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Summary

Organotin compounds(OTs), namely butyltins compounds (BTs) and phenyltin
compounds(PhTs), were measured in surface and core sediments collected in 2001,
inside harbors of Jeju, Songsanpo, Seogwipo and Hallim where a lot of steady
shipping occurs as major coastal harbors of Jeju Island. From the results, their
horizontal and vertical distribution were examined, their contamination sources
were examined closely through the relationships among OTs and relationships
between their concentrations and the number of incoming and outgoing vessels in
previous (1998) and this study, and their contamination time was estimated
through their degradation index (i.e., the ratio of butyltin or phenyltin degradation
products over the parent compounds (tributyltin (TBT) or triphenyltin (TPhT)) for
surface and core sediments and the sedimentation age for core sediments. In
addition, the relationships between the concentrations of OTs and organic matter
contents and particle size distribution were also studied. The results obtained were

summarized as follows:

1. BTs were detected in significant concentrations in sediments of all stations
inside harbors of Jeju Island and their concentrations with survey area
decreased in the following sequences: Jeju Harbor> Hallim Harbor> Songsanpo
Harbor> Seogwipo Harbor. PhTs were detected in very low concentrations at
few stations, compared to BTs. The main species in BTs and PhTs were

monobutyltin (MBT) and monophenyltin (MPhT), respectively.

2. The high correlations (r">0.82) between BTs and the positive correlation

between the concentrations of BTs and the number of vessels in previous and



4.

5.

6.

this study, indicated that dibutyltin (DBT) and monobutyltin (MBT) were
mainly degraded {rom tributyltin (TBT) based on antifouling paints of vessel

ctc. and other sources, such as DBT and MBT, can be ignored.

The values of the butyltin degradation index (BDI) or phenyltin degradation
index (PhDI) were in the range of 1.5~39 (mean 2.8) and 1.6~15.1 (mean 6.7),
respectively, indicating that the parent compounds (TBT and TPhT) were

inflowed into the sediments a long years ago and degraded.

The sedimentation age of OTs contaminated core sediments could not estimated
because the content of ~Pb activity were nearly all the same and so the
sedimentation rate could not obtained, which is considered to be caused by the
several factors, such as, manual mixing in collection, the physical mixing due
to a tide and waves, the disturbance by the benthonic organisms and fishing

work of trawler or dredging, etc.

In the relationships between the concentrations of total BTs and organic carbon
content, the significant correlations (°=0.4898) for Jeju Harbor and very low
correlations (r"<0.142) for the other harbors were obtained, which is estimated
that the distribution of BTs in sediments were affected by several factors, such
as their physicochemical properties including organic carbon content, and a tide,

etc.

In the relationships between the concentrations of total BTs and particle size
(mud, sand, gravel) in sediments, the concentrations of total BTs were higher
in the sediments with higher mud content, indicating that higher BTs were

distributed with increasing sediments of fine granules.
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1okalele] ggolu HAE Fo| TBTHE 94 97 oqsielel s 2
2 9 e Row zANL Utk 58 4 HABAME Bu/gdEel e
e wish Z4vel $eluel Akl TBTede 4748S 2 vehy Fu o

deba gelte Aekde 3 a4 %ol ABA R YW FudAe A vy

TBT 990l Ashulol alvhsl sl el e obch,
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A= olul TBTAHE S #AIstAL AME &S Aldtsts Watg AAste] 832
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1. RIIFMsIerEl BY

glstitoroll iz F&HA%Y BT AY AR FU1EE K7 EsRE
ghal 2o glon, F=4(Sn)date] s £ 1 o] {71 AE7|(4, methyl, et
hyl, butyl, propyl, pheny)7} Z2&3% A& 3gES F71F485Eoletar g}, A
WA o olg 33Ee FEZE RSnXy RSnXy, RiSnX, RiSnel Hej2 Yehlie, R

ot 3}

o
il

dZ7] B& otdrola, X SA7Id, 22AGFEE, Adte, #ASE)E
b TBT(Tributyltin)@t TPhT(Triphenyltin)oll thd Qubzol P& ofef o} 2o},
TBT ( Cy Ho) pSet X j— Xog4d7l o (as1~3)

(h=1~3)
TPhT (Ce Hs), Sn" X, X 247 (a=1~3)

(b=1~23)

Sn-C AL FZolu, di71Fe 0. % Yol AT u kA, 200C7HA = <
Aatvka WaE 5 glol(Zuckerman, 1978), &7 AN FEs = Folvdiy 18
L} UV 33 44 electrophilic agentsys Sn-CZAES 4A #air 7l /71343
gEol 29, 3eHA 54L& Sn-C Afe Mot aAve Holo upe} d@epyid
Table 12 B7HA #7134 digk 83 548 vepdideh dtr ez {7154
ggtE e % fAEE #71 A& et Aozt F hEel wel #FAasta e
o, o1z =k Xeo wet g g
Rol oled7)19} ge7)9p & 477k 82 A frIFAestEe] wol Axs

e, #AYrzt Be otdAY fr1FMgEE Axsa Ak FU1FsE



Table 1. Physical properties of organotin compounds(Gmelin 1978, 1979; Blunden
and Chapman, 1986)

Melting Boiling ) . .
. o Density(g/cr)  Solubility(mg/dm')
temperature('C) point(C)

BusSn -97 145/1.3 kPa 1.06 n.i.
. 50°
Bu:SnCI(TBT) -16 172/3.3 kPa 1.21 A
5-17
o . B . 4-50°
Bu-SnCl(DBT) 39-41 135/1.3 kPa - .
BuSnCl(MBT) ni? 93/1.3 kPa 1.69 ni.

* ni.=no information " Solubility in seawater © Solubility in distilled water ¢ No data

S R7F 2700 Hedd 33Es R7F 3709 EejdAE sgtE o Aabake]l won,
R7F 170)) Exd e R7F 4709 HESY 315 &8 719 Aasx gz Qo

dwkz o2 TBTE Wl # dichloro diphenyl trichloro ethane(DDT), polychlorinated
biphenyls(PCBs), polycyclic aromatic hydrocarbons(PAHs) % dioxin® Z& §71%
dededEed oo e falmet AW I e W g T2 §F714 9
Aol FaEl & owhEA HA 0 webd e AR, & 2 277 TBTO R

@ oMz R8Pk et e egBANE 9 Hugel Wb 3 2 A

of¥
o

HA S (dry deposition)ol M HEE A omE WrE F§ Fde Ael gicky

)y

o
I

71 FM 8 E e 542 §7]2&(organic group)e HF R A Ay A7 A

:10

T T8 8HE F triorganotin® monoorganotin®] Y} diorganotinli vl 21 H-Ae) 7tsl
o A BH-el of & Faddn ded UdrHMaguire %5, 1983; Dowson, 1993).
£ 242 triorganotine] 71A ZEH, O FAME TBT7 F& HawzaL el EoJ)
bl ang ZoAl77] el TPhTE A AL &9k A A det #7134 3
=9 FA4EYANME TBT7F 540 713 & Aoz Yehd v Jeh(@d s FAd-+
A, 1997). H A A e AR E < TBTE #JE st o e dAgsol Aokt 423
of olaf MAM3] BEHAAM FRAYEE HARIS oAt

i

L



FNFNSEEL o A A2E B dYgeR fdved, 2 gl dv
o A mo} L} RAME A A(antifouling paint)7F 7HE 2 KA Lol YT E
ook g B SolA FAE A, fdlA ASR F, PVCHAEA ol dHE
Tl FelEvIe g

