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Butyltin compounds (BTs), namely tributyltin (TBT), dibutyltin (DBT) and monobutyltin (MBT), were meas-
ured in surface and core sediments collected in 2001 inside Seogwipo Harbor, in order to evaluate their dis-
tribution characteristics. Seogwipo Harbor is one of major harbors of Jeju Island where a lot of shipping occurs
and is designated as a trade port by the Korea Maritime and Port Law. BTs were detected in surface and core
sediments of all stations and their concentrations in surface sediments were low, compared with to those in other
sites of domestic and foreign countries. The main species among BTs was MBT, although there was a little dif-
ference with a survey site in surface sediments and in core sediments with depth. No or low correlations were
obtained between organic matter or particles size of surface and core sediments and total BTs, indicating that
these factors did not affect the distribution of BTs. It was estimated that more complex factors including BTs
loads and surrounding sedimentary environments, affect the distribution of BTs. The high correlations between
BTs indicated that DBT and MBT were mainly degraded from TBT based on antifouling paints of vessel etc.
and other sources, such as DBT and MBT, could be ignored. The butyltin degradation indices ([DBT] +
[MBT]/[TBT]) in surface sediments were in the range of 2.0~3.8 (mean 3.0), indicating that the parent com-
pound, TBT, were inflowed into the surface sediments a long years ago, degraded and deposited. The sed-
imentation age of BTs contaminated core sediments could not estimated because the content of 20py, activity
were nearly all the same and so the sedimentation rate could not obtained.

Key Words : Butyltin compounds (BTs), Seogwipo Harbor, Surface and core sediments, Butyltin degradation in-
dices (BDI), Sedimentation age
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Table 1. GC/FPD operating conditions for analysis of
butyltin compounds

Instrumental Setting
Detector temp. 250 °C
Injector temp. 225 °C
Carrier gas He
Detector flow rate 100 cr/min for air
170 cn/min for Hy
Temperature Program

Initial temp. 50 °C
Initial time 3 min
Ramp rate 30 °C/min
Final temp. 200 °C
Final time 5 min
Column : Supelco spB™- 1
Material fused silica capillary tubing
Length 30 m
Internal diameter 025 mm
Stationary phase SPB-1
Film thickness 0.25 ym
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Fig. 2. Distribution of butyltin compounds in surface
sediments inside Seogwipo Harbor.
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Table 2. The concentrations (ng Sn/g dw) of butyltin compounds in surface sediments collected inside Seogwipo

Harbor
Sites TBT DBT MBT % BT
Range Mean Range Mean Range Mean Range Mean
SG-1 41-74 61 54-96 77 95-127 107 190-296 245
SG-2 29-42 34 29-48 36 43-124 80 101-214 150
SG-3 17-24 22 13-29 23 40-52 47 86-98 92
SG+4 55-64 59 57-78 69 110-148 126 222-278 254
SG-5 30-38 34 25-26 26 40-62 52 96-126 112
SG-6 7-24 13 4-16 10 19-32 25 3H-72 47
Range 7-74 13-61 4-96 10-77 19-148  25-126 35-296 47-245
(mean+SD)° (37+20)  (37+19) (40+£27)  (40£27) (73+40)  (73%39) (150£84)  (150+84)

Composition(%)" 23-30 21-31 44-53 100

range{mean=SD) (25£3) (25%4) (50+3)

® 5 BTs, TBT+DBT+MBT; ° SD, standard deviation;

¢ Composition(%), {TBT (or DBT, MBT)/¥, BTs] x 100

Table 3. Comparison of butyltin concentrations (ng/g dw) in surface sediments of this study with those in other

