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Summary

The distribution, behavior and effects on biota of organotin(OT) compounds
were investigated inside Cheju Harbor and Songsan Harbor where a lot of
steady shipping occurs. For this purpose, the seawaters and sediments were
collected at several stations three times(March, June and August) in 1998,
considering the mooring sites of ships. In addition, biota(Thais clavigera,
Liolophura japonica and Cellana nigrolineata) which live in an intertidal zone
inside harbor, were collected in 1998. For Cheju Harbor, 7. clavigera was
collected five times(March, April, May, July and August), and L. japonica and
C. nigrolineata were collected three times(May, July and August), and for
Songsan Harbor, all biota were collected three times(May, July and August).

From seawaters and sediments, the concentrations of tributyltin(TBT) and
triphenyltin(TPhT) compounds that were contained in antifouling paints of
ships, etc, and their degration products(dibutyltin(DBT), monobutyltin(MBT),
diphenyltin(DPhT) and monophenyltin(MPhT)), the relationships among
butyltin(BT) compounds, the relationships between the concentrations of BT
compounds and organic matter contents in sediments, and the partition
coefficients between the concentrations of OT compounds in seawaters and
sediments, were investigated. From biota, the concentrations of OT compounds,
the relationships among BT compounds, biological concentration factor(BCF), the
relationships between the concentrations of BT compounds and lipid contents,

and the occurrence and degree of imposex in 7. clavigera.

As OT compounds in scawaters were easily debutylated or dearylated by
photolysis and biological decomposition, they showed different distribution
patterns in accordance with survey time. In case of BT compounds, the

majority was TBT in March and MBT in August, for Cheju Harbor, and MBT



at all survey times, for Songsan Harbor, but phenyltin(PhT) compounds were
not detected at most stations and were detected in very low concentrations at
few stations, compared to BT compounds. '

Average concentrations of TBT, DBT, MBT and total BT in seawaters
inside harbor, were 3.9 times, 11 times, 4.1 times and 5.2 times as high as
those outside harbor, respectively, for Cheju Harbor, and the former were 2.1
times, 2.6 times, 2.2 times and 2.3 times as high as the latter, respectively, for
Songsan Harbor, which is considered due to the ships’ activities and physical

factors such as an ocean current, etc..

Each BT concentration in sediments was similar irrespective of survey time,
differently from that in seawaters and the majority was DBT for Cheju Harbor,
TBT for Songsan Harbor. The concentrations of PhT compounds were below
detection limits at most stations and very low at few stations in the same way
in seawaters.

In the relationships between the concentrations of TBT and DBT, TBT and
MBT, DBT e.md MBT, and total BT and TBT in seawaters and sediments, all
the correlation coefficients were above 0.7, indicating that other sources such as
DBT and MBT, except for TBT, can be ignored.

The partition coefficient represents the ratio of the contaminant concentration
in sediment to that in seawater and its values for DBT and MBT in this study
were higher than those obtained by Stang and Seligman(1987), which is
considered due to the differences in sediment composition, etc..

In sediments, very low correlation coefficients between organic carbon
contents and TBT concentrations(eg., 0.0028 for Cheju Harbor, 0.0279 for
Songsan Harbor) indicate that OT concentrations are not influenced by the

organic matter contents.

The concentrations of BT compounds in biota were the highest in May for



Cheju Harbor and in August for Songsan Harbor. Among BT compounds, the
majority was TBT irrespective of biota species for Cheju Harbor, but for
Songsan Harbor, TBT and DBT were detected in similar concentrations in case
of T. clavigera and L. japonica, and DBT concentration was higher than TBT
concentration in case of C. nigrolineata. In case of 7. clavigera for Cheju
Harbor, average TBT concentration in May, July and August was twice as
high as that in March and April, which is considered that its breeding season
is from May to August and it bioaccumulates OT compounds during these
periods. PhT compounds in biota were detected in high concentrations
differently from those in seawaters and sediments, their concentrations were the
highest in July in both Cheju Harbor and Sonsan Harbor, and the majority was
TPhT.

BCF values of TBT and DBT in August were in the range of 20,070~52,090
and 14,750~26,100, respectively, and were the highest in T. clavigera among
biota species for Cheju Harbor. For Songsan Harbor, its values of TBT, DBT
and MBT were 35,430~62,830, 38,540~97,800 and 6,030~ 16,710, respectively and
were the highest in C nigrolineata among biota species.

The correlation coefficient between TBT concentrations and lipid contents in
T. clavigera was relatively high(0.733) for Cheju Harbor, but very low(0.065)
for Songsan harbor. It is considered that the systematic study is necessary
through a continuous monitoring for this part.

The rate of occurrence of imposex in T. clavigera was 100 % and the
relative penis length indices(RPLI) and the relative penis size indices(RPSI)
which represent the degree of imposex, were in the range of 835~99.6 % and
58.1~98.8 %, respectively, for Cheju Harbor, and 79.7 % and 506 9%,

respectively, for Songsan Harbor.



47134 8 % & (organotin compound)2 ¥4, Adol GFsA ol &H2 A=
g7 248889 dUz A, FAA 1~-4709 f712Fc) 2¥E HHECIH, {7
age 259 4o we gdd 423 vehyio] PVC GAA, AdE Fof, 23
A, AFA, A BEA FoZ o]g5x Jth(de Mora, 1996; Nudelmal, 1998).
AANAHNOZ §71FM8GEY o 70 %= PVCY 7tFA 27z ¥PAE
9§ A A2 A diorganotin ¥ monoorganotin 5 °] AH& S X O™ triorganotin
e 2 ¢4 AZEAZ A FHdold AR R AAds FAYAA
(antifoulant) 24 W9 % & (antifouling paint)&ol #H7l=o] ALE=H™,  tetra-
organotin® F2 ©& #7FAHRFEY P ¥5EFA2A o&dHu Ud
(Melinema %, 1978). 3w A2 Fhd e AgA17(Cu0)7t F2 AHEHU
o f71FMRFE] ARAITY 2g 2AWA #HA/ o S5 FAH
AN F8A4F A9 HAYF fFo 60dd T olAE A& Fo] FFHUG
(Anderson - Dally, 1986).

AR okd] QM RUIFAMSEFEL Bera M Hu HFFEE, AL
do] o|JANEZAA oA ALEHE ¥ FAANEFA FAY ojFF NP9
o Sz ArgFHEd, AFFA Fadd J& MM &EHAM 3T A2
2ae A dute] 39 WA QEo] RAJA HA AF BFE dHof 3
o =23 AEARE F/HAAEAC 001 mm AAE woirp AS8AEFE 03~1
% Z71) sted Muteogel Azt At 2AHEZ oY HLE5L 4o AR
gol 93t gl AAAH FHAAN FeERE HA3ddE FFol Add(o], 1998).

F£Z032 829 S/FASYEL FE & (Seligman, 1986, Batley, 1996)¢} A
284 2833 Ax(Lee, 1989; Reader, 1992) ¥ H+E2A 7 HHE g3 AE
ANz FF=AY 23 @vh(Laughlin, 1986 ; Dowson %., 1993). f71FM &% E
% triorganotin® monoorganotint} diorganotin2t} A H-Ao] F3ao YA E A
& F A3 (Maguire 5, 1983 ; Dowson, 1993).

F71FMEFE) SHL 47125 7 Mg 397, triorganotin &



B el A A:, AHAY A B AEA AT H& A 4
¥ A X~ (imposex) $& S22 4 ddk(e], 1998). 1 F FAo] Zg tributyltin
(TBT)ol 2 Wexag A&H", aAdE FhA7l7l 38 triphenyltin(TPhT)
o] &#A A& ¥t} (Shiraishi, 1992; Stab, 1994).

HAFBHY LexgdA EPH Uer R7IFHAFELS FAZYLE B
obuje}l #AHe Faf u] ¥ A E(non-targeting organism)ol &G &FE v XA Hof
ReRE AAEF oo AHA AHAHA WsE A B BN {77
FMeFE Aoz A BHAAEA disl Aoz E3F A7}
P gl

A= oo B3I ATE 2d¥Y ¢ dxd T EXE H#osr] A
Z A2 M (Maguire 5, 1982; Maguire, 1984; Valkirs 5, 1986, Readman ¢ Mee,
1991; Waite, 1991; Chau, 1997), #3322 2 7 & (Muller ¢ Bosshardt,
1987; Seligman %, 1988; Muller %5, 1989, Ritsema, 1991, Yonezawa %, 1993;
Yonezawa %, 1994; Evans, 1995; Watanabe, 1995; Traas %, 1996), &gl 3} %3
E X4 (Byrd 5, 1986, Watanabe, 1997, Arnold, 1997, Weidenhaupt, 1997, de Mora,
1995), AESEFEAY 2L A vxE dF FA dFdF A+ (U'ren, 1983;
Waldock # Thanin, 1983; Beaumont ¥ Newman, 1986; Short ¢} Thrower, 1986;
Roberts, 1987, Bushong %, 1988, Bryan &, 1989; Khan &, 1993; Han &, 1995;
Takahashi, 1997; Iwata, 1997; Hongxia %, 1998)5 3 dEAH 2 T AHFE A9
=4 oo FI AF(Gibbs F, 1987, Gibbs &, 1988; Nias &, 1993; Gibbs
5, 1996; Huet, 1996; Horiguchi, 1997)% 71728 Eo] dis 19803 i+ %
HAsA 771 F3EH 3 Ao

FWoll = 19904t ¥ 2 &7, o, 2HA F Aty FASHo &
Wat AgtoA Mutol N BEHE {F7]FAGEY] X4 FAYEA A= o
g 5ol B3 A7 E FI&F AHFIAFA L, 1996, 1997, Shim, 1996; Park
%, 1996; Choi &, 1997). o] dxo] o&d syt 5 st g2 XM FI
Hzt7) Yol FAHm gm Aut@Fo] @ At A AEoY HAHEFT
TBTS X HA 2= edaide vjsl da 23 &L Aoz zAHJLH 53
AT BABqE AANAN HE ¥& Fx7F A5 SEve Ate TBT



2 gol AZscta BusATH(e], 1998).

o)g)3 WowEEQA TBTY MFBAAMYY v ¢ 4oz Ao, ZFA
(1982), 9 =:(1986), = =(1988), Y£(1990), 2= #(1992) T HAFAM= o] m}
25mEtt e Adute M= TBTY A4S A3 Ao (Huggett =,
1992), £3 9o} 19883 Water Research Centerdl ] TBT9 Fx& &5
Nt 20 ng/t AFAME 2 ng/Le] 8A7NEANE A& AP Aok =¥/ A
A7l FAMO)S) FEdt] AMAHoZ HAYFH AN TBTIHY Hexr9 A}
28 ZolaE w88 ALsd go a2y oA x Mt 69 %AEV o] 8
g2 Aesn o, Argd disf FAZ e FHANE dxHE AxAY B
85 %ol 4ol o] ERE AHEdtE Ao A AL F, 199).

