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Abstract. Immobilized microbial degradation technology has the advantages of simple solid-liquid
separation, strong toxicity resistance, and low sludge yield. This study creatively added biochar to the
immobilized microbial activated pellets and optimized the immobilization conditions for these pellets.
This experiment also studied the removal efficiency of chemical oxygen demand (COD), total phosphorus
(TP), ammonia nitrogen (NHs-N) and total nitrogen (TN) for immobilized microbial pellets in the SBR
(Sequencing Batch Reactor) with different dosages and hydraulic retention time (HRT). Results showed
that the optimal conditions were reached when: the mass fraction of SA (sodium alginate) was 2%, the
amount of PVA (polyvinyl alcohol) was 4%, and cross-linking time 24 h, the best biochar added was
RS700. Mixed bacteria under the condition of the optimization system for immobilized pellets were
added to the continuously running of SBR process, 20 mL bacteria suspension of immobilized pellets
could be used to test the best dosage through the experiment monitoring. In a comprehensive
consideration, the optimal HRT was 4 d, and the removal efficiency of COD, TP, NH3-N and TN under
the best dosage was reached at 76.79%, 56.50%, 67.60 % and 54.92% at 4 days, respectively. In the SBR
process, the degradation efficiency of immobilized pellets for each pollutant COD, TP, NH3-N and TN in
the SBR conforms to the first-order kinetic model.

Keywords: immobilized microbial pellets, SBR, first-order kinetic model, biochar, sewage treatment

Introduction

The research on cold-resistant bacteria in China is relatively new, which has attracted
extensive attention. It wasn’t until the 1990s that people had a systematic understanding
of the cold-resistant bacteria in the past century. The rate of contaminant biodegradation
by cold-resistant bacteria at low temperature was also explored at that time (Tang et al.,
2018). Psychrotolerant or psychrophilic microorganisms are extremophilic organisms,
which can grow and reproduce at the temperatures ranging from -15°C to +20°C. The
cold-resistant microorganisms can grow from 0°C to 40°C, and the optimal temperature is
between 20°C and 40°C. However, the psychrophilic microorganisms can grow from 0°C
to 20°C and the optimal temperature is below 15°C. The environments they inhabit are
ubiquitous on earth, as a large fraction of our planetary surface experiences temperatures
below 15°C. Most psychrophiles are bacteria or archaea. They belong to Arthrobacter sp.,
Psychrobacter sp., members of the genera Halomonas, Pseudomonas, Hyphomonas,
and Sphingomonas (Mei et al., 2016). Generally speaking, mixed bacteria refer to the
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mixed bacteria whose dominant strains are combined by measuring the functions of two
or more microbial strains. It can be composed of different types of bacteria, such as
fungi. It can also be a combination of different types of bacteria, such as bacteria and
fungi. Also, it was found that the mixing of strains had better synergistic effect than that
of a single strain.

