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F& EFTHSF 10904 AApE
ERTH13%). WA B@EHAA 10%2] AAHES BT, J270E o AlReME XA} VERER] ekghc) B
Aol AREEOIR o ARl ME AHAWEE 50%7H] XA FAo] LR glot Ly AltE 4 ¢l
Tk WA FBAT BPRSN 2 TR 95 FL DNA 48 WY R, 2v|Eeke ZE ol
frolabl 2 DNA &40] LR th(p<0.05). Al AlEsisolls f-213 DNA £40] YebdAm, sz7elx
T RE M7 DNA £42 Bolx] gith XAHET DNA SAMS 1esle s W 2449 2alsre) Taht
FAHIR ABAHANA & BESAS wolFs 2o Ve

Abstract — In order to know the biological effect of effluent from shipyard and the adjacent stream water on
four organisms (flatfish, rockfish, sea squirt and arkshell) cultured around the shipyard, lethal rate and DNA
damage were measured after 48 hr exposure and carried out by a single cell gel electrophoresis, namely comet
assay. LCs (48 hr) could not be calculated in any organism 48 hours after exposure to effluent from shipyard
and stream water, because all organism showed a lethal rate lower than 20 %. Regardless of no acute toxicity,
DNA damage of flatfish and rockfish was detected higher in Jang-Pyoung stream than in control, whereas sea
squirt revealed higher DNA damage in laundry waste water. From these results, Jang-Pyoung stream seemed
to have a relatively higher genotoxicity rather than effluent from shipyard.

Keywords: Lethal rate (A1), Comet assay, DNA damage (DNA &4F), Shipyard effluent (FA14 ¥i&
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AETTY o Tl 2HNAZHE Y wiES 9oy Be
A7t FAsE Bl FrdEla ok, dulIEe] A1 wk= (Pessala er al.[2004)).
O2A 2 e AMEE AH ES) gl naz v AREA o7 FHARNE WES F 7F AV HE AR
HEASEE oyl Flo=® dex] rk(Dizer er al[2002]). 1 20| 37t Who T B0 th(Walker ef ol.[2005]). W ERS F =
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2ol Q] ol W DNA 48 FEste] A3 A& J3s
A © 71T} (Fernndez-Alba ez al.[2002]; Hagger et al.[2002]). ©]2]
$ DNA &£40] 4218 739 DNA EA)904), Zdxio] §4F 1
DNAZHE] RNAZS] gt ZAT dojux] glo} B3 a9
Wdo] Asf=lo] EA) 7t ot dS oA H), o)=
A gAgF A, Al 715A8) AT 71esd, A
3ll, 22 22 719905 W 71eA 3}, AES) 99715 AS, =
3}, A7 5 A, THBA 0 dig 288 Ast 52 opr|AA
Stk olz|3k DNA 2442 AR U] Ael o)o= Qe A 2
o] 29E 7hA s} vlo] AHAFE elar AeiA Ao Hgs
AE do71A BrhKurelec[1993]).

AiHa] 0 2 FAEA Aol AMEEolx) = AEZ = ASTM[2002]
o A7 et -9 (bluegill sunfishy} F4]7}:] (rainbow trout)
ol sirk 2Eu B At 57 S EA S AFSAY o)
SR ggo] ofuzt, 2 Ao Yo wiEaee)l 3RS v
doR slglemg 1 Sl dA) kAE T Qe vl 7k %)
AEFE(EA, 29E2, 57, 930)E o] 83l0] ol& Ao n]
A AEEA TS Ao oledt e kS dopr
71 o] 48 Al 39579487 comet assayS ©]8-313T).
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24z7ke] AmE 4L AFHs 2 APAET &390k 9
A= 2004 88, 2B 119, H28) FAE 128 )
A ER A ARG, o7l Bl FU A7l Ags
AFstel 9 FAPEL U] FH9LPE AAEY Na=
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Sl Wy Wakshe 219 e A g AARREI%IT)

