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FOREWORD

The Criteria and Standards Division of the Office of Water Regulation,
and Standards has instituted water quality advisories as a vehiele for
transmitting the best available scientific 1nformation concerning the aquatic
{ife and human heaith effects of selected chemicals 1n surface waters
Advisories are prepared for chemicals for which information 1s needed quicklv
but for which sufficient data., resources, or time are not avallable to allow
derivation of national ambient water quality criteria,

Data supporting advisories are usually not as extensive as required for
derivation of national ambient water quality criteria, and the strength of an
advisory will depend upon the amount, type, and reliability of the data
available We feel, however, that it 1s 1n the best interest of all cancerned
to make the enclosed information available to those who need 1t.

Users of an advisory should take i1nto account its basis and intended
uses. Anyone who has additional information that will supplement or
substantially change an advisory 13 requested to make the infermation known to
us. An advisery for an tndividual chemical will be revised if any significant
and valid new data make 1t necessary.

We 1nvite comments to help improve this product.

Edmund M. Notzon, Director
Criter1a and Standards Division
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Introduction

Organotins are compounds consisting of one to four organic moieties
attached to a tin atom via carbon-tin covalent bonds. When there are fewer
than four carbon-tin bonds, the organotin compound will be a cation unless the
remalning valences of tin are occupied by an anion such as acetate, carbonate,
chioride, fluoride, hydroxzide, oxide, or sulfide. Thus a species such as TBT
15 a cation whose formula 1s (C4H9)3Sn+. In sea water TBT exists
mainly as a mixture of the chloride, the hydroxide, the aquo complex, and the
carbonate complex (Laughlin et al. 1986a).

The toxicities of organotin compounds are reiated to the number of organic
moleties bonded to the tin atom and to the number of carbon atoms 1n the
organic moieties. Toxicity to aquatic species generally increases as the
number of organic moieties i1ncreases from one to three and decreases with the
incorporation of a fourth, making triorganotins more toxic than other forms.
Within the triorganotins, toxicity increases as the number of carbon atoms in
the organic molety increases from one to four, then decreases. Thus the
organotin most toxic to aquatic life 1s tributyltin (Hall and Pinkney 1985;
Laughlin and Linden 1985; Laughlin et al. 1985).

Organotins are used 1n several manufacturing processes, for example, as an
anti-yellowing agent i1n clear plastics and as a catalyst in poly(vinyl
chloride) products {Piver 1973). One of the more extensive uses of organotins
1s as bioctdes, and 1t is this use that will probably contribute most
significantly to direct release of organotins into the aquatic environment
(Hall and Pinkney 1985; Kinnetic Laboratory 1984).

The U.S. Navy (1984) proposed application of some paints containing TBT to
hulls of naval ships. Such paint formulations have been shown to be an
effective and relatively long-lived deterrent to adhesion of barnacles and
other fouling organisms. Encrustations of these organisms on ships’ hulls
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reduce maximum speed and 1ncrease fuel consumption. According to the U.S,
Navy (1984), use of TBT paints would not only reduce fuel consumption by 15%
but would also increase time between repainting from less than 5 years to 5 to
7 vears. Release of TBT to water occurs during repainting in shipyards when
old paint 1s sand-blasted off and new paint applied. TBT would also be
released continuously from the hulls of the painted ships. Antifouling paints
in current use contain copper as the primary biocide, whereas the proposed TBT
paints would contain both copper and TBT. Interaction between the toxicities
of TBT and other ingredients :n the paint apparently is negligible (Davidson
et al. 1986a).

The solubility of TBT compounds in water is influenced by such factors as
the oxidation-reduction potential, pH, temperature, ionic strength, and
concentration and composition of the dissolved organic matter (Corbin 1976).
The solubility of tributyltin oxide in water was reported to be 750 ug/L at
~a pH of 8.8 and 31,000 ug/L at a pH of 8.1 (Maguire et al. 1983). The
carbon-tin covaient bond does not hydrolyze in water {Maguire et al.
1983,1984), and the half-life for photolysis due to sunlight is greater than
89 days (Maguire et al. 1985; Seligman et al. 1988).

TBT readily sorbs to sediments and suspended solids and can persist there
{Cardarell1 and Evans 1980). The half-life for desorption of TBT from
sediments was reported to be greater than ten months (Maguire and Tkacz
1985). TBT had a half-life of about 16 weeks in a freshwater sediment
(Maguire and Tkacz 1985) and 23 weeks in a saltwater sediment (Seligman et al
1986) .

Some species of algae, bacteria, and fungi have been shown to degrade TBT
by sequential dealkylation, resulting in dibutyltin, then monobutyltin, and
finally inorganic tin (Barug 1981; Maguire et al. 1984)}. Barug (1981)
observed the biodegradation of TBT to di- and monobutyltin by bacteria and
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fungi only under aerobic conditions and only when a secondary carbon source
was supplied. Maguire et al (1984) reported that a 28-day culture of TBT with

the green alga, Ankistrodesmus falcatus, resulted 1n 7% 1norganic tin

Maguire (1986) reported that the half-life of TBT exposed to microbial
degradation was five months under aerobic conditions and 1.5 months under
anaerobic conditions The major metabolite of TBT 1n saltwater crabs, fish
and shrimp was dibutyltin (Lee 1986).

Elevated TBT concentrations in fresh and salt waters are primarily
associated with harbors and marinas {(Cleary and Stebbing 1985; Hall et al.
1986:. Maguire 1984,1986: Maguire and Tkacz 1985; Maguire et al. 1982; Salazar
and Salazar 1985b: Seligman et al. 1986; Unger et al. 1988; Valkirs et al
1986; Waldock and Miller 1983) In some cases the microlayer surface of the
water contained a much higher concentration of TBT than the water column.
Gucinski (1988) suggested that this enrichment of the surface microlayer might
increase the bicavailability of TBT. No organotins were detected i1n the
muscle tissue of feral chinook salmon caught near Auke Bay, Alaska, but
concentrations as high as 900 ug/kg were reported i1n muscle tissue of
chinook salmon held in pens treated with TBT (Short and Thrower 1986a).

Only data generated in toxicity and bioconcentration tests on TBTC
(tributyltin chloride), TBTF (tributyltin fluoride), TBTO (bis(tributyltin)
oxide, commonly called “tributyltin oxide") and TBTS (bis(tributyltin)
sulfide, commoniy called "tributyltin sulfide”) were used in the derivation of
the water quality advisory concentrations for aquatic life presented herein.
All concentrations from such tests are expressed as TBT, not as tin and not as
the chemical tested. A comprehension of the “Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of Aquatic
Organisms and Their Uses” (Stephan et al. 1985), hereinafter referred to as
the Guidelines, and the response to public comment (U.S. EPA 1985a) 1s
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necessary in order to understand the following text, tables, and

calculations Results of such intermediate calculations as recalculated LC50s
and Species Mean Acute Values are given to four significant figures to prevent
roundoff error 1n subsequent calculations. not to reflect the precision of the
value The latest comprehensive literature search for information for this

document was conducted in May 1988.

scute Toxictity to Agquatic Animals

Data that may be used, according to the Guidelines, in the derivation of
Finai Acute Values for TBT are presented in Table 1. Acute values are
avatlable for nine freshwater species and range from 0.5 for a hydra, Hvdra

sp.. to 227.4 pg/L for a mosquito, Culex sp. The 98-hr LC50 of

227 4 ug/L reported by Foster (1981) for the bluegill greatly exceeds all
other acute values, i1ncluding those for three other species of fish. Foster's
48-hr EC50 for Daphnta magna is also much higher than the results of the two
other acute tests with this species. Therefore, it seems i1nappropriate to use
the results reported by Foster (1981} i1n the calculation of the freshwater
Final Acute Value.

Freshwater Species Mean Acute Values (Table 1) were calculated as
geometric means of the available acute values, and then Genus Mean Acute
Values (Table 3) were calculated as geometric means of the Species Mean Acute
Values. Of the eight freshwater genera for which mean acute values are
available, the most sensitive genus, Hydra, is 20 times more sensitive than

the most resistant, Culex. The four most sensitive genera include a hydra.

two fishes, and an amphipod. The freshwater Final Acute Value for TBT was
caleculated to be 0 2972 ug/L using the procedure described in the

Guidelines and the Genus Mean Acute Values in Table 3. This Final Acute Value
1s lower than the lowest freshwater Specties Mean Acute Value.
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Tests of the acute toxicity of TBT to resident North American saltwater
species that are useful for deriving water quality advisory concentrations
have been performed with 16 species of invertebrates and three species of {i1sh
{Table 1) The 96-hr LC50 of 0.01466 ug/L reported by Becerra-Huencho
11984) for post larvae of the hard clam, Mercenaria mercenaria. also known as
the quahog clam, was not used in the derivation of the mean acute value for
this species because results of other studies with embryos, larvae, and post
larvae of the hard clam (Tables 1| and B) cast doubt on this LC50 For
example. Roberts (Manuscript) reported 48-hr LC50s of 1.13 ug/L for embryos
and | 65 ug/L for larvae of the hard clam. Laughlin et al. (Manuscript)
observed about 35% mortality of larval hard clams exposed for eight days to
0 6 ug/L and reduced growth after 14 days in 0.025 ug/L. They found
that post larvae were more resistant than larvae; concentrations < 7.5 ug/L
did not reduce survival after 25 days, but 10 ug/L caused 100% mortality.
Pesults from these tests., 1n which concentrations of TBT were measured, differ
markedly from the LC50 of 0.01466 ug/L that was obtained in a test in which
the concentrations were not measured. The LC50 reported by Becerra-Huencho
{1984) appears to be low because all other data for embryo, larval, and
post-larval clams, mussels, and oysters i1ndicate that acutely lethal
concentrations are in the range of 0.6 to 4.0 ug/L.

Except for the LCS0 reported by Becerro-Huencho (1984), the range of acute
toxicity to saltwater animals 13 a factor of about 870. Acute values range
from 0.42 ug/L for juveniles of the mysid, Acanthomysis sculpta {Dav:éson
et al. 1986a,b) to 282.2 pg/L for adult Pacific oysters, Crassostrea gigas
{Thain 1983). The 96-hr LCS50s for three saltwater fish species range from
1.460 pg/L for juvenile chinook salmon, Oncorhynchus tshawytscha (Short and
Thrower 1986b} to 23.36 ug/L for adult mummichogs, Fundulug hetercoclitus

(EG&G Bionomics 1976).



Larval bivalve molluscs and juvenile crustaceans appear to be much more
sensitive than adults during acute exposures. The 98-hr LC5Q0 for larval
Pacific oysters was 1.557 ug/L, whereas the value for adults was
282.2 ug/L (Thain 1983) In renewal tests, the 98-hr LC50s for larval and
adult blue mussels, Mvtilus edulis, were 2.238 and 38.98 ug/L, respectively
[Thain 1983) Juveniles of the crustaceans Acanthomysis sculpta and
Metamysidopsts elongata were slightly more sensitive to TBT than adults
(Davidson et al. 1986a.b; Valkirs et al. 1985; Salazar and Salazar,
Manuscript).

Genus Mean Acute Values are available for 1B saltwater genera and range

from 0.61 pg/L for Acanthomysis to 204.4 ug/L for QOstrea (Table 3).

Genus Mean Acute Values for the t1 most sensitive genera differ by a factor of
less than four. Included within these genera are four species of mollusecs,
six species of crustaceans, and two species of fish. The saltwater Final
Acute Value for TBT was calculated to be 0.5313 ug/L {Table 3), which is

lower than the lowest saltwater Species Mean Acute Value.

Chronic Tokicitvy to Aquatic Animals

The available data that are usable according to the Guidelines concerning
the chronic toxicity of TBT are presented in Table 2. Brooke et al. {1986)
reported that the survival of Daphnia magna was 40% at a TBT concentration of
0.5 pug/L, and 100% at 0.2 pg/L. The mean number of young was reduced
30% by 0.2 ug/L. and wag reduced 6% by 0.1 ug/L. The chronic value for
Daphnia magna was calculated to be 0.1414 ug/L, and the acute-chronic ratio
was 30.41.

In an early life-stage test with the fathead minnow, Pimephales promelas,
all Fish exposed to 2.20 ug/L died during the test (Brooke et al. 1888).
Survival was reduced by 2% at a TBT concentration of 0.92 ug/L, but was
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higher than 1n the controls at 0.45 ug/L and lower concentrations. The
mean weight of the surviving fish was reduced 4% at 0.08 pg/L, 9% at

0 15 pg/L. 26% at 0.45 pg/L. and 48% at 0.92 ug/L. The mean biomass

at the end of the test was higher at 0 08 and 0 15 pg/L than in the
contrels. but was reduced by 13 and 32% at TBT concentrations of 0 45 and
0 92 ug/L. respectively Because the reductions 1n weight were small and
the mean biomass increased at 0.08 and 0.15 pg/L, the chronic limits are
0 15 and 0 45 pg/L. Thus the chronic value 1s 0.2598 ug/L and the
acute-chronic ratio 1s 10.01.

Life-cycle toxicity tests have been conducted with the saltwater mysid.
Acanthomvsis sculpta (Davidson et al. 1988a,b) and the sheepshead minnow,
Cvprinodon variecatus (Ward et al. 1981). The effects of TBT on survival,
growth, and reproduction of A. sculpta were determined in four separate tests
lasting from 28 to 63 days. The number of juveniles released per female at a
TBT concentration of 0.19 ug/L was 50% of the number released in the
control treatment, whereas the number released at 0.09 ug/L was higher than
1n the cantrol treatment The data concerning the effects of TBT on survival
and growth are not easy to interpret. At concentrations from 0.08 to
0.27 pg/L, survival and weight were sometimes equal to or better than in
the control treatment, but at concentrations of 0.38 ug/L and above,
survival and weight were always reduced by at least 23%. The chronic value 1s
0 1308 ug/L, and the acute-chronic ratio 1s 4.864 (Table 2).

