
Desalination and Water Treatment 
www.deswater.com
1944-3994/1944-3986 © 2012 Desalination Publications. All rights reserved
doi: 10/5004/dwt.2012.2262

*Corresponding author.

40 (2012) 24–32
February

Variation of organics, nitrogen and phosphorus within a cycle 
of a Bio-Denipho system

Jinming Duana,*, Wei Lia, Kai Zhaob, Joerg Krampec

aKey Laboratory of Northwest Water Resource, Environment and Ecology, MOE, Xi’an University of Architecture and Technology, 
Xi’an 710055 China
Tel. +86 29 82201354; emails: jinmingduan@xauat.edu.cn, jinmingduan@hotmail.com
bBeishiqiao Wastewater Treatment Corporation, Xi’an, China
cSA Water Corporation, 250 Victoria Square, Adelaide SA 5000

Received 28 September 2010; Accepted 2 November 2011

A B S T R AC T

Profi les of chemical oxygen demand (COD), dissolved oxygen (DO), ammonia nitrogen 
(NH4

+–N), nitrate nitrogen (NOx–N) and phosphorus (P) were established in a cycle of a four-
phased Bio-Denipho process. Based on a unit-fl ow model and the ASM2d, organics degradation, 
nitrifi cation and denitrifi cation, and phosphorus removal processes were analysed. A switch 
function has been introduced to address the difference in DO concentrations between the core 
of biomass fl ocs and their outer-layers or the bulk suspensions. The calculations indicate that 
approximately 68% of the denitrifi cation and nitrogen removal resulted from reactions within 
the anoxic cores of the biomass fl ocs, where DO was around 0.1 mg l−1 or less. This proved to be 
important mechanisms to phosphorus removal in the model for the four phased ditches. The 
analyses provide an insight in the nitrifi cation, denitrifi cation, and phosphorus removal mecha-
nisms in such operation system, which is useful for the system diagnosis and optimisation.
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1. Introduction

Nutrient contamination of natural water resources 
from wastewater effl uent disposal is an increasingly 
problematic issue [1]. Tight regulation of effl uent nutri-
ent concentrations requires high effi ciency nitrogen (N) 
and phosphorus (P) removal. N removal is achieved via 
nitrifi cation and denitrifi cation processes. Convention-
ally these two processes can be either facilitated sequen-
tially through separate zones within a treatment train 
like the anaerobic, anoxic and aerobic process (A2/O) 
[2], or by employing temporally sequentially phased 

isolation ditches for creating anaerobic, anoxic and aero-
bic conditions such as Bio-Denipho process [3]. Recent 
scientifi c studies suggest, however, that simultaneous 
nitrifi cation and denitrifi cation (SND) may occur in cer-
tain treatment systems [3–6]. Dissolved oxygen (DO) 
gradients within microbial fl ocs may create two types 
of zones within each of these fl ocs, favourable for nitrifi -
ers and denitrifi ers respectively [7]. Heterotrophic nitri-
fi ers and aerobic denitrifi ers may also convert ammonia 
directly into gaseous nitrogen [6]. In the same time, the 
variation of oxygen concentration in corresponding 
zones creates mechanisms for phosphorus removal in 
such system by phosphorus accumulating organisms 
(PAOs) [8].




