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Abstract
Titrimetry offers the possibility of simultaneous measurement at low cost of several (buffering) components. A first step in
the study towards practical application of the titrimetric technique was the titrimetric analysis by up- or down-titration of
standard solutions, standard mixtures, solids digester samples and water samples coming from autotrophic nitrogen-removal
reactors. The resulting raw data were further processed with an Excel-based program. This program first converts the raw
data into a buffer curve upon which a linear buffer capacity model is fitted to the experimental data by estimating the (buffer)
concentrations and corresponding pKa values. As such the type of component and the concentration can be determined. As a
second step the resulting calculated concentrations were analysed statistically to assess the accuracy and precision of the titrimetric technique. For this purpose, the data were paired, i.e. the difference between the concentration obtained with titrimetry
and the concentration obtained with another technique such as colorimetry or gas chromatography was calculated. First the
normality of the paired data was assessed. Then, a paired t-test (normal data) or a paired Wilcoxon test (normal data) was used
to statistically compare the results obtained with the titrimetric technique to either the stock solution concentration or measurements with another method (colorimetry or gas chromatography). The statistical tests showed that, depending on the titrant
concentration, concentrations from 50 mg/ℓ to 3 000 mg/ℓ could adequately be measured with the titrimetric technique.
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Introduction
Titrimetry offers the possibility of simultaneous measurement
at low cost of several (buffering) components, such as ammonium, volatile fatty acids, phosphate and nitrite, in wastewater
and sludge samples. Titrimetry can therefore be used in aerobic, anaerobic and physicochemical wastewater treatment. This
study demonstrates the practical application of titrimetric monitoring of samples originating from anaerobic water and sludge
treatment reactors. The anaerobic processes considered here are
anaerobic solids digestion (ASD) and nitrogen removal by the
autotrophic nitrogen-removal (ANR) process.
The ASD process offers the possibility of transferring waste
streams into biogas (mainly a mixture of methane (66%) and
CO2 (33%)). This biogas can be transformed into electricity and
heat. Examples of waste streams that can be treated by anaerobic
digestion are livestock farm waste (e.g. various manures, slurries and waste waters), agro-industrial waste (from abattoirs,
wineries, vegetable-processing plants, etc.), animal dung, human
sewage and crop residues (Hilkiah Igoni et al., 2008).
The effluent from such ASD reactors contains high amounts
of nitrogen (1 to 5 g N/ℓ). About 80% of this nitrogen is in the form
of ammonium and about 20% is organic nitrogen. The nitrogen
content of this effluent needs to be decreased in view of further
valorisation of this stream as for example agricultural fertiliser.
Normally this reduction is accomplished by applying a nitrifica* To whom all correspondence should be addressed.
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tion/denitrification process (Metcalf and Eddy, 2003). An efficient and cost-effective alternative for the traditional nitrification/denitrification process is the autotrophic nitrogen removal
process. This process is also known as the SHARON-Anammox
process (Van Dongen et al., 2001) or the OLAND process (Kuai
and Verstraete, 1998). In the autotrophic nitrogen-removal process a highly loaded nitrogen stream is first partially oxidised in a
reactor that is operated in such as way that ammonium oxidisers
are maintained in the reactor, while nitrite oxidisers are washed
out and further nitrification of nitrite to nitrate is prevented. The
SHARON (Single reactor system for High activity Ammonium
Removal Over Nitrite) reactor, for example, can produce an
almost 1:1 ammonium to nitrite ratio depending on the ammonium to bicarbonate ratio in the influent of the SHARON reactor.
The effluent of the partial nitrification reactor is then sent to an
Anammox (Anaerobic ammonium oxidation) reactor where the
remainder of the ammonium is oxidised anoxically with nitrite
as electron acceptor (Van Hulle et al., 2005).
Both anaerobic processes are very sensitive to inhibition
and frequent monitoring of the reactor is essential for stable
operation. This paper demonstrates the practical application
of monitoring certain key components in the ASD and ANR
processes using titrimetric measurements. For the ANR reactor, the key components are ammonium and nitrite. For the
ASD reactor, ammonium, bicarbonate alkalinity and volatile
fatty acids are the components of concern. Similarly to previous studies the complete and detailed titration profile (typically
50 measurement points) is used for model-based interpretation
and concentration determination (Van Vooren et al., 2001; Zaher
and Vanrolleghem, 2005). Classification of different titrimetric techniques (Zaher et al., 2004) has shown the use of this
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