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Dear Ms. Browner:

At the request of the EPA Office of Water, the Ecologica Processes and Effects Committee
(EPEC) of the Science Advisory Board (SAB) met on April 6-7, 1999 to review the Biotic Ligand
Mode (BLM) for predicting the acute toxicity of metals to aguatic organisms. The BLM has been
developed to improve the estimation of the bioavailable fraction of dissolved meta's, such as copper
and slver, that may pose arisk to aguatic organisms in surface waters. The Agency proposesto
incorporate the BLM in its gpproach to establishing water qudity criteriathat will be protective of
aguatic organisms.

The rdevant scientific questions surrounding use of the BLM include: the extent to which it
redigicaly models metals chemigry, and thus bicavailability, of metasin the water column; the extent
to which it accuratdly captures the mgor exposure routes and mechanisms of toxicity of metals to water
column organisms, and the extent to which the BLM represents an improvement over existing methods
for developing and adjusting water qudity criteria. The Committeg’ s evaduation of these points,
summarized in the accompanying SAB report, form the basis for responding to the specific charge
questions posed by the Office of Water.

In generd, the Committee found that the BLM can significantly improve predictions of the acute
toxicity of certain metals across arange of water chemistry parameters. The theory and empirical
vaidations performed to date are an important step toward a geochemicaly and biologicaly robust
gpproach for incorporating bicavailability concepts into water quality criteria. The Committee
concluded that the model could be apractica ad in Ste-specific water quaity regulation and
assessment, complementing and in some cases providing aready dternative to current empirica (eg.,
Water-Effect Ratio) approaches. Over the longer term, the Committee sees potentia broader
goplications, including: the development and gpplication of sediment qudity guiddines, Ste-gpecific risk



assessments and remediations; natura resource damage assessments, chemica regigrations, and
product risk assessments.



At the same time, the Committee observed that there has not yet been sufficient time to vdidate
the modd in anumber of areas, including: a broad range of aquatic organisms; longer term exposures, a
wide variety of metds, or a comprehensive range of water chemistry parameters and naturaly occurring
field conditions. Particular areas in need of further vaidation were identified. We dso provide
recommendations regarding appropriate use of the BLM pending this additiond vaidation.

We encourage the Agency to continue its efforts to incorporate the best science and models
into its gpproach to deriving and adjusting water qudlity criteria We hope our review of the BLM will
be helpful in that regard, and we look forward to aresponse from the Assstant Administrator for
Water.

Sincerdly,

/sgned/
Dr. Joan M. Daisey, Chair
Science Advisory Board

/Sgned/
Dr. Terry F. Young, Chair
Ecologica Processes and
Effects Committee
Science Advisory Board

/sgned/
Dr. Charles A. Rittinger, Acting Chair
for Review of the BLM
Ecologica Processes and
Effects Committee
Science Advisory Board



NOTICE

This report has been written as part of the activities of the Science Advisory Board, a public
advisory group providing extramura scientific information and advice to the Administrator and other
officids of the Environmenta Protection Agency. The Board is structured to provide balanced, expert
assessment of scientific matters related to problems facing the Agency. This report has not been
reviewed for approva by the Agency and, hence, the contents of this report do not necessarily
represent the views and policies of the Environmenta Protection Agency, nor of other agenciesin the
Executive Branch of the Federd government, nor does mention of trade names or commercid products
congtitute a recommendation for use.

Distribution and Availability: This Science Advisory Board report is provided to the EPA
Adminigrator, senior Agency management, gppropriate program staff, interested members of the
public, and is posted on the SAB website (www.epagov/sab). Information on its availability isaso



provided in the SAB’s monthly newdetter (Happenings at the Science Advisory Board). Additional
copies and further information are available from the SAB Staff.
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1. EXECUTIVE SUMMARY

The BLM isamechanigtic bioavailability modd which consders the influence of both biotic and
abiatic (organic and inorganic) ligands in the caculation of the bioavailability of metalsto aguatic
organisms. The U.S. EPA’s Office of Water requested that the Ecological Processes and Effects
Committee (EPEC) of the Science Advisory Board review the current state of vaidation of the BLM
relative to the current dissolved metd concentration criteria. Specificaly, the Committee was asked to
comment on the mode’ s proposed gpplication for deriving and adjugting aguatic life criteriafor metals
as part of the Agency’ s proposed integrated approach for the water column, sediments and interstitia
water. This report summarizes conclusions reached by the Committee following review of the draft
document, Biotic Ligand Model of the Acute Toxicity of Metals, and Agency presentations and
discussons at the April 6-7, 1999 review meeting.