AFE dgre @ -3 F/ 2Agn Hze 3 dx2 Hol U7 #HEA
ZHE o) - HF9 AP ANAR L A&FoeM FL AL AF I Jo] AF
E Qe Mute] &Fo] MM, a2y H2 I HFATAY 1997
datd AFE FguUdA BFH AF7 Udetde § old i@ Ay 7
NENEGE A AL AFE Aot wey FAMES 2T - 27
Hais dutel 4@ edoz dFdn e /71FH SAFEo A AA A<
A+7 g8

o] AFE F/IFAMEUES JFd dF J2ATF oz Hurg Z<9]0]
M AFegd JAFUHY /F7IFHASEE EE AST € AEd vHE I
< #HotaA @t} o]F st Mute] FuANZRE o2 AP Ay L HAY
22 JHY FEEE, 4 47FHAE9) 434 € HHYEAN sEEESY
f71easte] BAS AHET, FUY BHEE AASdA VEFY =, HEFF
AL, BEFZ23 NAGFH) B4 L AEAM JEA2 AR S HESHAY



II. o] &4

1. RIIFM3BS9 HS

iz

& F2

Aa

FIFNEFEL B e faE A F = A
F718 4t F3d F w=s ¥4
Bz AlgEE TBTY TPhTE X809 stgzxog Agso] Qurt

F8lo & MAE gEHoZA My wHd Rl AEE5E A ZEA
& th(Benitez 5, 1985). o|¥A FFoR 29 A/IFHEFES FES
(Seligman, 1986; Batley, 1996)9} A5 8% Fai#3L A (Lee, 1989 Reader,
1992) # #2338 HAE azln AEANZ FHAHAY %45 & d(Laughlin,
1986 ; Dowson %5, 1993), ¥+ &4 AE¥er ofye} &4 Fal 2 A Ae HHE
HAE JFE vz AERFHS vt g x AefAd AdAFA ¥
3t& zdstA "o

TBTY A% FFoz2 #AdHE F€ = (BusSn)O(tributyltin  oxide,
TBTO)QH, ol 3% TBT ¥ol2oz &a¥ ¥ Cl, HCOs, OH 5% &%
3 t}(Batley, 1996). oldl F€ e+ pHol we} o&d pH7F 729 RE&dW&
BusSnOH2'# BuzSnCle], pH7F 89 w3 BusSnCl, BusSnOH, BusSnCOs °1™, pH
7} 105 %2 mE= BusSnOH# BusSnCOsz o] tif-#olc}. a4 dukHQl pHE
8ol A9 whge thg 3t 3th(Batley, 1996):

(BusSn):0 + H:O — 2BusSnOH

BusSnOH + H:O0" — BusSnOH:'
Bu;SnOH:" + HCOs — BuzSnCOs™ + HzO"
BuzSnOH:" + CI' — BusSnCl + Hz0

<M TBTE ZEE &8l €5 €3Hdebutylation)7t A& A Aot



Watanabe 5(1992)o] ¢ &% Table 114 H & upe} 3ol s A JEaH= 60
% °14< AL, YHAE BEEH s Aot 1y HHEY FSE
ojst vtz FE e 10 % AL AAF}L YnAe FELHE = dHo}, =
Falgae), #F4 %L 7AEd & F& @t (Magure 5, 1984, Maguire
Olson # Brinckman, 1986; Seligman %, 1986; Stang 3 Seligman, 1986).

Table 1. Degradaton rates for TBT removal processes in seawater
(Watanabe et al., 1996)

Degradation(d™)

Summer Winter
Process 3 T
- SS-rich Open_ocean SS-rich Open Ocean
Biodegradation 86.1 % 19.8 % 904 % 368 %
Photolysis 13.8 % 799 % 88 % 60.6 %
Evaporation 01 % 03 % 08 % 26 %

a Suspended sediment-rich

T AEL UYL EREEY AAUASY FAF B o2 TBTE ALHE
g5 ds d2g T EAMAIY, o AR & th& 3 o] dibutyltin(DBT),

monobutyltin(MBT)& AA HFHoZE= Fr|F4 oz W3} (Seligman 5, 1986;
Meyers-Schulte &, 1990; Dowson & 1993; Saint-Louis %, 1994):

BusSn (TBT) — BusSn>(DBT) — BuSn® (MBT) — Sn(IV)

TBTSt oj9 £&4E<¢ DBT, MBT9 wz7]= Table 29 2o, a9 &3
=2l WArlE =2A9d {7174 S8EY FYolud modeld Algdtd =3
(Dowson &, 1993; Watanabe &, 1995)5o] At} HoA & F U= upgp 2o
F7IFASRES] Falle A9H, oy, dPdxdd @} Fojg 2Yd& ¢ 5 4
th. d¢Fol A9 TBT, DBT ¥ MBT9 w77+ d&g 27t 6~269, 1~>15Y,
2~14d0°l3 HAEFANAY w7 TBT7 1.853A 8~15d o4 5 A
ol & Holx 9lx, DBTE 15~6d, MBTE 1.85~37d 22 EAHE A9 §7]
FHARREY ol g B 34 A= AL ¢ F A



Table 2. Half lives of TBT, DBT and MBT in aquatic environments

(Maguire, 1996)

. . L Location/source
Species Medium Half-life of medium Reference
TBT fresh water 6days at 20T Southern England Thain et al.
(subdued light) (1987)
11days(in dark) Daini Neya River, Hattori et al.
Osaka Prefeeture, (1988)

estuarine water

Seawater

estuarine sediment

marine sediment

26 davs
(in lab window)

1~2 weeks at
22~287T (in dark)

6~13 day
(in sunlight)

7~19 day
(in dark)

13 days
(in dark)

6 days
(in sunlight)
3.8 years

1.85 vears

>8~15 years

Japan
Osaka, Japan

Annapolis and
Baltimore Harbors
San Diego Harbor
Southern England
Osaka Bay, Japan
San Diego Harbor
Georges River
Tamaki Estuary

Arcachon Bay

Watanabe et al.
(1992)

Brinckman et al.
(1988)

Seligman et al.
(1986)

Hattori et al.
(1988)

Seligman et al.
(1988)

Kilby and Batley
(1993)

de Mora et al.
(1989)

Astruc et al.

(1990)
DBT fresh water 5 days(in dark) Osaka, Japan %{lggcgri et al.
)
seawater 8~>15 days Osaka, Japan Hattori et al.
(1988)
4~10 days Osaka Bay, Japan Watanabe et al.
in filtered solutions (1992)
1~7 days New Hampshirc Francois et al.
(in lab window) (1989)
estuarine sediment 6 years Georges River Kilby and Batley
(1993)
fresh water/ 1.5~3 years Southeast England Dowson et al.
estuarine sediment (1993)
MBT seawater 2~14days New Hampshire Francois et al.
(in lab window) (1989)
fresh water/ 1.8~37years southeast England Dowson et al.
estuarine sediment (estuarine sediment) (1993)




TPhTE €ol¥3dl(dearylation) 325 F3 =™ diphenyltion(DPhT),
monophenyltin(MPhT)S Ax HFHor FrFMoz wW3p(Sodergist <
Crosby, 1980). TPhTE HAE Sol ZsA FHHY, FFdAE dxdd = 1€
o] <A Y (Barno T, 1973) FE&#HMA wE7IE 14~219 AEolH, DBT
MBT9) utzt7)= 242 3gojul, ¥ o2 TPhTat wf$ EdAscts Busn
2t (Sodergist ¢ Crosby, 1980).

2. R7IFMBE S

FFMEFE S daiMes FEAA ArEHAH gokKelly F, 1990
Khan &, 1993; Nudelman %, 1998, Labare &, 1997, Hongxia %, 1998, Han $
Cooney, 199%; Fent, 1992). ¥Rt o2 {7|FAHAS S4L K728 F7F
9 e #AV A3, EF) fr7]2Fo] Al A(triorganotin)¥ ® S A o] FEo,
LFANE TBT7F 7H4 540 st Aol did #71FXHstd29 5449
AME TBT7 7H3 & Aoz yed b h (@A 74, 1997). depyoz
TBT¢ TPhT+= DBT, MBT, DPhT, MPhT$ 2 diApabEHt EXo] Ay
(Environmental Agency of Japan, 1990, 1991; Vighi ¢ Calamari, 1985) .

TBT & #71FAHFEL YeradA dFFoz §550 BEFF AdAR
3} oldo = BHA & T FHAALE 099 tE MEAALE dFFE 1A
o] - drlHon QA AHAHA ¥WIE A A A VM= ol T
F7IF M} EY fiFLERAA mAE 540 disf 7<sAd.

TBTE FMAE 3t 4o ofF 73 & A Z(Stickle, 1990; Kelly, 1990;
Stephenson, 1991; Horiguchi 5, 1997), 74 Ad F# /A S 0.1 ug TBTO/ L9 =
ZAAE 9 159F ) ¢RI AAEAoH, 10 gg TBTO/2 M E 549F ZF A

10



AFet ot (Beaumont 9} Budd, 1984). TBT acetated) W3 Z(C gigas) 489 34
AAbE g TBT acetate/ Ll %= dojwtth(His 9 Robert, 1980; Robert ¢} His,
1981). DBTY w454 dd47d w29H Scenedesmus obliquus?t 713 T3 A
o2 yeptEd ECso(96h)e] 65 ug DBT/ ¢ fAth(Huang 5, 1993). MBTY #+4%
AMe FHAEA 4o W= ECs 53ug MBT/ ¢ (4h)2 Pseudomonas putida’t 7}
Z R Foz o wHoer wo 200~2000M AE o AEdan o
(Steinhauser %, 1985).

Hexdod TBTS o] ExA2 AHEHE TPhTol did d7E ol Fd A
Ad dwtH o2 TBT 540 FASAY ZAnstw), thAH4E<Q DPhT, MPhT X
e 5A4e & Aoz delA Y (Thompson 5, 1985; Horiguchi %, 1994). &
FEA s TPhTCIY 54 dist 443 E B9 Crassostrea gigas ° o
LCso2 ull, F48 , & 2ZtZ} 0.11 ug/ ¢ (24 h), 5.3 pug/ 0 (24 h), 53 g/ L (48 h)o] Y 11,
deo diasiAE Veliger A7)0l LCso 9.2 ug/ ¢ (24 h), 58 ug/ ¢ (48 h)E &d
z QthH(Horiguchi ¢ Shimizu, 1992).

