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Introduction

Organotin compounds are chemicals widely used in agriculture and industry
(Piver 1973, World Health Organization 1980). Tetrasubstituted organotin
compounds are mainly used as intermediates in the preparation of other
organotin compounds. Trisubstituted organotin compounds have biocidal
properties and are used in agriculture as fungicides and acaricides, as rodent
repellents, and mulluscicides, and are widely used as antifoulants in ship
paints and underwater coatings. Especially, triphenyltins (TPTs) and tribu-
tyltins (TBTs) have been used extensively in antifouling products such as
algaecides and mulluscicides. Disubstituted organotin compounds are com-
mercially the most important derivatives, and are mainly used in the plastics
industry, particularly as heat and light stabilizers for polyvinyl chloride
(PVC) plastics to prevent degradation of the polymer during melting and
forming of the resin into its final products, as catalysts in the production of
polyurethane foams, and as vulcanizing agents for silicone rubbers. Mono-
substituted organotin compounds are used as stabilizers in PVC films. Wide-
spread use of organotin compounds has caused increasing amounts to be
released into the environment. The most important nonpesticidal route of
entry for organotin compounds into the environment is through leaching of
organotin-stabilized PVC in water (Quevauviller et al. 1991), and the use in
antifouling agents, resulting in the introduction of organotin into the aquatic
environment (Maguire 1991). Data are available regarding the detection of
butyltin and phenyltin compounds in aquatic marine organisms (Sasaki et
al. 1988, Fent and Hunn 1991, Lau 1991) and marine products (Suzuki et al.
1992, Belfroid et al. 2000, Tsuda et al. 1995, Ueno et al. 1999, Toyoda et al.
2000). Food chain bioamplification of butyltin in oysters (Waldock and Thain
1983), mud crabs (Evans and Laughlin 1984), marine mussels (Laughlin et
.al. 1986), Chinook salmon (Short and Thrower 1986), and dolphin, tuna, and
shark (Kannan et al. 1996), and of phenyltin in carp (Tsuda et al. 1987) and
horseshoe crab (Kannan et al. 1995) has been reported. These indicate that
organotin compounds accumulate in the food chain and are bioconcentrated,
and that humans can be exposed to organotin compounds via seafood. The
World Health Organization (WHO) reported in 1980 that the estimated mean
total daily intake of tin by humans ranged from 200 pg to 17 mg. Recently,
Tsuda et al. (1995) reported that the daily intakes in Shiga prefecture in Japan
were 0.7 to 5.4 ug in 1991 and 0.7 to 1.3 pg in 1992 for TPT and 4.7 to 6.9 ug
in 1991 and 2.2 to 6.7 pug in 1992 for TBT. Toyoda et al. (2000) also showed
that the daily intakes in Japanese consumers, based on analysis with the 1998
total diet samples, were 0.09 pg for TPT, 0 pg for diphenyltin (DPT), 1.7 ug
for TBT, and 0.45 pg for dibutyltin (DBT). These values are lower than the
acceptable daily intake for TPT according to the JMPR (Joint Meetings of the
FAO [Food and Agriculture Organization] and World Health Organization
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Panel of Experts on Pesticides Residues), 25 ug (World Health Organization
1992), and the guidance value for oral exposure to tributyltin oxide (TBTO),
18 g (International Programme on Chemical Safety 1999a). Thus, the levels
of organotin compounds in seafood are not considered to be sufficiently high
to affect human health (Tsuda et al. 1995, Ueno et al. 1999). However, Belfroid
et al. (2000) noted that more research on residual TBT levels in seafood is
needed before a definitive conclusion on possible health risks can be drawn.

In recent years, adverse effects of environmental chemicals on the repro-
ductive success of wildlife populations have been reported (Colborn et al.
1993). These phenomena may result from interference with the endocrine
system. Disturbances of hormonal regulation during pre- and postnatal
development may produce deleterious effects on reproduction and develop-
ment. TPT and TBT are suspected to be endocrine disruptors (Japan Envi-
ronment Agency 1998). TBT and TPT are known to have strong effects on
the development of imposex (imposition of male sex characteristics on
females) in the rock shell (Horiguchi et al. 1996, 1997a), and this condition
may bring about reproductive failure and a consequent population decline.

Although the toxicity of organotins has been extensively reviewed
(World Health Organization 1980, Snoeij et al. 1987, Winship 1988, Boyer
1989, International Programme on Chemical Safety 1999a, b), the reproduc-
tive and developmental toxicity of these compounds is not well understood.
In this chapter, we summarize the findings of the studies on reproductive
and developmental effects of organotin compounds.

