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Fraction and Bioavailability of Heavy Metal Elements in Sewage Sludges
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University, Nanjing 210024, China)

Abstract: With the rapid increase of sewage treatment plants, agricultural use of sewage sludges produced during sewage treatment
had been paid more and more attention. Sewage sludges were collected from five wastewater treatment plants from north to south of
China and the total contents of mineral elements and their fractions were investigated by a sequential extraction. The sewage sludges
similarly contained high organic carbon, high content of N, P and low K concentration, but their physical — chemical properties such
as pH and CEC varied greatly. There existed significant differences in metal content among different sludge samples. Generally,

content of Zn was highest, and then Cu and Cr, and B, Cd concentration was lowest in all sludge samples. The fractions obtained by
the sequential extraction procedure indicated that the pH value of sludge had great effect on the metals fraction, and in acid sludge
from Xiamen wastewater treatment plant (pH4. 4), the percentage of acid soluble/exchangeable fraction was much higher than
others. Cu, Cd, Crand Pb were principally distributed in the oxidizable fraction and residual fraction. The content of Zn, B and Ni
accounted for more than 10% of the fractions, and had good mobility and bioavailability. A statewide survey for the quantitative data
of sewage sludge production should be carried out to provide basic assessment for disposal in China.
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Rauret (1998 ) FEANZEA T T R IE S5 R
BRI, IR AR bR AEI AT 2 2 4 (EC
Standard, Measurements and Testing procedure) ) =Z%
BRI AR = A E SR IOE U i
BIHTE R E &R ITR B SN - A SRS
TR E 3 IR K AL BRI AR e T A R OT R
Zn Cu,Cd.Cr Ni.Pb Fl B L5 A9y m] F YL, Ky
15985 PRAL B ARl 4l

1 iR Es
11 5+

X3 Anke TDL—40B BUfik i K45 0 pL (L1
WAL ) o SHZ—B B E IR 3R % o (1 TR
HEBEIF AR ) o HRUERRR A5 45 B8 - A6 BT R T AY
(ICP - MS, POEMS (1), 3£ [E #H (TIA) A F] ) o A5
ICP A #5I E 4 JR ORI S EO . D)% 1150 W,
RIS L min ', I 0.50 L - min~', S
0.45L * min~ ', ZE 3 100t * min~',

TRIG AR B A A B ARE TS YR S 4 I A b
SRS VG KA BT (S1), BrraK L) (S2),
FR LT KALERT (S3), MBI KA B (S4)
5 KB (S5), KT B 100 H e Jei,
2B AT R BF ot A 1 o 50 B4 ) o
SRR 1,

1.2 SiRERPEELEITE Zn. Cu.Cd,Cr Ni, Pb 0

®1 FEBSALESROELER

Table 1 Physical — chemical properties of sludge sample from selective wastewater plants

KRS pH CEC/c¢ mol + kg™ AHLC/ % BN/% B P/g kg BK/g - kg™!
St 6.8 89.6 46.8 2.6 6.5 5.8
S2 6.7 72.0 25.9 1.9 8.0 12.6
S3 6.4 63.6 39.2 2.0 17.4 7.5
S4 7.4 52.2 42.5 2.6 12. 1 8.2
S5 4.4 71.5 25.0 1.6 10.3 12. 6
F-HI{E + SD 6.3x1.1 69.78 £17. 58 35.9+9.9 2.120.4 10.9+4.2 9.3+3.1
BHBEESH 85 C/KIE 1 h, Kiiz& k=i T, SKEMA 25 mL 1

1 0.200 g KT V5 Je e Sh 43 3 & T 25 mL Al A
TR VU CARREAR, A B2k il iR (2 mL) |
AR (2 mL) Rk i &R (1 mL) s BRIP4k, &
FGER, 20, SREEYIH 1% HNOs i5f#, E4 25
mL. A ICP - MS Il Fi5 #4870 Zn . Cu.Cd,
Cr.Ni.Pb #l B & &,

1.3 SREMPEELEITE Zn.Cu.Cd,CrNi,Pb A
B B ASIRERY

B BRIES /A (F1) , 0 5 g TG0k
i, BT 50 mL RAGEOE T, A 20 mL 0. 1
mol + L™' HAc, E# FH#% 16 h,4 000 r * min~' T &
£ 20 min, FJETEE 0. 45 wm (O IE, BN
A 0.2 mL AR, ICP - MS ll EA TR S & .

