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ABSTRACT : So far, investigation of environmental pollution has been achieved in field study. This
remains the most exhaustive approach, current dimensions of environmental researches and their inherent
complexity require that relatively inexpensive and simple laboratory procedures are developed to make
possible the screening of large numbers of sites and samples. At this point, microbioassay has been high-
lighted. The purpose of this study is to evaluate the water pollution using microbioassay. Two microbioas-
say methods were optimized and validated for the sensitive and quantitative determination of total toxic
effects in the water. EROD(Ethoxyresorufin-O-deethylase) microbioassay was focused to detect PAHs, PCBs
and dioxinlilkke components in the water and E-screen assay to xenoestrogens. The EROD microbioassay
was executed in rat hepatoma cell line, H4IIE and E-screen assay in MCF7-BUS cell line. Kumho river was
selected for this study. 5! of river water was extracted using combined solid-phase extraction in static
adsorption mode with soxhlet extraction. Pollutants adsorbed to the XAD-4 resin were recovered by elution
with ethyl acetate and methylene chloride (1 : 9). Toxic effects of extracts were determined by EROD-
microbioassay and E-screen assay. EROD activities of water samples were 7.24~72.24 ng/l MEQ. The
estrogenic effect of various water samples is quantitatively evaluated by EEQ. The EEQ of samples range
Jfrom 0.05 to 6.07 ng-EEQ/l. These results suggested that Kumho river was highly polluted with organic
toxic chemicals.
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°F A 719el ofg eE® = W] U
ol 27| »FAE Hrlsh= AR g oulke] 9
v E 7EAA Hek

FeluEle seAE o] ol E g yol sk}
cheFgt AR 245 S FA|9] Aol B
3] 3o HrEE I ol W IRMEAE So= AHA
2 Algte] Wt f= o WEHAIS e 4 s E
o] gle] 2ol A7t FAlo] S7hskaL AvkSoto 5, 1995;
Colborn -5, 1993; Waller &, 1995; Hileman B, 1993,
1994).

EROD-microbioassay2} E-screen assay= o]2{gF 2hg-2-
2 A AELS R0 Her $oho s
W2 o] 7124 A) 2 glv}t. EROD(Ethoxyresorufin-O-
deethylasey= CYP1A A9 tAl&A 424 ERODS
=71 E2&% polychlorinated biphenyls(PCBs),
polyaromatic hydrocarbons(PAHs) & dioxinF7} §1+=4)
EROD fri= S|l #7134 2wtz 7
< d¥Ad o] d7=o] 23 glvh(Nebert 5, 1989). EROD
E =AM SREAE BAjEelle R g 2
Asht £5 TN HHCE HF F9 Sole) 3
Ag 23N FHoE g g}

E-screen assay:= A §HIohA| £ MCE-7 A %7} o
2E 2l oJd) o] FAIEE TS o] L3} A Ew)
% Azl W eaZ A o AERA A4S A HIME
AL A= esiela d=liA ok Soto F, 1995;
Nagel 5, 1997). o] ¥P§-Z vi-% =izlspd <@g 2 =23}
S FA A&E] A 5 oS Bat opel 2 &
S Y Uk 4 8le] 3 F AR S g4
WA Aol Ed-S HAEshed s Zlos g
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¥ AollA= EROD % E-screen assay?] F7F<] micro-
bioassay 7S ©]-8-3 32| 2 dx 248 A4 3}s}
7] A8 A B HE HEAS A slely A eks)s)
Som 1999d 6958 109714 237 570 Ao A A
g Al8E AP E AR Hrlsigio)

I ZHE S AlEeH
1. A ExH

Fig. 194 Ba= ule} zro] T35} 2] Abfellr e
el AA FAIKHI), SMI(KH2), 23 (KH3),
T2 AZ(KH4) 2 AHILKHS®] v AR dAte=
199941 64, 79, 84 ¥ 10¥9]] 352 A3 skd EROD
24 24 2 E-screen assayZ 31t}

KH1 : Kumchang bridge
KH2 : Anshim bridge
KH3 : Paldal bridge
KH4 : Kumho bridge

KH5 : Sechun bridge

STP : Sewage Treatment Plant
IS :Industrial Complex

Fig. 1. The location of the water sampling stations in Kumho River.
2. MR ®x2

ABTE ARl AFPUR 29 F4] 5LHS Fsle
T33O R pH32E 2 F At A EkE A
29 104 0.5g% Amberlite XAD-4 resin® 93 2447}
F¢F FFAF1E static adsorption modee]] 28} combined
solid-phase extraction HH22 FEAE-S FHA)H
FEAEe] A resin Soxhlet Ao 22 F methyl-
ene chloride2} ethyl acetate(9:1) EF-Eu]E o] L35}
FNREE 53] A 20 AN A7z
2 AR HEH 2R 100% DMSOe S0 ALg3}iTt.
FF AgA 243 AE25E 100me) HEEEE A
Hell H-4H%0S. FAIEY Afolls FF4E o] 43l
Ae ARy Y3 uhgor Fulsigd.

