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A Health Risk Assessment of Tributyltin Compounds
in Fishes and Shellfishes in Korea.
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KSBC Blag, #Mt. 111-8, lui-dong, Paldal-ku, Suwon, Kyonggi-do 442-270, Korea LabFrontier, Co. Ltd

ABSTRACT - Tributyltin compounds have been increasingly used in the form of plastic stabilizers, catalytic agents,
industrial agricultural biocides, antifouling paint, and pesticides. Among these organotin compounds, large amounts
of tributyltin(TBT) and triphenyltin(TPT) have been used as antifouling agents because they have a superior ability
to prevent marine organism from being encrusted on ship bottoms and in culturing nets. Environmental pollution by
these organotin compounds in the aquatic environment were undertaken. The international maritime Organization's
established a provisional tolerable daily intake(TDI) of 1.6[micro]g TBTO/kg/B.W. The Food and Agriculture
Organization (of the United Nations)/World Health Organization's (FAO/WHO) proposed a TDI of 0.5ug TPT/kg
BWr/d. This study is conducted monitoring of TBT on seafoods in Korea and risk assessment for exposure on TBT
in seafoods. Total hazard index(using Reference Dose : 0.3 ug TBTO/kg B.W/day) of intake exposure on seafoods
is 0.04 as the 50th percentile, 0.08 as the 95th percentile. This value is estimated by Monte-Carlo simulation using

Crystal Ball(Decisioneering Co., 2001).
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Table 1. Toxicity of tributyltin oxide

Shinai Choi et al,

.. . . LOAEL NOAEL
Toxici Species Study Length Endpoint Reference
v yenet i (mg/kg-day) (mg/kg-day)
Decreased Karrer et al.
Monk . - ’
onkey 22 weeks leukocytes 0.14 1992
Dog 12 months - - Schuh 1992
General”™"" Chronic Wester et al.
Rat ’
a 24 months toxicity 21 0.19 1987, 1988,1990
Mouse 18 months Decreased 0.7(FEL) ; Daly 1992
survival
Parental 295 0.29 Schroeder
Reproductive'? Rat 2 gen. Repro. - 4.42 | 9(;e0 ¢
Develop. 3.43 0.34
Maternal 9 5 Schroeder
Rat -
& gd 6-19 Develop 5 - 1981
Maternal 10 5
Rat -
af gd 6-20 Develop 10 5 Crofton et al., 1989
Developmental . Maternal 40 20 .
13017) Mouse gd 6-15 Develop. 40 20 Baroncelli et al., 1990
Maternal 11.7 5.8 Davis et al.,
Mouse gd6-15 Develop. 11.7 5.8 1987
Mouse gd 6-15 Maternal 5 - Baroncelli et al., 1995
Mouse gd 6-15 Develop. - 20 Karrer et al., 1995
Rat 28 days Thymus dependent 5 0.5 Verdier et al., 1991
immunity
Lumph node Vos et al., 1984
Rat 4 weeks hemmorrhage 0.5 ) Krajnc et al., 1984
Rat 1 weeks Lymph node 0.4 ) Bressa et al.,
4 weeks hemmorrhage ’ 1991
Rat 6 weeks Virus titers 2 - Garssen et al., 1995
e Reduced th Van L
Systerm®!8-24 educed thymus an Loveren
Y Rat 6 weeks weight 8 2 etal., 1990
Reduced thymus Carthew et al.
Rat . - >
al 18 weeks weight 16 1992
Thymus dependent Vos et al.,
Rat, aged 5 months immunity 2.5 0.25 1990
Rat3 18 months Thyrpus dep.endent 025 0.025 Vos et al.,
weanling immunity 1990
Humoral and cell Buckiova et al.,
Developmental ~ Mouse gd4-17 mediated immunity 01 i 1992
[mmune
Systern™ Rat 1032:?&?& Depressed mitogen response 5 2.5 Smialowicz et al., 1989
= e B8l AR EAYEY EAVARRE #rlehs =28 7Hexposure assessment)THAl, THIAE ‘9] &
FATOA AEES W] 9, 1A At ol WE SHITY MeBAS TP SYNeH7}
o] HIuPHAA ] Hagk Y84 Q‘?_](hazard identification) (dose-response assessment)‘;]'?ﬂ =2%3 #9E =4 9] &
@A, A A e 3T =E2He S ATHe= FAES AE E8ole FFHoR g d5ske 9

Journal of Food Hygiene and Safety, Vol 17, No. 3



A Health Risk Assessment of Tributyltin Compounds in Fish and Shell in Korea. 139