Effects on Aquatic Organisms

Imposex on Gastropods

TBT causes reproductive toxic effects in marine gastropods, which were
represented by some masculinizing effects including imposex or pseudoher-
maphodi(ti)sm. The imposition of male sex organs (a penis and vas deferens)
on female mud snails (Nassarius obsoletus) was found in near harbors, and
the degree of penis development and frequency of imposex were positively
correlated to the seawater TBT concentration (Smith 1981a, b). Imposex has
been induced experimentally by treatment with 4.5 to 5.5 ug /L of TBT
compounds for 60 days. In field studies in southeastern England, imposex has
been reported in declining populations of the common dogwhelk (Bryan et al.
1986, 1987, 1989, Gibbs and Bryan 1986, Davies et al. 1987, Gibbs et al. 1987).

Imposex has not just occurred at a regional level, but worldwide on a
global scale. Imposex in dogwhelk was not only reported in England, but in
Scotland, the Netherlands, and the coastline of the North Sea. Imposex in
other whelk species occurred in Canada, West Africa, New Zealand, Aus-
tralia, Malaysia, Singapole, Indonesia, and Japan (Fent 1996, Horiguchi et al.
1996). Imposex among prosobranchs is known to occur in around 70 species
of 50 genera, although some species are less susceptible to TBT compounds
(Fioroni et al. 1991, Fent 1996).
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TPT also induced imposex in Thais clavigera at the same potency as TBT
(Horiguchi et al. 1997a). Although, in Nucwlla lapillus, TPT did not induce
imposex, tripropyltin (TPrT) had a small effect on the development of impo-
sex (Bryan et al. 1988). DBT and monobutyltin (MBT) did not induce imposex
in the gastropod species examined. Three trisubstitution compounds (TBT,
TPT, TPrT) and monophenyltin (MPT) easily induced imposex in some spe-
cies, among the eight organotins, i.e., MBT, DBT, TBT, tetrabutyltin (TeBT),
MPT, DPT, TPT, and TPrT. (Bryan et al. 1988, Hawkins and Hutchinson 1990,
Horiguchi et al. 1997b).

The early studies in the 1980s reached some common conclusions, which
are described below (Eisler 2000). Imposex correlated with the body burden
of tributyl- and dibutyltin, but not with the tissue concentration of arsenic,
cadmium, copper, lead, silver, or zinc. Forty-one percent of females had male
characteristics, when the body burden reached to 1.65 mg Sn/kg of dry soft
parts, by exposing with 0.02 pg Sn/L for 120 days. Imposex in immature
females is caused above the concentration of around 1 ng/L (Sn) in seawater.
At higher concentrations of TBT, the oviduct had been blocked, resulting in
sterilization. Declining dogwhelk populations could be caused by aborting
capsules, sterility, and premature death, which were characterized by a mod-
erate to high degree of imposex, fewer female functions, fewer juveniles,
and scarcity of laid egg capsules.

There is also a great variety of gradations of imposex in different species.
The intensity is characterized by a classification system, which distinguishes
six stages with a few different types, mainly based on a Vas Deferens
Sequence (VDS) index (Oehlmann et al. 1991). Imposex development
occurred in three variations: (1) a small penis without penis duct, (2) a short
distal vas deferens section, or (3) a short proximal vas deferens section (stage
1). At stages 2 and 3 the male sex characteristics of each type are developed
continuously. Stage 4 is characterized by a penis with penis duct and a
complete vas deferens, and represents the last stage of fertility. The repro-
ductive failure or sterility is induced in later stages. At stage 5 the vagina is
replaced with a small prostate gland, the vagina opening is blocked by vas
deferens tissue, or the incompletion of the pallial oviduct closure occurs.
Abortive egg capsules fill the lumen and vestibulum of the capsule gland
and evoke an intense swelling of the gland at stage 6 (Bettin et al. 1996).
High TBT exposure in the early stages of life induced gametogenesis or sex
changes characterized by a suppression of oogenesis and commencement of
spermatogenesis in females (Gibbs et al. 1988, Fioroni et al. 1991, Oehlmann
et al. 1991, 1996, Horiguchi et al. 2002). It was thought that the initial phases
of imposex corresponding to VDS stages 1 and 2 may be reversible; however,
advanced phases of imposex and sterilization with gross morphological
changes corresponding to VDS stage 5 and 6 would be irreversible (Fent 1996).

Although many morphological aspects of pseudohermaphodi(ti)sm
caused by TBT have been investigated, the biochemical mechanism has been
indistinct. It is known that a neurotropic hormone called the penis morpho-
genic factor (PMF) develops male normal differentiation in mollusks (Féral



