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Abstract: Sewage sludge containing heavy metals and organic pollutants are often toxic and persistent even after being re-
leased into the environment. Samples of sewage sludge were collected from seven wastewater treatment plants in Shanghai
for chemical analysis in combination with microtox assay of the major pollutants in the samples. Results show that Samples
S5 and S7 were high in heavy metal content (Cd, Hg and Cu) , and higher than the average of the country and the criteria
set in the Standard “CJ/T 309 —2009” for Agricultural Use of Sewage Sludge From Wastewater Treatment Plants,
however, in terms of contents and compositions of PCBs, OCPs and PCDD/Fs, all the samples were found to be at the
safe level; and in terms of mean PAHs concentration, were lower than Class A Criteria of the Standard for sludge to be
used in agriculture in China and the standard for sludge in land-filling in US and EU, as well, except for Sample S7.
Which reached up to 34. 61 mg - kg™, being five to six times higher than the standards in China and EU. Chemical analy-
sis of the leachates from the seven sludge samples shows that all the samples were lower in PAHs concentration than the
standards for identification of hazardous waste, but higher in DOC content than the European standard. Microtox assay indi-
cates that in integrated toxicity, Sample S3 was the highest followed by S1, S6 and S7, and then by S2, S4 and S5, sug-
gesting that sludge derived from domestic sewage is much higher in integrated toxicity. The findings may be cited as basic
data for subsequent treatment and disposal of sewage sludge.

Key words: chemical analysis; microtox assay ( luminescent bacteria toxicity test); heavy metal; sewage

sludge; leachate
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Table 1 Leaching procedure for sludge samples

15 K75 JRIBEEH Cu Cd Pb . Zn As F1 Hg 6 F 8 4>
&, ZWI5IE(PAHs) (2 E B (PCBs) FIA ML
A2 (OCPs ) ZH6 it iy BREE Wil oo A 70, —
ME G (PCDD/Fs ) ZE ¥Rl AR 2Rl oo I 2

FIESR FH 0435 7K 35 e 8 o s A 46 KT 3R 5 1
(HJ 557—2010¢ [F{& %Y = sz mik KF
PRk ) AL E E ZAE LR 7 (US EPA) FLE 1Y
TCLP ( toxicity characteristic leaching procedure ) 3£,
HARSHOITE 1, BB AR 56 &
& Jm A PAHs, Horf Cu (Cd Pb H1 Zn & &R H kG
JEF WAy Y BE I A, As T He & &R R
PN CREMRE | 73 1k A HLBR ( DOC) F iR
JEATHEL AN LR TOC 43 B A0 R |, 5 i A
Tl &5 SR FH o 28 3 — R R 2 i ol B e et
PAHs F 82246 b T PRI I v o 2

157K V5 U6 A W 1 0 R TN SR FH & O Al TR s
BRI E BRI W A s A 2B 225 [ AME
R0 RSN T Y5 K TS PR S 6 v S
BAHSC S0 I i i A sk, BRSO R 1, LR
ZERLL 15 min KCHNHE EC, [HEAN, [FASLK Iy
N 4 B B R mg - L7 A T I 4 R
AR, IBAA TR BEARFR M EF0R

BRI m(EE) 2 VORI PRIBGH] W = EirseA L]
KRG Tk 1:10 FEMK FKF-HR3% ,60 r - min! LR 16 h,F# 8 h
TCLP 1:20 TR 2% /iR W YR ,30 v+ min™! FELERY 18 h
WAH S50 7 1 1:10 35 g - L7 NaCl K- ,200 r + min~! SR 24 h
[F AF S 96 5 vk 1:10 35 g+ L' NaCl ARk #£1 000 r + min~' Z5AFE T HEFE 10 min 5 FAE

