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Background

Tributyltin was identified as a contaminant of potential concern in the marine sediments
of the Harbor Island Superfund site as part of EPA’s remedial investigation (WESTON
1994). Currently, there are no federal or state sediment quality guidelines or standards
for evaluating TBT concentrations in sediment. An interagency work group was formed
to identify and evaluate various approaches to derive a sediment effects-based cleanup
level for use in Puget Sound (EPA 1996). The work group evaluated available sediment
and tissue data sets and concluded that bulk sediment concentrations appeared to be poor
predictors of the bioavailable TBT fraction (EPA 1996). Few studies showed good
correlations between laboratory bioassay or in sifu benthic community responses and
TBT concentrations in sediments. The group recommended that when TBT is a
contaminant of concern in sediment, interstitial water concentrations should be measured
and that sediment toxicity testing or in situ or laboratory bioaccumulation testing should
be conducted to confirm the ecological significance of measured interstitial water
concentrations.

For the West Waterway of the Harbor Island Superfund Site, a consortium of potentially
responsible parties (PRPs) under an Administrative Order on Consent with EPA
evaluated the bioavailability and the potential effects associated with TBT in sediments.
The overall purpose of the work was to develop a site-specific, effects-based tissue
trigger level that could be used in comparison with bioaccumulation test results to
determine the need for cleanup of TBT-contaminated sediments. Effects considered
relevant for the development of a site-specific level included mortality, reduced growth,
and reproductive impairment. Some of the commonly reported sublethal effects such as
bivalve shell thickening or induction of imposex' or intersex in gastropod snails were not

! Imposex is defined as the development of male sexual characteristics in females. Intersex is
characterized as any disturbance of phenotypic sex determination between gonad and genital tract (see Bauer et al.
1997). Although the onset of imposex/intersex was not included as a relevant endpoint for this study, sterilization
due to imposex/intersex was included as a relevant endpoint because it was considered a population level effect.
Imposex and intersex have only been observed in meso- and neogastropods, which are snails with male and female
sexes. The most current list of affected species (Davies 1999 pers. comm.) includes 140 species. Imposex and
intersex have not been observed in other gastropods. An analysis of gastropods present in the subtidal benthic
community near Harbor Island is presented in Table 2.



included in the evaluation because these endpoints are not population level effects and
because of the lack of suitable habitat for the typically affected species (oysters and
meso- and neogastropods). The West Waterway is a deep (-30 to -60 ft MLLW), heavily
industrialized waterway within the Duwamish River estuary. Very little intertidal habitat
is available because of extensive channelization and dredging of the waterway and no
commercial or recreational shellfish beds occur. In addition, gastropods are typically not
a large component of the Duwamish estuary benthic community and meso- and
neogastropods make up only a small fraction of the total gastropod abundance (see
Footnote 1).

The evaluation of TBT in West Waterway sediments was composed of two studies. First,
a literature review was conducted to identify paired tissue residue and effects data for
marine invertebrates and fish (ESI 1999a). The tissue residue data were used to develop
site-specific, effects-based trigger concentrations (ESI 1999a). In addition, sediment
samples were collected throughout the West Waterway for chemical and biological
testing. TBT concentrations were measured in both bulk sediments and interstitial water
(filtered and unfiltered) samples; a subset of sediment samples collected were used for
bioaccumulation testing. Bioaccumulation testing was conducted to determine site-
specific exposures to two marine invertebrate species (a bivalve, Macoma nasuta and a
polychaete, Nephtys caecoides). Effects endpoints were not measured as part of the
bioaccumulation study. Sediment toxicity bioassay tests were not conducted for this
study because there are no approved toxicity bioassay protocols for test species that have
demonstrated a sensitivity to TBT. Based on results of the bioaccumulation tests, tissue
TBT concentrations were compared to the effects-based tissue trigger level derived from
tissue residue effects data reported in scientific literature.

Development of a Tissue Trigger Level for TBT

The tissue concentrations of TBT associated with effects in marine invertebrates were
reviewed for use in developing a trigger concentration. The opportunity for review was
provided to natural resource trustees [Muckleshoot and Suquamish Tribes, NOAA,
National Marine Fisheries Service (NMFS), Fish and Wildlife Service] and regulatory
agencies (Army Corps of Engineers, Washington Departments of Ecology and Natural
Resources)?, and the PRPs involved in the sediment study for the West Waterway.

