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Triorganotins (TOTs) 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 (Porphyra yezoensis) was used as an organism for the
bioassay of TOTs. 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 filament)-growth (commencing cell division) of
conchospores of Porphyra yezoensis.

Materials and Methods

(1) Materials: The conchospores were obtained through the free-living con-
chocelis of Porphvra 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 0.45um Millipore filter. Four kinds of tributyl-
tin [bis(tri-n-butyltin) oxide (TBTO), tributyltin chloride (TBTCl), tri-
butyltin acetate (TBTAc) and tributyltin hydroxide (TBTH)] and two kinds of
triphenyltin [triphenyltin chloride (TPTCl) and triphenyltin acetate (TPTAc)
] were examined. Prepared TBICl and TPTCl solutions were analysed by the
capillary gas chromatography FPD method (Hewlett Packard 5980). The analys-
ed concentrations of TBTCl and TPTCl were 99% and 101% of the designed con-
centration, respectively.

(2) Methods: Adhesion tests and germination-growth tests of conchospores
were conducted by means of a culture of conchospores. All cultures were
performed 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 TOT solution was droped onto a glass plate
and 0.04ml of the centrifuged conchospore suspension containing 300-500
conchospores was dropped onto the TOT solution. The concentrations of each
TOT and the period exposing conchospores to TOT were from 0 to 1,600ug/1l
and 48h, respectively. The glass plate was put in sealed petri dishes con-
taining a small volume of 1/20PES culture medium to prevent evaporation.

The number of adhered conchospores was counted with a microscope after ex-
posing the conchospores to TOT for 48h.

(b) Germination-growth tests: After the adhesion test, the glass plate on
which conchospores adhered were transferred to the petri dish containing
1/20PES culture medium with or without TOTs. Concentrations of TOT and the
period exposing adhered conchospores to a TOT were from 0 to 280ug/l
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and 96h, respectively. The culture media were changed every two days. The
number of germlings was counted with a microscope after exposing concho-
spores to each TOT for 48 or 96h.

Results and discussion

(1) Effects of TOTs on the adhesion of conchospores: Figure 1 shows the ad-
hesion ratios of conchospores on the glass plate as a function of TUT con-
centration. The 50% EC of TBTO, TBTCl, TBTAc, TBTH, TPTCl and TPTAc on the
adhesion of conchospores was estimated to be 120, 120, 120, 820, 30 and 60
ug/1, respectively. The minimum EC (48-h ECyip. ,Ad, in Table 1) of the six
TOTs on the adhesion of conchospores on the glass plate was estimated to be
50, 50, 50, 500, 5 and 28ug/l, respectively. There is a large difference
between the 50% EC and the minimum EC values depending on the kinds of TOT.
When the conchospores were cultured in 1/20PES culture medium with TPTCl of
28ug/1, the conchospores were deteriorated.

(2) Effects of TOTs on the germination-growth of the conchospores: Figure 2
shows the germination-growth ratios of conchospores adhered onto the glass
plate as a function of TOT concentration. The 50% EC of TBTO, TBTCl, TBTAc,
TBTH, TPTCl and TPTAc on the germination-growth of conchospores was esti-
mated to be 8.0, 27, 33, 90, 3.6 and 6.3ug/l, respectively. The minimum EC
(48-h ECyin. ,Ger. * in Table 1) on the germination-growth of conchospores was
estimated to'be 1-2, 9, 8-16, 30-5-, 1-1.6 and 2ug/1l, respectively. Figure
3 shows the germination-growth ratios of conchospores adhered onto the glass
plate as a function of TBTO and TPTCl concentration. The 50% EC of TBIO and
TPTCL on the germination-growth of conchospores was estimated to be 4.0 and
1.3ug/1l, respectively. Figure 4, which was obtained from the same experi-
ment as Figure 3, shows the ratios of the number of 2-celled and 4-celled
germlings of conchospores as a function of TBIO and TPTCl concentration.
When the conchospores were cultured in 1/20PES with TBTO or TPTCl for 96h,
the minimum EC (96-h ECyjn. ,Ger. in Table 1) of TBTO and TPTCl was estimated
to be 2 and <lug/1, respectlvely, from Figure 4. The ratios of the number
of 4-celled germlings decreased and those of 2-celled germlings increased
acconpanying the increase of concentration of TBTO or TPICl. The phenomena
shown in Figure 4 indicate that TBTO and TPTCl retarded the growth of con-
chospore germlings. Table 1 shows the minimum EC of each TOT on the adhe-
sion of conchospores onto the glass plate and germination-growth of concho-
spores adhered onto the glass plate. Toxic effects of TOTs were much more
effective in the germination-growth of conchospores (48-h ECMln Ger.) than
in the adhesion of conchospores (48-h ECyin,,ad.), as shown in Table 1.

