METAL BIOVAILABILITY IN THE ENVIRONMENT
AND ITS USE IN THE REGULATORY CONTEXT
The people working at ARCHE have been involved in the development and application of
metal bioavailability models (water, soil), and played a key role in the development of the
Metal-specific Risk Assessment Guidance (MERAG) which includes a detailed guidance of
the bioavailability normalisation procedure and principles introduced in this document.
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How do metals get into the environment (water, sediment, soil, air)?
Metals are naturally occurring elements in the Earth’s crust. Through several release
processes (e.g., erosion of rocks, volcanic activity) metals are released and are present in
different environmental compartments (water, soil). Several metals have been incorporated
into living organism throughout the evolutionary process and thus have become essential
elements.
As a consequence of mining, refining and using metals in many products, however, an
additional fraction of these metals has been released into the environment (anthropogenic
releases). Over time the improvement of technological techniques has significantly reduced
the released levels but still at local sites exposure conditions could still be present causing
a potential risk.

How harmful are released metals to the environment?
The adverse impact of anthropogenic releases of a metal depends on both the ecotoxicological
properties of the metal and on the local conditions/physicochemical properties of the
receiving compartment. Early laboratory studies on metal toxicity to aquatic organisms were
performed in artificial media that were not representative of natural waters. Although not
known at the time, these tests eliminated the conditions or factors in natural waters that
reduced the bioavailability of metals, i.e., its potential to cause toxicity to aquatic organisms.
As a consequence most ecotoxicological data on metals that have been used for regulatory
purposes were generated under conditions promoting maximum bioavailability/toxicity and
may lead to erroneous conclusions of the real risks at a site.

Bioavailability and how to deal with it!
Bioavailability is the concept that not all forms of a substance interact equally with aquatic
organisms. When a metal is involved, bioavailability refers to the fraction of the total metal in
an aquatic system that binds to physiologically active surfaces and/or passes across a
membrane into an organism. In general, the free ion is the most bioavailable form, whereas
the metal fraction bound to organic complexes, for instance, cannot be taken up and will
therefore not cause toxicity. The main factors that control a metal’s bioavailability to
organisms in natural waters include constituents (e.g., natural organic matter) that bind metals
and make it non-toxic, and other constituents that prevent metals from getting into aquatic
organisms like fish, including water hardness and natural acidity. All of these constituents
vary greatly from one water body to another. As a consequence the actual toxicity of a metal
can vary up to one order of magnitude due to different physicochemical properties of the test
medium. For soil the main properties that may determine metal bioavailability are clay, pH
organic carbon content and cation exchange capacity.
All of these concepts have been embedded into different bioavailability models (e.g. Biotic
Ligand Model and Soil PNEC calculator) allowing straight-forward calculation of sitespecific ecological quality standards and corresponding risk characterization for metals.
1

Use of bioavailability models on a local scale.
Environmental quality standards (EQS) are tools used for assessing the potential risk of the
release of a metal to the local environment (e.g., effluent discharges in surface waters). Such
EQS-regulation will directly impact the operation of an industrial site. Implementation of
bioavailability models can demonstrate that a failure to comply with generic EQS values as
proposed by regulatory authorities does not necessarily mean that the concentrations in
excess pose threats to aquatic life. Such higher-tier assessment includes:
- the derivation of ‘site-specific” EQS values, taking bioavailability and/or natural
background corrections into account;
- the introduction of probabilistic statistical techniques to account for fluctuations in
exposure concentrations and/or environmental risks;
- modeling and risk evaluation of the mixing zone.
Under REACH, the implementation of the bioavailability concepts has also been introduced
in the development of site-specific, local exposure scenarios that were required to
demonstrate safe use of metals in industrial processes.

Global regulatory acceptance of bioavailability models!
Aquatic bioavailability models have been developed, validated for different metals (Cu, Zn,
Ni etc), and have been accepted for regulatory purposes. Similar work has been conducted
for the terrestrial compartment, resulting in the development of metal-specific soil PNEC
calculators. Indeed, the European Union has approved risk assessment reports for several
metals, declaring “No Risk” in water, soils, and sediment, based on the bioavailability
principle.
Taking bioavailability into account is an approach that has been implemented in the United
States for many years by allowing a hardness correction on ecotoxicological data. Recently,
the US Environmental Protection Agency (EPA) also adopted the approach that a prediction
of the local bioavailability of metals (based on available Biotic Ligand Models, BLMs) should
be used in setting the local Ambient Water Quality Criteria (AWQC) in freshwater. Finally,
several metal commodities (e.g., the Copper Development Association and the International
Copper Association) are actively engaging the US-EPA to advocate the adoption of a BLM
for coastal waters, now nearing completion, as the basis for a revision of its saltwater AWQC,
and are cooperating with the EPA regarding the requirements for an estuarine BLM for
possible brackish water criteria.
These US and European Union (EU) BLM-based approaches to predict metal bioavailability
are currently being reviewed and considered by several countries for establishing
freshwater standards (e.g. China, Canada) and soil standards based on bioavailability
(China).
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