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Abstract. To explore the suitable external carbon sources for Micro-pressure swirl Reactor (MPR), the
experiment was run in parallel through two MPRs, using starch and glucose as carbon sources respectively.
Research indicated that under the experimental operating conditions, using starch as the carbon source could
more effectively promote the biological denitrification of the MPR system. Due to the structural
characteristics of MPR and the slow degradation of starch, the demand for carbon source for denitrification
was ensured during the operation cycle, so that the system obtained a better denitrification effect. The test
results provided reference for the selection of the external carbon source of the MPR process.

1 Introduction

At present, biological nitrogen and phosphorus removal
is the most economical and effective means to control
water pollution [1]. To effectively remove nitrogen and
phosphorus and adapt to various water quality,
researchers have designed a variety of sewage biological
nitrogen and phosphorus removal processes, and the
micro-pressure swirl reactor (MPR) was one of them.
The MPR was combined the ordinary activated sludge
method and the mass transfer theory of sludge mixed
liquid. By simply improving the traditional biochemical
aeration tank, the reactor had a unique aeration method
and a circulating flow state of activated sludge.
Controlling the amount of aeration reasonably, three
different dissolved oxygen environments (anaerobic,
anoxic and aerobic) could exist in a single aeration tank
at the same time. The feature made it more able for MPR
to achieve simultaneous nitrogen and phosphorus
removal from sewage [2].

Meanwhile, in the biological sewage treatment
process, the carbon source is the key to the
denitrification and phosphorus removal. The carbon
source not only provides the energy needed for the
growth of heterogeneous bacteria, but also is an
important carrier of electron transfer and energy supply
in the process of biological nitrogen and phosphorus
removal [3]. Most urban sewage treatment plants in
China face low carbon-nitrogen ratios and cannot meet
the normal biological carbon source requirements for
nitrogen and phosphorus removal. While the sewage
discharge  standards  continuous  improvement,
insufficient carbon sources have become a limiting
factor for the further improvement of the capacity and
efficiency of nitrogen and phosphorus removal.
Therefore, most urban sewage treatment plants need to
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add external carbon source to improve the nitrogen and
phosphorus removal efficiency [4]. Because starch and
glucose have better availability and economy, they have
been widely used as external carbon sources in urban
sewage treatment processes.

In previous research, MPR had excellent
performance in the treatment of low-temperature sewage,
high-concentration wastewater and energy saving and
consumption reduction, but the influence of different
carbon sources on its nitrogen and phosphorus removal
was still not clear [2, 5, 6, 7]. This study investigated the
effects of different carbon sources on MPR biological
nitrogen and phosphorus removal by adding starch and
glucose to the two MPR systems, aimed to provide
references for the selection of other carbon sources and
the practical application for MPR process.

2 MATERIALS AND METHODS

2.1. Experimental setup

The test device is shown in Fig. 1. The reactor could be
divided into two parts, the main reaction part and the
water level lifting part. By setting an aeration device
along one side of the bottom, air bubbles could be used
to drive the liquid flow, so that the mixed liquid in the
reactor could be powered and circulated. Since sewage
and air bubbles were mainly in contact with the aeration
side, under proper aeration amount, the dissolved oxygen
concentration could be gradually reduced from the
outside to the center [2]. This study used two identical
MPRs to run in parallel. Both reactors were made of
plexiglass plates. The main reaction zone was a cylinder
with a diameter of 300mm and a width of 300mm. The
water level lifting part was 300*50* 100mm(L*B*H),

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 261, 02046 (2021)
ICEMEE 2021

https://doi.org/10.1051/e3sconf/202126102046

and the supporting structure was
310*300*%200mm(L*B*H), the effective volume of the
reactors was 12L. A sampling point was set at the central
point of the main reaction part, and a vent pipe was set at
the bottom for venting and used to discharge sludge.
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Fig. 1. MPR structure diagram

