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Ecological risk assessment can be enhanced with predictive models for metal toxicity. Modelings
of published data were done under the simplifying assumption that intermetal trends in toxicity
reflect relative metaHigand complex stabilities. This idea has been invoked successfully since
1904 but has yet to be applied widely in quantitative ecotoxicology. Intermetal trends in toxicity
were successfully modeled with ion characteristics reflecting metal binding to ligands for a wide
range of effects. Most models were useful for predictive purposes based on an Fratic criterion
and cross-validation, but anomalous predictions did occur if speciation was ignored. In general,
madels for metals with the same valence {i.e., divalent metals) were better than those combining
mano-, di-, and trivatent metals. The softness parameter (o) and the absolute value of the log of
the first hydrelysis constant {fog Koul} were especially useful in model construction. Also, A&,
contributed substantially tc several of the two-variable models. In contrast, guantitative
attempts to predict metal interactions in binary mixtures based on metsl-ligand complex
stabilities were not successful. — Environ Health Perspect 106{Suppl 6):1419-1425 {1998).
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Quantitarive structure—activity relarionships
{QSARs) are applied widely to predict
bioactivity {e.g., toxicity or bicavailabil-
ity) of organic compounds. In contrast,
models relating metal ion characteristics
to their bioactivity remain underex-
ploited. A few models exist for human
risk prediction [e.g., Williams et al. (7)]
but quantitative models have not been
fully explored for nonhuman species. This
is surprising because such quantitative ion
character—activity relationships (QICARs)
would be excremely useful for predicting
effects of untested merals during risk
assessment activities. Also, qualitative ion

character-activity relationships (1CARs)
based on simple metal-ligand binding have
been described in the literature for nearly a
century. As an early example, Mathews (2)
assumed that merals were most active in
their ionic form (the ionic hypothesis) and
correlated metal toxicity 1o characteristics of
ion binding to biomolecules. Especially
useful were characteristics reflecting bond
stability with ligand groups possessing O,
N, and § donor atoms. For the last half-
century, permutarions on this approach were
applied successfully by Jones (3,4), Binet
(5), Loeb (6), McGuigan (7), Biesinger
and Christensen (8), Jones and Vaughn
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(9, Kaiser (160), Williams and Turner (71),
Babich er al. (12,13), Fisher (14}, Newman
and McCloskey {13), McCloskey er al.
(16}, and Tatara et al. {(17,7/8). Modeling
was often based on hard and soft acid and
base theory (9,11,19).

This approach has not been evaluated
for its predictive usefulness despite clear
indications from ICARs thart QICARs were
feasible. Newman and McCloskey (15)
suggested that the contrasting extent of
QSAR and QICAR development resulted
from twa factors. First, the QSAR approach
was quickly incorporated into ecotoxicology
because it had already proven its worth in
pharmacology and human toxicology. In
contrast, QICARs were not well esrablished
in pharmacelogy or human texicology
because the major focus of these disciplines
was organtc drugs and poisons. Second,
chemical speciation complicares prediction
because several metal species are present
simultanecusly and the bioavailability of
each is ambiguous. However, some of this
ambiguity can be removed by judiciously
applying the free ion activity model
(FIAM) {20). The FIAM, an extension of
the ionic hypothesis, holds that the bioac-
tivity of a dissolved metal is correlated with
its free ion concentration or activity. The
complication of simultaneous exposure to
many species can be minimized by focusing
on the free ion. Because both impediments
are resolvable, no inherent obstacle impedes
QICAR development to the same leve] of
utility as that of QSARs.

This paper assesses the QICAR
approach for predicting metal roxicity.
This is done by reanalyzing metal effects
data reported elsewhere. Models are
assessed by cross-validation (PRESS
method as described in “Methods”) relative
to their effectiveness for predicting bioac-
tivity of untested merals. An actempt is also
made to extend this approach ro prediction
of metal interactions in binary mixtures.

Methods
Data Sets

Nineteen published data sets were selected
that repore effects for an adequate number
and range of metals (Table 1). To reinforce
the generality of conclusions, we used dara
for widely differing species, metals, modes
of exposure, and effects. To avoid bias in
conclusions, only the most comprehensive
data set was selected if very similar sets
existed. Published data sets involved
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