Immobilized microbial degradation technology has been favored for its high density
of bacteria, low yield of sludge, strong resistance to toxicity and continuous operation.
Through immobilization, microorganisms are fixed on the carrier to maintain a highly
dense and bioactive function and to proliferate to adsorb and degrade organic
compounds in water under appropriate conditions (Rao and Viraraghavan, 2002;
Hachicha et al., 2009). Immobilized microbial degradation technology also has the
advantages of keeping the dominant bacteria of high processing efficiency, large
amount of biomass, stable operation, easy solid—liquid separation, and low price, etc.,
which is of great research value in organic wastewater treatment. At present,
immobilization technology has been widely used in the practical production of sewage
treatment in all walks of life. For example, Liu et al. (2013) have studied the treatment
of heavy oil wastewater from the Liaohe oil field of China by using the upper flow
anaerobic sludge bed and the fixed biological aeration filter combined biological
process. Zhao et al. (2010) used immobilized microorganism technology to treat red
water through an aerobic biofilter, and the 2,4,6-nitrotoluene (TNT) was ultimately
degraded. For an ideal immobilized microorganism technology, the selection of
immobilized carrier is the most important in addition to establishing a highly efficient
immobilized reactor and highly efficient and intensive microorganisms with strong
resistance. It is of significant importance to find immobilized carriers with stable
performance, good mass transfer, high intensity, long life span, and low price (Vazquez
et al., 2006). The common carriers for immobilization include natural materials and
synthesized materials. There is no doubt that the former has the advantages of lower
cost, easy to obtain, and no complicated experimental preparation at earlier stage, which
can be widely used in production (Shen and Duvnjak, 2005). In recent years, some
agricultural byproducts, such as rice husk, pine bark, peanut shell, sawdust and cork
biomass have been used in different kinds of wastewater treatment (He et al., 2019).
Straw is the biomass material rich in cellulose, lignin, and other natural polymers
(Marshall and Johns, 1996; Gundogdu et al., 2009). Its molecular chains is distributed
with a large number of active groups such as hydroxyl and carboxyl groups, which has
good complexation, adsorption, and flocculation effects on contaminants in water. At
the same time, carboxyl, sulfonic acid group, amino, imino, acylamino, and other
groups are good for cell adhesion and proliferation (Van Wyk, 1997; Argun et al.,
2009).

Compared with traditional or conventional treatments Sequencing Batch Reactor
(SBR) is an easily obtainable, on timescale, highly operational, flexible technology for
newer and varied pollutants (Kulkarni, 2013; Dutta and Sarkar, 2015; Popple et al.,
2016). The SBR systems have many advantages of lower operational cost, less bulking
and higher flexibility to combine nitrification and denitrification phases into one reactor
(Lim et al., 2011) with good removal efficiency for nitrogen, phosphorus and chemical
oxygen demand (Ding et al., 2011; Popple et al., 2016; Khan et al., 2019; Showkat and
Najar, 2019). Microbial degradation plays a dominant role in the removal of
soluble/colloidal biodegradable organics in wastewater (Nguyen, 2000; Chen et al.,
2017). However, the sewage treatment efficiency of SBR in northern China is rather
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low in winter. This is because microbial activity is decreases as the water temperature
decreases, and the biological activity of SBR might decrease under winter conditions.
Thereby the pollutant removal efficiency and, more importantly, the efficacy of this
contaminant removal technique might be affected by seasonal changes (Tang et al.,
2018).

In this study, it creatively added rice straw biochar to the sodium alginate and agar,
and finally formed immobilized microbial pellets concluded mixed bacteria. The
removal efficiencies of chemical oxygen demand (COD), total phosphorus (TP),
ammonianitrogen (NH3-N) and total nitrogen (TN) were measured to test the
biotreatment performance of immobilized microbial pellets in the SBR system. The
objectives of this study were to: i) prepare and introduce immobilized microbial pellets
and optimize the immobilization conditions for immobilized pellets. ii) determine the
removal efficiencies of chemical oxygen demand (COD), total phosphorus (TP),
ammonianitrogen (NHz-N) and total nitrogen (TN) with immobilized microbial pellets
in the SBR. iii) evaluate the effects of different dosages and hydraulic retention time
(HRT) with immobilized microbial pellets in the SBR. iii) provide a modelling tool to
simulate and evaluate the pollutant removal efficiency of the immobilized microbial
pellets. The results of this study provide a theoretical foundation and scientific support
for the use of SBR in wastewater treatment, and may have great significance in solving
the increasingly severe water pollution problem in China.

