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Abstract:

A lab-scale flat sheet membrane bioreactor (MBR) system was used for the treatment of piggery wastewater

to produce an effluent with the appropriate ratio of nitrite:ammonia (1:1 to 1:1.3) as a pre-treatment for the
anammox process. The feed wastewater, which was the effluent of a biogas digester, contained 253+49 (n=60) mg.l"!
as COD, 231+18 mg.l"' as N-ammonia, 223+19 mg.l"! as total Kjeldalh nitrogen (TKN), alkalinity of 1433153 mg.1"!
as CaCO,, and pH=7.5+0.3. This study aimed to determine the suitable hydraulic retention time (HRT) and
alkalinity to yield the appropriate influent for the annamox process. The results showed that the suitable effluent
of the partial nitrification with ratio of nitrite:ammonia 1.0:1.1 at HRT of 7h30, equivalent to total nitrogen
loading of 0.77 kgNm=d'. The nitrite accumulation rate (NAR) was 82% at HRT of 7h30, whereas NAR were 11
and 63% at HRT of 12h30 and 8h45, respectively, due to the high growth of nitrite oxidation bacteria (NOB) at
long HRTs. As increasing alkalinity of up to 1600 mg.l" and pH of 8.0 at HRT of 8h45, NAR was increased from 63
to 73%, ratio of ammonia:nitrite reduced from 1.0:1.8 to 1.0:1.6 and free ammonia concentration reached to 20.2
mg.I"! nitrogen. This shows that the increase of alkalinity inhibited strongly NOB.
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Introduction

Currently, nitrogen removal from wastewater using
biological processes mainly follows the trend of nitrification-
denitrification, which is a method from recent decades that
removes nitrogen through nitrite. Conventional nitrogen
removal processes require two stages, the first stage is
nitrification, which requires a large amount of oxygen. The
second stage demands a supply source of carbon in case
that the ratio of C to N in the influent is not high enough.
Therefore, the treatment cost is large and it requires a lot
of technology. In 1995, Dutch scientists explored a new
biological process in which nitrogen was transferred to
remove a high concentration of ammonia with a low ratio
of C to N [1]. This is known as the anammox process. In
this process, ammonia is oxidized by nitrite under anaerobic
conditions without a supply source of organic matter to
form nitrogen molecules. The reaction process is described
as follows [2]:
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NH, "+ 1.32 NO," + 0.066 HCO, +0.13 H* & 1.02 N, +
0.26 NO, +0.066 CH,0, N, .+ 2.03 H,0.

2705 015

Compared to conventional nitrification/denitrification
in activated sludge systems, nitrogen removal through
anammox-based technology is an innovative method that
eliminates the necessity of an organic carbon source for
nitrification. Further, anammox-based technology consumes
lower energy for aeration, has lower excess sludge
production, and lower CO, emissions [3]. This technology
is a combination of two processes consisting of partial
nitrification followed by the anammox process. Nitrogen
removal efficiency of the anammox process depends largely
on partial nitrification. The suitable ratio of NH,"-N/NO,-N
for the anammox process ranges from 1:1 to 1:1.3 [4]. Recent
research has shown that the combination of partial nitrification

