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Analysis of Organotin Compounds in Fish and Shellfish from Guryongpo Harbor
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Abstract

The concentrations of organotin compounds in fish and shellfish from Guryongpo harbor were analyzed. The concentrations of
TBT, DBT and MBT in fish were in the range of 15.68~5293 ng/g(average 28.65 ng/g), 13.95~72.16 ng/g(average 26.99 ng/g)
and 37.73~133.59 ng/g(average 8518 ng/g), respectively. The BT compound concentrations in intestine of fish were higher than
those in muscle. Overall ranges of TBT, DBT and MBT concentrations in shelifish were 42.15~56.13 ng/g(average 50.94 ng/g),
34.16~52.82 ng/g(average 42.79 ng/g) and 41.25--72.60 ng/g(average 53.71 ng/g), respectively. The BT compound concentrations
of shellfish were higher than those of fish. The concentrations of TPT and DPT in fish were 0.47~3.90 ng/g(average 2.33 ng/g)
and ND~0.56 ng/g(average 0.15 ng/g), but MPT was not detected. The concentrations of TPT, DPT and MPT in shellfish were
in the range of 10.24~21.67 ng/g(average 17.45 ng/g), 3.32~4.78 ng/g(average 3.91 ng/g) and 0.11~0.36 ng/g(average 0.25 ng/g),
respectively. In addition, the MBT ratio was highest among BT compounds, but the TPT ratio was the highest among FT
compounds. Taken together, the concentrations of organotin compounds in fish and shellfish from Guryongpo harbor was not

higher than those from other harbors in Korea.

Key Words : organotin, fish, shellfish, butyltin, phenyltin

I. Mg

HEslAe YA W7 1de] daudoa g8y A
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(bisphenol A), ¥ 59 ¥4 EEAE] slan
tributyltin(TBT), triphenyltin(TPT) $9 #7342 =
7o Tgdct TBT, TPTE HIET R7|F:48EEL
1986 d A olF ALEFH AMEEYsE FE39
PVC b3 A, Fetag A7bA, A4 o, 454, A4
A, BEAHERN To7 g AMHEET 9t Roper, 1992
Yamada 9], 1993). 53] 419}e] AE-Eo] Gtz
5 5t7] A3 FHold RawA anE 71zl TBI7 A9t
& HAEd de] AMgHT gon, ANE FUAIF)7]
st TPTE 34 AHES 2 Qlek(Eh= 8] Fd 74, 1996).
az o|% {r1FA8gE2 Fedelddd 4z
BAE FEsty do £F WA st HI54,
TR YA AHYEH L) 58 YoE A2 e
U3 Qlti(Bryan £, 1989; Ellis & Pattisina, 1990; Kannan
9], 1997; Kannan 9], 1998). ¢]2 <l3] d3=g& wixd
oz] et M= TBT, TPT, bis(tributyltinjoxide(TBTO)
T fF7IFNeEEe] AdT A8 FASE A

F71FAEGE o 54 AEAY g 475
AHA olo g AFEe] FRHUE e H Yy o}
Aot dftrell A4ske Y ERF butyltin(BT) £
A7t HrhEfi(Tanabe 9], 1998), Y& A7} A
of da HAAZY BT 2952 FAMS @7 (Harino
8, 1998)% FHHUt. E AEFFo| JEAx g
TBT Aol tig dF% BuHSov(Gibbs & Bryan,
19%), detdjoktilapia)e] € TBTY FE9 EAd
#5759 Hongxia 2, 1998). Y& Ise o
AM MAse el 289 TBT 338 =¥ YE 5
0~100 ng/geZ Jebgtii(Environment Agency of
Japan, 1993), Haj¥} =efA £AH TH9 TBT
AYUE 55 WHE ZH 4298 ng/g 53~200 ng/go
E Y#xten], F3 ddels g nelwe TBT &
e FEH9E 350~1200 ng/go 2 ¥4 5] 9 tHTanabe
2], 1998).