F71FM gL a5 B3, A, AERH EA we} vje vstd Sn

o e Y9458 413 §X(Table 202 ol AMEH ™A RiSn, RsSnX, RuSnXe,
RSnX; elel #e& f71d8% FEAE A4

1960 th B Bz oz Auk 9 SgFTrEEe] FALASYAAR A8E F71FY

SGee A 548 ojgstel A4l shdel sl - HEo] HHH AL WAG

7l S8 AbgElol gl ol dutel Wele] RAMEEHol BA Hw MALWo)
ARold A7 was Folof s MAEWO] 001 m AWl Wubrh Am2RE

03~1%4 Z7kel# =7] wielth chgaubel Hg Qmulzh dubecdulel Ae
50067k Axstmz Avh meel RE4E At o Aze ol ohyrhel,
1998). S ol Ml AFEEE AshA1 TR (Cu0)s Bl §FA 8Hol WATA @
of s BEANA 7] Wl Aw AFEAE Vel FAN olfE 0%
@o] A& &) tHClark, 1988).

Table 2. Industrial uses of organotin compounds(Hoch, 2001)

Organotin
Industrial application Function g
compounds
. . Stabilization against decomposition by heat
PVC stahilizers . DBT, MBT
and light
Antifouling paints Biocide TBT. TPhT
Agrochemicals Fungicide, Insecticide, Miticide, Antifeedant TBT, TPhT
Wood preservation Insecticide, Fungicide TBT, TPh'T
Glass treatment Precursor for tin(IV) oxide films on glass MBT
Materials protection . . o S
Fungicide, Algicide, Bactericide I'BT
(stone, leather, paper)
Impregnation of textile Insecticide, Antifeedant TPhT
Poultry farming Dewormer DBT




AR FU1FMsgEe] BEe A% 92 AWAI AP EE Fig 19
bR 2it. TBTS A9 FFox #3sv F3 e (BuySn)Oftributyltin
oxide, TBTO)Q d], ol& #35t¥l TBT %¥ol2o2 sajd & Cl, HCOs, OH &3 2
g3t olw % el pHel wel th2dl pH7E 7Rk W W BuySnOlL 3t
BusSnCle], pH7F 89 Wi BuySnCl, BusSnOH, BusSnCOs 19, pH7} 1084 #&
W= BusSnOH#F BusSnCOs o) thitiolth, sfgo] Aubz el pHE 1<l 8ol el whe
& g3 Zoh(Batley, 1996):

(BuzSn)-0 + H:O —  2BusSnOH

BuwSnOH + H:0' — BusSnOH.'
BusSnOH:" + HCOs  — BusSnCOz + HiO'
BusSnOH» + Cl-» BuwsSnCl + H.0

Municipal wastewater

N Sewage sludge UV-Irradiation Industrial
Landfill leachates — : wastewater
Runoff \._ | Antifouling paints |

- Photochemical —
l /1 degradation
Desorption

/

Bioaccumulation

living Adsorption | [5/ /e e - Ged
organisms > Solids
Remobilization Sedimentation

\7—\/-

Biological degradation

Fig. 1. Distribution and fate of organotin compounds and their general routes into

the aquatic environment.(Hoch, 2001)

-7 -



2o A TBTE IR 53 959shdebutylation)7t Al&aiA dojuhizdl
Watanabe %(1992)o] ¢]&td Table 3014 B upel o] siFolA = 60%

(]

o) S sk, VA B o3 el ey HHES] Feo oleh

o

i itaiis 10% A% AR e vz Rl F dhdgo}l, 3 (algae), T

29} e nMEo) os) ¥3)FtH Magure %5, 1984, Matthias® Olson¥ Brinckman,
1986; Seligman 5, 1986; Stang ¥} Seligman, 1986).

Table 3. Degradaton rates(d Y for TBT removal processes in seawater
(Watanabe et al, 1992)

Summer Winter
Process - )
SS-rich”  Open ocean SS-rich” Open Ocean
Biodegradation 86.1 % 19.8 % 90.4 % 36.8 %
Photolysis 13.8 % 799 % 8.8 % 60.6 %
Evaporation 0.1 % 0.3 % 0.8 % 2.6 %

a Suspended sediment-rich

SF QR Ry EHEE 4GS A PPoR TBTE A%HA 2

nelgt Awg Ea MaiA7H, o Azd o) cig¥ ol dibutyltin(DBT),
monobutyltin(tMBT)-&

iy

o

A HAFEHozE F7FMoz WMIrHSeligman 5, 1986,

jy

Meyers-Schulte 5, 1990; Dowson & 1993; Saint-Louis 5, 1994):

BusSn (TBT) — BwSn” (DBT) — BuSn’ (MBT) — Sn(IV)

TPhT: ¥o}d 3l(dearylation) 22E %38 ¥31%™ diphenyltintDPhT), monophe
nvitinMPhT) S 7AH HFEHog FrFAH oz M th(Sodergist ¢ Crosby, 1930).
TPhT: HHE So] ZstA Fasu, £59 dzddAE 19 o A shtBarn
0 %, 1973) BE&HA wEv)E 14~219 FEolt) olgh o]l {7IFA e S o
742 z7e] WE RaEEe o]z Wyt depd FE 71%HE YEEs ol

avtel® BRa) 43 (hydration), 3 Soll ol &gt



T} olo] #ajitE<l DBT, MBTe| uhzt71 Table 49 2ok a9k 52 &)
o] wizk7)i: Fax G F71FHEgEE] FAoly models A&t FA
s, 1993; Watanabe %, 1993)%| o] fFr1FA s e
&z wel 2o]E BYS ¢ 4 Atk sF FelAMe] TBT, DBT ¥ MBTE
F71= 2bzh 6~199, 1~>15Y, 2~14%0l31, B A& FollM 9 TBT7F 1.85
do 4 8~15d ol Foz & zolE B, DBTE 15~64W, MBT= 1

o HHZMe] F7)FMagEe] Rale siroA Hop 8 Aus AE o 7

(Dowson

A, o Bae A, oha, A

\ﬂ,

oY

Q77

otk = HAZoAe BaAsE 53 @714 Fueldel pasEs sed A u
gg A duHon s He wMarls AF A 20770l B A gol A el

W27 Yo FdzbxE g8 At Maguire, 1985).

Table 4. Half lives of TBT, DBT and MBT in aquatic environments(Maguire, 1996)

Species Medium Half-life %f)(;;a]gi((l)ir:l/riource Reference
TBT Seawater 6~13 day San Diego Harbor Seligman et al
(in 'sunlight) (1986)
7~19 day Southern England  Seligman et al
(in dark) (1986)
13 days Osaka Bay, Japan Hattori et al
(in dark) (1988)
6 days San Diego Harbor Se]i man et al
(in sunlight) Zﬁi
estuarine sediment 3.8 years Georges River hx(lb§)and Batley
marine sediment 1.85 years Tamaki Estuary de Mora et al

>8~15 vears

Arcachon Bay

(1989)
Astruc et al

(1990)
DBT seawater 8~ >15 days Osaka, Japan Hattori et al
(1988)
4~10 days Osaka Bay, Japan Watanabe et al
in filtered (1992)
solutions
]~7 days New Hampshirc Francois et al
(in lab window) (1939)
estuarine sediment 6 years Georges River (1qq§ and Batley
fresh water/ 1.5~3 vears Southeast England Dowson et al
estuarine sediment (1993)
MBT seawater 2~ l4days New Hampshire Francois et al
(in lab window) (1989)
fresh water/ 1.8~3.7years southeast England Dowson et al
estuarine sediment (estuarine (1993)
sediment)
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(a) Jeju Harbor
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Fig. 2. Sampling sites inside harbors of Jeju Island.

