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Characteristics of Speciation and Evaluation of Ecological Risk of Heavy Metals

in Sewage Sludge of Guangzhou

GUO Peng-ran', LEI Yong-gian', CAI Da-chuan', ZHANG Tao’, WU Rui', PAN Jia-chuan'

(1. China National Analytical Center ( Guangzhou ), Guangzhou 510070, China; 2. School of Environmental Science and
Engineering, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: Contents of heavy metals in different sewage sludges were analyzed and the speciation distribution and bioavailability of
heavy metals were investigated, and the risk assessment code (RAC) and toxicity characteristic leaching procedure for solid waste were
used to evaluate the potential ecological risk and leaching toxicity risk of heavy metals in sludge samples, respectively. The results
showed that contents of Cu, Cr, Pb and Zn were high and presented a great difference by different sources in sewage sludges. Most of
heavy metals existed in non-residual fractions and percentages of the mobile fraction (acid soluble fraction) of heavy metals in acidic
sludge were higher. According to the results of single extraction, 1 mol+-L ™" NaOAc solution( pH 5.0)and 0. 02 mol-L "' EDTA +0.5
mol+L™" NH, OAc solution(pH 4. 6) were suitable for evaluating bioavailable heavy metals in acidic and alkaline sludge, respectively.
Percentages of bioavailable heavy metals were higher with the stronger of sludge acidity. The mobile ability of heavy metals resulted in
the high ecological risk of sludge samples, and the bioavailability of heavy metals caused acidic sludges with a very high ecological risk
but alkaline sludges with the middle ecological risk. Leaching toxicity risk was very high in sludge samples except domestic sewage
sludge. After the removal of bioavailable heavy metals, leaching toxicity risk of sludge samples was still high in spite of its decrease;
however, part type of sludges could be implemented landfill disposal.

Key words : sewage sludge; heavy metals; speciation characteristics; ecological harm risk; leaching toxicity
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(TP) FILEAN (TK)
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Table 1  Characteristics of extraction solutions
') el oty pH
Extr-A 1 mol-L~" CH;COONH, + CH;COOH ZZwpih 7
Extr-B 0.02 mol-L.~" EDTA + 0.5 mol-L.~' CH,;COONH, HAEF + BHLERE 4.6
Extr-C 0.1 mol-L~" CaCl, TohlE: 5.55
Extr-D 0.05 mol-L~' EDTA AU A 4
Extr-F 0.02 mol - L~ "#7HEHR AR 6
Extr-F 1 mol-L~! NaOAc EERS N EN 5

1) Extr-A ~ Exte-F 2359 % BF A B, C. D, EFF

1.7 GRS R R AT

AT GERIUAL B PRBE R 4 (R T HL X 2 TR )
5N E SRR B MR 2 DI FRIOE Ve
FERAE T RS A BUS 15 e B 45 10 g, 4% 1#
IR 12 EEEIR TR SRR AS R ) (HI/T 299-
2007) , LARKIER/ BRBRIR AV WO 5], SR Y
FESEAL B | MEAF ol - R R, o i E A
FERRMERER M RZ M T, A v ig i 1 A SR8 1Y
R SR MP-AES W52 2 $2 5 i b i 4 R e,
TEARIE H R BT KUK

2 HFRESH

2.1 {5UekEah Y EAE I BURR A
T URRE AL YA B R i IR 2. BRIG 40K

IKAL B AN, Hoe WK TS U8 & K R, Ik E
75% VA L. HETE TG KA ERTE e (LDW) A4k T % 7K b
PG (NSW) R, L8 P K 4b Y5 Jg (DDW)
FIELCE KA BLTS U8 (ZZW ) 2 0d . AN R 2555 e
th S R 2SO, Hort LDW TN TK F1 OM
SEE, WS TR TN 1 OM & k. NSW
A TR MR K S Tk i £, Hopisie e
BT et & = T 10 cmol kg™
2.2 GRPEHEESESE