EROD #4+=E3 2] HFEE33) benzo(a)pyrened} ol
2EZA 28-EAlo] P FEAQ) 17B-estradiolol] &) 3)
& AL 3 A7 105.549.18 2 98.24+5 905 el
Axe] AERe] M3gte] El=. =3 FAI3 A
Fell= EROD B4 9 E-screen assayel 23] &Ajo] &
ZEA gkt

3. Ml=ZHigk

£ Alglell A= H4IIE(Rat hepatoma cell)?} MCF7-BUS
(Human breast cancer cell) cells AM8-3)}9].2™  HA4IIE
A E3= American Type Culture Collection®-28E MCF7-
BUS AZ v|= Tuft W&kl Dr. SotoZ e Fofo}
AR

H4IIEZ} MCF7-BUS M| ¥+ 72t MEM(Eagle’s min-
imum essential medium, Gibco)?} DMEM(Dulbecco’s
Modified Eagle Medium)®ll 5% fetal bovine serum(FBS,
Hyclone, Logan, UT)S A7}t 37°C, 5% CO, incubator
(Forma scientific, U.S.A.)o|A wjokFalgict.

4, EROD &M £X

Ethoxyresorufin-O-deethylaseell ¢]3ll ethoxyresorufin®)
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S = resorufin® 2. fALE = A S E
4 &AL Burke and Mayer®] ¥PH-S w3 X)) Drenth
5(1998)2] vbg o= 3sjoich

24-well platee] MEE 4x10°cell/mi seedingdt 3
80% A= & wj7}x] wicksich. Al 27} A4 AAeldS
o AXft A BE ZF well®] wioFd | mid 1 uH 718t
§ vehicleZFo] 0.1%7} x| =5 22§ F 4847 uj
oFataAch. 48717 wlioF F 7+ wellS- PBSE 23] Al sl
5uM dicumarol @ 4 uM ethoxyresorufine] H7}=l wjef
NG 718ted 37°Cell M 3087F viokslsd o 7+ well2] )
oFol & Ha)sled excitation 530 nm, emission 588 nmel|A]
}AS A0

EROD 4% A% o2 Hrispr] el FAvlz=z
3-methylcholanthrene(3-MC)#2] Al w]aZel MIR(Max-
imum induction response) @ MEQ(3-MC equivalent con-
centration)s AlAFsIATH. WA MIRS 3-MC® ERODE
A HAAQl 10" Mell 3 EROD 84 7He 10022 ¥
I Zk A|8°] EROD Ael w3k Ax|E F3le] &4
g AB7F e F 8l FHu 54 od3kS b A
4 9lvh. MEQ:= A& %2 EROD ¥4 EAHE 3-MC
Fog FMtele] AFsle W oEAM FFEAQ 3-MC
o] gy 9] 13} P42 He] AASted ng(3-MCY
LAIE9] == Jelfglc).

5. E-screen assay

MCF7-BUS cell&- ©]-8-8F E-SCREEN assay= Perez 5
(1998)2] =l &Js) AgsiAct. At AZEE 0.05%
E3541-0.53 mM EDTA -4Na 29 (Gibco)o-2 H-3mo g
FE] &2]A)7] Fol 5% FBS(Fetal bovine serum)7} &
e 2= DMEM2E 3etr]A 24 well platedl] 2F well
= AZS7E 10,000 cello]l HEZ B33 ¥ 37°C, 5%
CO, w7 A wiefsled vistel] H2A) 7 e} 4847 A=
M EZ F-2k2]7] F vl F 2 phenol-red’} $1 DMEMS
2 24 AL F 10% CDFBS(Charcoal-dextran fetal bovine
serumy”} -=lo] 2l phenol red”} ¢l DMEMOZ
JAAA A Q-GN E AR)sHH . 144412 F9F AFHEA
ol %A% ¥ SRB(Sulforhodamin B) Wrol] oJsf] A Z
AA-E 43190

