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Studies on Behaviour of Organotin Compounds in Marine
Environment and Bioaccumulation by Marine Fish

Hisashi Yamada

Abstract Organotin compounds have been widely used in diverse industries as biocides, heat sta-
bilizers for polyvinyl chloride (PVC), and catalysts in a variety of chemical reactions. It was recog-
nized by experiments using mammals that lesions in the liver, kidney, brain, and nervous
system were caused by the organotin compounds. Several kinds of acute and/or chronic toxicity
such as mortality, supression of growth, imposex of snails, decrease in fertilization of oyster eggs,
and supression of gonadal maturity of fish etc. were recognized in many aquatic organisms.
Organotin compounds are known to be considerably bioaccumulated in fresh water fish, however,
only a few reports have been published for the bioaccumulation of organotin compounds in marine
fish. The bioaccumulation chracteristics of organotin compounds by marine fish and the behaviour
in the coastal environment are not clarified. Therefore, the purpose of this study was to investigate
(a) distribution and behaviour in marine environment, (b) bioaccumulation kinetics and metabolism
in marine fish, and (c) biomagnification through the coastal marine food chain in order to elucidate
the countermeasure to the organotin pollution in marine environment.

1. Global distribution and behaviour in coastal waters

The current status of global marine pollution by tributyltin (TBT) and triphenyltin (TPT) was
examined by determining their concentrations in squid liver and their global distributions were
compared with polychlorinated biphenyls (PCBs). TBT and TPT concentrations in squid livers
were higher in coastal waters than in open oceans. The highest values of TBT and TPT of 279 and
519 ng/g, respectively, were detected off Japan. TBT concentrations were higher in the northern
hemisphere than those of the southern hemisphere squids. TPT was not detected in squid livers
collected in the southern hemisphere. The variation in TBT and TPT concentrations between the
northern and the southern hemisphere was greater than those recognized for PCBs distribution in the
world oceans. This global distribution pattern of TBT, TPT and PCBs seemed to reflect their usage
(amount, period and manner of utilization).

TBT concentration in seawater changed seasonally in accordance with application of TBT
containing paint on ship bottom, and it was higher in early summer at coastal area near the yacht
harbour in Aburatsubo Bay. TBT was incorporated into the suspended materials through the
bioaccumulation by phytoplankton, and was eventually accumulated in the botfom sediments through
the deposition of the suspended TBT.

2. Procedure of bioconcentration experiments using marine fish

Several kinds of experimental conditions such as fish species, body weight of fish, water
temperature, density, and feeding rate etc. were examined in order to establish the experimental
procedures using marine fish. Red sea bream and sand borer accumulate a large amount of organic
hazardous chemicals, on the contrary, the higher bioconcentration factor (BCF) of heavy metals were
recognized in file fish. Uptake rate constant (k;) and the elimination rate constant (k,) declined with
a increase of a body weigth of fish. k; and k; at 25°C was larger than that at 20°C, however, BCF,
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which is expressed as ki/k,, was independent on these experimenatal condiotion. The present
results indicated that suitable body weight of test fish for bioconcentration experiment is 2—5 g for
sand borer and 2—10 g for red sea bream. The present study also indicated that both 20 and 25°C
were suitable for the bioconcentration experiment using these fish, and that body weight and/or water
temperature in the experiment, in which determines k; and k,, should be fixed exactly. Suitable
density (<4.6 g/l of aquarium capacity and <0.3 g/ of daily used seawater volume) and the suitable
feeding rate (<4% of body weight) was determined. These results were used in the experiments
carried out in the chapter 3.

3. Bioaccumulation, metabolism and elimination of organotin compounds

BCFs of TBTO and TPTCI by marine fish were larger than those in freshwater fish, and BCF of
TBTO and TPTCI1 was 9400 and 3300, respectively. The BCF of TBTO was largest value among
the BCFs determined by marine fish, and larger BCFs were generally determined in fish having
smaller elimination rate constant.

BCFs of TBT compounds as TBTCL, TBTF and TBTBr etc. were smaller than that of TBTO, and
did not change by kinds of anionic ion combined with tin atom. Moreover, relationships between
BCF and octanol/water partition coefficient (Pow) was not recognized in TBT compounds. It was
supposed from these results that TBT compounds were dissolved in seawater in the form of TBT ion,
and that the mechanism of bioconcentration was different from those of organic hazardous chemicals
such as PCBs.

Red sea bream bioaccumulated TBT and TPT compounds in feed by dietary uptake, and
the biomagnification factor (BMF) were 0.26 to 0.38 for TBT and 0.57 for TPT. BMF was not
significantly altered by the concentration nor the species of chemicals in the feed. The tissue
distribution TPT in red sea bream was not altered by the uptake pathways of dietary uptake and direct
uptake from water, and no correlation was found between lipid content and the concentration of TBT
or TPT in fish. These results also suggest that bioaccumulation of organotin compounds is similar
to those of heavy metals rather than the organic hazardous chemicals such as PCBs.

The TBT accumulated in red sea bream was metabolized by the drug metabolizing enzyme
(cytochrome p450) existing in the microsomal fraction of liver. Butyl base was separated from tin
atom after the hydroxylation, and these matabolic pathways were similar to those recognized in
mammals. When TBT in muscle of red sea bream was fractionated into two fractions of lipid
fraction and the residual fraction after extraction of lipids, relatively large amount of TBT was
detected in the residual fraction. The TBT concentration in the residual fraction did not excreted in
the elimination experiment. These results suggested that TBT combined to the connective tissue
was not easily released from the fish, and that the metabolism and liberation of TBT depended on the
behaviour and the chemical form (combination with protein) of TBT in organisms.

TBT and TPT were accumulated in polychaetes from sediments, and moreover, TPT was
accumulated in organisms of higher trophic level through the food chain.  Since deposition of TBT
to sediments was recognized from the survey in Aburatsubo Bay, it was pointed out that organotin
pollution was prolonged by the transfer of organotin compounds to organisms from sediments.

4. Conclusions

The accumulation of organotin compounds were different from that of the organic hazardous
chemicals such as PCBs on the several points described in the above section. It was concluded from
these results that the bioaccmulation of organotin compounds were similar to methylmercury and
several kinds of heavy metals, because organotin compounds exist in seawater and organisms in the
form of cation.

The TBT and TPT were transfered to the fish by the dietary uptake from the food, and TPT was
bioaccumulated in the higher trophic organisms through the food chain. It was also shown that
organotin compounds in sediments were transfered to the bottom dwelling organisms through the
ingestion of sediments by these organisms. It was pointed out from the present results that
improvement of sediment contamination is one of the important research in order to recover the
marine pollution by organotin compounds.

Allowable organotin concentration in seawater for the production of fish and shellfish suitable
for the food is determined from the viewpoint of human health by using allowable daily intake of
organotin compounds, feeding rate of fish and shellfish, and the bioaccumulation facter. Allowable
concentration was 89 ng/l for TBT, and 56 ng/l for TPT, and these values were higher than the
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concentration causing the imposex in snail. These results suggest that the seawater area satisfying
the water quality criteria of organotin compounds (2 ng/l) is appropriate for the production of fish

and shellfish for the food.
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Fig. 0-1. Distribution of TBTO in Japanese coastal waters.
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Table 0-1. History of marine pollution by organotin compounds and measures by the Japanese Government

Year Month Measures

1965 An increase of usage of organotin containing antifouling agents for boats and fishnets became widespread.

1972 Mar. Fisheries Agency provided a guidance by issuing circular on restrict usage of organotin containing antifouling
agents.

1985 April  Ministry of Helth and Welfare (MHW) reported 1.6 TBTO ug/kg/day as an acceptable daily intake.

May Fisheries Agency provided a guidance by issuing circular on decrease in the usage of organotin containing
antifouling agents.

1986 Aug. Environment Agency released biological monitoring results: As high as 1.7 mg/kg of TBTO was detected in
fish captured in the Seto Inland Sea.

Oct. Fisheries agency again provided guidance by issuing circular on furhter enforcement of restricted usage of
organotin containing antifouling agents.

1987 Feb. National Federation of Fisheries Cooporative Associations agreed with complete ban on the usage of organotin
containing antifouling agents.

Oct. US-EPA banned the application of organotin containing antifouling paints to small boats less than 20 m in boat
length.

1988 April  Ministry of Trade and Industry (MITI), and MHW listed 8 tributyltin compounds including TBTO as desig-
nated chemicals because their possible chronic toxicity.

July MITI and MHW listed 7 triphenyltin compounds as designated chemicals because their possible chronic
toxicity.

Nov. Fisheries Agency provided a guidance by issuing circular on restricted usage of organotin containing antifoul-
ing agents to fishnets and fishing boats.

1989  July Environment Agency released environmental survey results. The results revealed that organotin contamination
has been widespread and high concentrations have been found in fish.  Fisheries Agency provided a guidance
by issuing circular on complete ban of organotin containing antifouling agents, especially ban of TPT com-
pounds.

1990 Jan. MITI and MHW listed TBTO as Class I specified chemical substances and TPT compounds as Class II
specified chemical substances under “The Law Concerning the Examination and Regulatlon of Manufacture,
etc, of Chemical Substances”.

July Fisheries Agency provided a guidance by issuing circular on complete ban of the usage of organotin com-
pounds in antifouling agents and paints.
Sep. MITI and MHW listed TBT compounds excluding TBTO as Class II specified chemical substances.
Oct. Ministry of Transport tighten the enforcement of restricted usage of TBT compounds containing antifouling
paints and banned their application to domestic area going vessels.
1992, WO - FEAK 1992) RSNz, 51T,
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Fig. 1-1. Sampling stations in the waters around Japan.
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Fig. 1-2. Sampling stations in the North Pacific.
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Fig. 1-3. Sampling stations in the world oceans.

DA HZHHEE T —20°C THERGF SN2,
EYMERRBEOETE | EWERBRI (Bioaccumulation
factor: BAF) ZMET 572012, AAR#ES L biEE
MWEOIFERFETHEBINIZANRA AL S E AV R
A A DOERIREEZ SN BHKE 50 m DEKD TBT B
U TPT BEZWE Lz, BAREFBREEOLYIS
BAF % &8 L7z

SHAE 4 Ao TBT B £ O TPT 35 ALt
(1987, 1988) OFETHI Lize Thbb, BRI
Bkl zoll#f% 2NKOH =%/ — Vi X D ER
THBRL L 28I % n-~F 9 -5 ViR
W (1:1, v/iv) THIHL, RNEREHH o TBT BL T
TPT %, BB I UGS + TR TREL, 3512,
n-7u NI ATy AT FERAWT TR ELHE
RICE# L7z TBT B XU TPT @ 71 ¥ V&R,
Fr¥5Y—h524 (Ultral, 30m, 0.25 um) % 24
L7 FPD BB & #2270~ 27957 (GC-FPD,
Shimadzu 15A) ZHAWVCHEE - €& L. RO HEC
&% TBT BX U TPT oz RF{ I, £hEh, 1ng/g
BLOF2ng/lg THo72,

—7J5, #Ko TBT B X ° TPT X, Harino et al
(1992) B X UBRE - 85 (1994) OFFITHEIL TH
MLize Thbb, 10l0HEK»H0.1% aRu v&F
RYEyEFWTHB L, FROEEA L&MW O
EERRIC n-TrE s Ay ATl FERAWTYS
O VBRI LT, Z OF#ARE Sep-Pak 711

UNVATAZEOIERL, GCHRARE Lz, KEOER
FRAiZ TBT ¢ 0.2ng/l, %72, TPT TO04ng/l Th o7z,

FFig® PCBs i, WAt (1971) o7 VA1) —ER{bEE
ZABIF L7} (Tanabe etal. 1987) THHT L7z T4
bh, {HFEEZ INKOH 7 Vv a— Viglit Tk
KRBT 1 BRMRILL72%IC PCBs # n-~FH T
WU BRIy vsuax v
57 4 —THE L (Tanabe et al. 1987), ECD Bzt
XA Aru< b 757 (ECD-GC, Hewlett Packard,
5890) TH# L7zo GC D4 # 4%, Tanabe et al.
(1994) LREBETH - 720

ERLUER
1) ko TBTEEE A A FEO TBT 2E L ORBR

A % BRE L8O TBT RE, 41 4o TBT i
BB L UL A FBICBT S TBT o4 WERAI Gk
LI TBT i D) % Table 1-2 IZ/R L7z, #EK
@ TBT #EX, AAR#ET 1.0~24ngl, LiEEWED
JFIL AT T 1.0~8.5ng/l TH Y, ZDMEEIZINFIR
TRWAMTH > 720

A4 A WFiE o TBT i#E 1, BA#ET48~85ng/g, JLF
KFEET 44~243 nglg TH o720 HEKB LA A NFED
TBT # 4 5 3HE S 17z BAF 1%, 18,0002 5 101,000
OHETH Y, FHTII43,000CTH o7, ZDOEIE, K
X0 3 BETHE L 2EEAEOEWIRRRE (BCP
WCHAR 2251008 (FETRH 418 K& o7z,
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Table 1-1. Surveyed area and year, and squid species used in this research

St. No. Area Species Year
1,2 Sea of Okhotsk Todarodes pacificus (A X A7) 1993
3-20 Sea of Japan Todarodes pacificus (AW A A 71) 1991-1993
21 Seto Inland Sea Sepia esculenta (3714 7) 1993
22 East China Sea Sepioteuthis lessoniana (7 41) 4 71) 1992
23 East China Sea Sepia esculenta (374 %) 1992
24-29  North Northwestern Area  Todarodes pacificus (AW A4 71) 1991-1992
30 Pacific off Hokkaido Ommastrephes bartrami (754 7) 1991
31-34 Todarodes pacificus (A A A Jr) 1992
39,41 Onychoteuthis 1992
borealijaponica (Y A4 71)
35 Northwestern Area  Todarodes pacificus (AW A A 71) 1991-1992
36 off Honshu Eucleoteuthis luminosa (A4 71) 1991
42-45 Northern Ommastrephes bartrami (7 514 %) 1992-1993
Central Area
46-50 Northeastern Area  Ommastrephes bartrami (7 51 4 1) 1992-1993
37,38 Western Area Ommastrephes bartrami (7 % 4 71) 1992
60, 61 Sthenoteuthis aualaniensis (M4 %) 1993
57-59 Cetral Area Sthenoteuthis aualaniensis (A1 %) 1993
51-56 Eastern Area Ommastrephes bartrami (75 A7) 1992-1993
64,66  South Eastern Area Dosidicus gigas (T AV AF AT HA ) 1988, 1991
65 Pacific off Peru Sthenoteuthis aualaniensis (b ¥4 7) 1989
67 Centarl Area Dosidicus gigas (T A )&+ T H4 %) 1989
74 Tasman Sea Ommastrephes bartrami (7 514 71) 1989
75 Netotodarus gouldi (F—ANF)TANVAALA) 1991
76,77 Southwestern Area  Netotodarus sloani 1991-1992
off NewZealand (Za—P—5 Y FANALH)
62 North Northwestern Area  Illex illecebrosus (hF 54 Ly 7 A) 1989
Atlantic off Canada
63 Biscay Bay Loligo vulgaris (83— v 73% Y £ J) 1992
68—70 South Scotia Sea Illex argentinus (TVEYF AL Ly 7 ) 1989, 1991-1992
71 Atlantic " Ommastrephes bartrami (771 4 7) 1989
72 Southeastern Area  Omumastrephes bartrami (75 4 7) 1991
off Angola
73 Indian Eastern Area Sthenoteuthis aualaniensis (F ¥4 J1) 1991
Ocean off Australia
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10 [ DK% HEH T 5 REFED G5 TR
TPTIZMH &g, TPT BEIIMRIBEAD 0.4 ng/l LT
ThHHEHEEINL, TPT AN A A HFEHIC TBT
LELAVTHRIBENEDT, 4 FFRIZL S TPT ©
BAF i%, 75,000l LT % LIEESN 5,

2)  HEREMEIC BT B TBT E D 57 DR

HAEHE, bRTPESICERICBITE A 1 FED
TBT iREO 5 % Fig. 1-4, 1-5 BI T 1-6 lZThEh
RL72. TBT ER, #&—Y 27 #T 153~217 ng/g,
HA#E T 28~219 ng/g, ALiEEM & QLTI FHET
33~256nglg, AMME ORI TFEHET 17~279 ng/g,

WE AT 187 nglg, F7z, ¥ FHET T7~49ng/g T
Y, hABICHEL CRRERTHEWVER TS 72 B
B 2 A ARESE R S OB R TIHPEK A 5 Ot
A E I VERICHBEIND LEEINDEDOT, 474
JFo TBT i L, TBT HHROFERZ HHIEENBL
TwBdDEEZLND,

JERFEICBIT S TBT #E (Fig. 1-5) i, JLRFE
FE (Sts. 37, 38, 60 B £ UF 61) Ti& 17~25 ng/g,
F 72, AERFEHEFED? HEHHETIE, v~8ng/lg TH I,
HANEHED 28~279 ng/g W B L T, RFHED
FEER A O BERIC BB 5 12H > CEDREMMET L7
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Table 1-2. TBT concentrations in squid liver and seawa-
ter, and bioaccumulation factor

TBT concentration

Area Sample Soawater Squid liver Bioaccumulation
No (ng/D (ng/e) factor (BAF)
1 2.0 85+ 11 43,000
Sea of 2 1.8 60 6 33,000
Japan 3 1.0 70+ 2 70,000
4 24 48t 9 20,000
1 24 243+124 101,000
2 8.5 209+ 25 25,000
Northwest 3 2.1 136+ 61 65,000
e 4 1.0 48+ 14 48,000
Pacific
5 1.6 44+ 10 28,000
6 24 44+ 6 18,000
7 22 51+ 13 23,000

Mean and standard deviation of BAF was 43,000 and
25,000, respectively.

i}

110 120 130 140 150 160
7 T T \

300
} TBT(ng/g)
50~ ]

200 50

40~

30

120 140 150

Fig. 1-4. TBT concentration in squid liver in the waters
around Japan.
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Fig. 1-5. TBT concentration in squid liver in the North Pacific.
Numbers in the figure exhibit the concentration.

EIKICBIT L 5A (Fig. 1-6) A5 &, TBT REX
AAREETHICEL, XTEAr—E (B6ng/g), 1t
KFE (r~25nglg), HF a0t RiEE (18
ng/lg) TEP o7z, BFIRTIX, TBT BEE, 71E¥
YFMEOEEAGEET 8~18ng/lg, A—A T
THEDA Y FE¥ET 13nglg, =2~V —I ¥ FilLiFT
tr~11ng/g, 7 ¥ I IFMEORKRERIEET 3 ng/g, =
7o, RV —MEOEKREET tr~1nglg TH o7z, b
FRICHBT 5 L LIRS BT IR K, 5 72, D
FAT D& O TRFEIAFE EIRICHR LTI ERTESRE

ThorEEZDE, HABRAZALGYWORADIERTK
X<, #WRDBVIZA AIHED TBT BENILERTE
WL RYROERTHLEEZOND,
BILECHRES N 12EB X kg & bR
SERECHRES N A O A PO TBT B X O TPT %
BIEL, WD TBT BL O TPT IBEOMIC L 358 %
ME L LEM (RER) KL ETE, FiRO
TBT B & " TPT BEOMIZ L 5381%, Y A4 HF, 7
AXALARBLOT A AROAL HETIIDPI W LA
B THol2e T74bH, TBT B LU TPT O BAF D
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Fig. 1-6. TBT concentration in squid liver in the world oceans.
Numbers in the figure exhibit the concentration.

TIZEAERR, ThoDHEROAAETIIIZIV
EARBEENT,

TBT ® BAF %43,000&£ 9 % &, #AKkoD TBT RE
i, BASE#ET 0.1~5.8 ng/l, JLE3KT 0.8 ng/l LT,
F/2, MERT04ng/l YT EHEESN, SiEKko TBT
BREFRRICEC 2, 3OWCELZRNTLE, —K
Az, FERBOSRICEREE LT &8 TIRE,
2 ng/l (Gibbs ef al. 1986, 1987) & b idfkd o 72,

3)  HLERBEIZ I 5 TR TPT IR 7340 D4

HAERE, dbRFEED X ORRITBI 2 RS TPT
BEOGA % Fig.1-7,1-8 BL U 19 I ZNEIUR L
FHR—Y 7 WOAL H 5 TPT BB S hido 7243,
ATk 8~312 ng/g, ALiEMN G O FET
& 30~229 nglg, AMMETIE, 168~428 nglg, WA
Wi 101 ng/g, ¥ 72, WY F¥#ET 25~252 ng/g T
Hotze TPTIER, AMMEOIHEALRTHE, BAA
BB LIUERYFETEL, TBT RENED o duiElE
WA OIFILREE TR o 720 FRITRMNE O
JEASEHE (Sts37 BLU38) THL, ZDREIL 309~
519 nglg Thotze Thbb, OAEWICHTS TPT
DA, TBT L idh o> Tz,

FKFED 4 # O TPT BER, HARERIIBY
TEWAS, JEKRTFEOHIED 5V IEHEKIE T 20
BEIZE L B2 o7

EHICOVTRS &, TPTRER, EAS—#ETS8S
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Fig. 1-7. TPT concentration in squid liver in the waters around
Japan.
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Fig. 1-8. TPT concentration in squid liver in the North Pacific.
Numbers in the figure exhibit the concentration.
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Fig. 1-9. TPT concentration in squid liver in the world oceans.
Numbers in the figure exhibit the concentration.

AT TBT IS L TRho 2. PETE, TPT %
MREEOHRAEYH & UTHE SR SHBTT 5
&, A AHBO TPT RESLPEEETH NI LEY
RTHY, A HFEO TPT R3S HFE TPT L&Y
WX BBHEBROEREIBL TS LD EHEREEIN
bo A HHFIEIZHBT 5 TPT @ BAF i TBT @€ il
BLTKEL, Lo T, #KkO TPT #R#ER TBT I

BELTENZEFHLE P TH D,

4)  HERBAC BT B TR ZPCBs B D550 DFFEL
EFICTBVTHE I N AP O IPCBs RE %

Fig. 1-10ZR L7z N —, THEIF Y BIVT=a2—

V=5 FELREDEPEIRICEBIT S ZPCBs iREIW,

MRS (10ng/g) BLTFH5 25ng/g THo7ze —F,

b3k TPCBs i EEE, HAE#ET 50~310 nglg, #
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Fig. 1-10. XPCBs concentration in squid liver in the world oceans.
Numbers in the figure exhibit the concentration.

F &G oL KPEET 110 ng/lg, 72, 77 v AW
GDEAr —ET280ng/g ThHolze IPCBsEED
TBT % TPT & FMICEPERICHE L CIERTE -
7o ZOMEIZ Iwata ef al. (1993) 2 & 5K
XPCBs D54 L Rk 2 EETH Y, 4 AFBO
SPCBs B IX B R OERE I ENTWD Z LT
R S 7z,

5) 4BkizBT 5 TBT, TPT B X U PCBs D4 i D7

TBT, TPT 3 X U'PCBs & $ 124 HFEORE IR F
FRICHE L T Fh LR TEr o2 TOREDE
iX, PCBs T60/ETH A0 L, AR XLEYRE
DEREFEZ, TBT T279%%, %7z, TPT T260fT
Holze Thbb, LEHREEPERORBEEZIZ, PCBs
DA LT TBT R TPT TR EH» 72

HEYEOMB ETOLMEIE, FEWEOEE - A
BRI 2 EOEAEREDB L KR~ DIHR 57
T CHEWE OB TOEFESL  DERIC L o TXHAE
Ehb, LizdsoT, 2T, PCBs & TBT B L U°
TPT IZ oW T HERSLEB L LB L TER O DG D
ik Z8ET 5,

UNEP, ILO and WHO (1993) @ #i#12 & i,
PCBs 1319304 o 8E &h, AEEEFEICHN
L, HEEAEEEZIITOERICRKISE L. TAY D,
TR, AFVR, BER, ARAVBLTAFYTIZ
BT 519804ER T TORAEERIT 1,054,800t TH 5o

b E T, [LFWEOFRERCEESORMCHET
M TI9T2EICE 1 BEE/EYE ICEE S,
FOHE - FERFEIE SN,

EHEA ZLEWIE, 1950 RICEE BB S,
196547 & Z DAERERIIKEICHML, 1985F DR
DIEBEFERIT 36,000t TH 5, 195055 19854E F
TOREERIX, 310,000t LHEEEINTVE, AR
AALEMOREERICNT S TBT DX ) % MV EOE
B2 AW D 5D B EE1E25~30%Th b L HEEh
Twhb, L7zdoT, 354EMICB S NV EROFHAX
LA D EER R 78,000~93,000 t & H#EE Sh, PCBs
DOHEEEICHBELTUIOUTTH 5,

PCBs i, B, BURE, 7525 v 7 oWMEHR
==K UHEEL L CELLTELIBW RSN
T&7ze —7, BEAZLEWIMEREOREYH &
LTEELTEEREIBNTHE SN, ABAMLE
WASEBEAICHRE SN S HIZB VT PCBs O#EE~ND
MARKE 3RS,

KEERHT HEEYWEOBHEANORAL, HEWE
A RS RIS E T HDICIEEELRETH
% (UNEP, ILO and WHO1993, Twata et al. 1993), L
L, BERAZEYORT LB L I2MRXOERIIHL
B TRRV,

FHHA X{b& & PCBs OREERB X UHLERIC BT
LIEEDOERL, HHEROMEICLIEELZOND,
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bbb, ABAXLEYL PCBs IZILB L THERER
Aipd, o, HHBEMLEWZDICPCBs X ) ITH
LIRICETOHL TV EWEHEEEINS,

= #

S IRE 2 AR ZALE Y O 5 AT IR BE T 5 AR
HRYICRTRADIDTHY, FROHEUTOLSI
B Ehb,

@ 4 AFFEO TBT 3 X O TPT #EE I3 Al g
LCBREBTE» oo £72, FOREZ LR
EHAETHET A L, PR TEHICEY - T

@ TBT BLU TPT EBEOIPIREELEKIZBIT S
BEZIT, PCBs CHET A EREN -2,
PCBs i TBT % TPT Il L TS RIZ, Iz
B SN2 72D I ERICH BIRETHMT
LEEZ LN,

® TBT DA »FiEOHE L BAF 2 SRS Wiz
kv TBT igEEix, HAEHET0.1~58ng/l, 1t
LIRDOAFEK T tr~0.8 ng/l B & B FBROHHE
KT tr~04ng/l LHES NIz,

1.2 EEBICS T I2ERIIEEMDHT & EE

HIBICHA LB EWEL, #RFCBEFETLEd
WC—EHTBEREICRE LY, HEVIEY T T ¥
MBI - EREE L CREWEPICBATY
b WEWEICRY AT AEWE R, LRLIKR
WCHERET 5. ERICHR L 2EEDE R, KRPOOE
BIcX v kPIcERT22 2O, — K, A
EWEE, EKRPERPICAERT AMEWIC X o THR
22, BEAINDL, DL REBEREICBITLE
EWE OB, KEEWICRIZTTAEEEE DTHEICH
HEL, 36, FEPBEBERONKROBMFICBNTHE
E, POARRBEHRTH S,

HEWEDOKRIIBIT 2B, AFWEOWEILE
550, IORNOBBESL 2 ¥ ) — 0 - KRAEAR
M (Pow) Lo THELIELR S, Hl2iZ, logPow 7*
2 ~ 4 DFEWHEIIKPICHAERETHET 57201TK
HRE L LCHEL, logPow 2VN& K & % & HIKFIC
HEAEDEHL 22T D% L, REWCHEHNT 5, #ig,
logPow #%4 ~ 6 OEEYH IIBEWE L OBFEIH
<, F72, RBEBIBL 250 KRRPADICERS
Nb. ZHI Pow BKREL 25 & nERBEINE
(BB EWEICBET LI LR AEWEZD
bOVHHTF LR )ERCERTLEEDATS (H
L - S 1981) 0 KIBEGEE EMBEIRFIMING
<, KEEY L TEREEENIERT2WEIS
<, EHD VTN BESEE SN WEIS
DI L, KR - AYHERIEEWE I, BomsE

H

Table 1-3. log Pow of several organotin compounds

Organotin compound log Pow
TBTO 33
TBTCl1 1.9
TBTAc 23
TBTF 2.3
TBTBr 1.7
TPTCl 2.0
TPTAc 2.5

Wb ICBEIN AT LD QBN O RPN R RE
EEshs (UH 1994),

ZCTHY ) AR L&MW, Table 1-3 IZRL
72& 312 logPow & 1.7~33 TH %, L»L, KHFT
X TBT O—8504 4+ VAL L CHEET 5 2 L RIR S
L (Laughlin et al. 1986b), Tili~_7=38& Pow &
OEARIZLT LS —BET, BT Pow 12 & o THEDS
EETERVWEEZOND, LdoT, AETIE, $H
DTV V= K= P HPRFE SN T BMEE & T OB
Rz BV TEE LTlEKD TBT BEOFHLH 2
BB BT L MR RE L TZ OEB 2 BT 5,

AEKROBE

SHEBOBERIMET AE CMIRE, WMEBBX
UHEBRTE) L 2N 5 OMERE IR SAKBICEE L
720 Fig. 1-11 WR L2 X912, Th b OEIIKERD 10
m DT OFEETH 5%, 500 m & TIIAKEH 10m &
Y HEBIZO B 5 Twd,

Fig. 1-12 121X, ThHDBICBIFE T LV v —F— b
OREHFT (HOMROMS) BLoay PH—EAEN
ZNEMFTOMNE %R Lz, MBRBOBRIZKS50%E,
TWIBICHI100E, T/, FEEOBRIIHNI2NED T
Ty —R— PR ENTVD, EHICELIIZHOT
LV%—FR=PFPREINTVED, FORREIAHTH S,

AEME S

D AEGHE

TBT OKFE4H% : Fig. 1-11 1278 L7z K1~K5, A1~A6
BLUMI~M2 OBRISICBWTEZE (199047 A)
BEOAFE (1914 1 /) @20, N F—r#KE
FHVWERE, I0mBBIUKREY»SHTAL . FERIC
AIATyF Y F A —ARREE TR UBRUAT
ERZ R L7, WKB X OKRO TBT IBES X UK
ROREBLURRBEDHETHE L. HEALH
EROERE, #0708 (3000 rpm, 15 min) L CTHIFR
KapEl, ST CHEE (—20°C) TRIEFELZ.
Bk TBT BEOEH 5 L URENZT{L { K1, Al, A2,
M1 B X 0" M2 QBRI EICBWTHEKD TBT EEDZE
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Fig. 1-11. Depth and the location of stations in Koajiro, Aburatsubo, and Moroiso Bay.
The survey was repeated once a month at the stations marked with star (¥%).