VSRR TR As . Hg Ni Al Cd & B8 A
Ve AR R P e R 0 AR S A R
3. AL TR KA FETS 2 (NSW) H Cr T HE B 7 7K
ALBEYG YR (DDW ) H1 Cu 75 e #R i 115 YA An v
HEBREME(F£4) 5 BTG KEIES(LDW) Hh

®2 SRHEALEREFASE

Table 2 Physico-chemical properties of sewage sludge

FE pH {& KR/ % TN/ % TP/ % TK/ % OM/ % CEC/cmol +kg ™!
LDW 5.05 76.8 3.88 0.16 1.20 10. 5 17. 4
NSW 3.48 74.8 2.29 3.59 0.31 1.19 8.69
DDW 9.04 84.7 0.45 1. 86 1.73 8. 14 13.4
7ZIW 7.49 48.5 0.61 0.08 0.97 7.04 11.7

®3 SRERTELEIERBXFTRAEEEEE" /mg-kg!

Table 3 Total concentration of heavy metals in sewage sludge samples and other related sludge/mg-kg ™!

= Zn Cu Pb Cr it
LDW 454 374 9.10 210 1043
NSW 50.0 360 1. 66 4288 4700
DDW 507 2436 71.5 437 3441
ZIW 229 302 73.2 2.34 606
Gzss!el 609 146 69.9 51.9

Gzzz758"%) 717 175 ND 19.4

GZHCS!e) 946 125 33.4 185

GZAS!"] 84.7 33 40 71.4

1)GZSS, GZZ7S T GZHCS 435K I I A V5 /K AL B V508 . I e 4) 45 R MRT IR V5 U8, V5 YRR ff ol 2009 4R 4E18)  GZAS ) ik

a7, ND. R
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x4 FRREPESEERHRE mg kg™

Table 4  Limit values of heavy metals in the sewage sludge standards/mg-kg ~'

Frife miH Zn Cu Pb Cr
A% 1500 500 300 500

R FhRdEY
o B % 3000 1500 1000 1000
T ———— pH <6.5 2000 800 300 600
pH=6.5 4000 1500 1000 1000
P pH <6.5 400 300 350 200
- pH=6.5 450 350 450 250

1)CJ/T 309-2009; 2) GB/T 23486-2009; 3) CJ/T 340-2011 () T 4 hrifi

4 R T T AR Al R A FH Y S b ofe %) PR 22
3K, {H Zn Fl Cu &5 5 T a AL Pk b i BR A
DR G5 R AR i AR R B R BE A7 7 A 25 1 3 XU
LDW o' Cu Fl Cr & S AH b 22 Ji 5 Ve AR S B,
HE T gis e b &80 22w hE 4 R &
AL, {3 Cu A1 Ph & E T ZATREL4L) KI5
A MRS e A e
2.3 BRPESEIESS
ARIZERG R E S RIS A ILE S, A
FRAN P Th 4w WA 28 o0 A 2 K. TR TS
& LDW F1 NSW H | Zn EBIRRIESAAE, AR
64% ~ 73% , LDW H1 R ¥ & Zn & & & 5 330
mg-kg 'y BMETG IR DDW Fl ZZW w1, Zn F B DIR
WA SIEAE, S EE 26% ~43% . 158 H Cu
FEUIRR S A, bRk Ts e L
B, 52 Ca {54 AR TS 6 DDW HFERIA A Cu
fR1ik 785 mg-kg ' 15 IR P EARFRIE A Ph LI
HEERA, ZZW T REA Pb FRE SN 35
mg-kg .15 IR Cr FELURE S MESTFTE,

x5 FRAPEEBESHHE/ mg-kg !

Table 5 Distribution of heavy metals’ speciation in sludge/mg-kg ~!

