10 B TR 3R 13 AR YT K AR FE )RS
Vo BTG K IESCRFE 3 I, #ETIE B — 41508
RAH. REMTBIREAR LI A E4S, BRI
FEACEHAS ] SE 6 5 SR SR T UKR TG BE 4N, 3
100 Hiffi, WA F s b o
1.2 H@aHh
1.2.1 H4JE BRI E AR

HERRFRIGE 100 H ffi (1) 3592 0.5 g, LA 50
mL B PU G Z KA, in A HCL HF (HNO, 4% 5 mL
PLJe 3 mL i) HCIO, EA7I M, B 2 AN R KR
RELET,RHEH 4% WIFRISTRIE R, €52 25
mL, 3 0.45 wm P8R, T AR A 45 B T R 4
TG (ICP — AES) I B 42 J@ % it

[ s FH 25 08 7K Al s 0t BE, B B A 3
3.
1.2.2 EE&BIVESYIE

K Tessier iR P INELSBIES.
HIRHESR /0 5 MIEE, I35 (F) |
TRIRERZE G A (F2) RER AL EE G (F3) VA ML

municipal sewage sludge;

heavy metal; Tessier sequential

ZEE A (F4) FIFRIE S (FS) o F1LF2 I F3 25 5 Bk
ok, AR R AR A RO, B R RN & 4R
PRI TEAE SRR o F4 1 FS PP IE S TE 345
o LU AR , A A AR R A 28 XU AT, — e 4
ARG IR . BIEE RS R RBE BN
T

FLHARE L g FI50RIA S0 mL B4,
HFHhIA 8 mL & &4 1.0 mol/L ) MgCL, ( pH {H =
7.0),ER TR 1 h(220 v/min) , &.0 (8 000 r/
min) 20 min J5 B EWE, A B TR E Y,
B, BRI, SO B R

F2: 0] F1 32 U5 /Y5 i A 8 mL ¥k &y
1.0 mol/L f#) NaAc(pH {H =5.0) , i FEZ S5 h
(220 r/min) , B0, B EVE IR

F3 1] F2 $& UG 1 5%E HAmA 20 mL ¥k By
0.04 mol/LL [y HONH, CI 125% 1) HAc Y1, 7E.(96
+3) CHRM KBRS S h, B0, B EER

F4 0] F3 32 U5 /Y A 3 mL ¥k JE
0.02 mol/L ff§ HNO, H1 5 mL ¥ % 30% [y H,0,
FEH HNO, ¥4 pH {HIH % 2,76 (85 £3) C/KIHAM
TR 2 h, ZJE A 3 mL 4 H,0,, 3] HNO, 4
T pH (AR 2, FF7E(85 £3) CHMFT /K 3 h, &L
W B A E M A 5 mL Y€ BE R 3.2 mol/L iy
NH, Ac, #ifE 2 20 mL, /578 (20 £2) C AT
¥% 30 min, Z.0> (3 000 r/min)20 min J5 B .
WFRES G A N RIE I H G R IE SR AR

DL BRSSP R BUS 1Y B TR R B )
KR AT ICP — AES JEATIE o fiJo T4 Y i i o

4 R A B0 RE vk S T A R R 2 T A
]
1.2.3 15RLGEFIE M

RINE R AR50 ZR G k. B2

.83 .



£BE H3M

FOE % K H K

www. watergasheat. com

g 1f 100 H il i) 75 P8 B B0 A 20 mlL
FE TR R IR 24 h, B0 5 BRSO
Pk 10 KROFF KL ) /N2 B 7, 39 20 e B AR N
10 em [ 55 J7 LA, B 37 0L P9 U 6l P J2 7 1 D8 4K
B 5 mL AbBRAF )75 I8 BB RS I IR LA R
TR FOM IR 7225 “CRYEY I FRAE P9 72 h, 5t
TG BRI T RIS 2R R AR 2R
R 2 BE IR BN — 2 AR S 745 R A
Ko
KX HRF TR ZFEE(GD)
YEIR AR =K W VIR AN -

(1)
1.3 HELQLESSITHH
IR ANOVA 8 e Mg Fr kAT 48 it
I3 AT SR FHXS o T S G 8 12 % AN ] 95 7K AL 38T 95 90
A RS 4 8 A o gt 22 et AT e itk
it b P <0.05 I BERKF I B3 . FF R
Pearson FHSCHES T 0 15 V25 G S PEHE A5 5 AN [
RIS Z AR
2 #RL5it
2.1 SRPESEERENT
13 5K L ESR SRR L,
F1 AEABKLE TREFESESE
Tab.1 Content of heavy metals in sewage sludge samples
from different municipal wastewater treatment plants

mg - kgf1

miH As | Cd Cr Cu Ni Pb Zn
JKQ |3.72 D.81| 252.42 |179.46|53.74 116.27 | 372.44
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HIZR 1 AT, SIS K AL 31 5 Je At b b
Cu.Zn,Cd \Ni Cr Pb As S B AFTE W H 22 57,7 Fi
H R IUR & B R/NIUT N Zn > Cu > Cr >

Ni>Pb >As > Cd, [f]F & 4 & o0 E AR5 K AL
BTG A AR

XF LA TG K AR B H 4 Je & A R B, 13 )
15K AL ER ) H  XCF 57K B i5 e Cr Ni 5 5 B
i T HA G AKALH ) WXY 57K )5 e Cr Ni
i, X As SRk, Z2) 15K TXH 5K
FSH 5K 5 As & i B8 & T H Al 75 K Ak
A", Cu.Pb.Cd 7E£5 75 /K AL F ) 95 38 i &5 2 A
Z8UN, XCF 5K 5 ZZ) 15K W5 e Zn %
] T A K

T BT U 4 bR R A ke V5 e B IR Ak A1 ) 32
BLEAR IR E ) E T O TS K AR 3T IS e ik
ARV (CI/T 309—2009) & {45 K b B
J U5 U Ak B B AR Sk AL U ) (GB/T 23486—
2009) , HACHFR HE™ T IR HE. HI3R 1 ATLVE
L, XCF 357K 15 H Cr Ni & 30 T4 1 Ml
M A R BRAE, AR5 K 15 Cr Ni
TR ERRE . A 15 IFEM H As Pb Cd il Cu
B RIS T AR PR el AR 4 SR A I PR (. 220 75
KT HXCF 5K {5 Zn & 25w, (A% &
FNFBARBOE 5> 4% pH H > 6.5, K E ®IFRE
it pEl Akl R B bR i ( <4 000 mg/kg) o 75 M
W58 RN, FIE 1 58380 B Zn , Zn & RERG A AR
TSI TR A T [ 35 e - R R BR e =
PRI, SR 3R o0 BT K 5 e AR R 1Y
A a8 e ARFI S 7, AR 15 VR 3 4 Jm A A
hTEE TG KBS WA
2.2 SRPEEEBHESSH

BL S 530 305 /K Ab BT 15 A b Cu
Zn Cd \Ni Cr.Pb As #42BUE S M- & & E 7
to

OFl EF2 @F3 EF4 BFES

As Cd Cr Cu Ni Pb

EEECYTRLIES

—
Nel=}
(==}

[ )
(=)

— N W B
oSO OO

4R B 25 17 2 L i 19%
n
(=]

(=]

7Zn

1 SRPEERJIESHFHIETSL

Fig. 1  Average proportion of heavy metals in various fractions
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Fig.2  Effect of sludge extract on germination rate and

germination index of wheat
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Tab.2 Correlation coefficients of wheat germination rate
and germination index to concentrations of total and

different chemical species of heavy metals (n=13)
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