Tl e AFE A, GAas) d, FUdD FolA
fFrIFNggEY oF d&ol AEHNAEH, A%y %
ol e aFol 4L B9 HAd N {71545
FEol M 2 FEZ YEuui(gtol N, 1998; AF
£ - 2rls, 2000). w3 Elde o8 g9 Age 4
AN AH7] o]d@idol #AEH FEete] &)
AT F7FHNAFE dF QFo] 4ag HAes yg
WS 8 o T4, 199).

ol & dAFgMe obd RIIFAHEY 2¥EA
FE3) 2AEA e uE BEIU FEXY B
o] AHgte olftg HFY FNFHIYE FES B
Aty 2 2E=E Hrksdd

1 HEXNZ

2002 S¥ell XA g7 FEEZAAM Y ol
F(EAL obF, 7hAE], Fof, Aol 23], 1%, &2, ¥
HE A ABANN AT F o]5 20T o3t o
LM WE RastAn.

olfe &, FE, WALE EFH3Y frF4R8E
o $EE FHAYCH, AFE AL AAG 22l 2
8 TEE FY3% AF 10 g& 3t o2 oy E
F 5N HCI 20 mlE A7ebeo 3027 LA]EA . 7]
0.1% troploneo} gf-¥ dichloromethane$ 15 ml #7}3}
of 3A1ZF F¢b A F 4000 rpmef A 1587 A4 F
At #7128 2232 dichloromethane 15 ml&
OAl F7tete] 22 z)M dPFEde 2238 29
PEEAT 2 dA o) NaSOF drtste] 84 A
A% H ALrt2E ol&std FEHgTh 97]e M
propylmagnesium bromide 1 ml&E #H7}3F 3. voltex
mixer2 30%3F ¥H&AlFi T 98 3 5N HC 20 mlE 3
713k, hexane 3 mlE Yol g & 4000 rpmoiiA 15
B dAFeste] 4F4E Fejadct WREFEERR
10 pg/ml F =9 tetrapentylting 100 ¢ H7Hg 5] A4
7t&E ol &8t 1 mZ FHIHGY. 2 AlRE 3 whE
&to] Y3l

3. GOMS 24

AR Wl 77248882 GO/MSE o] §aho] B43}
deon FANxNe 3 174 ok FFEAZ monobutyltin
(MBT), dibutyltin(DBT), TBT, monophenyltin(MPT),
diphenytin(DPT), TPTE Aldrich(Milwaukee, USA) 2 5-¥
T3 ALgetRon], R71FA8EE] FEE 4 EF
89 3&E 339 Al

- 210 -



TEILE N Bre RIFLSAEE B

<X 1> Gas chromatography/mass spectrometrye| Z=74

Condition <Gas chromatography>
Model HP 689C pluse Instruments GC 8000 series
(Hewlett Packard CO., USA)
Column DB-1(100% methyl siticon)
30m length x 0.25 mm id. x 0.25 um
Carrier gas He: 1 ml/min

Programed temperature

40T held for 5 min

5C/min to 1007C(2 min held)
10°C/min to 280°TC(10 min held)

Detecter temperature 230TC
Injector temperature 250C
Injection volume 1id
Condition <Mass spectrometer>
Model JMS 700 M station(Jeol CQ., Japan)
Cofumn DB-1{100% methy! silicon}
30m lengthx0.25 mm i.d.x0.25 wm
Carrier gas He: 1 ml/min

Programed temperature

40T held for 5 min

5C/min to 100°C(2 min held)
10C/min to 280°C(10 min held)

Detecter temperature 230°C

Injector temperature 250
lonization El

lonization voltage 70 ev

lon source temperature 2307C

Mass scan range 40-550 a.m.u
Injection mode splitless

m. d3 2@ »&

1. Butylin(BT) 318t29 =x 24

BT #FEL #7154388 T 394 HFEZA
4L 712w Ass #A7E =0 BY7)7 3¢
TBTS =4do] 713 ZAsciB=add T4, 1997). 7%
oA 88 BA, ofF, 7iatv], Bof, Ao, 7o
o &8 BT 39 =& ¥ 29 ok E 244
BXo] offd F§KE TBTY F=WUe 15.68~5293
ng/g(BT 2865 ng/g), DBTY EE¥YE 13.95~7216

ng/g(FT 2699 ng/g), MBT 5% 9+ 37.73~133.59
ng/g(%F 8518 ng/g)e.2 JEhgr}.

