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Abstract

This paper presents the short term (5 hours) evolution of ammonium, nitrite, nitrate, total phosphorus and COD of a
synthetic wastewater treated in a laboratory activated sludge sequencing batch reactor. In the experiment with 4.33 g/L
activated sludge and the initial raport COD:N:P of 154:5.3:1 in about 4 hours 31% of COD and 83% of ammonium
were removed, whereas nitrate shows an increase of 89%. In the experiment with 4.71 g/L activated sludge and the
initial raport COD:N:P of 195:3.22:1 in about 4.5 hours 26% of COD and 92% of ammonium were removed, whereas
nitrate shows an increase of 85%. In the experiment with 4.34 g/L activated sludge and the initial raport COD:N:P of
103:4.45:1 in about 4.5 hours 30% of COD and 48% of ammonium were removed, whereas nitrate shows an increase

0f 65%.
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INTRODUCTION

Wastewater treatment is essentially based on
biological treatment using activated sludge,
either in suspension or immobilized, containing
prokaryotes (archaea and bacteria), eukaryote
microorganisms as well some metazoa:
nematodes, rotifers, copepods (Ardern and
Lockett,1923; Grady and Lim, 1980 Vaicum,
1981;Negulescu, 1985; Arceivala, 1988;
Bitton, 1999; Zarnea, 1994; Cheremisino,
2002; Burton and Stensel, 2003; Godeanu
2015). The activated sludge process is based on
microorganisms which can use as nutrients
organic and inorganic substances that are true
contaminants in wastewater. The
microorganisms thus growth and multiply,
basically converting soluble chemicals (the
pollutants) to particulate matter, microbial cells
clumping together, thus increasing the biomass
of activated sludge. These aggregates of
microorganisms are in the form of flocs which
can settle to the bottom of the tank, ideally,
leaving an outlet water which should be
relatively clear liquid free of organic material
and suspended solids. .

The Sequencing Batch Reactor (SBR) is an
activated sludge process designed to operate
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under non-steady state conditions. An SBR
operates in a true batch mode with aeration and
sludge settlement both occurring in the same
tank. The major differences between SBR and
conventional continuous-flow, activated sludge
system is that the SBR tank carries out the
functions of equalization aeration and
sedimentation in a time sequence rather than in
the conventional space sequence of continuous-
flow systems (Norcross, 1992; Chambers,
1993; Larrea et al, 2007, Narcis et al., 2014).
Furthermore, the SBR system can have the
possibility to be functional to treat a wide range
of influent volumes whereas the continuous
system is based upon a fixed influent input.
However, the appropriate function of a SBR
deserves that the influent wastewater is
admitted into the aeration in a controlled
manner, an appropriately designed SBR
process being a unique combination of
equipment and software and skilled operators
(Arora et al., 1985; Norcross, 1992; Chambers,
1993; Narcis et al., 2014). A balanced nutrient
ratio is essential if the microorganism are to
function at maximum efficiency during
wastewater treatment. The most important of
these nutrients are carbon, nitrogen and
phosphorus. Microorganisms involved in the



removal of carbonaceous contaminants from
wastewater require nitrogen and phosphorus
for growth and multiplication. Microorganisms
require nitrogen to form proteins, cell wall
components and nucleic acids (Maier, 1999). It
is usually stated that the ratio of COD:N:P in
the wastewater to be treated should be
aproximately 100:5:1 for aerobic treatment and
250:5:1 for anaerobic treatment (Metcalf and
Eddy, 1991). Unfavourable nutrient ratio and
high concentration of individual substances
reduce the degradation efficiency of biological
wastewater  treatment  proceses. Early
recognition and continuous monitoring of
critical parameters is therefore essential in
order to enable plant operators to take rapid
corective action when necessary. The aim of
this paper is monitor the evolution of
ammonium, nitrite, nitrate, total phosphorus
and COD of the synthetic wastewater treated in
a laboratory activated sludge in sequencing
batch reactor.

