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ABSTRACT : Several endocrine disrupting chemicals(EDCs) were monitored to evaluate the estrogenic activities and the concentrations by
yeast two-hybrid assay and enzyme-linked immunosorbent assay(ELISA) in sewage treatment plant(STP) which consist of industrial and
domestic line. In the influent of domestic line, estrone, 17B-estradiol, 17c-ethinylestradiol and alkylphenolethoxylate(APE) were detected up
to 167.1, 39.7, 7.3 and 1454 ng/L, respectively. The average removal efficiency of 17B-estradiol after the activated sludge process was
77.5% and further removed to 80.8% after the sand filtration-ozonation step. These results suggests that the activated sludge process has
limited potential to remove the estrogenic activity effectively. The contributions of the estrogenic chemicals to the estrogenic activities were
70.7, 233, 3.7 and 2.3% for estrone, 17(-estradiol, 17a-ethinylestradiol and APE, respectively, in the domestic line effluents. Therefore,
17B-estradiol and estrone contributed most of the estrogenic activity in the domestic line effluents.
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9 ez Holg EAEARE vy Ivgezk 1 F FE 202 A2HE Aoz Rusgn’ =3 sAg

T BHS FolA AEGd2E R (phytoestrogens), ='d 3
=(nonylphenol), 8] &A(bisphenol-A)7} 27y 3~83 ng/L,

+ Corresponding author

~ =25 = o Z]
E-mail: chlee@ynu.ac.kr 1 g, 50‘013 0.036 pg/LAAZ HEHe A2 RIF
Tel: 053-810-2542 Fax: 053-810-4624 1 kY o) o] hRE fRHAZAED] pgllE

T otetA H oDl X] 293 7%, 20074 7¥



772 ol¥A - Ux4A - F44E - Kawai Hukiko - ©] 2§
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AZARERDY F2 2999 sHFANG °
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St AALE E4435lele 53 9@ S So)zgog Al
SHEF Stk AR, B3 Sl o1HF WEHAZIEAL Y
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7t EYEA e, 835 SEAFY JdrERZA &
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E o] 83l yeast two-hybrid assay7} BE 1L 9t} Yeast
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assay= A4 39 J2ERA 4L 2FH=Y QoA
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21. AlEe MAe|

F87 Fo St WENIZHEZ L A% AsER &
AstEE A 9 sFFHEA B2 Frt a7d Tt A4l
2 e 2 EFHEZY FFHE dHpHH 428 #
YEE gL, vHo|2AUEFA, HEe/MAE 2
i FFFE 47 S8 AFHG T ALESErh HAE
FPo2A A8 BFL AT AIRE 2479 A(GE/B,
Whatman)2 §Yo# A7) & W27 2&42 condition-
inget AYIIET A Sep Pak® C18(Waters)ol] E3A]ZT} ¢
Z2I2Heoz BEHEAE 2FA]A rotary evaporator(Waters)
2 g, A4TtAE AINZH ZEZASY FFE A
F+ DMSO(dimethylsulfoxide)ol] A-&iA1A &39I, o
2ES2AMNEDY 5 &3 E AEE 10% HEEd A8
AIA Alge wet 1008742 FEAA FZ5ech

2.2. Yeast two-hybrid assay

2 A7 Q2EZA &4 38L& Hdl =YF yeast
two-hybrid assays E7-F2) estrogen receptor(ER)E Z=QJA]
A FAWEH A7 ERE 0] L£3Q? o) YL in vitro
assay® StUEMN FAxS =7 W feEty tdsta
GAIT S 5 e ZHol Ytk FEA Z=2EE
Aol ZAgetd F&AY Fxus FERE |EAARIA
AHFE &L e DAL coactivatorZ2 £ H, o] #
2L YES(Yeast Estrogen Screening)Alole 9l Aolth
EIREEY Z2FY AE AVUNEE 2o RA oAE
Asd @ AA ek =, o] GRel coactivators} hormone
receptor 09 BHA G BHAFARI} EYHO AUth Re-
porter-F A A Z A& galactosidase Al & o] &3 w2ty &
2ol A ¥ 9 estrogen receptord] AEEA Fi= oA
EZ7Y 40 Zgstd /g3 3hd, DNAYOA oX=E
Z2A SEA elemento] ZAgsle] B-galactosidaseS HH]A]
71 reporter+A A1 LacZ7t HAME JjAldtch £¥]E B-
galactosidase 24 § 4~E ONPG(o-nitrophenyl-B-D-galactoside)
SA71A T A AE FFEE FH5A J2ER
A e 23T FAAA AAPPozA, YEEE Ho
U AR 22 82 455 SDulRY 2#sty, 30T
ANA 16A1ZF W Friolst A gfolzt ). o] Hujgdof
SDAAE A7l ZYAEE Asbeled 30TOIA 4xI2
W Fd &, vjd g 595 nm(ODsys)ol A EFEE 33510
ARY FAFEE SFAr G2 Mgde AR E A
S48 AAT 3, FAE 1 mg/ml Zymolyase 20TS =
sl Z-Bufferg F7bska] 37Tl 1587 FA s &%
9 AEHE A% 7)o 4 mg/mL ONPGEAE F7}
sted 30T 3083 BAAIA TA6Eg A7]3, 1 M9
Na:COs& F7lste] g & FAAZIvh d4 88 sty
502 420 nm(ODyo: ONPGS] 829} 570 nm(ODsyo:
Eead e AREFDAAN FEEE FF 5 g5
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B2 HoRREH 2R YRS T 4 AEY
ZERA 5= FHNZREA 17B-estradiol(E2)9) o &
AEE 100%Z 31 o)A that ARAQl H|EA E(Relative
estrogenic activity)Z 3H4kste] vebyich

