Analogous simulation of nutrient transformation
processes in stream sediments
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Abstract
The main transformation processes effected by the natural microbial consortium of upper Iskar River with predominant
participation of sediment biofilm were simulated in the laboratory by the use of portable devices (chambers). The dynamics of real heterotrophic respiration, organic matter oxidation, denitrification and ammonification were analysed by oxygen depletion, reduction of chemical oxygen demand, nitrate uptake and ammonium accumulation, under the conditions
prevailing during high and low flow periods. The experimental results showed fast oxygen consumption and high process
rates – indicators for intensive respiration by a heterotrophic microbial consortium and good functioning of the ecosystem
component studied. The nitrogen transformations occurred at slower rates but in mutual dynamic balance and their simultaneous realisation was due to precise, adaptive division in time and space.
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Introduction
Streams and rivers are important ecological components and
drinking water sources but they are also the main recipients
of treated or raw (crude) wastewaters. This is a 2-way street
of coincidence in the ecological and technological aspects of
water use. To respond effectively to these heterogeneous needs
requires specifying what transformation processes happen in
river systems with hazardous substances; which of the variations in water parameters are natural modifications and which
are results of anthropogenic influence? One area of interest is
the study of the biological activity of aquatic organisms responsible for effecting the main nutrient transformations and for the
development of the self-purification capacity of the aquatic system. The understanding of these ecological processes provides
insight into the functional and structural characteristics of river
systems and brings a unifying framework to this area of investigation (Allan, 1995).
The inputs and conversion of energy and materials are
important in all river systems and their components. The
exchange of water and substances occurs between the surface
water, hyporheic strata and sediments. The more intensive
processes of nutrient transformation are realised in the boundary zone between these 3 river components. The benthic
microbiota associated with sediment biofilms and free organic
matter particles at a depth of 10 - 30 cm is metabolically the
most active and is the main transformation factor in rivers
(Pusch and Schwoerbel, 1994). However, the measurement of
metabolic activity in this complex system presents practical
problems, associated with the multidirectional influence of the
environment. A suitable approach to avoid these problems is
simulation of natural transformation processes in the laboratory
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by the use of portable devices (chambers). These mini-bioreactors are analogous models of a river system and the results
obtained can be used for modelling functional aspects of water
quality (Dodds and Brock, 1998; Naegeli and Uehlinger, 1997;
Uehlinger et al., 2002).
The work presented is part of two scientific research
projects, which aim to evaluate and improve water quality models for application to temporary waters in Southern European
catchments. Determination of one of the model components
– organism fractions – was based on biofilm activity measurement by laboratory simulation of respiration, chemical oxygen
demand (COD) oxidation and nitrogen transformation processes (RONT processes).

Materials and methods
Study site
The experiment was carried out in the upper subcatchment
of the Iskar River, south-western Bulgaria. Geographically
Bulgaria is located in the southern part of the temperate zone,
in close proximity to the subtropical Mediterranean climatic
zone, which determines the moderate continental climate.
During the 2nd half of summer and the beginning of autumn,
the climate is very often affected by Azores anticyclones,
which cause long-lasting dry periods. The Iskar River is the
longest river in Bulgaria (368 km) with an average stream flow
of 8.9 m3/s recorded for 2004. The Iskar River and its reservoir
are the most economically and socially important water sources
in Bulgaria because of their role as a drinking water supply for
Sofia (the national capital).
The part of the river that was used as a study site has a
clearly-determined seasonal character, with summer and winter
low flow (1 to 3 m3/s), an increase in flow during autumn (6
to 10 m3/s) and a very distinct spring high water level (15 to
25 m3/s). The sampling site (828 m a. m. s. l.) is located 1 km
upstream of the Iskar Dam. Land use in this region consists
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