In the life-cycle test conducted with the estuarine fish Cvprinodon
variegatus (Mard et al. 1981), mean measured concentrations were 240 to 300%
of the nominal concentrations i1n the first 34 days and 45 to 1127 of nominals
in the remainder of this 177-day test. In the same publication, measured
concentrations were 18 to 327% of nominals during a 21-day lethality test and
807% of nominal during a bioconcentration test. No data were used from this
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publication because the various ratios of the measured and nominal concen-
trations of TBT in the different tests suggest that problems existed in the
delivery of TBT or 1n the analytical chem:stry or both.

The Final Acute-Chronic Ratio of 1! 24 was calculated as the geometric
mean of the acute-chronic ratios of 30 41 for Daphnia magna., 10.01 for
Pimephales promelas. and 4 664 for Acanthomvsis sculpta. Division of the
freshwater and saltwater Final Acute Values by L1.24 results in freshwater and
saltwater Final Chronic Values of 0.02644 and 0.04727 ug/L, respectively
(Table 3). Both of these Final Chronic Values are below the experimentally
determined chronic values

Unacceptable effects on commercially important saltwater molluscs occurred
at TBT concentrations iess than 0.04727 pg/L (Table 6). Growth or
development of the Pacific oyster, European flat oyster, and hard clam was
reduced at 0.023, 0 019, and 0.025 ug/L, respectively. A TBT concentration
of 0.047 ug/L was lethal to larval C. gigas. Because adverse effects en
important saltwater species have been documented to occur at concentrations as
low as 0.019 ug/L, the saltwater Final Chrenic Value 13 lowered to

0.010 pg/L to adequately protect these impartant species.

Toxici1tv to Aquatic Plantsg
Blanck et al. (1984) reported the concentrations of TBT that prevented
growth of thirteen freshwater algal species {Table ¢). These concentrations
ranged from 56.1 to 1,782 ug/L, but most were betweepn 100 and 250 ug/L.
No data are available on the effects of TET on freshwater vascular plants.
Toxicity tests on TBT have been conducted with five species of saltwater

phytoplankton inciuding the green alga, Dunaltella sp.; the diatoms,

Phagodactylum tricornutum, Skeletonema gostatum, and Thallassiosira
pseudonana; and the dinoflagellate, Gvmnodinium splendens (Tables 4 and 6]
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The 14-day EC50 of 0.06228 ug/L for S.

costatum (EG&G Bionomics 198lc) was

the lowest value reported, but Thain (1983) reported that a measured
concentration of 0.9732 pg/L was algistatic to the same species (Table ¢).

The 72-hr EC50s based on poputation growth ranged from approximately 0 3 to

> 5.8 pg/L (Table 6) Lethal concentrations were generally more than an

order of magnitude greater than EC50s and ranged from 1.460 to 13.82 ug/L.
[dentical tests conducted on tributyltin acetate, tributyltin chloride,
tributyltin fluoride, and tributyltin oxide with S. costatum resulted in EC50s
from 0.2346 to 0.4693 ug/L and LC50s from 10.24 to 13.82 ug/L (Walsh et

al. 1985).

A Final Plant Value, as defined in the Guidelines, cannot be obtained
because no test in which the concentrations of TBT were measured and the
endpoint was biologically i1mportant has been conducted with an important
aquatic plant species. However, the available data indicate that freshwater
and saltwater plants wi1l]l be protected by concentrations that adequately

protect freshwater and saltwater animals.

Bicaccumulation

Maguire et al. (1984) obtained bioconcentration factors (BCF) of 253 to
467 with the freshwater green alga, Ankigtrodesmus falcatus (Table 5).

The extent to which TBT is accumulated by saltwater animals in tests
lasting 28 days or more has been investigated with three species of bivalve
molluscs (Table 5). Thain and Waldock (1985) reported a BCF of 6,833 for the
soft parts of blue mussel spat exposed to 0.24 ug/L for 45 days.

The highest BCF reported for a saltwater species was 11,400 for the soft parts
of the Pacific oyster exposed to a TBT concentration of 0.1460 ug/L for 56
days (Waldock and Thain 1983). A BCF of 6,047 was observed for the soft parts
of the Pacific oyster exposed to 0.1460 ug/L for 21 days (Waldock et al.
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1983). The lowest steady-state BCF reported for a bivalve was 192.3 for the
soft parts of the European f{lat oyster, Ostrea edulis, exposed to a TBT
concentration of 2.82 pg/L faor 45 days (Thain 1986: Thain and Waldock
1985)

Yo U.S. FDA action level or other maximum acceptable concentration (n
tissue, as defined 1n the Guidelines, is available for TBT, and. therefore. no

Final Residue Value can be calculated.

Other Data

Additional data on the lethal and sublethal effects of TBT on aguatic
species are-presented in Table 6. Foster (1981) reported a 24-hr ECS0 of
1,990 ug/L for larvae of the clam, Corbicula fluminea. This value is much
higher than the acute values reported by Foster (1981) for Daphnia magna and
the bluegill, which were themselves considered unusually high. Meador (1986)
reported that a TBT concentration of 0.45 pg/L affected the behavior of
Daphnia magna 1n an 8-day test. Exposures of 24 and 48 hr resulted in LCS0s
of 25.2 and 18.9 ug/L with rainbow trout, Salmo gairdneri {(Alabaster
1969). Seinen et al. (1981) exposed rainbow trout to 0.18 ug/L for 110
days and observed a 20% reduction in growth. Laughlin and Linden (1982} found
little difference 1n the toxicities of TBTF and TBTO to embryos and larvae of

the frog, Rana temporaria.

The most unusual effect of TBT on saltwater animals is the superimposition
of male characteristics on female stenoglossan gastropods. This phenomenon,
termed "imposex,” can result in females with a penis, a duct leading to a vas
deferens, and the convolution of the normally straight oviduct (Smith 1981)
Exposure of N. lapillus to 0.05 ug/L in a laboratory for four months
produced a 41% incidence of imposex {Bryan et al. 1988). Laboratory tests
with N. obsoletus and two TBT formulations also resulted in imposex but
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exposure conditions were not stated (Smith 198t). TBT has been linked to
imposex 1n freld populations of Nucella lapillus, Nassarius obsoletus,
Vassarius reticulatus, and Ocenebra erinacea (Bryan et al 1986, Durchon 1982.
Smith 1981). Imposex has been associated with reduced reproductive capacity
and altered density and population structure tn field populations of N
lapillus (Brvan et al 1986} but not of N. obsoletus (Smith 1981) Transfers
of snails between clean sites and marinas contaminated with TBT demonstrated a
relationship between the degree of imposex and the concentration of TBT in
tissue, which suggested that snails exposed to as little as 0.0024 ug/L
might be affected {Bryvan et al 1988)

Reproductive abnormalities have also been observed in the European flat
oyster (Thain 1986). After exposure for 75 days to a TBT concentration of
0 24 pug/L, a retardation in the sex change from male to female was observed
and larval production was completely i1nhibited. A TBT concentration of
2 6 ug/L prevented development of gonads.

Survival and growth of several commercially important saltwater bivalve
mo!luscs have been studied during acute and long-term exposures to TBT.

Mortality of larval blue mussels, Mytilus edulis, exposed to 0.0973 ug/L

was 51%; survivors were moribund and stunted {Beaumont and Budd 1984). Growth
of juvenile blue mussels was signmificantly reduced after 7 to 68 days at 0.31
to 0 3893 pg/L (Stromgren and Bongard 1987; Vaikirs et al. 1985). The

66-day LC50 for 2.5 to 4.1 cm blue mussels was 0.97 ug/L (Valkirs et al.
1985,1987). Growth of hard clams from fertilization to metamorphosis was
reduced by 0.025 ug/L (Laughlin et al Manuscript). The number of larvae

of the Pacific oyster, Crassostrea gigas, that developed and the number of
spat that set were reduced in 21-day exposures to 0.02346 ug/L (Springborn
Bionomics 1984a). Alzieu et al (1980) reported 30% mortality and abnormal
shell thickening among Pacific oyster larvae exposed to 0.2 ug/L for 113
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days. Abnormal development was also observed in exposures of embryos for 24
hours or less to TBT concentrations > 0.8604 ug/L (Robert and His 1981).
Waldock and Thain (1983) observed reduced growth and thickening of the upper
shell valve of Pacific oyster spat exposed to O 1460 pug/L for 58 days.
Abnormal shell development was observed i1n an exposure to 0.77 ug/L that
began with embryos of the eastern oyster, Crassostrea virginica, and lasted
for 48 hours {Roberts, Manuscript). Adult eastern oysters were also sensitive
to TBT with reductions in condition tndex after exposure for 57 days to

> 0.1 ug/L (Henderson 1988; Valkirs et al. 1985). Thain and Waldock (1985)
observed a significant reduction 1n growth of small spat of the European flat
oyster, Ostrea edulis, exposed for 20 days to a TBT concentration of

0.01948 ug/L. Growth of larger spat was marginally reduced by

0.2392 ug/L (Thain 1986; Thain and Waldock 1985).

Long-term exposures have been conducted with a number of saltwater
crustacean specites. Davidson et al. (1988a.b), Laughlin et al. (1983,1984b),
and Salazar and Salazar (1985a) reported that TBT acts slowly on crustaceans
and that behavior might be affected several days before mortality occurs.
Survival of larval amphipods, Gammarus oceanicug, was significantly reduced
after ei1ght weeks of exposure to TBT concentrations > 0.2818 pg/L (Laughlin
et al. 1984b). Developmental rates and growth of larval mud crabs,
Rhithropanopeus harrisii, were reduced by a 15-day exposure to >
14.60 pwg/L. R. harrisii might accumulate more TBT via ingested food than
directly from water (Evans and Laughlin 1984). TBTF, TBTO, and TBTS were
about equally toxic to amphipods and crabs (Laughlin et al. 1982,1983,

1984a).

Exposure of embryos of the California grunion, Leuresthes tenuig, for ten

days to 74 ug/L caused a 50% reduction in hatching success (Newton et al.
1985). At TBT concentrations between 0.14 and 1.72 pg/L, growth, hatching
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success. and survival were significantly enhanced. Juvenile Atlantic

menhaden, Brevoortia tvrannus, avoided a TBT concentration of 5.437 ug/L

and juventle striped bass. Morone savatilis, avoided 24.9 ug/L (Hall et al.

1984) BCFs were 4,300 for liver., 1.300 for brain, and 200 for muscle tissue

of chinook salmon. Oncorhvnchus tshawvtscha, exposed to 1.490 ug/L for 96

hours (Short and Thrower 1986a,c)

Unused Data

Some data concerning the effects of TBT on aquatic organisms were not used
because the tests were conducted with species that are not resident i1n North
America (e g.. Allen et al 1980; Camey and Paulini 1964; Danil 'chenko 1982:
Deschiens and Floch 1968;: Deschiens et al. 1984,1968a,b; de Sousa and Paulimi
1970; Frick and DeJimenez 1964; Hopf and Muller 1982; Nishuichi and Yoshida
1972, Ritchie et al 1964; Seiffer and Schoof 1967; Shiff et al. 1975; Tsuda
et al 1988; Upatham 1975; Upatham et al. 1980a,b; Webbe and Sturrock 1964)

Alzieu (1986), Cardarell: and Evans (1980), Cardwell and Sheldon (1986),
Cardwell and Vogue (1986), Champ (19868), Chau (1988), Envirosphere Company
(1986), Good et al. {1980), Guard et al. (1982), Hall and Pinkney (1985),
Hodge et al. (1979), International Joint Commission (1976), Jensen (1977),
Kimbrough (1976), Kumpulainen and Koivistoinen (1977), Laughlin (1988),
Laughlin and Linden (1985), Laughlin et al. (1984a), McCullough et al. (1980).
Monaghan et al. (1980}, North Carolina Department of Natural Resources and
Community Development (1983,1985), Seligman et al. (1988), Slesinger and
Dressler (1978), Stebbing (1985), Thayer (1984), Thompson et al. (1985), U S
EPA (1975,1985b), U.S. Navy (1984), Valkirs et al. (1985), von Rumker et al
(1974), and Walsh (1986) compiled data from other sources.

Results were not used when the test procedures, test material, or results
were not adequately described (e.g., Chau et al. 1983; Danil’chenko and
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Buzinova 1982; de la Court 1980: Deschiens 1968: EGAG Bionomics 1981b: Filenko
and Isakova 1980; Holwerda and Herwig 1986: Kolosova et al. 1980; Laughlin
1983, Lee 19895; Nosov and Kolosova 1979, Stroganov et al. 1972,1977) Resulcs
of some laboratory tests were not used because the tests were conducted in
distilled or derontized water without addition of appropriate salts (e g ., Gras
and Rioux 1965. Xumar Das et al. 13584). The concentration of disselved oxygen
was too low in tests reported by EGXG Bionomics (1381a). Douglas et al

(1986) did not observe sufficient mortalities to calculate a useful LCSO.

Data were not used when TBT was a component of a formulation, mizture,
paint, or sediment (Cardarelli 1978; Deschiens and Flech 1970; Laughlin et al
1982; Magutre and Tkacz 1985; North Carolina Department of Natural Resources
and Community Development 13983; Pope 1981; Quick and Cardarelli 1877; Salazar
and Salazar 1985a,b; Santos et al. 1977; Sherman 1983; Sherman and Hoang 1881;
Sherman and Jackson 1981; Walker 1977; Weisfeld 1970), unless data were
available to show that the toxicity was the same as for TBT alone.

