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Abstract — In this study, we tried to quantitatively study the distribution of estrogenic activity in sediment from
Gwangyang Bay by E-screen assay. Besides, we compared the estrogenic activity and the concentration of
chemical pollutants. The highest estrogenic activity was recorded at the stations(GY6 and GY8) close to indus-
trial complex and the river mouth of Seomjin. These results obtained from the E-screen assay similar to those
of simultaneous analytical detection of 310 chemicals. In particular, GY6 and GY8 sites are confirmed as the
full agonist sites because of their RPE values were over 90% having strong estrogenic effect. Also, their
EEQ(Estradiol Equivalency Quantity) values are 35.6 ng/g and 14.6 ng/g, low than that of other sites, and these
results suggests that have relatively high estrogenic efficiency in Gwangyang Bay. From these results, we can
estimate that the stations close to industrial complex and the river mouth of Seomjin are major sources of endo-
crine disrupter in Gwangyang Bay. On the other hand, when we tried to compare the endocrine disrupter activity

and COD\yy, value, that is not correlated.

Keywords: Quantitative assessment(” 257}), Simultaneous determination(thHd® &A-F4%), endocrine
activity((|~E=Z124), E-screen assay, Gwangyang Bay(FFih)
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EA % drs oﬂf\i sk EA (&S] AEANT CH,
CHON)FS] f71E4E, diethyl phthalateS ¥} 2+ LHE 1A
J=HEC] o] A Yo W F71HoZ J&é}%vh Hy
TR, & 5200412 o)A o)A e) vl AT
& AT B o3 ALEAES =4S Eﬂkﬂt‘r Ja‘°k

7 et slojell ZABK oleldt TASE WS Yol Bake

(

¢

l"

2 BB Bt o314 G By BE ZAH o]
u|FEA] AT SIS W 1Re A= Q7oA oF g

< "E 7hede] o
ol2|%t et A AR B Ak 97109 EAS 7
=7 dAuA S 2P EE E%Q}éktﬂ 28 7FestANE 49
61: /\ggsl—ﬂo] 5H1Ho]] ] ],Oh:]_ gl-ta’
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= S 7RG ok wEbA], AESHY HIPHE olgsle] &
ZBuiA e S EE vetela s Axele] Awde FES
T o] kA A4S AEs] Hsir] st
*gaﬁm AP Foll A UiiEnlAlngt B A ok
T o183 in vitro]3} oI5, BAF G AENAE 0183 in
wvo?ﬁi TEE F Qlvh o gfergdo] Eqlehs 3
g doE viHIART 28-S ¥4 AEs] Y 44
OB AGEHA BAE Qs ol $1E)7) Wi USEPA
AN WIFAELE o83 in viroH & $-AHA PP os A%
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Fig. 1. Sampling sites at Gwangyang Bay.

[1998]). E-screen assays} 1-7|3}etE2le] £42 943t dlit A&
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TR Abg B FoFg), e)ar geielA & 1l A3
43tod 2004 99, 1293} 2005 3¥, 6¥° 27 HAES A
Fsle] A3l

AEAF = A FoU7IE o] g3l BIEHE0~5S
AFsri.om, A2E 300 mL 2871 Yol D83+ ice box
of got Ag-AE RIEIR om HA4 A7A] 4of|A Z}Je}*c, B2 W
Flgirk. L A EE 15 ojulel & 2 5E3le] g o] %
Eri=s

2.2 FEEMCIME SAEAY

Mg FAREAY S £ A7 A g]lsle] §F Sl o8 o
S wghEr 52005b]). 3, CODwe $2ZAAE
[e}
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221 EFA R

3105 3FshE-4d 9] %5 S (standard solution)= Y& 27235
ZAAT-AE] KadokamithAFER-E] Algibol A4 FER 8)48)]
AHEBIE. EF NS ARSI A 4 A A W
3l