B ol Z(risk characterization)&A o1t}
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Table 2. Consumption rate on foods

Consumption rate(g/day)
Foods Food balance  National health and
sheet(1997)  nutrition survey(2000)

Hair Tail 3.02 2.6

Markerel 5.89 6.1

Saury 1.55 0.8

Pacific Cod 0.95 0.5
Granulated Ark Shell 0.05

A Short Neck Clam 0.52 34
Little Neck Clam 0.36
Hard-Shell Mussel 0.87

Topshell 0.04 04

Squid 16.06 7.5

o] W oJHWFFY TBT LPYE 5o e FEEFXE
Z2{ 3= Monte-Carlo *WHEE HEgo2N o 74F
wE HAEFI YA H F(Lifetime Average Daily Intake
Dose, LADD)S SEEEZo 2 A&d9ion, RaRRd)
AN A vt AT HEFAF 55kg, TAH
AR A% 7l 754, AFFFEWIA A2d |
NG NEFFHE 2 ELH]S(food consumption rate)=E 3}
o ofjF HHel e TBTSIFHE e HAHFLLA
S T3

AEFLHES] e 2 FUNATFEUZAR (20000014 2]

Fn) g0l thEk AAE 2AR} o) Fol B lon}, I
FBURA M HFY AS F NEALSE AEL

Hlgo] Yeht Slo] E Ao AAeEHE 23] 4
Els ’—‘4“ AHlEE E83)7} ofEglen, ol wet AF

FHFES HFAHEARE FL3IUT) Table 2= 2 A+
°ﬂ"1 283 AEFFRY AFLVEFH IUNAFIIRAY
AollA ARFSHAL e 2FAMEE vty Yepd Ho
o oo MEW, B AFdA &8 AFFFHYY AF

Food , Consumption  Exposure Fraction of
E Dose concentration rate duration  * lifetime exposed
“estimates Bod: Averaging
Weight time

b
e 0

Fig. 1. Monte-Carlo (probabilistic) exposure analysis using
distributors.
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aHlEo] FRAZGFEAM NN 2AR 2 F2HgRT o) HZ 4FHHE 5T FAER =2AY AA=ET o

AZ 2 wAE UBMSL Ao ol AFFFR AFE FoM, xS0l tig Hrte] 7% A71HQA AF A
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AFEEH, & d7olA AdeE QARERol dA =E2FH 7] dEe] FEEF P H4o] foldix dre A

U o %2 FAE vehd Zo= A Sdr TANE BET oY, o)of] B Aqeie AEF 29
Fig. 12 £ @7l E8d Hadd=s¥F d3ras 249 BXUE F883T sl AdA=EH] 2X

Uehd Zlojoy, 2 Apolde okl FHdM verd 74 & e, AEeaRY 29 NETEEE AEan e v

ES) EGEHDE Dol VLS TIT, AFH . A=Fasiche s ek s
9= SEEXE 783 Monte-Carlo WHE &8sl BX 2] Z9d 7z} TBT 2¥%E Crystal Ball®(Decisioneering,
e TR EHN BEAARS AT} St Coy"| fiting”)s-S B-galo] BEETFHNE AAsIH o,
[ Hair Tail 1 [ Markerel ] i
22 TBT ZFOL_TBT :
Logistic Distrib. Extreme Value Distrib.
(Mean : 11,92 ppb) (Mean : 67.02 ppb)
[ Grannulated Ark Shell] [ Saury ] [ Pacific Cod ]
=2%_TBT 2_TBT 9%_TBT
‘ Normal sttnb.. E)I(treme.Value bDistrib.. ' . Extfeme Value Distﬁb.' !
[ (Mean : 1857 ppb) (Mean : 12.28 ppb) (Mean : 14.36 ppb)
L
! [ A short neck calm 1 [ Little Neck Clam ] ‘
EANEA_TBT X _TBT ;

n7n 2327 3383 4430 g 1305 18.47 p<¥- J
Extreme Value Distrib. Normal Distrib.
(Mean : 15.92 ppb) (Mean : 18.17 ppb)
[ Topshell ] [ Squid ] [ Hard-Shell Mussel 1
42_TBT 230)_TBT £%_TBT
16.50 - -7.88 032 852 1872 4R e 21.08 w33 478% 60.88
Extreme Value DlStI‘lb. Extreme Value Distrib. Lognormal Distrib.
(Mean : 12.00 ppb) (Mean : 14.54 ppb) (Mean : 23.00 ppb)