(mmm . mooring site, A~G: core sampling)
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oF S x=/7F FHka Aleta o] &

N
ol
2
S

d

AT Aol fFrlFA e eddFEE 2AeY] Sl s 8 F
ol Al Aaxe, AANEY 9 S o2 Fig 29 24 FyolM B35 3

b Fo4E AEe 2001 64, 99, 129 33d A AfHskA, T 2001 12

o= ZH el 670 AAAM 4 & mlel AHE ZY F 2l carboys® el A48t
o} ofo] mub2iof o] AR W3 o, FA FEHEUCH

A2 & SCUBA divingel o8l EZHAE} F4HHEE AFHs AT 235
5L dlet wYd 670 BHAA wlg M HE wide mouth jar(H7% 5 emx ZHo] 6.5
mE ol&3dle HZFHHEBO0~4 cm)E AMHAFAR, FEAHAES 24 Fue 74
wpeh ¥ % 8ol o] 4o 2t 2709 A HelA PVC &71(H% 9 ecmx el 30 em)E
Abgste] A FHEke] 2 cm ol vFol wide mouth jarell 7haRil, ofeo]Zuhiio
Hol Hygdz g thF BY d7hx -70C e ¥E el mistdi

e X

r-{o

3. EMuty

1) §7154 3858 £4

F1FMEES A - A BMsle AL A Al59 A E(acid digestion),



L uj| 2 2 (solvent extraction), f % # sHderivatization), % Al (clean-up), & *(analysis)

of 5uz olFolHon] Awd Wrheh AUV BAUAE ATy A BE

Aol 3489 e HEadr
BoaE o AFR-¥ EEE A TBT(96%), DBT(96%), MBT(98%), MPhT(98%), D
PhT(96%) % TPhT(95%)+ 582 2 AdrichAHUSA) A &8 AF&3%1 AL, intern

al standard@ Al W R EEE2 A0 tetrabutyltin(TeBT, 93%)2 AdrichAHUSA) Al s
urrogate standardZ A surrogate B 391 tripentyltin(TPenT, 95%)< KANTOA}H Japa
n) AES A}&3keItE Tropolone(98%), Grignard Al2FQl hexylmagnesium bromide
(HMB)¥ AdrichAHUSA)e] A%, % &v] methylene chloride® FisherAHUSA)®]
HPLCHES AH23t9 o1, n-hexane® TEDIAS HPLCH& AM&ahdth 1 9 Aok
A 557 ol e S AREE A

A2 57001 g& 50 m¢ fg) fARe R FHste] TPenTE ¥ F 111 FAHH
CNS 10 e v2o] 3087 Wk s ok a7 Uk 0.19% tropolone©] ¥t %1 methyl
2 3AZF Eob Aed o 2000 rpmell M 1543t
g A do A ", ANPuel FE

Q
=
HG ek BAv|HME Abgete] 25 w0 HER F%I F hexane 2 mlE ¥

ene chloride® 20 m¢ @i, A&7

ARy A7 2 meo] F718MSE 15 m

_Q
=

Ar
m
o

gtqitt, ol 71o] 2M HMB 250 @& ¥ 15&3F vortex® Ao}+351 20
A& T 04N ZHILSONS 4 m¢ H7bete] wgshxl ke HMBE #aiAz F 2000
pmell A 1557 AR sk A5A(H14uE)e 238 FaFol RS o
23le] 5 ml hexanel.® 12l A& 2 g activated florisil columng & 3HAIA el
vialoll ¥Forth. Florisil columnd] hexane 6 mE& $3A#A 22 vialol otk 147
o} % 7](Turbo Vap" 50008 ol&atel 1 M2 %A F TeBTE %ol GC-FPD
2 BAMsigivh. 2 x0e table 59 2T

(2) 34
1 09 siaE 2 ¢ &2 Rdzurle Y& F G AEste] pH 27F HEE
stk 0.1% tropoloneo] &% ¥ methylene chloride® 20 m¢ ¥ 3 TPenTE ¢ AT
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Table 5. GC/FPD operating condition

Instrument Hewlett-Packard HP 5890 Series

- . Flame photometric detector(FPD) equipped
Detector . . )
with a tin mode filter 610 nm

Instrumental Setting

Injection Volume 2 ul
Injection mode splitless
Detector temp. 250 C
Injector temp. 225 T
Carrier gas He
Detector flow rate 100 ew/min for air
170 cm/min for Ho
Column head pressure 28 psi
Temperature Program
Initial temp. 50 T
Initial time 3 min
Ramp rate 30 C/min
Final temp. 200 T
Final time 5 min
Ramp rate 40 C/min
Bake-out temp. 240 T
Bake-out time 12 min
Column : Supelco SPB'™- 1
Material fused silica capillary tubing
Length 30 m
Internal diameter 0.25 mm
Stationary phase SPB-1
Film thickness 0.25 m
3R S5w 5% AR wAs §7180FE Belshs 2L W 3333

th v 30 Egel] el E HEe wyor FEHS F R RuFS T
Z71(Buchi R-124)8 o] &3t 2 mZ FHA71aL, 15 me FrefA el &4 &2
L A E T 2EAS AR ALV|AE AMEEA 25 w0 AER FFHT F hexane
2 mME Yol £l A&stgcrt o7)e] 2M HMB 250 pb ¥ 3 15%3F vortex® A
Fa0 2087 A8 F 04N A 4 mE HUbsle whgEtA @& HMBE E&iA2
T 2000 rpmol Al 1587 9422 sttt AT M(F7I LS 438 H2Fo] I
#He o] L3ted 5 m¢ hexanel. 2 v M H3F 2 g activated florisil columng & A

#A &2 vialol ¥tttk Florisil columnol] hexane 4 mlE S AA 22 vialdl ¥t

- 14 -
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th 312795 & 71(Turbo Vap" 50008 ol &&te] | mZ ¥%FAZ ¥ TeBTS ¥ ol

GC-FPD2 &4 st

(3) 3l+&

h BHEFEEL Nokel ol% 5

ot
N
>
I[;m
1o
Mz
X
o

e 2 HAHE TFEAES e Holl wtet 388 F4%
A¥} Table 62 2ol Butyltin(BD)3gEe] 3+&& 4HEW TBTS DBTE A&
o] ZFirol wASlel 92% ol ®& &S BAUo MBTO disixe Ao
FHol wel va #olE Holm 60~70%9 W& 3F&S EArh Phenyltin(PhT)
kb & TPhT® DPhTol chaisdi: 87~94%9 %& 348& Holu, MPhT: 6
2~67%2 +& 35+&S Bt

Table 6. The recoveries from seawater, sediment samples spiked with organotin

compounds
) Recovery(%)*
Materix
TBT DBT MBT MPhT DPhT TPhT
Seawater 97t5 9514 76E5 67+£5 926 9414
Sediment 95%5 92*6 665 627 875 90=3

* n=7

) Surrogate 29 3 5+&

A4 D RS Algo Axel A dANA H7ME surrogate & F(TPenT)} vl
ot ekl A H7bE R EFEE A (TeBT)Y WANZA At o] AL A&
EaE 2 My Aol wAEl: o8 KAy 98 Holr). Surrogate HHC
Pt F8e HHYBL 7617%, = 8715%2 YERGI, ol BE AR A&
3t % .
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(4) BERA

e 2 HHE Fo K71FMEEE dE AESAE T T AEe BE
£Ng Hrtstol BAE Fie e EEAAY AFE 6 R 9% AHFE s
(3142 Fate] Fabgem, o1 dsti: Table 73 2ok MBTE ohi #7543
2ol vl HEEFAT Erh o) RE MBT7 2549 {71x&3 34 FHA47
TS #H3 glo) trAagvtE T EAAM o wgo]l vra FEAle] WAt

7} z7] wjFolth(W. J. Shim., 2000).