AFge X g ojfe BT AFYESL 4T &
o A= th4ele] TBT, DBT, MBT %7t ztz 2
ng/g % ng/g 4 ng/gLE UEINteH, FRe 2
ng/g 58 ng/g 4 ng/g, IHNIL-E 181 ng/g 69 ng/g 9
ng/go. 2 JEPGTH(Gtel M, 1998). B8 AFE A48l
A 8¢ digee], TF, 282 TBT, DBT, MBT ¥&
© WelelM 206 ng/g 196 ng/g 36 ng/g THolA
110 ng/g 108 ng/g 25 ng/g Sl 190 ng/g
266 ng/g, 93 ng/ge g RuHT. webr A3, A
Al d7Ae) vlms) B o FEXE o)F9

& 8 K
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TBT, DBTY ¥E+ % Hgtey MBTe w2 7182
Uebddh $elvel 283, FU0g o ojFel ¥
€ BT HFEL 4T AF(HWEE, 2000)e) 4= TBT,
DBT, MBT9] =& 34 ng/g, 20 ng/g 7 ng/g2 Hi
gt & A7 49 o9 TBT 7t oI5 2%
Hrie @gtn DBTe} MBT Fxv wA Webstch &9,
F7IFAREY s A9 &Y BE FAA =
A veida sled (28N & RAfE 1997), FEEY
E oA &9lo] vlWste o] o] Miste AEAH
o BT 5= 4¥%& FUE A2 By

U FEEIAM $YE AF F ¥ AojdlA
TBTY ¥%7t w74 Jebded olge Zxe AW &
ol B iFolelA TBT e =7 %A
g olde BIu(F)FZEe], 2002)9 FrAtEtd o]
& ZA4EL TBTY A{4n #de] A ez 4z
Hed, TBTE {48 7M. Aol Ael & &35
T A2 HA wEEHA oz AP gL ofF
B9} HojellA TBTY %32o] §oldte] TBT ¥ %7t &
& Aoz Bl

Fe7t o RelA F2 dHste FHUA 280 FE
TBTY $=¥4e 11.04~4317 ng/g(BF 2280 ng/g),
DBTY| s=¥Ye 1025~6279 ng/g(d T 2176 ng/g),
MBT ¥= H9& 3258~134.89 ng/g(Wit 7484 ng/g)
o2 ettt olf 2§94 TBT, DBT 5t ¥l
A 7HE gshom, MBTE AololA 71 =4 ek

TBT, DBT, MBTE % % BT 3IgE ¥ & oF9Y
FHyg vas] 29 FSEoE gl & BT 3§43
ol o #e] 50 e oz MGk £ TBT
9 FEE olF9 Z5ETE WA gd 258y
WAl A BT 8329 Fx7t 22 A& Aol AW &
frdol wob A4 {71548 FHe) ¢ ol
Yo7l ez AT T o) FoA 53
g oJFE dyon ¢ dPeME ZHET T
TBT, DBT, MBT7 o) ¥2 ¥E% @48 zloz ¥4
HAL(HYEFE, 2000), JE e SndyT ot 4
o] BT #gE 571 258 ¥4 Yehllwata 2,
1995) & A7 Al JAEgr

#8 1%, 42, 3% 5 HF9Ae TBT, DBT, MBT
FTE M9y 4215~5613 ng/g(W o 5094 ng/g), 341
6~52.82 ng/g(HW 4279 ng/g), 41.25~72.60 ng/g(H
5371 ng/g)e 2 BA=HUTHE 3).

T FFNelA 49 AHEG wHFY /FHNRYE
9 ¥EE PAE EuoNe wiAge] TBT, DBT, MBT
TE7F &7 29.27 ng/g, 1397 ng/g, 1449 ng/goile
o, 329 TBT, DBT, MBT %7 Z7t 7149 ng/g,

