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6 n-Butyltin Compounds
1 Toxic Effects and Mode of Action

N-Butyltin compounds are considered to be carcinogenic. In male mice, DBTA
causes an increased incidence of hepatocellular adenomas and carcinomas. In male
and female rats, TBTO produces significantly increased incidences of benign tu-
mours of the pituitary gland, phaeochromocytomas of the adrenal gland and adeno-
mas of the parathyroid gland.

N-Butyltin compounds are not genotoxic.

To the skin and to the eyes, n-butyltin compounds are irritating to corrosive.
N-Butyltin compounds are absorbed after inhalation or ingestion and on skin con-
tact, and are found particularly in the kidneys and liver, but also in the spleen, thy-
mus and brain. N-Butyltin compounds can pass the blood-brain barrier and the
placenta. In the acid environment of the stomach, the tin/oxygen or tin/sulphur
bonds of the n-butyltin compounds detach to form the corresponding n-butyltin
chlorides. In the liver, hydroxylation and dealkylation to mono-n-butyltin takes
place, as well as its hydrolysis to a hydrocarbon residue and to hydroxytin.

In rats, apathy, nasal discharge, breathing noises, dyspnoea, piloerection and
weight loss are observed as signs of intoxication after repeated inhalation of MBTC
or TBTO. Inflammatory reactions occur in the entire respiratory tract. In the pres-
ence of TBTO, changes in lymphatic organs occur such as thymus atrophy and
lymphocytopenia in the thymus-dependent areas of spleen and lymph nodes. After
repeated ingestion, the target organs of n-butyltin compounds are, in particular, the
organs of the lymphatic system, as well as liver, kidneys and brain. The sensitivity
to their immunotoxic effects decreases with age. The most sensitive reactions are
observed in pups before weaning.

For the sensitization of MBT and DBT(2-EHMA) in guinea pigs, not the n-butyl-
tin cation, but the ligand 2-EHMA seems to be responsible. MBT(IOMA) and
TBTO are not sensitizing in the maximization test.

A large number of investigations on prenatal and postnatal developmental toxi-
city exist for n-butyltin compounds. Mono-n-butyltin compounds and tetra-n-
butyltin show the lowest efficacy. Di-n-butyltin compounds are teratogenic in rats.
Tri-n-butyltin compounds are embryotoxic in rats, though they do not produce
cleft palates until maternally toxic doses are reached. Postnatal developmental tox-
icity was found to be the most sensitive endpoint in rats after the administration of
tri-n-butyltin compounds.

2 Mechanism of Action

General biochemical effects

The toxic effects of organotin compounds are determined by the interactions of
lipophilic alkyl groups and by the reactivity of alkyltin cations. Absorption from the
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gastrointestinal tract as well as penetration into cells and organelles increase with
the size and the number of alkyl groups.

The correlation between toxicity and the size of the alkyl residue is complex. In
the case of trialkyltin compounds, it was found from in vitro investigations with hu-
man HL-60 cell cultures that toxicity increases with the chain length of the methyl-
bis to butyl residues, but decreases again as the chain length increases further (Ade
et al. 1996). With trimethyltin, calculations of its electronic properties showed that
the greatest reactivity is expected from the central tin cations, though this reactivity
decreases as the amount of hydrophobic residues increases. The maximum toxicity
seems to be at the butyltin compounds. These findings led to the hypothesis that
the lipophilic character of the alkyl groups determines interactions with the mem-
branes as well as absorption by the membranes, but that the reactivity of the central
tin cations is responsible for the specific intracellular reactions (Schiiiirmann and
Markert 1998). This hypothesis is also supported by the results from investigations
with synthetic lipid membranes: alkyltin chlorides caused an electric depolarization
of the membranes, which was correlated with the lipophilicity of the alkyl groups.
In the case of trimethyltin, the membrane-depolarizing effect was clearly weaker
than with triethyl-, tripropyl- and tributyltin chloride (Zielinska et al. 2000).

From tinorganic chemistry it is known that the electronically positively charged
tin of alkyltin halogenides form, on the one hand, adducts with nitrogen and oxygen
atoms from donor molecules, but can form covalent bindings with sulphur in thiols
on the other hand (Aylett 1979; Haiduc and Zuckerman 1985). Reactions of tribu-
tyltin chloride with sulthydryl groups of proteins were demonstrated using haemo-
globin as example (Santroni et al. 1997; Taketa et al. 1980). As the carbon in the
tin/carbon compound is negatively charged, the cleavage of electrophilic alkyl resi-
dues is improbable. Therefore, no direct alkylation of proteins or DNA bases are to
be expected.

Specific biochemical effects

The specific biochemical effects of butyltin compounds can be devided into Ca2*-de-
pendent and Ca?+-independent effects which are, however, closely linked up with
each other.

Disturbance of Ca 2+ homoeostasis

The Ca2*-dependent effects of organotin compounds are based on an increase in in-
tracellular free Ca* concentration in different cells including the T cells (Chikahisa
and Oyama 1992; Kawanishi et al. 2001; Nakatsu et al. 2006; Oyama et al. 1994;
Stridh et al. 1999 a). With thymocytes, tri-n-butyltin induced a Ca?* mobilization
both by increasing the Ca?* permeability of the membranes of intracellular orga-
nelles and by inhibiting the Ca>* ATPase of the plasma membranes (Oyama et al.
1994).
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Via the disturbance of Ca** homoeostasis, tri-n-butyltin induced apoptosis in
thymocytes (Aw et al. 1990; Raftray and Cohen 1993), spleen cells (Gennari et al.
1997) and PC12 cells among others (Nakatsu et al. 2007). It was found that an in-
tracellular Ca2* increase produced by tri-n-butyltin activated caspase-3 (Nakatsu
et al. 2006, 2007), which participates in the apoptosis process as central enzyme. In
isolated liver mitochondria, tri-n-butyltin induced the release of cytochrome c in
the presence of an increased Ca?+ concentration (Gogvadze et al. 2002). The cyto-
chrome c released into the cytoplasm can in turn induce apoptosis via a signal cas-
cade (Gennari et al. 2002 b). In contrast, tri-n-butyltin had no influence on apo-
ptosis in human natural killer cells, as showed from investigations with pro-apopto-
tic proteins Bax and p53 as well as with anti-apoptotic protein Bcl-2 (Aluoch et al.
2007).

Different signal transmission paths were influenced as a result of the mobilization
of intracellular free calcium and the resultant phosphorylation of mitogen-activated
protein kinases produced by tri-n-butyltin: the MAP kinase JNK in PCI12 cells
(Nakatsu et al. 2007), the MAP kinases p38, JNK and ERK in human T cells (Yu
et al. 2000) as well as the protein kinases p38 and p44/42 in human natural killer
cells (Aluoch and Whalen 2005).

The loss of ability of natural killer cells to bind to tumour cells induced by tri-n-
butyltin was caused by a loss of surface antigens CD16 and CD56 (Whalen et al. )
as well as by a decrease in the in the cytotoxic function of the proteins granzyme B
and perforin (Thomas et al. 2004). The inhibition of the cytotoxicity of natural kill-
er cells by tri-n-butyltin could be reversed by more than 50% by incubation with
interleukin IL2 and IL12, which shows that tri-n-butyltin acts through a distur-
bance of signal transduction (Whalen et al. 2002 b).

Other Ca?*-dependent effects were the depolymerization and disintegration of
cytoskeletal and nuclear proteins, such as F-actin (Chow and Orrenius 1994;
Galli et al. 1993) and tubulin, induced by tri-n-butyltin (Jensen et al. 1989,
1991 a, 1991 b; Tan et al. 1978), as well as inhibition of fMLP-induced actin
polymerization and the resultant depolymerization of actin caused by it (Galli et
al. 1993). These mechanisms partially explain the cytotoxic effects produced by
n-butyltin compounds, particularly in thymus and spleen (see also “Immunotox-
icity” Section).

In addition, the loss of stainable spindles in V79 hamster fibroblasts caused by di-
n- and tri-n-butyltin (Jensen et al. 1991 a), as well as the chromosomal contractions
(Jensen et al. 1989) and hyperdiploid cells (Jensen et al. 1991 b) induced in human
lymphocytes can be attributed to Ca%*-dependent reactions.

Interaction with proteins and membranes

The pronounced enzyme inhibition of all organotin compounds is Ca?*-indepen-
dent. It is due to their interaction with proteins, as they produce changes in confor-
mation or enter into coordinative and covalent binding with amino acids. Organo-
tin compounds generally inhibit oxidative phosphorylation (Aldridge and Cremer
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1955) and ATP synthesis (Aldridge et al. 1977), whereby mitochondrial degenera-
tion can occur (Yoshizuka et al. 1992). In particular, the trialkyltin compounds dis-
turb mitochondrial function by accumulating within the inner mitochondrial mem-
brane and by forming stable precipitates (Cima et al. 2003) as well as by disturbing
Cl-/OH~ exchange at the membranes, producing structural damage as a result
(WHO 1980; Wulf and Byington 1975). Opening of the mitochondrial permeability
pores results in a rapid mitochondrial swelling (Cima et al. 2003), capable of produ-
cing a bursting of the mitochondria, as shown from the mitochondrial and mem-
brane fragments found in the cytoplasmic vacuoles of hepatocytes in rats after ad-
ministration of TBTO (Yoshizuka et al. 1992).

In addition, organotin compounds inhibit a number of reactions in xenobiotic
metabolism (Rosenberg et al. 1984). The inhibition of important enzymes, such as
aromatase (Saitoh et al. 2001), Na*/K*-ATPase (Rao et al. 1987) and glutathione S-
transferase (Al-Ghais and Ali 1999) is caused by a reaction of the alkyltin cation
with thiol groups.

Apoptosis

The apoptosis caused in vitro and in vivo by n-butyltin compounds via the distur-
bance of Ca%* homoeostasis (see also “Disturbance of Ca?* homoeostasis”) is under
discussion as being the underlying mechanism for the immunotoxicity of organotin
compounds. Caspases, enzymes that regulate the feedback system of apoptosis, can
be both activated (at low concentrations) as well as inhibited (at higher concentra-
tions) by organotin compounds. The former results in apoptosis, the latter induces
necroses (Stridh et al. 1999 b).

Immunotoxicity

The immunotoxicity induced in rats after oral DBTC administration occurring in
the form of an atrophy of thymus, spleen and lymph nodes, a reduction in lympho-
cyte count (Seinen et al. 1977 a) or a delay in transplant rejection reaction as well as
a suppressed humoral immune response against sheep erythrocytes (Seinen et al.
1977 b) are not the sequel of an accumulation of organic tin compounds (Penninks
and Seinen 1984). Apart from the induction of apoptosis and impairment of the
spindle apparatus, the thymus atrophy is probably also based on a selective prolif-
eration inhibition of immature CD4-CD8* thymoblasts, followed by a reduction of
small cortical CD4+*CD8* lymphocytes (Gennari et al. 2002 a). This was confirmed
by observations in immature rat thymocytes as well as in rats after DBTC adminis-
tration with the feed, in which also a proliferation inhibition, but no impairment of
the differentiation of thymocytes was demonstrated (Pieters et al. 1994). In rat
thymocytes, an inhibition of DNA synthesis and a stimulation of RNA synthesis by
DBTC and TBTC was demonstrated in vitro (Gennari et al. 2002 b).
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Carcinogenicity

The effects on the disturbance of Ca?* homoeostasis described above are important
in the development of the carcinogenicity produced by n-butyltin compounds, par-
ticularly the loss of binding ability to tumour cells and the loss of cytotoxic function
caused by tri-n-butyltin in natural killer cells (Aluoch and Whalen 2005; Whalen et
al., 2002 b).

Disturbances of the hormonal feedback regulation systems as a mechanism for
tumour formation in endocrine organs should also be discussed. Already after ad-
ministration of TBTO for six weeks, changed hormone release rates from the pan-
creas (insulin), pituitary gland (luteinizing hormone, thyroid-stimulating hormone)
and thyroid gland (thyroxine) occurred in male rats (Krajnc et al. 1984). As regards
the chromaffin cells of the adrenal medulla, it is known that this is where hormones
play an indirect part in the formation of hyperplasias and neoplasms. When a par-
tial resection of the pituitary gland was performed in rats with a high spontaneous
incidence of adrenal gland tumours, the formation of tumours could be prevented
(Tischler et al. 1989).

Impairment of Ca?* homoeostasis can induce proliferations of the chromaffin
cells of the adrenal medulla. These proliferations are accompanied by an increased
noradrenaline formation (Tischler et al. 1989). Messenger substances regulating the
release of catecholamines, are in turn capable of stimulating the proliferation of
chromaffin cells in the adrenal medulla (Tischler et al. 1997).

The nephrosis occurring in rats and guinea pigs after long-term administration
of TBTO (ACGIH 2001; Wester et al. 1990) may lead to hypocalcaemia, which re-
sults in an increased production of parathormone due to the negative feedback reg-
ulation. An increase in parathormone formation is accompanied by a proliferation
of parathyroid gland cells.

It can therefore be assumed that the disturbance of hormones and Ca?* homo-
eostasis are responsible for the increased tumour incidences not only in the adrenal
medulla and parathyroid glands but also in the pituitary of Wistar rats after long-
term administration of TBTO.

3 Toxicokinetics and Metabolism

3.1 Absorption, distribution, elimination

On the basis of workplace-related and personal exposure measurements, a daily
absorption of TBTO of 0.83 pg/kg body weight (0.75 quantile) through the skin
and by inhalation was estimated for shipyard employees (no other details on the
number of cases or exposure concentration) working with antifouling paints con-
taining tri-n-butyltin (BUA 2003).
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After oral or intravenous administration of DBTC (6 mg/kg body weight), in-
creased tin concentrations were found in the kidneys and liver of rats (about 9 pg/g
wet weight). Lower concentrations (about 3 pg/g wet weight) were determined in
the pancreas and spleen. No accumulation of tin was found in the thymus. Eight
days after a single dose, the organ concentration of tin in the tissues dropped to
below 1 pg/g wet weight (Summer et al. 2003).

After administration of a DBTC dose of 100 mg/kg feed for one week, the follow-
ing organ concentrations related to wet weight were measured in pregnant rats:
kidneys 4.5, liver 3.2, spleen 1.0, thymus 0.9 and brain 0.5 pg/g tissue (Summer et al.
2003). After oral administration of DBTC from days 7 to 17 of gestation to rats, di-
n-butyltin had been transferred to the embryo or the foetus. When DBTA was ad-
ministered to rats on day 8 of gestation, it was possible to demonstrate the presence
of di-n-butyltin and mono-n-butyltin in the embryo (WHO 2005).

Tri-n-butyltin compounds are readily absorbed after inhalation (Beliles 1994),
but incompletely absorbed via the oral and dermal route (WHO 1999). After inges-
tion of different tri-n-butyltin compounds, presumably always TBTC is absorbed
by the gastrointestinal tract after dissociation. In the rat, 20-50% of the adminis-
tered TBTO was absorbed through the gastrointestinal tract, 1-10% through the
skin as well as through the lungs (no other details on absorption). TBTO is capable
of passing the blood-brain barrier and is also transferred to the foetus via the pla-
centa. After a rapid distribution, metabolites in the blood were demonstrable within
three hours, particularly in the liver and kidneys. The elimination half-life of TBTO
metabolites in the mouse was 29 days; in the rat, a biphasic elimination was ob-
served with half-lives of about twelve hours and three days. After oral administra-
tion of TBTO to the rat for 14 days, steady-state in tissue concentrations was
reached after three to four weeks (WHO 1999 BUA 2003). After oral administra-
tion of TBTO to rats for four weeks, tin concentrations were found in the liver and
kidneys which were five to ten times higher than in the brain and fatty tissue
(Krajnc et al. 1984). After administration of ["*C]TBTO with the drinking water for
five to 30 days, mice excreted most of the radioactivity with the faeces. The highest
radioactivity was measured in kidneys, liver, spleen and fatty tissue (Evans et al.
1979).

Two studies on dermal penetration in vitro are available in which details on ab-
sorption after one hour (assumed standard exposure scenario) are also given. After
occlusive application of 0.5 mg/cm? DBTC on human skin in vitro for 24 hours,
the penetration rate of tin was 0.463 pg/cm? and hour during the first hour (TSA
2003 a), but only 0.029 pg/cm? and hour when the tin was applied non-occlusively.
With DBT(2-EHMA) doses of 113 mg/cm?, tin fluxes of 0.029 or 0.027 pg/cm? and
hour (TSA 2003 b) were measured in the first hour after occlusive and non-occlu-
sive application. The quantities applied did not damage the skin (TSA 2003 a, b).
For 0.3 mg/cm? TBTO, the average tin flux over eight hours was 0.28 pg/cm? and
hour, and that for the tin from 9.62 mg/cm? TBTM was 0.01 pg/cm? and hour
(RPA 2005). On the rat skin, applying the same quantities as above, higher penetra-
tion rates were measured after one hour: 2.78 and 2.39 ug tin/cm? and hour for
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DBTC (TSA 2003 a) and 0.196 and 0.109 pg tin/cm? and hour for DBT(2-EHMA)
(TSA 2003 b) for occlusive and non-occlusive application, respectively. The reasons
for the partly very different fluxes of the different compounds in vitro are not clear.
The mean penetration rates determined over eight hours in the TSA studies
(2003 a, b) are somewhat lower than those obtained after application for one hour.
In these studies, the recovery in percent is relatively low at 50% to 80%. A possible
absorption of n-butyltin on the glass device used was discussed. Thus, the meas-
ured penetration rates could also be higher. In the studies described in RPA (2005),
there are no details on whether testing was occlusive, what solvent was used, and
how high the recovery was. This limits the comparability of the results.

A dose of 0.5 ml TBTO was applied over a skin surface of 25 cm? of two monkeys
for seven hours. As the density of the substance was 1.17 g/cm3, this is equal to an
applied quantity of 0.585 g or 23.4 mg/cm?. 8.39 + 3.06% of the administered dose
was eliminated with the faeces within 16 days, and 1.37 + 0.11% with the urine
within 13 days, whereby 17.5 + 2.2% remained in the stratum corneum. Assuming
that the amount of TBTO still present in the stratum corneum is subsequently ab-
sorbed, a mean absorption of about 27% can be calculated for TBTO and, from this,
an approximate dermal penetration rate of 0.9 mg/cm? and hour corresponding to
0.36 mg tin/cm? and hour (Hiimpel et al. 1987). Although an irritant effect on the
skin that could have increased absorption was not described in this study it is, how-
ever, probable since TBTO was highly irritating after application on the back of the
hand for two to three hours (see Section 4.3).

After daily administration by gavage of TBTO doses of 0, 0.2, 1.0 or 5.0 mg /kg
body weight and day for 12 months to 4 male and 4 female beagles the determina-
tion of the tin concentration in the urine at different readings revealed that renal
elimination was about 10%, 5% or 2.5% of the administered dose. In the fifth week
after the start of treatment, steady-state was reached between absorption and elim-
ination (Schering AG 1992).

From studies in rats with repeated oral administration of TBTO it was calculated
that the steady-state is reached after about four weeks (Hiimpel et al. 1987).

In rats, TTBT was mainly absorbed in the small intestine. Only a small amount
(0.10—0.16%) was dealkylated to the tri-n-butyltin cation, which can be eliminated
with the urine or the faeces. The TTBT was released into the bile and then metabo-
lized or reabsorbed in the small intestine (Parametrix Inc 2006 j).