Materials and methods

Enrichment culture, separation, screening, and identification of the mixed
Psychrotrophic bacteria species

The strains including three types of bacteria, used in the experiment, were isolated
from the soil samples collected from the constructed wetlands in the Nansihu Lake in
Shandong Province, China. Under cold-temperature conditions (6(+2)°C), Strain 1 was
composed of a Gram-positive translucent circular ivory colony, with a moist surface,
and regular edge. Strain 4 was a Gram-negative opaque round milky colony with a
moist surface, and irregular edge. Strain 5 was a Gram-positive translucent yellow
colony with a moist surface and irregular edges. Strains 1, 4 and 5 were all spherical
with no flagella. After the strains 1, 4, and 5 were cultured, total DNA was extracted
and used as a template. Using Primers 8f (5’ AGAGTTTGATCCTGGCTCAG3') 20bp
and 1492r (5'GGTTACCTTGTTACGACT-T3') and after cloning and purification, the
PCR product was then carried out by Shanghai Biological Engineering Co, Ltd. The
16S rDNA specific sequence of strain 1 was 1498bp (GenBank acceptance number:
KR083014), the 16S rDNA specific sequence of strain 4 was 1489bp (GenBank
acceptance number: KR083015), and the rDNA specific sequence of strain 5 was
1469bp (GenBank acceptance number: KR083016), after the three strain sequences
were analyzed, strain 1 was named Psychrobacter TM-1, strain 4 was named
Sphingobacterium TM-2, and strain 5 was named Pseudomonas TM-3. Tang et al.
(2018) had produced the phylogenetic tree in our previous research.

The process was repeated three times so that the remaining nutrients could be
removed. Finally, the absorbance of the solution was adjusted to 1.2 using normal saline.
The bacterial solutions were then mixed together at a volume ratio of 1:1:1 and were
placed at 6°C for later use.
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Biochar preparation

The rice straw was collected from Nanquan Village, Qufu Country, Jining City,
Shandong Province, China. 20 g of crushed feedstocks were covered with a fitted lid
and pyrolyzed under oxygen-limited conditions in a muffle furnace. The pyrolysis
temperature was heated from room temperature to different temperatures (300, 500 and
700°C) for 3 h, naturally cooled to room temperature, sealed and bottled for use. After
treatment with 300 ml of 1 mol/L hydrochloric acid for 4 h, the ash substances such as
calcium carbonate were removed, and then filtered, washed with distilled water until the
washing liquid was neutral, and oven dried at 80°C for 24 h. The entire carbonized
product was ground and sieved through a 60-mesh screen, transferred into a plastic bag.
The biochar were denoted as RS300, RS500, RS700 (RS stands for rice straw, the
number represents carbonization temperature), respectively.

Pellets with immobilized microbials

Biochar powder, sodium alginate, microbial liquid and polyvinyl alcohol (PVA) was
used to prepare the immobilized microbial activated pellets. The preparation process for
pellets is presented in Figure 1.

(]
| Mix well and heat until dissolve I

| Immobilized carrier | Bacterial suspension

T

Mixed gel
v

Squeezed from a height of about 20 cm

I Crosslinking for a period of time

A

Immobilized microbial activated

Figure 1. The preparation process of immobilized pellets

Add 4 g polyvinyl alcohol (PVA) to 100 mL deionized water in a beaker, heat it in
water bath at 50-60°C until it is evenly dissolved. Then add 2 g alginic acid sodium (SA)
and 0.4 g biochar as gelling agent after stirring and cooling to room temperature, 20 mL
of the previously treated bacterial suspension was added and mixed well. The
crosslinking agents were made by boronic acid, anhydrous calcium chloride and water
at pH 6.5. The mixed gel was dripped to the crosslinking agent by a syringe and
squeezed slightly from a height of about 20 cm. And the shape of pellets was naturally
spherical, smooth and elastic. To obtain immobilized microbial activated pellets whose
particle size 5.0 mm, it was placed at 6-8°C in the freezer for the cross-linking for 0, 8, 16,
24, 36, and 48 h, respectively (Fu et al., 2018).
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The optimization conditions are set as follows using one-variable-at-a-time approach,
various immobilization parameters were optimized by maintaining all factors at a
constant level, except the variable under study. To determine the optimum addition
amount of PVA, various concentrations of 0%, 2%, 3%, 4% and 5% (w/v) were added
to prepare the pellets, respectively, when the amount of SA is fixed at 2%. Similarly, the
addition amount of SA was 0%, 0.5%, 1%, 2%, 3%, and 4% (w/v), respectively, when
the PVA was 4%. The cross-linking time was set to 0 h, 8 h, 16 h, 24 h and 36 h under
the remaining conditions have not changed. For the effect of biochars at different
temperature in the study, add RS300, RS500, RS700 0.4 g to the system, and the rest of
the conditions were unchanged, immobilized pellets without biochar were added as
blank controls at the same time, and triplicate for each experiment (Bisht et al., 2013).