Table 7. Detection limits of organotin compounds for each of the seawater and

sediment samples

Materix Detection limit”
TBT DBT MBT  MPhT  DPhT TPhT
Seawater 0.5 05 1.0 2.0 1.0 1.0
(ng Sn/ ¢)
Sediment 2.0 1.5 4.0 5.0 3.0 2.0

(ng Sn/g dry wt).

’ n=7

2) frrlvtde] &4

EAE 2 f7eta FEe 3~5g A5 HAHE ARE 110TCNM Axd & o
1 gol AZANRE As) AANAE o] &t FAs AT AR ARE 50 me
Al ve] ¥ F IN 94 5 meg Fo ZA Hrhete, 259 BAFA §& °l

g EFANNEAM AL AAGAL o) 3~4AF ARE WA FARTE

e A7 AEee v % 3 mel £4E Hrstel & S

il
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3) A=y

A% QEE Ingrame EAWA9TDO Wl @AH10%)% THAEEHE(15%)F
A K% AR F EFAALEOEZA 4063 mIETHE 183}
o AR 4063 mitt 2y A s yAmudAags 2esdnt 24
 ARg AzAA dAdAEo sy 100@2 mEFAE ol&sd 102 mktt

22 sk, 1~4 09 Al daiM e A (sand) A RE 2

i
i
B

Ir
i8
el
0o
=
2V
<
o,
>

"

glstdil. %, 2 mmEy 2 95 9 d(gravel), 0.063 mm~2 mm Y#AE A (san

d), 0.063 mm&tt A& 22 Y A(mud)2 3T

4) IR EARLY 2

HA%uE F450] Qetel FANAE Fo WAREALL BAE BR7) 2

N

Apro o zsld ZHsQTE, AZXAE 3~4 g& AMARAIT $FEE 18 A
o 7oA B A7) (Well type HPGe gamma detecter with Ultra-Low level Cryostat)
olgatel BAT Fo “Pbst WCsg EMatAh *°Pb, “Ra, *'Pb, Bist "Cs

[

of @z b RAolui: 2h7h 465, 2052, 352, 609.3, 6616 keVelM g3
om, wMv]7] BAE HEFA RS IAEA RG-Set (RGU-1, RGTH-1, RGK-D& ©]
&t urt
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v. A3 2 3%

1. sSE8Z 54
1) #A53
Mo By Zore] 9xstn U AFEel 67) FHEAM AP RE EFHA

2 Aliol A e E A (Butylting BD)& & %ol d&Urh d&d BT E] 5
o)+ E&#WAH)E TBT, DBT, MBT % % BT3g %] 22z 20~408 ng/g(197=
141 ng/g). 21~538 ng/g(241£164 ng/g), 39~492 ng/g(237+151 ng/g), 81~1,356
ng/g(676+ 446 ng/g)® T 3t wmate] olg k& FEE RATHFig 3@).
BT8g 2 ¥i Felzada A2 A8 33 JJ-1~]]J-374 H3t 1071 ng/g
i, =3 JJ-1 AAENA 1204 ng/ge 2 HAmgs RAG. ol& JJ-1 A2l A
8 oz A adA Aute] FHEEZ Azt A sFR AY FAHAAAY, H
olEo BIAS 98 RAYRS AAsE HHA AQE 2ZhEe] HojA et 3
2 g2 ool BAZ Fo 5 AU M Tolosa, 1992), el Butal s 2%

o] A

2 gla Mwrse PwogRE TBT7 €25 7bs4dst siFel &8s d#s
A s« 2abel eddogry £%¥ TBT7F & oz wAvrba Rt HA=

o t] wol Faujel A Ro AiiglrtH(Stang?t Seligman, 1936).

A 1 wabA Qbxo] 9jx & WA JJ-47A e F BT EC FE7F 542 ng/g ©1 %
o BYiMon He e RJow, AFY vtow UYnFF FEA Fastd HA
1J-5. JJ-6ol M= 186 ng/g wlwrez FASA Zash: ¥ Bch 1@ FE
o odgloznE Lo TBT7F #&d ¥ & wow ol¥st: Bt sivel 9
o s Mu A sa W 598 TBT7E §25 80 Fsd7] gz Aaun, o
= BTaa 2 HAZ W 53 fd 9% el FHoz Yehds 8%

dg WA Urh
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(a) Butyltin Compounds

12632°€ 12673E
18708 maT
o 7% 0
JJ-6

o L]

>

(=4

(=3

o

oN

433°3i

Jeju Harbor

100 0 900 200 300 Mutws
[ ———_]

(b) Phenyltin Compounds

126 3VE

12632°E

DPhT
TPhT\‘¢‘/MPhT

433'3i

Jeju Harbor

00 0 %0 200 X0 Mewrs
[ —— ]

Fig. 3. Distribution of butyltin compounds(a) and phenyltin compounds(b) in surface

sediments inside Jeju Harbor.
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TBTY #14 ZolM Ykl 44 Faxo H2s & Hazez DBT MBT=
SaH oz RalE 22 (Seligman, 1986), 3 BT3gEe Fkd g TBT, DBT,
MBT® =5n2RE MEA 495 TBTe HEE 7158 & Arh BTEHE=
% w50 ule TBT, DBT, MBT® ¥ % Ml bz} sk 29%, 35%, 37%5 oy
DBTS MBT7H &2 Rxsta gich 1998l #Fge] gHHE Fol DBT(
550)7F 7hA mol REabar Qlglwl 29k, 1998)e.2 RHol ol U;FY TBT7h &
Axo) RalE g, B4 Fo TBTS Raz st HAE Foll FHHAUY] HE
o] Moz AtmEr) ol HAHE ZFo BTZe RX7t & TBT %82
byt #4e] aon HAg T v 23 ald ostd ¥ Wi 2

14
{9
s

F

tlo
o

Azare] B2¥ A2 Fo #HdFAM(Phenyltiny PhT)&HHEE 674 A F 5Ny
Aol AEH1, $E¥s TPhT, DPhT, MPhT 2 & PhTaRgh&ol #2
N.D.~39 ng/g(11+13 ng/g), N.D.~41 ng/g(12=15 ng/g), N.D.~185 ng/g(87 =65
ng/g). ND.~230 ng/g(110~ 87 ng/g)22 BT&FE ¥ vhvpalg the sffol vls
wo wuitys woon, JJ-1A A A & PhTs &) 215 ng/ge® Highs X
Qrh(Fig. 3(b). & PhTE&E s%ol thd TPhT, DPhT, MPhTel ¥ & vl 24
=3