Nori was very resistive to TOTs in the adhesion of conchospores, but not
resistive to TOTs in the gemination-growth of adhered conchospores. The
examined TPTs showed stronger toxicity than the TBTs to the adhesion and
the germination-growth of conchospores. When the conchospores were cultur-
ed in 1/20PES culture medium with TPTCl of 5ug/l, the germlings became de-
formed.

Conclusions

(a) Six kinds of examined TOT's hindered the adhesion of conchospores on the
glass plate and retarded the germination-growth of adhered conchospores.

(b) The EC of TOTs on the germination-growth of adhered conchospores was
much lower than the EC on the adhesion of conchospores. (c) The toxicity
of TOTs examined was estimated to be in the order of TPTCl > TPTAc % TBTO >
TBTAc 5 TBTCl >> TBTH on the adhesion of conchospores onto the glass plate
and the germination-growth of adhered conchospores. (d) The minimum EC of
TPTCl and TBTO on the germination-growth of adhered conchospores was esti-
mated to be 1 and 2ug/l, respectively. (e) Nonobservable effective concen-
tration level of TPICl on the germination-growth of conchospores may be <0.1
ug/l, when the safety factor of 1/10 is adopted. (£) When the concentra-
tion of TOTs in culture medium increased, the conchospores were deteriorat-
ed and the germlings were deformed.
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Fig. 1 Effects of TOTs on the adhesion of
conchospores of Porphyra yezoensis

onto the glass plate when the con-
chospores were exposed to each TOT

for 48h.
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Fig. 3 Effects of TBTO and TPICl on the
germination-growth of conchospores
of Porphyra yezoensis when the con-
chospores were cultured in 1/20PES
medium with TBTO or TPICl for 96h.

®
o]
-~
4J
g
B
ll
0 10 100
TOT (ug/1)

Fig. 2 Effects of TOTs on the germination-
growth of conchospores of Porphyra
yezoensis when the conchospores
which adhered on the glass plate
were cultured in 1/20PES medium for
48h without a TOT followed by expos-

ing the conchospores to each TOT for

48h.
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Fig. 4 Effects of TBTO and TPICl on the ra-
tios of number of 2-celled yermlings
and 4-celled germlings of concho-
spores of Porphyra yezoensis when the
conchospores were cultured in 1/20PES
medium with TBTO or TPICl for 96h.

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

units: wg/L
48-h ECuin.,nd. 48-h ECnin..aer. 48-h ECrin..,cer.* 96-h ECnin..oecr.
(Exp. 1) (Exp. 1) (Exp. 2) (Exp. 3)
TBTQ 50 2 -2
TBTC1 50 ] g
- TBTAc 50 16 8-16 -
TBTH 500 30 30-50 -
TPTCI 5 <1.6 i-1.6 <1
TPTAc 28 <2.8 2 -

48-h ECuin..aer. *: ECnin.

of TOTs on the germination-growth of cancho-

spores when the adhered conchaspores on the glass plate were cul-
tured in 1/20PES medium without a TOT fallowed by exposing concha-

spares to each TOT for 48h.
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