FE B Zn Cu Pb Cr
F1 330 152 2.95 75. 5
LDW F2 18.7 25.9 1.46 23.1
F3 77.2 162 2.06 76. 8
F4 28.1 34.1 2.63 34.6
F1 32.0 216 0.97 3458
NSW F2 7.22 49.0 0.23 196
F3 4.72 35.3 0.21 75.0
F4 6. 06 59.7 0.25 559
F1 157 785 24.2 139
DDW F2 67.8 370 19.6 127
F3 219 869 14.4 117
F4 63. 2 412 13.3 53.7
F1 60.0 97.0 35.0 0.70
JIW F2 38.0 26.0 3.90 0.20
F3 87.0 126 24.0 1. 00
F4 44.0 53.0 10. 3 0.44

PR SN B 30% DL b, B Z Cr i5 4L
NSW R IF A Cr 7 BB 80% , & & 15 ik 3458
mg-kg .
2.4 5UehESE AW n] RS EEEL

AN ) 2R AL B 6 e Hh 7 4 A= W ml RIS
AR ILE 1. 3 Extr-A ., Extr-B., Extr-D Hl
Extr-F 250 LB, &R O TR ER LB (Extra-A |
B A1 F) X R PETS U6 LDW Fl NSW H 8 4 J@ HoA 5%
SRFEICAE 11, Horp, 1 mol-L™" NaOAc % & ( pH
5.0) KR M5 U6 Hh HE 4 JE AR U . ) Extr-A
Extr-D Fl Extr-F X5 e 1 5 4 a8 B A 38R 26 iU,
LR BRER A EDTA Xttt 58 DDW Fll NSW
TP 4 AR ELAT B A AR ILEE . LR IR AR IR
0.02 mol-L™" EDTA + 0.5 mol-L™" NH,OAc ¥ &
(Extra-B) X 5 e 8 4w A B 0

P A=) RIS T 4 8 e R LR, LDW
Cu, Cr Al Zn A=y v] R 253 008 8 4 J@ Bt 1
28.1% . 4.8% F1170.9% ; NSW ' Cu, Cr Fl Zn 4=
Yo A 2S5 5k B Y 65.5% . 86.0% Al
66.4% ; DDW ' Cu., Cr., Pb Fll Zn A ¥)] B FHZS 50
M R 27.7% . 24.9% . 24.9% F1 29.8% ;
ZZW 1 Cu, Pb Ml Zn 43 9 5 BB 33.1% |
46.0% F1 19.2% . SR, 15 etk R, Hr
HEEAEYRTR ESE, X 5HE S RIESA T
BrE—2
2.5 Gl ESEASEE KK

4 A A G KUt FLE RS e ) A AE ] R
e . EHERTUR Y T E S m A S E R
B PP H FH Hakanson $5 %kt , SR T ek
i FHAS [R) R T 7K R A A B Az | PR I X 1328 4
W GiE N S EH TN, ZFRY T ELSES
KAPE At A rh, A SELSE (I EBE) 25
o TEBWATEILE, B AR EE 4G
F IR T B4 R R A S S EUE A AU AN
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Extraction concentrations of heavy metals in sewage sludge by different extractants
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Table 6 Leaching concentrations of heavy metals in bulk and extracted sludge samples/mg-kg ="

FE TiH Zn Cu Pb Cr
LDW BRG] 9.1 7.8 0.4 8.6
R 4.8 4.0 ND 3.2
NSW HEHUHT 23 44 ND 124
U 11 15 ND 70
DDW BRG] 75 514 1.4 3.2
WU 29 85 0.8 ND
— HEHT 52 ND 7.8 2.8
WU 45 ND 4.8 1.5
R ED 100 100 5 15

1) FE18 P12 21 % ) R BRI ( GB 5085. 3-2007 )
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Fig. 2 Degree of ecological harm risk of heavy metals

in different sludge samples
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Table 7 Concentration of heavy metals and nutritional components in the extracted sludge samples
e 62wk H TN/% TP/ % TR/ % OM/%  CEC/%

" Cu Cr Ph Zn P ‘ ’ ’ ¢ ¢
LDW 269 198 ND 132 5.51 3.18 0.22 0.31 11.4 11.7
NSW 124 600 ND 16.8 5.28 1.34 3.08 0.08 8.16 6.75
DDW 1761 328 53.7 356 5.21 0.55 1. 81 0.13 2.01 6.50
77w 202 ND 39.5 185 5.66 0. 80 0.10 0.10 6.56 7.16
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