2) ok 2 A5y

TBTY A% #HAFAM D& Fx(05 we/ )M €99 o A8 A9
fiddler crab®] 749 AAE limbse 7Y o] VA= YHWeis 5, 1987). Grass shrimpd
9 4% LCxo 2 20, 30 wg/0 2 BaEY3(Hall, 1988), 719u8g Yo7)& TBT
9 FEE 56~75 ug/ L A9 (Pinkney 5, 19852 #E3HA S dE AAAN AESF 7
T oldd FE4 EFIEAA TBTY 549 79ukg FdA4o], A2 gef &
9o 4 Fo] Utk (U'ren, 1983; Laughlin %, 1984; Johansen # Mohlenberg, 1987;
Hall, 1988). °]2igt F&L 1 w/¢ 2o 9 And Fxoy #RHJN Aartia
tonsa®ll A G3o] #AHA FE FEE 001~0012 ug/ ¢ Atk

QAT EANME FAIL AER AA, u) B9 A, A48 Fast Y&
AAt Z& 2N TBTEAHL @el 21uso|4 Uth(Thain % Waldock, 1986;
Lawler ¢ Aldrich, 1987; Valkirs, 1987). 18] sizte] o] T3 5o} @zto] T7
A Hx 718483 L Giant Pacific Oysterdl 2$ 0.002~002 wg/ ¢ AA et

1



(Alzieu %, 1989; Thain 5, 1987). = & ®H i) 9 2 eyl 1o 2 ¥y
71% &tk (Chagot 5, 1990). 339 AA &4+ static exposure experimentol] A+
0.4 pg/ ¢ 1A, San Diego BayolA 9 field studylA = 02 ug/ 2 ©lFelA FAHAR
(Salazar 5, 1988), Aol F&FE nxA @& TEE 008 w/t 2 EA U
(Salazar %, 1988). Jubenile scallopsdlE TBTS »xZd o) AAEc] 7433,
A AL&o] F7tstH .

9 F5EA A EZMArE oA TBTY I3 AHEH A dojx ELLS
T opg/ el BaFH o 1.8 g/l oA vl FFoR AFHQ Udo]
A5 A g, dd J&FE B2 g FEE 032 w/ ¢ 2 FAE D h(Horiguchi
S, 1994). E7hAtellA armo]l A FeiE 001~01 pe/ 29 A2 4HA A
(Walsh &, 1986).

FZ5F9 NENEFIAEANN /AUIFHEFEY 548 dwyoz 433 FPAY A
AE & & At (Wong &, 1992). TBT Z¢ 2E FAME 1 /1230 2 &%
A g Aol G deudon =xfFo] Fajubde) A ECx(72 h)& 0.027~
87 ug/ 1 VY AH Horiguchi 5, 1994).

DBTY =M= dddodld 7 R13e G832 FARSAR 27] Ao A
Aol 11087+ =4 A MAF &) e FET 19 we/L 2 TBTA #& o
10008} e Fxoltt, uigxshe T7del Az DBT =&4¥ A5 pg Sn/ )
ged YAV ZAsPon gFrHEd FAHINAsU AAe dojuA #id
(Holwerda ¢ Herwig, 1986). MBTl ti3t A SAHA L= A9 e AAod

TPhT: brittle stars®] arm A4 A A (0.01~0.1 ug/¢) Z sea starso| ¥ 2
FEd A0 e/ 0)E o P

3) 9 ¥ 4~ (Imposex)
A B £ 5 (Phylum Mollusca, Class Gastropoda, Order Neogastropoda)ol 4 3l+
ERdHoz vgd #Fse Yo F3H9d A AAE o, ued

q e a5Hs 9ol 47le AT 059 4e 4 FEY & o 70d o
Fol slol ool FAe wA Pw AWad Ade) yu a7z
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FHolAdey, '69d  Blaber(1970) o3 F=9  Evhg-2d AYFE
dog-whelk(Nucella lapillus) A A S BAHAA Smith(1971)= Imposex &
4018 Fxd AHFIHFATF L, 1997). F JEAAE {F71FM3gEo 93
A2 dol A WHENAFTA o] FE U AEZF dAA FRAY Y
71 HY 2(penis)E = A4S #3HGibbs 9 Bryan, 1996, Shim, 1996).
@A AAHeRZ o 1659 AEZHAM JEA2E PAdo] e A (Gibbs
9} Bryan, 1996). ¥ A2 wdo] A5 Ao wad 7o AR A F
d ¥ (vas deferens)o] FAE1 &A3] FAHE Folx Ad AF3d 27 F&
(vulva)& ol &9 BEo] AAgozN 43 Eo] fsol o244 AAT
o] ZAdA "uh(Gibbs &, 1987). f7]FA33EE AA W Hol} & F3
Fd&F B, TBTZH 713 d¥EA2E 2 §238E 293 (Bryan F, 1986), 71
FAGHEY FALAAZA ALl FAE F MY 3] Eo] Bas At (Evan
5, 1991).

PYEAM A @go] ABEZRO A nxe= g dA A7) dojx
% (relative penis size index, RPSDZ X &0, o]t HFEAR F F3HY 447]
dol e YEA2L AHY AR YFr RAE WEERE Yed AFold.
Gibbs 5(1988)2 d=ZolAX FAFEn5o d£9 Nucella lapillus® YEHN2E A
& A, RPSIgko] 40°] 92 A%, £33 s+ F9 TBTS X7 10 ng/Lol3d
S A Qo] dae g g, Fio 2do] AFRHE AL BndYgoy,

59 TBTHE7 100 ng/ ¢ °14d dde 43 d¥ AA A sperm-gland
7 AHA e RAE Hus v o

o JEMA FHFL et R L FARJE o HE AN B
o] # &A% (Bailey and Davies, 1989; Gibbe, 1991, Stewart, 1992; Stroben,
1992; Wilson, 1993; Curtis, 1994; Evans, 1994), o] o2 XHg Ag s} HolAF
B go] AU G (Bryan %, 1986; Horiguchi %, 1994). Brittany coastal water
Woll A 1992~1994d o) A A JEAM 29l BE ARXZX Nucella lapillusE 83
o fFr7lFMadES] 29de H7e v Udh(Huet 5, 1996). o|HY HZ BEXF
A dEAXAE dodlE Aol HIAAWUAN dEMAE TBTR Y #8¢ HEAR
24 &893 Ao,
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1. AR A

AFege AFwe BE Fogd YA Jow, MaFeln FAFgor Fgrt
o ZAAE Huaa Fg 1 kmol A Atetd a3 SREF MO FHE 42
ANEZ g9 $a4e 7904x10° m? A&ATF BHE 4404 m°, FHFAL 15~
143 molth. ol #e L¥ojMn iy Mute] Hutal o] dutd A=
24 ey g€ ¥ xE9 TBTS TPhT7F 4@ sge=s ¥Ed
At BAL AT gow, AFoz B4E WA RH AUYAL AR
A9 fEol =2y WEol AUgH HHEo] Bol Hof UM, & WOz AF
2 Wzt walgdg o, gt W Add AA ghwto] A& U

o

Hage Jautse) Qe stold Fu BEe 22 ¥, Wi AT} A
FEE Yagoldan. Juge ddFoz Wy F4E 35~4 mol
Ae 75 molw, YA FHAL 256000 mPolth Fhels B 2§
al st3 Qlom, HAE BEol meel Ayrt EfH Ao, o
S HWe AYd AX gute] A AU

2. d8NA=

ANFNFEY FE AEFSA dd JFE A skt FH gL A
uto] AHutal Yz Mute) JEFo] Be AT A4ads dyoR s, HAE
agln BEAM s Ao ZAAH LS Fig. 13 2o

Ao HAEANRE AFE FUHF B Muto] Hurg 5 Mute] &3 o]
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Fig. 1. Map of study area showing Cheju Harbor and Songsan Harbor
(I : Mooring Site).
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2o AFFH PJAES MAsA zZH oA 19983 3, 6, 8¥ol 33l HAAH A H
gk AFFe Huto] Futgin Qe A AAAE st Fue 1270 A
Aol e 428, 959 270 AAHAM d5-E AFdAoH, =&
otuto 2 Aol 9ol HAHBo EAA Y= olFE HAEL AHHA Kt
At

HAg oA AR AHE Muto] Autatn Y& A, B T FH P T
S nystd A FUHY A, B, CAHAA s+ HAESL 99 DAAAN =
AFaa vz gutet Z2Qsts BAZ 5T AHAATG. 2HAAN BAH
= upe} ol AXAAME 670 AHAA, BIHANME 570 AHANM, CAHJAM =
470 A, DAL 47 AHGS F 190 BHAM ARE HHASFAG.

AFe 8 3 30 cmAHAAN 5 ¢ & v AHor MAGE ZefstruolEW
Aot Ice Boxol 9ol A= enkgd g EMA7A -70T Y WEid &2
#3det. HAHEL van Veen Grabd At&3te] ZeglRlo]EX To}l s+
FdsA Ao

BEANREE U A GRd A3 IR AR d(Thais
clavigera), i *-(Liolophura japonica), < (Cellana nigrolineata)& A A s o
AEAE U AR A A, BEA] Fo] FEsA o}
AT Jige) A B AEAE Eof &4 AH&s Aot

AMAAN 7= AFEe A dFeds 19989 3, 4, 5, 7, 89 53l AH, ¥
o ZuiEe 5 7 89 33d AAH AAFYoH, e ZF 19989 5, 7, 8
of 33)o] 24 AHsAYG. AAF BEHE FA Dry Ice Boxoll Ho] ddd=
eutst T 747 S AAS § fFyed Fot s FdA Mo

dreles dATERE BFZd &3s VEZFHY n5o=2 fvtet d At
of A2ttt 53] 27t AAsy A2 @dAby & AL dAFES
Hol2 At 3 22 AAFE2 et A Ao =tdid A3y
ZNEFEZ Ze AxFE Hol2 e
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T B A AE" A #FEAQ MBT, DBT, TBT, MPhT, DPhT,
TPhT¢ WHEFE AR tetrabutyltin(TeBT)S A4 3¢ EE AdrichAHUSA) Al
¥%8, tropolone, Grignard *] 22l hexylmagnesium bromide(HMB):  AldrichA}
(LSA)9) AHEFE&, FEE7A n-hexaned FisherAHUSA)S HPLCH S AM{3tQ
th 19 Alke AR EFE AMEsid

3. MUy

D #71F4s GRS 2

T2l ES A - AFEHsSE #AAL 2A AE29  AAHE(acid
digestion), &1l 3 % (solvent extraction, X A 3} (derivatization), % A (clean-up),

M (analysis)9] 5T A2 o]FojHoy zF AJge EAL g g}

(1) sk

L 2o sieE 2 ¢ FIdEdZ2dr)ed ¢& & 448 A1 838l pH 271 5=
gt} 0.05 % tropolone-hexane 20 mME Y& 5 WREEFEAZ TeBT0.02 pg)&
Frt 38N E5 £ F 5EAE 2AEL A78uES B A9 e A
AEAg 4 e daildE EFe oz 2538 3 47 g 22 AZwE
%71(Bichi R-124)& o] €8 2 ME %27 F o47]o] 2 M HMB 250 pl 9
3L 1527 vortex® o] F 3 208 WAITH 04 N 242 4w st wrg
& F7A713 4000 rpmA A 94 el F H7)8v) 2& 5 m hexane & 1
2] M H g 2 g activated florisil columng F#HA1 Atk AA7LA ofol A A3
dAEAd F 200 w9 hexaned 71dtod GC(gas chromatograph)-FPD(flame
photometric detector)® #M & on X ZxAL Table 3rhk 3t}

17



Table 3. GC condition for analysis with flame photometric detector(FPD)

Gas Chromatograph : Hewlett-Packard HP 5890 Series II
with flame photometric detector(FPD)

Injection Volume 2 ul

Injection mode splitless

Detector temp. 250 T

Injecter temp. 225 C

Carrier gas He

Detecter flow rate 100 cm’/min for air
170 cm®/min for He

Column head pressure 25 psi

Gas Chromatograph
TEMPERATURE PROGRAM

Initial temp. 50 C
Initial time 3 min
Ramp Rate 30 C/min
Final temp. 200 C
Final time 5 min
Ramp Rate 40 C/min
Bake-out temp. 240 -TC
Bake-out time 15 min

Column Supelco SPB'™ - 1

Length 30 m

Internal diameter 0.25 mm

Stationary phase SPB-1

Film thickness 0.25 m
(2) X3 E

HHEL 57001 g& A4 Ee@dd Azl WFEEEEEX TeBTE ¥ F
1:1 G948 10 me ¥ol 3087 WA w7 Eyd 0.05 % tropolone®] ¥+ €
hexane 20 m{¥ 3, & 7](Chang Shin CS-K)& 3A17H&<t A& F 4000 rpm
A 1087 QAR AP F 2 me 7] &9 & KA A F=o
oj7lel 2 M HMB 250 pf ¥3 1537 vortex® AolF 1 20&7F ¥A . 04 N
FAS 4w Htstd &8 FRAII 4000 mpmAA LA e F F71 &0
29 5 m¢ hexane 2.2 wlg AHAHI 2 g activated florisil column® %3434}
Aazt2 ol @A) ¥R A F 200 49 hexaned 7t GC-FPDE #
M.