PhT& e o] BT 2ol wal #&dA @AY v 571 2xgs & + 2
Qli-t], o]i= TPhT7} TBTol ulal ¥z & sQEC] Ffso) AA FAY &F
oz #eso] oo} g Uz fUsE F AT Myl W@E(E, 199602 AR
o we TPhTE a4 ZolAM BeH®st®m, TBTe TPhTe S¢he-%& vlAs

MS

al
20
X2

it 10%, 11%, 79%2 )38 MPhT7F %A X353 A&

1~

c

(octanol-to-water pratition coefficient, log Kow)& 2z 3337 4.1 (Maguire %,
1983; Thompson %, 1985)%2, TPhT+= ANeol FE 27 slolA TBT Hlaf H ot
e Hox Big v uh(daagFATta, 1996).

o v A

Ol

2

|53

2wl AA JJ-1A BA JJ-2B)lA A FEEAE Tl W
7)EM st g e 423 FLREE Fig 4o HERATH

QAW A9l ZAEAZ Zo TBT, DBT, MBT% % BT 29 Fhe Ztz}y 144~
456 ng/g(269754 ng/g), 275~523 ng/g(412+75 ng/g), 198~750 ng/g (3961 126
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ng/g), T24~1616 ng/g(1,074180 ng/g)e] W ¥ Aeld Zabd FHEHAE
Z 7% %o ¥5E R F BTSEEe wkol tid 7 st3E Atole] sk M
- TBT. DBT. MBT 2z} 25%, 39%, 36%% ¥ ZHHE3 vha7ix2 DBT
MBT7 %2 B¥sti Ak old e FEREIE AHrw zlo] 4 cmolM 7t

1o

4 we wEE delw AN, oln M A HA7E 2@ MuEel wol Py
gl 3ol wur ofujz 44lo] Jhg we Fom Auwel {1 EFA aAHAY WE

oz Almgt} Zol7 ZolA4E TBTS MBTE: Fd& dee +73 TxETLE
B ot DBTi: A<l w7k gl

A7 Ael F4EHZ ZFo TPhT, DPhT, MPhTe ¥ PhTa@ &l s&v 44
19~46 ng/g(32+:9 ng/g), 21~57 ng/g(37=9 ng/g), 83~225 ng/g(145 228 ng/g),
160~321 ng/g(219+33 ng/g)el W Z BTsHeH= 4 up 7} 2 PhT3§HE o] oA
58 Aped 2AE FHHEE F MY £ ¥EE Bt FE MPhTR 22X

s Qoon, Fud £4 48T wele et

Concentration(ng Sn/g dw) Concentration(ng Sn/g dw)
0 100 200 300 400 500 600 0 100 200 300 400
2 —=—ao— 2 —me—a—
(A) RS (B)
4 s 4 = e
6 m « 6 ] ».
8 L] o A 8 n A®
€ : Lo e
) : = o
£ 10 ] % £ 10 m A
Q N Q
Q . N [ .
a ; : (=) ..’ =
12 n » 12 LI N
14 [ L 14| W ke
16 E e 16 méa
18 18
...m--TBT ---A-- DBT ---@-- MBT ..-m--TBT ---A-- DBT ---@-- MBT

Fig. 4. Profiles of butyltin concentrations in core sediments(A, B) inside Jeju

Harbor.

_21_



2.5

2.0 ®
> [

— 1.5
m
=
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Fig. 5. Depth profile of MBT and DBT to TBT concentration ratios in core

sediment{B) inside Jeju Harbor.
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AH Bel F#4EAE TBTY #AHS LY E & FAHAEde &2 &
Zo) A 305 ng/go® b S FLE Hou, o7t AAASLE 7 siete ¥
w7} ashis AeS molthrh 14~16 cmell A thAl F7bella, DBTSF MBTR ¥
A8e ®Ark. TBT, DBT, MBT¢ % BTs#Ee s&E& 2tz 35426
ng/g(142+40 ng/g), 56~410 ng/g(198+28 ng/g), 74~423 ng/g(206159 ng/g), 16
4~1214 ng/g(546+ 86 ng/g)e] M2 AP A Hupe @& FEBEEXE HIoY, ¥
wHli- TBT, DBT, MBTel s} ztz} 25%, 37%, 38%% DBTe MBT7F & #i
shar ok MFae] BY Be FAHAES F$ 14~16 cmE A9t 2el7t
Z7}sto] we} DBT/TBT, MBT/TBT®] w7} dx Friste B3 Bied, oe
TBT7} DBTS MBT®Z Alztel wpe} Raislan d&E BofFi ArkFig. 5).

A4 Bl TPhT, DPhT, MPhT$ % PhT3§E9 sxv 47 ND.~41 ng/g(7%

~r

Hr
o

8 ng/g), N.D.~74 ng/g(6-9 ng/g), 72~197 ng/g(114=21 ng/g), 72~240 ng/g(128
+929 ng/g)e] WeZ tEE MPhT7F @ol Exstzm Ron, ol we Hidh
FewW ks hebLbA] 2tk

2) a2y

MFEL R X HAATF LA oz F 67 HAHS EFHHSAA #
7128 e e BAstgon, 2E AfdA BT Ee] #E5AY. TBT, DBT,
MBT 2 %BT3&¢ %9 5+ 7tz 12~102 ng/g(44+29 ng/g), 12~136 ng/g(44+
35 ng/g). 25~ 182 ng/g(79= 45 ng/g), 63~420 ng/g(167+ 105 ng/g) 2. & AF &3} A
Wal dmAow e kxn we s norkFig. 6). AAEdge] FFHAE Fo BT

ot

3tge FEiEE b2 Ayl uls] AyMduto] we] sl A SS-2 A HAA
344 ng/goR M ¥& BnE pgon F2 R HHYM ¢ A dvta
o] 918 SS-49} SS-5AAE ThA EL FEEYXE HAUh

BT %ol % 5o s TBT, DBT, MBT? &5 nliz zbzh it 26%, 24%,
49%2 MBT7F 7v% ol Exata Atk T sige el 1998 #HHE(SF, 1998)
oA el WiRRE TBT7F 23 AFE o2 vzZi deged, o HAE Fd %
A5 TRT7F Zals) ALY 4 %o TBT Zalz A8 F+2 A€ MBT7F H 3

- 23 -



2 Fol AUV WEQ Row AR ET

Qagare] ¥2EA2 A oA PhTaEEL 671 4% F 5749 Ay HE=
93, FEWeE MPhT 2 % PhT3§Eol 247 ND.~55 ng/g(22+18 ng/g), N
D.~77 ng/g(27+22 ng/g)elA 3, TPhTSt DPhTE ZE&A olstz 7o HE5A
olorth. $S-4 A Ao & PhT7t 60 ng/ge2 Hudg Biow, F PhTadE &
%ol tig TPhT, DPhT, MPhTel % 3= ztzb ¢ 13%, 4%, 83%2 A+ 3

wp27bA 2 i MPRT/E B/ XD 988 ¢ & AN

126'56'E

181 P8Tma3
Ny

200 ng/g
[
»
]

(D)e
ss4

o(C)
$8-3 A

d] 882

ssy 3328’

Songsanpo
Harbor

100 0 100 200 300 Meder:
o ———]

Fig. 6. Distribution of butyltin compounds in surface sediments inside Songsanpo

Harbor.

