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Abstract
Biotic Ligand Models (BLMs) which are able to predict metal toxicity to organisms as a function of
water chemistry conditions have been developed for several metals in recent years, and have
already been adopted for regulatory applications in some cases. These models are typically
developed from laboratory tests covering a wide range of water quality conditions, and are
validated against ecotoxicity tests performed on natural water samples. Similar approaches have
recently been applied to assess manganese toxicity to three aquatic organisms: Pimephales
promelas, Ceriodaphnia dubia, and Pseudokirchneriella subcapitata. The key physicochemical
factors influencing the bioavailability of manganese are calcium, magnesium and pH. Manganese
bioavailability to fish and invertebrates, when expressed as free manganese ion concentrations, is
affected by Calcium concentrations. Manganese bioavailability to algae, when expressed as free
manganese ion concentrations, is affected by pH. This poster shows the stages in the
development of the MnBLM in addition to outlining levels of performance against validation data.
Practical regulatory approaches for implementing bioavailability corrections for manganese are
described, and examples based on UK data are shown. We also provide an opportunity for
meeting participants to trial the completed BLM. 
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Figure 2. Validation of model performance for algal growth (top left), algal biomass (top right),
C. dubia reproduction (bottom left), and fish growth (bottom right).

Figure 1.  Results of BLM fitting to the fathead minnow dose-response curves. The responses have been
scaled to their respective controls on a percentage scale. The legend shows the test number. 

Methods
In previous freshwater BLM development work (e.g. De Schamphelaere and Janssen 2002),
concentrations of potentially competing ions (e.g. H+, Na+, Mg2+, K+, Ca2+) were varied singly and
biotic ligand binding constants were derived from the slope of a plot of the toxic endpoint activity
of the metal against the activity of each competing ion. Inspection of this dataset showed that the
differences in activity of each competing ion in the test solution were not sufficiently univariate to
allow this method to be applied. Therefore, an alternative method, that of Thakali and co-workers
(Thakali et al. 2006a&b) was used. This method involves the use of all the dose-response data
generated, rather than a single endpoint from each water composition. The method makes the
assumption that toxicity is directly related to the concentration of toxic metal bound to the biotic
ligand, and fits a single dose—response curve to the entire set of data.

Model Development
Algae 

The toxicity of manganese to algae is influenced by competition from protons (H+) at a single
receptor site. A single model is used to predict the effects of manganese on both growth and
biomass endpoints. 

Invertebrates 

The toxicity of manganese to invertebrates is influenced by competition from both calcium and
magnesium at a single biotic ligand. 

Fish

The toxicity of manganese to fish is influenced by calcium. The effects are modelled assuming
two biotic ligand sites for manganese, with competition from calcium only being effective at one
of these sites. This model reproduces data obtained at high Calcium concentrations better than a
single site model.

Model Validation
Ecotoxicity tests were performed for all three test species in five natural waters with different
water chemistries. The selected waters cover a range of conditions of pH, water hardness, and
dissolved organic carbon (DOC) concentrations that are considered to be broadly representative of
the types of conditions under which the models are likely to be applied. The water quality
conditions of the validation test waters are shown in Table 1. 

Conclusions 
Biotic Ligand Models for manganese have been developed for three species: an alga, an
invertebrate, and a fish. Each test species shows a different manganese bioavailability response. 

Calcium concentrations affect manganese toxicity to fish and invertebrates, with high sensitivity
under soft water conditions, although the responses are not modelled in the same manner.
Manganese toxicity to algae is affected by pH, with high sensitivity at high pH. 

The models developed are able to predict the observed manganese toxicity in five natural water
samples to within a factor of 2, in the majority of cases. 

Table 1.  Water quality of samples used for BLM validation testing.

Water pH DOC Calcium Hardness Alkalinity 
Peninsula 7.7 7.0 17 60 56 
Santiam 7.6 0.7 7 24 36 
Texoma 8.1 4.8 77 304 124 
Soap Creek 8.0 1.3 21 84 96 
Pinelands 6.7 12.0 4 12 8
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