222 Al gAY

H4%E AR 10 g& F3) methanol 30 mLS 21 =
& o F AAEYE EAE 100 mL BB 2 $7l= 2
. -

o] 33} n-hexane 30 mLE YL

. 637] =
-1 LI W
% methanolE& 78] FH|3t 5% NaCl 7894 200 mLE P&
Folztu) 7)o Y31 dichloromethane 50mLE- Bl FE3H= 3%
2 23] ¥HEEa —i,—%""—«g E2tekeit). 223t dichloromethane

71 & KD
=313 q—. U}X]”L_E ImL hexanes 0% &3
gk % 4 ﬂﬂ X_]aoLwL"{\jn < 5t UF-B5E (intemal standard) S
% (4-chlorotoluene-d,, naphthalene-ds, biphenyl-dio, phenanthrene-d,o,
perylene-di.yS 711Gl 2 A3 ARESE 7171 VarianA}2]
Star 3400CX gas chromatography®l €14 % Saturn 2000 mass
detectorE AME-SI.0H, GOMS EXZ0L Table 19 20}
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Table 1. GC/MS conditions for determining the target chemicals

GC/MS Model Varian GC 3400 CX

Carrier gas He (99.999 %)

Column J&W DB-5MS (5% penyl-95% methylsilicone)
fused sillica capillary column (30 m x 0.25 pum
i.d. x 0.25 film)

Detector Saturn 2000 MS

GC

Injector temp 250°C

Transfer line 280°C

Oven temp 50°C for 1 min, 8°C/min to 300°C, 300°C for 8 min
Injection method  splitless, 2 min for purge off time
MS

Ionization mode ‘Electron Impact (EI mode)
Scan rate(m/z) 45-500 amu

Background mass 44

Mass defect 0-50/100 amu

2.3 E-screen assay

MCF-7 M| ¥.(Bus cell)i= E-screen assay® 7l2ét Soto A7A
ol AZabo} 5% Fetal Bovine Serum(FBS)’} 3-+¥ Dulbecco’s
Modification of Eagle’s Medium(DMEM)BIX| & o]&3}o] 5%
CO,, 37 Wj7|elA wjekslsitt. DMEMHENR] 9} phenol red free
DMEMHIA], Z78]3 FBSY Gibco BRLAMIA 718ttt -
Estradiol-17-acetate(E»)2} &2k X338t 6052 AU s)st
E4, dimethylsulfoxide (DMSO), 28|72 dutx 07 Age o]
48 SEASS SigmaAH©]S)Y AldrichAH]Shel Tl
Sk,

2.3.1 Ay

) AE Ax

KDE5712 3 5537 71A19] A adS 3ehiA 8 Al
SANYYH LA TG 55 A F AaviAE &
i E A3 AAAF1IL DMSO ImLE ) X 83l Ag o]%
A7) 3000M B Sl

2) Charcoal-Dextran] ]

g3 Tl TR AEFAARE AAS] et ot 2
< AE 3t

F70] = A daFEed @HF x L)mLY FH5TE ¢
I, e iAo 8] BAE e F, SR E HY BA
A g%l het 5% B eH(Sigma, USAYS H71sle] A€
A7 FRTE €I AREE oA F Esoir] BARS
AL -, A4 2 ETH250 rpm, 2F). ©1F 33] o) WSS}
of A FHYAE AATTE. BAAA & At 05%

Dextrans €3l ZAAA7A] /5 €2 T oldE Hxlo]

;
x5

T

TS A G4 EE3R600 rpm, 58). AE9E 59
AAT T, A& da 7| EdAo] ETE A3 mHlsiA &

ek BARAIZITE ©]E shaking water batholl A 37, 60%7F Hll
e =, 94 FEETH3000 rpm, 203, AEHE A¥o|ER

ot

B3

Q- AAGI] T FLAFR B &, Eopa 44 2
FTH3000 rpm, 20%). ©] TFE 23] WHE3le] Aol ATAE
0.45 pm filter$} 0.2 um filterZ 17} AFS} 10 mLE F2 €
AR B 45 mLAE BF F 20°CelA B#ska ABA
2|4 3|58 3, phenol red freed}#]] Charcaol-Dextran*] 2|8
S 5% H7}810] E-screen assayell ©]-E3IT}.

