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Chemical Forms and Bioavailability of Heavy Metals in the Sludge of Datansha Wastewater Treatment Plant
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Abstract: The selective sequential extraction procedures developed by Tessier was used to study the chemical forms of heavy metals Cu, Zn,
Pb, Cd, Cr and Ni )Jin municipal sludge, and the bioavailability of heavy metals was studied by pot experiment. The experiment result showed
the total contents of Cu, Zn, Pb, Cd, Cr and Ni were all in the range of farming standards. Pb and Cd mostly existed in residual and exchange—
able forms. Cu, Zn, Cr and Ni existed mainly in the form of organometallic compounds and residues. The proportions of unavailable forms of
Zn, Pb, Cd and Cr were more than 50%, which was very advantageous for agricultural use of the sludge. The root of potted plant can enrich

more heavy metals than stem and leaf. The heavy metals absorbed by potted plant included not only exchangeable and carbonate forms, but

also iron—-manganese oxidation state and organic forms which can be released under certain conditions.

Keywords: municipal sludge ; heavy metals; chemical form;bioavailability

Wt e 5 KA BEAR 1 g, Y5 K T5 PR A
GRS TR AR A% AMUE A R
AP, FE R B S ERIR TR AE
BTN G R A AR R AL QA A R HE R
ST, AU PR ™ B 1 kTG 5 i T TR
TREGIR TR, 5 EPAE] A AR, &4
DAl TR IRAL TR (R T5 KT {5 e R E 4
Ja TR AL | AT 30 A FEL I o 4 R 2 AR AT 2R
PR 2 O id A ) AR i e i

75 H #5:2007-08-27

BEEWMB . AAFHGT R E 0005833303008 ), #EEHFHE XI5
H 0004-149)

EE BN KT 0953—), 5, BIIT N 22, 015807 18] R K T e ds
il T

EYHESGE NRERRE . ARZBIERY], B m
AR N S 4 i 1 S A G FE T KRR T2
HA A B RGERY, BRI FIE SR AR
A=Y REE FIPRSEA T

B AR A S — BRI R TP R T
ROEYR N Bl FRESFMRRRE . YA
ARARE ST U B A e 2 T B R
ERAEKARIREE 75 G WA AR WAL S e A= 4 B vz v
B RIRRRE , IR S Jm SR R B [ AR 3R 5,
SRS 5 st LI ST R BB R T
M H 7T e R OCR A A R S Y R iZOCR
i Z (AR OC BT AR AR 5 AR B /NS
A=A SRR BE o AR SO S /K ) 15 R Y R 4 e
AR WA RS & 1 DA S AR ) rh i s o ik



1260 SRENTHA KI5 K15 e B R 25 MO A WA R R

20084 5 H

T IE, KSR LY T A SR )
IR S RAS G RERMTTA M T A R AT 5 e
TR AR AT R, DTS e PR B A

1 #MREFE

1.1 &5k

AR JEF RO ETE AL AA—6800 ). HLHAAR L
TR M B Ol KRR TER % 7%

R AR GRgeal ) EhiR Ghst ) AR O

Haf
Cu.Zn.Pb.Cd.Cr Ni bRifEfig 9, IR HBE S
s B AR AT G

1.2 SiREmAE &

R R T T RV 7K T BT U o %
LT ARG, HUTERAERE , & 100 HB9JE B
i , B A BRI
1.3 AW

FARARGE TP R B 1 em. BEN 12em BY
ACAL, /D15 IR IR FEAC AL IR A — 3R K/
T TR AR, AE AL T T LA, T IRSGR g K o 4k
70 o, WA TGV 1 kg, WE 5 MEHE

PR AR S 4 I A A 32 B 15 e iy T N R
KRB IHMHE , ARG FR 60 d JEWSOR o SR f5 4 AR A1 2R
PR A3, SEHT B R K e, P 25 B oK bk
SRFETRABEA , 7E 85 CHISM ML 2=, A age, i
1 mm 7, % BRAT
L4 RIS TAHE
1.4.1 5L bR

5 U FRALFE AR 180 5 KA SCRerh AR I 7
TSV A T A B B e S5 R LR 1,

® 1 SRMEBLER

Table 1 Physiochemical properties of sewage sludge

fBbn SKF/e  pHIE W GHUE y%e W &% % W EEE %

FHE 76.00+1.98 5.8+0.24  40.57+1.74 1.66+0.05 1.71£0.08

TE DL K AP P (B m o O 22

Note: Values in the table are means+SD
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ARSCRH Tessier A ¥ELEFEIUH A0 g 15
TeH 4B A P kAR 0 & i, RS BRIT,
W) B T2 Exch): HEFFRIGT 100 H i
B T15 76 0.500 0 g, & F 10 mL B E.OE T, A 8
mL 1.0 mol - L™ MgCl, % pH7.0), it MR 1 h,