Sequencing Batch Reactor (SBR)

The reactor is made of plexiglass and has a cylindrical shape with a bottom diameter
of 15 cm, a column height of 25 cm, a volume of about 3 L, and an effective volume of
2 L. The experimental device was operated by mechanical agitation, and an aerator was
placed at the bottom for aeration to control the DO concentration in the reactor during
the aeration phase. The schematic diagram of the SBR is shown in Figure 2, and the
operating cycle is shown in Table 1.

distribution reservoir

air pump

control valve
»bd
PN

o T sample connection

Figure 2. The test installation diagram of SBR (Sequencing Batch Reactor, SBR)

Table 1. Experimental device operating cycle of SBR (Sequencing Batch Reactor, SBR)

Number Inflow (min) Stirring (h) Aeration (h) Still standing (min) Effluent (min)
1 2 0 55 3
2 2 1 2 55 3
3 2 1 4 55 3
4 2 1 6 55 3
5 2 1 8 55 3

In the simulated wastewater, glucose is used as carbon source, ammonium chloride
as nitrogen source, and sodium dihydrogen phosphate as phosphorus source, and
appropriate amount of trace elements are added to make C: N: P = 100:5:1. The initial
values of COD, total nitrogen, total phosphorus and ammonia nitrogen are about 1000,
50, 10, 15 mg-ml™* and pH =7.0, respectively.
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Batch experiment

The pellets with immobilized microbials were introduced into SBR to verify the
contaminants removing ability in engineering application, while exploring the ability to
remove contaminants in different conditions and the effects of dose-up and HRT on the
ability to remove contaminants. Each reactor was filled with 2.0 L wastewater and
added different dosages and types of pellets with immobilized microbial under different
conditions. As a control, the other reactor was not added pellets. Then, placed the two
reactions in 6+2°C constant temperature incubator for five days. Samples were taken
from the reactor to determine the concentration of COD, TP, NH3-N and TN in the
influent and effluent per 6 h. Triplicate of each set of experiments.

Analytical method and statistical analysis

The removal efficiencies of COD, TP, NH3-N and TN were measured to test the
biotreatment performance of immobilized microbial pellets in the SBR system. COD
was determined by potassium dichromate oxidation method, TP was determined by
ammonium molybdate spectrophotometry, NHs-N was determined by phenol disulfonic
acid spectrophotometry, and TN was determined by Peroxide of potassium sulfate -
ultraviolet spectro- photometry. The specific operation steps for the determination of
each index are detailed in Waterand Wastewater monitoring analysis method. 4th
Edition. Beijing: China Environmental Science Press, 2002, in Chinese. Optical density
of bacteria suspension was measured at 600 nm using a double beam spectrophotometer
(UV-T9, Puxi, Beijing), pH was measured with a pH meter (ZD-2, Leici). The data
were processed with the excel software and plotted with Origin 8.6.

