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Introduction

Silver is one of the most toxic metals to aquatic organisms when present in its ionic form (Ag+). In juvenile and adult trout and fathead minnows, the mechanism of acute silver toxicity is through direct impairment of gill Na+,K+ ATPase activity and inhibition of gill carbonic anhydrase activity. This impairment disrupts ion regulation, resulting in a reduction in plasma Na+ and Cl- levels leading to secondary effects ultimately causing circulatory collapse and death (Wood et al., 1996). 

During acute exposure to silver, natural ligands such as dissolved organic matter (DOM), water Cl- and water hardness offer a great degree of protection against silver toxicity (Bury et al., 1999). Few studies have investigated the protective effects of these ligands during chronic silver exposure, which is of particular concern in early life stages which tend to be the most sensitive to contaminants in general. 

The objective of this presentation is to summarize the protective effect of various water ligands (DOM, water Cl- and water hardness) on chronic silver exposure (from fertilization to swim-up) in early life stages of rainbow trout. The ultimate goal is to use this data to generate a Biotic Ligand Model to predict chronic silver toxicity.

Materials and Methods

Freshly fertilized rainbow trout (Oncorhynchus mykiss) eggs were obtained from Rainbow Springs trout farm (Thamesford, Ontario) and maintained in darkened chambers in flowing, dechlorinated Hamilton tap water at a constant temperature of 11-12 (C. To investigate the protective effects of varying water composition during chronic silver exposure, embryos and larvae were exposed to sublethal levels of silver in a flow through set up (from 3 h following fertilization to swim-up) in water of varying composition. Total silver concentrations were 0, 0.1, 1.0 and 10 (g/l total silver (as AgNO3) in the presence of varying levels of dissolved organic carbon (3 and 12 mg C/l), water Cl- (30, 300 and 3000 μM) or water hardness (2, 150 and 400 mg/L CaCO3). Embryos and larvae were continuously monitored for growth, mortality, time to hatch, and time to swim-up. Every 5-8 days, embryos or larvae were collected for measurement of silver accumulation as well as indicators of ion regulatory status including Na+ uptake, whole body Na+ and Cl- content, as well as whole body Na+,K+ ATPase activity.

Results and Discussion

While no significant effects were observed at the lowest silver concentration (0.1 (g/L total silver), continuous exposure to 1.0 (g/L total silver from fertilization to swim-up at low water water Cl- (30 (M), low DOC (3 mg C/L) and low water hardness (2 mg/L CaCO3) resulted in a pronounced reduction in whole body Na+,K+ ATPase activity, unidirectional Na+ uptake (Jin Na+) and whole body Na+ and Cl- levels with development. Furthermore, there was a reduction in extractable protein and wet weight relative to controls. Thus, the mechanism of chronic silver toxicity (Brauner and Wood, 2002) appears to be similar to that observed during acute silver exposure in juvenile and adult fish, specifically an ionoregulatory disturbance (Wood et al., 1996). Higher water Cl- levels (300 and 3000 (M Cl-), dissolved organic carbon (DOC, 12 mg carbon/L) and water hardness (150 and 400 mg/L CaCO3) offered some degree of protection against the silver induced ionoregulatory disturbance. In general, these factors appear to be less protective during chronic than during acute silver exposure. In some cases, mortality and larval Na+ concentration, Jin Na+, and Na+,K+ ATPase activity all appear to be correlated with silver body burden and calculated water Ag+ during chronic silver exposure. These results are promising in terms of development of a Biotic Ligand Model for prediction of chronic silver toxicity; however, a physiologically based model may be more appropriate because Na+K+-ATPase activity may be a better endpoint for prediction of toxicity rather than gill or body silver accumulation.  
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