18



) B E A
BaAE d2bs A & At g A8 3 F 54 32Uy, HHE
40 T A&7 AxAZ F A gE AR A
AEANE 50 me YA Fwd 12001 g¥ Hof 23NN 0.05 % tropolone
°] ¥ ¥€ hexane 30 m(E H3 F%% 3t 4 mE FIAAIAN HdA 2 =
Tt A ol HAE EMRHN FASA FPdd,

2) ¥4Y9 34 2 HEFA

TR EY MY E Bt Aol flov, R4 FF, 3, &
A, A7 5 e EAMuye me 2 oiolg wAddh(ME&dsti,
1996).

o] A el TBT, TPhT¥® 3 ofve} o]5 ztzte] ¥ &4HE49 DBT, MBT$}
DPhT, MPhTE &, HAE AEAZANN AH-d4 F5YPS Tt F53 9
HMBZ hexylation AlZl & GC-FPDE o] &3ld =A3&Uct. FPDY gL #7]
THEREA dHal HHHolx ¢tow Z} peakd WAL {7IFMIYEY F &
ol obd FMAAL HHd %S Yei

FZ °]8%¥ n-hexaned 5, HAHE AEANIZRY FIFAHEHEESE F
Zat=d A fr1&vold. 5, HAE @ AE(HFeDAIEA 05 ug Snol
HFHE BEEFEE 7 F ZAAR9 BEMdyd o 3582 239 A=
Table 4% 't} Butyltin(BT) #§ES s+8S 4HEd TBT € DBTE A&
o] Tl #ARRC) 97 % )49 EL 35 &S BIdo MBTH dalidE Alg
o FHA wg tx AolE Hely 60~70 %9 P& HAFe&e HId.
Phenyltin(PhT) 33 %<& TPhTS DPhTO diadiX = 87~93 %] 3]+ Hol
U, MPhTE 55~63 %9 @9 3483 2t}

BTsl#E & PhTa&Ex2d £3 TBT, DBT9 TPhT, DPhTE 2zt MBT
MPhT 2o ddidoez 73 AARAHO2 n-hexaned A F2=HY MBTS
MPhTE iAoz @2 42549 fr71a25% @4 FHY47 34L& dxn ¢
of Aoz FE IFE&g Holy Y& By olYe HAAE FYHyoeg ag:
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ol

g F Ao 2 ol FF & T FEREAL FA FUuC. #H 3
& A4 2 BMAFFY AAE BHAS] 9% AR EEEZQ TeBTY 3+&
HFol s 97 %, BEANRANNE 93 %, HABNNE= 8 %E 2Ad.

T 9 %A (detection limit)e EFEF S #A7ts AIZEA4E B8 o
Adom, I A#}: Table 59 o).

flo

Table 4. The recoveries from seawater, sediment and biota (7. clavigera)

samples spiked with organotin compounds corresponding to 0.5 g Sn

Recovery® (%)

Materix
TBT DBT MBT TPhT DPhT MPhT

Seawater PNTH 9714 715 937 9279  63=10

(@]
(o]
[

|+
oo

974 6011 8743 87

o0
+
(@]

Sediment 9

i ppldais) 89=5 88-4 1615

,
20

I+
N

T. clavigera

Table 5. Detection limits of organotin compounds for each of the seawater,

sediment and biota(7T. clavigera) samples

Detection himit

Maternix
TBT DBT MBT TPhT DPhT MPHhT
Seawater _
(ng Sn/ ¢ ) 0.1 0.1 04 1.0 05 2.0
Sediment

(g Sr/g drv W) 05 05 10 10 05 20

T. clavigera .
(ng Sn/g dry wt.) 05 05 10 10 05 20




3 HAE Y fo8L9 33

Az HAEL gty ol &std A4 ¥ HAE Aad g4dS A
Ast7] Ystal IN @48 H7be 3 dry oven(60T)IA ¢d3] A F, CHN &
7] (Leco Model CHN-900)& o] &3t Z A st}

4) AAUFd 54

AAde BEA B A Uva 20 med) /7180 F& ne FAE S3® &
Folg Yol 9o F T FoAN BAT dEAYN F AF 7oA AE FH8A

A A g aE-g A Absicl
5) 9 ¥ M~ (Imposex)?] A

Ay dede 24 Byol BAHAE o] 43 01 mm HAHA A F
HzkS FHstel &2 delstdreh dsge] o4 F FEE s £3 &gl
=g A4t #HnPE ol & MAAME #AL FaA FEIFYD

el penis®) Zoly HFY oln 2 BN 7H g olgsd FAdA=H, ¥
A 59 penisE ¥ 3 felFElo]l=g 1200dpid] MEER AAYEI, Hol
22 gato] Ieme £HE &epolno] T st 2AYsA. 2Ad IFE
ImagePro image analyzer®E ol &3 Iy J43d a2 3 g di+ 2 penis
9] dol& 0.lmm71 A A3 Ad.

gl ¥ B ~ 9] A= Relative Penis Size Index(RPSI) ¢} Relative Penis Length
Index(RPLDE o] &3te] ANt 5 7, 88 AFY dFedd didoz o9
penis Z°l & A I imposex¥ AL WFoz FHHAC : RPLI(%) = female

length / male length X 100, RPSI (%) = female length3 / male length3 X 100
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V. 4% 9 &
1. fFoAMe RZIFMUBUS

rFog WwEE frIFMIAFREL FEH L AEFY A o2 10
F Foz #agoe] FMgn Fd HAHAZ T AE
3 3o eyt RER Ao did. a1y dsFF
eNZNEFEY Bus 2HF A e H3 FANAR Ged F
Atk A ArkClavell &, 1986). @ty B AT e slsF %
243 BES7) st 509 #5-E 3¥, 69, 8¥9 33 HA Fodd A
of Avtx)gowrny oy NHAFF A5 FU 127 AHA T 274 AHA
Argkol A9 g 1570 A M} &9 4 AN Aestd BMstd o A
g AEsHch

e
o= £
fo

M
b
i

L'

He

1) k%

) BT3 & &

AFgo e deZFe BT E9 ZAAZI @ AHH 5= Fig. 2%
2t 2A717E B9 el M= TBT, DBT, MBT % #BTe s=¥e:= #z
28~409 ng/ ¢ (H 7 134 ng/¢), 04~262 ng/ 0 (A7 55 ng/ ), 1.5~54.0 ng/ ¢
(B 126 ng/ L), 125~784 ng/ 0 (H3 314 ng/ 0 )oZ ‘el o™ Fojo) N
7}7b 1.2~102 ng/ 0 (F 34 ng/?), ND.~1.2 ng/ ¢ (H3 05 ng/?), 1.1~6.1
ng/ (87 3.1 ng/?), 40~123 ng/ ¢ (1 6.0 ng/ )G} o} geje] 7+ 3
FES wuwsd Azzh FzRc TBTE 394, DBTE 118, MBTx 414, ¥
BTT 52419 & 52 2331 qAY. oz Fula A FA B Hursol
Aural Qa &e B WA Fo JFgFo FHFo fFFo 7] AEY Ao
Az gl
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Ardd zh slgEe] 2AA7 B FEE dHrEd 3 6 844 TBTE 2
7t 97~304 ng/ ¢ (Bt 174 ng/ ), 59~409 ng/ ¢ (FF 17.0 ng/2), 2.8~ 10.8
ng/ L (F7 57 ng/¢), DBTY Z}7} 04~12 ng/ ¢ (H:t 08 ng/ L), 54~26.2 ng/
e (37 123 ng/ ), 1.5~114 ng/ e (H< 33 ng/¢), MBT+ ZtZt 15~55 ng/ ¢
(7 29 ng/ ), 37~123 ng/ e (F+ 72 ng/ L), 151~540 ng/ L (F T 36.7 ng/
019 FR2 £AAI7|d wel Zb BT 3§89 #3371 433 Aols BHIew,
ol H¥FEZ M usty TBTE 399 7b4 Eqkom 89 nlaf o 3uje 5%
g, DBTx 6% 713 Estom 399 vi& ¢ 1599 % &, MBT= 899 7}
A whon 39 vj& o 10 FEE BYS & 5 UMY =% BTHEEY
Z ¥ kol did TBT, DBT, MBT® %%x° HE ZAMA 7] mi 8w (Fig.
3(a)) 39l 2z 77-87 %(HAT 82 %), 2~7 %(HTF 4 %), 10~19 %(HT 14

E, 6903 7+7} 39~52 %(Ht 46 %), 20~46(F 7 33 %), 14~25(F T 21
9%)5, 8¥dl= 27} 14~22 %(HT 16 %), 6~10 %(FTF 7 %), 72~79 %(H
77 %8 BYE ¢ +F UdJed, o A= TARA7]A wep Mdute] e x g e
FAER TBT7t 3&& T+ AESHA L Fo s g@F szt dojde &
F 2t & 39 FBTHIE F TBTZE A9 RS 8¥d = MBTZ A
oj g AAFgE & F AYen, FddME Fuie vk FEFE B
ZAA 7)o whel ZF BT EL &9 o2 gasdoh:

TBT>MBT>DBT(34); TBT>DBT>MBT(6¥); MBT>TBT>DBT(8¥)

A4 FBTEHYTEY FF5Ld g 72 A HUE T8 AFL Bo)|A
gokom, 54 Kol A oF 60 ng/ ¢ &, 49 10X HolA 40~50 ng/ ¢ &, 37 6X
Mook 35 ng/ 05, 83 1A HANA 2k 27 ng/LE 1 99 AHANAE= < 20 ng/ ¢
el iz 10 ng/ ¢ 7vHE BAE o4 ¢ YA

%)