400 r - min~' ZF FIERE 3 min, SEA)E &

2 ZERE5TE

2.1 BAKGRPISEYBENKRNES ST
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P AR T, 328 10 50 ) P 058 42 4 55 N (AR fgke
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DA 4 [ S 3475 Ye oK SF W3 20 IR AR E /T
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KeAE S S1,S3 1S5 Y Hg 4R 4> ) #8 i CJ/T
309—2009 A ZAriE (<3 M <3 mg - kg'), X#
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FEEIRESE
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M2 3 Al %0, BREE A ST A, TTie s —Rh 2kl
PAH it 225 RIS (SPAHs ) #MIKT 3%
4 R S hR T B f R SR VFRR A, BRAE 8L ST SN
HAhAE &L SPAHs “FH{E R 1.90 mg - kg™, AR T
D72 A B IX 14 N5 KA V5 K TS T
(IRIMS5 5 (1. 16~6. 80 mg - kg™ ), F B b i Hb X
KI5 KR V57K 75T PAHs &% 88K, 1M

St TRE ST, 45K 2RO PAHSs B3 6 bl
B, SPAHs RIS HARE S 18 i, 5 H
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Table 2 Heavy metal contents in the sludge samples
B ey w/me k)
¥ Cu Zn Pb Cd Hg As
S1 B 151.82  599.94 151.99 2.38 4.30 6.82
S2 B 1983.63 1214.63 120.70 2.60 0.27 10.31
S3 B 450.48  783.68 128.53 4.43 4.01 7.63
S4 A 199.56 1250.80 129.57 1.83 2.30 10.15
S5 — 2054.36 1593.39 103.46 5.82 4.04 16.36
S6 A 369.38  999.69 10.63 1.31 0.55 12.97
S7 — 2394.92 1487.86 24.10 2.50 2.83 58.46
Ty 1086.31 1132.86 95.57 2.98 2.61 17.53
42 219.00 1058.00 72.30 2.01 2.13 20.20
A A <500 <1500 <300 <3 <3 <30
A B % <1500 =3000 <1000 <15 <15 <75

—FIRAFF A CI/T 309—2009, K A HAA B %48 CI/T
309—2009 Y A ZAI B FARiE,

£ 3 SKiTES PAHs &2
Table 3 PAHSs concentrations in the sludge samples
FE w/(mg - kg™')
HI(a) . HFIH(g,h,i)FE KIF (k)T I3 & Vil W SPAHs
S1 0. 530 0.45 0. 300 0.61 ND ND 1. 06 2.94
S2 0. 140 ND 0. 140 0.19 0.42 0.41 0.25 1.57
S3 ND ND ND 0. 64 1.28 ND 0.35 2.28
S4 0.120 ND 0. 089 ND 0.22 0.45 0.35 1.23
S5 0. 084 ND 0. 068 0.10 0. 66 0.33 0.14 1.39
S6 0.057 ND 0.053 0.55 0.49 0.38 0. 46 1.99
s7 6. 780 2.32 1.030 11.70 ND 4.53 8.25 34.61
K s R 0.000 2 0.001 0 0.000 5 0.005 0 0.000 5 0.000 5 0.000 5 —

ND Fn R T B . SPAHs REkf (6 20 DR R IRIT(0) 98I0 I () PR IRIE (k) 581 TRIT (g, h, i) FBRIEIZR(1,2,3-cd) EEHZ
Mo FIARERIIRR N PAHs (355 AR R, mg « kg™ ) AT (a) B (0.000 5) K I (b) % B (0.000 5) , ji& 4 (0.005 0) , &
(0.000 5) . = ZFF(a,h) B (0.001 0) ,—EJE(0.000 5) Z5(0.005 0) 5 (0.000 5) FIEiH:(1,2,3-cd) B (0.001 0), 7 F PCBs f44% PCB-
1016 .PCB-1211 ,PCB-1232 PCB-1242 .PCB-1248 PCB-1254 Fl PCB-1260, 311, PCB-1016 K 1 R4 0. 005 0 mg - kg™', FeAx 6 #1547 0. 002 5

AVAR 45 i NI U SAVAVANEZ = ok U R SAVAVANG IR =K IR b ol BN v il | BN PR 5 o B SAVAVANE S/ G Sl 2/ 4Nl [ e 231 B2

KT

XFT PCDD/Fs(# 5) ,#£40 S1,54 .6 F1 S7 1y
FE PREEE 2S5 (1-TEQ) 4371 Jy 4. 81 .21.79 7. 30 Al
12.56 pg - ¢, FIIME A 11.62 pg - ¢, BEZEAE TAH
KFRERY I i SRVPBRAE (3R 4) , AR T — L2 A
MR A% 4K (20 pg - ¢ I HAE 17 Ff
ZRESRY B RO IR A OCDD Al
OCDF, %Pk Ac i Ay 2,3,7,8-TCDD H11,2,3,7,8-