3.2 Metabolism

After intraperitoneal administration of DBTC, butyl(3-hydroxybutyl)tin dichloride,
butyl(4-hydroxybutyl)tin dichloride and MBTC in the form of acid-resistant degra-
dation products were found to be present in male rats. Butyl(3-hydroxybutyl)tin
dichloride was mainly found in the kidneys and butyl(4-hydroxybutyl)tin dichloride
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in the urine. DBTC and all three metabolites were demonstrated in the brain
(Ishizaka et al. 1989).

After oral administration of TBTC to male rats, DBTC, MBTC and unchanged
TBTC were found in the liver, kidneys, spleen, brain as well as in blood and urine
after six and 24 hours. The metabolite butyl(3-hydroxybutyl)tin dichloride was de-
monstrated in the liver, kidneys, spleen and urine, and butyl(3-carboxypropyl)tin
dichloride as the main metabolite in the liver. Small quantities of butyl(3-oxobutyl)
tin dichloride and butyl(4-hydroxybutyl)tin dichloride were found in the urine. No
tri-n-butyltin residues could be determined in any organ. The metabolites butyl(3-
carboxypropyl)tin dichloride, butyl(3-oxobutyl)tin dichloride or butyl(4-hydroxy-
butyl)tin dichloride were administered to the rats by intraperitoneal injection in a
further investigation. After one day, the main metabolite, butyl(3-carboxypropyl)tin
dichloride, was found with all treatments. This shows that TBTC is mainly dealkyl-
ated, but also oxidized (Matsuda et al. 1993). After oral administration of TBTC to
mice, DBTC (40%) and di-n-butyl(3-carboxylpropyl)tin chloride (12—26%) were de-
termined as main metabolites in the liver. The other metabolites and unchanged
TBTC made up for less than 12% of the entire amount of n-butyltin. The formation
of TBTC metabolites could be greatly reduced through the inhibition of cyto-
chrome P450 with SKF-525A. After administration of DBTC, more than 95% of the
dose was demonstrated in the liver in the form of DBTC. Pretreatment with SKF-
525A had no influence on DBTC metabolism. These results indicate that, in the
mouse liver, cytochrome P450 enzymes play a considerably greater role in the me-
tabolism of TBTC to form DBTC and MBTC than in the metabolism of DBTC to
form MBTC (Ueno et al. 1997).

After oral administration of TBTF to rats, tri-n-butyltin was found in the liver,
and the metabolites mono-n-butyltin and inorganic tin in the brain (Iwai et al.
1981). In vitro TBTA was initially hydroxylated by an isolated rat liver monooxy-
genase fraction to «-, -, y- and §-hydroxy-tri-n-butyltin (Fish et al. 1975; Kimmel
et al. 1977). 1-Butanol and di-n-butyltin were formed from «-hydroxy-tri-n-butyl-
tin, butene and di-n-butyltin from -hydroxy-tri-n-butyltin, and y-keto-tri-n-butyl-
tin from y-hydroxy-tri-n-butyltin. The di-n-butyltin compounds were further hy-
droxylated and cleaved to form mono-n-butyltin. For mechanistic reasons, it is as-
sumed that the alkyltin binding to the hydrocarbon residue and to hydroxytin is
hydrolyzed (Kimmel et al. 1977).

In the case of organic tin compounds, the tin/oxygen compounds dissolve in the
acid environment of the stomach with ligands, which are coordinated to the tin ion
via oxygen atoms, so that the corresponding alkyltin chlorides as well as their free
ligands are formed. In a simulated DBTL hydrolysis in 0.07 M HCI at pH <2 and
37°C, the estimated half-life for DBTC formation or laurate cleavage was
<0.5 hours. More than 80% of the substance used was hydrolyzed within 0.5 hours
(Parametrix Ine 2006 c). In the simulated DBTM hydrolysis, the estimated half-life
for DBTC formation or maleate cleavage was also less than 0.5 hours. The entire
substance was hydrolyzed within 0.5 hours (Parametrix Inc 2006 d). The same
investigations with DBTO showed an estimated half-life of 3.5 hours for DBTC
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formation (Parametrix Inc 2006 e). The use of DBT(2-EHMA) revealed a 100% re-
lease of the EHMA ligands after one hour (Parametrix Inc 2006 b).

4 Effects in Humans

4.1 Single Exposure

In a case study, five persons were exposed to TBTO, which had been admixed with
a latex paint and applied as a paint coat (no other details). Symptoms like nausea,
vomiting, headache, sore throat, burning in the nasal mucosa, lacrimation and
wheezing breath occurred (BUA 2003).

Acute health impairments such as headache and irritation of the upper respira-
tory tract were described after short-term exposures above 0.2 mg/m? (as tin) to
organotin compounds (ACGIH 2001).

4.2 Repeated exposure

Personal exposure monitoring in seven PVC-processing plants in Canada and the
USA showed that organotin concentrations at the workplace were clearly below
0.1 mg tin/m3 in a total of 102 persons during a normal shift of seven to eight
hours. Concentrations of <0.001 to 0.034 mg tin/m3 were measured in 100 cases. A
concentration of 0.102 mg tin/m3 was only found once, i.e. during a manual mixing
process. Respiratory protection was worn during this activity (Boraiko and Batt
2005).

In the course of annual health screening of exposed employees at an American
organotin manufacturer, no differences in clinico-chemical parameters, urinalysis,
lung function, ECG and thorax radiography were found compared with new em-
ployees or non-exposed persons. Although within the normal range, the erythro-
cyte count, haematocrit value and haemoglobin content of the exposed persons
were, however, significantly lower than in the control collectives. These differences
were not observed when the 14 workers of the tri-n-buyltin unit were considered
exclusively. Altogether, 338 employees were investigated at this factory, of which 44
were directly exposed in organotin-processing areas (Meyer et al. 1987).

4.3 Effects on skin and mucous membranes
Skin

With the exception of DBTC, single application of different di-n-butyltin com-
pounds (DBTA, DBTM, DBTL, DBTO) on the back of the hands was tolerated by
volunteers without irritant effects (ACGIH 2001; WHO 1980).
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Tri-n-buyltin compounds, particularly TBTA, caused hyperaemia, followed by
folliculitis and pruritus within eight hours. The changes healed spontaneously
(ACGIH 2001). TBTC had an irritant effect on the skin of volunteers (WHO 1980).
After contact with liquids containing TBTO, the irritation was reversible and
avoidable by timely cleaning of the skin (BUA 2003). Undiluted TBTO was found
to be extremely irritating in volunteers after two to three hours exposure to the
backs of their hands (BUA 1988). In workers coming into contact with 10-11.7%
TBTO, a delayed dermatitis was described. Skin irritation still occurred in patch
tests using a 0.1% TBTO solution (BUA 1988).

After non-occlusive application for up to eight hours, no increase in skin irrita-
tion was found in a study using 1% TBTO in model formulations for wood preser-
vatives. It is assumed that TBTO is better tolerated by the skin when in solution
than when it is in dispersion (BUA 1988).

Ten hours after skin contact with a liquid containing TBTO, lesions developed
over the affected areas in one worker (no other details), which subsided within a
week during treatment with antibiotics and antihistaminics. The symptoms reoc-
curred within four hours, after the worker put the clothes on again which had pre-
viously been contaminated with TBTO (BUA 2003).

Application of TTBT on the back of the hands caused no irritation in volunteers
(WHO 1980).

Eyes

In workers, irritation to the eyes as well as irritation in the upper and lower respira-
tory tract were reported after contact with TBTO in aerosol form (no other details)
(BUA 1988).

Exposure to tri-n-butyltin compounds, particularly TBTO, can produce damage
to the mucous membranes. Irritant effects to the eyes and upper respiratory tract
were reported in 70% of the affected workers after exposure to 0.19 and 0.29 mg/
m3 TBTO (as tin) lasting 32 to 62 minutes (ACGIH 2001).

4.4 Allergenic effect

Skin sensitization
Investigations in workers, who had been exposed to antifouling paints containing

TBTO, revealed no indication for skin-sensitizing effects in a patch test using
TBTO (0.01% in water) (Gammeltoft 1978).

Sensitization of the airways

There are no data available.
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5 Animal Experiments and in vitro Studies

5.1 Acute toxicity

The signs after the single inhalation, ingestion or dermal absorption of n-butyltin
compounds are similar and usually non-specific: weakness, reduced activity, piloer-
ection, dyspnoea and trembling. Macroscopic findings after oral administration in-
clude haemorrhages and inflammation in the gastrointestinal tract, congestions in
organs, discoloration of liver, spleen and kidneys as well as peritonitis. After inhala-
tion exposure, haemorrhages in the lung, pulmonary emphysemas and oedemas also
develop. Due to the irritant effect, dermal application additionally produces local
lesions such as eschar formation, erythemas, deep fissures and local necroses. No
systemic effects were found in the surviving animals (Parametrix Inc 2006 a—h).

5.1.1 Inhalation

In male and female rats, 59 mg/m3 was determined as 4-hour LCjs, for DBTC and
317 mg/m3 for DBTM (OECD 2006 b). An LCs; of 22 mg/m? (no details on expo-
sure period) was given for DBT(IOMA) (Parametrix Inc 2006 i). The 1-hour LCs,
for TBTC was 71000 mg/m3 (Parametrix Inc 2006 f). A 4-hour LCj, of 65 mg/m3
was determined for TBTO in male and female rats (Schweinfurth 1985).

5.1.2 Ingestion

The acute oral toxicity of n-butyl compounds is shown in Table 1. MBTC pro-
duced apathy, weight loss, hyperaemia, emphysemas and lung damage (no other
details), bloody mucous membrane changes and haemorrhages in the mucosal
glands, considerable haemorrhages in the intestine and pancreas, as well as ne-
croses in liver and kidneys (Parametrix Inc 2006 f).

In mice, general weakness and exhaustion, reduced food consumption, reduced
reaction to sound and light stimuli as well as shallow breathing occurred within
24 hours as signs of intoxication with MBT(2-EHMA). Gross pathology revealed
an enlarged stomach containing bloody content, haemorrhages in intestinal walls
and serous membranes, enlargement of the liver and gallbladder and dark disco-
loured kidneys (Parametrix Inc 2006 g).

Also after di-n-butyltin administration, general weakness, lassitude, hypokinesis,
lateral position, reduced food consumption, unkempt fur, dyspnoea and diarrhoea
(e.g. with DBTC; Parametrix Inc 2006 a), exophthalmia (DBTM; Parametrix Inc
2006 d and DBT(2-EHMA); Parametrix Inc 2006 b) as well as damage to the liver
(DBTA; Calley et al. 1967), bile ducts, pancreas (DBTC; Barnes and Magee 1958),
stomach and intestine (DBTC; Parametrix Inc 2006 a) were described in rats, mice
or rabbits.
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Table 1 Acute oral toxicity of n-butyltin compounds

Substance Species LDs, [mg/kg LDso [mg/kg References
body weight]  body weight]

Mono-n-butyltin compounds

MBTC rat 357-3200 158-1346 WHO 2005
mouse > 1240-4000 >522-1682 Parametrix Inc 2006 f
MBT(2-EHMA) rat 303-334 46-50 Parametrix Inc 2006 g
mouse 1520 230 Parametrix Inc 2006 g
MBT(IOMA) rat 485 73 OECD 2006 a

Di-n-butyltin compounds

DBTC rat 50-219 20-86 Parametrix Inc 2006 a
DBTA mouse 110 37 Calley et al. 1967

DBTL rat 2071 389 Parametrix Inc 2006 ¢
DBTM rat 510 174 Parametrix Inc 2006 d
DBTO rat 172-487 82-232 Parametrix Inc 2006 e
DBT(2-EHMA)  rat 396-4439 73-824 Parametrix Inc 2006 b
DBT(IOMA) rat 485-3088 90-572 Parametrix Inc 2006 i

Tri-n-butyltin compounds

TBTC rat 129-349 47-127 Parametrix Inc 2006 h
mouse 117 43 Parametrix Inc 2006 h
TBTF rat 94 36 Schweinfurth 1985
TBTA rat 50-100 17-34 ACGIH 2001
TBTO rat 112-234 45-93 BUA 2003
mouse 84 33 BUA 2003
TBTB rat 99-203 29-59 Schweinfurth 1985
TBTL rat 190 40 Schweinfurth 1985
TBTN rat 224 about 58 Schweinfurth 1985

Tetra-n-butyltin

TTBT rat >2000-6000 >684-2051 Parametrix Inc 2006 j
mouse >913-6000 >312-2051 Parametrix Inc 2006 j

As signs of intoxication from TBTO, mainly apathy and weight loss as well as
irritation of the gastrointestinal tract (BUA 1988, 2003; Schweinfurth 1985) oc-
curred. After single oral administration of TBTO (30 or 90 mg/kg body weight), a
dose-dependent thymus atrophy in juvenile male Wistar rats was only of short
duration. The animals recovered within ten days (BUA 2003). With TBTA, TBTB
and TBTC, laboured breathing, apathy, attacks of vertigo, seizures as well as
damage to the gastrointestinal tract, the liver and the kidneys occurred in mice
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(Pelikan and Cerny 1968 a). Similar symptoms were also observed in rats after ad-
ministration of TBTA. Histopathological investigations revealed congestions of
lung, liver, kidneys and brain as well as haemorrhages in the lung and damage to
the intestinal mucosa (Attahiru et al. 1991).

In studies on acute toxicity hunched posture, lethargy, ataxia and piloerection
were reported after application of TTBT (Parametrix Inc 2006 j).

To estimate the potency of TBTC, DBTC and MBTC, the activity of ornithine
carbamoyl transferase in the serum of mice was investigated. The enzyme was used
as a marker for liver damage. The lowest doses at which a significant increase in
activity occurred 24 hours after administration were 180 pumol/kg body weight
TBTC (58.6 mg/kg body weight), 60 umol/kg body weight DBTC (18.2 mg/kg body
weight) and 7000 umol/kg body weight MBTC (1975 mg/kg body weight). When
the administered doses of n-butyltin compounds were equivalent (180 pmol/kg
body weight), an increased activity of ornithine carbamoyltransferase occurred with
TBTC after 24 hours and with DBTC after 12 hours; with MBTC, no increased
activity was observed within 96 hours (Ueno et al. 1994).

In mice, after oral administration of 180 pumol/kg body weight DBTC or TBTC
(54.7 mg DBTC/kg body weight; 58.6 mg TBTC/kg body weight), it was shown that
the hepatotoxicity of TBTC could be prevented by a preceding inhibition of cyto-
chrome P450 with SKF-525A for 24 hours. The blocking of cytochrome P450 (see
also 3.2) had no influence on the effect of DBTC. These results indicate that DBTC,
the TBTC metabolite, is particularly responsible for the toxic effects (Ueno et al.
1997). Male Wistar rats received MBTC at single doses of 10 to 180 mg/kg body
weight, DBTC at 5 to 35 mg/kg body weight or TBTC at 5 to 60 mg/kg body
weight. The relative weights of thymus and spleen were not significantly reduced by
MBTC, but significantly by DBTC and TBTC. The weight losses were most pro-
nounced four days after administration. Dose levels calculated to cause 50% reduc-
tion of relative thymus weight were 18 mg DBTC/kg body weight or 29 mg TBTC/
kg body weight. DBTC and TBTC caused a dose-dependent decrease in lymphocyte
count in the thymus cortex, and a considerable reduction in cortex thickness. The
greatest increase in the lymphoblast count was accompanied by the maximum of
the thymus atrophy. As the effects of TBTC, compared with those of DBTC, were
less pronounced and occurred with a certain delay, it was concluded that the toxic
effects are produced by DBTC (Snoeij et al. 1988).

5.1.3 Dermal application

The available data for acute dermal toxicity are summarized in Table 2.

The dermal LD;, for mono- and di-n-butyltin compounds in rats and rabbits is
mostly above 2000 mg/kg body weight (Parametrix Inc 2006 b, 2006 e; Summer
et al. 2003). Exceptions were the dermal LDy, in the mouse for DBTA at 108—
180 mg kg/body weight (Summer et al. 2003) and in the rat for DBT(2-EHMA),
which were between 777 and >1000 mg/kg body weight (Parametrix Inc 2006 b).
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Table 2 Acute dermal toxicity of n-butyltin compounds

Substance Species LDso [mg/kg LDso [mg/kg References
body weight]  body weight]

Mono-n-butyltin compounds

MBT(IOMA) rat >2000 >302 Summer et al. 2003

Di-n-butyltin compounds

DBTF rat >2000 >876 Summer et al. 2003
DBTA mouse 108-180 37-61 Summer et al. 2003
DBTL rabbit >2000 >376 Summer et al. 2003
DBTO rabbit >2000 >954 Parametrix Inc 2006 e
DBT(2-EHMA)  rat 777->1000  144- >185 Parametrix Inc 2006 b
DBT(IOMA) rat 2086-3088 387-573 OECD 2006 b

Tri-n-butyltin compounds

TBTF rat 680 261 Sheldon 1975
TBTO rat 605 241 BUA 1988
rabbit 11700 796 BUA 1988

The dermal LDg, for TBTO was 605 mg/kg body weight in rats (BUA 1988) and
11700 mg/kg body weight in rabbits (Elsea and Paynter 1958). As signs of intoxica-
tion, a loss in body weight, laboured respiration or dyspnoea, weakness of the hind
limbs, diarrhoea, unsteadiness, depressed reflexes, prostration and clonic convul-
sions were described (Elsea and Paynter 1958).

5.1.4 Intravenous, intraperitoneal and intramuscular injection

After single intravenous injection of DBTC in doses of 1 mg/kg body weight, a
marked decrease in thymus weight particularly after four days was described in rats
and mice. This weight loss was reversible within nine days (Penninks and Seinen
1984). Single intravenous injection of DBTC in doses of 2.5 mg/kg body weight
caused pronounced thymus atrophy in rats (Penninks and Seinen 1982). In mice,
DBTC caused a decrease in thymus weight and thymocyte count as well as an en-
largement of the bile duct diameter and an increase in the activity of alkaline phos-
phatase four days after intravenous injection of 0, 15 or 20 pmol/kg body weight (0,
5 or 6.8 mg/kg body weight) (Hennighausen et al. 1980). After intravenous admin-
istration of TBTO, the LD;, was between 5 and 20 mg/kg body weight in rats and
6 mg/kg body weight in mice (BUA 1988).

After intraperitoneal injection, an LDj, of >4000 mg/kg body weight was re-
ported for TTBT in Wistar rats (Parametrix Inc 2006 j).
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To investigate the development of the nervous system, single TBTO doses of 0,
2, 3 or 4 mg/kg body weight were administered to five-day-old rats by intraperito-
neal injection. This produced a dose- and time-dependent reduction of proteins,
which are involved in neuronal and glial development. The prosencephalon and the
cerebellum were most affected, the hippocampus least affected. After TBTO ad-
ministration, a transient reduction in brain weight was reported at 2 or 3 mg/kg
body weight, brain and body weight were reduced at 4 mg /kg body weight TBTO
(BUA 2003).

Four hours after intramuscular injection of TBTO in doses of 0.5 ml/kg body
weight to Wistar rats, swollen mitochondria as well as vacuoles containing degener-
ated mitochondria and membranes, were observed in the hepatocytes. The fine
structure of intrahepatic bile ducts was unchanged. By polarographic analysis, a dis-
turbance of oxidative phosphorylation was found. In the serum, the activities of
aspartate and alanine aminotransferase were increased, but not those of alkaline
phosphatase and leucine aminopeptidase. The concentration of total bilirubin was
unchanged. Four days after injection of TBTO, the hepatocytes had regenerated
(Yoshizuka et al. 1992).