Fig. 1-12. Location of marinas and the number of pleasure
boat.
The open circle exibit the marinas.

HMIZAL & MES T 572012, 19904E 6 A5 519914E 6 A
FTEHNY PV HABEZHNCEBB LUER O
KERRLL, TBT OOMICHE L7z #Eko TBT #ED
BAESLEINEBT 572012, [ UER A T1992~1994
FEFTEREOREL EHE L

Al BXU A2 BB TIEAKRE T T ABES K
(Whatman GF/C) TA® 1L, AWEBHEWHED TBT %
HEL, ZINSDBREOEHEILERE Lz, £,
FEICBEDES L OBEYEDo 7o 7 4 v a@&db it

HTHEL. BEWHE R, FBAXEWR o
T A NVORHTRE THHEE (—20°C) IZRFE L7
R B & UERBBUKORE | iLpHigsRs LCnO
£ 77.6 mm, &% 240 mm OEORYEEH, Zh
Al BIA OBEELE 1m BIZ24RMEREL, b
B EmE L, ZOREE19904E 8 H, 19914E 1 A
BLU1992FE 8 AD 3 MER L7z, 8 ADKRY FHIZH
BINRED AL TLBE - RALLFSLSHE
L, ikEWz 7o AMMEA R EICHE L. AHEICH
HINEEWOEREZNEL, ERYRHEROWHER
EE B & OTHE % M5 U C B RE B & OV (LR
W70 ORERERD . YO TBT #E L 4ICH
FELLILEEDY b ERAD TBT OitkE%F1E L7z
HEAZXLGWREROREY AR, FHRE T
—20°C THBERE L2

HEXRRBE Q7% 75—) 2ZHVTRELL
RHEZZSRESECXSL, FEBOKRBHELZE.L58
(3000 rpm, 15 min) U CHRIBKZIRE L7z, KRR
HKIZH T AHEA M (Whatman GF/F) TA8E L 7%
BEHIZ TBT REZ S L7z
2) BB HE
BKOBRI XIELEMO AR © Ko TBT i, Harino
et al. (1992) 12X - THE SN/ FHEICEEY L THT
L726 $%bb, #K 1000ml 12 NaCl (100g) BL O
BE®R Gm) Z@HML, BEOEWMBTS L U DBT
LM T57:01201% e Ry EFERYE Y 50 ml
PHWTC2 @M Lz, MMHEE n-7 RNV /2y
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AUl FTTu YV LLEE L2&IC TBT 071
EVHEMRE n-~FY v CHIt L, Sep-Pak 711 Vv
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Fig. 1-13. Concentrations of MBT, DBT and TBT in seawater at K stations.
Solid circle exhibits the ratio of TBT to total butyltin compounds.
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Fig. 1-17. Concentrations of MBT, DBT, TBT and nitrogen in sediments at A and M stations.
Solid circle exhibits the ratio of TBT to total butyltin compounds.
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Fig. 1-18. The relationships between butyltin and nitogen
concentration in sediments.
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Fig. 1-20. Seasonal changes of MBT, DBT and TBT concen-
trations in seawater at Al and A2.
Solid circle exhibits the ratio of TBT to total butyltin
compounds.
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Fig. 1-21. Seasonal changes of MBT, DBT and TBT concen-

trations in seawater at M1, M2 and K1.
Solid circle exhibits the ratio of TBT to total butyltin
compounds.
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Fig. 1-22. Seasonal changes of MBT, DBT and TBT concen-

trations in suspended materials at Al.
Solid circle exhibits the ratio of TBT to total butyltin
compounds.
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Fig. 1-23. Seasonal changes of MBT, DBT and TBT concen-
trations in suspended materials at A2.
Solid circle exhibits the ratio of TBT to total butyltin
compounds.
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Fig. 1-26. Yearly changes of TBT concentration in seawater.
1: Jul. 1990; 2, Nov. 1990; 3, Jan. 1991; 4, Nov.
1991; 5, Jan. 1992; 6, Jul. 1992; 7, Nov. 1992; 8,
Jun. 1993; 9, Jul. 1993; 10, Aug. 1993; 11, Nov.
1993.

19924 7 A PABEN & r o 720
EiRD TBT &% Table 1-4 I2F LD TRL, £D

Table 1-4. Yearly change of TBT concentration in sedi-
ments

St TBT concentration (ug/g)

No July, Jan., Nov., Jan., July, Nov.,
T 1990 1991 1991 1992 1992 1992

K1 0175 0389 0348 0494 0.149 0.158
K2 0.066 0.121 0.817 0266 0.056 0.053
K3 0121 0214 0431 029 0.280 0.107
K4 0.069 0.011 0006 0.003 0.002
K5 0016 0.017 0.022 0.049 0015 0.015

Al 3725 2422 1.698 1.614 1.842 2323
A2 0.133 0278 0.734 0466 0248 0.344
A3 0304 0.665 0359 0.659 0306 0.305
A4 0353 0580 0482 0464 0061 0.102

A5 0.019 0.030 0053 0.209 0.005
M1 0816 0923 0.615 0443 0422
M2 0280 0322 0100 0.046 0.167
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RN B2 RE Lz, KRO TBT BEREEOE
BERTY, TLVv—R— b OBREEHT, BROEL
VAL Tid, EJBO TBT #EIE19904E 7 H o 3.725 uglg
POEB LA H1992F 111121 2323 ug/g IR T L
Foo F72, FRRGHERBOBEN ML IZBWTHIERD
TBT #EEix, 199148 1 A ® 0.816 ug/g #*51992411H
12120422 ug/g IR T L72o L L, HROBEIGH
K1~K3, A2~A4 BX U M2 oBHlE T, BRO
TBT EOREN ZETEAIZBD bhldh ol
NOHDORHERPL, HFROBEOHVIKIBOKR TBT 5
JelRix, B4 OBHIC L VHBSI R TREY, Zhb

H

DORFOFIRAEROBEDOFTF ISR E THEREL T
HBWIEFHLPTH S,
4) LEMhOERA XLEWIRE L RR~DOILRRE
WHEY OEA XL EWIEEE, Table 1-5 IR L
X312, Al DEFORETIX, MBT, 0.60~1.64 ug/g,
DBT; 0.38~0.86 ug/g, TBT; 1.96~3.26 uglg TH o7z
—%, XBELCBTAHINLOBRER, FhEh, 1.02,
0.77 BXU 420 uglg THY, FOREIZELVEVI
ROLNLh o, WEBBLO A4 TE, ERYO
MBT, DBT B X OF TBT OBEEIX, £hEh, 053,
0.18 3L 040 ug/g TH Y, EED Al ICHE L TE

‘Table 1-5. Sedimentation of butyltin compounds in Aburatsubo Bay

Concentration in  Sedimentation Sedimentation

Year/Month I\SIE cfgt}(l)ﬁﬁlds deposit materials rate of butyltin
-ocomp (uglg) (g/m’day)  (ug/m’/day)
1990, 8. Al MBT 1.64 8.34 13.68
DBT 0.86 7.17
TBT 3.26 27.15
1991, 1. Al MBT 1.02 25.55 25.96
DBT 0.77 19.60
TBT 420 107.22
1992, 8. Al MBT 0.60 12.20 7.32
DBT 0.38 4.63
TBT 1.96 23.91
1992, 8. Ad MBT 0.53 26.80 14.20
DBT 0.18 4.82
TBT 0.40 10.72
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Fig. 1-27. Butyltin concentrations in surface and bottom suspended materials, deposit materials and sediments.
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Fig. 1-27 121, EFEBLIULBIIBIRBLERBD
B, WS X ORRBOEER XMLEAWIREZ R
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ALZTBT 7%, BBWEO TBTREL /7007 4 Vi
ELOERIZOVTHRRLZELIICHEH T 7 P UIZX
BED AR L - THRBYHEICER SN, LEARETH
% 2T RS JERICHRE T 2 REEOFEL IR T 5o

HHEA XY O JER~OLREHER #13 Table 1-4 12
B L7-A, EZ0HRAETIE, Al TMBT;7.32~13.68
ug/m?/day, DBT; 4.63~7.17 ug/m*/day, TBT; 23.91~
27.15 pg/m*/day TH o720 AL Al KBIFBELFED
MBT, DBT 3 & OF TBT OiLEMREE X, £hEh,
25.96, 19.608 X UF 107.22 ug/m’/day T V), BEWE
OKREFMBICEITICRBELTCRE o2 BEFEOD
A4 ICBIT B ERA LB OILKRE, MBT; 14.2 ug/
m%day, DBT; 4.82 ug/m*/day, TBT; 10.72 ug/m’/day
THY, WY HOEREA XLEWIREME 72D IZE
BB L TN E o 72,

KRR THE L 4 BOREROWEFREFET 5
L, MEEBEOFEHN YR TBT ORI 42.25 ug/m*/day
LEtEERND, —F, TLIY—R— b H5D TBT O
BINEE S 4 pg/m’day EET 5 &, WEEICHRE S
NTWBET LY v —R— bOERH,LMEE~D TBT
ATFEIT 200 g/day (313 pug/m’/day) LREREEN TS
(AAKEEBERRHE, 199D, LAToT, WEBIC
WA L7 TBT D#13.5% EIRICIERE: - HERKL, KR
IEBA XA ORISR L bEZ DN D,

5) MBUKHOEHEA XL WIRE &L ERY O DEHO
] Be

HWFEBEO Al BRI B W TERBBAKOAEA X
LR E% 6, 8, 10, 12B X2 HIcliE L-MEE
Table 1-6 IR L7zo EIRMBAKICIE TBT EEIIAR TR
RoS0ng/l WTFTHY, BBKPICHREE D07
—%, BIBEAKDHEER LAY O ERDIE MBT TH
0, KT DBT 2 Sz, BBUKO MBT B X TF
DBT ®ifEiE, EROERE (0~2cm) THL, KRD
REZHET I TREKL ole F/2, HERAKH
O MBT EEZFHHIIELL, LFCHBLTESET
Ehol. ¥7, DBTEELIRA® 0~2cm BD
2,870 ng/l ZBRTiE, 6~ 8 ADEAKBRMIIBWTE
Motz FTihbb, KROBVGEIIIIMAEDIZX 55
RAIMEEENIZDDEEZ BN,

BBk TBT BEE, Al OER#EKRD TBT RE
(Fig. 1-20) X W {&» ol KRERE (0~2cm) DOHE

Table 1-6. Concentrations of MBT and DBT in the inter-
stitial water

Depth of MBT concentration (ugfl) DBT concentration (ug/l)
sediment

column
(em)

June Aug. Oct. Dec. Feb. June Aug. Oct. Dec. Feb.

0- 2 243 587 1.74 1.06 0.54 137 1.21 0.71 2.87 040
2—- 4 173 591 129 042 0.69 129 1.11 023 091 0.29
4- 8 079 172 254 047 130 093 0.53 026 035 035
8-12 0.65 1.62 2.08 046 0.62 1.09 0.60 0.26 035 0.41
12-16 1.01 3.85 144 036 0.77 122 1.05 0.23 044 042
16-20 038 2.95 2.19 024 0.79 0.72 1.09 031 031 0.35

TBT concentration was below the detection limit of 0.05
ugll.

ko MBT $ X O DBT i#Ei3, #h®h, 540~5,870
ng/l B £ U7 400~2,870ng/l TH Y, Al DKEHEKDHE
B (MBT; 10~78 ng/l, DBT; 18~116 ng/l) 2L
TELLBEP o7z, EREABRKICEST 2HBALME
Yias, JEEAKL ERBEREICBITABEANRIKELT
Wi A48 (Yamada and Kayama 1987) %185
ThE, ERPOLBHT S EELERALLEYIE MBT
BLXUDBT Thb, TBT KR, SHEM L L HEE
B, RICEHLCOBEHRZIEFIAEWEEZ
bhb,

AEFFETCORHMBIZUTD L S ICEH S ABA, TBT
PRBW Y AT NBITIRREL, KBISIEREL A
TBT HEHET, ERE TBT OBEFRITHL L
EOF LVHIRIE LNz,

@ kB L UEROARA XA YIRE T H LRI
FEWEEED o T2 BRI WREBEROB
Tk, Kk TBT EEBIXEHICELL,
FOEHNEIREORBICHEET S L HERS
niz.

@ WAKBICHELET HHEEX ZLEWOP% ) O
(~50%) PEBWE AL, BEWET D
TBT BEMN 7 na 7 4 VIEEIZKFL, TBT®
REME~NOERICBNTHEY 7 I 7 b Uik
DRSS EETH S Z L IRB SN,

® BEWHOKEZ, FEAEWORE~DR
TREBWITEELZRETH S, WEBICHALL
TBT D#13.5% D ETRICHRE L, Kk TBT ®
ERETAILTE LTEETHAZ LR EINT,

@ JEJRREEAIC MBT B X U DBT A EiREICHEA
T 5, TBT ZBHBRRALUT TH o 7ze EREK
LRI DBEEAT D SR LT, ER»,L
MBT 5 & O' DBT 3% H§ %45 TBT OEH O
Bepkih 3w #EZ Shiz,
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13 AHEFEICHTIER

TBT & & U TPT L&WIE, BRIRO A% 5§ MG
RHVEBICEE T 5 A A SRl S, AR XL
BB RPERIRY IR L T b 2 EPAERDOHER
o2k olze WE - FHEBICE T 5 TBT L&MWk
JEiX, Gibbseral. (1986, 1987) BT L7238 HIZ
imposex ZH| EH I TIEE 2ng/l) LYKV, &
BZOBREOHEL S S CFHMERT 2 LEFD 5o
F 72, AW TFREDLRT 51218, BEHEE
DENBITEEPLETH S, Thbb, AREFRRL
ZWE R PCBs SRRUCHFEL, KRR %@L CTAafiERE
R PICHER T 5 2 L AR SN T W B A (Iwata er
al. 1993), AR ZEEWIZO VT D AR BESEE
THEPE) P, KEFO TBT B LU TPT REDIERE
EOTERRGET 2 LEN D 5,

WEB O L9 RIERICB VT, FBA LW
BEIZZ DAERERICIE UTHEMid 5 WISREMICEEL
7zo L, BRBOBHAXEWIREEZXHT 5
BELZERIEZ, 5D WDOBANDHRATHSZ
ENRERMEICBWTHLP IR ol LD, B
BICB B AR XMEEWHEROIED/DIIZET £
DR ZRETHZ EDPMRTH B Z Ehbh ol

HEBICIRA L7 R XML& 3 4 0BRE & #E TR
ZEREICEE L 228 oMK, BEMEPERFICORS
N5, MBEBICBTHR|METIE, WAPITEESTS TBT
ACEW D% ICETPREWE L UTHFEL, 72,
EWE O TBT REZBEWEO 7 v 7 1 VIREIZ
BEMEDDH D 2 L PERFROBRAS MR ole Lz
Mo T, KPIHEES S TBT L&MW 75 > 7 b
VX B L TR CRATT 5 BREOFES
REREShD LB, 2OBRIIKRBONDILE - HH
CBWCEETHD EEZ Oz, HEETOREL X
UREICL B L, WBIBICHA L7z TBT ©13.5%0YER
WKEBITTAEHmT5I LB TEL, KIBERAD
TBT #EEIFE <, FBKEEEARD TBT REZICL
THEER (Yamada and Kayama 1987) TEE, HE
W3 BRI E v, T2, BRAWZERTO
TBT O#AEY G HIIEFEITN S I A Maguire and
Tkacz (1985) 2L > THEEINTWVB, LAdoT,
KR TBTLEMORBOBM chr L E2 oM, K
IRHERR TBT L&Y DKL I T 5 78 L A
ARICBIT BRAT - WRISATFEDOR RS SHW L THE
DEELZMERETHZLEZOND,

R X DB REA AL EW 05 RBRE, W%
RRICBT 2 BBHRERENFN L EGOERICBNTE
BThbdo LL, EHAXEMIMEMCLVES
WHBENDE LT HWMELBHIIGBENTVEVI TR
BB, MEWHEICOVTIIERFEESFDTES

H

T ALEND D, Thbh, SHHMEORE, &
RS YE ORISR I O T & SRR SR & OBE
i EIRAT 5 LB D B

5T, ABAMEWITHBRTOY—T 24 A3
LAY —ICHREICELET S &M Cleary and
Stebbing (1987) IZ X o THEF I N TV 5, MWEREIIE
ML ZFBIEDD, BEAEWORIFEN LD
BB OVWT AR T HALENDH A 9o

F2E BEATAVIENMEREHRE

B X 28 EWE ORI A HMmIE, b
WEOREW DM, AABEOHRFRE, FEWH IR
BIKEREREEDBRERH EYWE DKIBBRE~DHED
FMIZBWTHE - RURTH 5L, {LEWEOE EET
7z [bEYWEOBRER CRESOHGNICE T 2
El (Mb#EE)) (GBEMEXETES 1985), OECD (b
ZHBRAEHS 1984) 1BV CHAEIC L 5 A=Yk
EFEDLNTWS, bkl oFETiE, ARl
LTaA4ad, £/, OBCD OFETE, 7774 v
Va, ALRCAF AR ED T EEORKADREBRA L
LTRESNTWS (L8 1981), LA L, HKAL
BEATERRELOMEWE L LOEEBRIREL LD
T, HEWEOHEBRE~OFELFMT 57201213,
ATV AYEHRRABREZERTLILENH S,

OECD oRBh: (bFRiaER4& 1984) Ti&, ik
AREEE, BRENIKREERDE, PIEAKRXREE,
ARREBE (MITLE) B X OARRERE (k)
A, F72, TMEBE] °R, WHkREEE MITIE) 5
HEYEOEYBHERBRELE LTHERASATwSE, TR
LORBRTIE, FEWEZEATHHBEKRTHREZ —
EHHEAT L A EYELZAFICER S Y, Ak0RE
WHEBRELFAEROZNIINT 5L E A EREREK
(Bioconcentration factor: BCF) & E2& L CAEW g
DIELT D, L7zhioT, @BEKOEEWEOBREL
BN sNWZ E, ARNOREYERESREBEH RIS
FHIRE RBUMPERL COABNOEEDEIRE
HHEMURV, ) IZETHIEPERNIBETH S,

A X 2 EEWE O EYRRREE, RBRAOEE
RPREL R EOEYWER, HEKRPLHEKOEEY
s s EOBALENERP AT HEER AR 2 &4
HOBBEHECE-oTHREL AL S,

FZT, AT, BHGEHDE IRKEBE T
FARE LCQ) RBREREADRT & AR E O,
Q)RBAOKREE, QVEEKR, @) BRI EmEE
Hi LOBHRBF OFE, O)FEFKRELTOALEK
DHERA DTG % EDORBFREFE R Lo 2RO
BRLBEOWERELTIND L0, BEATHVLIEY
AR R T B,
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1) RBAOMEIZLS BCFOER

A ABRAL L TOAEEIRECARTLYTFXFR
Sillago japonica &7 3 A N¥ Rudarius ercodes %, %
7o, BMAEEEMARIL, ~BRESRLABASATF
T& B~ ¥4 Pagrus major O 3 BHEZH W, BILH
)T F VAKX (TBTO) EABEY YBRTXF VRO MY
TFNT ATz — b+ (TBP) OEETIX, KT Mugil
cephalus DRBAE L THW:, YuFABITT I A
NFIE, (B WA BRIRATGEAT, () KB AR T
LOFWE, 72, &4 () &R ERAF RS
by v —hrvid (M) IRKEHRET SO 2 ER
Ve BT EHIRFTEORISERED S 4 N7 =)
THE L2

EVNERSER AEPHEE LT, ARERLEWONF
HFroaxry€y (HCB) BLPoa~FHFruud s
anFH v (o-HCH), EEA X&MoY 7F
VAZX (TBTO) L#EfLPY 7=V A X (TPICD, &
BYVBIATVEON)TF VT A7 x— )
(TBP) L E&RED /)5 b+ % #EE L7z Table 2-1 {Z/R
L7220 2% E L, #EL-FEWEOER LY

DERELT- 20

ToT hayTKIEE 20°0C ICREL2EEKREHW
T, BREBAXNEEBETSHEM (YuFAtHWA
HCB @ %5 L TBP OFEEB T 2 BB OAYiEinER
AT o720 AYNBRERK TR, HHFEAKT3 ~48H
#E L CHREERZ 1T o 72

ERLEMoREEYWEILX, 7+ L dimethyl sul-
foxide (DMSO) (1:9) OIRWEICEMR (I MEE
BAKICHER SE-BICFOHREREKEKRTHERLT
FREERE R L7z COFBERE 5ml/FORET
FAEMAEKECHEMLUCHEROEEWEIRE L — €I
MR L7 Z72, TT7L—3 3 v &iTo THEKDBE
BEOKT Z2BIE L7z, REROEEWEISEEEIHHT
L7225, BEEISARTABHE (FLLTT IANTD
ZE) ICREBEBEATEDTIRAE LTHW L7,
2) RBEOKE SIZX5AWEROMNE

HEWEE LT o-HCH 2#Z L, 0.59~1045g ®
HETHREDRLL 6BHOYTIFR, 0.16g &£ 034gD
2EEOTIANTBLWP1.25~987 g D5 ORI A
2REBICH . 4B LY E 2 ~ 3 AO#E
FE2ITV, BCF RYHILREER (k) OHBAOKE

Table 2-1. Experiments on bioconcentration and elimination of hazardous chemicals
by several kinds of marine fish species

Weight of Concentration Duration of
Chemical Species fish™" of chemical in  bioconcentration
€] seawater (ug/l)  experiment (week)
TBTO Sillago japonica 2.50+£0.05  0.066+0.004 g*?
Rudarius ercodes ~ 0.30£0.04  0.115+0.017 8%
Pagrus major 11.70+£1.10  0.038+0.008 g*?
Mugil cephalus 320+0.80 0.122+0.016 g*?
TPTC1 Sillago japonica 278048  0.152+0.024 g*2
Rudarius ercodes 0.57+0.13  0.124+0.012 g*?
Pagrus major 8.00+1.40  0.083+0.009 g*2
TBP Sillago japonica 2.53+0.70 577 2
Rudarius ercodes 1.10£0.20 8519 2
Pagrus major 11.10£1.00 33+4 2
Mugil cephalus 1.50+0.60 84138 2
HCB Sillago japonica 1.88+0.22  0.115+0.011 2%2
Rudarius ercodes  0.42£0.10  0.105+0.013 8*
Pagrus major 947+1.86 0.066+0.012 g*2
«HCH  Sillago japonica 3.38+0.69  0.227:0.025 g*?
Rudarius ercodes 0.41£0.09  0.299+0.035 g*?
Pagrus major 9914212  0.254+0.023 g*2
Co Sillago japonica 3.04x0.60 950+£40 g*?
Rudarius ercodes 0.23+0.07 990+40 g2
Pagrus major 2431032 99090 g*?

TBTO: Bis (tributyltin) oxide, TPTCI: Triphenyltin chloride, TBP: Tributylphosphate,
HCB: Hexachlorobenzene, o-HCH: Hexachlorocyclohexane, Co: Cobalt, *1 initial
body weight, ** The elimination experiment for 2 or 4 weeks was carried out after the
bioconcentration experiment of TBTO, TPTCI, HCB, o-HCH, and Co.
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B LB MH L. 2ooREREME, 1) &
BAEOMIZX % BCF DEROFFTEREFAKTH > 72
3) AR RIZTTME KBRS

XA (4.34~437g), 73I AT (033~0.34
g BIUYFAL (240~246g) HHAVTHEDEEL
TEELN o-HCH O4WikiE (148H) &Pl EER
(2 HED %20BXU25°C OfFKRIETITo 72 1
FABLUT IANFOHEKRD o-HCHIRERZ, 20°C
DORERTIE 232113 ng/l, 25°C DRERTIL 283£23 ng/l
Thol. ¥FADOERETIE, 208XV 25°C OfiEE
BOFIHEAKD o-HCH #HE, Fheh, 20311 ng/l,
208+5 ng/l TH -7z BCF PHRMREEL (ko) OF
FHKIRIZ L B ERE R Uz 20MoERSHE, -
TRz DBILU2) OHFERLE ERXWICIEFEKT
Hole
4) ALK ORABAKE U< OMEMEFE
HERAK © AT HEKIE, Table 2-2 ICHRERLAZL D
WCI2EE DI % &H T 5 APHA (American Public
Health Association 1989) & 6 iSO X ELEHE+*&F
3% LF (Lyman and Fleming 1940) % BB L 7zKkE
KEACTHRB Lz, RBEOLDOHREKE LTHE
LEMHEOWwKRET A2,

Table 2-2. Chemicals used for the preparation of two
types of artificial seawater of APHA and LF*!

Amount (mg/])

Chemicals

APHA™ LF*?
NaF 3 —
SrCl, - 6H,0 20 —
H,BO; 30 —
KBr 100 —
Kl 700 660
CaCl, - 2H,0 1,470 1,459
Na,SO, 4,000 3,912
MgCl, - 6H,0 10,780 10,631
NaCl 23,500 23,477
Na,Si0; - 9H,0 20 —
NaHCO; 200 192
Na,EDTA™ 1 —

*! These chemicals were dissolved with tap water without
chlorine.