In generd, the Committee found that the BLM can sgnificantly improve predictions of the acute
toxicity of certain metals across an expanded range of water chemistry parameters compared to the
WER. The theory and empirica vaidations performed to date were viewed as an important step
toward a geochemicaly and biologicaly robust gpproach for incorporating bioavailability conceptsinto
water qudity criteria The Committee concluded that the model could be a practicd aid in Ste-specific
water qudity regulation and assessment, complementing and in some cases providing aready dternative
to current empirica (e.g., Water-Effect Ratio) approaches. Over the longer term, the Committee sees
potentid broader applications, including: the development and application of sediment qudity guidelines,
Ste-specific risk assessments and remediations; natura resource damage assessments; chemical
regigtrations; and product risk assessments.

At the same time, the Committee observed that there has not been sufficient time to vdidate the
mode with what would be consdered a broad range of aguetic organisms, awide variety of metas
partitioned across key environmenta compartments, or a comprehensive range of water chemistry
parameters and naturdly occurring field conditions. Particular areas in need of further vaidation were
identified. It was recommended that the modd’s use in regulatory contexts be guided by the Agency to
ensure that any forthcoming applications are supported by and conform with the then-current state of
vaidation.

The Committee responded to four specific charge questions posed by the Agency:
1 Doesthe BLM improve the Agency’s ability to predict toxicity to water column
organisms due to metals (copper and silver) in comparison to the currently

applied dissolved metal concentration criterion?

In comparison to the currently applied dissolved metal concentration criterion, the BLM hasto
date been shown to predict with reasonable accuracy (generaly within afactor of two of measured
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vaues) the acute toxicities of copper and slver to fish. Currently, the modd has been shown to predict
acute toxicity, to alimited number of water column organisms, for selected metas, under eguilibrium
conditions.

2. I sthe scientific and theor etical foundation of the modd sound?

The scientific underpinnings of the BLM appear to be sound. The strength of the modd liesin
the fact that it is built upon a mechanigtic paradigm with a strong physiologica basis, i.e, predicting
binding at the ste of action (gill in fish) and the mechanism of acute toxicity (blockage of sodium and
cacium channels) for metas (copper and slver).

3. In comparison to the current WER adjustment for aquatic life criteria, will the
application of the BLM as a site-specific adjustment reduce uncertainty
associated with metals bioavailability and toxicity?

Application of the BLM would not necessarily reduce uncertainty relaive to empirica data
However, its predictiveness over awide range of environmenta conditions makes the BLM amore
versatile and effective tool for deriving site-specific WQC compared to the WER.

4, Arethe data presented for validation of the BLM sufficient to support the
incor poration of the BLM directly into copper and slver criteria documents?

It gppears premature to use the BLM to revise the protocol for deriving nationd ambient water
qudity criteriaa thistime, primarily because the model has not yet been vdidated for a sufficiently
diverse st of aguatic organisms and endpoints, coupled with the full range of water quaity conditions.
However, the Committee concluded that the BLM could have current, practical applications for
caculating ste-gpecific modifications to ambient copper criteria, and to alesser extent silver, asan
dternative or complementary method to the current water-effects ratio (WER) approach.

Findly, the Committee provided recommendations for further research to provide additiond
vdidation in the following aress

a) Prediction of chronic and sub-acute toxicities, not currently supported by the BLM.

b) Broadening the supporting database to include greater taxonomic and functiond
diversty and additional comparisons with the water effect ratio method.

C) Gaining better mechanistic and kinetic understanding, i.e., distinguishing relaive
differencesin binding affinity and toxicity mitigation among hardness cations (eg., Ca,
Mg, Mn) and with other “bictic ligands’ besides the fish gill, and evduating
predictability of the model under non-equilibrium water quality conditions.



d)

Digtinguishing the events and kinetics of DOC complexing with divaent cations and
biologica uptake to improve interpretations of modd predictions.

Applicability to multiple metals, and sengtivity andyses for varying water chemigtry
conditions.



