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ADDENDUM

The Environmental Protection Agency (EPA) issued adraft ambient water quality criteria
document for tributyltin (TBT) on August 7, 1997. This document was issued to the public for
scientific and technical input through a notice of availability published in the Federal Register
(62 FR 42554). After consideration of peer review, scientific and technical input, and additional
data which became available after the draft was published, EPA isissuing new ambient water
quality criteriafor TBT for scientific and technical input.

A comprehensive literature search for toxicity information on TBT was conducted before the
draft criteria document for TBT wasissued in 1997. In preparing the new TBT criteria
document, more recent aquatic life toxicity data have been considered (* see new references at
end of Addendum). The magjor effect of inclusion of this new information on TBT isthe
lowering of the draft saltwater four day average, once in three year exceedence, chronic criterion
of 0.01 ug/l to anew chronic criterion of 0.001 ug/I.

EPA’ s Office of Pesticide Programs (OPP) has recently updated its Environmental Risk
Characterization for TBT. EPA’s Office of Water (OW) has coordinated closely with OPPin
preparing the new ambient water quality criteria document for TBT. This collaboration has
enabled OW to access more recent information on the toxicity of TBT. Consideration of the
more recent data available for TBT leads to the following conclusions:

* TBT isan immunosuppressing agent and an endocrine disruptor
* TBT biomagnifies through the food chain and has been found in tissues of marine mammals

* TBT causes adverse reproductive and developmental effects in aquatic organisms at very low
concentrations

* TBT degrades much more slowly in sediment than earlier studies had indicated and is likely
to persist in sediments at concentrations which cause adverse biological effects

After considering peer review, scientific and technical input from the public, and more
recent data, EPA has set the new saltwater chronic criterion for TBT at 0.001 ug/l.

References:
* Fisher, W.S,, L.M. Oliver, W.W. Walker, C.S. Manning, T.F. Lytle. 1999. Decreased
resistance of eastern oysters (Crassostrea Virginica) to a protozoan pathogen (Perkinsus

marinus) after sublethal exposure to tributyltin oxide. Marine Environ. Res. 47: 185-201.

* Matthiessen, P. and P.E. Gibbs. 1998. Critical appraisal of the evidence for tributyltin-
mediated endocrine disruption in mollusks. Environ. Toxicol. Chem. 17: 37-43.

* Other references are available, but were not relied upon for derivation of the criteria



EXECUTI VE SUMVARY

BACKGROUND:

Tributyltin (TBT)is a highly toxic biocide that has been used extensively
to protect the hulls of large ships. It is a problemin the aquatic
envi ronnent because it is extrenely toxic to non-target organisns, is |inked
to i nposex and i mmuno-supression in snails and bivalves, and is very
persistent. EPA is devel opi ng anbient water quality criteria for TBT through
its authority under Section 304(a) of the Cean Water Act (CWA). These water
quality criteria may be used by States and Tribes to establish water quality

standards for TBT.

CRI TERI A:
Freshwat er:

For TBT, the criterion to protect freshwater aquatic life fromchronic
toxic effects is 0.063 ug/L. This criterion is inplenmented as a four-day
average, not to be exceeded nore than once every three years on the average.
The criterion to protect freshwater aquatic life fromacute toxic effects is
0.46 ug/L. This criterion is inplenented as a one-hour average, not to be

exceeded nore than once every three years on the average.

Sal t wat er:

For TBT, the criterion to protect saltwater aquatic life fromchronic
toxic effects is 0.001 ug/L. This criterion is inplenmented as a four-day
average, not to be exceeded nore than once every three years on the average.
The criterion to protect saltwater aquatic life fromacute toxic effects is
0.38 ug/L. This criterion is inplenented as a one-hour average, not to be

exceeded nore than once every three years on the average.

The saltwater chronic criterion for TBT differs significantly fromthe
criterion that was originally proposed for public review (0.010 ug/L). The

devel opnent of the saltwater chronic criterion for TBT considers four |ines of



evi dence:

(1) the traditional endpoints of adverse effects on survival, growh, and
reproducti on as denonstrated in nunmerous | aboratory studies;

(2) the endocrine disrupting capability of TBT as observed in the
production of inposex in field studies

(3) that TBT bi oaccunulates in commercially and recreationally inportant
freshwat er and sal twat er species

(4) that an inportant comrercial organismalready known to be vulnerable to
a preval ent pathogen was nade even nore vul nerable by prior exposure to TBT
For these reasons, the criterion to protect saltwater aquatic life from
chronic toxic effects is set at 0.001 pg/L.

Thi s docunent provides guidance to States and Tribes authorized to
establish water quality standards under the Clean Water Act (CWA) to protect
aquatic life fromacute and chronic effects of TBT. Under the CWA, States and
Tribes are to establish water quality criteria to protect designated uses.
Wil e this docunent constitutes U S. EPA's scientific recommendations
regardi ng anbi ent concentrations of TBT, this docunent does not substitute for
the CWA or U.S. EPA s regulations; nor is it a regulation itself. Thus, it
cannot inpose legally binding requirements on U S. EPA, States, Tribes, or the
regul ated community, and it nmight not apply to a particular situation based
upon the circunstances. State and Tribal decision-nmakers retain the
di scretion to adopt approaches on a case-by-case basis that differ fromthis

gui dance when appropriate. U S. EPA may change this guidance in the future.
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FOREWORD

Under Section 304(a)of the C ean Water Act (CWA) of 1977 (P.L. 95-217), the
U.S. Environmental Protection Agency (EPA)is to periodically revise water
quality criteria to accurately reflect the latest scientific know edge. This
docunent is a revision of previous criteria based upon consideration of
scientific and technical input received fromother federal agencies, state
agenci es, special interest groups, and individual scientists. Criteria
contained in this docunment replace any previously published U S. EPA aquatic
life criteria for tributyltin (TBT).

Thi s docunent provides guidance to States and Tri bes authorized to establish
water quality standards under the CWA to protect aquatic life fromtoxic
effects of TBT. Under the CWA, States and Tribes are to establish water
quality standards to protect designated uses. Wile this docunent constitutes
the U S. EPA's scientific recommendati ons regardi ng anbi ent concentrations of
TBT, this document does not substitute for the CWA or the U S. EPA' s

regul ations, nor is it a regulation itself. Thus, it cannot inpose legally

bi nding requirenents on the U S. EPA States, Tribes or the regul ated
conmuni ty, and mght not apply to a particular situation based upon the
circunstances. The U.S. EPA may change this guidance in the future.
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I nt roducti on

Organotins are conpounds consisting of one to four organic conponents
attached to a tin atomvia carbon-tin coval ent bonds. When there are fewer
than four carbon-tin bonds, the organotin cation can conbine with an anion
such as acetate, carbonate, chloride, fluoride, hydroxide, oxide, or sulfide.
Thus a species such as tributyltin (TBT) is a cation whose fornmula is
(CH),Sn*. In sea water TBT exists mainly as a mixture of the chloride, the
hydr oxi de, the aquo conpl ex, and the carbonate conpl ex (Laughlin et al
1986a) .

The principal use of organotins is as a stabilizer in the manufacturing
of plastic products, for exanple, as an anti-yellowi ng agent in clear plastics
and as a catalyst in poly(vinyl chloride) products (Piver 1973). Another and
| ess extensive use of organotins is as a biocide (fungicide, bactericide,

i nsecticide) and as a preservative for wood, textiles, paper, |eather and

el ectrical equipnent. Total world-wi de production of organotin conpounds is
estimated at 50,000 tons per year with between 15 and 20% of the production
used in the biologically active triorganotins (Bennett 1996).

A large nmarket exists for organotins in antifouling paint for the wet
bottom of ship hulls. The nost common organonetallics used in these paints
are TBT oxide and TBT methacrylate. Protection fromfouling with these paints
| asts nore than two years and is superior to copper- and nercury-based paints.
These pai nts have an additional advantage over other antifouling paints, such
as copper sulfate based paint, by not pronobting bimetallic corrosion. The
earliest paints containing TBT were “free association” paints that contained a
free suspension of TBT and caused high concentrations of TBT to be |eached to
t he aquatic environnment when the paint application was new. A |ater
refi nement was the “abl ative” paint that shed the outer layer when in contact
with water but at a slower rate than the free association paint. Further
devel opnent of organonetallic antifouling paints have been in the production
of paints containing copolyners that control the release of the organotins and
result in longer useful life of the paint as an antifoul ant (Bennett 1996;

Chanp and Seligman 1996; Kirk-Qhnmer 1981). The U.S. Navy (1984) proposed



application of sone paints containing TBT to hulls of naval ships. Such paint
formul ati ons have been shown to be an effective and relatively long-lived
deterrent to adhesi on of barnacles and other fouling organisns. Encrustations
on ships' hulls by these organisns reduce nmaxi num speed and i ncrease fue
consunption. According to the U S. Navy (1984), use of TBT paints, relative
to other antifouling paints, would not only reduce fuel consunption by 15% but
woul d al so increase tinme between repainting fromless than 5 years to 5 to 7
years. Interaction between the toxicities of TBT and other ingredients in
the paint apparently is negligible, but needs further study (Davidson et al
1986a). The use of TBT in antifouling paints on ships, boats, nets, docks,
and water cooling towers probably contributes nost to direct rel ease of
organotins into the aquatic environnent (Clark et al. 1988; Hall and Pi nkney
1985; Kinnetic Laboratory 1984).

The solubility of TBT conpounds in water is influenced by such factors
as the oxidation-reduction potential, pH tenperature, ionic strength, and
concentration and conposition of the dissolved organic matter (Cark et al
1988; Corbin 1976). The solubility of tributyltin oxide in water was reported
to be 750 pg/L at pH of 6.6, 31,000 pug/L at pH of 8.1 and 30,000 pg/L at pH
2.6 (Maguire et al. 1983). The carbon-tin coval ent 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; Selignman et al. 1986).
Bi odegradation is the najor breakdown pathway for TBT in water and sedinents
with half-lives of several days in water to nonths or nore than a year in
sedinents (Clark et al. 1988; de Mora et al. 1989; Lee et al. 1987; Maguire
and Tkacz 1985; Selignan et al. 1986, 1988, 1989; Stang and Selignman 1986).

Br eakdown products include di-, nmonobutyltins and tin with sone nethyltins
detected (Yonezawa et al. 1994) when sulfate reducing conditions were present.
Porous sedi nents with aerobic conditions decrease degradation tine (Watanabe
et al. 1995).

Several review papers have been witten which cover the production,
use, chenmistry, toxicity, fate and hazards of TBT in the aquatic environnent

(Al zieu 1996; Batley 1996; Cark et al. 1988; Eisler 1989; G bbs and Bryan



1996b; Hall and Bushong 1996; Laughlin 1996; Laughlin et al. 1996; Mguire
1996; Wl dock et al. 1996; WHO 1990). The toxicities of organotin conpounds
are related to the nunber of organic conponents bonded to the tin atomand to
t he nunber of carbon atons in the organic conponents. Toxicity to aquatic
organi sns generally increases as the nunber of organic conponents increases
fromone to three and decreases with the incorporation of a fourth, naking
triorganotins nore toxic than other forms. Wthin the triorganotins, toxicity
i ncreases as the nunber of carbon atons in the organic noiety increases from
one to four, then decreases. Thus the organotin nost toxic to aquatic life is
TBT (Hall and Pinkney 1985; Laughlin and Linden 1985; Laughlin et al. 1985).
TBTs inhibit Na® and K* ATPases and are ionophores controlling exchange of O -,
Br, F and other ions across cell nenbranes (Selwn 1976).

Met abol i sm of TBT has been studied in several species. Sone species of
al gae, bacteria, and fungi have been shown to degrade TBT by sequenti al
deal kyl ation, resulting in dibutyltin, then nonobutyltin, and finally
inorganic tin (Barug 1981; Maguire et al. 1984). Barug (1981) observed the
bi odegradati on of TBT to di- and nonobutyltin by bacteria and fungi only under
aerobic conditions and only when a secondary carbon source was supplied.
Inorganic tin can be nethyl ated and denet hyl ated by estuari ne m croorgani sns
(Jackson et al. 1982). Maguire et al. (1984) reported that a 28-day culture

of TBT with the green alga, Ankistrodesnus falcatus, resulted in 7% i norganic

tin. Mguire (1986) reported that the half-life of TBT exposed to mcrobia
degradati on was five nonths under aerobic conditions and 1.5 nonths under
anaerobic conditions. TBT is also accunul ated and netabolized by an ee

grass, Zostera marina (Francios et al. 1989). Chiles et al. (1989) found that

much of the TBT accumul ated on the surface of saltwater al gae and bacteria as
well as within the cell. The major netabolite of TBT in saltwater crabs,
fish, and shrinp was dibutyltin (Lee 1985, 1986). A review of the nmetabolism
of TBT by narine aquatic organisns has been provided by Lee (1996).

TBT is an endocrine-disrupting chem cal (Matthiessen and G bbs 1998).
The cheni cal causes masculinization of certain fenale gastropods. It is

likely the best studied exanple of endocrine-disrupting effect. The nmetabolic



nmechani smis thought to be due to elevating testosterone titers in the aninals
and over-riding the effects of estrogen. There are several theories of how
TBT acconpl i shes the buil dup of testosterone and evi dence suggests that
conpetitive inhibition of cytochrone P450-dependent aronatase is probably
occurring in TBT exposed gastropods (Matthi essen and G bbs 1998). TBT may
interfer with sulfur conjugation of testosterone and its phase | netabolites
and their excretion resulting in a build-up of pharmacologically active
androgens in sone animal tissues (Ronis and Mason 1996).

TBT has been neasured in the water colum and found highly (70-90%
associated with the dissol ved phase (Johnson et al. 1987; Maguire 1986;
Valkirs et al. 1986a). However, TBT readily sorbs to sedi nents and suspended
solids and can persist there (Cardarelli and Evans 1980; Harris et al. 1996
Seligman et al. 1996). TBT accunulates in sedinents with sorption
coefficients which range from 1.1x10? to 8.2x10° L/ Kg and desorption appears
to be a two step process (Unger et al. 1987,1988). At environnentally
realistic concentrations of 10 ng/L, TBT partitioning coefficients were closer
to 2.5 x10* (Langston and Pope, 1995). |In a nodeling and risk assessnent
study of TBT in a freshwater |ake, Traas et al. (1996) predicted that TBT
concentrations in the water and suspended nmatter woul d decrease rapidly and
TBT concentrations in sedi nent and benthic organi sms woul d decrease at a nuch
sl ower rate.

The water surface nicrolayer contains a nuch higher concentration of
TBT than the water colum (Cl eary and Stebbing 1987; Hall et al. 1986; Maguire
1986; Valkirs et al. 1986a). Gucinski (1986) suggested that this enrichnent
of the surface microlayer could increase the bioavailability of TBT to
organisns in contact with this |ayer

El evated TBT concentrations in fresh and salt waters, sedinents, and
biota are primarily associated with harbors and mari nas (C eary and Stebbing
1985; Espourteille et al. 1993; G bbs and Bryan 1996a; G ovhoug et al. 1996
Hal | 1988; Hall et al. 1986; Langston et al. 1987; Maguire 1984, 1986; Maguire
and Tkacz 1985; Maguire et al. 1982; Mnchin and M nchin 1997; Peven et al
1996; Prouse and Ellis 1997; Quevauviller et al. 1989; Sal azar and Sal azar



1985b; Selignman et al. 1986, 1989; Short and Sharp 1989; Stallard et al. 1986
Stang and Seligman 1986; Unger et al. 1986; Valkirs et al. 1986b; Wiite et al.
1996; Wl dock and MIler 1983; Wl dock et al. 1987). Several studi es have
been conducted in harbors to neasure the effects of TBT on biota. Lenihan et
al . (1990) hypot hesi zed that changes in faunal conposition in hard bottom
conmunities in San Diego Bay were related to boat nooring and TBT. Sal azar
and Sal azar (1988) found an apparent rel ationship between concentrations of
TBT in waters of San Diego Bay and reduced growth of nmussels. No organotins
were detected in the nuscle tissue of feral chinook sal non, Oncorhynchus

t shawyt scha, caught near Auke Bay, Al aska, but concentrations as high as 900
png/ kg were reported in nuscle tissue of chinook salnon held in shall ow water
pens treated with TBT (Short 1987; Short and Thrower 1986a). Organotin
concentrations in European coastal waters in the |low part per trillion range
have been associated with oyster shell nalformations (Al zieu et al. 1989;

M nchin et al. 1987). Reevaluation of harbors in the United Kingdomreveal ed
that since the 1987 restrictions which banned the retail sale and use of TBT
paints for small boats or nmariculture purposes, oyster culture has returned in
t he harbor areas where boat traffic is | ow and water exchange is good (Dyrynda
1992; Evans et al. 1996; Mnchin et al. 1996, 1997; Page and W ddows 1991

Waite et al. 1991). Tissue concentrations of TBT in oysters have decreased in
nost of the sites sanpled in the Gulf of Mexico since the introduction of
restrictions (1988-1989) on its use (Wade et al. 1991). Canada restricted the
use of TBT-containing boat-hull paints in 1989 and there has been a reduction
in female snail reproductive deformties (inposex) in many Canadi an west coast
sanpling sites (Tester et al. 1996). 1In a four-year (1987-1990) nonitoring
study for butyltins in nussel tissue on the two U S. coasts, a genera

decrease in tissue concentrations was neasured on the west coast and east
coast sites showed nixed responses (Unhler et al. 1989,1993). Sone small ports
in France have not seen a decline in inmposex since the ban on TBT in boat hul
paints (Huet et al. 1996). Suspicions are that the |egislation banning the
paints is being ignored. Several freshwater ecosystens were studi ed since the

ban on antifouling paints in Switzerland in 1988. By 1993 TBT concentrations



were decreasing in the water, but declines were not seen in the sedinent or in

the zebra nmussel, Dreissena pol ynorpha (Becker-van Slooten and Tarradel |l as

1995; Fent and Hunn 1995).

Because of the assunption that certain anions do not contribute to TBT
toxicity, only data generated in toxicity and bi oconcentration tests on TBTCO
(tributyltin chloride; CAS 1461-22-9), TBTF (tributyltin fluoride; CAS 1983-
10-4), TBTO [bis(tributyltin) oxide; CAS 56-35-9], commonly called
"tributyltin oxide" and TBTS [bis(tributyltin) sulfide; CAS 4808-30-4],
conmonly called "tributyltin sulfide" were used in the derivation of the water
quality criteria concentrations for aquatic life presented herein. Al
concentrations fromsuch tests are expressed as TBT, not as tin and not as the
chemical tested. The conversion factors are 0.8911 for TBTO, 0.9385 for
TBTF, 0.9477 for TBTO, 0.9005 for TBTS, and 2.444 for Tin (Sn). Therefore,
many concentrations listed herein are not those in the reference cited but are
concentrations adjusted to TBT. A conprehension of the "Quidelines for
Deriving Nunerical National Water Quality Criteria for the Protection of
Aquatic Organisns and Their Uses" (Stephan et al. 1985), hereinafter referred
to as the Guidelines, and the response to public coment (U S. EPA 1985a) is
necessary to understand the followi ng text, tables, and cal culations. Results
of such internediate cal culations as recal cul ated LC50s and Speci es Mean Acute
Val ues are given to four significant figures to prevent roundoff error in
subsequent cal cul ations, not to reflect the precision of the value. The
Guidelines require that all available pertinent |aboratory and field
informati on be used to derive a criterion consistent with sound scientific
evidence. The saltwater criterion for TBT follows this requirenent by using
data from chroni c exposures of copepods and nol |l uscs rather than Final Acute
Val ues and Acute-Chronic Ratios to derive the Final Chronic Value. The
Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) data base of
information fromthe pesticide industry was searched and sone usefu
information was | ocated for deriving the criteria. The |atest conprehensive
literature search for information for this docunent was conducted in January

1997 for fresh- and saltwater organisns. Sone nore recent data have been



i ncluded in the docunent.

Acute Toxicity to Aguatic Animals

Data that may be used, according to the Guidelines, in the derivation
of Final Acute Values for TBT are presented in Table 1. Acute values are
avai lable for thirteen freshwater species representing twelve genera. For
freshwat er Species Mean Acute Val ues, 23% were <2.0 ug/L, 38%were <4.0 ug/L,
69% were <8.0 pg/L, and 92% were <12.73 ug/L. A freshwater clam Elliptio
conpl anatus, had an LC50 of 24,600 pg/L. The relatively |low sensitivity of
the freshwater clamto TBT is surprising due to the nollusicidal qualities of
TBT. The organismlikely closes itself to the environnent, mnim zing
chemical intake, and is able to tenporarily tolerate high concentrations of
TBT.