domestic and foreign countries

Location Year TBT DBT MBT Refs.
. . . 7~74 4~9 19~148 This
Inside Seogwipo Harbor, Jeju Island, Korea 2001 (377 (40) (73) study
. . . 41 ~309 32~175 61~275
Inside Hallim Harbor, Jeju Island, Korea 2001 (98)" 1) (124) 17
Inside Songsan Harbor, Jeju Island, Korea 1998 7(:5%10 2(;‘?4 N.D" 12
. . . 19~152 29~251 6~57
Inside Jeju Harbor, Jeju Island, Korea 1998 67 (108) 24) 13
. _ 4~382 10~573 40~740
Chinhae Bay System, Korea 1995 (60) el (121) 30
_ 5~2,650 N.D.~307 N.D.~309
Okpo Bay, Korea 19% (483) (76) (74) 31
ND.~85 N.D.~15
Kwangyang Bay, Korea 1996 (35) 0.1) N.D. 32
N.D.~233 N.D.~197 N.D.~6%4
Masan Bay, Korea 1996 66) (36) 63) 33
. _ 4~4500 2~1900 7~410
Coastal areas, Thailand 1995 (754) (243) (109) 21
Arcachon Harbor, France 1996-1997 8,150 3,980 4,025 A
German North and Baltic Sea Marinas 1997-1998 73~15130 20~10,780 6~815 35
Mediterranean north-eastern coast, Spain 1995-2000 124~18,722 92~6,860 7~1,674 36
Nuuk, Greenland 1997 417 20 <2 37

® () average conc; ® N.D.: not detected
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Table 4. The concentrations (ng Sn/g dw) of butyltin compounds in core sediments collected inside Seogwipo

Harbor
. TBT DBT MBT > BTS¢
Sites  Depth (cm)
ange Mean Range Mean Range Mean Range Mean
0-2 37-67 55 51-89 69 79-120 (e 171-276 218
2-4 45-81 68 57-102 84 106-133 120 208-316 272
A 4-6 50-70 61 50-79 61 78-98 86 178-247 207
6-8 49-63 58 47-68 58 62-87 71 179-19% 187
8-10 48-56 52 44-67 58 61-72 68 164-194 178
10-12 48-55 50 59-62 60 70-82 76 178-198 186
12-14 52-62 56 45-68 60 60-74 67 179-190 184
Range 37-81 50-61 44-102  58-84 60-133  67-120 164-316  178-264
(mean+SD)° (57£10)  (57+6) (64213)  (6429) (83£11)  (83£19)  (205+26)  (205=30)
Composition(%)" 25-31 29-33 37-44 100
range(mean+SD) (28+2) (32+1) (4043)
0-2 31-51 39 25-35 31 54-101 75 124-176 145
2-4 23-33 29 24-72 41 33-148 85 79-252 155
4-6 18-36 29 18-25 21 23-77 5% 59-138 104
B 6-8 18-27 24 12-21 17 25-90 67 60-133 108
8-10 16-26 22 16-30 23 26-73 54 58-129 99
10-12 19-28 25 14-19 17 21-71 45 59-116 87
12-14 16-32 24 14-27 20 21-69 51 51-128 9
Range 16-51 22-39 12-72 17-41 21-148  45-85 51-252 87-155
(meanzSD)° (27£7) (2746) (24£8)  (24£9) (62£32)  (62z14) (113¢43)  (113+26)
Composition(%)° 19-29 16-26 51-62 100
range(mean=SD) (25£4) (21£3) (541£3)

* 3 BTs, TBT+DBT+MBT; ° SD, standard deviation;
¢ Composition(%), {TBT (or DBT, MBT)/> BTsl x 100
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Table 5. Total butyltin concentrations (> BTs), organic carbon content and particle size distribution in surface
and core sediments inside Seogwipo Harbor

