
1

Report on the Test Results of Endocrine Disrupting Effects of
Tributyltin (TBT) on Fish  (Draft)

1. Background and development

In its SPEED (Strategic Programs on Environmental Endocrine Disrupters) ’981) published in May,

1998, Japanese Environment Agency (Ministry of the Environment, MoE, from 2001) listed 67 sub-

stances suspected to have endocrine disrupting effects.  After that, the Agency carried out national envi-

ronmental surveys, and decided to "set to risk assessment, while hearing expert opinions, to start with the

four substances(i.e. Tributyltin, Nonyl phenol, 4-Octylphenol, and Di-n-butyl phthalate.) classified as pri-

ority substances for risk assessment, etc., based on the environmental survey and literature search results"

at the Meeting of the Advisory Committee on Endocrine Disrupters (chairman: Dr. Tsuguyoshi Suzuki,

professor emeritus of the University of Tokyo) held in October, 1999.

Further, in the Prime Minister’s Decision in December, 1999, it was decide to carry out risk assess-

ments on more than 40 substances suspected to have endocrine disrupting effects in three years starting

from FY 2000, as part of the Government’s Millenium Project.  At the meetings of the Advisory Com-

mittee on Endocrine Disrupters held in July and October 2000, and in March 2001, studies were made on

the screening and test methods on the human health effects and ecological effects of the 12 substances,

including the above-mentioned four priority chemicals selected to be surveyed preferentially in FY 2000,

and successively tests and researches have been conducted.

As for tributyltin (TBT) compounds, they were selected in the list of priority substances, based on

the report that they were suspected of having endocrine disrupting effects since imposex was observed in

aquatic organisms other than fish, especially in rock shell, where TBT compounds were found in higher

concentration than their ordinary concentration in the water environment.  Efforts have been made by

MoE to confirm whether or not and how much TBT has endocrine disrupting effects, centering on mam-

mals and fish for which the development of test methods is now in progress at the OECD level.  This draft

report describes the TBT’s endocrine disrupting effects, etc. on fish, including vitellogenin assay and par-

tial life cycle test using fish (Japanese medaka, killifish), as well as the results, etc. obtained so far in the

literature search and reliability assessment.

As for TBT’s effects on human health, MoE is now conducting tests using rodents for assessing

toxicity, and intending to report the results of those tests together with the exposure assessment results

obtained from the planned diet surveys, etc.

Though there are homologues such as bis-tributyltin oxide, tributyltin chloride, etc. among tribu-

tyltin compounds, the tests were made using tributyltin chloride made by Wako Pure Chemical Industries,

Ltd., since tributyltin chloride was found in the literature search, etc. to show the lowest observed-effect

concentration in the water suspected of having endocrine disrupting effects.  As individual tributyltin

compounds cannot be identified separately in the environment, free tributyltin was measured in the envi-

ronmental survey, and its values were converted into tributyltin chloride for comparison.

2.  Properties, uses, etc.

(1) Chemical structure

Structural formulas of major tributyltin compounds are shown as follows:
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 Tributyltin chloride

 bis-Tributyltin oxide

 Tributyltin acetate

Fig.1  Structural formulas of major tributyltin compounds

(2) Major propertiesN.B.)

Major properties of tributyltin compounds as reported in the literature information obtained through

JICST and in the World Health Organization (WHO) Environmental Health Criteria are summarized

as follows2). A reliability assessment has not been made by MoE.

Table 1   Major properties of tributyltin compounds

 Tributyltin chloride    bis-Tributyltin oxide Tributyltin acetate

 (ΤΒΤΧλ)  (ΤΒΤΟ)  (ΤΒΤΑ)

Cas No. 1461-22-9 56-35-9 56-36-0

Molecular formula C H ClSn C H OSn C H O Sn

Molecular weight 325.49g/mole 596.07g/mole 349.08 g/mole

Appearance     White powderColorless, transparent
liquid; peculiar irritating

odor

Colorless or slightly yel-
lowish, transparent liquid;

peculiar irritating odor
Specific gravity 1.2(20 ) 1.17-1.18 1.4942(20 )

Melting point -16 <-45 84.5-85

  Vapor pressure 0.00927mmHg(25 ) 0.0016mmHg(25 )

 Water solubility 0.74786mg/L(25 ) 0.75mg/L

  Λογ Κοω 4.76 3.19-3.84 3.24
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N.B.: Compiled from World Health Organization (1990) Tributyltin compounds, Environ-

mental Health Criteria 116.

Note: MoE has not made specific reliability assessment on the literature listed in WHO’s Envi-

ronmental Health Criteria. (The same applies in the following.)

(3) Uses

The reports on the uses of tributyltin compounds covered in the literature information obtained

through JICST, etc. and in WHO’s Environmental Health Criteria are described below:

–  Tributyltin compounds were used as germicides for pears and onions; mollusk eliminators; rodent

repellants and insecticides for wood, textile, paper, leather and glass products; antifouling paints

for fishing nets, ship bottom and neoprene rubber; industrial germicides for paper, wood, paint,

leather and textile working; reducing agents; catalyst for fireproof polyester, hardening agent, wa-

terproofing, antioxidant and corrosion inhibitor; and for medical purposes3,4).

–  According to the report in WHO's Environmental Health Criteria2), tributyltin compounds were

used as mollusk expellants against freshwater snails, intermediate host for Trematoda parasites

(vector of schistosomiasis); antifouling paints for boats, ships, quays, bouys, crab baskets, fishing

nets, etc.; wood preservatives; sliming agents for stone work; and germicides and biocides for re-

frigerating systems, power plant cooling towers, paper & pulp plants, breweries, leather works,

textile mills, etc.

3.  State of use, regulation, etc.

(1) State of use and regulation in Japan

–  In Japan, tributyltin compounds (tributyltin oxide) were invalidated as agricultural chemicals in

1977, and their use in household products was forbidden in 1979.  Thereafter, as the state of envi-

ronmental pollution became evident, their use in fish farm nets was banned voluntarily by the Na-

tional Federation of Fisheries Cooperatives in 1987.  In 1989, tributyltin oxide was designated as a

Class I Specified Chemical Substance under the Law Concerning the Examination and Regulation

of Manufacture, etc. of Chemical Substances Class I, and the manufacture, import and use of this

chemical were prohibited in principle.  Further, in 1990, 13 kinds of compounds including tribu-

tyltin chloride, were designated as Class II Specified Chemical Compounds, and became subject to

the regulation on their use, etc.  Following this, the shipbuilding industry, led by the Shipbuilders

Association of Japan, stopped using it, and the Japan Paint Manufacturers Association voluntarily

reduced its use.  The use of TBT proper as raw material of antifouling paints was 11,840 ton in

1989, but the production of TBT-containing paints has been stopped since 19975).

–  Acceptable daily intake of bis-tributyltin oxide is set at 1.6  g/kg/day in Japan6).

(2) State of production and regulation outside Japan5)

–  World production of organic tin compounds was estimated at about 50,000 ton per year in 1996, of

which the production of TBT proper was estimated at several thousand ton per year.  It is said that

the world total consumption of TBT-containing paints has little changed.

–  The state of regulation outside Japan is given in Appendix 1.

4. Distribution and degradation in environment, fate in body, and concentration in the environment

(1) Distribution and degradation in the environment

(a) Distribution in the environment

Fig.2 shows the measurement results of tributyltin (TBT) concentration in the environment con-

ducted in Lake Westeinder in the Netherlands.  TBT concentration in the water was undetected (<
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20ng/L). Comparing average concentrations in the bodies of organisms, they were 610  g/kg in

zoo-plankton, 3,091  g/kg in filter-feeding shellfish (mussels), 886  g/kg in animal-feeding small

fish (such as bream and tench of Cyprinidae, smelt of Osmeridae), 442  g/kg in animal-feeding

large fish (such as pike of Esocidae), 288  g/kg in eels, and 27  g/kg in fish-feeding aquatic birds

(cormorant).  Such a trend as the higher the trophic level, the higher the concentration in the body

was not observed7).

Fig. 2   Concentration of TBT in aquatic organisms on the food webs in the lake & marsh ecology

(Calculated from Stab, J. A. et al. (1996)7))

(b) Degradability

The reports on the degradability of tributyltin compounds covered in the WHO’s Environ-

mental Health Criteria2) are summarized below.