The nost sensitive freshwater organisns tested are fromthe phyl um
Coel enterata (Table 3). Three species of hydras were tested and have Species
Mean Acute Val ues (SMAVs) ranging from1.14 to 1.80 ug/L. Oher invertebrate
species tested in flowthrough neasured tests include an anphi pod, Ganmarus

pseudol i mmaeus, and an annelid, Lunbriculus variegatus, and in a static

neasured test, larvae of a nosquito, Culex sp (Brooke et al. 1986). The 96-hr
LC50s and SMAVs are 3.7, 5.4 and 10.2 ug/L, respectively. Six tests were

conducted with the cl adoceran, Daphnia magna,. The 48-hr EC50 val ue of 66.3

pmg/ L (Foster 1981) was considerably | ess sensitive than those fromthe other
tests which ranged from 1.58 pg/L (LeBlanc 1976) to 18 pug/L (Crisinel et al
1994). The SMAV for D. nmamgna is 4.3 ug/L because, according to the

CGui del i nes, when test results are available fromfl owthrough and
concentration neasured tests, these have precedence over other types of acute

tests. The freshwater clam Elliptio canplanatus, had an unusual ly hi gh LC50

val ue of 24,600 ug/L.
Al'l the vertebrate species tested are fish. The npbst sensitive species

is the fathead nminnow, Pinephales pronelas, which has a SMAV of 2.6 pg/L from

a single 96-hr flowthrough neasured test (Brooke et al. 1986). Rai nbow

trout, Oncorhynchus nykiss, were tested by four groups w th good agreenent




between them The 96-hr LC50s ranged from3.45 to 7.1 ug/L with a SMAV of
4.571 pg/L for the three tests (Brooke et al. 1986; Martin et al. 1989; ABC
Laboratories, Inc. 1990a), which were conducted using flowthrough conditions

and neasured concentrations. Juvenile catfish, lctalurus punctatus, were

exposed to TBT in a flowthrough and nmeasured concentration test and resulted
ina 96-hr LC50 of 5.5 ug/L which is in good agreenent with the other tested

freshwater fish species. Bluegill, Leponm s nacrochirus, were tested by three

groups. The value of 227.4 ug/L (Foster 1981) appears high conmpared to those
of 7.2 pg/L (Buccafusco 1976b) and 8.3 ug/L (ABC Laboratories, Inc. 1990b).
Only the flowthrough measured test (ABC Laboratories, Inc. 1990b) can be
used, according to the Guidelines, to calculate the SVAV of 8.3 pug/L.

Freshwat er Genus nean Acute Val ues (GVAVs) are available for twelve
genera which vary by nore than 21,000 times fromthe | east sensitive to the
nost sensitive. Renoving the |east sensitive genera, Elliptio, the remainder
differ fromone another by a maxi numfactor of 11.2 tinmes. Based upon the
twel ve avail able GVAVs the Final Acute Value (FAV) for freshwater organisns is
0.9177 pg/L. The FAV is lower than the | owest freshwater SMAV of 1.14 ug/L
The freshwater Criterion Maxi num Concentration is 0.4589 pg/L which is
cal cul ated by dividing the FAV by two.

Tests of the acute toxicity of TBT to resident North Anerican

sal twater species that are useful for deriving water quality criteria
concentrations have been perfornmed with 26 species of invertebrates and seven
species of fish (Table 1). The range of acute toxicity to saltwater aninals
is a factor of about 1,176. Acute values range fromO0.24 ug/L for juveniles

of the copepod, Acatia tonsa (Kusk and Petersen 1997) to 282.2 ug/L for adult

Pacific oysters, Crassostrea gigas (Thain 1983). The 96-hr LC50s for six

saltwater fish species range from1.460 pg/L for juvenile chinook sal non,

Oncor hynchus tshawtscha (Short and Thrower 1986b) to 25.9 ug/L for subadult

sheepshead m nnows, Cyprinodon variegatus (Bushong et al. 1988).

Larval bivalve nolluscs and juvenile crustaceans appear to be much
nore sensitive than adults during acute exposures. The 96-hr LC50 for |arva

Pacific oysters, Crassostrea gigas, was 1.557 ug/L, whereas the value for




adults was 282.2 ug/L (Thain 1983). The 96-hr LC50s for larval and adult bl ue
nussels, Mytilus edulis, were 2.238 and 36.98 pg/L, respectively (Thain 1983).

The 96-hr LC50 of 0.01466 ug/L reported by Becerra-Huencho (1984) for post

| arvae of the hard clam M nercenaria, was not used because results of other
studies with enbryos, |arvae, and post |larvae of the hard clam where acutely

| ethal concentrations range from0.6 to 4.0 pug/L (Tables 1 and 6) cast doubt

on this LC50 val ue. Juveniles of the crustaceans Acanthonysis scul pta and

Met anysi dopsi s el ongata were slightly nore sensitive to TBT than adults

(Davidson et al. 1986a, 1986b; Valkirs et al. 1985; Sal azar and Sal azar 1989).
Four genera of anphi pods were tested and sensitivity to TBT ranged from1l.3 to
22.8 pg/L. As with bivalve nolluscs and other crustaceans, one genus

(Gamar us) denopnstrated greater sensitivity to TBT at the younger |ife-stage
(Bushong et al. 1988).

Genus Mean Acute Values for 30 saltwater genera range fromO0.61 pg/L
for Acanthonysis to 204.4 ug/L for GCstrea (Table 3). Genus Mean Acute Val ues
for the 12 nost sensitive genera differ by a factor of |ess than four
Included within these genera are four species of nolluscs, eight species of
crustaceans, and one species of fish. The saltwater Final Acute Value (FAV)
for TBT was calculated to be 0.7673 pg/L (Table 3), which is greater than the
| owest sal twater Species Mean Acute Value of 0.61 pg/L. The saltwater
Criterion Maxi mum Concentation is 0.3836 pug/L and is cal cul ated by dividing
t he FAV by two.

Chronic Toxicity to Aguatic Animals

The avail able data that are usable, according to the Quidelines,
concerning the chronic toxicity of TBT are presented in Table 2. Brooke et
al . (1986) conducted a 21-day life-cycle test with a freshwater cladoceran and
reported that the survival of adult D. nagna was 40% at a TBT concentration of
0.5 pg/L, and 100% at 0.2 pg/L. The mean nunber of young per adult per
reproductive day was reduced 30% by 0.2 pg/L, and was reduced only 6% by 0.1
pg/ L. The chronic limts are 0.1 and 0.2 pg/L based upon reproductive effects
on adult daphnids. The chronic value for D. magna is 0.1414 ug/L (geonetric

nean of the chronic limts), and the acute-chronic ratio of 30.41 is



cal cul ated using the acute value of 4.3 ug/L fromthe sane study.

Daphni a magna were exposed in a second 21-day life-cycle test to TBT

(ABC Laboratories, Inc. 1990d). Exposure concentrations ranged fromO0.12 to
1.27 pug/L as TBT. Survival of adults was significantly reduced (45% fromthe
controls at >0.34 pg/L but not at 0.19 pg/L. Mean nunber of young per adult
per reproductive day was significantly reduced at the same concentrations
affecting survival. The chronic linmts are 0.19 ug/L where no effects were
seen and 0.34 ug/L where survival and reproduction were reduced. The Chronic
Val ue is 0.2542 ug/L and the Acute-Chronic Ratio is 44.06 when cal cul ated from
the acute value of 11.2 pg/L fromthe sane test. The Acute-Chronic Ratio for
D. nagna is 36.60 which is the geonetric nmean of the two avail abl e Acute-
Chronic ratios (30.41 and 44.06) for this species.

In an early life-stage test (32-day duration) with the fathead mi nnow,

Pi nephal es pronelas, all fish exposed to the highest exposure concentration of

2.20 pg/L died during the test (Brooke et al. 1986). Survival was not reduced
at 0.92 pg/L or any of the |ower TBT concentrations. The nean wei ght 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 pg/L when conpared to the control fish. Mean length of fry at
the end of the test was significantly (p#0.05) reduced at concentrations >0.45
pmg/ L. The nean bionass at the end of the test was higher at the two | onest
TBT concentrations (0.08 and 0.15 pg/L) than in the controls, but was reduced
by 13 and 52% at TBT concentrations of 0.45 and 0.92 ug/L, respectively.
Because the reductions in weight of individual fish were small at the two
| owest concentrations (0.08 and 0.15 pg/L) and the nean bi omass increased at
t hese sane concentrations, the chronic limts are 0.15 and 0.45 pg/L based
upon growth (length and weight). Thus the chronic value is 0.2598 pg/L and
the acute-chronic ratio is 10.01 cal cul ated using the acute value of 2.6 ug/L
fromthe sanme study.

A partial life cycle test (began with egg capsul es and ended before
egg capsul es were produced by the F, generation) was conducted with the

st enogl ossan snail Nucella lapillus (Harding et al. 1996). The study was

conducted for one year with observations of egg capsul e production, survival
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and growth. The study by Harding et al. (1996) was a continuation of a study
by Bailey et al. (1991) during which they exposed eggs and juvenile snails for
one year to TBT concentrations simlar to those used by Bailey et al. (1991).
The study by Harding et al. (1996) began with egg capsul es produced by adults
at the end of the study by Bailey et al. (1991). Negative effects due to TBT
were only observed in egg capsul e production fromthe adults of the previous
study. Females that had not been exposed for one year to TBT produced 14.42
egg capsules per fenmale. Fenmles that had been exposed to <0.0027, 0.0077
0.0334, and 0.1246 pugTBT/L for one year in the previous study (Bailey et al
1991), produced 135.6, 104.6, 44.8, and 23.4% as many egg capsules as the
controls for the respective TBT concentrations. The chronic value is based
upon reproductive effects and is the geonetric nean of the | owest observed
ef fect concentration (LCEC) of 0.0334 pg/L and the no observed effect
concentration (NOEC) of 0.0077 pg/L which is 0.0153 pg/L. Survival and growth
were not affected at any TBT tested concentration. An acute-chronic ratio of
4,752 can be calculated using the acute value fromthis test of 72.7 pg/L.
The acute-chronic ratio for N. lapillus is about 108 tinmes higher than the
next | ower acute-chronic ratio for D. magna (36.60). It is not used to
calculate a final acute-chronic ratio because it is nore than ten tinmes higher
than any other ratio.

Two partial life-cycle toxicity tests were conducted using the

copepod, Eurytenora affinis (Hall et al. 1987, 1988a). Tests began with egg-

carrying females and | asted 13 days. In the first test, nean brood size was
reduced from 15.2 neonates/female in the control to 0.2 neonates/fermale in
0.479 pg/L after three days. Percentage survival of neonates was 79% | ess
than control survival in the |owest tested TBT concentration (0.088 ug/L), and
0%in 0.479 pg/L. The chronic value is <0.088 pug/L in this test.

In the second copepod test, percentage survival of neonates was
significantly reduced (73% 1| ess than control survival) in 0.224 pg/L; brood
size was unaffected in any tested concentration (0.018-0.224 ug/L). No
statistically significant effects were detected in concentrations #0.094 ug/L.

The chronic value in this test is 0.145 pug/L. It is calculated as the
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geonetric nean of the NCEC (0.094 ug/L)and the LCEC (0.224 ug/L). The acute-
chronic ratio is 15.17 when the acute value of 2.2 ug/L fromthis test is
used.

Life-cycle toxicity tests were conducted with the saltwater nysid,

Acant honysis scul pta (Davidson et al. 1986a, 1986b). The effects of TBT on

survival, growh, and reproduction of A sculpta were determined in five
separate tests lasting from28 to 63 days. The tests separately exam ned
effects of TBT on survival (1 test), growh (3 tests) and reproduction (1
test) instead of the approach of exam ning all endpoints in one life-cycle
test. Al tests began with newy rel eased juveniles and | asted through

mat uration and spawni ng; therefore, they are treated as one life-cycle test.
The nunber of juveniles released per femal e at a TBT concentration of 0.19
Mg/ L was 50% of the nunber released in the control treatnent, whereas the
nunber rel eased at the next [ower TBT concentration (0.09 upg/L) was not
significantly different fromthe control treatnent. Reductions in juveniles
rel eased resulted fromdeaths of enmbryos within brood pouches of individua
femal es and not fromreduced fecundity. Nunbers of fenmles rel easing viable
juveniles was reduced in 0.19 and 0.33 pg/L. At concentrations of 0.38 ug/L
and above, survival and weight of fenmale nysids were reduced; all nysids in
0.48 pg/L died. The chronic value (0.1308 pg/L) is the geonetric nean of 0.09
pmg/ L and 0.19 pg/L and i s based upon reproductive effects. The acute-chronic
ratio is 4.664 when an acute value of 0.61 ug/L reported by Valkirs et al
(1985) is used (Table 2). The acute and chronic tests were conducted in the
sanme | aboratory.

The Final Acute-Chronic Ratio of 12.69 was cal cul ated as the geonetric
nmean of the acute-chronic ratios of 36.60 for D. nmagna, 10.01 for P. pronel as,
4.664 for A sculpta and 15.17 for E. affinis. Division of the freshwater and
saltwater Final Acute Values by 12.69 results in Final Chronic Values for
freshwater of 0.0723 pg/L and for saltwater of 0.0605 pug/L (Table 3). Both of
these Chronic Values are bel ow the experinentally deternined chronic val ues
fromlife-cycle or early life-stage tests (0.1414 pg/L for D. nmgna and 0.1308

pg/ L for A sculpta). The close agreenent between the saltwater Final Chronic
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Val ue and the freshwater Final Chronic Value suggests that salinity has little

if any affect on the toxicity of TBT.

Toxicity to Aguatic Plants

The various plant species tested are highly variable in sensitivity to
TBT. Twenty-one species of algae and diatons were tested in fresh and salt
water. The saltwater species are nore sensitive to TBT than the freshwater
species for which data are available. No explanation is apparent.

Bl anck et al. (1984) reported the concentrations of TBT that prevented
gromh of thirteen freshwater al gal species (Table 4). These concentrations
ranged from56.1 to 1,782 pg/L, but nbost were between 100 and 250 ug/L.
Fargasova and Kizlink (1996), Huang et al. (1993), and Mana et al. (1993)
neasured severe reduction in gromh of several green al ga species at TBT
concentrations ranging from1 to 12.4 ug/L. Several green al ga speci es appear
to be as sensitive to TBT as nany ani nal species (conpare Table 4 with Tabl e
1).

Toxicity tests on TBT have been conducted with five species of

sal twat er phytopl ankton including the diatons, Skeletonena costatum N tzshia

sp., flagellate green alga, Dunaliella tertiolecta, D. salina, and D. viridis.

The 14-day EC50's (reduction in growh) for S. costatum of >0.12 but <0.24
Mg/ L in one test and 0.06 pg/L in a second test (EGG Bi onomics 1981c) were
the | owest val ues reported for algal species. Thain (1983) reported that
neasured concentrations fromO0.97 to 17 ug/L were algistatic to the sane
species in five-day exposures. The results for algal toxicity tests with the
sanme species varied between | aboratories by nore than an order of nmgnitude.

A diatom Nitzschia sp., and two flagellate green alga of the genus Dunaliella

sp. were |less sensitive to TBT than Skel et onema costatum but they were nore

sensitive than nost species of freshwater algae. No data are avail able on the
effects of TBT on fresh or saltwater vascul ar plants.

A Final Plant Value, as defined in the Cuidelines, cannot be obtained
because no test in which the concentrations of TBT were neasured and the

endpoi nt was biologically inportant has been conducted with an inportant
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aquatic plant species. The available data do indicate that freshwater and
saltwater plants will be protected by TBT concentrations that adequately

protect freshwater and saltwater aninals.

Bi oaccunul ati on

Bi oaccurmul ati on of TBT has been neasured in one species of freshwater
nol | usc and four species of freshwater fish (Table 5). Adults of the zebra

nussel , Drei ssena pol ynorpha, were placed in cages at a narina and at an

uncontam nated site in a | ake for 105 days (Becker-van Slooten and Tarradel |l as
1994). Subsanpl es of the organisns were periodically nonitored for TBT tissue
concentrations. They reached steady-state concentrations after 35 days. The
BCF/ BAF was 17, 483 when adjusted for wet weight and lipid nornmalized to 1% for
TBT at an average water exposure concentration of 0.0703 pg/L. Gowh of the
TBT- exposed organi sns nmay have been slightly reduced. Martin et al. (1989)
det erm ned the whol e body bioconcentration factor (BCF) for rainbow trout,

Oncorhyncus nykiss to be 406 after a 64-day exposure to 0.513 pg TBT/L

Equi li brium of the TBT concentration was achieved in the fish in 24 to 48 hrs.
In a separate exposure to 1.026 ugTBT/L, rainbow trout organs were assayed for
TBT content after a 15-day exposure. The BCFs ranged from 312 for nuscle to
5,419 for peritoneal fat. TBT was nore highly concentrated than the

netabolites of di- and nonobutyltin or tin. Carp, Cyprinus carpio, and guppy,

Poecilia reticulatus, denonstrated plateau BCF's in 14 days. BCFs were 501.2

and 460, respectively. Goldfish, Carassius auratus, reached a nmuch hi gher BCF

(1,976) in the whole body than the other fish species tested.

The extent to which TBT is accunul ated by saltwater aninmals fromthe
field or fromlaboratory tests lasting 28 days or nore has been investigated
with three species of bivalve nmolluscs, two species of snails, and a fish
(Table 5). Thain and Wal dock (1985) reported a BCF of 6,833 for the soft
parts of blue nussel spat exposed to 0.24 pg/L for 45 days. In other
| aborat ory exposures of blue nussels, Salazar and Sal azar (1987) observed BCFs
of 10,400 to 37,500 after 56 days of exposure. BAFs fromfield depl oynents of

nussels were sinmlar to BCFs from |l aboratory studies; 11,000 to 25,000
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(Sal azar and Sal azar 1990a) and 5,000 to 60,000 (Salazar and Sal azar 1991).
In a study by Bryan et al. (1987a), |aboratory BCFs for the snail Nucella
lapillus (11,000 to 38,000) also were simlar to field BAFs (17,000). Year-
long | aboratory studies by Bailey et al. (1991) and Harding et al. (1996)
produced sinilar BAFs in the snail N lapillus ranging from®6,172 to 21, 964.
In these tests, TBT concentrations ranged from 0.00257 to 0.125 pg/L, but
there was no increase in BAFs with increased water concentration of TBT.

The soft parts of the Pacific oyster, Crassostrea gigas, exposed to

TBT for 56 days contained 11,400 tinmes the exposure concentration of 0.146
pmg/ L (Wal dock 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 (Wal dock et al

1983). The | owest steady-state BCF reported for a bivalve was 192.3 for the

soft parts of the European flat oyster, Ostrea edulis, exposed to a TBT

concentration of 2.62 pug/L for 45 days (Thain and Wal dock 1985; Thain 1986).
QO her tests with the sanme species (Table 5) resulted in BCFs ranging from 397

to 1,167. One fish species, Poecilia reticulatus, was exposed in salt water

to 0.28 ug/L for 14 days and a plateau BCF of 240 was denonstrated (Tsuda et
al . 1990b). The BCF agrees reasonably well with the freshwater BCF (460) with
t he sane speci es.

In a field study conducted in the Icelandic harbor of Reykjavik with
the blue nussel, M edulis, and the Atlantic dogwhelk, N. lapillus, seasona
fluctuati ons were seen in body burdens of TBT and DBT (Skar phedi nsdottir et
al. 1996). They did not report the water concentrations for TBT, and
specul ated that because shipping did not vary seasonally, the fluctuations in
body burdens were due to seasonal feeding and resting activities. They
denonstrated that body burdens of TBT and DBT were highest at high |atitudes
during late summer or early autum.

No U S. FDA action |evel or other maxi mum acceptabl e concentration in
tissue, as defined in the Guidelines, is available for TBT, and, therefore, no

Fi nal Resi due Val ue can be cal cul at ed.

QG her Data
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Sone data (Table 6) were located on the |ethal and sublethal effects
of TBT on aquatic species that were insufficient to neet the criteria for
inclusion in the tables for acute toxicity, chronic toxicity, plant toxicity,
or bioconcentration in this docunent. These data are potentially useful and
sonetines support data in other tables. Sonetines the data are uni que and
useful to evaluate TBT affects on aquatic organisns.

Several studies report the effects of TBT on natural groups of
organisns in |aboratory mcrocosns. |In nost of these studies, the effects of
TBT administered to the water were rapid. Two nmicrocosm studi es were
conducted with freshwater organi sns (Delupis and M niero, 1989; Mniero and
Del upis, 1991) in which single dose effects were nmeasured on natura
assenbl ages of organisns. In both studies, the effects were i Mmediate. D.
magna di sappeared soon after an 80 upg/L dose of TBT, ostracods increased, and
al gal species increased i nmedi ately then gradual ly di sappeared during the 55-
day study. In the second study (Mniero and Delupis, 1991), netabolism was
noni tored by neasuring oxygen consunption and again the effects were rapid.
Doses of TBT (4.7 and 14.9 pg/L) were admini stered once and mnet abol i sm was
reduced at 2.5 days and returned to nornal in 14.1 days in the | ower exposure.
In the higher exposure, netabolismwas reduced in one day and returned to
normal in 16 days. Kelly et al. (1990a) observed a sinmilar response in a

seagrass bed at 22.21 pg/L of TBT. The primary herbivor, Cynadusa conpta,

declined and the sea grass increased in biomass. Saltwater m crobial
popul ati ons were exposed for one hour to TBT concentrations of 4.454 and 89. 07
pmg/ L then incubated for 10 days (Jonas et al. 1990). At the | ower
concentration, netabolismof nutrient substrates was reduced and at the higher
concentration, 50 percent nortality of m crobes occurred.

