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Abstract: Endocrine disrupting chemicals ( EDCs) as a class of emerging contaminants have raised worldwide concern due to their potential disrupting
effects on the endocrine system of wild animals even at trace levels in the aquatic environment. This paper reviews the occurrence and removal efficiency
of two groups of typical EDCs (i.e. steroid estrogens and phenolic EDCs) in municipal sewage treatment plants and particularly discusses the effects of
different biological treatment processes as well as operational parameters on their removal efficiency. Further through examining the adsorption and
biodegradation characteristics of EDCs the possible removal mechanisms of EDCs in the activated sludge process are proposed.
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EDCs
( Estrone E1) E2 EDCs
( Estriol E3)
EE2.
EE2 .
2
A( Bisphenol A . . . . .
( Bisp ( Concentrations of endocrine disrupting chemicals
BPA 4-Nonylphenol NP . ..
) ( yip ) in municipal sewage treatment plants)
2.1
( EDCs.
( Ying et al. 2002) . )
( Baronti et al. 2000; D” Ascenzo ( Andersen et al. 2003; Johnson and Sumpter 2001;
nesios et al. 20 . 1
et al. 2003; Ternes et al. 1999b) Onesio a 09)
EDCs
( N P ( EDCs)
1
Table 1  Removal efficiency of EDCs in various biological treatment processes
/(ng*L7")
E1 25.0 ~132.0 2.5~82.0 -22% ~95% Baronti et al. 2000
44.0 17.0 61% D”Ascenzo et al. 2003
51.0~69.0 8.0 >84% A/A/O Clara et al. 2005
34.0 72.0 -112% Clara et al. 2005
83.0 49.0 41% Chimchirian et al. 2007
58.0 6.3 89% Chimchirian et al. 2007
59.0 11.0 81% SBR Chimchirian et al. 2007
132.0 1.2 99% Zhou et al. 2010
E2 4.0~25.0 0.4~3.5 59% ~98% Baronti et al. 2000
11.0 1.6 85% D”Ascenzo et al. 2003
54.0 30.0 449 Clara et al. 2005
14.0~35.0 ND >99% A/A/O Clara et al. 2005
11.2 5.4 52% Chimchirian et al. 2007
161.6 1.5 99% Chimchirian et al. 2007
22.0 1.0 96% SBR Braga et al. 2005
131.0 47.7 64% A/A/O Zhou et al. 2010
31.7 ND >99% Zhou et al. 2010
E3 24.0 ~188.0 0.4~18.0 77% ~99% Baronti et al. 2000
72.0 2.3 97% D~ Ascenzo et al. 2003
79.9 3.9 95% Chimchirian et al. 2007
259.0 2.2 98 % Chimchirian et al. 2007
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1
/(ng*L~")
505.5 ND >99% A/A/O Zhou et al. 2010
134.9 ND >99% Zhou et al. 2010
261.0 <2.0 99% A/A/O Drewes et al. 2005
138.0 4.0 97 % Drewes et al. 2005
EE2 0.4~13.0 ND ~1.7 52% ~100% Baronti et al. 2000
8.0 5.0 38% Clara et al. 2005
4.0 3.0 25% A/A/O Clara et al. 2005
1.2 0.6 55% Chimchirian et al. 2007
873.8 77.9 91% Zhou et al. 2010
<5.0 <0.1 98% SBR Chimchirian et al. 2007
1.9 <0.7 63% A/A/O Drewes et al. 2005
14.4 4.1 72% Drewes et al. 2005
BPA 334.0 32.0 90% Lagand et al. 2004
3642.0 ND >99% A/A/O Drewes et al. 2005
470.0 19.0 96 % Drewes et al. 2005
1153.0 ~1255.0 723.0 ~40% A/A/O Clara et al. 2005
676.0 33.0 95% Pothitou and Voutsa 2008
730.0 150.0 79% A/A/O Stasinakis et al. 2008
700.0 61.0 91% A/A/O Zhou et al. 2010
806.0 57.0 93% Zhou et al. 2010
542.0 162.0 70% A/A/O Kérner et al. 2000
NP 6573.0 1649.0 75% Lagana et al. 2004
8172.0 1428.0 83% A/A/O Drewes et al. 2005
13080.0 2177.0 83% Drewes et al. 2005
1574.0 786.0 50% Pothitou and Voutsa 2008
230.0 180.0 21% A/A/O Stasinakis et al. 2008
101.3 51.7 49% A/A/O Zhou et al. 2010
43.9 15.5 65% Zhou et al. 2010
2130.0 320.0 85% A/A/O Kérmer et al. 2000
:ND
1 El E2 2000) . El
132.0 ng*L™"  131.0 ng*L"" .El ( Estrone—3-sulfate E1-3S)
72 ngeL™ ( Andreolini et al. 1987) .
Baronti  (2000) 6 E2 50%  58%
£l 61% 30 ( Adler et al. 2001) . (178-
4 El Estradiol{ 17 or 3) -8-D-glucuronide)
E2 47.7 ngeL™! 15 min E2 El
( Ternes et al. 1999a) .
E2. E2 Escherichia coli) B-
El 1 ;
E2
99% . . D”Ascenzo  (2003)

( Layton et al.