=]
5

i

gl Mo sl F o BT ES A7l @& Ao =& ¥ Fig. 4
o} o 2A712bE e FWd M= TBT, DBT, MBT ¥ #BTY Fx=¥d9: 2z
7zt 04~174 ng/ 0 (B33 44 ng/?), ND.~16.0 ng/ ¢ (3 36 ng/l), 1.9~23.0
ng/ ¢ (H 85 ng/?), 26~-445 ng/ L (HT 165 ng/¢) & el o g9q
e 24z 0744 ng/ 0 (B 2.1 ng/0), ND.~28 ng/2 (B 14 ng/2), 1.3~
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Fig. 2. Concentrations of butyltin compounds in seawaters in Cheju Harbor.
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58 ng/ L (H3 38 ng/ ), 26~128 ng/ L (HT 72 ng/ L) & YetiAdg. ¢
gole} 7} B3t ES nastd HzxE FaEY TBTE 2149, DBTE 2.649, MBT
= 224, FBT: 23W9) ¥& 2 233ty A

AArE U o) 7} st E o ZAMA V] WE R E A4HEY, 3 6 8¥d TBTE
zk7b 04~174 ng/ e (A7 53 ng/ ), 19~89 ng/ ¢ (HTF 41 ng/?), 16~ 7.3
ng/ ¢ (33t 38 ng/¢), DBT: 247} N.D.~160 ng/ ¢ (37 48 ng/L), 1.3~40
ng/ 2 (Hw 23 ng/ L), 20~6.3 ng/? (H3* 37 ng/ ), MBTE= 242z} 1.9~23.0 ng/
2 (H3 105 ng/ ), 37~206 ng/ L (HF 92 ng/ ), 32~81 ng/ L (BT 59 ng/
)9 Y E AFEH vpRstxE ZAA7|d wel BT sgE9 E¥7 A
F3 2olE HIJow olFE FHFFEx2Z Husd ATy de TBT, DBT,
MBT 2% 3% /14 Eskoo DBTT 6¥d 71F @dx, MBTE 899 7%
v B xsta o 23 FAAH e BTE#ES Feikd dig TBT, DBT,
MBT®S] Fx9°] H& ZAMA7]o] me} v st 9 (Fig. 3(b)), 3¥d+ #2Z 8~33
%(H 3 24 %), 0~37 %(F 1t 19 %), 49~92 %(Ht 57 %)E, 69l = 7 23~
4 %(H 1t 46 %), 2134 %(H 27 %), 37~53 %(H 45 %)E, 8¥= 7
20~35 %(Hh 27 %), 11~20 %(HT 16 %), 46~61 %(H 57 %)& YL &
F AAY F EZARA7IA #Ae]l FBTHEEFT MBT7E ¢ 50 %oldoz 713
Eokow DBT7ZF 7H4 @A E¥3t Aoy, oo Mx e}t vl=d Bs
Bt

AW FBTEEY e A BAHY CHLe 320 ng/0 Y &
R EEsI Jddeoed AAHA A DAAL 10 ng/L WY FEEE
5 EAvd AN dutetn A dube] 7 Ha o] Aoz MHubo &
ol Hom wg B CANozNYH 49 fFo] -gA dojur] f&EA Re
2 Alg

AT gy 7Zh sigEe] T EE FFFER Husdd dAes F
Ay 2Ab717F B2k TBT, DBT, MBT 2 % BTE 77t 3.0, 1.54, 159, 1.9
e 2 FEE EYow, AN met AFFsEE wusd TBTE 15~
4149, DBTE= 02~534), MBT= 03~62u¢ ¥ 349 DBTS MBTE A9

25



100%

80%

60%
40%
20%

0%

.1 00%
80%
60%
40%

20%

a) Cheju Harbor

0%

June

Month

b) Songsan Harbor

June August

Month

OMBT
gDBT
mTBeT

OMBT
QDBT
mTBT

Fig. 3. Average ratios of each concentration of TBT, DBT and MBT to total
concentration of butvltin compounds in seawaters inside Cheju Harbor(a)

and Songsan Harbor(b).
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Fig. 4. Concentrations of butyltin compounds in seawaters in Songsan Harbor.
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dut Fe FR2 B¥eEy YA 7 sgEe ¥y 7 ey e 4
S By,

o] At U M4-F BTEHTEY ¥ (TBT 04~409 ng/¢, DBT ND.~
262 ng/ 0, MBT 1.9~-540 ng/ )= %(1996)0] B s FHi7 YA A&
L xut Ao TBT 19~85 ng/ ¢, DBT N.D.~58 ng/ ¢, MBT 12~66 ng/¢ 9 ¥
=B ¥ Choi %(1997)0] B g wniikxte] 9 TBT N.D.~59 ng/¢, DBT N.
D.~91 ng/¢, MBT N.D.~720 ng/¢ 9 ¥ ¥xrcii ot Choi 5(1993)°]
Bk FY vt TBT N.D.—15 ng/¢, DBT N.D.~16 ng/{, MBT N.
D.~64 ng/¢ 9 wxE¥xe 701997 B3 vt TBT ND.~157 ng/
¢, DBT ND.~11.7 ng/ ¢, MBT ND.~110 ng/¢ 8 FREIETE =g

9] 7o) -9 vy v Aorot v ot FEEF Frte oY
A2 Muller(1987)7 B.51gh 29] 294 2] TBT 2~6 ng/{, DBT 2~16 ng/¢,
MBT 5~21 ng/ 09 ¥%¥F9 Schbeck 5(1991)o] B33 Zdodre] TBT
N.D.~73 ng/¢, DBT 1~16 ng/0, MBT 09~60 ng/¢ 9 sTLP¥Evs £&
¥Eg Holm Yot Maguirest Tracz(1985)0] B 318k st gHEEF A A9
TBT N.D.~200 ng/ ¢, DBT N.D.~100 ng/?, MBT ND.~90 ng/? 9 F%&
9} Dirhx $(1989)c] Hmg # 7)o <teEQgo el TBT 36~7300 ng/ 2, DBT
48~15700 ng/ ¢, MBT 14~1200 ng/¢ 9 T ¥idi o9 2&& 4 F
t}.

o

~

(2) PhT 83+%

e AFAge d¢Fe PhTsgEe ZFAd ©d& Ao FEEEE
Table 6, 73 zth A F3&<9 49 TPhT, DPhTi- 7z} ND.~96 ng/ ¢, N.D.
71 ng/0 98 FEMAE @S 7zt 16 ng/ ¢, 06 ng/ ¢ RaL, MPhT AE S
A ootk ZAAI 7o) wE Hits it 3,6, 8 TPhTi- 77} 0.8 ng/ ¢, 29 ng/
0,12 ng/¢ 929, DPhT:z zt7h ND, ND., 1.3 ng/ ¢ dvb. =3 guie} &4 &
ZAA 7] Bty v usd oAl 3 6, 84l TPhTi= 77 09 ng/ ¢, 34
ng/ ¢, 1.4 ng/ ¢, DPhT* ztZt ND, 05 ng/ ¢, ND.Jdow, &eaM= HgEHX
o ket

28



PP 10N : ‘AN

- : @n - 14 ) - oy ' uesd
‘aN ‘aN ‘a'N ‘N ‘aN ‘N ‘N ‘(I'N ‘aN 14!
(IN ‘AN ‘anN ‘aN ‘N ‘aN ‘aN ‘a'N ‘aN el
‘aOI'N ‘aI'N ‘(I'N (IN (IN ¢t ‘a'N ‘N ‘N ol
‘aN ‘OUN ‘a'N (IOUN ‘aN % ‘aN ‘N ‘N 11
‘a'N (I'N ‘a'N (N ‘aN ¢t ‘aN ‘aI'N ov 01
‘a'N ‘N ‘(IN ‘N ‘(I'N 97¢ ‘aN ‘a'N ‘N 6
‘I'N (I'N (I'N (I'N (I'N ‘(I'N ‘OIN ‘a'N ‘aN 8
‘anN ‘N ‘N ‘(II'N ‘aO'N gt ‘aN ‘N ‘aN L &
‘N 9¢ 6¢C (I'N ‘(I'N €t ‘N ‘aN ‘N 9
‘N I'L 96 ‘(I'N ‘OU'N 09 ‘IN ‘aIN Ge g
‘(I'N Gl 91 ‘a'N ¢ A ‘UN ‘N ‘aN v
‘aOIN g1 'l ‘(I'N ¢¢ ce ‘N ‘AN ‘N €
‘OI'N 0¢ ¢l ‘(I'N 01 9¢ ‘N ‘a'N €¢ 4
‘aO'N ‘aI'N ‘(I'N (IN ‘(I'N G'1 ‘(I'N ‘a'N Gl [
JUAIN Judd JudL LUdIN JLUdA JUdL JUIIN Jydd Jud.L

‘ON uones

Isngny aunf Yoaep

(US se j /8u) Joqiel nfoy) ul sidemeas ul spunodwod unjdusyd jo suonenuaduo)) ‘g Jqe ],



pPaidalep 10N : '(OU'N

- - o o - (9'1) . 9'9) (0°G) (UBs\)
(I'N (I'N aN (I'N (I'N 9b~"I'N UN 681~ (N 602~ (N obuey
‘(I'N (I'N ‘aUN ‘N ‘a'N 1¢ ‘aN 2% ‘N y-a
‘IN (I'N ‘N (I'N ‘(IOIN 11 ‘aOUN 9 ‘aN £-d
‘(I'N ‘a'N ‘(IN ‘(I'N ‘aI'N ‘(I'N ‘N I'L 0L ¢-a
‘I'N (I'N ‘OIN ‘(I'N ‘a'N ‘I'N aIN gL 8L i-a
‘(I'N (I'N ‘aN ‘N I'N €0 ‘U'N 911 891 v-0
(I'N (I'N ‘AN ‘aU'N ‘(I'N 60 ‘N 9F1 e £-0
(I'N (I'N ‘AN ‘(I'N ‘(N ‘IN ‘N 6'81 602 -0
IN U'N (I'N ‘IUN (I'N ‘(I'N ‘N 1117 val -0
aI'N (I'N ‘N (I'N ‘N 9t aI'N 61 (I'N G-4
‘aOIN ‘aON ‘aN (I'N N v ‘AN cS vl y-4 o
(I'N ‘(I'N (OIN ‘N a'N 6C ‘AN V6 601 £-9 @
I'N (I'N ‘N ‘a'N a'N ¢¢ (UI'N L 8G -9
I'N ‘aI'N ‘aON (I'N ‘a'N 1€ (I'N Gt ‘AN -9
‘IN ‘AN ‘N ‘(I'N (I'N ¢l ‘AN S0 ‘aN 9-v
‘IN ‘a'N ‘a'N ‘aU'N a'N G0 ‘N 6¢C ‘OUN G-V
‘UN ‘N ‘aN ‘UN ‘aN I'c UN S e y-v
(I'N I'N ‘(IN ‘aO'N ‘N €1 (OUN 0¢G ‘UN £-v
(I'N aI'N ‘N ‘a’N ‘N 0¢ ‘aN A% ‘aN v
‘(I'N ‘(I'N ‘N (I'N ‘I'N 'l ‘AN 9F ‘a'N -V
JUdN Judd Jyd.L JUAIN Judd JUdL JLUAIN JLUdd JLudL

_ ‘ON uonegs
Isnany aun( Yo

(UQ sB j /BU) Jogie}{ uRSFUOS Ul SINBMBIS Ul spunodwod unjdudyd jo suonenuaduo)) '), dqe],



A Arsrol 79 TPhT, DPhT: 7tz N.D.~209 ng/?, ND.~189 ng/¢ 9 &
YR HFge 747 22 ng/ 0, 22 ng/ ¢ 93, MPhTE AT wtdtA 2
AZEHA 2k}, 2AA V] mE AFer g dHnd 39 69, 84 TPhT7t
7k7F 50 ng/ ¢, 16 ng/ ¢, ND., DBT+ 66 ng/¢, ND., ND.9j¢}, =3 e}
o) FAAY Ao Enz vustd gdd i 39, 69, 89 TPhTE zZt%
53 ng/ ¢, 1.8 ng/ ¢, ND., DPhTi- 7t7} 68 ng/ ¢, ND, ND.Qdow, &M=
TPhT+ z+z} 37 ng/ ¢, 0.8 ng/ ¢, ND, DPhT= 727} 60 ng/ ¢, N.D., ND.3dh.