2.3.2 E-screen assay

96 well plate(Falcon, Non-pyrogenic)oll NE & #5:517] MY
A &ol) AREE M) B (5% Charcoal-Dextran*]2] 3 ul=]:
CDFBS)E m@sjFch 121, 48 2ol A7t 5o =
25 cm? EHAIY XS FJAA S PBSEFACE 13] Al
e F 025%EHAAN §AE FepAAT 500 uLE H7Hste
MCF-7A|27} ZekA = vigola] "ol Jed(1~28 AK),
o) Zekaze] wix) 5 mLE oA IRt viAE 15mL €&
A% B (FALCON)ell o1 BAIA A 941(1000 rpm, 4, S3E)3H 45
ML aspirator <1 - AAGTE AFE7L ol gl AAFE H
A% 91 wAEsl] AZE dd3et & AETE AS 5
x 10%cells/wellE 96 well plate((Falcon, Non-pyrogenic)°ll Al32E
BEE(welld MRS 100 pL)3HE. 96 well plateE 3] &5
ol NEE FASHA BARZIL 5% CO,, 37°C B4 24
AIZE HloFE &, wellel]l 01 UE WiAE FAAIATL DMSO
2 NPER) 5 2Als 348§+ CDFBS7L 0180
wellel] 2} FEEE 713 ojwf, S tizEA! DMS0S] #
Z557F 05%7F HEF Stk AlErt H7HE 96 well plateE
5% COs, 37°C MF7]ol A 68 7H(144A17h) B3t 64 %,
Sulforhodamine-B(SRB) assay®. A|¥EASS sh}. SRB assays
Han 5-[2000]°1 23] #AA1€ APHHE o] &3t

2.4.5 A731A

rEZA BYE=F Hrish] Ak 4L offel 22 Schiliro
S[200419] RS W3

1) E-screen assayd] 7|83l Fod2 Ajg3drte] o8t 2
EA AR A 2] AEF FTlolt), AF2] F24 & (proliferative
effect : PEYE olgj9] H o= a3t

PE = (max cell number)sumpie/(cell nUumMber)negaive control

Negative controk- 0.5% DMSOX3ST CDFBS®IME] cell proliferation
< 9uisitt.

2) Positive control (17B-estradiol, E2)¥}] Zciju]awe] &Jgt A
T Z 2 F(relative PE: RPE) gto2A o|AEZA FHEE F
3} full agonist (RPE = 100%)2} partial agonist (RPE < 100%)
2 T2t

RPE % = 100%[(PE-1)samplc/(PE-1)e2]

3) NAEZA F71H(Estradiol equivalency quantity: EEQ)2
2 AEZAF 5 (cell proliferative efficiencyy 3713151t} o)
ARE-E ECsi 50% PECIX O] Al Ei= 34 dolth
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EEQ = (ECs0)52/(ECs0)sampie

A2 PESL EEQi: £8WHS1418 Fa4 E29] Z19 vl st
o} A&t

3.1 AT EINE0IML] fIAEZH 2WISTM(Dose-
response curve)

HEFAIER E29} 20050 62 FUTE HHEo)A 9] o ~ETAl
SN E Fig. 200 UERISIT), B2 55 JEH0R AE
7 SHENeH 5 aMelN HdS 712830t 20054 62
FFT HAES drERa BYE A% A9, GYL, 2, 3, 7 A
e AGe BE Aol AEFT} £33 oE:H o7 ZrE|g)
3 53], GY6 AHL EFAE E29] 5 nMo] M¥ESe A9 =
At AoE B} olefet Aak= GYe A9 dAEZA 24
T3V} E29] ol EzA S FT) fARITRs 2L A
FEE AEAFH AVER okt Agkejole] BE AAS oy
o EHRAS HES £29] ATe} vlwEo T o] %
e rEZARY S FFHor Frleint.

