Maximum growth and decay rates of autotrophic biomass
to simulate nitrogen removal at 10°C with municipal
activated sludge plants
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Abstract
The present study aims at determining most likely values for the maximum growth rate (µA, max) and the endogenous decay rate
(bA) of nitrifiers for activated sludge processes treating municipal wastewater operated at low temperature (10°C).
The work used nitrification rate data measured on 10 full-scale plants and 2 pilot plants fed with domestic sewage. This set of
data was combined with a modelling and a theoretical approach. The unified values (µA, max = 0.45·d-1 and bA = 0.13·d-1) were
obtained at 10°C for the kinetic parameters of the autotrophic biomass in the SRT range 10 to 50 d. In addition, the factors
affecting the expected nitrification rate (r v, nit) were established by a theoretical approach and confirmed by experimental
results. For a given SRT, a linear relationship with the nitrogen volumetric loading rate was shown. The COD/TKN ratio of
the influent on the nitrification rate was demonstrated. Finally, an operational tool for the verification of the nitrification rate
in the design procedure of activated sludge processes is proposed.
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Introduction
Activated sludge functioning with intermittent aeration is the
main process used to remove nitrogen from municipal wastewaters in France. The size of the aeration tank is usually determined by the minimum sludge retention time (SRT) at 10°C.
The nitrification rate is, however, useful to calculate the duration of oxygen presence required to nitrify a given amount of
nitrogen and to reach an ammonia discharge objective. Reported
values in the literature at 10°C range between 1.0 to 4.4 mg
Nnit·gMLVSS-1·h-1 (Palis and Irvine, 1985; Oleszkiewicz and
Berquist, 1988; McCartney and Oleszkiewicz, 1990; Burica et
al., 1996) due to differences in the organic and the nitrogen loading rates or in the COD/TKN and COD/TSS ratios of the influents (Al-Sa’ed, 1988; Thiem and Alkhatib, 1988). For some time
now it is recommended to use nitrification rate values expressed
in mgNnitrified·ℓ-1·h-1 instead of mg Nnit·gMLVSS-1·h-1 that can be
determined through modelling.
The Activated Sludge Model No. 1 (ASM1 (Henze et al.,
1987)) has been widely used for about 20 years to assess, predict or optimise the nitrification capacity of biological nutrient
removal (BNR) wastewater treatment plants (WWTP). For given
influent characteristics and with chosen parameter values for the
heterotrophic and the nitrifying biomass, the ASM1 model calculates the nitrification rates of the mixed liquor, and the nitrogen
concentrations in the effluent. However, this tool still requires
bioprocess experience and time to be used correctly for design
purposes. In particular, the use of validated parameter values
for the conditions of the simulations is necessary (e.g. similar
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sludge retention time (SRT) and/or loading rate). These values
are particularly important when the processes are simulated at
limiting conditions.
Recent studies have shown that too low a value has been
used systematically for the endogenous decay rate of nitrifiers (see default values of 0.04·d-1 at 20°C mentioned in Henze
(1987)). This default value requires a specific value for the maximum autotrophic growth rate which depends on the applied SRT
(Yuan et al., 1999; Dold, 2002; Lee and Oleszkiewicz, 2002).
New values obtained from recent specific batch-test protocols
under different sludges at 20°C were stable around 0.19·d-1 (Fillos et al., 2000; Stensel et al., 2002; Dold et al., 2005; Marrs et
al., 2004; Lopez et al., 2006). For a temperature of 10°C, very
few bA values can be found in the literature. Nevertheless,
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as
these results come from several different laboratory experiments, the need to integrate these new parameter values has not
been clearly demonstrated with on-site data.
The present study aims at determining most likely values
for the maximum growth rate and the endogenous decay rate
of nitrifiers at low temperature (10°C) for municipal activated
sludge processes. The nitrification rate measurements in a pilot
plant fed with domestic wastewater, and those from 10 full-scale
BNR WWTPs are studied with both ASM1 simulations and a
theoretical approach. A practical design tool is then proposed to
predict the maximum nitrification rate which can be expected at
10°C.

Material and methods
Methods for nitrification rate measurements
The maximum nitrification rate (rV, max nit, Eq. (1)) expressed in
mgNnitrified·ℓ-1·h-1, is reached when the dissolved oxygen and the
ammonia concentration are high enough compared to the halfsaturation coefficients, and when no inhibition conditions are
applied. It can be directly measured by a specific experiment in a
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