Data were not used when the test organisms were i1nfested with tapeworms
(e.g., Hnath 1970). Mottley (1978) conducted tests with a mutant form of an
alga. Results of tests i1n which enzymes, excised or homogenized tissue, or
cel! cultures were exposed to the test material were not used {e.g., Blair et
al 1982). Tests conducted with too few test organisms were not used (e.g..
EG&G Bionomics 1978; Good et al. 1979). High control mortalities occurred in
tests reported by Salazar and Salazar (Manuscript) and Valkirs et al. (1985)
Some data were not used because of problems with the concentration of the test
material (e¢.g., Springborn Bionomics 1984b; Stephenson et al. 1386: Ward et
al. 1981). BCFs were not used when the concentration of TBT in the test
solution was not measured {Laughlin and French, Manuscript; Laughiin et al.

1986b).
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summary
The acute toxicity values for erght freshwater animal species range from
0 5 ug/L for a hydra to 10.2 pg/L for a mosquito. Chronic toxicity tests
have been conducted with two freshwater antmals Reproduction of Daphnia magna
was reduced by 0.2 ug/L. but not by 0 1 ug/L, and the acute-chronic
ratio was 30.41 Weight of fathead minnows was reduced by 0.45 pg/L. but
not by 0 15 pg/L, and the acute-chronic ratio for this species was 10.01
Growth of thirteen species of freshwater algae was inhibited by concentrations
ranging from 56.1 to 1,782 ug/L.
Acute values for 19 species of saltwater animals range from

0.61 pg/L for the mysid, Acanthomvsig sculpta, to 204.4 ug/L for adult

European flat oysters, Ostrea edulig. Acute values for the eleven most sen-

gitive genera, including molluscs, crustaceans, and fishes, differ by less than
a factor of 4. Larvae and juveniles appear to be more sensitive than adults.
A life-cycle toxicity test has been conducted with the saltwater mysid,
Acanthomysis sculpta. The chronic value for A. sculpta was 0.1308 ug/L
based on reduced reproduction and the acute~chronic ratio was 4.664.
Bioconcentration factors for three species of bivalve molluscs range from
192.3 for soft parts of the European flat oyster to 11,400 for soft parts of
the Pacific oyster, Crassostres gigas. Imposex, which is the superimposition
of male characteristics on female stenoglossan gastropods, occurred among
Nucella lapillus exposed to 0.05 ug/L in the laboratory and might occur 1n
freld-exposed snails at 0.0024 ug/L. For some species of snails impasex has
been associated with reduced reproductive potential and population density,
particularly in the vicinity of marinas. Growth or development was reduced at

0.023 pug/L for Crassostrea gigas, 0.019 ug/L for Ostrea

edulis, and 0.025 ug/L for Mercenaria mercenaria. A TBT concentration of

0.047 ug/L was lethal to larval . gzigas.
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National Criteria

The procedures described in the "Guidelines for Deriving Numerical
National Water Quality Criteria for the Protection of Aquatic Organisms and
Their Uses” 1ndicate that, except possibly where a locally important species
ts very sensitive, freshwater aquatic organisms and their uses should not be
affected unacceptably :f the four-day average concentration of Tributyltin
does not exceed 0 0284 ug/L more than once every three years on the average
and i1f the one-hour average concentration does not exceed 0.149 ug/L more
than once every three years on the average.

The procedures described in the “Guidelines for Deriving Numerical
Vational Water Quality Criteria for the Protection of Aquatic Organisms and
Therr Uses” indicate that, except possibly where a locally important species
Is very sensitive, saltwater aquatic organisms and their uses should not be
affected unacceptably 1f the four-day average concentration of tributyltin
does not exceed 0.010 ug/L more than once every three years on the average
and if the one-hour average concentration does not exceed 0.268 ug/L more

than once every three years on the average.

Implementation

ds discussed 1n the Water Quality Standards Regulation {U.S. EPA 1983a)
and the Foreword to this document, a water quality criterion for aquatic life
has regulatory impact only after 1t has been adopted 1n a state water quality
standard. Such a standard specifies a criterion for a pollutant that is
consistent with a particular designated use. With the concurrence of the U.S
EPA, states designate one or more uses for each body of water or segment
thereof and adopt criteria that are consistent with the use{s) {(U.S. EPA
1983b,1987). In each standard a state may adopt the national criterion, 1f
one exists, or 1f adequately justified, a site-specific criterion.

18



Site-specific criteria may include not only site-specific criterion
concentrations (U.S. EPA 1983b), but also site-specific, and possibly
pollutant-specific, durations of averaging pertods and frequencies of allowed
excursions {(U.S. EPA 1985¢). The averaging pertods of “one hour” and “four
days were selected by the U S. EPA on the basis of data concerning how
rapidly some aquatic species react to tncreases in the concentrations of some
pollutants, and “three vears” 1s the Agency’'s best scientific judgment of the
average amount of time aquatic ecosystems should be provided between
excursions (Stephan et al. 1985; U.S. EPA 1985¢). However, various species
and ecosystems react and recover at greatly differing rates. Therefore, 1f
adequate justification is provided, site-specific and/or pollutant-specific
concentrations, durations, and frequencies may be higher or lower than those
given 1n national water quality cr{terla for aquatic life.

Use of criteria, which have been adopted in state water quality standards,
for developing water quality-based permit limits and for designing waste
treatment facilities requires selection of an appropriate wasteload allocation
model. Although dynamic models are preferred for the application of these
criteria (U.S. EPA 1985c), limited data or other considerations might require
the use of a steady-state model (U.S. EPA 1988). Guidance on mixing zones and

the design of monitoring programs is also available (U.S. EPA 1985¢, 1987)

17



Annelid {9 mg).
Lumbriculus variegatus

Ciadoceran,
Daphnic mogno

Cladoceran (adult),
Daphnig magona

81

Cladoceran (<24 br),
Daphnio magne

Gommarus pseudolimnaeus

Wosquito (larva),

Rainbow trout (juveanile),

Salmo gairdneri

fathead minnow (juvenile),
Pimepholes promelos

Channel catfish
(juvenile),
Jctolurus punctatus

macrochirus

Toble |  Acute Toxicity of Tributyltin to Aquatic Animals

S, M 7870
(96%)
fF, M 1870
(962)
s. 0 T8T0
S. U T87C
F, M 1870
(962)
F, ¥ 18710
(962)
S. M 1870
(96%)
F. N 1870
{96%)
f. ¥ T8T0
{961)
F, M 7870
(961)
.U TBT10

Herdaess
(mg/L as
LaC0,)

FRESHWATER SPECIES

Si

St

51

S!

51

Si

S

Species lean
Acute Value

{pgfi)

05

5S4

Relerence

Brooke et al

Brooke et al

foster 1981

Meador 1986

Brooke et al

Brooke

Brooke

Broake

Brooke

Brooke

Foster 1981

1986

1986

1986

1986

1986

1986
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Table | (coatinued)

Species

Polychaete (juvenile),

Heanthes arenaceodentatoe

Polychaete (adult),
Neanthes arenaceodentala

———— e e

Blue mussel (larva),
Mytilus edulis

Blue mussel [adult),
Mytilus edulis

Blue mussel (aduilt),
Mytilus edulis

Pacific oyster {larva),
Crassosireg gtgas

Pocific oyster (odult).
Crassosirea gigas

fostern oyster (embryo),
Crossosirea yirginica

Castera oyster (embryo),
Crassosirea virginica

Castern oyster {embryo),
Crossostrea virginica

Che-icolb
themical

1870

1870

1870

1870

T870

1870

T8T0

1870

(952)

187C

T87C

Saliaily

{qltq)

SALTWATER SPECIES

33-34

33-34

33-34

2

18-22

18-22

LC50
or LC50

{eaf)®

6 812

21 41

2 238

36 98°

34 06°

I 557

282 2°

0 8759

Species Meaa
Acute Value

— Apgft)

812

238

557

Reference

————tm—

Salozar and Salazar,
Manuscript

Salazar and Salazor,
Manuscript

Thain 1983

Thain 1983

Salazar and Salazor.

Manuscript

Thain 1983

Thain 1983

{GaG Bignomics

1977

Roberts, Manuscript

Roberts, Manuscript
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Table | |continued)

Species

TLastern oysier
Crossostreo virginica

European flat oyster
{adul}),
Ostrea edul:s

Hord clom
{post larva).

Mercenario meccenario

Hord clam {embryo),
Mercenario mercacgria

Hord clam {larva),
Mercenarig mercenario

Copepod (juvenile},
Eurylemerg alfinis

Capepod (aduli),
Acartia lonse

Copepod {adult),
Nitogro spinipes

Copepad [adult).
Mifocra spinipes

Mysid {(juvenile),
Aconlhomysis sculpla

Mysid {juvenile),
Acanthomysis sculple

Cbe-iculb

T8iIcC

7810

TBTC

T8TC

TBTC

T8IC

1870

(952)

T8Tr

1870

LC50
Salinity or LC50
Aaftq) {uafL)®
18-22 3 96°
- 204 4
- D 01466¢
18-22 113
18-22 1 65
10 6 22
- 0 6326
H N T
7 | 946
- Q42
- a 61

Species Meaan
Acule Volue

—Apgft)

0 9316

204 4

I 365

22

0 6326

Relerence

Roberts, Manuscript

Thain 1983

Becerra-Hueacho 1984

foberis, MWomuscrap!

Roberts, Manuscript

Hall ed ol 1987

U'ren 1983

Linden e} ol 19759

Linden ei ol 1879

Davidson el ol 1986a.b

Valkirs et al 1985
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Table 1. {(continued)

Species

Mysid (adult),
Acanthomysis sculpta

Mysid (juvenile),
Metamysidopsis elonqatia

Mysid (subadult),
Metomysidopsis elongata

Nysid (adult}),
Metamysidopsis elongata

Mysid (adult),
Melomysidopsis elongata

Amphipod (adult),
Orchestia troskiang

Amphipod (adult),
Orchestia fraskiana

American lobster (larvae),
Homarus gmericapus

Shore crab (larva),
Carcinus maenas

Mud crab (larva),

Rhithropanopeus harrisii

Mud crab (larve),

Rhithropanopeus harrisiy

Method®

F. u

Che-icalb

870

T870

1870

1870

7870

T8TF

1870

1870

18TS

T8TO

Salinity

Aaftq)

33-34

33-34

33-34

33-34

30

30

32

LCsSo
or EC50

<0 9732

1 946°

6 812

2 413°

>14 609

>14 089

1 7459

9 732

34 909

>24 39

Species Mean
Acute Value

{pqlL)

<0 9732

>14 60

1 745

9 732

34 90

Reference

Valkirs et al 1985
Salazar and Salazar,
Manuscript

Salazar and Salazar,
Manuscript

Salazar and Saloazar,
Manuscrapt

Salazar and Salazar,

Manuscrpt

Laughlia et al 1982

Loughlin et al 1982

Laughlin and French 1980

Thain 1983

Laughlin et al 1983

Laughlin et al 1983
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Table 1. [comtiaued)

LC50 Species Meas
b Saliaity or [C50 Acute Value
ies Method* Chemical {afkg) {eaf1) {uqfL) Relereace
Shore crab (larvae), R, U T8T0 32 a3 289 83 28 Laughlia ond french 1980
Hemigrapsus nudus
Sheepshead minnow s, ¥ T670 20 16 54 - £G&G Bionamics 1979
(juvenile),
Cyprinodon varieqafus
Sheepsheod minnow s. VU 7870 20 16 54 - L[GAG Bionomics 1979
{juveaile),
Cyprisadon variegotus
Sheapshead minnow s, U 1870 20 12 65 - £GAGC Bionomics 1979
{juveails),
Cyprinodon variegalus
Sheepshead minnoe F. N T8T0 28-32 2 159 2 315 £ChG Bionomics 19814
(33-49 oa),
Cyprinodon variegatus
Munaichag (adult), S. ¥ 1870 25 23 36 23 36 C£CAC Bronomics 1976
Lundulus heferoclilus (951)
Chinoak salmoa (juveniie), S. ¥ 7870 28 I 460 1 460 Shori and Thrower 1986b
Oncorhynchus jshowyische
8= static, R = renewal, § = flow-through, M = meosured, U = unmessured

b TBIC = tributyltia chloride, TBTF = trabutyltia fluoride, TBTQ = tributyltin oxide, TBIS = tributyltin sullide

s given in parentheses when available

€ Concentrotion of fthe trabutyliin cation, nol the chemical

Il the concentrations were not measured ond lhe

Perceal purilty

published resulls smere nol reparted fo be adjusted for purifty, the published resulis were multiplied by the purily 1 1}

was reporfed 1o be less thon 932



L

Table | (coatiawed)

9 Volue not used ia determination of Species Mean Acute Value (see text)
® yalue not used in determination of Species Mean Acute Value because dato are available for a more sensitive life stage
T The test organisas were exposed to leachate from panels coated vwith antifouling parat containing a tributyltin

polymer and cuprous oxide. Coocenirafions of VBT were measured cad the authors provided data to demonsirate the

similor fonicity of o pure TBT compound and the TBT from the paiat formulation

9 1¢50 or EC50 colculated or interpolated grophically based on the authors data



V74

Table 2 Chroaic Toxicity of Tribulyltia to Aquolic Animals

Hardaess
(mg/L as
Species Tezi® Chomical® CoCO,)

FRESHWATER SPECIES

Cladoceran, L 1870 51 S
Dophnia magne (961)
fothead minnow, £Ls 1870 1)
Pimephales promelas {962)