5.2 Subacute, subchronic and chronic toxicity

5.2.1 Inhalation

Inhalation of n-butyltin compounds produced irritation of the mucous membranes
in the respiratory tract as well as a delayed body weight gain. The lung and the
lymphatic organs were also found to be target organs.

Groups of 35 male and 35 female CD rats were whole-body exposed to a vapour-
aerosol mixture of MBTC in concentrations of 0, 1, 10 or 30 mg/m3 (particle size
0.98-1.7 um) 6 hours per day and 5 days per week for 28 days. Ten animals were
killed immediately at the end of exposure, the others after an observation period of
two to four weeks. At 30 mg/m3, three males and one female died during exposure.
As signs of intoxication, mucoid nasal discharge, rales, lacrimation, salivation,
rough coat, abdominal distension (male animals), anogenital staining and fur disco-
loration were found. The body weights of all males and part of the females were
reduced in all treatment groups during the exposure period. The haemoglobin va-
lues (in males and females), erythrocyte counts (males) and haematocrit values (fe-
males) increased dose-dependently at 1 mg/m3 and above. The haematological
findings normalized during the recovery period. Other investigations showed disco-
loration and amorphous material in the lungs, alveolar oedema, peribronchial accu-
mulation of lymphoid cells, perivascular infiltration of lymphoid cells and an accu-
mulation of alveolear macrophages. No histological examinations of thymus, spleen
and lymph nodes were carried out. From this study, a LOAEC (lowest observed
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adverse effect concentration) of 1 mg/m3 for MBTC is obtained. A NOAEC (no
observed adverse effect concentration) cannot be given (Parametrix Inc 2006 f).

In an inhalation study, ten juvenile male and female Wistar rats per group were
exposed 21 to 24 times to TBTO vapour in concentrations of 0, 0.03 or 0.16 mg/m3
as well as to a TBTO aerosol of 2.8 mg/m?3 on 4 hours per day for 29 to 32 days. At
TBTO concentrations of 0.03 or 0.16 mg/m? no substance-related effects occurred.
At 2.8 mg/m? TBTO, five males and six females died. Apathy, nasal discharge,
breathing noises, dyspnoea, piloerection and weight loss were observed as signs of
intoxication. A significantly reduced food consumption combined with a delayed
body weight gain was found in the males. In the serum, erythrocyte and thrombo-
cyte counts were increased in females. The number of neutrophilic granulocytes
was decreased in males. In addition, the concentration of a- and p-globulins de-
creased and the albumin-globulin ratio increased. Histological examination re-
vealed inflammatory reactions in the entire respiratory tract as well as changes of
the lymphatic organs, such as thymus atrophy, decrease of lymphocyte count in the
thymus-dependent regions of the spleen and lymph nodes. For TBTO, a NOAEC
of 0.16 mg/m3 is obtained from this study (Schering AG 1983).

5.2.2 Ingestion

The target organs for n-butyltin compounds after ingestion are, in particular, the
organs of the lymphatic system, the liver, kidneys and brain. With TBTO as exam-
ple, it was shown that sensitivity to n-butyltin compounds decreases with age. The
most sensitive reactions are observed in pups before weaning (Vos et al. 1990).

Studies of the effects of n-butyltin compounds on the immune function showed
that the histopathological effects of TBTO on the lymphatic organs of the rat are
accompanied by disturbances in the function of the immune system. Infection
models with bacteria and parasites, such as Listeria monocytogenes or Trichinella
spiralis, were found to be particularly sensitive (Verdier et al. 1991; Vos et al. 1990).
In a comparative study, in which TBTO was administered with the food to weaned
and one-year-old rats for four to six months, resistance after infection by Trichinel-
la larvae was more clearly suppressed in the younger animals. For this effect, the
authors gave a NOAEL (no observed adverse effect level) of about 0.05 mg/kg body
weight and day (weaned animals) or about 0.25 mg/kg body weight and day (adult
animals). After exposure for 16 months, the activity of natural killer cells of the
spleen and peritoneum was suppressed at about 0.05 mg/kg body weight and day.
This effect did not occur after treatment for 4.5 months (Vos et al. 1990).

Results from studies on the effects of n-butyltin compounds after repeated oral
administration are shown in Table 4.



n-Butyltin Compounds

22

pa3eSusoaur sueSio 1oy3any ou fewriou sisupny ‘smSuejoyoriad pue S0
rerEyada 1onp 31q Jo uorjesdyijord :IAAT ‘usd[ds pue X93100 snwAyy oy}
ur Apremonred ‘sueSio oneydwiA| ur uonadap a3booydwiA] o1/ Lerrowr

(dep
pue 1ySom Apoq Sy/8wr g

‘pasearour Apuedyyrudis sjySiom IoA1[ dArIe[aI JYS1am Apoq SH/Swr g Jnoqe ‘G'Z 0 INoqe) pavy 201
7861 paseadap Apueoyrudis spyStom uasyds pue snWAY) SANR[OI ‘PISBIIIIP 3/D1.9d 3w 00T ‘0S 0 “TeIST A\
USUIeg PUR SHUTUUDJ Apueoyrudrs sjySrom Apoq :aa0qe pue JySom Apoq Sy/Swr g'g moqe ‘skep 1 ey
pareSnsoaur suedro 1oyymy ou {euwLIou sAoupny ‘sis
-oqyy rexroduiad ‘sniSuejoyprrad ‘sjonp a[1q ur s[[ed Terayds jo uonesdyi
-01d :19AT] ‘paseaIdur JYSom JOAI] SATIR[AI padNpal (Upys pajuerdwir Jsurede
uomoeal uondalar) Arumurwr JemyEd :ySem Lpoq Sy/Sw GT Jnoqe
paseadap (sahoonphio daays (Aep
Jsurede uonewIoy Apoqnue) AJrUNWI [eIOWINY ‘paseaIddpxaliod snwAhy)  pueJySom Apoq Sy/Sw g1
ur A[reroadsa ‘paseardap sueSio oneydwiA] ut Juajuod 4o dw4] {(sySrom ‘G ‘0 IMOqe) 5901
Apoq pasea1dap yym) pasea1dap sapou ydwiA] pue uaafds ‘snwiky) Jo  pasy 8/ 1.dd SW ST “0S ‘0 (aqruaAn() Test i
® //6T Te 39 Uaurdg  JySom aane[a1 Jusapuadap-asop : aroqe pue JySrom Apoq SHi/Swr G ynoqe ‘skep 1 ey
o1da
suorn
-euTWEX? [ed1SooyredolsTy ur SSUIPUL [EWLIOUJR OU ‘PISBIIDIP SWN[OA
914001 1A10 UesW 1 ‘pasearour sa3hooydwiA] pue sa3400)Na] “pasead
-9p $91400[Nd1I21 JO JAQUINU ;P “PasLaIdUT dW} UIquIoI01d paseardap (Aep pue
umissejod ‘paseardap spidijoydsoyd ‘paseardap sapr1adA[Sin ‘paseardap  JyStam Apoq Sy/Swr 67S ‘00T
SpIOR 9[Iq ‘paseaIdU] J5)-A ‘paseaIdur ISy ‘pasealdur ITV Jo Aanoe  ‘og ‘0 Inoqe) pasj /D LIW
TWNIIS {PaseaIoul JYS1om I9AT] dANe[dI :YS1om Apoq SH/Swr ggs moqe Sw 00SZ ‘00ST ‘00€ O &P01
J900¢ 2U[ XI1jowrered TIVON yStam Apoq SHy/Swr 9o Moqe ‘SyPaMm €1 “TeIsIp rey
JDLIN
dnoub 1ad Jaqwinu
FERIVEIEIEH| sbuipuiy ainsodx3g ‘ures1s ‘saads

uonesisiuiwpe |ejo paleadai Jaye spunodwod uljAIng-u Jo s1aY3 € dqel



23

n-Butyltin Compounds

86T IDN

8461 IDN

8961 '[e 19 June

sisA[one

1O WIST[eqIUURD ‘S[ewuTue SUISSIW Se Yons S[EWIUR JO SSO[ 9} 03 aNP pI[eAur
ST Apn3s “Toaramoy ‘sanifewriouqe d1dodsororur pue 51dodsoIORW OU {padnp
-ax sured 1yS1em Apoq ‘pasearour & ur Lyrferrouwr :3yStom Apoq S/Swr 11
sIsA[oIne 10 wisifeq

-TuUUeD ‘sfewtue SUISSTUI SB YONS S[eWTUR JO SSO[ 9} 0} anp PI[eAUl sT Apn3s
‘19A9MOY ‘sanyiTeurIouqe 21dodsolot pue 21dodsoIdRW OU ‘paonpal &

Jo sured JySrom Apoq ‘pasearour & ur Aerrow JySem Lpoq Sy/Swr ¢'g1
paonpar P jo sured Jyfrom

Apoq ‘pasearour P ur Ajferrow :aa0qe pue JyS1om Apoq Sy/Swr 69°9 je

(spresap 1930 ou) sSurpuyy A3ojoyed sso1d

snonordsuod ou ‘eruaewoydodAy prw O {(painseaws J0u JYSm snwky)
— JyS1am uaspds Surpnpour) pagueyoun suegio 1930 ay3 Jo JySom an|
-0sqe ‘pasea1dap Apuedyrudis O ur Aoupn| a1 Jo IYSem anjosqe ‘padueyd
Apueoygrudis Jou ITY Pue ISV JO SANIANOR pue Junod a34ooydu4] 934001
-nonalI ‘9140011419 ‘paseadap ApuedyruSis JuaU0d UIO[SOWRY {WNIdS
‘paonpar Apueogrudis & ur ured 3ySom Apoq :3ySom Apoq 3y/Sur § noqe
TAVON yStom Apoq 5y/Sw g ynoqe

suorednsaAul 19}any ou ‘sapou YdwiA] pue uaafds ‘snwkyy Jo JySrom

porrad £19A0031 Sxjoam

%1 (Aep pue JySrom Apoq
/3w g'7T B'T1 ‘0 IMOqe)
P9y 8%/v.Ldd Sw ST ‘92 ‘0
‘S99M 8/

potrad 1040001 $)aM 97
(Aep pue JySrom Apoq 3y
/8w g€ ‘699 0 MOqE) Pady
B/V1Ldd 8w €'€T ‘69'9 0
‘S[ooM 8/,

(kep

pue ySom Apoq Sy/Sw o
‘0 ‘0°T S°0 0 In0qE) P2y 3y
/21.4d 8w 08 ‘0% ‘0T ‘0T ‘0
‘skep 06

(Aep pue JySrom Apoq

B/8w 5T ‘g ‘0 Moqe)
Pa3) B/D.L.dd Sw 05T ‘05 ‘0

(s[relap 19430 ou)

‘14094
ASNON

5905

'V.1dd ‘s ‘P oc
:S[ONUOD g

-19y0s1]
ey
vidd

5991
41D
qey

£ 01(3[1uaAn() ssimg

® //6T T8 30 uauresg 9ySram Apoq uo 53999 10} TIVON :IYS1om Apoq SH/Swr g-gg moqe ‘skep p1 QSNOIN
dnoub Jad Jaquinu
LEBVEIETEN| sbuipui4 ainsodxg ‘uens ‘sadads

(ponunuoD)

€ 9)qeL



n-Butyltin Compounds

24

pawroyiad suonjeururexa resrdojoyred

-01s1y ou ‘paseardur deafs paonpur-ajeIn)iqIeq jo uonemp ‘sajkoojed

-9 UI WISI[OQeI9W WY U0 dDUIMNJUI JULDHIUSIS ‘Paseatddp Juajuod OGhJ
-aWoIY0014d ‘pasea1dap AppuedyTudis ase[AxoIpAy auaikd(e)ozuaq pue
asejAxo1pAy aurfiue ‘osefdyowap-N-aururejoydzuaq ‘Ose[Ayjowap-N-ul
-14dourure ‘osejeydsoyd-9-as0ony3 Jo sanNIANIOR :TAT] ‘paSuUrYDOUN 3SBPIXO

SUTUIBOUOW pUe 3seId)sauljoyd[iaoe ‘asereydsoydin) sursouspe ‘oseusd Kep pue JySom Apoq o

-0IpAYap DIUIDONS JO SANIAIOE :UTeIq ‘SYSom ueSIo uo 109 ou ‘paonp N/ 119a Sw g LT ‘0 (s[re3ap 19130 ou)

1861 'Te 32 beyysny -1 sured ySrom Apoq ‘907 Apertow ‘A3reya] :)ySram Apoq SHy/Swr g 21 ‘skep 61 ey

Kep pue JySom Apoq

1661 suonjeururexa [eordojoyredolsny ou {paseadap sapiIsou /119 Sw 08 ‘0F ‘0 (s[re3ap 19130 ou)

‘Te 39 weruoureiqng  -roydsoyd pue uriadAS[Aoerp :ureiq :2aoqe pue 3ySrom Apoq Sy/Sw of e ‘skep ¢ ey

suoneuruexa 5P ot

Ted18o[oyzedolsiy ou ‘%0g & ‘%ST P Aiertow ySrom Apoq S/Sw oF Aep pue 1ySram £poq ‘(Gmpe)

paseardap Apuspuadap-asop £1A1IOR paonpur-auTUe) /1190 Sw 0% ‘0 ‘0 (s[re3ap 19130 ou)

€661 Te 12 wely -aydwe pue 10J0Wo0d0] ‘%07 & ‘%0T £ ALperrowr :JySem Apoq Sy/Sur og ‘skep ¢ ey
SUOIIe3NSIAUT [BD130[0IST OU {PISBIIIIP
SQUIT] PUTY JO SSaUMBaM ‘967 & ‘%07 O :Arerrows :pySrom Apoq SH/Swr o

S[ewTuE Jnpe ul uey) paounouold &P0C

210w 9SBIIDAP ‘paseardap Apuspuadap-asop Ajianoe paonpur-surureiayd Kep pue JySom £poq ‘SrruaAn()

-We pUB JOJOUIODO] ‘SSAUNBIM ‘SSAUSSIIST] ‘A3Te39] ‘paseardap Apuapuad /1190 Sw 08 ‘0T ‘0 (s[re3ap 19130 ou)

€661 Te 12 Wely  -ap-asop syySom Apoq %GT & ‘%01 £ :Lferrows :JySem Apoq Sy/Sur og ‘skep ¢ ey
suorednsaAul [edr30[03sIy ou (LfIqe

Surures] paqInisIp ‘paseaidap AJIATIOR J0JOWI0D0] ‘PISLIIIIP UTUOJOIIS Kep pue JySrom £poq

‘Qururedop ‘OUITeULIPBIOU :UTRI] ‘%Gz AJTertow :ySrom Apoq Sy/Swr o8 /119 Sw 08 ‘OF ‘0 (s[re3ap 19130 ou)

8861 T 19 wey %02 A1Tertouwr :3ySrom Apoq Sy/Swr o ‘skep ¢ ey

11dd

dnoub Jad Jaquinu

EERIVEIETEN| sbuipui ainsodx3 ‘uten)s ‘sapads

(penunuoD) g 3jqel



25

n-Butyltin Compounds

a3 Jo s150109U 239[dWI0D 10 SISAJOYEWOIYD ‘SIIqL SAIIU PIZIUT[IAW 205
Sururejuod-sjonoea ur safeyrrowsey wojnound feruwroeradAy paseardop Aep pue JySrom £poq (aqruaan()
ISBJLV-+D/+BN PUE -, ;SN ‘PaseaIdap ureiq ay) Ul UIU0j0Ids pue dulfeu M/01dL 8w L ‘5180 Aame( angeidg
€00z vNd -orpeiou ‘auturedop {0g/9 :Ayeriouwr :asoqe pue JySom Apoq Sy/Sw g Lg ‘skep ¢ 9ey
OlLdL
sapou ydw4[ parydone Afrenred pue ordeyirowr
-oeY ‘sAoupny] “1aA1] ‘Uds[ds uT saSueyd PadNpPUI-2dURISNS OU :UOTIRUTUIEXD
[eo130103s1Y ‘pasea1dap Apuedoyrudis s)ySom snwky) aA1R[21 pue 2)njosqe
{UOTIEI)STUTWPE JO 1TB)S J9IJE SYIOM F (PISeaIdUl R[[NPIW JO JZIS ‘X910
JO 9ZIS UI 9SBIIDIP ‘PaseaIdul s[[ad [eray3ida Jo Joquinu ‘paseardsp Junod
ahoowhy :snwky) ‘pasearout Apuedyrudis sYSIom J9AT] dATIR[I ‘PaONP (Aep pue 1ySam £poq
-a1 Apueoyrudis sured 1ySrom Apoq ‘paonpai Juedyiudis uondumsuod pooj /3w 67T ‘G200 ‘0 IMOqR) P 8%
:UOTIESIUTWPE JO 1IB)S Jajje Yoom auo :JySam Apoq Sy/Sur gz'1 moqe  pady /DL4.L Sw S ‘50 ‘0 “IRISI A\
1661 '[e 39 Essaig TAVON 2yStom Apoq Sy/Swr 600 Inoqe ‘skep 8 ey
paseadap Apueogrugis sjyStom ureaq ‘paonpai Apuedyrudis uondums
-u0d pooj ‘paonpai Appuedyruds sured JySom Apoq :ySram Lpoq SH/Swr g
PaoMPpal X23100 snWAY) ur unod a34doydw4| {paseard
-ap ApueoyTudis s)ySrom uaafds aAne[a1 ‘paseardut Ajjuapuadap-asop  (Aep pue JyStom Apoq Sx/Sw
pue Apueoyrudts s)ySom IoAl[ 9A1JB[aI “paseardap Apueoyrudis sjySrom S ‘G'7 ‘S/°0 ‘0 INOQe) pady 201
SNwAY) 9AIIE[I pue 9INJosqe :dA0qe pue JyStom Apoq SHy/Swr g'g moqe  I/D 14T Sw 00T ‘0S ‘ST ‘0 TRISI A
G861 e 39 (1ooug TAVON 1Stom £poq Sy/Sur /- oqe ‘skep $1 9ey
D14l
(dep
pue ySem Apoq y/3w og (s[re3ap 19130 ou)
(s[re3ap 19yj0 ou) sapou yduwiA| Arefrxewiqns ordeyiiowr  Jnoqe 03 dn) pasj 8/ 11.9d uuRwWZIOH
2900g ouJ Xtewereg  -aey ‘sSuny ordeyiowaey pue pajsaSuod JySrom Apoq SH/Sw g Imoqe Sw 0pF 03 dn “syyoom g1 9ey
dnoub Jad Jaquinu
LERIIEIETEN| sbuipuiy ainsodx3 ‘ures1s ‘saads