=
2y

<& 2> OiF0 &wE BT &EE2 sk (hafd)
= 25 T8T DBT MBT A
o= 43.17 62.79 58.14 164.10
z 50.16 48.26 7322 171.64
=N L& 6545 1056.43 97.62 268.50
g8z 52.93 72.16 76.33 201.42
(HIg%) (26.3) (35.8) (37.9) {100)
el 11.04 18.51 42.45 72.00
AE 21.68 15.14 31.89 68.71
Ot W 19.82 16.04 38.85 74.71
B 17.51 16.56 37.73 71.80
(HIg%) (24.4) {23.0) (52.6) (100)
25 19.27 11.58 95.57 126.42
g 17.55 15.25 31.46 64.26
JLRI0N LHE 63.49 42.61 86.73 192.83
= 33.44 23.15 71.25  127.84
(dI12%) (26.2) (18.1) (65.7) (100)
o= 12.54 10.25 8542 108.21
g 18.22 23.16  223.24 264.62
=0 Ha 16.28 16.30 92.12 124.70
g 15.68 16.57 133.59 165.84
(Hig%) (8.5) {10.0) (80.5) (100)
25 34.35 1530 134.89 184,54
2z 33.1¢8 26.17 78.20 137.56
& W& 34.44 17.08  152.27 203.79
Bz 33.99 19.52  121.79 17530
(HE% (19.4) (11.1) (69.5) {100)
el 16.48 12.14 32.58 61.20
2E 17.14 13.56 86.03 116.73
230 UE 21.43 16.15 9246 130.04
s 18.35 13.85 70.36  102.66
{Hig%) (17.9) (13.6) (68.5) (100)

o

2561 ng/g 2048 ng/go.8 RIUHUYN(YFE - vln]L,
2001), I FAARAA FAS T BT slgES &
A% Huelxe TBT7} 47.62 ng/g, DBT7t 18.23 ng/g,
MBT7} 2300 ng/gdl Aoz yehH(F)HzAe o,
2002) & dFoA £4€E #WFY BT F3E9 527}
olg ArAFARD thh FA dEdth 2 S
o A&y, FINY F A sty FHE A7
BT =& #43% 47493, 2000)0)4= TBT, DBT,
MBT¢g| sT7} 566 ng/g 170 ng/g 122 ng/go 8 &A
sjo] 7HEY #F9 TBT, DBT, MBT ¥&& o] 94T

<H 3> HF0 2= BT 3EEQ == (ho/g)
e 8T DBT MBT g
T (HIB%)  (HIB%)  (H1g%)  (HI8%)
- 54.53 41.39 47.28 143.20
LS
(38.1) (28.9) (33.0) (100}
e 42.15 34.16 41.25 117.56
{35.9) (29.0) (35.1) (100}
=3t 56.13 52.82 72.60 181.55
i (30.9) (29.1) {40.0) (100)
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Asroe Wtk o)FA dFe BT sgtE 445
7t oA vehd e i A FF = BT
e Fxo FEuiZ vekEy, Addrlde 4@,
WAooz <8 TBTY ¥X7F Wolxle #H3S Heolo
T AHE Adol dAx BT = 5o B 2]
& ¥o]7] &9 Ao2 BtHEbdon %, 1989).

#8 EME @59 TBT ¥5< HyE oF9 TBT
FERG od gA Jdeiged ole #F $5¥o
olF R o TBT &ghge] WANE Sz 3¢ Al
Az WiEo]l F 54 7] HELR AGHUTH T o
oz #gtel EAHZ $HE HVIFARREY F
=7t SEng 24 TBTY A% sigelAe] wztrle
6~26Udl Bls] HAEAA = 8~25d02 4o
o HYEAME F71F43EC] ¢ASA 1 w7
§ 7IAE2Z TBI/DBTY Fxui7b A Jehvid
TBT/DBT9| vl & HAE>HE>8To] 02 #A ¢
Bt i A4 - golS, 2000). =eba TBTe ¥:
7F % HAHE Mdte dFe ol A %
£ ol AAY TBT vk w2 HoZ BAFHCO
Pereira 5(1999)8] AT M= =7 53 TBTY
Hl&o] BT 3% & 54~85%F A Ai g1, DBTY
Hl o] 15~46%& AA3 Yot BiH Yo

9 ol f 9} #FolA TBT, DBT, MBTe] | ge] & 2
gt & 3o AAHo} stk TBT& AHEeE Rajnie
AA fr7] 2719 B2 (butyl group)7} A7 s o] DBT
9 MBTZ 3] HE:zoggs RraAos Agd
thSeligman %], 1986; Meyers-Schulth & Dooley, 1990).

