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The Effect of TBT Toxicity on Survival and Growth
of Olive Flounder, Paralichthys olivaceus

Keon-Tae TAK and Joong Kyun KM
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Pukyong National University, Pusan 608-737, Korea

Toxic effect of TBTO on larva flounder was studied by the use of a food-chain system in which indirect toxicity from seawater or/and
plankton can be measured. Under the treatment of 0.5 ng/L TBTO, the combined effect of diets ( Chlorella and rotifer) and seawater
was significant by synergism, although the sole effect from TBTO treated diets or seawater was equally not. The values of LTs from
results of acute-toxicity experiments for juvenile flounder were estimated to be 230.0, 48.0, 24.0, 14.6, 9.3, 5.5, 3.0 and 1.7 hr at
1, 10, 25, 50, 100, 250, 500 and 1000 ng/L of TBTO, respectively, and 96hr-LCso was 3.5 ng/L. From the above results, the
experiments for chronic toxicity of TBTO was executed at the concentration range of 1~10 ng/L. In long-term experiments for four
months, the weight and the total length of the juvenile flounder in all TBTO treated experiments slowly increased when compared
to control. No significant differences in the growth and survival of the juvenile flounder were found in the treatment of 1 ng/L TBTO
(P>0.05). But, 90% of the juvenile flounder died in 20 days under TBTO treated seawater at both concentrations of 5 and 10 ng/L.
The TBTO treated on seawater was more effective and significantly different in the growth and survival of the juvenile flounder when
compare with that on artificial diets (P<0.05). From the all results, TBTO should be regulated below 5ng/L in a coast.
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Wetd AArY 439 g A3 AT A¢Yy FANEY
e FUAZI7] 8l v 233 ALY, &4 olH 7o) wFA
A, 0% HX, £4% € 3 U4 o7 N, 9xo2REY
T EF ANFY o4 AP, Q2 Yol AE ML R % ¥
o MEE 2L AS g3 I3 o (Bang et al,
1996; Jeh et al, 1998; Kim et al, 1998), %2 o) 4% 54
A9 93 A7 Ao vmAD Atk (Cleary, 19D, % =
AEAES 29EY, A7 HAAZ ALHE polychlorynated
biphenyl (Harding and Phillips, 1978; Nau-Rither et al, 1982),
AzA ¢ AFAS 22 5% (Lampert et al, 1989; Moreland,
1980; Schober and Lampert, 1977), 9#% 2 $84 4 (Ost-
gaard et al, 1984; Zachleder and Tukaj, 1993), 1= & - g -
4+ 53 & FF % (Berland et al, 1977; Cote, 1983; Davies,
1978; Goudey, 1987; Huntsman and Sunda, 1980; Kayser, 1976;
Rai et al, 1981; Whitton, 1970; Wong et al, 1995)3% WO & tri-
butyltin (TBT) Fo)th. o5& AejAd AZHAN Holrals g
3t AA o FA =] AAe HHE T2gAd 9%E
FozH ol F 2 AT FAFHA 4y F4E AMFAY =
FAAA Eoh AAREBEAZNFT (WWE), 13 R 98 SdMe
2z 67%, 3% 2 14359 24L& WEY IBEA (endocrine
disruptor) 2 ##3t1 glon, AANHRA G AF T 675
F 51%0) Il Ax e FFHR 93, o F 2FL &

I AYE SEed 522 FEH AL FAHAY HE AT
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& ¥ 0o (Kim, 1998).

