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In eutrophic and poorly buffered water bodies pH shows diurnally variations, reaching as high as 9.5 at daytime in periods of heavy algal bloom, which can occur in a hot sunny calm day. The assimilation causes a reduction in carbon dioxide and the water becomes more alkaline. Also the water effluence from industry can be extremely alkaline e.g.: by wool scouring, by retorting of oil shale, and by manufacturing of certain chemicals. Such alkaline effluents may have a pH of 12-14 and can be lethal to all types of water life.  

The exposure of fish to elevated pH causes inability to dispose of metabolic ammonia and often cause acute fish kills. Relatively short time exposure of fish to high pH (pH ~ 9.5) is rarely lethal for many fish species (Jones, 1964) but nevertheless this water can damage outer surfaces like gills, eyes, and skin. Cypriniformes seem less sensitive to high pH than Perciformes but prolonged exposure to sub-lethal high pH levels can cause serious stress. High pH can also affect the sensory epithelium of the fish olfactory system as it is directly exposed to the environment. The olfactory system in fish is very sensitive and mediates essential life functions, like finding food, homing, and predator avoidance induced by alarm substances from conspecifics. Studies have shown that EOG recordings can be used to evaluate the effects of pollutants, e.g., low pH and pesticides (Moore and Warning 1996), and heavy metals (Baatrup et al. 1987, Baatrup and Døving, 1990, Winberg et al. 1992). Water with heavy metals has effect on predatory and pray capture ability (Weis et al., 1999). However, little is known about the potential sublethal effects of high pH exposure to functions of the olfactory system.

The effect of water with high pH on the olfactory sensitivity was studied by recording the electro-olfactogram (EOG) in crucian carp (Carassius carassius). The test odorants (molar concentration) were the amino acids, L-alanine (10-5) and L-serine (10-5) representing food signals; steroid hormone 17α,20β-P (10-11) and prostaglandine 15-keto-PGF2α (10-8) representing sex hormones/pheromones, and a putative alarm pheromone, hypoxanthine-3(N)-oxide (10-8). We exposed the olfactory organs with artificial pond water with pH 7.0, 8.5, 9.0, 9.5. Additionally, we also tested the effect of alkaline extracts of the waste from oil shale industry.  

Acute exposure of the olfactory organ to pH 9.0 and 9.5 decreased the olfactory sensitivity to food signals, sex hormones or pheromones, and the putative alarm substance (Fig. 1). The EOG amplitudes at pH 9.5 were between 9.5 and 53 percent of the amplitude recorded at pH 7. Similar reduction of sensitivity of olfactory organ was seen after perfusion of the olfactory rosette with mixture of industrial alkaline leach (pH ~9) of oil shale industry. We consider the high pH of leach to be the main factor causing the reduction of olfactory sensitivity to these stimuli. Secondary importance for reduction of the sensitivity of olfactory epithelium had the toxic substances, primarily heavy metals, polycyclic aromatic hydrocarbons, and phenols, present in leach. Heavy metals and phenols are known to impair the olfactory sensitivity. However, our experiments with water saturated with polycyclic aromatic hydrocarbons (benzo(a)pyrene, 
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Figure 1. Reduction of olfactory sensitivity by alkaline water. The EOG amplitudes from the olfactory epithelium of crucian carp induced by L-serine (10-5M), 17α,20β-P (10-11M), 15-keto-PGF2α (10-8M), Hypoxanthine-3(N)-oxide (10-8M) at different pH. 
benzo(a)antracene, mixture of 16 PAHs) demonstrated no effect to the olfactory sensitivity of crucian carp. In a further series of acute behavioural experiments in fluviarium with crucian carp and roach (Rutilus rutilus) it was observed that these cyprinid fish do not avoid water at pH ranging from 9.3 to 10.0. Thus, these cyprinids species do not avoid water with high alkalinity. Nevertheless, the ability to detect essential odour signals is dramatically reduced at high pH. 
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