Bstrogenic Activity(B4)= 222 1T OB ) 004
rogenic Activity = X1,
ODyy, Xt X v

t o ZAEE Al7Hmin) v AujgA e F(mL)
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Relative Estrogenic Activity= X 100
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2.3. ELISA(Enzyme Linked Immunosorbent Assay)
ANEEZALERY 5EZ40) o838 ELISAE LA
HEe ol&ste] FA T FAE Tdo) EAF st gy
4% ER 243 a4HYH(Enzyme Linked Immu-
nosorbent Assay, ©]3} ELISA, Takeda Phamaceutical Co.
Lid)oltt. o]A & ol &3t oJAEZA EA49 R ES 2
Aot AAod a2 2 17B-Estradiol(E2), Estrone(E1) ‘;‘ o]
% ST AN2ERA #4g MHe dIE FI9 170
ethinylestradio(EE2)7 ZH& AA 2 @o] ALLEE alkyl-
phenolethoxylates(APE)9] =& =339t

3 &gZEn ¥ &

3.1. SOmix H buffer 70l 2I8t yeast two-hybrid assay2l
7HM

WEBA G EZ o] AolN A o, fH7H Tt &
X 549 SAER HAY, FEYAEAS TS e
=Y TFoE WEHAGNER S qﬂﬂ A =H9E At
2ggatA Aok batd B A3 E F#9 Nishikawa”
ZHEE A e yeast two-hybrid assaydHolAl A& A3}
€ 2#5t9) S9mix(Oriental Yeast Co. Ltd., Japan)¥] A
29 24 HaAFIEAM A 7R Adz dsiye =
Nishikawa” 2 5.5 R|9h®l Z# 9] yeast two-hybrid assay S}
SLsHA oFAE A bR B -S9mix A Y, rate] 3HF
L2HE FE5E S9mixE A7 ALEL +S9mix, 27
3l QlAtehE=g dl(phosphate buffer solution, 0.1 M KH,POs,
0.1 M Na;HPO, - 12H,0)€ #A71et= A9 S +Buffer= 3
th A7]o A S9mixe S9, coenzyme, Q1AL (phosphate
buffer solution), 18] 3 nutrient salts2 JL 5 o] buffer &
g ¥FIAT +S9mixt +Buffer AIZ I A4= SDHIR] 200
PLE 175 pLE Z4A17132 S9mixe} bufferfol & zbzt 25
pLA Frtetdon], Unz) A@dye -Somixet A5
FEH A

ojF T Al 7tA] ALE BAAEY U HELEE 3
st 2 AFE Fig. 1] JeEith Fig 12 A 25 -S9mix,
+S9mix 123l +Bufferdle] Al 717 AEZ 17B-estradiol
(E2)9] =% "FHEE EAs9 S9mix 2 buffer7} B)
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=, somixe] THARY Sl AR gAY A7tz 8
AAEFY HEHAEE S WgA BT F e 2F

do] ez #49 F7HE AT F e A=
Upehste

o] 2% RE +Bufferd 9 AAEZA B4 Zrldx
BTt obF AR F9 E25T7t /HAE dAERA 84
ol HEte w2 EHEE VERI vk & ATl A
e El, E2, EE29 22 JENAZAEE2 345 @
7 &A% ¢ Q&= DOM(dissolved organic matter)Q] tannic
acid, humic acid, fulvic acid®} 2L AFAHERTNY TF
o] gojuu,"” o] <latel WRH|AFRERY rERA
o 9FL 12 & I =R FAF A=
I 7 FEE st WEUAGAEDT B2
&L A5 21 6}0% EX o)1} bioavailabilityell §E&S
o' o9} 2 18] Alg Fd EAste &7 /U=
o} AES %“éé}% F2% oHY 9o st F
B 28 7HAE = Mgt 42 84& FHAe RS &
$ glth. aE} BE AZ QojA] +bufferd] 7} -S9mix,
+SOmixA| BT} £ JAEZA FHL JeE lemg
2 7R AEEZANEY FEY FUt £FHHA AL
& F AUk