The PRPs used two approaches to estimate a site-specific TBT tissue trigger level from
the selected data set (see ESI 1999a). Studies for which mortality was the endpoint of
concern were not used. In addition, effects concentrations that were estimated from non-
linear regression relationships were not included in the data set. The final data set that
was used to derive the PRP’s site-specific TBT tissue trigger concentration is presented

2 Key participants included Karen Keeley (EPA), Erika Hoffman (EPA), Nancy Musgrove (WESTON;
EPA Contractor), Jim Meador (NOAA NMFS), Peter Adolphson (Ecology), and Glen St. Amant (Muckleshoot
Indian Tribe).



in Table 2-3 of ESI 1999a. In the first approach, the geometric means of paired no-effect
and lowest observed effect concentrations were calculated to estimate the range of values
within which the trigger level should occur. In the second approach, the 20th percentile
of the effects data was calculated after excluding the effects endpoints associated with
sterilization due to imposex and intersex in meso- and neogastropods. This resulted in a
tissue trigger level of 5 mg TBT/kg dw.

EPA and other participants reviewed the trigger level proposed by the PRPs (ESI 1999a).
In response to the limited data set available to derive a screening value (11 sublethal
effects data points, 7 no-effects data points), EPA proposed a weight-of-evidence
approach for development of a tissue trigger level for TBT. A number of scientifically
sound methods are available for deriving sediment criteria and guidelines, but each
method has its own advantages and limitations (EPA 1992).

Given the uncertainties in any one method, a tissue trigger level derived from a weight-
of-evidence considers all available information. Different methods evaluated in the
weight-of-evidence approach were based on sublethal tissue residue effects data for TBT
reported in the scientific literature (see Table 2-2 of ESI 1999a), and included:

1. Identification of the lowest observed adverse effect level and the highest observed
no-effects level reported in scientific literature for marine invertebrates

2. Calculation of selected percentiles for sublethal effects data for marine
invertebrates
3. Estimation of the geometric mean of paired no-effect/low effect tissue data for

marine invertebrates
4. Derivation of critical body residues

5. Estimation of a sublethal tissue residue threshold based on application of an
acute-to-chronic ratio (based on water-only effects data) to tissue residue effects
data for mortality.

LOEL/NOEL - Use of the lowest observed adverse effects level (LOEL) or the highest
observed no-effects level (NOEL) is a method commonly applied in ecological risk-based
screening assessments. Based on the literature review conducted by ESI (1999a),
sublethal effects occurred over a range of tissue concentrations from 0.72 mg/kg (dry
weight; dw) to 8.52 mg/kg dw TBT for invertebrates, including gastropods, bivalves, and
polychaetes (see Table 2-2 in ESI 1999a). The no-effects data overlapped with the
effects data, ranging from 0.3 mg/kg to 4.0 mg/kg dw TBT. A screening level based on
the LOEL would be 0.72 mg/kg dw TBT, or would be 1.1 mg/kg dw TBT excluding
effects data that were estimated from non-linear regression relationships (see Table 2-2 in
ESI 1999a). A screening level based on the NOEL would be 4.0 mg/kg DW TBT. These



values defined the extent of the possible tissue trigger levels using a weight-of-evidence
approach.

Percentiles - Another method for deriving a tissue trigger level is based on calculation of
a descriptive statistic such as a mean or median for the sublethal effects data®. Given the
few available data points and the non-normal statistical distribution, nonparametric
methods provide a better representation of the attributes of the sublethal effects data.
Percentiles were selected as the method of characterizing the data because of their ability
to minimize the effect of extreme data points. Calculation of the 10™ and 50™ percentile
was used because of the similarity to the approach used to develop informal screening
guidelines in NOAA’s National Status and Trends Program (Long and Morgan 1990).
The median (50™ percentile) value was 3.75 mg/kg dw TBT and a lower end (10™
percentile) value was 1.33 mg/kg dw TBT for the sublethal effects data (see Table 1 of
this report and Table 2-2 of ESI 1999a for sublethal effects data).

Geometric Mean - An examination of some of the more sensitive responses to TBT (i.e.,
Gibbs et al. 1998; Davies et al. 1988; Widdows and Page 1993; Moore et al. 1991;
Salazar and Salazar 1998) suggests that a tissue trigger level for sublethal effects based
on the geometric mean of no-effects and low effects sublethal data may range from 0.8 to
4.9 mg/kg dw TBT, with an overall geometric mean of 2.61 mg/kg dw TBT (0.52 mg/kg
ww TBT). These estimates are based on a comparison of paired no-effect and lowest
observed effect data from the five above-referenced studies and a subsequent calculation
of the geometric mean of each paired observation and all five pairs combined. This
method of using geometric means of no-effect and low effects data as an estimate of the
chronic threshold is based on Stephan et al. 1985 (e.g., p. 30).