Several fresh and saltwater algal species were exposed to TBT for
various tinme intervals and several endpoints determined. Toxicity (EC50) in
freshwat er species ranged from5 pg/L for a natural assenblage to 20 pg/L for

the green alga Ankistrodesnus falcatus (Wng et al. 1982). Several salt water

alga, a green alga, Dunaliella tertiolecta; the diatons, M nutocellus

pol ynor phus, Nitzshia sp., Phaeodactylumtricornutum Skeletonena costatum
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and Thal | assi osira pseudonana; the dinoflagellate, Gymodini um spl endens, the

m croal ga, Pavlova lutheri and the macroal ga, Fucus vesicul osus were tested

for growth endpoints. The 72-hr EC50s based on popul ation growh ranged from
approximately 0.3 to <0.5 ug/L (Table 6). Lethal concentrations were
generally nore than an order of nmagnitude greater than EC50s and ranged from
10.24 to 13.82 pug/L. Identical tests conducted with tributyltin acetate,
tributyltin chloride, tributyltin fluoride, and tributyltin oxide exposures
with S. costatumresulted in EC50s fromO0.2346 to 0.4693 ug/L and LC50s from
10.24 to 13.82 pg/L (Walsh et al. 1985).

The freshwater invertebrates, a rotifer (Brachionus calyciflorus) and

a coelentrate (Hydra sp.), showed widely differing sensitivites to TBT. Hydra
sp. were affected at 0.5 pg/L resulting in deforned tentacles, but the rotifer
did not show an effect on hatching success until the exposure concentration
reached 72 pg/L. The cladoceran, D. nmagna, has 24-hr EC50s ranging from 3
(Pol ster and Hal acha 1972) to 13.6 pg/L (Vighi and Calamari 1985). Wen the
endpoi nt of altered phototaxis was examined in a |onger-term exposure of 8
days, a much |ower effect concentration of 0.45 pg/L was neasured (Meador
1986) .

Saltwater invertebrates (exclusive of nolluscs) had reduced surviva
at concentrations as |low as 0.500 ug/L for the polychaete worm Neanthes

arenaceodentata in a 10 week exposure to TBT (Moore et al. 1991) and 0.003

Mg/ L in a copepod, Acartia tonsa, in a eight-day exposure. O her

i nvertebrates were nore hardy including an anphi pod, Ochestia traskiana, that

had an LC80 and an LC90 of 9.7 pg/L for nine day exposures to TBTO and TBTF,

respectively. Larvae of the nud crab, Rhithropanopeus harrisii, tolerated

hi gh concentrations of TBT with one test resulting in an LC50 of 33.6 pg/L for
a 40 day exposure (Laughlin and French 1989).

A nunber of studies showed that TBT exposure resulted in devel oprental
probl ens for non-nollusc invertebrates. For exanple, the copepod, A. tonsa,
had sl ower rate of devel opnent from nauplii to copepodid stage at 0.003 ug/L

(Kusk and Petersen 1997); the grass shrinp, Palaenonetes pugi o, had retarded

tel son regeneration at 0.1 pg/L (Khan et al. 1993); the nud crab, R harrisii
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had reduced devel opnental rate at 14.60 pg/L (Laughlin et al. 1983); retarded
linb regeneration in the fiddler crab, Uca pugilator, at 0.5 pg/L (Wis et al

1987a); and retarded armregeneration in the brittle star, Brevoortia
tyrannus, at -0.1 pg/L (Walsh et al. 1986a). Lapota et al. (1993) reported

reduced shell growth in the blue nussel, Mtilus edulis, at 0.050 pg/L and no

reducti on of shell devel opnent at 0.006 pg/L in a 33-d study. The test had
exposure sol utions renewed every third or fourth day during which tinme TBT
concentrations declined 33 to 90%

Vertebrates are as sensitive to TBT as invertebrates when the
exposures are of sufficient duration. Rainbowtrout, O nykiss, exposed in
short-term exposures of 24 to 48 hr have LC50 and EC50 values from18.9 to
30.8 pg/L (Table 6). Wen the exposure is increased to 110 days (Sei nen et
al. 1981), the LCl100 decreased to 4.46 ug/L and a 20% reduction in growh was
seen at 0.18 pg/L. De Vries et al. (1991) neasured a simlar response in
rai nbow trout growth in another 110 day exposure. They denonstrated decreased
survival and growh at 0.200 pg/L but not at 0.040 pg/L. Triebskorn et al
(1994) found reduced growt h and behavi or changes in the fish at 21 days when
exposed to 0.5 pg/L. Hall et al. (1988b) observed reduced growh in the

inland silverside, Menidia beryllina, at 0.093 pug/L in a 28 day exposure. The

frog, Rana tenporaria, has a LC50 of 28.2 pg/L for a 5-day exposure to TBT.

An attenpt was nmade to neasure the bioconcentration of TBT with the

green al ga, Ankistrodesnus falcatus (Maguire et al. 1984). The al gae are able

to degrade TBT to its di- and nonobutyl forns. As a result, the
concentrations of TBT steadily declined during the 28-day study. During the
first seven days of exposure, the concentrations declined from20 to 5.2 ug/L
and the cal cul ated BCF was 300 (Table 6). After 28 days of exposure, the TBT
concentration had declined to 1.5 pug/L and the cal cul ated BCF was 467.

Several studies reported BCFs for fish but failed to denonstrate pl ateau
concentrations in the organism 1In these studies, rainbow trout BCFs ranged
from990 (Triebskorn et al. 1994) to 3,833 (Schwaiger et al. 1992). Coldfish
achi eved a BCF of 1,230 (Tsuda et al. 1988b) in a 14-day exposure and carp
achi eved a BCF of 295 in the nuscle tissue in 7 days (Tsuda et al. 1987).

18



TBT has been shown to produce the superinposition of male sexua
characteristics on fenal e neogastropod (stenoglossan) snails (Smth 1981b
G bbs and Bryan 1987) and one freshwater gastropod (Prosobranchia), Marisa
cornuarietis (Schulte-Cehlmann et al. 1995). This phenonenon, terned
"inposex," can result in fenales with a penis, a duct leading to the vas
deferens, and a convolution of the nornally straight oviduct (Smth 1981a).
Q her anatom cal changes associated with inposex are detailed in G bbs et al
(1988) and G bbs and Bryan (1987). Severity of inmposex is quantified using
rel ative penis size (RPSI; ratio of female to male penis volume?® x 100) and
the six devel opnental stages of the vas deferens sequence index (VDSI) (Bryan
et al. 1986; G bbs et al. 1987). TBT has been shown to inpact popul ati ons of
the Atlantic dogwhi nkl e (dogwhel k), Nucella lapillus, which has direct

devel opnent. I n neoglossian snails with indirect devel opnent (planktonic

| arval stages), the impacts of TBT are |ess certain because recruitnent from
di stant stocks of organisnms can occur. Natural pseudohenmaphroditismin

neogl ossans occurs (Sal azar and Chanp 1988) and nay be caused by ot her
organotin conmpounds (Bryan et al. 1988a). However, increased global incidence
and severity of inposex has been associated with areas of high boating
activity and low to noderate concentrations (low parts per trillion) of TBT in
wat er, sedinent or snails and other biota (Al varez and Ellis 1990; Bailey and
Davi es 1988a, 1988b; Bryan et al. 1986, 1987a; Davies et al. 1987, Durchon
1982; Ellis and Pottisina 1990; G bbs and Bryan 1986, 1987; G bbs et al. 1987;
Langston et al. 1990; Short et al. 1989; Smith 198la, 1981b; Spence et al
1990a). | nposex has been observed (12% of the femal es) in common whel Kk,

Bucci num undatum in the North Sea as far as 110 nautical mles fromland (Ide

et al. 1997). The sanple fromthis site averaged 1.4 ugTBT/ kg of wet weight
soft tissues. QOher sanples of organisms collected nearer to shore in
various places in the North Sea generally had hi gher TBT concentrations.

Al t hough i nposex has been observed in 45 species of snails worldwi de
(Ellis and Pattisim 1990, Jenner 1979), definitive |laboratory and field
studies inplicating TBT as the cause have focused on seven North Anmerican or

cosnopol itan species; the Atlantic dogwhinkle (N lapillus), file dogwhinkle
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(N. lima), eastern nud snail [llyanassa (Nassarius) obsoleta], a snail (H_,nia

reticulta), whelks (Thais orbita and T. clavigera), and the European sting

wi nkl e (QGcenebra erinacea). |Inposex has been associated with reduced

reproductive potential and altered density and popul ation structure in field
popul ations of N lapillus (Harding et al. 1997; Spence et al. 1990a). This
is related to bl ockage of the oviduct by the vas deferens, hence, prevention
of release of egg capsules, sterilization of the femal e or change into an
apparently fuctional nale (Bryan et al. 1986; G bbs et al. 1987,1988; G bbs
and Bryan 1986,1987). TBT nay reduce popul ations of N |inma because snails
were absent fromnarinas in Auke Bay, AK. At internediate di stances from
mari nas, about 25 were caught per hour of sanpling and 250 per hour were
caught at sites distant frommarinas (Short et al. 1989). Snails from

i nternediate sites had bl ocked oviducts. Reduced proportions of fenale |.
obsoleta in Sarah Creek, VA al so suggests popul ation inpacts (Bryan et al
1989a). However, other causes may explain this as oviducts were not bl ocked
and indirect devel opnent (plantonic larvae) facilitating recruitment from
other areas may limt inpacts.

Several field studies have used transplantations of snails between
sites or snails painted with TBT paints to investigate the role of TBT or
proximty to marinas in the devel opnment of inposex w thout defining actua
exposure concentrations of TBT. Short et al. (1989) painted N. linma with TBT-
based paint, copper paints or unpainted controls. For 21 fenales painted with
TBT pai nt, seven devel oped penises within one nonth, whereas, penises were
absent from 35 fenales fromother treatnments. Smith (198l1a) transplanted |.
obsol eta between marinas and "cl ean" |ocations and found that incidence of
i nposex was unchanged after 19 weeks in snails kept at clean |ocations or
mari nas, increased in snails transplanted fromclean sites to nmarinas and
decreased sonmewhat in transplants frommarinas to clean sites. Snails exposed
in the laboratory to TBT-based paints in two separate experinments devel oped
i nposex within one nonth with maxi muminpact within 6 to 12 nonths (Smth
1981a). Snails painted with non-TBT paints were unaffected.

Concentration-response data denonstrate a sinilarity in the response
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of snails to TBT in controlled |aboratory and field studies (Text Table 1).
Eastern nud snails, |. obsoleta, collected fromthe York River, VA near Sarah

Creek had no incidence of inposex (Bryan et al. 1989a) and contai ned no
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Text Table 1.

Species

Eastern mud
snail,

Ilyanassa
obsoleta

Snail,
Hinia
reticulata

Whelk,
Thais orbita

of Female Snails, Measured by Relative Penis Size (Volume® Female Penis/Male Penis = RPSI)
and the Vas Deferens Sequence Index (VDSI), as a Function of Tributyltin
Concentration in Water and Dry Tissue
TBT Concentration Imposex
Snail
Experimental Tissue
Design Water pa/g dry RPSI VDSI Comments Reference
ug/L

Field-York 0.0016 <0.02 - - No imposex Bryan et
River, UK 0.01- ~0.1-0.73 - - 40-100% incidence al. 1989a
-Sarah Creek 0.023
Field-32 sites - <1.5 <10 <3.0 Low imposex incidence Stroben et
N and NW >1.5 >30 >3.0 High Imposex incidence al. 1992a
France
Field-Queens- - 0.365* 19.55 - 100% incidence Foale 1993
cliff, UK
-Sandringham - 0.224* 12.16 - 100% incidence
-Brighton - <0.002* 7.34 - 100% incidence
-Portarlington - 0.255* 3.67 - 92.3% incidence
-Mornington - 0.045* 2.55 - 100% #Encidence
-Williamstown - <0.002* 1.25 - 100% incidence
-Martha Point - 0.031* 0.03 - 25% incidence
-Kirk Point - 0.011* 0.02 - 35.7% incidence
-Cape Schanck - 0.108* 0 - 0% incidence
-Cape Schanck - 0.095* 0 - 0% incidence
-Barwon Heads - ND 0 - 0% incidence
-Barwon Heads - 0.071* 0 - 0% incidence

Summary of Available Laboratory and Field Studies relating the Extent of Imposex




Text Table 1. Continued

Species

File
dogwhinkle,
Nucella lima

Atlantic
dogwhinkle,
(adults),
Nucella

lapillus

Atlantic
dogwhinkle,
Nucella

lapillus

Atlantic
dogwhinkle,
(egg capsule
to adult),
Nucella

lapillus

TBT Concentration

Imposex

Experimental Water
Design pa/L
Field
-Auke Bay, AK -
-Auke Bay, AK -
Crooklets <0.0012
Beach, UK *
Laboratory: 2 0.0036*
year exposure 0.0083*
0.046*
0.26*
Laboratory, -
spires
painted, 8 mo.
Crooklets <0.0012
Beach, UK 0.0036
Laboratory; 2 0.0093
year exposure 0.049
0.24

Snail
Tissue

pa/g dry

ND(<0.01)
0.03-0.16

0.14-0.25*

0.41*

0.74*
4_5%*
8.5*

~5_1*

o o
(O
o ©

NN
TN

48._4
96.6
109
90.4

23

Comments

0% incidence
100% incidence, reduced
abundance

Some sterilization

Normal females

1/3 sterile, 160 capsules
All sterile, 2 capsules
All sterile, 0 capsules
All sterile, 0 capsules

Reference

Short et
al. 1989

Bryan et
al. 1987a

Bryan et
al. 1987b

Gibbs et
al. 1988



Text Table 1. Continued

TBT Concentration Imposex
Snail
Experimental Tissue
Species Design Water pa/g dry RPS1 VDS Comments Reference
ua/L

European Field-19 sites - 0.185 0 - No imposex Gibbs et
sting winkle, SW UK - <0.024 0 - No Emposex al. 1990
Ocenebra - 0.187 16.3 - Females somewhat deformed
erinacea - 0.773 66.9 - Females highly deformed

- 2.313 88.2 - Females highly deformed

- 0.976 71.1 - Females highly deformed

- 1.057 53.4 - Females highly deformed

- 1.200 84.2 - Females highly deformed

- 0.303 7.4 - Females somewhat deformed

- 0.122 7.0 - Females somewhat deformed

- 0.703 36.0 - Females highly deformed

- 0.764 52.7 - Females highly deformed

- 0.527 46.5 - Females highly deformed

- 0.488 42.3 - Females highly deformed

- 0.366 0.04 - Females somewhat deformed

- 0.253 33.9 - Females highly deformed

- 0.832 58.0 - Females highly deformed

- 1.010 79.3 - Females highly deformed

- 0.510 59.7 - Females highly deformed
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Atlantic
dogwhinkle,
Nucella

lapillus

Atlantic
dogwhinkle,
Nucella

lapillus

Atlantic
dogwhinkle,
Nucella

lapillus

Atlantic
dogwhinkle,
Nucella

lapillus

Field, S.W.
UK

Port Joke, UK
Crooklets
Beach
Meadfoot
Renney Rocks
Batten Bay

Laboratory,
flow-through,
one year

Laboratory,
flow-through,
one year

0.002-
0.005*
-0.010

-0.017-
0.025

<0.0015
<0.0015

<0.0027

0.0077

0.0334

0.1246

<0.0015
<0.0015

0.0026
0.0074
0.0278
0.1077

<0.5*

0.5-1.0*

<1.0*

0.11*
0.21*

0.32*
0.43*
1.54*

<0.10*
<0.10*

0.35*

1.10*

3.05*

4.85*

<0.10
<0.10

<0.10
0.38
1.12
3.32

—-20-60

—-30-70

5.33

20.84

42.08

63.40

0.07
0.04

64.04

88.57

90.96
117.70

R

.06
.70

.15
.97
-33

.25

.28
.14

3.98
4.
5
4

96

.00
-99

Limited sterility
-50% sterile

All sterile

0% aborted egg capsules
0% aborted egg capsules

15% aborted egg capsules
38% aborted egg capsules
79% aborted egg capsules

Control, 37.1% imposex
Solvent control, 24.3%
imposex

5.3% reduced growth,
92.3% imposex

11.0% reduced growth,
100% imposex

17.1% reduced growth,
100% imposex

18.9% reduced growth,
100% imposex

Control, 42.2% imposex
Solvent control, 37.5%
imposex

98.9% imposex

98.8% imposex

100% Imposex

98.7% imposex

Gibbs et
al. 1987

Gibbs and
Bryan 1986;
Gibbs et
al. 1987

Bailey et
al. 1991

Harding et
al. 1996

* Concentrations changed from pg Sn/L or pg Sn/g to pg TBT/L or pg TBT/g dry weight.

20% of wet weight.
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det ectabl e TBT, (<0.020 upg/g dry weight). The average TBT concentrations of
York River water was 0.0016 pg/L. 1In contrast, the average TBT concentrations
fromfour locations in Sarah Creek, VA were from0.010 to 0.023 ug/L, snails
contai ned about 0.1 to 0.73 ug/g and there was a 40 to 100% i nci dence of

i nposex. Short et al. (1989) collected file dogwinkle snails, N |lima, from
Auke Bay, AK and did not detect inmposex or TBT in snails fromsites far from
marinas. Snails fromlocations near nmarinas all exhibited inmposex and
contained 0.03 to 0.16 pg/g. undersized egg capsul es produced.

Concentrations of TBT in fenales were 0.19 pg/g in the field, 0.58 pug/g in the
0.0036 pg/L treatnent and from1.39 to 7.71 pg/g in >0.0093 pg/L. Sinmlar
concentrations of TBT (9.7 pg/g) were found in snails which becanme sterile
after they were placed in the Dart Estuary, UK where TBT concentrations range
fromO0.022 to 0.046 pg/L. G bbs and Bryan (1986) and G bbs et al

(1987)report inposex and reproductive failures at other narine sites where TBT

concentrations in fermale snails range from0.32 to 1.54 pg/g. In two studies
conducted concurrently with N. lapillus for one year each, inposex was

observed. In the first study (Bailey et al. 1991), inposex ($ stage 2) was
observed in $92.3% of the femal es exposed to TBT at $0.0027 pg/L at the end of
the study. Harding et al. (1996) exposed the offspring fromparents exposed
the study by Bailey et al. (1991) for one year to simlar TBT concentrations.
In the second generation of TBT-treated snails, body burdens of TBT were | ower
in the second generation at simlar treatnment concentrations used in the first
generation. Also, the RPSI and VDSI val ues were higher for the sane
treatnents in the second generation. Harding et al. (1996) found $98. 7%
i nposex in femal es at TBT concentrations $0.0026 ug/L.

In summary, in both field and | aboratory studies, concentrations of TBT
in water of about 0.001 pg/L or less and in tissues of about 0.2 pg/g or less
appear to not cause inposex in N lapillus. |nposex begins to occur, and

cause sone reproductive failure at about 0.004 pg/L with conplete sterility

occurring after chronic exposure of sensitive early |ife-stages at >0.009

Mg/ L and for less sensitive stages at 0.02 pg/L in sone studies and greater
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than 0.2 pug/L in others. If N lapillus or sinilarly sensitive species are
ecologically inportant at specific sites, TBT concentrations <0.001 pg/L nay
be required to limt devel opment of i nposex.

Reproductive abnornmalities have al so been observed in the European flat
oyster (Thain 1986). After exposure for 75 days to a TBT concentration of
0.24 pg/L, a retardation in the sex change frommale to femal e was observed
and | arval production was conpletely inhibited. A TBT concentration of 2.6
pmg/ L prevented devel opnent of gonads. Salazar et al. (1987) found no
negative effects in the sane species at 0.157 pg/L, but Thain and Wl dock
(1985) and Thain (1986) neasured reduced growth at 0.2392 pg/L and reduced
survival (30% at 2.6 pg/L.

Four species of snails (Hnia reticulata, Thais orbita, T. clavigera,

QCcenebra erinacea) not resident to North Anerica al so denpnstrated i nposex

ef fects when exposed to TBT in field studies (Text Table 1). The snail H.
reticulata is less sensitive to TBT than other snails having hi gher body
burdens (>1.5 pg/g) before showi ng affects of inposex. Thais sp. showed high
i nposex incidence at tissue concentrations as |low as 0.005 pg/g and no i nposex
at other locations with tissue concentrations of 0.108 pg/g. Ocenebra
erinacea did not show inposex in a field study at body burdens as high as
0.185 ug/ g, but fenmales were deforned at all higher concentrations.

