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19 MEAREFAVCIIBERNCAINITBTOY 27 LEHOREY
ASSESSMENT OF TRIBUTYLTIN COMPOUNDS USE FOR ANTI-FOULING BY BASIN-WIDE ECOLOGICAL MODEL
IN PERSPECTIVE OF RISK AND BENEFIT ESTIMATION

mE & - e owE - o8 g
Tohru MORIOKA®, Akihiro TOKAI® and CHO Hyeon-Seo®

ABSTRACT ; Risk assessment and benefit estimation of TBT compounds used as anti-fouling paint to
prevent hull and culturing net beingvbrotective from propagation of sessile organisms was perfo-
rmed in perspevtive of regional basin, Osaka Bay in Japan. It was based on environmental fate
simulated by using Basin-wide ecological model which was validated by comparing of regional obs-
erved data. Predicted concentrations in each compartment were respectively 1.9-466.8ppt in water
3.0-155.0ppb in sediment and 0.02-0.93ppm in fish, which vere almost same order of regional

observed data. Risk of TBT was evaluated very high on aquétic life in some places which was est-
imated by dividing predicted concentration in Benthos(very sensitive species) with MATC. While
it was low on human being to extent negligible which was evaluated by dividing predicted intake
with ADI. Benefit of TBT was estimated as relative benefit to copper paint by using the indica-

tors of energy saving and dry docking period of ship
KEYWORDS ; Risk assessment, Benefit Estimation, TBT, Basin-wide Ecological Model
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EFNVDGFEICHWE S5 A —4 Summer Winter |
. Parameter | Range Mean Range Mean | References
ROWTHARREROBRAMEE A [ cnmen Ry (ca”/s) | 25000~ 100000 | 50000 | Z5000-100000 | 50000, po
N Ko " ) " " i cors
B, BREBRFTOBREZRICVAT [ oEHscel | W( 7~ ) | 05510 | 05| 05z0 | 10 | “tmtion
N e . i@@ Koc (u /t 3500-60080 50000 | 3500-60000 50000 | 5,23, 24
RE Lo FHIC BT 2EADKE | Gk Gain) x‘t’&:/da?')‘) 0.951.4 | 0.7 | 03514 | 0.7 |82
. Kwa( /day) - 0.157 - 0.157 19,10
WEHEGRBE LRSS TRE L. [Fakkams DO | fa(/Aday) | 10240 | 20 | L0240 | 20 |2
WO B AT OKEEREE | o | e b T 300 T st e 0| 038 b 1620
2 ay, L U2o-U. 5 3 -U. . , 10,
N YN N N ‘day) |0.0023-0.009 ] 0. 0045 | 0. 0615-0.006 | 0.003 ] 5,6
HECHIBE Y 1ab—vavD |, Eﬁm ool e -
RETE y) | 0.05-0.20 0.1 0.04-0.16 | 0.08 |8 12
3) S R B ) Kda (" /day) 0.0025-0.01 [ 0.005[ 0.0025-0.0171 0.005] 12,19
RV EMLLTH oo RER g% BCF, ( - ) - 2000 - 7000_| 27, 28, 30
RS NS ORRBTOH -5 BCFy ( - ) - 10000 - 10000 | 26, 29, 30
=4 Algae BCE, (- ) - 26000 - 20000 | 17,30
BEAMOEREE LT, HLyy 18 $§ Pocss®) | 25-100 | 50 | 25100 | 50 | 0 o
YN iy e 71 B B i 3 b v
: .3 4 BER Dsed(" ™ ) - 2.0 - 2.0 ST
TiE v 7 B4~ 30n/dDEEE I RSB I w( ") - L0 — [ Lg | etmton
L. kB E L BE5 X 5SSlE R }Transfer ALr :
S2WTid. LB T4~ 10ppn, FRETE~ | s e T Taer :
- . - Adjacent 4 Vertical mlxmg + Adjacent
12ppn DT K » 7 2FICE D YT N T nix §§£r Il EHBB}es ! o
. -z - o = Advectlon ption + Advection,
7 R-JCEEIERA V0T A — 5 & Eipiont Diffusion Soluble Bloconcentratlon i Diffusion
EDTEL, TAdvectxon [ Degradation | [ Biota] Settlement :
. . Diffusion Lower layer
2. 5EFLrOBEELERL Advectlon . v : Advectlon
“Diffusion ' Diffusion

ArFridkER ETESEL 218 '

Soluble Adsorption
Bloﬁom’r_~j on———-—_Dezradatlon Settlement |

KRERT 2 ) REFATH Do EF N |

Sediment

Hgpstitial

v
'
.
'
'

DEEXR-21C"d KB iab—v
3 YAV FBEREZLUTIRE T,

Fig. 2.