Critical Body Residue - Selected data from the literature were also used to derive a tissue
trigger level based on the critical body residue (CBR) method. This method has been
used in regulatory applications for the management of dredged material and setting
sediment quality goals for dioxins in the Great Lakes (see EPA 1992, p. 7-1). The CBR
predicts toxicity in terms of tissue concentrations based on the relationship between
accumulation and response (McCarty and Mackay 1993). Several studies have found
that when toxicity is expressed as a tissue residue, the variability between species,
exposure periods, and exposure conditions are greatly reduced (McCarty 1991; van
Wezel and Opperhuizen 1995; Meador 1997). This approach does not require that an
organism be in thermodynamic equilibrium with the sediment contaminant level (see
EPA 1992, p. 7-3), which tends to be strongly affected by exposure period*. In theory,

3 Studies for which mortality was the endpoint of concern were not used. In addition, effects
concentrations that were estimated from non-linear regression relationships were not included in the data set (i.e.,
Oechlmann et al. 1998; Bauer et al. 1997).

* Note that this is contrary to information provided by the Corps in the Environmental Effects of Dredging
Technical Notes (ACOE 1992, p. 3), where normalization based on the time difference was recommended.
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the narrow range exhibited in the tissue concentrations for a toxicant is a result of a
specific mode of action that is applicable across species. The CBR can be determined
directly or with an equation that relates an effect concentration (e.g., LCs,, ECs, or
LOEC) and a bioconcentration factor (BCF). For example, the CBR was originally
developed using the equation CBR = LC,,*BCF (McCarty and Mackay 1993). This
relationship can be expanded and analyzed by regression analysis to determine the CBR
for several species exposed to one toxicant. By plotting the concentration at which a
response occurs (LOEC) versus the inverse of the BCF, the slope of the relationship will
be the CBR (LOEC=1/BCF*CBR) (Meador, in review).

A CBR for TBT was derived by Meador (in review) based on growth effects and BCFs
reported in the literature for six species’. A regression analysis examining the
relationship between the bioconcentration factor from water and reduced growth
(expressed as an LOEC) resulted in an estimate of a critical body residue of 3 mg/kg dw
TBT. (The slope of the regression was significant with an r* of 0.99). A recent NMFS
study examining the effects of TBT on a single species, the polychaete Armandia brevis,
showed that significant reductions in growth (25%) occurred at 2.36 mg/kg dw TBT in
tissue (Meador and Rice, in prep).

As a final element in the weight-of-evidence approach, it was recommended that the
acute-to-chronic ratio derived from the database used to develop ambient water quality
criteria (water-only effects data) be applied to lethal effects tissue data presented in Table
3 (from Meador, in review) as an estimate of a sublethal threshold tissue residue
concentration. Using an acute-to-chronic ratio of 14.7 (EPA 1997 as cited in Cardwell et
al. 1999) and applying it to the mean species residue data associated with mortality (i.e.,
48.4 mg/kg dw TBT) results in an estimate of a sublethal effects concentration of 3.29
mg/kg dw TBT.

> Data used for the following species: trout, Oncorhynchus mykiss (Martin et al. 1989, Seinen et al. 1981,
de Vries et al. 1991, Triesbskorn et al., 1994); polychaete, Armandia brevis (Meador and Rice, in prep); polychaete,
Neanthes arenaceodentata (Moore et al. 1991), oysters, Saccostrea commercialis and Crassostrea gigas (Batley et
al. 1989); and mussel, Mytilus edulis (Guolan and Yong 1995). None of these studies included an effect endpoint of
sterilization due to imposex, but Batley et al. 1989 evaluated shell deformation. It is recognized that the CBR
method uses both invertebrate and fish tissue sublethal effects data, while the other three methods in this weight-of-
evidence approach use only invertebrate sublethal effects data. This is acceptable because the basis of the CBR
method is that different species will respond similarly to similar tissue concentrations of a given chemical (see
McCarty and Mackay 1993).

