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Abstract The baseline toxicity ( BT) genetic toxicity ( GT) estrogen effect ( EE) and Ah-receptor
( AhR) levels in sewage sludge from seven typical wastewater treatment plants ( WWTPs) in Shanghai were
measured and identified via in vitro bioassay and chemical analysis. The toxic equi-valent quantities in this study
for BT GT EE and AhR were 133 to 3 401 mg * kg™' not detected 25 mg * kg ™' less than 0. 02 ng * kg ™'
and 73 t0 6 838 ng * kg~ respectively. The toxicity effects from BT GT and EE were low compared to global
levels while the AhR level was comparable to that reported from various WWTPs. In addition the compounds
detected with these instruments can explain the 70% dioxin-ike effect especially for Bk which was the domi-
nant congener in S1. However less than 10% of the effect can be explained in other samples which means fur—
ther fractionation and analysis on chemical in sewage sludge.
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1
Table 1 Basic parameters of wastewater treatment plants and sewage sludge characteristic
/(ted™h) % I(g-kg") (g ke™")
S1 50 AO 15( ) 206 0.032
2 13 A%0 10( ) 218 0.23
S3 10 A0 50( ) 159 1.1
s4 40 60( ) 189 0. 042
S5 5 A%0 70( ) 122 0. 058
S6 10 A0 50( ) 182 2.5
s7 10 AO 50( ) 209 3.8
1.2 o
2 o
2
Table 2 Information of in vitro toxicity testing methods
35- 19
(5.6+£1.5)mg+ L~}
H4IIEA 2378
. Huc 20
(5.6+1.5)ng+L™!
4- d-
DNA 21
(374 +145) pg+ L'
22
(31 +12)ng* L7!
1.2.1 (TCDD,,, %) - S 4
9 ? (TCDD,,, %)
(3 5-DCP) (2% NaCl ( ECy,
) °© 15 min ECS()’I‘C])I)) o 4 °
L, L
. ) b TCDD,,, = L1009 (2)
( ) (1) Ly,
1 S 4 1 1.2.3
2~4h
(ECs, Ecso(3 5-DCP) ) o 3 ° ( ODgyy =0.2) © (4-NQO)
L o
I=1--" (1) ( : ( :
L, (3) G G
1.2.2 (4) (IR) * . IR
7 H41TE-uc
384 (75 p‘L) 24 h 1.5 ( IR, s IR1.5(44\Q()) ) 3
(2 3 7 8ICDD) ( ) .
DMSO ( DMSO) 72 h G = Aﬁ()()( ) ~ Aﬁ()()( ) (3)
L * ° Aﬁ()()( ) - Aﬁ()()( )
L (2 o Aml ) A ),
2 3 7 8T1CDD A ) = Ayl ) G
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1.2.4
24 h
(0D, =0.6) > & ( E2)
( ) ( )
(5) K
T ; D
30 min 0.2 mL 6.6, S 4 K
2
( ECs, ECsop) o 3 Fig. 2 Baseline toxicity of sewage sludge samples
K = B420( ) - B420( ) D (5) 2.2
T+ Ve Bl ) DNA
1.3 (TEQy,)
\ ( TEQ,;,) 35- o
DCP-EQ(mg * kg™') TCDDEQ(ng * kg™') 4-NQO- ( 3) 4NQOEQ
EQ(mg * kg™')  E2EQ(ng - g'). 25 mg * kg S3 °
(6) . PAHs
TEQ,,, = PAHs * . S3
(6)
EC50(3 5-DCP) ECSO( TCDD) ECso( £2) IRLS(‘H‘JQO) »” PAHs PAHs
ECs, IR, , S7T702 S3
2 DNA
27
2.1 o
2
4-NQO-EQ
R R>2
28
o 7 50%
4 ~7 mg
100% 3
3 5DCPEQ 133 ~3 401 mg * kg~ '( Table 3 Genotoxicity of sewage sludge organic extract
2) S2 o S2 4-NQOEQ/ /
. -1 me ® -1
( PCBs. PAHs. PCDD/Fs. (mg kg™ ) (mg> ") R
) S1 25 +4.6 6.7 3.1+0.36
2 S2 8+2.1 6.3 1.7 +0.2
S3 25 +14 6.4 2.6 +0.1
° S4 9.3+1.5 6.1 1.7+0.2
S5 14 £2.7 6.2 2.0 +0.38
S6 ND 5 <2
192 s7 24 4.9 5.9 2.6+0.43

:ND
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‘ ” ng * kg’
3 ~30
mg o 1~2 ( 4
2.3 o S7
7 000 ng * kg™
> 20
\ . (73 ~703 ng * kg™') S7
S7
( 3) .
E2¥Q 0.02 ng g'l 4
10 >
LIU ) E2EQ Table 4 Level of Ah receptor agonists in sewage
(0.9~6.8 ng e ) ] sludge soils and sediments from different areas
E2_EQ ( 17 ng g ) TEQ,;,/(ng * kg™") /
73 ~6 838 —
R 1390 ~6 740 3
10 ~8 300 h 33
22 ~3 900 b 34
3.4~10 35
3.4~23 36
3.0 ~380 36
542 ~6 834 37
39 ~324 38
18 ~35 39
45 ~248 Elbe 40
110 ~1 400 41
1)
3 o
Fig. 3 Dose-response curve for estrogenic effect 23
in sewage sludge organic extract PCDD/Fs PAHs
2.4 N ( TEQ.,)
1.0 ~190 ng * kg™
PAHs * PCDD/Fs*  PCBs ® (TEQ,;,) S7 TEQ.,, 1~2
( 4
Sl TEQCal
o 7 TEQ,., 70% ( 5) PAHs
H41TEuc 60% BkF o

TCDD-EQ

73 ~6 838

BkF
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E2-EQ 0.02 ng * kg™
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