Survival and growh of several commercially inmportant saltwater bivalve
nol | uscs have been studi ed during acute and | ong-term exposures to TBT

Mortality of larval blue nussels, Mttilus edulis, exposed to 0.0973 ug/L for

15 days was 51% survivors were noribund and stunted (Beaunont and Budd 1984).
Simlarly, D xon and Prosser (1986) observed 79% nortality of nussel |arva
after 4 days exposure to 0.1 pug/L. Gowh of juvenile blue nussels was
significantly reduced after 7 to 66 days at 0.31 to 0.3893 ug/L (Strongren and
Bongard 1987; Valkirs et al. 1985). Gowh rates of nussels transplanted into
San Di ego Harbor were inpacted at sites where TBT concentrati ons exceeded 0.2
Mg/ L (Sal azar and Sal azar 1990b). At |ocations where concentrations were |ess
than 0.1 pg/L, the presence of optinum environnental conditions for growth

appear to limt or mask the effects of TBT. Less than optimm conditions for
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gromh may pernit the effect of TBT on growh to be expressed. Sal azar et al
(1987) observed that 0.157 pg/L reduced growm h of nussels after 56 days
exposure in the laboratory; a concentration within less than a factor of two
of that reducing growh in the field. Sinmlarly, Salazar and Sal azar (1987)
observed reduced growm h of nussels exposed to 0.070 pg/L for 196 days in the
| aboratory. The 66-day LC50 for 2.5 to 4.1 cm blue nussels was 0.97 ug/L
(Valkirs et al. 1985,1987). Alzieu et al. (1980) reported 30% nortality and
abnormal shell thickening anong Pacific oyster |arvae exposed to 0.2 pg/L for
113 days. Abnornal devel opnent was al so observed in exposures of enbryos for
24 hrs or less to TBT concentrations >0.8604 ug/L (Robert and His 1981).

Wal dock and Thain (1983) observed reduced growth and thickening of the upper
shel | valve of Pacific oyster spat exposed to 0.1460 ug/L for 56 days. Shel

thi ckening in Crassostrea gigas was associated with tissue concentrations of

>0.2 ng/ kg (Davies et al. 1988). Abnormal shell devel opnent was observed in
an exposure to 0.77 pg/L that began with enbryos of the eastern oyster

Crassostrea virginica, and lasted for 48 hours (Roberts, 1987). Adult eastern

oysters were also sensitive to TBT with reductions in condition index after
exposure for 57 days to >0.1 ug/L (Henderson 1986; Valkirs et al. 1985).
Sal azar et al. (1987) found no effect on growh after 56 days exposure to

0.157 pg/L to the oysters C. virginica, Ostrea edulis and O |urida.

Condition of adult clanms, Macoma nasuta, and scallops, Hinnites nultirugosus

were not affected after 110 days exposure to 0.204 pg/L (Sal azar et al. 1987).
Long-term exposures have been conducted with a nunber of saltwater
crustacean speci es. Johansen and Mohl enberg (1987) exposed adult A. tonsa for
five days to TBT and observed inpaired (25% reduction) egg production on days

3, 4and 5in 0.1 pug/L. Inpaired egg production to a | essor anount was
observed on day 5 in 0.01 and 0.05 pg/L. Davidson et al. (1986a, 1986b),
Laughlin et al. (1983, 1984b), and Sal azar and Sal azar (1985a) reported that
TBT acts slowy on crustaceans and that behavior night be affected severa
days before nortality occurs. Survival of |arval anphi pods, Ganmarus
oceani cus, was significantly reduced after ei ght weeks of exposure to TBT

concentrations >0.2816 pug/L (Laughlin et al. 1984b). Hall et al. (1988b)
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observed no effect of 0.579 ug/L on Gammarus sp. after 24 days. Devel opnental

rates and growth of larval nud crabs, Rhithropanopeus harrisii, were reduced

by a 15-day exposure to >14.60 pug/L. R harrisii mght accunul ate nore TBT
via ingested food than directly fromwater (Evans and Laughlin 1984). TBTF,
TBTO, and TBTS were about equally toxic to anphi pods and crabs (Laughlin et

al . 1982,1983,1984a). Laughlin and French (1989) observed LC50 val ues for

| arval devel opnental stages of 13 pg/L for crabs (R Harrisii) fromCalifornia
vs 33.6 pg/L for crabs fromFlorida. Linb malfornmations and reduced burrow ng
were observed in fiddler crabs exposed to 0.5 pg/L (Weis and Kim 1988; Wi s
and Perlmutter 1987). Armregeneration was reduced in brittle stars exposed
to 0.1 pg/L (Walsh et al. 1986a). Exposure to >0.1 ug/L during settlenent of
fouli ng organi sns reduced nunmber of species and species diversity of
conmuni ti es (Henderson 1986). The hierarchy of sensitivities of phyla in this
test was simlar to that of single species tests.

Exposure of enbryos of the California grunion, Leuresthes tenuis, for

ten days to 74 upg/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
success, and survival were significantly enhanced. 1In contrast, growth of
inl and silverside |arvae was reduced after 28 days exposure to 0.093 ug/L

(Hall et al. 1988b). Juvenile Atlantic nenhaden, Brevoortia tyrannus,

avoi ded a TBT concentration of 5.437 ug/L and juvenile striped bass, Mrone

saxatilis,

avoi ded 24.9 pg/L (Hall et al. 1984). BCFs were 4,300 for liver, 1,300 for

brain, and 200 for nuscle tissue of chinook sal non, Oncorhynchus tshawytscha,

exposed to 1,490 ug/L for 96 hours (Short and Thrower 1986a, 1986¢).

TBT concentrations |less than the Final Chronic Value of 0.0605 ug/L
from Tabl e 3 have been shown to affect the growth of early |ife-stages of
commercially inportant bivalve nolluscs and survival of ecologically inportant
copepods (Table 6; Text Table 2). Survival of the copepod A tonsa was

significantly reduced in three tests in 0.029, 0.023 and 0.024 pg/L; 30, 27
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and 51 percent of control survival, respectively (Bushong et al. 1990).
Survival decreased with increase in exposure concentration but was not
significantly affected in the 0.012 ug/L exposure concentrati on.

Laughlin et al. (1987, 1988) observed a significant decrease in growth

of hard clam (Mercenaria nercinaria) |arvae exposed for 14 days to >0.01 pg/L

(Text Table 2). Gowh rate (increase in valve length) was 75% of controls in
0.01 pg/L, 63%in 0.025 pg/L, 59%in 0.05 pg/L, 45%in 0.1 pug/L, 29%in 0.25
Mg/ L and 2.2%in 0.5 pug/L. A five-day exposure foll owed by nine days in TBT-
free water produced simlar responses and little evidence of recovery.

Pacific oyster (Crassostrea gigas) spat exhibited shell thickening in

0.01 and 0.05 pg/L and reduced valve lengths in >0.02 pug/L (Lawl er and Al drich

1987; Text Table 2). Increase in valve length was 101% of control lengths in
0.01 pg/L, 72%in 0.02 pg/L, 17%in 0.05 pg/L, 35%in 0.1 pg/L and 0% in 0.2
pmg/ L. Shell thickening was al so observed in this species exposed to >0.02 pg/L
for 49 days (Thain et al. 1987). They predicted fromthese data that

approxi mately 0.008 pg/L woul d be the naxi mum TBT concentration permtting
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Text Table 2.

Speci es

Copepod (nauplii -
adul t),
Acartia tonsa

Hard clam (4 hr
| arvae -

nmet anor phosi s),
Mer cenari a
nercenaria

Summary of
organi sns at concentrations

Experi nental Desi gn?

| ess than the Final

Concentration (pg/L)

Response

#1: F, M 9-day
duration, $10
copepods/replicate,
4 replicates

#2: F, M 6-day

dur ati on,

$10
copepods/replicate,
4 replicates

#3. F,M 6-day

dur ati on,

$10
copepods/replicate,
4 replicates

R, M 14-day
dur ati on,
<150

| arvael/replicate,
three replicates.
Measured = 80-100%
nomnal at t = 0.4
hr;

20-30% at t = 24 hr

Measur ed

contr ol
0. 029
0.05-0.5

contr ol

. 007-0.012

0. 023

. 048-0. 102

contr ol

. 006-0. 010

0.024

. 051-0. 115

Nomi nal

contr ol

0.01-0.5

Nomi nal

77% survi val
23% survi val ®
0- 2% survi val ®

71% survi val
32% survi val
19% survi val ®
0- 14% survi val ®

59% sur vi val
44- 46% sur vi val
30% survi val ®
2-35% survival ®

100% Growt h

(Val ve | ength)
~75% 22% G owt h
(Val ue length)®

| aboratory and field data on the effects of tributyltin on saltwater
Chronic Value of 0.0605 pg/L

Ref er ence

Bushong et al .
1990

Laughlin et al.
1987, 1988



Paci fic oyster

(spat),
Crassostrea gi gas

Text Table 2.
(Conti nued)

Speci es

Paci fic oyster
(larvae

and spat),
Crassostrea gi gas

R N, 48-day
dur ati on,
20 spat/treatnment

Experi nental Desi gn?

control
0.01-0.05
control
0.01-0.2
0.02-0.2

Concentration (pug/lL)

Shel I thickening
100% Growt h

(Val ve | ength)

101% Growm h (Val ue

| engt h)

0-72% Growt h (Val ue
| ength)®

Response

Paci fic oyster

(spat),
Crassostrea gi gas

Eur opean oyster

(spat),
Ostrea edulis

Field

R MN, 21-day
dur ati on,

75, 000

| arvael/replicate

R M 4 week
duration, 4
replicates,
each

30 spat

R, N, 20-day
dur ati on,
50 spat/treatnment

Measur ed

0. 011-0. 015
~0. 018-0. 060

0.24,0.29,0.69

Measur ed

Control, 0. 005, 0.010,0.0

15, 0. 020

Noni na

control, 0.1, O0.O05,

0. 025

Noni na

control
0.02-2.0

control
0.02-2.0

No shel |l thickening
Shel | thickening
and decreased neat
wei ght

Mortality 100% by
day 1

Growt h decreased
79% in 0.005, 78%
in 0.010, 78%in
0.015, 84%in 0.020

Mortality 100%in
0.05 and 1.0 pg/L;
86% in 0.025 pg/L

100 I ength
76-81% | engt h?
202% wei ght gain
151- 50% wei ght gai n

Lawl er and
Al drich 1987

Ref er ence

Spri ngborn
Bi onom cs, Inc.
1984a

Nel | and Chvoj ka
1992

Thai n and
Wal dock 1985



Nomi nal

Eur opean oyster R, N, 96-hr duration 0. 010 12% decr ease of Axi ak et al.
(adult), hei ght of digestive 1995a
Ostrea edulis cells

a2 R=renewal; F = flowthrough, N = nom nal, M = neasured.
b Significantly different fromcontrols.
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culture of conmmercially acceptable adults. Their field studies agreed with

| aboratory results showi ng "acceptable" shell thickness where TBT
concentrations averaged 0.011 and 0.015 ug/L but not at higher concentrations.
Decreased wei ghts of oyster neats were associated with | ocations where there

was shell thickening. Survival of Crassostrea gigas |arvae exposed for 21

days was reduced in 0.025 pg/L (Springborn Bionomcs 1984a). No |arvae
survived in >0.050 ug/L.

Growm h of spat of the European oyster (Ostrea edulis) was reduced at

>0.02 pg/L (Thain and Wal dock 1985; Text Table 2). Spat exposed to TBT in
static tests were 82% of control |engths and 75% of control weights; extent of
i mpact increased with increased exposure. |n these static and flowthrough
tests at exposures at about 0.02 pg/L, weight gain was identical; i.e., 35% of
controls. Gowh of larger spat was marginally reduced by 0.2392 ug/L (Thain
1986; Thain and Wal dock 1985).

The National Guidelines (Stephan et al. 1985; pp 18 and 54) requires
that the criterion be lowered if sound scientific evidence indicates that
adverse effects night be expected on inportant species. The above data
denonstrate that the reductions in growh occur in commercially or
ecol ogically inportant saltwater species at concentrations of TBT | ess than
the Final Chronic Value of 0.0605 pg/L derived using Final Acute Val ues and
Acut e-Chronic Ratios from Table 3. Therefore, EPA believes the Final Chronic
Val ue should be lowered to 0.001 pug/L to limt unacceptable inpacts on A

tonsa, Mercenaria nercenaria, Crassostrea gigas and Ostrea edulis observed at

0.02 pg/L. At this criteria concentration, inposex would not be expected in

Il yanassa obsoleta, N lapillus and sinmlarly sensitive neogastropods;

popul ations of N. lapillus and simlarly sensitive snails with direct
devel opnent woul d not be inpacted and growth of M nercenaria would not be

| ower ed.

Unused Dat a

Sone data concerning the effects of TBT on aquatic organi sns were not

34



used because the tests were conducted with species that are not resident in
North America (e.g., Ali et al. 1990; Allen et al. 1980; Axiak et al. 1995b
Batley et al. 1989, 1992; Burridge et al. 1995, Caney and Paulini 1964;
Dani | ' chenko 1982; Deschiens and Floch 1968; Deschiens et al. 1964, 1966a,
1966b; de Sousa and Paulini 1970; Fent 1991, 1992; Fent and Hunn 1993; Fent
and Meier 1992; Frick and DeJinenez 1964; Grard et al. 1996; Helnstetter and
Al den 1995; Hopf and Muller 1962; Jantataene 1991; Karande and Ganti 1994;
Karande et al. 1993; Kubo et al. 1984; Langston and Burt 1991; Lewis et al.
1995; Nagabhushanam et al. 1991; Nagase et al. 1991; Nias et al. 1993;
Ni shui chi and Yoshida 1972; Cehlmann et al. 1996; Reddy et al. 1992; Ri ngwood
1992; Ritchie et al. 1964; Ruiz et al. 1994a, 1994b, 1995a, 1995b, 1995c,
1997; Sarojini et al. 1991, 1992; Scaddi ng 1990; Scamell et al. 1991; Seiffer
and Schoof 1967; Shiff et al. 1975; Shim zu and Kinura 1992; Smith et al
1979; Spence et al. 1990b; Stebbing et al. 1990; Sujatha et al. 1996; Tsuda et
al . 1986, 1991a; Upatham 1975; Upathamet al. 1980a, 1980b; Vitturi et al
1992; Webbe and Sturrock 1964; Yanmda et al. 1994; Yl a- Mobnonen 1989).

Al zieu (1986), Cardarelli and Evans (1980), Cardwell and Shel don
(1986), Cardwell and Vogue (1986), Chanp (1986), Chau (1986), Eisler (1989),
Envi rosphere Conpany (1986), Evans and Leksono (1995), G bbs and Bryan (1987),
G bbs et al. (1991a), Good et al. (1980), Guard et al. (1982), Hall (1988,
1991), Hall and Pinkney (1985), Hall et al. (1991), Hodge et al. (1979),
International Joint Commission (1976), Jensen (1977), Kinbrough (1976),
Kunpul ai nen and Koi vi stoinen (1977), Lau (1991), Laughlin (1986), Laughlin and
Li nden (1985), Laughlin et al. (1984a), MCullough et al. (1980), Monaghan et
al. (1980), North Carolina Departnment of Natural Resources and Community
Devel oprent (1983, 1985), Rexrode (1987), Salazar (1989), Selignman et al
(1986), Slesinger and Dressler (1978), Stebbing (1985), Thayer (1984),
Thonpson et al. (1985), U S. EPA (1975,1985b), U S. Navy (1984), von Runker et
al. (1974), Walsh (1986) and Zuckernman et al. (1978) conpiled data from ot her
sources. Studies by G bbs et al. (1987) were not used because data were from
the first year of a two-year experinent reported in G bbs et al. (1988).

Results were not used when the test procedures, test material, or
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results were not adequately described (e.g., Bruno and Ellis 1988; Cardwell
and Stuart 1988; Chau et al. 1983; Danil'chenko and Buzi nova 1982; de |a Court
1980; Deschi ens 1968; EG&G Bi onom cs 1981b; Fil enko and | sakova 1980; Hol werda
and Herwi g 1986; Kelly et al. 1990b; Kol osova et al. 1980; Laughlin 1983;
Mercier et al. 1994; Nosov and Kol osova 1979; Smith 1981c; Stroganov et al
1972,1977). Data fromthe life-cycle test with sheepshead m nnows (Ward et
al . 1981) were not used because ratios of neasured and nom nal concentrations
were inconsistent within and between tests suggesting problens in delivering
TBT, analytical chemistry or both. Results of sonme | aboratory tests were not
used because the tests were conducted in distilled or deionized water without
addition of appropriate salts (e.g., Gras and Ri oux 1965; Kunmar Das et al
1984). The concentration of dissolved oxygen was too low in tests reported by
EGG Bi onomics (1981a). Douglas et al. (1986) did not observe sufficient
nortalities to calculate a useful LC50.

Data were not used when TBT was a conponent of a fornulation, nxture,
pai nt, or sedi nent (Boi ke and Rathburn 1973; Cardarelli 1978; Deschiens and
Fl och 1970; Goss et al. 1979; Henderson and Sal azar 1996; Mattiessen and Thain
1989; North Carolina Departnent of Natural Resources and Conmunity Devel opnent
1983; Pope 1981; Quick and Cardarelli 1977; Salazar and Sal azar 1985a, 1985b
Santos et al. 1977; Shernman 1983; Shernan and Hoang 1981; Sherman and Jackson
1981; Wal ker 1977; Weisfeld 1970), unless data were available to show that the
toxicity was the sane as for TBT alone. Data were not used when the organisns
were exposed to TBT by injection or gavage (e.g., Fent and Stegenman 1991,
1993; Horiguchi et al. 1997; Rice et al. 1995; Rice and Weks 1990; Roul eau et
al. 1995). Caricchia et al. (1991), Salazar and Chadw ck (1991), and Steinert
and Pickwel|l (1993), did not identify the organi smexposed to TBT. Sone
studies did not report toxic effects of TBT (e.g., Balls 1987; G bbs 1993;
Meador et al. 1984; Page 1995; Sal azar 1986; Sal azar and Chanmp 1988).

Data were not used when the test organisns were infested with tapeworns
(e.g., Hnath 1970). Mottley (1978) and Mdttley and Giffiths (1977) conducted
tests with a mutant formof an alga. Results of tests in which enzynes,

exci sed or honpbgeni zed tissue, or cell cultures were exposed to the test
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material were not used (e.g., Avery et al. 1993; Blair et al. 1982
Bruschwei l er et al. 1996; Falcioni et al. 1996; Fent and Bucheli 1994; Fent
and Stegeman 1991; Fisher et al. 1990; Josephson et al. 1989; Joshi and Gupta
1990; Pickwell and Steinert 1988; Reader et al. 1994, 1996; Rice and \Weks
1991; Virkki and Ni ki nmaa 1993; W shkovsky et al. 1989; Zucker et al. 1992).
Tests conducted with too few test organi sns were not used (e.g., E&XRG

Bi onom cs 1976; Good et al. 1979). Hi gh control nortalities occurred in tests
reported by Rhea et al. (1995), Sal azar and Sal azar (1989) and Valkirs et al
(1985). Sone data were not used because of problens with the concentration of
the test material (e.g., Springborn Bionom cs 1984b; Stephenson et al. 1986
Ward et al. 1981) or |ow survival in the exposure organi sns (Chagot et al

1990; Fent and Looser 1995). BCFs were not used when the concentration of TBT
in the test solution was not neasured (Davies et al. 1986; Laughlin et al
1986b; Paul and Davies 1986) or were highly variable (Becker et al. 1992;
Laughlin and French 1988). Reports of the concentrations in wild aquatic

animals were not used if concentrations in water were unavail abl e or

excessively variable (e.g., Curtis and Barse 1990; Davies et al. 1987, 1988;
Davi es and McKie 1987; G bbs et al. 1991b; Hall 1988; Han and Weber 1988;
Kannan et al. 1996; OCehlmann et al. 1991; Stab et al. 1995; Thrower and Short
1991; Wade et al. 1988; Zuolian and Jensen 1989).

Summary

Freshwater Acute Toxicity. The acute toxicity values for twelve

freshwat er ani mal species range from1.14 ug/L for a hydra, Hydra oligactis,
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to 12.73 pg/L for the lake trout, Salvelinus naymaycush. A thirteenth

species, a clam (Elliptio conplanatus), had an exceptionally high toxicity

val ue of 24,600 pg/L. There was no apparent trend in sensitivities with
taxonony; fish were nearly as sensitive as the nost sensitive invertebrates
and nore sensitive than others. Wen the much | ess sensitive clamwas not
consi dered, renmining species sensitivities varied by a maxi numof 11.2 tines.
Pl ants were about as sensitive as animals to TBT

Freshwater Chronic Toxicity. Three chronic toxicity tests have been
conducted with freshwater animls. Reproduction of D. nmgna was reduced by
0.2 pg/L, but not by 0.1 pg/L, and the Acute-Chronic Ratio is 30.41. In
another test with D. nmagna reproduction and survival was reduced at 0.34 pg/L
but not at 0.19, and the Acute-Chronic Ratio is 44.06. The species-nean
Acute-Chronic Ratio for D._ nagna is 36.60, which is the geonetric nean of the
two avail able Acute-Chronic Ratios (30.41 and 44.06) for this species. Wight
of fathead m nnows (P. pronelas) 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.

Bi oconcentrati on of TBT was nmeasured in zebra nussels, Dreissena pol ynorpha,

at 180,427 tines the water concentration for the soft parts and in rai nbow

trout, Oncorhyncus nykiss, at 406 tines the water concentration for the whole

body. Gowth of thirteen species of freshwater algae was inhibited by
concentrations ranging from56.1 to 1,782 pg/L.
Saltwater Acute Toxicity. Acute values for 33 species of saltwater

animals range fromO0.61 pg/L for the nysid, Acanthonysis sculpta, to 204.4

pg/ L for adult European flat oysters, Ostrea edulis. Acute values for the

twel ve nost sensitive genera, including nolluscs, crustaceans, and fishes,
differ by less than a factor of four. Larvae and juveniles appear to be nore
acutely sensitive to TBT than adults.