QYL B A Fig. 2(0)9) BH SS-3(0)% BH SS-4(D) A Mol g E A
%9 fHagda, BTag% swel 2 ®EE Fig. 79 “ebA AT

44 Col4e] TBT, DBT, MBT® % BTag & %+ 242 8~32 ng/g(l7+5
ng/g), 7~24 ng/g(15+3 ng/g), 23~55 ng/g(36=8 ng/g), 50~93 ng/g(68 7 ng/g)
o Moz B AfoA FAbE FAEHAE F MY Be vEE Btk F BT
Zo) o e 7+ 33E Alolel ¥E ®lE TBT, DBT, MBT zkzy 26%, 22%,
waro] HEE A%y vhazbAR g MBT7F @e) ®Xskal Ak
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4y C Ad Ash ohRAAR ol 4 emol M 7HY %S BEE Heln o

’

o} o
TBTY 6 cm7bA e gastgoud o7k dojdss Fxel sk 719
oo

_EL}:!_E,

MBTE 8 cm7hAl Zrasttizb 12 em 3748 § oAl gashe Z3E 2
DBT: Feld wisghd Holx &akvh

’

FJ\”

44 Dol #4¥4% %o TBT, DBT, MBT¢ % BTa#Eel sx& 27 31~
45 ng/g(38+8 ng/g), 35~56 ng/g(45= 11 ng/g), 54~99 ng/g(71 = 24ng/g), 130~ 18l
ng/g(154127 ng/g)el MYE & A9 Y CY FAHAESRY} 2 58 4
olir =], ol AAH CRU ¥ 2¥yMuEd w3ie] Purste fx2A A
uboll A WO {7 M g R0 &% Aoz Algdc F BTEES] F=ol
7} & 3ks Alole] ¥4 onli= TBT, DBT, MBT 2zt 26%, 29%, 46%2 =% MBT7}

A DE MBT> DBT> TBT9 %% <oz wWaln 7|e st zlold wE o

&8 Gol ols) wasolzl Reg Atk
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Fig. 7. Profiles of butyltin concentrations in core sediments inside Songsanpo Harbor.
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3) MAXY

Ao G Foto] X MR 674 MM HHY RE HFHHE A
@oll M BT o] A&=2a, TBT, DBT, MBT ¥ % BTS#E9 ¥=¥A: 74
7} 7~74 ng/g(37+20 ng/g), 4~96 ng/g(40+27 ng/g), 19~148 ng/g(73=40 ng/g),
35~296 ng/g(150+84 ng/g)o.2 H A7 FAAY F 7HE e FEEEE RS
tHFig. 8).

BTa gt el R gipie] 2sdursol Aus] A= SG-1, SG-2, SG-4 A H
6

WAz e d pelgdeE Bisa 24 F H3HAE Fol BTARR
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Fig. 8 Distribution of butyltin compounds in surface sediments inside Seogwipo

Harbor.
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BT3le 22 % %o s TBT, DBT, MBTY ¥ % Hl& 74zt Hi 25%, 25%,
50% %2 AAbE ey npazbA R giRE MBT7F %o £33 Jd5S ¢ & AU

PhTsgtE 2 670 A 35 SG-4 BHAANY AEF=HU, ol MPhT7F 21~32
ng/g(H 1 27 ng/g)R oW, TPhTe DPhT+ @& 53 et

AL Fig. 2(0)0] A SG-1(E)3 A SG-2(F) F A HelA T E A =g
Mkl 5L, BTEEE sk 43 BEE Fig. 99 vehlid

27 EolA el TBT, DBT, MBT% % BTt 89 v=v 22 37~81 ng/gd7=
10 ng/g), 44~102 ng/g64+13 ng/g), 60~133 ng/g(83+11 ng/g), 164~316
ng/g(205-26 ng/g)el HHAR s, & BTaE wEo dad 7+ 3E Alole] vk
H:= TBT, DBT, MBT Z7} 28%, 31%, 40%2 HZEHAE3 vtz i
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Fig. 9. Profiles of butyltin concentrations in core sediments inside Seogwipo Harbor.
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A EE 48" A Co HEd #2438 BEE wged, dol 4 cmolA HoigE
3elal, 4 cm oldtel A Zolol wAgle]l A9 dAHE FEE B o FHE
7b dAolHoe] vz folui= Fo A W FRHel o3t EAHE adgo] A <
ofubir A7) wWEl Row AR @,

A7 FolA e TBT, DBT, MBT% % BT &9 s 2tz 16~51 ng/g2717
ng/g), 12~72 ng/g(24=8 ng/g), 21~148 ng/g(62*+32 ng/g), 51~252 ng/g(113+43
ng/g)el Moo, & BTasE sxo ot z s Abole] Fi ®lxz TBT,

DBT, MBT z}z} 26%, 22%, 52%% 2 MBT7F ®e] ®X3ti Atk A3 Fo
we dugol Mutstn i RJlw Biskm FY Bl vla vl 2e RS
wols gzl oli= A Et ahiol uiz §9uE RoA el AgHol
wob 5 Mub olols] BE ASifel o8 YT YR Ao wwA

A FolAel BTag e 2% L% TBT9 DBTE F3ish WsE Mo
] 929ti, MBTE 4 cm7bAl Z7b3tth 2438 3 8 cmoll A thr] F7tsttt 2 Aashs
Mgt} olgld dae gaxae A Co wlxsy BH FollA A e

N

o}i
o

a;k

mlo

U3 elidl, ol 612 cmAol ol Tl HQ ZashFvh Hue YA PR %
@ A ARel vMAEel 3 wel AA L WAL, FHo) dold Rz AR

A,

4) 43

Aol Aol ldEa i wAEe] 674 4HAM AAY wE EHHAE
Aol M BTag 2o A&¥Uct A& 9 BTasEY s=¥es TBT, DBT, MBT
2 % BT3d20] 7t7t 31~368 ng/g(98+100 ng/g), 25~180 ng/g(71=50 ng/g), 5
4~311 ng/g(124+76 ng/g), 125~84]1 ng/g(294+220 ng/g) o2 AFFH Tt stort

AAaEg} ALY Bos ¥ $EREE RATHFig 10).

o v

>

zoalA Ay B8 2R RE HL-57 4o BT Eo] 753 ng/ge & Hux& X
olx gl o NHL e AH¥IE e TBTE =7 DBTS MBT =X Y w4
AZuo] £ i 3t % HE vuwsd TBT7F 41%2 7HE w31 MBT(38%),
DBT(23%)# 0.2 7+28S & 4 Adrh oldd HL-5x Aol Aol Fi#l TBT ¥
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go dvel wornnd el 445402 TBTZF #9512 A88 AAetL o 7

217 el BTshgHEel & ¥ So W3t TBT, DBT, MBT9 F% Hl& 24z Hit 30%,

25%, 45% 2 T2 g3} vbRsbN R i MBT7F F2 £ 283 AN
PhTe8 22 670 44 5 BTagEol A g Mol gz HL-5 FAdMrt 3
3, gl o] MPhT(39 ng/g)% ¥, TPhT(5 ng/g), DPhTU7 ng/g)&o2 &

dYae Fig. 2(d)9 AHE HL-1(G) 3 HL-4(H)2l F A M FHHAES A3
&3, BT3gE e 2 ¥ X& Fig. 1o e A