Fig. 2. Determination of butyltin compounds level in fish and shellfish.
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Table 3. Lifetime average daily intake dose for ingestion of
seafoods contaminated with butyltin compounds, mg/kg/day)

NOAEL ar LOAEL
Reference Dose = - =
Uncertainty Factor

Benchmark Dose i
Uncertainty Factor J

Food TBT
Hair Tail 6.55E-07
Markerel 7.18E-06
Grannulated Ark Shell 1.69E-08
Saury 3.46E-07
Pacific Cod 2.48E-07
A Short Necked Clam 1.50E-07
Little Neck Clam 1.19E-07
Topshell 8.73E-09
Squid 4.24E-06
Hard-shell mussel 3.64E-07
Total 1.33E-05

I A= Fig 2¢F 2t} difie] oA 837} Extreme
value F¥9} log-normal 39 A3 Ao 2 YERT)

& Aol AR ZF ofEiFE TBTH 2E% Hao
A ] oAlF HF] ME FRle] WAYL=EHE =
AR A3E JehE Table 33 72om, TBT2 Haddx
Z2F2 1507} 7.18 x 10°mg/kg/dayE 7P =3, A}
" oul{ HAALHN HFLY=SFE 133 x 10°me/kg/
day® AHEE A

Monte-Carlo WHE& &3l 42€ 7 o917 TBT
o] et HadUdFA=ETde] FERIZS Table 40 el
Uit B A7AsE duem 724x)e) 3¢, Aol HE
FEM AR dYHAF 3.02 gidayS A FHrh=
SEAUR) o8 HaddrEae FEEEE YEPS o)
2 F7%ke] 6.48 x 107 mg/kg/day, AH3HX] 95th percentilek
o] 8.78 x 10" mg/kg/day= UENESS & & Ut

B YIS HIKDose-Response Assessment)

HF &0l Chst v UAAEEIL

vl g 7kA] 8- = X (Reference Dose)= %
BreEA] faldEel VeRA] kg Z10Z VdiEHE 82
%, NOAEL(No Observed Adverse Effect Level)
BMD(Benchmark Dose)oll E-8-243 Al (uncertainty factor)Z
azeldle] EE ghog o1& 23} 31H Fig 33 i

R 2k 98] USEPACIA #IoksE Bl 0= NOAEL
2 LOAEL® Zz}7} 0.025 mgkg/day, 0.25 mgkg/dayo]s], o]

=
=N
L.

1
EE

critical effectS  immunosuppression(reduced IgE titers
and increase n T. spiralis larvae in muscle) 2.2 3F HAEA
ApPe 2 etk E3, USEPAYIME HE
Benchmark Dose(BMD)oll 2718k 28 RMDE A|gtsly

Example:
= NOAEL
RID = 5F x MF)
50 kg bod ; \
RiD = 2019 L@ ody weight) |, 55 maffig body weight) |

{100x2)

Response —»

UF xMF_

L ‘ RID

NOAEL‘
Dose s

Fig. 3. Estimation of Reference Dose

i, 2 AFolME o8 BEad AT 43 He
TBTS $JH=g o33t

71&¢) 5ol 9Y NOAEL T LOAELY 4-83h=
B¢l BMD & WHEL 71&9] NOAELE #43le
Al FEAEAF JA &FE ARE AHSA e
2 Qe BES4AEE Bag dholst & 4 qlod,
Fol FREZAFANN DofRe FHE £33
Z-§3 Zolty. BMDE ¥H 10% Ex 5%7F Fofid do)
2= fF(Dose)dl A sdshe gholti,

& AollA &83 BMDE ASHTAEE 9% BMD
analysis24] polynomial mean response regression model
(THC. L.CF. Kaiser)28)3} weibull power mean response
regression model(THCW, LCF. Kaiser)”& 283l o=
gk Zeltt. BMD, & 10%") 232 Benchmark response
(BMR)S.2 S i3l §F9 95% 3tekA|oltt. £
AFoM 83 BMD= digestionol]l 23 Z5e] IgE
titer, T.spiraris larvae®} F 2 &) 213t Z&W Tspiraris

4 /

Response

Fitting curve

0.1

95% Lower bound -7 Dose'
BMD,
BENCHMARK DOSE

Fig. 4. Estimation of Benchmark dose
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[Hair Taill [Markerell

Forecast: HLTBT_#M Porecest: HLTBT_n ¥4
30,000 Trials Frequency Chart 695 Qutliers 30.000 Trisls Frequency Chart 628 Outliers
£ S "3
& £ ! [N - - - - - - w: §
Mean @ 2.16E-3 Mean : 243E-2
95th percentile : 2.93E-3 95th percentile : 5.92E-2
[Grannulated Ark Shelll [Saury]