MATERIALS AND METHODS

The sequencing batch reactor used in
this study had an active volume of 2 L. The
activated sludge comes from the wastewater
treatment plant Constanta Nord. The activated
sludge used has been taken from the discharge
from the end of the aerobic bioreactor
(Vazquez et al., 2003) in each experiment, 2 L
of activated sludge was filtered through a filter
paper (Filter Discs Grade 388 Munktell —
Ahlstrom). The dry mass of activated sludge
was measured according to stass-SR EN 12880.
For the experiment 1 the concentration of
activated sludge, dry mass was of 4.33 g/L, for
the experiment 2 concentration of activated
sludge, dry mass was 4.71 g/L and for the
experiment 3 the concentration was 4.34 g/L.
In the sequencing batch reactor together with
the activated sludge was introduced the
synthetic sewage composed of: 1.24 g glucose,
64 mL standardised solution of ammonium
1000 mg/mL NH," (2,97g NH4Cl1/ L H,0) and
31.5 mL standardised solution of phosphorus
1000 mg/ml (KH,PO, 998g/1 H,0O). The
activated sludge together with the synthetic
sewage were the subject of sequences of
aeration and mixing both simultaneously and
successively. The duration of both aeration and
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mixing was 60 minutes whereas the mixing
time (in the absence of aeration) was 30
minutes. The duration of this experiment was
4.5 h, during which samples were taken as
follows: initially — T, (after mixing the
activated sludge with the synthetic sewage);
after 1 hour of aeration and simultaneous
mixing — Ty; after 1 hour aeration and mixing,
and 30 minutes just mixing — T»; after 2 hours
aeration and mixing and 30 minutes just
mixing — Ts; after 2 hours aeration and mixing
and 60 minutes just mixing — T4 ; after 3 hours
aeration and mixing and 1 hour just mixing —
Ts, after 3 hours aeration and mixing and 1.5
hour just mixing — Ts. For experiments 1 and 2
the samples were filtered through the filter of
0,45 mm type LCW 916, Hach Lange, and
were made the following determinations:
ammonium, nitrate, total phosphorus, chemical
oxygen demand. For the experiment 3 samples
were filtered twice - first through the filter type
Filter Discs Grade 388 (Munktell - Ahlstrom)
then through the filter of 0,45 mm filter type
LCW 916, Hach Lange. The determinations
were made on the Hach Lange kits: for nitrat
was used LCK 339 1-60 mg/L NOs, for nitrit
was used LCK 541 0.005 — 0.10 mg/L NO; and
LCK 342 2-60 mg/L NO,, for ammonium was
used LCK 303 2,5-60 mg/L NH,4 for total
phosphorus LCK 349 0,15 — 4,50 mg/L PO,
and LCK 350 6-60 mg/L POy, for COD was
used LCK 514 100-2000 mg/L O,

RESULTS AND DISCUSSIONS

In figure 1 there are presented the time
evolution of ammonium, nitrite, nitrate and
total phosphorus concentrantions of the
synthetic =~ wastewater  during the first
experiment. In the first experiment with an
initial raport to the COD:N:P 154:5.3:1, with
about 50% more COD than ideal ratio
presented in literature, obtaining an efficiency
of 31% for COD removal (figure 4) and 39%
for nitrogen, showing the steps of nitrification/
denitrification (aeration/mixing) very well on
the parameter to be analyzed - nitrate (T},3,s
times showing stages of aeration). It is
observed a reduction of 21.95 mg/L for
ammonium within 4 hours, the efficiency of
removal of 83% compared with the nitrate
which registers an increase of 37.79 mg/L in



the range of 4 hours, this fact is due to intense
nitrification.  In  this  experiment the

concentration of activated sludge used was
4.33 g/L, in which the mineral part represented
33.4% and volatile part represented 66.6%,
with a sedimentation of 367 mL, and an
Mohlmann index of 85 mg/gf.
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Figure 1 - Time evolution of ammonium, nitrate, nitrit
and total phosphorus concentration during the first
experiment