B WA (F2), T L—2EHH A 20
mL 0.1 mol + L™" NH,OH - HCl, % N4 16 h,

4000 min~" FE.L 20 min, FJEIFRZ 0.45 pm
TS 08, VB A 0. 2 mL YERSER , ICP — MS Il 5
BT

A — A

AL (F3), 1a) E—Z EAH A 5 mL
30% H,0,,25 C/KHE 1 h, FH AP A S mL H.0, F

—

L ' NHsAc, B THR% 16 h,4000r * min~' |
B0 20 min, FJEZIEWRZ 0. 45 pm U8, 18K
JIA 0.2 mL YEASER , ICP — MS il 5 4% TC 2% 5 it

HR5HE

2.1 BiRHERPEEEITE Zn.Cu Cd, Cr Ni Pb 0
BHMEE

M 2 AT LU S R]5 K AL E T 535 JeRE d
F4JEICE Zn Cu,Cd, Cr Ni Pb fil B ) 5 R A77E W
W25 A =R TR R KA s &
HAZ R, HEREEE 10504 F. W ss Fonk
Zn (AR S2 1Y 7.9 %393 JLE Cu WS EJE S4 11
8.3 f%;S5 LR B &t S4 1Y 12. 5 1% S3 T
% Cr &R0 ST 30 5, RITRM SR
AR, W Zn B RE S LDl 846. 54 ~ 6 718. 87
mg * kg™'; Cu AU EEYE FEI M 245.70 ~2 051. 26 mg
kg™'; Cd AUMREEJRE M 2.82 ~112.03 mg * kg™ '; Cr
M BEVL N 61. 56 ~ 1844. 22 mg * kg™'; Pb e B
T BN 15.87~93.73 mg + kg 's Ni BYME B JE Ky
22.65~233.82mg - kg'; B AUMKIETEH N 2. 54 ~

mol -

2
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41.81 mg * kg~ ' M 2 I8 0] LA H BN SIRAE
AFTEN T EEAHENZES . — BN F ,Zn 13K
BE i, Cu Cr IR, Cd B (¥R B B ik
S5HERPESETEN SRS KRE G RAKLH
FRUEAE E (3% 2) , bR S2 FEfR A1, Zn 195 B SE AR AR 1

B KA AR HE(EL BRI, Cu tRFEAE T sl o R 1k +
St FHRRAE, AT 2 R TR 0005 Ye A i i
PR, a0 S5 A dbH Cd L S3 AL Hr Cr AT S3 #E40Hh Ni, A
I, Zn Fl Co S i EE M E LRI

2.2 SiRERPELEITE Zn.Cu.Cd,CrNi,Ph A

xR2 SREMTFEEEITE Zn.CuCd.Cr.Ni.Ph M BHESERKERTRRKAFERESLERE (ng - kg' THE)

Table 2 Total contents of Zn, Cu, Cd, Cr, Ni, Pb and B in the sludge samples and the permitted values of heavy metals in state standard of

pollutants in sludges for agricultural application (mg * kg~ 'dry weight)

B EEBICRMEEE
Cd Cr Pb B Ni Cu Zn
St 2.82 61.56 13.58 2.78 22.65 267. 69 1 095. 34
S2 3.22 141.37 27.90 13.77 45.13 282. 45 846. 54
S3 3.05 1 844.22 16.26 8.59 233. 82 2051.26 1 594.97
S4 3.82 82.72 15. 87 2.54 36. 02 245.70 1261.24
S5 112.03 108. 54 93.73 31.81 59.76 581. 60 6 718. 87
FEdildrdE 3 pH <6.5 5 300 600 150 100 250 500
13 pH=6.5 20 1 000 1 000 150 200 500 1 000