– Slesinger and Dresser8) reported biodegradation of tributyltin oxide by microorganisms sepa-

rated from activated sludge and soil.  As a result, half-life was 70 days in aerobic conditions,

and 200 days in anaerobic conditions.

– Thain et al.9) suggested half-life of tributyltin oxide was 6 days in fresh water, and 60-90 days

in sea water at 5 oC.

– Seligman et al.10) reported half-life of tributyltin oxide was 5-9 days in brackish water at 28 oC,

and 7-11 days in sea water at 12 oC.

– Maguire et al.11) described the characteristics of half-time of tributyltin oxide as follows:

 Loss of tributyltin oxide due to volatilization is much limited in degradation process, be-

cause its half-life was longer than 11 months.

 Half-life of tributyltin oxide by hydrolysis is as slow as 11 months, too.

 The importance of photolysis of tributyltin oxide is higher, as compared with that of vola-

tilization and hydrolysis, but its half-life by photolysis is longer than 3 months. This

degradation process is possible theoretically, but not effective in the turbid or colored

environmental water with insufficient transmission of ultraviolet rays.

 Aerobic biodegradation occurs in water and sediment.  Its half-life varies considerably de-

pending conditions, ranging from 4 to 5 months.

ee
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 Anaerobic biodegradation occurs in water and sediment.  Its half-life varies considerably,

around one and a half months.

(2) Fate in the body

The reports on the internal fate (accumulation and excretion) of tributyltin compounds in WHO’s

Environmental Health Criteria2) are summarized below.

Table 2   Internal fate (accumulation and excretion) of tributyltin compounds

Specific name Biological accumulation fac-
tor

Author

Green algae
Ankistrodesmus falcatus

30,000
(TBTO:20 g/L)

Maguire et al.
(1984)12)

Phyto-
plankton

Haptophyceae
Isochrysis galbano

5,500 Laughlin et al.
(1986)13)

Mollusc Japanese oyster
Crassostrea gigas

6,000(TBTO:0.15 g/L)
2,000(TBTO:1.25 g/L)

European oyster
Ostrea edulis

1,500(TBTO:0.15 g/L)
1,000(TBTO:1.25 g/L)

Waldock et al.
(1983)14)

Blue mussel
Mytilus edulis

1,000⊥ 7,000
(TBTO:0.023⊥ 0.67 g/L)

Laughlin et al.
(1986) 13)

Blue mussel
Mytilus edulis 5,000⊥ 60,000 Cheng and

Jensen(1989)15)

Gyraulus
Biomphaloria glabrata

<50 Allen et al.
(1980)16)

Arthropoda Crabs
Rhithropanopeus harrisii

60
(TBTO:0.28 g/L)

Allen et al.
(1980)16)

Fish Sheephead minnow
Cyprinodon variegatus

2,600
(TBTO:0.96⊥ 2.07 g/L)

Ward et al.
(1981)17)

Mullets
Liza aurata

20-30 (liver, kidney)
(TBTO:  g/L)

Bressa et al.
(1984)18)

Chinook salmon
Oncorhyinchus tshawytscha

4,300 (liver)
1,300 (brain)
200 (muscle)
(TBTO:1.49 g/L)

Short and
Thrower
(1986)19)

Carp
Cyprinus carpio

1,000(TBTO:0.0018
⊥ 0.0024 g/L)

Tsuda et al.
(1987)20)

Crucian carp
Carassius
carassius  grandoculis

360⊥ 3,400
(TBTCl)

Tsuda et al.
(1986)21)

Specific name Excretion speed Author

Mollusc Blue mussel
Mytilus edulis

Half-life
Organic tin: 40 days
Total tin: 25 days

Cheng and
Jensen(1989) 15)

Fish Sheepshead minnow
Cyprinodon variegatus

Excretion rate after 20 days
Muscle: 74 %
Internal organs: 80 %

Ward et al.
(1981) 17)
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 (3) Result of environmental surveys in Japan

(a) Nationwide Exogeneous Endocrine Disrupters survey, etc.

The concentration of tributyltin in the water, bottom sediment, soil, aquatic organism and

wildlife at a total of 1,373 samples all over the country was measured in the Nationwide Urgent

Exogeneous Endocrine Disrupters Survey (1998) and the Nationwide Exogeneous Endocrine Dis-

rupters Survey (1999) conducted by the Environment Agency, as well as in the Environmental En-

docrine Disrupters Survey at Public Water Areas (1998) and the Environmental Endocrine Dis-

rupters Survey at Public Water Areas (1999) conducted by the Ministry of Construction.  Here the

measured results are shown in concentration of tributyltin chloride.  According to the results, in the

water quality survey, tributyltin chloride was detected at 52 samples out of a total of 598 samples

in two years (detection ratio: 8.7 %), and its concentration range was NDs ( 0.001 - 2.2) - 0.098

 g/L.  The arithmetic mean concentration was 0.00047  g/L (assuming NDs = 0), and 95th per-

centile concentrationN.B.) was 0.003  g/L.  The arithmetic mean concentration was 0.0097  g/L and

0.019  g/L if calculated assuming that NDs are half of the detection limits and equal to them, re-

spectively.  Concentration at median, 75th percentileN.B.) and 90th percentileN.B.) was NDs (detec-

tion limits: 0.01  g/L).

In the sea area alone, tributyltin chloride was detected at 33 samples of total 81 samples in

two years (detection ratio: 41 %), and its concentration range was NDs ( 0.002 - 0.01) - 0.098

 g/L.  The arithmetic mean concentration was 0.0027  g/L (assuming NDs = 0), and median, 75th

percentile, 90th percentile and 95th percentile concentrations were ND, 0.003  g/L, 0.004  g/L

and 0.007  g/L, respectively.  But the arithmetic mean concentration was 0.0042  g/L and 0.0057

 g/L if calculated assuming that NDs are half of the detection limits and equal to them, respec-

tively.

In the areas except the sea area, tributyltin chloride was detected at 19 samples out of total

517 samples in two years (detection ratio: 3.7 %), and its concentration range was NDs ( 0.001 -

2.2) - 0.0066  g/L.  The arithmetic mean concentration was 0.00012  g/L (assuming NDs = 0),

and concentration at median, 75th, 90th and 95th percentile was NDs ( 0.01  g/L).  But the arith-

metic mean concentration was 0.011  g/L and 0.021  g/L if calculated assuming that NDs are half

of the detection limits and equal to them, respectively.

In the bottom sediment survey, tributyltin chloride was detected at 130 samples out of total

242 samples in two years (detection ratio: 54 %), and its concentration range was NDs ( 0.1 - 22)

- 218  g/kg.  The arithmetic mean concentration was 8.0  g/kg (assuming NDs = 0), and median,

75th percentile, 90th percentile and 95th percentile concentrations were 0.2  g/kg, 1.2  g/kg, 13.1

 g/kg and 57.9  g/kg, respectively.  But the arithmetic mean concentration was 8.5  g/kg and 9.1

 g/kg if calculated assuming that NDs are half of the detection limits and equal to them, respec-

tively.

In the aquatic organism survey, tributyltin chloride was detected at 113 samples out of total

141 samples (detection ratio: 80 %).  Its concentration range was NDs ( 1.1) - 131  g/kg, and

arithmetic mean concentration was 12.3  g/kg (assuming NDs = 0).  Median, 75th percentile, 90th

percentile and 95th percentile concentrations were 3.3  g/kg, 7.6  g/kg, 40.4  g/kg and 86.2  g/kg,

respectively.  But the arithmetic mean concentration was 12.4  g/kg and 12.5  g/kg if calculated

assuming that NDs are half of the detection limits and equal to them, respectively.

N.B.: 75th percentile: The 3/4th value of all the measured values when they are placed in the as-

cending order.

90th percentile: The 9/10th value of all the measured values when they are placed in the as-

cending order.

95th percentile: The 95/100th value of all the measured values when they are placed in the

ascending order.
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(b) Results on environmental surveys in Japan

According to the environmental surveys conducted by Japan Environment Agency in the

period between FY 1990 to FY 1999, tributyltin compounds remained widely in the environment.