£ 25 E¥ EE offoA BT & 5 MBTY &

& Hl§0] 7 wA Ve TBTZ) o1& o749 Ahe
A s FaH e o AU 2 BEe
o]F ol nis] TBT Hlgo] %31 MBTS HIEL 9A y
Bt oebA s Fel M= TBTY Esj7t dojupies 9l
oy offel HlE 2 E£R&Er =Y A2 B,

2. Phenyltin(PT) Bt&tE2| 5T 24

PT #3&L F7I548%E F ddA FHE=A
Hd7E 178, 270, 34 71A32 e RS 2 MPT,
DPT, TPTe}xr HETh FEX 39 ofFfoN EME PT
BHEY == H 49 gt oo FH-¥ TPT, DPT

9 % Wee 4 047~390 ng/g(Hd 233 ng/g),
ND~056 ng/g(0.15 ng/glellenl MPTE Z&=HA
of PT #g&el w7t TPI>DPT>MPT o2 Yy
ch AAHoZ ofFe FiHE PT JHEY F= BT
A& Tz EY Ygit). Harino 5200004 HaloA
5 oFe #H/E TPTY FX(0.001~0130 mg/kg)7}
TBTY] ¥%E(0.011~0.182 mg/kg)Ech @A Jeh} B @
T FAR AHE RAFHG.

o2 98 PT 314 ES ¥ 2XIE BY T84
A TPT$t DPTY ¥% H9+E 22 0.15~551 ng/g(B
T 296 ng/g), ND~0.38 ng/g(Ha 016 ng/g)ojqon,
MPT= AE5A @suth =8 o7 WAdAe DPT
o} MPT7} #2HA gsted o2 d7(A4E, 2000

<E 4 R0l EFE PT &89 5 (i)
He 22 TPT DPT MPT 2]
= 3.40 0.26 ND 3.66
2z 6.74 1.43 ND 8.17
EX LHE ND ND ND ND
B 3.38 0.56 ND 3.94
(HI8%) (85.8) (142}  (0.0) {100}
28 2.21 0.38 ND 2.59
2 0.75 0.16 ND 0.91
OF LHE ND ND ND ND
R 0.99 0.18 ND 1.17
(HIE%) (84.6) (15.4)  (0.0) (100)
asg 3.23 ND ND 3.23
ZE 467 ND ND 4.67
TR0 E ND ND ND ND
P 2.63 ND ND 2.63
{H18%) (100.0) (0.0) (0.0} (100)
2= 5.51 0.13 ND 564
Rap 6.19 0.22 ND 6.41
=0 LH & ND ND ND ND
b 3.90 0.12 ND 402
(H8%) (97.0) (3.0) (0.0) (100)
28 a.27 0.17 ND 3.44
b 4.46 NO ND 4.48
0 Lh = ND ND ND ND
o 2.58 0.06 ND 2.64
(BI18%) (97.7) (2.3) (0.0) {100)
25 0.15 ND ND 0.15
ES] 1.26 ND ND 1.26
QAN = ND ND ND ND
b ha, 0.47 ND ND 0.47
(Hig%) (100.0) (0.0 (0.0) (100)
ND: 842
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ol d, 1998)ell M5 ole} 22 FHrt Ba=ET. +
vete] A8y, Y 5 oz gFeA ST AR
oA EHE HE TPT ¥ DPTY $=& 12 ng/gd 1
ng/go 2 EnHUL. T AFIYA Y3 vy
TPT 4 DPTY X+ 22t 77 ng/g 12 ng/gelley,
THAME 32 ng/g 6 ng/golli, EuTAME 16
ng/g 3 ng/ge ¥ HIHIUTE AiAEe] AS dgge
Ae TPT @ DPT9} %7} Z2 345 ng/g 57 ng/go)
AL, TRE 47 ng/g 35 ng/g SuhLL 83 ng/g 16
ng/gl 2 uEhytch oty 2 Ao E4E FEE
o Fe] A g FellM £ ofFol vls) PT 3
BE x4 L Aoz HEAG

TEXYNA AT 79 PT 88dE s=e TPT7L
1024~21.67 ng/g(BF 1745 ng/g), DPT7} 332~478
ng/g(R 391 ng/g), MPT7} 0.11~036 ng/g(HF 025
ng/g)e2 EAHUAHRE 5). Suete] A, Fdwt
& 5 o9 st AT WF PT 35S B4
dto M TPT7} 161 ng/g DPTZ} 22 ng/g MPT7}
10 ng/g A2 UG Biso(H Y, 2000), F+FE%
&2 PT 3EgE Fre g8 7o AMysls dF{E
O A @& o2 Ueiygt