and anammox could economize 20-30% of the consumed

£ Vietnam Journal of Science,

i Technology and Engineering




m PHYSICAL SCIENCES | CHEMISTRY, ENVIRONMENTAL SCIENCES | ECOLOGY

oxygen and 40% of the organic carbon source [5-7]. Besides,
it could reduce the volume of the treatment tank up to 40%
[8], and the nitrification rate through nitrite is 1.5 to 2 times
faster than the conventional process [9]. Recent studies on
partial nitrification, as well as nitrite accumulation, focus on
the following affected factors [10-13]: (1) high temperature
(30-40°C): the growth rate of ammonia-oxidizing bacteria
(AOB) is faster than nitrite-oxidizing bacteria (NOB),
hence, there is a nitrite accumulation at high temperature;
(2) Operation at low dissolved oxygen (DO) levels causes
the cell structure of AOB to utilize oxygen more easily than
the NOB’s cell structure, thus, NOB is suppressed at low
DO concentrations, which leads to an increase in the rate
of nitrite accumulation; (3) Control of pH, free ammonia
concentration (FA), and free HNO, (FNA); (4) Substrate
concentration and ammonia loads in the influent: AOB were
divided into two groups, namely, fast-growth and slow-
growth. The fast-growth bacteria group has a great attraction
to influent with a high concentration and load of ammonia,
thus, nitrification accumulation occurs more easily than for
an influent with low concentration and load of ammonia
[14, 15]; (5) Sludge retention time: AOB has a shorter
growth time than NOB, therefore we could determine the
suitable sludge retention time to eliminate the NOB from
the treatment system. A study on partial nitrification using
a hollow fibre membrane with synthetic wastewater at <0.1
mg.lI"" DO and nitrogen load of 0.9 kgNm=d' showed that
nearly 50% of the ammonia in the influent was transformed
into nitrite [16]. Similar results in another study that used
a tubular membrane on synthetic wastewater showed the
suitable amount of alkalinity to reach the NH,"-N/NO,-N
1:1 ratio was 1500 mgl' CaCO, at the operational
conditions of <1 mg.I"' DO, 510 mg.I"! of influent ammonia,
and a retention time of 24h [17]. Regarding livestock
wastewater, another study using sequencing batch reactor
(SBR) technology with an influent ammonia load of 1.47
g/I/d NH,*-N found the nitrite formation rate was 0.91 gl''d"
NO,-N and the NH,"-N/NO,-N ratio was 1.38:1.00 [18].
According to research that examined the effects of COD
concentration on partial nitrification with piggery wastewater
with a TOC concentration of more than 2000 mg.l"!, it was
found that AOB was suppressed and the nitrite accumulation
rate decreased [19]. Currently, most MBRs use hollow fibre
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membranes. In comparison with a hollow fibre MBR, the
flat sheet MBR can achieve a unique advantage of high
flux, longer service life, and high recovery rate. Research
on flat sheet MBR for partial nitration has not been widely
published.

Therefore, this study aims: (i) to evaluate the performance
of partial nitritation using flat sheet MBR with control of
the parameters DO, pH, and HRT to produce the suitable
NO,-N:NH,"-N effluent ratio for the subsequent anammox
process and (ii) to assess the effect of alkalinity on partial

nitrification.

Materials and methods
Materials

The feed wastewater used in this study was collected
from the effluent of a biogas tank in a pig farm with a
hydraulic retention time of 20 d. The characteristics of the

feed wastewater are described in Table 1.

Table 1. Characteristics of feed wastewater.

Parameter Unit Average value (+STD)

pH 7.5£0.3 (n=60)

Alkalinity mg.I"" CaCO, 1433+153 (n=45)
TSS mg.l"! 223+21 (n=25)
BOD, mg.I" 131£17 (n=15)
COD mg.I"! 253+49 (n=60)
NH,'-N mg.I"! 231%18 (n=60)
T-N mg.I! 25619 (n=25)
NO,-N mg.l"! <1l (n=15)
NO,-N mg.I"! 8+1 (n=15)

T-P mg.l! 89+15 (n=15)

STD: standard deviation.

The feed wastewater had a low concentration of
biodegradable substances, the ratio of BOD./COD was less
than 0.5, so that the organic matter removal efficiency by
biological processes may be low. However, the wastewater
contained a high amount of nutrients such as T-P and T-N,
and the ratio of C/N or BOD,/TKN was less than 0.5.

Seed sludge used in this experiment was taken from the
secondary sedimentation tank of a domestic wastewater
treatment plant. The initial concentration of the feed sludge
was introduced into the reactor at MLSS at 4000 mg.1".
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Flat sheet MBR (Fig. 1)

The experimental model had a length x width x height
of 20 cm x 12 cm x 40 cm, respectively, which is equivalent
to a total volume of 9.6 1 and working volume of 6 1. This
study used two flat membranes with total area of 0.1067 m?.
The membrane was made of polypropylene and polyester,
and was put on a PVC plastic frame. The average diameter
of the pores were 0.23 pum and it was a product of the GS

Yuasa Corporation (Japan).

_I :> > Effluent
Influent
wastewater

Valve of Flat sheet membrane
sludge
drawing

Feed LN Air pump

waste- MBR

water tank

Fig. 1. Schematic diagram of the flat sheet MBR.