HREg9 TBTE o1F & F:RdME 484 EFIAEY
FEAE ABEY 42 AL A3 AFAY (Lindblad et
al, 1989), TBTol 9§ 4 BAHERIE F 24 Wd & §
ENZFAES 44 o) HEE2 A8 AAF Aoy o] & 75
HolAE HZ 59 AHA F =4 B8 (Petersen and Gustav-
son, 1998), &7 (neogastropods) &l ¥l gloIA R 4F ol
WaEte imposex B4 (Gibbs et al., 1991; Bryan et al, 1987; Li-
ndblad et al, 1989), S} F 9 3 % MTEF JA-71F &
2 2 HHz #4 (veliger) 84 9A 718 34 - Yol
ol4 59 #4 (Paul and Davies, 1986; Beaumont and Budd,
1984), 2gln 29 #HZ A AHs) A4 (Chagot et al, 1990;
Wade et al, 1991; Waldock and Thain, 1983) 2 4579 AAW
%3 ¥4 (Kim et al, 1996) §°] 2ZHI gich wpehA, 4
FANE 4T T oA 54 BF ALg A S
AZd, 45 FRAM = 2ng/L o3 FTEZE FAFL UL
(Cleary, 1991), P)= #7434e @& 559 TBT (20ng/L)7t %
HAT F HEE d& HEY F g w4F 24 £aHE
vebd 5 Qe 9T (Wade et al, 1991) 2 AHES 1A
ggon, AANHEAR T WWEANE 5%F 3 tibutyltin
oxide®, Y& FAAAMNE tibutyltin 3FE AAS WA
IHEAZ EF32 QU

AT T G dd o A7 HAFe TRTS 4 A
d H7Be 9F dFoz A3d FHI FAERE B oY
2 A E QAR St ud A Ao HF AHE 4
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TAFL e AFot F7IFAHINFEY B4 A7 Gy
FFAHE G 4A, dA 2 ouF7e Agdd F
A 54 4 imposex A4S AN dFHFA T4 AF (T
YA T, 1997), B¢ Ao 2 FAAANA AHET 2 AF
2 P2 2389 TBT 5% £% #s 47 (& 7 o,
1995), D&%t oo A 72 imposex B4 (Kang, 1995), E31¢+9)
o WAL L AAY F1FASEE ZA #% 47 (Park
et al, 1996) 2 A&t 235 RE 9 AF 42 (Choi, 1999)
Zo] oy d¢t oY BEA BF HAZ AT "ok
Holx, $2] Uil ¥4 AL BE3 oY A FAE I
87 93dME AT odelN EHEAEC] FAE A
TE I 3%E FAYE "aKe el o AT AAH)x
g3l A7 o] AY=Z o) FoxA g1 gtk g £
=EdAe TBTY #ATEE 4A3td X9 A34E FUAl
7122 TBTY HolAl&o] & A 54 2 ¥4 54202
As g2 zpojolo] JFE AT

R

1. g A

A8 A49 QA (Paralichthys olivaceus) s 23] 60 cm7t
A ARde Jdyol2, £AT9 A7]E 093 mm+043 ojglon,
FATE FPYFANFT NN FHo2 B o} 18CM £F
100mLe) 3718 T3t FENAE 58~72ppmeE FANA
71 ¥ A+ E 2400 B5sted RFARAY. A7 £33 73
& A £AE0) 50% olFHE WS W] YR, £ AFMe
A ATE FHATL Ao AFFRAA £ AF AH3tn 2
FA&0] 85% o4 He ATHE ALIAT AT AVl 7
71gol FAHAI dute] 3o Fe FHNET YJIUYL wo
o2 447 go] £43L Bulsla GAAZ F R53 AA
g 489 A&

283 JA Zole 294A4RH 25 AX rotifers HolX, 257A%F
B Artemia%} rotiferg 137 E48td YYed, 2 F= Artemia
e FHEIA AF A old dA Ao A& 2T 18CE
FA3Ar) Rotifers)] W8 Ho]BEZ ALE3 Chlorella® £/29)
2] (<= 18)83; NaNO;, 150 mg; NaH,PO,, 8.69 mg; Fe-EDTA,
10 mg; Na,SiO; * 9H,0, 30 mg, MnCl,, 0.22 mg; CoCly, 0.11 mg;
CuSOs * 5SH;0, 0.0196 mg; ZnSO, * 7TH;0, 0.044 mg; Na,MoO,
2H,0, 0012 mg; Thiamine - HC], 02 mg; Biotin, 1.0 ug; B, 1.0 pg)
ol A 4,000 lux, 24C, air 200 mL/min, ¥ 100 rpm®] & 3telA 3
e} 500L PVC ZA w4sF L, rotifere 25C R air 500
mL/minN A ChlorellaZ 107~10° cells/mLY FEZ 100~150
inds/mL 7RA7} FAHEE 3t 2789 500 L PVC x| A
¥t