(ponunuo)d) € 3jqeL



n-Butyltin Compounds

26

9ZIS ‘B[[NPAW SNWAY) ‘pIseaIdUT S[[9 [erayida ‘paseasdap Junod

91400y dwA] ‘paseardap JzIs :x93100 snwy ‘paseatour Apuedyrudis ySrom (Aep pue ysom £poq
J9AT] 2ATIR[2I ‘padnpax Apuedoyrudis sureS 1ySrom Apoq ‘paonpai Apued  3y/S8w 67’1 ‘SO0 ‘0 INOqR) P8V
-gruSts uondwnsuod pooj :UOHBIISTUTUIPE JO JIe)S I9)Je doom auo JYSPm  padj 3/OLd.I SWw §Z ‘50 ‘0 “IeIsT A\
1661 ‘e 32 essaig Apoq Sy/Sw gz'T Moqe TIVON :3yS1em Apoq Sy/Sw 500 Moqe ‘skep 8 ey
pasea1dap sued
-10 onreydwA| ur Juajuod 9400y dwA] paseardap syydram apou Yduw4] ‘ssof
1yS1om Ayyede ‘LyrTerrow ysSiy :aaoqe pue JySrom Lpoq SH/Sw 6z moqe (Aep pue JyStam £poq 3y
pasea1dap syySrom snuwiky) anjosqe O ‘paseardadp spysem Apoq /W GZ ‘G ‘¢’ ‘0 INOqR) PId) & ‘PS5
‘paonpas uondwmsuod pooj :aa0qe pue JySom Apoq Sy/Sw g moqe  I/OLI.L SwWw 00S ‘00T ¥ ‘0 IRIST A\
L86T YMJUIaMYDS TAVON :3yS1om £poq SH/Sur g°0 noqe ‘skep g ‘yed
KyorxojoyduwiA] 9onp a1q a3 Jo UOTIRUIWIRUT Kep pue Jydrom Apoq 5901
DIUOIYD ‘eTuraeUE d1IAdOIDIW ¢ /9 7 :Apersows :ySrom Lpoq SH/Swr ¢z 3N/OLAL Sw 6z 10 “TeIST A\
L86T YHJUIDMYDS TAVON :3yStom Apoq Sy/Swr T ‘skep T1-0T 9eq
(Aep pue ySrom
Apoq Syy/8w £/ 0 IMOqe) ®)
paseadap pody SY/OLAL SwW 220 OT(oqudAn() ssimg
9/6T 'Te 12 eARRYS] s)yS1om uaads ‘paseardap sjydam Apoq :3ySrom Apoq SH/Swr £/ noqe ‘skep /£, QSNOJA
UOTJRUTUIEXD [E2130[01d0IST OU ‘PIseaIduT aNJeA JLID0JRWIRY ‘PIseaId (Aep pue ySrom Apoq 3y
-ur urqojSouwaey ‘paseaIdur JUN0D 3}40011A15 paseaIdap syuNnod 334>  /Sw gFE ‘9'TT ‘0 INOqe) pady 201
-oydw4] pue -914003n3[ :ar0qe pue JySrom Apoq SH/Swr g€ Jnoqe je /0141 8w 969 TET 0 ‘anpe) ssims
9/61 Te 0 eAeeysy paseadap JySrom Apoq :aa0qe pue JySom Lpoq Sy/Sur 9 T Inoqe ‘skep QSNOA
srewtue G :Ajipelrowr :ySrom Apoq SH/Swr g/
paurwexs J0u sueSIo J9YI0 WIN[[9qaId Y} UI S[[2D
afunymg jo souereaddesrp a3a1dwod 10 safueyd aAnjeIdUIZP ‘SUOMAU
dnoub Jad Jaquinu
LERIVEIETEN| sbuipui4 2insodx3y ‘ures1s ‘saads

(penunuoD) g 3jqel



27

n-Butyltin Compounds

(Aep pue JySrom Apoq 3y
sgurpuyy snonordsuod noym £3ojoyged sso1d {91 /Swr 9T ‘G ‘9T ‘0 INOqR) pasy 201
8G61 /9 :Ly1Te30W ‘paonpal uondwmsuod poo :S1om Apoq Sy/Swr 91 moqe  I/OLIL SW 0zE ‘00T ‘CE ‘0 ‘uewiz)joH
I9jukeJ pue eas[g paonpax sured 1ySrom Apoq :aa0qe pue JyStom Apoq SH/Swr 9T Jnoqe ‘skep g 9ey
PpaseaIdap uonenuaduod uagodA[3 1aA1[ pue asoon(d wnias
‘ersefd1adAy 1onp 9[1q “UOTIORIT ATOJRWWRFUT YIIM SISOIDAU TOAT[ {PISLAID
-ur sajfoomuerd orrydonnau Jo aqumu :ySrom Apoq Sy/Swr 91 noqe
pasearour 8] ‘paseardap H3T :wm
-19s {paseardap suedio oryeydwA] ur Juajuod 94ooydwA] ‘erursrue O1IA0010
-Tw1 ‘paonpai uondwmsuod 1a7em pue pooj :JySem Lpoq S/Sw § noqe (Aep
pasearour sanianoe 1Ty pue ISY  puejydom Apoq Sx/Sw 91
‘paseardap s)ySom snwiky) P :2a0qe pue JySrom Apoq SH/Sw [ noqe ‘0’1 ‘S7°0 ‘0 INOqe) pasy Sy 5901
pasea1dap uaspds a3 ur uonemuNOe uodr ‘sspou ydwid|  /OI1.4.I Sw 0zE ‘08 ‘0T ‘S ‘0 ‘TeIsT X\
7861 'Te 10 dufery] [e1I9]UdsSaW UT $91)3s01 :dA0qe pue JyS1om Apoq Sy/Swr gz*0 Inoqe ‘OHPIM ey
pairedwr uon
-D9JUI $aU2307A2011014 D1IFISIT 0 SDUEISISIT {PISBIIDAP JUNOD [[9D “PISEIID
-9p SSAWOIY) X9)I0D ‘paseardap JSom :snwiky paonpar uondumsuod
I9)em pUE POOjJ ‘paseardap sySom Apoq £ :3yStom Apoq SH/Sur g noqe
padueyoun urung (Aep pue 5901
-[e wn1as auraoq 03 asuodsax ad£1-pakefop ‘(uoneurioy anbeyd) sa1fooyy  JySrom Apoq B/Swr G Moqe) ‘(sSurfueam)
-A13 daays 03 uonoeal dUNUIWI ‘pagueydun JUNODd poolq [enuaIdyIp Sur  pad) /O L4L Sw og 01 dn Aome( angeidg
1661 [ 39 BIp12A  -pnpur s1ojouwrered L10je1oqe] [eotur :3ySom Lpoq Sy/Sur g noqe 03 dn ‘skep 87 ey
D14l ueyr
sIxojounwIwt d1ow O 141 DL4.L Ym ueyl 1oySiy - sAoupn| pue IoAlf Ul
3s9yS1y UOIRIIUSOUOD UT) ‘paseardap ApuednyrusdIs oZIs SNWAL) “paseatour
swoydwi4s [[e Jo £)110A9S UOTIRIISTUTWIPE JO 1IB)S J9IJe SHIIM F; {paseaIoul
dnoub Jad Jaquinu
LERIVEIETEN| sbuipuiy ainsodx3 ‘utens ‘sadads

(ponunuo)d) € 3jqeL



n-Butyltin Compounds

28

paseadur P Jo spySrom [eUIPE ‘paseaIdIP PIOIA)

pue sapou ydwi4[ ‘snwikyy jo JySom ‘pasea1dap & ur urmqoys-A ‘paseard
-ur g ur urwngqpe ‘pasearour asejeydsoyd surfed[e Jo AIATIOR :WINIdS {paonp
-a1 sured JySrom £poq ‘paonpar uonduwmsuod pooj :paaj Hy/Sw § noqe

(Aep pue ySrom Apoq Sy

s)yS1om Apoq [ewLIOu YIIm PaseaIdur g uon /S G ‘0'T ‘¢0 ‘0 INOqeR) pasy 5P 0t
-dumsuoo pooj ‘pasearour 9 awn-Suniop ySram Apoq SH/Sw T noqe /0141 Sw 00T ‘0T ¥ ‘0 TRIST A\
L86T YIMJUIIMYDS TAVON 2ySrom Apoq 5x/Sw g0 moqe ‘M €T ey
PaseaIdap (A[padrewn) s)ySom snwiAy) ‘paseard (Aep pue JySrom
-op (ApySrs) syySem uasrds pue Apoq :ySrom Apoq SH/Swr § Jnoqe Apoq Sy/8w § ‘T ‘0 IN0OqR) P9
0661 (paounouoad A[1esd L1094 Jou 109J9) paseardsp  pasdy /OLA.L Sw 08 ‘0T ‘0 “Ie)ST A\
‘Té 39 USISAOT UeA Sumy sy ur s[[e0 J97D] TeINIEU JO L11ATI0R JYSTem Lpoq SH/Swr T Jnoqe ‘S)99M 9 ey
paseaxour s[[oo Suronpoid-HT Jo Ioqunu ‘paseardap s[@d Suronp
-01d-HS T, Jo Aysuaqur Surureys pue soqunu :pue[3 Areymird ur A1ysrwayoo)
-Aoounuwrw {pagueypun su0I3)SOdNI0D pUe dUoULIOY SUeMUIS JOI[[0] (Aep pue JySrom
‘pasea1our (H7T) duowrroy SurZIurainy ‘paseardap (HSI,) duourioy Surey Apoq Sy/8w § ‘T ‘0 IN0qe) 201
-nuIns pro1Ay) ‘paseardap aurxo1dy) :winias JYSrom Apoq Sy/Sw  moqe  pasy /O LGL Sw 08 ‘0T ‘0 “Ie)sT A\
86T ‘Te 30 dufeny] PseaIdap UINSUT :WnIds :dA0qe pue JySam Lpoq Sy/Swr 1 Jnoqe ‘SH[e9M 9 ey
PaseaIdap S[[99 I9][D] [eINJEU Jo uonouny :JYS1om Apoq SH/Swr g Jnoqe
paseadap saeyd (Aep pue ySrom
-oIoeW Jo uondUNy ‘pafueyoun s1a1) H3] pue ST ‘PaseaIdap 191 9] Apoq Sy/8w g ‘¢ ‘0 N0qe) 20169
:umaias ‘pareduur Appueoyrudrs aoue)sisar sunwrur ofIoads-uou pue asuods  pady /OQOLGL Sw 08 ‘0z ‘0 (sSur-ueam) rest i
86T ‘[819S0A  -a1 sunwwil Juspuadap-snuify) :2a0qe pue JyStom Lpoq SH/Sw ¢ noqe ‘S)[99M 9 9ey
dnoub Jad Jaquinu
IERVEIETEN| sbuipui4 ainsodx3 ‘utes)s ‘saads

(penunuoD) g 3jqel



29

n-Butyltin Compounds

‘paseaour asejeydsoyd auIfey[e :WNIdSs UONIPUOD [eIdUdF peq 01 anp

spor1ad 1940091 2A1SU)X? JO [onbas se UD[s 93 UO UOIBULIO] JBYDSd puE Aep pue jySrom Apoq 3y 59
Surams ‘Guruappai :saSueyd [edo[ :as0qe pue JYSPM Apoq SH/Sw o' T8 /OLILSW Q'S I00T‘C0O‘0 918eag
7661 DV Sutoydg TAVON :yStom £poq Sx/Sw g0 ‘spuow g1 ‘sSoq
aprreyooesdjododi 7700
DIY2142125T “UIF0ITW PAamax0 ] v urreaedouod ‘urunnidSewaeyolfyd :suag
-031uI 0)s[[90 Udds pue -snwAY) Jo asuodsal ‘syw.ds vjjouydLL] pue Ut
-nqreao snsiaa uonewroy H3[ pue -8 “‘UrmdIagn) pue UIWNG[BAO 0 UOT)
-oeax adAy-pakeap ‘serfooryifio doays snsioa uoneurio Apoqriue syySom
uaa[ds ‘s3yStem £poq :3yStom Apoq Sy/Swr G noqe 0y dn paSueyoun
pasea1dap usa[ds ur soua50742010mt D1I2]SIT JO SDURIEID {PISLIId
-9p (sypuowr 6§ 1933e) syStom snwikyy :ySrem Lpoq SH/Swr g noqe
paseaid
-op sapou YdwA] [er1ajuasaw a) ur sajkooydwL]-g pue - I, usamiaq onel
“(a[osnw a3 ur deAre] Jo Jquinu ‘@suodsax 1) pasea1dap syw.ids vijouiyo
-], JIIM UOTIOJJUT 0] UOT)ORAI :aA0qe pue JYSrom Apoq SH/Swr °g noqe  (Lep pue JySom Apoq Sy/Sw P T1-5
(Apuspuadap-asop jou) pasea1dap Apuesyrudis syjuouwr S ‘G°0 ‘S0°0 ‘0 INOQR) pady (sSur[-ueam)
97T J93Je ‘Ssyjuow G'F 193y paSueyoun :wmoauojtiad pue ussfds woiy $N/01dL Sw 05 ‘S ‘500 TeISTA\
0661 TB12 SOA  S[[92 I9[[D [eINJRU JO AJIANOR :dA0qe pue JYS1om Apoq SH/Sw g0 Inoqe ‘sypuowr LTS 10 9—F 9ey
uaa[ds a1} Ul s[[o0 I3[R [eINIRU JO AJIATIOR ‘s)yS1om uaa[ds
‘sySrom Apoq :ySram £poq SH/Swr G'g Ioqe 03 dn paSueyoun
(saSe3s amyewr
JO UOTJRUTWI[S PUe S[OSNW d} UI JeATE] JO JIoquinu ‘@suodsar 1) ‘paseard  (Kep pue JyStom Lpoq Sx/Sw
-3p sywa1ds vpjpuIyoLL T )M UOTIORUT 0) Uordeal ‘parredurr uss[ds oyl  §'Z ‘S7°0 ‘ST0'040 INOR) Pady P TI-S
Ul $oua303400u0ut PLI2ISIT 03 dOUR)SISAT JYS1am Apoq SH/Swr ¢'g noqe /0141 Sw oS ‘S ‘50 ‘0 ‘(anpe) TRISI A\
066T Te 39 SOA TAVON :yStam Apoq S/Sw G- ynoqe ‘sypuowr G gL
dnoub Jad Jaquinu
LERIIEIETEN| sbuipuiy ainsodx3 ‘ures1s ‘saads

(ponunuoD)

€ 9)qeL



n-Butyltin Compounds

30

stsoxydau ‘wmipyids remqn) rewrxoad sy Jo uonuIW

-31d pue uonejonoea ‘parredwr uonouny :ASUpDHY ‘paseardap ISy [[20 A
-1[[0J P1oIAL]) ‘paseardur O JyStom 1Iedy ‘paseasour & NyStom uaafds pue sat
-TeAO ‘paseaIdap & 1YStom snwikyy ‘pue[3 proIfy) ‘paseaiour sAoUpD| ‘ToAT]
‘puer3 Areymiid ‘spue[3 Teuaspe Jo JySom (Sa3UBYD [EUOULIOY OU ‘pPasedld
-op & 19113 H3] INq ‘paseaIdUT SUOTLIJUIDUO0D Y[ WNIds pue JAS] wn

-19s ‘paaredur uonouny Aoupny ‘pasearour aseyeydsoyd aureye pue 1Ty
1SV JO SONIATIOR ‘PaseaIdap aN[eA JLID0JBWISRY pue UIqo[Sowary ‘SIS0ILD
-oqurony} ‘eruadoifooydwiA] ‘erwseue ‘erxeje ‘Ayjede ‘uonjerdews ‘paonpal
suted JySrom Apoq ‘paseasour Ajierrour :pySam Apoq SHy/Sw G'g noqe
066T T8 39 19359 ;\ TAVON ySrom £poq Sy/Sur gg°0 ynoqe
Ppaseardur [943] uadouriqy ‘urmqors 03 urwmgre woy surajord wnias jo
Jiys ‘paseadul 1H-A pue Ty ‘@sereydsoyd aured[e Jo SaNIANOE 91400}
-eday Jo Suruoofpeq 10 agueyd £)3ej ‘uonperauaFap (90 o[3UIS :I9AI] {paseaId
-ap 1yS1om uaa[ds pue snwAy) ‘Aydome ussds ‘Aydoxre snwAy a[qe
-I9pISU0d ‘morrews auoq jo Aydoije ‘paseardap ARYSIs Juajuod urqojSowr
-3kl pUE JN[eA JLID0JEWIEY ‘UOT)IPUOD PUNJLIOW Ul & ¢ pue P ¢ Jo Suipmy
wirajaad “Ayjede “9red onoeje ‘uoreIpAyap ‘uoneRW. ‘paonpas uondwmns
-U0D I3JeM pue pooj ‘paseatdap sjydom Apoq :ySram Lpoq SH/Sur o'g
VS[ wnias jo 90mos

urewr (suewny o) A1enuod) sSop ur walsks 1 TVD (1L TvD) anssn proyd
-wA[ pajeosse-ng ur sagueyd eordojoydiowr Ym sa1e[a110d [9A3] S Uo
109y ‘wmaTr a3 ut sayojed s 040 Jo Aydone ‘sopou ydwiA[ orrajuasawr
puedeI[t ay) jo suordai [eorprooered pue [eon100 a3 ul Aydoije ‘paseard
-op JNS] ‘pasea10ap A[1ea[d 3] ‘paseardap DS 01 Aouspua) T Noom WOy

(hep
pue 3yStom Apoq Sy/8w g7
10 570 ‘ST0°0 ‘0 INOQE) Pady

H/OLIL SW 05 S ‘60 0
‘s1edA ¢

5909
‘TRIST X\
Jdm

ESIEIETEN] sbuipui4

ainsodx3

dnoub Jad Jaquinu
‘urenys ‘sspads

(penunuo)) € ajqeL



31

n-Butyltin Compounds

paseardap syySrom £poq Afrerd

-adsa ‘s3oap3a [re jo uonjeaer3Se ySrom Apoq S/ 14 1.L Sw ¢k Inoqe
sopou ydwi4[ ur uonersuadop

anssny pue J1sodap urreprsowaey ‘pasearout spidijoydsoyd pue sapriodA[3
-11) ‘[019)S9[OYD ‘paseaIdul 1,5H-A Jo L1anoe ‘paseardap awn urquioryjold
‘paseardur Junod 3hooquroryy ‘paonpar Apueoyrudis uondwnsuod pooy
‘paonpair Apueoryiudis sured 1ySrom Apoq :ySram Apoq SH/Sw 61T INoqe
suegio oneydwA| ur Loust>

-1jop 914ooydwL] quapuadap-asop Aydorye snwkyy ‘paseardap Appueoyru
-31s syySrom uos[ds aynjosqe pue aanea1 :YSrem Apoq SH/Sur g1 Moqe
$00Z JALJO  snwAy) pue uaspds uo 3099 10 TIVON :IYS1om Apoq SH/Swr 6'9 Jnoqe

pasea1dap
searoued pue 93e)s01d Jo s)S1om 9ATIR[I pUR AINJOSR ‘pasLaIddp ud[ds

Ul UlIapIsouraey ‘sopou YdwA| [e119JUasaW UT UOTJEULIO) 9139S0T [JIM

uonen[uI 9)A001JIAID {PaseaIdap H' pue €], ‘paseardur I Ty {paonpal

sured 1ySrom Apoq ‘paonpar uondwnsuod pooj :JyStom Apoq Sx/Sur o1

Paseardap HS.T, ‘SISA[owAL) ‘pasea1nap sAaupny ‘sapou

ydwi4] ‘snwiky jo s3ySrom aane[al :aao0qe pue JySrom Apoq SHy/Swr g

886T DV Suriayog (Apuapuadap-asop jou) pasea1dap ,eN-wnIas YSram Apoq SH/Suw 0

PpaseaIdur & jo sIYSTom ISAT] ATJE[T

pue anjosqe ‘paonpax uondumsuod pooj :JySom LApoq SH/Sur g'g noqe

paseaIdur & Jo skaupny

a3 uI sIsoprojAure

[eNNSISIUT JO JRNISWO[S JO dDUIPIOUI {PaINOJodsIp APYSI[s pue padie|

€00T VN  -Ud :I9AT] ‘paseaiour Ayiferiows :aaoqe pue JyStom Apoq Sy/Sur -0 ynoqe

(Aep pue JySrom

Apoq 3%/3w 1T¥ ‘61T ‘61
‘G'9 ‘0 Moqe) pady 3/ LALL
Sw 0000T ‘000 ‘00€ ‘00T ‘0

‘S—¥
QNd 03 3ur el
-JBW 910J9q SYOoM T JIEIS & RIS\
‘skep g¢ :9 9ey
L4LL

(Aep pue JySrom Apoq Sy/Swr
01 ‘0'C “¥'0 ‘T°0 ‘0 IMoqe) pady 5P 0t
BI/NILLL Swr 00T ‘0% ‘8 ‘T 0 TRISTAN
‘skep 7€-8C ey
NIL4L

(Aep pue JySrom Apoq Sy/Swr
G'8 ‘T ‘8°0 ‘0 IMoqe) pady S ‘P 0S
/OLAL 3w 05 ‘ST ‘S ‘0 ‘Iad
‘sypuowr g1 QSNO

S9DUDIDRY sbuipui4

dnoub Jad Jaquinu
ainsodx3 ‘uren)s ‘sapads

(ponunuoD) € s|qey



32 n-Butyltin Compounds

Mono-n-butyltin compounds

In rats, repeated administration of MBTC caused liver damage and changes of the
haematopoietic system (Parametrix Inc 2006 f). In this investigation, however, thy-
mus and lymph nodes were not histologically investigated, and the thymus weight
was also not determined.