ANAERZA I Ao Frshr] Y U=
¢l 17B-estradiol} AFHIWE s}gi}. o] wby> 17p-
estradiolel] ©]&F 2o M| EFA el o] HESo) w3t AlF
=4 Hd AEFHAGE HEFE WEEE A
MEZFA] &3 A 8] (relative proliferative effect, RPE)
£ T8l vlaehs Aol EEQE A& T MESA]
=SS 17B-estradiolF 2. 3hAkste] Aeksl= wbyo

287

22X FFEAHY 17B-estradiold] £ I3 1z}
e AFgsle] ng(17B-E2)/LA1 8] 12 vieh)
st

6. HIOEf B4 X SAXZ|

EROD 4 2 AE5A ke 5 a3 58S
Teled BASKAS. & AdAA] 7 Fo ARBL
ANOVA-testE AAJ5151em], §-2]2q] x}o]7} 9l 7%
o Duncan test® %3l XS HE31.

Im. A48 Zd1
1. EROD-microbioassay0f] 2|8t +8l4d 2L7}

6, 7, 8 ¥ 1049 F37F i AAL 7E AL 5,
10, 50 2 100 mil| HF3l= B2 k22 EROD-micro-
bioassay= A A|8F A3} Fig. 204 B ule} zbe] Z3w
(KHI), QM 3L(KH2), B2 (KH3), 3 Z(KH4) 2 Al
AR (KHS) BF S3Fe|Ex 9l 22tz vls)] #2413
= 7P} e}, 23 EROD &4¢] Mol 2kt 1
T E2182] 50 mpl] sidshs Sl Veldol(Table 1),

EROD &4 8ol 2J3t 3179 =5 Frlspr] ¢
3 Aeks upgo 2= EROD ¥4¢] =54l 3-
MC2] ERODEJ<]| o3t v]X]¢l MIR ¥ MEQZ. AHY
slsiet.

2 A} Table 104 B ule} 3] 7t A]BofA]e)
MIRZ 1.29%0|A 27.23%Z. tefalA vielskem MEQ
FEEE d5EY F37) AR nyl =R HET
o] ppt 52| EROD &4 EAlo] &3l 7l o2 dt
Hl

2. E-screen assay 2|8t 8% %I}

6,7, 8 2 1042 537 1 AA-e 7E AEE 0.1,
1.0, 10, 50 ¥ 100 mpll si=dsl= 59 922 E-screen
assays A1&& A3} Fig. 3o|4] B nie} o] ZAL
(KH1), M1 3L(KH2), S (KH3), FE3HT(KH4) % A
HAR(KHS) BF 3 oEx oz gz nls) A
AT TP HelT 23 Ao Kol e 7 4]
Feol uj2} 10~100 mZ s ePdoH(Table 2).

E-screen assayel] &8t °317e] Q=S AupHlow
Hrksb] 8l FAANZEAY] 17B-estradiol?] M| EZ2
o i3t H]x]q) RPE ¥ EEQEA AM3Iaie}. Z+ X4
2] B wigt vh3-Ad-S A 3lst 22} Table 304 B
= vle} Zo] RPEE 21.95%914 89.30%=. partialel|A]
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Fig. 2. Concentration-response for EROD activity of Kumho river water by EROD-microbioassay using H4IIE cell line. All the samples were
dissolved in DMSO and 1 ! of this solution were added to the cell culture medium (1 m!) for treatments, that were done in 24-well plates and lasted
48 hrs. The data represent mean=*S.D. of three independent experiment. Statistically different from the control group (0.1% DMSO): *p < 0.05.

Table 1. Quantification of CYP1A induction of Kumho river water
samples according to the EROD-microbioassay

Sites Periods Vol” (m{) Fold induction MIR? (%) MEQ” (ng/l)