SALTWATER SPECIES

Wysid, Le [} -
Aconthomysis sculpia

Limils

{usft)*

01-01

0 15-0 45

0 08-0 19

Chroaic Value

—lpgjt)

01414

0 2598

0 1308

Relarence

——————

8rooke et al 1988

Brooke ef al (986

Dovidson et al 1986a.,b

T = life-cycle or partial life-cycle, ELS = early life-stage

b T8TO = tribulyltin oxide Percent purity is given 1a parentheses whea avoilable

€ Measured coscentrations of the tridutyltin calion

d The test orgenisms were exposed to leachate from panels coated with antifaouling parnt contaorning @ frabulylten
polymer and cuprous oxide Coacenirations of 18T were maosured ond the avlhors provided dato 1o demoastrale the
similar toxicity of a pure TBY compound aand the TBT from the paint formulation
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Table 2 (coatinued)

Acule-Chroaic Ratlio

Herdness

(»a/L es Acute Value Chronic Value
Species c.co,l_ {palt}) {palt) Ralio
Clodoceraon, 51 5 43 0 1414 30 41
Papheaig magna
fathead minnow, 515 26 0 2598 10 01
Pimephaleg promelas
Mysid, - 0 6° 0 1308 4 664
Acanthomysis sculpta
% Reported by Valkirs et al {1985a)
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Rank

Tatle 3. Ranked Genus Mean Acute Voalwes wilh Species Wean Acute-Lhronic Relios

Genus Mean
Acule VYalue

fualt}

10 2

Species

TRESHWATER SPICIES

Mosquito,
Culex sp

Channel catfish,
lctalurus punclaius

Annelad.
Lumbriculus varieqatus

Cladoceron,
Daphnia magoa

Rainbow troul,
Salmo geirdner:

Amphipod,
Geomarus pseudolimngeus

falhead mianow,
Pimephales promelas

Hydra,
Hydrg sp

Species Meas
Acute Value

S YN L

10 2

Species UMean
Acule-Chronic
Rolio®

ATV T

1a at



Table 3

15

12

(coatiaued)

Goaus Weon
Acute Yaluwe

—fualt)

204 4

83 28

34 90

23 36

>14 60

9 732

6 812

2 315

2 238

22

Species Mean
Acule Value

Species Ig’[l|b

SALTWATER SPLCIES

furopean flal oyster, 204
Ostrea eduiss

Shore crab, 83
Hemigrapsus nudus

Mud crab, 34
Rhithropanopeus harrisi

Mummichog, 23
fundulus heteroclitus

————

Amphi pod, >4
Orchestia traskiana

Shore crab, 9
Carcinus moenas

Polychaete, 6
Meanthes arenaceodeniata

Sheepshead minnow, 2
Cyprinodon variegqolus

Blue aussel, 2
Mytilus edulss

Copepod, 2
Lurytemora aflini>s

28

90

36

732

812

315

238

Species Hean
Acule-Chronic
Ratio®
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Table 3 (coatisued)

Raok? [pofi)

8 1 911
7 1 745
6 I 460
5 I 365
4 I 204
3 <0 9732
2 0 6326
1 0 6

Species Mean
Acute Value

Species |e’[l|.

Copepod, 1 91
Nifocra spinipes

American lobster,
Homarus americanus

Chinook salmon, 1 460
Oncorhynchus tshowyjscha

Hord clom, t 365
Mercenaria mercenaria

Pacific oyster, ) 557
Crassostrec giqas

Eastern oyster, 0 9316
Crassosirea virginica

Mysid, <0 97324
Metamysidopsis elongatlo

Copepod, 0 6326
Acartia fonsa

Mysid, .. 0 61
Acanthomysis sculpla

Species Mean
Acute-Chroasic
Ratia®

1 745

4 6b4

% Ranked from most resistant to most sensitive based on Genus Mean Acute Value

-4

fFrom Table |

¢ From Table 2

This was the lawesl concealration uzed 1n th

This wos used a5 a quantitative value, nol o us than” value 1n lhe calculation ol
ily test and 1t killed 637 of

the biaal Acute Vaolue

the expo.ued my.ads
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Tabie 3 {continued)
fresh water
Final Acute Value = 0 2972 pg/L
Criterion Maximum Concentrotion = {0 2972 pg/L) / 2 = 0 1486 pg/L
final Acute-Chronic Radio = 11 24 (see text)

Finol Chronic Value = (0 2972 pg/L) [/ 11 24 = O 02644 ugfL

Solt woter
Final Acute Volue = 0 5313 ug/L
Criterion Moximum Concentration = (0 S313 pg/L) / 2 = D 2656 ugfl
final Acute-Chronic Ratio = 11 24 (see text)
Final Chronic Value = (0 5313 pgfL) [ 11 24 = O 04727 ug/L

Final Chronic Value = 0 000 pg/l (lowered tc protect malluscs, see teoxt)
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Species

Algo,
Bumilleriopsis [1lifarmis

Alga,
Klebsormidium marinum

et

Algo,
Monodus subierraneus

Alga,
Raphidonema longiseta

Algo,
Iribonema gequale

Blue-green alga,
Osciilaloria sp

Blue-green alga,
Synechococcus leopoliensis

Greon olga,
Chlomydomonas dysosmas

Green algo,
Chlorella emersaonyi

Green alga,
Kirchneriella cantoria

Toble 4

Chemical®

18T7C

187C

181C

T81¢

187C

1B1¢C

I187¢C

T8TC

18TC

187¢

Toxicity of Tributyltin 10 Aquatic Plaals

Hardaess

(mg/L as)
CaC0,)

Durelion

Adays}

FRESHWATER SPECIES

14

14

Eiflecl

No

No

grouth

growth

growth

growth

growih

growih

growth

growth

growlth

growth

Concentration

(pgfL}

222 8

1,782 2

56 !

222 8

1t 4

14

445 5

o4

Relerence

dlanck
Blanck

Blanck
Blonck

Blanck
Blanck

Blanck
Btaack

Blanck
Blanck

Blanck
Blanck

Blanck
Blanck

Bloaack
Blanck

Bloanck
8lanck

Blanck
Blonck

1986,
et al

1986,
et al

1986,
et al

1986,
et ol

1986,
el al

1986,
et al

1986,
et al

1986,
et al

1986,
et ol

1986,
el al

1984

1984

1984

1984

1984

1984

1984

1984

1384

1984
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Table 4 ({conlinued)

Hardness
(ma/L os Ouratios Coacentraiioa
Species Chemical? tnCOll__ fdays) Effect [gglljb Reference
Green alga, T8TC - 14 No growth i 4 Blanck 1986,
Monorophidium pussilum Blanck el al 1984
Groeen alga, T81¢ - 14 No growth 445 5 Blenck 1986,
Scenedesmus oblusiusculus Blanck et al 1984
Green alga, T8TC - 14 No growih 1 4 Blanck 1986,
Selenastirum capricornutum Blanck et al 1984
SALTWATER SPECIES
Diotom, 1810 - 5 Algistatic D 9732-17 52 Thain 1983
Skeletonema costatum algicidal 17 52
Diatom, 1810 30° " teso >0 1216, <U 2433  £GAG Bionomics 1981¢
Skeletonema costatum (BioMet Rad) (dry cell
woight)
Diatom, 1870 30° 14 [eso 0 06228 EGRC Bronomics 1981c¢
Skeletonema costalum (alkyl source) (dry call
weight)

% 181C = tributyttin chloride, TBIO = tributyltin oxide Percent purily is given in pareniheses when available

b Conceniration of the fributyltin cation, not the chemical lf the concentrations were not measured and the published results were not
reported to be adjusted for purily, the published sesulls were mulliplied by the purity 1l il was reported to be less than 952

€ Salinity (g/rg). not hardness
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3pecies

Green algo,
Ankistrodesmus falcatus

Blue mussel
(spat).
Mytilus edulss

Pacific oyster,
Crassosirea gjqos
Pacific oyster,
Crassosirea giges

Pacific oyster,
Crossostrea gigas

Pacilic oyster,
Crassosirea giqas
Pacilic oyster,
Crassosirea gi1qas
Curopean

flul oyster,
O.lrea edule

Chemica

1870

1870

18710

1870

1870

1810

Table 5. Bioaccumulation of Tributyitia by Aquatic Organisas

Salinitly

Aaqfte)

28 5-34 2

28-31 5

28-31 5

28 5-34 2

29-32

29-32

28-31 5

Conceatration

la Waler lgg[l]b

FRESHWATER SPECIES

52 7
47 14
21 21
15 28

SALTWATER SPECIES

0 24 45
1 216 21
0 1460 21
0 24 45
1 557 56
0 1460 56
1 216 21

Duratioa

|4¢|s|

Tissue

Soflt
ports

Soft
paris

Salt
parts

Solt
paris

Soft
parts

Soft
parts

Solt
paris

BCF or
BAF

300
253
448
467

6.833°

1,874°

6.047°

7.292°

2,300

11,400

960°¢

Reference

Maguire et al

Thain and
Waldock 19895,
Thain 1986

Waldock
el al 1983

Waidock
et ol 1983

Thain and
Waldock 1985,
Thain 1986

Waldock and
Thain 1983

Waldock and

Thain 1985
Waldocl
el al 1983

1984



£

Table 5 (coalinued)

Seliasity Concontration Duration 8F or
Species Chemical® {ofbg) la Waler L b {days| Jissue [T Relereace
Curopean TETO 28-34 2 D 24 75 Soft 875 Waldock
Mot oysier, ports el ol 1983,
Ostrea edulis
Curopean 1870 28-34 2 2 62 75 Solt 397° Thain 1986
flat oyster, partis
Ostrea edulas
European d 28 5-34 2 b 24 45 Sof t 1.167° Thain and
flat oyster, paris Woldock 1985,
Ostrea edulis Thain 1986
Eurapean d 28 5-34 2 2 62 45 Soft 192 3° Tharn and
flat oyster, parts Waoldock 1985,
Ostireo edulis Thain 1986
o

TBTO = iributyltin onide Percent purity is given in parentheses when available
Meosured concentration of the tributyltin cotion

Bioconcentration factors (BCFs) and bioaccumulalion foctors (BAFs) are based on measured concentrations of the tributyliin cation
in water ond ia tissue

Test orgonisms were exposed 1o leochate Irom panels cooled wilh antilouling paint containing tributyltsn
BCFs were calculoted based on the increase above the concentration of TBT 1a control organisms

Steady-state not reached
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Species

Algoe,
Natural oassemblge

Blue-greea algo,
Anaoboeno flos-oquae

Greea algo,
Ankisteodesmus falcatus

Green alge,
Scenedesmus quadricovda

Clam {larva},

Corbicula flumineo

Cladoceran,
Daphnia magno

Cladoceran (<24 br),
Baphaia mogna

Cladacaran (<24 hr},
Bophnia magna

Cladoceron (adult),
Qaphenia magno

Roinbow trout {yeoriing).

Salmo gasrdner:

Table 6

1810

1870

T81C

1870

T8TC

T870

Hardaess

(mg/L as
€aCO;)

200

201

Duralion

FRIESHWATER SPECIES

4

24

24

24

24

24
48

hr

hr

hr

hr

hr

br

hr

days

hr
hr

Other Dota oa [ffects of Tributyltin on Aquatic Orgasisas

£cso
{production)

£cs0
(reproduciion)

LCs0
{productiaan)
{repradachion)

{C50
{produciion)

£C50
LC50
LC50

(mobility)

ECSO
{mobrlity)

Altered
phototaxis

LCs0

Conceatralion

1,990

25 2
18 9

Reference

Wong el el
1982

Wong el ol
1982

Wong el al
1982

Wong et al
1982

Fosrer 1981
Polster and

Halache 972

Vigh) ond
Colamar1 1985

Vight and
Calamura: )985

Meader 1986

Alubuster
1969
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Table 6 (cu. .inued)

Species

Rainbow trout,
Solmo goirdners

Raiabow trout (embryo, larva),
Solmo gairdneri

frog (embryo, larva),
Rana jemporoaria

Chemical®

18710

187C

1870

T8TF

1870

T87F

Hardaess
(ng/L s
c«cosl_

94-102

Duralioa

24 hr

110 days

S days

S days

5 days

S days

Coacealration

Effect (uafr)®
€¢50 308

(rheotaxss)

20X reduction 018
1a grownth

23Z reduction 0 89
in growth, 6 62

mortalsty

100X mortalsity 4 46
LC40 28 4

LCs0 28 2

Loss of body 28 4

water

Loss of body 28 2

waler

Relereace

Chliamovitch
and Kuhn 1977

Seinen et al
1981

Laughlin ond
Linden 1982
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Table 6 (contiaued)

Species

Noturael microbial
populations

Notural microbiol

populations

Green algo,
Dunaliella sp

Green alga,
Dunaleella sp

Biatom,

Phoeodactylum
fricornulum

Skeletonsma

costatum

Diatom,
Skeletonema
castatum

Chemical®

T87C

TBTC

TeTO

1870

1870

T8TA

TBTA

Salimily

‘,ttg] Duratioa
SALTWATER SPECIES

2 and 17 1 hr

2 ond 12 ! hr

{incubaled

10 doys)

- 72 hr

- 72 br

- 72 hr

30 72 hr

30 72 hr

Signilicanl
decregse in
melabolism of
nutrient
subsirates

S0z
mortality

Approx  LCSO
(gromih)

1002
morfolity

Wo sifect
on growth

£(csd
(population
growth)

(§4.11]

89

Coacenlration

{ tllb

454

07

460

920

460-5 839

3097

65

Relereace

Jonos el al
1984

Jonas el al

1984

Salazaor 985

Salazor 1985

Salazar 1985

Walsh et al
1985

Walsh el al
1985
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Table 6§ (continued)

Species

Diotom,
Skeletonema
costaotum

Diatom,
Skeletonema
costatum

Diatom,
Skeletonema
costatum

Digtom,
Skelelonema
costotum

Diatom,
Skeletonema
cosfatum

Diatom,
Skeletonema
cosfatum

Diotom,
Thaolassiosira

pseudonana

Diaton,
Thalassiosira

pseudonana

Chemical?