*2 artificial seawater prepared according to APHA (1989).

*3 artificial seawater prepared according to Lyman and
Fleming {1940).

* Na,EDTA was added just before the beginning of the
experiment.

EYRkERER  IEHAKE LCERRKE ALK, &
EMEELTH FITYA (Cd), o-HCH, TBP B L UFx
vFruua7x/—V-Nalfi (PCP-Na) #EZL, ¥
O ¥R %AV CI4H MO & YRRERE 1T 2. FEK

i}

AR O EWHERE S D BCF %3k, BCF ORER
FARIC L 2RI L7,

5 WEE

TBT & TPT : AFARB L UfED TBT BL U
TPT i%, B (1987, 1988) D FEEiz#m L CHlE
L7zc SBAKD TBT B & O TPT BB F NV n-~\F
¥ 3:2,viv) REEBHWT, $7-, ko TBT &
TPT 12 INHCl X %/ —V /BB F v (1:1,v/v) iR
WEACTHE Lz, W EEA 4+ LGl 4+ o2k
BRERWTEELLBIZ, - 7uVs A2 AT
I FErHwTYa Y VvEERICERL A, TBT &
TPT DUV FHEAZ Ty Y5 Y —% 54 (Ulira-1)
NEFAra~br57 (GO 2HVWTHHTL, FPD
(Sn 74 V& —%fEH) MNEEEHVWTER L,

TBP : fiE/Kk? TBP kB F L CHil L, L7
#BIZFPD (P74 V¥ —%fEH) MM E GC % v
THM LIz B0 TBP &, 32l (1975) OF L
WL THH Lze ThbB, DS n-~FH %
MWwWT TBP 2L, MWz yuu Invh s azH
WS - B L 2R ICREKROBE L FERIC FPD-GC
ZHWTHM L

HCB # & U a-HCH : flE7K® HCB B & U o-HCH 1%
n-NFEY Y CHIM L, B L721RIC BECD BIDER{T &
GC # H\WTHH L7z, ko HCB B X UF o-HCH i
TEFYTHB L, 7 B E i-~FF I
EBL, YUASNVAISATZUT NS T T4 —THEL
T BICEE K E AR BECD-GC #HWTHHT Lz, &
OFPE T —BIIHRBEICER SN S 72012, AERRE
(uglg) ZHEAHEMAEREUL) TRRTLHE, RBAL
BHEOBEEROMELZT, BEFKEPo, LIz
o T, ffED HCB & o-HCH g, Boh R
DEEZRNEL T BT b VWS Y (uglg
ext) WCHEL TR,

PCP-Na.: &K H® PCP-Naik, n-~F% > THl
L, i&#E L7112 ECD-GC % HwTHIE L7z. ffih
@ PCP-Na 3HEBEBET 72 M 2 HWTHH L7

nIANFH B L, YUASVAETLAIUT NS T
74 —THEL7-#IHABKE R ECD-GC 2w
THlE - ERE L7

CoBLVCAd: AEKAD CoBLUCd L, kEEE
7 U — AEFERSIREFNCEA UCHIE Lz, A
@ Co DHNTTIE, B H IR S MM LB L%
12, ¥512.80°C DR LT 4 BEME L TEEIER
L7z COBREBERNLCRTEASICES LB
WTAEKD CoBEXME L AED Cd IZTHER & 1H
B AW TEaS LRI F VA NN VRS b
Uy LEMATHFL— MEEWE L2, ShEXF VA
VITFNr b ERCTHIBL, BEPROwtER (JIS
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1984) Tl L 720
6) fRHTHE
FBEREAKROFEEWHREOWER RIS (2-1)K
ZHvTCBCF 2518 L72. HCB 3 & " o-HCH ®» BCF
W, AEOBEZ 7 MUY D CHIE L TRD
7272012, BCF # 7% b Y Hili¥~® BCF (BCF in
Ext) & LTE#E L7 TPT, TBT, HCB % X (F a-HCH
X, SEBRFBROAEIOBEINEP o720 T, BCF
DEEICBWTHREROAEHPRE (Cf) ZMIEL
Loz,

BCF (BCF in Ext) = (Cf,—Cf,)/C,, (2-1)

BCF: A4 ¥yiimtrix

BCF in Ext: 7 b i~ £ Mg iRk

Cf;: EBREX ORAAROEEWHIRE

Cfy: M X O fakO B EYEIRE

C.: FIEROEFEWERE

Lk & PR EBRIC B B BT E BRI E ORRE

Ibe#REEKEFV (2-2), 2-3)BITQHR) I
T LT ky, ky B & OEHRETO BCF (BCF,) %%
L7

Cfi= (k/ky) C,(1—e™) (2-2)
Cf,=Cf; e (2-3)
BCF,, =ki/k, (2-4)

Cf;: TREBRICBIT L2 ABROEEWHRE

Cfy: Pl EBRIC BT 2 kDA S ERE

Cfs: PRl EBRBIAR B 2 Ao EWERE
ki HUY AR AR ER

ky: MR BE B

BCF,,: T}k T BCF

ERBLUER

1) RABAOHEIZX S BCF DER

YOFR, TIAINEBIUYTAL L LEEWED
BCF # Table 2-3 i2F £ ® TR L7120 FiEDE TR
k312, fafko HCB B&L U o-HCH X 71 b v
B 7- 0 ICHIEL TRLZDT, 22 TRTHWED
BCF 17 ¥ b Y E G~ ORI TD 5,

7 I ANFIZX B HCB @ BCF 13512000CTH b, &
OX AR T AL TREP o TIANFITX
% HCB O#I# 7% BCEF DEZ R L, 7T I ANFC

Table 2-3. Bioconcentration factor, uptake rate constant, and elimination rate constant of
hazardous chemicals by several fish species

. . Uptake rate  Elimination rate
Chemical Species constant (ki) constant (kj) BCF ki/X
TBTO*'  Sillago japonica 583 0.070 8400-+800 8300
Rudarius ercodes 360 0.094 3200400 3800
Pagrus major 324 0.024 9400100 13500
Mugil cephalus 430 0.174 30001200 2500
TPTCI*'  Sillago japonica 101 0.024 4000200 4200
Rudarius ercodes 120 0.039 22004200 3100
Pagrus major 120 0.037 31004200 3200
TBP** Sillago japonica 507
Rudarius ercodes 5+1
Pagrus major 27+3
HCB*? Sillago japonica 55900 0.463 12500010000 121000
Rudarius ercodes 13000 0.016 512000 813000 -
Pagrus major 7700 0.015 32400026000 513000
aHCH™  Sillago japonica 0.353 24500::1500
Rudarius ercodes 0.540 199004100
Pagrus major 0.261 20100400
Co*! Sillago japonica 0.056 0.59+0.02
Rudarius ercodes 0.030 2.16
Pagrus major 0.050 0.73%0.11

*1 k,; and k, were calculated by using the concentration in fish expressed in the unit of ng/g
fish. The unit of k; and k, is ml/g fish/day and day ', respectively.

*2 As the elimination experiments were not carried out, k; and k, of TBP were not calculated,

*3 k, and k, values in these experiments were calculated by using the concentration in fish
expressed in the unit of ng/g ext. The unit of k; and k, is ml/g ext./day and day ! respec-

tively.
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£ % TBTO, TPTCl, TBP B & U o-HCH ® BCF iZ,
TUFARY YA HBLTNE Do, L2 T,
TIANFILEBEHEEYHED BCF X, YaFAR
REARHBLTPSWHBTH S EEZObND, ¥
72, TIAINETE, JHEREEE (k) Y uFaL
THAICHBLTKREL, 73IANFO TBTO %2 &ED
ARAEWEORE - Pt Y F P2y {1 ICH
BLTREWZEPHLPTH o7,

BHA EWR IR AEO BB L BICER
&N, BCF PAKOBREBEICKETSZLIEZD
Nb. HIEHZY T F¥ X T 51~92%, 7 IANFET
5.6~11.6%, <% 4T 51~92%TdhYy, #aHICL?
EINEL, ABEEMEOEYRBHEOAMEIC L 2 ER
12, E& L THRAARHHEOERBEOATEIC L 5 4R
KERTZIDEEZ OGNS,

Co® BCFIZ7 IANET 216 THY, YuFxa
(0.59) <& 4 (0.73) CHBLTKENok, 73
ANFIZE D Co D ky120.030day ' THY, Yuxx
(0.056day™") %% 4 (0.050day™") (TH#EL T/hE
Pole T, TIANETRE Co #HiBECERT2
RO EMRICEDDEENTS%LE Y UFABLIURSY
ADI3BIZHBLTRkEDP ok Thbb, TIAN
FTIX Co s BBEICRETE IFBOAKICEDSH
BEWRKEL, 2o, BHLZ Co DHEFBNT &4
BCF 2 RELTHRATHB LEZ bNLD,

DEDREID, TIANFEIFI[BIUYTFR

H

CRRY, AREEWEL Y ESRTRLBBEICER
LBWEERED bl LA oT, 7IANFITX
LEEWEOLYREEER, PoFAe< s LiER
BB EDVELEPTHole vF A, bIPEORRN
LREEERTH Y, TORMBEBEBMIIELENLTY
bo L7235 T, DTy I #HAZAFTS
ZEEBHEETHBY, 4 AP AETCORTREER
METHABRALLT—EBRAFTLZLIETHETD 5,
JUuXAOMEEEREIZ, KT (1992) 12Xk o THAD
FEE, B - BIEAN S X OB RIRET S h
BELBHIT, BIADOINRIFHAN IO BEIP B O AR
WABASE S, Bk - BRI ORELTTEEE 42 ) 0D
Hbo LIzhoT, RFETHRY L-AETIE, B40
HEWE T 5 A WBREER AT - BB &
SHB LTI a8 LU T A YRR O R
ARLLTRETHILLEZOND,

2) REBAOKE S X HAWBEOME
FAOREXZDOVOAFXA, PFIANFBIPIFAIZ
X % o-HCH DA ilkiE & et b 5k 72 BCF B
X Uk # Table 2-4 IR L726 0.59~1045g DY 0¥
A, 125~987 gD FABLU016g & 034g D7
IANFOVTNOREBMIZE VTS, o-HCH ® BCF
BRRBAOKEEZZI-oTHELVERAD O Do
720 LBL, kid, 1.25gBLU987 gD ¥ L TZ
nZEN 1.660 day ' BLT0.709 day™ TH Y, Mk
KEL BB STl WWNE L kol MBRCHEEICRE

Table 2-4. Bioconcentration factor and elimination rate constant of o-HCH by several fish species of various weight

EXP. Fish No.of*'  Weight*? o-HCH concentration Lipid™* BCFin ks

No.  species fish of fish Seawater™  Fish™* content Ext (day™")
(ng/l) (ug/g ext.) (%)

1 S japonica 52 0.59+£0.09%  330£15 5374066 1.3+0.05 1630022000  —
2 43 1104015 221+ 6 5404021 44+05 24400+ 900  1.305
3 40 1974020  263+11 5774011 43£12 22000+ 400  1.394
4 39 3.60+£027  276+36 701148 46+04 2540045000  0.942
5 32 5514033  236+15 4524039 50+19 192001600  0.707
6 33 1045+1.84 269422  6.09+0.17 68+0.6 22600+ 600  0.908
7 R ercodes 94 0164005  241+17 5.8 438 23600 1319
8 51 034+006 232413 578 6.7 24900 1.010
9 P major 40 125+£0.15  290+18 5404029 3.1+05  18600£1000  1.660
10 40 2964027 191412 3.66+£0.03 3.04£02 19200+ 100 1757
11 40 4644037 282427 4714038 30404  16700£1300  1.052
12 39 6334044 271452 4204031 37409  15500£1200  0.970
13 40 9.87£074  247+44  4.69+027 3.6+03  19000+1100  0.709

*!I Number of fish introduced into an aquarium at the beginning of the experiment
*2 Weight of fish at the beginning of the experiment

*3

o-HCH concentration in seawater was determined 7 times during the bioconcentration experiment.

* Three samples of S. japonica and P. major and two samples of R. ercodes were analyzed at the end of 14 days

bioconcentration experiment.

*5 mean=SD
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Iy DERTIRYEFABLOTIANFIZBWTHRD
S, —f#iZ, BCF & k BX Uk, DEIZIZ BCF=
kifky DBIRDRDBND, BAEPKRELLBIILTZN
Tl 3NEL 5P BCF IZRELVWELF RO LN
WDT, ky DAKIKE LR BICLD o TN RS
CHBENRD, TOEEPS, RREROTHONEN
FFIIEEWEORY AAB L OPHEOWELRKE N
EFPESPTH D, Thbd, AEONNVEREED
TR, —RICRETERTHL EEDNLTWAL,
DT ERBEWEOTAARTRRIIBWTHRDO LN
720

A ERERORBHOKRE ORI, (1)HER
B0 LWREEE, QABEFTERICEVTIRVY
BHRI L, G)AKRMNLEDEOHEIZBTHONHE
BEORBED 72D RBREFEONDL L, REE
BREEDEZBININEEELZERNTHLLEZZDN
Bo YUFABIVYF A 2 RBAL LTHNTEEL
2MPE D BCF 2 ET 5 2 LR THNIE, BCF R
PBEREIRE SEMRLEL, o, BBRADTRKWO
B ESRHMABELEEBLT2~5gDT ¥R, 2~
10gDXFTADPRBRLELTHLTWSEERZDbNS,
LL, k BEU kb ERBAOKE EI2L o TEILT
50T, HEEWEOIAAB L UHEED kinetics @
TENT R0 R 2 R e E R BET A A I RBAD
KEEERHIIHBFCEDLUEND 5,
3) AR RIET AT KROR

20°C & 25°C DRBKIRTY O F R, TIANFBL
N7 A % VT o-HCH O 2 JAE OILY AHEER
ErnCHEL 2 AMOPEEEREZ T, AKAD o-HCH
8 BE ORI 25k % compartment model & & ) 47 L,
#7KIRIC & 5 BCF B &L Uk, & Fh€h Table 2-5 B &
T 2-6 1ZR L7

YOFR, TIANEFBIUFTFLIZX5 BCF i,
Table 2-5 \ZR L7z & 5 2 AYBEEROBBHR 1~ 2
HOBICE LS REL oz, AWRMERD 4 HIRE
Tid BCF O LIZ/NE &, AR TR I2E
LCWAEATH - 72, EWiRHFERI4H B D BCF &
EHT2E, YUFRIZXBBCFIE, 20°C T 20200,
25°C T 22300 TH o770 7 I ANF T, 20°C B&
08 25°C 128175 BCF i3, #hEh, 24900 8 L U
26000 TH Y, <F 4 Tk, 20°C T 18000, 25°C T
20400 Th otz Thbb, REFLLZ3ARIIBNT,
20°C & 25°C OWFAEKIRIC X 5 BCF IZi3% L WER
WD LN o T2,

ky i, Table2-6 1R L72&HICYBFATIE20°CT
0.527 day~!, 25°C T 0.837 day ' Th o7z 7 I AN
FPD20°C B LU25°C BB ki, ThEh, 1.010
day ' BE U 1.524day ! THY, ¥F 4 TiZ20°C T

Table 2-5. Bioconcentration factor of o-HCH by three
fish species at two water temperatures of 20
and 25°C

Duration of BCEin

Species  bioconcentration #1
experiment (day) Ext
(20.1£0.5°C) (25.01+0.3°C)
Sillago 1 9200+ 600*2 8000+ 900
Japonica 2 12700+ 700 12200
4 18200+ 400 17200+ 500
6 172003500 17900+ 900
8 1750041100 18500+1800
11 20900+ 700 19500+ 500
14 20200+ 300 22300+ 300
(20.1+0.5°C) (25.0£0.3°C)
Rudarius 1 13100 13900
ercodes 3 19500 19400
5 21100 20500
8 22600 19700
11 23000 21100
14 24900 26000
(20.4£0.4°C) (25.3+0.3°C)
Pagrus 1 10100+ 600 13600+ 500
major 2 104002300 1220041800
4 1450041600 14200+ 800
6 173002200 15900+ 700
8 16800+ 400 156001000
11 16000+ 900 170002200
14 180001300 2040041500

*1 Bioconcentration factor in acetone extract of fish,
*2 mean+SD. ** Mean of 2 samples

Table 2-6. Elimination rate constant of o-HCH by several
kinds of fish species at two water temperatures

of 20 and 25°C

Exp. . Water temperature Elimination rate
N Species ©0) constant (k;)

> (day™h

1 Sillago japonica 20.1%0.5*" 0.527

2 Sillago japonica 25.0+0.3 0.837

3 Rudarius ercodes 20.1+0.5 1.010

4 Rudarius ercodes 25.0+0.3 1.524

5  Pagrus major 20.4x04 1.428

6  Pagrus major 25.3+0.3 1.697

*! mean+SD.

1.428 day ™!, 25°C T 1.697 day™ ' TH o720 BT L7
3ATEL BT ky 13 20°C ITHB LT 25°C TKREL,

25°C TD ky 1&, 20°C TO kp KHBLTYRFAT
1.59M%, 7 I ANFTLSUE, T/, ¥4 TLIET
ol LIzdoT, Ihd 3 AFIE 20°C IZHE LT
SKEKIB OB 25°C IZBWTHERLHIC o-HCH % HEk
T3 ENHSPTH o720 kilk, DA BCEF TH D,
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F72, BCFAKRICL o TEMLLENWZ 0k &
LRI 20°C IR LT 25°C TREWEIERI R
%o Thbb, 20°CIZHEEL T 25°C TiEAHEIZL A1
D IAHRRE D KEVHHEIEE D RX VO THRWIZZ
NHEDWTH S BCFIIKRICE - TELIELLEZY
EHRWTE D,

20°C~25°C o/kifix, W (1971), Hbfl (1978)
BLUATM (1992) OEFKE,LHEL TR F
A, TIANFRYF AL o TIFHALKETHE EE
ZbNb, LizAFoT, BCFZ2RDALZEDVFENTDH
g, AWiRinaRERI 20°C H 5 ik 25°C DWIho
KB TEHBLTDEVD, FUAALPRED kinetics D
RO ELRE L R kL ZEH LT
F R B WIEAICE, KRR BREICRE L TR EiE
THERETH S,

4) ANLEKROBRBRAAKL LToOMMEFHI

HAR#EAB L ALK (APHA & LF) #HwC14H
M OEYEHEREZITY, YOFRICX 5 Cd, «-HCH,
TBP 3 & 0" PCP-Na @ BCF OREBRAKIC X 2 2R%E
B L7832 % Table 2-7 IZm L7z,

Cd 0BBEH7H (n=3) BLT'14H =8 ®
BCF i3, HREATERLFN 1.03£0.24, 1.66£0.56,
APHA T 1.03£0.30, 1.524+0.34, LF T 0.80+0.04,
1.82£0.26 TH o 7=o BIRWAK & AN LIHEXDRKERAKIC
BWTC, 7HEI4HOWREHE D BCF 2% LWER
B LN, ATi#KE Cd D4YikkEBRORBRH
KELTHETELZLBHELNTH o

FHBKD a-HCH %% 0.22ug/l DFEE 4 & 5 TiX, E
EREARI 7 H (n=3) ® o-HCH @ BCF 1, HR#KT
1120450, APHA < 1230+130 T 9, F 7/, 14H

i}

(n=8) @ BCF izH%#E/KE APHA TENEN 1000+
100 3 & U5 12001300 Th o7z, 2 2DEBMIZBT
5 BCFiZ, AREEKE ATHKICE o TEHELWEITR
HH5NT, a-HCH @ BCF iX14H 0 EWiEfmERCIE
EEEIREEICE LTz, SHE KD oo HCH REEAT 0.45
ug/l DFEBR 6 BL U7 ICBI AEHHMI4H (h=8) ®
BCF i¥, H#AWKT 620£130, LF T 60070 T
), BCF 2 H#&WK, APHA BLULF THLLER
Lol TbH, a-HCH @ BCF IZEARHEAKE A
THAKTREREZE R o7

TBP # v/ EE 8 & 9 Tk, HRMEAKTH BCF
Z, EEBHET7TH (=3) T 41£5, 14H (n=8) T
44+3 THY, T/, LIF2HVWLEREOTH (h=3)
L1483 (n=8) ® BCF i, #hEh, 39+£3 & 42+2
Tholzo U EDRERESLS, TBP ® BCF i, HAREK
EATHATE LVWEZ R, o7,

H Rk 2 F v CHllE L7z PCP-Na ® BCF 1, B
M7H (h=3) BXU14H (n=8) TENEN 360+
30 & 46060 THotzo T2, LF # HW/-EEI1T
X, BCFi27H (n=3) T380+20, 14H (h=8) T
530470 TH -7 BCE 3, Cd, o-HCH, TBP * [
CHREK E ATHAKOBICIIEBEFRBDO LR ho
A

DR S, Cd, o-HCH, TBP & PCP-Na ®
BCF i3, H&RHEAE ALK (APHA BXULF) &5
WTHHELRZER (1 OBRRETHFESR) PSROLNE
WEBEREhD, (B)REBREFFEOBIREER (1992)
i, ¥4 0EAES6HBBEREARB LT APHA (+
EDTA) & LF D ATHKTHE Lz FLI2BWwT,
W, 178, MR L OEASFREL L UWEEN

Table 2-7. Concentration and BCF of several kinds of chemicals in Sillago japonica by the

bioconcentration experiments

Exp. S ter Hazardous Concentration in  Concentration in  Bioconcentratrion
No cawa chemical seawater (ug/l) fish (ug/g ) factor (BCF)
1 natural Cd 0.11£0.01 0.18+0.06 1.66+0.56
2  APHA Cd 0.11£0.01 0.17£0.04 1.524:0.34
3 LF Cd 0.12+0.01 0.221+0.03 1.82+0.26
4 natural o-HCH 0.22+0.03 0.23£0.03 1000+ 100
S  APHA o-HCH 0.22£0.02 0.27£0.06 12004300
6  natural o-HCH 0.45+0.08 0.28£0.06 620130
7 LF o-HCH 045+0.12 0.27£0.03 600+ 70
8  natural TBP 91+4 4.00+0.30 44+£3
9 LF TBP 91+2 3.78%0.17 4242
10 natural PCP-Na 12£2 547+0.78 460+60
11 LF PCP-Na 112 530+70

5.84+0.79

The period of bioconcentration experiment was 14 days.
Eight individuals were used for the determination of BCF.



B & DE8) & LYk 127

BEORKREE, ATHEKEBREKATLCTHERED
BOOLNEP Tz —F, KT (1992) &, ¥yuF¥R
ET IANFORE L I E BRIEK L ALK THE
L, HREKE ALK TESRNWIER2ER L. &
NHOERERIL, 574, YOFART IANFPA
THAKTERICABTENTWALI LERET 5, LW
AR L AERATEBROB R, O, AR RRO R
FAKELTALEKEERT 22 LHFTE, 7, TE
6EOEEEHWTHE IS ATHK (LF) %
HLTHIZLZZLWIEPHLITH T

BEOMAERRDE LD

EESOMEI V-7 (ML 1995, M 1997)
T, RBAEWL LTCEBEOBEAEE R TOEEY
HoOBmPH o#YE, QEWBEHRROZDOFNEEL
B CEOF R GBOIBMFT KR L. BT
ZZDBMEIZDOWTHRN S,
1 BEBH O & BN

ok ENA ELEWEOEYRERRTIE, Zhoo
L¥WE % REBFAKICHE - BREEDLLEND B, B
fi#Bh# & LT 7%k b ¥ % Dimethylsulfoxide (DMSO) %
@ ¥ #| % Polyoxyethylene hydrogenated castor oil
(HCO100) % Polyoxyethylene sorbitan monooleate
(Tween 80) DREHEHHBLIELIEHWONB, Zh
5 DBMMH OBHILEEAR LKA L TEIRERLIL
B EN, WEAE AV HEERBRICERTE 55K
PHIOMEL B WA T 2 LENH L, TOLDIC, B
FOBRBHAOYTFAB LT I ANFINT 53848
FBHASEAM (1995) Ko THE S, ZOHKRE
Table 2-8 IZ7R L 720

Table 2-8. Acute toxicity of solvents and surfactants for
Rudarius ercodes and Sillago japonica

Acute toxicity (LCsp, mg/l)

Solvents
and R. ercodes S. japonica
Surfactants . 5, 48hr 2dhr 48hr
acetone 6,100 5,600 6,600 6,600
DMSO*! 27,000 24,000 13,000 11,000
HCO100** >10,000 >10,000 >10,000 >10,000
Tween80*° >5,000 750 1,500 420

*1 dimethyl sulfoxide
*2 polyoxyethylene hydrogenated castor oil
*3 polyoxyethylene sorbitan monooleate

7o h 2D 48h LCx 1, YOFRA LT I ANFT,
FhEN, 5600 mg/l B 6600 mg/l THY, LA
50 48h LCs (11200 g/l) WZHEE L THI 172 Th o 726
DMSO @ 48h LCso 1, ¥ T¥AT24000mg/l, 73 X
NET 11000 mg/l Th o720 T I ANFITHT

DMSO ® 48h LCs iZ, B X% % (33000 mg/l) 12
LT/HhEL, 1B3THo7z HCOI00 DI UFAB LT
T I ANFIZE B 48h LCs 13100008L L TH o 720 B
HF7kH o HCO100 D % 10000 mg/l P LIZERETE
Wiz, YRFABITTIANTFDOLC,y & A
771D LCs (>100000 mg/l) ZHAREICIHHET A2 &1
TERholze YL ED=TREHOBHA O WA
ENERTPKAICHKBEL ThI R IRWEAITH -
pASS

—75, Tween 80 DY TFRA LT I ANFIC L 5 48h
LCy i, ZhZH, 750 mglg L 5420 mg/l THY,
b X5 H D 48h1.Csy (50000 mg/l) 2B LTI uFR
THUI0, TIANFTH U200 LELLIIE Do
F72, Tween 80 @ LCs 1&, ¥ T F A Ti 24h & 48h
DOREBHE cEREN >5000mg/l B L 750 mg/l, *
72, 7 I ANFTIE 24hLCyq 1 1500 mg/l, 48hLCsp &
20mg/l TH Y, REHEIERT HIZ L7250 TEM
WZINEL Brolze Lo T, Tween 80 D&, AR
CEBENBIC LD o TEOFEESREICH EBHT
LIRS, EHoREREST £ M, DMSO
2 HCO100 L 3B %52 EMFRBENS,

TUFRET IANFIZL BENREREFRICBWTR
5728/ 48h LCsy D 1/100% ¥ fRBIH] i K AE H 7F
BwEETLHL, 7Y T56mg/l, DMSO T 110mg/,
HCO100 T 100 mg/l, F7:, Tween 80 T 4.2 mg/l &
ETE 5, Tween 80 DHHHAEIMUDEMFINANIZ L
BLUTHEIZ/NE L, Tween 80 iZIBEA %L H v 5 #H AR
BTRERATCERVWEZE I LN,

2) RBAONEEE

ANEKIE BT 2 AHHOWNBHEEILX, SEAKD NH-
NEEORM* DO OET» M 8hiz, 4 &R (2.3
ofl, 46 g/, 69 g/l BEUV 92 g DWEBETF 4
Mefa % HOKRATEE BFREICHEY 600 ml/75T
WAL, 1 BIiZ1SE#K) Z2HAWTS6HMEE L, #Ek
BORERCHEROBHERZRESL X U NH,-N RED
LEZ B L, NABELZED (BEWE 1997).

