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Zinc is a widely used heavy metal and concentrations of total zinc in European rivers range from nmoles
per litre to near hundred µmoles per litre in the most polluted ones (Whitton et al. 1982). Zinc is
considered to be the least toxic of the heavy metals (Weatherley et al. 1980) and long-term effects of zinc
on microbenthic communities have generally been reported at concentrations ranging from 0.05 mg⋅l–1

(0.8 µM) to 2.5⋅mg l–1 (38 µM) (Williams & Mount 1965, Genter et al. 1987, Colwell 1989, Dean-Ross
1990, Niederlehner & Cairns 1992, Niederlehner & Cairns 1993, Loez et al. 1995) implying that long-
term effects only can be expected in the more polluted rivers. However, long-term effects on biomass
production have also been reported to occur at much lower concentrations (Pratt et al. 1987, Paulsson et
al. 2000). In the latter study two ranges of long-term effects were found. Zinc exposure induced
community tolerance, measured as an increase in EC50 for photosynthesis, and had marked effects on
structure at much higher concentrations (>9.7 µM) than it had on biomass and biomass-dependent
parameters (0.12-0.42 µM). It was hypothesised that two different toxic actions by zinc were measured,
one direct and one indirect on nutrient availability, possibly caused by an interaction between zinc and
phosphorus leading to a decreased biomass production. The aim of this study was to test this hypothesis.
The results will show that the lower effect levels of zinc on biomass production in periphyton
communities seen by Paulsson et al. (2000) is concomitant with indicators of phosphorus deficiency.
Periphyton communities from the phosphorus-limited (12-15 µg/l) River Göta Älv in Sweden were
exposed to zinc during four weeks in a flow-through aquaria microcosm system. After the four-week
exposure, indicators of phosphorus deficiency such as alkaline phosphatase activity (APA) and
phosphorus status of the periphyton communities were measured. An increase in APA is generally a sign
of phosphorus deficiency (Cembella et al. 1984). If phosphate is added to the medium, the activities
normally decrease (Cembella et al. 1984) while derepression of the enzyme often is associated with low
phosphorus levels in the cells (Jansson et al. 1988).
Periphyton biomass in terms of dry weight decreased at zinc concentrations higher than 0.1 µM,
concomitantly as the APA increased (Fig. 1) and luxury stored phosphorus decreased. This is similar to
the threshold concentration observed in the previous study (Paulsson et al. 2000), therefore supports the
hypothesis of an indirect toxic action by zinc on phosphorus availability. The effects on periphyton dry
weight also coincided with an increase in the concentration of voltammetrically labile zinc, indicating a
low complexing capacity of the system.
Even though the results point to an interaction between zinc and phosphorus further studies are needed
to discriminate between two possible mechanismsan external or internal interaction. Rai and Kumar
(1980) and Hughes and Poole (1991) suggest that zinc interacts with phosphate leading to a
precipitation of zinc phosphate, while Kuwabara (1985) on the other hand found an intracellular
interaction affecting the utilisation of phosphate. It has been shown that addition of phosphate decreases
zinc toxicity (Rana & Kumar 1974, Rai & Kumar 1980, Kuwabara 1985) making it less available. This
implies that it also might occur the other way around, making phosphate less available.
 We can conclude that zinc interacts with phosphorus in some way leading to phosphorus deficiency in
Göta Älv periphyton communities at concentrations >0.1-0.2 µM of total zinc and consequently to a
decrease in biomass production. This does, however, not exclude interactions with other enzymes
important for uptake of other nutrients. In systems rich in phosphorus, zinc exposure might not be a
problem, but in systems with low phosphorus it might pose a risk.
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