18710

T8T10

T87C

T871C

T8TF

TBTF

TBTA

1870

Salinity

Aaltq)

30

30

30

30

30

30

30

30

Duralion

72 hr

72 hr

72 hr

72 hr

712 hr

12 hr

12 hr

72 hr

Effect

EC50
(population
groeth)

LCSO0

E£CS0
(popuviation
growih)

LCS0

£cso
(populalion
growth)

LCS0

({4-11]
(population
growth)

£C50
{population
growth)

Coacealration

{ [l]b

>0
<0

J212

82

207

24

2346,

4693

17

o2

Relerence
Walsh et al

1985

Walsh et ol
1985

Walsh et al
1985

Wolsh et al
1985

Walsh et al
1985

Walsh et al
1985

Walsh et ol
1985

Wolsh et ol
1985
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Tabie 6 [continued)

Species

Dinoflagellate,

Gymnodinium
splendens

Dogwhelk (adull},
Nucella lapillus

Mud snail (aedult),
Nassarius
obsoletus

Blue mussel (spat),
Mylilus edulis

Blue mussel (spat),
Mytilus edulis

Blue mussel {larva),
Mytilus edulis

Blue mussel (juvenile),
Mylilus edulis

Chomical?

18710

1870

1870

Taro

Concealration

Selinity

_laftq) Duration
- 72 hr
- 120 days
23 35-75

days

28 5-34 2 45 days

28 5-34 2 45 days
13 15 doys
37 7 days

Effect (paf1)®
1002 | 460
mortaliily

411 Imposex 0 05

(superimposition
of male anatomical
choracteristics on
females)

Imposex -

Significant 0 24
reduciion 1
grouth, ae

mortality

1002 26
mortality

512 mortality, 0 0973

reduced growth

Significent 0 1893
reduction
in growlh

Relereace

Salazar 1985

fryoa el el
1986

Smith 1984

Thain and
Waldock 1985,
Thaen 1988

Thasn ond
Waldock 1985,
Thain 1986

Beaumont and
Budd 1984

Stromgien
ond Bongard
1387
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Table &€ ({continued)

Species

Blue mussel
(251t 41 em),

Mytilus edulis

B8lue mussel
(251t 41 ctm},

Mytilus edul:s

Pacific oyster (spat},
Crassosirea gigas

Pacific oyster (spat),
Crassostrea gigas

Pacific oyster (spat),
Crassostreo gigas

Pacific oyster (spal),
Crassostrea gigas

Pocific oyster {larva),

Crossostrea giqaos

Pacific oyster {larva),

Crossosirea gigos

Pacific oyster (larva),

Crassosirea gi1qas

Chemical?

TBT0

T870

TBTF

Cflect

Solinmity
Aqfta) Duration
- 66 days
- 66 doys
28 5-34 2 45 doys
28 5-34 2 45 days
29-32 56 days
29-32 56 days
- 30 days
- 113 days
18-21 21 days

LC50

Significant
decrease in
shell growih

40% mortality,
reduced gromih

90%
mortality

No growth

Reduced growih

1002
mortality

30 X morfality
and abaormal
development

Reduced number
of normally
developed
larvae and
selting of spat

Coacentration

{ [le

0 97

1 557

0 1460

D 02346

Relerence
Valkirs et al

1985, 1987

Vatkirs et al
1985

Thain and
Waldock 1985,
Thain 1986

Thain and
Waildock 1985

Waoldock and

Thain 1983
Waldock and
Thain 1983

Alzieu et al
1980

Alzieu et al
1980

Springborn Bionomics
1984u
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Jable 6 {continved)

Species

Pacific oystar (larva),
Crassostrea qigas

Pacific oyster {embryo),
Crassosfrea gigas

Pacific oyster {embryo),
Crassosirea gigas

Pacific oyster (larva),
Crassostrea gigas

Pacific oyster (larva),
Crassostrea giqas

Lastern oyster (2 7-5 3 cm),
Crossosirea virginica

fastern oyster (2 7-5 3 cm),
Crassosirea virginice

Castern oyster (aduit),

Crassosireo virginica

Cosiern oyster (adult),
Crassostrea virginica

Castern oyster {(embryo),
Crossosirea virginica

Curopean flat oyster (spat},
Ostreo edulss

T8TF

TBTA

TBTA

TBYA

TBTA

T8TC

1870

Saliaity
lg[lgl

18-21

28

33-36

33-36

18-22

30

Duration

15

24

24

24

48

67

67

57

30

48

20

days

hr

hr

hr

hr

doys

days

days

days

hr

days

Cifect

100X mortality

Abnormal devel-
opment, 30-40%
mortality

Abnormal
development

Abnormal
development

100X mortality

Decrease 10
condition index
(body weight)

No effect
on survival

Decrease in
condition sndex

LCS0

Abnormal shell
development
Significant

reduction
in growih

Conceniration

__{waft)®

0 04692

0 8604

077

0 11946

Relerence

Springborn Bionomics
19844

His and Robert 1980

Robert and
His 1981

Robert and
His 1981

Robert and
His 1981

Valkirs et al

1985

Valkirs et al

1985

Henderson 1986

Henderson 1986

Roberts. Manuscript

Thara and
Waldook 1985



1%

Toble 6. (coatinued)

Species

Curopean flal oyster (spot),
Osireo edulis

Curopean Tlot oyster (spat),
Osirea edulis

turopean flat oyster {adult),
Ostrea edulis

furopean flat oyster (adult),
Ostrea edulss

furopean [lot oyster (adult),

Ostreo edulis

Hard clam (post lerva),
Mercenaria mercenaria

————

Hard clom (post larva),
Mercenaria mercenaria

Hord clam (embryo, lorva),
Mercenaria mercenoria

Chemical®

T8TC
(952)

181C
(952)

1810

Salinmily

{qlkg}) Quration
28 5-34 2 45 days
28 5-34 2 45 days
28-34 75 days
28-34 75 days
28-34 75 days

- 96 hr

- 96 br
- 14 days

Effect

Decreased
grosth

70% mortality

Complete
inhsbstion
of larval
production

Retardation
of sex change
from mole to
female

Prevented
gonadal
development

Inhibited
seimming
behavior

Reduced
number of
animals
developing
o foot

Reduced grosth

Concentralioa

( [llb

0 2392

26

0 24

0 24

2 6

0 0007330

0 002922

0 u25

Relfereace

e ete

Thain and
Waoldock 1985,
Thain 1986
Thain and
Waldock 1985,
Thain 1986

Thain 1986

Thain 1986

Thain 1986

Becerro-
Huencho 1984

Becerroa-
Huencho 1984

Laughlin et ol

1987
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Toble 6 {continued)

Species

Hard clom {larva),
Marcendria mercenaria

e p——

Hard clam {post larva),

Mercengrio mercenorio

Hord clam {larva),
Mercenaria maercénaria

Clom {odult),
Protolhaca stomiae

Copepod,
Lurytemoca allinis

Copepad,
Eurytemora aoffinis

Copepod,
Acortia lonsg

Amphipod (larva, juvenile},

Gammarus gceapus

Amphipod {larva, juvenile).

Gammarus oceanus

Ampbipod (larve, juvenile),

Gammarus aceanus

Amphipod {larva, juvearle]
Commarus oceanus

Chemical®

1870

T810

T8TC

TBT0

TBIC

TBIC

1810

1870

T8TF

1870

iBI§

Salintly

fafryg]

18-22

33-14

a3

Concentratian

Cifect |Hg[l!b

Durotion
8 doys Appron 352 06
dead
25 doys 1002 deod 10
Percent survival 7 5
better than tontraois
48 br Delayed D77
developmeni
96 hr 100% survivol 22 924
t3 days Reduced survivel D 088
of necnotes aad
adults
13 days Reduced survival 0 224
of aeonales
144 br £CS0 D 3893
8 wk 100X mortalaty Z2 920
8 wk 1002 mortality 2 816
8 wi Reduced 0 2920
survival
and growth
8 wk Reduced U 2816

survival and
tacreo.ed growth

Relerence

Laughlsn eb ol 1987

Loughlin et al 1987

Roberts, Manwscrapt

Salazar and
Salazar, Manuscript

Hall et ol 1987

Hal) e} ol 1987

U'ren 1983
Laughlin et al
1984b

Loughlin ol al
1984b

Loughlin et al
1984b

toughlin et al
19840



Table 6. (continved)

Species

Amphipod (adult},
Orchestia fraskiane

Amphipod {adult),
Orchestia fraskiang

Grass shrimp,
Paloemonetes puqio

Mud crab (larva),
Rhilhroponopeus harrisit

Mud crab (larva),
Rhithropanopeus harrisit

Nud crab (larva),
Rhythropanopeus harrisis

Mud crab (lorva),
Rhithropanopeus harrisi

Mud crab,
Rhithropanopeus harrisey

Mud crab,
Rhithropanopeus harrisii

Mud crab,
Rhithropanopeus horrisit

Chemicol®

17810

T8TF

1870

(952)

T8TO

TBTS

T8T0

187S

1870

1870

1810

Salinity
fafkq) Quration
30 9 days
30 9 days
9 9-11 2 20 min
15 15 days
15 15 days
15 1S days
15 15 days
15 6 days
15 6 days
15 6 doys

Elfect

Approx 802
mortalsty

Approx 902
morfality

No avoidance

Reduced
developmental

raole and growth

Reduced
developmental

rate ond growth

63X mortality

74% mortalaty

BCf=24
for carapace

B8CF=6
for hepato-
poacreas

BCF=0 6
for tesles

Coaceatration
—ug/)®
9 732

9 732

30

>24 13
28 43
5 937

S 937

Relerence

Laughlin et al
1982

Loughlin et al
1982

Pinkney el al

Laughlin et ol
1983

Laughlin et al
1983

Laughlin et al
1983

Laughlin et al
1983

Lvans and
Laughlin 1984

fvans aad
Laoughlin 1984

tvans and
Laughlin 1984

1985



Table 6. {(coatiaued)

%

Solinity Cosceatralion
Species gggglggl: {efha) Puratioa Lifect |gg[L|h Reference
Mud crab, T810 ) 6 doys BCr=41 | 5 937 [vans and
Rhithropanopeus harrisii far gill Loughlin 1984
tissue
Mud crob, 1810 15 6 days BCF=1 5 for 5 937 fvans and

Rhithropanopeus horrisii

cheloe muscle

Laughlin 1984

fiddler crab, 1670 25 <24 days Retarded |imb 05S Wers et al 1987
Uca pugilotor regeneration and

molting
Atlantic menhaden (juvenile}, 1810 9-11 - Avoidance 5 437 Hall et al
Brevoortio fyrannus 1584
Chinook salmoa (aduit), 1870 28 96 hr B8CF=4300 I 49 Short aad Thrower
Ooncorhynchus tshawytscha for Liver 1986a.c
Chinook salmon [adult), 1870 28 96 hr B8Cr=1300 1 49 Short ond Thrower
Oncorhynchus ishawyischa for brain 1986a.c
Chinook salmon [adult), T8TO 28 96 br BCF=200 1 49 Short and Throser
Oncorhynchus fshaw ha for muscle 1986a,c¢
Wummichog, 1810 9 9-11 2 20 @in Avoidance 37 Pinkney et al 1985
Lundulys heteroclitus (952)
Californio gruaion € - 10 days Significantly 0 1s8-1 72 Newlon et al
{gomete through embryo). enhanced 1985
Leuresthes lenujs growih end

hotching success
California grunion c - 10 days SDX reduction 74 Newlon el ol

(gamele thraugh embryo),
levresthes fenurs

in hotching
success

[ELY)
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Table 6 {contisued)

Species

Calilornia grunion (ambryo).
Leuresthes lenuis

Calilfornio grunion (larva),
leuresthes lenuis

Striped bass {juvenile),
Marone saxatilss

Speckied sanddab {adult),
Chitharschihys stigmaeus

Chemical

810
(952)

T8TO

Seliamity

{afbgq)

313-34

Buration

Elfect

10 days

7 days

96 hr

Mo adverse
alfect on
hotching
succass or
grouih

Survival
increased as
conceniralion

iacreased

Avoidance

LCS50

Coacentrationa

{ [L)b

014-3 72
0 14-1 72
24 9
185

Relereance

Newton ot al
1983

Hewton et al
1985

Hall et al
1984

Solozor ond Solozor,
Manuscripl

9 ¥8TA = tribulyltin acetate, TATIC = Iributyltin chioride, TBIF = tributyltin Fluaride, TBTO = Iributyltin cxide,

Tels = fribulyltin sullide

Porcont purily 1s given 1p parentheses wheoo avarloble

Conceniralion of the tributyltia cation, not the chemical

if the concentralions were not measured and the published resulls were not

reported to be aodjusied for purijy, the publushed results were multiplied by the purity i1l it wos reported to be less dhaa 95%

€ The test organisms were exposed fo leachate [roms panels cooated with antifouling paint conlataiag tributyllin

4 vhe test organisms were exposed to leachale fron panels coated wilh antifouiang paint confoining a tribulyltan polymer

and cuprous outde Coacenlralions of TBI were measured and the aulhors provided dola to demonstrate the similar loxicily of o
pure TBT coopound and tbe 18T {rom the paint formulation



REFERENCES

Alabaster, J S. 1969. Survival of fish i1n 164 herbicides, i1nsecticides,
fungicides. wetting agents and miscellaneous substances. [nt. Pest Control

11:29-33

Allen. A J , B.M. Quitter and C M. Radick. 1980. The biocidal mechanisms of
controlled release bis{(tri-n-butyltin) oxide tn Biomphalaria glabrata. In:
Controlled release of bioactive materials Baker, R. (Ed.). Academic Press,

New York, NY. pp. 399-413

Alzieu, C. 1986. The detrimental effects on oyster culture in France -
evolution since antifouling paint regulation. In: Oceans '88 conference
record, Vol. 4: Organotin symposium. Marine Technology Society, Washington,

DC. pp. 1130-1134.
Alzieu, C., Y. Thibaud, M Heral and B. Bouttier. 1980. Evaluation of the risks
of using antifouling paints near oyster zones. Rev. Trav. I[nst. Peches Marit

44.301-348.