AA GolA el TBT, DBT, MBT% % BT3§89 sx& #2 10~65 ng/g(43=
20 ng/g), 13~56 ng/g(33" 13 ng/g), 38~162 ng/g(100*39 ng/g), 66~261 ng/g(176
=49 ng/g)el MY ow, F BTEFE Fxo e Z sFE Atole] T vl
TBT, DBT, MBT 7}7} 24%, 19%, 57%2 th¥ 2 MBT® WXsti Qlvl. zlojol m
g MBT> TBT> DBT %% £o2 U443 deje] W F4& vaow, Lot

2ol WE obgha paste AWES WATH

126°15' 12616
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Fig. 10. Distribution of butyltin compounds in surface sediments inside Hallim Harbor.
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47 HelA el TBT, DBT, MBT$ % BTsta %9 st 247 43~89 ng/g(58*
12 ng/g), 46~82 ng/g67z12 ng/g), 71~162 ng/g(l02+20 ng/g), 190~332
ng/g(227+31 ng/g)el WA ow, ¥ BTFE wxol tg 7+ 33te Aol sk
vl TBT, DBT, MBT 77} 26%, 30%, 45% % i MBTZ ¥ ¥sx Jdch
A Hi> MBT> DBT> TBTY #% o8 AHaxde A3 Code g A3 3

eh d 4 Z7hstul A ashi: we 48 Holil Yot
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Fig. 11. Profiles of butyltin concentrations in core sediment inside Hallim Harbor.

5) ZApx| 9 7ke] w]aL

AFwe] 8 vl

AFg AdabEe AAEE 9 sty W EFEAHEANA
BTahgtro] L% dEsArh A A < F BT Ee] wx¥els 2 A
z38Lo 81~1,356 ng/g(676=446 ng/g), AAHE3 63~420 ng/g(167+105 ng/g), A7
L8 35~297 ng/g(147+82 ng/g), 883 125~841 ng/g(294+220 ng/g)o. 2 EZFH
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HgolMe BTagE S AFd> FdT> JUHEI> A oz
2xsta 9o TBT, DBT, MBTol WalME §A& o2 B3 AU

B oo zAXY FZEAE F BTagEe vSEXE TBT, DBT, MBT %
7} 7~408 ng/g(B T 94 ng/g), 4~538 ng/g(F 99 ng/g), 19~492 ng/g(H e 128
ng/g) o, MEusti(1996)0l A Rug awre] &, zd2dAMel TBT 26~
13,300 ng/g, DBT N.D.~5090 ng/g, MBT N.D.~1,390 ng/g, KArgtol A o] TBT
16~2.360 ng/g, DBT N.D.~911 ng/g, MBT 7~232 ng/g ¢ FE¥XHTHE Sigte
™ A(1996)0] B gk afuto) o] TBT 4~382 ng/g(F 3t 60 ng/g), DBT 10~573
ng/g(3F 7t 77 ng/g), MBT 4~740 ng/g(H 121 ng/g)¥ 3-(1996)0] Rt M
7} 9xEtn Qe xR A e TBT 5~2650 ng/g(H 483 ng/g), DBT N.D.~
307ng/g(¥ 76 ng/g). MBT N.D.~309 ng/g(H¥ 74 ng/g)el F=E¥eh vl
FFolgon, #(1997)7 B gk whabwkelA o] TBT N.D.~233 ng/g(B# 66 ng/g),
DBT N.D.~197 ng/g(## 36 ng/g), MBT N.D.~684 ng/g(H ¢ 68 ng/g) &1t
=owo nys pelon 70(1997)0] B daFvhyl TBT N.D.~85 ng/g(H ¥ 35
ng/g), DBT N.D.~15 ng/g(¥+ 0.1 ng/g), MBT ND.9 s=8E B vl =
*TH

o]are] 749} Bl W(Table 8) E&@ 29 Arcachon f{}(1>996~1997)01]"19] TBT
8,150 ng/g, DBT 3980 ng/g, MBT 4,025 ng/g, =% %< Baltic 31 (1997 ~ 1998) o]
el TBT 73~15,130 ng/g, DBT 20~10,780 ng/g, MBT 6~815 ng/g, 2=#<l9]
Cadiz €9¢H1992)e] TBT 250~14,150 ng/g, DBT 73~1200 ng/g, MBT 27~350
ng/gd HE R e AFE A9H1995~2000)e A 8] TBT 124~18722 ng/g, DBT
92~6860 ng/g. MBT 7~1674 ng/g Eohe B FEdEE Bgon vl=e] San
Pedro ©H(1986~1991)el 412l TBT 10 ng/g, DBT 10 ng/g, MBT 5 ng/g¥ 1@
o] Nuuk(1997) ol 1¢] TBT 417 ng/g, DBT 20 ng/g, MBT <2 ng/g Bt %2 &
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6) Eul Al

Tolosa(1992)0] o1& A elgl Euj Al 4=(partition coefficient, Kd)&= i+ HAE &

H apselel HAE 24 % HHSRA gel 3

s2-ol B|HE Aole] o @B PR EAM RujAFE Fakr] s 2001 12€
o 48 Mestd ey 2 A7EMFEY] FEXEE FAEIAHTable 9). 3+
14122, PhTSEES &5 A gdekon, ¥ 2 Eol

Table 9. Concentrations of butyltin compounds in seawater(ng Sn/ ¢)

Station TBT DBT MBT Total BTs

11-1 26 29 10 65
JJ-2 15 13 9 38
Jeju 1J-3 9 9 13 32
Harbor 11-4 5 6 1 22
JI-5 6 5 8 19
JJ-6 6 4 6 17

mean =~ S.D. 1148 1129 1022 32-18
SS-1 3 4 9 17
SS-2 3 4 9 17
Songsanpo SS-3 3 10 13 2%
55-4 3 4 10 18
Harbor $5-5 N.D. 4 10 14
SS-6 2 4 N.D. 6

mean = S.D. 271 5+2 914 16£6
1 sGel 51 12 13 75
Seogwipo SG-2 36 21 19 76
Harbor SG-3 19 1 10 35
SG-5 3 5 10 18
SG-6 ) 4 8 17

mean = S.D. 23220 107 124 44+ 29
HL-1 17 13 13 43
Hallim HL-3 18 13 14 45
Harbor HIL-4 9 11 12 33
HL-5 26 12 26 65
HL-6 7 8 11 25

mean* S.D. 168 11x2 156 42115

N.D. : not detected
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Moty we] AFEFeM BTagEe w7k 7bd ®A 23X AL, I,

Arah Faxs fow Bystm ATk MAXEe A HHE o BTz

R bE ol 4EE e AsddE 2N £ b BA AR, o

N MAEAGe] FAF B3Pt Fbel urel )& - FUA L] &g wel
Mutghgo] gubsfx| 3, Fwel] ZHE dgAdR FHEC WMAHE 5 HAY FH
ol go] Z7tsly] AW o2 U AAHF, AFEFe) g FER AL &F ol
M alat gl 7] Wl Ao g AtaEth

Aol e Al7le] AHIF} EZHAE Atele] BTEHHE Fxol diEd Kdake
Table 100] Jetuigict ol2ld Kdge HH 2o dgd {71823 Azt =27],
Aggd So Aoz BHYT WAS vehdsd, B At A Kdatke
- B SIsA vEbs.