fHFH KB D NH-N i3, 92 g/l DEBERX THRDHL
319 uM Th o720 A F VLT VY EZ T DURER 0.84
IM BT Thy, AHECEFELRELZRIZTRE (11
M) CHET 3 LIEWIRETH o7z HERDOEFR
FHAEL, 23 gl BLU4.6 gl DEBRTIIS6H D
BFEBRTHEICBVTH0%LUTIET Lo 729y,
6.9 g/l DEBRR TEMBELHROSHLKE, F72, 92
DERX TIRERRBE S D S BRI ELI60%LL
TIET Lo w75 A fEROBER, 468l BLT6.9
g/l DEBX THOERRIZHEEL TR P-4, LI
HoT, RERLHBEKOKEL»LHWT S &, WEHRE
BFABTAKEOBREICHLT46g/LLT, 1 BICHERALE
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BKEMZDITHE 03 gl BBETHB L EZON
Bo
BHEBEOEREN VA LI OFATELLRLD
BWEEZLNLZOTYUFADPNEEEDL S A ICH#
RLTEDSND,
3) fARO%RS5 R

AR RMEEWE D X RIREROH LW E O
AR, RERECEEShS, LzdoT, A
PEDILSE R O A ERRTIE, SRERAUCERIIRE %
EREERVEICTEBENH 2. P2, REEW
HBFAIHTA K54 0 Tld, REBAOIREERER, 3~
10% & EDHNT Vb, AKORERERFAEREICL 5
TET 20T, FHEESE RIS HLEND 5,
SR E LT~ 4 4 HABeE (BRsER C-2000)
REEL, FWARE4g o~y 4RI 1 BN ftk
BED2%, 4%, 6 %OMEEES L T56HEOMATE
BEfT ol 54 DRE, SERESAKORERE
DB S BIE LR SR 2 S0 G 1997).
S6H DB EBORTHRO< ¥ [ KR, 2 %%5
XT82g, 4%%5RXT2.8g, 6%%5KT17.7gT
HY, 4 %BRERTHEFRD B otze LAL, SH
L, 4%B L6 BHRERTE 2 %HERICHY,
FHZ 6% 5 R CIRBE L B0 SNz, ¥4 ORER
B BB 03.8% % 5 EROK T I 4 %k 5
RC5.7%i2, $72, 6 %5 X TE7.4%I12¥ML 72,
L7255 T, BEiRS 27 AERERELEL Lxvn:
WIziE, 1 BU2DAED 4 %LU T R 5B ATRY
LHIB S N5,
BUEOARZECES N RE & 1) &b EHY
B BRBRGERIC L7750 TH 3 BOA R L& DAY
AT B AT ERE 1T 720

EIE ARIXEEMOEES SURH - HHlt

31 SigRnafEil L3R

RAEEYN L 2HEWEOERIL, OKFIERFT S
BEYE 2 O T 8 (BEEME  Bioconcen-
tration), @EEFOEHEWE 2 HLED» LIRMET 5%
B (RIJ## Biomagnification) @K E 2 BEIZIX
BFEND, TNOHMEDOBRIREEGPFERICX S TE WA
YpiHE % Bioaccumulation & & XN Cw 5 (Connell
1988)c L7255 T, 3 ETI, ZhbHEMBERIC
EWA XS OB ERE L, BRI EYD
BCF 0fFEIC L 2 2R, ARALLEWOEEITL D
BCF 0ZR, BORHEMABONIE, AEHTOBRMEE
LB L UCHEBR XLaW oREREE & PEtkRE 2 1 5 5
29 %o

BRSO EWiEREIE:, ZHE (Waldock and
Thain 1983; Laughlin e al. 1986a; Wade et al. 1988;

H

Laughlin and French 1988; Zuolian and Jensen 1989;
Ebdon ez al. 1989; Batley et al. 1989a, 1989b) %% H
(Bryan et al. 1987, 1989) THBEERD 5\ IZFHTHF
ELAEROFHICL VFRINTE . ThHDHF
X D HEA XLEWAREAEY I CHREICER SIS
Z LB SN

BRI L WA MEY 0L RMEEL LTI
RV AR EOWKEEH TR I N, Tsudaetal.
(1988) 1%, ZE®» TBTO a4 Ic&EHEE N, BCF &
I T3200, HEET1300, HHET6008 L UK T500
THHILEME L. AHHMOAEYRMERICL S
TBTO ® =Y~ A2 X % BCF & Martin et al. (1989)
12& D406 HE SNz, Taseral. (1990) iF, YA
AP & OPE D kinetics DIFENT B 2\ I1Z30H B DR FEE
E%C TPTH @ BCF 37" v ¥'—"T2100, =< A T650
THHZERZHOLPIC LIz, WAEDNI ) — (Ward ez
al. 1981) Tix, TBTO ® BCF #%2600TH o7z L&»
L, MWERAIC X D EHA LAY O LY OHmEPIZ
Bz,

HBEA L&MW, 2L UTRERBOREDHIE L
THEHENL 702, BEHICEHERAT S, LFo
T, BEREORED-OWITHEEAWEMER L2
Ml (EWEHBLEDC) PRLETHL, £ T, KHi
T, FEEEAFICX % TBTO & TPTCl O ALY
FEBREITV, BCF OAMIC L 2 2R WL ,ICTH S
EWHBTH S,

s S UFE
BRI ZXLEY  BIL MY 7F VA X (TBTO; Aldrich
) LY 722V R X (TPTCL BEALRE) %
WA LTHELA. TBTO B X U TPTCl OF#EE, £
NEN96%B L U98% T - 124%, BEL v TANFZE
WCHWwz,
RER A AT OREMA L LT ¥4 Pagrus major,
A5 Mugil cephalus, 7 I A 2N¥ Rudarius ercodes &
iz, <5413 () EXEARREHR TER - HMES
BB EAF L. KT IWMERTHSTOTRIRERED ¥
A RF=NT, £72, 7IANFE, WA O/MH
FIBOEETRE L. Tho0oRBAT, ABRFHKT
T 2EMM LA 2RSS LRl FREEL, &
SR ERE L TRBRICHV 2, RRADOERMIGBR
2B B AAREF Table 3-1 IR L7z,
LHEATEES SUREASE | Fig. 3-1 IR LAERE
HARGEABTEBZ AV CAEOFAT 1T 72, W%
Fri oWk EEERA BRI ZBLBICT 27 by
TAIME 20~25°C SR L7z, fEKIE, AT KM
(#%& ; 601) 12500 ml/min OFHETIHEKL 720

TBTO &% % Wit TPTCl X, 7k b « Y AF VAN
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Table 3-1. The experimetal conditions: body weight, organotin concentration in the
rearing seawater and water temperature

Organotin . Initia@ body Organotip Water
d Species Exp. No. weight concentration temperature
componnes . ® (ag/ O
Pagrus major 1 11.7+1.1 379+ 8.1 21.2%0.8
2 122+1.7 659+122 20.1+0.8
TBTO Mugil cephalus 3 1.5%0.5 89.1+12.2 20.7+0.5
4 3.2+0.8 122+16 22.6x1.1
Rudarius ercodes 5 0.08 10614 20.7+0.5
6 0.30 11617 20.710.5
Pagrus major 7 13.3x2.7 1650+190 24.5+0.5
TPTCI 8 24.3+3.4 63.3£9.6 24.5+0.5
Rudarius ercodes 9 1.1+0.2 148+17 19.8+0.1

TBTO: bis (tributyltin) oxide; TPTCI: triphenyltin chloride

Fig. 3-1. The continuous flow-through system used in this
research.
1, activated carbon column; 2, thermocontroller; 3,
polyvinyl chloride pipe; 4, cock; 5, micro glass
pump; 6, TBTO or TPTCl stock solution; 7, funnel;
8, aquarium; 9, overflow; and 10, air.

AF YK (DMSO) RE (1:9V/V) CHEHL, 0K
R ZALEWEI D 0.5~1.0ml % 20 ] DREFE L72K
BARICEBEHRLESOFM L2 ZOFBRA X{LEWER
AT ARYT CGERHEREIM ; GMW-16A) & HWT
5 mi/ORETHREAEKEICME LI, SEKOA
B R ZALEWIREE L, <5 A 1Cx0hd % 48h LCsy ©1/100
~120012#E Lo F72, EAXKD TBT B &L U TPT
B D EMEIE, Table 3-1 1238 L7z,

HA XA Z ST HAEKTE 2 BTRRE
Wik REE 2 S E I L CS6HBIAEAAT L, ARA
LG DEENOERETAN e EREBROKRTHRA
A XA E &R L BREK (TBTREIX 5.7+
2.8 ng/) TELII4~28AMEAFT L, AEDPLDHER
2 ZACE W DY Z AT, BARED 3 %ofE (Al
FEE LG B AR C-3000) R#5 L7z 7, K
RN OBHFBREREVKT 2L 5 720IX@BR L7

COREBLEMAT TR, ABPRPICABORELRTES
TURTRED SN oT2,

#1450 TBT & %\ id TPT BE X, BREERO 2 8M
812, ¥/, HEEERO 1EREBCHELL. F9BX
U7 3 ANFOYRFEERTIE, JRtERD 3 0BICRE
ARy B, AEREEZIEL, TOb00FEAXL
EWEEDHE Lz, HEKD TBT $ 5\ id TPT RE
(L EAE BRI A L7,

ARAE TBT BL O TPT IXE R (1987, 1988) @
FHEICHER L THAT L7z KD TBT & TPT i3, FERR
IFV o n-~NFYVER (3:2, VIV) ZHWCERR
HT ML, BEE BB+ o BEEE AT
LU, B XN TBT RO TPT 1X, n-7 0¥ L=
ARV ATOI FERAWC TR ENVEEERRICERL,
RICRESRBBE R TV LESRETN A 70 7
57 (GC-FPD) ZHWTHH L7z,

REVEE INEBAY ) —VEBBIFLVORE (1:1
VIV) THEYFA4 AL, TBT BLUTPT #Hili L7z
M &7 TBT BL O TPT &, AR TR HE
IZHEo T, AR . FEMEL I 721 GC-FPD % v
THMH L7zo TBTBLUTPT X, F b5 TFNVAXE
NEREEHEIZ W CINER IR TR L e R HED
BEIZ S BUANTHY, ERRAIL, #AKTSngl, A
3T 0.01 uglg TH o720

kDR E 1, Bligh and Dyer (1959) (Z#¥#LlL, 7
Tk A—R Y ) —VIHIBETER L7, 51, K
5 TIANFBICYOXADORREEEL, EBRKT
BloBnT, #heEh, 10~11%, 9 ~11%B8L 7%
THholzs
BCF s L UHEEEROSTEHE | AWRHEREK
(BCH) ZR®D 3-DR TR L7z,
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BCF,= (CE,—CB,) /Cw (3-1

Z 2, BCF, i n#H® BCF, CEn iin#@HDAKD
TBT (TPT) #E, CB, i n BEHONBEEOHMLD
TBT (TPT) &, 72, C, it 8 EMOAMiEiHFERIC
B BEEAD TBT(TPT) EOFEHETH %,
PR (k) 13kDG2)XNTHE SR,

Cﬂ:Cﬁ) e_th (3'2)

TTT, Cp REEMERBKEICHT 2 AKO TBT
(TPT) W1, Co WHEMERIIN BT 5440 TBT
(TPT) B, tidBESERREIM, F72, k XPRbEER
HTH 5,

BERBLUEE
1) #ko TBT B XU TPT EDZEAL
EREFHMFPO<FT L, FIBLIFT7TIANFRS
7% TBT i&E 0% % Fig. 3-2 128 Lizo MIEERD
54O TBT #EE 0.03 ug/g LFTHY, F, &£
BRI ICREBICET L, (EBR1). —F, EBRE®
ko TBT IRE ARG EROBEEE L ITFELL
Bl ot Lo T, ThoDFERILHEAKD
TBT N L DAFITL o TEREINAZ EDHS 2
THolze R7D TBT REE, EEBRBRBRO 0.06 ug/g
25 8 EMOEWIRHEROBE TR 0.37+0.03 ug/g
WML (E84), 73 ANEO TRT #ENELIX
RIEPL TV 7IANFDO TBTEE (EB6)
&, SAMDAYEHEEROEIC 0.03 25 0.37+0.04
uglg ¥ L 72 (Fig. 3-2 (D))o Fig. 3-2 (O)B LT
D) KaRLAZXIIE, 7IANTFOREZIICLST
TBT BREICE L VWERRZRED O,z 72, T

H

IANFBIURSOERIIBANT, TBTEREEIZ6H
L SEATREREERL, TBT BWED 6 A OAYIE
MEBTEHREBIELTWAZ EARB IR, <5
A O TBT#EE (EB1) &, EERFIGEED 0.03 ug/g
5 YRR 6 8 TIE 0.41£0.11 pg/g WAL
B, EVIRRERO 8 BT 036001 ug/g 1AM
B&T L% (Fig. 3-2 (A)). L7d%>T, TBT DEEZE
55 A H TBT ESTHKRBIEL TWEH,ED
PIEBHETER L, 3 LCRAOAYBHERSLETD
L EHEEEINS, Connell (1988) DELY AHAH - HEED
kinetics DT 12 & i, AR RESSPEIRBIET
% E TICLELHEPRLREES k) »ORHETE
bo ARTTBEICEEIRIEIC R 5 F CIIET HEEMIE,
< FATINH, KFT8H, T/, 7T IANFTI9~
SOHTH o7z,
BEAPRERERNEOOIEREZHRT Z Lid—H
ELHmHNTWA, Maetz (1970) i, #KICEIEL
72 2 F a ¥ Fundulus heteroclitus £ 7 4 5 ¥ 7
Oreochromis mossambicus D& 5 #EXKE % ME L
T2o SO 2HEOMBEOWKEHLHEERZ 1~2 ml/h/
100 g fish THo7ze © 514 DEKRHPKEPIIF a7
2F4IETERULLAWVEREL, /2, 57128k
ATZHEKE O TBT & THALE D SRINE NS L KE
T5E, 2AEOEYBRBEROMIII A IIERIN
7> TBT EE I 0.13~0.26 ng/g 124 $ 5. ZOBRE
1, Fig.3-2 (A) WOR L7z & D A YigimER2ER o<
A o TBT & (0.15 pg/g) BT 5 EFEL NS
Vig L7250 T, ¥4 ICER I N TBT ORF7IE
55 OWIUCHEL, AT O TBT % HLED» 5
T BRBERNSVIEPFHLPTH S, L - EN
(1988) d kb X ¥% Oryzias latipes \2 L B> ¥ r7un
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Fig. 3-2. Changes in the TBT concentration and BCFs with time in the three marine fishes during the 8-week

bioconcentration experiment.

@, TBT concentration; O, BCF. Bars indicate the standard deviation.
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Fig. 3-3. Changes in the TPT concentration and BCFs with time in P. major and R. ercodes during the 8-week bioconcentration

experiment.

@, TPT concentration’;:O, BCF. The TPT concentrations in the rearing seawater of (A), (B) and (C) in this figure were
63, 1650 and 148 ng/l, respectively. Bars indicate the standard deviation.

T/ —VOEWERIIBWNT, BkoRryyrun
T/ —VOBEILELZBLATREILRL, eXFHI
EREsWERVYZUUT 2 ) — VD5 7E502%T
HHZEERE L. ZOKRIE, KB TBT Off
R —HT2I0THY, WKIBETLIHEMWED
B AARBEZFLICLTiIFbNLA Z AR I,

¥4 (BT, 8) ETIANEY (EBI) 10k5
TPT DAY iEHH Iz B 5 AAEPIREDE(L % Fig. 3-3 12
R U720 TPT #BEED 63 ng/l (EB8) B LT 1650 ng/l
(B 9) DK THE SN2 F 4O TPT BEX, 8
SO LY s ERR TR, FhEh, 0197
0.011 uglg B X V5441015 uglg M L7z =54
» 2 oNFEE (Fig.3-3 (A), (B)) 2HETLHE, <5
4 @ TPT AT /AP TPT IREICEEL, HHEKIER
ERRBVERTARDOREDEL Rolze TIANFD
TPT ¥R (SEER9) 1%, FEERBABKD 0.025 ug/g 5
8 AR A Wy i B T HHIZIE 0.622+0.056 pglg -~
EER L, T IANTOEYRMEFERD 6 /L 8 HIZ
BIF 5 TPTREOEI/NE L, Ak TPTEEIX 8 HE
BCIEIEEHICELTWE EE L 5N,
2)  fafkd 50 TBT OHklE

<54, KIBIOTIANFOPMERIIBITEA
5N TBT it NZAL % Fig. 3-4 ISR L7ze THHDHA
o TBT 2R 3Pt EBRORBIAM TR 2 51215
TREIIETL, ko TBT EEOKRHEILIX(3-2)
X2 TN SN SFOIREE & PER SRR B O [
ORI, ¥4 T—0.78, F5T —-0.68BLUT
IANFT—094~—097TH Y, BRETHo7z. HEF
B OB E SPHERERE (k) THEA, hLiF<vsA
© 0.024 day™!, 0.052 day™!, 7 I AN¥T 0078~

10001~
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Fig. 3-4. Changes in the TBT concentrations with time in the
three marine fishes during the elimination experi-
ments.

Table 3-2. The BCF, elimination rate constant and bio-
logical half-life of TBT in three marine fishes

Elimination rate ~ Biological

Species BCF constant (k,) half-life (t,;,)
(day™) (day)
Pagrus major 9400-11000 0.024 28.8
Mugil cephalus ~ 2300— 3000 0.052 134

Rudarius ercodes 3200— 3600 0.078-0.094 7.4-8.9

0.094 day™! Th o720 ky B HETE L 722 AW 0 ER
% Table 3-2 IZ/R L7248, ¥ 4 OAEWENEBYIE
288HTHY, K (134H) 7 I ANF (74~89
H) WHELT2~4ETHoTz, TR
ABREIBLUT I ANF B L CEEMIC TBT %
PR TE W & 2RBT 5,
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3) TBTO & TPTCl %4 ¥yikfifRik
B-1)XEHWTEE S 17 TBTO & TPTCl ® BCF
PEAOMEE &L HIZ Table 3-3 IR L7z w54 LT
NE Chasmichthys dolichognathus (&K « K& 1987)
IXEREEC TBT 2% L, BCF 138000~10000TH >
720 MF, KIRT I ANXFOAEMAKD TBT EEIHKL,
Zh S oML S TBTO @ BCF id, 2400& 36000
HWHTHolzo T, AWFETHEL/BERICES
TBTO @ BCF i, 24 (Tsudaetal 1988) =Y <X
(Martin ef al. 1989) 7 X DPWKLDMEIZLE L TKE
Molze ¥ AL % TBTO ® BCF id, wAKED I
/ — Cyprinodon variegatus (Ward et al. 1981) 2K
LTdKREP oz BEUSDOEYIZL B TBTO O
BCF BHMHAPLEHTHE S, ZOMEIE, < F*T
1500~ 4000 (Osada et al. 1993), 2300~ 11400
(Waldock andThain 1983), & 5% %A 44 T 1500~
7300 (Laughlin, Jrand French 1988), I —u v /$FY
2K F Nucella lapillus ¢ 6000~20000 (Bryan et al.
1987) B & TO° N. lima T 2200~2900 (Stickle et al.
1990) »B#EINTw5E, ¥ 112k % TBTO ® BCF
EINLOELEETS L, ©F 413 TBTO % L

H

EREICENRTAAEY THDZ L EAL P TH S,

BCFOREVWRFA Dk id, KIRTIANFRE
BCF O/NEWHEHED kb ICHB L T/hE P o7zs TOH
B3, BCF %k W T A2 L, ThbH TBT %)
BWICHRE T 2AMIIS RS TBTO 2 ER L 20D
DEHREINS,

Murphy and Murphy (1971) &, &SR EWIETE
LEBLHAEWEZER/T LI L E2WME LAY, F28ED
o-HCH ®#EC3d BCF i3k n kS SICHEE %
, AMEO 2EHFOREEDT7TIANFORKTD
BCF iZAKRDOREIICIVEFTLIZ LIERDONE
o lze

¥ 412& 5 TBTO @ BCF i3, ME Kk TBT &
FEAS 659 ng/l DEER (EER2) (B L CHF R RE
A 38 ng/l DEER (EBE1) TRE» o, ZOERD
LUEEAIC X B TBTO OAYEMICB W CIREKTS:
AR N, FEKP TBT REIHVWIHAICIL BCE 2°
INEL BB EPRBINT,

Table 3-3 IZRL7ZEHI, IFABLUTTIANT
12X ATPTCL @ BCF i¥, #h % 3100~3300 BL
4100 THo7ze TN HDEEMICL S TPTCl & BCF

Table 3-3. The BCFs of TBTO and TPTCI in marine fish

Organotin . Exp. Concentration Period
compounds Species No. (ng/l) (day) BCF Reference
TBTO Pagrus major 1 38 14 41001200 This study
28 7400+ 700
42 110003000
56 9400+ 100
2 659 14 2500+ 100 This study
28 48001300
42 5200+ 100
56 5000+ 300
Mugil cephalus 3 89 56 2400+ 200 This study
4 122 56 3000+ 200 This study
Rudarius ercodes 5 106 56 3600 This study
6 116 56 3200+ 400 This study
Chasmichthys 980 84 2000—3000 Shimizu & Kimura
dolichognathus 360 84 3000—5000 (1987)
100 84 8000—11000
Cyprinodon 1600 58  Whole body 2600 Ward et al. (1981)
variegatus Muscle 1800
Head 2100
Entrails 4500
180-1000 117 Muscle 1600
Entrails 3900
Liver 52000
TPTCl Pagrus major 7 1650 56 3300+ 80 This study
8 63 56 3100+ 200 This study
Rudarius ercodes 9 148 56 4100+ 400 This study
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i, 24 (Tsudaetal 1987) =< A (Tas et al.
1990) DHEKAICIE L TK E D o729, Tas et al
(1990) X o THB\LEN T VB F v ¥— Poecilla
reticulata EZIEF L XNV THolze ¥FAIE B
TPTCI ® BCF iZ TBTO IZHE L T/hE WA, 7 I AN
FTix TBTO & TPTCl OERHICEIRZ L olze LIz
»35T, TBTO & TPTCl DB AT L » THET
LRSI, REOERI BCF 2B L3¢5 HE
BELRBERTHLEEZDOND, v ¥4 Tlx, AFKD
TPT #EEI1C & 5 BCF i3/ & L, TPTCl DL
124X TBTO 2BV THD BRIz X ) REFFARD TPT i#
EADEEEFBO NP ol BHEICIA2EMAX
L& DER - PR OBRBEOERA L& ORI X
AERZIILIIMHESNLLELED S,
HEWEDBCER, 7% 7 —N - KoHEHRE (Pow)
WEETHC LIS DFEYHEIC L > THRZI LT
% (Davies and Dobbs 1984), Table 1-3 {2/~ L7z Pow
(TBTO; 3.3, TPTCI; 2.0) & Davies and Dobbs (1984)
23324 L 7> BCF & Pow & OHBRR % HWT TBTO &
TPTC1 » BCF # k% % &, BCF i TBTO T146,
TPTCl T28EEHEENE, Thbb, KR THEL
72 TBTO & TPTCI @ BCF i Pow %5 O EfE & ix K
X BRL D, COERPEBEABEICLLIY AL - Rl
BRE\IRAET B 0Dy, HBH\WIiE TBTO % TPTCL DK
HCOLFHREBIC L 5 DPRETH 5 B5HRDER LT
EETH D,
4) ¥ A4 O BEICBITS TBT B L N TPT g
TBT & %\ ix TPT 2 &8 3 2B KT 8 HHFF
BN ¥ A HEE, IR, 88, HIE (EENED
2at), HA, REBIURE (BEEEd) 0T
MEBRRL, FREFNRIZOWT TBT & TPTEEB IV
BEeERMNE L7 TBT BX U TPTRELIFEER
LOMFEE Fig. 35 KR L7z, D LHLRR LD
12, TBT BL U TPT EE LIFHEE & OMICITHEZ

we
o o Ind
W -~ [
T —
.

o
o
v
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! ane
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Fig. 3-5. The relationships between the TBT or TPT concen-

tration and lipid content in several tissues and organs

of P. major.

1, head; 2, gill; 3, liver; 4, digestive tracts; 5, skin; 6,

muscle; and 7, the residue.