Their pollution level was on the tendency of improving in organism and water, but showed hardly

any marked change in bottom sediment.

From FY 1998 on, detection sensitivity is improved by the modification of analysis methods.

Fig. 3   Secular change in tributyltin concentration (N.B.: in terms of tributyltin chloride concentration)
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In its evaluation of the survey results (1999), etc., Japan Environment Agency said: "Given

the current state of production * of tributyltin compounds in Japan, their environmental pollution is

expected to improve further.  Considering possible pollution due to existence of some states and

regions having no control on tributyltin compounds yet, however, it is necessary to continue

countermeasures against, and monitoring the state of, environmental pollution caused by such

compounds.  In view of the suggestions that tributyltin may have endocrine disrupting effects, it is

also necessary to accumulate knowledge on its toxicity, including related information."

*: The fact that there is practically no production/use of tributyltin compounds for open-end

application in Japan.

5. General toxicity

(1) Acute toxicity

(a) Fish

Mentioned below are the summary of the reports on acute toxicity to fish covered in the WHO

Environmental Health Criteria2).

– Acute toxicity tests, using chinook salmon, soles, greenfish, longchin goby, sticklebacks, min-

nows and carps, poachers, Japanese medaka (killifish), guppy, common carp, and bluegill as

test organisms, are reported by Short and Thrower22), Thain23), Kakuno and Kimura24), Shimizu

and Kimura25), RIVM26), Linden et al.27), Temmink and Everts28), and Plum29).  As a result, 96-

hour median lethal concentration LC50 was in the range of 1.6-262  g/L (in terms of tributyltin

chloride), and the lowest LC50
 value was observed for chinook salmon (Oncorhyinchus

tshawytscha)22).

(b) Aquatic invertebrates

The reports on acute toxicity to aquatic invertebrates except fish covered in the WHO Envi-

ronmental Health Criteria2) are summarized below.

– Acute toxicity tests, using mysids, copepoda, crangonid shrimps, Lismata amboinensis, Daph-

nia, sand crab, Palaemon paucidens, pond-snail, mussel, European oyster and common oyster

as test organisms, are reported by Goodman et al.30), U'ren31), Thain23), Linden et al.27), Mea-

dor32), Walsh33), and Temmink and Everts28).  As a result, 96-hour LC50 was in the range of 1.1-

317  g/L (in terms of tributyltin chloride), and the lowest LC50
 value was observed for mysids

(Mysidopsis bahia)30).

(c) Aquatic algae and plants

The reports on acute toxicity to aquatic algae and plants covered in the WHO Environmental

Health Criteria2) are summarized below.

– Acute toxicity tests, using phytoplankton and link confetti, duckweed, and Potamogetonaceae

as test organisms, are reported by Davis et al.34), Walsh et al.35), Thain23), Salazar36), Wong et

al.37), Beaumont and Newman38), RIVM26), Floch et al.39), Deschiens and Floch40), and Bokranz

and Plum41).  As a result, effects were observed in the range of 0.001-1,092  g/L (in terms of

tributyltin chloride), and EC50 was in the range of 0.001-70  g/L. The effect observed in the

lowest 0.001  g/L was an impediment to adhesion of spores of link confetti (Enteromorpha in-

testinalis)34).

(2) Chronic toxicity

(a) Fish

The reports on chronic toxicity to fish covered in the WHO Environmental Health Criteria2) are

stated below.
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– Effects on yoke sac larval rainbow trouts exposed to tributyltin chloride at 0.2, 1 or 5  g/L for

110 days were studied by Seinen et al.42)  As a result, all the trouts exposed to 5  g/L tributyltin

chloride (TBTCl) died within 12 days, but no death was observed in the group of trouts ex-

posed to TBTCl at 1  g/L or lower.  In the group exposed to TBTCl at 0.2  g/L or over, delay

in growth depending on dose and increase in liver weight relative to body weight were ob-

served.

– Effects on medaka exposed to tributyltin oxide for one month were studied by Wester et al.43)

As a result, in the group of medakas exposed to 3.2  g/L tributyltin oxide, increase in death

rate, delay in growth, abnormal behavior, and vacuole formation in retinal epithelia were ob-

served. No-Observed-Effect-Concentration for the whole body toxicity was reported to be 0.32

 g/L (0.35  g/L in terms of TBTCl), and that for liver 1  g/L (1.1  g/L in terms of TBTCl).

– Effects on longchin goby exposed to tributyltin oxide for 12 weeks were studied by Shimizu

and Kimura25).  As a result, in the group of gobies exposed to tributyltin oxide at 2.1  g/L (2.3

 g/L in terms of TBTCl), male maturity index fell significantly, but no effect on female matur-

ity index and ovarian tissue was observed.

– Effects on embryos of medaka exposed to 3-30  g/L tributyltin oxide were studied by Weis et

al.44)  As a result, some cases of death were observed in the group of medakas exposed to

tributyltin oxide at 30  g/L (33  g/L in terms of TBTCl).

(b) Aquatic invertebrates

The reports on chronic toxicity to aquatic invertebrates except fish covered in the WHO Envi-

ronmental Health Criteria2) are summarized below.

– Effects on common oyster larvae exposed to 0.02-100  g/L tributyltin acetate were studied by

His and Robert45).  As a result, in the group of larvae exposed to tributyltin acetate at 0.05   g/L

(0.05  g/L in terms of TBTCl) or over, growth was inhibited and deaths were observed within

10 days.  Non-Observed-Effect-Concentration on growth was reported to be 0.02  g/L

(0.02 g/L in terms of TBTCl).

– Effects on blue mussel larvae exposed to tributyltin oxide at 0.1, 1.0 or 10.0  g/L were studied

by Beaumont and Budd46).  As a result, the group of mussels exposed to 10  g/L (11  g/L in

terms of TBTCl) died within five days, and the group exposed to 1.0  g/L (1.1  g/L in terms of

TBTCl) died within 10 days.  In the group exposed to 0.1  g/L (0.1  g/L in terms of TBTCl),

about a half of them died within 15 days.  Growth inhibition was observed for the surviving

mussels.

– Effects on blue mussels exposed to tributyltin chloride were studied by Valkirs et al.47)  As a

result, 66-day LC50 was calculated to be 0.97  g/L.

– Effects on copepods exposed to tributyltin oxide were studied by U'ren31).  As a result, 144-day

LC50 was calculated to be 0.55  g/L (0.60  g/L in terms of TBTCl).

(3) Reproductive toxicity

(a) Fish

The outline of the reports on reproductive toxicity to fish obtained through JICST are men-

tioned below.  Reliability assessment is not made by MoE.

– Effects on matured male and female red medakas given feed in which tributyltin oxide was

mixed in the ratio of 1  g/fish weight g/day were studied by Nirmala et al.48)  As a result, a de-

crease in spawning frequency, survival rate of eggs, swim-up rate of larvae, and survival rate of

juvenile fish was observed.
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(b) Aquatic invertebrates

The reports on reproductive toxicity to aquatic invertebrates covered in the WHO Environ-

mental Health Criteria2) are summarized below.

– Effects on female copepods exposed to tributyltin oxide at 0.01, 0.05 or 0.1  g/L for 120 hours

were studied by Johansen and Mohlenberg49).  As a result, a significant fall in spawning was

observed in the group exposed to tributyltin oxide at 0.01  g/L (0.01  g/L in terms of TBTCl)

or over.

– Effects on Gyraulus exposed to tributyltin oxide at 0.001, 0.01, 0.1, 1, or 10  g/L were studied

by Ritchie et al.50)  As a result, the group exposed to 10  g/L (11  g/L in terms of TBTCl) were

totally inhibited from spawning and died within five days. In the group exposed to 0.1  g/L

(0.1  g/L in terms of TBTCl) or over, a fall in spawning was observed.  No effect on spawning

was observed in the group exposed to 0.01  g/L (0.01  g/l in terms of TBTCl).

– Effects on female copepods exposed to tributyltin chloride at 0.0125-0.5  g/L for 13 days were

studied by Hall et al.51)  As a result, a significant fall in the survival rate of newborn larvae was

observed in the group exposed to 0.1  g/L, and a significant decrease in the number of eggs of

a brood and deaths of newborn larvae were observed in the group exposed to 0.5  g/L.  No ef-

fect on the number of eggs of a brood was observed in the group exposed to 0.0125-0.2  g/L,

and the survival of newborn larvae was not affected in the group exposed to tributyltin chloride

at 0.05  g/L or lower.

