) " United Statés ' © QOffice of Water . : EPA-822-D-97-061
Environmental Protaction 4304 July 1997
- Agency ‘

~ SEPA  AMBIENT AQUATICLIFE
~ WATER QUALITY CRITERIA

 Tributyltin-- DRAFT "







DRAFT
1997

P

AMBIENT AQUATIC LIFE WATER QUALITY CRITERIA FOR
' TRIBUTYLTIN

CAS Registry Number (See Text)

Prepared by

‘Universityiof Wisconsin - Superior‘
Superior, WI 54880

and

Great Lakes Environmental Center
' Traverse City, MI 49686

Prepared for

' U.S. Environmental Protection Agency
' office of Water
Ooffice of Science and Téchnology
Health and Ecological Criteria Division
Washington D.C. ‘

Office of Research and Development
Environmental Research Laboratories
Duluth, Minnesota -
'Narragansett, Rhode Island

EPA Contract No. 68-C6-0036
Work Assignment No. B-04 .



. . . s .
.
. .
» - N
¥ [ : )
. . "
El . : B .
f
' ¢
;
. . .
¢ .
.
. i '
- bl . N
E '
.
. . .
\ .




NOTICES

This document hae been reviewed by the Environmental Research
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FOREWORD

t

Section 304(a) (1) of. the Clean Water Act of 1977 (P.L. 95-217) requires
the Administrator of the Environmental Protection Agency to publish water
quality criteria that accurately reflect the latest scientific knowledge on
the kind and extent of all identifiable effects-on health and welfare that
might be expected from the presence .of pollutants in any body of water,
including ground water. This document -is a revision.of proposed criteria
based upon consideration of comments received from other federal agencies,
state agencies, special interest groups, and jndividual -scientists. Criteria
contained in this document replace any previously published EPA aquatic life
~ criteria for the same pollutant(s). S ' ‘

The term “"water quality criteria” is used in two sections of the Clean .
Water Act, section 304(a)(1l) and section 303(c)(2). The term has a different’
program impact in each section. 1In section 304, the term represents a non-
regulatory, scientific assessment of ecological effects. Criteria presented
in this document are such scientific assessments. If water quality criteria
associated with specific stream uses are adopted by a state as water gquality
standards under section 303, they represent maximum acceptable pollutant
.concentrations in ambient waters within that state that are enforced through
issuance of discharge limitations in NPDES permits. Water quality criteria
adopted in state water quality standards could have the same. numerical values
as” criteria developed under section 304. However, in many situations states
might want to.adjust water quality criteria developed under section 304 to
reflect local environmental conditions and human exposure patterns. :
‘Alternatively, states may use different data and assumptions than EPA in
deriving numeric criteria that are scientifically defensible and protective of
designated uses. It is not until their adoption as part of state water
.quality standards that criteria become regulatory. Guidelines to assist the
~states and Indian tribes in modifying the criteria presented in this document
 are contained in the Water Quality Standards Handbook (U.S. EPA 1994).  This
_handbook and additional guidance on the development of water quality standards
and other water-related programs of this Agency have been developed by the
.0ffice of Water. . . : o '

. .This document, if finalized, would be guidance only. It would not
establish or affect legal rights or obligations.- ' It would not establish a
binding norm and would not be finally determinative of the issues addressed.
Agency decisions in any particular situation will be made by applying the
Clean Water Act and EPA regulations on the basis of specific facts presented
and scientific information then available. .

Tudor T. Davies ,
Director ,
. office of Science and Technology
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Introduction

Organotins are compounds consisting of one to four'organic moieties
lattachetho‘a tin atom via carbon-tin covalent bonds. ‘When therelare fewer
.tnan,four carbon;tin-bonds, the organotin compound'will be a cation'unless the
remaining valences of.tin are occupied by an anion such as aoetate[ carbonate,
chloride, fluoride, h&droxide, oxide, or sulfide. Thus a species such as
tributyltin (TﬁT) is 'a cation whose formula is (C4Hy);Sn*. In sea water TBT
exists mainly as a mixture of the chloride,vthe hydror;de, the aquo complex,
and the carbonate complex (Laughlxn et al. 1986a).

. Several review papers have been wr;tten whlch cover the production,
use, chemlstry, toxlclty, fate and hazards of TBT lngthe aquatic env;ronment )
‘(clark et al. 1988; Eisler 1989; Oceans 86j1986; Oceans 87 1987; ﬁHO 1990).
The toxicities of organotin coméoundS'are related to the nuﬁber of organic
moieties bonded%to the tin atom and to the number'of caroon atoms in the
YOrganic moieties,” Toxicity to aquatic organisms generally increases as the
number of organic‘moieties increases from one to three and decreases Qith the
anorporatlon of a fourth, maklng trlorganotlns more toxic than other forms. .
Within the trlorganotlns, tox;c;ty increases as the number of carbon atoms in
‘the organic morety increases from one to four, then decreases. Thus the
organotin most toxic to aquatic life is TBT (Hall ahd ?inkney 1985; Laughlini
and Linden 1985; Laughlin etval. 1985), TBTs inhibit»Na;‘and Xt ATPases and
_are(ionophores‘controlling exchange-of Cl1°, Br,, F" and otner ions across cell
: membranes'(Selwyn 1976). . ﬂ

lOrganotins are used in Several.mannfacturing processes, for example, as
Van anti—yellowing agent in clear plastics and.as‘a catalyst in poly(vinyl
' chloride)‘prodocts (Piver 1973). Onevof the more extensive uses of organotins
is as biocides (fungicides, bactericides, insecticides) and as'preservatives
" for wood, textiles, paper, 1eather and electrical equipment. The use of TBT
in antlfoullng paints on shlps, boats, docks and cooling towers probably
contrlbutes most s;gnlflcantly to dlIECt release of organotlns into the
'aquatlc env;ronment (clark et al. 1988 Hall and Plnkney 1985; ‘Kinnetic
‘Laboratory 1984).




The U.S. Navy (1984) propoeed application of some paints oontaining TBT

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

The solubility of TBT compounds in water ie influenced by such factors
as the oxidation-reduction potential, pH, temperature, jonic strength, and
concentration and composxt;on of the dlssolved organ;c matter (Clark et al.
1988; Corbin 1976). The solubility of tributyltin oxide in water was reported
to be 7$0 ug/L at pH of 6.6, 31,000 ug/L at pH of 8.1 and 30,000 Hg/L at pH
2.6 (Maguire et al. 1983). The carbon-tin covalent bond does not hydrolyze in
water (Maguire et al. 1983,1984), and the half—llfe for photolysxs due to
sunlight is greater than 89 days (Maguire et al. 1985, Sellgman et al. 1986).
Biodegradation is the major breakdown pathway for TBT in water and sediments
with half-lives of several days in water to several weeks in sediments (Clark
et al. 1988; Lee et al. 1987, Maguire and Tkacz 1985; Seligman et al. 1986, |
1988, 1989; Stang and Seligman 1986). Breakdown products include di- and
monobutyltins with some butylmethyltins detected.. '

Some species of elgae, bacteria, and fung; have been shown to degrade
TBT by sequential dealkylation, resulting in dibutylt;n,’then monobutyltin,
and finally inorganic tin (Barug 1981; Maguire et al. 1984). ' Barug (1981)'
observed the biodegradation of TBT to di-~ and monobutyitin by bacteria and

fungi only under aercbic conditions and only when a secondary carbon source




was supplied. 1Inorganic tin can be methylated by estuarine microorganisms

(Jackson et al. 1982). ‘Maguire et al. (1984) reported that'a 28-~day culture '

' of TBT WLth ‘the green alga, Anklstrodesmus falcatus, resulted in 7% Lnorganic
' tin. Magu;re (1986) reported that the half-life of TBT exposed to microbial
degradatlon was five months under aerobic conditions. and 1.5 ‘months under
anaerobic conditions. TBT is also accumulated ‘and metabolized by Zostera
marina (Francios et al 1989) Chxles et al. (1989) found that much of. the
TBT accumulated on the: surface ‘of saltwater algae and bacter;a as well as
w;thxn the cell.v The major metabolite of TBT‘in saltwater crabs, fish, and
shrimp was dibutyltin (Lee 1986) . -