B0 20 min B 000 remin™), B V5, 5% B W & =
B TR RS, B0 10 min, BE 2 K, A, EA
2 25 mL, [FIEHEs e
BIKIRERZE A 7S Carb ): FR B IRFEINA 8 mL
1.0 mol *L™" 1Y NaAc pHS5.0), EiR&HR% 6 h, 5.0 20
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A 8 mL 0.04 mol - L' /) NH,0OH - HC1,96 C4cfF T4
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8 mL 0.02 mol *L~' [ HNO; #1 5 mL 30% 1 H,0,
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Table 2 The concentrations of different forms of Cu, Zn, Pb, Cd, Cr and Ni in sludge Gng'kg“ )
TR Cu Zn Ph Cd Cr Ni
MO 289.43+4.95 723.62+8.42 145.75+0.34 3.48+0.30 105.54+0.84 86.92+6.16
BB 23.63+3.76 - 25.5+1.53 0.8+0.30 - 6.89+3.47
RIRERZE &4 10.95+0.76 75.42+4.54 2.7120.12 0.1420.09 - 3.75+1.29
AR A 7.75+0.41 98.58+9.31 0.150.07 0.2520.13 - 5.38+0.24
HHLLEEA 152.32+5.98 144.1242.44 1.17+0.66 0.15+0.02 33.51+3.72 47.38+0.63
TR S 85.38+4.95 371.124.67 109.59+1.59 1.86+0.12 51.92+6.78 14.78+0.63
Siteit 280.03 689.22 139.13 3.20 85.43 78.18
IR R/% 96.75 95.25 95.46 91.95 80.95 89.94
e SPFITRAME RIS A VI bR 22
FH 3R 2 ATA1, Zn A B i R, HOKJE CuPh.Cr. VLA 1,
Ni.Cdo ARG Ieh E &R RAREE CB4284— N A
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4) OLFE 3), JTMTH KRB IEKIGIRF CaZn Ph.
Cd.Cr Ni & =TT R SRR vEE L Y,
Mot &, KR Rys e nl LUH T4l

R 3 RATRPESREHIRERE (B4284-4)
Table 3 The controlling standards of heavy metals in sludge for
agricultural use (GB4284-4 )
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Figure 1 The distribution of different forms of heavy metals in sludge

Cu Cd Cr Ni

N =

ME LA, cu WAV S ERS, b
54.39% ; HREARIELS , 17 30.49% ; W 3875 BRRER
GEO MR SIS SRR, 0N 8.44% |

= I VAN

3.91% 2.77%, HALZFIER s Amtass o gkig A e S<
PRIRER A5 B B < BB TRIEB A E

Zn W BEAFAEIE O ERE S 5 53.84% ; HIK
TAMEERE N 20.91%; RIRTHES A S M8 Ak
B EREED 25N 10.94% . 14.30% ; 0] 3825 7
LT REMER . Zn BIL2AIE R A S ] 28 <
RIREL 45 B A <A A S <A VL G A IRES . Zn
(R e B A, (HIE A S B S T A4
WRIRER 25 B2 S ARG B RKH , X T RE 515 1Y
Y2 A G, 15 R Y 30%~80% 1) T4 it
S AL, A ML X AR TR A Y
M 031, A5G BT SR FH 1 5 e 2 28t A AeAb B i /K
158, PRI B 4 (T 45 5 B AR e AT AE s )RR
5 A MU & AR 60.57% ), X E 4R AT
AR AR AT — R IR, BAR BV LA A 5
HE—5%

Pb.Cd FZLIFRIER | ] 2SI A AE , HoAth

e
&



1262 SRENTHA KI5 K15 e B R 25 MO A WA R R

20084 5 H

AR SRR SR 10% ); Pb FUfL2EIEZS 0 A
ARG BB <A LGS BB <BRIREL 45 A A <]
LS <FRIEAS o Cd IEEIER A SRRk Eh 45
ABAIL GB < A E < IS <IRIES
Ph . Cd PR 0 1) B 4 J8 11 1T S8 4025 1 e v
25 5y QAE A W AT T Ao B T N SR, PRt
FEI5 AR FH I 25 | R ] 1) FE A

Cr W F B XN B SMA LA, H
MBS KRR NI ) EEAAEIE AL A S

60.60% ), HLUOZFRIE S, A B 8 & - TE 10% LA

To Ni EFIER R AR R RIRER 25 & A8 <A 4
AT TSRS <AL AT

KIAVP V5K ) 5 E 4 B IE S B LIRS i
BIERIFAE X 5 HAD A H TS5 e — B,
22 EEBREVANENHAR

FRAE AT 25 0 A= Wy R/ IN AT DA 45 b Ak 2
TERNERE WA RS A R AT, H
BRASAIE LIS BRIRER S A7 X I FIE S 1Y
HEEIRA G EYRMC A BES A FE B A
AL AS, ENEARSESE N RIS
AT RIS — B AR RIS XA T0A% . F T %,
PRERIESAN, Hoflh 4 Fp i 4R IS HA AR 1
a7/ IR )Rl e

JR T RIB VG K V5 E AR A A RS O
FEA A AN T R FHZS 0 B o 2 LI 2.

W s WA RS O R TR s

100% —
90%
80% -
70%
60% +
50% +
40%
30%
20% +
10% +
0%

Cu Zn Pb Cd Cr Ni
B2 SiREER=5AHIFME

Figure 2 The distribution characteristics of three forms of heavy

metals in sludge
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Figure 3 The concentrations of heavy metals in different parts of

plant
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Figure 4 The enrichment coefficients of the heavy metals in

different parts of plant
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Figure 5 The correlation coefficients between the contents of heavy

metals in different parts of plant and bio—available forms in sludge
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