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A SR K TG K AR B T (4135 V8 5 R, SR Tessier U35 R R IA TR TR WO B 1A
FI5 PP E SR (Zn CusCd NiMn) &8 AR . &8RRI, 768 KK V508 Fi5 /KL
M5 E SR A EKME RN Zn> Mn> Ni> Cu> Cd, Zn> Mn> Cu> Ni> Cd, /5% Y Zn & B& &,
H448.17mg * kg™ s Cd BRI, 927 1Tmg * kg™ ', BT FEFARAE, BREITISTRIVGKA o T essier JEA S
Mras B, 158 ZnCuCd B DR E SAEAE; Mn 3 B LA ASAETE, IBE T B v A Y 25 0 it
3R0E; Cu R R I 5, N 14.8% , Zn R R EAK, N 0. 1%, KR H RN 5 &8 A5 T 104 5 28,
M0 24 J8 5 75 ¥ IR A7 I A6 22 8 25 FL AT ig H ot s B s

V5l HEE AT Bl

:0657. 31 ‘A : 1004-8138(201 1) 06315305

1 3l&

I T 5K AR R R SR, V5 TR P s R i L VS Ve Ak BT 2 A O A R
(SRR AR FHAE o, 15 Jef A 72— PR 240 & & B Bvs ek B 7 X B BT
e M E &R A A, gk AL A DI A i, A G T I B MR E A, CRONTE TR R
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B HAFEA Y o B S8 R R A A JuE T E & E AR A R 2, M
T 2RI ANE A PRE M 55 1. AN 7T LA BR300 E KK T A K AR BT 175 e N Bl FE &, K
Tessier & Z2HEHUZENT Zn CuNivCdMn JUFP TG E 4622 T ST A58 S FomT i i 047 1 50
B 5T, PR iR 7ET Ve b AR W0 VEARRAE, D5 ie BRIR AR FH A B4 o) -t 4385 G 5 1) 52 v
M PRt SR BE
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TAS-986 KM TR 3 6ot FE v (g FRYE B AR A IR A 7)) s HZSHA /KIB IR 45 '
IR T ZR B R BE A 2% T 1] i) ; DHG-9123A A4 Ha B IE iR 8 X T 158 48 ( B AS 22 S0 & AR A
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BRI $5 97 P S U4 B 1000m g + 11 ZinsCu oNi Cd oM (ROBRIEE 5 12
(bt PRI S kA TR 1) , B T35 Z MU R v, (0 B LK 5 0 e 5 0 W
SR BRI SR B R AR S N, S K 2 BT K
2.2

5 YRR U R T ROK TS A L VR AT IR, i 40 F IR R, 4554 .
5 YU LA L 1.

s BKE H LR Eor H AU
V5 RFNAE pH I 1 1
(%) (g-kg ) (g-kg™ ) (mg kg™ ")
E KK 58 3.19 8.43 160. 63 14. 56 240. 12
V5K AL EE Y5 YR 17.93 7.15 76. 38 2.00 65. 08

2.3
TGV HE & JB LA I HT: Tessier ELLHR I, V576 o B 48 B8 90 R LKk f R
P SR P E SR R R 58 SR 6B 5086. 2-1997 (AR EE M = I EM IR VE KFEIR G
PO AR AR SR TR YR VAR, e i 2t & .
3 #R54®%
3.1
M 2 7] DAE H, Fl— 5 P RIARE &8 SR AAAERKZER, 1EH KK V5 RMI5K )
15 e BEJE SR KN HAMKIK A Zn> Mn> Ni> Cu> Cd f1Zn> Mn> Cu> Ni> Cd. HH Zn 7F
P Ah S e rbey S d, IX SR R T et 1 FRE IR T VTR b A B A AR s 8, X T
Be 53 i HE KB K2 KA SR K zn BB A 5. 53R E 50 & bx ik
(GB 4284-84)" " AHLL, [ koK | {5 AT KA B V5 Y Cd A B AR, MBI ARMER 1.6 A1 1.4
2, R, P RS VAN REELEE F T A0k, B (EIE B, B RdE 4736 Ab B, DL s IR Ja 15 4 8. ik 2
EA LA, [Fl— BEE B u R ARG M& B AAERKZER, WH KK {59+ Mn 5 &
FEVGKACER IS Y I 1 4 %, TS KACER TS cu WA BN B SRR TSR 3.6 £5, Xl Re S
15 VR RIEA K.