2. MY 29
Ay AgE }Y% SAHED TBTE tributyltin chloride (TBTC)
st 34 G Fo HF Bol EAde FVIFAREE F AA

AR F 71T WENARSIEAZ EFF bis(tributyltin) oxide
(TBTO)2A acetone §"2 39 1 mg/mL (w/v)Y stock so-
lutiong BEL o] RL 2L FEE OA YA F wFYq
F7ete] ALg3t o) ol stock solutiond —20T oA B @&FH L)

3. Bo] oAfof ME =4

EA B4 G2 ¥4 dAFA F99T FEH 9 ¥
2 #AH7) gFo (Rhee, 1989), TBTOY WA Aool o
A =4 92 AAHFHA E49FH W] Y3d Q)
el HolAle A2"E o 43HT. YAE H3 F o|EL @
S FFaEA 23718 Fo] AHDL oFERE HoAES
oA ARsA =Hed, gA Aol (478 mm+023, 0.69 mg+
00Dl 3 TBTOY 7t S 9IS Lotry] 3 U943
08 BE HolAlg A29 (Fig. )& AA - Ao ALY
. 993 HolAts AAHL {) TBTOE AF AYsiA &L
Ao W %3 Chlorella®} rotifer B & J& Aol FF
g A (P2T), i) AFAT TBTOS He i Hol4dE
Chlorell%} rotifere TBTOS A& 3tA ¢ ¥ Aold TFUS
¢ GlezRe E49%), i) dsde TBTOE AgdA
%3 Chilorell} rotiferd) ™ TBTOS A2lsty Y zlojd 37
& A% (4221 S49%) %, iv) AF 2 Chio-
rell% rotifer 25 TRTOE AN gsle G Ao TFHE 7
+ (S5 2olAE X 52 HE Y B 9P E LHE F
AEE AA - AZHUT 4o A4 YA Aole £H3#Y
AA7] B 0L %9 PVC Fxo 680+£18/AA 4 Yo ot

o
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Fig. 1. Schematic representation of the duplicate food-chain
system. Asterisk denotes presence of TBTO.
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A F RE F olEXRH HolAEH TBTOS 3T H3EA 28
4zt A& Agsged, 4T 30mL/min® FE22 multi-
channel peristaltic pump2 E&F%ch A8 AL rotifere
ChlorellaZ 10°~10°cells/mLe) FE=2 Id3HA I /AA+E
150 inds/mLE ®X|3td] st 3 ‘QZ] o] £2Zd) 25 inds/
mLY T2 19 534 353 %1% } 91t Artemiat® 2F X HH
A8 23 A 4FARA AL FFENe o g E Hol
AE W 20 223 TBTOY == 0.5 ng/L° Qon ¥
nhEgte] Agetgith