B2 RWETI LN TE LD o7, TBT BEIZRE
LEETERLE L, W, HEI, BRE, HEBIUHA
DIIET Lo —7, TPT REIFBTRLEL,
i, WAL, I, BRE, EEBIUHAOMIETL
720 TBT BL " TPTiREIL, EBLHER - 2B Cid
AT, Wardetal. (1981) % Tsuda etal. (1987,
1988) 12X BHEREFMTH >0 ¥ H FI2L B TBTO
DEWEREIC X HHFFE Lietal 1997) TiX, TBTBE
TR LE L, AR ETHLE, NERE, RBRHOIE
ICBEAMET 52 LGS hTwb, TBTO 2R
BRI WERIE, 7/ LRIV FTHED
DI. FHE - BEFEOBREEE, TBT KHEKLT
TPT TKh &L, ¥/, ¥4 AAKNTHOTPT & TBT D
DA — VBB TV, 2O LR, 5[ T2
o 2HOBBA ZLEWORH, AENTOHE, B
BISRe A EREENR, 25612, TBTO DB
ANOWAEDU RN D BETE R,
FYTVENVAZXIT I B, R7FFHHWITEA
BIHEET AR EENTWS (Davies and Smith
1980), X FNVAKER (AF - M54 1976) THE SR
TWBIIC NI TUFNAXEEBELE L OEIZIE SH
EFWE L, BEAELOBAIAKNTOSEEELE
HHLDEELZOND, L) > T, TBT % TPT O
HHTOSRPREEECKET DD TIFE% L, PCBs
LEDIRBHMEERELZEPHLITH b,

= #

B2 XA O BCE % B ORI DWW TR
ME L7, b ® BCEF DEREERIZOWTHDT
HEshzdbDThHY, KBS THE L BCF 3K
BIC L ABAOMEICHET L RKEDhoTz. INHIHEE
BUC L BFAMREUTOL ) ICEHSIND,

D =54, KGBIVPT7IANF|ZLSH TBTO O
BCF 1%, #1#h9400~11000, 2400~3000,
3200~3600CdH - 720 <% 411 TBT OHklAE
W7z®IZ BCE 28Kk & {, METL7-AEOF TR
b K& o7, TBTO ® BCF B KD TBT i
BECIREEL, fHEKD TBT BEIMEVEICKE
% BCF 2% b7z,

@ TPTCl®» BCF X, <% 4 T3100~3300, 7 3 X
NETL100TH o720 ¥ 412 L % TPTCl ®
BCF X B K+ TPT MEICBRZ 5o 72
TBTO & TPTCl ® BCF i, Pow % 5ifEE L7z
BB LTELLKRE T,

® TBTO % TPTCl D¥ERIE, <7 A HATIRBD
W BEICHKBLTANES o, ZFLTEH
W BREICBITS TBT BL U TPT BELIREE
BEOMCIZHABLZEEEIBD N o T2,
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TBTO B & U TPTCl D EEHTO5H - B8
PCBs o EORBHEEWE L A 5 2 EHFTRR
§ﬂf:o

32 HRIZIEYMOBIEICLIIWMY AL - D
kinetics DER

BREAZEWZHETHBRARA LI Sn EKFITT
WERVELGEEREG LG HORETH D E L DILE
WPEET L, TVRVES LEKE LT/ 4, 28
BELEVE, 3EFEELA-MVIABLIU4BES L
F MDD, Sn BKFITIE, TFNMELSAEIIV
EFTOTNVENVED, T2 VERBEETAZL
bbb HETHTVENEOEEE L o> THBER
ALY oYL E~OREIIFELIELRY, —RIC
TFNWERL T 2 VEMEEGT S M) ERIEYIIHT
AT 7O IR R R B R OB EWH] & LT
Ha3hT& 7,

BEDHE L TCELLTERHENRTEL M TF LA
ZALEWE Sn BFICHAETIBA A VICk-TELD
B DB, CNOLBHOFERAXLEW D Pow i,
Table 1-3 IZR L7 & D TR 25, TALXBOER
AZALEM DREANOEY RIS T LALLM EN
TWirv, 22T, HHAXMLEWHEROMEICET S
T DITHEA XA OBEH L BEAFICL 288 - ¥
#E kinetics % BCF ®ERZHSPICL, S5 ICEHA
WA XALEY OER - PREHEEZZ R T 5 2 L4 HiD
HETH 5,

M s L UHE

AEAE () EKEARRBRAS TER - Mb3 i< s
A RERUE RBRICH W2, BFFEATCE iR 2 AR DL PR
HELTRRICHW:, ERBBKEOF L ORES
1%, Table3-4 IZR L7

H

HREZ X&) | BRI 2GR XA ofEEH
& Pow 7%z &% Table 1-3 1278 L7720 MY 7TF VAL
4% & LT TBTO, TBTCl, TBTAc, TBTF B & ¥
TBTBr %, %/, MU 7z W{b&¥HE LT TPTCL B
X U TPTAc % fiv720 5 FE o TBT {L&#id Aldrich
Be, /2, 2BEO TPTILAWIRELEE %2 HEH L
720 TBTBr OH#ED00% TH 505, ZDOfo/LE&Ho
MBEIX96% L ETH Y, BELLVTRBRICH W,
RBEYMORBEFE 3-1 KBV THBRAFEICELT
To70

PHHE D 3-1 OFEEEBRICL T o 70

RS NS X R ERICBY 24T 0
TBT B X U TPT BEOREREE 3-3) BL U (G4 K
DAY= XY NEFVE T AL EEEH
(k) BEUHEREER (k) BE OG5 )P
RETO BCF #3& L7

Cq = (ki/ky) C, (1 —e ™) (3-3)
Cp= Cpe (3-4)
BCFeq:’ kl/kz (3-5)

ZZT, k EBUYAAEEER (ml/g/day), ky i3HERE
HEER (day ™)), C, BEBEKDOERA X{LEWRE
(ugll), Cp (ZEWBMHERICBT 2 BEOEHA XL
EHYIRE (ng/g), Cp ZBEIEIRBIGECHIT 2 ERA
ZIbEWiRE (ng/g), Cp iIHEEERRIIBITAHHAX
bWk E (ng/g), t ZiME & O HIEEER o 11
(day) T Y, BCF,, X F#RET?D BCF Th %,

BRREUERE
1) HEAZ{LEWIZL 5 BCF DER

5O TBTALaW L 2 Bl TPTbam D~ 54
2% % BCF % Table 3-5 1% & ® TR L7z TBT L&
Y@ BCF iE, TBTO T 94004100, TBTCIT 6800+

Table 3-4. The experimetal conditions: body weight, organotin concentration in
the rearing seawater and water temperature

o . Initial body Organotin Water
rganotin . . .

compounds Species Exp. No. weight concentration temperature

P ® (ng/) S)

TBTO Pagrus major 1 11.74+1.1 379+ 8.1 21.2+0.8
TBTCI 2 8.740.8 519+ 55  20.1+0.8
TBTAc 3 7.5%1.0 754+ 74  20.1+0.8
TBTF 4 7.8+15 76.1£10.7  20.7£05
TBTBr 5 7.8%+1.5 122.74+157  20.7+0.5
TPTC1 Pagrus major 6 8.0x1.1 83.14+ 9.3 20.7£0.5
TPTAc 7 79+1.2 122.1+19.6  20.7+0.5

TBTO: bis (tributyltin) oxide, TBTCI: tributyltin chloride, TBTAc: tributyltin
acetate, TBTF: tributyltin fluoride, TBTBr: tributyltin bromide, TPTCI: triphenyltin

chloride, TPTAc: triphenyltin acetate
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Table 3-5. BCF, uptake rate constant (k;), and elimination rate constant (k,)
of several organotin compounds

Organotin k; k,
Exp. No. compound log Pow BCF (ml/g/day) (day™) ki/k,
1 TBTO 3.31 9400100 324.13 0.024 13500
2 TBTCl 1.9 6800+900 174.05 0.029 6000
3 TBTAc 2.3 5400%600 169.49 0.031 5500
4 TBTF 2.3 5300£500 249.95 0.044 5700
5 TBTBr 1.7 5500+ 600 226.19 0.035 6500
6 TPTC1 2.0 3100200 119.61 0.037 3200
7 TPTAc 2.5 41001600 154.86 0.032 4800

(Bu3Sn),0+H;0 == 2Bu;3;SnOH

Bu;SnOH+H:0 =— Bu;SnOH,*+H,0

BusSnOH,*+HOCO; —= Bu3SnCO,~+H,0*

Bu;SnOH,*+Cl™ — Bu;SnCl +H,0
Fig. 3-6. Equilibrium of TBTO in seawater.

900, TBTAc T 5400+600, TBTF T 5300+500, ¥
72, TBTBr T 5500+600 T& - 72. TBTO i34®> TBT
L&MW B L C BCF 7"k & w25, TBT ICHEET 58
A & v OFEEIC L 5 BCF D#Eid %o 72, Laughlin er
al. (1986b) &, HEAKHICEF$ 5 TBTO #*Fig. 3-6 12
R PR CHE A OS5 FREOREGWE LT TBTO &
HWiE TBTCl & LTHET A e aE LA, LIz
25T, TBTO 2 #KICEFESELHAEI, MRAL
TBTO O—#4+& TBTO & LCTHHET 545, TBTCI %
o TBT LW BEIELEAICEIRED
TBTO & LCTIAEE LERV, ¥72, TBTCl, TBTF %
TBTBr 3K ICEE LRICEM LR THEET 5
TSR NG, L7z2d5o T, TBTO Lo TBT 1k
4o BCE AR5 &, %72, TBTO UAto TBT 1L
D BCEHELLBLR LW EIIAKFTOINS
DALE W OFFERBIEF L TV B Z EATRRE NI,

TPTCl & TPTAc ® 2 T ® TPT {L&#¥» BCF i,
ZnEh 31002200 B L U 4100+600 TH Y, TPTAL
M OFEIC X AEIINS P o2, TBTCL %2 £D TBT
L& & FRRIZ, TPTCl & TPTAc DK TOFEFEIR
BIELLTWALDIZ, Thbo BCRIZE LWEN
PEDOLNEVWIDELEZBND,

KA L&D BCF & Pow & OB % Fig. 3-7 12
RL7. X7 BCF i3, AREZERILEWCHR
U AbEWic B L TKEL, ¥/, BCF & Pow £ D
BB AMHBE BRI RD b olz. $hbb,
HigER X{LA¥ O BCF I BMIC Pow 2 b#ETE W
ZEBHLDNITR o7,

2) HBEA LS LB b BLX Uk, 0ERE
< F 4L A SEED TBT LA E 2 FEEO TPT b

5
4= 234 by log BCF=0.82
5e® o, 1 log Pow=0.75 (a)
7
:
fx, 3
) EHDP ¢~
Jas}
B0
S o2F
TBP
1 -
log BCF=0.63 log Pow—0.90 (b)
]
1 2 3 i 5 6
log Pow

Fig. 3-7. Relationships between BCF and Pow.
1, TBTO; 2, TBTCI; 3, TBTAc; 4, TBTF; 5, TBTBr;
6, TPTCI; 7, TPTAc; 8, TBP.
Equation (a) was caluculated by Hoshikawa et al
(1983), equation (b) was obtained from BCF of phos-
phoric triesters. (Yamada 1987)

EWDOI Y AM PO EERIC BT 5 AARDOEHEA XL
Lk L% TBT L&MW OHE& % —PFl& LT Fig.
3-8 IR L7ze THROSAMKDBEDEHFEILE compart-
ment model (3-3) B3-4)REHVTHITL, ZHEAHA
ZALEMD kb BL Pk, 2 RD72. ZDFER% Table 3-5
E EDTRL

TBTO, TBTCIl, TBTAc, TBTF 8 X U' TBTBr ® 5 &
o TBTILEMD &k, 1%, FhEh, 0.024, 0.029, 0.031,
0.044 B XU 0.035 day_l T»Y, TBTF B L U TBTBr
D ky 3> TBT ALEWICHBE L TREVERTH %
2, BLWEREIROD O D o2 574 OFME -
BERBITS TBTO & TBTCl D4GAHHHEEL, 61K
PHERENZ L RAS NI RS/ AT
7= TBTO & TBTC i, FERERIFIEIRE TR AH
RECEDARE - PR Sh A Z ERBRENE, 85T,
TBTAc, TBTF 3 X ¥ TBTBr % fifk T TBTO *®
TBTCl & AR BEEEZRTEELLOND,
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Fig. 3-8. Changes in TBT concentration in bioconcentration
and elimination experiment of several kinds of TBT
compounds.

k, 1 TBTO T 324 ml/g/day TH % DI L, TBTC,
TBTAc, TBTF B £ U TBTBr Cix, #hEh, 174,
169, 250 3 X UF 226 ml/g/day T 170~250 mi/g/gay ®
#HEHICH Y, TBTOWZHB LTS WEHAITH o720 &
DT Lk, WAKPO TBT OFEEREOEREIIB TR
N7z X912, TBTO & TBTCI 7 & TBT L&Y D
K COFHERBEOMEICLADDEEZ NS,

TPT L& ® k, i TPTCI T 0.037 day_l, TPTAc T
0.032 day™! Td b, TPTCl & TPTAc Th & ZERE
MoOLNehole £72, ki H TPTClB LU TPTAc T
FheEn 112 X0 155 mlglday Th Bo LIzAo
T, ¥ 112X 5% TPTCl & TPTAc DHLY ;AA B X UHE
WPAELLELLRWADICBCF 3F LB LEW
ZEBHLPTH o,

Hawker and Connell (1988) ¥, A%HICL 24D
FRIERRICEW O AH, PElB X UHEED kinet-
ics ZTLT, b BX Uk, 2*Pow ICHET A &%
ALz L. Thbb, b BLW kL 15(3-6) 3-7)Ri
EMT B 2L R 72,

k;=0.048 Pow/(1.42x 1072 Pow+12.01) (3-6)
1/k,=1.42X107% Pow+12.01 (3-7)

TIThBLU kL O¥AIE, FhER, ml/g/h h!
Thdo 3-6)BLUB-7NX2RRTH L, Fig.3-9 12
ARLIHOWMBIC R b, w5 410X 2 REHEEA XA
Yok BEU k % Fig. 3-9 ICAbETHRT 2 L, k
X Pow I LW EPFELPTH oz —F, ki
1% Pow DN EWHRZ Z{LEWTHAEWETITH Y,

TBTILEW D k & Pow & ORI log k;=0.134 log Pow
+0.659 DEBBRD bz, LAL, FOMBRIII

k2 =142X10" *Pow+1201

k1 = 0.048in/1.42><10~SP0w+12.01 3.5

251 0.5f
8
3.5 1 1 L L L J I 0.0 ) 1 q ' ]
2 3 4 5 6 7T 8 1 2 3 4 5 6 7
log Pow log Pow
Fig. 3-9. The relationships between k;or &k, and Pow.

®, P. major; O, M. cephalus; 2, R. ercodes;
1, TBTO; 2, TBTCI; 3, TBTAc; 4, TBTF; 5, TBTBr;
6, TPTCI; 7, TPTAc; 8, TBP.

071 TH Y, AELMEBERCE L,/ Lizdio
T, TBTALEY D k id Pow CIRELZVwEEZ BN
bo TOLIEEAZALEW TIX, ki 75 Pow 225D
WEEMBIYIKREL, T, LIPEEELDNSVED
WG RIICIE Sz BCF 45 Pow IIRFE L 2 L, 0
WHEBEICHE L TELLREL 2B EFELLNS,

E:3 #

KETE, AR LAY ORY Ak L FERO kinet-
ics RN LR 3R, BB LGOI Y AAB LU
PEt A A e RLEME L 3T IRER T 5 st B WY
TERLIEDVPHLPI R o7,

® =#¥4i2ks TBTO ® BCF i&, TBTCl Zz&®
> TBT /L&D BCEF L Y K& w5, —F,
TBTCI % ¥ TBTO Hto TBT {L&% » BCF &
BRELREZN Dol ZRHO TBT LW
X % BCF O#I2iEKATo TBT L& OTED
BELTWS I EIREENT,

@ ERBRAZCAWDO L BIOkE, LbHICHREE
ERLEWTRO LN TS X J T Pow IIKTF
Liedrolze ki 75 Pow 2 b0z bi L ¢
K&, o b PHEEMICKBELTNS o
720 L7205 7T, kilk, DIt TH 5 BCF ix, FHR
#4912 Pow 5 OHEEMBEICHBE L TELIKREL
BB EAFHSPTHY, BCF IS Pow SR
TELRWI EPHER SNz,

33 ZHAICLBZFRIXLEMOROREE

ROBWHICL2EEWEOEROTMIE, FEWED
HIRAERBRE RS 5 EWEHHIC L 5 REOME 2B W
TERTHY, T, FEWHOKITREICIBITZY R
7 OFHHEICB T ERW TERLZFMTH b,

EHA LAY ORERL, RBAERELTATY
¥ A A4 Mytilus edulis (Laughlin et al. 1986a), 4 =
Rhithropanopeus harrisii (Evans and Laughlin 1984),
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Table 3-6. Experimental conditions for the bioaccumulation of organotin compounds by
dietary and/or direct uptake from water

Exp. Organotin Kind of feed Concentration Concentration Initial body
No. in feed in seawater (ng/l) in feed (ug/g) weight (g)
1 TBT No. 2 673+ 84 0.944+0.105 6.6+1.1
2 — Formula (C-3000) 59.2+ 5.1 0.008£0.001 7.0+1.2
3 TBT No.2 149+ 2.0 0.944+0.105 7.0+1.3
4 TBTO No. 1 10.9+ 1.2 0.887£0.025 72+13
5 TBTCI No.1 112+ 14 0.913£0.048 75+1.3
6 — Formula (C-3000) 77+ 14 0.008+0.001 7.1+£09
7 TPT No. 2 79.4+19.5 0.322+0.027 82+1.1
8 — Formula (C-3000) 83.1+ 9.3 <0.005 8.0+14
9 TPT No. 2 <5 0.322+0.027 7.8+1.1
10 — Formula (C-3000) <5 <0.005 77+£1.5
11 TPTCI No. 1 <5 1.084£0.054 4.8+0.8
12 TPTCI No. 1 <5 8.310+1.620 4.7x0.7
13 — Formula (C-3000) <5 <0.005 5.6x1.0

#H Nucella lima (Stickle et al. 1990), *&E N. lapillus
(Bryan et al. 1989) %% ¥ = (Tsudaeral. 1991) %
AWTHIR S Nze 2 DRRIZE 5L TBTO DfF
OB &R 1A% 2 A 42 8 (Biomagnification Factor;
BMEF) 1% 02~0.5 O#FETH Y, AYhiREiEEd
WL FICi3 % & %4> 720 Evans and Laughlin (1984)
1k, BERER TIX TBTO 2SERICER T2 DITH L,
BOWBB CIIFRRICEREINL L ZHLRITL,
BRI L o TIERMBNPRESZE2WME L L
»L, BEAEICOWTIRABRA X LAY OROWER
IZoWTIHIFE AR ER TRV,

L7355 T, ABETIE, RBAEWL LTS5 A
Pagrus major & vy, SBKD O OREIER, FHE
HEAXCEWORIRNE, T/, WERICXLIERE
BHBOMAETEBRTRE L. ThH RS, TBT
B L TPT L& O BMF, HUAA - PO kinetics B
L UOERBERIC L 2 BEHIHOERZHAL ML,
X512, HRAZEWORYEHLE L EROTEE
HICOWTEEL,

MERUEE

X X{E&4 : 3o TBTO & TBTCI (Aldrich #)
B X UTPTCl (REfb#) %A L7z, TBTO,
TBTCI 3 & OF TPTCl OftiEx, ZhEh, 96, 968 &
98% Tdh - 7278, FBHEL LW TRBIMHER L,
HEam o (B EAEARREN S CEN - HMLsE, Be
fE (HFI%EE C-1000 & 5\ i3 C-3000) %5 LCTF
BEE Lz~ ¥4 2RIV, ERFBRO< A
DK E &% Table 3-6 IR L7z & )12 47~56g, 6.6~
752 77~82gD3 I N—FThb, TNLDIFA

I2i%, Fig.3-101RL7 & 9 IR E Tldd 5 23R
GIFIC TBT M S, Z0iEEEE 0.010£0.002 ug/s
Tholze —H, ¥54D TPTALEAWIRE IHHRE

(0.005 uglg) LT TH-o720

1000 ¢ r
100 L
,'/‘gﬁku o r ‘/ LN
o . o [ H
Gl Py N, 2 ¢ 8 t
2 100} / ~ s | Y =-0.036X+4.562
€ ! s (r=-0.89)
2 Y=-0.034X+5.837 g 10k 8
© { (r=-0.93) g f
€ e L
& s [
2 O | Exp.3 TBT in feed
Q =
O 10F* @
E F e b S B} (BTN | 4
= L 0 2 4 6 8 10 12
[ Exp.1 TBT in water and feed Experimental period{week)
[ 100 . /l—-r
[N MPE S TR AU SR 1, ! S
02 4 6 8 10 12 T ~ S
Experimental period{week) g / o~
= L
1000¢ k] . Y =-0.035X+4.253
3 S 10f (r=-0.87)
I Exp.2 TBT in water ‘o.:: 3
i RO Y S g r
e R
5 < \.\1& S Exp.4 TBTO in feed
o L ~ B
‘2’100- iy - 2 1 Lo o8 L
2 I Y=-0.031X+5.525 0o 2 4 6 8 10 12
s 3 (r=-0.90) Experimental period{week)
S I 100 .
o
2 - 1N
8 3 = ' '/ ‘\2
e CFL e 2 e gt RN
@° f  Exp.6 Control s T / .
S ol Y=-0.037X+4.268
5 (r=-0.88)
VR SIE AT BT SAT R PR S L
0 2 4 6 8 10 12 o I Expb5 TBTCiin feed
l—— uptake ——f depuration 13
Experimental period(week) - 111 e PR

P

0O 2 4 & 8 10 12
f—— uptake —— depuration
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Fig. 3-10. Changes of TBT concentration in red sea bream
exposed to TBT- containing seawater and/or TBT-

containing feed.
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BRI XEFRAMDRESE | FROGHA XMLEWE
EETHEEE, 200FETHREL. BTHE1ON
BT, ARAZLEWOMERE S0ml 0TV 2 F )
I—FIVICEE L, ZOBRELESHFE (RRRE
C-1000) XA L¥2@mL, SHICE{BALTH—
IZL70 BEOYILF N T —F N E2BR IS BIIKE
MA, Lo ahbE, )Ly FMRICEEL, # 10°C
DIEE THE ML 720 TBTO, TBTCl $ & UF TPTCl 2 &
BETHERPCOFETHESN, £ 1 OHET #AE
L7288 % No. 1 k&4 5,

MUFNT I AR LOBA + v & LTHREL, &
WhCTIEHEARICRE LTEET A EPHE SN Tn
% (Davies and Smith 1980), HARE TIdAiiE &
EYEEE LTERT 20T, £WIERA L LEY
Z4-3°L % TBTO, TBTCl % TPTCl D TR L Tw
v, TNWZ, BARAROBHTCORBICELL -6
A LEME EATAEBEE 2 OFETHEL 720

%9, 34 % TBTO %5 Wid TPICl 2 &4 3 5 8E
KT IBBEABTL, HERTOERALEYE 24
WCERESE, I/ OHRENEE I Y FICL72BIICE
AR (BFAIFEEE C-1000) & X< H—ICREL. &
WA XA WEER L2041 LEAGFAEORED 2R
Ly MBRICETEL, €512 10°C ORETEEL, &
D2 OFETHRE L 72808 % No. 2 fikl & 35, No.2
BRI OEEA XLEMOREEFET 5 LB TELRY
DT, AT No. 2 fi# o TBT L& & UF TPT
bz, ZNFNTBT BL W TPT &3 %, No.2
B> TBT B L OF TPT BE X, FhEh 0.9441£0.105
uglg BET0.322+£0.027 uglg THo 72,

RABEREBE VI AEFE | CRERARBREEZH
VT Table 3-6 1275 L7-5E 2 O RERSAET 8 BB 0L
FEEE 2K 4 BEOBELER LT o 720 MEKIE
KiR%E 20°C IZHREL, 601 FDHE KM 500 mi/min
OFWETHEKR L2 ¥F A4 OFBFERIE, £81~6,
FER T ~10& EER11~130 3 BIZ0TTER L 72

a) RERWEER (E%2¢& 8) TBTO H5wiZ
TPTCl 257 & b > - Dimethylsulfoxide (DMSO) (1:9
viv) WCEEEINI, TOBEED 0.5ml % 201 OBIER
L72KBERICHE - BRL, 37089 ARYT2HN
THEAREIZ 5 ml/min OFETMA 2o WEKFO
TBTH L O TPT iR EiZ AN E L7z AEED 3 %D
&R (BRI%RE C-3000) <5115 L,

b) RBOBHER (£%3,4,5,9, 11&£12) : TBT
BLIUTPT 2&A LRVilEKE v CERERAKRE
BTY5 A4 %8B L7 No. 1 H5\i No. 2 il %~
FAHEE L.

) BESIUROBHEER (X8 1&7)  TBTO
5\ iX TPTCl % &6 2 #E K T No. 2 g% &5

H

LC=¥ 4 28T L7,

d) EREER (EER6, 108 £ U13)  WRERDO< S
4%, TBT »5Wid TPT # &8 L 2 WHE K CREH
B (BFIZERE C-3000) Z#5 LTHE Lz, HEKE
&R O TBT B & O° TPT B, HHERD 0.005
ugle (ERD & 5ng/l (FFK) PTFTHol

ETOERTHEHEO 1 B4 ) oks5EE, AKED
3% THolo SHABOERERDOHZIZ, ¥ A IXTBT
HHWVWIETPT 2&5H L2 VWABKCRAR (HH%
B C-3000) #HELTESIC4EBAETL, AENIL
® TBT & 5\ ix TPT Ot 2 7. 51 DFHEFE
BOBATAHEI7—V—Ya v, SAEKOBHER
FOBRT 2L L. COL) RABTERAETIIA DR
HWaITHRRTIHED LNL o7,

EREBOO6H, 24, 48, 6 BBXWSHIZ, T/,
HH B 1B, 2BBIU4BICERFhT L 3R
ZHYH BT, fafko TBT B X O TPT EEEHE L 72,
S5 TBT B X O TPT O 4H & & Rl (1987,
1988) IC Lo THESNTWB FETHI L2, 205
WIS & Ak TBT RO TPT o EILEIL, #hE
h, 768 L U0902%TH o7z, AfkFOEITEE, TBT
Ti381%, TPT TWR73% Th o 7z. MIHIERIZ, #K
T Sng/l, FkELMBAETO.005 uglg THY, T2, B
BRI S BULFTH o 72
BLEMICR2BHBRER BMF), WYiAH (k) H&
UHEIERETES (k) OEFHE : BMF &, BORMHER
DD TBT B LU TPT EDOELH 5 XA (3-8) &
FAWCEHE L7z,

BMF,= (C0,—Cb,) /CF (3-8)

Z 2T, BMF, iZn#H® BMF, CO, i3 EMmERD
nE@EDOfEMAED TBT 5 \Wid TPT ik (ug/g dry
weight), Cb, 3B EERD n @B D ko TBT &%\
1 TPT #&F (ug/g dry weight) # LT CF iZfi# o
TBT & %\ id TPT I8 (ug/g dry weight) TH 5.
HEROMAMAD TPT BEIIROBHEROSIE %@
UCHRHBRA (0.005 ug/g) LT THo72DT, KA
TiX0 & LTBMF 28 L7

WY RH (k) BLUHREREER (k) 3RD(3-9)
BLUG10)0REHCTEE L,

Cy = (ky/ky) CF(1—e™*%) (3-9)
Cy=Cp e (3-10)

22T, Cq iFRBROBHMEROK BB S 484D TBT
HHVIETPT IRE, Cp i 3HRMEERORBRICE T 585
® TBT & %\ i3 TPT B, Cp IHEIHEBRORM tI128
1 BHAED TBT & 5\ id TPT i, k 3R AAKEE
B, ko SHEEEEER, t 3D AAB X UHEEERD
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EBHIH, CFEfHD TBT 253 TPTRETH %,

ERpLUER

1) Afkdo TBT #E

STRRER: (EB6) Ofafkd TBT w®ER, Fig. 3-10
WARLZEICEFRNMZBLTCIZIZ—ETHY,
0.010+0.002 ug/g & 0.007£0.001 ug/g DETH o720
TBT (%E%3), TBTO (£B4) BLUTBTCl (£
BS5) %5 L7~ A4 TBT BEIX, SHEMDEY
BEHERORIZ, #hEh, 0.010£0.002 25 0.115+
0.018 ug/g, 0.083+0.008 ug/g X U 0.080+0.010 ug/
g ik L7z, TBT, TBTO % & U TBTCI ® TBT {t.&
WAt ¥ A CROMICER SN, HFKD TBTO %
RO ICER S ER 2 Tk, ¥ /1H 0 TBT BE
1%, EERBEEIEE® 0.010+0.002 ug/g 25 8 BE DAY
AR EBROK T I 0.278+10.027 uglg ([THA L7z,
BOPB X ORI OMmBERES> S TBT 2 Y AFE/-E
B 1 o< ¥ 4 1 TBT B, 0.01020.002 ug/g 7> 5K
HICHKL, SEEOEYREEROKETRICIX 0.340
+0.019 ug/g 27 o7z, ¥ A TBT iEL, B
WY AT 7 FEER 2 1B L CHREE» O AL E
ERLICBWTEP> T2 BTOERIZBNT, 48
EARERD 4 BH 5 88D TBT IBENEIINESL, <
¥4t TBT iREA, 4 EOEWBHMERTIZITTHIR
MIELTWA T EATRB IR,

PR EE O~ ¥ 4 O TBT #EO%E{L%E, Fig.
3-10 2B TR L7zo TBT 2 3 I S2 B A5 F <
BB Lo TREIETL, 71 DREERLI
(3-10) KIEBPE €A Z EHTE 2, HEREIE -
0.87L —093DBITHY, AETH o7z T DEIGEM
DEED k, THBD, kyid, EBE1T0.034day” ", £
B 2 T 0.031 day ', ¥Bt3 T 0.036day”’, £B4 T
0.035 day ! B X UEER 5 T 0037 day ' Thorze E
B1~5®TBTALEWE AW ERTIE, FERICE
5k 3KE IR L, A5 TBT o,
DD BV IO R AR ORMACEE L 2\ &2
S Tho o '

2) ko TPT RE

SHHEEE (EBR10&13) Tid, ~ ¥4 TPT BER
AWy iRaE & PO 2 EBRIE % 8 L TRH-BES (0.005
uglg) DT THol

TPT (EEk9) & 5\ id TPTCl (FEE11E X U'12)
PEAE LR RRS Lz ¥ {40 TPT &2, Fig
3-11 ICEE 9 DR RDOAKER LA, BEHBRUT 2
5 8 AR DAY EHEROKTIRIIZFEE 9 T 0.064+
0.010 pg/g, EER11T 0.181+0.023 uglg, F 7z, EE
12°C 2.099+0.097 ug/g (WK L7z, ¥% 4 v TPT i
B, SR TPT BECHKTEL, TPT REO R W

BRG L -FERI20< 5 4 b TPT i@ 13 o EERIZ I
BLTRICEP2, INH5OERIE, TPT L&MW
TBT L& & R FR OB Z 8 L CROMICER
KENBZEERL.