Saltwater Chronic Toxicity. A partial life-cycle test of one-year

duration was conducted with the snail, Nucella lapillus. TBT reduced egg

capsul e production. The chronic value for this species was 0.0153 pg/L. No
Acute-Chronic Ratio is available for this species. Alife-cycle test was

conducted with the copepod, Eurytenora affinis. The chronic value is based
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upon neonate survival and is 0.145 pg/L and the Acute/Chronic Ratio is 15.17
Alife-cycle toxicity test was conducted with the saltwater nysid,

Acant honysis sculpta. The chronic value for A sculpta was 0.1308 pg/L based

on reduced reproduction and the Acute-Chronic Ratio was 4. 664.
Bi oconcentration factors for three species of bivalve nolluscs range from
192.3 for soft parts of the European flat oyster to 11,400 for soft parts of

the Pacific oyster, Crassostrea gigas.

The Final Acute-Chronic Ratio of 12.69 was cal cul ated as the geonetric
nean of the Acute-Chronic Ratios of 36.60 for D. nagna, 10.01 for P. pronelas
(the two freshwater species), and 4.664 for A sculpta and 15.17 for E.
affinis (the two saltwater species). Division of the freshwater and sal twater
Final Acute Values by 12.69 results in Final Chronic Values for freshwater of
0.0723 pg/L and for saltwater of 0.0605ug/L (Table 3). Both of these Chronic
Val ues are bel ow the experinentally determ ned chronic values fromlife-cycle
or early life-stage tests (0.144 pg/L for D. nagna and 0.1308 ug/L for A
scul pta).

Tributyltin chronically affects certain saltwater copepods, gastropods,
and pel ecypods at concentrations | ess than those predicted from "standard"
acute and chronic toxicity tests. The data show that reductions in growh
occur in comrercially or ecologically inportant saltwater species at
concentrations of TBT |l ess than the Final Chronic Value of 0.0605 ug/L derived
using Final Acute Values and Acute-Chronic Ratios from Table 3. Survival of
the copepod A tonsa was reduced in >0.023 pg/L. Gowh of larvae or spat of

two species of oysters, Crassostrea gigas and Ostrea edulis was reduced in

about 0.02 pg/L; some C gigas larvae died in 0.025 pg/L. Shell thickening
and reduced neat weights was observed in the C gigas at 0.01 ug/L. Since
these | evel s were ones at which an effect was seen, a protective |evel for
these commercially inportant species is, therefore, below 0.01 pg/L.

Wei ght of Evidence Considerations. The National Guidelines (Stephan
et.al. 1985) require that the criterion be lowered if sound scientific
evi dence indicates that adverse effects m ght be expected on inportant

speci es. The above data denmonstrate that the reductions in growmh occur in
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commercially or ecologically inportant saltwater species at concentrations of
TBT I ess than the final Chronic Value of 0.0605 pg/L derived using Final Acute
Val ues and Acute-Chronic Ratios from Table 3. Consistent with the Guidelines
directive to consider other relevant data when establishing criteria, EPA
bel i eves the final Chronic Value should be lowered to 0.001 pg/L.

Organonetal lics, particularly TBT and nethyl nmercury, have been shown
to inpair the environment in nmultiple ways.

A major concern with TBT is its ability to cause inposex (the
superinposition of nmale anatom cal characteristics on fenmales) in a variety of
speci es. | nposex has been observed in 45 species of snails worldw de, with
definitive laboratory and field studies inplicating TBT as the cause in seven
North Anerican or cosnopolitan species. As listed on Table 6, adult

dogwhi nkl e, Nucella lapillus, exposed to 0.05 pg/L TBT for 120 days showed 41%

of the organisnms evidencing inposex. A six nonth study of the sane species in
1992 with a concentration of 0.012 pg/L TBT al so showed inposex in the
organi sns. Ot her studi es showed nmore than 92% of the female N. Lapillus
exposed to TBT at 0.0027 pg/L exhibiting inmposex; a foll owp study of
of fspring showed al nost 99% i nposex in fenal es at TBT concentrations of 0.0026
pg/ L. Thus, numerous studi es show i mposex effects at doses well below the
cal cul ated Final Chronic Value of 0.0605 pg/L. Many of the studies did not
produce a No Observed Adverse Effect Level because significant effects were
observed at the | owest concentration tested. The inposex effect may partially
explain the results of the studies in Tables 2 and 6 whi ch show abnor nal
growm h patterns seen in other studies, including reduced growh, shel
t hi ckeni ng, and deformties. |Inposex has al so been |inked with popul ation
declines of snails in Canada (Tester et. al. 1996) and oysters in the United
Ki ngdom (Dyrynda 1992 and others); these declines were reversed after
restrictions on TBT use went into effect.

Anot her factor causing increased concern is the very high

bi oaccunul ati on and bi oconcentration factors associated with TBT. For sone
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speci es, these factors reach into the thousands and tens of thousands. Data
are sumari zed in Table 5. They show BCF/ BAF factors in the thousands for

rai nbow trout, Oncorhynchus nykiss, where TBT concentrati ons were

approxinmately 1.0 pg/L, and in goldfish, Carassius auratus, where TBT

concentrations were approximately 0.1 pg/L. For saltwater species, field

studi es of blue nussels, Mytilus edulis, at TBT concentrations of <0.1 ug/L,

showed BCF or BAF concentrations up to 60,000 (Salazar 1990 and 1991); the

Ameri can oyster, Crassostrea virginica, exhibited factors of 15,000 in TBT

concentrations of <0.3 pg/L (Roberts et.al. 1996); and the Pacific oyster

Crassostrea gigas, had factors in the thousands when exposed to TBT in

concentrations of from0.24 to 1.5 pg/L.

The National Research Council (NRC) conducted a four year study to
“...reviewcritically the literature on hornonal ly-active agents in the
environnent...” and “...identify the known and suspected toxicol ogic

nmechani sns and i npacts on fish, wildlife and humans.... The report, entitled
Hormonal Iy Active Agents in the Environnent (National Research Council, 1999),
cited Bettin et. al. (1996) who reported that TBT “is thought to cause penis
growmh in fenmale nolluscs by affecting steroid nmetabolism”[p. 102]
I mmunol ogi ¢ ef fects have been observed in eastern oysters exposed to 0.03 ug/|
TBT which resulted in increased infection intensity and nortality when | ater
exposed to “Dernp”, a protozoan pathogen. TBT is wi dely assumed to enhance the
i mpai rment caused by Dernpb. However, data are currently insufficient to
det erm ne which levels of Derno and of TBT result in this heightened
interaction. Because |levels of both Dermpo and TBT are known to fluctuate
widely, it is prudent in the face of this uncertainty regarding inpact on a
commercially inportant species to be conservative when establishing acceptable
| evel s.

Concl usi on. The devel opnent of a chronic criterion for TBT in saltwater

considers four |lines of evidence. The first line of evidence is the

traditional endpoints of adverse effects on survival, growh, and reproduction
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as demonstrated in numerous | aboratory studies, recognizes that a number of
t hese studi es have unbounded LOAELs at or near 0.01 pg/L, and recogni zes
further that only one study included |evels below 0.01 pug/L and that study (on

Acartia tonsa at 0.003ug/L) showed inhibition of devel opnent.

The next three lines of evidence are additional factors. These are: 1)

t he production of inposex in field studies and the inpact of inmposex on
commercially significant species population |evels, 2) the accunul ati on and/ or
concentration of TBT in comercially and recreationally inportant freshwater
and sal twater species, and 3) the potential imunological effects of TBT, as
well as the finding that an inportant conmercial organi sm (Eastern oyster)

al ready known to be vulnerable to the preval ent pathogen Dernb was nade even
nore vul nerabl e by prior exposure to TBT.

Considering only the traditional endpoints of adverse effects on
survival, growh, and reproduction, and the criteria calculation procedures
described in the National Guidelines, the Final Chronic Value would be set at
0.06 pg/L. However, the Agency believes that this |level would not be
adequately protective because of the additional factors cited above. These
types of effects are unusual and seemto be characteristic of TBT's ability to
produce toxicity through nultiple nmechani sns.

The Agency is faced with the uncertainty created by the | ack of
under standi ng of the relationship of these multiple factors. TBT does not |end
itself to the ordinary application of the existing criteria calculation
procedures described in the National Guidelines. Therefore, considering the
low |l evel s at which adverse effects have been observed, the lack of data
showi ng no effect bel ow these | evels, and the inportance of the species
affected, a lower criterion nust be established for TBT.

The National CGuidelines require that a criterion be consistent with
sound scientific evidence, based on all available pertinent |aboratory and
field information. The available information for TBT indicates that it causes

i mposex to occur in saltwater snails at concentrations | ess than 0.003 ug/L.
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Considering that less than 0.003 ug/L is an effect level and the wei ght of
evidence for nmultiple adverse effects, EPA believes that a Final Chronic Val ue
for TBT in saltwater of 0.001 ug/L is likely to be protective in nost

si tuati ons.

National Criteria

The procedures described in the "Guidelines for Deriving Nunerical
National Water Quality Criteria for the Protection of Aquatic O ganisns and
Their Uses" indicate that, except possibly where a locally inportant species
is very sensitive, freshwater aquatic organi sns and their uses should not be
af fected unacceptably if the four-day average concentration of tributyltin
does not exceed 0.063 :g/L nore than once every three years on the average and
if the one-hour average concentrati on does not exceed 0.46 :g/L nore than once
every three years on the average.

The procedures described in the "CGuidelines for Deriving Nunerical
National Water Quality Criteria for the Protection of Aquatic O ganisns and
Their Uses" indicate that, except possibly where a locally inportant species
is very sensitive, saltwater aquatic organisns and their uses should not be
af fected unacceptably if the four-day average concentration of tributyltin
does not exceed 0.001 :g/L nore than once every three years on the average and
if the one-hour average concentrati on does not exceed 0.38 :g/L nore than once

every three years on the average.

| npl enent ati on

As discussed in the Water Quality Standards Regul ation (U S. EPA 1983)
and the Foreword of this docunent, a water quality criterion for aquatic life
has regulatory inpact only if it has been adopted in a state water quality
standard. Such a standard specifies a criterion for a pollutant that is
consistent with a particular designated use. Wth the concurrence of the U S.
EPA, states designate one or nore uses for each body of water or segnent
t hereof and adopt criteria that are consistent with the use(s) (U S. EPA

1987,1994). \Water quality criteria adopted in state water quality standards
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coul d have the sane nunerical values as criteria devel oped under Section 304,
of the Cean Water Act. However, in many situations states mght want to
adjust water quality criteria devel oped under Section 304 to reflect |ocal
environnental conditions and human exposure patterns. Alternatively, states
may use different data and assunptions than EPA in deriving numeric criteria
that are scientifically defensible and protective of designated uses. State
water quality standards include both nuneric and narrative criteria. A state
nmay adopt a nuneric criterion within its water quality standards and apply it
either state-wide to all waters designated for the use the criterion is
designed to protect or to a specific site. A state nay use an indicator
paraneter or the national criterion, supplenented with other rel evant
information, to interpret its narrative criteria withinits water quality
st andards when devel opi ng NPDES effluent |imtations under 40 CFR
122. 44(d) (1) (vi).2

Site-specific criteria may include not only site-specific criterion
concentrations (U. S. EPA 1994), but also site-specific, and possibly
pol | utant -specific, durations of averaging periods and frequencies of allowed
excursions (U S. EPA 1991). The averagi ng periods of "one hour" and "four
days" were selected by the U S. EPA on the basis of data concerning the speed
wi th whi ch sone aquatic species can react to increases in the concentrations
of some aquatic pollutants, and "three years" is the Agency's best scientific
j udgnent of the average anount of tine aquatic ecosystens shoul d be provided
bet ween excursions (Stephan et al. 1985; U S. EPA 1991). However, various
speci es and ecosystens react and recover at greatly differing rates.
Therefore, if adequate justification is provided, site-specific and/or
pol | ut ant -specific concentrations, durations, and frequenci es may be hi gher or
| ower than those given in national water quality criteria for aquatic life.

Use of criteria, which have been adopted in state water quality
standards, for devel oping water quality-based permt linmts and for designing
waste treatnent facilities requires selection of an appropriate wastel oad
al l ocation nodel. Although dynam ¢ nodels are preferred for the application

of these criteria (U S. EPA 1991), limted data or other considerations night
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require the use of a steady-state nodel (U.S. EPA 1986).
CGui dance on m xi ng zones and the design of nonitoring prograns is al so

available (U S. EPA 1987, 1991).
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Speci es

Hydr a,
Hydra littoralis

Hydr a,
Hydra littoralis

Hydr a,
Hydra oligactis

Hydr a,

Chl orohydra viridissma

Annelid (9 nmg),
Lunbri cul us vari egat us

Freshwat er cl am
(113 mm TL; 153 g)
Elliptio conpl anat us

Cl adocer an,
Daphni a nagna

Cl adoceran (adult),
Daphni a magna
Cl adoceran (<24 hr),
Daphni a nagna
Cl adoceran (<24 hr),
Daphni a magna
Cl adoceran (<24 hr),
Daphni a nagna
Cl adoceran (<24 hr),
Daphni a magna

Anphi pod,

Ganmar us pseudol i maeus

Tabl e 1.

Met hod?

Acute Toxicity of Tributyltin to Aguatic Animals

Cheni cal ®

Har dness
(mg/L as
CaC0y)

TBTO
(97.5%

TBTO
(97.5%

TBTO
(97.5%

TBTO
(97.5%

TBTO
(96%

TBTO
(95%
TBTO

TBTC

TBTO
(95%

TBTO
(97.5%

TBTO
(96%

TBTC

TBTO
(96%

FRESHWATER SPECI ES

100

120

100

120

51.8

172

51.5

250

51.8

LC50
or EC50

(pg/ Ly

1.11

1.30

1.14

1.80

54

24, 600

66. 3

1.58

11.2

18

Speci es nean
Acut e val ue

Sci ences, Inc. 1989a

Sci ences, Inc. 1989b

Sci ences, Inc. 1989a

Sci ences, Inc. 1989b

Brooke et al. 1986

Brooke et al. 1986

Crisinel et al. 1994

(pa/ L) Ref er ences
- TAI  Envi ronnent al
1.201 TAl Envi r onnent al
1.14 TAI  Envi ronnent al
1.80 TAl Envi r onnent al
5.4
24, 600 Buccaf usco 1976a
- Foster 1981
- Meador 1986
- LeBl anc 1976
- ABC Laboratories,
Inc. 1990c
4.3
3.7

Brooke et al. 1986



Mosquito (Il arva), S, M TBTO 51.5 10.2 10.2 Brooke et al. 1986
Cul ex sp. (969



Tabl e 1. (continued)

Speci es

Rai nbow trout,
(45 mm TL; 0.68 Q)
Oncor hynchus nyki ss

Rai nbow t r out
(juvenile),
Oncor hynchus nyki ss

Rai nbow trout (1.47 g),

Oncor hynchus nyki ss

Rai nbow trout (1.4 g),

Oncor hynchus nyki ss

Lake trout (5.94 g),

Sal vel i nus naymaycush

Fat head m nnow
(juvenile),
Pi nephal es pronel as

Channel catfi sh,
(65 M TL; 1.9 @)
| ctal urus punctatus

Channel catfish
(juvenile),
I ctal urus punctatus

Bl uegi I I,
Lepom s macrochirus

Bl uegi Il I,
(36 nm TL: 0.67 @),
Lepomi s nmacrochirus

Bl uegill (1.01 g),
Lepom s nmacrochirus

Met hod?
S U

S, U

S, U

S, U

Har dness LC50
(mg/L as or EC50
Cheni cal ® CaCO,) (tg/l)e
TBTO - 6.5
(95%
TBTO 50.6 3.9
(96%
TBTO 135 3. 45
(97%
TBTO 44 7.1
(97.5%
TBTO 135 12.73
(97%
TBTO 51.5 2.6
(96%
TBTO - 11. 4
(95%
TBTO 51.8 5.5
(96%
TBTO - 227. 4
TBTO - 7.2
(95%
TBTO 44 8.3
(97.5%

SALTWATER SPECI ES

Speci es Mean
Acut e Val ue

Brooke et al. 1986

Martin et al. 1989

Martin et al. 1989

Brooke et al. 1986

Brooke et al. 1986

(:g/l) Ref er ences
- Buccaf usco et al.
1978
4,571 ABC Laboratori es,
Inc. 1990a
12.73
2.6
- Buccaf usco 1976a
5.5
- Foster 1981
- Buccaf usco 1976b
8.3

ABC Laboratori es,
Inc. 1990b



Lugworm (| arva),
Arenicola cristata

Lugwor m (| arva)
Arenicola cristata

Table 1. (Conti nued)

Speci es

Pol ychaete (juvenile),
Neant hes ar enaceodent at a

Pol ychaete (adult),
Neant hes ar enaceodent ata

Pol ychaete (adult),
Armandi a brevis

Bl ue nussel (larva),

Mytilus edulis
Bl ue nussel (adult),
M/tilus edulis
Bl ue nussel (adult),
Mytilus edulis

Paci fic oyster (larva),
Crassostrea gi gas

Paci fic oyster (adult),
Crassostrea gi gas

Eastern oyster (enbryo),
Crassostrea virginica

Eastern oyster (enbryo),
Crassostrea virginica

Eastern oyster (enbryo),
Crassostrea virginica

S, U

S, U

Met hod?

S, U

TBTO 28¢ —2-4
TBTA 28 -5-10
LC50
Salinity or EC50
Cheni cal ® (a/ ka) (pg/L)e
TBTO 33-34 6.812
TBTO 33-34 21.41¢
TBTd 28.5 25
(96%
TATO - 2.238
TBTO - 36. 98¢
TBTO 33-34 34. 06°
TBTO - 1. 557
TBTO - 282. 2¢
TBTO 22 0. 8759
TBTd 18- 22 1.30
TBTd 18- 22 0.71

-5.03

Speci es Mean
Acut e Val ue
(pa/ L)

Wal sh et al. 1986b

Wal sh et al. 1986b

Ref er ence

6.812

25

2.238

1.557

Sal azar and Sal azar
1989

Sal azar and Sal azar
1989

Meador 1997

Thai n 1983

Thai n 1983

Sal azar and Sal azar

1989

Thai n 1983

Thai n 1983

EGG Bi onomi cs

1976a, 1977

Roberts 1987

Roberts 1987



Eastern oyster,
Crassostrea virginica

Eur opean flat oyster
(adult),
Ostrea edulis

Atl antic dogwhinkl e
(<24 hr-old),
Nucel l a | apillus

Tabl e 1. (Conti nued)

Speci es

Hard cl am
(post larva),
Mercenaria nercenaria

Hard clam (enbryo),
Mercenaria nercenaria

Hard clam (larva),
Mercenaria nercenaria

Copepod (juvenile),
Eurytenora affinis

Copepod (subadul t),
Eurytenora affinis

Copepod (subadul t),
Eurytenora affinis

Copepod (adult),
Acartia tonsa

Copepod (subadul t),
Acartia tonsa

Copepod (10-12-d-old),
Acartia tonsa

Met hod?
S U

R U

R U

S, U

TBTC 18- 22
TBTO -
TBTO 34- 35
Salinity
Cheni cal ® (a/ kg)

TBTC -
TBTC 18- 22
TBTC 18- 22
TBTC 10.6

TBT 10

TBT 10
TBTO -
(95%

TBT 10
TBTC 18

(99. 3%

3. 96¢°

204. 4

72.7

LC50
or EC50

pug/ L) ¢
0. 01466'

1.65

0. 47

0.9316 Roberts 1987
204. 4 Thain 1983
72.7 Harding et al. 1996

Speci es Mean
Acut e Val ue
(pg/ L) Ref er ences

- Becerra- Huencho 1984

- Roberts 1987

1.365 Roberts 1987

- Hall et al. 1988a

- Bushong et al.
1987; 1988

1.975 Bushong et al.
1987; 1988

- U ren 1983

1.1 Bushong et al.
1987; 1988

- Kusk and Petersen
1997



Copepod (10-12-d-old),
Acartia tonsa

Copepod (adult),
Ni t ocra spini pes

Copepod (adult),
Ni t ocra spini pes

Mysid (juvenile),
Acant honysi s scul pta

Mysid (adult),
Acant honysi s scul pta

Mysid (juvenile),
Acant honysi s scul pta

Mysid (juvenile),

Met anysi dopsi s el ongat a

Table 1. (Conti nued)

Speci es
Mysid (subadult),

Met anysi dopsi s el ongat a

Mysid (adult),

Met anysi dopsi s el ongat a

Mysid (adult),

Met anysi dopsi s el ongat a

Mysid (<1 day)
Mysi dopsi s bahi a

Mysid (5 day),
Mysi dopsi s bahi a

Mysid (10 day),
Mysi dopsi s bahi a

Anphi pod (subadul t)
Ganmar us sp

Anphi pod (adult),
Gammar us sp

Met hod?
S U

S, U

S, U

TBTC 28
(99.3%
TBTF 7
TBTO 7
g
g
g
TBTO 33-34
Salinity
Cheni cal ® (a/ kg)
TBTO 33-34
TBTO 33-34
TBTO 33-34
TBTC 19- 22
TBTC 19- 22
TBTC 19- 22
TBT 10
TBT 10

0.24

1.877

1. 946

0.42

1.68¢

0.61

<0. 9732

LC50
or EC50

(pg/Lye
1. 946¢

2.433¢

6.812°

2.0

2.2

1.3

5. 3¢

1.911

0.61

Speci es Mean
Acut e Val ue

(pg/ L)

Kusk and Petersen
1997

Linden et al. 1979
Linden et al. 1979
Davi dson et al
19864, 1986b

Val kirs et al. 1985

Valkirs et al. 1985

Sal azar and Sal azar
1989

Ref er ence

<0. 9732

1.692

1.3

Sal azar and Sal azar
1989

Sal azar and Sal azar
1989

Sal azar and Sal azar
1989

Goodman et al. 1988
Goodnman et al. 1988
Goodman et al. 1988

Bushong et al. 1988

Bushong et al. 1988



Anphi pod (adult),
O chestia traski ana

Anphi pod (adults),
Rhepoxyni us abroni us

Anphi pod (3-5 mm 2-5

) ,
Eohaust ori us estuari us

Anphi pod (adult),
Eohaust ori us
washi ngt oni anus

Grass shrinmp (adult),
Pal aenpbnet es pugi o

Grass shrinp (subadult),
Pal aenpbnetes sp.