Forecast: HI.TBT_ D% Forecast: HITBT _RAl
30,000 Trials Frequency Charl 297 Qutliers 30.000 Trials Frequency Chart 582 Qutliers
£ Y T N
£ £ wl- -/ ne 8
Mean : 5.64E-5 Mean @ 1.14E-3
95th percentile : 8.62E-5 95th percentile : 2.03E-3
[Pacific Cod] [A Short Necked Clam}

Forecast: HLTBT .9+ Forecast: HLTBT_R2NZA
30,000 Trials Frequency Chart 543 Outliers 30.000 Trials Frequency Chart 516 Outliers
> 2 N ok oo - AN, . s .
E g |E-l-- /A . s §
Mean @ 8.24E-4 Mean : 4.97E-4
95th percentile : 1.34E-3 95th percentile : 8.95E-4
[Little Necked Clam]} [Topshelll

* Forecast; HI_TBT % Forecast: HI_TBT_2.2

30,000 Triels Frequency Chart 341 Qutliers 30,000 Trials Frequency Chart 504 Outliers
: - . 2 o
& s 8 .
Mean : 3.96E-4 Mean : 2.88E-5
95th percentile : 5.19E-4 95th percentile : 4.87E-5
[Squid] [Hard-shell mussel]l

Forecast: HLTBT_24 0l Forecast: HILTBT_$ ¢ ]
30.000 Trials Frequency Chart 344 Outliera 30.000 Trials Frequency Chart 603 Outliers
) 3 £ 3
g 8| |f 3
Mean @ 1.43E-2 Mean : 1.22E-3
95th percentile : 2.07E-2 95th percentile @ 2.02E-3

Fig. 5. Distribution of Hazard Index in each seafoods by Tributyltin.
larvaedl] 243} d&2d RO = 0.03 mg/kg/dayolct. F3XE BMD,, 0.03 mgkg/daydll B84 Al 100&
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Table 4. The percentile value of lifetime average daily intake dose on ingestion of seafoods contaminated by tributyltin, mg/kg/day)

Percentile 5% 25% 50% 75% 95%
Hair Tail 4.18E-07 5.63E-07 6.48E-07 7.34E-07 8.78E-07
Markerel 7.97E-07 3.26E-06 6.13E-06 1.00E-05 1.78E-05
Grannulated Ark Shell 7.96E-09 1.32E-08 1.69E-08 2.06E-08 2.59E-08
Saury 1.57E-07 2.42E-07 3.19E-07 4.17E-07 6.09E-07
Pacific Cod 1.38E-07 1.88E-07 2.33E-07 2.91E-07 4.03E-07
A Short Necked Clam 6.54E-08 1.04E-07 1.38E-07 1.82E-07 2.69E-07
Little Neck Clam 8.24E-08 1.04E-07 1.19E-07 1.34E-07 1.56E-07
Topshell 4.40E-09 6.35E-09 8.10E-09 1.03E-08 1.46E-08
Squid 1.69E-06 3.48E-06 4.48E-06 5.30E-06 6.21E-06
Hard-shell mussel 1.96E-07 2.74E-07 3.44E-07 4.34E-07 6.05E-07
Total 6.51E-06 9.44E-06 1.24E-05 1.64E-05 2.42E-05
Table 5. Percentile value of hazard index in target foods.
Percentile 5% 25% 50% 75% 95%
Hair Tail 1.39E-03 1.88E-03 2.16E-03 2.45E-03 2.93E-03
Markerel 2.66E-03 1.09E-02 2.04E-02 3.34E-02 5.92E-02
Grannylated Ark Shell 2.65E-05 4.42E-05 5.64E-05 6.86E-05 8.62E-05
Saury 5.24E-04 8.06E-04 1.06E-04 1.39E-03 2.03E-03
Pacific Cod 4.61E-04 6.28E-04 7.78E-04 9.69E-04 1.34E-03
A Short Nacked Shell 2.18E-04 3.46E-04 4.61E-04 6.08E-04 8.95E-04
Little Necked Shell 2.75E-04 3.46E-04 3.96E-04 447E-04 5.19E-04
Topshell 1.47E-05 2.12E-05 2.70E-05 3.44E-05 4.87E-05
Squid 5.64E-03 1.16E-02 1.49E-02 1.77E-02 2.07E-02
Hard-shell Mussel 6.53E-04 9.12E-04 1.15E-03 1.45E-03 2.02E-03
Total 2.17E-02 3.15E-02 4.13E-02 5.46E-02 8.05E-02
Table 6. TDI of TBT compounds
Reference Value Reference

Provisional TDI (Tolerable Daily Intake)

1.6 ugTBTO/kg B.W./day’®>)

JAPAN, 1992 WHO/FAO

BT

TDI (Tolerable Daily Intake)
comp.