2. INTRODUCTION

2.1 Background

The Biotic Ligand Model (BLM) isamodd that incorporates meta speciation and the
protective effects of competing cationsto predict metd binding at the fish gill or other Ste of action of
acute meta toxicity in aguatic organisms (i.e., the “biotic ligand”) (Figure 1). The Agency has proposed
that the BLM be included in an integrated gpproach to metas management, including establishment of
metas water qudity criteria. National ambient water qudity criteria (WQC) consst of 3 components:.
the concentration of the pollutant that will protect 95% of aquatic species, atime period over which
exposure isto be averaged; and the dlowable frequency for exceeding the criteria. The dlowable
concentrations of the pollutant generaly are based on laboratory toxicity tests using a specified array of
test gpecies, and are expressed in terms of a criterion maximum concentration (CMC) to protect
againg acute (short-term) effects and a criterion continuous concentration (CCC) to protect against
chronic (long-term) effects.

Dissolved Metals—In 1993, the Agency issued technica guidance specifying that national
aquatic life criteriafor metals be derived using the relationship between toxicity and dissolved metd,
rather than total recoverable meta (EPA, 1993), in order to more accurately reflect the bioavailable
fraction of metd in test solutions. (The change to dissolved criteria requires the gpplication of a
converson factor to convert criteria previoudy expressed in terms of total recoverable metd.) Inan
effort to further refine the assessment of metas bioavailability in the water column, the Agency has
subsequently supported development of the Biotic Ligand Modd (BLM), which considers biotic
ligands, aswdl as abiatic organic and inorganic ligands, in the calculation of bioavailability of metas. In
the current review, the SAB is asked whether the BLM will improve toxicity predictions in comparison
to the dissolved metal concentration
criterion.

Figurel. Biotic Ligand Model
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Site-Specific Considerations—In the case of cationic metds, toxicity is hardness-dependent
because hardness ions compete with metd ions for binding sites on respiratory membranes. Thus, a
gte-specific correction for hardness isincorporated into the national WQC for these metas by
expressing the CMC and CCC in the form of equations that yield the criteria values (in micrograms per
liter) as afunction of total hardness. As an example, the equations for copper are asfollows:

CCC= e0.8545(ln hardness) - 1.702
CMC = e0.9422(In hardness) - 1.700

In addition, the Agency has created three procedures by which nationd WQC may be modified to
reflect Ste-gpecific conditions rdating to: differences in sengtivities of species a the Ste rdaive to
gpecies used to derive the nationd criterion; differencesin Ste water chemidry relative to laboratory
test water; and Ssmultaneous consideration of both types of differences.

The Agency’s current guidance on making the second type of correction, effects of site water
chemistry on toxicity, is cdled the Water-Effects Retio (WER). Guidance on applying the WER
gpproach for metals was most recently issued in 1994 (EPA, 1994). In the current review, the SAB is
asked whether a mode -based approach (the BLM) would be an improvement over the empirically
based WER for making site-specific adjustments of WQC for metds.

2.2 Chargeto the Committee

The Committee met in Washington, DC on April 6-7, 1999 to review the draft document,
Biotic Ligand Model of the Acute Toxicity of Metals (EPA, 1999); the BLM is proposed for
incorporation into the Agency’ s gpproach for deriving aquatic life criteriafor metdsin the water
column. The Charge to the Committee included the following questions:

a) Does the BLM improve the Agency’ s ability to predict toxicity to water column
organisms due to meta's (copper and slver) in comparison to the currently applied
dissolved meta concentration criterion?

b) Is the scientific and theoreticd foundeation of the modd sound?

) In comparison to the current WER adjustment for aguetic life criteria, will the
gpplication of the BLM as a site-specific adjustment reduce uncertainty associated with
metas bioavailability and toxicity?

d) Arethe data presented for vaidation of the BLM sufficient to support the incorporation
of the BLM directly into copper and silver documents?



The Committee' s response to each of these questions is contained in the sections that follow.
The Committeg s comments on the suitability of the BLM for gpplications involving sediments and
interdtitia (pore) water are contained in a companion SAB report on the Metals Mixtures Equilibrium
Sediment Guiddine (ESG) (EPA-SAB-EPEC-00-007) and summarized briefly in Section 3.