CAl9lo X 390 TPhT, DPhT/F #H+t 147 ng/ ¢, 132 ng/ ¢ 22 HEHANL
69, 8l i mEolAY HESR kitdl, ol PhTEgEC] srFdAA
AEol wjg BotAd ] il Aoz Atay Tk £AAl 7)o w2l BTEHE
W bR kA L PhTE g ] v/ 24 28338 & F AW

ol ¢} zro] PhT3tgtE o] BT El Ml dE5A AU vFY w571 &
¥3e ¢ 4 AdTd, ol PhTa#E I/ iz alFFaAyeg E3FAA
og HajuiEed AoR Aludy, dAHog TBTY TPhTe Se€&-8 Fui4

= (octanol-to-water partition coefficient, log Kow)¥x ZtZF 3.3% 4.1°]t}(Maguire
5. 1983, Thompson %, 1985). TPhT d&9 3574 A3 TBTA H 3l
Botgde Ao Bag v Qui@I Al ta, 1996). R AR {71 FA 53t
2o HW FeFgol dist BHRAHL olg EF 2UHY AFdM 7 sEE
o] Mol g-rd.

2) 33rEN FaA

MFEaat gkt syl HEsE fFrlFMAgE] Hute wexg o)¢
o] eAddA M A= G Aol Hal zZtael M ZARAIZll @ E TBTS
DBT TBT9 MBT%% % DBTS MBTH %E¢ #3343 dEsd9n 215
TBTS DBT9 A##3AZ Fig. 594 Wetdida, ztslgEAtele] 444§
Table 84 Agad JdetdAdet. AF A TBTS DBT, TBT$ MBT, DBT$
MBT 4##A5= 2z 073~083(F¢ 0.78), 0.81~0.94(H T 0.85), 0.73~0.87
(B 080098 & ZFHAAE BYon, JA4FdX TBTS DBT, TBTS MBT,

[ac)
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a) Cheju Harbor
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-
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b) Songsan Harbor
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Cheju Harbor(a) and Songsan Harbor(b).
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Fig. 5. Relationships between TBT and DBT concentrations in seawaters inside



a) Cheju Harbor
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Fig. 6. Relationships between total butyltin and TBT concentrations in
seawaters inside Cheju Harbor(a) and Songsan Harbor(b).



DBTS MBTS A#dAFE Zhzh 084~088(FF 0.84), 0.73~0.88(HTF 0.79),
0.69~0.86(F T 07902 AFFH vtA}AZ & ABAAE 2494, o9 e
¥ A¥A+= DBTS MBT7F TBTS E&AEQdS Z&Fn gloew, TBTY
walol9e] thE DBTS MBT #de FAEHE Aoz Agdu

T3 FBTS TBTZHe A ##AA(Fig. 6)2 FahE® 3 6 8™l AFE AL
oA Zhzh A#|AFIE 099, 096, 09303, FArste] A$w 3 6 89 Z 096,
0.86, 09402 A & FAAAE YU

2. Sl S0AMY RIIFMES

F7IFMEFEL HHE T AEdA 4A FAH HAHER2 gukro
Z #gol Hd HHBAN 22 Fwg by #H5Fe A7FNHFEY ¥ E
E2MF7IG FRA7A aet Ha AN sEGe] 98+ gleu(Clavell
, 1986) HIHEFY F71FAFEY st 249 FHA 7 we W A
3 A g wE FFAA FUzte] ARE AFdn 2822 & HAde 9 d9
AEE Hotsty] AN E dodoz HAH UM YA Ho] obd FFAHA 2
9 ALE #otdte HAEFT RK7IFAAPE) w5 E A e Ao ug e
oH(A &t ghal, 1996).

rr

ol

AFZW HAHEANN BTSHES ZAA 7] @2 Mo} 558 ¥EE Fig. 7
ok YoM Be ubeh o] diAAHOZ ZAAIV| A #AIQlo]l FetFeA W
o7 U#d+E FBTIHHEY v&7 228 ¢ F At A A7 ¢
TBT, DBT, MBT ¥ #BTY s =¥+ ZtZ 19~152 ng/g(H T 67 ng/g), 29~
251 ng/g(F+ 108 ng/g), 6~57 ng/g(FF 24 ng/g), 56~448 ng/g(F T 199
ng/g) & BAT ZAMA 7 e ZH SFEY FEUYAE AHEY 3 6 89
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Fig. 7. Concentrations of butyltin compounds in sediments in Cheju Harbor.
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a) Cheju Harbor
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Fig. 8. Average ratios of each concentration of TBT, DBT and MBT to total
concentration of butyltin compounds in sediments inside Cheju Harbor(a)

and Songsan Harbor(b).
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TBTi: 7tZF 20~136 ng/g(H T 66 ng/g), 19~152 ng/g(H 1 70 ng/g). 27~146
ng/g(A T 65 ng/g), DBT= 7+7} 29~218 ng/g(H+t 111 ng/g), 31~213 ng/g(H
7t 111 ng/g), 38~251 ng/g(A 7 103 ng/g), MBTi: 7 7~38 ng/g(B T 19
ng/g), 13~57 ng/g(F 29 ng/g), 12~51 ng/g(BT 23 ng/g), FBT= ztZt 56~
405 ng/g(FH¥F 196 ng/g), 63~422 ng/g(FH 210 ng/g), 80~448 ng/g(H 191
ng/g)e 2 #A5gi= gl TAAI7]A #AIQle]l 7 sFES] FxEE A9 dAF
FERE XA wEE FR AP0 A FEE ¢ 7 UM A AHY
BT3tg &9 F¥<d didt TBT, DBT, MBTY ¥ %9 v E ZAA| 7)o uig} d
w3ty Fig, 8(a)dl =AY, AlF3L 3¥€o = 747z 25~43 %(H it 34 %),
T~ 71 %(Ht 57 %), 4~13 %(HT 10 %), 69z z+Z} 23~44 %(HT 33 %),
31~63 %(H 52 %), 13~25 %(H 15 %), 8¥oli= Z+7} 24~47 %(F T 34
%), 41~65 %(H 7 54 %), 11~18 %(HT 13 %22 & Fd= 2 “Q‘Q"ﬂ 4
el DBT7F 7bd =4 £¥sx ANen, TBT, MBTY £oz2 #Asdt
DBTY F%7I TBTY TR ¥ A2 2 FH TBT7F FHH] FaAHAA
4 #4%° TBTS ®&2 <% DBT/F HAE 2o 3457 f&o Roe
Atgddg.

ZARAAYE 5A4e A5Ed 7d Y BaAE vEFer AY FH HAY
ol FAAeA EE& Az o AHHUA~6 AFDAME FBTSHEFE] 200
ng/g ol HEI}N ANeH, 53] 1, 2 AP = TBTZF 100 ng/g 1%, DBT
7F 140 ng/g °1¥ ¥ E3ta AU

AW HAEZAMY BTS}ES A7 & 2 d9 %+ Fig. 9%
ok A7 EQF MBTE AFgse g2 4534 olstol Ay AR 29y
ng HEHA, TBT, DBT 9 FBTE Z+7 7~245 ng/g(H+ 61 ng/g), 2~34
ng/g(F < 8 ng/g), 19~296 ng/g(FBF 72 ng/g)e 5B UYE BAY. ZFAA 79
e AH) wEF AHEY 3, 6, 84 TBTE= 7z 10~207 ng/g(H+F 48 ng/g),
21~220 ng/g(F+ 57 ng/g), 7~245 ng/g(F T 59 ng/g), DBTE= zZtzt 2~27
ng/g(A 6 ng/g), 3~33 ng/g(F T 7 ng/g), 3~34 ng/g(HT 9 ng/g), BT
Z+zt 12~263 ng/g(H T 67 ng/g), 24~253 ng/g(HAF 72 ng/g), 14~296 ng/g(3
T 78 ng/g)e) FEE AFFH vANAR AN FEEEE TS SHAAG
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Fig. 9. Concentrations of butyltin compounds in sediments in Songsan Harbor.
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& HolZ gUtt BTHES F5xd st TBTS DBTY %9 HE XA
71 ot u)ast ¥ (Fig. 8(b)), 39l = Zh7y 77~97 %(H T 8 %), 3~23 %(F
12 %), 69z &4z 77~93 %(H 8 %), 623 %(HT 11 %), 8¥i= 'z
73~91 %(FBT 84 %), 9~21 %(HI 14 %o 22 AFFHiz G ZAA 7] &
Agle]l TBT7F i #E33 ASS ¢ + AU,

Add 5E4E A3EYU CAAAAN e mpzatzxz o
FE7F ¥ Addoen, o] e TBTY ¥U¥ HIATE
7t 144 ng/g) o2 ZAFH AT

ol A HARFTY {7 FHRE w7t dre vuwss Ml
Ao wed AT ed e g HABAAE A B3
714 BHE TS nyE EFo] A Wol s5el v FXao F
&7l =g 7] W&ol (Maguire, ‘=, 1985; Lee, &, 1989).