Grass shrinp (larvae),
Pal aenpnet es sp.

Grass shrinmp (adult),
Pal aenpnetes sp.

Tabl e 1. (Conti nued)

Speci es

Anerican | obster
(larva),
Homar us aneri canus

Shore crab (larva),
Carci nus nmenas

Mud crab (Ilarva),
Rhi t hr opanopeus harrisii

Mud crab (Ilarva),
Rhi t hr opanopeus harrisii

Shore crab (larva),
Hem gr apsus nudus

Anphi oxus,
Branchi ost oma cari baeum

R M

F, U

Met hod?
R U

R U

R U

R U

F, U

TBTO 30
TBTC 32.3
(96%
TBTC 28.8-29.5
(96%
TBTC 32.7
(96%
TBTO -
TBT 10
TBTO 20
TBTO 20
Salinity
Cheni cal ® (a/ kg)
TBTO 32
TBTO -
TBTS 15
TBTO 15
TBTO 32
TBTO -

>14. 60"

108

10

20

>31

4.07

31. 41°

LC50
or EC50

(polL)e

1. 745"

9.732

>24, 3"

34.90"

83. 28"

<10

>14. 60

108

10

20

>31

4. 07

Speci es Mean
Acut e Val ue

Laughlin et al. 1982

Meador 1997

Meador 1993; Meador
et al. 1993; Meador
1997

Meador 1997

Clark et al. 1987

Bushong et al. 1988

Kahn et al. 1993

Kahn et al. 1993

Laughlin and French

Laughlin et al. 1983

Laughlin et al. 1983

Laughlin and French

(uag/ L Ref er ence
1.745
1980
9.732 Thai n 1983
34.90
83. 28
1980
<10

Clark et al. 1987



Chi nook sal non
(juvenile),
Oncor hynchus t shawyt scha

Atl anti c nenhaden
(juvenile),
Brevoortia tyrannus

Atl anti c nmenhaden
(juvenile),
Brevoortia tyrannus

Sheepshead mi nnow
(juvenile),
Cyprinodon vari egat us

Sheepshead m nnow
(juvenile),
Cyprinodon variegatus

Sheepshead mi nnow
(juvenile),
Cyprinodon vari egatus

Sheepshead ni nnow

(33-49 mm),

Cyprinodon vari egat us

Tabl e 1. (Conti nued)

Speci es

Sheepshead ni nnow
(juvenile),
Cyprinodon vari egat us

Sheepshead ni nnow
(subadul t),
Cyprinodon vari egat us

Munmm chog (adul t),
Fundul us heteroclitus

Mum chog (juvenile),
Fundul us heteroclitus

S, U

S, U

Met hod?
F, M

TBTO 28
TBT 10
TBT 10
TBTO 20
TBTO 20
TBTO 20
TBTO 28- 32
Salinity
Cheni cal ® (a/ kg)
TBTO 15
TBT 10
TBTO 25
(95%
TBTO 2

1. 460

4.7

5.2

16. 54

16. 54

12. 65

2. 315"

LC50
or EC50

(porL)e
12.31

25.9

23.36

17.2

1. 460

4.944

Speci es Mean
Acut e Val ue

(pg/ L)

Short and Thrower
1986b; 1987

Bushong et al.
1987; 1988

Bushong et al.

1987, 1988

E&G Bi onom ¢cs 1979

EG&G Bi onomi cs 1979

EG&G Bi onomi cs 1979

EGG Bi onomi cs 1981d

Ref er ence

9. 037

Wal ker 1989a

Bushong et al. 1988

E&G Bi onom ¢cs 1976a

Pi nkney et al. 1989



Munm chog (Il arval), F, M TBT 10 23. 4 - Bushong et al. 1988
Fundul us heteroclitus

Munmm chog (subadul t), F, M TBT 10 23.8 21. 34 Bushong et al. 1988
Fundul us heteroclitus

I nl and sil verside F, M TBT 10 3.0 3.0 Bushong et al.
(larva), 1987; 1988

Meni dia beryllina

Atlantic silverside, F, M TBT 10 8.9 8.9 Bushong et al.

Meni di a neni di a 1987; 1988

Starry flounder R M TBTC 30. 2 10. 1 10.1 Meador 1997
(<1-year-old), (96%

Pl atichthys stellatus

a S =static; R=renewal; F = flowthrough; M= neasured; U = unnmeasured.
b TBTA = tributyltin chloride; TBTF = tributyltin fluoride; TBTO = tributyltin oxide; TBTS = tributyltin sulfide. Percent

purity is given in par ent heses when avail abl e.

¢ Salinity (g/kg).

¢ Concentration of the tributyltin cation, not the chemical. |If the concentrations were not neasured and the published
results were not reported to be adjusted for purity, the published results were multiplied by the purity if it was

reported to be | ess than 95%

¢ Value not used in determination of Species Mean Acute Val ue because data are available for a nore sensitive life stage.

f Value not used in determination of Species Mean Acute Val ue (see text).

9 The test organisnms were exposed to | eachate from panels coated with antifouling paint containing a tributyltin polyner and
cuprous oxi de. Concentrations of TBT were neasured and the authors provided data to denobnstrate the simlar
toxicity of a pure TBT conpound and the TBT from the paint fornulation.

" LC50 and EC50 cal cul ated or interpolated graphically based on the authors' data.



Table 2. Chronic Toxicity of Tributyltin to Aquatic Animals.

Har dness Chroni c
(mg/ L as Limts Chroni c Val ue
Speci es Test? Cheni cal ® CaCo,) (pg/L)e (pg/ L) Ref er ences

FRESHWATER SPECI ES

Cl adocer an, LC TBTO 51.5 0.1-0.2 0.1414 Brooke et al. 1986
Daphni a nmagna (96%

Cl adocer an, LC TBTO 160- 174 0.19-0. 34 0. 2542 ABC Laboratories, Inc.
Daphni a nagna (100% 1990d

Fat head mi nnow, ELS TBTO 51.5 0. 15-0. 45 0. 2598 Brooke et al. 1986

Pi nephal es pronel as (96%

SALTWATER SPECI ES

Atl antic dogwhi nkl e, ELS TBTO 34-35 0. 0077- 0.0153 Harding et al. 1996
Nucella lapillus (979 0. 0334f

Copepod, LC TBTC 10. 3¢ <0. 088 <0. 088 Hal | et al. 1987;1988a
Eurytenora affinis

Copepod, LC TBTC 14. 6¢° 0.094-0. 224 0. 145 Hal | et al. 1987;1988a
Eurytenora affinis

Mysi d, LC ‘ - 0.09-0.19 0. 1308 Davi dson et al.

Acant honysi s scul pta 1986a, 1986b

a LC = Life-cycle or partial life-cycle; ELS = early |ife-stage.

b TBTO = tributyltin oxide; TBTC = tributyltin chloride. Percent purity is given in parentheses when avail abl e.

¢ Measured concentrations of the tributyltin cation.

¢ The test organisns were exposed to | eachate from panels coated with antifouling paint containing a tributyltin polynmer and
cuprous oxi de. Concentrations of TBT were neasured and the authors provided data to denobnstrate the simlar
toxicity of a pure TBT conpound and the TBT from the paint fornulation.

e Salinity (g/kg).

f TBT concentrations are those reported by Bailey et al. (1991). See text for explanation.



Tabl e 2. (continued)

Acut e- Chroni c Ratios

Har dness

(mg/L as Acut e Val ue Chroni ¢ Val ue
Speci es CaCO,) (ua/ L) (ua/ L) Rati o
Cl adocer an, 51.5 4.3 0.1414 30.41
Daphni a magna
Cl adocer an, 160- 174 11.2 0. 2542 44. 06
Daphni a nagna
Fat head ni nnow, 51.5 2.6 0. 2598 10.01
Pi mephal es pronel as
Copepod, - 2.2 <0. 088 >25. 00
Eurytenora affinis
Copepod, - 2.2 0. 145 15. 17
Eurytenora affinis
Mysi d, - 0.612 0. 1308 4. 664
Acant honysi s scul pta
Snai |, 34- 35° 72.7 0. 0153 4752

Nucella lapillus

@ Reported by Valkirs et al. (1985).
b Salinity (g/kg).



g

)

11

10

Tabl e 3. Ranked Genus Mean Acute Val ues with Speci es Mean Acute-Chronic

Cenus Mean
Acut e Val ue

(ua/L)

24, 600

12.73

10.2

5.4

4.571

1.80

1.170

Speci es

FRESHWATER SPECI ES

Freshwat er cl am
Elliptio canpl anat us

Lake trout,
Sal vel i nus naymaycush

Mosqui t o,
Cul ex sp

Bl uegi l |,
Lepom s nmcrochirus

Channel catfish,
| ctal urus punctatus

Annel i d,
Lunbri cul us vari egat us

Rai nbow trout,
Oncor hyncus nyki ss

Cl adocer an,
Daphni a magna

Anphi pod
Ganmar us pseudol i maeus

Fat head m nnow,
Pi nephal es pronel as

Hydra

Chl orohydra viridissma
Hydra

Hydra littoralis

Hydra

Hydra oligactis

Speci es Mean
Acut e Val ue

(pg/Ly®

24, 600

12. 73

10.2

5.4

4.571

1.80

1.201

Rati os

Speci es Mean
Acut e- Chroni c
Rat i o°¢

36. 60

10.01



Tabl e 3. (Conti nued)

g

29

28

27

26

25

24

23

22

21

20

19

18

)

Cenus Mean
Acut e Val ue

(ua/L)

204. 4

108

83. 28

72.7

34.90

25

24.90

21.34

>14. 60

10.1

<10

9.732

9.534

Speci es

SALTWATER SPECI ES

Eur opean flat oyster,
GOstrea edulis

Anphi pod,

Rhepoxyni us abroni us

Shore crab,

Hem gr apsus nudus

Atl antic dogwhi nkl e,
Nucel l a | apillus

Mud cr ab,

Rhi t hr opanopeus harri sii

Pol ychaet e,

Armandi a brevis

Grass shrinp,

Pal aenpnet es pugi o

Grass shrinp,

Pal aenpnet es sp.

Murmmi chog,

Fundul us heteroclitus

Anphi pod,

Orchestia traski ana

Starry flounder,
Pl atichthys stellatus

Anphi oxus

Br anchi ost ona cari baeum

Shore crab,

Car ci nus nmaenas

Anphi pod,

Eohaust ori us estuarius

Speci es Mean
Acut e Val ue

(pg/Ly®

204.4

108

83. 28

72.7

34.90

25

20

>31

21.34

>14. 60

10.1

<10

9.732

10.1

Speci es Mean
Acut e- Chroni c
Rat i o°¢

4752



Table 3
(Conti nued)

15

14

13

12

11

10

CGenus Mean
Acut e Val ue

(ug/ L)
9. 037

6.812

5.167

4.944

2.238

1.975

1.911

1.745

1.692

1. 460

1.365

1.3

Anphi pod
Eohaust ori us
washi ngt oni anus

Speci es

Sheepshead mi nnow,
Cyprinodon vari egat us

Pol ychaet e,
Neant hes ar enacedent at a

I nl and silverside
Meni di a beryllina

Atl antic silverside,
Meni di a neni di a

Lugwor m
Arenicola cristata

Atl anti ¢ manhaden
Brevoortia tyrannus

Bl ue nussel

Mtilus edulis

Copepod,
Eurytenora affinis

Copepod,
Ni t ocra spi ni pes

Aneri can | obst er
Honmar us aneri canus

Mysi d,
Mysi dopsi s bahi a

Chi nook sal non,
Oncor hynchus tshawytscha

Hard cl am
Mercenaria nercenaria

Anphi pod
Gammarus sp.

Speci es Mean
Acut e Val ue

(pg/L)®
9. 037

6.812

4.944

2.238

1.975

1.911

1.745

1.692

1. 460

1.365

Speci es Mean
Acut e- Chroni c
Rat i o°

15. 17



Table 3.
(Cont i nued)

g
=)
x

»

1.204

Genus Mean
Acut e Val ue

(ua/L)
<0. 9732

0.61

Paci fi c oyster,
Crassostrea gi gas

Eastern oyster,
Crassostrea virginica

Copepod,
Acartia tonsa

Speci es

Mysi d,
Met anysi dopsi s el ongat a

Mysi d,

Acant honysi s scul pta

1. 557

0. 9316

Speci es Mean
Acut e Val ue

(pg/Ly®
<0. 9732¢

0.61

Speci es Mean
Acut e- Chronic
Rat i o°¢

4.664

Ranked from nost
necessarily inply a true ranking,

Val ue i s not unnecessarily | owered.

From Tabl e 1.
From Tabl e 2.
This was used as a quantitative val ue,

not as a "less than"

resistant to nost sensitive based on Genus Mean Acute Val ue.
but does all ow use of all

I ncl usi on of

"greater than" val ue does not

genera for which data are available so that the Final Acute

value in the calculation of the Final Acute Val ue.



Fresh Vater
Final Acute Value = 0.9177 :g/L
Criterion Maxi mum Concentration = (0.9177 Ig/L)/2 = 0.4589 Ig/L
Fi nal Acute-Chronic Ratio = 12.69 (see text)

Final Chronic Value = (0.9177 -g/L)/12.69 = 0.0723 pg/L

Salt Water
Fi nal Acute Value = 0.7673 ug/L
Criterion Maxi mum Concentration = (0.7673 pg/L)/2 = 0.3836 pg/L
Fi nal Acute-Chronic Ratio = 12.69 (see text)
Final Chronic Value = (0.7673 pg/L)/12.69 = 0.0605 pg/L

Final Chronic Value = 0.010 pg/L (lowered to protect growh of commercially inportant nolluscs and survival of
the ecol ogically i nportant copepod Acartia tonsa; see text)




Speci es

Al ga,

Bunmilleriopsis
filiforms

Al ga,
Kl ebsorm di um nari num

Al ga,
Monodus subt erraneus

Al ga,
Raphi donena | ongi seta

Al ga,
Tri bonena aequal e

Bl ue-green al ga
Oscillatoria sp

Bl ue-green al ga

Synechococcus
| eopoliensis

Green al ga,
Chl anydononas dysosnas

Chemi cal @

Table 4. Toxicity of Tributyltin to Aquatic Plants

Har dness
(mg/L as
CaCoy)

Green al ga,
Chl orel |l a enmersoni

TBTC

TBTC

TBTd

TBTC

TBTC

TBTC

TBTd

TBTC

TBTC

Dur ati on

(days)

FRESHWATER SPECI ES

14

14

14

14

14

14

14

14

14

Ef f ect

No growt h

No growt h

No growth

No growt h

No growt h

No growt h

No growth

No growt h

No growt h

Concentration

(pg/Ly)®

111. 4

222.8

1,782.2

56.1

111. 4

222.8

111. 4

111. 4

445.5

Bl anck
Bl anck
1984

Bl anck
Bl anck
1984

Bl anck
Bl anck
1984

Bl anck
Bl anck
1984

Bl anck
Bl anck
1984

Bl anck
Bl anck
1984

Bl anck
Bl anck
1984

Bl anck
Bl anck
1984

Bl anck
Bl anck
1984

Ref er ence

1986;
et al

1986;
et al

1986;
et al

1986;
et al

1986;
et al

1986;
et al

1986;
et al

1986;
et al

1986;
et al



Green al ga,

Kirchneriella contorta

Green al ga,

Monor aphi di um pusi |l um

G een al ga,
Scenedesnus
obt usi uscul us

G een al ga,
Scenedesnus

quadri cauda

Green al ga,
Scenedesmnus

quadri cauda

Tabl e 4. (Conti nued)

Speci es

Green al ga,
Scenedesnus

quadri cauda

Green al ga,

Scenedesnus obl i quus

TBTC

G een al ga,
Sel enastrum

capricornutum

G een al ga,
Sel enastrum

capricornutum

TBTd -
TBTC -
TBTC -
TBTO -
Har dness
(mg/ L as
Chemi cal ? CaCo,)
TBTO 0. 67
TBT 72.7
TBTC -
TBTA -

14

14

14

12

Dur ation

(days)
12

14

SALTWATER SPECI ES

No growt h

No growt h

No growt h

Reduced
growt h
(87.6%

EC50
chl or ophyl |
production

Ef f ect

Reduced
growt h
87.6%
95. 9%
100%

EC50 (reduced
grow h)

No growt h

EC50

111. 4

111. 4

445.5

Concentration

(pg/Ly®

10
100

111. 4

12. 4

Bl anck 1986;
Bl anck et al.
1984

Bl anck 1986;
Bl anck et al.
1984

Bl anck 1986;
Bl anck et al.
1984

Far gasova and
Ki zl'i nk 1996

Far gasova 1996

Ref er ence

Far gasova and
Ki zl i nk 1996

Huang et al. 1993

Bl anck 1986;
Bl anck et al.
1984

M ana et al. 1993



Di at om TBTO - 5 Al gistatic 0.9732-17.52 Thain 1983

Skel et onema cost atum Al gi ci dal >17.52
Di at om TBTO 30° 14 EC50 (dry >0.1216; <0.2433 EGEG Bi ononics
Skel et onena cost at um ( Bi oMet cell weight) 1981c

Red)
Di at om TBTO 30¢ 14 EC50 (dry 0. 06228 E&G Bi onomi cs
Skel et onena cost at um cell weight) 1981c
Di at om TBTO - 8 EC50 (reduced 1.19 Del upi s et al.
Ni t zschia sp. growt h) 1987
Fl agel | ate al ga, TBTO - 8 EC50 (reduced 4.53 Del upis et al.
Dunaliella tertiolecta growt h) 1987
M xed al gae, TBT - 4 EC50 (reduced 0. 68 Huang et al. 1993
Dunaliella salina and growt h)
D. viridis
a TBTCA = tributyltin chloride; TBTO = tributyltin oxide. Percent purity is given in parentheses when avail abl e.
b Concentration of the tributyltin cation, not the chenmical. |If the concentrations were not neasured and the published
results were not reported to be adjusted for purity, the published results were multiplied by the purity if it was

reported to be less than 95%
¢ Salinity (g/kg).



Speci es

Zebra nusse
(1.76%0.094 cn,
Drei ssena

pol ynor pha

Rai nbow trout (13.8

9),
Oncor hynchus nyki ss

Rai nbow trout (32.7

9),
Oncor hynchus nyki ss

Carp (9.5-11.5 cm
20.0-27.5 g);
Cyprinus carpio

Carp (8.5-9.5 cm
16.5-22.1 g);
Cyprinus carpio

Tabl e 5.

Cheni cal ?

