Monitoring diurnal variations of pH and oxygen as indicators of macrophyte and
algae productivity in mesocosms
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Multi Parameter Measuring Instrument
An peristaltic pump system automatically
transports samples of the mesocosm water via
tubes (stainless steel) into a measurement
cuvette where oxygen concentration and pH are
measured. After rinsing the tubes with clean
water, a sample from another mesocosm is
pumped into the cuvette for analysis. The
procedure for measuring one sample takes about
20 minutes. A laptop serves as control unit to
regulate the pumping and the measurements
processes as well as the data logger.
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To assess the effects of herbicides to aquatic plants in mesocosm studies often only the growth of
macrophyte species (e.g. as surface coverage or biomass) and the development of phytoplankton
and periphyton populations are investigated. However, photosynthesis activity of the aquatic
plants is an additional, functional endpoint with high environmental relevance. Diurnal changes of
the oxygen content and the pH-value in the water are simple but meaningful parameters to get an
approximation of the total photosynthesis efficiency in a mesocosm.
The objective of the presented study was to develop and test an automatic system to monitor the
diurnal changes of oxygen concentration and pH in water bodies. Inclusion of automatic
phytoplankton pigment analysis via delayed fluorescence spectroscopy is under development.
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Fig. 3: Example of a DF-spectroscopy analysis. The red dots represents the intensity
of the DF- response at the determined wave-length (black line = fit). The
different colored lines represent in each case the individual fluorescence
spectrum of one algae group. A special software calculates the proportions of
the algae groups with an underlying database.
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Delayed Fluorescence Spectroscopy (DF)
Algae content [total chlorophyll µg/L] and algae
composition of the water were analyzed with
delayed fluorescence spectroscopy (DF)2 in 7 days
intervals.
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Fig. 6: Close up on the stainless steel tubes.
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Fig. 5: The multi parameter system in the field.
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Fig. 7: Example of diurnal pH-changes of mesocosm water recorded by the multi parameter
measuring system. The values of the x-axis are measurement points (unitless).

Fig. 4: The multi parameter system in laboratory service.

Fig. 2: Close-up on the water surface of an enclosure.
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Outdoor Mesocosms
To verify the technique, tests were conducted in 18 outdoor enclosures installed in a large artificial
pond (see fig. 1) including sediment and water taken from a small, natural lake close by. The pond
was allowed to equilibrate over 8 months before the stainless steel enclosures (120 cm water
depth, 2000 L volume) were introduced. During the test phase seven different macrophytes
species, periphyton and phytoplankton were monitored conventionally. The climatic conditions at
the mesocosm facility correspond to Middle and Northern Europe.

Fig. 1: Artificial pond with enclosures and close-up on an enclosure.
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Fig. 3: Technical scheme of the multi parameter measuring system.
Dotted line: In progress.
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First results show a promising applicability of the multi parameter measurement system to observe
primary production in aquatic mesocosms. For example the night and day changes of the pH (fig. 7)
correlate with photosynthesis activity based on phototropic CO2-consumption. A reduced
difference between the pH-minimum at dawn and the maximum at the evening indicates a reduced
photosynthetic efficiency of the aquatic plants. Fig. 8 shows the results of the phytoplankton
monitoring via DF-spectroscopy. The simultaneous observation of algae development and
photosynthesis efficiency provide a deeper understanding in ecosystem relevance of the in- or
decrease of algae or several algae groups.
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Fig. 8: Example of algae monitoring with DF-spectroscopy. This diagram shows total chlorophyll
content. For each day also the different algae
composition is available based on DF.

As shown in fig. 3 the multi parameter measurement instrument will be combined with a delayed
fluorescence spectrometer. Automatic measurements of indicators for photosynthetic activity (O2 &
pH) and phytoplankton development over a longer period with short intervals will give deeper
insight in ecological processes in aquatic mesocosms. So the environmental impact of herbicides
could be described more precisely and the risk assessment would consider both, structural and
functional endpoints.
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