Experiment set-up

The feed wastewater was allowed to settle for 1h to remove
suspended solids before running the experiment. The inlet
pump that introduced wastewater into the MBR tank was
controlled by an automatic floating valve. This study was
conducted under room temperature conditions (day: 28-32°C
and night: 25-27°C). To inhibit NOB growth, low DO levels
ranging from 1.4 to 1.8 mg.l"! were maintained using an air
adjusting valve [20, 21]. The running mode of the membrane
was 8 min ON and 2 min OFF. The transmembrane pressure
(TMP) was measured by an electrical pressure gauge. When
the TMP reached 20 kPa, the membrane surface was washed
manually using a brush [20].

This study was conducted under different hydraulic
retention times (Table 2), namely, 12h45 (TN1), 8h45 (TN2,
TN3), and 7h30 (TN4). The effect of alkalinity on the partial
nitrification process was carried out at a HRT of 8h45 (TN4)
by adding NaHCO, into the feed wastewater to reach an
alkalinity of 1600 mg.I"" as determined by the concentration
of CaCO,. The pH value of the influent of four experiments
was adjusted in the range from 8.0 to 8.5 [21].
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Table 2. Operation conditions of the experiment.

flux
1 HRT LTN LC(]D ) -
Notation ' in kgNom’d?  kgCODmgt  Mmiht  Note
TN1 12h45 047 0.43 5.5
N2 8hd5  0.69 0.84 6.4
Bicarbonate

TN3 8hd5  0.60 0.63 6.4 addition to influent
TN4 7h30 078 0.70 1.5

Analysis methods

The following parameters: TKN, NH,"-N, NO,-N,
NO,-N, COD, and alkalinity were analysed according to
standard methods provided by APHA AWWA, 20", 1998.
The pH value was measured by a pH meter (pH211, Hana
instrument, Italia). The DO content was measured by a
DO meter (WTW 4101, Germany). The rate of nitrification
accumulation was calculated as follows:

NO7 -N
NO; —N+NO3 -N

NAR (%) = X100%.

The FA concentration was calculated by the following

equations:
FA (mgN.l") - TAiN
10
1+
Ke,NH3
6344
— 23T
Ke,NH3 =e "

where TAN is the total ammonium as nitrogen (mgN.I""), T
is the reaction temperature (°C), and FA is the free ammonia
concentration (mgN.1").

Results and discussion
Change of nitrogen concentration

Figure 2 (at TN1) showed that most of the influent N-NH,*
was oxidized into its NO,-N form. The effluent nitrogen
concentration had a ratio of N-NH,:NO,-N:NO,-N of
1:1.9:14.7 (in terms of nitrogen). According to Ref. [22], an FA
concentration higher than 3.5 mgN.I"" inhibited NOB growth.
However, in this experiment, a low FA concentration of 0.7
mgN.I"" did not inhibit the growth of NOB, and the all nitrite
was fully oxidized into nitrate. In addition, high amounts
of alkalinity was consumed (90.6% of initial alkalinity).
Ref. [23] has shown that the oxidation of ammonia and the
oxidation of nitrite can occur at the same time. Ref. [20]
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demonstrated that the optimal dissolved oxygen of an MBR
should be between 0.8-0.9 mg.I'!. Thus, the DO content is the
key factor controlling NOB inhibition. The DO concentration
was adjusted to be less than 1.0 mg.l"!' since the experiment
TN2 was conducted. Fig. 3 showed that almost all ammonia
had already been oxidized, so the nitrification accumulation
reached a low level, with a NAR of 11.2%.
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Fig. 2. Changes of nitrogen in the experiments.