Mg oY 54
) 2448 AT H4: 5 F=E T
A8e WA Petgd Balstd sodel AHd &
A A% YA Ko (317cm£0.14, 031g+00DE 20L FF
zo) 3outE ¥ FE&ged 25E o RYUFZE 2E £%Y
PVC water batholl 2olA 20CE A3t Hol AEo 2§
TBTOS A an9 ZtEAQY 9FE AAN7 A3 Artemias
FE3A ¢4, TBTO AE BT ¥WHE 1~1000 ng/Lol R om,
49 wrEsle FASA dFE 2AS AT
A7k 43 TBTOY E5A49FE dotry] et w3t %
609 Ad g o (332em=0.20, 03220028 WZ2F B 1,
5, 10ng/Le] TBTOTEE #ASE 14709 180L &% PVC
22 (60X80X40 cm AHZz) o 47 70vteld Hof A d
go] gayge Mg FAA HFPEE TEHA ARSI
TBTOE 2 $¥EH2 A ¢ 402 44 Hg3HA ¥
o AR AF L AEEL FHsAen, ojd, AFLL 5
) 1, 5 2 10ng/LY TBTOS AW AT AANATE 2, i
Atgdl 1,5 2 10 ng/L9) TBTOS A 3te] Fold 4TS 747
Y FzAM AP, dzde &5 A5E fF A
Z 2 WFAE acetoned M FATE 47 1524 AA
St wEAAEEY HEIAAILL Litchfield®h Wilcoxond]
oz SA4EY F5Y A A A& log &l dg AA
W%l probit & HAHE T EASHT (Litchfield and
Wilcoxon, 1949). TBTO 4 ¥ 5% A4 @ F4o2 77 A
g8 Qo 2% AFA4F dg 289 A dF {94
AR spSS (SPSS Inc., 1997)E |43t Analysis of variance
(ANOVA) %+ Duncan’s multiple range test (Duncan, 1995)& %
& A o3 At

2
r&
E
B
min
I
0x

ol ?“E_ﬂlfﬂl WHE: E4 AL dxFo] 50% ol AE 28U
F A HAAE, Fig. 201 YeRol D uhg Zo) 2T B+
WA 2ol MM3) st AE 28R 51.2% 7F ARSI
59 Hol Y Bl 47t TBTOE AT 54 d¥e 474 49
SUA] whg shdol Aldted Ay 28UAE 74 R T5%7F AR
Aoy F AYTe eAde W (48£12%) EHSFAT. &

TBTS &4 105

—&— Control

—O— Toxic effect of scawater
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20
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Fig. 2. Indirect effects of TBTO on larva olive flounder.

g s59 Hol e RFEREY ¥y TBTO 54 9% 4
3 49A ) Wt A, A 9dA e Aolle ¥A Aol
b dRem AR e 449 2E 443 dolAe ARE
JeR it o] TBTOZ A WelA 2H = gixtdo] A9
2 2HE7EgE Add $8de AXNAY SHEZ 4dE
7hAHE A (Bryan et al, 1987)9) 7]1918td 49 Ho] #E
250 TBTOE H3tA7 w&e, | A TBTO %
34" TBTO &Y EFFY =4 9FE& e
2 Btk wabd 53 A3 gA Zojol gloiA o
Zote] o3 A B4 JFL 5 4% TBTOY A
Q B4 93 A FYsA Jeen, s HolAEY
g F ozt 93 44 A& AR I H
s »}E}Lﬂ%it} 5**"%3‘01 *Mhﬁi Eolg g
%9 TBT
/\15 3]]_|_o]] 9] ].31;5240 5)&_\;1_1:}‘— tﬂo])\g%O E-o—]- 7]-@140]
=48 % a9le] B 40 o 44¢ 4% veddx
2¢Oz & 474N Bnse] A= (Lampert et al,
1989; Rhee, 1988), ©] 21§ Aol YA Aold = HE&H2
< £ A