Di-n-butyltin compounds

Already at doses of about 2.5 mg/kg body weight and day and above, administration
of DBTC for 14 days produced a significant decrease in relative thymus and spleen
weights, and a reduction of the lymphocyte count in the lymphatic organs, particu-
larly in the thymus, in Wistar rats. In addition, a significant retardation in body
weight gain occurred (Penninks and Seinen 1982; Seinen et al. 1977 b). These ef-
fects of DBTC were not found in mice (Seinen et al. 1977 a). In a study with DBTC
in CFE rats lasting 90 days, a NOAEL of about 20 mg/kg body weight and day was
obtained for the decrease in body weight gain and the serum haemoglobin content
(Gaunt et al. 1968). At and above around 20 mg/kg body weight and day, DBTL
caused 20% mortality (Alam et al. 1993), changes in enzyme activities in the brain
and liver, and a reduction in neurotransmitters in the brain (Alam et al. 1988;
Mushtagq et al. 1981; Subramoniam et al. 1991). After treatment of Holtzmann rats
with DBTL doses of about 20 mg/kg body weight and day, congested and haemor-
rhagic lungs as well as haemorrhagic submaxillary lymph nodes were found in
(Parametrix Inc 2006 c). Therefore, no NOAEL can be given for the effects on the
thymus. The LOAEL (lowest observed adverse effect level) was at 2.5 mg/kg body
weight and day DBTC.

Tri-n-butyltin compounds

In a 28-day study in Wistar rats, administration of TBTC at about 1.25 mg/kg body
weight and day produced, apart from a significant decrease in food consumption
and body weight gain, lymph node and thymus changes as well as a reduction of
relative thymus weights and an increase in relative liver weight. From this study, a
NOAEL of about 0.025 mg/kg body weight and day was obtained (Bressa et al.
1991). After 14 days administration of TBTC to Wistar rats, the relative spleen
weight was reduced at and above about 2.5 mg/kg body weight and day, and also
the brain weight at about 5 mg/kg body weight and day (Snoeij et al. 1985).

A NOAEL of 1 mg/kg body weight and day was obtained from different subacute
studies with administration of TBTO for up to eleven days (Schweinfurth 1987).
Body weight gains were delayed at about 7.7-11.6 mg/kg body weight and day and
above (Ishaaya et al. 1976), with mortality, microcytic anaemia, chronic inflamma-
tion of the bile ducts and lymphotoxicity occurring at 25 mg/kg body weight and
day (Schweinfurth 1987) and brain damage being found at 37.5 mg/kg body weight
and day and above (BUA 2003).

In rats, four to six weeks exposure to TBTO produced changes in lymph nodes
and spleen at and above about 0.25 mg/kg body weight and day, thymus and liver
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disorders (Krajnc et al. 1984) as well as changed hormone release rates (Krajnc et al.
1984) at and above about 1 mg/kg body weight and day, delayed body weight gains
at and above about 1.25 mg/kg body weight and day (Bressa et al. 1991) and immu-
notoxicity at about 5 mg/kg body weight and day (Verdier et al. 1991). Mortality
occurred at about 16 mg/kg body weight and day (Elsea and Paynter 1958). The
changes caused by TBTO as described by Krajnc et al. (1984) at 0.25 mg/kg body
weight and day did not occur when exposure to this dose was over an extended
period (see below).

From the studies with subchronic and chronic administration of TBTO to rats
(Schweinfurth 1987) and dogs (Schering AG 1992), a NOAEL of about 0.2 or 0.25
mg/kg body weight and day was derived (Wester et al. 1990). In rats, impairment of
their resistance to infection was found at about 0.5 mg/kg body weight and day and
above (Vos et al. 1990); in dogs, the general condition worsened at 1.0 mg/kg body
weight and day and above, with changes in liver, lymph nodes and immune system
also occurring (Schering AG 1992). With TBTO at and above about 2.5 mg/kg body
weight and day in rats, mortality, weight loss, apathy, ataxia, anaemia, lymphocyto-
penia, thrombocytosis, reduced haemoglobin content and haematocrit value, liver
and kidney damage as well as organ weight changes were found (Wester et al.
1990). Already at the lowest dose of about 0.8 mg/kg body weight, mortality, liver
and kidney damage occurred in mice (BUA 2003).

In a 4-week study with rats, TBTN caused a significant decrease in the blood
sodium concentration at 0.4 mg/kg body weight and day and a decrease in thymus,
lymph node and kidney weights at 2 mg/kg body weight and day and above, as well
as damage to liver, lymph nodes and spleen at 10 mg/kg body weight and day and
above (Schering AG 1988). The NOAEL for these effects was 0.1 mg/kg body
weight and day.

Tetra-n-butyltin

In a combined subchronic toxicity and reproduction toxicity study with TTBT, a
NOAEL of about 6.5 mg/kg body weight and day was found for the effects on
spleen and thymus after 33 days of exposure. At about 119 mg/kg body weight and
day, there occurred a decrease in body weight gain, damage to the lymph nodes and
liver, and an effect on blood clotting (ORTEP 2004). It may be concluded from
these data that tetra-n-butyltin has a lower systemic toxicity then di- and tributyl-
tin.

5.2.3 Dermal application

After 50-day dermal application of TBTO in doses of 0.10 or 40 mg/kg body weight
and day on the shaved skin of ten guinea pigs, swellings, degeneration and damage
of the kidney tubular epithelium were found at 10 mg/kg body weight and day and
above. The glomeruli were not affected. Increased amounts of sodium, chloride,
phosphate, glucose and amino acids were eliminated with the urine. The concentra-
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tion of amino acids, phosphate and vitamin D3 (calcitrol) in the serum was reduced
(Mori et al. 1984).

5.2.4 Intravenous injection

Five intravenous injections of DBTC with doses of 0, 1, 2 or 4 mg/kg body weight
produced a significantly reduced body weight at 4 mg/kg body weight and above,
and a significantly and dose-dependently reduced thymus weight at 1 mg/kg body
weight and above (Seinen et al. 1977 b).

5.3 Effects on skin and mucous membranes

5.3.1 Skin

Undiluted MBTC was corrosive to the rabbit skin after 30 minutes (Parametrix Inc
2006 f).

In an occlusive patch test lasting four hours, MBTC was found to be corrosive to
the abraded rabbit skin. The animals showed severe erythemas, slight oedemas, ne-
croses, eschar formation and skin damage (Parametrix Inc 2006 f).

Studies carried out according to OECD Test Guideline 404 showed that MBT(2-
EHMA) and MBT(IOMA) caused slight erythemas but no oedemas in rabbits
(OECD 2006 a).

After non-occlusive exposure for four hours, DBTC was found to be severely
irritating to the rabbit skin. Semi-occlusive administration of DBTC in petrolatum
to Wistar rats produced severe skin irritation already after exposure for five min-
utes (Parametrix Inc 2006 a). Dermal application of 67 nmol/cm? DBTC to rats
caused slight damage to the skin of the back (no other details), while application of
335 nmol/cm?, after some delay, caused cellular necroses (ACGIH 2001). In the
rabbit after occlusive application for 24 hours, DBTM (50% in polyethylene glycol)
was found to be moderately irritating to the skin (Parametrix Inc 2006 d), and
DBTO was slightly irritating to irritating in rabbits in a semi-occlusive 4-hour test
(Parametrix Inc 2006 e). Slight irritation to corrosion were described in rabbits for
DBT(2-EHMA) after semi-occlusive administration for four hours. In a further
study with rabbits, DBT(2-EHMA) was moderately irritating to the skin after oc-
clusive application for 24 hours (Parametrix Inc 2006 b). DBT(IOMA) was found
to be corrosive in rabbits after (semi-occlusive) application for four hours and after
(occlusive) application for 72 hours (Parametrix Inc 2006 i). On the other hand, in
another study with rabbits, it was stated that DBT(IOMA) was slightly irritating
after semi-occlusive treatment for four hours (Parametrix Inc 2006 i).

Dermal application of 67 nmol/cm? TBTC induced tissue necroses on the skin of
the back of rats (ACGIH 2001). In solid form, TBTF only had a slight irritant effect
on the rabbit skin. On the other hand, in a paint formulation, TBTF was severely
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irritating (Sheldon 1975). Undiluted TBTO was found to be severely irritating to
the rabbit skin (no other details) (BUA 1988). 0.25% solutions of TBTO produced
haemorrhages, slight oedemas and erythemas on the rat skin (Pelikan and Cerny
1968 b).

There are no data available for TTBT.

5.3.2 Eyes

In studies carried out according to OECD Test Guideline 405, MBT(2-EHMA)
(Parametrix Inc 2006 f) and MBT(IOMA) were not irritating to the conjunctiva of
male rabbits (OECD 2006 a).

To the rabbit eye, undiluted DBTC was found to be severely irritating (Parame-
trix Inc 2006 a), DBTM (Parametrix Inc 2006 d) and DBTO (Parametrix Inc
2006 e) to be irritating, and DBTL (Parametrix Inc 2006 c¢), DBT(2-EHMA) (Para-
metrix Inc 2006 b) and DBT(IOMA) (Parametrix Inc 2006 i) to be slightly irritat-
ing.

Either undiluted or in an antifouling paint, TBTF was severely irritating to the
rabbit eye (Sheldon 1975). The effect of TBTO, either undiluted or in an antifouling
paint, was severely irritating to the rabbit eye (BUA 1988). In 0.15% to 0.2% aqu-
eous solutions, TBTO caused ulcerating inflammation of the eyelids and cornea,
opacity and necrosis of the cornea, and chemosis and necrosis of the conjunctiva.
The effects were more pronounced with 1.5% and 2% solutions, producing destruc-
tion of the eyes and death in two rabbits (Pelikan 1969).

A slight irritant effect to the eye is reported for TTBT (ECB 2000).

5.4 Allergenic effects

In studies carried out according to OECD Test Guideline 406, MBT(2-EHMA)
(Parametrix Inc 2006 f), but not MBT(IOMA) (OECD 2006 a), was sensitizing in
guinea pigs.

In two maximization tests with guinea pigs performed according to OECD Test
Guideline 406, DBT(2-EHMA) (Parametrix Inc 2006 b) was assessed as sensitizing.
DBT(IOMA) was found to be sensitizing in one maximization test, but it was not
in another (Parametrix Inc 2006 i).

In a maximization test with guinea pigs involving two antifouling paints contain-
ing TBTO, there was no indication of a skin-sensitizing effect (BUA 1988). With
mice, on the other hand, TBTO induced contact allergy (BUA 2003).

There are no data available on TTBT.

The results of these investigations suggest that it is not the alkyltin cation which
is responsible for a sensitizing potential of the n-butyltin compounds, but the or-
ganic ligands. In the above studies with mono-n-butyl and di-n-butyl compounds,
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always the 2-EHMA ligands were found to be sensitizing in the maximization test
with guinea pigs.

5.5 Reproductive toxicity

5.5.1

Fertility

Studies on the effects of n-butyltin compounds on fertility are shown in Table 4.

Table 4 Generation studies and studies on the fertility of n-butyltin compounds

Species, Exposure Findings References
strain,
number
per group
MBTC
Rat, OECD Screening  about 100 mg/kg body weight: NOAEL for Parametrix
Wistar, Test 421 systemic toxicity from 13-week study Inc 2006 f
103,92 0, 300, 1500, 7500  about 530 mg/kg body weight: NOAEL for

mg MBTC/kg feed, fertility, NOAEL for postnatal developmental

about 0, 20, 100, toxicity

530 mg MBTC/kg

body weight and

day; exposure: 3

start 10 weeks be-

fore and up to end

of mating, Q start

2 weeks before

mating and up to

PND 4-6; investi-

gation PND 4
MTB(2-EHMA)
Rat, OECD Screening 50 mg/kg body weight: NOAEL for fertility, Parametrix
Sprague Test 422 NOAEL for systemic toxicity, NOAEL for Inc 2006 g
Dawley, 0,10,50,150 mg  postnatal developmental toxicity
123,9 MTB(2-EHMA)/kg 150 mg/kg body weight: F;: mortality in-

and day;

exposure: @ and @
start 15 days before
mating; investiga-
tion PND 4

creased, body weight gains reduced, food
consumption reduced, liver and kidney
weights increased, vacuole formation in he-
patocytes increased; mucus production in
the cervical and vaginal epithelium of @ in-
creased; F;: number of surviving animals de-
creased, body weight gains reduced
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Species, Exposure Findings References
strain,
number
per group
DBTC
Rat, OECD Screening about 0.4 mg/kg body weight: NOAEL for Parametrix
Wistar, Test 421 systemic toxicity Inc 2006 a
123,92 0, 5, 30, 200 mg about 2 mg/kg body weight: NOAEL for

DBTC/kg feed, 3: fertility, NOAEL for postnatal developmen-

about 0, 0.4, 2.0, 12 tal toxicity; F,: thymus atrophy in @, body

mg DBTC/kg body weight gains reduced

weight and day; @:  about 11 mg/kg body weight: F: gestation

about 0, 0.4,2.0, index decreased @, body weight gains re-

11 mg DBTC/kg duced, thymus atrophy; F;: postimplantation

and day; exposure: losses increased, number of live offspring

& start 10 weeks decreased, surviving animals to PND 4 de-

before and up to creased, body weight gains reduced, runts

end of mating, @

start 2 weeks be-

fore mating up to

PND 4-6; investi-

gation PND 4-6
Rat, 4 days, 16 mg/kg body weight: implantations de-  Harazono and
Wistar, 0,4, 8,16 mg creased, serum progesterone level at PND 4 Ema 2003
109 DBTC/kg body decreased, progesterone administration on

weight; PND 0-4 protected against implantation

exposure: Fy: start  loss

PND 0-3, investi-

gation PND 5
TBTO
Mouse, 4 weeks, 0.4 mg/kg body weight: NOAEL for effects Kumasaka
ICR, 0,0, 2,10 mg on spermatozoa et al. 2002
6 3,5 weeks TBTO/kg body 2 mg/kg body weight and above: sperm
old weight, 2x per density (“sperm head count”) in testes

week, oral homogenate decreased, tin concentration in

testes increased

Rat, 2-generation study about 0.3 mg/kg body weight: NOAEL for BUA 1988
Sprague 0,0.5, 5.0, 50 mg systemic toxicity in Fy, F; and F,; NOAEL
Dawley, TBTO/kg feed, 3:  for postnatal developmental toxicity
308, 9 about 0, 0.02, 0.29, about 3 mg/kg body weight: NOAEL for

2.95 mg/kg body
weight and day, Q:
about 0, 0.03, 0.34,
3.43 mg/kg body
weight and day; ex-
posure: Fy: start 10

fertility; body weight gains reduced (F, F;
pups PND 14, 21; F; parents, F, pups PND
7, 14, 21), absolute and relative thymus
weights decreased (F, @, F; @, 8); no abnor-
mal findings at histopathology of all relevant
organs; only weights of thymus, lymph
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Table 4 (Continued)

Species, Exposure Findings References
strain,
number
per group
weeks before and  nodes and spleen determined; no investiga-
up to end of mat-  tion of sperm, oestrous cycle or external sex
ing; F: start of characteristics of offspring
mating to PND
145, investigations
to PND 211; Fy: in-
vestigations to
PND 21
TBTC
Rat, 2-generation study about 0.4 mg/kg body weight: NOAEL for Ogata et al.
Wistar, 0,5,25,125 mg fertility and postnatal developmental toxi- 2001; Omura
308, 9 TBTC/kg feed, city et al. 2001
about 0; 0.4,2,10  about 2 mg/kg body weight and above: 3:
mg/kg body weight spermatid count decreased
and day; (Fy)
exposure: Fy: start  about 10 mg/kg body weight: @: birth
at mating; Fy: start  weights and postnatal body weight gains re-
of mating to PND  duced (Fy, F,), anogenital distance increased
92; investigations  (Fy, F,), delayed opening of vagina (F;, F,),
to PND 119; F,: in-  delayed oestrous cycle (F;, F,), relative ovar-
vestigations to ian weights decreased (F;), relative uterus
PND 91 weights increased (F,); &: birth weights and
postnatal body weight gains reduced (Fy, F,),
spermatid count decreased (Fy, F,), sperm
count decreased (F,), relative prostate
weights decreased (F;, F,), testosterone con-
centration increased (F;, F,), 173-oestradiol
concentration decreased (F,)
TTBT
Rat, OECD Screening about 6.5 mg/kg body weight: NOAEL for ORTEP 2004
Wistar, Test 422 systemic toxicity
123,9 0, 100, 300, 2000 about 19 mg/kg body weight: NOAEL for
mg TTBT/kg feed, developmental toxicity; spleen weights of &
about 0;6.5,19,119 decreased, thymus: weight decreased and
mg TTBT/kgbody atrophy

weight and day; ex-
posure: 3 33 days
(no other details), @
start 2 weeks before
mating to PND 4—
5; investigation
PND 4-5

about 119 mg/kg body weight: body weight
gains reduced, food consumption reduced,
postimplantation losses increased, number of
live offspring decreased, surviving animals to
PND 4 decreased, foetal weights decreased,
runts

PND = postnatal day
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Mono-n-butyltin compounds

In OECD Screening Test 421, no treatment-related changes were observed in Wis-
tar rats with MBTC up to 530 mg/kg body weight and day (Parametrix Inc 2006 f).
Accordingly, the NOAEL for fertility was 530 mg/kg body weight and day for
MBTC. In a 13-week study conducted in parallel, the systemic NOAEL was about
100 mg/kg body weight and day due to increased liver enzyme activities in the ser-
um and increased relative liver weights at 530 mg/kg (see Section 5.2.2) (Parametrix
Inc 2006 f).

In the OECD Screening Test 422 with administration of MTB(2-EHMA) to
Sprague Dawley rats, increased mortality and, in the surviving rats, decreased body
weight gain and food consumption, increased liver and kidneys weights and in-
creased vacuole formation in the hepatocytes occurred at 150 mg/kg body weight
and day. At this dose, two female animals died on day 21 of gestation, one animal
was killed on gestation day 22 due to maternal dystocia, and another animal on the
first day of lactation owing to the death of all pups. Increased mucus formation in
cervical and vaginal epithelia of the females was found postpartum. In this study a
NOAEL of 50 mg/kg body weight and day was found for the systemic toxicity of
MTB(2-EHMA) (Parametrix Inc 2006 g). The NOAEL for fertility was also 50 mg/
kg body weight and day, as it is not possible to exclude an effect on the fertility of
the females due to maternal dystocia and pup mortality on the first day after birth
at 150 mg/kg.