2.2. Operating conditions and water quality

Both MPRs were run in sequential batch mode, running
two cycles per day. Specifically, it consisted of Smin of
water intake, 450min of aecration, 240min of static
sedimentation, Smin of drainage, and 20min of inactivity.
The drainage volume per cycle was 6L, and the drainage
ratio was 50%. An air compressor (ACO-12, Sun Sun,
China) was used for aeration, and an air rotor flow meter
(LZB-DK600-4F, Cheng feng, China) was used to
control the aeration volume to 1.0L/min. 400mL of the
mixed solution was discharged before the end of aeration
everyday, and the sludge retention time (SRT) was
controlled at about 30d. The experiment used artificial
water distribution. The carbon sources of the two
reactors were configured by starch [(C¢H;2Os)n] and
glucose (CsHi1206) respectively. Ammonium chloride
(NH4Cl)  provided nitrogen source, potassium
dihydrogen phosphate (KH,PO,) provided phosphorus
source and sodium hydrogen (NaHCO;) was used to
adjust the pH. During the test, the influent COD
concentration was 465~561.3mg/L, the TN concentration
was 30.53~40.82mg/L, the NH4+"-N concentration was
30.53~40.82mg/L, the TP  concentration was
3.016~3.888mg/L, and the influent pH was 7.5~8.5.

2.3. Index detection

During the test, a routine index test was carried out every
two days. Among them, COD, TN, NH4"-N, TP, MLSS
were measured with reference to the standard method [8];
the pH value was measured with a acidity meter (PHSJ-
4A, Leici, China); NO,-N and NOs™-N were detected by
ion chromatography.

3 Results and discussion

3.1. The impact of different carbon sources on
the MPR wastewater treatment effect

3.1.1 The effect of different carbon sources on the
COD removal of MPR

Fig. 2(a) shows the changes in the COD concentration
and removal rate of the inlet and outlet water during the
test of the two MPR systems. The COD concentration of
MPR feed water with starch and glucose as carbon
sources were 508.7~588.4 and 465~529.7mg/L, and the
average COD removal rates of the two reactors were
95.08% and 93.67%, respectively. The test results
showed that different carbon sources had little effect on
the COD removal efficiency of the MPR system. During
the test, the COD effluent concentration of the two was
better than the first-level A standard.

To further explore the influence mechanism of
different carbon sources on the denitrification and
phosphorus removal of the MPR system, the change of
COD with aeration time in a typical cycle was tested. As
Fig. 2(b) shows, the COD concentration change rules of
the two carbon sources during the cycle were quite
different. At the time of aeration for 5min, the COD
concentration of the MPR system with starch and
glucose as carbon sources decreased from 559.9 and
544 3mg/L to 180.6 and 57.19mg/L, respectively, while
the COD concentration of the former remained high until
the end of the aeration. At the end of the aeration, the
COD concentrations of the two were 45.15 and 18.16
mg/L, respectively. Obviously, in the COD degradation
process, the degradation rate of glucose was faster. After
65min of aeration, the concentration of water-soluble
COD in the MPR system with glucose as the carbon
source was lower than 30mg/L, which led to the lack of
carbon sources for denitrification in the system. Due to
the low COD concentration and low DO consumption,
the overall DO concentration of the system was higher,
thereby inhibiting the activity of denitrifying bacteria.
These eventually led to the poor denitrification effect of
the MPR system with glucose as the carbon source. On
the contrary, the MPR system with starch as the carbon
source has always had a relatively high COD
concentration during the aeration period, which
promoted a relatively low DO concentration in the
system. Combined with the structural characteristics of
MPR, its dissolved oxygen was more likely to form
partitions, thereby avoiding competition between
functional flora and conducive to system denitrification.
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Fig. 2. COD removal effect of MPR under different carbon
sources

