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Pollution Characteristics of Heavy Metals in Sludge from Wastewater Treatment
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Abstract: Thirteen sludge samples from Guangzhou, Shanghai and Dalian were collected and analysed for heavy metals to investigate
the distribution and variation trend of heavy metals in sludge from wastewater treatment plants in Chinese coastal areas. The results
showed that contents of heavy metals in sludge varied significantly, and the average contents exhibited an order of Cr >Zn > Cu >Pb >
As >Hg > Cd. Additionally, contents of Cr, Cu and As exceeded their corresponding standard levels. Compared with contents of heavy
metals in 2006 and 2001, content of Zn in sludge increased while contents of Cr, Cu and As decreased. Results also indicated that the
industrial sludge was more seriously polluted than domestic sludge in terms of Zn, Cu and As. Only 23% sludge samples exceeded the
standards for fertilization of sludge, suggesting that most of the sludge could be disposed by land application. These results also provide
further information about the establishment of ocean disposal assessment for sludge.
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Fig. 1 Sampling location map of wastewater treatment plants

(pentagon) in Chinese coastal areas

T4 #% ( Berghof BSB-939-IR, German); A 4l /K X
(Milli-Q, France).
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1.2.2 FEAETALER

SRAERTSTRE S 22 A SR KT )5, B 85 33 160
H i, Fe MR A1E BURE 10 g Z2 A7 HERE S 52 . R A
THARET , FREL 0. 10 g TR T4 T 50 mL RIUHE L
WA AR AR IR AR S, A 5. 0 mL Al
TR, BT AR iR AR T 2 180 ~ 200°C fin# [A]
i3 ~4 h, FHHIA 1.0 mL fi5AR,2.0 mL = 54 BR Al
2.0 mL S IR, 7E 220 ~240°C PN 3 ~4 h
Ja, P ZE T BCR BN 1. 0 mL 50% MR , T
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Table 1  Information of operating conditions of the wastewater treatment plants
BTV . Ly Tk A HH Vet

Bl gy TR AT L R B AR
GM-1  AiET5K WIS (A2/0 TF) —% B 32 t-d"! Bk
CM-2  AEETEK G PEV5 2%k (UNITANK T.70) —% B 12 t+d™! JE 1L

J7M GM-3  A:iET5K TG IR (A2/0 T2) —% A 400 t-d ! Bk
GM-4  HAiET5K TSR (A2/0 TF) —H A 24 t-d~! ML
GI-1 Tk gk WIS IR (A2/0 TF) —% B — AL
SM-1 EIETEK g?m%%ﬁwwm:&ﬁﬁw% —y 54 10d-1 50 Bk

ity SM-2  AEETEK WIS IREE (A0 T2) -t 1200 t-d ! BLOBK
SM-3 ?iﬁ%ﬁmﬂ” 0% sx b8k B _ UMIBLAK S T 3

70% Tk K Fil - " B . -
SI-1 30% 1Rk ISR (A2/0 TF) -t/ 90 t-d ! B0k
DM-1 TG K PEATEETS PRk —% B — —
-1

KiE DM-2 EEVEA I (WRSCE ) —gA 2?%5% o ELBUkRE

DM3 ATk ﬁg?%ﬁiwﬁ%Tgw““”m — — 9.0 Bk L
70% B Tk &K Al Ay . e B a0

DI-1 30% K925 15K TG (MR A2/0 T.2) % B 80 ~100 t-d '

PO, B 47K 1A W Bk i 4 i 5% A 50 mL 25
T, A BARLR, B B R AR o
Mrzs W, T 1CP-MS 2.
1.2.3 FEdhHr

B —E R IT R MY B R 2 T R IR AR
HERB AW, AR TR 2280 5% HNO, J A 5 Hi Befith 4%
V0, TE A TR VR BE AR UEVA T, B T TR B bR o

TR 2T R IR W, XTI VR B T 2 bR R 51
WeEH 0. 0.10, 0.50, 1.00, 5.00, 10.0 pg-L7",
e AR WE R I AR S 0, 10.0, 20.0, 50.0,
100.0, 500.0 pg-L7".

FEEAT AR E 72 50 U TR FIAE (5t A I B 3
i =5E AL A NAREE W 103Rh, DAL EFS
FIERFATASIE. ICP-MS 1 TAES 503 2.

