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h i g h l i g h t s

" Efficient single-stage autotrophic nitrogen removal from dilute waster is possible.
" Over 90% total N removal by controlling oxygen supply to 0.75 mol O2/mol NH3 added.
" With this or less oxygen, nitrate formation held to 2% or less of ammonia removed.
" The efficient nitrogen removal obtained with 1 h HRT, 25 �C and 50 mg/L NH3–N.
" Autotrophic nitrogen removal requires little oxygen and no organics.
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a b s t r a c t

Autotrophic nitrogen removal via ammonia oxidizing (AOB) and anaerobic ammonium oxidizing (anam-
mox) bacteria was evaluated for treatment of a dilute 50 mg/L ammonia-containing solution in a single-
stage nitrogen-removal filter at 25 �C. Important was an external oxygenation system that permitted
close control and measurement of oxygen supply, a difficulty with the generally used diffused air sys-
tems. Hydraulic retention time (HRT) was reduced in steps from 15 to 1 h. At 1 h HRT, total nitrogen
(TN) removals varied between 73% and 94%, the maximum being obtained with a benchmark oxygena-
tion ratio of 0.75 mol O2/mol ammonia fed. At higher ratios, nitrate was formed causing TN removal effi-
ciency to decrease. With lower ratios, TN and ammonia removals decreased in proportion to the decrease
in BOR. When operating at or below the BOR, nitrate formation equaled no more than 2% of the ammonia
removed, a value much less than has previously been reported.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Growing populations along with diminishing supplies of energy
and other resources has led to emphasis on energy-efficiency and
resource recovery. Towards this end, complete anaerobic treat-
ment of domestic wastewaters and simultaneous energy recovery
in the form of methane is of growing interest (Kim et al., 2011;
McCarty et al., 2011). However, anaerobic treatment does not re-
move ammonia nitrogen from wastewater. Ammonia removal by
the conventional biological process, nitrification followed by deni-
trification, requires both extensive energy for aeration to carry out

nitrification to nitrate and an external carbon source for denitrifi-
cation. A much more energy-efficient process for this purpose is
autotrophic nitrogen removal, which couples nitritation of a por-
tion of the ammonia to nitrite by ammonium oxidizing bacteria
(AOB), which is then used for anaerobic oxidation of the remaining
ammonia to N2 (anammox) (Third et al., 2001). The advantages of
autotrophic nitrogen removal compared with conventional nitrifi-
cation–denitrification are: (1) a 60% reduction in energy consump-
tion for aeration (van Dongen et al., 2001; Siegrist et al., 2008); (2)
no organic donor requirement for denitrification, which otherwise
can be converted to methane for energy production (McCarty et al.,
2011); (3) a 90% reduction in sludge handling and transportation
costs (Mulder, 2003; De Clippeleir et al., 2011); and (4) less
production of N2O, a powerful green house gas (ICCP, 2006;
Kampschreur et al., 2009). Fux and Siegrist (2004) estimated auto-
trophic nitrogen removal can achieve a 30–40% cost reduction for
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