Although Guolan and Yong (1995) was rejected in ESI (1999a; see Table B-1), Meador (in review) included these
data in the derivation of CBR. Guolan and Yong 1995 present tissue residues for gill plus viscera separately from
muscle plus mantle. Based on their data, the concentrations for gill and viscera will be higher than the whole body
concentrations, so a concentration for gill and viscera would overestimate the whole body concentrations. For the
direct CBR method, these data are useful because it appears that the whole body tissue residue would be similar to a
residue calculated with either group of tissues. Meador (in review) used the BCF (based on gill plus viscera) and
LOEC.



A summary of the results of the weight-of-evidence approach is provided below (units
are dw):

. 1.1 mg/kg TBT (LOEL based on gastropod sterilization, excluding estimated
values; see Table 2-2 in ESI 1999a)

. 1.33 mg/kg TBT (10™ percentile of sublethal effects; Table 1)

. 2.4 mg/kg TBT (Armandia study; Meador and Rice, in prep)

. 2.61 mg/kg TBT (average on overall geometric mean from paired observations)

. 3.0 mg/kg TBT (CBR from six species; Meador, in review)

. 3.29 mg/kg TBT (estimate based on acute-to-chronic ratio and lethal tissue
residue)

. 3.75 mg/kg TBT (50" percentile of sublethal effects; Table 1)
. 4.0 mg/kg TBT (highest NOEL based on reduced mussel growth; see Table 2-2 in
ESI 1999a).

Recommendations

Based on the weight-of-evidence approach, it is recommended that 3 mg/kg dw TBT®
(approximately 0.6 ppm ww TBT, assuming 20 percent moisture content) be used as the
site-specific tissue trigger level for evaluating bioaccumulation data from the West
Waterway. This level has been shown to be the tissue residue associated with reduced
growth in a number of invertebrate species, including polychaetes and crustaceans. This
level is very similar to the overall geometric mean of paired effect/no-effect data and the
estimate of a sublethal effects level based on a multi-species acute-to-chronic effects
ratio. In addition, a site-specific tissue trigger level based on the CBR approach tends to
address a number of uncertainties associated with derivation of sediment effects criteria
including the bioavailability of a chemical, its equilibrium state, the effects of
confounding factors such a sediment type or organic content and mode of toxicity
affecting the organism.

This proposed value should also be protective of bivalves and most gastropods for the
growth and reproduction endpoints. This level may not protect the most sensitive species
of meso- and neogastropods (e.g., dog whelks, periwinkles); however, meso- and
neogastropods tend to be rare in Elliott Bay and the Duwamish River. As an example,
within Elliott Bay gastropods make up from 2 to 5 percent of the total benthic community
abundance and richness, while meso- and neogastropods make up only a small fraction of
the gastropod population (see Table 2 of this report).

Advantages and Limitations

% The tissue trigger level is reported in dry weight (dw) units because the dry weight basis is recommended
in EPA 1993 (p. 122), and this basis reduces variability among species as water content varies.
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Tissue residue-effects data and bioaccumulation data are increasingly being used in
various regulatory and resource management programs (Jarvinen et al. 1998). Tissue
residue-effects data have also been used in the development of water quality criteria that
are protective of food chain effects in fish and wildlife (EPA 1992, p. 7-8). The Corps of
Engineers has used bioaccumulation data as part of their process of determining
unacceptable adverse impacts associated with potential disposal of dredged materials for
over 20 years (ACOE 1999). The Oceans Testing Manual (a joint ACOE and EPA
document) requires that bioaccumulation data be used within the context of whether or
not an adverse impact would occur (ACOE 1999). In support, the Corps has compiled
paired tissue residue and effects data for evaluation of bioaccumulation data for selected
compounds in the Environmental Residue-Effects Database (ERED). Tissue residues
form the basis of establishing exposure and linking it to effects in risk assessments (Field
1998). Other state and federal sediment or resource management programs (e.g., NMFS,
Ecology) in Puget Sound either use or are considering use of tissue residue data as the
basis for sediment management decisions.

The shift to bioaccumulation or tissue residue data to support program goals is based on
some of the advantages associated with measures of chemical concentrations in receptors
of concern. Tissue data integrate multiple exposure pathways (dermal contact, ingestion,
respiration). In general, tissue residues provide a direct measure of exposure that is
typically only predicted or assumed under other methods. Tissue data can also address
food chain effects that are not represented in other current assessment methods. When
the aquatic organism is used as human food, tissue residues can provide a direct link
between human health and sediment criteria (EPA 1992, p. 7-5). When combined with
effects measures, tissue data provide a strong link between a source of contamination and
impacts.