Di-n-butyltin compounds

In the OECD Screening Test 421 with female Wistar rats, DBTC at about 11 mg/
kg body weight and day produced a significant reduction in the gestation index and
increased postimplantation losses as well as pronounced foetal toxicity with in-
creased postnatal mortality. The NOAEL for fertility was about 2 mg/kg body
weight and day. The NOAEL for systemic toxicity, such as reduced body weight
gain or thymus atrophy, was about 0.4 mg/kg body weight and day (Parametrix Inc
2006 a).

Tri-n-butyltin compounds

In a four-week study with TBTO on testicular toxicity in ICR mice, the sperm den-
sity in the testis homogenate was decreased and the tin concentration in the testes
increased at 2 mg/kg body weight and above. The NOAEL for the effects on sperms
was 0.4 mg/kg body weight and day in this study (Kumasaka et al. 2002).

In a two-generation study with Sprague Dawley rats, no effects on fertility were
observed with TBTO up to the highest dose of about 3 mg/kg body weight and day.
At this dose, reduced body weight gains were found in the F,, F; and F, generations,
and the absolute and relative thymus weights were decreased in F, females and in
females and males of the F; generation. In the F, F; and F, generations the NOAEL
for systemic toxicity was about 0.3 mg/kg body weight and day, and that for fertility
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was 3 mg/kg body weight and day (BUA 1988). In this study, neither the sperms
nor the oestrous cycle were investigated.

In a two-generation study with TBTC in Wistar rats, the highest dose of about
10 mg/kg body weight and day caused reduced birth weights and reduced postnatal
body weight gains in the male and female F, and F, offspring. In addition, in the
female offspring, the anogenital distance was increased, vaginal opening delayed,
the total number and percentage of normal oestrus cycles reduced, the relative
ovarian weight decreased, and the relative uterus weight increased (Ogata et al.
2001). At this dose, in the male offspring, reduced sperm and spermatid counts,
decreased relative prostate weights, increased testosterone concentrations and de-
creased 17f oestradiol concentrations in the F, offspring were determined. The
authors suspected an inhibition of aromatase (Omura et al. 2001). As the spermatid
count was also significantly reduced in the male F, offspring at 2 mg/kg body
weight and day, the NOAEL for fertility and also for the postnatal developmental
toxicity is at the lowest dose of 0.4 mg/kg body weight and day, as the study design
allows no differentiation between direct toxicity and reproductive toxicity to the
sperms. Other effects on male and female offspring were observed at both low
doses which, however, the Commission did not assess as relevant. Thus, absolute
testis and epididymis weights were slightly, but significantly decreased in the adult
male F; animals at 0.4 mg/kg body weight and day and above. However, the de-
crease was not dose-dependent, and there was no decrease in the F, generation
despite extended exposure duration. Already from the low dose upward, the ano-
genital distance was dose-dependently slightly increased in the female F; and F, off-
spring on the first and fourth day after birth, but was only found to be statistically
significant for the F; generation on the first day after birth. These findings are not
assessed as relevant, as the increases in anogenital distance were only slight in the
low and midle dose groups and were within the range of biological variation, and
other effects, such as changes in vaginal opening times or the oestrous cycle, were
not observed.

Tetra-n-butyltin

In the OECD Screening Test 422 in female Wistar rats, TTBT in doses of about
119 mg/kg body weight and day increased postimplantation loss, caused a reduced
number of live offspring and an increased postnatal mortality, though no impair-
ment of fertility. In view of the reduced spleen and thymus weights as well as thy-
mus atrophy at about 19 mg/kg body weight and day the NOAEL for the systemic
toxicity of TTBT was thus about 6.5 mg/kg body weight and day (ORTEP 2004).

Summary

Based on the 2-generation study with TBTC in rats (Ogata et al. 2001; Omura et al.
2001) and the mechanistic study with TBTO in mice (Kumasaka et al. 2002), the
NOAEL for fertility with tri-n-butyltin compounds is assessed at 0.4 mg/kg body
weight and day. The 2-generation study with TBTO (BUA 1988), as well as the



OECD screening tests with mono-n-butyltin and di-n-butyltin compounds can, in
assessing fertility, only be used to a limited extent, as the relevant endpoints, such
as sperm parameters, time of vaginal opening, or the oestrous cycle of the offspring,

were not determined.

n-Butyltin Compounds

5.5.2 Developmental toxicity

Prenatal developmental toxicity

Studies on the effect of n-butyltin compounds on prenatal development are given

in Table 5.

Table 5 Studies on the prenatal developmental toxicity of n-butyltin compounds

Species, Exposure Findings References
strain,
number
per group
MBTC
Rat, GD 7-17, 400 mg/kg body weight: dams: NOAEL; no Noda et al.
Wistar, 0, 50, 100, 200, significant effects on body weight gains, 1992
13-14 Q@ 400 mg food consumption or absolute thymus

MBTC/kg body weights; foetuses: NOAEL

weight and day,

gavage, investiga-

tion on GD 20
Rat, GD 0-3 or 4-7,0, 903 mg/kg body weight: dams: body weight Ema and
Wistar, 56, 226, 903 mg gains reduced: foetuses: foetal weights de- Harazono
16 Q MBTC/kg body creased (Q) 2001

weight and day, ga-

vage, investigation

on GD 20
Rat, GD 7-8, 1000 mg/kg body weight: dams: body Ema et al.
Wistar, 6-11 0, 1000, 1500, weight gains decreased 1995 a
Q 2000 mg MBTC/ 1500 mg/kg body weight: dams: mortality

kg body weight (5/11): foetuses: number of live foetuses/lit-

and day, gavage, ter decreased. foetal weights decreased

investigation on 2000 mg/kg body weight: dams: mortality

GD 20 (6/6)
DBTC
Rat, GD 7-15, 2.5 mg/kg body weight: foetuses: NOAEL  Ema et al.
Wistar, 0,2.5,5,7.5,10 mg 5 mg/kg body weight and above: dams: 1991
10-12 @ DBTC/kg body NOAEL; body weight gains slightly reduced:

weight and day, ga-
vage, investigation
on GD 20

foetuses: foetal weights decreased, number
of malformations increased (craniofacial re-
gion, skeletal system)
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Table 5 (Continued)

Species, Exposure
strain,
number

per group

Findings

References

Rat, GD 6-15,

Wistar, 0,1,2.5,5,10 mg

259 DBTC/kg body
weight and day, ga-
vage, investigation
on GD 20

Rat, GD 0-3 or 4-7,

Wistar, 0,4,8,15mg

16-19 @ DBTC/kg body
weight and day, ga-
vage, investigation
on GD 20

Rat, GD 7-8,

Wistar, 0,10, 15mg

6-10 Q DBTC/kg body
weight and day, ga-
vage, investigation
on GD 20

7.5 mg/kg body weight and above: dams:
mortality, body weight gains reduced, food
consumption reduced, abortions; foetuses:
postimplantation loss increased, number of
live foetuses/litter decreased

10 mg/kg body weight: dams: mortality
(75%)

5 mg/kg body weight: dams: NOAEL: foe-
tuses: NOAEL (one foetus with oedema)

10 mg/kg body weight: dams: body weight
gains reduced, food consumption reduced,
thymus weights decreased, no mortality;
foetuses: number of malformations in-
creased (4 foetuses from 3 litters: oedemas,
ankyloglossia, hydrocephalus, anophthalmia,
diaphragmatic hernia, mandibular defects,
skeletal abnormalities)

4 mg/kg body weight and above: dams:
NOAEL for body weight gains; food con-
sumption reduced (GD 0-3); foetuses: post-
implantation loss increased (GD 4-7), foetal
weights decreased (GD 4-7)

8 mg/kg body weight and above: dams:
body weight gains reduced (GD 0-3; 4-7),
gestation rate decreased (GD 0-3), number
of implantations decreased (GD 0-3), pre-
implantation loss increased (GD 0-3);
foetuses: postimplantation loss increased
(GD 0-3), resorptions and number of dead
foetuses increased (GD 4-7), number of live
foetuses decreased (GD 4-7)

15 mg/kg body weight: foetuses: number of
complete resorptions increased investiga-
tions only covered external abnormalities

10 mg/kg body weight and above: dams:
body weight gains reduced; foetuses: postim-
plantation loss increased, number of liveg
foetuses/litter decreased, foetal weights de-
creased, malformations increased (exence-
phaly, encephalocele, cleft jaw, cleft lip and
cleft palate, ankyloglossia , cleft tongue, om-

Farr et al.
2001

Ema and
Harazono
2001

Ema et al.
1995 a
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Table 5 (Continued)

Species, Exposure Findings References
strain,

number

per group

phalocele, club foot, defect of mandible, fu-
sion and absence of cervical and thoracic
vertebral arches, vertebral arches and
bodies, fusion of sternebrae, anophthalmia
and microphthalmia)

Rat, GDS, 80 umol/kg body weight: dams: NOAEL Noda et al.
Wistar, 0, 80 umol/kg body for body weight gains and food consump- 1993
109 weight: 24 mg tion;

DBTC/kg body foetuses: malformations increased (cleft jaw,

weight, 28 mg exencephaly, cranial hypoplasia, fused ribs)

DBTA/kg body and variations increased with all DBT com-

weight, 28 mg pounds

DBTM/kg body

weight, 20 mg

DBTO/kg body

weight, 50 mg

DBTL/kg body

weight, gavage, in-
vestigation on GD
20

Rat, GD 7-9,10-12 or, induction of teratogenic effects GD 7-9, Ema et al.
Wistar, 13-150r6,7,80r  most effective day GD 8 1992
209 9,

0, 20, 40 mg

DBTC/kg

body weight and

day,

gavage, investiga-

tion on GD 20
Rat, GD 13-17, 50 mg/kg body weight and above: dams: Ema et al.
Wistar, 0, 165, 330 umol body weight gains reduced, mortality in- 1996
11-13 DBTC/kg body creased; foetuses: body weights decreased
Q weight and day (0,

50, 100 mg/kg

body weight and

day), gavage, inves-

tigation on GD 20

TBTO
Mouse, GD 6-15, 5 mg/kg body weight and above: dams: Baroncelli
Swiss, 8 @ 0, 5, 20,40 mg placenta weights increased, absolute spleen  et. al. 1990

TBTO/kg body weights decreased
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Table 5 (Continued)

Species, Exposure Findings References
strain,

number

per group

weight and day, ga- 20 mg/kg body weight and above: dams:

vage, investigation  body weight gains reduced

on GD 17 40 mg/kg body weight: dams: piloerection,
lethargy, hunched posture, vaginal bleeding,
complete resorptions, body weights de-
creased during the first 4 days: foetuses: re-
sorptions increased, number of live foetuses
decreased, foetal weights decreased investi-
gations covered external abnormalities only

Mouse, GD 6-17, 14 mg/kg body weight: dams, foetuses: Faqi et al.
NMRI, 0,0.5,2,5, 14, NOAEL 1997
40 Q 27 mg TBTO/kg 27 mg/kg body weight: dams: mortality in-

body weight and creased (3/40), salivation, apathy, absolute

day, gavage, inves-  and relative thymus weights decreased; foe-

tigation on GD 18  tuses: foetal weights decreased, skeletal ab-
normalities [including cleft palates 11.4%,
micrognathia 5%, fused basis of os occipita-
lis 3%] increased

Mouse, GD 6-15, 6 mg/kg body weight: dams, foetuses: Davis et al.
NMR], 6-20 0, 1,4,6,12,23, NOAEL 1987

@; 118 con- 35 mg TBTO/kg 12 mg/kg body weight: dams: body weight

trols body weight and gains reduced; foetuses: cleft palates 7%

day, gavage, inves-  (controls 0.7%)

tigation on GD 18 23 mg/kg body weight: foetuses: skeletal
abnormalities and variations increased
35 mg/kg body weight: dams: mortality in-
creased (1/6); foetuses: total number of re-
sorptions (1/5). resorptions increased, live
foetuses decreased, foetal weights decreased,
cleft palates 48%, variations increased

Rat, GD 6-19, 5 mg/kg body weight: dams: NOAEL (body US EPA 1997
Sprague 0.5.9,18 mg weight gains slightly reduced): foetuses:
Dawley, TBTO/kg body variations increased (asymmetric sternum,
je24Q weight and day, ga- rudimentary structures, 14t rib pair)
vage, investigation 9 mg/kg body weight: dams: body weight
on GD 20 gains reduced,

18 mg/kg body weight: foetuses: resorp-
tions increased, number of foetuses/implan-
tation sites decreased, foetal weights de-
creased, malformations (sternum malforma-
tions, cleft palates)
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Species, Exposure Findings References
strain,
number
per group
Rat, GD 0-19 or GD 10 mg/kg body weight and above: foetuses: Kishta et al.
Sprague 8-19, number of Sertoli cells decreased 2007
Dawley, 0,0.25,2.5, 10, 20 mg/kg body weight: foetuses: number of
12¢@ 20 mg TBTC/kg gonocytes decreased light and electron mi-
body weight and croscopic evaluation of foetal testes and
day, gavage, inves-  ovaries as well as gene expression
tigation on GD 20
Rabbit, GD 6-18, 1 mg/kg body weight: dams, foetuses: WHO 1990
White New 0,0.2,,2.5 mg NOAEL
Zealand, TBTO/kg body 2.5 mg/kg body weight: dams: body
209 weight and day, ga- weights decreased, abortions increased (7/
vage, investigation ~ 20; controls 3/20); foetuses: foetal weights
on GD 29 decreased (not significantly)
TBTC
Rat, GD 0-19, 0.25 mg/kg body weight: foetuses: anogen- Adeeko et al.
Sprague Daw- 0, 0.25, 2.5, 10,20 ital distance increased & 2003
ley, 12-25  mg TBTC/kg body 2.5 mg/kg body weight: dams: NOAEL
Q weight and day, ga- 10 mg/kg body weight: dams: thyroxine
vage, investigation and triiodothyronine concentration de-
on GD 20 creased; foetuses: variations increased (un-
fused ossification centres, such as ster-
noschisis)
20 mg/kg body weight: dams: gestation
rate decreased. body weight gains reduced,
foetuses: postimplantation loss increased,
litter size decreased, foetal weights de-
creased, malformations increased (cleft ster-
num 2/23)
Rat, GD 7-15, 5 mg/kg body weight and above: dams: Itami et al.
Wistar, 0,5,9,15,25 mg food consumption reduced; foetuses: foetal 1990
10-12 TBTC/kg body weights (Q) decreased, delayed ossification
Q weight and day, ga- of the sternum

vage, investigation
on GD 20

9 mg/kg body weight and above: dams:
body weight gains reduced; foetuses: resorp-
tions increased. number of dead foetuses in-
creased

25 mg/kg body weight: dams: mortality (7/
10), sedation, diarrhoea, salivation; foetuses:
no live foetuses
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Table 5 (Continued)

Species, Exposure Findings References
strain,
number
per group
Rat, GD 0-7, controls: all animals pregnant Harazono
Wistar, 0,8,12,16 mg 8 mg/kg body weight and above: dams: et al. 1996
10-149 TBTC/kg body food consumption reduced, body weight
weight and day, ga- gains reduced, non-pregnant animals 18%
vage, investigation 12 mg/kg body weight and above: dams:
on GD 20 toxic, non-pregnant animals 71%: foetuses:
foetal weights decreased, delayed ossifica-
tion
16 mg/kg body weight: dams: non-preg-
nant animals 77%
Rat, GD 7-8, 40 mg/kg body weight and above: dams: Ema et al.
Wistar, 0, 40, 80 mg body weight gains decreased; foetuses: post- 1995 a
11-14 @ TBTC/kg implantation lossesincreased, foetal weights
body weight and decreased
day, 80 mg/kg body weight: foetuses: resorp-
gavage, investiga-  tions increased. number of live foetuses de-
tion on GD 20 creased, malformations increased (cleft pa-
lates)
Rat, GD 13-15, 54 mg/kg body weight and above: dams: Ema et al.
Wistar, 11-14.0, 165, 330 pmol body weight gains reduced; foetuses: malfor- 1996
Q TBTC/kg body mations increased (cleft palates)
weight and day (0, 107 mg/kg body weight: foetuses: foetal
54, 107 mg/kg weights decreased
body weight and
day), gavage, inves-
tigation on GD 20
Rat, GD 7-9,10-12 or 25 mg/kg body weight and above: dams: Ema et al.
Wistar, 13-15, body weight gains reduced; foetuses: total 1995 b
11-14 Q@ 0, 25, 50, 100 mg number of resorptions, live foetuses de-
TBTC/kg body creased, postimplantation losses GD 7-9,
weight and day, ga- number of cleft palates increased (GD 13-15)
vage, investigation 100 mg/kg body weight: foetuses: foetal
on GD 20 weights decreased, postimplantation losses
increased, cleft palates increased (GD 10—
12), foetal weights decreased (GD 13-15)
Rat, single GD 7-15, 200 mg/kg body weight: dams: body weight Ema et al.
Wistar, 0, 100, 200 mg gains reduced; foetuses: total number of re- 1997
10-12 Q@ TBTC/kg body sorptions (GD 7-9), postimplantation losses
weight and day ga- and number of live foetuses decreased (GD
vage, investigation ~ 7-11), foetal weights decreased (GD 7-15),
on GD 20 external malformations (cleft palates, GD

7-14, especially GD 11-14) increased




n-Butyltin Compounds 47

Table 5 (Continued)

Species, Exposure Findings References
strain,

number

per group

Rat, GD 0-3 or 4-7, 8 mg/kg body weight and above: dams: Harazono

Wistar, 0;8;16,33,65mg  food consumption reduced etal. 1998

12-16 @ TBTC/kg body 16 mg/kg body weight and above: dams:
weight and day, ga- body weight gains reduced (GD 4-7), foe-
vage, investigation  tuses: postimplantation losses increased
on GD 20 (GD 4-7), foetal weights decreased

33 mg/kg body weight: foetuses: postim-
plantation losses increased (GD 0-3), num-
ber of live foetuses decreased (GD 4-7), no
increased variations or malformations

TBTA
Rat, GD 7-17, 2 mg/kg body weight: dams: NOAEL Noda et al.
Wistar, 0,1,2,4,8 16 mg 4 mg/kg body weight and above: dams: 1991
10-14 TBTA/kg body thymus weights decreased
Q weight and day, ga- 16 mg/kg body weight: dams: salivation,
vage, investigation food consumption reduced, body weight
on GD 20 gains reduced, gestation rate decreased (10/
14 pregnant); foetuses: total number of re-
sorptions (5/10 litters), live foetuses de-
creased, number of cleft palates increased
(6/27), skeletal variations increased
TTBT
Rat, GD 13-15, 114 mg/kg body weight: dams: NOAEL Ema et al.
Wistar, 10— 0, 330, 660, 1320, 229 mg/kg body weight and above: dams: 1996
13, 2640, 5280 pmol  body weight gains reduced
Q TTBT/kg body 917 mg/kg body weight and above: foe-

weight (0, 115, 229, tuses: number of malformations increased,

458,917,1833 mg  cleft palates in 23/138 foetuses in 3/12 lit-

TTBT/kg body ters; controls: 0/133 foetuses in 0/11 litters

weight and day), 1833 mg/kg body weight: foetuses: cleft pa-

gavage, investiga-  lates in 13/115 foetuses in 6/9 litters, ac-

tion on GD 20 cording to authors not statistically signifi-
cant until this dose is reached

GD = gestation day

Mono-n-butyltin compounds

In a valid developmental toxicity study with MBTC in Wistar rats, no significant
maternal or developmental toxicity was observed after oral administration of
400 mg/kg body weight and day from days 7 to 17 of gestation (Noda et al. 1992).
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In the OECD Screening Test 421 (see Table 5), which is not sufficient for a final
evaluation of prenatal developmental toxicity, no indications of developmental toxi-
city were found for MBTC up to a dose of 530 mg/kg body weight and day
(Parametrix Inc 2006 f). Administration of MBTC at 903 mg/kg body weight and
day from days O to 3 of gestation, or from days 4 to 7 of gestation (Ema and
Harazono 2001), caused decreased foetal weights with simultaneously reduced ma-
ternal body weight gains. Mortality of dams and foetuses was increased after ad-
ministration of 1500 and 2000 mg/kg body weight and day on days 7 and 8 of gesta-
tion (Ema et al. 1995 a). No increase in malformations was observed. Therefore, for
MBTC, the NOAEL for maternal toxicity and developmental toxicity is 400 mg/kg
body weight and day.