o

2. @& Xlojofl OIS SHEY &

dx Holel mlA& TBTOY FAEAR 4T UM, dzd
2 acetone¥HS H7HSE ZFL 9617 Folk 100% ZF AE
rg4om 1ng/l FEAME 94% oo} HEFYT. 10nyL &
£9 AS, A AT w7 AREAL 24T FdE B
= AgEgon 500nyL 5 o149 TBTOE A ¥ A fde
A7) 3N W7 AR o)) 232 & o, TBTOY
threshold FE& 1914 10ng/L Atold ¥=9¢ ¢ + AU
TBTO Z A& F%ol W wexA} A1 (LTs) & THER,
1ng/LAME 230047t 2 HAEA A AT $E2 1e
Y3 10, 25, 50, 100, 250, 500 2 1000 ng/LY =oAL 7z
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480, 240, 146, 9.3, 55, 3.0 2 1.7A1ZFe]A e oldf gk 0.998
ojdth o] HolEHE ugog 9647 HMEIAFEE FHET,
35ng/oldTh (Fig 3). 28y EAEHLE 54 EZAX bio-
availability, degradation, partioning 5-¢ ¥%& &7] H&e] %
4] threshold & #°] 2 AAZ &7 54 YeEldTI B
o} ¢ o2 (Cleary, 191) TASA 48S F3) 2 9FE 24
& FQ7t ot wakA o] dielH 2, YA Aojel W wHg
E4 48& 9% TBTO 5% #HAE o AFdAM d& 9643
WA= 35 ng/ES $ElUE d2dd RRIe Aoz
2R 59 10ng/LE 288 1~10ng/LolA Aol 28&
Fag et

3. oy SHYE

A EAQ 439 2472 EUE SN 4¥0]
3o Fed, THAEH 28dA AESS SHEY, e 3
F A9 29 10ng/L TBTOEEAM AF gdite] 75% 7} Al
T3, Sng/l. BEAME 2F 16849 635% o]Fo] Al
Atk w2tA, AR o A7l FREH F Fxd ddtdxe
TBTOE HaA &2 ALz FAAZL, TBTONY 5=
7t de ge FaAe ASReE AYsg TBTOS AHad
1718 39 HEEE B9, Ing/l =2 A spollN 80.0% &
ez, 1, § € 10ng/l 52 AHd A 4F
750, 817 2 717% 9 AEES RYY od dxTY AEEL
850% 1%t 4MMg Fo YA Aol HEEE BY Ingll ¥F
=2 8 A5 533%, 1,5 L 10ng/L 552 HE o
A EAAN 27t 683, 683 X 583%c|em, thEFe S 733%
ojitt. dgel 5 2 10ngLy FEZ HYF TeAe TBTO
A g T o) Folx WA Kol AEIHA X3 MA3 A
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Fig. 3. TBTO concentration vs. median lethal time. TBTO was
treated on juvenile olive flounder grown for 50 days af-
ter hatching.

gatgom 2712 Foll= 90% ol o] AbwEtsith whebA, AlRte]
A= TBTO dld Ao A 754 E oy, o= 5%
ol49 TBTOZI o5 Aol FAHH 1 EAHC2 15t YA
Hoje AZEFI7} RS &+ AR (Bryan et al, 1987).

TBTOY ¥X Aojel] tlg HASY & dA Aojg AH
% AEE &A% Fig 49 Fig. 59 Jehided, AFHo=z
TBTOZ A2 s59 gz F42422 TRTOSE A o)
FAg9 tzTol BF A¥ AT 47 Fton, 747
Ing/L 52 A shs fgrEe BE ToA9 YA A
ol9] AL §oA o] glo] A9 Hl&EAT} (P>0.05). T,
a5 2 10ng/LY TBTOS A 48T 48 17HY o]
Ao wrmolA Algate] TRTOHEE FYEAoY GA Folgy
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Fig. 4. The chronic effect of TBTO on total length of junve-
nile olive flounder.
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Fig. 5. The chronic effect of TBTO on body weight of juvenile
olive flounder.
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Aol AEHA &R AP 418 T4 AFL gE AL
Q2ZEG F9H02 o7t wot (P<0.05). £¥ Ing/Ly ¥
T2 WAL R TBTOE H7ete 402 A3 &3 sl
23 TBTOE At AAAE vag o ¥z Ao AFde
FoH oz o|E BelA ggen (P>005), TBTY AAZA
gEol 18 Tl 2T 4% SN E4 U BEE B
A ersie WA, o4e ABE ¥ o), TBTOE #H4 Sng/L
FEolM A7) slojor & Aog Hold, o] FEE 079
Hale 9Fgs HAe AoE HIEHoA FZQ 400~4000 ng
Sn/LAAM B4 74 FE 44 A4 171008 524 e
(Alzieu, 1996, Prouse and Ellis, 1997). #i} 3L 5% A%
Al £2E TBT F=9 v A& vAT 9% 3 £4
AEE AHEY &5 QElA e 1 ngL ©)3e] FEE £HHo
T imposex& ?—l-"j] (Langston and Burt, 1991), 1 ng Sn/L &
E M= F (Crassostrea gigas) 2l gel B3 7} shell chambering$
FEA7H, 5 T AFEte TBT F=20 37 108 A= o
22 TRT7F A& Ho] A9 ojf 7o da} FAo] Mste A
wtgEHolME TBT7} o] &9 Hel7t H<€ bacteria, algae, cope-
poda 5o 9%& FoM A WAL 9FE vehe A
02 3353 Y (Cleary, 1991).