o]714 Table 13} Zo| buffer®] pHE th&stAl WS A
7t ANEEZRA B4E& 35t & A, SDEjR ] pH7}
daEzA gy MAE I T RS IAIT + A
t} =, bufferd] pHE 4.48~9.2971A HIA AL o], Y
Sh= buffer?] pH7} 7.210)4 04, SDulz| 9] pHE wi¥ A
(626~6.52)RT} wjF Folls <t FAstY 5.99~6.32=2
Uebsth. Buffer®] pH7E 5750189 4bd ZolAE v&
A=E 5% ol3t2A 84o] wig @A Uekgoy, buffer
o] pHE 721904 929747 F71A%& o SDujAIY pHE
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Fig. 1. Relationship between relative estrogenic activities and
17B-estradiol(E2) concentration for water environment.

o5 etel x| 29 79, 20073 7



774 olgA - UAY - A4S - Kawai Hukiko - 0} & 3

Table 1. Effect of buffer pH on estrogenic activities in
effluent of sewage treatment plants

Table 2. Concentration of estrogenic substances measured by
ELISA in sewage treatment plants

pH of buffer pH of before . pH 9f after relatlve.e.st.rogemc
. incubation of SD  incubation of SD activities,
solution | A

medium medium %(S.D.*)

4.48 3.74 3.43 4.7(0.5)
5.75 4.19 3.66 4.8(0.5)
7.21 6.26 5.99 23.5(4.2)
7.98 6.42 6.24 31.2Q2.5)
9.29 6.52 6.32 34.8(3.0)

*8.D.; standard deviation

HEE v A AEstn gemz pH 72190 49
QIAZ8AE Frlete] +Bufferdl9] yeast two-hybrid assay
g FsAh

3.2. SheRCIEY LHEHAZWER 5T
HEHAZNEZ S BAsk: U seAade Bzl
A7t F2 fUEE 7FEALDom)# g8, F1A,
#& AAFELERH fdde IRAFAYSFI Few
F2AE(Ind )2 O AHH o} A Fe o
AART SdedAYd I AERA HARF L AA A
I ok, BHF Fol FEdes FFAEE AAGY)
Aot RAHAIS/F)-L.EF3H0z) F0] #7150 245
I Yo A Y9 2 AHPsol dF E25e
F 54& Fgs7] Aste 489 AAAN 2AE FH5HY
o 7HEAE 2 YA #YHE 959 pHE 74~
7.5 HSlolH, BOD =& ZH7 443~140.9, 126.9~170.2
mg/LEZ JEPTE CODun B5E ZHzF 25.5~155.5, 50~218.7
mg/LE el FaAgo] 52 Aot
stexlg]de] 24 A F8E ELISAZ 249 17a-ethyny-
lestradiol, 17f-estradiol, estrone, APE¢] %A= Table 2
o Uepdth #gdeke] FHEQ JFFHFT2 R 170-ethyny-
lestradiol E&=& 7F3Al Y594 <LOD(limit of detec-
tiom)~73 ng/Le] YHE A& LAY E A
2lE Fol= <LOD~12 ng/ll W92 #FAhHE AS2 Yet
Stk 593 AT sEAE BRFA 1.0~9.0 ng/l
2 A2¥E Aoz sz gow FIMs ND~7.0
ngl B9I2 AEHE Aoz Rumy gornz? B g
A Gl A&9 17a-ethynylestradiol?] %7} 92wt}
o WA AEHE 20w kit dlaEza 240 A
Z 73t 17p-estradiol®] B9 7H3AA <LOD~39.7 ng/L
9 FER FY=ol AESE HTFL ANEA JY 23
ng/LE sty mefjolde} o&as FPos Hx 7
&3kl 9loy AESE 2R 17B-estradiol7} S35 AA
HA ¢ ALZ UEgth Estone2 7HEAIG §Y5l
A 35~167.1 ng/LZ =0 JE4H AFgdL AXA
A 2.5~102 ng/lL BY= ﬁ%ﬂiﬂ A& o2 17B-estradiol
E2 TEE A% A& ¢ F U o&2NY F
e 13~7.0 ngLZ xﬂhﬁl% Ae & F AeH, o
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Site® Date Concentration(ng/L)b

EE2 E2 El APE

Dom. Inf. Ist sample 7.3+2.1 < LOD° 167.1+£9.1 145452
2nd sample < LOD 32+0.5 134+£53 38.0+£3.9
3rd sample 1.1+0.1 35£06 64.0+20 815+15
4th sample 0.9+0.1 39.7£05 35409 116.6+12.9