PeCDD ¥RE o #E— 20 2B WAL s 17 Fh —
WSS A (B 1) AT, i AR R e 2 5 i iy,
1,2,3,4,7,8-HxCDD.1,2,3,6,7,8—-HxCDD,
1,2,3,7,8,9-HxCDD.1,2,3,4,6,7,8-HpCDD FiI
OCDD & Z fl 5 B Y 56. 9% ~ 86. 9% , Horp )\
SZUCH) OCDD/Fs 5 B A 44.9% ~79. 2%, X5
Hp R SR ] Y5 K S U e R Y A A 3
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Table 4 Threshold criteria for PAHs and PCDD/Fs in the sludge samples

Yy RS e AUV (mg « kg™) brRfER S bRz Bk
SPAHs 6 ENV.E.3/LM-EC 2000 S U T A S
SPAHs 5 CJ/T 309—2009 BT KAL) VS Ak B A IR
HIH(a) 15 US EPA 1993 2[5 e b B wR F AR
#It(a) P 2 CJ/T 309—2009 TG KAL) V5 e sb B AR TR BT
HIf (o) 1.5 ENV.E.3/LM-EC 2000 WK Y Ife TAE SCi
P 4 ENV.E.3/LM-EC 2000 8 8 5 U8 AR Sk
I (k) DE 4 ENV.E.3/LM-EC 2000 W ¥ e AR SC
I (D) T 4 ENV.E.3/LM-EC 2000 TR A 5 8 T A S
#3F (g h,0) b 4 ENV.E.3/LM-EC 2000 RRER 95 8 T A SC
BiZE(1,2,3-cd) 4 ENV.E.3/LM-EC 2000 8 5 e T A S
TR 100" GB 18918—2002 WG KAL) IS Yy HE R bR v

DB R ng - g7t

x5 BAGTRPIBERYRSE
Table 5 PCDD/Fs concentrations inthe sludge samples

TREIER AR w/(pg - &™)
thCA R WXHRE TS S1 S4 S6 S7
2,3,7,8-PUR = F# IR - 2,3,7,8-TCDD ND(<0.1093) ND(<0.1115) ND(<0.1025) ND(<0.109 3)
1,2,3,7,8- @A I X - nEd 1,2,3,7,8-PeCDD ND(<0.1435) ND(<0.1251) ND(<0.1289) ND(<0.1435)
1,2,3,4,7,8- N8 I - s 1,2,3,4,7,8-HxCDD 1.27 3.02 0.97 1.21
1,2,3,6,7,8- N8 I -XF- g 1,2,3,6,7,8-HxCDD 1.27 8.52 1. 60 2.51
1,2,3,7,8,9- /NG A I -XF- ik 1,2,3,7,8,9-HxCDD 2.54 5.88 1.35 2.24
1,2,3,4,6,7,8— bR - HIF-X-—mE¥x  1,2,3,4,6,7,8-HpCDD 17. 66 110. 65 31.24 31.27
JNE R I X - g 0CDD 84. 90 690. 98 485. 86 360. 11
2,3,7,8-PUSH Ik 2,3,7,8-TCDF 1.99 18. 11 7.29 11. 09
1,2,3,7,8-TL58 — 2K FF ks 1,2,3,7,8-PeCDF 2.84 9.56 4.15 9.07
2,3,4,7,8-TLA A IF kg 2,3,4,7,8-PeCDF 2.71 17.92 5.91 11.46
1,2,3,4,7,8=75% — Ik 1,2,3,4,7,8-HxCDF 7.70 24.06 8.57 19.71
1,2,3,6,7,8-7S & I 1,2,3,6,7,8—HxCDF 4.29 14.16 3.95 6.20
2,3,4,6,7,8-7NA Ik 2,3,4,6,7,8-HxCDF 1.39 3.97 1.84 3.31
1,2,3,7,8,9-7NE 2K FE 0k 1,2,3,7,8,9-HxCDF 6.91 19. 80 5.22 7.04
1,2,3,4,6,7,8— L& I 0k 1,2,3,4,6,7,8—HpCDF 24. 86 63.62 19.07 25.47
1,2,3,4,7,8,9- b5 Ik 1,2,3,4,7,8,9-HpCDF 4.74 9.11 3.48 5.85
NG AR FH R OCDF 24.08 76. 43 33.27 61.53
ND R TFHz IR,
R i T e B =T 2.2 EKERBHBMULEN
= r v N v L N 3
S w % 2 2 Z RS e R TN A5 K 75 DV A o B
o 28 — — - B EIER G TG KI5 e iR oW F25 6 1 e
g 2V /- — — — N - o Y SN
AN — — — — VN 50 #ral e BA S i (e, X2 R ok iE oK
£ 30l /4 — — — =y s N S .
E:“—#’ 20L /4 — — — (H@Ei\ﬁ‘ﬁ\iqﬂﬁﬁﬁ*%ﬁﬁ%Uﬁf‘{ﬁﬁ%i
10 L —— — b v Vb
€ s — WA SRR MRS AEAE T A VL IEETE S
S1 S4 S6 s7 RGN .
B R A MO 2 RS
O OCDF; MHpCDF; @AHxCDF; N PeCDF; EITCDF;

