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Triorganotins (IDTs) have been widely used as antifoulants for ships and fishing 
nets, and the toxic effects of TOTs on marine organisms are becoming a serious 
problem. In this study, nori (Poゆhyrayezoensis) was used as an organism for the 
bioassay of IDTs. Nori is understood to be one of the most suitable organisms for 
the bioassay of hazardous chemicals for the following reasons: (1) Nori is widely 
cultivated along the coast of Japan. (2) Even though other seaweeds have become 
extinct due to the pollution of coastal water, nori has survived. (3) The material 
of any stage in the life cycle can be easily obtained in the laboratory. 
The objectives of this study are to clarify the effective concentrations (EC) of 
TOTs depending on the ratios of adhesion of conchospores on the glass plate and the 
germination (upper portion of conchospores standing up-right and lower portion of 
conchospores projecting a rhizoidal fil暉 ent)-growth(commencing cell division) of 
conchospores of Poゆhyrayezoensis. 

Materials and Methods 
(1)限1aterials:The conchospores were obtained through the free-living con-
chocelis of Porohvra yezoensis Ueda (strain ZGRW) which were maintained in 
the laboratory. A 1/20PES culture medium (1/20 Provasoli's enriched sea-
water) was prepared using aged seawater autoclaved at 120°C for 20 min. 
followed by filtering with 0.45μm阻 lliporefilter. Four kinds of tributyl-
tin [bis(tri-n-butyltin) oxide ('17B'ID), tributyltin chloride ('IBTCl), tri-
butyltin acetate (TBTAc) and tributyltin hydroxide (TBTH)] and two kinds of 
triphenyltin [triphenyltin chloride (TPTCl) and triphenyltin acetate (TPTAc) 
] were examined. Prepared'IBTCl and TPTCl solutions were analysed by the 
capillary gas chrrnatQCJraphy FPD method (Hewlett Packard 5980) • The analys-
ed concentrations of'IBTCl and TPTCl were 99% and 101% of the designed con-
centration, respectively. 
(2) Methods: Adhesion tests and ge皿 ination-growthtests of conchospores 
were conducted by means of a culture of conchospores. All cultures were 
区~rfo皿ed by incubation in a growth chamber at a light intensity of 7Klx, 
at 15°C and with a 10-14h light-dark cycle. 
(a) Adhesion tests: 0.04ml of TOI'solution was droped onto a glass plate 
and 0.04ml of the centrifuged conchospore suspension containing 300-500 
conchospores was dropped onto the TOI'solution. The concentrations of each 
露 andthe period exposing conchospores to TOI'were from Oto 1,600μg/l 
and 48h, respectively. The glass plate was put in sealec1 petri dishes con-
taining a small volume of 1/20P認 culturemedium to prevent evaporation. 
The number of adl1ered conchospores was counted witl1 a microscope after ex-
posing the conchospores to'IDT for 48h. 
(b) Germination-growth tests: After the adhesion test, the glass plate on 
which conchospores adhered碑 retransferred to tl1e petri dish containing 
1 /20PES culture rnediurn with or without TOI's. Concentrations of TOI'and the 
period exposing adhered conchospores to a衣汀 werefr叩 0to 280μg/l 
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and 96h, respectively. The culture media were changed every two days. The 
number of gennlings was counted with a microscope after ex: 匹singconcho-
spores to each'lDT for 48 or 96h. 