Development of tissue residue effects thresholds is part of EPA’s overall strategy for
management of contaminated sediments throughout the United States (EPA 1994, p.
100). The method is most applicable to nonpolar organics or organometallics that are
slowly metabolized and can cause chronic effects in exposed populations (EPA 1992, p.
7-5). For those chemicals (specifically metals) that can be sequestered by aquatic
organisms in non-available forms, the linkage between tissue residues and effects data
will tend to be misrepresented. Use of a tissue residue-effects approach also relies on the
identification of species that are sensitive to the contaminants of concern.

Tissue residue and effects data do not directly identify to what level sediments should be
remediated without additional predictions or investigations. Additional steps, such as
measurement of sediment chemistry and other factors affecting partitioning or calculation
and application of biota-sediment accumulation factor, may be required to determine
sediment thresholds associated with significantly elevated tissue residues. In most cases,
site-specific sediment-biota partitioning coefficients are unavailable. However, paired-
sediment tissue data have been collected at a number of sites in Puget Sound and the
types of investigations that would be required have well-established protocol.



Application and Use of the Tissue Trigger Level

The recommended tissue trigger level was designed to address the bioaccumulation and
potential effects of TBT in sediments in the West Waterway of the Harbor Island
Superfund site. As such, it takes into account site-specific resources and sediment
conditions. It is not meant to be directly applicable to other sites making decisions about
sediment remediation. Although this approach may have utility at other sites, direct
measures of effects or other assessment methods may be more useful, and all reasonable
approaches should be evaluated. Finally, sediment and porewater data collected to
support the West Waterway sediment management decisions should not be viewed as
representing threshold values that could be applied to cleanup of those media at other
sites.

Future Considerations

In future studies of TBT-contaminated sediments at other sites, the following information
should be considered:

. Based on results of the TBT study for Harbor Island (ESI 1999b), use a bulk
sediment TBT screening value rather than porewater screening value based on the
observed correlation between sediment and tissue TBT concentrations

. Consider measuring the health of test organisms during bioaccumulation testing
(e.g., include an effects endpoint)

. Identify potential test species that have high Biota-Sediment Accumulation
Factors for TBT
. Given the different types of habitat present at sites, consider performing field

evaluations to identify the presence of imposex/intersex in intertidal snail
populations or measuring TBT tissue concentrations of TBT in field collected
organisms (e.g., oysters).

Other considerations may develop as additional studies on TBT are completed.



REFERENCES

ACOE (U.S. Army Corps of Engineers). 1992. Critical Body Residue (CBR) Approach
for Interpreting the Consequences of Bioaccumulation of Neutral Organic Compounds.
Environmental Effects of Dredging Technical Notes. EEDP-04-17. U.S. ACOE
Waterways Experiment Station, Vicksburg, MS.

ACOE. 1999. Interpreting Bioaccumulation Data with Environmental Residue-Effects
Database. Dredging Research Technical Note. EEDP-04-30. U.S. ACOE Research and
Development Center, Vicksburg, MS.

Bailey, S.K. and [.LM. Davies. 1991. Continuing Impact of TBT, Previously Used in
Mariculture, on Dog whelk (Nucella lapillus L.) Populations in a Scottish Sea Loch.
Marine Environ. Research 32:187-199.

Batley, G.E., C. Furua, C.L. Brockbank, and K.J. Flegg. 1989. Accumulation of
Tributyltin by the Sydney Rock Oyster, Saccostrea commercialis. Australian Journal of
Marine and Freshwater Research 40:49-54.

Bauer, B., P. Fioroni, U. Schulte-Ochlmann, J. Ochlmann, and W. Kalbfus. 1997. The
Use of Littorina littorea for Tributyltin (TBT) Effect Monitoring—Results from the
German TBT Survey 1994/1995 and Laboratory Experiments. Env. Poll. 96(3):299.

Borgmann, U., Y.K. Chau, P.T.S. Wong, M. Brown and J. Yaromich. 1996. The
Relationship between Tributyltin (TBT) Accumulation and Toxicity to Hyalella azteca
for Use in Identifying TBT Toxicity in the Field. Jour. Aquatic Ecosystem Health 5:199-
206.

Bryan, G.W., P.E. Gibbs, G.R. Burt, and L.G. Hummerstone. 1987. The Effects of
Tributyltin (TBT) Accumulation on Adult Dogwhelks, Nucella lapillus: Long-Term Field
and Laboratory Experiments. J. Mar. Biol. Ass. U.K. 67:525-544.