Sediment Station/ S BTS Organic carbon Particle size distribution (%6)
Depth (cm) (ng/g dw) (%) Gravel Sand Mud
SG-1 190-296 (245)°  3.39-5.76 (4.68) 23-29 (26) 53-69 (61) 8-18 (13)
SG-2 101-214 (150) 0.32-0.46 (0.40) 15-58 (31) 40-83 67) 3 (@)
SG-3 86-98 (92) 3.96-4.94 (4.33) 4-35 (19) 60-88 (70) 3-21 (1D
Suface oh 4 omwis (B 349515 409 465 (39 32-83 (60) 2-13 (7)
SG-5 96-126 (112) 2.65-3.80 (3.00) 47-67 (54) 28-44 (38) 5-10 (8)
SG-6 35-72 (47) 1.15-3.00 (2.18) 55-79 (64) 21-37 (31) 1-8 (5)
35-29 (150) 0.32-5.76 (3.11) 4-79 (37 21-88 (55) 1-21 (®)
0-2 171-276 (218) 3.60-5.90 (451) 20-30 (26) 59-63 (61) 7-20 (13)
2-4 208-316 (272) 3.18-5.76 (4.85) 16-41 (29) 45-75 (60) 9-14 (11)
4-6 178-247 (207) 391-554 (4.75) 8-21 (16) 63-70 (69) 10-25 (15)
Core (A) 6-8 179-195 (187) 3.94-583 (4.93) 17-23 (20) 57-65 (60) 18-22 (20)
8-10 164-194 (178) 3.75-551 (461) 12-25 (19) 60-63 (62) 11-28 (19)
10-12 178-198 (186) 3.87-5.35 (4.63) 15-26 (20) 60-65 (62) 12-25 (18)
12-14 179-190 (184) 3.71-492 (4.35) 14-24 (19) 61-66 (63) 13-25 (18)
164-316 (205) 3.18-5.90 (4.66) 8-41 (22) 45-75 (62) 28 (16)
0-2 124-176 (145) 0.27-0.48 (0.37) 15-20 (18) 78-83 (80) 3(2)
2-4 79-252 (155) 0.36-0.56 (0.43) 15-19 (17) 79-82 (80) 4 (3)
4-6 59-138 (104) 0.42-0.65 (0.55) 13-23 (18) 73-86 (79) 4 (3)
Core (B) 6-8 60-133 (108) 0.27-0.47 (0.40) 11-26 (18) 70-86 (79) 4 (3)
8-10 58-129 (99) 0.43-0.58 (0.49) 10-17 (14) 78-87 (82) 3-5 (4)
10-12 59-116 (87) 0.35-0.52 (0.44) 20-23 (21) 72-77 (75) -5 (4)
12-14 51-128 (95) 0.41-0.47 (0.44) 14-22 (19) 74-83 (78) 3-4 (3)
51-252 (113) 0.27-0.65 (0.45) 10-26 (18) 70-87 (79) 2-5 (3)

® ¥ BTs, TBT+-DBT+MBT;

b .
mean concentration.

Table 6. Correlation between total BTs concentrations and each of organic carbon content and particle size dis-
tribution in surface and core sediments inside Seogwipo Harbor

Statistics” Sediment

Oragnic carbon

Particle size distribution

Gravel Sand Mud

Surface 0.1378 0.1856 0.1426 0.1205

r Core (A) 0.0982 0.1743 0.2131 0.0020
Core (B) 0.0003 0.0906 0.0942 0.0156

*Pearson’s sample distribution; p<0.05.
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total butyltins (t-BTs) and each of TBT, DBT and MBT in surface sediments inside Seogwipo Harbor.

Table 7. Butyltin degradation indices (BDI) in surface sediments inside Seogwipo Harbor

Sites SG-1 SG-2

SG-3

SG-4 SG-5 SG-6

BDI 26-36 (31 2.8-34 (3.1

26-38 (3.1)

30-39 B3 22-23 2.3) 2.0-40 BD
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Table 8 *°Pb concentration with depth in core (A) sediments