In figure 2 there are presented the time
evolution of ammonium, nitrite, nitrate and
total phosphorus  concentrantions of the
synthetic wastewater during the second
experiment. In the second experiment with an
initial raport to the COD:N:P of 195:3.22:1,
with about 100% more COD than ideal ratio
presented in literature, obtaining an efficiency
of 26% for COD removal (figure 4) and 72%
for nitrogen, showing the steps of nitrification/
denitrification (aeration/ mixing) very well on
the parameter to be analyzed - nitrate (Ti,3,5
times showing stages of aeration). It is
observed a reduction of 23.14 mg/L for
ammonium within 4.5 hours, the efficiency of
removal of 92% compared with the nitrate
which registers an increase of 10.36 mg/L in
the range of 4.5 hours, this fact is due to
intense nitrification. In this experiment the
concentration of activated sludge used was
4.71 g/L, in which the mineral part represented
32.3% and volatile part represented 67.7%,
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with a sedimentation of 400 mL, and an
Mohlmann index of 85 mg / gf.
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Figure 2 - Time evolution of ammonium, nitrate, nitrit
and total phosphorus concentration during the second
experiment

In figure 3 there are presented the time
evolution of ammonium, nitrite, nitrate, total
phosphorus of the synthetic wastewater during
the third type of experiment.
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Figure 3 - Time evolution of ammonium, nitrate, nitrit
and total phosphorus concentration during the third
experiment
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Figure 4 - The decrease in chemical oxygen demand in
experiment 1 (COD1), experiment 2 (COD2) and
experiment 3 (COD3)

In the third experiment with an initial raport to
the COD:N:P of 103:4.45:1, aproximatly ideal
ratio presented in literature, obtaining an
efficiency of 30% for COD removal (figure 4)
and 42% for nitrogen, showing the steps of
nitrification/ denitrification (aeration/ mixing)
very well on the parameter to be analyzed -
nitrate (Ty,3,5 times showing stages of
aeration). It is observed a reduction of 14.30
mg/L for ammonium within 4.5 hours, the
efficiency of removal of 48% compared with
the nitrate which registers an increase of 5.64
mg/L in the range of 4.5 hours, this fact is due
to intense nitrification. In this experiment the
concentration of activated sludge used was
4.34 g/L, in which the mineral part represented
31.8% and volatile part represented 68.2%,
with a sedimentation of 410 mL, and an
Mohlmann index of 95 mg / gf. In figure 4
there are presented the time evolution of COD
of the synthetic wastewater during the three
experiments.

CONCLUSIONS

a) In the experiment with 4.33 g/L activated
sludge and the initial raport COD:N:P of
154:5.3:1 in about 4 hours 31% of COD
and 83% of ammonium were removed,
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whereas nitrate which shows an increase of
89%.

In the experiment with 4.71 g/L activated
sludge and the initial raport COD:N:P of
195:3.22:1 in about 4.5 hours 26% of COD
and 92% of ammonium were removed,
whereas nitrate which shows an increase of
85%.

In the experiment with 4.34 g/L activated
sludge and the initial raport COD:N:P of
103:4.45:1 in about 4.5 hours 30% of COD
and 48% of ammonium were removed,
whereas nitrate shows an increase of 65%.

b)

c)

PERSPECTIVES

A) The use of immobilized activated sludge for
easier physical separation between biological
catalysts and (synthetic) waste water as well as
for other advantages of immobilization;

B) Deeper caractrization of the activated
sludge, mainly with respect to structural (flocs
dimentions and structure) and functional traits
(the rate of metabolic electron transport such
as aerobic respiration, denitrification and
resazurine reduction);

C)The selection and improvement of
appropriate microbial populations to be used as
starter cultures in futher experiments
concerning (synthetic) waste water treatment in
(laboratory) activated sludge sequencing batch
reactor useful for the removal not only of
wastes containing C and N but also of P.
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SR EN 12880 Determinarea reziduului uscat si a
continutului din namoluri.