Di-n-butyltin compounds

In two developmental toxicity studies with Wistar rats, DBTC was administered
from days 6 to 15 of gestation (Farr et al. 2001) or days 7 to 15 of gestation (Ema et
al. 1991). Foetotoxicity and malformations were observed at 5 mg/kg body weight
and day and above (Ema et al. 1991), or at 10 mg/kg body weight and day (Ema et
al. 1995 a; Farr et al. 2001). Increased mortality occurred at 7.5 mg/kg body weight
and day (Erna et al. 1991). For DBTC, the NOAEL is 5 mg/kg body weight and day
for maternal toxicity, and 2.5 mg/kg body weight and day for developmental toxi-
city (Ema et al. 1991).

In addition to DBTC, DBTO, DBTA, DBTM and DBTL were also found to be
teratogenic at 180 umol/kg body weight and day in mechanistic studies with Wistar
rats (24 mg/kg body weight DBTC, 28 mg/kg body weight DBTA, 28 mg/kg body
weight DBTM, 20 mg/kg body weight DBTO and 50 mg/kg body weight DBTL)
(Noda et al. 1993). It was discussed that the di-n-butyl group is responsible for the
teratogenic potential (Noda et al. 1993). Exencephaly, encephalocele, cleft jaw, cleft
lip and cleft palates, ankyloglossia, cleft tongue, omphalocele, club foot, defect of
the mandible, fusion and absence of cervical and thoracic vertebral arches and
bodies, fusion of sternebrae, microphthalmia or anophthalmia were listed as terato-
genic findings (Ema et al. 1995 a). The induction of teratogenic effects by DBTC
took place between days 7 and 9 of gestation (Ema et al. 1992, 1995 a; Noda et al.
1993). Treatment from the beginning of gestation up to day 3 of gestation produced
pre- and postimplantation losses (7.6 mg/kg body weight), administration from
days 4 to 7 of gestation caused reduced foetal weights (3.8 mg/kg body weight) and
increased embryo and foetal mortality (7.6 mg/kg body weight and day). Higher
doses during late organogenesis, i.e. between days 13 and 17 of gestation (50 mg/kg
body weight and day), decreased foetal body weights only (Ema et al. 1996).

Tri-n-butyltin compounds

Administration of TBTO to Swiss mice on days 6 to 15 of gestation (Baroncelli et
al. 1990) or to NMRI mice on days 6 to 15 of gestation (Davis et al. 1987) or 6 to 17
(Faqi et al. 1997) caused an increase in cleft palates at doses (12 mg/kg body weight
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and day) causing slight maternal toxicity (reduced body weight gains) (Davis et al.
1987). Reduced foetal weights as well as other abnormalities and variations were
observed at doses of 27 mg/kg body weight and day (Faqi et al. 1997) or 35 mg/kg
body weight and day, which induced marked toxicity in the dams (Davis et al.
1987). The number of resorptions or complete resorptions increased at 35 mg/kg
body weight and day (Davis et al. 1987) and 40 mg/kg body weight and day
(Baroncelli et al. 1990). The NOAEL for maternal toxicity is below 5 mg/kg body
weight and day for TBTO in mice owing to a reduction in spleen weights
(Baroncelli et al. 1990) and the NOAEL for developmental toxicity is 6 mg/kg body
weight and day (Davis et al. 1987).

After administration of 5 mg/kg body weight and day and above to rats, a mater-
nally non-toxic or slightly toxic dose, tri-n-butyltin compounds (mostly TBTC was
investigated) produced in a few studies increased variations (US EPA 1997) as well
as delayed ossifications (Itami et al. 1990). In other investigations, increased varia-
tions or delayed ossification were not observed until 10 mg/kg (Adeeko et al. 2003)
or 12 mg/kg body weight and day and above (Harazono et al. 1996) was reached.
Malformations, mostly in the form of cleft palates, were found at maternally toxic
doses of 16 mg/kg body weight and day (Noda et al. 1991), 18 mg/kg body weight
and day (US EPA 1997) or 20 mg/kg body weight and day (Adeeko et al. 2003) and
above. The increase in anogenital distance observed only in male foetuses on day
20 of gestation at the lowest TBTC dose of 0.25 mg/kg body weight and day and
above in the study by Adeeko et al. (2003) seems to be of little relevance, as this was
not dose-dependent.

It can be seen from mechanistic studies that cleft palates were induced, particu-
larly on days 13, 14 or 15 of gestation (Ema et al. 1995 b, 1997). Exposures on pre-
ceding days were embryotoxic, with increased postimplantation losses and resorp-
tions (Ema et al. 1995 b, 1997; Harazono et al. 1998). Exposures at later readings
showed reduced foetal weights (Ema et al. 1995 b, 1996). The NOAEL for maternal
and developmental toxicity of tri-n-butyltin compounds in rats is 2.5 mg/kg body
weight and day (Adeeko et al. 2003). In a 1987 study with rabbits quoted from
WHO, TBTO already produced marked toxicity in the dams and abortions at
2.5 mg/kg body weight and day. In the foetuses, however, only the body weights
were slightly reduced (WHO 1990). In the rabbit, therefore, the NOAEL for mater-
nal and developmental toxicity of TBTO is 1 mg/kg body weight and day.

Tetra-n-butyltin

At a maternally toxic dose of 917 mg/kg body weight and day, TTBT produced an
increase in malformations in the form of cleft palates, which were not considered
by the authors to be statistically significant until reaching 1833 mg/kg body weight
and day (Ema et al. 1996). In the OECD Screening Test 422 (see Table 4), no exter-
nally visible malformations were observed in rats up to the highest dose of 119 mg/
kg body weight and day (ORTEP 2004).
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Postnatal developmental toxicity

Studies on the effects of n-butyltin compounds on postnatal development are
shown in Table 6.

Mono-n-butyltin compounds

In the OECD Screening Test 421 (see Table 4) with MBTC in Wistar rats, no treat-
ment-related changes in the parents or in the offspring investigated up to day 4
after birth were observed up to the highest dose of 530 mg/kg feed (Parametrix Inc
2006 ).

In the OECD Screening Test 422 (see Table 4) with MTB(2-EHMA) in Sprague
Dawley rats, maternal toxicity (including increased mortality, reduced body weight
gains and food consumption among others) occurred at 150 mg/kg body weight
and day. In the offspring, mortality was increased and body weight gains reduced
up to day 4 after birth. In this study, the NOAEL for postnatal developmental
toxicity and for systemic toxicity was found to be 50 mg/kg body weight and day
(Parametrix Inc 2006 g).

Di-n-butyltin compounds

In the OECD Screening Test 421 (see Table 4) with DBTC in Wistar rats, 11 mg/
kg body weight and day and above caused an increase in postimplantation losses as
well as pronounced foetotoxicity with increased mortality up to day 4 after birth.
For this endpoint, the NOAEL is 2 mg/kg body weight and day (Parametrix Inc
2006 a).

Tri-n-butyltin compounds

In Swiss mice, the administration of TBTO at the lowest dose of 5 mg/kg body
weight and day and above on days 6 to 15 of gestation caused decreased maternal
body weight gains, as well as a transient reduction in cell volume and haemoglobin
content of the erythrocytes and a slightly increased leukocyte count in the newborn
pups on the first day after birth. In the offspring, the body weight gains were re-
duced and the mortality increased at 10 mg/kg body weight and day and above
(Baroncelli et al. 1995; Karrer et al. 1995). As the effects on erythrocytes and leuko-
cytes were not dose-dependent, and also no longer occurred on days 7, 14 or 21
after birth, they were not considered to be relevant. Thus, the NOAEL for the post-
natal toxicity of TBTO in mice is 5 mg/kg body weight and day.

A study on the postnatal developmental toxicity on the immune system of mice
after prenatal exposure to 0.1 mg/kg body weight and day is only available in the
form of an abstract. Here, a suppression of hypersensitivity, an inhibition of anti-
body reactions, a changed proliferation of thymocytes and spleen cells, as well as an
increased number of white blood cells were reported (Buckiova et al. 1992). As the
individual data are not described, and only one dose of TBTO was administered,
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Table 6 Studies on the postnatal developmental toxicity of n-butyltin compounds

Species, Exposure Findings References
strain, num-

ber per group

TBTO

Mouse, GD 6-15, 5 mg/kg body weight: dams: body weight ~ Baroncelli
Swiss, 0,5,10,20,30 mg gains reduced; offspring: NOAEL, transient et al. 1995;
8-36Q TBTO/kg body haematological findings in the newborn Karrer et al.

weight and day, ga-
vage, investigation

PND 7, 14, 21
Mouse, GD 4-17 or 11—
ICR, 17,0;0.1 mg
(no other TBTO/kg body
details) weight and day, ga-

vage, investigation
weeks 4 and 8 after

birth

Rat, GD 6-20,

Long Evans, 0, 2.5, 5,10, 12,

15-18 16 mg TBTO/kg

Q body weight and
day, gavage, inves-
tigation up to PND
110

pups (PND 1) without clear dose-depen-
dency (cell volume, MCV decreased, haemo-
globin content of erythrocytes decreased,
MCH changed, number of leukocytes
slightly increased)

10 mg/kg body weight and above: dams:
body weight gains reduced, neglected care of
offspring, cannibalism: offspring: body
weight gains to PND 7 decreased, postnatal
surviving animals to PND 7 decreased

20 mg/kg body weight and above: off-
spring: number of live pups decreased, birth
weights decreased, thymus weights to PND
21 unchanged

30 mg/kg body weight: dams: vaginal bleed-
ing (1 animal GD 12)

0.1 mg/kg body weight: offspring: delayed
type suppression of the hypersensitivity to
sheep erythrocytes, inhibition of antibody
reactions to ovalbumin and lipopolysacchar-
ide, changed proliferation of thymocytes and
spleen cells, increased number of white
blood cells.

Study only available as abstract, description
of data absent

5 mg/kg body weight: dams, offspring:
NOAEL

10 mg/kg body weight and above: dams:
body weight gains reduced, offspring: litter
size decreased, birth weights decreased, body
weight gains reduced, surviving animals de-
creased, delayed vaginal opening (%) and re-
duced motor activity PND 14, 47, 62 (corre-
sponding to lower body weights), absolute
weights of brain, cerebellum and hippocam-

pus decreased PND 110 (not related to the re-

duced body weights)

1995

Buckiova
et. al. 1992

Crofton et al.
1989
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Table 6 (Continued)

Species, Exposure Findings References
strain, num-
ber per group
at 12 mg/kg body weight and above: dams:
vaginal bleeding; offspring: surviving animals
decreased, cleft palates increased
16 mg/kg body weight: dams: body weight
reduction
TBTC
Rat, GD 8-PND 30, 60 0.025 mg/kg body weight and above: off-  Cooke et al.
Sprague or 90, spring: NOAEL, up to PND 21: no n-butyltin 2004
Dawley, 0, 0.025, 0.25, in the stomach contents
16 Q, off- 2.5 mg TBTC/kg  0.25 mg/kg body weight and above: off-
spring 12 body weight and spring: up to PND 21: no n-butyltin in the
3,9 day, gavage, inves-  stomach contents; relative spleen weights
tigation PND 30, decreased (PND 30 3), relative thymus
60, 90 weights decreased (PND 60 Q)
2.5 mg/kg body weight: dams: no effects:
offspring: relative liver weights decreased
(PND 60 @, PND 90 3)
Rat, GD 8-PND 30, 60 0.025 mg/kg body weight and above: off-  Tryphonas
Sprague oder 90, spring: lymphocytopenia and atrophy of et al. 2004
Dawley, 10 0, 0.025, 0.25, lymph nodes increased (PND 30 3); IgM in-
@, offspring 2.5 mg TBTC/kg  creased, spleen atrophy (PND 60 3); activity
108 or Q@ body weight and of natural killer cells increased (PND 90 &)
day, gavage, inves-  0.25 mg/kg body weight and above: off-
tigation PND 30 spring: thymusatrophy increased (PND 30

(3,9); 60(2); 90 &

3, @), number of CD4+8+ (immature T-lym-
phocytes) increased and decreased resis-
tance to Listeria monocytogenes (PND 60 Q);
IgA decreased, IgG increased and immune
response of the delayed type to oxalone in-
creased (PND 90 &)

2.5 mg/kg body weight: offspring: number
of natural killer cells decreased (PND 30
3,9); IgG2,, decreased, IgM increased (PND
90 3)

GD = gestation day

this study cannot be considered for the assessment of postnatal developmental toxi-
city.

Administration of a TBTO dose of 16 mg/kg body weight and day to Long Evans
rats on days 6 to 20 of gestation, showed reduced maternal body weight gains at
10 mg/kg body weight and day and above. In the offspring, litter size, birth weights
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and body weight gains were decreased and mortality was increased. The reduced
body weights were not accounted for in the assessment of effects on motor activity
and on absolute brain weights (Crofton et al. 1989). However, it is to the decreased
body weights in particular that the effects can plausibly be attributed. As the dose
was also within the lethal range for pups, no neurotoxic effect can be derived from
these findings. The NOAEL for postnatal toxicity in this study is 5 mg/kg body
weight and day.

TBTC was administered to female Sprague Dawley rats from gestation day 8 on-
wards, their offspring receiving further doses up to the age of 90 days. No effects on
the newborn pups were reported. Postnatal mortality was not significantly in-
creased. The relative spleen and thymus weights were significantly decreased in the
pups at 0.25 mg/kg body weight and day, and decreased relative liver weights were
found at 2.5 mg/kg body weight and day (Cooke et al. 2004). For TBTC, the
NOAEL for toxic effects in the pups, such as reduced thymus weight, was
0.025 mg/kg body weight and day. No significant effects on the offspring at birth or
during lactation could be seen in this study.

Sprague Dawley rats exposed to TBTC in utero at 0.025, 0.25 or 2.5 mg/kg body
weight and day from day 8 and up to postnatal days 30, 60 or 90 showed a reduc-
tion in lymphocyte count and atrophy of the lymph nodes as well as spleen atrophy
at 0.025 mg/kg body weight and day and above, and thymus atrophy at 0.25 mg/kg
body weight and day and above. As changes in immune cells, increased activities of
natural killer cells were observed with TBTC at doses of 0.025 mg/kg body weight
and day and above, and an increased number of immature T-lymphocytes at
0.25 mg/kg body weight and above. In the serum, the immunglobulin content was
changed at 0.025 mg/kg body weight and day and above (Tryphonas et al. 2004).
The LOAEL for the effects on lymph nodes and spleen of pups was 0.025 mg/kg
body weight and day.

Neither of these two studies are suitable for assessing the embryotoxic effect of
TBTC at the workplace, as the effects were found in exposed pups.

In a two-generation study in rats (see Table 4) with administration of TBTO in
doses of about 3 mg/kg body weight and day, the body weight gains of the pups
during lactation as well as the absolute and relative thymus weights of the adults
were decreased. The NOAEL was 0.3 mg/kg body weight and day (BUA 1988).

In a further two-generation study administration of TBTC to Wistar rats caused
reduced birth weights and reduced postnatal body weight gains at the highest dose
of about 10 mg/kg body weight and day (see Table 4). At this dose, the effects on
the female offspring were a clearly increased anogenital distance in the newborn
pups, delayed vaginal opening in the adults, shortened and irregular oestrus cycles,
and decreased relative ovarian and uterus weights. In this dose group, decreased
relative prostate weights, decreased spermatid and sperm counts, increased testos-
terone and decreased 17p-estradiol concentrations were also determined in the
male adult offspring. At 2 mg/kg body weight and day, the spermatid count was
significantly decreased in the male offspring (Ogata et al. 2001). The NOAEL for
the effects of TBTC on male offspring was accordingly 0.4 mg/kg body weight and
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day, the NOAEL for effects on female offspring 2 mg/kg body weight and day. As
the effects in the females were in part already recognizable at birth, the damage
could, possibly, already have been induced prenatally. From this study, a NOAEL of
0.4 mg/kg body weight and day is derived for postnatal toxicity.

Tetra-n-butyltin

In the OECD Screening Test 422 (see Table 4) in Wistar rats, postimplantation
losses were increased, the number of live offspring decreased and the postnatal
mortality of the offspring increased after administration of TTBT at about 119 mg/
kg body weight and day. Thus, for TTBT, the NOAEL was about 19 mg/kg body
weight and day for developmental toxicity and about 6.5 mg/kg body weight and
day for systemic toxicity, such as reduced spleen and thymus weights and thymus
changes (ORTEP 2004).

5.6 Genotoxicity

5.6.1 Invitro

Table 7 shows the available data from in vitro genotoxicity studies. n-Butyltin com-
pounds were not found to be mutagenic in bacterial test systems. The studies by
Hamasaki et al. (1993), in which MBTC, MBTO, DBTC and TBTC were described
as being positive in Salmonella typhimurium TA100, form an exception. In this
case, however, the number of spontaneous mutations obtained was less than dou-
ble. Other studies, some carried out with the same strain, were negative.

Further positive findings, using the so-called rec-assay, were reported for MBTO,
DBTC and TBTC by the same group of authors (Hamasaki et al. 1992). This test
measures the preferential killing of recombination-negative bacteria versus recom-
bination-positive bacteria, i.e. no mutations. It is considered applicable as a screen-
ing indicator test for genotoxic chemicals in bacteria. However, these findings were
not confirmed by another group of authors who had investigated TBTO over a
wide range of endpoints in a comprehensive study (Davis et al. 1987).

In the so-called fluctuation test with Salmonella typhimurium TA100, TBTO
produced no positive results until reaching the toxic range, and no clear dose-de-
pendency could be recognized (Davis et al. 1987).

In the SOS-Chromotest, MBTC, MBTO and DBTC were found to be positive
(Hamasaki et al. 1992). It is known that inhibitors of DNA synthesis which do not
damage DNA are positive in this test.

In yeast cells, no gene mutations and no mitotic gene conversions were induced
by n-butyltin compounds (Davis et al. 1987).

In mammalian cells, MBTC, DBTC and TBTO caused no mutations in the
HPRT test or in the mouse lymphoma test. The study by Li et al. (1982), in which
DBTC was positive basically in the cytotoxic range, forms an exception.
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TBTO induced chromosome aberrations in CHO cells, though only at highly
toxic concentrations, at which no colony formation was observed any more (Davis
et al. 1987). It is not possible to discuss the positive findings obtained with DBTC,
ie. the induction of chromosome aberrations in lymphocytes (Parametrix Inc
2006 a), as the orginal study could not be obtained. In a well-documented study
with TBTO, no chromosome aberrations in lymphocytes were induced (Reimann
and Lang 1987).

In total, the in vitro investigations show that positive test results only occur at
cytotoxic concentrations, or that positive investigations results by other authors
could not be confirmed.