3.2 YTt EIMEO| HAEZ BT}

FFT AL 1) A ElHEL A3 38}0] E-screen assay
B AAEZA 89S A dy), A, A7PE tekst A
A7} 22FH U Table 200 IAERA B4 5L 7 A4,
AIZTEE BASIATY

32.1 3kt HAES) o E @A AT (RPE)

BE gt HAE MES S AR Talo] Bajet
A7, RPEFLS] W9 NPE ~ 100%2 thfsksict. 20044 9%
AE2] RPEGHE NPE ~ 41.1%%2 #2E 9y dHz g 7t
Z} 20.0%39} 41.1%Z partial agonistZA4]¢] ZH-4-S R<Ql GY6 A
A3 GY8 AL At ZF Aol A=A SY7
T BEEA P9k w3, 20049 129 A 2A Q] o AETA

BPaAE 20049 98] AR} FARBIHTE 242} 13.3%2) 15.0%
2 B9 GY6 AHH GY8 A oA gk niekst o ET A B4
a7k vl 20059 39 AE9] RPEZEE NPE~20.0%2] #2]
T JERkor] 2004d 98, 1282 Aol v R AR
T Aol Ve 28ttt 2005 68 AlE9) RPEGES GY1 ~ 3
-2 GYT7 ARE AQS BE AFoA 74.0% ~ 100%E E}
Al7)¢] RPEZLELE %9k

B3], GY5, 6, 8, 9 ABE2 RPE#] 90% o) s A E29)
RPEgte]] Hlsf 2211 &}o]7} HolA| ohs 73t ofaEzql &
€& Ve full agonist2A12] 2840 ) E = Aot} &
gk, GY4, 10, 11 A2 RPEA] 22 74.0%, 85.0%, 74%% &
Ze]o] o] AP G partial agonist] ZHE 7FsAo] & Ao
B adEnt. ojggt ARAERE, ARAFHAg dEglo] A
EZALY a9 5 0% wgEE A4 GYedt GY§ A

Holglow ol Ae BAT AT BA3lol g
224719 2949140 YL 7bg ol B 9] MEOT Wt

HehE9Fs 511996], 7 & 5[2006]). T3, o5 X H oz RE
HolAFF A AEZAGAY adh A4sE A o2 yehuitt 1
Y AHAAZIEE B, AHAE 2 i) 20059 62 A3
AFEe A9 BE A ¥ RPEZLS Btk 31 Houie]
cobgrel 271 (1)l H8) r71(78)e B2 sk Aakz
=P 52004} AFH FoF Fol ARNAE FaiA okt
% FUEris ®il(Jeon 511990], Park $[2006)) 59 s
Fobt HAES] o AEZA YL SN s e 9EF
of 7|k F2 AFHe 1 BAo] Fo} A Ao Pkdr)
322 FFNEAF JJAERA A5 5F7HEEQ)
NBEAH A7ER ZF 7 9] EEQEES A A3k 2004 9
el GY4, 6, 8. 9 AN EEQRte] #EE oA B3], GY9
A% 10.1 ng/g® B Al vlg) 71 W FEE o] Ao
A irERA BT BE A ow Bt 20044 12€ A
RBolXE GYS, 6 AR MRE 242} 50 ng/g, 36 ng/g® BEES)
12005 39l GY8 AR AT 18.5 ng/g] #ho% viERG
o}, 73 20059 69 AEoll4e) EEQEES GYI, 2, 3, 7 AA

A) Sediment extract B) 17p-estradiol
70000 —O—GNE OB -GV —0— A3 —E— GV —o——am[
ool O} ey (U kg (00§ oG e LG oy TS
60000,
b 50000
£
E o0m
I
3 30000
o
20000
10000 ,_,-/
0 S
‘ ® 0 = %0 oooor ooot oo o1 10100 Fig, 2. Dose-response curve of sediment
Dilution weight (ng/well} E2 concentration (nM)} extracts and 178-estradiol (E2) (n=4).
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Table 2. Estrogenic activity at each sampling sites

