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h i g h l i g h t s

" Development of an integrated system for biological nutrient removal from high strength WW.
" High rate C and N removal at a high OLR of 35 kg COD/m3 d and NLR of 1.1 kg N/m3 d.
" High rate biogas production per reactor volume of 16 L gas/Lreactor d.
" A very low overall system sludge yield of 0.017 g VSS/g COD.
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a b s t r a c t

Biological nutrient removal (BNR) from high strength wastewater was investigated using a newly devel-
oped integrated anaerobic fluidized bed (AF) with circulating fluidized bed bioreactor henceforth called
A-CFBBR. The A-CFBBR showed 99.7% COD removal, 84% nitrogen removal, with a very low sludge yield of
0.017 g VSS/g COD while treating a synthetic wastewater containing 10,700 mg COD/L and 250 mg NH3–
N/L over a period of 6 months. The system was operated at an organic loading rate (OLR) of 35 kg COD/
m3

AF d and nitrogen loading rate (NLR) of 1.1 kg N/m3
CFBBR d at a hydraulic retention time (HRT) of less

than 12 h in the A-CFBBR. Microbial communities analysis using DGGE confirmed the presence of both
AOBs and NOBs in the riser and downer. Pseudomonas putida and Pseudomonas fluorescence were the
dominant denitrifiers present in the downer. Methanogenic activity was accomplished by a microbial
mixture of archaea and bacteria in the anaerobic column.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

High strength wastes produced by fertilizer production, explo-
sive manufacturing, and recovery of nuclear fuels as well as landfill
leachate contain in addition to organic matter, nitrogen in the
forms of ammonia, nitric and nitrous acids (Chen and Lin, 1993).
Similarly, many food processing wastewaters such as rendering
wastes also contain high ammonia concentrations as a result of
protein digestion. Nitrogen removal from such wastes, which re-
quire anaerobic processes to recover energy, can be challenging.
Although simultaneous denitrification and methanogenesis
(SDM) in a single anaerobic reactor has been studied, the toxic ef-
fects of NO3–N, NO2–N, and N2O on methanogenesis at different
loading rates makes it less attractive than using the sequence of
anaerobic, anoxic, and aerobic systems (Andalib et al., 2011a).

The Circulating Fluidized Bed Bioreactor (CFBBR), introduced
and developed by Nakhla and his coworkers (Cui et al., 2004),
was tested for biological nutrient removal (BNR) from municipal
wastewaters in both lab and pilot scales at OLR of 5 kg COD/m3 d
and NLR of 0.5 kg N/m3 d (Chowdhury et al., 2010). The CFBBR con-
sists of an anoxic riser and an aerobic downer with fast and con-
ventional fluidization regimes respectively. More than 90%
organic, 70–80% total nitrogen and 50–70% phosphorous removal
were reported, at hydraulic retention times (HRTs) of 2–3 h and
an observed biomass yield of 0.12–0.16 g VSS/g COD. The CFBBR
was reported to treat high strength wastewater such as landfill
leachate and septage as well at the aforementioned OLR and NLR
(Eldyasti et al., 2010). However, in order to accomplish high rate
biological nutrient removal from high strength waste containing
nitrogen, a newly developed bioreactor referred to henceforth as
anaerobic-circulating fluidized bed bioreactor (A-CFBBR) was
designed and tested to treat synthetic high strength wastewater
with TCOD of 10,600 ± 270 mg/L, NH3–N of 250 ± 10 mg/L. The
advantages of the A-CFBBR over conventional anaerobic treatment
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