PARE LR (EBRS) O~y 4 H TPT #ER, 8
W DA YRR B O TIRIZIZ 0.261£0.017 ug/g @
2R U7z, BERE BROOWRER? b OERER (£8
7) ®= %4 ¥ TPT B X 0.005 pug/g BUF 26 KEIC
By, AYEBERRTRICBI A< 1R TPT
HEEIE 0.251+£0.012 pglg Th o720 EOH BV ITHEME
BHEOWISNOERICBWTD, AWEBHERD 6 81
ESHBED<F A TPT REOERIINE L, AkF
TPT EEES 6 A O LWk £ C T IRBIEL T
WA EFHALITH 72

BEMEBIC BT 5~ ¥ A 1 TPT #EDEAL% Fig. 3-
11 1R L7z TPT iR, TBT & [MARICHEESERE ]
BEL R BICLAD > TREET L, TPT OREEAL
Z@-10RICHUTRDTHENT LI LN TEL, EB
7, 8$BXUO BT AMBREL, FhEh, —0.8],
—0.858 XU —0.79TH Y, HHEBRIAETH >/
EREROEE DS b, 2RO B &, &y 1357 T0.022
day™!, Bk 8 T 0.037 day™', 72, %k 9 T 0.020
day ' Thole TNHD kL ZHBTHE, EBES DL,

1000
£ Exp.7 TPT in water and feed
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Fig. 3-11. Changes of TPT concentration in red sea bream
exposed to TPT-containing seawater and/or TPT-
containing feed.
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Table 3-7. Contribution of dietary uptake in TBT or TPT accumulation in red sea bream

Day of Concn. in fish ~ Concn. by  Estimated concn.  Determined concn.  Contribution
Organotin . by dietary and  direct uptake by dietary by dietary dietary
rearing .
compound (day) direct uptake only uptake uptake uptake
(A, uglg) (B, ug/g) (€, nglg) D, uglg) (E’, %)
(Exp. 1) (Exp. 2) (Exp. 3)
TBT 6 0.193 0.101 0.092 0.039 20.2
14 0.310 0.233 0.077 0.074 239
28 0.328 0.280 0.048 0.082 25.0
42 0.318 0.290 0.028 0.058 182
56 0.340 0.278 0.062 0.115 338
(Exp. 7) (Exp. 8) (Exp. 9)
TPT 14 0.123 0.108 0.015 0.030 244
28 0.204 0.154 0.050 0.038 18.6
42 0.234 0.184 0.050 0.063 26.9
56 0.256 0.261 —0.005 0.064 25.0

* (O =(A)—(®B), ° B)=100X(D)/(A)

AKREL, FERPLEEELCER SN TPT 25X
DHERPICHE SN BB TH 575, S SR
WLETH 5,
3) AWERCBTAROBROES

SRR GRURER L RORE oA s 28
ORMOFS 2L, FOME% Table3-712F L ®
TR, ROBWICL B~ 4D TBT #E (CH)
&, R RIRE O (EBR1) Ik TERS N
¥4 O TBT &E (AWM ZER2OBMEHIIILE<
4@ TBT & BM) o=k LTHESRL &1
WA & 5 TBT IREOH EMIT, BOBMER (5
3) I2&% TBT OflEf DW) LHETsE, WE
DEBINEP o, Lidto T, R EROOWFRE
PO DEYBREICE B 54O TBT REE, BERE
ERORMHOZFNFNEBORKICI ) TBTREDOS
FHELTEILTHELIEZLWIEIHLATH o7,
BEOEmoRks EM) &, WEKICE2a4E0RE
(A M) (o B ROEMICE 2Aa4KTEE DM o
e UCEHE L. BIORMHOS 531 TBT LW

FEIZBWTI18.2%~332%TH 1, RIOEHKOFEHES
#(3242%TH o120 AMEDREELMHTTIE, TBTD
EEBREBOHAIBRON2ERICHEL, BRI
TBT OAWBRMICBVTERTELRWI EPHLRI
ti‘o f:o

TPT OERICH T 5 BIIEMRE O/ HE&% TBT O
B ERBRICEHE L7 Table 3-7 IR L2 & 912, #&
Cigfi o4 TPT O AW 284 (EM) 11,
18.6~26.9%Td 1, TPT DAMWIEMEIZ B W TRIENE
PEEATERVIEPHLPTH o7,
4) TPT Ok FEICBIT 294 ORMEREIC L 528

TPTCl 2 &K 3 % SR H 5 S h-E£BRI1O< 5 1
%, GHEE, FPEE, &, EMEE (EENEEED), #
W, RELRE (BBEzEt) o 7RG, £h
ZENoORE - BETO TPT MELZRE L. BN
12X % TPT D&M - BEICB T BRI, BORE
12X % TPT DAL AR & i L, Table 3-8 12 L7z,

B TIE, TPT REIFRCE <, Wb, i,
BEER, TRER, BF, BHAONERICEEIMET L, R

Table 3-8. Concentration and percentage distribution of TPTCl in several tissues and organs

of red sea bream

Dietary uptake Direct uptake from water
Tissue and
organ Order TPT concn. .Pe.rcen.t TPT concn. .Pe.rcen.t
(ugl/g) distribution (ngl/g) distribution
Liver 1 041 6.0 1 1.99 6.2
Digestive tracts 2 0.36 153 3 0.66 11.1
Gills 3 0.24 3.7 2 0.95 2.8
Head 4 0.22 20.1 5 047 23.9
Residue 5 0.21 19.9 4 0.48 23.0
Skin 6 0.16 9.2 6 0.40 8.1
Muscle 7 0.11 259 7 0.24 25.0
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BT, TPTRERFRETRLE L, 1, HLE, B
Tr, BEIB, B, HAOIHIET Lz, mikmERc X
AEERERIL, BOLRWE TR T TPT BESR VO
xt L, A LE O TPT IREAREIRME LB L T/ S
WZ EThHole

AR O - BHEICBIT S TPTHREZRELM
B BEEERIORDA, T2, S5/ 2AKIIBITS
TPT #E %R0, MHEOLE L TEHMEEE - BEICBITS
G &%EtE L, Table 3-8 IXff TR LAz, ZMA
(Laughlin et al. 1986) % % = (Evans and Laughlin
1984) #H\W2BF3E T, AWERA O TBT D5 Fikks
25, TBT OEMRBICI o TRBLLZZEPMESINT
WA, ITALIIZBIT S TPT OO DED, B AH
R Lo TRRD bR Do 720

fE, “HERH=I2X 5 TBTO % TPTCI DY A&
ABBICLEEWERNOSHOERIE, TBTO &
TPTCl DE A ZLEWDILEWC L BETHH DM,
HHNNIINSDEYIZX BETH 5O FHMICHET
BLENRS L, AEOHD L VIEHELE D STINS iz
TPTCl %, MEICBATL, TEBRR%LE L CAKEEIIT
HEND, Lzhs T, AMICIRIE i TPT 3af
FICRIRICER SN D DT, SHARRICENBENL o
bokEZOLNS,
5) BMF

Table 3-9 IR L7= & 912, FRH TBT BEICHT S
<Y A TBT BEOKIX, EBK3, 4 BLU5TLH
2 0.114+0.019, 0.086+0.009 B X UF 0.080+0.011
ThY, TNSO3EBRTRIIBZALVAANVTH o7 ¥
¥4 DK (71.85~72.11%) L fAE oK (745~
8.44%) % \WTCHIREE L/ ) IZHIEL 72 BMF i3,
FEEx 3 T0.38+0.06, FE4 T0.28+0.03, 7z, EER
5T 0.26+0.04 TH o720 FRHZTEM L7 TBTALEW
DS FRICL B BMF OF LVWERIRD LNED o7

ik E = ¥ 412815 TPT REOMRD Table 3-9 1<
T L7270 <4 o TPTCl iR SR REICKE LT

2L, FHEPEENBL 2> TR o7 L
L, WMEOIZ, £, 11BLTI2TERLER
0.200+0.032, 0.167+0.021 LU 0.252+0.012 TH
D, WERHEMLETH 70 INHOBERENLD,
TPT L& DR EYEMES TBT L& & MR TPT
LAY DILFRIC L o TEL LB WZ LSRRI N5,
FEER 9 DR L <5 [ DKGIE, TRENIL2E01%
BLU6.1+05%THY, ROEMIEL-ERERY
729 TRD 72 BMF 130.57CTH o720 =¥ 412k % TPTCL
@ BMF iZ, Tsudaetal. (1991) #3% > FacillEl i
BMF 2B L TR &P o7,

ki LA X912 TBT, TBTO 8 & U TBTCl » BMF
nERIZINEL, %72, TPT ® BMF i TPTCl & BMF
LEILLAB L hhols TNLDOERE,D TBT B &
O TPT b& M RO AW RIS FEA ZLEW DT
BICL o T L WS EFHLNTH o720 Cl- OFF
T 5MELEMET T, TBT & 5wk TPT {t&W 4
TBTCl % TPTCl O b & LTHEET 5 Z & PHES
hTwa (FHH 1992), ZEROAKEEILED pH i3,
=< A T2.7 (Dauble and Curtis 1990), 74 S 7T
1.1 (Maier and Tullis 1984) T % L |ESh T 5,
L7zd%o T, R e & BTSNz TBT % TPT L&
Wix, MALE DS ORI - TEN S OELPICE
BEnddboELIONL, ZOLHICHLENTTBT
% TPT L&MW OTHEIH—sh b Z &5, TBT ® TPT
LAY OROEWRENSTHEICL > TRELZWEE
D1IDOTHHLEZBNS,
6) EWEN7 TBT B XU TPT D= ¥ 4 ~DORFFE

TBT & & O° TPT OERBEF ORISR T 5~
FTANOBREREBOLE V4 ~ORBREEHL,
TBT 3 L O TPTALEM D 54 ~OEREZ KT 5
722 ER 3 (TBT) LFEER9 (TPT) ofFREHWT

FH L, Fig 3-12 1ORL7#%, TBT ORAREEZ

242%TCH o720 —7, TPT OARFFERIIHERMEERD
BRBICRESC Y, 8BEMOEWREEROR TR

Table 3-9. Concentration ratio of organotin in fish to organotin in feed, and BMF

. Dayof Concn. Concn.
Exp. Orgaootin o ing  infeed in fish Concn. BMF
No. in feed (day) (ug/g wetwt) (ugl/g wet wt) ratio
3 TBT 56 0.944+0.105 0.115+0.018 0.114%£0.019 0.38x=0.06
4 TBTO 56 0.887+0.025 0.083+£0.008 0.086+0.009 0.28+0.03
5 TBTC1 56 0.913+0.048 0.080+£0.010 0.080+£0.011 0.26%=0.04
9 TPT 56 0.3224+0.027 0.064+0.010 0.200%=0.032 0.57£0.09
11 TPTC1 56 1.084+0.054 0.181£0.023 0.167%0.021 —
12 TPTCl 56 8.310£1.620 2.099+0.097 0.252+0.012 —

Concnetration ratios were calculated on a wet-weight basis by using Equation 2. Three
data on the TBT or TPT concentration in fish were used for calculations in every experi-
The TBT concentration in the control fish was 0.007 ug/g at the end of eight weeks

ment.
exposure.

Mean=+SD. For calculation of BMF, see Equation 1.
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Fig. 3-12. Changes of cumulative amounts of TBT and TPT

supplied to and retained in red sea bream, and
percentage retention of TBT (Exp. 3) and TPT
(Exp. 9) during dietary uptake experiments.
Solid circle: Cumulative amount of TBT and TPT
supplied to fish. Open circle: Cumulative amount
of TBT and TPT retained in fish. Solid square:
Percentage retention.

1260.1%!12# L7z (Fig. 3-12(B))s N5 TBT BL W
TPT ORFFHRIE, Tsuda et al. (1991) HAF ¥ a0
WTHE L2EICHBRLTRE L, =54 TRAEBKAX
LAY OBIERFITSMICHEBR L TREVZ L L2
Tholz

ABETHISE L7z TBT & 5\ ix TPT ORI, &
AR (1974) 2L o THE SN2 X FVKREOHREE
£ (66~103%, FH88%) WH~/h&8 L, TBT %
TPT DA LLEWAIA F IV KEIE EROMIZER S
NEWI EMPRBENT,
7)) FEDHAEYIBHRE O kinetics

Fig. 3-10 B LU 3-11 IZR &N/ TBT BI U TPT &
R YR fE BRI BT 5 KN O TBT B L U TPT #
BE DRRIEEAL AT (3-9) & (3-10) . compartment model
EHOTHIISN L BIP L 251ET 5L L 31T,
Opperhuizen and Schrap (1988) (Z##L T, S OA
BAXLEWIRED I OEBA AW OBREDL S
TBT 7 & N2 TPT DHALE 2 5 ORI % FHH L 7zo
NS OFFNTRERIZ, BMF 4~##3 & & 12 Table 3-10
R L72e

H

TBT ALE&W D k, 1 0.035~0.037 day ™' D& TH
y, TBTALEMOREIZL o TRELE LD o770
L72%%5 T, TBTO % TBTCl % & O &% ® TBT {b&
WITAENTIREN LR THEEL, 2oR# - Ik
A TBT LG DILERIC L > TEIL LR L g
&Nz TPT @ ky 13 0.020day ™' TH Y, TBT LA
CHB LTS WEHAITH o720 Lo T, fEhS
TPT b5 OFEE TBT /L& B L CiE<, TPT
LEWAH S NEE LIRSS,

TBT, TBTO & & U° TBTCl @ k, i3, #h¥h,
0.0038, 0.0031 3 X 07 0.0029 day ' TH Y, TBT {b&
MOBEICLZERIE L Doz TPT D ki 1
0.0060 day ! TH ), TBT ILEWICHEBE L TAkED -
7ro WREEIEFEIZBT S k13 TPT ALEWICILE L T TBT
LEWTREL, BOAYRHE IRz T, L
#o T, TBT & TPT L&D & HLEICBITHIY
AHDOBEPI R - TVAE I EPEEENS,

ML 2 R AR, &y B L OERA LS
WOBRE» SEE INS. 8 BMAYRERRBOFTY
B 2 IR 1E, TBT {L&¥WT10.8%, %7z, TPT 1t
W T19.6%TH Y, TBT ALAWICIE L T TPT L&
WCREDoTz, REFFETHIE SNz BMF B L UMRE
=3 TRTILEWICERT TPTILEW TR EW2DHIT,
TPT {b&#id TBT {LAWICHE L TROMICER I
RFTNIEDPHLPTH oo

TBT % TPT ®RICsHIE L, Tanabe ef al. (1982) #F
1 & FEDPEEDED S EHMITHE L7z PCBs OURILE)
B (67~93%) CHBETHENE W, 72, TBT B&
O TPT OFRBRIZAFVARFICHET 2L/ 8 v, L
TeioT, TNOORRERAWICEHEIT 5 & TBT %
TPT {L&WiE, PCBs 2 A F VKD X IERORICE
EECEREINZVWIENEZ SN,

= #

WREMAIC X AR LA ORIRMICE T 2 5%
BAMEFBRAODL O TH LS, BEAEICL HREOR
HIZRAKBICHERTREVWI L2 EOH LR 24
770 UTICEHNT A,

@ #¥Tho TBT B & U TPTALEWIROMIZ< &

Table 3-10. Kinetic parameter on the bioaccumulation of organotin compounds by dietary

uptake
Uptake rate  Eliminationrate ~ Rate of  Assimilation Percent
Organotin  constant (k;) constant (k,) absorption  efficiency BMF  retention
(1/day) (1/day) (uglg/day) (%) (%)
TBT 0.0038 0.036 0.0036 12.7 0.38 24.2
TBTO 0.0031 0.035 0.0027 10.2 0.28
TBTCI 0.0029 0.037 0.0026 9.5 0.26
TPT 0.0060 0.020 0.0019 19.6 0.57 60.1
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AICER Sz, BB X UROBREOEFHR
I AROBRMOFSEIL, KFEORBREMTIZ
TBT ©24.2%, TPT T23.7% T -7z,

@ AR EWOROLYiEN T TBT % TPT 1L
EWORBEIZL > TELWERBED SN o7

@ REEEEOMICEY AT/ TPTCl D= ¥ 1 1E
P ATNC R T r o 720

@ TBT & TPT @ BMF &, #h#h0.26~0.385
X057 TH otz Tz, HIFRIZ, TBT T24.2
%, TPT T60.1%Tdh 1, &HATHESN/EIZ
HBBLTAREDP 572 LT, vF 1 13H
A XM % BREICRONCERT 24 TH
LRI NI,

® TBTAb&#® BMF, REEE X OWRINEIE TPT
WL T/hEL, TPTILEMOFH & h RO
CERESNGVIERHLDPTH 72

34 VHAIC& B TBTO O HEE

Y ER SN ERAXILEDD XD A EWE
X, 7y —a0RYRHERBRICL o TREH - B
MEns, EHABEERE, WABYICHKERTSEE
DWEHEIFFTT VDS, AEICHHFIT 5 LAV (1979)
WEoTHESNRTWS, Lzd%> T, AEIHLEHY
CHELTRE - BREOBEESHV 00, WY AATZ
HEWEEZRH - PRt seE2 502,

HA XA OREE, FELTT Y MrEDOHHL
BTSN T &7, Kimmeletal. (1977) &, v b
W37 uy—20FYABEFRICL S tetra-butyltin O
RHEREWRE L, PASOE/ A V7 F—HEICLbT
FVEDOKBILE ZRIHENT 7 FVEOEREIE S 51
WRBOHFAEEMEHA L2 Thbb, tetra-butyltin iX 7 F
VE RSS2 tri-butyltin (TBT), di-butyltin
(DBT), mono-butyltin (MBT) % #%H L TR XIC
FofH - IR Z L B L7, DBT (Ishizaka
etal. 1989) % TBT (Matsuda et al. 1993) ®F v MiZ
Y afEasmE s, DBT ® TBT 2#%5L729 v b
57 F N EOKEBL S NS RO PEABRY BRI S h
720 NS DRI, DBT % TBT 257 F VEDKERAL
EFNITHL TFNVEOBERICL o TREEINLZ L,
F7%bb, Kimmeletal. (1977) 285 L7=0 & FikzR
REFBEIZL > TRFEINDZERL TS,

L L, AEICBITLEEA X EYoRFEICEL T
BIFEAEBAIA TV, LdoT, RERTIE
TBTO #*BE L7727 ¥ 4128V T TBT R#EW % HE
L, TBTO #R#¥ 2%4E, R#FEHEEZHLHITT 5,
TBT {L&WITEWARRTIE, AL LTT I BR
BRHECKESLTEET AL DG TE LTHRERE
BLTHEEST S SH4 OFEREBTHELET 5 LEESH

bo L72HoT, AN TOFIEREIC X - THRBHHE
MPRRDLIEPEROND, FEBRTIZAMKRD TBT
ZOELTEDOHFERBERE TS L & BT, FERE
WZEBRH - PRk DZRZHIT 5,

ME s LUFE
TBTO X2 E DRET | ABED 180.5~307.7g N~ 5
A % REEM L UTHY, TBT#REEA 58.2+3.6 ng/l I2
MR SN -ERERAAENTEEL VTS 128
HL, 4K TBTO 2z BB X7z, BEEFRTH, <5
4 BEHEHEARICBL, E5I3BMOMETEREZIT- 7,
BEESO 2 HME, T, JHEERTIER<YY A
ZELD Ry, BRER, EEE, B, O, LT (REBLIUHE
BENIRE 2 &) BLUBRICES L, Iho &M
FEICBITS TBT B LUOREEY (DBT & MBT) O
EEAERMEL, TBTLAYERHTHHELRE L7
TF VA ZACE GOSN, B - B8 (1994) o)
BICERL T o7. Thbh, 0.1% e Ruraf
RYEVREBWTTFNVAZALEY (TBT, DBT B LU
MBT) % L7z, HEEBAL B ERL, 7
TV AT ATEI FEHAWTT o CVFEREKIC
B L7z, TOENVFREARLN - BB LRI
INHTEERNTHE - BEL TV A 70 b 757
HRE & L ¥Fv¥5Y—% 54 (Ulra-1) & FPD
W% AT MBT, DBT BX U TBT I8 L, 7
N TFNVAX % NIREEY IV CER L7,
T A 1L 3 TBTO OXCHHERE - TBT iBEEAT 1296 ng/
L OEF AT TYY [ 28EMEFT Lz, ~F A FRicH
7% TBTO DR H Wz MR L, R#EWD OB
BEME L7
< ¥ 4 JFE+T TBT b X OMUCHEW X, Ishizaka et al.
(1989) % Matsuda et al. (1993) DOFFEICHER L TH
WLz B EEE - BHLZBRICXATFAVITE VY
ATHI FRBWTAFIVHFERICER L2 X FVE
BRI - BRL, YAZu< 9T HBEEE Lz
TF VA RACEWD A F VA XHFEEROFHIE, Fv
¥5y—%52. (DB-5) &R0~ b rs 7L
Microwave-Induced Plasma Emission Detector (AED
M) ZHAWTITo7: (Suzukieral. 1994). RHE
11X Suzuki ef al. (1992) AR L7z 120 #EYH
(Table 3-11) OARRREE & B L CRE L7,
TBT L &MDAKATOEERE LTV AL - #hit e
DR : TBT IEE A% 60.5+£4.9 ng/l, 247.34:25.7 ng/l
B LU 1044174 ng/l OB RF T F 4 % 8 AR
HLAwF A BN, Fig 3-13 \ORLAFETERL
7 TBT L& Z2OIRE L & il s 3 E 5 & @R
BiBREOE A LT EOREEZIE L 2. TH
e 4W44S 0 TBT %5 RM (1987, 1988) D JyiEizHE
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Table 3-11. Metabolites of TBTO and their abbreviations Minced red sea brean Minced red sea brean

Metabolites Abbreviation
n-butyltin trichloride MBTC 1 N HCL &lfeOH/Ethyl acetate —
di-n-butyltin dichloride DBTC (it v
n-butyl (3-hydroxybutyl) tin dichloride D30H - — : -
n-buty! (3-oxobutyl) tin dichloride D3CO Erian & yer Hotuod) Barsction of 1
tri-n-butyltin chloride TBTC ’
n-butyl (4-hydroxybutyl) tin dichloride D40OH
n-butyl (3-carboxypropyl) tin dichloride DCOOH
di-n-butyl (3-hydroxybutyl) tin chloride T30H Residue , Lipids
di-n-butyl (3-oxobutyl) tin chloride T3CO
di-n-butyl (4-hydroxybutyl) tin chloride T40H
di-n-butyl (3-carboxypropyl) tin chloride TCOOH
-1 N HC1 MeOH/Ethyl acetate —
WUTHBL, BB+ 8@ ol L8y ek v
T NHERCER LT Az~ b F 57 Tl - E
=1 7 Extracti Extracti
RL7e of BT of T
BRI VEE
1) TBTO R#HE OME
52.8 ng/l ® TBT BEOHFKT4EABHAEBTL, &5 BT in residual BT in lipid Total TBT
sy . N - fracti fracti
(i C 3 ARETE L~ 54 OFIE, I, Wik

%, BB X OWIZEI 5 TBT, DBT B X OF MBT &% Fig. 3-13. Method of TBT fractionation into two fraction of

. - lipid and residue.
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Fig. 3-14. Changes of TBT and its metabolite concentation in the several tissues and organs in red sea bream.
Elimination experiment for 3 weeks was carried out after the bioconcentration experiment of 4 weeks.
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BHE, 1, B X OB TIX, AYBRERORLE
WZfE T TBT BESRBICEL 2D, 4 BM04EYE
MEEBROM TRIZIE, TBT REEE, BT 0.221 ug/g,
#8C 2.5 uglg, BT 0.12 uglg, F7z, HILE T 0.166
uglg THotzo PHEEBRIZBIF S TBT RIS &
UITIRERIETT201c3 L, MBS L 0BTk
TBT BEDET IR, Th oz, B, 8, BB
OHALE BT 5 TBT ORMEWTH S DBT BL U
MBT OB, BRNEZEMI NS o7, 48
M OEYEREROKTIRICBWT, ThonBEKS
1 3TBTICH T 5 #EY (DBT & MBT) O#&1,
B T20%, WT15%, WT17%, 72, H{LET14%
THolo Fig. 3-14 R L2 & 92, WEIcBIT 2
TBT, DBT & & O' MBT i EORRZEILIIMOZERE L 13
BhoTwi, Thbb, SWBHEROREINEST
HMOBEIZBOTRED SN2 L 5 RO TBT &)
REWTHML, F7z, PHEERTIE TBT REITREIC
KT L72o REBEWD DBT 3L Wi ERD 2 B2 S
4HB OEYERERE ZicE < 3 BOPEERKT
P CREICHEML, PHEEBRICB W T TBT BE X
D@L olze MBT iRE X TBT % DBT (2L T
INEL, ZORBEENMOREL b ol TOXTIHF
gz B0 5 TBT %5 DBT B & O MBT ~OM AT
DBT 3% <, DBTHFIRICERE T 23R 0 5
N7ze L7205oT, TBT O ¥ A BT HRHFICB
T, TBT #* 5 DBT ~OR# ik, DBT %5 MBT ~®
BB L THEPPLTH S EPHEESIN S, TBT
BEEIZHS 5 DBT 38 X UMBTEEOEIEZ, 4 BB
R EBROR T T50% Th o7z L2 T, B
FORERPS, =¥ 4I2BWT B TBT 243y
AHLMABETHLIEFHLPTHY, AT
T MEELIE & FRRICHFIR O YR HREEFR S TBT o4
HICE o TEERREZ /2T LATRBR I NI,

2) TBT L& OHREEE

TBT ORHEW &% 2 b B EE#YH (Table 3-11)
& ¥ A fFEA SHit U7z TBTALAMO A A7 a< b
75 % Fig. 3-15 1R L7z, ERYEORIFRE & O
hEr o REEDEREL, TRTOTFLVED 3 B X
O 4 A3k {b 8 n7z{b&% (T30H B & OF T40H),
TBT 759 VED IO RED T MEE L&Y
(T3CO), TBT 7F NED 4 fRFEDHNVRF TV VEI
%o 724b&¥ (T4COOH) 7%, %7z, DBT 7FIVED
3B IV 4REAKBILS N{bEY (D3OH B
D4OH), DBT 7F VE®D 3 fLgFEL T M3 hizbe
¥ (D3CO) BLUDBT 7FNVED 4 MREDHIVAF
* Y VEIZE o 72tAYW (D4COOH), DBT B &L U
MBT o B E At S izo TBT B & U DBT
D 1L L 2 MORFEOKERILIE, BESLT CoOMMb

[ Sn 383 of DATA:751839.D
{a)
op & ©
r_:g ]
g0 g fo 8%
Q o 24 T
«Q o
N N
261 o o)
= ko
o gr\m ln .
[ Q " Q7
681 1) ja]
o a g 8
o =l - &
%) @ ol — - lw
s ?8 =l wp ’U\"
B . - ‘O
0] @ w & e} ™
ry b8 X
uwy ~ w% D 8
i
Ik I :
wl
ALk J,L \JLL <L
384
y v r it
6 ? 8 9
Tine (min.)

_5n 3023 of DATR:TSIN38.D 8 (b )
1 @ \
i I - Fqdh ¢
do 3 4 E
1 EE o O o4 o
= 3
42 8 L
~
2l 2
407 e || T
N . N =
38 g o i i
I “ 8 o ¢ 8
Q L Q
el | dqiie B o4e
o - g o 5 A o v o
344G a7 al off [Fa 28 5
fi ' an k o ‘w
n ow oy
] il J ¢
e uli \ '")A‘lfth\w‘W/.&Mlegé\'mWM,u’ LN.LL‘! o \ﬂ-ﬂ
T T L T
6 7 3 9
Time (min.)