3. GENERAL COMMENTS

The BLM isamechanidtic bioavailability modd thet has to date been shown to sgnificantly
improve our ability to predict the acute toxicity of certain metas across an expanded range of water
chemigtry parameters. The theory and empirica vaidations performed to date are an excellent
beginning in the development of a geochemicaly and biologicaly robust gpproach for incorporating
bioavailability concepts into water qudity criteria. The mode, which will be an important component of
the Agency’ sintegrated metals methodology (discussed further in EPA-SAB-EPEC-00-005, SAB,
2000), opens the way for what may be the next generation of water qudity criteriafor metalsin the
form of tissue-residue based guiddines. In the near-term, the modd can be apracticd ad in Site-
gpecific water qudity regulation and assessment, complementing and in some cases (e.g., in predicting
acute toxicity of copper to water-column organisms) providing aready aternative to current empirica
(e.g., WER) approaches.

The distinguishing feature of the model, in contrast to gpproaches based only upon estimation of
free metd ions as the toxic species, isits capability to predict the competition of the free meta ion with
other cations (e.g., Ca, H) and other ligands (DOC) for binding with the “biotic ligand” (the Ste of
membrane transport and route of direct uptake of fredy dissolved metds). The presence of these
cations and ligands in solution can mitigate toxicity in a predictable fashion based on ther relative
concentrations and strengths of binding. The modd alows changes in toxicity under equilibrium
conditions to be estimated across ranges of key water quaity parameters (pH, akalinity, hardness, and
DOC). Furthermore, through the modd’ s ability to integrate the binding Ste dengity of the bictic ligand,
conditiona stability congtants for the meta-ligand complex and competing cations, and measured or
postulated water quality conditions, the acute toxicologica effects of a meta in abroad range of waters
can be normdized to a common metric (e.g., gill-meta LC50). This unifying festure offers a powerful
and consgtent gpproach to comparing potentid effects of metas among differing surface waters and
changing conditions within a Sngle water bodly.

The Committee emphasizes, however, that a fundamenta assumption of the BLM is that toxicity
is driven by exposure to dissolved meta aone, rather than combined toxic effects from dissolved and
dietary exposures. While thismay be largely true for acute effects, understanding of dietary exposure
(via uptake of metal-DOC complexes or bioaccumulated metals in aquatic prey species) may be
necessary to predict chronic effects for particular metals. Suspended particulates include agae and
detritus which are consumed by aguatic organisms (such as grazers and filter feeders) and may bea
magor dietary route of exposure for some aguatic organisms.

Applications of the BLM that appear to be adequately supported for regulatory use (e.g.,
certain WQC, NPDES and TMDL calculations) are specificaly described in responses to the charge
questions below. These are distinguished from gpplications which the Committee believes will require
further vdidation (e.g., for interditid water; for slver) or, in other cases, criticd evaduation asto
whether the BLM is appropriate and sufficiently robust (e.g., for predicting chronic toxicity; for a broad
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range of metals). Because the issues of adequate validation and the directions of further research are
pervasive across the charge questions, the following discussion summarizes the Committeg' s
recommendationsin this area.

Additional Validation Needs

Asthe authors have acknowledged in the review materids, additiond vaidation and verification
of the BLM is necessary before the full potentia of the model can beredized. Given the rdaive
newness of the BLM, there has not been sufficient time to vaidate the modd with what would be
considered a broad range of aquatic organisms, awide variety of metals partitioned across key
environmental compartments, or a comprehensve range of water chemidry parameters and naturaly-
occurring field conditions. Certain underlying physical, chemical, and ecologicad questions (e.g., the
composition and comparability of different sources of DOC, the significance of non-respiratory upteke
mechanisms) are digtinct from the BLM modd per se, yet will be fundamenta to establishing
gopropriate guidelines for the modd’ s application and interpretation. Thereis a suite of factors that
should be investigated over time that may improve the modd’ s predictability and improve our
undergtanding of its strengths or limitations.

This does not mean that the modd should not be used at dl inits present state, but rather that it
is not reedy for indiscriminate use by the federd, regiond, triba or state authorities. The modd’susein
regulatory contexts should be guided by the Agency to ensure that any forthcoming applications are
supported by and conform with the current state of vaidation. Development of specific guidance by the
Agency on the modd’s use, with flexibility to dlow expanded applicationsin the future, would be
helpful in this regard.