83, 2% 3}
Vo oo (=5 dC'l(')

1e=i)

<Cvlzurc'lu.)) (Stun

Lizci

}-Koc-SSy ¢iy *Vwi i) -Pocss-Cwy i)~ (

):Z(Quw.n’CWHJ’))'?}(Q:(J‘,U'CWH\))*leu)'CWz(i)’Qzlm)'CWH;”E(KPVDH:.”'(
B i=1=i p=t=i

Cwi i =Cwi i)

Lo, e

)VWI(.) Cwy iy +KmVs1ciy -Csloiy -Kdwy -Vwy oy <Cwy o +W 0, (1)

Cssy (1) =Koc-Pocss -Cwi ;) (2) Cbe i =BCFr -Cwi iy (3) Che (i1)=BCFa-Cwi (i) (4)
[T—Eﬂ)ﬂﬁ
i iy 1 " Cwz (- i
Wi ( WZ( )) Z(sz.n szl‘l)_z(: b (¥ i)'CWE(v))*Q2‘I(|)'C'!li)'QlZ(H’CW2f|)+§:(K£12'D21;,r)'(%‘%)))*KV'A|2(M'
i=1t= i=1 J=t(=i i
CwicirCwa iy Stu ) ~
( m-) ) -Koc-8Sz iy V& (i) -Pocss-Cwe (i) ~Kdwo - Vw2 i) -Cwe i () €ss2 i) =Koc-Pocss-Cwz 15 (6)
dCsedci)  Steciy
Y] Vsedci) - ( a ):(Hz—‘)-I(oc-Pocss-SSa<n~VWzm~Cwe<<>~deed~Vsed<<,-Csed(.. o
i
CSWH):( Gsed. ) @ Cbb(i)=BCFb'CSW( ) @
Koc-Pocsd i
dCsl..s Ktr
[RE#E] VS](M‘(T ):(Hi_))'v'lnm-CVInw‘kWa-VSh»)'CS]M)’Km-VSl(.)'CSl(;)’KdSl'VSlu,'Csl(.» 10y
dCa. .,
[R&] Vao - ( y=Kwa-Vs1(;, Cslci)-Kda-Vaci)-Caciy (11)

dt

C T, Cw. Csed. Csl. Ca. Css, Csw&CbidRTORE
D3R » 7 R B OMERE (n2)

St TEMEEE (m/1553) . HIZZKEE (). WREAR (/1554 iRAF:. B LB, TEBZRL.

QIFBIRE (n°/15%53)
F R B (m)

(t/m*)

—138—

Schematic diagram of transfer, transport and transformation processes of TBT
of water quality model.
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Fig. 3. Simulated curve of TBT concentration in box 4 Fig. 4. Simulated decline curve of TBT concentration
at summer. after INPUT=0 in box 4 at summer.
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Fig. §. Simulated TBT concentration in each box at summer.
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AN (bOHOEECIIFEALFEELES Table 5. Observed concentrations of TBY in Osaka Bay and Tokyo Bay.
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~ g e t jﬁbb) - T:O result in box 4 at summer.
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) 50%C. L. :50% Confidence level b)MATC:LCse (50%C.L.)xD.1 or LCse (Mean)x0. 1
A0, (ppb) . EAELEGFEE %N (%), TBT/L ¢ Counted data numbers

EVOERDOEEN I VEOBEEERENo(%) & LT . Nb=No-e(-. 518xC:) TEUHEROERZIZIZHETT
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FEEE, FREE ORE. AMREEMEOHK 4 BEESRESN TV IEAETRERT OTBIOOY

—140—



EM—HHIFEEEWADD) %1 6(ug/keg/d) EFBEL T W5,
Schweinfurth and Gunzel*'' ldrat~DERIER» S 3. 2(u g/kg/d)
DY TFRELIBRELTWVWS, TR, BEEEOHBEEMAT 5,

AEBTBULEY» S RBS NSRBI ECIBHLEMIBERENL *
BHR OB, TBHLAMORIEBIE & Ml & MESHLEOS BT o
CBEBE. H 575 ARXTHEREREREFRS LRSS 2
>OBEDS & Lico BRBUARB TS > T BMBAKRETE L

WMENZBEYERET 2. ALY T 2 BEY T DEE (CbADD) i3,
HAABRADO—ADEEE kg ENFEHBLSOBRERRLVER
ABAD—AD—HDEEY O BIE D5 982 5CbADI=ADI X 50/95 N )
. 9(#90. 83ppn) & FE L. HEYH ORECH(pp) B S bEHONB, o 1o 20

TBT conc. {(ppb)
Cb/COADIZEAEY R 7 EFEH L2 . BEYOTBHMLEY 0 EE 2 iE Fig. 7. Mortality on pre-fouled panels
after §7days exposure in
EMOBEIC L >TRE L, AROWBILC L > TSR TRBHH, leschate treatnent.
AHE TR FRE BEELEFRIEROBENAEREOL TSR

R OBEYOERILLAHTE L. AKES6Y%. HAM%. MEFS5%E  Table 7. Estimated risk of TBT to human

Lo COEBELRPL, £IEBE. BBELTEEZZEREL TR in each scenario.