Barug, D. 1981. Microbial degradation of bis{tributyltin) oxide. Chemosphere

10.1145-115¢4.

Beaumont, A.R. and M.D. Budd. 1984. High mortality of the larvae of the common

mussel at low concentrations of tributyltin. Mar. Pollut. Bull. 15:402-405.

46



Becerra-Huencho, R M 1984 The effect of organotin and copper sulfate on the
late development and presettlement behavior of the hard clam Mercenaria

mercenaria. Master's thesis University of Maryland, College Park. MD

Blair. WR . GJ Olson, F E. Brinckman and W P Iverson 1982. Accumulation
and fate of tri-n-butyltin cation 1n estuarine bacteria. Microb Ecol

8 241-251.

Blanck, H. 1986. University of Goteborg, Goteborg, Sweden. (Memorandum to
D J Call, Center for Lake Superior Enviromental Studies, University of

Wisconsin-Superior, Superior, WI. March 11 )

Blanck, H., G. Wallin and S.A. Wangberg. 1984. Species-dependent variation in

algal sensitivity to chemical compounds. Ecotoxicol. Environ. Saf. 8:339-351.

Brooke, L.T., D.J. Call, S.H. Poirier, T.P. Markee, C.A. Lindberg, D.J.
McCauley and P.G. Simonson. 19868. Acute toxicity and chronic effects of
bis(tri-n-butyltin) oxide to several species of freshwater organisms. Center
for Lake Superior Environmental Studies, University of Wisconsin-Superior.

Superior, Wl

Bryan, G.W., P.E. Gibbs, L.G. Hummerstone and G.R. Burt. 1988. The decline of
the gastropod Nucella lapillus around south-west England: Evidence for the
effect of tributyltin from antifouling paints. J. Mar. Biol. Assoc. U. K.

66:611-640.

Camey, T. and E. Paulini. 1964. Molluscicide activity of some organotin

compounds. Rev. Bras. Malariol. Doencas Trop. 16:487-491.

47



Cardarelli, M F. 1978 Controlled release organotins as mosquito larvicides

osq. News 38:328-333.

Cardarellt. N F. and W, Evans. 1980 Chemodynamics and environmental
toxicology of controlled release organotin molluscicides. In: Controlled

release of bioactive materials. Baker, R. {Ed.). Academic Press, New York. \Y

pp 357-385.

Cardwell, R.D. and A.¥. Sheldon. 1986. A risk assessment concerning the fate
and effects of tributyltins 1n the aquatic environment. In: Oceans 'B8
conference record, Vel. 4: Organotin symposium. Marine Technology Society,

Washington, DC. pp. 1117-1129.

Cardwell, R.D. and P.A. Vogue. 1988. Provisional estimates of water quality
criteria for the protection of aquatic life and their uses: Tributyltin

compounds. Report by Envirosphere Company, Bellevue, WA., to M&T Chemicals,

Woodbridge, NI.

Champ, M.A. 1988. Organotin symposium: Introduction and overview. In: Oceans

86 conference record, Vol. 4: Organotin symposium. Marine Technology Society,

Washingtaon, DC.

Chau, Y.K. 1988. Qccurrence and spectation of organometallic compounds in

freshwater systems. Sct. Total Environ. 49:305-323.

Chau, Y.K., R J. Maguire and P T. Wong. 1983. Alkyltin compounds i1n the

aquatic environment In: Proceedings of the ninth annual aquatic toxicity

48



workshop. Mckay, W.C. (Ed.) Canadian Technical Report of Fisheries and
Aquatic Sciences No. [163. Department of Fishertes and Oceans, Ottawa,

Ontario, Canada. p. 204.

Chliamovitch., Y P and C Kuhn. 1977. Behavior. haemotological and
histological studies on acute toxicity of bis(tri-n-butyitin} oxide on Salmo

gatrdnery Richardson and Tilapia rendalli Boulenger. J. Fish Biol 10.575-585

Cleary, J J and A.R.D. Stebbing. 1985. Organotin and total tin in coastal

water of southwest England. Mar. Pollut. Bull. 18:350-355.

Corbin, H.B. 1976. The solubilities of bis{tributyltin) oxide (TBTO}),
tributyltin fluoride (TBTF), triphenyltin hydroxide (TPTH), triphenyltin
fluoride (TPTF), and tricyclohexyltin hydroxide (TCTH) in water as functions
of temperature and pH value. Research and Development Technical Memerandum

R-1145-M. M&T Chemicals Inc., Rahway, NJ.

Danil'chenko, 0. 1982. A comparison of the reaction of fish embryos and
prolarvae to certain natural factors and synthesized compounds. J. Ichthyol

{Engl. Transl. Vopr. [khtiol.) 22{(1):123-134.

Danil’'chenko, 0. and N.C. Buzinova. 1982. Effect of pollution on the mollusc

Lymnaea gtagnalis. [. Survival, reproduction and embryonic development. Biol
Nauki 25:81-69.

Davidson, B.M., A.0. Valkirs and P.F. Seligman. 1986a. Acute and chronic

effects of tributyltin on the mysid Acanthomysis gsculpta (Crustacea,

49



Mysidacea). MOSC-TR-1116 or AD-A175-294-8. National Technicat Information

Service, Springfield, VA.

Davidson. B M.. A.0 Valkirs and P F Seligman. 1986b. Acute and chronic
effects of tributvitin on the mysid Acanthomvsis sculpta (Crustacea,
Mvsidacea) In Oceans '86 conference record, Vol. 4: Organotin sympesium

Marine Technology Scciety, Washington, DC. pp. 1219-1225.

de ta Court, F.H. 1980. The value of tributyltin fluoride as a toxicant 1n

antifoultng formulations. J. Col. Chem. Assoc. 83:485-473.

Deschiens, R. 1968. Control of infectious microorganisms with chemical

molluscicides. C. R. Hebd. Seances Acad. Sci. 268D:1860-1861.

Deschiens. R. and H.A. Floch. 1968. Comparison of 8 chemical molluscicides as
to their control of bilharziasis. Conclusions. Bull. Soc. Pathol. Exot.

B1:6840-650.

Deschiens, R. and H.A. Floch. 1970. Molluscicidal use of polyethylene

impregnated with tributyltin oxide. Bull. Soc. Pathol. Exot. 63:71-78.

Deschiens, R., H. Floch and T. Floch. 1964. The molluscicidal properties of
tributyltin oxide and acetate for prophylaxis of bilharziasis. Bull. Soc.

Pathol. Exot. 57:454-4863.

Deschiens, R., H. Brottes and L. Mvogo. 1988a. Field application i1n Cameran of
the malluscicide tributyltin oxide to control bilharziasis. Bull. Sec. Pathol

Exot. 59:988-973.

50



Deschiens, R . H Brottes and L. Mvogo. 1966b. Effectiveness of field
applications of the molluscicide tributyltin oxi1de (1n the contreol of

biilharziasts). Bull Soc. Pathol Exot. 59:231-234.

de Sousa. C P and E Paulim 1970 Absorption of molluscicides by catcium

carbonate Rev Bras Malariol. Doencas Trop 21:799-818.

Douglas. M.T.. D.0 Chanter. | B Pell and G.M. Burney. 1986. A proposal for
the reduction of animal numbers required for the acute toxicity of fish test

(LC50 determination) Aquat Toxicol. B8:243-249.

Durchon, M. 1982. Experimental activation of the neuroendocrine mechanism

governing the morphogenesis of the penis i1n the females of QOcenebra erinacea

(a dioecious prosobranch mollusc) by a marine pollutant (tributyltin). C. R.

Seances Acad. Sci. 295(111) 627-630.

EG&G Bionomics. 1976 Acute toxicity of tri-n-butyltin oxide to channel

catfish (Ictalurus punctatus)., the fresh water clam {Elliptio complanatus),

the common mummichog (Fundulus heteroclitus) and the American oyster

{Crassostrea virginmica). Final Report to M&T Chemical Co., Rahway, NJ. EPA

Acc. No. 136470.

EG&G Bionomics. 1977. Toxzicity of tri-n-butyltin oxtde {TBTO) to embryos of

eastern oysters (Crassostrea virginica). Final Report to M&T Chemical Co.,

Rahway, NJ. EPA Acc. No. 114085.

51



EG&G Bionomics. 1979 Acute toxicity of three samples of TBTO (tributvltin

oxide) to juvenile sheepshead minnows (Cvprinodon variegatus). Report L14-500

to M&T Chemicals lnc., Rahway, \J.

EGXG Bionomics 188la Comparative toxicity of tri-butyltin oxide (TBTO)
produced by two different chemical processes to pink shrimp (Penaeus

duorarum). Report BP-81-4-53 to M&T Chemicals Inc., Rahway, NJ.

EG&G Bionomies. 1981b. Acute toxicity of BioMet 204 Red to mysid shrimp

(Mvsidopsis bahia}. Report BP-81-2-15 to M&T Chemicals Inc., Rahway, NJ

EG&G Bionomics. 1981c. Comparative toxicity of tri-n-butyltin oxide (TBTO)
produced by two different chemical processes to the marine alga Skeletonema

costatum. Report BP-81-6-109 to M&T Chemicals Ine., Rahway, NJ

EG&G Bionomics. 1981d. Unpublished laboratory data on acute toxicity of

tributyltin to sheepshead minnow, Cyprinodon variegatug. Pensacola, FL.

Envirosphere Company 1986. A risk assessment concerning potential aquatic
environmental and public health consequences associated with the use of
tributyltin compounds in antifouling coatings. Yol. 1 and 2. Prepared for MaT

Chemicals Inc., Woodbridge, NJ.

Evans, D.W. and R.B. Laughlin, Jr. 1984. Accumulation of bis(tributyltin)

oxtde by the mud crab, Rhithropanopeusg harrigii. Chemosphere 13:213-219.

Filenko, 0.F. and E.F. [sakova. 1980. The prediction of the effects of

pollutants on aquatic organisms based on the data of acute texigity

52



expertments [n. Proceedings of the third USA-USSR symposium on the effects ot
pollutants upon aquatic ecosystems. Swain, ¥ R. and V R. Shannon (Eds )
EPA-600/9-80-034. National Technical Information Service, Springfield, VA pp

138-153

Foster, R B. 1981 LUse of Asiatic clam larvae 1n aquatic hazard evaluations
In- Ecological assessments of effluent impacts on communities of i1ndigenous
aquatic organisms Bates, J M. and C.l. Weber (Eds.). ASTM STP 730. American

Society for Testing and Materials, Philadeiphia, PA. pp. 280-288.

Frick, L.P and W.Q. DeJimenez. 1964. Molluscicidal qualities of three
organo-tin compounds revealed by 8-hour and 24-hour exposures against
representative stages and si1zes of Australorbis glabratus. Bull. ¥W. H. 0.

A —————

31:429-431.

Good, M.L., V H. Kulkarni, C.P. Monaghan and J.F. Hoffman. 1979. Antifouling
marine coatings and their long term environmental impact. In: Proceedings of
third coastal marsh and estuary management symposium: Environmental conditions
in the Louisiana ceoastal zone. Day, J.¥., Jr., D.D. Culley, Jr., A.J.
Mumphrey, and R.E. Turner (Eds.). Division of Continuing Education, Louisiana

State University, Baton Rouge. LA. pp. 19-30.
Good, M.L., D.S. Dundee and G. Swindler. 1980. Bicassays and environmental

effects of organotin marine antifoulants. In: Controlled release of bioactive

matertals Baker, R. (Ed.). Academic Press, New York, NY. pp. 387-398.

53



Gras. G. and J.A. Rioux. 1965 Structure-activity relationships. Oranotin

insecticides {effects on larva of Culex pipiens pipieng L.). Arch. Inst

Pasteur Tunis 42:9-21,

Guard, H E . WM. Coleman, [Il and A.B. Cobet. 1982 Speciation of tributyltin
compounds 1n seawater and estuarine sediments. In: Proceedings of the 185th
National Meeting of the American Chemical Society, Division of Environmental

Chemistry, Las Vegas, NV 22(1):180-183.

Gueinski, H. 1988 The effect of sea surface microlayer enrichment on TBT
transport. In: Oceans '86 conference record, Vol. 4: Organotin symposium.

Marine Technology Society, Washington, DC. pp. 1286-1274.

Hall, L.W., Jr. and A.E. Pinkney. 1985. Acute and sublethal effects of

organotin compounds on agquatic biota: An interpretative literature evaluation

Crit. Rev. Toxicol. 14:159-209.