TBT readrly sorbs to sediments and suspended solxds and can persist
there (Cardarelll and Evans 1980). 'In some Lnstances, most TBT in the water
' column (70-90%) is associated with.the dissolved phase (Valkirs et al. 1986a;
Maguire: 1986, Johnson et al. 1987) The half-life for degradation of TBT from_v
sediments is reported to be greater than ten months: (Magulre and Tkacz 1985).
In a modellng and risk assessment study of TBT, Traas et al. (1996) predlcted
1 that TBT concentrations in the water and suspended matter would decrease
rapidly and &BTaconcentrations in sediment and benthic'organisns would
decrease at a muon slower'rate. 7

Elevated TBT ' concentrations in fresh and salt waters, sediments or
biota, are primarily assoc;ated ‘with harbors and marinas (Cleary and stebblng '

1985; Hall 1988; Hall et al. 1986; Langston et al. 1987; Maguire 1984,1986;
Maguire and Tkacz 1985; Maguire et al. 1982; Quevauviller et al. 1989} Salazar
and Salazar 1985b; Sellgman et al. 1986, 1989, Short and Sharp 1989; stallard
‘et al. 1986 Stang and Sellgman 1986; Unger et al. 1986 Valkirs et al. 1986b,
Waldock and Miller 1983; Waldock et al '1987). Lenihan et al. (1990)
‘hypothesxzed that changes in faunal comp051tlon in hard bottom communltles in
San Diego Bay were related to boat moorlng and TBT. Salazar and Salazar
(1988)'found an apparent relatlonshlp between concentratlons of TBT in waters
of San Diego Bay and reduced growth of mussels. Organotln concentratlons in-
" the low part per trllllon range have been assocxated with oyster shell

malformations (Alzieu et al. 1989; Minchin et al. 1987). Reevaluatxon of a




harbor in the United Kingdom show that since the 1987 restrictions on
tributyltin use, oyster culture has returned in the harbor (Dyrynda 1992). In
some cases the water surface microlayer contained a much higher concentration
of TBT than the water column (Cleary and Stebbing 1987; Hall et al. 1986;
valkirs et al. 1986a). Gucinski (1986) suggested that this enr;chment of the
surface microlayer might increase the bioavailability of TBT. TBT accumulatea
in sediments withlsorption cdefficieﬂté whiéh may range‘from 1.1x10% to

8.2x10° L/Kg and desorptxon appears to be a two step process (Unger et al.

1587,1988). No organotins were detected in the muscle tissue of feral chinook
salmon, Oncorhynchus tshawytscha, caught near Auke ‘Bay, Alaska, but_ .
concentraﬁions as high as 900 ug/kg were reported in muscle tissue of chinook ~
salmon held in pens treated with TBT (Short 1987; Short and Thrower 1986a).

. Only data generated in toxicity and bioconcentration tesﬁs on TBTC
(tributyltin chloride; 'CAS 1461-22-9), TBTF (tributyltin flﬁoriﬁe; CAS 1983~
10-4), TBTO [bis(tributyltin) oxide; CAS 56-35-9], commonly called o
vtributyltin oxide" and TBTS [bis(tributyltin) sulfide; CAS 4808-30;4],
commonly called "tributyltin sulfide"” were used in the derivation of the waﬁer
cuality criteria concentratlons for aquatic life presented herein. Ail
concentrations from such tests are expressed as TBT, not as tin and not as the
chemical tested. Therefore, many concentrations listed herein are not those
in the reference cited but are concentrations adjusted to TBT. A
comprehension of the "Guidelines for Deriving Numerical National Water Quaiity
Criteria for the Protection of Aquatic Organisms and Their Uses" (Stephan et .
al. 1985), hereinafter referred to as'the Guidelines, and the :eéponse to
public comment (U.S. EPA 1985a) is necessary to understand the following,texﬁ,
tables, and calculations. Results of such intermediate calculﬁtibns as’
yecalculated LCS50s and Species Mean Acute Values arg'gi#en to fouxlsignificant
figures to prevent roundoff error in subseguent calculations,vnot to refleét
the precision of the value. The Guidelines requires that all available
pertinent laboratory and field information be used to derive a criterion
consistent with sound scientific evidence. The saltwéter criterion for TBT

follows this requirement by using data from chronic exposures of copepods and

4%




molluscs rather than Final Acute Values and Acute-Chronic Ratios to derive the
Final Chronic Value. The Federal .Insecticide, Fungicide, and Rodenticide Act
(FIFRA) data base of Lnformation from the pestlcide industry was searched and
.soqe useful information was located for derlvxng the criteria. The latest )

comprehensive literature search for information for this'document_was“

conducted in January 1997 ‘for fresh- and saltwater organisms.

Data that may be used, accordxng to the Guidelxnes,.xn the derivation
of Fxnal Acute Values for TBT are presented in Table 1. Acute values are
avallable for thlrteen freshwater species representing twelve genera. The
acute values range from 1.14 pé/ﬁ fer a . hydra, Hydra eli actis, t; 24,600 ug/L
for a freshwater calm, Elligtio complanatus. fhe relatively low sensitivity
of the freshwater clam to TBT is surprising due to the mollusicidal qualities
" of TBT. The organism likely closes itself to the environment, miuimizing“
chemicai,intake, and is'able.to;toleratelhigh concentrations of TBf
temporarlly.

" The most. sens;tlve freshwater organisms tested are hydras (Table 3);

Three species were tested and have Species Mean Acute Values (SMAVs) ranging .
‘ from 1.14 to 1.80 Hg/L. ~Other invertebrate species tested are an amphipod, a
cladoceran, an annelid and a dlpteran larvae. LBrooke et al. (1986) conducted
flow—-through measured tests with an. amphlpod, Gammarus seudolimnaeus, and an-
annelid[ Lumbriculus variegatus, and a static measured test with larvae of a
: mosquito) Culex sp. The 96-hr LC50s and SMAVs are'3.5, 5.4 and 10.2 pg/L;.
respectively. Six tests with the daéhnid,.Daghnia magna, were conducted. The
48-hr EC#O value of 66.3 ug/L (Foster 1981) was considerably less sensitive
than those from the other tests which ranged from 1.58 ug/L (LeBlanc 1976) to
18 yg/L,(Crisinel et al. 1994). “The SMAV for 2.‘Qgggg isi4.3 MHg/L beeause,
faccording to the'Guidelines, when test results are available from flow-through °
and concentratign measured tests,vthese havevpretedence over other types of
acute testSQ; | | | |

All the vertebrate species tested are fish. The most sensitive species




is the fathead minnow, Pimephales promelas, which has a snn& of 2.6 pug/L from
a single 96-hr flow~through meaéured test (Brooke et ai. 1986). . Rainbow

trout, anorhxnchué mykigs, were tested by four groups with good agreement.

The 96-~hr LC50s ranged from 3.45 to 7.1 yg/L‘wiﬁh a SMAV of 4.571 ug/L for the
three tests (Brooke et al. 1986; Martin et al. 1989; ABC Laboratories, Inc.
1990a) which were conducted flow;through and concentrations were measured.
Juvenile catfish, Ictalurus ﬁnctatus, were exposed to TBT in a flow-through
and measured concentration test and resulted in a 96~hr LC50 of 5.5 Hg/L which
is in good agreement with the other tested freshwater fish species. Bluegili,v
Leponis macrochirus, were testéd by three groups. The value of 227.4 yg/L
(Foster 1981) appears high compared to those of 7.2 ug/L (Bucgaquco 1976b)
and 8.3 ug/L (ABC Laboratories, Iﬁc. 1990b).> Only the flow-thréugh measured .
test can be used, according to the Guidelineé, éo calculate the SMAV of 8.3
Hg/L.

Freshwater Genus mean Acuﬁé Values (GMAVs) are available for twelve
genera which vary by more than 21,000_tim;s from the leasé sensitive to the
most sensitive. Removing the least sensitive genera, Elliptio, the remainder
differ from one another by a maximuﬁ factor of 11.2 times. Based upon the
twelve available GMAVs the Final Acute Value (FAV) for freshwater organisms is

0.9177 ug/L. The FAV is lower than the lowest freshwater SMAV.