Outstanding needs principaly relate to:
a) Chronic and Sub-Acute Toxicity

The mode does not account for chronic or sub-acute toxicity, athough this may be
incorporated through future research. For metals that have a small acute-to-chronic ratio (ACR), such
as copper with an ACR of 2x, the modd may predict chronic toxicity with smple adjusments in model
parameters. For other metals with moderate to large ACRs, and where the mode of toxicity appearsto
be different for acute and chronic effects, there is some doubt as to the gpplicability of the modd.
Furthermore, there is aneed to evauate acute toxicity contributed by non-dissolved meta species, and
acute mechaniams of action not directly related to impairment of physiologica function at the gill
surface. Other methods may be required to adequately address other mechanisms of metd toxicity.
These could include mechanisms of toxicity unrdated to the gill; or toxicity linked to chronic uptake at
the gill a concentrations lower than those that affect the gill itsdlf (e.g., damage to dermd surfaces such
asfin eroson, interna effectsto the liver, gut epithelia, reproductive processes, or energetics that have
implications for populations).



b) Broad Taxonomic Applicability

We recommend that additiona testing be performed with awider range of organisms
(freshwater and marine, vertebrate and invertebrate, pelagic and benthic, representing multiple
functiona groups) and that additional studies be undertaken to compare water-effect ratios with
predicted toxicity vaues generated by the BLM (i.e., mode verification with independent data sets).
Further, we recommend that a sengitivity analyss be performed with the modd to identify those
variables to which the modd is most senstive.

¢) Mechanistic and Kinetic Under standing

The mode relies upon equilibrium assumptions, yet the importance of kinetic exchanges of
meta between ligands in the micro-environment near the gill membrane is unknown. Better
understanding of the relationship between bictic ligand metal concentration and expressed toxicity will
help to improve the modd’ s predictiveness. Didtinguishing relative differences in binding affinity and
toxicity mitigation among hardness cations (e.g., Na, Ca, Mg) will provide further improvementsto the
model. Further ucidation of these differences could provide ingght into the vaidity and applicability of
current, smplifying assumptions and models for meta toxicity that use hardness as a varidble in Ste-
specific water qudity criteriacdculations. There are dso outstanding questions regarding the
gpplicability of the mode to other “biatic ligands’ besides the fish gill (i.e,, for non-piscine taxa of water
column-dwelling organisms), particularly invertebrates and marine pecies, which may require collection
of binding site dengity and conditiond stability constant information specific to other taxa.

In addition to assumptions of molecular equilibrium at the bictic ligand, some deta (eg.,
pertaining to diluter cycling and toxicant ddivery time; Maet d., 1999) dso raise questions of the
predictability of the model under non-equilibrium water quality conditions, such as would be expected
under dynamic field conditions (e.g., mixing zones, stream confluences).

d) DOC Complexing

Distinguishing the events and kinetics of dissolved organic carbon (DOC) complexing with
divaent cations and biologica uptake will contribute greetly to interpretations of model predictions.
DOC is not a uniform congtituent; DOC generation in surface watersis the result of a complex set of
degradation reactions which produce amyriad of dissolved organic ligands with different functionalities.
The BLM, however, only dlows DOC to be specified as percent humic acid, with the remainder of
DOC modded asfulvic acid. In testing the mode’ s ability to predict copper toxicity, the authors
assumed DOC to be 10 percent humic acid. However, the percent of DOC present as humic acid will

vary with system type.

In addition, Dahm (1981) demonstrated that there is a ditinct, two-phase depletion of organic
materid introduced into surface water sysems. phase 1 involves physical complexing with cations on



the order of hours, and phase 2 involves biologica (microbid) uptake and metabolism on the order of
severd days. Yet, the model does not take microbia uptake and decomposition into account.

€) Applicability to Multiple Metalsand Water Chemistry Conditions

Thereis aneed to validate the applicability of the mode to other metal's besides copper, and
further work is needed to understand and resolve the larger uncertainties associated with silver toxicity
relative to copper. It may be important to incorporate additiona environmentd ligands, such as
suspended particulates, that are known to sorb divaent cations. The model should be tested under a
broader range of water chemistry (eg., pH, Ca, Mg, DOC) conditions, including a range of sources of
DOC (eg., from different weters, from interstitial versus overlying water, from alochthonous versus
autochthonous sources, etc.), and conditions where several water chemistry parameters are varied
gmultaneoudy. A sengtivity analyss of the effects of varying these different water chemistry
parameters would be useful when adequate data are generated.