Hatl, L.W., Jr., A.E. Pinkney, S. Zeger, E.T. Burton and M.J. Lenkevich. 1984
Behavioral responses to two estuarine fish species subjected to

bis{(tri-n-butyltin) oxide. Water Resour. Bull. 20:235-239.

Hall, L.¥., Jr., M.J. Lenkevich, W.S. Hall, A.E. Pinkney and S.J. Bushong.
1988. Monitoring organotin concentrations tn Maryland waters of Chesapeake
Bay. In: Oceans '868 conference record, Vol. 4: Organotin symposium. Marine

Technology Society, Washington, DC. pp. 1275-1279.

54



Hall, L.W . Jr., S.J. Bushong, W.S5. Hall and W E. Johnson. 1987. Progress
report: Acute and chronic effects of tributyltin on a Chesapeake Bay copepod.

Johns Hopkins University, Shady Side, MD.

Henderson. R S. 1986 Effects of organotin antifouling paint leachates on
Pear! Harbor organisms: A site specific flowthrough bioassay. In: QOceans '86
conference record, Vol. 4 Organotin symposium. Marine Technology Society,

Washington, DC. pp. 1226-1233.

His, E. and R. Robert. 1980. Effect of tributyltin acetate on eggs and larvae

of Crassostrea gigas. Int. Counc. Explor. Sea, Mariculture Committee F 27.

Hnath, J.G. 1970. Di-n-butyltin oxide as a vermifuge on Eubothrium crassum

(Block, 1779) 1n rainbow trout. Prog. Fish-Cult. 32:47-50.

Hodge, V.F., S.L. Seidel and E.D. Goldberg. 1979. Determination of tin(1V) and
organotin compounds in natural waters, coastal sediments, and macro algae by

atomic absorption spectrometry. Anal. Chem. 51:1256-1259.
Holwerda, D.A. and H.J Herwig. 19868. Accumulation and metabolic effects of
di-n-butyltin dichloride in the freshwater clam, Anodonta anatina. Bull.

Environ. Contam. Toxicol. 38:756-762.

Hopf, H.S. and R.L. Muller. 1962. Laboratory breeding and testing of

Australorbis glabratus for molluscicidal screening. Bull. W, H. 0. 27:783-389.

55



International Joint Commtssion. 1978, Water quality objectives subcommittee
Task force on scienttfic basis for water quality criteria. Great Lakes Water

Quality Board, Research Advisory Board.

Jensen, K 1977 Organotin compounds in the aquatic environment. A survey

Biokon Rep 4 1-8

Jonas, R.B., C.C Gilmour, D.L. Stoner, M.W. Weir and J.H. Tuttle. 198¢.
Comparisen of methads to measure acute metal and organometal toxicity to

natural aquatic microbial communities. Appl. Environ. Microbiol. 47:1005-1011

Kimbrough, R.D. 1976. Toxicity and health affects of selected organotin

compounds: A review, Environ. Heazlth Perspect. 14:51-58.

Kinnetic Laboratory. 1984, Status of knewledge concerning environmental
concentrations and effects of tributyltin in aquatic systems. Final Report to

Electric Power Research Institute. KLI-R-84-9. KLI, Santa Cruz, CA.

Kolosova, L.V., VN Nosov and [.Q. Dobrovolskii. 1980. Structure of
hetero-organic compounds and their effect on Daphnia. Hydrobiol. 1. (Engl.
Transl. Gidrobiol. Zh.} 18(3) 184-193.

Kumar Das, V.G., L.Y. Kuan, K.!. Sudderuddin, C.K. Chang, V. Thomas, C.X. Yap,
M.K. Lo, G.C. Ong, W.K. Ng and Y. Hot-sen. 1S84. The toxic effects of
triorganotin{IV) compounds on the culicine mosquite, Aedes gegypti (L.).

Toxicology 32-57-66.

56



Kumpulainen, J and P Koivistoinen. 1977. Advances 1n tin compound analvsis

with special reference to organotin pesticide residues. Residue Rev. 86.1-18

Laughlin, R B.. Jr 1983. Physicochemical factors influencing toxicity of
organotin compounds to crab zoeae. Rhithropanopeus harrisii Abstract from
Annual Meeting of the American Society of Zoologists, Philadelphia, PA.

23 1004

Laughlin, R.B., Jr. 1988. Bioaccumulation of tributyltin: The link between
environment and organism. In: Oceans '868 conference record, Vol. 4: Organotin

symposium. Marine Technology Society, Washington, DC. pp. 1208-1209.

Laughlin, R.B., Jr. and W.J. French. 1980. Comparative study of the acute
toxicity of a homologous series of trialkyltins to larval shore crabs,
Hemigrapsus nudus, and lobster, Homarus americanus. Bull. Environ. Contam.

Toxicol. 25:802-809.

Laughlin, R.B., Jr. and W. French. Manuscript. Concentration dependence of

bis(tributyl)tin accumulation in the marine mussel, Mytilus edulis. Paper

presented at the Ocean Dumping Symposium, April 20-25, 1988.

Laughlin, R. and 0. Linden. 1982. Sublethal responses of the tadpole of the

European frog, Rana temporaria, to two tributyltin compounds. Bull. Environ

Contam. Toxicol. 28:494-499.

Laughlin, R.B., Jr. and 0. Linden. 1985. Fate and effects of organotin

compounds. Ambio 14:86-94.

57



Laughlin, R.B., Jr . 0 Linden and H.E. Guard. 1982. Acute toxicity of
tributyltins and tributyltin leachates from marine antibiofouling paints.

Bull Liaison Comite [nt. Perm. Recher. Reser. Mater. Milieu Marin 13 3-2§

Laughlin. R B , Jr . W French and H.E. Guard. 1983. Acute and sublethal
toxicity of tributyltin oxide (TBTO) and 1ts putative environmental product.

tributyltin sulfide (TBTS) to zoe! mud crabs, Rhithropanopeus harrisi: Water

e —————

Air Sotl Pollut. 20 69-79.

Laughiin, R.B., Jr.. W. French, R.B. Johannesen, H.E. Guard and F.E.
Brinckman. 1984a. Predicting toxicity using computed melecular topologies: The

example of triorganotin compounds. Chemosphere 13:575-584.

Laughlin, R.B., Jr., K. Nordlund and 0. Linden. 1984b. Long-term effects of

tributyltin compounds on the baitic amphiped, Gammarus gceanicus. Mar.
Environ. Res. 12:243-271

Lavghlin, R.B., Jr., R.B. Johannesen, W. French, H. Guard and F.E. Brinckman.
1985 Structure-activity relatronships for organotin compounds. Environ

Toxicol. Chem. 4:343-351.

Laughlin, R.B., Jr., K.E. Guard and W.M. Coleman, [IIl. 1988a. Tributyltin 1n
seawater: Speciation and octanol-water partition coefficient. Environ. Seci.

Technol. 20:201-204.

Laughlin, R.B., Jdr., ¥. French and H.E. Guard. 1988b. Accumulation of
bis{tributyltin) oxide by the marine mussel Mytilus edulis. Environ. Sec1.
Technol. 20:884-890.

58



Laughlin, R B, Ir . P Pendoley and R.G. Gustafson. Manuseript. Subliethal
effects of tributyltin on the hard clam, Mercenaria mercenarta Harbor Branch

Foundation, FL.

Lee, R.F 1985 Metabolism of tributyltin oxide by crabs, oysters and fish

\far Environ. Res 17.145-148.

Lee, R.F. 1988. Metabolism of bis(tributyltin)oxide by estuarine animals. In
Oceans '88 conference record, Yol. 4: Organotin symposium. Marine Technology

Society., Washington, DC pp. 1182-1188.

Linden, E., B. Bengtsson, 0. Svanberg and G. Sundstrom. 1979. The acute
toxicity of 78 chemicals and pesticide formulations against two brackish water
organisms, the bleak (Alburnus alburnus) and the harpacticoid Nitocra

spinapes. Chemosphere 8.843-851.

Maguire, R.J. 1984. Butyltin compounds and inorganic tin in sediments in

Ontaric. Environ. Sci. Technol. 18:291-294.

Magutre, R.J. 1986. Review of the occurrence, persistence and degradation of
tributyltin in fresh water ecosystems in Canada. In: Oceans '88 conference
record, Vol. 4: Organotin symposium. Marine Technology Society, Washington,

DC. pp. 1252-1255.

Maguire, R.J. and R.J. Tkacz. 1985. Degradaticn of the tri-n-butyltin species

in water and sediment from Toronto harbor. J. Agric. Food Chem. 33:947-853.

99



Maguire. R J . Y K. Chau, G.A. Bengert, E.J. Hale, P.T. Wong and 0. Kramar.
1982. Occurrence of organotin compounds in Ontario lakes and rivers. Environ

Set Technol. 18-698-702.

Maguire. R J.. J H. Carey and E J. Hale. 1983 Degradation of the

tri-n-butyitin species 1n water. J Agric. Food Chem. 31:1060-1065

Maguire, R.J., P T.S. Wong and J.S. Rhamey. 1984. Accumulation and metabolism
of tri-n-butyltin cation by a green alga, Ankistrodesmus falcatus. Can. J.

Fish. Aquat. Sci. 41:537-540.

Maguire, R.J., R.J. Tkacz and D.L. Santor. 1985. Butyltin species and
inorganic tin i1n water sediment of the Detroit and St. Clair Rivers. J. Great

Lakes Res. 11:320-327.

McCullough, F.S., P.H. Gayral, J. Duncan and J.D. Christie. 1980.

Molluscicides 1n schistosomiasis control. Bull. W. H. 0. 58:881-889.

Meador, J.P. 1986. An analysis of photobehavior of Daphnja magna exposed to
tributyltin. In: Oceans '88 conference record, Vol. 4: Organotin symposium.

Marine Technology Society, Washington, DC. pp. 1213-1218.

Monaghan, C.P., E.J. O0'Brien, Jr., H. Reust and M.L. Good. 1980. Current
status of the chemical speciation of organotin toxicants in antifoulants.

Dev. Ind. Microbiol. 21:211-215.

VMottley, J. 1978. Studies on the modes of action of n-alkylguanidines and

triorganotins on photosynthetic energy conservation in the pea and the

60



unicellular alga Chlamvdomonas retnhard:i Dangeard. Pestic. Biochem. Physiol

9 340-350

vewton. F . A Thum, B Davidson, A Valkirs and P Seligman. 1985 Effects on
the growth and survival of eggs and embryos of the California grunion

(Leuresthes tenuis) exposed to trace levels of tributyltin. NOSC-TR-1040 or

e ——————

AD-A162-445-1 National Technical Information Service, Springfield, VA.

Nishiuchi, Y. and K. Yoshida. 1972. Toxicities of pesticides to fresh water

snairls. Bull. Agric. Chem. Insp. Stn. (Tokyo) 12:86-92.

North Carolina Department of Natural Resources and Community Development.
1983. Investigation of the effects and uses of biocides and related compounds
in North Carolina. Report No. 83-09. Division of Environmental Management,

Water Quality Section, Raleigh, NC

North Carolina Department of Natural Resources and Community Development.
1985. Triorganotin regulations 1n North Carolina. Division of Environmental

Mlanagement, Water Quality Section, Planning Branch, Raleigh., NC.

Nosov, V N. and L.V. Kolosova. 1979. Features of a toxicological curve as a
function of the chemical structure of hetero-organic compounds. Biol. Nauki

22-97-101.

Pinkney, A.E., L.¥W. Hall, Jr., M.L. Lenkevich, D.T. Burton and S. Zeger. 1985
Comparison of avoidance responses of an estuarine fish, Fundulus heteroclitus,
and crustacean, Palaemonetes pugio., to bis(tri-n-butyltin) oxide. Water Air

So1l Pollut. 25:33-40

61



Piver, W.T. 1973. Organotin compounds. Industrial applications and biological

investigation. Environ. Health Perspect. 4 61-79.

Polster, M. and X Halacha. 1972. Hygenic-toxicological problems of some

antimicrobiatly-used organotin compounds Ernaehrungsforschung 18 327-535

Pope, D.H. 1981. Effect of biocides on aigae and legionnaires disease
bacteri1a. DEB1-028768 National Technical Information Service, Springfield,

VA,

Quick, T. and N.E. Cardarelli. 1977. Envircnmental impact of controlled
release molluscicides and their degradation products: A preliminary report.
In: Controiled release pesticides. Scher, H.B. (Ed.). ACS Symposium Series Na.

53. American Chemical Society, Washington, DC. pp. 90-104.

Ritchie, L.S., L.A. Berrios-Duran, L.P. Frick and [. Fox. 19684. Molluscicidal
time-concentration relationships of crgano-tin compounds. Bull. W. H. 0.

31.147-149.

Robert, R. and E. His. 1981. The effects of tributyltin acetate on the eggs
and larvae of the two commercially important molluscs Crassostrea gigas

(Thurberg) and Mytilus galloprovincialis (Link). Int. Coune. Expler. Sea,

Mariculture Committee F:42.

Roberts, M.H., Jr. Manuscript. Acute toxicity of tributyltin chloride to

embryos and larvae of two bivalve molluscs, Cragsostrea virginica and

Mercenaria mercenarta. Virginia [nstitute of Marine Science, Gloucester Point.

VA.

62



Salazar, M.H and S M. Salazar. 1985a. The effects of sediment on the survival
of mysids exposed to organotins. Paper presented at the 11th U.S.-Japan

experts meeting on management of sediments contatning toxic substances. Nov

4-6, 1985, Seattle, WA,

Salazar. M H and S M Saltazar. 1985b. Ecological evaluation of organotin-
contaminated sediment. NOSC-TR-1050 or AD-A160-748-0. National Technical

Information Service, Springfield, VA.

