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Abstract

High nitrogen discharge from the municipal wastewater is a major concern for the South
Australian Government, primarily due to negative impacts on the marine environment.
Therefore, under the South Australian Environmental Improvement Program, (SA EIP),
all metropolitan wastewater treatment plants have been reconfigured to achieve
enhanced nitrogen removal. Secondary treatment (denitrification process) at the
metropolitan wastewater treatment plants must be optimised to meet the discharge
guideline of 10 mg/L total nitrogen. However, secondary treatment at some plants is
carbon limited (low C/N ratio), and external carbon supplementation is required to meet

this discharge guideline.

Molasses provides the current external carbon source at two plants. It is relatively
inexpensive, but other carbon sources, particularly industrial waste streams, may be
more attractive, due to the potentially lower material cost, as it is practically free, and
environmentally friendly. Potato starch and sonicated return activated sludge (RAS)

were considered.

In this study, the bioavailability of the soluble carbon in potato starch and ultrasound
treated RAS were assessed. The associated objective was to investigate the potential of
both carbon sources as an external carbon donor for the denitrification zone of
wastewater treatment plants to economically improve biological nitrogen removal. The
economic analysis was performed using mainly United States dollars and the fixed
capital investments and total capital costs were converted to Australian dollars. This
was due to the United States dollars currency quotes obtained for the materials and unit

operations required.

SCOD from the three sources was quantified and preliminary results were presented.
Molasses provided the highest SCOD release of 1.1285 x 10° mg-SCOD/L, sonicated
RAS produced 5.6 to 68.4 times the SCOD release of the untreated RAS (35.6 mg-
SCOD/L) depending on the ultrasound intensity and treatment time, while the highest
soluble carbon release obtained using potato starch was 809 mg-SCOD/L (using 20.9

g/100 mL potato starch concentration).
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Based on the experimental SCOD results, batch denitrification tests using the proposed
carbon sources were carried out. The nitrogen removal efficiency at low dose (12.48
mg-SCOD/L) using molasses, potato starch and sonicated RAS were 77.54%, 57.24%,
and 72.76% respectively, whilst at high dose (124.80 mg-SCOD/L) were 94.04%,
66.32%, and 92.10% correspondingly. In similar order of the proposed carbon sources,

the nitrate removal rates for the first phase denitrification with low dose were 1.44,

1.16, and 1.18 mg-NOs /h respectively, whilst the nitrate removal rate of the first phase
denitrification with high dose improved to 2.01, 1.26, and 1.96 mg-NO; /h

correspondingly.

From the denitrification test results, molasses proved to be the optimal carbon source in
terms of nitrate removal. However sonicated RAS possesses similar denitrification

performance and may be a suitable alternative.
An economic analysis for sonicated RAS Option 2 confirmed it as the most viable
substitute. The time to recover the initial investment (payback period) is approximately

6.5 years and the breakeven point is approximately 8 years.

Both denitrification tests and economic analyses demonstrate that sonicated RAS may

be a viable and attractive substitute for the molasses.
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