0.5 ugTPT/kg B.W./day*"

WHO/FAO, 1971

TDI (Tolerable Daily Intake)

0.25 pgTBTO/kg B.W./day™

Penninks, 1993

>

=] ]
AAFE Q8RN Az SIS Tz A
102 AT W DP2E THE AT AF 108 H8
Roltt.

IZE%E ZHo 2 0.0003 mg/kg/dayol™, o) W &3 235k
3t
[¢]

oo

ME =0 WE etAsHEI|

TBTO= AAdM e wdEA7F VeR A & X, A
HEEAAT @St s A ¥or, U.S.EPAC
AE olEd ATAIA}E EYiE TBTOS U4EF D I8
o7 B3l Uk E3, TBTOE FASAE VehlA] &
£ Aoz nydr old uwel E dAFere TBTOY H]
PEFE T YA=E FrEITh

ML rf

2I5i =2 (Risk Characterization)

oJAF HFHE T TBTE JA=EZl i Al=S

Reference Dose(TBTO)$} ¥ w3l Yi=8 13 A7, 9]
=2 Yehles H8A 4 (Hazard Index, HNHE ol FREE
UERHE Table 53 Zth 2t A@AFE 1£ 2 7IERS
Z 3, 1.8 243 = 7§ critical effect/} VEPE Zog
d&g 4 ot B d3] Ao ZAEFH N ke K3
EE 9= 3l AHEY, ol f5FY AXE HoAF
55kl AT &3k Qo] 3 LYAHAF 3.02¢/
dayZ HFsle= ¥ immunosuppression® ¢13 FaF TS
dojuA] Z& 7oz FPHE AL vsi= Aot
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Fig. 55 7} oJHFHE &9 fEixe 228 vepd
Zeolm, old et AF exe] EEZE Table 59 2

olellA 2.04x 10202 71 =4 Jehdon, Aglola
270 10°2 71 v 2k JERd)
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A AAE 2E 7]EXE H2ZsS o TDIRT: 4l e

QA =EZE YL 8-S & F Atk
£ AfA fEl= Aee 16 7RSS 98] 7FeA
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95th percentile®] 0.0022A {5 7FaAde] iz Hrpe
g ok v & Aol 13 AuUFE B B2 9
x ArE UeRd 1598 JFHeE HdAsks vt
o] 7% fsiATe o Eokd 4 vk EF 2 Al
g oFiF 1052 Table 28] 2 EFFFHAYS oF 32F
2 R 2% F IRl o= Tt S/ ol F
7 A §E5HE RS A o5 58 47174 A
FZo| F7H 7FsAx viAE & Qi
A o] Hrie A e e
st o] Fojx|7] wiZe] AAZ 8 Hoty
71e FE Zlo] ARdelg AR 77Fe F9E £ e o
Sroks

Y5 A% 7IEASL Table 65} 2 & ApolX AFH
Gl

Al o3 A S SR e Hete] 498 AN
A % F gE Zo] GHolEE ofWF 47154 E1 A}

FAES ATHL ASHOR 45 ANFF 47174 @
¥ BUHYT Bast gk

2220

W 67 FREA A A ofdll| edE YL E
2 fEvet AFREES AHF AHE T f71FNsE
€ QA=2FE d3staL, ol e =g FABIAT
2 A7EAE 2o A9 A, Ale] AFFFH
A AABIE dYAHF 3.02 gdays HA HFTRE =2
A st HHAYYEEFS GEEEE eSS W 2
Z74gkol 6.48 x 107 mg/kg/day, 3HA] 95th percentile?to]
8.78 x 10" mg/kg/day® VERES-S & 4= Tk

£ dFolMe e 9ES Hr1sh7] 918k BMD,,
S &83 FTX(Reference dose)E &3 ATt o] o
BMD, & 10%M33H3-8 BMROZ 3193w sigshs &
Feol 95% st ol £ AFoA E&3F BMDE
digestion®] 9|t 82| IgE titer, T.spiraris larvae®} %
2| 5of o3k 25Ul Tspiraris larvaed] <743k =8 72
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°2 0.03 mg/kg/daye]ct.
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