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Abstract
The present study aims at optimising the nitrification and denitrification phases at intermittently aerated process (activated
sludge) removing nitrogen from municipal wastewater. The nitrogen removal performance recorded at 22 intermittently
aerated plants was compared to the results obtained from the simulations given by the widely used ASM1. It is shown that
simulations with a single value for the heterotrophic yield with any electron acceptor over-predict the nitrate concentration in the effluent of treatment plants. The reduction of this coefficient by 20% for anoxic conditions reduces the nitrate
concentration by 10 g N·m-3. It significantly improves the accuracy of the predictions of nitrate concentrations in treated
effluents compare to real data.
Simulations with dual values (aerobic and anoxic conditions) for heterotrophic yield (modified ASM1) were then used to
determine the practical daily aerobic time interval to meet a given nitrogen discharge objective. Finally, to support design
decisions, the relevance of a pre-denitrification configuration in front of an intermittently aerated tank was studied. It is
shown that when the load of BOD5 is below the conventional design value, a small contribution of the anoxic zone to nitrate
removal occurs, except for over-aerated plants. When plants receive a higher load of BOD5, the modified ASM1 suggests that
the anoxic zone has a higher contribution to nitrogen removal, for both correctly and over-aerated plants.
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Introduction
Due to the ability of most heterotrophic micro-organisms to
utilise nitrate as electron acceptor in anoxic conditions, intermittently aerated processes can achieve a significant nitrate
conversion into N2 gas (denitrification). Nitrate produced from
the conversion of ammonia during the aeration phase (nitrification) is removed this way at very low oxygen concentrations,
provided that carbon substrate is present. This is the case when
raw influent with a C/N ratio in the range 3.5 to 4.5 g COD·g N-1
(Henze, 1996) is applied to activated sludge. The denitrification
rate depends on 3 main factors:
• The concentrations of readily biodegradable COD
• The absence of dissolved oxygen
• The concentration of nitrate.
To describe this limitation, Monod laws including the following half-saturation coefficients are used to express the instant
denitrification rate: Ks = 30 g COD·m-3, KOH = 0.2 g O2·m-3, and
K NO = 1 g N·m-3 (Henze et al., 1987). Unfortunately, this parameter varies during a 24 h period, and practitioners utilise an
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average value of the denitrification rate for design. Reported
values of the average denitrification rate are in the range of 0.5
to 2.1 mg N·(g MLVSS·h)-1 for municipal wastewaters (Henze
et al., 1987; Hoffman and Kute, 1990; Orhon et al., 1998; ATVDVWK-A_131E, 2000; FNDAE_25, 2002; Metcalf and Eddy,
2005). Reported values with synthetic carbon source containing volatile fatty acids are in the same range as the one
observed with true wastewater (Elefsiniotis and Li, 2006),
whereas synthetic carbon sources like methanol and ethanol
provide denitrification rate values in the range of 2.5 to 25 mg
N·(g MLVSS·h)-1 (Henze et al., 1987; Carrera et al., 2003;
Foglar and Briski, 2003). These rates are often obtained on a
daily scale through a nitrogen mass-balance approach applied
to daily composite samples with a daily denitrification time
assessed from a redox probe: The redox potential quickly
decreases at the end of the denitrification phase (turning point).
Nevertheless, the estimation of the denitrification time can be
inaccurate due to the natural alteration of the redox signal when
the electrode is not regularly cleaned.
In order to meet an ammonia concentration in treated
water of below 5 g N·m-3 even in winter conditions, the conventional design guidelines suggest limiting the applied
food-to-micro-organism ratio (F/M) to 0.10 kg BOD5·(kg
MLVSS∙d) -1 (sludge retention time (SRT) over 20 d). It is
also recommended applying a daily aerobic time of approximately 14 h a day, providing at least 2 g O2·m-3 during the
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