EOCDD; & HpCDD; B HxCDD,

E1 EERENSRIZBEERUESENT
Fig.1 Homologue profile of PCDD/Fs

in the sludge samples
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HARIGRATFO, A AT 0 ik R 6 Ff e 4 )& fil
WA= LGRS, UL a 130> Q [ER RT3 Je it
FET S FCETT LA B, 2 R O R £

H
e

A3 MY e A — 20, HAHSCE # (P<0.01), BT Q
(BB AC , 28 B AR [) B 20 X6 26 4543 sk ok, BN
HE VR 4 Vs R ™ B, X U B AR A S2 AT ST BYiR
T A 4 R TS e TR, S3 T S6 I, S1 .84 Fil S5
AEXTREE
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Table 6 Heavy metal concentrations in the sludge leachates
/(g + L7 Yo
FERL Cu Zn P: = : Cd Hg As Gafn QM
k¥ TCLP /K  TCLP  JK¥  TCLP  JK¥  TCLP k¥  TCLP  JK¥  TCLP  JK¥  TCLP
S1 30. 00 65. 00 28.30 28.30 2.78 22.22 0.54 0.36 5.73 0.77 16. 22 6.33 -0.87 -0.68
S2 1727.50 1565.00 2 504.24 2942.84 36.11 83.33 1.79 1.43 0.75 3.02 3.68 4.98 1.16 1.12
S3 170.00 160.00 1 089.42 1 131.86 11.11 44. 44 0.54 0.36 4.30 ND 21.70 6.41 -0.32 -0.27
S4 37.50 435.00 70.74 1980.76 13.89 5.56 ND ND 0. 88 ND 6.69 34.53 -0.54 -0.74
S5 15.00 145.00 113.19 565.93 ND 27.78 0.36 2.15 1.51 2.16 15. 61 0.67  -0.68 -0.33
S6 292.50 420.00 820.60 990.38 11.11 61.11 1.08 3.23 4.91 1.42 1.74 6.73 -0.43 0.18
S7  2337.50 390.00 2 674.02 424.45 27.78 61.11 3.41 7.17 1.66 27.79 30. 44 1.07 1. 69 0.73
ND FoRR TR R, KR % PR K, TCLP IETRTFR TCLP,,
®7 BKTRZH &S PAHs DOC BB IEFRILD S E
Table 7 Concentrations of PAHs, DOC and dissolved sulfide in the sludge leachates
p/(pg- L") p/(mg - L") p(ZPAHs)/
G E[ B (3 P DOC ERETL LY (pg-L™H
IR TCLP IR TCLP IR TCLP IKF TCLP IK TCLP IR TCLP K- TCLP
S1 0.05 ND 1.820 0.319 0.011 0.005 0.050 0.033 128.76 991.42  1.63 81.45 1.932 0.357
S2 ND ND ND ND 0.017 0.006 0.027 ND 1570.42 1475.36 18.22 42.91 0.044 0.006
S3 0. 05 0.08 ND ND 0.036  0.060 0.023 0.037 1050.02 1463.14 25.77 40.41 0.112  0.175
S4 0.18 ND ND ND 0.005 0.029 0.028 0.038 151. 18 737.64  2.50 9.11 0.209 0.067
S5 0.05 ND ND ND 0.029 ND 0.038 ND 90. 12 848.80  0.69 11.12  0.118 ND
S6 ND 0. 10 ND ND 0.024 0.036 0.029 0.036 1005.98 1550.75 80.24 30.18 0.053 0.169
S7 0. 06 0.05 ND 0.356  0.021 0.063 0.045 0.030 654. 16 814.05 22.57 10.08 0.128 0.501