6. Literature search and reliability assessment concerning suspected endocrine disrupting effects on
fish etc.

(1) Effects on fish

(a) In vitro test

Within the literature information of 1972-2000 obtained through TOXLINE, etc., no report

was found on the in vitro test results on estrogenic or androgenic effects.

(b) Animal test (in vivo test)

Within the literature information of 1972-2000 obtained through TOXLINE, etc., it was found

that the following reports showed suspected endocrine disrupting effects on fish, and its reliability

was acknowledged in the reliability assessment carried out by MoE.

– Effects on sheepshead minnow exposed to bis-tributyltin oxide at 0.41, 0.66, 1.3, 3.2 or 5.4

 g/L (respectively 0.45, 0.72, 1.4, 3.5 or 5.9  g/L in terms of TBTCl) for 180 days were stud-

ied by Manning et al.52)  As a result, a fall in survival rate was observed in the F0 generation of

the group exposed to 0.66  g/L (0.72  g/L in TBTCl terms) or over, and all the fries died in the

group exposed to 5.4  g/L (5.9  g/L in TBTCl terms) and in the F1 generation of the group ex-

posed to 3.2  g/L (3.5  g/L in TBTCl terms).  No effect on reproduction (number of eggs pro-

duced, survival and growth of F1 generation) was observed either in the F0 generation of the

group exposed to 3.2  g/L (3.5  g/L in TBTCl terms) or lower, or in the F1 generation of the

group exposed to 1.3  g/L (1.4  g/L in TBTCl terms) or lower.

Further, the following report on masculinization of flounders was presented in the 3rd sympo-

sium of the Japan Society of Endocrine Disrupter Research in December 2000, though only a

summary of the lecture has been published. Its reliability has not been assessed.

– Effects on hereditary total female flounders given mixed feeds containing tributyltin oxide 0.1

or 1  g/g at the age of 35 to 100 days were studied by Shimazaki et al.53)  As a result, sex re-

versal to male was observed at a rate of 25.7 % and 31.1 % respectively in the groups exposed

to 0.1 and 1  g/g.
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(2) Effects on other aquatic organisms

Within the literature information of 1972-2000 obtained through TOXLINE, etc., the following re-

ports showed suspected endocrine disrupting effects on aquatic organisms other than fish, and its reli-

ability was acknowledged in the reliability assessment carried out by MoE.

– Effects on female rock shell (Thais clavigera) exposed to tributyltin chloride at 0.001, 0.003 or

0.021  g/L (measured values) for three months were studied by Horiguchi et al.54)  As a result, im-

posex was observed in the groups exposed to 0.001  g/L or over.

– Effects on Ophiuroidea exposed to bis-tri-n-butyltin oxide at 0.01, 0.1 or 0.5  g/L for four weeks

were studied by Walsh et al.55)  As a result, inhibition of arm regeneration was observed in the

groups exposed to 0.1  g/L (0.1  g/L in TBTCl terms) or over.

– Effects on shrimps exposed to tri-n-butyltin oxide at 0.1, 0.3, 0.5 or 5  g/L for 21 days were stud-

ied by Khan et al.56)  As a result, delay in telson regeneration and molting was observed in the

groups exposed to 0.1  g/L (0.1  g/L in TBTCl terms) or over.

– Effects on female dog-whelk exposed to tri-n-butyltin chloride at 0.5  g/L (calculated from the

measured value of tin concentration) for 14 days were studied by Bryan et al.57)  As a result, im-

posex was observed.

– Effects on fidler crabs exposed to bis-tri-n-butyltin oxide at 0.5 or 5.0  g/L for four weeks were

studied by Weis and Kim58). As a result, deformities in regenerated claws and limbs were in-

creased in the groups exposed to 0.5  g/L (0.5  g/L in TBTCl terms) or over.

– Effects on embryos of Styrela plicata (Tunicata) exposed to tributyltin chloride at 33, 326 or 3,255

 g/L were studied by Cima et al.59)  As a result, inhibition of development was observed in the

groups exposed to 326  g/L or over.

7. Results, etc. of Screening endocrine disrupting effects in fish

(1) In vitro assays

(a) Competitive binding assay to medaka estrogen receptor

The binding affinities of TBTCl to medaka (Oryzias latipes) and human estrogen receptors

were measured by competitive binding assay using the ligand binding domain of these estrogen re-

ceptors(α) fused with glutathione S-transferase (GST), expressed in E. coli, and radiolabelled es-

tradiol as a ligand.  At TBTCl concentration of more than 10-6 M, the release of the ligand from

estrogen receptor depending on the concentration of TBTCl was observed with both receptors.

There is not any difference in release curves between medaka and human estrogen receptors.

These results, however, do not indicate that TBTCl replace the ligand specifically bound to estro-

gen receptor because there is the possibility that the ligand could be released by denaturing of es-

trogen receptor with TBTCl due to its strong protein denaturing ability.  Then the denaturing of

estraogen receptor was measured as a function of TBTCl by monitoring the enzyme activity of

GST fused to the receptor, which is expected to be denatured with TBTCl in the same manner as

the receptors.  The similar relationship between the enzymatic activity and TBTCl concentration as

the release of ligand was observed though the decrease of the enzyme activity begin at slight lower

concentration than the release of ligand.  These results strongly suggest that the release of ligand

from estrogen receptors is caused by denaturing of the receptors by TBTCl.
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Fig. 4   Elimination of [3H]-estradiol from estrogen receptor by estradiol

and TBTCl (left: medaka;  right: human)

Table 3.  Relative binding strength of TBTCl obtained from [3H]-estradiol elimination curves

(b) Reporter gene assay

The expression and reporter plasmids were transiently co-transfected to Hela cell exposed

with TBTCl, and after incubation overnight the luciferase activity induced by transcriptional acti-

vation by TBTCl bound estrogen receptor was measured as a function of TBTCl concentration.

No enhancement of the luciferase activity was observed over 10-12 to 10-3 M of TBTCl, but the

activity decreased from the basal value at more than10 nM.  The decreasing curve of luciferase ac-

tivity from basal activity is similar to decreasing one of GST activity, which is the indication of

denaturing of estrogen receptor.  These results supported the finding that TBTCl denature proteins

in cell including estrogen receptor and consequently inhibit of cell activity at these concentrations.

In conclusion, no data indicating that TBTCl bind specifically to estrogen receptor is ob-

tained from competitive binding and reporter gene assays.

(2) In vivo studies using medaka

(a) Medaka vitellogenin assay

This study was conducted to assess the effects of tributyltin cloride (TBTCl) on vitello-

genin (precursor of egg yoke protein) synthesis in medaka. About 3-month-old medaka (respec-

tively 10 females and males/treatment) were exposed to TBTCl at the concentrations of 117, 269,

606, 1,640 and 4,000 ng/L (mean measured concentrations) under flow-through conditions for 21

days. 17  -estradiol (E2, 100 ng/L) was tested as positive control. Daily observation was made to

examine mortality and abnormal behavior and appearance during the exposure period. At the end

of exposure, the livers of fish were removed, and vitellogenin concentration in each liver was

measured.

Neither death nor particular symptom was observed during the exposure period. At the end

of exposure, the hepatosomatic index  (HSI) of male fish exposed to ≥ 269 ng/L was significantly

higher than that in the controls. As for vitellogenin concentration, however, no statistically signifi-

cant change was observed in both males and females in any treatment, as compared with that in the
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controls (Fig.5).
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Fig. 5   Vitellogenin (VTG) concentrations in the livers of male and female medaka (Oryzias latipes) in

the vitellogenin assay.

Data is shown as mean ± standard deviation. ** denotes a significant difference at p < 0.01.