Cardwell, R.D., M.S. Brancato, J. Toll, D. DeForest, and L. Tear. 1999. Aquatic
Ecological Risks Posed by Tributyltin in United States Surface Waters: Pre-1989 to 1996
Data. Environmental Toxicology and Chemistry 18(3):567-577.

Davies, LM. 1999. Personal Communication (facsimile to Karen Keeley, U.S.
Environmental Protection Agency Region 10, Seattle, WA, on April 8, 1999, regarding
list of known imposex-affected prosobranch species). Marine Laboratory, Aberdeen,
Scotland.

Davies, .M., J. Drinkwater, and J.C. McKie. 1988. Effects of Tributyltin Compounds
from Antifoulants on Pacific Oysters Crassostrea gigas in Scottish Sea Lochs, U.K.
Aquaculture 74(3-4):319-330.



de Vries, H., A.H. Pennicks, N.J. Snoeij, and W. Seinen. 1991. Comparative Toxicity of
Organotin Compounds to Rainbow Trout (Oncorhynchus mykiss) Yolk Sac Fry. The
Science of the Total Environment 103:229-243.

EPA. 1992. Sediment Classification Methods Compendium. 823-R-92-006. EPA
Office of Water, Washington, DC.

EPA. 1993. Guidance Manual. Bedded Sediment Bioaccumulation Tests. EPA/600/R-
93/183. U.S. EPA Office of Research and Development, Washington, DC.

EPA. 1994. EPA’s Contaminated Sediment Management Strategy. EPA 823-R-94-001.
EPA Office of Water, Washington, DC.

EPA. 1996. Recommendations for Screening Values for Tributyltin in Sediments at
Superfund Sites in Puget Sound, Washington. EPA 910-R-96-014. EPA Region 10
Superfund Program, Seattle, WA.

EPA. 1997. Draft Ambient Aquatic Life Water Quality Criteria for Tributyltin. EPA
Environmental Research Laboratories, Duluth, MN.

ESI (EVS Solutions). 1999a. Review of Tissue Residue Effects Data for Tributyltin,
Mercury, and Polychlorinated Biphenyls. Prepared for the Port of Seattle, Todd
Shipyards, and Lockheed Martin for submittal to EPA Region 10, Seattle, WA.

ESI (EVS Solutions). 1999b. Tributyltin in Marine Sediments and Bioaccumulation of
Tributyltin: Combined Data Report. Prepared for the Port of Seattle, Todd Pacific
Shipyards and Lockheed-Martin for submittal to EPA Region 10, Seattle, WA.

Field, L.J. 1998. Use of Tissue Residue Data in Exposure and Effects Assessments for
Aquatic Organisms. In: National Sediment Bioaccumulation Conference Proceedings.
pp. 2-21 through 2-24. September 1996. Bethesda, MD.

Gibbs, P.E., P.L. Pascoe, and G.R. Burt. 1988. Sex Change in the Female Dog whelk,
Nucella lapillus, Induced by Tributyltin from Antifouling Paints. J. Mar. Biol. Ass. UK,
68:715-731.

Guolan, H. and W. Yong. 1995. Effects of Tributyltin Chloride on Marine Bivalve
Mussels. Wat. Res. 29(8): 1877-1884.

Hodson, P.V., D.G. Dixon, and K.L.E. Kaiser. 1988. Estimating the Acute Toxicity,

Uptake, Depuration, and Tissue Distribution of Tri-n-butyltin in Rainbow Trout, Sa/mo
gairdneri. Aquatic Toxicology 4:443-454.

10



Jarvinen, A.W., D.R. Mount, and G. T. Ankley. 1998. Development of Tissue Residue
Threshold Values. [In] National Sediment Bioaccumulation Conference Proceedings. pp.
2-9 through 2-20. September 1996. Bethesda, MD.

Langston, W.J. and G.R. Burt. 1991. Bioavailability and Effects of Sediment-Bound
TBT in Deposit-Feeding Clams, Scrobicularia plana. Marine Environmental
Research 32:61-77.

Long, E.R. and L.G. Morgan. 1990. The Potential for Biological Effects of Sediment-
Sorbed Contaminants Tested in the National Status and Trends Program. NOAA Tech.
Memo. NOS OMA 62. National Oceanic and Atmospheric Administration, Seattle, WA.
175 pp.