TBT

TBTO
(97%

TBTO
(97%

TBTO

TBTO

Bi oaccunul ation of Tributyltin by Aquatic O ganisns

Har dness
(mg/L as

—(CaCos)

135

135

34.5-39.0

Concentration

in Water

(ua/L)®

Dur ati on
(days)

Ti ssue

FRESHWATER SPECI ES

0.0703

0.513

1.026

1.8 (pH
6.0)
1.6 (pH
6.8)
1.7 (pH
7.8)

105

64

15

14

14

Soft parts

Whol e body

Li ver

Gl |

bl adder/ bi |
e

Ki dney
Car cass
Peri t oneal
f at

Gll

Bl ood

cut

Muscl e

Muscl e

Whol e body

BCF or
BAF¢ Ref erence
17, 483¢ Becker - van
Sl oot en and
Tarradel | as 1994
406 Martin et al.
1989
1,179 Martin et al.
1989
331
2,242
1, 345
5,419
1,014
653
487
312
501.2 Tsuda et al.
1988a
-1190 Tsuda et al.
-1523 1990a
-2250



Gol dfish (3.5-4.0
cm 1.6-2.9 g);
Car assi us aur at us

Guppy (2.4-2.7 cm
0.41-0.55 g);
Poecilia

reticul atus

Tabl e 5.
(Cont i nued)

Speci es

Snail (adults),
Littorina littorina

Atl antic dogwhinkl e
(femal e),
Nucella lapillus

Atl antic dogwhinkl e
(femal e),
Nucella lapillus

Atlantic dog
whi nkl e (18-22 mm),
Nucel |l a | apillus

Atlantic dogwhinkl e
(1 year-old),
Nucella lapillus

Atl antic dogwhinkl e
(1 year-old),
Nucella lapillus

TBTC 36 0.13 28 Whol e body

TBTO - 0.54 14 Whol e body

(95%

Salinity Concentration Dur ati on
Cheni cal @ (a/ ka) in Water (days) Ti ssue
(ua/L)®
SALTWATER SPECI ES

TBTC - 0.488 182 Soft parts
0.976 182 Soft parts

TBT - 0.0038 to 249 to 408 Soft parts
0. 268

Field - 0.070 529 to 634 Soft parts

TBTC 35 0. 0205 49 Soft parts

TBTO 34-35 0. 0027 365 Soft parts
0. 0077 365 Soft parts
0.0334 365 Soft parts
0. 1246 365 Soft parts

TBTO 34-35 0. 0026 365 Soft parts
0. 0074 365 Soft parts
0.0278 365 Soft parts
0.1077 365 Soft parts

1, 976 Tsuda et al.
1991b
460 Tsuda et al.
1990b
BCF or
BAF® Ref erence
1,420 Bauer et al.
1, 020 1997
11,000 to Bryan et al.
38, 000 1987a
17, 000 Bryan et al.
1987a
30, 000 Bryan et al.
1989b
18, 727 Bailey et al.
21, 964 1991
16, 756
7,625
<7782 Harding et al.
10, 121 1996
8, 088
6,172



Bl ue nussel (spat),

M/tilus edulis

Bl ue nussel
(adult),

Mtilus edulis

Bl ue nussel
(juvenile),

Mtilus edulis

Bl ue nussel,

Mytilus edulis

Bl ue nussel
(juvenile),

Mytilus edulis

Tabl e 5.
(Cont i nued)

Speci es

Bl ue nussel
(3.0 - 3.5 cm,

M/tilus edulis

Paci fic oyster,
Crassostrea gi gas

Anerican Oyster (6-
9 cmlength),
Crassostrea
virginica

Paci fic oyster,
Crassostrea gi gas

e

28.5-34.2
Field -
Field -
Field -
Salinity
Cheni cal @ (a/ kag)
TBTC 25.1-26.3
TBTO 28-31.5
- 18+1
TBTO 28-31.5

0.24

<0.1

<0.1

0. 452
0. 204
0. 204
0.079

<0. 105

Concentration
in Water

(ua/L)®
0. 020

1.216

0. 283

0. 1460

45 Soft parts
60 -
60 -
56 Soft parts
84 Soft parts
Dur ati on
(days) Ti ssue
60 Muscl e and
mant | e
Muscl e and
mant | e
21 Soft parts
28 Soft parts
21 Soft parts

6, 833f Thai n and
Wal dock 1985;
Thain 1986

11, 000 Sal azar and
Sal azar 1990a

25, 000 Sal azar and
Sal azar 1990a

23, 000 Sal azar et al

27,000 1987

10, 400

37,500

5, 000- Sal azar and

60, 000 Sal azar, 1991

BCF or
BAF¢ Ref erence

7,700 Guol an and Yong
1995

11, 000

1, 874 val dock et al
1983

15, 460 Roberts et al
1996

6, 047f Val dock et al
1983



Paci fic oyster, 28.5-34.2 0.24 45 Soft parts 7,292f Thai n and
Crassostrea gigas Wal dock 1985;
Thain 1986
Paci fic oyster, TBTO 29-32 1. 557 56 Soft parts 2,300 wal dock and
Crassostrea gi gas Thai n 1983
Pacific oyster, TBTO 29-32 0. 1460 56 Soft parts 11, 400 Wal dock and
Crassostrea gigas Thain 1983
Paci fic oyster TBTO - 0.29 30 Soft parts 2275 Csada et al.
(spat), 0.92 1369 1993
Crassostrea gigas 2.83 621
Eur opean fl at TBTO 28-31.5 1.216 21 Soft parts 960" Wal dock et al.
oyster, 1983
Ostrea edulis
Eur opean fl at TBTO 28-34.2 0.24 75 Soft parts 875" Wal dock et al.
oyster, 1983
Ostrea edulis
Eur opean fl at TBTO 28-34.2 2.62 75 Soft parts 397" Thain 1986
oyster,
Ostrea edulis
Eur opean fl at ¢ 28.5-34.2 0.24 45 Soft parts 1, 167f Thai n and
oyster, Wal dock 1985;
Ostrea edulis Thain 1986
Eur opean fl at ‘ 28.5-34.2 2.62 45 Soft parts 192. 3"  Thain and
oyster, Wal dock 1985;
Ostrea edulis Thain 1986
Guppy (& 2.4-2.7 TBTC - 0.28 14 Whol e body 240 Tsuda et al.
cm 0.41-0.55 g); (95% 1990b
Poecilia

reticul atus

a TBTO = tributyltin oxide; Field = field study. Percent purity is given in parentheses when avail abl e.

b Measured concentration of the tributyltin cation.

¢ Bioconcentration factors (BCFs) and bi oaccunul ation factors (BAFs) are based on neasured concentrations of TBT in water
and tissue.

9 BCF normalized to 1% 1ipid concentration and converted to wet wei ght estinmate based upon 85% noi sture.

¢ Test organi snms were exposed to | eachate from panels coated with antifouling paint containing tributyltin.

f BCFs were cal cul ated based on the increase above the concentration of TBT in control organisms.



Speci es

M crocosm nat ura
assenbl age

M cr ocosm nat ur a
assenbl age

Al ga,

Nat ural assenbl age

Bl ue-green al ga
Anabaena fl os- aquae

Green al ga,
Anki st rodesnus fal cat us

Green al ga,
Anki st rodesnus fal cat us

Green al ga,
Scenedesnus quadri cauda

Table 6. Oher

Har dness
(mg/ L as

Chemi cal @ CaCQ)

Dur ati on

Ef f ect

TBTO -

TBTO -

TBTO -
(97%

FRESHWATER SPECI ES

55 days

24 days

4 hr

4 hr

4 hr

7 days
14 days
21 days
28 days

4 hr

Daphni a magna

di sappear ed; Ostracoda
i ncreased; al gae
increased i medi ately
then gradual |y

di sappear ed

Met abol i sm reduced (2.5
days)

Met abolismreturned to
normal (14.1 days)

Met abol i sm reduced (1
day)

Met abolismreturned to
normal (16 days)

EC50
(production)

EC50
(production)

EC50
(production)
(reproduction)

BCF
BCF
BCF
BCF

300
253
448
467

EC50
(production)

Data on Effects of Tributyltin on Aquatic Organisns

Concentrati
on

(pg/L)®

80

Ref er ence

Del upi s
M ni ero

M ni ero
Del upi s

Wong et

Wong et

Wong et

Magui re
1984

Wong et

and
1989

and
1991

al .

al .

al .

et a

al .

1982

1982

1982

1982



Hydr a,
Hydra sp.

Roti fer,
Brachi onus cal yci fl orus

Asiatic clam (larva),
Corbicula flunnea

Tabl e 6. (Continued)

Speci es

Cl adocer an,
Daphni a nagna

Cl adoceran (<24 hr),
Daphni a magna

Cl adoceran (<24 hr),
Daphni a nagna

Cl adoceran (adult),
Daphni a magna

Cl adoceran (14-d-old),
Daphni a nagna

Cl adoceran (<24-h old),
Daphni a nagna

Fairy shrinmp (cysts),
St r ept ocephal us t exanus

Rai nbow t r out

(yearling),
Oncor hynchus nyki ss

Rai nbow t rout,
Oncor hynchus nyki ss

TBTO 51.0 96 hr EC50
(96% (cl ubbed tentacl es)
TBTC - 24 hr EC50 (hatching)
TBTO - 24 hr EC50
Har dness
(mg/ L as
Cheni cal ® CaC0o) Durati on Ef f ect
TBTO - 24 hr LC50
TBTC 200 24 hr EC50
(mobility)
TBTO 200 24 hr EC50
(mobility)
TBTC - 8 days Al tered phototaxis
TBTC 150 7 days Al tered behavi or
Reproductive failure
Di gestive storage cells
reduced
TBTC 312.8 48 hr EC50
(mobility)
TBTC 250 24 hr EC50 (hatching)
TBTO - 24 hr LC50
48 hr
TBTO - 24 hr EC50

(rheot axi s)

72

1,990

Concentrati
on

(pg/L)®

11.6

13.6

0. 45

Brooke et al.
1986

Crisinel et al.

1994

Foster 1981

Ref erence

Pol ster and
Hal acha 1972

Vi ghi and

Cal amari 1985

Vi ghi and

Cal amari 1985

Meador 1986

Bodar et al.
1990

M ana et al.

1993
Crisinel et al.
1994
Al abaster 1969

Chli anovitch and

Kuhn 1977



Rai nbow t r out
(enbryo, larva),
Oncor hynchus nyki ss

Rai nbow trout (fry),
Oncor hynchus nyki ss

Rai nbow t rout,
Oncor hynchus nyki ss

Tabl e 6. (Conti nued)

Speci es

Rai nbow t rout,
Oncor hynchus nyki ss

Rai nbow trout (3 week),
Oncor hynchus nyki ss

Gol dfish (2.8-3.5 cm
0.9-1.7 g),
Car assi us aur at us

TBTC 94- 102 110 days 20% reduction in growth
23%reduction in
growth; 6.6%nortality
100% nortality

TBTC 96- 105 110 days NCEC (nortality and
growt h)

LOEC (nortality and
grow h)

TBTO - 28 days BCF = 3833 (whol e body)
BCF = 2850 (whol e body)
BCF = 2700 (whol e body)
BCF = 1850 (whol e body)
Cell necrosis within
gill lanellae

Har dness
(mg/ L as
Cheni cal ? CaCo,) Durati on Ef f ect

TBTO - 28 days BCF = 3833 (whol e body)
BCF = 2850 (whol e body)
BCF = 2700 (whol e body)
BCF = 1850 (whol e body)
Cel |l necrosis within
gill lanellae

TBTO 400 21 days Reduced grow h

(98% Reduced avoi dance
BCF = 540 (no head; no
pl at eau)

BCF = 990 (no head; no
pl at eau

TBTO - 14 days BCF = 1230 (no pl ateau)

(reagent

gr ade)

0.18

0. 89

4,46

0. 040
0. 200

DR O
cocoo

~
o

Concentrati
on

(pg/L)®

el
cocoo

~
o

Sei nen et al.
1981

de Vries et al.
1991

Schwai ger et al.
1992

Ref er ence

Schwai ger et al.
1992

Tri ebskorn et
al. 1994

Tsuda et al.
1988b



Carp (10.0-11.0 cm
22.9-30.4 g),
Cyprinus carpio

Guppy (3-4 wk),
Poecilia reticulata

Guppy (4 wk),
Poecilia reticulata

Frog (enbryo, larva),
Rana tenporaria

Tabl e 6. (Continued)

Speci es

Nat ural m crobi al
popul ati ons

Nat ural m crobi al
popul ati ons

TBTO - 7 days BCF in nuscle = 295
Hal f-1ife = 1.67 days
TBTO 209 3 no Thynus atrophy
Hyper pl asi a of ki dney
hermopoi etic tissue
Mar ked |iver
vacuol ati on
Hyper pl asi a of corneal
epithelium
TBTO - 1 no NCEC
3 no NCEC
TBTO - 5 days LC40
TBTF - LC50
TBTO - Loss of body water
TBTF - Loss of body water
Salinity
Chemi cal @ (a/ kaq) Duration Ef f ect
SALTWATER SPECI ES
TBTC 2 and 17 1 hr Significant decrease in
(i ncubated nmetabolismof nutrient
10 days) substrates
TBTC 2 and 17 1 hr 50% nortality

(i ncubat ed
10 days)

1.80

0.32

10.0

1.0
0.32

28.4
28.2
28.4
28.2

Concentrati
on

(pg/L)®

4.454

89. 07

Tsuda et al.
1987

West er and
Cant on 1987

West er and
Canton 1991

Laughlin and
Li nden 1982

Ref er ence

Jonas et al.
1984

Jonas et al.
1984



Foul i ng communi ties

Foul i ng comuni ties

M crocosm (seagrass
bed)

M crocosm (seagrass
bed)

Peri phyton comunities

Peri phyton comunities

Green al ga,
Dunaliella tertiolecta

G een al ga,
Dunaliella sp.

Green al ga,
Dunaliella sp.

G een al ga,
Dunaliella tertolecta

Tabl e 6. (Conti nued)

Speci es

Di at om

Phaeodoct yl um
tricornutum

Di at om
Nitzschia sp.

33-36 2 nont hs Reduced speci es and
diversity; no effect at
0.04 pg/L
¢ - 126 days No ef fect
TBT 21. 5- 6 wks Fate of TBT
(>95% 28.9 Sedi ments 81-88%
Plants 9-17%
Aninmal s 2-4%
TBTC - 6 wks Reduced pl ant nateri al
| oss; loss of anphi pod
Cymadusa conpta
TBTC - 15 min EC50 (reduced
phot osynt hesi s
TBTO - 15 min EC50 (reduced
phot osynt hesi s
TBTO 34- 40 18 days Popul ati on growth
TBTO - 72 hr Approx. EC50 (grow h)
TBTO - 72 hr 100% nortality
TBTO - 8 days EC50
Salinity
Chemi cal ® (a/ ka) Duration Ef f ect
TBTO - 72 hr No effect on growth
TBTO - 8 days EC50

0. 204

0.2-20

22.21

28.7

27.9

1. 460

2.920

4.53

Concentrati
on

(pg/L)®

1.460-5. 839

Hender son 1986

Sal azar et al.
1987

Levine et al.
1990

Kelly et al.
1990a

Bl anck and Dahl
1996

Bl anck and Dahl
1996

Beaunont and
Newman 1986

Sal azar 1985

Sal azar 1985

Del upi s et al.
1987

Ref er ence

Sal azar 1985

Del upi s et al.
1987



Di at om TBTO -
Nitzschia sp.
Di at om TBTd -
Ni t zschia cl osterium
Di at om TBTA 30
Skel et onena cost at um
Di at om TBTA 30
Skel et onema cost at um
Di at om TBTO 34- 40
Skel et onena cost at um
Di at om TBTO 30
Skel et onema cost at um
Di at om TBTO 30
Skel et onena cost at um
Di at om TBTd 30
Skel et onema cost at um
Di at om TBTC 30
Skel et onena cost at um
Di at om TBTF 30
Skel et onema cost at um
Di at om TBTF 30
Skel et onena cost at um
Di at om TBTd 30.5
Skel et onema cost at um
Di at om TBTC -
Skel et onena cost at um
Tabl e 6. (Conti nued)

Salinity
Speci es Cheni cal ? (a/kq)

8 days

7 days

72 hr

72 hr

12-18 days

72 hr

72 hr

72 hr

72 hr

72 hr

72 hr

96 hr

7 days

Dur ati on

EC50

EC50 (growt h)

EC50

(popul ation grow h)
LC50

Popul ati on growth
EC50

(popul ation grow h)
LC50

EC50

(popul ation grow h)
LC50

EC50

(popul ation grow h)
LC50

NCEC

EC50 (growt h)

Ef f ect

1.16

0. 3097

12. 65

0.3212
13.82

0. 3207
10. 24

>0. 2346,

>0. 4693

11. 17

3.48

Concentrati
on

(pg/L)®

Del upi s et al
1987

Nakagawa and
Saeki 1992

Wal sh et al.
1985; 1987

Wal sh et al
1985; 1987

Beaunont and
Newman 1986

Wal sh et al.
1985; 1987

wal sh et al
1985

Wal sh et al.
1985; 1987

wal sh et al
1985; 1987

Wal sh et al.
1985; 1987

wal sh et al
1985

Reader and
Pelletier 1992

Nakagawa and
Saeki 1992

Ref er ence



Di at om
Chaet oceros debilis

Di at om
Chattonella antigua

Di at om
Tetraselnmis tetrathele

Di at om
M nut ocel | us
pol ynor phus

Di at om
M nut ocel | us
pol ynor phus

Di at om
Thal assiosira
pseudonana

Di at om
Thal assiosira
pseudonana

Al ga,
Pavl ova | ut heri

Al ga,
Pavl ova | utheri

Di nof | agel | at e,
Gymmodi ni um spl endens

Macr oal gae
Fucus vesi cul osus

G ant kel p (zoospores),
Macrocystis pyrifera

Pol ychaet e wor m
(juvenile),
Neant hes

ar enaceodent ata

Pol ychaet e wor m
(adul t),
Armandi a brevis

TBTC

TBTC

TBTC

TBTO

TCTd

TBTA

TBTO

TBTO

TBTO

TBTO

TBT

TBT

TBTd
(96%

TBTd
(96%

30

30

34- 40

32-33

30

28

5

7 days

7 days

7 days

48 hr

48 hr

72 hr

72 hr

12-26 days

16 days

72 hr

7 days

48 hr

10 wks

10 days

EC50 (growt h)

EC50 (growt h)

EC50 (growt h)

EC50

EC50

EC50
(popul ation grow h)

EC50
(popul ati on grow h)

Popul ati on growth
NCEC

LCEC

100% nortality
Phot osynt hesi s and

nutrient uptake reduced

EC50 (germ nation)
EC50 (growth)

NOEC (survival)
LCEC (survival)

BCF = 5,100 (no
pl at eau)

2.05

6. 06

-340

-330

1.101

1.002

5.36
21. 46

1. 460

11. 256
13. 629

0. 100
0. 500

233

Nakagawa and
Saeki 1992

Nakagawa and
Saeki 1992

Nakagawa and
Saeki 1992

Wal sh et al.
1988

Wal sh et al.
1988

Wal sh et al.
1985

Wal sh et al.
1985; 1987

Beaunont and
Newnan 1986

Sai nt - Loui s et

al. 1994

Sal azar 1985

Li ndbl ad et al

1989

Brix et al
1994a

Moore et al.
1991

Meador 1997



Roti fer (neonates),
Brachionus plicatilis

Tabl e 6. (Continued)

Speci es

Hydr oi d,
Canmpanul ari a fl exuosa

Pal e sea anenpbne
(1-2 cmoral disc),
Ai ptasi a pallida

Sand dol | ar (sperm,
Dendr ast er excentricus

I nduction of the stress
protein gene SP58

Ef f ect

Starfish (79 g),
Leptasterias polaris

Dogwhi nkl e (adult),
Nucella lapillus

Dogwhi nkl e (adult),
Nucel la [ apillus

Dogwhi nkl e (subadult),
Nucel | a | apillus

Miussel (juvenile),

Mtilus sp.

Col ony growth
stimulation; no growth

Reduced (90. 4%

synbi oti ¢ zooxant hel | ae
popul ations; incresed
bacterial aggregates;

f ewer undi schar ged
nemat ocyst s

EC50 (nortality)

BCF = 41, 374 (whol e
body)

41% | nposex
(superinmposition of
mal e anat oni cal
characteristics on
f emal es)

| nposex i nduced

BCF = -20, 000

NCEC ti ssue conc.
growth = 0.5 pg/g
LOEC tissue conc.
growth = 1.5 pg/g
NOEC (growt h)

LOEC (growt h)

BAF = 5, 000- 100, 000

20- 30

Concentrati

on

(pg/L)®

0.01
1.0

0.05

0. 465

0.072

0.05

$0. 012

0.019

0.025
0. 100

<0. 105

Cochrane et al.
1991

Ref erence

St ebbi ng 1981

Mercier et al.
1997

Brix et al.
1994b

Roul eau et al .
1995

Bryan et al.
1986

Stroben et al.
1992b

Bryan et al.
1993

Sal azar and
Sal azar 1990b,
1996



Bl ue nussel (larva),
M/tilus edulis

Bl ue nussel (larva),
Mytilus edulis

Bl ue nussel (spat),
M/tilus edulis

Bl ue nussel (larva),
Mtilus edulis

Tabl e 6. (Continued)
Speci es

Bl ue nussel (larva),
Mtilus edulis

Bl ue nussel (juvenile),
Mytilus edulis

Bl ue nussel (juvenile),
Mtilus edulis

Bl ue nussel (juvenile),
Mytilus edulis

Bl ue nussel (juvenile),
Mytilus edulis

Bl ue nussel (juvenile),
M/tilus edulis

Bl ue nussel (juvenile),
Mytilus edulis

Bl ue nussel (juvenile),

Mytilus edulis

TBTO - 24 hr No effect on sister
chromati d exchange
TBTO - 4 days Reduced surviva
¢ 28. 5- 45 days 100% nortality
34.2
TBTO 33 15 days 51% nortality; reduced
growt h
Salinity
Chemi cal ® (a/ kaq) Duration Ef f ect
¢ - 45 days Reduced grow h
TBTO 33.7 7 days Si gni ficant reduction
in growh
TBT - 1-2 wk Reduced growt h; at <0.2
(field) g/ L envi ronnent al
factors nost inportant
TBT - 12 wks Reduced grow h
(field)
TBT - 12 wks Reduced growt h at
(field) tissue conc. of 2.0
Ha/ g
¢ - 56 days Reduced condi tion
¢ - 196 days Reduced growth (no
effect at day 56 of 0.2
ng/ L)
‘ - 56 days No effect on growth

0. 0973

Concentrati
on

(pg/L)®

0.24

0.3893

0.2

0. 157

0.070

0. 160

Di xon and
Prosser 1986

Di xon and
Prosser 1986

Thai n and
Wal dock 1985
Thain 1986

Beaunont and
Budd 1984

Ref er ence

Thai n and
Wal dock 1986

Strongren and
Bongard 1987

Sal azar and
Sal azar 1990b

Sal azar and
Sal azar 1988

Sal azar and
Sal azar 1988

Sal azar et al.
1987
Sal azar and

Sal azar 1987

Sal azar and
Sal azar 1987



Bl ue nussel
(2.5to 4.1 cm,

Mytilus edulis

Bl ue nussel
(2.5to 4.1 cm,

M/tilus edulis

Bl ue nussel
(juveniles and adults),

Mtilus sp.