Aol Ba x&
= 131~162 ng/g(H

i

PhTSHHE & BTaGE: val gue Adad dFadon ¥ A
Mol P 4ok

AT g 2 g FEEES P sER vusy A FA) B
TBTx: 67 ng/g, 61 ng/g 22 w=std oy DBTE A7t Fapdc) 1299, $BT
279, 9o wel HipLE vlwstd TBTE 1.0~129, DBTY: 9.8~17.10,
BT 24~2999) & H52 F¥da YAk

of d79 W HAEZFT BTHHE TE=&E(TBT 7~245 ng/g, DBT 2~
251 ng/g, MBT N.D.~57 ng/g)= %(1996)0] w13t 2447 Yxsta i £
¥l A 9] TBT 5~2650 ng/g, DBT N.D.~307 ng/g, MBT N.D.~309 ng/g,
Shim(1997)0] B g Asfigre] &7 Aol Xe TBT 4~382 ng/g, DBT 10~573
ng/g, MBT 4~740 ng/g, M N&2(1996)1 A B 3md &Aabure) 3 =HdAdX
9] TBT 26~13,300 ng/g, DBT N.D.~5090 ng/g, MBT N.D.~1390 ng/g, ¥*%
FAA e TBT 16~2360 ng/g, DBT N.D.~911 ng/g, MBT 7~232 ng/gd %%
TEHGE don vpatadolMe TBT 4~268 ng/g, DBT 12~144 ng/g,
MBT 37~205 ng/g, SZaldo ] TBT 3~342 ng/g, DBT N.D.~113 ng/g,
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MBT 3~53 ng/g9 SE& X9 vlxd FFoldon, (1997)0] Eud FFuy
oA TBT N.D.~85 ng/g, DBT N.D.~15 ng/g, MBT ND.9] #E&¥ Hu=
uf§- =t

)=o) 99 vwsty H e Ao Ao nlue A o} AT HrE oY
At Muller(1987)7F g A9~ el aFoA2 TBT N.D.~104 ng/g, DBT
N.D.~55 ng/g, MBT N.D.~23 ng/g, Schbeck %(1991)0] Hud ZdolA 2
TBT 13~182 ng/g, DBT 15~44 ng/g, MBT 27~34 ng/g9 T E¥¥X:EtdE tdi
2 ¥LEE Holil ¢ o} Maguire®} Tkacz(1985)0] B 13 syt B S E 3 A
o] TBT N.D.—3520 ng/¢, DBT ND.~530 ng/g, MBT N.D.~290 ng/g,
Downson %(1993)0] B 3138 g=o] 2] TBT N.D.~3500 ng/g, DBT N.D.~2,000
ng/g, MBT N.D.~300 ng/g® % L®¥i: vf$ @¥ton Wong ¥ Chau(1992)°]
B Myt Letel e 7Ave 4] TBT N.ID.~182 ng/g, DBT N.D.~175 ng/g,
MBT N.D.~96 ng/g3# ®Z2¢ FFEo] vt

2) 33E) HaA

7t &AM TBTS DBTE %, TBTS MBT¥ % % DBTS MBTE X Ao
AE AESHA 15 TBTS DBTS @4 E Fig. 10 JeliAs, 4 s
EAlolo] A#AFE Table 99 Aelstd Yetdidd. AFgAA TBT2 DBT,
TBT< MBT, DBT$ MBTY 4aa4453i= 2tz 070~081(F# 0.76), 0.77~
093(F ¢ 083), 0.75~0.83(F ¥ 0789 ¥ A#uBAE EZdo9, Fiagei

TBTS DBTY A334++ 08 0(H# 08502 AT n7tA2 ¥
ARAE Byt ol gL =& AAAs DBTS MBTZF TBTY ZE&#H4E
A HaflFi gow TBTY E&lold v} DBTS MBTH UYL FA &gt

Ao 2 Agdd. FBTA dig TBTO A##AE AESFA=H(Fig. 1D, A+%
A= ¥ 093 090, 0940151, AL 094, 099, 0992 & FAAH S dE
WA
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Fig. 10. Relationships between TBT and DBT concentrations with month
sediments of Cheju Harbor(a) and Songsan Harbor(b).
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3) vk A

B3 HAEZACY ogEe HYFud ddME dwtdoz FuiASf
(partition coefficient, Kd) # 22 Ad¥dHolxg, HAEWY g {7827 ¢
2te] A7), A 4F 59 AoZ FEAF HAE el Iuky oz TBTO
g3 Kd a9 H9YE 227~55440(Valkirs 5, 1986a, 1986b; Stang # Seligman,
1987)01 51, DBT, MBTdl tiaix = z+zt 2,070~26,080, 1,760~28709] B = <
A Ach(Stang #} Seligman, 1987).

AFga QJargol M sl EAEA )Y frIFMEgEY Kd @& 4
Table 10, 119 YetAch AFgo Ao 3 6 8Udl Kd #& 23 2A(Table
10), TBTdl daid= 242z 1,283~11,073(H #F  4,386), 1,404~22,062(F T 5,634),
4,830~52,068(F 7 13811)2] HHE, DBTol &l A= ztzZt 66,887 ~446,659(38
151,436), 4,721 ~28376(F 7 11,190), 22,506~167,000(8 7 45663)9) HH &, MBT
o disixdes vz 1,364~16,257(H o 7,327), 2,197~10,660(H 7+ 4,553), 498~3,351
(7 996)9) HYE YeluAdz, AAFaM 3, 6, 84 Kd g H¥xd
(Table 11), TBTol diailx= ztzt 3978~81,461(H T 16546), 69 3,551 ~64,685
(A 18,399, 8¥Y 4761~47,077(H ¢ 18711)9 HWHE, DBTA daid = ztz
208 ~6,000(H I 2,268), 883~9,864(H T 3,673), 843~7611(HF 2,963)8] MAeZ =
At A, A FEo Yol dAFH ez DBT 9 MBTOl dl@ Kdatel Stang and
Seligman(1987) Sl 2% gtrE F&d, ol HAE AT dFd o] A&
9 Aoz AzEY, |

4) sEEXS 1€ aA

HAE 9 F71FAMEIFEY EXd A= HAEHY #F7129 IS
7tet7] 9t HAESW frled §FH TBTE =99 Fdd4E S 3=
Fig. 129} 39 2ddA Bz = vigt Zo] frlasr dFdes ¥ FBAsE
A ¢ F dA2H(AFT 00028 HAF 0.0279), o] A= g AH(FI AL
AT4, 1996)9E dAFGEH ol HAE Aol W qFsr] HEd He=
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ARl BN g a54e) 0dEAS g HHEFY f/FAHGEY
PEE HARBYY #7189 g3 O 2A %L wX ¥8e ¢ + A

a) Cheju Harbor
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b) Songsan Harbor
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Fig. 12. Relationships between TBT concentrations and organic carbon contents
in sediments inside Cheju Harbor(a) and Songsan Harbor(b
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3. 4SHAAMY RIIFMsEAS

1) ¥

(1) BT8g &

AFgod o e, %, Tl ZAAZ mE& HUFe BTIHE
X% Fig. 13% 2o A+%o A~ TBT, DBT, MBT ¥ #BT9 F:t dd
o) 7% Z+zt 261~389 ng/glH+ 268 ng/g(FAH717h), 334 ng/g(5, 7, 89)], 52~
107 ng/g(BF 90 ng/g), ND~11 ng/g(H+ 4 ng/g), 213~481 ng/g[H T 3%
ng/g(ZA7IZh), 428 ng/g(5, 7, 8¥)], &*H9 3¢ 2+ 225~302 ng/g(H T 274
ng/g), 56~60 ng/g(AF 58 ng/g), ND~13 ng/g(HF T 4 ng/g), 284~362 ng/g(H
7 336 ng/g), EuiZe A9 2z 156~210 ng/g(H i+ 181 ng/g), 51~88 ng/g(H
T 69 ng/g), ND~16 ng/g(H+ 9 ng/g), 225~312 ng/g(H T 259 ng/g)e] MY =&
et o, xaAA7)e o2t 4 sEES diusd AEH 2F 544 TBT %
% BTY #%7t /1% 4o

AlFge] ol 5 7, 8¥0] 3, 49 vl TBTY HFwE7 2w AE ¥&
2 & 7 ded, ol 5~9¥ Atolrt AFAZ|Z o] 7|HEt AW F7)|FHEYE
< FA37) QA Ao Z Algdr)

A e dige, 5, SujHe ZAAZY @ g AWFe BTHHE
X+ Fig. 14} 4. TBT, DBT, MBT 2 #BT9 %:E= dsgdAs g%
160~246 ng/g(A 7 206 ng/g), 193~203 ng/g(F T 196 ng/g), ND~64 ng/g(H T
36 ng/g), 417~459 ng/g(F T 438 ng/g), +¥ A= 2zt 49~163 ng/g(F T 110
ng/g), 49~158 ng/g(F v 108 ng/g), ND~75 ng/g(F ¥ 25 ng/g), 98~396 ng/g
(HF 243 ng/g), Tl M= ZHzZE 109~289 ng/g(H T 190 ng/g), 103~401
ng/g(B 3t 266 ng/g), 61~122 ng/g(HF 93 ng/g), 273~812 ng/g(HA T 550 ng/g)
o Moz vetxton AAZ|Y wE vuwsdd AFFgs g dAgoz g4
of TBT, DBT, MBT ¥ #BT9 sx7l /1% 4.

Ao AFeg, g BF dFaddy ¥ frlFNEPE ¥EE Holx
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Fig. 13. Concentrations of butyltin compounds in biota inside Cheju Harbor.
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Fig. 14. Concentrations of butyltin compounds in biota inside Songsan Harbor.
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New(Fig. 13, 14, 16, 17 # %), 5 7, 84 H+# TBTHEEE AFF, HAgdA
Z} 7} 334 ng/g, 206 ng/g o2 MFFANIL AAFAXN Bl 16W & FEZ ¥
Z5H9 LS ¢ F UG

deF BTE#E9 $%(TBT 160~389 ng/g, DBT 52~203 ng/g, MBT N.D.~
64 ng/g)+= F(1996)°] E e FHA7F A& A= Ewkd A9 TBT 81~439
ng/g, DBT N.D.~406 ng/g, MBT 38~252 ng/g, ¥ Aburatsubo A 99 TBT 23l.
3~500.5 ng/g(wet wt.)9 ¥% Hu= it}

AT ZAgdy BEF9 BT EY s TBT, DBT, MBTY # &
Fig. 159 = A8t AF389 A9 TBT, DBT, MBT9 Hl7} difad = 2z
Zt 72~83 %(BF 78 %), 17~26 %(FTF 21 %), 0~2 %(FF 1 %), 2R
Zbzk 79~ 83 %(BH 81 %), 16~21 %(HFiF 18 %), 0~3 %(FF 1 %), Zujo
ME 2 67~ 74 %(HAT 70 %), 22~30 %(HF 27 %), 0~5 %(HFF 3 %) o=
A TBT7F dif-Eolglow MBTE vl % HAE5Avk. 44t 29 TBT, DBT,
MBTS w7} il s 24z 38~56 9%6(H It 47 %), 44~46 %(HFH# 45 %),
0~16 %(Bd 9 %), HelMe= z+z 41~50 %(H 81 %), 40~50 %(HTF 47
%6), 0~19 %(BT 6 %), LT 2 31~40 % (B 36 %), 38~52 %(H
T 46 %), 15~22 %(HT 18 %12 dFa @ ZRd4M= TBTS DBT7 v
X% &R BExFPoY ZuigoME DBT/F TBTEY & H82 AZ2HY
=3