Depth (cn) 0-2 2-4 4-6 6-8 8-10 - 10-12 12-14
TPboonc |0 isi0os 048:021  049:022 0504008 0515023 047017 0.49+0.22
(dpmv/g)
gk Aol FarEe FEY £5 BTsY 299, 54, & ZFEAEL FAHAHZAAY BTs9
BTso HAE2FYH 529 A4 HAENAN FEEE 83 HHE F9 f7iets 2 e BY
o} BTs® &4 5 thdd aclel osf A& & 9 BTs vE7E99 J##A, BTs9 S99
gotn Huastz gtk 0@ A7l 2 FAHAZY o ddl #4E& A&
FRAEAHE dg eddAd FAHL HAE F9 s e 22 4E2S A
pp A5 FFEHL 5% FAHHEY HHS AAZI BE 25 9 FAHAENA BTs7t
=g T 2T & don, drd Ao 4 AEHden, #EH ZAXH TBT, DBT,
A8 AP AFY TCse olgete] o] MBT % % BTs9 ¥EMAEHTLEZADE ¥
dsd & Ak ol WA FHYAaE W 2HAEEY S 42 7~74 ng/g(37+19 ng/g), 4~
7zt 3029(7C)F 2239 (P02 W ol 96 ng/g(40+27 ng/g), 19~148 ng/g(73+40 ng/g),
AZHFRZE 1008 A8 @A A EY AL n A 35206 ng/g(150£84 ng/g)elom, FAEHEL
ol ZnH o olgdm Y. Mppe U A mw A A 27 37~81 ng/e(57410 nglp), 4
Qo @ stEoln G AE el PPhFL PRa 4~102 ng/g(64:13 ng/g), 60~133 ng/g(83<11
o] Bajo] o] FA5% Supported “Pb% HTH ¥ ng/g), 164~316 ng/g(205:26 ng/g), A4 BolA=
A=A UEY ofe 37 100d HFol HAE B 27 16~51 ng/g(27+7 nglg), 12~72 ng/g(24+8
HZUo) 7 Fexcess) PhREE FHE Bkl ng/p) 21~148 ng/g(62+32 ng/g), 51~252 ngle
HA%&E d4e] anHow olgHm v (113843 ng/g)®l ¥ 22 890k 429 ¥2548
FAEHE A9 PPbe] FEEF Table 89 U 2o BTse) ¥rn: 2ule t2 ¥ 8w
W, Zojdl wet F3g Age HolA T o w v BEstm Jgdoen, 2A Y D Zo
e ¢ F At g e TPbe FEE AN o ge) ga xol: AN MBTIF R B¥a)
o8 HAE IO 7P w3, Zol7k dol 3 qiglon, TBTS DBTE 4AHS w88 B %3}
el wet Ag FFHor Fastodor g, 7 1 9ee o 2 9guh
old wet Ao FAF FEE BATE o]HE “pp g= 9 ZAHAE 2o $7]8 g 9 Qre
o FEZb wAsA YEhE g2 AN A4 pTge) Ry A@4e HolA gtem, oo
AN A% Gepted®® oles 4L HAZ A g mas dme ojdxu BTse Heh 9 HAH
88 AT A HHZC] AAHeE EFHAY Ao wa T gars 299 93 79dEE Aoz
24 9 HZel 4@ 294 G AMBEN o guwd aga A22" BTs Atojo] = 404
& wd Ee A7 ojde of2AYelut FHA o wo] BTsol 2dUe My S9 WO LR A
dsol oaf HH2o AFFol £¢E A% B gz49 TBTY 9% Aoz Azt = DBTY
2 F St MBT<= TBTS Eaj4tE o], TBTS &3 o] <o
TAHAE AdMY BTse s=wxel ol pDRT9 MBTY te #U9e FA@wHS Row
= Zold wet 45 2 emE AYSi BTsY 2 mugdg.
2 %S gehtA gsten] MphrE A wa AATHY BTse 294712 7Est7] 94
7t (T @ Hole AeR Hol HAE ude o iy, %) quw o] 8stn Q= BT BalA2
# Sol £ o ARSY, WA NALF  (BDDE olfstel EEHABH da HES A
W FAEAZAN G HHE2g 72 5 §lel BTs  pple 20~38HT 3002 2@ Aol TBTZ )
o 2add F80 27hesn goi ¥alHa QE Aow IR, hr A4
oM Bl&g &g B FAE A7l fFYE 2
4.7 =2 8 2w Ao Algd
AFE qoke) 2o FozA Mute ol Wl FAHAEC W@ @Al YL s Ypp
WE gurdd Fgd AAXTY BT Fo)  B5E IS Ao A9 59T @e
e 3832 (BTs, butyltin compounds)®] #X  edH, ole HAE A&E AHAT o FHEo &
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