Bl ue nussel (3.0-3.5
cm,

Mtilus edulis

Tabl e 6. (Conti nued)
Speci es

Bl ue nussel (4 cm,
M/tilus edulis

Bl ue nussel (8-d-old
| arvae),

Mytilus edulis

Scallop (adult),
Hinnites nultirugosus

Paci fic oyster (larva),
Crassostrea gigas

Paci fic oyster (larva),
Crassostrea gi gas

Paci fic oyster (spat),
Crassostrea gigas

- 66 days LC50
¢ - 66 days Significant decrease in
shell growth
TBT - 84 days BCF
(field)
TBT - 2 days Reduced ability to
survi ve anoxi a
Salinity
Cheni cal @ (a/ ka) Duration Ef f ect
TBTC - 2.5 days I ncreased respiration
(>97% 0.15 pg/g tissue
Reduced food absorption
efficiency 10 ug/g
TBT - 33 days NOEC (growt h)
LOEC (growt h)
¢ - 110 days No effect on condition
¢ - 30 days 100% nortal ity
¢ - 113 days 30% nortality and
abnormal devel opnent
TBTO - 48 days Reduced grow h

0.97

0.31

3, 000-
100, 000

Concentrati
on

(pg/L)®

0. 006
0. 050

0. 204

0. 020

Valkirs et al.
1985; 1987

Valkirs et al.
1985

Sal azar 1996

Wang et al. 1992

Ref erence

W ddows and Page
1993

Lapota et al.
1993

Sal azar et al.
1987

Al zieu et al.
1980

Al zieu et al.
1980

Lawl er and
Al drich 1987



Paci fic oyster (spat),
Crassostrea gi gas

Paci fic oyster (spat),
Crassostrea gi gas

Paci fic oyster (spat),
Crassostrea gigas

Paci fic oyster (spat),
Crassostrea gi gas

Paci fic oyster (spat),
Crassostrea gigas

Paci fic oyster (spat),
Crassostrea gi gas

Paci fic oyster (spat),
Crassostrea gigas

Paci fic oyster (adult),

Crassostrea gi gas

Tabl e 6. (Continued)

Speci es

Paci fic oyster (larva),

Crassostrea gi gas

Paci fic oyster (larva),

Crassostrea gi gas

Paci fic oyster
(enbryo),
Crassostrea gi gas

Reduced oxygen

consunption and feeding

40% nortality; reduced

90% nortality

Reduced grow h

Shel | thi ckening

Reduced grow h

Shel | thickening

Reduced nunber of
normal |y devel oped

100% nortality

TBTO - 14 days
rates
¢ 28. 5- 45 days
34.2 growt h
¢ 28.5- 45 days
34.2
¢ - 45 days
TBT - 49 days
TBTO 29-32 56 days No growt h
TBTO 29-32 56 days
TBT - -
(field)
Salinity
Chenmi cal ® (a/kq) Durati on Ef f ect
TBTF 18-21 21 days
| arvae
TBTF 18-21 15 days
TBTA 28 24 hr

Abnor nal devel opnent ;
30-40% nortality

0. 050

0.24

0.24

0. 020

1.557

0. 1460

>0. 014

Concentrati
on

(pg/L)®

0. 02346

0. 04692

4,304

Lawl er and
Al drich 1987

Thai n and
Wal dock 1985

Thai n and
Wal dock 1985

Thai n and
Wal dock 1986

Thain et al.
1987

Wal dock and
Thain 1983

Wal dock and
Thain 1983

Wl ni akowski et
al . 1987

Ref erence

Spri ngborn
Bi onom cs, |nc.
1984a

Spri ngborn
Bi ononi cs, Inc.
1984a

H s and Robert
1980



Paci fic oyster
(enbryo),
Crassostrea gi gas

Paci fic oyster (larva),
Crassostrea gi gas

Paci fic oyster (larva),
Crassostrea gi gas

Paci fic oyster
(150-300 ng),
Crassostrea gi gas

Paci fic oyster

(3.5-25 m,

Crassostrea gi gas

Paci fic oyster
(fertilized eggs),
Crassostrea gi gas

Paci fic oyster
(straight-hinge

| arvae),
Crassostrea gigas

Paci fic oyster

(spat),
Crassostrea gi gas

Paci fic oyster
(24-h-ol d),
Crassostrea gi gas

Tabl e 6. (Conti nued)

Speci es

Eastern oyster
(2.7-5.3 cm,
Crassostrea virginica

TBTA - 24 hr Abnor mal devel opnent
TBTA - 24 hr Abnor mal devel opnent
TBTA - 48 hr 100% nortality
¢ - 56 days No effect on growth
TBT - 2-5 o Reduced growm h rate
(field) Normal growth rate
TBTO - 24 hr LC50
Del ayed devel opnent
TBTO - 24 hr LC50
TBTO - 48 hr LC50
TBTA - 12 days LC50
Salinity
Cheni cal @ (a/ kg) Duration Ef f ect
‘ - 67 days Decrease in condition

i ndex (body wei ght)

0. 8604

2.581

0. 157

0. 040
0. 010

=
® o

Concentrati
on

(pg/L)®

0.73

Robert and Hi s
1981

Robert and Hi s
1981

Robert and H s
1981

Sal azar et al.
1987

St ephanson 1991

Gsada et al.
1993

Osada et al.
1993

Osada et al.
1993

Hi s 1996

Ref er ence

Val kirs et al.
1985



Eastern oyster
(2.7-5.3 cm,
Crassostrea virginica

Eastern oyster (adult),
Crassostrea virginica

Eastern oyster (adult),
Crassostrea virginica

East ern oyster
(embryo),
Crassostrea virginica

Eastern oyster
(juvenile),
Crassostrea virginica

Eastern oyster (adult),
Crassostrea virginica

Eastern oyster (adult),
Crassostrea virginica

Eur opean flat oyster

(spat),
Cstrea edulis

Eur opean flat oyster

(spat),
OCstrea edulis

Eur opean flat oyster

(spat),
OCstrea edulis

Eur opean flat oyster
(spat),
Ostrea edulis

Eur opean flat oyster
(adult),
Ostrea edulis

Tabl e 6. (Continued)

[

TBTC

TBTO

TBT

TBTO

33-36

33-36

18-22

11-12

30

28. 5-
34.2

28. 5-
34.2

28-34

67 days

57 days

30 days

48 hr

96 hr

8 wks

21 wks

20 days

45 days

45 days

20 days

75 days

No ef fect on survival 1.89
Decrease in condition 0.1

i ndex

LC50 2.5
Abnor mal shel | 0.77
devel opnent

EC50; shell growth 0.31
No af fect on sexual 1.142
devel opnent,

fertilization

| mmune response not 0.1
weakened

Si gni ficant reduction 0. 01946
in growmh

Decreased growt h 0. 2392
70% nortality 2.6
Reduced grow h 0. 02
Conpl ete inhibition of 0.24

| arval production

Valkirs et al
1985

Hender son 1986

Hender son 1986

Roberts 1987

Wal ker 1989b

Roberts et al
1987

Ander son et al
1996

Thai n and
Wal dock 1985

Thai n and
Wal dock 1985
Thain 1986

Thai n and
Wal dock 1985
Thain 1986

Thai n and
Wal dock 1986

Thain 1986



Speci es

Eur opean flat oyster
(adult),
Ostrea edulis

Eur opean flat oyster
(adult),
Ostrea edulis

Eur opean flat oyster
(140-280 nm),
Ostrea edulis

Native Pacific oyster
(100-300 np),
OCstrea luricla

Quahog cl am
(enbryo, larva),
Mercenaria nercenaria

Clam (adult),
Macoma nasuta

Quahog cl am (veligers),
Mercenaria nercenaria

Quahog cl am (post
| arva),
Mercenaria nercenaria

Quahog cl am (Il arva),
Mercenaria nercenaria

Conmmon Pacific
Littleneck (adult),
Pr ot ot haca stani na

Copepod (subadul t),
Eurytenora affinis

Ret ardati on of sex
change fromnmale to

Prevent ed gonadal
devel opnent

No effect on growth

No effect on growth

Reduced grow h

No effect on condition

35% dead;
reduced growth; >1.0
pg/ L 100 nortality

100% nortality

Del ayed devel opnent

100% sur vi val

Salinity
Cheni cal @ (a/ ka) Duration Ef f ect
¢ 28-34 75 days
femal e
¢ 28-34 75 days
[
- 56 days
¢ - 56 days
TBTO - 14 days
¢ - 110 days
TBTO - 8 days Appr ox.
TBTO - 25 days
TBTd 18-22 48 hr
TBTO 33-34 96 hr
TBT 10 72 hr LC50

Concentrati
on

(pg/L)®

0.24

0. 157

0. 157

>0. 010

0. 204

10

0.77

>2.920

Ref er ence

Thain 1986

Thai n 1986

Sal azar et al.
1987

Sal azar et al.
1987

Laughlin et al.
1987; 1988

Sal azar et al.
1987

Laughlin et al.
1987; 1989

Laughlin et al.
1987; 1989

Roberts 1987

Sal azar and
Sal azar 1989

Bushong et al .
1988



Copepod (subadul t), TBT 10 72 hr LC50 0.6
Eurytenora affinis
Copepod, TBTO - 6 days EC50 0. 3893
Acartia tonsa
Tabl e 6. (Conti nued)

Salinity Concentrati
Speci es Chemi cal ® (a/ ka) Duration Ef f ect on

(ug/L)®
Copepod (adult), TBTO 28 5 days Reduced egg production 0.010
Acartia tonsa
Copepod (nauplii), TBTC 10-12 9 days Reduced survi val >0. 029
Acartia tonsa
Copepod (nauplii), TBTC 10-12 6 days Reduced survival; no 0. 023
Acartia tonsa effect 0.012 pg/L
Copepod (nauplii), TBTC 10-12 6 days Reduced survival; no 0. 024
Acartia tonsa effect 0.010 pg/L
Copepod (nauplii), TBTC 18 8 days I nhi bition of 0. 003
Acartia tonsa devel opnent 0.015-0. 020
EC50 (survival)

Anphi pod (I arva, TBTO 7 8 wk 100% nortality 2.920
juvenile),
Ganmmar us oceanus
Anphi pod (I arva, TBTF 7 8 wk 100% nortality 2.816
juvenile),
Ganmmar us oceanus
Anphi pod (I arva, TBTO 7 8 wk Reduced survival and 0.2920
juvenile), growt h
Gamar us oceanus
Anphi pod (I arva, TBTF 7 8 wk Reduced survival and 0. 2816
juvenile), i ncreased growth
Ganmmar us oceanus
Anphi pod, TBTA 10 24 days No effect 0.579

Ganmar us sp

Bushong et al
1988

Uren 1983

Ref er ence

Johansen and
Mohl enberg 1987

Bushong et al
1990

Bushong et al
1990

Bushong et al
1990

Kusk and
Pet erson 1997

Laughlin et al
1984b

Laughlin et al
1984b

Laughlin et al
1984b

Laughlin et al
1984b

Hal | et al
1988b



Anphi pod (adult),
O chestia traski ana

Anphi pod (adult),
O chestia traski ana

Anphi pod (adult),
Eohaust ori us estuari us

Anphi pod (adult),
Eohaust ori us
washi ngt oni anus

Anphi pod (adult),
Rhepoxyni us abroni us

Tabl e 6. (Conti nued)

Speci es

Grass shrinp,
Pal aenpbnet es pugi o

Grass shrinp,
Pal aenpbnet es pugi o

Mud crab (Ilarva),
Rhi t hr opanopeus
harrisii

Mud crab (Ilarva),
Rhi t hr opanopeus
harrisii

Mud crab (Il arva),
Rhi t hr opanopeus
harrisii

Mud crab (larva),
Rhi t hr opanopeus
harrisii

Mud crab (zoea),
Rhi t ropanopeus harrisii

TBTO 30 9 days Approx. 80% nortality
TBTF 30 9 days Approx. 90% nortality
TBTC 28. 8- 10 days BCF = 41,200 (no
(96% 29.5 pl at eau)

TBTC 32.7 10 days BCF = 60, 300 (no

(96% pl at eau)

TBTC 32.3 10 days BCF = 1,700 (no

(969 pl at eau)

Salinity
Cheni cal @ (a/ kg) Duration Ef f ect

TBTO 9.9-11.2 20 min No avoi dance

(95%

TBTO 20 14 days Tel son regeneration
retarded; nolting
retarded

TBTO 15 15 days Reduced devel opnent al
rate and growth

TBTS 15 15 days Reduced devel opnent al
rate and growth

TBTO 15 15 days 63% nortality

TBTS 15 15 days 74% nortality

TBTO 15 20 days LC50

9.732

9.732

109

660

Concentrati
on

(pg/L)®

30

14. 60

18. 95

>24. 33

28. 43

13.0

Laughlin et al.
1982

Laughlin et al.
1982

Meador et al.
1993

Meador 1997

Meador 1997

Ref er ence

Pi nkney et al.
1985

Khan et al. 1993

Laughlin et al.
1983

Laughlin et al.
1983

Laughlin et al.
1983

Laughlin et al.
1983

Laughlin and
French 1989



Mud crab (zoea)
Rhi t hr opanopeus
harri si

Mud crab
Rhi t hr opanopeus
harri si

Mud crab
Rhi t hr opanopeus
harri si

Mud crab
Rhi t hr opanopeus
harri si

Mud crab
Rhi t hr opanopeus
harri si

Mud crab
Rhi t hr opanopeus
harri si

Fi ddl er crab,
Uca pugi | at or

Fi ddl er crab,
Uca pugil at or

Tabl e 6. (Conti nued)

Speci es

Fi ddl er crab,
Uca pugi | at or

Bl ue crab (6-8-day-old
enbryos),
Cal li nectes sapi dus

BCF=24 for carapace

hepat opancr eas

BCF=0.6 for testes

BCF=41 for gill tissue

BCF=1.5 for chel ae

Ret arded |inb

regeneration and

Reduced burrow ng

Li mb nmal formati on

TBTO 15 40 days LC50
TBTO 15 6 days
TBTO 15 6 days BCF=6 for
TBTO 15 6 days
TBTO 15 6 days
TBTO 15 6 days
muscl e
TBTO 25 <24 days
mol ting
TBTO 25 3 weeks
Salinity
Cheni cal ? (a/kq) Dur ati on Ef f ect
TBTO 25 7 days
TBT 28 4 days

EC50 (hatching)

33.6

5.937

5.937

5.937

5.937

5.937

Concentr at
on

(pg/L)®

0. 047

Laughlin and
French 1989

Evans and
Laughl in 1984

Evans and
Laughl in 1984

Evans and
Laughl in 1984

Evans and
Laughlin 1984

Evans and
Laughl in 1984

Weis et al
1987a

Wei s and
Perl nutter 1987

Ref er ence

Weis and Kim
1988; Weis et
al . 1987a

Lee et al. 1996



Brittle star,
Ophi oderma brevi spi na

Atl anti c nenhaden
(juvenile),
Brevoortia tyrannus

Atl anti c nmenhaden
(juvenile),
Brevoortia tyrannus

Chi nook sal non (adul t)

Oncor hynchus
tshawt scha

Chi nook sal mon (adult),

Oncor hynchus
tshawt scha

Chi nook sal mon (adult),

Oncor hynchus
tshawyt scha

Mummi chog (j uvenile),
Fundul us heteroclitus

Munm chog,
Fundul us heteroclitus

Inland silverside
(larva),
Meni dia beryllina

Mummi chog (enbryo)
Fundul us heteroclitus

Munm chog (5.3 cm 1.8

g),
Fundul us heteroclitus

Thr ee- spi ned
sti ckl eback (45-60 m),
Gast er ost eus acul eat us

Tabl e 6. (Continued)

TBTO

TBTC

TBTO

TBTO

TBTO

TBTO

TBTO

TBTO

TBTC

TBTO

TBTO
(95%

TBTO
(pai nt ed
panel s)

18-22

10

28

28

28

9.9-11.2

10

25

15
16-19.5

15-35

4 wks

28 days

96 hr

96 hr

96 hr

6 wks

20 min

28 days

10 days

96 hr
6 wks

7.5 nmo

Ret arded arm
regeneration

No effect

Avoi dance

BCF=4300 for liver

BCF=1300 for brain

BCF=200 for nuscle

G || pathol ogy

Avoi dance

Reduced grow h

Ter at ot ogy

LC50
NCEC

80% nortality (2
nmont hs)

Hi st ol ogi cal effects

0. 490

5.437

1.49

1.49

1.49

17.2

0.093

30

17.2
2. 000

Wal sh et al.
1986a

Hal | et al
1988b

Hal | et al. 1984

Short and
Thr ower
1986a, 1986¢C

Short and
Thr ower
1986a, 1986¢

Short and
Thr owner
19864, 1986¢

Pi nkney 1988
Pi nkney et al
1989a

Pi nkney et al
1985

Hal | et al
1988b

Weis et al
1987b

Pi nkney et al

1989a

Hol met al. 1991



Speci es

California grunion
(ganete through
enbryo)

Leuresthes tenuis

California grunion
(ganete through
enbryo)

Leuresthes tenuis

California grunion
(ganete through
enbryo)

Leuresthes tenuis

California grunion
(enbryo),
Leuresthes tenuis

Cal i fornia grunion
(larva),
Leuresthes tenuis

Striped bass
(juvenile),
Morone saxatilis

Striped bass
(juvenile),
Morone saxatilis

Striped bass
(juvenile),
Morone saxatilis

Speckl ed sanddab
(adult),
Citharichthys stignaeus

Stripped mullet (3.2
9);
Mugi | cephal us

Significantly enhanced
growt h and hat chi ng

Significantly enhanced
growt h and hat chi ng

50% reduction in
hat chi ng success

No adverse effect on
hat chi ng success or

increased as
concentration increased

NOEC (serumion
concentrations and
enzynme activity)

NCEC 0.067; LCEC 0. 766
NCEC 0. 444; LCEC 1.498
LOEC >0. 514

BCF 3000 (no pl at eau)

Salinity
Cheni cal @ (a/ ka) Duration Ef f ect
¢ - 10 days
success
¢ - 10 days
success
¢ - 10 days
¢ - 10 days
growt h
¢ - 7 days Survi va
TBTO 9-11 - Avoi dance
(95%
TBT 13. 0- 14
(pai nt ed 15.0
panel s)
TBT 1.1-3.0 6 days
(painted 1.9-3.0 7 days
panel s) 12. 2- 7 days
14.5
TBTO 33-34 96 hr LC50
TBTO - 8 wks
(96%

BCF 3600 (no pl at eau)

Concentrati
on

(pg/L)®

0.14-1.71

0.14-1.72

74

0.14-1.72

0.14-1.72

24.9

1.09

18.5

0.122
0.106

Ref er ence

Newt on et al.
1985

Newt on et al.
1985

Newt on et al.
1985

Newt on et al.
1985

Newt on et al
1985

Hall et al. 1984

Pi nkney et al
1989b

Pi nkney et al
1990

Sal azar and
Sal azar 1989

Yamada and

Takayanagi 1992



Starry flounder TBTC 30.2 10 days BCF 8, 700 (no pl ateau) 194 Meador 1997
(<l -year-old), (96%
Platichthys stellatus

a TBTA = tributyltin acetate; TBTC = tributyltin chloride; TBTF = tributyltin fluoride; TBTO = tributyltin oxide;

TBTS = tributyltin sul fide. Percent purity is given in parentheses when avail abl e.
b Concentration of the tributyltin cation, not the chemical. |If the concentrations were not neasured and the
publi shed results were not reported to be adjusted for purity, the published results were nultiplied by the

purity if it was reported to be |less than 95%

¢ The test organisnms were exposed to | eachate from panels coated with antifouling paint containing tributyltin.

¢ The test organisns were exposed to | eachate from panels coated with antifouling paint containing a tributyltin
pol ymer and cuprous oxide. Concentrations of TBT were neasured and the authors provided data to
denpnstrate the simlar toxicity of a pure TBT conpound and the TBT fromthe paint fornulation.
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