(b) Medaka partial life test

This test was conducted to evaluate endocrine disrupting effects of tributyltin chloride

(TBTCl) on sexual differentiation of medaka. Medaka (60 eggs/treatment) were exposed to TBTCl

at the concentrations of 20.1, 64.1, 205, 594 and 1,650 ng/L (mean measured concentrations) under

flow-through conditions from fertilized eggs to 61-day posthatch. No significant effects were ob-

served on hatching of embryos at the concentrations tested. However, posthatch mortality in the

highest treatment (1,650 ng/L) increased markedly, and the cumulative mortality at 61-day

posthatch was significantly higher than the control mortality. The growth of fish at 61-day

posthatch were suppressed with increasing TBTCl concentrations, resulting in significant differ-

ences in the total lenghth at 594 and 1,650 ng/L, and in the body weight at 1,650 ng/L.  These re-

sults suggested that TBTCl would have lethal toxicity or growth-inhibitory effects on medaka lar-

vae and juveniles at ≥ 594 ng/L.  Based on an examination of the secondary sex characteristics of

the surviving fish at 61-day posthatch, there were no significant differences in the sex ratio in any

treatments, although more females than males were identified in the 594 ng/L and 1,650 ng/L

treatments. Gonadal histology showed that histological abnormalities, such as hermaphrodism,

were not observed in any treatments (Table 4). The HSI of fish at 61-day posthatch was increased
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in 594 ng/L and 1,650 ng/L treatments, suggesting that TBTCl exerts hepatotoxicty at these con-

centrations. The hepatic vitellogenin concentrations in males at the end of exposure were signifi-

cantly increased in all treatments relative to the solvent controls, but not to the controls. And there

was no clear concentration-response relationship between the vitellogenin concentrations and the

TBTCl treatments. It was not possible, therefore, to conclude that there was a clear vitellogenin

induction in male medaka (Fig.6). The vitellogenin concentration in females did not show signifi-

cant differences in any treatments.

As mentioned above, it was suggested that TBTCl would have chronically lethal toxicity or

growth inhibitory effects on medaka at ≥ 594 ng/L TBTCl. In this test, however, it was not ob-

served that TBTCl affected sexual differentiation of medaka by its endocrine disrupting effects.

Table 4.  Sex ratios as determined by gross examination of secondary sex characteristics of

 medaka (Oryzias latipes) at 61- day posthatch and by their gonadal histology.

 Secondary sex
characteristics Gonadal histology

 N Sex ratio  N Number of fish

TBTCl
concentration*

   (ng/L)
  (Β:≅ ) Testis  Ovary

Control  50   23 : 27  20    12     8

 Solvent control  53   28 : 25  20    14     6

     20.1  53   26 : 27  20    11     9

     64.1  50   23 : 27  20     7    13

    205  51   25 : 26  20    10    10

    594  53   22 : 31  20     7    13

   1,650  33   13 : 20  20     8    12

* Shown in mean measured concentrations.
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Fig. 6   Vitellogenin (VTG) concentrations in the livers of medaka (Oryzias latipes) at 61-day

posthatch in each treatment.

Data is shown as mean±standard deviation. Numbers in parentheses refer to number

of fish. ** denotes a significant difference relative to the solvent controls at p < 0.01.

8. States of research, etc. for elucidating the effects of very low concentration TBT on snails such as
rock shell

(1) Characteristics of imposex

Imposex of rock shell (Thais clavigera) was still observed in high frequency in the field tests carried

out in 1996 to 1999 (See Appendix 2).

The word "imposex" is said to be derived from "superimposition of male characters on to females",

and according to Smith60) who used this word first, it usually refers to the formation of male genital

organs, such as penis and deferent duct, in females of dioecious snails and to the female snails in

which male genital organs have been formed.  Based on the studies so far, the peculiar symptom to

imposex is thought to be the masculinization of female snails61).  In concrete, one or both of mascular

genital organs (penis or deferent duct) are formed and developed, causing lower function of ovary (in-

complete oogenesis) or transformation of ovary into testis, or transforming oviduct into prostate gland

(swollen deferent duct, an organ found in male) in some cases60,62,63).  Serious imposex would cause a

lowering or loss of spawning ability.  Such a lowering or loss is known to occur in three patterns: i)

blockade of vulva (opening for spawning) due to increased peripheral tissues following the formation

of deferent duct64); ii) lowering or loss of oogenesis ability, including transformation of ovary into tes-
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tis63); and (iii) cleavage of oviduct (incomplete closing in the process of growth) or impediment to

copulation and spawning due to transformation of oviduct into prostate gland65).

Imposex is an irreversible symptom, and if this has happened, recovery is impossible at the level of

individuals62,66).  Symptoms such as formed penis or vulva blockade will never be resolved.  At the

population level, however, it is thought that, following the reduction of organic tin pollution, imposex

symptom in a population will be relieved and the situation will be "recovered" with an increase in

population67).  However, it cannot simply be discussed whether spawning inhibition by imposex will

eventually be the main cause of a decrease in population of the species, because it is related with the

ecology in their initial life history after hatch68).

Also, it would be necessary to pay attention to the extremely high concentration of triphenyltin

(TPT) in ovary or in oviduct (ovisac gland) containing degenerated ovisac lump54).  That is because

the accumulation of organic tin compounds in eggs at a high concentration is suspected to have any

bad effect on generation or hatch of eggs.

The reverse phenomenon to imposex, that is feminization of male snails, has never been observed in

the fields69).

(2) Substances causing imposex

Imposex is known to be induced by some kinds of organic tin compounds, such as TBT and TPT,

almost peculiarly, even in a low concentration of 1 ng/L or so in the case of TBT, and independently

from growth stage (age), when exposed to such organic tin compounds54,57,62,70,71).  Looking closely at

chemical species of organic tin causing imposex, there are differences among species in terms of the

extent of activity and the existence of effect57,70-72).  For example, TBT and tripropyltin (TPrT) are

positive both in rock shell (Thais clavigera) and European dog-whelk (Nucella lapillus), but TPT ef-

fects are exactly opposite between both species56,69,71).  Recently, it was confirmed that imposex was

caused by TPT in fresh water snails in Germany (J. Oehlmann, private correspondence).  At present,

these results are supposedly due to differences among species, and the causes for the differences have

to be elucidated69,70).

In what part of gastropods and in what mechanism would TBT and TPT cause imposex ?  What are

their critical periods or threshold values ?  These questions are yet to be answered. So far, some hy-

potheses have been presented on the mechanism of inducing imposex96-98), as described below:

(3) Hypotheses about imposex induction mechanism

As to the mechanism of inducing imposex, there are three types of hypotheses: (i) aromatase inhibi-

tion theory73); (ii) cerebral ganglion inhibition theory74), and (iii) androgen excretion inhibition the-

ory75).  Of them, the first (i) and the third (iii) theories are paying attention to steroid hormone, and the

second (ii) to neurohormone, respectively.  According to the first theory, TBT will inhibit aromatase,

causing an increase in concentration of internal androgen (testosterone) significantly out of proportion

to estrogen (estradiol), and the excessive androgen (testosterone) will be combined to its receptor,

triggering the masculinization of female73).  In the third theory, TBT will, by inhibiting sulfate conju-

gation ability, restrain androgen (testosterone) and its metabolic product from being excreted as sulfate

conjugator outside the body, causing an increase in concentration of internal androgen (testosterone)

to trigger the masculinization of female75).  As for the second theory, naturally in female, penis forma-

tion inhibiting factor is excreted from cerebral ganglion against the penis formation accelerating factor

from foot ganglion, but TBT will inhibit the excretion of penis formation inhibiting factor, causing the

formation and growth of penis in female74).

All these theories have been drawn by the help of a plural number of experiments, but they are not

sufficient yet.  As for the first theory, it is still doubtful, because of a reverse phenomenon in time se-

ries that, in experiment, penis formation preceded an increase in androgen (testosterone) concentra-

tion73), in addition to the fact that the existence, as well as chemical structure, of androgen, estrogen

and aromatase in gastropods has not been confirmed fully by their separation, refining, etc.
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Recently, of the steroids detected from rock shell and ivory shell, five kinds were identified in high-

resolution gas chromatograghy/mass spectrometry, but the analysis of their detailed functions is the

task to be addressed in the future76).  Also there is a report that, in the snail samples collected in the

organotin-polluted sea area and the control sea area, their imposex symptoms did not correspond to

aromatase effects, suggesting that a consistent trend about aromatase inhibition hypothesis is not al-

ways observed77).