Tests of the acute toxicity of TBT to resident North American

saltwater species that are useful for deriving water quélity criteria
concentrations have been performed with 23 species of invertebrates and six
species of fish (TableAl). The range of acute toxicity té saltwaterjaﬁimals
is a factor of about 672. Acute values range from 0.42 ug/L for juveniles of
the mysid, Acanthomysis sculgté (Davidson et al. 1986a,1986b) to 282.2 Mg/L
for adult Pacific oysters, érassostrea gigas (Thain 19833. The 96—hf,LCSps
for six saltwater fish species range from 1.460. ug/L for juvenile chiﬁook
salmon, Oncorhynchus tshawytscha (Short and Thrower 1986b) to 25.9 ug/L for
subadult sheepshead minnows, Cyprinodon variegatus (Bushong et al. 1988).
Larval bivalve molluscs and jﬁvenile crustaceans appear to be much

more sensitive than adults during acute exposures. ‘The 96-hr LC50 for larval




Pacific oysters, Crassogtrea i as, was 1.557 ug/L, whereas the value for

adults was.282.2 yg/L (Thain 1983).- ‘The 96~hr LC50s for larval and adult blue
mussels, ytllus edulxs, were 2. 238 and 36.98 yg/L, respectively (Thain 1983).
Juvenxles of the crustaceans Acanthomysls sculpta and Metamysldogsis elongata
were slightly more sensitive to TBT than adults (Davxdson et al. 1986a,1986b;
valkirs et al. 1985; Salasar and Salazar, Manuscript). Four genera of ’
amphipods'were,tested‘and sensitivity tovTBT’ranged from 1.3 to 22.8 ug/L. As

with bivalve molluscs and other crustaceans, one genus (Gammarus) demonstrated

greater sensitxvity to TBT at the younger life-stage (Bushong et al. 1988).
Genus Mean Acute Values for 27 saltwater genera range from 0.61 pg/L
for Acanthomysis to 204 4 ug/L for OBtrea (Table 3)., Genus Mean ‘Acute Values
for the 13 most sensxtive genera differ by a factor of less than four.
'Included thhln these genera are four species of molluscs and nine species of
Acrustaceans. The saltwater Final Acute Value for TBT was calculated to be

0. 7347 ug/L (Table 3), which is greater than the 1owest saltwater Species Mean
Acute Value of 0.61 ug/L. ‘

Chronic Toxicity to Aguatic Anlmals

The avallable data that are usable,‘accordlng to the Guldelines,
concerning the chronlc toxxc;ty of TBT are presented in Table 2. Brooke et
.al. (1986) conducted a 21-day life-cycle test y;th a freshwater cladoceran and
reported'that the survival of adult Daghnia'maggg was 40% atva'TBT
concentration of O. S'pg/L,‘and 100% at 0.2 Hg/L. The mean number of young per
adult per reproductxve day was reduced 30% by 0 2 pg/L, and was reduced only
:6% by 0.1 pg/L. The chronic llmlts are 0.1 and 0.2 ug/L based upon the
‘ reproductlve effects on adult daphnlds. The chronic value for Daghnla _gggg
_is calculated to be 0 1414 ug/L,. and the acute-chronic ratlo of 30 41 is
calculated us;ng the ‘acute value of 4 3 yg/L from the same study.

Daghnla magna were exposed in a second 21-day llfe-cycle test to TBT
(ABC Laboratorles, Inc. 1990d) Exposure concentrations ranged from 0.12 to

~1.27 upg/L as TBT. Survzval of adults was significantly reduced (45%) from the

controls at 20.34 pg/L but not at 0.19 ug/L.- Mean number of young per adult




per reproductive day was significantly reduced at the same concentrations
‘affecting survival. The chronic limits are set at 0.19 whefe no effects were
seen and 0.34 ug/L where suﬁvi%al and reproduction were reduced. 'fhe Chronic
Value is 0.2542 ug/L and the Acute-~Chronic Ratio is 44.06 when calcu;ated from
the acute value of 11.2 ug/L frem the same hesi. The Acute-Chronic Ratio for
D. magna is 36.60 wﬁich is the geometric mean of the two available Acute-
Chronic ratios (30.41 and 44‘06) for D. magna.

In an early life—stage test (32-day duration) with the fathead minnow,
Pimephales promelas, allyf;sh exposed to the highest exposure concentration of
2.20 ug/L died during the test (Brooke et al. 1986). Survival was reduced by
2% at the next lower TBT concentration of 0.92 pg/L,.bﬁt was higher than in
the controls and at 0.45 ug/L and lower coneentrat;ons; The mean weight of
the surviving fish was reduced 4% at 0.08 pg/L, 9% at 0.15 ug/L, 26% at 0.45
Hg/L, and 48% at 0.92 ug/L. Mean length of fry at the end of the test was
significantly reduced at concentrations >0.45 yg/L; The mean biomass at the
end of the test was higher at the lowest TBT concentrations (0.08 and 0.15
Hg/L) than in the controls, but was reduced by 13 and 52% at.TBT
concentrations of 0.45 and 0.92 pg/L, respectively. éecause the reductions>iﬁ.
weight of individual fish were smallAat the two lowest concentrations (0.08
and 0.15 pg/L) and the mean biomass increased et these same concentratiens,
the chronic limits are 0.15 and 0.45 pé/L based epon growth (length and .
weight). Thus the chronic velue is 0.2598 pug/L and the acute-chronic rafio is
10.01 calculated using the acute value of 2.6 #g/L from the same study..‘

Two partial life-cycle toxicity teets were conducted using the .
copepod, Eurvtemora affinis (Hall et al. 1987;1988a), Tests’begaﬁ with egg-
carrying females and lasted‘13 days. In the first test, mean brood size was
reduced from 15.2 neonates/female in the contrel to 0.2 neonates/female in
0.479 ug/L. Percentage survival of neonates relative to controls was 21% in
0.088 ug/L (nominal concentration of 0 100 pg/L), and 0% in 0.479 ug/L. The
chronic value is <0.088 ug/L in thls test.

In the second copepod test, percentage survival of neonates was

gignificantly reduced (27% relative to controls) in 0.224 ug/L; brood size was




unaffected in any tested concentraticn'(0,618-0.224‘yg/L). Although no
statisticallylsigniflcant effects were detected in 504100 ug/L, percentage
survival of neonates appears,reduced; 76% vs 90% in controls.' The chronic
value in this test is 0.150 ug/L. Survival of neonates in both tests ih.the
O.lOd'pg/L nominal concentration (mean measured concentration = 0.094 ug/L)
averaged 42% relative to‘controls, If this is the best estimate of the upper
chronicrvalue, and the O»Oss'pg/L treatment from the second test is the best ‘
. estimate of the lower chronic value, the overall chronlc value for the two
tests is 0.0725 yg/L.‘ The overall acute-chronlc ratio is 27.24 when the acute
value of 1;975 ug/L (mean of acute values of 1.4, 2.2'and 2.5 Hg/L) is used.
Life-cycle tokicity tests have been conducted~with thevsaltwater
mysid, Acanthomxsis sculpta (Davidson et al. 1986a,1986b). The effects of TBT
on-survival, growth, and reproduction of A. sculpta were determined in five
separate tests lastlng from 28 to 63 days. The tests separately examined
effects of TBT on survxval (1 test), growth (3 tests) and reproduction (1
test) lnstead of the approach of examlnlng all endpoints in one 11fe-cycle
test. All tests began with newly released juveniles and lasted through
maturatlon and spawning, therefore, arevtreated as one life-cycle test. 'Ihe
number of juveniles released per female at a TBT concentration of 0.19 Hg/L
was SO% of the ouﬁoer releasedAiu the‘control treatment,‘whereas the number
released at 0,09 Ha/L was:higher than in the control treatment. Reductions in
juvenxles released resulted from- deaths of embryos within brood pouches of
individual females and not from reduced fecundlty. umbers of females
releaslng viable juvenlles was reduced in 0.19 and 0.33 yg/L.' At .
' concentratlons of 0. 38 pg/L ‘and above, survival and welght of female myslds
were reduced; all myslds in O. a8 pg/L died. The chronlc value is 0 :1308 yg/L,
'and the acute—chronlc ratio is 4-664 (Table 2).
The Final Acute-Chronic Ratlo of 14.69 was calculated as the geometric

mean of the acute-chronic ratios of 36.60 for Daphnla magna, 10. Ol for !
Pimephales promelas, 4.664 for Acanthomysis sculpta and 27 24 for Eurxtemora

affinis. Divisioh-of the freshwater and'saltwater Final Acute Values by 14.69

results in Final Chronic Values for freshwater of 0.0625 Hg/L and for




saltwater of 0.0500 ug/L (Table 3). Both of these Chronic Values are below
. ‘

the experimentaily determined chronic values from life-cycie or early life-

stage tests. '

Toxicity to Agquatic Plants
Blanck et al. (1984) reported the concentrations of TBT that prevented

growth of thirteen freshwater-algal species (Table 4). These concentrations
ranged from 56.1 to 1,782 ug/L, but ﬁost were between 100 and 250 Hg /L. |
Fargasova and Kizlink (19§§), Huang et al. (1993), and Miana et al. (1993)
measured severe reduction in growth of several green alga species at TBT
concentrations ranging from 1 to 12.4 ug/L. Several green alga species appear
to be as sensitivé o TBT as many animél Bpecies (Téble 1) . No'data are ‘
available on the effects of TBT on freshwater Qascular plants.