In comparison with TN1, a decrease of hydraulic
retention time and an increase of nitrogen load of TN2
affected a change in the nitrogen of the effluents and the
ratio of N-NH,:NO,-N:NO,-N was 1:1.8:1 (in term of
nitrogen). As presented above, much more nitrite was
formed resulting in nitrite accumulation and decreased
nitrate concentration, thus an increase of NAR (63.6%)
during this experiment. These outcomes could be explained
by the consumed alkalinity during the ammonia oxidation
in this experiment, which was smaller than that of the
TN1 experiment (only 81%). Thus, the pH value in the
reaction tank did not decrease rapidly (7.39), and the
average FA concentration in this experiment was 6.29
mgN.I"". According to the figure, a correlation can be seen
between FA, FNA, and the growth of nitrification bacteria
with the influent that has a high ammonia concentration
(>200 mg.I'") and an FA ranging from 1-10 mgN.I"" (in the
second area). The FA concentration was the main factor
behind the suppression of NOB [23]. Therefore, in the TN2
experiment, the rate of nitrite oxidation was low and the NAR
increased much more than in TN1. However, the NO,-N
formed in this experiment still made up a high percent of
the effluent (27.1%). The FA concentration of 6.29 mg.1"!
only suppressed a part of the NOB group and, thus, the ratio
of NH,"-N:NO,-N, which was 1:1.8 (in term of nitrogen),
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was not appropriate since the requirement ranges from 1:1
to 1:1.3. To reach the appropriate ratio for the anammox
process, reducing the hydraulic retention time is necessary.
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Fig. 3. Rate of nitrite accumulation in the experiments.

In the TN4 experiment, the HRT was adjusted from
8h45 to 7h30. The experimental results in Fig. 3 showed
that NH,"-N was oxidized and the NO,-N concentration in
the effluent was very low. The change of nitrogen in the
effluent had a ratio of N-NH,":NO,-N:NO,-N of 1:1.1:0.2
(in term of nitrogen) and a NAR of 82.3%. Therefore, the
NH,"-N:NO,-N ratio at this hydraulic retention time was
in a suitable range for the anammox process. This could be
explained by the decrease of ammonia oxidation time, as
the consumed alkalinity was very low (only 44.4% of the
initial alkalinity), so the pH value in the reaction tank was
maintained at a high level (7.59). The FA concentration in
this experiment continuously increased to reach 9.1 mgN.1!,
thus a strong suppression of NOB occurred. Besides,
according to Refs. [14, 15], when the nitrogen load increases
up to a suitable value, it is easy for nitrite accumulation or
partial nitrification to occur.

Effects of Bicarbonate (HCO,)

The nitrification process consumed a large amount of
alkalinity (1 g NH,"-N requires 7.07 g alkalinity in terms
of CaCO,), so the pH value and FA concentration also
decreased rapidly [24]. This reduced the ability of NOB
suppression. Therefore, to raise nitrite accumulation, it is
necessary to amend the alkalinity. The TN4 experiment
(Fig. 4), after an alkalinity amendment of the influent, the
nitrogen concentration had aratio of NH,"-N:NO,-N:NO,-N
of 1:1.6:0.6 (in terms of nitrogen) and a NAR of 72.8%. The
alkalinity used in the TN3 experiment was 54%. The nitrite
accumulation process increased, and the NOB growth was
much more suppressed. The pH value of the reactor in this
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experiment was always kept at a high level (7.99) and the
FA concentration significantly rose to reach the value of
20.2 mgN.I"!, same as the results reported by Refs. [20, 25].
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Fig. 4. Change of pH value and alkalinity in the experiments.

Assessment of organic matter removal efficiency

Inthe TN1 experiment (Fig. 5), the average COD removal
efficiency was 41.6%, which was pretty low in comparison
to other regular MBR tanks. A reason for this is that the
oxygen supply (DO 1.4-1.8 mg.l"") was much lower than
the required amount of oxygen to oxidize organic matter
and the influent ratio of BOD,/COD was less than 0.5, thus
the amount of refractory organic compounds was large and
the COD removal efficiency by biological process was low.
Similarly, for the TN2, TN3, and TN4 experiments, the
COD removal efficiencies were low 18.1, 10.5, and 14.29%,
respectively.
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8 3
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! 0
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Fig. 5. COD removal efficiency versus operation time.

Conclusions

The appropriate hydraulic retention time for partial
nitrification of piggery wastewater using a flat membrane
is 7h30 at DO levels ranging between 0.8-1.0 mg.l"". When
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the alkalinity was amended in the influent to over 1600
mg.l"!, the pH of the reactor was maintained at 8.0 and the
FA concentration reached 20.2 mgN.I"!". This increased the
ability of NOB suppression and thus nitrite accumulation
increased. The organic removal efficiency (COD) was low
in this experimental model, as the highest efficiency was
only 41.6%.
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