38 7o PT 388 Fov o F20 54 vebg
= olw YoM AFdARe] HfFe drprE-o] ofF
Ho =27 2l Hog poach wi s Fe TPT
FEE AFED gA JEldon, o R ojiirla)
2 HFAME PT 3}§Ee TPT>DPT>MPT £-ME &
T2t =4 Jdebdt. TPTe 83 &9 Z3iA 39z
DPTs} MPTel wjs] wizk71yp drhSoderquist &
Crosby, 1980). wte}A TPTY $=7F B2 5 &) A4y
e sFe TPTe] F=rt #l5o] Miss ojfo] ul
8 %A Jehd 2oz AlREACh

off ¥ sffFol &F¥ TPI, DPT, MPTS Hl&S H
W(E 4, E 5), o}RNE TPT7} PT H¢Ee] o 85~
100%E #713t2 QU35 DPTe) == oF 15% olatw

<E 5> mjFo BFE PT 8522 s (ng/g)
= TPT DPT MPT B
(Hig%) (HEg%) (B8%) (HS%)
s 10.24 3.32 0.11 13.67
(74.9) (24.3) (0.8) (100)
e 21.67 4.78 0.36 26.81
(80.8) (17.8) (1.4) (100)
25 20.45 3.62 0.27 24.34
(84.0) (14.9) (1.1) (100)

HA G MPTE ZE2HA Z9n #FdMe TPT
7} oF 75~85%, DPT7} oF 15~25%, MPT7} ¢t 1% A%
€ ARSI glo} offrell vlEl DPTY uHlfo] <7t 2 A
Uehstth. PT 3§E9 AS= goldsldearylation) 7
ZE T3 Es=0 TPTE o}l&77t AA=EA DT,
MPTE A HFHoz Fr|5doz Hi & 49
M ool ¥ H71FA5gEe) v &S v
B o, BT 3g39 A% WA= TBT9} DBTO| Hlsj
MBT vl &o] =4 Jelhd vbd PT 3§ &A= DBTe}
MBTe| vl&f TPT Wl &9 EA4 Jehdth el ofd&F
o] AFelx BT sfER} PT & Eajr =g
A dYEe Aoz HoHr)

V. & ¢

TEEZYNAN Y oo fel &H8 R71F48gE
d BT g v58 E4% Zn, ofed #/d
TBT, DBT, MBT9] s+ 2tz 15.68~52.93 ng/g(Hd
28.65 ng/g), 13.95~7216 ng/g(Bd 2699 ng/g), 37.7
3~13359 ng/g(Hd 8518 ng/gle s EMHAUC) T3
offel ofEthE Wge] BT d§Eo] v @o] £HE
of sle Aez veygth #FAIA Y TBT, DBT, MBT
TEE A7 4215~5613 ng/g(Hd 5094 ng/g). 341
6~52.82 ng/g(WT 4279 ng/g), 41.25~7260 ng/g(BF
5371 ng/g)ez #4450l #iFe BT 3¢E FH3Hol
o]%2] BT 3%E FFFET Th mitch E§ 0Fof
54 PT 3#3E ¥=& #43% A5 TPT9} DPTe
FE7} 22} 047~3.90 ng/g(|F 233 ng/g), ND~0.56
ng/g(0.15 ng/g)ellesi MPTE HZEHA ¥goh o§F
o] PT #3E S+ TPT7} 1024~2167 ng/g(BF
1745 ng/g), DPT7} 332~478 ng/g(®™d 391 ng/g),
MPT7} 011~036 ng/g(3 @ 025 ng/g)o.2 EXHS
o 9 olH R FHE FUIFMNYEY wESs B
o, BT &3tE9] 7% MBT Hlge] %A uehd ¥
PT gl A& TPT vl go] A Yehgch Axxoe
o FEZYAM F3¢ ojifi{Y {rIFHEEE &
Ee i ge 379 oflFRY ¥ ¥ Aoz
Bt

FA o FAFNERE, o F, HF, butyltin, phenyltin
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TEXE o

HFM ERE RIIFa8

Bz 24 7

Be)S001). B HoIFHSHEY o4
H4g, 48F 5% L I Huud, #3254
18| X|, 34(4), 291-298,
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