Further, there are many doubtful points to be elucidated with regard to aromatase inhibition hy-

pothesis, including structures and functions as well as information transmission system of steroid

hormone receptors, possibility of TBT to inhibit aromatase syntheses or cause a loss of aromatase ac-

tivity, interactions between TBT and steroid hormone receptors78), and whether similar phenomena are

caused by other organic tin (for example, TPT) than TBT.

As for the third (iii) hypothesis, in view of the fact that their test was made in a short period using a

high concentration of TBT, it cannot be denied that the imposex might be caused by acute toxicity,

leaving vagueness in interpretation of test results.

As for the second (ii) hypothesis, it has been clarified that neuropeptide, together with its base array,

excreted from visceral ganglion, cephalic ganglion or prostate gland of sea hares (aplysia kurodai) and

pond snails (limnaeidae), is egg-laying hormone, ovulation hormone, or spawning hormon79,80).  But it

is not made clear what is the secretion factor from ganglion said to be involved in penis formation,

thus further verification is difficult.  While basic knowledge on neurohormone is still insufficient, any

involvement of neuropeptide in causing imposex has attracted renewed attention when it was recently

reported that APGW amide, a kind of neuropeptide excreted from cephalic ganglion of pond snail,

promoted imposex of mud snail (Ilyanassa obsoleta)81).

As mentioned above, there remain many tasks to be coped with in the study to elucidate imposex in-

duction mechanism, and it is necessary to promote basic and applied studies on reproductive physiol-

ogy of snails.  In these studies, efforts must be made to find a solution to the simultaneous equations

satisfying all the premises that imposex is caused almost peculiarly by some kinds of organic tin com-

pounds, that imposex is caused by TBT at a very low concentration of 1 ng/L or so in the environ-

mental water, and that imposex is a phenomenon observed peculiarly in snails.

Further, it is also necessary to study whether the mechanism inducing intersex thought to be a simi-

lar phenomenon to imposex, in Littorina littorea82) and masculinization of female in abalones83) may

be regarded as the common mechanism to that of imposex, or what common and different points are

between the two mechanisms.

9. Assessment results on endocrine disrupting effects of tributyltin (TBT)

(1) Effects on fish

Of the literature information of 1972-2000 obtained through TOXLINE, etc., no report was obtained

on the in vitro test on estrogenic or androgenic effects of fish.  In animal tests, effects on sheepshead

minnow were examined, but in any exposure group, no effect on reproduction was observed52).  On

the other hand, though reliability assessment was not conducted, a report was obtained that TBT had

an effect on sex differentiation of flounders, causing sex reversal of hireditary total females53).

Of MoE’s in vitro test results, the medaka receptor binding assay showed that the binding was not

high because the relative binding strength to estrogen receptor was about 1/1000, as compared with

E2. It was also strongly indicated that the binding could possibly be affected by TBTCl's denaturing

activity.

Of MoE’s screening results, in the male medaka vitellogenin assay, significant change was not ob-

served at any concentration.

Also, in the medaka partial life cycle test, an increase in female rate was observed at TBTCl con-

centration of 594 ng/L or higher, but without any significant difference.  Any physiological abnormal-

ity, such as hermaphrodite, was not observed, either.  As for male medaka vitellogenin, a statistically
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significant difference was observed at all CBTCl concentration sectors against auxiliary agent sector,

but not against control sector.  And the change in vitellogenin concentration did not show any clear

dependence on TBTCl concentration.  So, it was not concluded that any clear vitellogenin induction

occurred in male bodies.

As mentioned above, from the results of MoE’s various tests using medaka and from the literature

information on which reliability assessment was carried out, any clear result was not obtained that

tributyltin (TBT) compounds had endocrine disrupting effect on fish.  However, there was a report

that sex reversal was caused in flounders53) , though it is not known whether the reversal was due to

endocrine disruption or not.  Further, it is not known yet whether such a sex reversal was a response

peculiar to flounders liable to reverse sex in response to water temperature change or stress, whether it

was due to difference in sensitivity among fish species, or whether it was due to difference in expo-

sure methods (water exposure, feed exposure) or resultant exposure concentration, etc.  The report

also assumed that the masculinization was caused by the TBT activity as aromatase inhibitor, but the

world's effort to elucidate the effect on aromatase was just started.  So it is necessary to accumulate

further scientific data on various fish species, including verification of reproducibility of sex reversal

as observed in flounders.

(2) Effects on other aquatic organisms

As shown in Section 6(2), of the literature information of 1972-2000 obtained through TOXLINE,

etc., in-water TBT concentrations suspected of having endocrine disrupting effects on aquatic organ-

isms other than fish in the reported test results, of which reliability was confirmed, are 0.001  g/L

where imposex of female rock shell was observed54), 0.1  g/L where inhibition of arm regeneration for

Ophioderma brevispina was observed55), 0.1  g/L where delay in telson regeneration and molting of

shrimps was observed56), 0.5  g/L where imposex of male dog-whelk was observed57), 0.5  g/L where

increased deformities in regenerated claws and limbs of fidler crab were observed58), 326  g/L where

development inhibition of embryos of white sea squirt (Styrela plicata) was observed59), etc.

As mentioned above, there were many reports on suspected endocrine disrupting effects of TBT on

aquatic organisms.  The in-water concentration 0.001  g/L where imposex was observed54), which was

the Lowest-Observed-Effect-Concentration (LOEC), was equivalent to the detection limit value. The

maximum No-Observed-Effect-Concentration (NOEC) and the Predicted-No-Effect-Concentration

(PNEC) were below the detection limit value, therefore it was difficult to set NOEC and PNEC using

the present analysis technology.

Tributyltin (TBT) compounds are thought to have effect on various aquatic organisms at very low

concentration, but they have, in the first place, strong general toxicity, including denaturing activity at

relatively low concentration, as shown in in vitro tests.  In addition, scientific studies to elucidate what

kinds of hormones and receptors exist and how they function in these invertebrates have just started,

so that it is difficult to judge, at this point of time, whether or not the effects on reproduction and de-

velopment of invertebrates as reported in the literature were caused by endocrine disrupting effects.

(3) Effects on mammals

On human health effects, MoE is now conducting various tests.  In the in vitro tests using human

cells, TBT's relative binding strength to estrogen receptor is not high at about 1/10,000, compared

with that of E2, and the possibility is strongly suggested that this binding could be attributed to dena-

turing activity.  In the animal tests using rodents, as obtained in our literature search, it should be

noted that no effect at very low concentration has been reported (See Appendix 3).
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10.Assessment results and future challenges

Tributyltin (TBT) compounds are thought to have effects on various aquatic organisms at very low

concentration, but it is appropriate to conclude that, from the present literature search and various test re-

sults using medaka, there was no clear results that TBT compounds have endocrine disrupting effect on

fish, noting that it is not known whether or not the masculinization of flounders, as reported but not pub-

lished yet, was due to endocrine disrupting effects.

MoE’s present tests used medaka, an OECD subject fish species.  No results on suspected mascu-

linization of sheepshead minnows were observed, either.  As a result, the possibility is very low that mas-

culinization will be observed even if any full-life-cycle test is carried out as a confirmation test.  At this

point, therefore,  it is thought that tributyltin (TBT) compounds have no endocrine disrupting effects on

fish or their effects are extremely low.  On the reproducibility of reports on masculinization of flounders,

etc., however, it should be noted that further examination, including reassessment might be if necessary,

waiting for the future accumulation of scientific knowledge and views.

Some reports were found on suspected endorine disrupting effects on other aquatic organisms.  But

it was deemed difficult to judge, at this point of time, whether those effects were due to endorine disrupt-

ing effects or not.  As for the test methods for assessing endorine disrupting effects on these invertebrates,

no examination has been started yet at the OECD level.  It is important, therefore, to promote research

and studies to elucidate the endocrine system of snails, including rock shell, and to develop and establish

the test methods for the assessment of endocrine disrupting effects on invertebrates, paying attention to

the progress at the OECD etc.

11. Additional remarks

Because of their strong general toxicity and low degradability, tributyltin (TBT) compounds have

attracted much attention internationally since late 1980s.  In Japan, the manufacture, import and use of

them are strictly controlled under the "Law Concerning the Examination and Regulation of Manufacture

etc. of Chemical Substances", and related industries have practiced self-control on the use of TBT com-

pounds under the guidance of the Ministry of Transport and the Fishery Agency.  TBT compounds are not

used any longer in antifouling agents for fishing nets and antifouling paints for ships.  Instead of TBT

paints, hydrolytic paints are now used for ships.