June 50 4.51x0.15%*  13.73x0.46 13.18+0.44
KH1 July 50 3.84£0.37**  11.11+£1.07 11.74%1.13
August 50 2.3240.07**  5.16+0.16  8.70+0.26
October 50 2.93+0.25%*  7.5520.64 9.77%0.83
June 50 7.96£0.37**  27.23x1.27 23.10%1.17
KH2 July 50 4.09£0.82**  12.09£2.42 12.30%2.47
August 50 2.03£0.31*%%  4.03+0.62 8.31%+1.27
October 50 5.12£0.25**  16.12+£0.79 14.78%0.72
June 10 4.79£0.02** 14.83%0.06 68.97+0.29
KH3 July 50 4.49+0.46** 13.65x1.40 13.17x1.35
August 50 3.54+0.22*%*%  9.94%0.62 10.96+0.68
October 50 7.11+0.29%*  23.90x0.98 21.37%0.87
June 10 4.98+0.07** 15.57+0.22 72.24%1.02
KH4 July 50 4.26£0.09** 12.7520.27 12.58+0.27
August 50 4.51+0.14**  13.73v0.43 13.17+041
October 50 5.5420.08** 17.7620.26 16.21+0.23
June 50 6.50£0.57**  21.52%0.07 19.04+0.06
KH5 July 50 4.1320.26%*  12.25x0.77 12.30%0.77
August 50 3.01£0.17%%  7.8620.44  9.99+0.56
October 50 1.33£0.01**  1.2920.01  7.24%0.05
3-MC 107M  26.5620.23** 100.00=11.48

Data are presented as mean*S.D. and represent three independent
experiments of three replicates each.

YVolume : Maximum EROD activity volume of water samples of
Kumho river.

MIR : Maximum induction response.

*MEQ : 3-MC equivalent concentration.

Statistically different from the control (0.1% DMSO) : **P < 0.01.

full agonist® o 2EZA 2h8o| TlofslA vepgon o
2o 237 EAlBel: EEQESE ngll & &, ppt
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3. ZMXHE W AZIE 2¥=E

FAPZY Eeke] 37 AR s7ERlel EROD
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o] F73he 7kel vt o]F AH F-ZolA ERODE
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4% 2 EROD 34 U estrogen Ade] Yol vh(Figs. 4.
5, right). 6, 7, 8 ¥ 1099 o H7 7S B 77}
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o] FrlElglerz U Wil 7keake] Wil 7]qlst
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Fig. 3. Concentration-response for estrogenic activity of Kumho river water by E-screen assay using MCF7-BUS cell line. All the samples were
dissolved in DMSO and 1 p/ of this solution were added to the cell culture medium (1 mi) for treatments, that were done in 24-well plates and lasted
144 hrs. The data represent mean®S.D. of three independent experiment.

Table 2. Quantification of estrogenic effect of Kumho river water 757
samples according to the E-screen assay
Sites Periods Vol.”(ml)  PE? RPE” (%) EEQ" (ng/l) 60
June 10 6.04%1.28** 63.45£13.40 6.07%1.28 3 454
KHI July 100 4.79x0.20** 47.70= 2.00 0.57%£0.02 2
August 100 3.3620.10%* 29.76x 0.85 0.05%0.00 g 30
October 100 6.73x0.01** 72.19% (.10 0.66%0.00 =
June 10 4.08+0.00** 38.78%+ 0.02 3.69+0.00 15
KH2 July 50  5.87x0.17** 61.30x 1.76 1.13%0.03
August 100 4.65+0.31** 4591% 3.04 0.38+0.03 0-
October 50 6.90+0.53*%* 7436x 573 1.97+0.15
75
June 10 4.83x0.29%* 4829+ 2.86 3.76%0.22
KH3 July 100 4.79%0.39%* 47.70% 3.91 0.54+0.04 60
August 100 5.75£0.41%* 59.84% 4.26 0.70%£0.05
October 50  7.6120.31** 83.18% 3.34 2.03x0.08 T u
June 10 3.88+0.16%* 36.29+ 1.53 3.43%0.14 §
KH4 July 100 5.23x0.17** 53.30% 1.70 0.58%0.02 L 5
August 100 5.79+0.55** 60.32+ 5.69 0.54%0.05
October 50 5.77x0.63*%* 60.10+ 6.55 247+027 15
June 10 2.74%0.21%* 21.95% 1.65 3.76+0.28
July 50 8.09+0.25** 89.30= 2.80 3.34+0.10 0-
ot
KHS August 100 47840.10%* 47.65+ 323 0,4320.03 e v August October
October 100 3.55+0.70*%* 32.07+ 6.32 0.16+0.03 Fig. 4. Site and period variation of MEQ (3-MC equivalent con-
- m centration) in the Kumho river water samples. Statistically different
17B-Estradiol ~ 10"°M  8.9440.13%* 100.00+ 1.44 from the groups : *P < 0.05.
Data are presented as mean*S.D. and represent three independent
experiments of three replicates each.
"Volume : Maximum cell proliferative volume of water samples of Iv. 1 &t
Kumbho river.
j’PE : Proliferative Effect.
) . : 5 : - =
RPE : Relative proliferative effect. 7122 4437 So ) A e g EAY) wiEs LS

YEEQ : 17B-estradiol equivalent concentration. - s _ i
Statistically different from the control (0.1% DMSQ) : **P < 0.01. S AAE 3 U3 e 9E Hrl= AE3EkY AL
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Fig. 5. Site and period variation of EEQ (173-estradiol equivalent
concentration) in the Kumho river water samples. Statistically different
from the groups : **P < 0.01.