Toxicity tests on TBT have been conducted with five species of
saltwater phytoplankton including the green‘alga} Dunaliella tert;olecta; the -
diatoms, Minutocellus polymorphus, Nitzshia sp;, Phaeodactvlum tricornutum,
Skeletonema costatum, and Thaliassiosira seudonana; the aiqpflagellate, ‘
Gymnodinium splendens,. the microalga, Pavlova lutheri and the macroalga, Fucus
vesiculosus (Tables 4 and 6). The 14-d§y EC50 of 0406228‘yg/L for S. costatum
(EG&G Bionomics 198lc) was the lowest value teported; but Thain (1983)
reported that a measured concentration of 0.9752 ﬁg/L was algistatic to the
saﬁe species (Table 4). The 72-hr EC50s based on population growth ranged
from approximately 0.3 to <0.5 pg/L‘(Table 6). Lethal concentrations wére
generally more than an order of magnitude greater than EC50s #nd ranged from
10.24 to 13.82 ug/L. ‘Identical tests conducted on tributyltin acetate, o
tributyltin chloride, tributyltin fluoride,vand tributyltin oxide with S.

‘ gostatum resulted in EC50s from 0.2346 to 0.4693 ug/L and LC50s ‘from 10.24f£o
13.82 pug/L (Walsh et al. 1985). ' ’ o

A Final Plant Value, as defiﬁed in‘the Guideliqes, cannot be obtained
because no test in which the concentrations of TBT were measured and the
endpoint was biologically important has been conducted with anlimpogtant

aquatic plant species. The available data do indicate that freshwater and

'
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saltwater plants will be protected by TBT concentratlons that adequately

protect freshwater and saltwater .animals.

Bioaccumulatlon

S e e—

‘Bloaccumulation of TBT has been measured in one specles of freshwater

" mollusc and four species of freshwater fish (Table 5). The zebra mussel,

Dressena polymogpha, was monltored ‘in cages in a marina and at an
'uncontamlnated gite in a lake for 105 days (van ‘Slooten and Tarradellas 1994).
The organlsms reached steady-state concentratlons after 35 days. The BCF/BAF
was 180,427 for TBT at an average water exposure concentration of 0 0703 ug/L.
Growth of the TBT—exposed organlsms may have been slightly reduced. Martin et
‘al. (1989) determined the whole body bloconcentratlon factor (BCF) for ralnbowr
trout to be 406 after a 64—day exposure to O. 513 Hg TBT/L. Equlllbrlum of the
' TBT concentration was achleved in the flsh in 24 to 48 hrs. In a separate
exposure ‘to 1.026 ugTBT/L, ralnbow trout organs were assayed for TBT content
after a 15-day exposure. ' The BCFs ranged from 312 for muscle to 5, 419 for
- peritoneal fat. TBT was more hlghly concentrated than the metabolites of di-
and monobutyltin or tin. Carp and guppy demonstrated a plateau BCF ln 14 days‘
and BCFs of 501. 2*and 460, respectively; Goldfish reached a much higher BCF
(1 976) in the whole body than the other fish specles tested.

The extent to which TBT lS accumulated by saltwater animals from the
fleld or from laboratory tests lasthg 28 days or more has been investigated-
»w1th three spec;es of blvalve molluscs, a snail, and a fish (Table 5). Thain
and’ Waldock (1985) reported a BCF of 6, 833 for the soft parts of blue mussel
spat exposed to 0.24 yg/L for 45 days. In other laboratory exposures of blue
mussels, Salazar and Salazar (1987) observed BCFs of 10,400 to 37,500 after 56
days. BAFs from fleld deployments of mussels were similar to BCFs from
laboratory studies; 11,000 to 25, 000‘(Salazar and Salazar 1990a) and.S,OOO'to
60 OOO (Salazar and Salazar 1991) ‘ Laboratory BCFs for the snail Nucella
laplllus (11,000 to 38 OOO) were also similar to fleld BAFs (17 000) (Bryan et'
al 1987). The soft parts of the ‘Pacific oyster exposed to TBT for 56 days

contalned 11,400 times the exposure concentratlon of 0.146 ug/L (Waldock and
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Thain 1983). A BCF of 6,047 was obeermed for the soft‘parta of the Pacific
oyster exposed to 0. 1460 ug/L for 21 days (Waldock et al. 1983). The lowest
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
ug/L for 45 days (Thain 1986; Thaxn and Waldock,1985). Other teste with the
same species (Table 5) resulted in BCFa ranging from 397 to.1, 167. One
species of saltwater fish was exposed to 0.28 ug/L for 14 days and a plateau

BCF of 240 was demonstrated (Tsuda et al. 1990b).‘

No U.S. FDA action level or other maximum acceptable concentration in

tissue, as defined in the Guidelines, is available for TBT} and,, therefore, no

Final Residue Value can be calculated.

Other Data ' '

Additional deta on the lethal and sublethal effects of TBi on equatic
species are presented in Table 6. Two microcosm studies were conducted by
Delupis and Miniero (1989, 1991) in which single dose effecte Qere measured on’
natural assemblages of organisms. Im beth studies the effects were immediate.
Daphnia magna disappeared soon 'after a 80 ug/L dose of TBT,,ostracods
increased, and algal species increased immediately then gradually disappeared.
In the second study metabolism was monitored by measuring oxygen consumptiom.
Doses of TBT (4.7 and 14.9 ug/L) were administered once and metabolism was
reduced by 2.5 days and returned to normal in 14.1 days in the lower exposure.
In the higher exposure, metabolism was reduced in one dey and returned to h
normal in 16 days. v

Wong et al. (1982) exposed a natural assemblage of freehwater elgaev
and geveral pure cultures of various algaI'species to TBT in 4-hr exposutes.
Effects (EC508) were seen in all cases on the productlon or reproduct;on at
concentrations ranging from 5 to 20 pg/L whlch demonstrates a high sensitlvxty
to TBT.

Freshwater rotifers (Brachionus gg;xg;;;gggg) and coelentrate (Hydra
sp.) showed widely differing sensitivites to TﬁT. Hydra sp. were affected at

0.5 pg/L resulting in deformed tentacles, but the rotifer was not affected at
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the sensitive life-stage of hatching until an exposure concentration reached
72 pg/L. o S

Larvae of the: clam, COrblcula fluminea, has a 24-hr ECS50 of 1,990 yg/L

whlch is a hxgh concentratxon relatxve to most other species of tested
freshwater organxsms. Another specxes of clam, lllgtlo com lanatus, also
showed low sensitivity to TBT with a 96-hr LCSO of 24,600 ug/L (Table 1).
Various blvalve clam species may have the abxlity to reduce exposure to TBT
‘temporarlly by closing the valves.

The cladoceran, Daghnla ma na, has 24-hr ECSOs rangxng from 3 to 13.6
ug/L (Polster and Halacha 1972 Vighi and Calamari 1985). When a more
sensxtlve endpoint of altered phototaxls was examxned in a longer-term _
exposure of 8 days, the effect concentratxon (O 45 pg/L) was much lower
((Meador 1986).‘ S;mllarly, rainbow. trout (Oncorhynchus myklss) exposed in
short-term exposures of 24 to 48 hr have LC50 and -EC50 values from 18.9 to
30.8 ug/L (Table 6). When;the exposure is increased to 110 days (Seinen et
‘al. 1981), the LcldQ decreased to 4.46 yg/L and a 10% reduction in growth ls
seen at O. 18 pg/L. De 'Vries et al.’(1991) measured a similar response in
rainbow trout growth in another 110 day exposure. They demonstrated decreased
surv;val and growth at 0. 200 ug/L but not at O. 040 ﬁg/L. Triebskorn et al.
(1994) found reduced growth and behavior changes at 21 days when exposed to
0.5 ug/L. The frog, Rana temr orarla, has a LCSO of 28 2 ug/L for a 5-day
exposure to TBT. ' ’ '

An attempt was made to measure the bloconcentratlon of TBT with the

green alga, Anklstrodesmus falcatus (Magulre et al. 1984) The algae are able
to degrade TBT to its di- and monobutyl forms. As a result, the
concentrations of‘TBT,steadily declined during the 28-day study. Ddring the
first seven days of exposure,'thelconcentrationS»declinedvfrom 20 to 5.2»pg[L
and the calculated BCF was 300 (Table 6).v After 28 days of exposure, the TBT
concentratxon had declined to i.5 yg/L and the calculated BCF was 467.