(2) PhT3 &

MFF, dagel e die, +3, g 2AA7lY ©WE PhTsg g A
s vxc 747 Fig. 16, 178 2o AF8 g 2% MPhTE Az
A gkgkeow, BT 83 g2 TPhT, DPhT 2 £PhT: M2 3o #Agle] 7
Holl 7b4 #A AEEA. TPhT, DPhT ¥ %PhT9 X2 ¥ S Ayud 3
oAM= dsree B9 247 30~123 ng/g(F T 77 ng/g), ND~18 ng/g(H 7 12
ng/g), 30~140 ng/g(B 89 ng/g), FHANAHE Z+2 0~63 ng/g(HF 32 ng/g),
0~10 ng/g(Bd 6 ng/g), ND~72 ng/g(HT 38 ng/g), L= ztzt ND~
26 ng/g(B T 16 ng/g), ND~8 ng/g(# 7 3 ng/g), ND~34 ng/g(F#F 18
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a) Cheju Harbor
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Fig. 15. Average ratios of each concentration of TBT, DBT and MBT to total
concentration of butyltin compounds in biota inside Cheju Harbor(a) and
Songsan Harbor(b).
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Fig. 16. Concentrations of phenyltin compounds in biota inside Cheju Harbor.
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Fig. 17. Concentrations of phenvitin compounds in biota inside Songsan Harbor.
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ng/g)e) =M S e
AAgt = e A zhzE 191~449 ng/g(3 T 345 ng/g), 46~69 ng/g(F
@ 57 ng/g), 247~518 ng/g(F 7 402 ng/g), 9 A% Zt7t ND~94 ng/g(B T
Mrg&LND~%r@@@ﬁf%rg@LND~n8nyy%ﬂ4Mnym,%w%ﬂ 7
9 77} ND~126 ng/g(3 7 83 ng/g), ND~47 ng/g(H ¥ 16 ng/g), ND~173
ng/g(B# 98 ng/g) HAZ ZAHAY. dseEF PhT3HRE9 5X(TPhT 30~
449 ng/g, DPhT N.D.~69 ng/g)t 3-(1996)°] Hnd XAzt A& de ¥
ol 2] TPhT 49~269 ng/g, DPhT 22~54 ng/g % ¥|=d Z&E, A& Aburatsubo
2] TBT 711.1~2714.1 ng/g({wet wt.) Bt vig- ot}

Mg Aago e % F FPhTa g Eddid TPhT, DPhTe ¥ € Fig.
1891 YEr ATt AFael 49 TPhT, DPhTY v7 disdad e 7z 79~100
%(F 3 87 %), 0~21 %(HT 13 %), *HAE 22 HF 80 %, 20 %, Zuid
e z+zt B 88 %, 12 %2E TPhT7F ¥ ojdow, Qige AS o
¢amHEZﬂ}W~%9ﬁ%385%xm~%9M%ﬁ15%)E”ﬂﬂ%zﬂ}
B 57 %, 43 %, ST ZH7 Hat 87 %, 13 %o 2 A TPhT7 di %
HEHAG

RE FAME sl HAEAMGE 24 TPhT #Fel w4 detwsd
ol AEA UM e FalFo g3 Aoz AtgdY. o)ejg TPhTE At
U A8 T$59 FFoz A4 5™ TPhT acetate®t TPhT hydroxide® T dH
(rice blast)® L A E4H Yeues HE Zdsed ol&Hes AR 4dHA
21t} (Shiraishi %, 1992; Weiland & 1997).

2) BEEFAT
Zt WEEY BTaFE ddt A E 5= A (biological concentration factor, BCF)
& Table 1221 YelUiA}. F71FA8gES] T55 ZARA 7] ote} g Fd zolE

Bolug sish BRAY ARAAN/F A AL neAHAD, ) B
URF AQlw 2E5 Qo] ABA) AN YA AYY ¥29 HFFY /715
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a) Cheju Harbor

T. clavigera(Mar)
T. clavigeralApr)
T. clavigera/May)
T. clavigera(July)

T. clavigera(Aug)
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L. japonicalAug) BTPhT

C. nigrolineata(May) apPhT
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b) Songsan Harbor
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~
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18. Average ratios of each concentration of TPhT, DPhT and MPhT to

total concentration of phenyltin compounds in biota inside Cheju
Harbor(a) and Songsan Harbor(b).
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MEEY FEE A AT S AFEHANE BB AHA G AR
Wro Al 1~7AF, AW g YA BY-1Y s Bl~B5Y H
HELR ANEd

PhTaiste 2 8U%F ¢ i AEAHAN dPE AEHA ¢do} Aakstz] gt

FHAM & 5 A upe} Fo] A, WEF) wil 7} ggHEe BCF: Add zt
ol HE & F ok

AFguel A TBT, DBTAl didt BCFi= Z+Z 20,070~52,590, 14,750~26,1000. 2
vetste s, MBT BEFAM 71&E52 Yo} Aatatz] ¥atdo. FEF7He] BCFo
A CTBT: disrel> 8> Zujdre) o, DBTE dig> Fujd> FRe &0
2 v<releld TBT, DBTS BCF7} 7F4 % teh,

dArgdel . TBT, DBT, MBTel w3t BCFi= 77} 35430~62830, 38540~
97,800, 6,030~16,7109] & Bon MEF7HE= TBT, DBTE Zuia> di4g

9 $oF MBTeE uid> #58> d5do #o028 AF3ae de St

A TBT, DBT, MBT® BCF7} 7k4 =qtvh AF3uiel AAstgg nassl o3 4
o2 AU BCF7h 588 ¢ 4 Qlth

°f A#E F(19%)°] Eud Sxvhl diFedixe BCF(TBT: 4830, DBT:
14,200, MBT: 4,020), #3442 BCF(TBT: 5510, DBT: 11,000, MBT: 1,690)2t} %
& & T A oL B A4 dFolY Tl STyl B 10ufo] 4 w7
HEow frlFMagEe) B A%y F o 2ddH 2A%5d 7AHE Ao
2 Atagdh

Table 12. Biological concentration factor(BCF) of butyltin compounds in biota inside

Cheju Harbor and Songsan Harbor

Chej u Harbor Song\an Hdrbor

T clav1gera L japonica C. mgrolmeata T clavxgera L. japonica C. mgrolmedtd

TBT 52,590 38,790 27,070 46,090 35,430 62,830
DBT 26,100 14,750 17,000 49,510 38,540 97,800
MBT - - - 6,030 10,270 16,710

BCF = butyltin concentration in biota/ butyltin concentration in seawater
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3) AL FF AAFFte] wA

EEY SAHIEALLS AUAHRY &4 =1 AFA gZdg NEES
(bioaccumulation)e] dojypiz MEFY T day Aol Q8 AHOFE AlgH
= AAEEFlpid S FAsS oAy WEAWFTY TBTEESY ABRNE HE

A HFig. 19). A gol M1z 23 d S Bola & vk aAS 0.065), 253
AM = Fag FHdS JdetlAdndwAg 0733), ZAAIZIE EEFANME
Mg B3RS wola du FRAFATFA1996)9] Hiare] ostw xagkel A 9
BEF AAFFEH TBT, TPhT sxokel oA d34de] ddxn Busan 3
o, AR Suruga Bayol o] g =AM Takahashi, 5 1997 M5 QA §AsE &
H7r dojdoh 2 u (19960l ojdH S ¥ vtol N MEF o AR TBTH
Eoe] #AE we AWACHHASF 078)% sitva Bastgy

F7lEAE Aol dntip Ao HAH £ AdistE SE&-8 B AS(og
Kow)Z YErd o TBT2l 4-9- 332 2% (Thompson 5, 1985) Eo vl& 1§54
& W AEFd o Hulely waE £ ASS dEra Y gy dA AP
AX #FH= TBTO A #E %% A5 (bioconcentration factor)= A& wat thi
kol = A AIRE oF F Ao pwlute) kS zri-thal 9ol 4 A H(Thompson 5,
1985). = TBT9 AEwFol widl Sgrg-% Hujdlsd oafiMet ¥ygdg &
Ee vebdy, AEAW vt HAge) A, AXdA 2 7e BEe A
280 A& oe Aol A g}

4) ¥ M=

FAFHRGRA ok Funt JEA A AT QA FEe) AXA

2ol AlFEH Jia Bieol M B AsAui(Table 13). JEZ7o] 315 Fo A
et IEA 2 Fomg2 iy BEH - {7 MEE] QdAEE vy
stub . At o)A ghizul(Gibbe, 1991: Stewart, 1992; Stroben, 1992; Wilson,

1993; Curtis, 1994; Evans, 1994, Horiguchi, 5 1994), 4384 d4¥ 23 £33 da9%
o] & & T3 Aek(Smith, 1981; Horiguchi 5, 1997). Horiguchi 5(1997)9)
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a) Cheju Harbor
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Fig. 19. Relationships between TBT concentrations and lipid contents
in T. clavigera inside Cheju Harbor(a) and Songsan Harbor(b).



Aol oist 3H4Y 7o A% wEH Aol ola™ o | ng TBT/2 ) ¥ =o)X
PR AT S FUAROD, ATAAE fUAY FA AAFEE 20
g B2 BE 100 %4

ng/glwet wt)o 2 FALQT AFE 20 Wy %
o, YEAAFESE Yeldl= RPLIS RPSIE #3389 7S 835~996 © %, 58.
1~988 %, d2t&d 3¢

ZbzZE 797 %. 58.1 %2 ¥ A etk Gibbs $(1987)9) Ao oW RPSI
7F 30 % w Aol A et & ¥ (vulva)Z uhol Wl v, 50 %olAd o
= retoviduehweol HoR Aol Y Eda Bastn ok JFE M Ao mpaut
Al = 4 B(vas deferance)o] A o] F#e uvtow Hele obAEL ul: A
Y9 (Gibbs and Bryan, 1986). 18]y o4 F3l olFd 2¢d7le WA
(veliger) 78 A1717F Slo], A17bsk A Al 7H4= ez g Aoz oeldyd g

H(Horiguchi %, 1994).
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Iv. 4 £

Adxre] EQlo] MW AT, HaAgdNelM FrFAEEY RE AF L A
=l MAE GFE HEH7] A5t Mute P YE o8 He &5 @
HHE2 19989 3, 6, 899 350 A HHsH Hu So wox g TBTS
7 @Hol 9l TPhT 2 ol% 7Z47te] Eaj452 DBT, MBT$ DPhT, MPhT
8 TEEE, BTSEY 4uaA, HA8F9 47187 sy a4, 7
HHE ATt HAEA ol HulAL(KDE AHB %, T3 e Z7h o
At e, 25 2 2w 5 AES AFde 49 i 3 4 5 7, 89
o 58], FReh Dulwe BE 57 89e 38 dA AHstd MW 2} HYEo
T, REFFAF, A7IFMaAGE) BEFE3 AgAR B4 2 g5
thal JEAA) BHAR D YT MA2YTE HEFY}

Hr3e R7IFHGHES FP& F= YEBHEA oz wdxgss 44 9
oluf ZAMAIZIY wil BTSYE9 REFE7 dstth = AFgoME 399
TBT7} ditEej oy 89elliz MBT/F 50 %0l49 & S5 R¥sga, 44
Foll iz A7 BAiQlel MBTZE di¥ % #AZHAch 18y PhTHEES
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