3.1.2 The influence of different carbon sources on
MPR denitrification

Fig. 3 and 4 show the changes in NH4"-N and TN inlet
and outlet water concentration and removal rate during
the test of the two MPR systems. From Fig. 3, the NH4'-
N concentration of MPR influent with starch and glucose
as carbon sources were 27.35~33.15 and 27.64~32.9
mg/L, and the average effluent concentration was 0.74
and 0.72mg/L, respectively. The rates were all above
97%. It meant that the reactor had sufficient DO supply
and the nitrification performance of the two reactors was
good. The nitrification reaction was not a decisive step
that limited the denitrification effect of the two reactors.
From Figure 4, the final denitrification effect between
the two was quite different. During the experiment, the
influent TN concentration of the two was 30.53~39.16
and 30.8~40.82mg/L, the average concentration was
2.17 and 6.94mg/L, and the average removal rate was
93.71% and 80.63%, respectively. The difference of the
average removal rate of TN between the two was
13.08%. The carbon source had a greater impact on the
denitrification in the biological denitrification process of
the MPR system. By comparing the two carbon sources
of glucose and starch, it could be found that starch was a

macromolecular organic matter. In the sewage treatment
process, the degradation process of macromolecular
organic matter was relatively slow [9]. At the beginning
of the cycle reaction, due to the rapid consumption of
glucose, the carbon source for denitrification in the later
stage of the reaction was insufficient, which made the
denitrification effect poor. In addition, the structural
characteristic of MPR was also an important reason for
this difference. With the consumption of organic matter,
the ordinary aeration tank was in aerobic state in the later
stage of the reaction. In MPR, due to the single-sided
aeration, the air bubbles only contact the sewage at the
aeration side, which made the DO increase relatively
slowly in the center area of the reactor. This feature was
conducive to the MPR system to use of internal sources
for denitrification. The more difficult-to-degrade starch
characteristics enable more carbon sources to be stored
by microorganisms in the initial stage of the reaction, so
that the denitrification effect of the system was further
improved.
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Fig. 4. TN removal effect of MPR under different carbon
sources
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3.1.3 The influence of different carbon sources on
MPR phosphorus removal

Fig. 5 shows the changes in the TP inlet and outlet water
concentration and its removal efficiency during the test
of the two MPR systems. The MPR influent TP
concentration with starch and glucose as carbon sources
was  3.016~3.888mg/L, the average effluent
concentration of the two were 0.33 and 0.059mg/L, and
the average removal rate were 90.48% and 98.27%
respectively. It could be seen from the results that when
the influent carbon source was glucose, the phosphorus
removal effect of the MPR system was better, which was
the opposite of nitrogen removal. The removal of
phosphorus in the system mainly relied on the excessive
phosphorus absorption of phosphorus accumulating
bacteria, which absorbed phosphorus from the liquid
phase into the solid phase, and achieved the purpose of
phosphorus removal through sludge discharge. The
anaerobic release of phosphorus was the key to complete
this process. Studies have shown that phosphorus
accumulating bacteria could only fully release
phosphorus under anaerobic conditions before they could
fully absorb phosphorus in the aerobic stage. Similarly, it
was not difficult to find from the analysis of the
degradation process of the carbon source, because
glucose was a single-molecule organic matter. Under the
same conditions, glucose was more able to be converted
into the precursor substance of PHA/PHB at the
beginning of the cycle. This was beneficial to the
anaerobic release of phosphorus by phosphorus
accumulating bacteria, and ultimately made the
phosphorus removal effect better than the MPR system
using starch as a carbon source.
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Fig 5. TP removal effect of MPR under different carbon
sources

4 Conclusion

To explore the external carbon source suitable for MPR,
the experiment was run in parallel by two MPRs, and a
single carbon source was added separately to investigate
the effect of starch and glucose on MPR biological
nitrogen and phosphorus removal. The research results
show that starch as a carbon source could more
effectively promote the biological denitrification of the
MPR system wunder the experimental operating

conditions. Due to the slow degradation of starch, the
carbon source requirement for denitrification was
ensured during the operation cycle, so that the system
had a better denitrification effect.
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