;

o:
g

o2

Sample PE of Sample PE of E2 RPE% of Sample ECs, of E2Z (pmol/’L) ECs(g/g)ofsample EEQ (ng/g) of sample
GY 1 1.4 NPE - -
GY 2 1.6 NPE - -
GY 3 1.5 NPE - -
GY 4 1.4 73 1.6 23.1
GY 5 2.0 2.7 NC NC
04’ Sep. GY 6 1.6 4.0 20.0 36 1.7 212
GY7 1.2 NPE - -
GY 8 33 41.1 0.6 60.0
GY 9 1.4 1.7 33 10.1
GY 10 1.2 10.6 NC NC
GY 11 1.6 3.7 NC NC
GY 1 1.0 NPE - -
GY 2 1.1 3.6 NC NC
GY 3 1.2 6.6 NC NC
GY 4 1.1 4.6 NC NC
GY 5 1.1 2.2 0.7 50.0
04" 'Dec. GY 6 1.4 4.1 133 35 1.0 36.0
GY7 13 10.0 NC NC
GY 8 1.5 15.0 NC NC
GY 9 0.7 NPE - -
GY 10 0.7 NPE - -
GY 11 1.0 NPE - -
GY 1 1.3 8.5 NC NC
GY2 1.6 20.0 NC NC
GY3 1.6 20.0 NC NC
GY 4 1.2 6.9 NC NC
GY 5 1.2 6.7 NC NC
05" March GY 6 1.0 4.0 1.0 37 NC NC
GY7 1.2 6.0 NC NC
GY 8 1.5 15.0 2.0 1835
GY 9 1.1 1.5 NC NC
GY 10 0.7 NPE - -
GY 11 0.7 NPE - -
GY 1 0.8 NPE - -
GY 2 0.8 NPE - -
GY 3 1.1 3.7 NC NC
GY 4 29 74.0 1.8 17.8
GY 5 3.6 93.0 2.0 16.0
05' Jun. GY 6 3.9 3.9 100.0 32 0.9 35.6
GY 7 1.1 3.7 NC NC
GY 8 3.6 93.0 2.2 14.6
GY 9 3.5 90.0 0.6 53.0
GY 10 33 85.0 0.7 75.7
GY 11 2.9 74.0 0.6 53.0

GY: Gwangyang Bay, NPE: No proliferative effect, NC: Not Calculated, PE: PE=(max cell numbet)sumpie/(cell number)pepative controt, E2: 178-
estradiol, RPE: 100x[(PE-1)sumpo/(PE-1)e2], ECsp: sample concentration or dilute volume at 50% PE, EEQ : (ECso)e2/(ECs)sampte

MRt ARHA egkon] olF AHE Alejs &

Rolx] B2

Hadtk 531, GY4, 5, 8 XA N4 EEQae 717 17.8 ng/g,
16.0 ng/g, 14.6 ng/g= 7} @A YIS T RPEFLE &7 ¥
Stk WA Gt AR o FoA] ol A o] rERA &

o

o ¢Jabd RPE#} EEQE#
E

rr

N

g0l 7P =S AR wadn. 7Hu AR E A

F B EAsR= BEAE FoA dAERA B E:

FAU GHEHE =4 GO B

T Ygler ofEet

¢y
o & §

o}

T

o
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Table 3. Kinds of compounds detected at each sampling sites in 2004
Sites Sep. Dec.
Compound types 1 2 3 4 5 6 7 8 9 10 111 2 3 4 5 6 7 8 9 10 11
Aliphatic compounds 2 2 2 1 & 0 0 0 t 0 06(0 0 0 2 0 0 I 0 0 0 O
Polycyclic compounds 4 2 3 1 1 5 o0 8 0 o0 O0lO o 1 1 O 2 0 3 0 0 O
Phenols 0 0 0 0 2 0 0 2 0 o0 o0/l0 0 3 1 0 1 0 1 0 0 0
Aromatic amines 0 0 1 6 0 2 1 2 0 0 1 2 0 1 o 0 2 1 0 0 0 o0
Pesticides 32 0 1 3 5 0 2 1 0 0|0 0 0O 0 0 5 0 0 0 0 0
Total No. 9 6 6 9 7 12 1 14 2 0 1]2 0 5 4 0 10 2 4 0 0 0
FIE. $HE Oh 520001 314 ¥4 52 EEQaES: AMs}
o F357 3.27 pgle, WA 10.60 pg/gw Barstglct. $lel A
B o5 vus] B Ak sj HAEIY orEwA &
AEsS it sl HABoIMY AN s we Aow
etk B Aol ol RPERKTH EEQRkO.23E okt Aroanos
Ak Foka J—O]jf/_} 18} A7) FeES 7)1aF o] wm 9l
£ GY4, 5, 6, 8 AHo] dAERA GA 7sAo] 71 =8 A Pesticides
o5 wawT, ok AFA IR 2005 620 A9 B 7 %
|