2 (mg- kg ')
151 Cu Zn Cd Ni Mn
H kA5 50. 66 313. 17 32.34 64. 17 279. 49
15K B T5 IR 180. 00 448.17 27.17 91.01 195. 83
. _
R [EE P 1 38 (- 40) 250 300 5 100
RHE rpoE ER AR (TR 500 1000 20 200
3.2

M3 T LUE H, A FhE S0 75 Al Je b 8 TS 70 AA AR 8], A AEZEBOK. Cd k%
T A —8: Cd ML S0 AN FRE &> AIAg s> IR 465> YA 4
GRZHNNGEEER . ZnCu B TEA AT FEA ML 75 1 Zn B FEAAE TR FER, 70 7
5 93.24% H 87.25% , AKa B A FIT i LI AHZE BN, 7308 6. 76% F1 12.75% « 15 Cu B3 2
TEAE LA E oy R 5, 200 61 4% 189, 269% , T AN K 2 1 S B 2 K RO s Y
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Cu MASRaE 557 5 Bl 5 KA B IS8 10 3.5 1% o 1B zn MHEL, BI/K) V58 F Cu A RE &
FEARE, YL Cu fEV5YR g s, 5T IER etk 7575 Ve kb #EAL B NG| R E . PiisK) 5T
H M [P SRS O3 A A ZE R H KK ) V58 Mn [ R AZAE VA FRE 45, & 84, 14% , 1M
TR E V5 H Mn BIAFRER 5 63.74% 3 A KK 15, B EM D4 G Mn E B
B, 1 71 74% , 5 P VR TR 5 AR L BURK L B T RS B BRI R RO TT ASH S Min [ &
IRAK, 1 5 1. 73%; 15K AL B T {5 Y8 71 Mn (B BR #6245 A AR 25 10 S 2 A B m, 20 3 o
15. 15% F119. 75% o, Zn~Cd~Cu FEAFE LA N ER, Mn 193 BAAETEANE 85, Ni fEH K
KA EEAAE RO TRE &, TR 15K 15 Jerh VA B, 1IX0T fE5 5 rIERA0 M
P

3

o —— WA F1 RIRERAES F REENES P13 AIE ks WBRIELFs HE(FH)
(%) (%) (%) (%) (%) (mg* kg™ ")
H kK5 YR 11.84 8.88 17. 43 25. 66 36. 18 50. 66
Cu V5 KA ER TS 2.41 2.41 5.93 60. 93 28.33 180. 00
H KK 598 1.65 1.01 4.10 1.49 91.75 313.17
Zn V5 KA 5T 1.04 4.20 7.51 10. 34 76.91 448. 17
H KK 5 YR 12. 89 6.71 3.09 3.09 74.21 .34
td TEAKAEER TSR 14. 10 9.20 4.31 2. 47 69.93 27. 17
. H KK 5 R 25.20 16. 10 15.58 4. 68 38. 44 64.17
Ni VEKAEER TSR 17.58 12. 45 12. 82 17.22 39.92 91. 01
H KK 50R 1.73 10. 67 71.74 9.42 6. 44 279. 49
Mo V5K A EE Y5 R 9. 62 15.15 38.98 16.51 19.75 195. 83

3.3

HIZE 4 7R, [7]— V508 Rl A AR AN RV L 2 35 BRI Y Ry T W) 22 S, X T BE AT e rp IR
ERANR IS B RCRA HHMETR AR BRI T Cu B H R TTK ARSI
Cu R A ) 53 £ IX FTRE H1 T Cu FEPE A5 e rh FROTE 2500 A 22 18 1, 78 B ROk 5 e A
I TAT ZCHe S Cu 7 B 11, 84%, T V57K AR B V5 Y8 Cu AT ZCHe S 20 R B 1 2. 41 % .
Ni-Mn+Zn Rl Cd M2 H & 48 5125 0. 33, 1. 67, 1.33.2.83, 1. 1.0. Smg * kg~ ' Fl 2. 67.3. 67
mg < kg ', BULET LA, [FH0 0 3R7E AN V58 P R R A B R ), X F RS R E 4
J& S B TR A AT A G TR B BRI ZE S R o B A, VSR e SR R AN LS TS
Jo B R 4 PR BT A AR TR AR, ey SZRIRFR ) ST L pH B KR HHIN ] 55:2% 1K) 52

ﬂﬁ[ 12, 13] 3

4
Cu Zn Cd Ni Mn
TG YRFE 2 R fediih R R B R R R R
(mgekg ) (%) (mgekg™!) (%) (mgekg ) (%) (mgekg™ D) (%) (mgekg!) (%)
EP S/ EH 7.51 14.8 1.12 0.35 2. 67 8. 26 0.33 0.51 0. 67 0.24
FIKAEER TG 0. 52 0.28 0.51 0.11 3. 67 13.51 1.67 1.84 8. 3% 4.26