Several studies reported BCFs for fish but failed to demonstrate plateau
concentratlons in the organlsm. 'In these studxes, rainbow trout BCFs ranged

from 990, (Trlebskorn et al. 1994) to 3 833 (Schwalger et al. 1992) Goldfish’
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achieved a BCF of 1,230 (Tsuda et al. 1988b) in a 14-day exposure and carp
achieved a BCF of 295 in the muscle tissue in 7 déys (Tsuda.et al. 1987).

TBT has been shown to produce the superimposition‘df ﬁale sexual.
characteristics on female neogastropod (stenoglossan) snails {(Smith }9815,
Gibbs and Bryan 1987). This phenomenon, tefhé& "imposex," can result in
females with a penis, a duct leading to the vas deferens, and a convolutionAof
the normally straight oviductl(Smith 1981a). Other anatomical changes |
associated with imposex are detailed in Gibbs et al. (1988) and Gibbs and
Bryan (1987). Severity of.imposex is quantified uaing rel@iive penis size
(RPS; ratio of female.to male penis volume) and the éix,de;élopmental st#ges.
of the vas deferens sequence (VDS) (Bryan et al. 1986; Gibbs ét al. 1987).
TBT has been shown to impact populations of the Atlantic'dogWhinkle
(dogwhelk), Nucella lapillus, which has direct development. In neoglossian
enails with indirect development through pianktonic larval stages, the impacts
of TBT are less certain because recruitment is facilitated. Natural
pseudohemaphiodism in neoglossans occurs (Salazar and Champ 1988) énd may be
caused by other organotin compounds (Bryan et al. 1988a). However, increased
global incidence and severity of imposex has been associated with areas of
high boating activity aﬁd high céncentrations of TBT in water, eediﬁent 6:
snaile and other biota (Alvarez and Ellis 1990; Bailey and Davies 1988a,1988b;
Bryan et al. 1986,1987,; Davies et al. 1987, Durchon 1982; Ellis and Pattisima
1990; Gibbs and Bryan 1986,1987; Gibbs et al, 1987; Langston ef al. 1990;
Short et al. 1989; Smith 198la, 1981b; Sggnce et al. 1990a).‘

Although imposex has been observed in 45 specieé of sngils worldwide
(Ellis and Pattisima 1990, Jenner 1979), definitive labofatory and field
studies implicating TBT as the cause‘havg focuéed'on seven North American or
cosmopolitan species; the Atlantic dogwhinkle (Nucella lapillus), file
dogwhinkle (N. lima), eastern mud snail {Ilyanassa .(Nassariug) obsolgté], a
snail (Hinia reticulta), welks (Thais orbita and T. clavigera), and the
Buropean sting winkle (Ocenebra erinacea). Imposex has been associated with

reduced reproductive potential and altered density and population structure in

field populations of N. lapillus (Spence et al. 1990a). This is related to
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hlockage of the ovxductlby the vas deferens, hence, prevention of release of
egg capsules, sterilization of the female or change into- an apparently
fuctional male (Bryan et al. 1986; Gibbs et al. 1987,1988; Gibbs and Bryan

. 1986, 1987) TBT may reduce populatrons of N. lima as snails were absent from
marinas in Auke Bay, AK. At intermediate dlstances from marinas, about 25
‘were caught per hour of sampling and 250 per hour were caught at sites distant.
from marlnas (short et al. 1989). Snails from intermediate sites had blocked

oviducts. Reduced proportlons of female I. obsoleta in Sarah Creek, VA also

o

suggests populatlon impacts (Bryan et al. 1989). However, other causes may

- explaln this as oviducts were ‘not blocked and indlrect development v

:facrlltatxng recrurtment may limit lmpacts. )

k Several f;eld studles have used transplantatrons of snails between .
sites or snails painted with TBT paints to lnvestlgate the role of TBT or

proximity to marinas-in the development of imposex without deflnlng actual

exposure concentratlons of TBT. short et al. (1989) painted Nucellus lima

w;th ‘TBT-based paint, copper paxnts or unpainted controls.' For 21 females
palnted with TBT paint, seven developed penises w;thln one month, whereas

penises were absent from 35 females from other treatments., Smith (1981a)

transplanted I.,obsoleta between'marlnas and "clean" locatlons and found that
\LnCldence ‘of imposex was unchanged after 19 weeks in snails kept at clean
locatlons or marlnas, lncreased in snalls transplanted from clean sites to
vmarinas and decreased somewhat lnrtransplants,from marinas to clean sites.
Snails'exposéd in the laboratory to TBT-based paints in two.separate
experlments developed meosex within one month w;th maxlmum impact within 6 to
12 months (Smlth 1981a). Snails painted with non-TBT paints were unaffected.

COncentratlon—response data demonstrate a sxmllarlty in the response
of snails to TBT in controlled 1aboratory and fleld studles (Text Table 1).

Eastern mud snails, Illyanassa gbsoleta, collected from the York River, VA

near Sarah Creek had no 1nc1dence of imposex (Bryan et al. 1989) and contained
no detectable TBT, (<0.020 Hg/g dry werght). The average TBT concentratlons

of York River water was 0.0016 pg/L. In ‘contrast, the average TBT

concentrations from four locations in Sarah Creek, VA were from O. 010 to 0.023
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pc/L, snails_contained about 0.1 to O. 73 pg/g and there was a 40 to 100%
lncidence of imposex. Short et al. (1989) collected flle dogw;nkle snails,
Nucella lima, fron Auke Bay, AK and did not detect imposex or TBT in snalls"
from sites faréfrom marinas. Snails from locations near marinas all ekhlbited
. imposex and contained 0.03 to 0.16 ug/g. T . .

The effects of TBT on the development of lmposex has been studied most

in the Atlantlc dogwhlnkle, Nucella laplllus. Bryan et al. (1987a) exposed

n'adult snalls for two yeare to 0.0036 (control), 0.0083, O. .046 and 0.26 Hg/L in
the laboratoryland compared responses}to a field control. Impogsex was present‘
" in laboratory "control" snails exposed to d.0036 Mg /L and»extent of penis and
vas deferens development increased“significantly—with increase'in TéT
. exposure; sterility'occurred in somedsnails exposed to 0.26 ug/L. 1In a
si@ilar laboratory experiment that'began‘with snail egg capsules and lasted
two years (Gibbs et alf 1§88), imposex development uas more severe. Field
controls . spawned and.fenales were normal in <0.0012 pug/L. In the laboratory,.’
one-thlrd of the snails exposed to O 0036 ug/L were sterlle and 160 egg cases
‘were produced. At >0.0093 pg/L all females were ster;le with only two
undersized egg capsules produced. cOncentratLons of TBT in females were'0.19,
yg/g in the field, 0 58 yg/g in the 0.0036 ug/L treatment and from 1.39 to
7.71 Hg/g in >0.0093 yg/L. slmllar concentratzons of TBT (9. 7 yg/g) were
found in snails‘which became sterile after they were placed in the Dart
Estuary, UK where TBT concentrations range from 0.022 to 0.046 ug/L. Gibbs
-and Bryan (1986) and'Gibbs‘et al. (1987)7report imposex and reproductive
fallures at other marine »
sites where TBT concentratlons in female snails range from 0.32 to 1.54 pg/g.
In summary, in both fleld and laboratory studies, concentrationg of TBT
in water of about 0.001 pg/L or less and in tissues of about O. 2 pg/g or less
appear to not causerlmposex in N. lapillus. Imposex begins to occur, and
_cause some reproductive!failure at about 0.004 pug/L w1th complete sterility
ocecurring after chronic exposure of .sensitive early life-stages at >0.009 yg/L
and for less sensitive stages at O 02 pg/L in some studxes and greater than
0.2 pg/L in others. If N. 1aplllus or similarly sensxtxve species are

ecologically important at specific sites, TBT concentrations <0.001 pg/L may




be required to limit development of imposex. .