E1-3S
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. Ternes  (1999a)
EE2 El
E2.
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90%
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22.8 pgeg™' 31.5 pgeg( 22.1ng*g™ ' SS ;
2005) . (Nie  BPA NP
et al. 2009) 101.3 ~127.3 ng*g™' SS  2308.7 ~2323.6 ngeg ™"
E2 EE2 SS.
El E3 9.7 ~
2
Table 2 Concentrations of estrogens and phenolic endocrine disrupting chemicals in activated sludge
/(ng*g™")
El E2 EE2 BPA NP
<LOQ* ~ 37 5~17 <LOQ" ~ 4 - - Ternes et al. 2002

7 1.7 3 - - Andersen et al. 2003

- - - - 12440 ~ 143690 Aparicio et al. 2007

- - - 620 110° Gatidou et al. 2007

<LOQ" <LOQ" - 29.9 1089 Pothitou and Voutsa 2008
- - - 1750 40 ~450° Stasinakis et al. 2008
‘a. 2ngeg b, SngegT!; e 4-n-NP
EDCs Harper 2007) .
EE2
. Andersen  (2003) EE2 EE2
( Gaulke et al. 2008) .
. (37°C) EE2 . Koh
(55%C) EE2 86% (2009)
El E2 88% ( Carballa et al.
2007) .
.Ren (2007)
( AOB)
3 ( NOB) 8h
( Factors influencing the removal of Toc
endocrine disrupting chemicals in municipal sewage | EDCs

treatment plants)

3.1
1 EDCs
EE2 25% ~98%
Andersen  (2003)
EE2
( >90%)
( Servos
et al. 2005) ( Shi
et al. 2004) . EE2

(Yi and

Svenson  ( 2003)

18% . Zhou
/

/

20

(2010)
(A/A/O) .

/

YES( Yeast Estrogen Screen)

81% 28%

3

(A/0)
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. Gabet-Giraud
(2010) 14 (
)
E1.E2 E3
90%
EDCs
EDCs
3.2
( SRT) ( HRT)
. Clara (2005)
SRT EDCs
. Zhou (2010) Johnson
(2005) SRT
SRT HRT  EDCs
( Servos et al.
2005)
HRT
( >27 h) SRT( >35 d)
HRT
;  SRT
( Kreuzinger et al. 2004) . (2009)
A/A/O SRT  HRT
2 EE2 HRT(6 ~12 h)
EE2 (61% ~86%)
SRT 20d EE2
. 20 C El
E2 10 C

20 C ( Gabet-Giraud et al.

2010) .

.Jin  (2008)
EDCs
El
E3 NP
E2 BPA
(2009) YES
EDCs
A/A/O
4
E2.E3 EE2 ;
El E2
( Nie et al. 2011) .
EDCs
SRT  HRT
4 ( Behavior of

endocrine disrupting chemicals in activated sludge)

) ( SRT.HRT )
EDCs
4.1
Andersen  (2005) E1.E2  EE2
Freundlich
E1.E2
EE2 - K, 402 Lekg '.476
Lekg™ 584 Lekg™'.
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10 min
( Ren et al. 2007) . BPA
15 min
81%
K, 336 Lekg™' Freundlich
( Zhao et al. 2008) . 6
EDCs NP K,
5840 Lekg ™ Freundlich
( Hung et al. 2004) .
4.2
EDCs
. Urase  (2005) BPA

E2(6.839 h™') >E1(0.109 h™') > BPA(0.028

h™') >EE2(0.013 h™") . Hashimoto  ( 2009)
El E2 N
( >4h)
. NP
( Chang et al. 2005)
0.006 h™'
0.009 h™' BPA ;
NP
NP NPEOs
Ying (2002)
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Suzuki  (2006)
El1 E2
(5%)
El P El E2 N

SRT(3 d.10 d.20

Stasinakis  (2010)
d) NP BPA
SRT =3d

( Clara
et al. 2005) .

( Joss et al.
2006) . SRT
SRT
EDCs

5

( Removal mechanism of endocrine disrupting

chemicals in activated sludge)

EDCs ( Andersen
et al. 2003; Ternes et al. 1999b) .
NP NPEOs
EDCs
( 2009) .
EDCs
( Khanal et al.
2006)
dc,
k(K- C) X (1
dC,
: dt =k (K€, -C)X -k CX (2)
C, EDCs (ng*L™");k, EDCs
- (d™"); K, EDCs -
(Lekg™');C, EDCs
(ngekg™');k,  EDCs
(d7);x (kgeL™").
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EDCs
( DEPA 2004)

(3)
dc _

P ky, x MLVSS x C
k., EDCs
(Leg™'ed™"); MLVSS
(goL7). 3
EDCs
(DEDCs K, k.
ky;, EDCs )
SRT  MLVSS
EDCs
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SRT MLVSS
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( K k)
EDCs
EDCs EDCs
3 :0 @
g6
( Auriol et al. 2006) . Koh  (2009)
EDCs 3 .
70% ~76% .
NP 41% ~55%
28% ~42% .
6 ( Conclusions and suggestions)
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