BHMESSHEEMAFIAMEXR

BT P H 4 JE LK Zn Cu ., Cd, Cr Ni, Pb fil
B SRS & | NS R A IR 3,
F 3 LUAEH, AR5 KAE) 5 hE 4R ITE N
WS EAEBRRNESR . Cu BB AEAMS, H
FRIE / SC A FA S A 1A 53 LA 5 Zn 4341 32 157K
SEBR)IGPRPE B A, AR A AR, HoAh
SR B R R, andE ST AR AL
61.5% , TMFE S5 FEsh IR )R 53. 9% o Bk S5 4F,
Cd BFRIE ST B m, BRI/ s RS T ER
fIG; Cr F1 Ph L3 A Rt AL, HRIE /38
B RS R Ni A e RS RIS / 384 25
IR, Hi RS 2% BRFeM S5 41, B &
FA SRS 1A 43 Lo o 3% 3 1T LA s e ry vk
Jok} H 4 Jm JC R LS o A A AR S0 5
WAL S5 A TR IR / SRS E U] I
HoAth 5 /KA EE T . S5 ARSI pH (ECH 4. 4, HAhY5
Jert) pH{ETEEE N 6.4 ~7.4 6], F S5 157 5
B R, A5 R 2 P M. FREERLA S TR

S 4 HE pH ORI L B R OLRIE S IR A
RZ—, RIETEDEIRICRRE /SRS TERA,

TR o DR FRATTIF 7 2 W 75 e A - S A A DL )
PRI 15 98 HA A BRAR M B 0 775 90 v 25 S 1 A AL X
1SR ICHEIL SR RA s T ik — 208

MR =R, TRIA / S AS B FR W] A e
4 B 1) S 5 MIBR PR R 25 5 IR 2, B BT 1k
5, AT AR BRI, sl AE TR IE S 05Tl

HTULI A RS R RS R EUE 5 TR e TR AR R AL
YRR B ZE G TEAS  SA A S F 2O 5 A LK
R 25 B MBS o i R A A AL TT LA a4 (6]
FERR, a0 4-4 pH el A8 il S 2SR s AL A A] LAER 40 %
ARG, WTTEAE I TR . Tz 8%
FEE B R Yy AT R PR A, AL
UG R T R TR AR RS EE I, sRiE T R P
DEEGHRET Y . 25 E Y ELS, R
WA BT PR/ N o AR 3 Al LU X TR
1) S5 FEfh, 1HeH A E B ITR NIRE / sCASE
HE AR, A S e, AR YA R
PR PEt K o BRERYERY S5 FESN AL, V5l h 4 B LR
Pb . Cr B2V / SCH AR AN, 5 DR TR 3 ML
Pb FIPANFE S Cr AR TRZIIRR , AL & 43 LUK T
10% , A RGS & AR, WA Rk i 2 , Cu BRI / 354k
BEREAOHHET 10%, CdRE/ RS SEA
I AR K AE 1. 1% ~ 10. 6% Z |7, 1fif Zn Ni #1 B
PRI /A L E T 10% , HSEEE, Y
AT,

&it

3

ARG 5 FKI5 KA 5 9B HUAk & &>
25.0% ~46.8% , SAGEHN 1.6% ~2.6% , B
HIE6.5~17.4¢-keg!, BT ENS5.8~12.6¢-
kg ~'o TR E B A WL & i DU R 4 R i
(4% ~5% ), HAtH )y + 56 PRI FARILE L,
— W 10~30 g - kg™', EBEE R ALE0.44 ~0. 85
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F3 SREMSP Zn.Cu.Cd.Cr.Ni,Ph Fl B EFIRNEESHESERESESET N b (ng - kg TH, %)
Table 3 Contents and percentage of Zn, Cu, Cd, Cr, Ni, Pb and B in sludges by the sequential extraction test (mg * kg~' dry weight, % )