22 HEME

T ATE A3l 48 SFABEZLO] AMEIITE. YA (Paralichihys
olivaceusyz Z°] 7~10 em?) 7/HAIE 4518k o] F-8F 4
BollA Aol ANESISATY. 3| B2 (Sebastes schlegeliye Z10)
7~12cm R} 7 B9 FAFel A S WA Halocynthia
roretziy= 5~8 cm JHAZ. HHATEY FABAH AT Lo A
T}, 92N (Seapharca broughtoniiye A7) 7~10 cm] 7R
T A AAIAN Algol Ag-sit).
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Fig. 1. Sampling station of study area (A: acid-rinsing water, G: sewage,
L: laundry waste water, M1, M2, M3: mixture effluent water, J:
Jang-Pyoung stream, K: Ko-Hyun stream, Y: Youn-Cho stream).
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AT o 7] A, § %E‘:]' o7k
Zo|| FAF71(Sterile hypodermic syringe, 1 ml, 25 G)& 3
HFsHo gt dois AT N 10~100 ulE o}
Hank’s balanced salt solution(HBSS) 1 mlE 3)Aslo] @412 z]
F e AASI] E7 AZOE Ado) olg-aigiTt.

A ZIjehtel] FAPE Flste] ANE A of
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Comet assay 232> Singh er al.[1988]2] A3HS nigto=m
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o4} HBSS 1 miZ #A3}e] o}F g oJujsflFi= 5,000 rpm, &
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A Hol|x] 4APE el AR AAlgt A iord T4 [2005])
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71521 812 (TBT) o TH 5 R8P A 3151 (PAHs) )
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HolFglet. whi, He34s AXA @al wiEset 34 ¢k
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Table 1. Result of acute toxicity test (lethal rate) and genotoxicity test (DNA damage)

Species P, olivaceus S. schlegli H. roretzi S. broughtorii

Endpoint Let}(‘;f)rate DNA damage Leﬂ(‘;{)rate DNA damage Leﬂ(‘;{)rate DNA damage Let}(‘;f)rate DNA damage
S 0 0.99+0.15 (4) 0 7.98+2.60 (4) 0 1.06+0.10 (3) 0 13.47+2.34 (4)
WS 0 1.45+0.59 (8) 0 9.25+2.44 (4) 0 0.920.35 (4) 0 13.4544.16 (3)
A 0 2.35£1.33 (4) 0 5.09+1.88 (4) 0 0.94+0.26 (4) 0 12.633.93 (3)
L 0 2.09+0.80 (4) 0 4.3842.97 (4) 0 2.17£0.97* (4) 0 14.16£9.91 (4)
G 0 1.17£0.44 (4) 0 7.23£2.00 (3) 0 1.2240.25 (4) 0 16.533.11 (3)
M1 0 2.79+1.14" (4) 13 8.70+3.91 (4) 0 1.00£0.73 (3) 0 14.9946.10 (4)
M2 0 3.13+0.42° (4) 0 8.24+3.83 (4) 0 1.41+0.41 (4) 0 16.59+3.47 (4)
M3 0 1.84+1.56 (4) 0 9.31+4.03 (4) 0 2.16£1.35(3) 0 15.22+2.11 (4)

J 26 2.73+0.88" (3) 0 17.443.29° (3) 0 1.34+1.38 (4) 0 15.89 (1)
Y 0 2.35£1.33 (4) 0 11.5124.66 (4) 0 1.230.83 (3) 0 13.89+4.81 (2)
K 0 1.73+0.76 (4) 0 9.05+6.05 (4) 10 1.40+0.72 (4) 0 10.06+4.95 (3)

S: Tongyoung seawater, W.S: tap water + salt, A: acid-rinsing water, L: laundry waste water, G: sewage, M: mixture effluent water, K: Ko-
Hyun stream, J: Jang-Pyoung stream, Y: Youn-Cho stream
DNA damage is shown as mean + S.D, *means higher DNA damage compared with W.S. Number in parenthesis is the number of organism
analyzed for comet assay. Number lower than four means that some gel during comet assay was lost and could not be used for DNA damage

under microscope.