Salazar, M.H. and S M. Salazar. Manuscript. Acute effects of (bis)tributyltin

oxide on marine organisms. Naval Oceans Systems Center, San Diego, CA.

Salazar, S.M. 1985. The effects of bis{(tri-n-butyltin) oxide on three species

of marine phytoplankton. NOSC-TR-1039 or AD-A162-115-0. National Technical

Information Service, Springfield, VA.

Santos, A.T., M.J. Santos, B.L. Blas and E.A. Banez. 1977. Field trials using
slow release rubber molluscicide formulations. MT-1E (Biomet SRM) and CBL-9B.
In: Controlled release pesticides. Scher, H.B. (Ed.). ACS Symposium Series No

53 American Chemical Society, Washington, DC. pp. 114-123.

Seiffer, E.A. and H.F. Schoof. 1967. Tests of 15 experimental molluscicides

against Australorbis glabratus. Public Health Rep. 82:833-839.

Seinen, W., T. Helder, H. Vernij, A. Penninks and P. Leeuwangh. 1981. Short

term toxicity of tri-n-butyltin chloride in rainbow trout (Salmo gairdner:

Richardson) yolk sac fry. Sci1. Total Environ. 19:155-1886.

63



Seligman, P.F., A.0. Valkirs and R.F. Lee. 1988. Degradation of tributyitin (n
San Diego Bay, CA waters. Draft Report. Naval Ocean Systems Center, San Diego.

CA.

Sherman, L R. 1983 A medel for the controlled release of tri-n-butyitin
fiuoride from polymeric molluscicides and mosquito f[arvicides. J. Appl

Polymer Sc1. 28:2823-2829.

Sherman, L.R. and H. Hoang. 1981. The bioassay and analysis of tributyltin

Fluoride. Anal. Proc. 18:196-198.

Sherman, L.R. and J.C. Jackson. 1981. Tri-n-butyltin fluoride as a
contralled-release mosquite larvicide. In: Controlled release of pesticides

and pharmaceuticals. Lewis, D.H. (Ed.}). Plenum Press, New York, NY. pp.
287-294.

Shitt, C.J., €. Yiannakis and A.C. Evans. 1975. Further trials with TBTO and
other slow release molluscicides in Rhodesia. [n: Proceedings of 1975
international controlled release pesticide symposium. Harris, F.¥W. (Ed.).

Wright State University, Dayton, OH. pp. 177-188.

Short, J.¥. and F.P. Thrower. 1988a. Accumulation of butyltins in muscle
tissue of chinook salmon reared in sea pens treated with tri-n-butyltin. In.
Oceans '88 conference record, Vol. 4: Organotin symposium. Marine Technology

Society, Washington, DC. pp. 1177-1181.

Short, J.N. and F.P. Thrower. 1988b. Tri-n-butyltin caused mortality of

chinook salmon, Onchorhvnchus tshawvtscha, on transfer to a TBT-treated marine

64



net pen. In- Oceans '86 conference record, Vol. 4: Organotin symposium. Marine

Technology Society, Washington, DC pp. 1202-1205.

Short. J W and F.P. Thrower. 1986c Accumulation of butyltins in muscle
tissue of chinook salmon reared 1n sea pens treated with trt-n-butyltins Ma,

Pollut Bull 17.542-545.

Slesinger, A.E. and I. Dressler. 1978. The environmental chemistry of three
organotin chemicals. I[n: Report of the organotin workshop. Good, M. (Ed.).

University of New Orleans, New Orleans, LA. pp. 115-182.

Smith, S.B. 1981. Male characteristics on female mud snails caused by

antifouling bottom paints. J. Appl. Toxicol. 1:22-25.

Springborn Bionomics. 1984a. Acute and chronic toxicity of tributyltin

fluoride to Pacific oyster (Crassostrea gigas). Report submitted to MiT

Chemicals Inc., Rahway, NJ.
Springborn Bionomics. 1984b. Effects of tributyltin fluoride on survival,
growth, and development of sheepshead minnow (Cyprinodon variegatus). Report

B4-84-7 to M&T Chemicals Inc., Rahway, NJ.

Stebbing, A.R.D. 1985. Organotins and water quality, some lessons to be

learned. Mar. Pollut. Bull. 16:383-390.

Stephan, C.E., D.[. Mount, D.J. Hansen, J.H. Gentile, G.A. Chapman and W.A.

Brungs. 1985. Guidelines for deriving numerical national water quality

65



criteria for the protection of aquatic organisms and their uses. PB85-227049

National Technical I[nformation Service, Springfield, VA.

Stephenson, M.D., D R Smith, J. Goetzl, G. [chikawa and M. Martin 1986.
Growth abnormalities in mussels and oysters from areas with high levels of
tributyltin in San Diego Bay. In. Oceans '86 conference record, Vol. 4-

Organotin sympostum. Marine Technology Society, Washington. DC. pp. 1246-125¢

Stroganov, N.S., V.G. Khobotev and L.V. Kolosova. 1972. Study of the
connection of the chemical composition of organometallic compounds with their
toxicity for hydrobionts. PB-208082. National Technical Information Service,

Springfield, VA.

Stroganov, N.S., 0. Danil'chenko and E.H. Amochaeva. 1977. Changes in
developmental metabolism of the mollusc Lymnaea stagnalis under the effect of

tributyltin chloride 1n low concentrations. Biol. Nauki 20:75-78.

Stromgren, T. and T. Bongard. 1987. The effect of tributyltin oxide on growth

of Mytilus edulis. Mar. Pollut. Bull. 18:30-31.

Thain, J.E. 1983. The acute toxicity of bis{tributyltin) oxide to the adults

and larvae of some marine organisms. Int. Counc. Explor. Sea, Mariculture

Committee E:13.

Thain, J.E. 1988. Toxicity of TBT to bivalves: Effects on reproduction, growth
and survival. In: Oceans '88 conference record, Vaol. 4: Organotin symposium.

Marine Technology Society, Washington, DC. pp. 1308-1313.

66



Thain, J.E. and M.J. Waldock. 1985. The growth of bivalve spat exposed to
organotin leachates from antifouling paints Int. Counc. Explor. Sea,

Mariculture Committee E:28

Thaver, J S 1984 Organometallic compounds and living organisms Academic

Press. Ortando. FL

Thompson, J.A.J., M.G. Sheffer, R.C. Pierce, Y.K. Chau, J.J. Cooney, W.R.
Cullen and R.J. Maguire. 1985. Organotin compounds in the aquatic environment
Environmental quality. NRCC 22494. National Research Council Canada, Ottawa,

Canada.

Tsuda, T., H. Nakanishi, S. Aoki and J. Takebayashi. 1986. Bioconcentration of

butyltin compounds by round crucian carp. Toxicol. Environ. Chem. 12:137-143.

Unger, M.A., W.G. Maclntyre, J. Greaves and R.J. Huggett. 19868. GC
determination of butylitins in natural waters by flame photometric detection of

hexyl derivatives with mass spectrometric confirmation. Chemosphere

15:461-470.

Upatham, E.S. 1973. Field studies on slow-release TBTO-pellets (Biomet SRM)
against St. Lucian Biomphataria glabrata. In: Proceedings of 197%
international controlled release pesticide symposium. Harris, F.W. (Ed.).

Wright State University, Dayton, OH. pp. 189-195.
Upatham, E.S., M. Koura, M.A. Dagal, A.H. Awad and M.D. Ahmed. 1980a. Focal
control of Schistosoma haematobium-transmitting snails, Bulinus (Ph.)

abyssinicus, using controlled release tri-n-butyltin fluoride and copper

67



sulphate. In: Controlled release of bioactive materials. Baker, R. {Ed.}.

Academic Press, New York, NY. pp. 449-45¢,

Upatham, E.S., M. Koura, M.D. Ahmed and A. H. Awad. 1980b. Laboratory trials
of controlled release molluscicides on Bulinus (Ph.) abvssipicus, the
intermediate host of Schistosoma haematobium 1n Somalia. [n: Controlled

release of bioactive materials. Baker, H. (Ed.). Academic Press, New York, \Y

pp 4B1-489.

U'ren, S C. 1983. Acute toxicity of bis(tributyltin) oxide to a marine

copepod. Mar. Poliut. Bull. 14:303-308.

U.S. EPA. 1975. Preliminary investigation of effects on the environment of
boron, indium, nickel, selenium, tin, vanadium and their compounds. Vol. V

Tin. EPA-560/2-75-005. National Techrical Informatian Service, Springfield,
Vi,

U S. EPA. 1983a. Water quality standards regulation. Federal Regist.

48:51400-51413. November 8.

U.S. EPA. 1983b. Water quality standards handbook. Office of Water Regulations

and Standards, Washington, DC.
U.S. EPA. 1985a. Appendix B - Response to public comments on "Guidelines for

deriving numerical national water quality criteria for the protection of

aquatic organisms and their uses." Federal Regist. 50:30793-30796. July 29.

68



U.S. EPA. 1985b. Tributyltin support document. Office of Pesticides and Toxic

Substances. Washington, DC.

US EPA 1985c. Technical support document for water quality-based toxics
control EPA-440/4-85-032 or PBB6-150067 Vational Technical information

Service, Springfield, VA

U.S. EPA. 1986. Chapter I - Stream design flow for steady-state modeling. In
Book VI - Design conditions [In: Technical guidance manual for performing

waste load allocation. Office of Water, Washington, DC. August.

US. EPA. 1987 Permit writer's guide to water quality-based permitting for

toxic pollutants. EPA-440/4-87-005. Offtice of Water, Washington, DC.

U.S. Navy. 1984. Environmental assessment. Fleetwide use of organotin

antifouling paint. U.S. Naval Sea Systems Command, Washington, DC.

Valkirs, A., B. Davidson and P. Seligman. 1985. Sublethal growth effects and
mortality to marine bivalves and fish from long-term exposure to tributyltin
NOSC-TR-1042 or AD-A162-629-0. National Technical Information Service,

Springfield, VA.

Valkirs, A.0., P.F. Seligman, P.M. Stang, V. Homer, S.H. Lieberman, G. Vafa
and C.A. Dooley. 1988. Measurement of butyltin compounds in San Diego Bay.

Mar. Pollut. Bull. 17:319-324.

Valkirs, A.0., B.M. Davidson and P F. Seligman. 1987. Sublethal growth effects
and mortality to marine bivalves from long-term exposure to tributyltin.
Chemosphere 16:201-220

69



Vight. M and D. Calamari. 1985. QSARs for organetin compounds om Daphnia

magna. Chemosphere 14:1925-1932.

von Rumker, R., E.W Lawless, A.F. Veiners, K A. Lawrence, G.L. Kelso and F
Horay 1974 Production. distribution, use and environmental impact potential
of selected pesticides. PB-238795 or EPA-540/1-74-D01. Nattonal Technical

Information Service, Springfreld, VA. pp. J34-348.

Waldoek, M.J. and D. Miller. 1983. The determination of total and tributyltin

in seawater and oysters in areas of high pleasure craft activity. [nt. Coune.

Explor. Sea, Mariculture Committee E:12.

Waldock, M.J. and J.E. Thain. 1983. Shell thickening in Crassostrea gigas:

Organotin antifouling or sediment i1nduced? Mar. Pollut. Bull. 14:411-415,

Waldock, M.J., J. Thain and D. Miller. 1983. The accumulation and depuration
of bis(tributyltin) oxide in oysters. A comparison between the Pacific oyster

{Crassostrea gigas) and the European flat oyster {Ostrea edulis). I[nt. Counc.

Explor. Sea, Mariculture Committee E:52.

Walker, K.E. 1977. Organotin contact studieg. In: Controlled release
pesticides. Scher, H.B. (Ed.). ACS Symposium Series No. 53. American Chemical

Society, Washingtom, DC. pp. 124-131.

Walsh, G.E. 1988. Organotin toxicity studies conducted with selected marine
organisms at EPA’s Environmental Research Laboratory, Gulfl Breeze, Florida.
In: Qceans '86 conference record, Vol. 4: QOrganotin symposium. Marine

Technology Society, Washington, DC. pp. (210-1212.

70



Walsh, G.E ., L.L. McLaughlan. E.M. Lores, M.K. Louie and C.H. Deana, {985
Effects of organoting on growth and survival ‘ofv:two ‘mdriifie:diatoms:

Skeletonema costatum and Thalassiosira pseudonana Chembgpherdé 14+hdd-392.

Ward, G S, G.C. Cramm, P R. Parrish, H Trachman and A. Slesinger. 1981
Bioaccumulation and chronic toxicity of bis tributyltin oxide (TBTO). Tests
with a saltwater fish. In: Aquatic Toxicology and Hazard Assessment. Branson.
D.R. and K.L. 6|ckson (Eds.) ASTM STP 737. American Society for Testing

Materials, Philadelphia, PA. pp. 183-200.

Webbe, G. and R.F. Sturrock. 1964. Laboratory tests of some new molluscicides

in Tanganyika. Ann. Trop. Med. Parasitol. 58:234-239.

Weis, J.S.., J. Gottleib and J. Kwiatkowski. 1987. Tributyltin retards
regeneration and produces deformities of limbs in the fiddler crab, Uca

pugilator. Arch. Environ. Contam. Toxicol. 18:321-326.

Weisfeld, L.B. 1970. Evaluation of an accelerated test method for organotin

and organolead antifouling coating: Guppy mortality. J. Paint Technol.

42:564-568.

Wong, P.T., Y.K. Chau, 0. Kramar and G.A. Bengert. 1982. Structure-toxicity

relationship of tin compounds on algae. Can. J. Fish. Aquat. Sci. 39:483-488.

71