Seasond and diurnd shiftsin water chemistry parameters such as pH and temperature will
influence metds bioavail ability, thus complicating efforts to obtain representative samples of dte water
for toxicity tests and to determine which water chemisiry data should be used to parameterize the
BLM. For example, Brick and Moore (1996) found that total acid-soluble metals concentrations,
including copper and zinc, in river water samples increased 2-3 fold at night relative to the day. The
Committee recommends, therefore, that further consideration be given to how water chemistry
conditions are characterized for use in the BLM.

f) Use of BLM-based WQC in Sediment Guidelines

In addition to the charge questions about the BLM addressed in this report, the Agency aso
requested advice on the potentid use of the BLM-derived or adjusted WQC in the interstitid water
component of the Metas Mixtures Equilibrium Sediment Guidedines (ESG). The Committee's
comments on use of BLM-based WQC in sediment guiddines are contained in a companion document
(EPA-SAB-EPEC-00-005, SAB, 2000). In short, the Committee concluded that because the
chemidiry of interditia water is not the same as the chemigiry in the water column, it would be
inappropriate to subgtitute the BLM-adjusted water column criterion for the water quality criterion in
the ESG equation without additiond vaidation experiments. The BLM, if validated for gpplication to
interdtitial water, would alow congderation of additiona ste-gpecific chemistry conditions thet affect
metds bioavailability; the currently proposed IW component of the ESG is based on the water qudity
criteriaFind Chronic Vaue for each metd, corrected only for Site-specific hardness.
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4. RESPONSE TO SPECIFIC CHARGE QUESTIONS

Charge Question 1. Doesthe BLM improve our ability to predict toxicity to water
column organisms due to metals (copper and slver) in comparison to the currently
applied dissolved metal concentration criterion?

In theory, the BLM should provide a more accurate measure of bioavailable metd than does
the use of operationaly defined “ dissolved” meta. The evidence collected to date for copper and slver
supports this theory for acute toxicity. In comparison to the currently applied dissolved meta
concentration criterion, the BLM has been shown to predict with reasonable accuracy (generaly within
afactor of two of measured vaues) the acute toxicities of copper and slver to fish. However, this
question bears some qudification to accurately reflect the mode’ s current state of validation and
verification. Currently, as the authors have attested, the mode has been shown to predict acute
toxicity, to alimited number of water column organisms, for selected metals, under equilibrium
conditions. Preiminary results with Daphnia pulex and with metals other than copper and silver are
promising, indicating that the modd may well have broad gpplicability to arange of divalent metas and
taxa. The mechanistic framework that the mode provides for predicting bioavailability could lead to
sgnificant improvements over current criteria based upon dissolved meta concentrations.

Charge Question 2. Isthe scientific and theor etical foundation of the model sound?

The scientific underpinnings of the BLM gppear to be sound. The strength of the modd liesin
the fact that it is built upon a mechanigtic paradigm with a strong physiologicd basis, i.e, predicting
binding at the site of action (gill in fish) and the mechanism of acute toxicity (blockage of sodium and
cacium channels) for metds (copper and slver). Additiondly, the mode incorporates water quaity
parameters such as DOC and pH for thefirg time, and it dlows for prediction of toxicity under a
broader range of environmenta variables. It isthe strength of the science behind the model that makes
it attractive. While the mode is built upon a strong fundamenta and theoretica basis, it requires
additional validation and verification as discussed above.

Charge Question 3. In comparison to the current WER adjustment for aquatic life
criteria, will the application of the BLM as a site-specific adjustment reduce
uncertainty associated with metals bioavailability and toxicity?