According to recent environmental monitoring surveys, however, TBT compounds are still detected,

though in low concentration, in the water and aquatic organisms, and no significant improvement is seen

in the bottom sediment.  Among the causes and sources pointed out are TBT's low degradability and

TBT-containing paints for ocean-going vessels5).

In the light of the fact that, as mentioned before, effects such as imposex of rock shells are observed

even at detection limit value, and imposex is still observed at high frequency in many ports and bays,

further reduction of TBT compounds is needed.  As for tributyltin (TBT) compounds contained in ship

bottom paints, discussions are under way in the International Maritime Organization (IMO) to ban their

use in ship bottom paints, aiming at the conclusion of an international treaty in 2001.  Apart from pro-

moting such internationally-coordinated compulsive regulations, it will be necessary to promote research

and development of safe substitutes, too.



20

(Appendix 1)

1.  International regulations, etc.

(1) IMO

Starting from mid 1980s, adverse effects of organic tin (especially tributyltin: TBT) compounds

used in antifouling paints for ships on the marine environment have been taken up internationally as a

big problem.  In the 30th Marine Environment Protection Committee meeting (MEPC30) of the Inter-

national Maritime Organization (IMO) in November 1990 was adopted the MEPC Resolution No.46

recommending the ban on the use of TBT-based antifouling ship paints for small-sized ships below 25

m in length, etc.  After that, monitoring results mainly by developed countries and a report on per-

formance, etc. of substitute paints by Japan were submitted, but they did not lead to any positive ac-

tion to ban TBT-based antifouling ship paints.

In the MEPC38 held in July 1996, however, a proposal to ask for the necessity of world-wide regu-

lations on the use of TBT was made by Japan, the Netherlands and Nordic countries, and the MEPC

decided to include it in the working plan, setting up the Correspondence Group (CG) to gather opin-

ions from countries prior to the MEPC40 which would start substantial discussions.  Then, the exami-

nation works were carried out by the "Correspondence Group on the Reduction of Harmful Effects on

the Use of Anti-fouling paints for Ships", centering on the Netherlands.

In the MEPC41 (March 1998), the final report by CG was submitted, and substantial deliberations

were started based on the report.  As a result, it was decided to set up a working group (WG) to start

full-scale deliberations on the details.  It was also approved to send the draft resolutions agreed on af-

ter deliberations to the 21st IMO General Assembly.

As a result, at the 21st IMO General Assembly (November 1999), the resolutions including the fol-

lowing contents were adopted:

 The MEPC should develop a legally binding framework (convention) to ban any new coating of

organic tin-based antifouling ship paints on ships from January 1, 2003 on, and to ban those paints

being coated on ships from January 1, 2008 on;

 Countries should encourage their national industries to develop, test and use alterative antifouling

ship paints not imposing adverse effect on the marine environment;

 Countries should develop the methods of assessing antifouling paints, review their social and envi-

ronmental effects, and promote scientific and technological studies on the effects of antifouling

paints on the environment.

Further, at the general meeting, it was also agreed to hold a diplomatic meeting in 2001 in order to

adopt the above-mentioned convention.

The discussions in the MEPC forums toward making up a convention on TBT were also continued,

and at the MEPC43 (June 1999), the discussion was made on the concrete contents of the draft con-

vention based on the proposal from the U.S.A. Then, through discussions at the MEPC44, the

MEPC45 (October 2000) came to an agreement on the principal part of the treaty draft.

At the MEPC46 (April 2001), a broad agreement was reached on the draft treaty, though some de-

tails remained unsolved, and the convention is expected to be adopted at the diplomatic meeting

scheduled in October, 2001.

(2) Europe and North America5)

With the MEPC Resolution No.46 as a turning point, European and American developed countries

banned the use of TBT on small ships and coasting vessels.  But they have not introduced regulations

on the use of TBT-based paints on ocean-going vessels subject to IMO treaties, in the light of no alter-

native paint equivalent to TBT-based antifouling ship paints and a significant effect on the economy of

shipowners.
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  Nordic countries are highly aware of the environmental pollution, and moving ahead toward the in-

troduction of related water standards and zone restrictions.  In the U.S.A., the Environment Protection

Agency (EPA) is reported to have started the registration of substances to be used in the ship paints

alternative to TBT, but no report is received that the use of TBT is totally banned or ceased.

2.  Regulations outside Japan

Regulations on use of organic tin-based antifouling ship paints outside Japan

Regulations
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Ships less than 25 m in length:
Ban on all organic tin-based
paints (except aluminum)

⊄ ⊄ ⊄ ⊄

Ships less than 25 m in length:
Ban on all organic tin-based
paints (without exception)

⊄

Ships less than 25 m in length:
Ban on TBT-based paints
(without exception)

⊄ ⊄ ⊄ ⊄ ⊄

Ban on the use of paints con-
taining tri-form organic tin
compounds for ships less than
25m in length and fish culture
equipment & materials

⊄

Ships of 25 m or over in length:
TBT-based paints may be used
only in containers of 20l

⊄ ⊄ ⊄

Ships of 25 m or over in length:
Elution speed of 4  g
TBT/cm2/day or lower

⊄ ⊄ ⊄

Ships of 25 m or over in length:
Elution speed of 5  g
TBT/cm2/day or lower

⊄

Registration of all antifouling
paints ⊄ ⊄ ⊄ ⊄ ⊄ ⊄ ⊄ ⊄

TBT-based paints may be used
only by authorized engineers ⊄

All antifouling paints are reg-
istered as biocide agents. Ap-
proval by Advisory Committee
is necessary for their sales and
use.

⊄

Paints containing tri-form or-
ganic tin compounds may be
sold only in containers of 20l or
more. Total tin content in co-
polymer must be 7.5 % or less,
or 2.5 % or less as free tin.

⊄

* Organic tin-based paints are totally banned in some sea areas.

Cited from the Shipbuilding Research Association of Japan (1998) The FY1997

report on research studies for the prevention of marine pollution (relating to anti-

fouling paints for ships) at the 76th standard study group meeting.

This table was prepared in 1997, and re-examination is now under way.
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(Appendix 2)

Nationwide survey results on imposex (*) of rock shell (September 1996 - January 1999)

*) The cases where penis or ductus deferens was observed in female rock shell were

counted as imposex. The observed population was 20-30 individuals in each site.
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(Appendix 3)  Summary of effects of tributyltin (TBT) on mammals

1. General toxicity

(1) Acute toxicity

Mentioned below are the findings on acute toxicity to mammals in the literature information of

1966-2000 obtained through MEDLINE, etc. and in the World Health Organization (WHO) Environ-

mental Health Criteria. Reliability assessment has not been made by MoE.

– Effect on the rats exposed to a single oral administration of tributyltin acetate respectively at 160,

208, 270.4, 351.5 and 456.98 mg/kg was studied by Attahiru et al.84)  As a result, the median lethal

dose LD50 after 24 hours was calculated as 297.54 mg/kg.

– In WHO's Environmental Health Criteria, oral administration acute toxicity tests are reported by

Truhaut et al.85), Funahashi et al.86), Schweinfurth87), Sheldon88), Klimmer89), Polster and

Halacka90), and Pelikan and Cerny91), using tributyltin chloride, tributyltin oxide, tributyltin fluo-

ride, tributyltin acetate, tributyltin benzoate, oleic tributyltin, tributyltin linoleate, abietic tribu-

tyltin, tributyltin naphthenate, and tributyltin laurate as test articles, and rats and/or mice as test

animals2).  As a result, the median lethal dose LD50 was in the range of 46-234 mg/kg.

(2) Chronic toxicity

Mentioned below are the findings on chronic toxicity to mammals in the literature information of

1966-2000 obtained through MEDLINE, etc. Reliability assessment has not been made by MoE.

– Effects on the golden hamsters exposed to a single oral administration of tributyltin chloride re-

spectively at 29.6, 44.4, 66.7, 100.0, 150.0 and 225.0 mg/kg were studied by Takagi et al.92)  As a

result, the median lethal dose LD50 after two weeks was calculated at 146.9 mg/kg in male, and

172.0 mg/kg in female.