TicsHD v+ ') z‘%ﬂ—_\-tf:c C C.Tli\ ﬁ@\. @gﬁmfg\ﬂyg@%'ﬁ No. scenarios risk

ERBCEEFRELTVS FBICRITHTE LATBTEBED 5&| 1 | tish 86% algae 5%, 0.03-1.70
. n crustaceans 9% (0. 35)

YFUYFTEDYRIEHFE L, HicvyF VA2, 3. 5okED -

N L 2 fish 100% 0.02-1.12(0.19)
SHBEROBEMBO Y 2 7 ~OPFOBEAWO C EARSNT oy 0.03-1.50
VB COHETEDEAESEDY 27 ~DE5SOHETE N L crustaceans 50% (0. 28)

. 4 crustaceans 100% 0.04-1.88(0.37)
T % 5 [o}
5 fish 50%, algae 20%, 0.06~3.37
crustaceans 30% (0.59)

5. TBTD{EZE DG

TBULEMOERIC L 2FRE2RBYMEO 2> T ELN TV ERILEY L DR THMFMEEZ ST 5. &
BEHELTR, BHEGRORA. BREEA. EEUE. 3 ¥—@, ERNEFCRIETEE. B
BEA~oBE, RBELEELRLEPETONES, ARXTCRABKOTE. EHEEM. = 2 VF—-EENRD
LiFwEtd 5, v

REBLE L TRESHREEDRELAOFER EARHFESBENTVEH, N bTBTEHBERIC I
L. OMBHLE. BESimnRE. BEE. 2 v 5 F VY 2EO0HETRE->TVWS, FI T, YHERBTESHE
DER. £RRTBHYEEYILAOGELANEELOBERHOMBETHIGENENELLEDN D,

EARETREERBYE S LTRSS IR TOBHLAYMICLE X TTBT{L &Y (self polishing®
D OEFN B ERAEARMBOERE T 2 VF —HHNE» SHET 5. TR 1BIEMRMHITICE B &
HALEOHROKE F w8225 657 » ¥ T ORTIS A EYIMN . HHM. MKk U EBEMXm TRk
ThTWw3, #RT. 2TCOMMEIEYM CHERDBHULEN EE > TV B ERET %o

5. 1 = VFHHEDL» S OFER

EMOEEBOKSSEBREBETHEE I EFHONTVAEYY , MECAYMBAET 2 LREREHEENSE
L. BROBMEHEREB CEDBHOSN TV S, JO& I BRRAMEOHMI L 2MEHAREEHRET S
L2 S~ 5SSO RAHEOWMTIR b v 5 v H—OIFE. #9 30007 ~1EBA/FEICHET 2 MK
KBOWTAMORNE LLERO &5 » 5SS 5% IS BB RH5~ 10550 L, 0% ¢ 1 IS K B 13050
WHEINT 5 M ohTWB, £ Ty TBT copolymer®Bkz{# - T\ A iz —FE/RS b £98200, 000~$400, 000
JEFBTEZS ol L STBTREEE S & &Ik b 550,000, 000/H/255 + v /FEHEHTE D & T
NEER N v M0 OFEBATIRA00// F Y /EIE B, LEah > T, BREFEIZ200M/ v /Ex25. 68 b
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5. ZARMBOEE IC k2 FEak

ARHEIBS 2P A 530» ACEE SN BT L > THY D ES50, 000K TE 2% TBTEREIOFH M5~
TETHEYME OHFEE (copper ablative) DHEMIII~IFETH 544, HESMICRET 3 &, F2812850,000
/6% F x 36 A /6F=3300, 000/65E=850,000/F &L 735, MET P Y EIRET A E P X OFBAIILIN
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6. #im
AARP SBONIKREUTICE LD B,
(1) BMEAYMOBEEG TS VvoERLr SHIBBRE~EA L. V2 /7 HERVEROFELE IR
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80. 1ppt). FRETL. 9~194. 8ppt (36, Tppt) TETHEHT 2MORKEE LD SE » 7 I THERKBE LT - 7,
(2) KEECTOMEEIZS. 0~155. 0ppb (F431. Oppb) . AP O EEE I3 H T0.02~0. 93ppm (FE390. 16ppm)
EREAEY T0.03~1. 56ppn (EH0. 31ppm) . AlgaeTO. 15~9. 34ppn (FEHL. 60ppm) TH -7z, T EEHFO
TBTBEREAB LB S BT LBERDPRRITAC,ICLEFE T, KECERAL AWM EL545
OjREM D H B T EBHEF I NI,
(3) KETOAY~NOLEREBEMEREEY L LALBA. BYFRPSBRANTTEHEVWIZRZ (VR
71.3~15. ) BTSN, ZEEETREIYIplanktonDdZ I3 Y X7 BKREVI EBHEE SN,
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WEEDNLAY., BENRERRILETSS LEbND,
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ﬁttfﬁﬁf%toUxa&ﬁﬁwrv—bx7«@%zﬁﬁiw SR G ROFME LI LD RE
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