NO INHIBITION OF Na+ INFLUX IN TAMBAQUI EXPOSED TO HIGH COPPER CONCENTRATIONS IN EXTREMELY SOFT WATER
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Introduction
Copper occurs in the aquatic environment as a result of the natural geochemistry of the water and through anthropogenic action. Though essential for metabolic processes, copper can be acutely toxic to fish. This toxicity varies based on the physicochemistry of the water, the chemical speciation of the metal, and the differential tolerance of various species. Water hardness is known to affect copper toxicity, with toxicity generally higher in organisms inhabiting soft water. In the Amazon basin, natural waters are mostly soft, with calcium (Ca2+) concentrations between 10 and 100 (mol/l. Contamination of Amazonian waters by copper is mostly attributed to industrial activity, with concentrations over 1,000 (g/l reported at some sites (Sampaio, 2000). Such high concentrations of copper may severely affect the fish fauna as a result of the soft nature of Amazonian waters. We assessed the ionoregulatory disturbance on Na+ balance in tambaqui (Colossoma macropomum), a species native to the Amazon basin, exposed to copper in extremely soft water. For comparison, we also tested the effects of copper exposure in rainbow trout (Oncorhynchus mykiss) acclimated to soft water.

Materials & Methods

Tambaqui and rainbow trout were obtained from fish farms in Brazil and Canada, respectively. Tambaqui were acclimated in soft water (Ca2+=11, Na+=34, K+=15, Cl-=27, Mg2+=0.8 – all in (mol/l; pH 6.5; dissolved organic matter (DOM)=0.9 mgC/l; 28(C). Rainbow trout were acclimated gradually from hard to soft water (Ca2+=100, Na+=70 (mol/l (other ions not measured); pH 7.2; DOM=3.0 mgC/l; 12(C). Unidirectional Na+ fluxes were based on the disappearance of 22Na from the water over time, indicating incorporation by the fish. Tambaqui were exposed to copper at concentrations up to 400 (g/l, whereas trout were exposed to copper at concentrations to 300 (g/l. Water samples were taken to determine Na+ concentration (flame atomic absorption spectrophotometry), 22Na counts (beta or gamma counting), and total copper concentration (graphite furnace absorption atomic spectrophotometry). Calculations were based on Wood (1992). Statistical analysis used ANOVA, followed by Dunnett’s multiple comparison test.

Results & Discussion

Tambaqui showed an impressive tolerance to copper toxicity when tested in soft water, as indicated by a lack of inhibition on Na+ influx, even at 400 (g/l of copper (Fig. 1). Inhibition of Na+ influx is a typical response to copper toxicity in fish (Laurén & McDonald, 1985). Trout had 50-66% inhibition in Na+ influx relative to control, upon exposure to 70 and 300 (g/l of copper (Fig. 2). 

In tambaqui, however, exposure to increased copper concentrations was associated with increased Na+ efflux, although diffusive losses were controlled over time (Fig. 1). The resulting net flux was still higher relative to the control, but not as high as that of trout, which were not able to control the diffusive losses at the highest copper concentration tested (Fig. 2). The pattern of copper toxicity in tambaqui therefore differs from that of trout, affecting only the paracellular pathway (as indicated by increased Na+ loss at increased copper concentrations). The explanation for a lack of inhibition in Na+ influx in tambaqui is unclear. The presence of high affinity Na+ channels in tambaqui would explain in part the unaffected influx rates upon exposure to copper. But if true, copper accumulation on the gills would be expected to be relatively low upon exposure to the metal. Preliminary gill binding assays in tambaqui revealed, however, an accumulation of high copper concentration at the gills resulting from waterborne exposure (Matsuo & Val, unpubl.). 
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Fig. 1. Unidirectional Na+ fluxes (mean(SEM; N=10 per treatment) in tambaqui exposed to copper. (*) indicates significant difference relative to control at each given time interval.
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Fig. 2. Unidirectional Na+ fluxes (mean(SEM; N=7 per treatment) in rainbow trout exposed to copper. (*) indicates significant difference relative to control at each given time interval.

That copper toxicity and the effects of low pH appear to share a common pathway is worthy of discussion. The copper 96h-LC50 value documented for tambaqui (735 (g/l copper; Oliveira, 2003) is exceptionally high compared to that for trout acclimated to soft water (14-80 (g/l copper). Moreover, the tambaqui is known to be extremely tolerant of low pH (withstanding pH levels around 3.5; Wood et al., 1998), whereas rainbow trout cannot tolerate pH levels below 4.5. The extremely high tolerance of tambaqui to both H+ and copper toxicity, both of which target Na+ transport, suggests an unusual Na+ uptake system that differs from the mechanisms currently known in fish. This would also explain the lack of disruption in Na+ influx upon exposure to copper. 
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