Martin, R.C., D.G. Dixon, R.J. Maguire, P.V. Hodson, and R.J. Tkacz. 1989. Acute
Toxicity, Uptake, Depuration, and Tissue Distribution of Tri-n-butyltin in Rainbow
Trout, Salmo gairdneri. Aquatic Toxicology. 15:37-52.

McCarty, L.S. 1991. Toxicant Body Residues: Implications for Aquatic Bioassays with
some Organic Chemicals. In: Aquatic Toxicology and Risk Assessment, Vol. 14, ASTM
STP 1124, American Society for Testing and Materials, Philadelphia, PA. M.A. Mayes
and M.G. Barron (eds). pp. 183-192.

McCarty, L.S., and D. Mackay. 1993. Enhancing Ecotoxicological Modeling and
Assessment: Body Residues and Modes of Toxic Action. Environ. Sci. Technol. 27:
1719-1728.

Meador, J.P. 1993. The effect of laboratory holding on the toxicity response of marine
infaunal amphipods to cadmium and tributyltin. Journal of Experimental Marine Biology
and Ecology 174:227-242.

Meador, J.P. (In Review). The role of equilibrium partitioning, toxicokinetics, and
critical body residue in predicting the fate and effects of tributyltin.

Meador, J.P. 1997. Comparative Toxicokinetics of Tributyltin in Five Marine Species
and Its Utility in Predicting Bioaccumulation and Acute Toxicity. Aquatic Toxicology
37:307-326.

Meador, J.P. and C. Rice. (In Prep). Impaired Growth in the Polychaete, Armandia
brevis, Exposed to Tributyltin in Sediment.

Meador, J.P., U. Varanasi, and C.A. Krone. 1993. Differential Sensitivity of Marine
Infaunal Amphipods to Tributyltin. Marine Biology 116: 231-239.

11



Meador, J.P., C.A. Krone, D.W. Dyer, and U. Varansi. 1997. Toxicity of Sediment-
Associated Tributyltin to Infaunal Invertebrates: Species Comparison and the Role of
Organic Carbon. Mar. Env. Res. 43 (3): 219-241.

Moore, D.W., T.M. Dillon, and B.C. Suedel. 1991. Chronic Toxicity of Tributyltin to
the Marine Polychaete worm, Neanthes arenaceodentata. Aquatic Toxicology
21:181-198.

Oehlmann, J., P. Fioroni, E. Stroben, and B. Markert. 1996. Tributyltin (TBT) Effects
on Ocinebrina aciculata (Gastropoda: Muricidae): Imposex Development, Sterilization,
Sex Change and Population Decline. Sci. Total Envir. 188:205-223.

Oehlmann, J., B. Bauer, D. Minchin, U. Schulte-Ochlmann, P. Fiorini, and B. Markert.
1998. Imposex in Nucella lapillus and intersex in Littorina littorea: interspecific

comparison of two TBT-induced effects and their geographical uniformity.
Hydrobiologia 318:199-213.

PTI. 1988. Elliott Bay Action Program: Analysis of Toxic Problem Areas. Prepared for
EPA Region 10, Office of Puget Sound, Seattle, WA.

Salazar, M. and S. Salazar. 1998. Using Caged Bivalves as Part of an Exposure-Dose-
Response Triad to Support an Integrated Risk Assessment Strategy. In: Proceedings,
Ecological Risk Assessment: A Meeting of Policy and Science. A. de Peyster and K.
Day (eds). pp. 167-192. SETAC Press.

Seinen, W., T. Helder, H. Vernij, A. Penninks, and P. Leeuwangh. 1981. Short Term
Toxicity of Tri-n-butyltin Chloride in Rainbow Trout (Salmo gairdneri) Yolk Sac
Fry. Sci. Tot. Environ. 19:155-166.

Shimizu, A. and S. Kimura. 1987. Effect of Bis(tributyltin) Oxide on Gonadal
Development of a Salt-water Goby, Chasmichthys dolichognathus: Exposure during
Maturing Period. Tokai Reg. Fish. Res. Lab. 123:45-49.

Short, J.W. and F.P. Thrower. 1987. Toxicity of Tri-n-butyltin to Chinook Salmon,
Oncorhynchus tshawytscha, Adapted to Seawater. Aquaculture. 61:193-200.

Stephan, C.E., D.I. Mount, D.J. Hansen, J.H. Gentile, G.A. Chapman, and W.A. Brungs.
1985. Guidelines for Deriving Numerical National Water Quality Criteria for the
Protection of Aquatic Organisms and Their Uses. NTIS No. PB85-227049. EPA 440-5-
85-501. EPA Environmental Research Laboratory, Duluth, MN.