ND FRRMIE TR B, KPR35 1 8 R K7, TCLP YRR Bk TCLP, AT el i) PAHs B0 I 1A 4 B (455 9 SR B, g -

L) 3 (o) &

(0.005) AH:(a) BE(0.002) AFH:(b) HHL(0.005) FEH:(g,h,i)FE(0.010) FEH (k) ZER(0.005) JEHK (0.050) JE(0.005) ., —4FH(a,h)
H(0.010) , &% (0.005) FE(0.050) .Z£(0.050) . E£(0.005) JH(0.005) 25 (0.005) Bfijf:(1,2,3~cd) T (0. 010) FIFEE (0. 005) .

*8 FABRERUBHESERMANYKIENRES RITFRE
Table 8 Upper limits for heavy metals and organic pollutants in sludge leachates

T /(mg - L")

2&‘ R V(9 p N

H e m( B = VO n o o He A DO FERTERIEH F0F ()i
GB 5085. 3—2007" — 100 100 5 1 0.1 5 — — 0.000 3
EN 12457.2—2002% 1:20 5 10 2.5 0.25 0.1 1.25 50 2 500 —

1:10 10 20 5 0.5 0.2 2.5 100 5 000 —

EN 12457. 2—2002 {f A 5 & mg - kg™, 9 TAEFGi— Lbde , B30 m ([EA) + VOIRIR) S 12 10 F1 1 2 20 2540 F B A9 S B It vk B

1) ER R SRR e SRR s 2) GRFRAL B2 il BRUEFHATS P h— Bl )

XTI T 9 PAHS, BT KRR s 2 A 4 Fif
PAHs K2 th, 70 5 9 6 25 EE M98 R, o, GB
5085. 3—2007 HERI AT (o) EEBA K, 7EFT
ARERT, ST p (SPAHSs) fie i, KP4 % 2 0
RF] 1,932 pg - L7 A s S A28 (1. 820 pg -

L) J& B TTERE s 3 TR AR L), BT R IR
A2 P I E BT Y E 4 B D 21066 T 32. 18
mg L ,Epfﬁxﬂ‘:ﬁﬁ%%{gﬂj p k 81.45 mg - L7
FEA ST, W K T EN 12457. 2—2002 4 fi% 5

VFBRAE, [HXFF3= 1 DOC, 2 By il 22
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SERIE S 5355 664. 38 F1 1 125.88 mg + L7, FR/K
VYR RE A S5 Ah, HoA A L 100 mg - LT
e VPR, JB T e Y, 15 KI5 e h Ktz
% DOC 1] g 3™ 5 1 AR AU, B ik A K
K1Y DOC TE A I VE I T #4784k 53 i 1y [ B
S R THFE KA T ¥ A 48, XK AR A= i A K
B 3 ok, DOC 19777 7T BE 23 52 i T 42 )& Al
T AT B AEAE T 28 FE RS e Ak, 0TI 52 1) 3 26
VI A A
2.3 BTG RMEXARSEESEYSERN
5T AR LY 12 RS BT e A b U S
KI5 PG G IS M R T A A — BB SR G
YIBT LA K G ) 22 ) 1 52 2 4 FH 5% e B ot 9 25
EWEEE, AEE U, RS TS 55
FORE S )R 0 75 B2 0 2 AR ) S 30 A A IE Y
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determined with 4 different leaching methods
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