Dom. Eff. 1st sample 08+0.1 < LOD 102+03 10.5£0.6
2nd sample < LOD < LOD 39419 12005
3rd sample 1.2+0.2 083+0.1 6514 26.7+0.6
4th sample 0.8+0.1 23101 25+£02 6309

Dom. S/F 2nd sample < LOD 0.7+£0.1 57£0.8 125+£0.7
3rd sample 1.5+0.1 2.1+04 44£01 12.6%0.1

Dom. Oz. 2nd sample < LOD < LOD 7.0+25 5.6+03
3rd sample 1.5+£0.1 1.1+£02 13+02 0.6+0.1

Ind. Inf. 1Ist sample 3.8+22 < LOD 16.6+59 247.1+£109
2nd sample < LOD < LOD 10.1+169 1024+89
3rd sample 1.5+0.1 62+0.7 46.0+05 119.2+143
4th sample < LOD 16.3+04 8.6+0.6 24281424

Ind. Eff. Ist sample < LOD <LOD 62+£09 23.0+18
2nd sample < LOD < LOD 1.5£17 172+24
3rd sample 13+0.1 2.6+£05 82+42 392205
4th sample < LOD 95+04 32+23 14605
Ind. S/F 2nd sample < LOD 1.0+1.0 15+18 21.8+2.6
3rd sample 1.2+0.1 3401 7413 141£09
Ind. Oz. 2nd sample < LOD < LOD 40+29 101£23
3rd sample 1.0£0.1 15+0.1 2.0+£0. 1.7+£0.1

® Dom. = domestic line; Ind.=Industrial line; Inf. = Influent; Eff =
Effluent; S/F = Sand Filtration; Oz.= Ozonation

b Mean+S.D.(Standard Deviation), n =4

‘LOD: limit of detection for EE2: <0.8 ng/L E2: <0.7 ng/lL El:
<0.8 ng/L APE: <0.3 ng/L

AFEs = sheAEE FHFFW estrone AEEAAR] 14~
76.0 ng/LETH ¥ =52 A&HT Igch?

A 71A 9 AFFEoZRE fEske AHEEA
2 AR EQ APEE ZAA QoA 102.4~242.8 ng/LE 79
Hol BESH A7 Foll 14.6~392 ngLZ IA 74H
Fom, LEAT Fol= tS Fasto 943%71A AAFHE

22 yetgth AESLH A E A F9 APE iEﬂ
estroneo|} 17B-estradiol Bt} A £& 552 ASHI
L1} Fig. 59 ¥=-9h8 FA) Yephduiel o] APEY] °ﬂ
2EZAGYEI 1008] FE G2 SHEE VHABER o2
EZAGHNE Z2HI XM= estroneo|t} 17B-estradiol BTt F&k
o] A& ZALE @ddd)

3.3. StEAE| ML HIAEZH EME
REEHsEAEeR AEe sheAdE] Ay 9 &
EAT T HEAAZANEDY 5 Table 2004 Hiv}
S} o] & FOoF Frhse Ag T F YT 23y
o|HF ANEEZANEZRY BE ZhoE EFsL Fig 2
of vebdl nieg Zol 7HEA 9 F9A9 §E7(Dom. Eff.
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Fig. 2. Relative estrogenic activities of each process of do-
mestic and industrial lines in STP. All samples were
concentrated 50,000 fold.
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34. QI2EZH BMZO CHE 7|0 =

AP AN AEEHE d2EZARANE o= 74 Y
BHAZNED FollA £ AFA HFF 49 ey
AR E2 17B-estradiol, estrone, 17a-ethynylestradiol, alkyl-
phenol-ethoxylates®] 7|4 =& BA35I9%th Yeast two-hybrid
assayol 9 47]9) WA R BAY HE- ZH 1
H L= Fig. 49 Table 364 B wie} o] wj$ Aol
£ sigmoid curve® UEMgTh B T4 y=a/(1+
(xo)eld 4 BAE2 HU a &gt b B0 0 2
H] & E(relative activity)E VEFATHTable 3). 93714 x¢
< 4 8459 4 8= F BN ECs(50%
effective concentration)l) &1@sHA4 =9, F29 EC& 1.02
2 9& o YNAQ ECso Fhg relative potency= VeI TH
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Fig. 4. Concentration-response curve of 4 chemicals by yeast
two-hybrid assay(Error bar value: Standard Deviation).

Table 3. Parameters and regression equation for 4 target che-
micals using yeast two-hybrid assay

Relati
Parameters a b xo(ECso, M) o clative
potency

E2 95.899 1329  267x107 0997 1.000

3.02¢107  0.998 0.882
2.80x107  0.999 0.951
1.53x10°  0.999 0.017

E1l 85.809 -1.203
EE2 90.217 -1.488
APE 33.089  -1.752

* Equation: y = a /(1+(x/x0)b)
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