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SCIENCE BRIEF (June 2004) 
 

 

PROTECTING FRESHWATER ANIMALS FROM 

METAL TOXICITY 
 

ISSUE 
 
Freshwater invertebrates (animals without a backbone such as insects and worms) are key links in the food chains of lakes 

and streams. Metals can affect the health of these animals and thus of the predators that depend on them. Conventional 

wisdom has been that invertebrates living in sediments will be protected by sediment quality guidelines, while those 

living in the water column will be protected by water quality guidelines. However, sources of metals to invertebrates have 

not been well defined, thus this “conventional wisdom” remained to be proven.  

 

 

BACKGROUND 
 

Governments around the world depend on water and sediment quality guidelines or criteria for the protection of 

organisms and ecosystems from toxicity due to metals (or other contaminants). These guidelines or criteria are based on 

simplistic assumptions regarding routes of exposure – if you live in the sediments, you are exposed via the sediments; if 

SIGNIFICANCE 
 

This research has shown that some sediment-dwelling organisms take up metals primarily from the overlying 

water column, not from the sediments in which they live. Thus, sediment quality guidelines and criteria may 

not necessarily protect these organisms from harm. Similarly, some organisms dwelling in the water column 

take up metals primarily from their food, not from the water. Thus, water quality guidelines and criteria may 

not necessarily protect them. Based on the results of this research, guidelines and criteria for the protection of 

aquatic invertebrates can be improved and refined so that an appropriate degree of environmental protection 

from exposure to metals is afforded to invertebrates and the predators that depend on them.  
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you live in the water column, you are exposed via the water. However, some organisms living in sediments pump water 

through U-shaped burrows and thus are more exposed to metals in the overlying water column than metals in sediments. 

Similarly, some animals living in the water column take up metals primarily from food rather than from water. However, 

these very real differences have been generally ignored in the development of simplistic environmental quality guidelines 

or criteria and even in detailed ecological risk assessments. 

 

FINDINGS 
 

This research, carried out through the Metals in the Environment Research Network (MITE–RN) program, has shown that 

freshwater animals themselves determine how metals may affect them through their burrowing and feeding behaviors. For 

instance, in the case of some sediment-dwelling invertebrates, the overlying water column is more important as a metal 

source for insects, whereas the sediment compartment is more important for worms. Some predatory insects are exposed 

to metals primarily through their prey. These very real environmental complexities can be integrated into laboratory tests, 

environmental quality guidelines or criteria, and into risk assessment protocols, which will improve the ability of these 

tools to protect freshwater aquatic ecosystems from toxicity due to metal contamination. 

 

FUTURE RESEARCH 
 

Knowledge of metal uptake routes is important in predicting toxicity because uptake sites such as the gut and gills can 

and do differ in their affinities for metals and their sensitivities to metals. Further improvements to toxicity predictions 

require multi-compartment models to describe metal uptake. Ideally, information used by these models should include the 

forms of metals in cells – some metals in cells are effectively sequestered or rendered inert. A key question remaining to 

be addressed is whether or not toxic effects occur at the same concentration in an animal regardless of the route of uptake 

and the history of exposure. Finally, the above research has focused on freshwater ecosystems; similar research is 

required for marine and estuarine ecosystems. 
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