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Earthworms are ideal organisms for soil toxicity studies because they are widely distributed 
and large enough to be handled easily. Earthworms alter soil via selective ingestion, egestion, 
digestion, and building long-lasting galleries, and these changes greatly affect soil nutrient 
dynamics. If earthworms could affect the mobility (or fraction) of metals, as well as that of 
nutrients, the toxicity of the contaminants would change.  

The total concentration of metals in the soil does not reflect the extent of biological damage, 
and provides little information on the chemical-specific bioavailability, mobility, or reactivity in 
the soil. Rather, organisms respond only to the bioavailable fraction. Several sequential 
extraction methods have been used to separate metals into different fractions. Compared with 
the total metal content, metal fractions with different binding forces are extracted sequentially 

We investigated the effects of earthworm activity on the bioavailability of Cu in soil. The 
bioavailable fraction was estimated from the mobile fraction (the sum of water-soluble, 
exchangeable, and carbonate-bound fractions by sequential extraction) and the 
diethylenetriaminepentaacetic acid (DTPA)-extracted fraction was analyzed for comparison. 
DTPA-extracted fraction is most commonly used as indicator of metal phytoavailability.  

Changes in the Cu fraction were compared in Cu-spiked soil (high bioavailability) and 
long-term polluted field soil (low bioavailability) with approximately equivalent total Cu 
concentrations. The two extraction methods showed different trends; the mobile fraction was 
better than DTPA extraction as the indicator of Cu bioavailability, because the former gives 
clear insight into the aging process of Cu in soil. In fact, the mobile fraction was decreased and 
earthworm growth rate increased for test term. Earthworm activity decreased the mobile fraction 
in the Cu-spiked soil, where earthworm body Cu concentrations did not affect the mobile 
fraction. The primary soil factors controlling the potential bioavailability are soil pH, cation or 
anion exchange capacity, clay content, and soil organic matter. However, soil pH was not a 
factor in the bioavailability differences between soils with and without earthworms in this study. 
The mobile fraction appears to be more heavily affected by other soil factors than by soil pH.  