3.4

HH# 5 mIAN, HRK) V58 H NisM nCd.Cu [ AEY)TEE KRBTGS /K AAEE ) V506K, 2 Zn 19
AL PR R LTS KA BET V58 /N e IR AT B BT V5 e B A TN B 4R RIS YR R AR A Ak
PEFEAE S FTE . B SRR V5 Ve Ni AR iE PN s, TETE REUAE] 0. 413, BAKKA Zn, i61E &
BA N 0,026, 75 TER B AN T 2 Nis Cud Cd> M Zn.o Vg KA B Y506 b N AR YnE v
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B ¥, X3 0. 300, HAKHIN Cu, RECH 0. 048, 7&K/ HINRFE /& Ni> Mn> Cd> Zn> Cue

H KK 5 H Ni LR IE Bl Ae JIR, 1T R BN 0. 252, Zn & 55, FOL R RE 1 T A
Ni> Cd> Cu> Mn= Zn. 5K ) 75+ EE BAEREE 1T A: Ni> Cd> Mn> Cu> Zn. H
KK ¥50e o NivCuZn BT R T5 /K03 V5 e 1 Nis CuZn BT, 1 Mn.Cd [1)iT
M/ N FiEK A H )5 PR TR Mn~Cd (R 1, 1X R B & )8 (13 68 )1 K/ 595 Vs Je e
FER

5
) i R TR
i — - — — - —
EkK] 50k V57K AL B 5 EkK] 50k V57K AL B )5
Cu 0.207 0. 48 0.118 0. 024
Zn 0. 026 0. 052 0.017 0. 010
cd 0.196 0. 233 0.129 0. 141
Ni 0.413 0. 300 0.252 0.176
Mn 0. 124 0. 248 0.017 0. 096
4 %

[A] —y5 et AN FE B4 B EAAEIR R ZE R, 7£ BRK) V5 e flis KRB ) y5ierh 5 FhE 4
J& S KMEVKCN Zn> Mn> Ni> Cu> Cd, Zn> Mn> Cu> Ni> Cd, H R/K ] Ay5/K A 1578 &
HEJE cd &2 ES Yok AR, A ReE B TR0k, BRI SE I, 1 Nk 47 & M A0 EE, DL 4
BIRIE G IAE, iRh5YE P E &8 Zn Cd.Cu FIFEE LT, ALV R 102, 36 A% A I L
AbFE; NiMn () FR0E TER 22, AR 250PE 5, RPR 5E06 55K, 25 AR A0 2500t Headb 47 Tl Se b B, Cu 12
HORI L, N 14.8% , Zn R H RGN 0. 11%, KR HR A 4 @A Y R it 56, 1 H
& JBTE 5 R AT Ok 24 A8 T 12 th Mt A 58 B 5o o DU 250k R B SRS BV
LR A S, fEE KK {5, NivCu AEYTEME RIS R 5K, FLIRGE Cd, Zn 570y 1
FEVG7KARER ) 5, Cd A S PEFIIE B Sk, L UGE He, Ph /N ILERS) o i, A S 45
SRt ER3nr Ye R AR 00 XU S VAL SR TR BRSO
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Morphol ogical Analysis and Leachability
of Heavy Metals in Sludge

Luo Aidan Yu Xiang—Yang"
(School of Chemicdl and Biological Engineering. Yancheng Institute of T echnology » Yancheng, J iangsu 224003, P. R. China)
a( Institute of Food Quality Safety and Insp ection, » J iangsu A cademy of A gricultural Sciences, Nanjing 210014, P. R. China)

Abstract T otal amounts and morphological analysis of heavy metals ncluding Cu,Zn, Cd, Ni,
Mn in the sludge from waterworks and wastewater treatment plant were determined by five steps
sequential extraction Tessier method and atomic absorption spectrometer method, and the leachability
was also studied. Results showed that the total amounts of heavy metals in sludge from waterworks in
the order from high to low were Zn> Mn> Ni> Cu> Cd, and the total amount of heavy metals in
sludge from wastewater treatment plant were Zn> Mn> Cu> Ni> Cd. The Zn total amount of
448. 1Tmg * kgfl was higher than those. The Cd total amount of 27. 17mg * kg71 was lower than
those. How ever, content of Cd was beyond the state control national standard of sludge for agricultural
application, and that limited their agricultural application. Results of the Tessier morphological analy sis
indicated Zn, Cu, Cd were distributed mainly in the stable state, and Ni.M n mainly in available state,
and its mobility and phytotoxicity were worth of attention. The Cu leachability rate of 14. 8% was
highest, and the Zn leachability rate of 0. 11% was lowest. leachability rate was influenced significantly
not only by the characteristics of the metals and sludge, but also by the chemical form of heavy metals
in sludge.

Key words Sludge; Heavy M etal; M orphological A nalysis; Leachability
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