ourA o 2 TBTol tléh Kdate 227~55440(Valkirs 5, 1986a, 1986b; Stang¥t
Seligman, 1987)0] 3, DBT MBTel thaiA = 2tz 2,070~26,080, 1,760~28,7509]
Moz odaela AUuh(Stang? Seligman, 1987). 19983 A &3 FAx el TBT,
DBT, MBTol| dld Kdgh(et 1998)2 AFae 242k 1283~52,068(B ¢ 7944), 4,72
1~446659(8 7 69,430), 498~16257(F T 4,292)°]Q i1, F2E&FL TBTe DBT
ol 3551 ~64,685(% 7 17.883), 208~9,864(H 3t 2,968)2 ¥ Ao Kdakst v o
27 Ve, ole AdEde] wE s - Fuadel & § bt 81l 9

) BelHe 24S uFEFE A B Wt WE Ho2 ARFET.
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2. 2EH 7Y

D) s3rezte] 3aA
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Ao HdEEE S71FA85E0] Mt Weong o9 oo FUx
b orolu] 91a) 7 wold LEEAE Fol TBTS DBT%E, TBTS MBT's
T 2 DBTS MBTHE9 AaaAE HEsQUI, 2% TBT DBT % MBT
o] A#NAE Fig. 121 Yebidet. AlFA TBTS DBT, TBT$ MBT, DBT
ot MBT?] AaA5GhE zhzh 086, 083, 0912 £ A#AAE nion, X
8o 081, 076, 0.852 A F8 7 wpR7tAR L FADAE 2AL, MNAEFLS 09
A Bk olgk
o wo AytvAE DBTS MBT7F TBTO EaMEUS TalF1 dow, TBTS
238 o)9)o] t}2 DBT9 MBT #Y¢e FAZW Aoz Atgdrt F BTSE
(t-BTs)ol ™d TBTS DBT 3 MBTsehel 4tz
glo A= 093, 097, 0.96 A AEE S 090, 095 095 oA on MFAEILL 092 095,
094, 32 098, 089, 09302 A H& FaAAAZ ek

1,077, 081 o]glo., saae 087, 0.85 07302 ¥ ¥

B zAbx Y grlel FAEAHE F TBT9 DBTEL, TBT9 MBT¥E: el
DBTS MBT¥Ee A##AE ZAEstAch TBTS DBTS %% r'=086, TBT%
MBT:: r'=0.73, DBT®} MBTH r'=083019em, X9 F&53d+2 3¢ 24 sz
ol 3712 AWRAF(Fig. 1= 22 078 089, 0799 & xol, TBT2 DBT,
TBTS MBT 2%+ ofue} DBTS MBT 4] o3 4aaAE Kol Jed ¢
% 9liu}, olet e = A##AE DBTS MBT7 TBTO ®sidEdS 2+
7 glony Mute]l Wbo w g A &&% TBTY s o]9je 2 DBT9 MBT #4
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(a) Jeju Harbor

(b) Songsanpo Harbor
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Fig. 12. Relationships between concentrations of butyltins in surface sediments inside

Jeju Harbor(a), Songsanpo Harbor(b), Seogwipo Harbor(c) and Hallim Harbor(d).
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Fig. 13. Relationships between concentrations of butyltins and total BT in surface

sediments inside Jeju Harbor(a), Songsanpo Harbor(b), Seogwipo Harbor(c)

and Hallim Harbor(d).
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Fig. 14. Relationships between concentrations of butyltins in core sediments.

(a); TBT vs DBT and MBT, (b); DBT vs MBT

_39_



2) Y- 2% vy 94

A MAHog dg 2ole Wexdyr TBTE FF3 Fudd IAHAZ]+
(IMO)el Fxslo] AAAHoR AHEE Folele ok E78ta ok Mol
69% BLi7b o] LS AM&3Ei thAmborse, 1994). 74 By § 715435}
gEo F 2@Ue Mutog B zAAME HAE Fo frIFAsGEe] LE:
Mub 9l zda gE ) dHsHA fREl AdFel wEAn, - 9 - EFF AW

s
2% At NS AQLGIEFAR 1997~200D8 FuE Fden, HAE
Zo fFEMREEe £t FHY $RE WP R 1998d 2AME AFGY
AL Ao §7F AR FE(QH 1998)8 wuRER Mt

Az Qaxgrel EEHAE Fo 1998de BTHEES FR$E i &
Aol i WslE vwsted RU(Fig. 15) AFFe] A9 FAT v F7HE B
=), 1998 %= Hlsh TBTel whel 194, DBT 1.6¥1, MBT 65W2 ZF7F3tA L.
w53, JJ-2x "ol A MBT7F 1998 d 2k 10u] ol F F7hstAct. ol Aol 91
g el goi o9 we aAE Wk opyel Fig. 160 ehd wpep 2
o] Ao § - 28 Murfe EFE Ayuy RBded dutsrt G438 Tl
web C1o i ESE 37438 ZsASSs € 7 A3, 2001d7kA] A& HeR
7bakal ek &, F715M s R 2@ el Mube] s WeHdE ] ¥

W oup Mubg @ dub Bfe] vk awrd BedE Abgel Zbsdlthe ol

—
X

2

olN

H

Be RN ER AFOR AANASTS AAE
AEFe A9 1998delt tRE TBTZ 742 geo 2Esdxm, DBTE v
AZE5 Yoy MBTY #EE A egkal £3] Y SS-5ol4 ¢ 2 TBT =&

Bt vhd B ApoME 2 MBT7F Bol #Xsta Aoy TBTS 74 1998
dol wla] Zads 23S 2 oy BTEES F & 19980 H& o
& 27 E7retgd o, o2l vx Frle ANEFe ¢ - &3 ek 08d F
10128l A 20014 24673 0.2 2uf o4 Z7hgtell whel Wwoe Eg o] At&o] FF 38k

oz £&% R E FFHAY] WER] AoR AREH

(¢}

- 40 -



Fig.

(a) Jeju Harbor
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15. Camparison of average butyltin concentration(ng Sn/g dw) inside Jeju

Harbor(a) and Songsanpo Harbor(b) during the 1998(An, 1998) and this

study sampling.
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Fig. 16. Arrival of ships by number(a) and by tonnage(b) inside Jeju Harbor.
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Table 11. *Pb concentration(dpm/g) in core sediments

Depth(cm) Jeju(A) Songsanpo(D) | Seogwipo(F) Hallim(H)

0~2 4.46%0.22 0.87£0.28 0.45%0.23 2.23%0.18
2~4 4.40%0.21 1.22+£0.25 0.48£0.21 2.2410.14
4~6 4.32+0.19 1.30£0.21 0.4910.22 2.3470.19
6~8 4.2510.22 1.28+0.19 0.50%0.18 25310.20
8~10 4.30=0.20 1.29£0.21 051%0.23 3.10+0.23
10~12 4.48=0.16 1.32£0.23 047+0.17 2.821+0.21
12~14 46370.18 1.31£0.21 0.49%0.22 2.97%0.34
14~16 443%0.15
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(a) Jeju Harbor (c) Seogwipo Harbor
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Fig. 18. Relationships between total butyltin and organic carbon contents in surface
sediments inside Jeju Harbor(a), Songsanpo Harbor(b), Seogwipo Harbor(c)

and Hallim Harbor(d).
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(a) Jeju Harbor
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IFig. Z21. Relationships between total butyltin and particle sizes in surface sediments

inside Jeju Harbor(a) and Songsanpo Harbor(b).
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(c) Seogwipo Harbor
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Fig. 22. Relationships between total butyltin and particle sizes in surface sediments

inside Seogwipo Harbor(c) and Hallim Harbor(d).
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