UN st ZARa 229439 L8R T A3 ME 1988
dell TBTel tidt ZAAL A71g £, 19999 38 e
20030 TBTS Wt ¥ AAAYL AHE45AE X A& 29
sgon, ox, Taa Ay, d¥, duia € 3F FoNe
AR Aol 25m ol3te) Aol i8] TBT AHEE 543 &3 gt
(IMO, 1999). AA $gvet dZ3l= TBTOE BA Y] oA
Zojee] FTAMEE 0ng/L ol¥HE FEA FFEAY, &
3 4ol A F+ 2 vt & 5 A I =& F
T2 ZFA =H2Z (Choi, 1999), TBTOY AMEE A3l
Wa #3482 HolEo] tF AET 5 UTE Fof & Ao
th. &%, TBTOE & #7l 4 SFERT 40 Z3u,
TBTO ©1919) thE Wex g9 side] BR3 Pasdd A

ozRE 9 HoldH o 2 54Y
< & AN2HE AHEES |3 Aol
U$ TBTOY %*é%’f%}—% dolu gttt 0.5ng/l =9 TBTOE
A9 o ¢ T Yo|¥E (Chlorella and Rotifer) THoll
o3 TBTOS g ool td EHE= A Fd3A & 9
&g Jelyga] gton) HolAE 9 g TR g IS
£49 4% FEo2 A Jehgch
g Aol g FASA AP A 1, 10, 25, 50, 100, 250,
500 2 1000ng/Le Z TBTO A& FZol thdh W AMAIZE
(LTs) 2 247} 2300, 480, 24.0, 146, 9.3, 5.5, 3.0 R 17A 01 A3,
967t MR ALFE (96hr-LCso)E 3.5ng/LE YERESD o] &
uigho 2 s EA 482 TBTO 1~10ng/L F& H oA A4
QA 419y AU0e 4849 By, izl vid st

v gAtEdl TBTOZ AHad ZE TdA {A 209 AF 2
ARE =9 F7hes Bou A 54 9% Inglld v %
AMe ARG Fo BE G oo 4F#H &L F
Aoz zol7t YehtAl ggtonyt (P>005), sj5ol 34 TBTO
g AHE§ 5 2 10ng/LY TBTO FElA T 209 o1l 90% 9
BA Ko7k Aoy Aol Eo) H)dtd FFAAS WE
o E49 %] A et A Aol AR FFHA Aolg
el (P<0.05).

ol49 ARE E w, TBTOE H2A Sng/L & oldtlA 7
A7t Holof & Aoz B 24 $gvte A2 A 2
o]A TBTO BT ¥L¥E 10ng/Lolw, Mutel £qo] ge g7
2 Yhe g2 #5 248 $4 £ FEE TBTOZ 253
B2 93 FHT 2 "olPBe AE 5T FE oz
TBTOS AHE-& TrAlsiol 8 AHold,

o] =EL 19979 AR S FzAY (Y- FoAEE

opl ejste] AFHUE.

4 0o 2
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