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Changes in bioaccumulation of tributyltin chloride (TBTCI) in the

tissues and organs of immature and maturating mummichogs
(Fundulus heteroclitus)

Hideo HORI™', Akira KAKUNO", Kumiko IKEDA™ and Hisashi YAMADA™

Abstract Male and female mummichogs (Fundulus heteroclitus) were exposed to water-
borne tributyltin chloride (TBTCI) for 56 or 77days at different maturation stages during
the refractory and the maturating periods. Differences in TBT bioaccumulation in the
tissues and organs as well as entire body by sex and degree of maturation were studied
for a discussion on the influence of TBTCI on the reproduction processes.

The BCF during the refractory period was 9,100 640 for the males and 9,200%+1,700 for
the females, indicating that mummichogs bioaccumulated TBTCI in much higher concen-
tration than other marine fish species. The TBT concentration was the highest in the
blood and the lowest in the digestive tract of male and female mummichogs. The TBT con-
centrations in the liver and gonads were similar to one another. The differences between
the males and females in terms of TBT concentration and BCF were neglegible during the
refractory period. On the other hand, TBTCI had bioaccumulated significantly in the tes-
tes during the maturating period, and the BCF was 7 times larger in the testes than in the
ovaries. The high biocaccumulation in the testes suggests that TBTCI inhibits the repro-
duction processes of male fish more seriously.
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Table 1. TBT concentration (ng/L) in rearing
seawater of refractory period experiment

Exposure Exposure experiment
period(day) Female Male

initial 74 85

7 130 85

14 120 120

21 120 120

28 89 98

35 130 120

42 120 120

49 120 130

56 89 98
Mean=*SD 120+21 110+19
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Table 2. TBT concentration in whole body of
mummichog exposed to waterborn TBTCI

Exposure TBT concentration (ug/g wet wt)
period(day) Female Male
14 0.310.03"* 0.36%0.03
28 0.51%0.03 0.57%0.05
42 0.71£0.10 0.90%0.09
56" 1.1 %£0.20 1.0 £0.07

*' TBT concentrations were calculated by using
concentration in each tissues and the percentage
of each tissues to whole body

* Mean=£SD (n=3)
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Table 3. TBT concentration and BCF in several tissues and organs of mummichog
exposed to waterborn TBTCI for 56 days

. TBT Concentration(ug/g wet wt)** BCF
Tissue and organ
Female Male Female Male

Blood 1.940.34"° 1.6+0.33 158002800 145003000
Liver 1.240.28 0.92+0.04 100002300 8400£ 360
Residue™! 1.140.22 1.0£0.07 92001800 9100+ 640
Gonad 1.0£0.13 0.99+0.11 83001100 90001000
Muscle 0.780.09 0.96+0.10 6500 750 8700 910
Digestive tract™ 0.68*0.16 0.70+0.05 57001300 6400+ 450
Whole body*’ 1.1£0.20 1.0£0.07 92001700 9100+ 640

*1

*2

*3

including muscle, gill, heart, kidney, bone, skin and airbladder
including gallbladder, spleen and adipose tissue aroud the digestive tract
TBT concentrations were calculated by using TBT concentration in each tissues and

the percentage of each tissues to whole body

Three samples were analyzed
* Mean=SD
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Table 4. TBT concentration (ng/L) in rearing
seawater of maturating period experiment

Exposure Control Exposure experiment

period(day) |Female Male Female Male

1 <20 <20 1400 850

10 820 630

14 710 860

28 <20 <20 1500 2500

35 1600 2300

42 1600 2100

49 1300 1200

60 <20 <20 840 1100

70 830 940

77 <20 <20 870 1400
MeantSD 1100370 1400%670
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Fig. 1. Changes of gonad somatic index (GSI) during the experimental period
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BV TR L IREETH > 72 T EMHS AT
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BB X IR OB I T B EIL, TINEE
RIFa s D2AMICKDELEIENREINSD,
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ZZ bbb,
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ILE» Sian, TOBEEVINH003ug/gT
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0.02¢g/g) KiiTh 7o MBTRHEEDHILED S
0.05 ug/gDMETHRINE N, ThLIA DS
BFTRitand, E&FR 0.02¢g/g) KiTh-
726