Fig. 3-15. Gas chromatogram of TBT and its metabolites.
(a) Standard materials, (b) liver of red sea bream

BERTKBLES T F V&R L, 2hZh, DBT
BIOMBT IZEBHBENG EREINTWS (Kimmel
etal. 1987). < ¥ 4 JHlEA» SR &z TBT /L&D
RFEWH S, TBT LEWO< ¥ 4 I2B1T 5 REHRER
X Fig3-16 DEH T DB LD TE S, DR
Bhn, ¥4 ICERINS TBTO 3 7 F VR AKER
1k, 7 MEHHWEAVEE T IMLENLBICTF VI
REHLTTFNED 1 ED R WLEWITERAH S
h, BRIICIZERA XICERINEL ZEPHLRT
Holo TFAFRIHI S A RHEDIIHAIH IS
WTHKINEN D DT, TBTO OABHREG LA L BT
HTEAMIIREZL RV LR IR,
3) TBTALEMDAEKTOFIEIREE Y AA - HE

o BIfR

TBT &A% 60.5+4.9 ng/l, 247.3+25.7 ng/l B LV
1044 £174 ng/l ODFEKRH T ¥4 28HBHAFT LT~
FAWZER LA TBT # Fig. 3-13 IR L F B CTHH
L, FhEFNORERHE L. 72, HICHE TBT &
EREEL, ThHOKERS Table3-12 1R L7z, £
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Fig. 3-16. Metabolic pathway of TBT in the liver of red sea bream.
Table 3-12. TBT concentrations in lipid and residual fractions and the percentage of the
lipid fraction
TBT concentration (1g/g)
TBT concentration Percentage of
in seawater Residual  Lipid Sum oftwo Not fractionated lipid fraction
(ng/l) fraction fraction  fraction sample (%)
¢)) ) (H+2) (Total)
0.238 0.090 0.328 0.296 304
60.5+ 4.9 0.221 0.082 0.303 0.317 259 297+2.8
0.234 0.105 0.339 0.321 32.7
0.405 0.574 0.979 0.931 61.6
247.3+25.7 0.266 0.818 1.084 1.054 77.6 66.2+8.1
0.453 0.718 1.171 1.209 59.4
1.479 1.505 2.984 3.253 46.3
1044174 0.908 1.903 2.811 2.905 655 57.2+8.1
1.016 1.731 2.747 2.893 59.8
LHLHR XIS, REES & RERS O TBT D&+ A DRBET< ¥ A ICER SNz TBT & W EH 55

I TBT BEICEC—FKL, WMEDOERIZI0%UANT WL, BTBTEEINT2INSHESD TBT iRED
Hole LIzhoT, Fig 3-13 10RLESHEHECEY EG R MET L7z TBT #REEAHS 60.5+4.9 ng/l DEHEAT
<% 4% TBT BAES AT SR, SEBRICEVT AT LS4 (8 TBT #E [ 0.296~0.321 pglg) T
FLWEEDS TV EDPHLDPTH o7 w, FBEESB X UREN SO TBT BEILX, £hEh,
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0.082~0.105 ug/g, 0.303~0.339 ug/g TH Y, # TBT
BT A E S TBT B E 0% 29.7+2.8%T
BHolzo —F, TBT REHN247.3+25.7 ng/l DEEKXKT
FE LS4 (R TBTRE ©0.931~1.209 ug/g) T
W, BREWE & OHIRER S0 TBT #EIEE, Th
Fh, 0.574~0.818 pg/g B X T’ 0.266~0.453 ug/g TH

0, BRTBTIREICL® AEEES TBT OFE1366.2+
8.1% Th o720 FEKD TBT WEAS 1044174 ng/l D
EETIE, # TBTIREEIZH 3 5 RE W5 TBT iREDOH
413572+8.1%ThH h, FHEKTBTIREH2473+
25.7ng/l DEBREREL B b olze TRHDRR
B, ¥4 FO TBT RENHHREORE (1 ug/g)
F T~ 4 TBT iEE QWML - CELMICKEE
B4 TBT & S, JREES TBT DEKATELHD
LEESHBL A LFHLNTH S, LL, FEK
® TBT DS 1044174 ng/l DEEBED £ 512, ko
TBT BERE SICEL 25 L REE S50 Th { KR
o d TBT FEE &, R TBTREICK T 5 EEMW
4 TBT OEIEZE L W EPHLLTH o720 L
o T, v ¥4Iy AEh: TBT iZBE & RED
WS ERENS 2, ERENFD L WHEIIIREE
BRI, T, BRENEL L LIRELRED
MESICEREND Z LR TE L,

TBTO # ¥R L7z~ A » 5D TBT L&Y oBEt%
JeE L REOWME XS L CHET L, #R% Fig. 3-17
2R U720 ¥ 4 O# TBT BEIXPELERORIGRO
0.340 ug/g 7 L REWET L, 4 BHOPREEROKT
B#i2iE 0.129 uglg W% 72, < ¥ 4 i TBT iRE DN
Bl & PRIEE BRI I3 Fig. 3-17 WWR L7z & 9 ICEMRE
RICER SR ENTE, RELBREOWHE 25D
&7 TBT OPEEEEH (k) 13 0.034 day™' Tho
7o IREW 4 TBT i S TBT & FBICHRIEERBILE
B 0.247 pglg 6 HHEEBR O TR 0.056 ugl/g

1000E

Total TBT
Y=-0.034X+5.837(r=-0.93)

|

- LBt

H
g | .\:\g
c a
S o x o —
E 0___ -] n
z L I e 9 8
Q L TBT in residue Z """ h‘\---.
8 b Y=-0.017X+4.699 (r=-0.48) o o i
= - TBT in lipid N
@

¥=-0.054X+5.566 (r=-0.94)

[} 10 20 30
Period of Clerance(day})

Fig.3-17. Changes of TBT concentration in lipid, the residual,
and total fraction during the elimination experiment.

WART L7zo iR & HRFEBREIH O BFEROBEE 55
K7z ky 13 0.054 day ™! TH o /2. BEHEM S TBT i3,
FHERICBVWTHERZREORTARD LN Z Do
720 FRIEE S TBT RE & Bk SZEIN I o M O AH B 4R %
—048ThH Y, ZoOWEOMRIHERMEER T
Throlze Lizdto T, FREESTO TBT RS 5
PEIPHETRL, PEsh L ULTHIREERE L
FIhBSWEERING, $7, BEES TBT @ k &
0.054day” ' TH Y, Ri&M5H TBT D k, (0.034 day ")
WCHBLTHL6ERE L, IBEES TBT 28L& 0 #EL
eI hniitshs b0t EIONS,

PiE® X 9 ic TBT IL&W O AAEN TOETIEIREIC
Lo THAKATOBREIE LS RRL I EPHLM,IC
Zoize REWS® TBT &, FEKTHELLTWS
TBT & 5\ RHiIER, 73/ BLBEHEITER,ICHE
ALTCWwABTBT THDH, T/, FREWS TBT X5 3
ZBIIEBIBELTWAS TBT ThbeEzbhb, L
7ehio T, ko labile ZIRETHEAET S TBT %
& - HEl R EORBANTORBIIB W TEERRE LA
FTHIELIREEINS,

= 9

% ¥ A1 & % TBTO ORE#EH % in vivo & TFEH§

5L BRRINOTOFETHY, UTIKENTH X

I %L OF LVHRLIE DN

O =¥ OFE, B, WHREZOEHBEILBITA
TBT, DBT %° MBT 5 X "2 b ORE 25
L7248, TBT of#EY D DBT & MBT i
EB LU TBT Zx§ 52150 & BT
, WA TBT REOPLHEHBETHAIE
BRER L T20

® TBTO ¥ ERS/< 54 HRICB W TREEY
BB UIEE, TFVEICKEEE, 7 ERd
WRFVIVENEBEASK, TFVEOBRILIN
REAEED R L2, 7FVEERRILL -5
WCHEEEL, TFNVEERLSEELEHNL DBT R
MBT ##mH L CERA I E CREBS N HMH
BSOBIEEWR L. 2O T AL BRHHRE
BRIZIEELIEIC L 5 TBT OB L AR TH -
720

® <wF¥AIERL. TBT 2R L BEICHHE LT
WEL7z. TBTO EEMSIC ZRICERS L
BrEHIZ, REBAOTBTHELNICHRES
720 KN TOREERRBIZE » TEBIFRE S
b, SLIIREE GBS TBT 5% - Bt
CBWTEERREZETI 2R L,
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3.5 BYEEERL AR EEYNER

BHRRICAERT 2EWIE, EWICHE - #EOBR,
ThbbEWESELERL, FhoDT iV F—5#EE
LTwh, Lad T, HRICHALLZEEYE I, &
WESHIC L > THRREBEBOENICER SN S, PCBs
HORBBEOBNERERREEYW I TEEEYEHIC X
DEHE SN, BAKERBOEY IZB THIEEICER
ENDBZEPHEENT WS,

BYESRERH L CHEYEIERINDIBHEITE,
ANMEPRERELREKPOFEYEOHE 2 E L-HE
B ERE, b0 AWBMREZ) CITFHTE 2
<, BREBEITAEYBEMHERES, S O EMICHE L TR
&L b. Letto T, BEWHEOEYHESHREH DB
i, AAEPREREOTH - FEMICB W TERE R
HIETH 5D,

BBA AL, BAETHr-OBEYEICERESL
RTWHEERET L7010, kR XD ERICRRE
BT HHEAITH Do KR TIE—BIICHR I K8
HEB LAV HEA XA IR 2 &4 T T
KGR TICHRE L CTiEm iR S o T, KiRIC
WAL 7B A XA, HARH L EEEONED
7o DR FIREDMET L72% D BEERE 3 5 Wt
Bhb, Tz, KRBICHRE L AR AW, KR
CARBTAEAEMICE VERE S, &5, WEEY
A B L CTANEICERAT - BRI ERESh
T,

RERBOHMAE CIRE Lk, KR, KEEWR
TS50 b OBBA LA BRELNEL, ERPA
B2 L LEY O EE ALY~ D17 % PCBs & I - 5
L7z, 72, tREORMPACRE L -SHANEHD
KB & AR LG WIRE L OBRBRE ML, &%
BB L EROWREM: 2 e L7,

FEH LS FHE

1) HEERERE

#K : Fig. 3-18 IR TEREEB ORI MIC BV TRBIEK
BNy, JEBERIENY F— Uk 200D H
WT 100 I A L7z BRKIE, 19944E 8 A, 19954 8
HABLU1996%E 1 AD 3 EfT o720 WKIFEKLARE
WZTEE 72 R ) e 2 AT A4 A & (Whatman GF/C)
TRHWTEBYE L AEKICRG L, ThZhoEs
oW CE X LAY (TBT B LU TPT) & PCBs
rER L

BRE 19954 5 AICEB L - KT BOHBAEICEY
T Fig. 3-18 WR LZ2BHATAIR vy F vy 4
Y —BBRRSET HVTRREZRE Lz, KRBITRERE
R PITELTHE L THIBRK % BrE L 72#12 TBT, TPT B
L U PCBs D4 E T —20°C CTHRERE L2

Fig. 3-18. Position of sampling stations in Tokyo Bay.
@, sediments; O, plankton; &, benthos

TS b OIRE 19965 1 BOAET St. 12 B X
TSL4IZBNTTI 7 b iy b (XX13) Z2Hw
TEBZRBLTRAY N 7907 b UrBBEREL
5 ARHES B (Whatman GF/C) LI L, BHEA
RAb&¥ & PCBs O5HR T —20°C OB THA
BIEL 72 CORRHIE) - TS 07 - OREWTD
B, BT s P ELTEBOIRE—FH, L
7=, W75 v 7 b v & LT Skeletonema, Chaetoceros
B X O Thalassiosira B3BO SNz, LrL, TOEK
DRSNS TS 7 P IZE D HED LR TWz,
EEEYORE  FRBEEM L A19954 5 A 0FAEIC
BWT, St.40 BLUSIBTEAEYWEFREL, X
IX Ty FVIAY—RRBHRCEREREL, KR
1mm BO7 VA LIS A% BAAYREE L
770 DATICRBELRBROEAEY % ED D 720128 E OF
BEMEYEL, COREERBICE, BEDOSEH
LR o ERETFNTN,

2) LREEHRE

BNEORE (19959 HICERL-LRE (ME)
BT ARABCBVTUEREBICL ) REANMEEZRE
L72o SRS E, 72, PR TEIRE O
HEEE Lz BRO SBNEICBWTEREAIA -
Ty FVIAY—HRREHETREL, & 058 L THE
KEBELL. AIX -y F U4 v —HREHTER
ELEREZHEBORELFABIZ Imm HOT VAT
EEEMERE L. SROOANE, KEEMB LY
ERFHET —20°C THWR F CHERE L.

3) ST HE

HEEZ XA . K, ERBX AN ED TBT B &
U TPT O, #heEh, BRA (1987, 1988) @
HiE, RE - BB (1994) OoFEBIUERM (1987,
1988) DFEHEIZHERL TIT - 72 BEWE RO TBT B
L OTPT &, BNEOSMHECHER L TOH L,
NS OSHEETI:, TBT B LU TPT Z2EH il L,
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AT AT NS T T 4 —CREH, Ta A XFHERE
W, MBS LT Sep-Pak 70 Vv T ATH
#1., GC-FPD (Sn 74 V¥ —) EET A LK
MickBLTS

PCBs D947 . Aﬁuk, REWES L UERE (EEE
W rsrr b YRR OPCBsid, BAM (1971) @
FTAHY - BALEERIBIE L= (Tanabe er al. 1987)
124t THIALEE L, Tanabe etal. (1994) @ GC 4H7dc
2k H) GC-ECD # HWTHH Lizce X9 —Vfbd
HTIPCBs & LTRER L7

EROEMERE | KGR MET 570 ER LIERY
WMERIZL, INEBTRELCELLTRBIVI T AL
WCHRT 2 IR REZ BRE L7z, 0.1 N NaOH & T

W% AL oIS, BRI L ER 2 04T R
& L7. HHpFEIX, CHN 22— 4% — (YanacoMT-5)
fﬁ}*ﬁbf:o

R LUEE
1) EREFE ~
HEREBKFBO TBT B TPT EE : 19944 8 H,

19954 8 A B X 0°19964 1 H @ik # TBT 5 X O
TPT #E % Table 3-13 12F L TR Lize %BHAD
TBT #EEIX, 19944F 8 I, 19954 8 A % X 119964
1 BTZNZN 04~14ng/l, 0.5~14ng/l BLU 0.1
~1.1ng/ll Thotzo BEWED TBTIREX, 19944F 8
HT02~1.0ng/l, 19954 8 1 0.1~0.37 ng/l, 1996

Table 3-13. Concentrations of TBT and TPT in filtered seawater and suspended materials

Concentration (ng/l) Concentration (ng/l) Concentration (ng/l)
St No Depth > Percentage of > Percentage of > Percentage of
T m) | pswY SS TBTinSS | psw) = 55 TBTinSS | psw? 5 TBT in SS
(Aug., 1994.) (Aug., 1995.) (Jan., 1996.)
TBT
4 0
10 04 0.3 43
6 0
10 0.7 0.5 42
9 0 0.9 0.3 25 0.6 0.1 14
15 0.7 04 36 0.2 <0.05
11 0
17 0.2 0.9 18
13 0
18 0.8 04 33
23 0 0.6 1.0 63 1.1 0.1 8 0.3 0.2 40
24 1.0 0.6 38 0.5 0.3 38 0.1 <0.05
38 0 14 0.3 18 1.1 0.2 15
27 14 04 22 0.5 0.2 29 0.1 0.1 50
TPT
4 0
10 | <0.1 <0.1
6 0
10 | <o0.1 <0.1
9 0 0.16 0.08 33 0.11 <0.05
15 0.20 <0.05 016 <0.05
11 0
17 | <0.1 <0.1
13 0
18 | <0.1 <0.1
23 0 | <01 <0.1 0.17 0.24 59 0.07 <0.05
24 | <01 <0.1 0.09 <0.05 <0.05 <0.05
38 0 0.22 <0.05 023 - <0.05
27 | <0.1 <0.1 0.08 <0.05 <0.05 <0.05

D filtered seawater, 2 suspended materials
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#1 A7<0.05~0.23 ng/l TH o7z, REERE TBT O
KD TBT (BEB L UCERERE) THOLEE1E 0~63%
DHWEANTRESEE TS, TOEHE, BKD
TBT &%, RAEKBOHED S VIEERE L KBOKE
OMEZEVCHET LD OTELd o7,

BIREHAKO TPT B % Table 3-13 (2&b¥TRL
720 19944F 8 H OFAE T TPT AWM L 72K
EW 1] EDhhotlzdlc, AlEERE L VEED D
BRI T RTHRHEBRUTCH o7z 19954 8 B &
U'19964E 1 B ORAETIE, »:8#KO TPT EEIX, £
nZh, 0.08~0.22ng/l B L T<0.05~023ng/l ThHo
7oo —7, BEBEWHOBEEIX, 19954 8 AT<0.05~
0.24 ng/l, 19964F 1 B T<0.05 ng/l TH o720 HAKD
TPT B3 TBT BEICHB L THEL, # 1/10TH -
720

AR BEWED TBT BL U TPT EE X, RE
LEBCHELZEZREZIRDOO WL, /2, BENLE
BLELL P ol
RRARKFPCBs izE | HEED 3 HOREICBIT 5
KD PCBs i % Table 3-14 (2R L7z, HEEA M
KD PCBs # X, 19944E 8 AT 0.16~0.53 ng/l,
19954 8 A T0.13~0.33 ng/l, 19964 1 § T 0.13~
0.24 ng/l TH o720 BEWED PCBs EIZ, 1, 235
LT3 EORABICBNT, FEFh, 0.10~0.25 ng/l,
0.09~0.17 ng/l B L 0.06~0.10 ng/l TH o720 TH
LD, REKEEBKTELVWERIROOIE
o fz. SEERE PCBs OfKH PCBs IZBWTHD5H]
FR1T~61%DM ez RELEH Lz oG, BB

H

A ZACEW DA L RRRIC, KIZ, KED D idigKS
PCBs BE 2 SRR CEH L,
HEREERESRD TBT, TPT £ LU PCBs iBE | &
EROEMER XA & PCBs B D54 % Fig. 3-19
ISR L7zo JEIRH D TBT A, 0.05~0.25 ug/g O
FThbh, LENO, FEBENECARERMEISRED
BV KEAED 5z, TPT #EE X 0.002~0.029 ug/g
DHEFATH Y, TBT ICHBET L 14— —Kdo
720 TPT OB VAL, HEB X UHEEBOWED
BOBHAKIBOBRREETH o720

FEBERO PCBs MEE, 0.05~0.34 uglg %
ZEHL, HEHEFIETMNEOBOMEESE L - FEH
MEDOKBTED - 720

HEEBEOERED CBLUN BEIX, £hEh 12.0~
342 mglg BE U 1.5~43 mglg THo72o ZNHDI)
fitd, Fig.3-201RL72E912, BORRETHL, &
WCHRAD BV IZTEBN TH R S N7z B B 23 B 7 R g
DI - WETAILPHLPTH D, L2
L, EWA (LAY PCBs D% EHAREOHEWED
SAFFCR N TRESKIABY L IIRLY, HEA
ZALE Y% PCBs IIPEABUEEICHRE L TWb Z & 25R
BRI,
WRETSS7 b EBSHO TBT, TPT & & U PCBs
B TPT WEEE® 28l (St 12 8X1U40) T
BELLTI V7 b rBBIZBWTRB S e d o7,
TBT BEiE, 128 XU400HBAAIZBVTWwIhd
0.004 pg/g wet wt TH o7z EBL72L 31, ERED
KB A BEAKS TBT BEH» 09ng/l THAEDT, TI

Table 3-14. Concentrations of ZPCBs in filtered seawater and suspended materials

Concentration (ng/l) Concentration (ng/l) Concentration (ng/l)
St. No Depth > Percentage of > Percentage of > Percentage of
U @ |pswe | SS SPCBsin SS | psw? = 53 SPCBsin SS | psw? _ 55 SPCBs in SS
(Aug., 1994.) (Aug., 1995.) (Jan., 1996.)
4 0
10 | 0.26 0.12 32
6 0
10 | 0.16 0.25 61
9 0 0.19 0.13 41 0.13 0.06 32
15 0.13 0.17 57 0.16 0.08 33
11 0
17 0.29 0.11 28
13 0
18 0.16 0.10 38
23 0 0.20 0.11 34 0.19 0.12 39 0.16 0.07 30
24 | 0.53 0.11 17 0.28 0.16 36 0.24 0.07 23
38 0 _ 0.18 0.13 42 0.17 0.09 35
27 0.48 0.12 20 0.33 0.09 21 0.17 0.10 37

Y filtered seawater, > suspended materials
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TBT( 1 g/8)

TPTC 1 g/8)

L PCBs( 1 g/8)

Fig. 3-19. Distributions of TBT, TPT and ZPCBs in sediments
of Tokyo Bay.

C (mg/g)

Tokyo

N (ng/g)

Fig. 3-20. Distributions of carbon and nitorgen in sediments of
Tokyo Bay.

Y X B AEMRERE BCF: 77V b ik
B/ 5 BRI O ) 134400CTH Y, W T T v
b U EEEEERIC L A BCF (Maguire et al. 1984) & #iia
—H§AHETH o7

W7o > 7 b 88O PCBs B, St.12T0.9
ng/g wet wt, St.40 T 1.3 ng/g wet wt TdH 572, HHEHE
KB O 5 &K+ PCBs i EOFHEIZ 0.17 ng/l L3R
wmah, 97 2k 5 PCBs @ BCF 125,000~
8000 RETHZLATE S,

UEDERDS, TBT DEKPLT T V7 b UyAD
BHEIX PCBs I T B2 /NS VW EDPHL P TH bo
RREEEEHO TBT, TPT LU PCBs 2K . £F
e EOBEORALY ORI S NS EREEYRE (U
BEEAWES)) OERAXEYE PCBs BE%
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Table 3-15. Concentration and bioaccumulation factor of TBT, TPT and ZPCBs in
polychaete collected in Tokyo Bay

Chemical St Concentration Concentration Bioaccumulation
® No in sediments in polychaete factor®
Organotin (ug/g dry wt)  (uglg wet wt) (ug/g dry wt)*
TBT 40 0.079 0.018 0.090 1.14
53 0.047 0.028 0.140 2.98
TPT (pg/gdry wt)  (ug/g wet wt) (ug/g dry wo)
40 0.007 0.006 0.030 4.29
53 0.003 0.010 0.050 16.67
ZPCBs (ng/g dry wt) (ng/g wet wt) (ng/g dry wt)
40 24.4 166.5 6.82
53 5.6 75.0 13.39

* Concentrations were determined on a dry-weight basis by correcting water content
of the polychaete (80%) reported by Tamai (1989).
® Bioaccumulation factors were calculated as a ratio of concentration in polychaete to

that in sediments.

Table 3-15 IZ/R U720 TBT, TPT 3 X U° PCBs H3EALE
Wh s Eh, FOBEIZ, Fheh, 0.018~0.028
ugl/g wet wt, 0.006~0.010 ug/g wet wt 3 X T¥ 0.015~
0.033 ug/g wet wt TH o7z, T DEEAY DK % EFHF
(1989) 12LD80% LR L CHBERBBEICHAT S
L, JEEAEYWE TBT (0.090~0.140 pg/g), TPT
(0.030~0.050 ug/g) 3 X U°PCBs (0.075~0.167 uglg)
DRI, EIROEE (TBT: 0.047~0.079 ug/g, TPT:
0.003~0.007 pg/g, PCBs: 0.006~0.024 uglg) I HL#R
LCEd» o7, JERIREICHE T 5 BMARE (YR
EIRKREHREOL) 2XRH 2L, BWAKIE, TBT T
1.1~3.0, TPT T1.3~16.7, PCBs T6.8~13.4T» 1,
Z ORHEREOL Tamai (1994) 254V TH A OFEHE
B 3RO 72 MR (TBT: 2.8, TPT: 5.7) 2V A
Thole Thbh, KEEPIRROEEWHE LAY
BHEY A%, TBT i3 PCBs (ZLUER U C A Wpiin & Ui
b DD TPT 12 PCBs & MBREDEMRMEE LRSI &
BHLPTH o7z

2) tRERE

LEEANEFO TBT 5 LU TPT BE | tEREBEOR
ETHRESNEELEY (EL LTEEH), PRHE
(UryaBlULEH) LKA Ny F572 27,
Ya¥zx, NEEBLUFeA X)) © TBT BL U TPT
REL LRBEOHEEEYEEMEE L OBEE Fig. 3-21
IR L7ze ZEB8D TBT #E X 86.0 ng/g dry wt TH
D, EJEDO TBT BREICHB L CI0E&E» o7, LI
o T, KIRD TBT PSRAEWICBIT TSI EHS
PTHolze KD TBT BEICN T 55 FEHD TBT
REDL, $72bb, BMARE, REBICHELTK
Epolze TOFREKEE LT, KEEBLLRETEEED
TEEPRLDE, 72, LEBOKRO TBT #E)S

HEBICHE L TS W DIBRREIERERE T
Lz LNG, LREBOERE I CKREEY» S
TPT i3l E v O T TPT O IRAEY~OBRMFEFRE
FIWT LI LI TELRDP 0T,

FBREoy vy 2B LYo TBT @R, #he
., 23.0ng/gdry wt B KT 36.4 ng/g dry wt ThH o726
—7%, HEOTBTEREX, N¥ &5 XX T750ng/g
dry wt, > T¥ A T164.8 ng/gdry wt, /NEFE T13.0ng/
gdry wt, &4 5¥T67.0ng/gdry wt THo7zo SR L
L CREAYZ BT 2 HESKEWAEIZE TBT i#
ERBWEITH o 7243, EYORBERE L TBT RE
& DBRIZIARET Do 720

TPT i, #Ek, KR, EAEWS XU UHE TR
ENGhold, YrI T 128 ng/gdry wt TH D,
T/, NFFZFRRAY, YaF¥A, NEEBIUTeA T
¥o TPT EEX, #hEFh, 2249, 3252, 99.0 B &
UF 84.2 ngfg dry wt TdH o 72 TBT & FIBRICEE DS EA
AENRTET 2HEPREVAEIZE TPT REFE W
ARTHY, T/, KERBOBVWAEIZEZORED
BWHEETH o 7

Stab et al. (1996) &, TSV FDIT 2 XE A V¥ —
BT B EARBFICB W TEYEHHE L TBT B &
O TPT 5 & ORRZ AT L7z TBT T, EL4AY
B OFHENBER, B8WS5>7 M T 610ng/,
NE A A f T 886 nglg, KTV A T 442 ng/g, KET
27 ng/g THY, REBEREN LMICHRHEANRESR
{ BAEMERD SN Prolb ), LaL, TPTT
&, BW 75 v T 407 nglg, NEIAEH T 994
ng/g, KIMAEHT 1,363 ng/g, KBET2.242ng/g TH
D, TBT &3S ITRBRRED L35 & ANIRED S
K BBENPRD BN, Tz, MRNORBAER
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Flounder Cod
Sole B PR
...... 1
—— Sand — - Slimy
. borer Goby soapy
Flathead TBT: 164.8 TBT: 13.0 TBT: 67.0
TBT: 75.0 TPT: 325.2 TPT: 99.0 TPT: 84.2
TPT:224.9 , e |
— : ;
[ RS AR (RN o H
> : :
2 T '
Q R U 3
= antis _ :
2 shrimp Crab Shrimp
& TBT: 23 TBT:36. 4 :
TPT: 128 TPT:nd H
..................................... i.............-;
Polychaeta Mysid Amphipod
TBT: 86.0
TPT: ~—
Sediments
TBT: 9. 6
TPT: nd

Fig. 3-21. TBT and TPT concentration in several fish species of different trophic level.