Results and discussion 
(1) Effects of'IOTs on ilie adhesion of conchos)Ores: Figure 1 shows ilie ad-
hesion ratios of conchosrぬreson比eglass plate as a function of『rurcon-
centration. The 50% EC of TB'ID, TB'rcl,'IB'l'Ac, 「I'BTii, ~ 『PTCland TPTAc on the 
a中 esionof conchospores was estimated to be 120, 120, 120, 820, 30 and 60 
μg/1, respectively. The minimum EC (48-h ECMin. ,Ad. in Table 1) of the six 
TOTs on the adllesion of conchospores on ilie glass plate was estimated to be 
50, 50, 50, 500, 5 and 28μg/l, respectively.'I'here is a large difference 
between the 50% EC and tl1e minimum EC values depending on the kinds of ror. 
When比econchospores were cultured in 1/20PES culture medillln with TPTCl of 
28μg/l, the conchospores were deteriorated. 
(2) Effects of'IOTs on ilie errnination-ro叫土 of比econchos res: Figure 2 
shows the germination-growth ratios of concl1osf)Ores adllerec1 onto比eglass 
plate as a function of TOT concentration. The 50% EC of'IBTO,'IB'l℃ 1,'l'BTAc, 
'IBTH,'I、PTCland T四'Acon廿1egennination-growili of conchos匹 reswas esti-
mated to be 8.0, 27, 33, 90, 3.6 and 6.3μg/l, respectively. The minimUin EC 
(48-h ECMin.,Ger.* in Table 1.) on比egermination-gro砒 hof conchospores was 
estimated to be 1-2, 9, 8-16, 30-5-, 1-1.6 and 2μg/l, resr.:iectively. Figure 
3 shows比egermination-growth ratios of conchospores adhered onto比eglass 
plate as a function of'IB『IOand'rPTCl concentration.'rhe 50% EC of'IB'ID and 
TPTCl on ilie germination-grovたhof conchospores was estimated to be 4.0 and 
1.3μg/l, respectively. Figure 4, which was obtained fron1 the sarne experi-
ment as Figure 3, shows ilie ratios of the number of 2-celled and 4-celled 
gennlings of conchospores as a function of'IB'l'O and'l'PTCl concentration. 
When比econchospores were cultured in 1/20PES wi廿1TB'ID or TPTCl for 96h, 
the minimum EC (96-h EC直 n.,Ger.in Table 1) of'IB'ID and TPTCl was estimated 
to be 2 and <1μg/l, respectively, frorn Figure 4. The ratios of the number 
of 4-celled germlings decreased and比oseof 2-celled germlings increasec.1 
aCCCTtlpanying比eincrease of concentration of T'B'lD or'l'P'rcl.'l'he phenomena 
shown in Figure 4 indicate tl1at TB'ID and TPTCl retarded血egro砒hof con-
chospore gennlings. Table 1 shows比eminimum EC of each TCJl'on ilie adlle-
sion of conchospores onto the glass plate and gennination-growth of concho-
spores adllered onto the glass plate. Toxic effects of TOTs were much more 
effective in凸egennination-grav辻hof conchospores (48-h E屯in.,Ger.)比an
in ilie adl1esion of conchospores (48-h ECMin. ,Ad.), as shown in Table 1. 
Nori was very resistive to TOTs in比eadhesion of conchospores, but not 
resistive to'IDl's in ilie germination-gro砒 hof a曲eredconchospores. The 
examined'l'PTs showed stronger toxicity man the団:frsto比eadhesion and 
廿1e9ern1ination-growth of conchos匹 res. 曲 enthe conchos区）res were cultur-
ed in 1/20P声 culturemedium witl1'l1PI'Cl of 5μg/l, the germlin9s became de-
formed. 

Conclusions 
(a) Six kinds of examined'IOI's hindered the adhesion of conchos匹 reson the 
ylass plate and retarded tl1e gerrnir四tion-growthof adhered conchos匹 res.
(b) The EC of'. 邸 sonthe germination-growth of adhered conchos匹 reswas 
much lower tl1an the EC on the adhesion of conchos区）res. (c) The toxicity 
of'IOTs examined was estirriated to be in tl1e order of TPI'Cl > TPI'Ac !=. TB'IO > 
'IBTAc !;'IBTCl > >'IBTH on tl1e adl1esion of conchos区）res onto the glass plate 
and the germination-growth of adl1ered conchospores. (d) The minimum EC of 
TPI℃ 1 and TB'IO on the gennination-g-rrn, 沈hof adhered conchos1..)()res was esti-
mated to be 1 an~2µg/l, res1::>ectively. (e) Nonobservable effective concen-
tration level of TPTCl on the germination-growth of conchos区）res may be <O. 1 
μg/1, when the safety factor of 1/10 is adopted. (f) When t11e concentra-
tion of衣JI'sin culture medium increased, the conchos1ぬreswere deteriorc1t-
ed and the gerrnlings were deformed. 
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Fig. 1 Effects of両 sonthe adhesion of 
conchospores of Porphyra yezoensis 
onto the glass plate when the con-
chospores were exposed to each両
for 48h. 
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Fig. 3 Effects of TBTO and TP'K:l on the 
germination-gr四 ofconchosp:>res 
of Porphyra yezoensis when the con-
chosゃreswere cultured in 1/20P芦
medium with TBTO or TP'K:l for 96h. 
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Fig. 2 Effects of'lUI's on the germination-
growth of conchospores of Porphyra 
yezoensis when the conchospores 
which adhered on the glass plate 
were cultured in 1/20P応 mediumfor 
48h without a'lUl'follc,, 妃dby expos-
ing the conchospores to each'lUl'for 
48h. 
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Fig. 4 Effects of TI如 andTP'ICl on the ra-
tios of number of 2-cell改1りermlings
and 4-celled gennlings of concho-
spores of Porphyra yezoensis when the 
conchospores were cultured in 1/20PES 
rnedium with血 orTP'ICl for 96h. 

Table 1 The minimum effective concentrations of TOTs on the adhesion and 
germination-growth of conchospores of Porphyra yezoensis 

units: μg/L 

48-h ECn1n,.Ad. 48-h ECn1n .. oor・. 48-h ECn1n.,Uor.* 96-h ECn1n .. o● , . 
(Exp. l) (Exp. 1) (Exp. 2) (Exp. 3) 

TBTO 50 2 1-2 2 
↑ BT Cl 50 9 9 
TBTAc 50 16 8-16 
TBTII 500 30 J0-50 = 
・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・ ー・・・..............・・・・・・・・・...

↑ PTCl 5 <1.6 1-1.6 <l 
TPTAc 28 < 2.8 2 

48-h ECn1n. ,uer.*: ECn,n. of TOTs on the germination-growth of concho-
spores when the adhered conchospores on the glass plate were cul-
tured in l/20PES medium without a TOT followed liy exposing concho-
spores to each TOT for 48h. 
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