HAGAA ANAEZA EAo] SA VP A
223 Al o B AE7) S dojol & Ao g AlaEgtt.

A Ak /‘o

Jo
=1 "o =

3.3 2skEM At

331 B A3 BAsR: 710924 Heby 54

okt <gke] 117 XA HRES AFsle] TE EA)

EAMow $4% An AFE, A7 E = vkt %712&‘ E4o]
AEFSIT. Table 304 2 AAE, A7 EE AEY 710984
o] £7-¢F 75 eIt Bkt BE Bl F2 74"% 712
H=dLE CH, CHN©O)Y] 3HeHd 1x2EAS 71 9x 843
SRR T olgl g An= 3 S[2005bj0) WS Ads)
AgaNG el I dEd B LX), Bokut 2ot &)
o ZF 2004 98l GY6, 8 XM 242t 12, 14%, 129 GY6
A]

HolM 10807 71 B sletEdso] HAEg T T 5ok
EA(54%)% FFSEH(32%)P] BESSITHFig. 3). ol AH
N ET FAdE7) Axel % RPEjte] 713 1 EEQ#ES
dH o2 viA UeRt o7 o1 B F5of| 93t ol aERA

AL 7FsAdol BF ARl sl =& plo® LEP%E}.

332 FFT HAEFTY f7ea9Ed o

i)y EV* M HEE f7]|eHERY F
AZTER E53e] Fig. 40l vrehiSict. o2
ARE Mf& BE AR 2d3ELEC]
== ND ~ 36.50 pg/g 019100 o HAkeh, 2
FERY S E e GY7 AR W olE 2 AAERYH A
2 "olA = GY9, 10, 11 Aolxg & o
°o% AR FAEHCH vl S48 3}
9 AR 8 7S GY1, 2, 3, 4, 5 A 729549

1
=9

% 55 3ol WLE BAHUCH T, WA 089 F 5
7 1299 AR A B BAPI) FUee vy

Fig. 3. Distribution of organic pollutants amount obtained from sed-
iment in GY6 (Sep. 2004).

W Sep. 2004
ODec. 2004

Total concentration (ug/g

. B

GY5s GYs GY7 GY8 GY9 GY!0 GYN
Sampling sites

Gy2

GY4

GY3

Fig. 4. Total concentration detected at each sampling sites (GY; Gwangy-
ang Bay).

o= AR oxEZA GAAFTAME GYL, 2, 3 AFA of
2EZA o] #AHA dgkort Gye AHE A7 A
@Yol 7P L dAERA S Ko olHd Az RE
SAITHE o] olgh st Ante) o ~ERA BAdute]
Age Q= Ao F BT = 0.143, p > 0.05). Thak, BE
ARAE ZF GYe AFL ANAERA AT} PR w3 FErE
A Ad) ey} FekEde] o ISR HAEHo] w4
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e oAHE o3t BAES Aty By Se A
A8 xpate] RN A A 22 E o] X219 ) kS
g sfjo} g o, '

2= 2004 9¥, 1290 b A HY 117) X AF9
CODwre 2443197 E-screen assayll 934 £23 PESLY Awt
de AESAT 1 A PES} CODy, o) AAAGTE 0202
(p>0.05% LERTE o] AHENE CODy AR FATHIE
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