Reproductive abnormalities have also been observed in the European flat
oyster (Thain 1986‘. After exposure for 75 days to a TBT concentration of
0.24 ug/L, a retardation in the sex change from male to female was observed
and larval production was completely znhxbzted. A TBT concentration of 2.6
ug/L prevented development of gonads. Salazar et al. (1987) found no
negative effects in the same apeciee at Q.157 ug/L, but Thain and Waldock.
(1985) and Thain (1986) measured reduced growth at 9.2392 yg/L and reduce
survival (30%) at 2.6 yg]ﬁ.' ‘

. Four species of snails (Hinia reticulata, Thaig orbita, I. clavigera,

Ocenebra e:inacea) not resident to North America also demonstrated imposek
effects when exposed to TBT in field studies (Text Table 1). The snail H.
reticulata is less sensitive to TBT than other snails having higher body

burdens (>1.5 ug/L) before showing affects of imposex. Thais sp. showed high °

imposex incidence at tissue concentrations as low as 0.005 ug/L and no imposex -
at other locations with tissue concentrations of 0.108 pug/L. Ocenebra
erinacea did not show imposex in a field study at body burdens»ae high as
0.185 ug/L, but females were deformed at all higher concentrations.

Surv;val and growth of several commercially lmportant saltwater bivalve
molluscs have been studied during acute and long—term exposures to TBT.
Hortalxty of larval blue mussels, Mytilus edulls, exposed to 0.0973 ug/L was
51%; survivors were moribund aad stunted (Beaumontian& Budd 1984). Similarly,
Dixon and Prosser (1986) observed 79% mortality of mussel larva after 4 days
exposure to 0.1 pg/L. 'Growth of juvenile blue mussels was significantly
reduced after 7 to 66 days at 0.31 to‘0.3893 Hg/L (Stromgren and éonéard 1987;
Valkirs et al. 1985). Growth rates‘of mussels transpianted into San Diego
* Harbor were impacted at sites where TBT concentrations exceeded 0.2 ug/L '
(salazar and Salazar 1990b). At iocations where concenttations were less than
0.1 ug/L, the presence of optimum environmental conditions for growth appear
to limit or mask the effects of TBT. Less than optimum conditions for growth

may permit the effect of TBT on growth to be expressed. Salazar et al. (1987)
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observed that 0 157 ug/L reduced growth of mussels after 56 days exposure in
the laboratory; a concentration thhxn less than a factor of two of that
reducing‘growth in the fxeld. Slmxlarly, Salazar and Salazar (1987) observed
| educed,growth of mussels-exposed to 0;070 pg/L for 196 days in the
laboratory. ‘The 66-day Lc50‘for'2;5 to 4.1 cm blue mussels'wasx0.97 Hg/L
(Valk;rs et al. 1985 1987). Alzieu et al. (1980)‘reported 30% mortality and
abnormal shell thickening among Pacific oyster larvae exposed to 0.2 ug/L for
l13 days. Abnormal'development was also observed in exposures of embryos for
- .24 hrs or less to TBT concentrations >0.8604 ug/L (Robert and His 198l1).
Waldock and Thain‘(1983) observed reducedqgrowth and thickening of the upper
shell valve of Pacific oyster spat exposed to 0.1460 ug/L for 56 days. Shell

thickenxng in Crassgostrea g igag was: assoclated with tissue concentratlons of

‘ 20;2 mg/kg (Davies et al. 1988). Abnormal shell development was observed in
an exposure toro 77 pg/L that began with embryos of the eastern oyster,.
Crassostrea vlrginxca, -and lasted for 48 hours (Roberts, 1987). »Adnlt eastern
oysters were also sensltlve to TBT w;th reductlons in condxt;on index after
exposure ‘for 57 days to >0 1 pg/L (Henderson 1986 valkirs et al. 1985).
Salazar et al. (1987) found no effect on growth after 56 days exposure to
0.157 pg/L to the oysters C. virginica, Ostrea edulis and O. lurida.
Condltion of adult clams, Macoma nasuta, and scallops, Hlnmites multlrugosus
were not affected after 110 days exposure to 0. 204 yg/L (Salazar et al. 1987).
' Long-term exposures have been conducted with a number of saltwater
crdstacean species. ‘Johansen and Mohlenberg (1987) exposed adult Acartia
;gggg for five. days to TBT and observed meaxred egg production on days 3, 4A;
and 5 in 0.1 pg/L and only on day 5 'in 0.01 and O. 05 pg/L. For the five days,
overall egg productlon was reduced markedly (25%) only in 0.1 ug/L. Davidson
et al. (1986a,1986b), Laughlin et al. (1983 1984b), and Salazar and Salazar
" {1985a) reported that TBT acts slowly on crustaceans and that behav;or might
be affected several days before mortallty occurs. Survrval of larval
‘amphlpods, Gammarus oceanlcus, was s;gnlflcantly reduced after eight weeks‘of

' exposure to TBT concentratlons 20. 2816 Hg/L (Laughlln et al. l984b) Hall et
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al. (1988b) observed no effect of 0.579 pg/L 6n}§gggg£gg ép. after 24 days.
Developmental rates and growth of larval mud crabs, gg;;n;géggggggg harrisii,
were reduced by a 15-day exposure to >14.60 ug/L. R. harrigii might
accumulate more TBT via ;ngested food than directly from water: (Evans and
Laughlin 1984). TBTF, TBTO, and TBTS were about equally toxic to amphxpods
and crabs (Laughlin et al. 1982,1983,1984a). Laughlin and French (1989)
observed LC50 values for larv&l deveiopmeﬂtal stages éf 13 ug/L for crabs (R.
Harrisii) from Ccalifornia vs 33.6 ug/L for crabs from Florida. Limb
malformations and reduced Sﬁrrowing were obsérved in fiddler crabs expoaeé to’
0.5 ﬁg/L (Weis and Kim 1988; Weis and Perlmutter 1987). Arm regeneration was
reduced in brittle stars exposed to 0.1 pé/L (Walsh et al. 1986a). Exposure
to >0.1 ug/L during settlement -of fouling organismé réduced‘number of apécies
and species diversity of communities (Henderson 1986). The hierarchy of
sensitivities of phyla in this test was similar to that of single species
tests. - o

Exposure of embryos of the California grunion, Leuresthés tenuis, for
ten days to 54 pg/L caused a 50% reduction in hatchiqg success (ﬁewton et al.
1985). At TBT concentrations between 0.14 and 1.72 ug/L, growth, hatching
success, and survival were significantly enhanced. In contrast, growth of
inland silverside larvae was reduced after 28 days exposure to 0.093 ug/L
(Hall et al. 1988b). Juvenile Atlantic menhaden, Brevoortié t(rannus, avoided
a TBT concentration of 5.437,pg/£ and juvenile Stripéd bass, Morone saxatil;s,
avoided 24.9 ug/L (Hall et al. 1984). BCFs were 4,300 for liver, 1,300 for
brain, and 200 for muscle tissue of chinook salmon, pncorhznchus tgha técha,
exposed to 1,490 ug/L for 96 hours (Short and Thrower 1986a,1986c).

TBT concentrations less than thé Final Chronic Value of. 0.0500 ug/L
from Table 3 have been shown to affect the growth of early llfe-stages of

commercially important blvalve molluscs and -survival of ecologically meortant

copepods (Table 6; Text Table 2). Survival of the copepod Acartia tonsa was

significantly reduced in three tests in 0.029, 0.023 and 0.024 ug/L; 30, 27

and 51 percent of control survival, respectively (Bushong et al. 1990).
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sSurvival decreased with increase in exposure concentration but was not
sxgnifzcantly affected in the 0 012 pg/L exposure concentration.

Laughl;n et al. (1987, 1988) observed a significant decrease in growth

of‘hard clam (Mercenarla merclnarxa) larvae exposed for 14 days to 2>0. 01 yg/L
(Text Table 2). Growth rate (increase in valve length) was 75% of controls in-
0.01 ug/L, 63% in 0.025 yg/L, 59% in 0.05- yg/L, 45% in 0.1 ug/L, 29% in 0.25
ug/L and 2.2% in 0.5 pg/L. A five-day exposure followed by nlne days in TBT-

free water produced similar responses. and little evidence of recovery.