AB7HA] iEre] FYEA

o AR FUS] HhEo R T 2
AReIEg: QAR Al A3,

ZWF =

AT 48

£717k53 97t
919;4 w2, 12719 sk

Hrle 2 deAade 2es

F R ol 1] Q%E‘r Kosmala ef al[19991= #1573
glake] HiEarel 3 ShHRE gPto R EAAES AN B

Aoz 58 52 34

540] UrER A

oJo
de=

R 73k nt

AT}, Sotero-Santos et al.[2005]12) AT E FeCl; sludgeol T

4B HzTe) AR Ao)g
A ik 919k ol wGAE AT A1Ae) o)
A4S AR BREE AF AL A i

=)0
Epehtiicy

o el o)% Hwel A7te F

Holx= &

e

At B

E‘l‘f

SISIES

of L

O

=

Ho)
-
o

£%3

HO
&3k

o, & ATeNE AP AR AHF@Q, L, 69 BF o=

ARAENE A dedA ¢

ik vl e B 3

AWM BA7E, £ TBT 9 PAHsELE X2l B3hIH4

1M1)IA Z3) %

A (K)elA Uéﬂlﬂ ekl
£ AE] ARE doylA] Yten, E3] H)

o], el ojwdt

2% BEA 9 1
rel AAHE BoAFGIL, olw 3 A RE ¥
A

[e]
T l:'i_\?_ —?—Oua%E

FEE HQ EIURS 1oINZA} 4847 Bl 2ulEel)
A 13%2) XAHEE B} o] AP RE B dFoa] 2

ARl 284 o Aeled 3 B

APSEE ANE 5

T A0E By ‘RiE}.

£ AREe

48A|7F HEX]
3 QPR ¢

e}, e s gl 93t TBTY 4xl@jel] ARRE= AEas

a3 Aol E2ue §

I AR =

gt oleldt 24

- (PAHs)l| €8t 2o ZREjS] A
52 25 DNA &4

8 e

F3te A EAE 2 (Monarca et al[2000]; Hagger et
al.[2002]; Laffon et al.[2006))2 L&A Qo B R wi&el 3
shdgelr g FAs9Ed 355 2ARE] A1) comet assay

Kk
g Syl

3.3 DNA ZAPHE (Comet assay)

A= B9(S)IA 7P w2 DNA £3(DNA tail moment
=% 1.0yE B3, T €% Fo 98 9F U=
(W.S)IAE okt 52 DNA &AHET 1452 B3 7%5
+HAE T BAIH (p<0.05)0F F& DNA €48 Hel A&+=
FRAOT 219 ELFTMIL, M2)3ATKFig. 2).

ZIEELE X b3 FREIME 2 DNA 4 FEA
9.3y HATHFig. 2). @} 298 tix7olx DNA 33k
o] zpolE AEF Solel uhE Ao R P ACHA F[2003]).
Q2T SoAE vE AEEERY U2 @ 1357 M &
2 DNA £4S Bolgqin), 2ulE8k9] DNA 48 24
A, gz FAFCE fosH w2 FFS FPHOR
vkebskom, WAl AEsgelA YeRThp<0.05). F270= 5

FE U7 R|aske] $AH SR Ao Bole AlgE fISith

Y AFAZIM 7P B2 Aol DNA &5 #ost
A Dol F2 A HFig. 2) AEE TAA FEHe] ¢ F
Fr APAE f-2J3 DNA 48 oAt o] sk A%
FY vt FAGA G} @3} ol AAFETDeIA HiEH
= H4% ﬂ *@%Lo}-r«l FES wol B Xtk 9AY B¢

v}il ﬂllO

54 R} BRA, TR SRR 194 A
7} JEROLE, DNA 48 3380 =BH9E wolt #35)



4 vige 3 FE skl ESA 191

. Paralichthys olivaceus
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Fig. 2. Comparison of DNA damage in four test animals between dif-
ferent effluent water (S: seawater, W.S: tap water + salt, A: acid-rinsing
water, L: laundry rinsing water, G: sewage, M: mixture effluent water, K:
Ko-Hyun stream, J: Jang-pyoung stream, Y: Youn-Cho stream).
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