(perch) L/NEIAEA (ruffe) TiX, RE (GFlH) o
IMCENT TPTREVSEL ZoThY, 2R
EMIZh72o T TPT PFEPNICER I LT HRED
REWT EPRBENT,

3- 104 YEFEOREIC L 2ERBOETHRR L S I,
TPT LA DBREAIP S OB B L -EEN 2 ER
(BCF) &, TBT {bAWICHB L THAE v, 33075
A BERAXEYOROTERFEOETHERZ LS
i, TPT LAY OPEMRIEEIE 0.020day ' TH Y,
TBT Ab&WICHBE L T/hEH o7z TbDH TPT L&
Wik TBT ALAWICHE L CHEE S hiE L, L7zdo
T, REIENICHz > TARBENE 25 Z EAVRIBE
hb, —F, TPTALEWDO< ¥ 412 X B RBIEMHARR
(0.57) RTBTILAMDZEh (0.26~0.38) IZHEK LT
KEH oz, LdE-7T, TPT L&t TBT {L&WIZ

WL CEROMICER IV EBHLNLTHY, F
72, RELIE) 72 A iEBE AR A O IR SRR & 0
HMWCEETH LI EFREEINE, PLLo< 511
I ROBHOMEER>SDHS» R L 512, TPTIL
AYix TBTALAWIC LB L TER I B L, ks
Hnizoiz, 3512, TPT{LEMOAEMEECB VT’
O 7RSS EETH 572012, TPTILAWIZ &y
B LU TEHRARERBEOEMICERIND Z L MRS
N5,

= )

ARETIE, FHERICL Y RD O NIRTRIERE R
EirbHEESNDL EYHEH 2B L7 TBT LU TPT AL
EMORAT - EWMTRIEL L CLREOHMATHR
THERR T A L& BME Lize UTIZERHTH LI,
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EBRHEREIFTHEOFH L ARSI/ LN,

®© EEESI77 P ABFOTBT BLUTPT i#
FEix, 0.004 ug/g wetwt THolzo IV v
12 & % TBT DAEWRMAAIIT4400L FHHE SN
W77 Yo b yERERTKRD: BCF & 4 —
F—rLT—%L7%,

@ WEEEBEOEESYIZIZ TBT B X O TPT 2R &
h, ZoOREIE, #hEn, 0.018~0.028 ug/g
wet wt 3B & UF 0.006~0.010 ug/g wet wt TdH o
720 E72, JEAELEYO PCBs 1, 0.015~0.033
uglg wet wt Td o 7o ALY DK E80% &
R L CREBERREICHREL, CRERORE
THERBEICH T 2 BMAE (AEYHIRE KR
mEEOL) RO b L, EREAHE, TBT T
1.1~3.0, TPT T 1.3~16.7, PCBs T 6.8~13.4
THolze TBT BL U TPT MR EIEZ A v T
H A DEREERD SR - imMEEE (TBT: 2.8,
TPT: 5.7) \GHEWETH 72, Thbb, KAEE
WiZERF ® TBT, TPT 3 &£ U° PCBs % £Wii
WL, EMENCERT LI EFHONTH 72

® LtRECHEIN-ZFHEANES TBT BL T
TPT & 2 AN O RKERIECIX 5 LTHET 5
&, TBT REIIRBEEO LA TEA %
LW, TPTREIRERBOBVANETE
WHHIAITH D, TPT X&YW EEHE % & U CTEYIRAG
ENB I EWREBE NI,

3.6 ABICLIZFAMIIENOEE - KHd LU
ISR 3R

TBT 8 X U TPT {b & oA IC L 5 BCF 12k
AKATHEENEIRELTREVHBTHY, 85
KRB IVEEOE D - Z0EFfICL 5 BCF
DEE, BUAAREHREOMAMEIC L 2R IREL, Pt
HEOBWHAIETBCF 2SK& L R AEMTHAHZ LA
RO R D072, EWIRMERBRONEN 2 BA
IZRE L7 ¥ 4 IE I TBT B & S TPT L& %
R/ L, BCF X TBT T10%, %72, TPTT5X10° DL
NV THolze ¥ A412L 5B BCF &, BAET TICHlE
ENTAPFT L BHBA XA D BCF OF TR K
EVWETH o720 L72H T, 1 HEABRE (ADD
5 BCF 2 WA KERBELBEOHEEIIBNT, <5
4 TWEL7 BCF 2 H VAT KEEELEL X DR
YA FCEFMiT56 2 LWL b EEZ LN,
TBTO ® BCF &4 TBT /b &#WICHE L TR E W
A%, TBTO L@ TBT B & U TPT L& BCF %5
T (Sn AT HRA 4V OMENELS) 2Xo
TE L eh oo 2D EIZ, Laughlinetal. (1986b)
WX THEBINS LI TBTEWITHET B4

H

F BB E L, BARPTIE TBTC 2 &o@ L7
SFRICERSNRICABICLI VMY AEhb0L
Bbhsb,

TBT % TPT 1b&#® BCFE i, Pow O X 9 &{LEW
O IZEESESRWE SRR, £ ORBEAR
L& DR D X 512 BCF # Pow 2 SHEETE R
WZ EFbh ol ZOZ X, &L OREEOAERL
2B DK PTHT L LTEET H0IZx L TBT
TPT L& D—ER5E TBT H B Wid TPTY 1 4 & L
THAKICHBET A0, Y AHEEIPCBsD & H
WK THTE LTERETAMELIZR R ENER
bNhb. —F, AERTOFEREL I, FRAZL
EWTHEEYBEONRH - PRICHEFR T 28HK T P o—
2 PASO DiEHEE T A Z 4%, 9 v b+ (Rosenberg
ef al. 1980) % f3E (Bruschweiler ef al. 1996) %
REBRTHIESRTWS, L7245 T, PCBs #EMN
HRABZ 2 HET LKL, AEA L EWITEDR
WRERTHEL, CORH - Pzt 2 2 LA9R
Bahs,

2 ¥ A FOREIE VY, L7 TBTO %
B PR L 22 BRI T bR, WA THRES L
TWAHDEFRBRICTFVEEKBILL 2RI TF VEL
BT AR TR EINE 2 L 2 BEATERTHO T
FERL72e 7F VEIKBIL S N/2Z O HABY R
EHIEBLE N TF VR PERAVER I NVES
BAShPEAEEYSBRE Sz, 2ho oA
FHOABECRITTERPHEREITIIZE A CHHS
htwil, 4%, B L2 de o WwEELRE
Thbo

FENIC L B8 - PEbE, AR TBTALEWDFE
FERBICKRE CAKRET S Z EH S0 TH o720 Bligh
and Dyer $£12 & 2 JREHMIMRE IS 5 & 9 ki
MARATHAIHEAS~NOER, H5VIdPEREIHERIE
oz BREHME (1996) %, AEOE R CEMAKICLIL
BIYEREIC TBT BPHEET L2 L 2@ LT A,
AEATOEERBORREEN NS OLYIRMRICHE
BHS 52 EDHLPIC R o7,

RO AY RN CET A MBRUTO L) CEHT
&5,

O HBAXEWIZEKF THIMITA & L7

RECTHEETAEILIZFEZONDDT, L ®
BCF & Pow @ & 9 2 CIEEHET & & v
@ ARCTREAELRSIZHMEICESLTEL, &
NOREZITAH - s h kv,
® FWAXLEWENBEPEHER XL % AR
T 5 EYHRRREE IR L, 5 - PRk
ELT 5,
INBOERIMEDL S o THEEL, FHEA SO
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YRS, ARERRILEWIIREENS X LA
HEACZYWE DL L IZB R VRN TH LI LM
KB TH S ko T2,

FIHIZAMA LAY ROMCIERL, BRELE
i 2 A b o SRR IO 2 ROBEOF 5%
RFFEORBREN T TIRIWI/4TH o720 BMFiZ, TBT
L& T0.26~0.38, TPT LAW TO.57CTH o7z, #O
4 TiE, TBT % TPTALAMDILFIEREIC X o T BMF
WEAL U o720 B E N7z TBT % TPT {L&W 1L
STREDS, HALED L OWINOFNICHLENOHELE
(B®) 12X hzfeL, PIZE TBTCLICER I NG 120
I L 7-{bF R & BMF OMICIZBEEEIZD S
BubDEEZONL, AKRICBIT 554 R Pkt #EE
i, BEEDH 5 VIEROOERERERE & IZHRE L, AKA
TRBRICESED & E BRI ERE L PICR o72,

BMF A E~OBREEOMRKED S TPT LEW DTTAS
TBT LA L W EOWICER I NPT, £/, Y
WA B L-ERMEE SN L, EREOBLULER
OBMAEDOKE RS, S, TPT IZEAWEPHZEL CERS
NAEETAD LN, EBRNTF—-FI2X 5 FHEHERT
LIENTER, 25, BALEYDO TBT 5 Wik
TPT #ERE, EKETOFNL DEEICHBELTHEL, &
Y OB TS N E”ET O TBT B LT
TPT ZEA LY R ICEE SN, KES TBT B LU TPT
PEYEMEETEL TERB T EF/HEREINS, 1
BB AW EBHICBWTHLNC ko2 LD
12, EIRICHA LEBRA LA ERICHERL, &
RTOMRERENT VD ICRHRBRET A L EZ
bNb, Tihbh, KPREISMET LHETDIKREFR
EABWI b EZ LN, KRKEEY—REOEY
SEETOROMBT - BRIC X Y AEA L&YW OWE
AFERIC TS HESRIET 5 & LSRR R A
BIREEND, LdioT, BEHROEEAXLEHD
HRREOME & G 0% LS, BLEPMERED LD
BHABRL7-2BICBW TR EELRFRETH A I,

FA4E B & £ B

HEWMEOARBC X AW & O 2 58T, FR
HELTUTRRLEAEIEENLTWEEEZLN
B,

@D B ARRRH - PRk ORHE, EWENTOFE
R, S4B X O IRAE E OME 7 SR

TR
@ EWESEEL BT - FRBROTW R LARK
b2 B BT DG '

® A& UTRERKERY DA 2RI 5385
DOREHEOT N, LRMHES L CRERFN
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1. BEILEPOETEIC & 3 EMEROES

B ZALEWoEIEC X 5 Ak, OBCF #*
Pow 2» 5 DEEMIZHB L TH L K&V, OFELERE
FEHEH Pow I X AHEMICHELTELIAEV, B
EREA AW AENBEEIIRECER L. @F
WA ZBE B EABICREA L THET 5, 2Lh S
COBTHEBEREREWEER R LI EFHLRT
Hole TOREE LT, OEKTHERAXLEWIE—
WaA A+ & LTHEALET S (Laughlin et al. 1986b) 7:
DIZHY AL EEGIRE 5. @ AN THERICH S HE
LCRE - BE S N7 WIRBCHAET 5. O AHAX
LA IZRWAB REEE (P450) oFEHEZIHL, #
NHAEORH - Pt 2 HE TS, TR EPERILRN,
AERILAYOEDBERE IFRERRMLEY D2
NEBERZBLIEFESPICh o2 58, TIVEILE
L&z &% L DERERILEWIC L 5 EWER 2T
L, 7uFIVEbEY L GRA ZLEW & OEWERED
HOMPERABETAILICLY, AREBILEHD
AR ORE RS & BRI A LB D B

EYEEAROBRERZZNLORENTOHMICD
S5, A AMLEWEEUT 2 EBERILLED D
A F VKD Y iEME IZMatida et al. (1971) 12X DB
IN, AFVKPOERBE X, FiE G0ug/y, I
i (23 pgle), W (16 pug/g), AW (13 uglg), FRE
(8.8 uglg) DIHICEWZ L HE SNz, Tbb, *
FVKBREROTEL TN IIERTH Y, FOLBAHIE
BT LA IRERE R L2 L, HRICDILENE
BEOEEIRD bNize A FIVKERO AL GIEE I,
AR ER DR BITREE (BB & ORI IR B (B R
ENb,) WEHNT A E@MESNTEBY, AFLK
SoOEYERFTIE, ELB L L CORMmFEH < R
ENTWwBEEZLNE, Ll LIzABRA XILAW DR
RS A FVARBIGEL, ZOEYRETIEISEREN
GHBLEDLETTCRTIEPHL,ATH B,

Doz &hsd, INOAEHALEWDOIY AAR R
CHE R BT R AERCBV TG T E LTRAE
) PCBs IR BEINDGLEM L IRARY, ZORHM
BREDBRAK O E (Pow) DATEKELZVWEEZAR
W TS 5 Z LB TETZ,

2. BYpEHERL-BEOREME

TBT B3 & O TPT LS OROEBERICBNTO
TPT B X U TBT ® BMF »#llg &h, #h®h, 0.57
B L 1U0.29~038THh o 2o QFHEA XA D BMF
& PCBs ®1.70 (IUH 1996) 2§ 5 L/h& v, &
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EDEIFFRICBVTHS »IC ko 72,

BRRA ZXALEYW D BMF 7% EoRIBRESFE»S, A
A ZMbEYIE PCBs ICB L CRWEHZBH L THE
WSS NBEREIINIVWEZZ LN B, BEAX
L&Y clbd 5 & TBT X b TPT TEYLESEEHO A
WigfESERENS, REEBIUCLRBOHMHARL
T, JEIRD TBT KO TPT i3 HRBY & oA LW
17 - BB THZEHREEEN, ZOBMEIX TPT TK
EVWZEBHLPTH T, T, BWESEEHERT S
BN TBT BEL, REER L OREENRWZE
Nidrozds, TPT BERANMEOREREO LAIC
Mo THL R AERTH D, TPT IZAYESIEH TER
ENBZEPRBENT, Lizdo T, AEATERT
BESN-Z L SRBABICBVORR SN, WEER
W& AROBMHEEOMEIC X h EYEEICB I A EE
WHORE % PR TE B2 EIVRIEE N,

3. KEBREOGFREEE

FARALLEYMD 1 BFAERE (ADD) %%, TBTO
oW TIIREEELEEYEM, £/ TPT 2oV
& WHO KU FAO 2’ T 5, £ HDfEiE TBTO
T 1.6 ug/kg/day, TPT T 0.5 ug/kg/day Td %, ADI D
bb FOREEELZTIHE S X2 WANMEOFFIRERHEK
PEHRBERRIUC LK > THERADFEYKRE, ANE
DOERELEDREREO T 2HWTHESN S,

o ADI (ug/kg/day) X 5% (kg)
BRI (uglg) = 4-1)
' R el = oS @D |

BRI (ug/e)
HE P BRI (ugfl) —— o 2 LR (4-2)
BCF (l/kg)

BNETFBRED D ARTHRREOREIIBNWT—
IR IR (BCP) MERINhT&L, LA
L, AR THL P R0k ) ICABEIZAEA X(LE
WEREE L ORONICERT 22 LBHLATHY,
BARFEREOHETIE BCF X 0 3EMEMIMREE
(BAF) #MHTAZELNRYUTHEHLEELZLNS,

AR5 TR S h7z TBT AL&% @ BCF (10%) B &
U"BMF (0.4) ZF\v, 49O BCF 3 10°LKET 5
&, Ko TBT RED a Off, TBT LEWOMAIEIZL S
BAF & FROFHERITRT £ 912140008 HE S h 5,

PEERIRAR IS & B AARIREE KRB X BCF,
10000 X a=10000a
RETIRAR 1C & B AR | SR XBMF,
10000a X 0.4=4000a
AW EREAREL ¢ (RIIURANE +HARTIR) K iR
= (10000a-+4000a) "a=14000

&1z, TPT {b&%®» BCF (5%X10°) B X ¥ BMF

i

(0.6) v, #AEYO BCF 5X10°LRET 5 L,
TPT L& OREIEIC L % BAF 138000 A S h 5,

v ASEICT B AR XMEEW D& THIRAFITHR
L, &% 50kg, 1 A% 0 0AMEOENEZ 90 g
EIREL, BCFoRbhickimcRE L/ BAF 2 v
% &, TBT 8L U TPTALEMOWKFHERER, €
NZEN64ng/l BXU 35ng/l LEHEENS, T2 THRE
L72Z 2 CREYEHEHDOBHEOM SIS I Ty
A, R OMITRIRRE D ER L T\ B 7201
BCF z HHWTRE T2 LV IBEORVAATH S &
Zzbh5b,

BHEAZCEWOKBARRIC LT TR, £RR
T D EEOKELEW % VTS L ORFSEEIZL -
THEBEEZENMUE D > K SN, Osada er al.
(1993) 3833 5 X 512, R X(LEWDKELEY
WX B BRI IR L TR OB RS Tl
HAE L, BARBT2EATH L. FRAXLED D
ARAEYNIRTT B HE 4 OFBO T CRICRERN CHEL
B4, FEEEBH O, A K= RV VHA)
I S N5 imposex (=R R E % & O HEMEAFE
REPMIOER S N, EIRAEICHS —EDRER) Th
%o YO - WK (1992) B XU Horiguchi ef al. (1994)
12X 0 ERAENC BT B imposex DFEHARIAFERIZHF T
&N, F72, Bryanetal (1987, 1988) L5 —HED
BFgeiz &, ko TBT S 2ng/l THEINLZ
ERBEENTWE, IO OREEYEBEOMER
Table4-1 D& HICT DL 5B,

ZH D imposex # R &, KELEWEEIZ, TBT &
# 10 ng/l DT TiRAEDSNT, TBT BE 10 ng/l iK
HEY ORED 72D DWHRESHREOHEED 1 > TH
BEEZOND, —F, A HEERRRORELHNY
ETBHEE L EEED TBT & 1~2 ng/l % IS5

REOBEMEL LTRET HLENFD L,

TPT AL & DKL T $ 2 BE O, TBT
IEAEMICHB L TZ LV, BB 5 AR BN E
PERERO B TIE, TPT MK 0.14~0.22 pg/l THRIAD
REOHIHFIAHRD SN2A, T OHEE TBT OAHEN
DOHEAMD 5V IZBHEERE (0.1~3.0ug/) &L
WERZED LN ho7 UM - EK 1992), TPT
{b&WDd TBTALAWRMRICHBELEOBRIIH LT
imposex ZFE T 5 Z &A%, O (1992) X DHERR
Nize L7283 TC, DLORRENS, KEEYORED
BlED ORE L7284, TPTLAWoESsiEEEn
EEIE TBTALEW E RO LNV THRW T LATRE &
N5bo

IR L72E) CBEROZEEOBES S TBT BLU
TPT {LAW DHEKPFEAIREE, Th2h 64ng/l B &
U35ng/l LREENDLD, T OBREITKREEY OMEE
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Table 4-1. Hazardous effects caused by various TBT con-
centrations

Concentration

of TBT (ng/l) Effects on aquatic organisms

2 Threshold concentration to induce imposex
in several kinds of snails such as Nucella
lapillus and Thais clavigera etc.

No effect is expected in other aquatic organ-
isms. :

5 Imposex is observed in most of snails.
May exceed the no observed effect concen-
tration (NOEC) for some sensitive zooplank-
ton, if the NOEC is assumed to be 1/100 of
LC50.

10 Exceed the NOEC for sensitive zooplankton
such as Acartia and Mysidopsis, but believed
to be NOEC for many kind of zooplankton.
Believed to be NOEC on sensitive fish such
as guppy.

20 Exceed the NOEC for most of zooplankton.
Hazardous effects are observed on sensitive
aquatic animals such as juvenile fish and
crustacea.

Chronic effects such as inhibition of ovary
formation are observed on oysters.

50 Sub-acute effects such as a decrease of O,
consumption and feeding rate are observed in
oyster.

Believed to be NOEC for animals such as
polychaetes and fish.

100 Exceed the NOEC for most of fish, polycha-
etes and mussels.
Various hazardous effects such as supression
of growth are observed in fish and juvenile
oyster.
Twelve day exposure is motal to oyster.

DEED SR S N7 RSB AR O BEEICIEB L T
BfERkE v, Thbb, 10 ng] OWESIREEREIHER S
iz, ANEOEBRZEBL CAOERICEEL RITT
RIS v,

BEITIC X AEEOKREREDORE (BET 1996) T
12, RAEREIRIEAD TBT BEEIX<3~25ng/l T
v, %< OHET2ng/l OWEERELIED BERE % B
ZBHKEHEE RO,

—%, BEBIBEEOMEAD TPT BEE, 1995F0
FE (BT 1996) TIXEERAD Sng/l T Tho
720 10 ng/l OUEHRFFFEHED BRMEILER L TV A2,
WMHEBRRD S5ngl DFE=5 ) Y TREOGIETIE 2
ng/l DEEEER L TR E0E) PAWTH 5,

81 BTl X ) AR TBT IR, AARE
W 0.1~5.8 ng/l, LRI TIZ r~0.8 ng/l B &

U R R BRAMEKR T tr~04 ng/l LIEEEIN/Ze ZRHD
EEIIMREEREEEO HEELER L TWEH I &
Eﬂ 5 VPVC‘\% 277

4. FHHEIX{LEWBEENRICHT IRE

TBT B £ O TPT {b&Wix, Zo8E, #MAILTICMHE
A MEEWEOEED L CHELOHBICHE T 5
B CBWTHRBISR, S5 I0RKBE BB 2
EARBBREICESEHMNT A X 2EHIZER IR TE
oo Lzd¥oC, MEERBORBEIIRBIET LTS
b LM ENG,

B DS B0 R0 KBS Tk o TBT % TPT b4
Wi a e Lz, WK TBT B, 1988445
19924EOBICRENETRRDOONT, L LAKRET
X DWEH1991B L 1992 121k o TW A
M TdHolze HEAKH TPT BB, ABKE TIE19904ELL
Me, %72, HEEETIX19904E B L UT19924F 1 3k &
T, BEMICREIET LTWREMIFD S,
%L D<) —FPHT B MBBE BT S HEKRF TBT
HEEIE, Fig 1-26 \R L7z &) REBA LE&HEBROM
FICHBNZ > TREMICREIETLTE 2, L
L, <Y —FOEHEOIMEBROBBNTTIX, 1993FE
ZOHEAKT TBT BEFIX19924E ORI HOEE & K& %
BEWAED SNT, #KT TBT BEOK T IEFREP
P RoTWAIEPHBENS, T4bb, BHEAX
L&MW OBADOMARSI T, #Kkh TBT #EDOZR
UEDETHIHGTCELWI EARIBEINS,

PR (1996) 12X BIEEDbIEIRERIZBIT 5%
H® imposex DHEFERBIIAE T, imposex DFEEERR
B, 1990EDE A XA O ORI B &
N EIZ LA LB O W ERHE ST 5,
ZORERERIE, #KF O TBT 2 TPT LA WIREEA K
FEIET U CHEBEBRBIIES Lzs, #AKkd TBT
BIEN, BIBRAEHO imposex 251 &2 2 ng/l
R HAKBHWE - e B L UHBEBEE LIRS
Wb EERET 5,

BATOAEEA ZLEWOMBRENE, HEROBEEN
HiEGE (B 20E, BEe< Y —FEBiE) OXKED
WHBIIISREELTE, L2, B 1ETHRRL
X 912 TBT ALAWAS, & H 5 IZFERD S SR
BENBHEIENLIWALPE LI, FOHFRITHMIRIIC
DILKLTWES, Thbb, WEHOBERE S HICHE
L, SOICHIERETOFEREILT 220101, Flz
iE, AEESATIINC DRSS 2 2 Y, BN 2T
RADD LICHIT OB 28T 2 LEN D 5,

WEEE TOMRICB W CTENICAEMN STz TBT /L&
MORBS%HERICHERT 4 LBESh, £, E
8o TBT i&E 1xiEAH TBT IBED10>~10ETH -
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720 JEIRICHERR L2 TBT &, MIBRAKICTHEL LB
RIBRK & ECIRIE LK DB & BIERRIC & o TERY
SEBHL, X5ITKEAEYICHEEL RITTZ EAFHEE
Ehd, LaL, MEEOKRHEEKTIE MBT 8L
DBT BESSVOICH L, TBT BEIX 50ng/l LT T
KEBAD TBT BECHKL CTEro/, Lo T,
EEJRD 5 D NH,-N O#H (Yamada and Kayama 1987)
G ECED LN AKEHBAKE &L 2H#BUIC L 5 TBT
DEWMOTEERIZP B WEEZ NS,

=7, KRICHBEL-EEWEIL, ERCERTHE
EEYIZL > TERSR, BBOEWIZL > THESN
HEWEGEIZE 0TI AR EORBAL EERREE
BEDEMIRBAT - MM SN D, Irie (1994) ZKEED
RAEAEYROKEIREZ M E L, KEREAEYOEL
ARBICEEL, RAEAYEEHET L REERIIEVAR
HOERBR (T4 A) TRIBWI LEHEEL,
Tamai (1994) &, KELW A Y TH A Perinereis
nuntia var. vallata % Fl\W7=2 8 HF EZB% T\, KRP
TBT B L U TPTALEW D A v T 4 ~DHEY i % i
RL7, ERICHERE XN SPCBs (Fowler ef al. 1978;
Clark et al. 1986; McLeese et al. 1980; Tatem 1989) %
ZRIEELEY (Weston 1990) 1, EEAY, %
2, REGHBYEROLEHL LTIV EREINLZ
EPWMEENT VS, Thbh, EROFEWENEY
WA BLUTHERT LIRS, ERFEEY
BOHBERRIC B EDBIR SIS,

CDEHIT, KRIF 2 RWLBERFICED, S5IC%
DOFBREYMEERT A 2 LBEI L2, AR
HUBRBRLANFTHRRE, OREREEELRET
HFE: (ILH 1994) ZRART S L LD EROREE
RN T A LVESBROEELRFETH S T L AR
ROBEPLIRWETE 5,

& 3

ARHGE % D B 72 o TR 2 5 THE L BY) 2 5
WHRE A I o 7RI R Z R I N B R I E <
BLET, /2, ZLOBELHYS ERBIIEALZH
BRE W2V RIERZFRFERR BEBEEE IR
JbRFRERE EAEBEBICESELBRL RTFE T,

AAEFFEIE, FHEIKETHEEEXOKENRY (B
PHER K ERIZERT) 2 & RIEXOKEMZERT (B dokiE
TFZERT) (CHEREBR 212 % o 72 BEANS9%ED S MG L7z. it
BB OBEDHTH 2 HHALCEWIC X ZKIBTHS
KA YR ENEELLo0H 5 MHITH o 7208, K
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BAP A KR % 2B % 5 - 2o IOK BT R TR
REREERBIBLICREELIHELIRLE T,

i, RBAL L CEEoERELEIRAVEL

i}

Too BEEMBEORBAEN L LTEEL TV 2AEEIR
AEEWEOHMR LW OBEICIRM L T2 &
F L7z, RBMER (BHIEABARRNS), KTH
gL ((BD) A RBZEA) B L UCENEHK

GERBERFREFEL v & —) i, ABRAORM I
WA EBLUOFBEIIOWTEL DTHREWLTE,
ELE L L E T,

WRZ AT AR ETRELL TR o 2F AKX
IEEMDHIEIC DN TIE, KT LERBER e O
BE EMLBIUOBRFEOELB L) BEASEA
BREREOPHEERK, LEBHRK, TARERKB L
UHE BRICEEZOFBICBEL ZEREWZZE T
L7zo SACHILE L EFET. FHEXAMEWoRE
ORFFE T, FHRBEDE 79 AR &4
AU M7 L BEBEMICIVRELE L
SHTEEE O N P B EY O G B EWE 0 5
57 BMR % BEISCR % 15 o 7o JE A48 [ 57 R 3 A
TR OMHAR BEDICE CHILE L LTES,

HERBORE TRKE LFEHRFFTRREMH [/
Hl BHHSETWZEE L [220] oz
TR T & o 72K LSRR Rk ISR D E
W LCwiz2niz [T FEfmAmEB LT
FHMBOF A B EHOBEEZRLE T,

HFEFZEE & LTCRBORERCAHEATEROERIC
BWTERLGHEWLZE, T2, HEOETIIBY
T L D THTRPRBIZE A5 E W22 W B
gt GRERMAZRRT B BRIEHANTER) B L EASR
TR COHFNERKEFEIREREMOBKE D
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