Pacxfxc oyster (Crassostrea gigas) spat exhibited shell thxckenlnc in
0.01 and 0.05 yg/L and reduced valve lengths in >0.02 ug/L (Lawler and Aldrich
1987, Text Table 2). Increase in valve length was 101% of control lengths in
' 0.01 yg/L, 72% in 0.02 ‘ug/L, 17% in '0.05 yg/L, 35% in 0.1 pg/L and 0% in 0.2 .
‘yg/L. Shell thickening was also observed in thxs species exposed to >0 02 Hg/L »
for 49 days (Thain et al. 1987). They predxcted from these data that
approximately 0.008 ug/L would be the maximum TBT concentratxon permitting
culture of commercially acceptable adults. Thexr field studies agreed with
laboratory results showing “acceptable" shell thlckness where TBT

)

concentrations averaged O 011 and 0. 015 Hg/L but not at higher concentrations.

Decreased weighte of oyster meats were "associated’ w1th locations where there

was shell thickening. Surv1val’of Crassostrea gigas- larvae exposed for 21

days was reduced in O. 025 pg/L (Springborn Blonomlcs 1984a). No larvae
survived in >0 050 ug/L.

Growth of spat of the European oyster (Ostrea edulls) was reduced at
>0.02 pg/L (Thaln and Waldock 1985; Text Table 2). - Spat ‘exposed to TBT in
:Statlc tests were 82% of control lengths and 75% of control weights; extent of
lmpact increased with lncreased exposure. In these static and flow-through
tests at exposures at about 0.02 ug/L, weight gain was identical; i.e., 35% of
‘controls. Growth of larger,spat was marginally reduced by 0.2392 ug/L (Thain
1986 Thain and Waldock 1985). |

The Natlonal Guldellnes (Stephan et al. 1985; pp 18 and 54) requxres .

. that the crlterlon be lowered if sound scientific evxdence Lndxcates that
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adverse effects might be expected on important species. The above data
demonstrate that the reductions in growth occur in commeréiglly or
ecologically important saltwater spacies at concentrations of TBT less than
the Final Chronic Value of 0.0500 pg/L derived using Final Acute‘Valueé.ahd
Acute~-Chronic Ratios from Téble 3. Therefoée;-EPA beliéves the Final chrohic
value should be lowered to 0 .01 pg/L'to limit unacceptable impacts on Acartia

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

0.02 ug/L. At this criteria concentration, imposex would be expected in

'

Ilvanassa obsoleta, Nucella 1agiilus and similariy sensitive neogastropods;
populations Sf N. lapillus and similarly sensitive snails with direct
development might be impacted‘and growth of Mercenaria mercenaria might be

somewhat lowered.

Unused Data

Some data concerning the effects of TBT on aquatic organiehs were hot
used because the tests were conducted with species that are not resident iﬁ
North America (e.g., Ali et al. 1990; Allén et al. 1980; Axiak et al. 1995b;
Batley et al. 1989 1992; Burridge et al. 1995 Camey and Paul;ni 1964,
Danil'chenko 1982; Deschiens and Floch 1968, Deschxens et al‘
1964,1966a,1966b; de Sousa and Paulini 1970, Fent 1991, 1992; Fent and Hunn
1993; Fent and Meier 1§92; Frick and DeJimenez 1964;‘Girard et al. 1996;
Harding et al. 1995; Helmstetter and Aldeﬁ=1995; Hopf and Muller 1962;
Jantataeme 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; Nishuichi and Yoshida 1972; Oehlmann et
al. i996 Reddy et al. 1992; Ringwood 1992; Ritchie et al. 1964; Ruiz et al.
1994a, 1994b, 1995a, 1995b, 1995c, Sarogxnl et al. 1991, 1992; Scadd;ng 1990;
Scammell et al. 1991, Selffer and Schoof 1967; Shiff et al. 1975; Shimizu and
Kimura 1992; Smith et al. 1979; Spenbe et al. 1990b; Stebbing et al. 1990;
Sujatha et al. 1996; Tsuda et al. 1986, i991a; Upatham 1975; Upatham et ‘a1.r

1980a,1980b; Vitturi et al. 1992{ Webbe and Sturrock 1964; Yamada et al. 1994;

26




Yla—Mononen 1989).
| Alzieu (1986),yCardarelll -and Evans (1980), Cardwell and Sheldon (1986),
Cardwell and Vogue (1986), champ {(1986), chau (1986), Eisler (1989), '
'Envxrosphere Company (1986), Evans and Leksono (1995), Gibbs and Bryan (1987),
viGibbs et al. (199l1a), Good et al. (1980), Guard et al. (1982), Hall (1988,
1991), Hall and Pinkney (1985), Hall et al. . (1991), Hodge et al. (18799,
Internatlonal Jo;nt CommlBSlOn (1976), Jensen (1977), Kimbrough (1976),
Kumpulaxnen and Koivistoinen (1977), Lau (19%1), Laughlln (1986), Laughlin and
Linden (1985), Laughlxn et ‘al. (1984a), McCullough ‘et al. (1980), Monaghan et
al. (1980), North Carollna Department of Natural Resources and 0ommunity
vDevelopment (1983,1985), Rexrode (1987), Salazar (1989), Sellgman et al.-
' (1986), sleSLnger and Dressler (1978), Stebblng (1985), Thayer (1984),

' Thompson et al. (1985), U.s. EPA (1975,1985b), U.S. Navy (1984), Valera,et
.‘al. (19851, von Rumker et al. (1974), Walsh (1986) and Zuckerman et al. (1978)
comp;led data from other sources.: Studxes by Gibbs et al. (1987) were not ‘
used because data were from the first year of a'two-year experiment reported
in Gibbs et al. (1988). | |

‘ Results were not used when the test procedures, test materlal,ror
' results were not adequately described (e.g., Bruno and Ellis 1988; Cardwell ,
and Stuart 1988; Chau et al. l983; Danil'chenko and Buzinova 1982; de la Court
1980; Deschiens 19657.EG&GaBionomics 1981b; Filenko and Isakova 1980; Holwerda
and Herwig 1986; Kelly et al. l990b, Kolosova et al. 1980; Laughlln '1983; Lee
1985; Mercier et al. 1994 Nosov and Kolosova 1979; SmLth 19810, Stroganov et
- al. 1972)1977). Thé 96-hr LC50 of 0. 01466 Hg/L reported by Becerra—Huencho
(1984) for post larvae of the hard clam, Mercenaria mercenarla, was not used
‘because :esults of other stgdies with embryos, larvae, and post larvae of the
‘ hard clam where acutely lethal cqneentrations range frem 0.6 to 4.0 yg/L
(Tables 1 andvé) pas;‘doupt on this LC50 value. Data from the lifeecycle test
‘with sheepshead minnows (Ward et al. 1981) were not used becauae ratios of
| measured and nominal concentratlens were inconsistent within and between tests

suggesting problems in delivering TBT, analytical chemistry or‘both. Results
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of some laboratory tests were pot used because the tests were conducted in
distilled or deionized water without addition‘of appropriate sa;ts (e.g., Gras
and Rioux 1965; Kumar Das et al. 1984). The concentration of dissolved oxygen
was too low in tests reported by EG&G Bionomics (lésla). ’Douglas\et al;
(1986) did not cbserve sufficient mortalitxes to calculate a useful ILC50.

Data were not used when TBT was a component of a formulation, mixture,
paint, or sediment (Boike and Rathburn 1973; Cardarelli 1978; Deschiens and
Floch 1970; Goss et al. 1979; Laughlin et al. 1982; Maguire and Tkacz 1985;
Mattiedsen and Thain 1989 ‘North Carolina Department of Natural Resources and
Community Development 1983; Pope 1981; Quick and’ Cardarelli 1977; Salazar and
Salazar 1985a, 1985b; Santos et al. 1977; Sherman 1983; sherman and Hoang
1981; sherman and Jackson 1981; Walker 1977 Weisfeld 1970), unless data were
available to show that the toxicity was the same as for TBT alone. Data were
not used when the organisms were exposed to TBf by injection or gavaoe (e.o.,
Fent and Stegeman 1991, 1993; Rice et al. 1995} Rice and Weeks 1§90;_Rouieau
et al. 1995). cCaricchia et al. (1991),ASalazar and'Chadwick (1991), Salazaf
and Salazar (1990a, 1990b, 1991), and Steinert and Pickwell (1993), did not
identify the organ;sm exposed to TBT. Some etudies did not report toxic
effects of TBT (e.g., Balls 1987; Gibbs 1993; Meador et al. 1984, Page 1995,,
Salazar 1986; Salazar and Champ 1988). ‘