Because the BLM is determinidtic, its results may be infinitely precise, dthough possbly
inaccurate. To evauate the extent to which the BLM will reduce uncertainty relative to the WER
aoproach, it is necessary to examine the variability (uncertainty) of modd cdculations, given redistic
vaiationsin itsinput parameters. The resulting distribution of mode results could then be compared
with the variability of the empirical data to begin answering this question.
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Although gpplication of the BLM may not reduce uncertainty relaive to empirica deta, its
predictiveness over awide range of environmenta conditions makes the BLM a more versdtile and
effective tool for deriving ste-specific WQC than the WER. The reasons are twofold. First, empirical
data often are more convincing than modeled results, but may not be feasible to collect for dl relevant
environmenta conditions. The BLM can congder the full range of environmentd variables (pH, DOC,
hardness, and akalinity) that may exist a a given Site over the course of ayear (or longer). Second, the
modd can be executed repeatedly in practica gpplications. WERs are limited (and imprecise) in that
they represent the water chemistry present at the time the water samples were collected and as such
cannot define the range of bicavailability conditions (e.g., that associated with seasond or episodic
changes in water chemigiry).

While there are remaining validation needs, as described in this report, the Committee supports
use of the BLM as an dternative to the WER method for developing site-pecific WQC in some cases
(see Charge Question 4). We recommend that the model be utilized in pardld with the WER at Stesin
order to generate paired data sets using both approaches. These additiona comparisons between the
two gpproaches will be vauable for empirica verification, and the potentid exigsthat a a given Site,
organisms and/or field conditions will need to be tested for which the BLM has not been validated.

Current gpplications for the BLM and WER, in addition to adjusting WQC for ste-specific
water chemidtry, include effluent permitting under the Nationa Pollutant Discharge Elimination System
and the Total Maximum Daily Load procedure. Over the longer term, when more fully vdidated, the
BLM may be useful in the development and gpplication of sediment quaity guidelines; in Ste-gpecific
risk assessments and remediation; in natura resource damages assessment; in chemica regigtrations,
and product risk assessments.

Charge Question 4. Arethe data presented for the validation of the BLM sufficient to
support the incor poration of the BLM directly into copper and silver criteria
documents?

To address this question, it isimportant to clarify what is meant by “incorporation into the water
quality criteriadocuments.” There are severd possble interpretations, including: (1) usng the modd to
directly establish over-arching nationa water qudity criteria (e.g., CMC and CCC caculations); and
(2) modifying those criteriafor site- or regiona-specific risk assessments or permitting. We
recommend somewhat different gpproaches for each.

a) National Ambient Water Quality Criteria
The current water quality criteria documents provide equations for tailoring meta criterion
vauesto different waters based only upon varying water hardness. Clearly, there are convincing data

and an emerging consensus that other water chemigtry factors are or can be important in modifying
metd toxicity. The Office of Water’s Water Quality Criteria and Standards Plan (EPA, 1998)
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dates that “EPA will update the aguatic life criteria derivation methodology to reflect new science and
modeling capabilities” Given the importance of the decisions based upon these criteria, it is generdly
understood that major revisons should be performed only when the Agency is convinced that the
revisons, including underlying modds, are scientificaly robust.

Current national ambient water quality criteria are based upon a gatistica approach which, at
least theoreticaly if not empiricaly, incorporates the toxicologica responses of a broad range of taxato
contaminants. The criteria, however, do not excd a predicting responses across awide range of field
conditions. Research on the BLM has underscored these limitations. On the other hand, it would be
impractica to generate databases representing the same taxonomic diversity, coupled with the full
range of water quaity conditions for a BLM-based criterion for every metal. Thus, it appears both
premature and somewhat impractica to use the BLM modéd to revise the protocol for developing
nationa ambient water qudity criteriaat thistime. It is possble, however, that Sgnificant enhancements
in the modd’ s accuracy and gpplicability will be made in the near future so that the BLM can be
incorporated into the CMC and CCC protocols.

b) Site-Specific M odificationsto Ambient Water Quality Criteria

While it may be premature to incorporate the BLM into the documents to derive over-arching
nationa water quality criteria, practica gpplications of the modd for caculating Ste-specific
modifications would be feasble in some cases and have precedent. The Water-Effects Ratio method of
adjugting water qudity criteriato specific waters, for example, was described in the 1994 Interim
Guidance on the Determination and Use of Water -Effect Ratios (WER) for Metals (EPA, 1994).
Similar guidance could be provided for prudent applications of the BLM to copper, and to alesser
extent to Slver, as described below.