V5K AL )
JLHE b1 S1 S2 S3 S4 S5

GRS HorH R HorH G ATt GRS HorH R HArH

Cu F1 7.0 2.6 14.8 5.2 146. 6 7.1 5.5 2.2 110.0 18.9
F2 4.1 1.5 2.8 1.0 112.3 5.5 0.9 0.3 98.7 17.0

F3 214.9 80.3 223.8 79.2 950. 6 46.3 174. 4 71.0 224.5 38.6

Zn F1 109. 7 10.0 197.8 23.4 601.6 37.7 247. 4 19.6 3621. 4 53.9
F2 156. 5 14.3 193.0 22.8 482. 4 30.2 341.6 27.1 1042. 1 15.5

F3 673. 4 61.5 246.9 29.2 397.3 24.9 589.3 46.7 790. 1 11.8

Cd F1 0.03 1.1 0.34 10.6 0.28 9.1 0.05 1.3 47.78 42.7
F2 0.11 3.9 0.51 15.7 0.68 22.4 0. 44 11.5 40. 59 36.2

F3 1.73 61.1 0.55 16.9 0.34 11.0 1.88 49.2 16. 63 14.8

Cr F1 ND — 0.14 0.1 18. 16 1.0 ND — 13.78 12.7

F2 0.37 0.6 1.27 0.9 23.70 1.3 0.41 0.5 6.14 5.7

F3 43.51 70.7 91.42 64.7 183.72 10.0 32.78 39.6 52.17 48.1

Pb Fl ND — ND — 0.71 4.4 ND — 7.80 8.3

F2 0.11 0.8 0.14 0.5 0.15 0.9 0.96 6.0 2.97 3.2

F3 3.03 22.3 6.90 24.7 7.08 43.6 14.56 91.7 24. 64 26.3

Ni F1 6.30 27.8 6. 69 14. 8 13.12 5.6 9.87 27.4 30. 94 51.8
F2 1.73 7.6 4.09 9.1 3.68 1.6 4.11 11.4 9.37 15.7

F3 12.53 55.3 19. 47 43.1 119. 96 51.3 14. 67 40.7 12.03 20. 1

B Fl 0.4 14. 4 2.6 19.2 1.5 17.0 0.4 16. 1 13.7 43.1
F2 0.5 19. 4 3.3 24.2 1.7 20.3 0.9 33.8 7.8 24.6

F3 0.9 32.5 4.9 35.3 3.9 45.9 0.7 27.7 5.6 17.5

E Aokl = (T5RPRITEIVEWRE /150 2T R BIKEE) x 100; ND FR IR T AR R o

grkeg ! ZH, B E G —KAEL6.6g kg A
A2 5 HER L, V5 TR RS S A LR | A I

TRESR  BAAIRG A AN B R T5 Je Hh EE 4 e T
R 5B A MR R R AT R EAR TG
Terh & w22 AR, M2ERUS, H 2 10 52 Es —
Fpi5 e AR DGR & W AN, Zn OB BRI
ZJ& Cu, Cd. B MR AR . ESHRIUWIE &5 A 0T
FERBEYE pH BB 5 R ELJE TR WES
OYAT RS U6 (S5 FEM) P& &R TR R /5K
SHEHAHWIHE S THAME R A%E pH F &R0,
Cu. Cd. Cr F1 Pb F o Mmskit S AR, RS /
A F A Zn Ni Bl B 43 A 3215 7K AL BT V5
PERRE ALK, S ABA B, R/ s
— e T 10% , ARGS G, AR PR FTAE )
R o AT 2 N B N A T TS 7K AL 38T e b
SRR, A5 e A FLAR PR IR s

SE 3k
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