F2 UFITESH
Table 2 Operating parameters of ICP-MS
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RA A 0.15 Lemin ! TE W 3
KRR 8.0 mm FE SR IGH % 0.4 mL+min !
FALE g 2°C
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ZEREW 5RO H 2RI A FE W E S
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Table 3 Concentrations of heavy metals in sludge from wastewater treatment plants (dw)/mg-kg ™!
g KA AR Cr Cu Zn Cd Pb Hg As
GM-1 118 132 469 1. 86 27 1.83 30
GM-2 8676 431 669 2.10 81 1.40 149
N GM-3 335 1035 640 1.50 134 1.48 21
GM-4 236 861 1361 3.54 124 1.43 32
GI-1 149 376 733 3.18 78 6.91 32
SM-1 40 148 582 0.83 47 1.70 13
i SM-2 322 224 1237 0.90 64 1. 66 16
SM-3 384 961 1519 6. 69 144 3.01 17
SI-1 1567 490 1955 0.71 47 1. 11 22
DM-1 356 108 437 1.13 45 2.89 17
et DM-2 70 66 408 0.46 38 1.38 13
DM-3 191 98 689 3.46 65 3.54 20
DI-1 344 4386 927 1.07 74 2.83 22
A 984 717 894 2.11 74 2.40 31
bR 2 2343 1154 480 1.74 38 1.56 36
TG PR A R Pk - 58) 1 000 1500 3000 20 1000 15 75
x4 AEAHBHHEHETRESESELR(TE)/mg kg™
Table 4 Comparison of heavy metal concentrations in sludge in different periods (dw)/mg-kg ™!
A Cr Zn Cu Pb As Hg cd
2011 4 984 894 717 74 31 2.40 2. 11
2006 4 93.1 1058 219 72.3 20.2 2.13 2.01
2001 4FHi 185 1450 486 131 16. 1 2.84 2.97

(GB 18918-2002) "V KL% (75 YA FH S (A bk A
Bt 3 1) T Y 0 A A o R, AR A5 R
LTS IRREMER T Cr. Cu Fl As A #iArsh, HAth &
GBI KRB, Cr. Cu A As B9 HRF 40 51N
15% . 7.7% F 7.7% , #8 AR 0 FE 5390 & 1k 767% |
292% F199% .
2.2 SPARFHIE

V5 KA B FE R, 70% ~90% F 4 )8 e Kl
T W SRR TE WL AL BTG YR R Bk KA
SR ARRALHE Tolk K | AR 15 K R K AR 3
Vb U EE 4 1) iR s KOk R LA A e
AR YR AT BTG 7K AL BT HR A 5 K R IRAS [ AT 43k A
HETETG KR R, LK R 2 2 B, AR RS
AKALFR 7= A 35 e v 4 R A 7 A LR
5. TAVEAZHERTGIEH Zn, Cu A1 Hg B9 & B

AT ARG e (H M E SR SRR 2
MR BAE R #. D R M2 B g 3 0 Tk R K
S ERIR TG e A AR A e TR T K
R ERIRTTE IR, AR ST A58 5 HOR TR, X AT
RER T TR K WS S iy 7 Ml 288 56 FEAME 3R BT
T E KA Cr, Ph, As Fl Cd FFAN 2
FHOG I FAE TS ).

R T FEAS TR X 3835 A AL T A 3T S e
BTG YR, A R 3 rT ¥5 e v 8 4 8 1 Y
SEHERES. NZETUER SRPESRSE
e A 5. Bk Cu F Zn S, HAE SR S &
BIAT MG KA ks e s LA RE. -
RIS R T Cr, Zn, Cd M Ph IS EYE T K
%, Hg F1 As )& i o 2 224k {H Cu 19 & =L T
K%

x5 AREXBNAFXEHTETRFESREHRE(TE)/mg-kg™!

Table 5 Concentrations of heavy metals in sludge from various wastewater treatment plants (dw)/mg-kg ™!

WiH Cr Zn Cu Pb As Hg cd
; 5 1072 801 406 77 33 2.03 2.25
PNCET HEETEIK
Tl kK 687 1205 1751 66 25 3.62 1.65
T 1903 774 567 89 53 2.61 2.44
FRIK b g 578 1323 456 76 17 1.87 2.28
KiE 240 615 1165 56 18 2.66 1.53
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