Tas, J.W., M.A.B. van Velthoven, and A. Opperhuizen. 1993. Chapter 3:

Bioconcentration and Lethal Body Burden of Tributyltin Chloride in Fish During
Continuous and Pulse Exposure. In: Fate and Effects of Triorganotins in the Aqueous

12



Environment: Bioconcentration Kinetics, Lethal Body Burdens, Sorption, and Physico-
Chemical Properties. pp. 43-71.

Triesbskorn, R., H.R. Kohler, J. Flemming, T. Braunbeck, R.D. Negele, and H.
Rahmann. 1994. Evaluation of Bis(Tri-n-butyltin)oxide (TBTO) neurotoxicity in
Rainbow Trout (Oncorhynchus mykiss). 1. Behavior, Weight Increase, and Tin Content.
Aquatic Toxicology 30:189-197.

van Wezel, A.P. and A. Opperhuizen. 1995. Narcosis Due to Environmental Pollutants
in Aquatic Organisms: Residue-Based Toxicity, Mechanisms, and Membrane Burdens.
Critical Reviews in Toxicology 25:255-279.

WESTON. 1994. Harbor Island Remedial Investigation Report. Prepared for U.S. EPA
Region 10, Seattle, WA. Roy F. Weston, Seattle, WA.

Widdows, J. and D.S. Page. 1993. Effects of Tributyltin and Dibutyltin on the

Physiological Energetics of the Mussel, Mytilus edulis. Marine Environ. Res. 35:233-
249.

13



Table 1.

Percentile Calculations for TBT Sublethal Effects Tissue Data (based on
data from Table 2-2 in ESI 1999)

TBT LOAEL Data Source TBT LOAEL Data Source
(ug/kg ww) (ug/g dw)
0.22 Oehlmann et al. 1996 1.1 Oehlmann et al. 1996
0.278 | Gibbs et al. 1988 1.39 Gibbs et al. 1988
0.53 Bailey and Davies 1991 2.65 Bailey and Davies 1991
0.75 Davies et al. 1988 3.39 Bryan et al. 1987
0.94 Moore et al. 1991 3.75 Davies et al. 1988
1.09 Widdows and Page 1993 5.44 Widdows and Page 1993
1.13 Bryan et al. 1987 6.0 Salazar and Salazar 1998
1.2 Salazar and Salazar 1998 6.27 Moore et al. 1991
2.84 Bryan et al. 1987 8.52 Bryan et al. 1987
Percentile Percentile
0.24 5th percentile 1.22 5th percentile
0.27 10th percentile 1.33 10th percentile
0.33 15th percentile 1.64 15th percentile
0.53 25th percentile 2.65 25th percentile
0.94 50th percentile 3.75 50th percentile
1.13 75th percentile 6.00 75th percentile
1.19 85th percentile 6.22 85th percentile
1.53 90th percentile 6.72 90th percentile
2.18 95th percentile 7.62 95th percentile
9 Sample size 9 Sample size
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Table 3.

Meador, in review)

Whole-body Tributyltin Tissue Residues Associated with Mortality (from

Tissue
Species Residue ug/g Endpoint Data Source
(dw)°
Rhepoxynius abronius?® 58 LRs,° Multiple studies
Eohaustorius 42 LRs° Multiple studies
washingtonianus®
Armandia brevis® 65 LRy° Multiple studies
Platichthys stellatus 49 LRs,° Meador 1997
Eohaustorius estuarius 59 LRs° Meador 1997
Hyalella azteca 74 LRs° Borgmann et al 1996
Oncorhynchus mykiss® 32 LRy° Hodson et al. 1988
Scrobicularia plana 67 100% mortality Langston and Burt 1991
Oncorhynchus tshawytscha 37 100% mortality Short and Thrower 1987
Poecilia reticulata 33 100% mortality Tas 1993
Neanthes arenaceodentata 17 79% mortality Moore et al. 1991
OVERALL MEAN 48.4

 Tissue residue represents species mean. Data from Meador (1993), Meador et al. (1993), Meador et al.

(1997), and Meador (1997).

" LRy, is the tissue residue associated with 50 percent mortality.
¢ Assumed dry weight to wet weight ratio = 0.2.
4 Oncorhynchus mykiss was previously Salmo gairdneri.
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