Table 6 1Z/R L7z & 51, TBTCUZREE L i< 3
Fa 7 5BTsstaHi s, IFiE, HtEBL T %
Ofth] OTBTRE FRERERDOI5HH X v ZEEHR A
EVWITHHO &L, BRI OERE I - TRE
NELBOEELTVWAEZ ENIFMETH - 12, T2, 2
JAR O PEMEAER O RN RE DMK R 3 2 72 DI falkh 5
PEtts 2 CEBHS L TH > e —F, MEFD
TBTERE (fthDEBAL & 13572 22 b E R LI, 978D
B, PEHHEEBRICBVL T X OEEIIETE S, HhitEk
BRAK THRIC B W T B TTHRM O 225l B T &[5 U
BEAHEL TV, b5, JEOGSIIZIIHM D
RO T E TIREBITKRE 18 - o 72D ISR

WKLY A NI TBTClO—E5r 13, HEMEUER AR g
PWEABIT LI ERHESI N BN, AN TORIT
BLUOFNHEIESHREBRT IMLEDOH 2EEBHREL
EZHN b,

TBTClic #E& L7zl < 3 F a 7 OfFg, THILE, W%
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HoAxhE <, AR GIcEgg - s hics
TTHR O Z#BERBE TS BT 5, K, HHE, Ht
EBLUTZ0M| OTBTERE L, zhzh, 1.8ug/g,
21ug/g, 16pug/gBLU1l0ug/gThbv, HHETH
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13, DRERREICHIR L TEL L @h o 7 FEDPTB
TIRE PR AR IAR T c 2.l ug/gh Sl ng/g~ &
L 7y, BEMEERIR b o, HtEB XU Z
DI B 1 2 TBTIREE O ZALIZ/NS o Toe FRIT, TH
{LEB L [Z0fth] OTBTHERE (34 2 1 BEINER
Th b, HEHEHEBIETICET Lisdh o e, CORE
ZALOMEEEME~ 3 F 2 7 & 3R B8, ZOFRKIC
DVTRHLHATE N,

R O GSLI3 APk ER63 H THRAME, 9.0+1.7%
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Table 5. Concentrations of butyltin compounds in several tissues and organs of

the control mummichog(ug/g wet wt)

Tissue and Concentration in female Concentration in male
organ MBT DBT TBT MBT DBT TBT
Liver <0.02 0.03 <0.02 <0.02 <0.02 <0.02
Gonad <0.02 <0.02 <0.02 <0.02 0.03 <0.02
Digestive tract <0.02 <0.02 <0.02 0.05 0.03 <0.02
Residue <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
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BETREWHEHABED 5N 5, HiETh ks 7 TBT
REE R, M7 E & Il Icmsn s fcoic
HLE T I EBTsicxt L CTBTREWE O Lo 281G
WRELBBEEZ LN,

RIGEAE RREHAIC B 1T 3RS T D ELES

RIS iT- eilBRic L 2l L Ui~ 3 F 2 70
Frhig, AEGERR, MEEB XU 2ol 1tk 2BCF
2, =hZFn, 8,400~10,000, 8,300~9,000, 5,700~
6,400 &£ 159,100~9,200T & - 7= (Table 3)o —7,
I IT - 7238 Ic & B 21 5 DE I3 780~1,300,
220~1,500, 1,100~1,3003 &£ T¥700~2,200CH v, A
I O BCF (35 05 BR T3 fo filic ik L TH9 4 ~
fEREM ot THHD 2 ORERT, ~3IF a7/
DREFE, WEBKREB L CHEKP OTBTEE S A5
AHBEH T TEREINTEYD, o ORBEM,
DEFRIBCFAZ LS B3 HERNELBEEZL 5N B,
o, fEKPEEBBCFALET S &2 TELERT
HY, ZOEENZVIEEBCFINS 3BT &M
HanhTnwd (UH, 1999, ABFFETiE, RAics
F % iR 0 E/KFRTBTEE (1,100~1,400ng/L) &
FICHIOER (110~120ng/L) 1T THI0MEE W 72
DI, B~ 35 2 7 O - BE B 1 2 TBTCI
DOBCFiF, NSO L T/h&s K- &E