5.6.2 Invivo

Soma cells

A micronucleus test was carried out according to OECD Test Guideline 474 after
administration of single oral MBTC doses of 0, 10, 50 or 250 mg/kg body weight to
ICR mice. At 250 mg/kg body weight, the number of micronuclei in 1000 polychro-
matic erythrocytes was significantly increased (1.3 as compared with 0.6 in the con-
trols, no cytotoxicity) in the bone marrow after 48 hours. No difference in the num-
ber of micronucleus-containing erythrocytes was observed in treated and untreated
animals after 24 and 72 hours. No biological significance was attributed to the find-
ings after 48 hours (no other details; Parametrix Inc 2006f). In a micronucleus test
with ICR mice (according to OECD Test Guideline 474), no increased number of
micronuclei was found in the bone marrow cells after administration of single oral
MBT(2-EHMA) doses of 175, 350 or 700 mg/kg body weight (male animals) or
225, 450 or 900 mg/kg body weight (female animals), (Parametrix Inc 2006 g).

In a micronucleus test with TBTC, carried out according to OECD Test Guide-
line 474, groups of five male Swiss mice were given doses of 0, 75, 150 or 300 mg/
kg body weight by gavage. At 150 mg/kg body weight, piloerection and blepharos-
pasms were observed in one animal. At the highest dose, lethargy, blepharospasms
and piloerection occurred. Three animals died before the end of the study. A signif-
icant increase in the incidence of polychromatic erythrocytes with micronuclei oc-
curred only at the highest dose after 48 hours. However, this was not assessed as a
positive result, as the number of cells with micronuclei was unexpectedly low in the
control group, and the cytotoxicity in the bone marrow cells was significantly in-
creased in the animals of the high-dose group (ORTEP 2003 a).

After administration of single TBTO doses of 0, 30 or 60 mg/kg body weight to
male and female BALB/c mice, an increased frequency of micronuclei in polychro-
matic erythrocytes of the bone marrow was determined only in the males after 48
hours at 60 mg/kg body weight. No cytotoxicity in the bone marrow cells occurred
(Davis et al. 1987). This positive result was not confirmed in a subsequent re-eva-
luation of the samples (Schering AG 1986).
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Single TBTO doses of 0, 31.25, 62.5, 125 or 250 mg/kg body weight were admi-
nistered by gavage to NMRI mice. The bone marrow was investigated after 24, 48
and 72 hours. At 250 mg/kg body weight, mortality was so high that the bone
marrow cells of the surviving animals could not be assessed. At 125 mg/kg body
weight one of five male and three of five females died. At 62.5 mg/kg body weight
and above, a significant reduction in the number of polychromatic erythrocytes and
thus cytoxicity was found in the bone marrow cells only after 48 hours. No signifi-
cant increase in the number of micronuclei was demonstrated at any dose
(Reimann and Lang 1987).

The frequency of mitomycin C-induced micronuclei in peripheral reticulocytes
of the mouse was increased by approximately 50% after administration of 50 mg/kg
body weight TBTO. In this study, TBTO itself induced no micronuclei (BUA
2003).

No increased number of micronuclei and no cytotoxicity in bone marrow cells
was found in male and female NMRI mice after 24, 48 and 72 hours when they
were given TBTN doses of 0, 50, 158 or 500 mg/kg body weight (Reimann and
Lang 1987).

In a micronucleus test performed in male Swiss mice according to OECD Test
Guideline 474, with administration of single oral doses of 0, 500, 1000 or 2000 mg/
kg body weight, TTBT proved to be negative. No cytotoxicity in bone marrow cells
was found (ORTEP 2003 b).

Altogether, the investigations on the induction of micronuclei by MBTC in the
bone marrow were negative. In one micronucleus test with mice, positive findings
were obtained for DBTC at concentrations inducing frank and myelotoxicity; re-
sults were negative in one other test. In one study, TBTO induced micronuclei at
one concentration and in male mice only; however, subsequent re-evaluation did
not confirm the result. Another micronucleus test performed with TBTO was ne-
gative. TBTN and TTBT produced no increased number of micronuclei in the bone
marrow of mice.

Germ cells

DBTA (Woodruff et al. 1985) and TBTO (Davis et al. 1987) caused no X-chromo-
some-linked recessive lethal mutations in Drosophila melanogaster.

To summarize, the available data on genotoxicity in vitro and in vivo indicate no
direct genotoxic mechanism of action with n-butyltin compounds. Their genotoxi-
city is thus assessed to be negative.
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5.7 Carcinogenicity

5.7.1 Short-term studies

In a two-stage cell transformation assay using 3-methylcholanthrene as initiator,
TBTC and DBTC promoted the morphological transformation of C3H/10T1/2
cells and induced the expression of proliferin. The effective concentrations of
TBTC were in the range of 20 to 75 nM and those of DBTC at 80 nM. Beside pro-
liferin, DBTC induced a number of proto-oncogenes (fos, jun) and related mRNA
species (c-myc, egrl and odc among others) (Parfett and Pilon 1993; Parfett et al.
2000).

5.7.2 Long-term studies

DBTA was administered to 50 male and 50 female Fischer 344 rats in doses of 0,
6.65 or 13.3 mg/kg (about 0, 6.65 or 13.3 mg/kg body weight and day) with the feed
for 78 weeks. Thereafter, the animals received normal feed for another 26 weeks.
Twenty animals each were used as controls. B6C3F1 mice were given DBTA in
concentrations of 0, 76 or 152 mg/kg feed (about 0, 11.4 or 22.8 mg/kg body weight
and day) for 78 weeks. The recovery period was 14 weeks. A dose-dependent and
statistically significant increase in mortality (no figures cited) occurred in the male
rats and the female mice. No other signs of intoxication were described.

However, the statement that no macroscopic and microscopic abnormalities oc-
curred is not meaningful, as it was not possible to relate the results to the total
number of animals. Losses due to missed animals, cannibalism or autolysis were
cited.

Nevertheless, an increased incidence of hepatocellular adenomas and carcinomas
(see Table 8) was found in the highest dose group (22.8 mg/kg body weight and
day) of the investigated B6C3F1 mice. Although male and female B6C3F1 mice
showed the same type of tumour and the formation of these tumours was consid-

Table 8 Tumour incidences in B6C3F1 mice after ingestion of DBTA for 78 weeks (calculated
from NCI 1978)

DBTA [mg/kg body weight and day]

0 114 228
Sex Incidence (%)
Hepatocellular 3 2/19 (11%) 11/49 (22%) 15/49 (31%)*
adenomas Hepato-
cellular carcino-
mas
o} 1/20 (5%) 4/47 (9%) 12/43 (28%)**

“p = 0.08, "p<0.05
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Figure 1 Calculation of the benchmark dose (BMD) and/or the lower confidence limit (BMDL)

for a 5% increase in liver tumour incidence after 78 weeks of DBTA ingestion. The BMDL 95 for a

5% incidence increase (extra risk) of liver tumours caused by DBTA in male and female mice is

3.2 mg/kg body weight = 1 mg tin/kg body weight, calculated with the multistage model. Other
models (Gamma, Log Logistic) yield very similar values.

ered by the authors to be substance-related, they assessed the carcinogenic poten-
tial as showing “no conclusive evidence”.

To test how far the doses at which liver tumours were induced in B6C3F1 mice
are relevant to workplace conditions, a benchmark calculation was performed. For
an increase in tumour incidence by 5%, a BMDL (lower 95% confidence limit) of
3.2 mg/kg body weight (1 mg tin/kg body weight) is obtained from the carcinogeni-
city study with DBTA (Figure 1).

In the high-dose female rats, a loss of uterine tissue samples limited the validity
of the study, particularly as an increased incidence of adenocarcinomas in the
uterus had occurred in the low-dose group (3/49 vs 0/20 in the control animals)
(NCI 1978). As the tumours in the male and female mice were of the same type,
and there was a statistically significant increase in hepatocellular adenomas and
carcinomas in the females, this study indicates a carcinogenic potential for DBTA.

A significantly increased incidence of benign tumours of the pituitary (male and
female animals), phaeochromocytomas of the adrenals (male and female animals)
and adenomas of the parathyroid glands (male animals) was found in male and fe-
male Wistar rats of the high-dose group after treatment with TBTO in concentra-
tions of 0, 0.5, 5 or 50 mg/kg feed (about 0, 0.025, 0.25 or 2.5 mg/kg body weight
and day) for two years. In addition, the very rare anaplastic carcinoma of the exo-
crine pancreas was found in a number of female animals. The tumour incidences
are listed in Table 9, and the systemic effects in Table 3 (Wester et al. 1990).
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Table 9 Tumour incidences in Wistar rats after two-year ingestion of TBTO (Wester 1990)

TBTO [mg/kg body weight and day]
0 0.025 0.25 25

Sex Incidence (%)

Tumours of the 3 34/50 (68%) 39/50 (78%) 29/50 (58%) 43/50 (86%)*
pituitary
Q  22/50 (44%) 32/50 (64%) 22/50 (44%) 35/50 (70%)**

Phaeochromo- 38 16/50 (32%) 13/50 (26%) 14/50 (28%) 33/50 (66%)**
cytomas of the
adrenals

Q  3/50 (6%) 3/50 (6%) 3/50 (6%)  34/50 (68%)***
Adenomas of the & 0/39 (0%) 2/50 (4%) 1/51 (2%) 6/43 (12%)*
parathyroid gland

1 0/64 (0%) 0/44  (0%) 1/40 (2%) 1/44 (2%)
Anaplastic carcino- @ 0/50 (0%) 1/50 (2%) 0/50 (0%) 2/50 (4%)
ma of the exocrine
pancreas

" p<0.05, ”* p<0.01, ™" p<<0.001

In a further study, no significant differences in tumour incidences between trea-
ted and untreated animals was observed (see also Section 5.2.2) in 50 male and 50
female CD1 mice receiving 97.1% TBTO in concentrations of 0, 5, 25 or 50 mg/kg
(about 0, 0.7, 3.7 or 7.7 mg/kg body weight and day in males and about 0, 0.9, 4.8 or
9.2 mg/kg body weight and day in females) with their feed for 18 months (WHO
1999).

5.8 Other effects

Independently of the species investigated, the most important T-cell-mediated im-
mune functions, including the thymus-dependent humoral immune response, were
suppressed at 0.1 pmol/l and above as sequels of the thymolytic or lymphotoxic
effects of di- and tri-n-butyltin compounds. In addition, the ability to survive,
proliferate and differentiate was also decreased in B-lymphocytes at 0.1 pM and
above (de Santiago and Aguilar-Santelises 1999).

At concentrations of 0.1 pg/ml and above, DBTC inhibited the replication of
lymphocytes from thymus and spleen of the rat in vitro after stimulation with phy-
tohaemagglutinin or concanavalin A (Penninks and Seinen 1982). In addition, it
reduced the function of human natural killer cells after incubation for 24 hours at
0.5 umol/l and above. In this experiment, MBTC had an inhibiting effect at
5.0 umol/], TBTC already at 0.2 umol/l (Whalen et al. 1999).
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On the basis of observations that environmental contamination with tri-n-butyl-
tin caused masculinization and infertility (“imposex”) in marine gastropods (BUA
2003), TBTC was described as being a competitive inhibitor of microsomal aroma-
tase in the human placenta (IC50 6.2 pM). On the other hand, DBTC showed only
a slight inhibitory effect, and MBTC was inactive (Cooke 2002; Heidrich et al.
2001). In an investigation with human placental choriocarcinoma cells TBTC
caused an increase in aromatase activity (Nakanishi et al. 2002).

In humans, effects on aromatase, an enzyme that metabolizes androgens to oes-
trogens, are not to be expected, as tri-n-butyltin compounds ingested or absorbed
through the skin do not accumulate in the body, so that the concentrations are too
low to produce any endocrine effect (Romer et al. 2002).

In MCEF-7 cells (human oestrogen-dependent breast cancer cells)) TBTC
(10 nM) and DBTC (500 nM) inhibited cell proliferation induced either by 17p-
oestradiol or testosterone. The inhibition of testosterone-induced cell proliferation
could be reduced by further addition of testosterone, and could not be influenced
by flutamide. From this, it was concluded that the TBTC effect is not mediated via
oestrogen receptors (Nielsen and Rasmussen 2004)

6 Manifesto

n-Butyltin compounds are not genotoxic.

Two studies are available in which a carcinogenic potential of n-butyltin com-
pounds is described. In one study, orally administered DBTA induced a statistically
significant increase in hepatocellular adenomas and carcinomas in male B6C3F1
mice (NCI 1978). In the second study, in Wistar rats, a significantly increased inci-
dence of benign tumours of the pituitary (males and females), phaeochromocyto-
mas of the adrenals (males and females) and adenomas of the parathyroid gland
(males) as well as a very rare anaplastic carcinoma of the exocrine pancreas (fe-
males) was found after administration of TBTO with the feed (Wester et al. 1990).

Hormone disturbances and disruption of Ca2* homoeostasis (see Section 2 “Me-
chanism of Action”) are considered to be the inducers of tumours in the pituitary,
adrenal medulla and parathyroid glands found in Wistar rats after TBTO adminis-
tration. This mechanism of action does not, however, apply to the increased occur-
rence of hepatocellular adenomas and carcinomas in male B6C3F1 mice. High-dose
effects are here assumed to be the probable cause.

In summary the n-butyltin compounds are considered to be substances with a
carcinogenic potential, whereby non-genotoxic mechanisms of action are in the
foreground. For this reason, n-butyltin compounds are classified in Carcinogen
Category 4.

No suitable data in humans are available to establish a MAK value. From a 4-
week inhalation study with rats with 4-hour exposure to TBTO per day (Schering
AG 1983), a NOAEC of 0.16 mg/m3 (vapour) is obtained. The next higher concen-
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tration investigated was 2.8 mg/m3 (aerosol). At this concentration, mortality, in-
flammations of the respiratory tract, thymus atrophy and lymphocyte depletion in
the thymus-dependent regions of spleen and lymph nodes occurred. Due to the
large interval between the NOAEC and LOAEC, the NOAEC could also be higher.
However, the daily exposure period of four hours was unusually short.Therefore
the derivation of the MAK value is based on the experimental NOAEC. No time-
dependent decrease of the NOAEL for the effects on the rat thymus was found in
oral studies, in which TBTO was administered for 28 days, 13 weeks or two years.
Therefore, an aggravation of systemic effects by longer exposure durations is not
assumed. In addition, in a 12-month study in the dog, the same NOAEL was found
as for rats. Consequently, a MAK value of 0.05 mg/m3, corresponding to 0.002 ml/
m3, is derived for TBTO, taking the usual difference of 2 for a NOAEC based on
animal experiments and the so-called “preferred value approach” into account. The
MAK value expressed as tin is 0.02 mg/m? or 0.004 ml/m3. Similar systemic effects
are also found with the other n-butyltin compounds after oral administration. Thus,
not the ligands are responsible for the effects observed, but the tin cation. The tin-
related MAK value derived above is therefore also established for all n-butyltin
compounds.

After short-term exposure to organotin compounds above 0.2 mg/m3 (as tin),
irritation of the upper respiratory tract was described (ACGIH 2001). The NOEL
for this irritant effect is, however, not known. Thus, Peak limitation category I and
an excursion factor of 1 have been established for n-butyltin compounds.

To test how far the doses at which liver tumours were induced in B6C3F1 mice
are relevant to workplace conditions, a benchmark calculation was performed. For
an increase in tumour incidence by 5%, a BMDL (95% lower confidence limit) of
3.2 mg/kg body weight (1 mg tin/kg body weight) is obtained from the carcinogeni-
city study with DBTA (see Figure 1 in Section 5.7.2). Assuming a respiratory vo-
lume of 10 m? inhaled over eight hours and a body weight of 70 kg with complete
retention of the tin, a dose of 1 mg/kg body weight and day in humans corresponds
to a tin concentration in the air of 7 mg/m3. The difference to the MAK value of
0.02 mg/m?3 is thus sufficient, as tumour induction is not based on a genotoxic me-
chanism.

The in vitro studies on genotoxicity showed that positive test results occurred
only at cytotoxic concentrations, or could not be confirmed by other authors. In
animal studies, the tests on the induction of micronuclei in bone marrow cells were
negative [MBTC, MBT(2-EHMA), DBTC, TBTC, TBTO, TBTN, TTBT], or were
not reproducible in various studies (DBTC), or initially positive results could not be
confirmed in a re-evaluation (TBTO). To summarize, the available data on geno-
toxicity indicate an indirect genotoxic mechanism of action. No classification in a
germ cell mutagen category for n-butyltin compounds is possible.

A large number of investigations on prenatal and postnatal developmental toxi-
city of n-butyltin compounds exist. Mono-n-butyltin compounds did not produce
reduced foetal weights in rats until reaching maternally toxic doses above 900 mg/
kg body weight and day. The NOAEL for maternal and developmental toxicity was
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400 mg/kg body weight and day. In rats, di-n-butyltin compounds were found to be
teratogenic at maternally toxic doses of 5 mg/kg body weight and day and above.
The NOAEL for this was 2.5 mg/kg body weight and day. Tri-n-butyltin com-
pounds were found to be embryotoxic in rats at doses of 5 mg/kg body weight and
day and above, though not producing cleft palates until attaining toxic doses of
16 mg/kg body weight and day. The NOAEL for maternal and developmental toxi-
city was 2.5 mg/kg body weight and day. In the rabbit, the NOAEL for prenatal
developmental toxicity was 1 mg/kg body weight and day for TBTO. The most sen-
sitive endpoint was, however, postnatal developmental toxicity after administration
of tri-n-butyltin compounds. For TBTO, a NOAEL of 0.3 mg/kg body weight and
day was obtained for postnatal toxicity in a two-generation study with Sprague
Dawley rats, and a NOAEL of 0.4 mg/kg body weight and day in a further study.
Assuming a respiratory volume of 10 m3 inhaled over eight hours and a body
weight of 70 kg, a dose of 0.3 mg/kg body weight and day corresponds to a TBTO
concentration in the air of 2.1 mg/m? in humans. In relation to tin, this means
0.84 mg/m3. The difference to a MAK value of 0.02 mg/m?3 is thus sufficiently great.
The difference to the teratogenic effects of DBTC (at 5 mg/kg body weight and day,
corresponding to 35 mg/m? DBTC, and thus to a tin concentration of 13.67 mg/
m3) is also sufficient. n-Butyltin compounds are therefore classified in pregnancy
group C. No data are available on the dermal absorption of n-butyltin compounds
in humans. With a MAK value for tin of 0.02 mg/m3, taking into account both local
and systemic effects, 0.2 mg tin are taken up by inhalation per working day assum-
ing 100% absorption. In studies with experimental animals, dermal penetration of
TBTO was much higher than that found in vitro, whereby the irritant effect pre-
sumably accelerated penetration. Even under the assumption that the amount of
the substance penetrating the human skin determined in vitro is more representa-
tive, and no irritant effect was induced, the tin absorbed after exposure to TBTO
over a skin surface of 2000 cm? for one hour is so high at 0.56 mg that the dermally
absorbed amount exceeds the amount absorbed by inhalation when the MAK value
is observed. Similar conditions apply in the case of DBTC. Therefore, n-butyltin
compounds are designated with an “H”.

Data on sensitization in humans are not available. The available animal investiga-
tions are not sufficient to confirm a contact or respiratory sensitization for n-butyl-
tin compounds. Therefore, n-butyltin compounds are not designated with “Sa” or
“Sh”. However, for n-butyltin compounds whose organic ligands have already been
designated with “Sa” or “Sh”, these designations also apply.
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