Data were not used when the test organisms were infested with tapeworms
(e.g., Hnath 1970). Mottley (1978) and Mottley and Griffiths (1977) conducted
tests with a mutant form of an alga. Results of teats in which enzymes;
excised or homogenized tissue, or cell cultures were exposed'to the test
material were not used (e.g., Avery et al. 1993; Blair et al. 1982;
Bruschweiler et al. 1996; Falcioni ‘et al. 1996; Fent and Bucheli 1994; Fent
and Stegeman 1991; F;sher et al. 1990; josephson et al. 1989; Joshi and Gupta
1990; Pickwell and Steinert 1988; Reader et al. 1994, 1996;'Rioe‘and Weeks
1991; Vvirkki and Nikinmaa 1993; Wishkovsky et al. 1989} Zucker et al. 1992).
Tests conducted with too few test organisme were not used (e.g}, EG&G ’

Bionomics 1976; Good et al. 1979). High control mortalities occurred in teats

-
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reported by Rhea et al. (1995), Salazar and Salazar (Manuscript) ‘and Valkirs
et al. (1985). SOme data were not used because of problems with the
Afconcentration of the test. material (e.q., Springborn Bionomics 1984b,
Stephenson et al. 1986; Ward et al. 1981) or low survival in the exposure
organisms (chagot et al. 1990, Fent and Looser 1995). BCFs were not used when
the concentration of TBT in the test solution was not- measured (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 unavailable or '
excessively variable (e.g., Curtis and Barse 1990, DaVies .et al. 1987, 1988-
Davies and McKie 1987; Gibbs ‘et al. 1991b; Hall 1988, Han and Weber 1988;
Kannahvet al. 1996; Oehlmann et al. 1991;vStab et al. 1995; Thrower and Short )

' 1991; .Wade et al. 1988).

Summary
» The acute toxicityrvalueS'for thirteen freshwater animal species range

from 1.14 pg/L for a hydra (gxggg,oligactis).to 24,6007yg/L for a clam
(Elliptio compianatusj. There was no apparent‘trendlin sensitivities with
taxonomy; fish were nearly as sensitive as the most:sensitive invertebrates
. and more sensitive than others. When the much less sensitive clam was not‘
- considered, the remaining speCies BenSltiVLtles varied by a maximum of 11 2

" times. Three chronic toxicity tests have been conducted with freshwater
ahimals; Reproduction of Daphnia mgggg was reduced by 0.2<pg/LL but not by
0.1 ug/L, and the Acute-Chronic Ratio-is 30.41. In another test with g.'ggggg
reproduction and survival was reduced at 0.34 pg/L but not at 0.19, and the
Acute-chronic Ratio is 44.06. Weight of fathead minnows was reduced by 0.45
- pg/L, but not by O. 15 ug/L, and the acute-chronic ratio for this species was
"10 0o1. Bioconcentration of TBT ‘was measured in zebra mussels, Dressena
polxgorgha, at 180 427 times the water concentration for the soft parts and in
rainbow trout, Oncorhxnchus mgkiss, at 406 times the water concentration for

the whole body. Growth of thirteen speCies of freshwater algae was inhibited
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by concentrations ranging from 56 1 to 1,782 pg/L.
Acute values for 27 species of saltwater animals range from 0.61 pg/L
for the mysid, Acanthomysis sculpta, to 204.4 pg/L for adult European flat

oysters, Ostrea edulis. Acute values for the twelve most sensitive genera, )

including molluscs, crustaceane, and'fishea;:differ by less than a factor of
4. larvae and juveniles appear to be more sensitive than adults. A life-
cycle toxicity test has been conducted with the saltwater mysid, Acanthomxsis
sculpta. The chronic value for A. sculpta was 0.1308 pg/L based on reduced
reproduction and the acute-chronic ratio was 4.664. Bioconcentration factors
for three species of bivalve molluscs range from 192.3 for aoft.parts of the
European flat oyster to 11, 400 for soft parts of the Pacific oyster,
Crassostrea gigas. Tributyltin chronically affects certain saltwater
copepods, gastropods, and pelecypods at concentrations less than those
predicted from "standard” acute and chronlc tox;c;ty tests. Survival of the
copepod Acartia tonsa was reduced in >0.023 ug/L. Growth of larvae or spat of

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

about 0.02 ug/L; some C. g;ggg larvae died in 0.025 yg/L. Generally
concentrations <0.01 yg/L have not been demonstrated to affect sensitive life-
stages. of saltwater organisms. This above data demonstrate that reductions in
growth occur in commercially or ecolooically important saltwater species at
concentrations of TBT less than the Final ‘Chronic Value of 0.0SOO‘pg/L derived
using Final Acute Values and Acute-Chronic Ratios from Table 3. Therefore,
EPA believes the Final Chronic Value should be lowered to 0.01 ug/L to limit

unacceptable impacts on Acartia tonsa, Mercenaria mercenaria, Crassogtrea

gigas and Ostrea edulis observed at 0.02 ug/L. At this criteria
concentration, imposex would be expected. in Ilvanassa obsoleta, Nucella
lapillus and similarly sensitive neogastropcds; populations of N. lagillue and

gimilarly sensitive snails with direct development might be impacted and

growth of Mercenaria mercenaria might be somewhat lowered.
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‘'National Criteria

The procedures described in the “Guidelines for Deriving Numerical

National Water Quality Criteria for the Protection of Aquatic Organisms and

- Their Uses" indicate that, except possibly where a locally important species
is very sensitive, freshwater aquatic organisms and their uses should not be

‘ affected unacceptably if the four-day average concentration of tributyltin
;does not exceed 0.063 ug/L more than once every three years on the average and
if the one—hour average concentration ‘does not exceed 0.46 yg/L more than once-
every three years on the average. ‘ | ‘

The procedures described in. the "Guidelines for Derxvrng Numerical
National Water Quality Criteria for the Protection of Aquatic Organisms and
Their Uses" indicate'that, except poes;bly where a locally important.species
is very sensitive,.saltwater aquatic organiams and their uses should not be
affected unacceptably if the four-day average concentration of tributyltin
does not exceed 0. 010 pg/L more than once every three years on the average and

Vlf the one-hour average concentration does not exceed 0.37 pg/L more than once

every three years on the average.’

Imglementation' ' ‘

As discussed in the Water Quality Standards Regulation (U.S. EPA 1983)
and the Foreword of this document, a water quality criterion for aquatic life.
has regulatory impact only if it has been adopted in a state water quality
standard. Such a standard spec;fies a criterion for a pollutant that is
'consistent with a‘particular deSignated use. With the concurrence of the U.S.
'EPA, states designate one or ‘more uses for each body of water or segment |
thereof and adopt criteria that are conSistent with the use(s) (U.S. EPA
©1987,1994). Water quality criteria adopted in state water quality standards
could have the same numerical values as criteria developed under Section 304,
of the Clean Water Act. However, in’many eituations states might want to
adjust water quality criteria developed under Section 304 to reflect local
"enVLronmental conditions and human exposure patterns. Alternatively, states

i
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may use different data and assumptions than EPA in deriving numeric criteria
that are scientifically defensible and protective of designated useg. - State
water quality standards include both numeric and narrative criteria. A Btate
may adopt a numeric criterion within its water quality standards and apply it
either state-wide to all waters designated'fpt the use the cr%terion is'
designed to protect or to a specific site. A state may use an indicator
parameter or the national criterion, supplemented with other relevant
information, to Lnterpret its narrative criteria within its water quality
standards when developxng NPDES effluent limitations 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-gpeqxfxc, ‘and’ possibly
pollutant-specific, durations of averaging‘periodé and freguencies of .allowed
excursions (U.S. EPA 1991). The averaging périods of "one hour" and "four
days" were selected by the U.S. EPA on the basis of data concerning tha speed
with which some aquatic species ¢an react to increases in the concentrations
of some aquatic pollutants, and "three yéafs" is the Agency's best scientific
judgment of the average amount of time aquatic ecosystems should be providéd
between excursions (Stephan et al. 1§85; U.S. EPA 1991). Howaver, various
gpecies and'ecosystems react and recover at greatly differing rates.
Therefore, if adequate justification is provided, site-specific:and/or
pollutant-specific concentrations, durations,‘and frequencies may be higher or
lower than those given in national water quality criteria for aquatic iife.

Use of criteria, which have been adopted in state watér quality
standards, for developing water quality-based permit limits and for designiﬂg
waste treatment facilities requires selection of an appropriate wasteload
‘allocation model. Although dynamic models afe-preferred for the application
of these criteria (U.S. EPA 1991), limited data or other considerationa might
require the use of a steady-state model (U.S. EPA'1986).

Guidance on mixing zones and the design of monitoring programs is also

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