K, AR

AT, 1hH A

Zoh, NG ERBINICE F 3BCFO &R 3R
o= 35 5 FOEBNZLICERT 2 & O Tid
WEHEERES NS,

AW TR & LR « 283 E 1B 3BCFIE, R
ISH ORER T M REIC & KE» o 7o —F, AR
MoRE TR, HLEITE T 2BCFIIMHEIC X 5250
A o NS, BT & OAEREERIC B 1 5 BCF I
< IFaSiTBWVWT, £/, [Z0M] ic88F 2BCF
B~ I F 3 ZICBVWTRED - 72, FRIT, BEW<
IF a JOBEICITBTCI EiEE IcEE S, BCF
DIPRICHR L CTRERELLEILEDBHSLTH -
7o

TBTCl%Z &/ 4 2 fBEKTREEAFAET &, A
AKPTBTClLZE E L THEAERH L TS, [Mik%E
WL CRESERICEITT 5, FIRIC B0 2 YR
ROERIC X b 20— 2 GHEY) (TBTIL&YI O
B4 3MBTH &L UDBT) c&Z# s, TBTClE LU
RBFEWZIME AN L CTHIEERT 5, TBTCHE kA
TRTBT & LTCHEAET EZEEZONTED, F1,
MEHTIEd 2D 7 vy BickES U REETIAE
TEHEENMERSNTVWS (KIES, 1998a; Oshima
et al., 1998b; Shimasaki et al., 2002), —JF, H:Jil
BROBRFGEBFRIT B W TREHE LINEIT B O TAGEIR O K
ARG T AREME (5 v EE) PEIh
L EDPRESNTVS (Mochida et al., 2002a;
Mochida et al., 2002b; Miura et al., 2002;
Andreassen et al., 2002), TN S DEK SN YE
7, IMEHOTBT — % v~ 2 EiEak®H 5 WIZTBTIC
XL TG EAGE S 5 &, MEPTBTOREA~D

Table 6. The concentrations of butyltin compounds and BCF in several tissues and organs of mummichog

exposed to waterborn TBTCI

Tissue and | Experimental Concentration in female(ug/g wet wt) | BCF of| Concentration in male(ug/g wet wt) |BCF of
organ period(day) MBT DBT TBT | £BTs| TBT | MBT DBT TBT | ©BTs| TBT

Exposure 15 | <0.02**  0.09 0.40 0.49 0.11 <0.05 0.31 0.31

Liver 771 0.02 2.0 0.86 3.18 780 0.39 3.3 1.8 5.49 | 1300
Elimination 91| 0.65 3.7 0.55 4.90 0.52 44 1.3 6.22
Exposure 15 [ <0.056  <0.05 0.38 0.38 0.06 <0.05 0.29 0.29

Gonad 77 1<0.06  <0.05 0.24 0.24 220 0.12 0.23 2.1 2.45 | 1500
Elimination 91 | <0.05 0.08 0.24 0.32 <0.05 0.12 1.1 1.22
Exposure 15 0.07 <0.05 0.27 0.34 <0.06 <0.05 0.75 0.75

Digestive

tract 77 0.27 0.28 1.4 1.95 | 1300 0.15 0.37 1.6 2.12 | 1100
Elimination 91| 0.18 0.21 0.43 0.82 0.19 0.38 1.7 2.27
Exposure 15 [ <0.056  <0.05 0.58 0.58 0.14 <0.05 0.22 0.36

Residue 771 0.06 0.23 2.4 2.69 | 2200 | <0.05 0.15 1.0 1.15 700
Elimination 91 | <0.05 0.11 0.67 0.78 <0.05 0.16 1.7 1.86

*' The concentration below the detection limit was treated as zero in the calculation of XBTs
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