– Effects on the Wistar rats administered mixed feeds containing tributyltin oxide respectively at 0.5,

5 and 50 ppm for two years were studied by Wester et al.93)  As a result, inhibited increase in body

weight, decrease in body weight, and increase in mortality were observed in the 50 ppm adminis-

tered group. No effect was observed on testis or ovary.

(3) Reproductive toxicity

Mentioned below are the findings on reproductive toxicity to mammals in the literature information

of 1966-2000 obtained through MEDLINE, etc.  Reliability assessment has not been made by MoE.

– Effects on Wistar rats orally administered tributyltin chloride at 5, 9, 15 or 25 mg/kg/day in the 7-

15th day of pregnancy were studied by Itami et al.94)  As a result, significant decrease in weight of

female embryos was observed in the group administered 5 mg/kg/day or more.  In the group ad-

ministered 25 mg/kg/day, 7 out of 10 mother rats died, and all embryos were found dead.

– Effects on SD rats orally administered tributyltin chloride at 1 or 5 mg/kg/day in the 6-20th day of

pregnancy were studied by Gardlund et al.95)  As a result, increased quantity of motion of young,

motion-stimulation increase by p-Antafemin, and impediment to space learning ability were ob-

served in the group administered 1 mg/kg/day or more.  In the group administered 5 mg/kg/day,

slight inhibition of body weight increase of young was observed.

– Effects on the Long-Evans rats orally administered tributyltin oxide at 2.5, 5.0, 10, 12 or 16

mg/kg/day in the 6-20th day of pregnancy were studied by Crofton et al.96.  As a result, in the

group administered 10 mg/kg/day or more, decrease in the number of young, low value in body

weight of young, inhibited increase in body weight of young after weaning, delay in vagina open-

ing time, decrease in brain weight, and effect on behavior (quantity of motion, and sound-surprise

response) were observed.  In the group administered 12 mg/kg/day or more, teratogenicity of

young was observed.
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– Effects on the Wistar rats orally administered tributyltin chloride at 8.1, 12.2 or 16.3 mg/kg/day in

the 0-7th day of pregnancy were studied by Harazano et al.97)  As a result, decrease in feed intake

by mother rats, inhibition of body weight increase, increase in pregnancy failure rate, and low val-

ues of embryo body weight were observed in the group administered 12.2 mg/kg/day or more.

– Effects on the Wistar rats orally administered tributyltin chloride at 8.1, 16.3 or 32.5 mg/kg/day in

the 0-3rd day of pregnancy, and at 8.1, 16.3, 32.5 or 65.1 mg/kg/day in the 4-7th day of pregnancy

were studied by Harazono et al.98)  As a result, in the case of administration in the 0-3rd day of

pregnancy, decrease in pregnancy rate of mother rats and low values of embryo body weight were

observed in the group administered 16.3 mg/kg/day or more, and embryo death rate after implan-

tation increased significantly in the group administered 32.5 mg/kg/day.  In the case of admini-

stration in the 4-7th day of pregnancy, damage rate of embryos after implantation increased in the

group administered 16.3 mg/kg/day, and significant decrease in the number of surviving embryos

and low values of male embryo body weight were observed in the group administered 32.5

mg/kg/day or more.

– Effects on Wistar rats orally administered tributyltin chloride at 25 or 50 mg/kg/day in the 7-9th

day, 50 or 100 mg/kg/day in the 10-12th day, or 25, 50 or 100 mg/kg/day in the 13-15th day of

pregnancy were studied by Ema et al.99)  As a result, in the case of administration in the 7-9th day

of pregnancy, inhibition of increase in body weight of mother rats was observed in the group ad-

ministered 25 mg/kg/day or more, and marked decrease in the number of survival embryos was

observed in the group administered 50 mg/kg/day.  In the case of administration in the 10-12th day

of pregnancy, inhibition of increase in body weight of mother rats, decrease in the number of em-

bryo survival, and decrease in body weight of embryos were observed in the group administered

100 mg/kg/day.  And, palate cleavage was observed in 11 of 82 embryos.  In the case of admini-

stration in the 13-15th day of pregnancy, palate cleavage was observed in the group administered

25 mg/kg/day or more.  In the group administered 100 mg/kg/day, inhibition of increase in body

weight of mother rats and decrease in body weight of embryos were observed, but no effect on

survival rate of embryos was observed.

– Effects on the Wistar rats orally administered tributyltin chloride at 40 or 80 mg/kg/day in the 7-

8th day of pregnancy were studied by Ema et al.100)  As a result, inhibition of increase in body

weight of mother rats, and decrease in the number of embryo survival were observed in the group

administered 40 mg/kg/day or more.

(4) Other toxicity

Of the literature information of 1966-2000 obtained through MEDLINE, etc., the findings on the be-

havioral effects of TBT on mammals are mentioned below. Reliability assessment has not been made

by MoE.

– Effects on the male Wistar rats exposed to a single administration of 1.6 or 3.3 mg/kg tributyltin

chloride into abdominal cavity were studied by Ema et al.101)  As a result, inhibition of increase in

body weight and significant decrease in the quantity of motion in the nighttime were observed in

the group administered 3.3 mg/kg.

2. Literature search and reliability assessment concerning suspected endocrine disrupting effects on
mammals etc.

Of the literature information of 1966-2000 obtained through MEDLINE, etc., no report on estro-

genic or androgenic effects of tributyltin (TBT) to mammals was obtained.

  Mentioned below are the reports on in vitro tests of TBT effects on thymic cells of rats and animal tests

of TBT effects on immunological or endocrine systems of rats.  Reliability assessment has not been made

by MoE.
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(1) In vitro test

– Effects on thymic cells of rats exposed to tributyltin chloride were studied by Snoeij et al.102)  As a

result, energy metabolism was markedly affected in the exposure group of 0.1  mol/L or more,

and disorder of cell membranes and collapse of cells were observed in the exposure group of 1

 mol/L or more.

(2) Animal tests (in vivo tests)

– Effects on the male Fischer 344 rats orally administered tributyltin oxide at 1.25, 2.5, 5 or 10

mg/kg/day for 10 days were studied by Smialowicz et al.103)  As a result, decrease in thymus

weight was observed in the group administered 2.5 mg/kg/day or more.

– Effects on the Long-Evans rats in the 5th day of birth administered tributyltin oxide into abdomi-

nal cavity at 2.0, 3.0, 4.0 or 5.0 mg/kg were studied by O'Callaghan and Miller104).  As a result, de-

crease in brain weight was observed in the group administered 2.0 mg/kg/day or more, and de-

crease in thymus weight was observed in the group administered 4.0 mg/kg/day or more.

– Effects on the Wistar rats orally administered tributyltin acetate at 1, 2, 4, 8 or 16 mg/kg/day in the

7-10th day of pregnancy were studied by Noda et al.105)  As a result, tymus weight decreased de-

pending on dose in the group administered 4 mg/kg/day or more.  In the group administered 16

mg/kg/day, increase in body weight of mother rats was inhibited, and all the embryos were found

dead in 5 of 10 rats.  Further, the number and weight of survival embryos decreased markedly, and

palate cleavage increased.

– Effects on Wistar rats administered mixed feeds containing tributyltin oxide at 5, 20, 80 or 320

ppm for 4 or 6 weeks were studied by Krajnc et al.106)  As a result, in the case of 4-week admini-

stration, shrink of mesentery limph node and decrease in male thymus weight were observed in the

group administered 20 ppm or more; decrease in weight of mesentery limph node, inhibition of in-

crease in male body weight, decrease of limphocytes, and decrease in female thymus weight in the

group administered 80 ppm or more; and inhibition of increase in female body weight and de-

crease of limphocytes in the group administered 320 ppm.  In the case of 6-week administration,

concentration of insulin in serum decreased in the administration groups of 20 and 80 ppm; and

decrease in concentration of TSH and T4 in serum, increase in concentration of LH in serum, de-

crease in the number of pituitary TSH producing cells, increase in the number of LH producing

cells, decrease in reactivity of TSH to TRH, and rise in reactivity of LH to LHR were observed in

the group administered 80 ppm.
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