A field-based approach to linking biological responses of freshwater
organisms to sediment contamination by metals
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Methods: Using data from the British Geological
Survey’s Geochemical Baselines Survey of the
Environment (G-BASE) describing stream sediments
in England and Wales, 2833 river reaches were
matched, spatially and temporally, to Environment
Agency monitoring data describing the biological
quality elements (BQEs) diatoms, macrophytes,
invertebrates and fish.
A threshold biological response to sediment metal
concentration is expected as the toxic effects of trace
metals are not expected to occur until the uptake rate
exceeds the combined rates of efflux and
detoxification
[1].
Where
sediment
metal
concentrations are below the toxic threshold, other
factors could potentially influence the biological
response. To estimate a threshold concentration
below which no adverse effects are seen, quantile
regression was used to model the 95%ile biological
response to sediment metal concentrations of
antimony, arsenic, cadmium, chromium, copper, iron,
lead, nickel, silver, tin and zinc.
Results: Indices based on the number of taxa showed
the best responses to sediment metal concentrations.
However, there were considerable differences in
sensitivity across the BQEs. The rank order from
most sensitive to least sensitive was diatoms >
invertebrates > fish > macrophytes. Thresholds
derived from this study were compared to existing
sediment quality guidelines.
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Introduction: Whilst controlled ecotoxicity studies
in the laboratory can provide an indication of the
sensitivity of biota to polluted sediments, it can be
difficult to relate this to the response of organisms in
the field. In the field a variety of factors influence the
uptake of contaminants, such as metals, from the
sediment by biota. These can be difficult to
accommodate in deriving environmental limits that
are relevant to field conditions. Here we have used a
data-intense, correlative approach to determine the
response of aquatic biota to field estimates of the
metal content of river sediments.
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Fig. 1: Threshold response of invertebrate NTAXA
to sediment Cd concentration from matched field
sites across England and Wales (red dashed line –
Canadian interim EQS, yellow dotted line –
ANZECC and ARMCANZ low trigger value, black
dot dashed line – 95%ile threshold)
Discussion: Our findings based on field data suggest
that existing sediment quality guidelines may be too
stringent, at least for fish and invertebrates. Further
work is underway to understand biotic responses to
sediment metal concentrations more precisely, where
we are linking field determinations of metal uptake to
the abundance of sensitive taxa to establish
thresholds for metals based on bioavailability.
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