Copper

With severd important cavests, the data presented for the vaidation of the BLM are sufficient
to support its use for site-gpecific modification of the copper criterion. These cavests, listed below,
generdly reflect the need to avoid gpplying the modd to water quality conditions or regulatory
scenarios that are beyond the scope of the current validation effort. The Committee recognizes that
additiond sudies are underway, and the levd of vaidation is expanding to dlow additiond gpplications.
Current limitations include the following:

(1) Themode should presently be reserved for calculation of site-gpecific modificationsto
acute toxicity criteria, i.e,, in estimating the criterion maximum concentration. The data are not
sufficient to support the current use of the BLM in estimating chronic water qudity criteria (i.e,
the criterion continuous concentration). However, we recognize that for copper the CMC and
CCC are not widdy different and the ACR istypicadly less than 2.0.
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(2) Themode should presently be reserved for calculation of acute copper criteriafor the
protection of freshwater organisms excluding agae and macrophytes. It should not
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be used in estuarine or marine gpplications until representative datasets have been used to
vaidate the modd’ s gpplicability for these waters.

(3) Caution should be used in estimating acute copper criteriawhen the calculations would be
based solely upon predictions or measurements related to non-piscine biotic ligands (e.g.,
invertebrate respiratory structures). Thisis because there are less data currently available for
the metd-ligand complex (e.g., binding site dendties and conditiona stability congtants) in
tissues of invertebrate species than for fish species. Additiond data with sengitive species other
than daphnids would help to diminate this concern.

Silver

The Committee is less confident in the accuracy of Slver acute toxicity predictions than for
copper and we do not recommend that this approach be incorporated into the silver criteria document
and used to derivethe CMC a thistime. The principa reason for reservation a thistimeis that the
mechanisms by which slver binds to the biotic ligand under different conditionsis not as well
understood as for copper (see comments below). The relationship between silver bioaccumulated at
the gill and slver toxicity isaso unclear. The gpproach does gppear to have merit as a complementary
method to the existing WER approach for site pecific modifications of WQC, but should be used with
caution. The Committee recognizes that the WER approach dso has limitations, namely thet it utilizesa
limited number of species and does not properly account for tempora variations in water quaity. Thus,
EPEC supports the continued development of the BLM. Parallel use of the model and WER
goproaches initidly would be ussful to provide additiond vdidation of the BLM relative to empirica
WERSs.

There is no question that water chemistry parameters other than hardness, the sole parameter
currently recognized in the criteriadocument, do sgnificantly impact slver toxicity. However,
quantitetive predictions of acute Slver toxicity usng the model are more chalenging than those with
copper for anumber of reasons. Firg, it gppears that the level of slver accumulation on the gill varies
over time, such that static equilibrium conditions are not necessarily achieved (Wood et d., 1999).
Second, only ardatively smdl fraction of the measured totd accumulation of silver a the gill may be
associated with binding to physiologically active Stes. The potentid for accumulation of Slver at other
physiologicaly important binding sites not represented by the mode is possible. Third, as the Paquin et
a. paper in the review materids (EPA, 1999) indicates, variations exist in the strength of DOC binding
dteswith dlver concentration. For these reasons, it has been difficult to demongtrate a consistent
correlation of effects with totd gill slver under arange of water quaity conditions. Fourth, complexes
of the ligand with slver chloride gppear to contribute dight toxicity in addition to siver-ligand
complexing. While this contribution has been incorporated into the present modd, the toxicity of slver
chloride appearsto vary among fish species, particularly at high chloride concentrations (Figure 7, p. 3-
97).
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The Committee agrees with Paquin et d. (in EPA, 1999) that independent verification of the
model in predicting acute Slver toxicity with additiond datasetsis recommended to identify other
potentid inorganic ligands (e.g., sulfide) that form complexes with silver, and to assess the accuracy of
the mode under a broader spectrum of water qudity conditions and aquatic organisms. We encourage
the regulatory and scientific communities as they further apply the BLM modd to collect paired datasets
of water-effect ratio measurements and BLM measurements for copper, silver, and other metals to
dlow for mode improvement and vdidetion.
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APPENDIX A: ACRONYMSAND ABBREVIATIONS

ACR Acute-Chronic Ratio

BLM Biotic Ligand Modd

CCC Criterion Continuous Concentration

CMC Criterion Maximum Concentration

DOC Dissolved Organic Carbon

ESG Equilibrium Sediment Guiddines

NPDES Nationd Pollutant Discharge Elimination System
TMDL Totd Maximum Dally Load

wQC Water Qudity Criteria

WER Water-Effect Ratio
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