4> 872k (Biochemical Oxygen Demand), 334 Ak &
% (Chemical Oxygen Demand), 7523 (Suspended
Solid) 5 °]3}s}q A dF0 8 FA=Ee] gle}. T,
ofi3t e AlA} A 3ol Wgt ofakS wkedsl
Holl= rlE3E "ol et aiebA] o & Hakslart 3t
A&7}t doFstAl o] Fo1x]3L 911l microbioassay =
188 A2 TUER2 1 HEAQ] ololvHGelardi
X 1996; Peakall W Walker, 1994; Walker, 1998). ¢}7
2 AEA )t oJd XYl ko] feptr] Aol 1
BAE AE $ )AL, AL =0 29E-e) o7 T
A S Prlshenl 83k WS (Peakall %
Walker, 1994; Walker, 1998) & %7] Aol vieht=
FE8) el Bofste Tk AERAS) AEE A
T8 I 2EAET AHH2E Vel = sl Aol
o}, £ 76|43 EROD-microbioassay?} E-screen assay
£ o83l 3 F Ao HV3AE e
N B WEA Aejitgol Y EHEISERA
ALo) 9= EAHE AAslaAt sigie.

HAIIE rat hepatoma cells ©]-83F EROD bioassay:=
CYPIA #5E4 %, PCB, PAH ¥ dioxin¥ 55 973}
A AEsed F2 )85 AUKGelardi 5, 199). £
gk A FE ool M) o} EAe) gt HA SR R
FrollAe] A AR o AR e] AFE]e] o]
=il Tizkert £ 245 MEel gt AlRE e 5
Aol digtk A8 R A 7Holgo] Tl & 4 Qv

fr el

<3

(Andersson @ Forlin, 1985). w}&}*] H4IIE:= ©}oFgt 3}
A 8ol gt EROD #X=A13S E3) PCBs, PAHs ¥
dioxinf9] LHAFE A2 ZA3te] A F <A
A HSF-E Adsh=d Hgst AEsein & 4 9l
MCF7-BUS celte £ clone® MEFEH of ~E
BA o 3 FAREA ] opd AHed m== 34 progestagen,
glucocorticoid®} mirex, chlordane, heptachlor 5 Bl 2~E
2 3R3hEo) o8] ogakE WA oo} false positive’} Yt
A gexa deokil EAS 3RSl ol 3 Al
F xERA A A0 B3edsS Hrkerlel A%
sk ®ars)al 9)ok(Soto =, 1995).
EROD-microbioassayol] &3] F373elA 35 E A
B F2E] 84S 34T Ao gzl vls FsHA
A FE F5Fo] S ALE JePd o™, E-screen
assay®] 7-9oll = A @A FellA MCF7-BUS MZ2| %
Alo] ezl w3l Folg F7HE Holy A= velyd
o} whebA] AR AA e o] ek 2 WEulA
e 2H4-8- e e EAZ Qs 3] 2595 e
S FATE 4 gt ARERE Fde] UAHS] gle
LF o] F A 2] AIAES & 5 9l A
7R 2Tl 99de] Ad g I ¢ Uitk
37 F9L A AGE FALE A e
o 3P 2499 Ho7F vl T 53] TR 294
A 9 Ao 2Re FEs BRSO v wekste o
Hof| F2 ARl o sfshH Hrt w2 1 B4 o
gol| et FEAHQ HA7E ¥
B AP Ad} M EAY3SHH microbioassayel] &l 43+
7 edEAS EAuekedEe Ausigte g a3
EAZ Qs 37 29S¢ A eE RYEAE 4 ol
o o) Ay FEsh) o) EY] FAAHY A
2} 7hssl 8 Avdeld

vad £

A EefoF et 7ol ojst ey HrE EHY
3171 918 F 71A12) microbicassays o83t AEHH =
UB#S F3748 dAke 2 Algsleict. EROD-microbio-
assay2} E-screen assayx 87 F UiAdolvt 7|8
S LT 4 ol A WENA Aejbgo] ol E
A EIAEZA 2Rl ol EANE AN s=d 83 W
Hoga 34 Ao B Al =S M3t
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