Discussion and results
Optimization of immobilization conditions

PVA with resistance to microbial decomposition characteristics such as good
mechanical strength, which makes it suitable as immobilized microorganism carrier.
Figure 3a represents the effect of immobilized pellets with different PVA addition on
COD, TP, NHz-N and TN removal. Immobilized pellets after joining PVA mold faster,
and with the increase of the amount of PVA, the pellets present ascendant trend on the
COD and NHs-N removal efficiency, but the removal efficiency of TP and TN
decreased first, then increased slightly and then decreased. As shown in Figure 4,
although the removal efficiency of TP reached the maximum without adding PVA
(PVA(w/v) = 0%), considering that the mechanical strength of the pellets was too low at
this time and had a certain viscosity, and the mechanical strength and molding speed
were improved after adding PVA. When the PVA content was 4%, the removal
efficiency of COD TP, NHs-N and TN reached 50.57%, 58.41%, 48.95%, and 46.43%,
respectively. The above conclusions indicated that the immobilized pellet with 4% PVA
concentration was the most appropriate.

Calcium salt of SA is often used for embedding and fixation of microbial cells, and
SA has a great impact on mechanical strength and mass transfer effect of immobilized
pellets. The immobilized pellets without SA are difficult to form due to insufficient
mechanical strength. After the addition of SA, the molding became easier, but when the
SA concentration reached 3%, the molding became difficult due to the increased
viscosity. As can be seen from Figure 3b, it can be seen that 2% SA concentration is the
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best choice for the preparation of immobilized microbial pellets, and the removal
efficiency of COD, TP, NHs-N and TN reaches 47.25%, 46.06%, 47.68% and 40.94%,
respectively.

The results of the best concentration of PVA and SV in immobilized microorganism
carrier were similar to Ali et al.’s research (2015), which was use 6% (w/v) PVA and
2% (w/v) SA as the most appropriate mixture gel concentration in anammox biomass
for meeting the criterion of rapid and successful start-up of anammox process.
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Figure 3. The removal efficiency of COD (chemical oxygen demand, COD), TP (total
phosphorus, TP), NH3-N (ammonianitrogen, NH3-N) and TN (total nitrogen, TN) for different
immobilized pellets, as (a), (b), (c) and (d) shows the effect of PVA (polyvinyl alcohol, PVA), SA

(alginic acid sodium, SA), crosslinking time and biochars type on the SBR (Sequencing Batch
Reactor, SBR)

Figure 4. The picture of immobilized pellets ((a) shows pellets without biochar, (b) shows
pellets added RS700)
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In order to explore the effect of immobilized microbial pellets prepared with
different immobilization time, COD, TP, NHs-N and TN concentrations in simulated
wastewater were monitored. It can be seen that with the increase of crosslinking time,
the removal efficiency of COD, TP, NHs-N and TN of microbial immobilized pellets
gradually increased. As can be seen from Figure 3c, the removal efficiency of COD, TP,
and NHs-N reaches the maximum at 24 h (91.41%, 79.08%, 47.68% and 84.51%,
respectively). The removal rate of TN is relatively high, which reached 96.03%. Thus
the optimal immobilization time for microbial immobilized pellets is 24 h, which was
faster than Zhu et al.’s study (2009). In that research, the nitrite concentrations almost
did not change from 39 hours to 49 hours at PVA-SA immobilized gel beads system
because the ammonium was almost completely removed before 39 hours. As is shown
in Figure 3c, the removal efficiency of NH3-N was lower than Zhu et al.’s study (2009),
which may because of the reaction temperature and initial concentration.

To explore the removal rate of COD, TP, NH3-N and TN effects of immobilized
pellets added biochar with different temperature, immobilized microbes pellets were
added rice straw biochar 300°C (RS300), 500°C (RS500), 700°C (RS700) 0.4 g,
respectively, at the same time immobilized pellet without biochar was used as a control. It
can be seen from Figure 3d that the removal efficiency of COD, TP, NH3-N and TN
were significantly improved after the addition of biochar RS700, which were achieved
99.42%, 98.24%, 94.23% and 99.01%, respectively. The mechanical strength was
relatively stable. Meanwhile, the experimental data showed that the removal efficiency
of COD, TP, NHz-N and TN were RS700> RS500> RS300> 0. Removing of COD, TP,
NH3-N and TN from water onto biochar occurs due to its high surface area and
microporosity (Lou et al., 2011). The differences of removal efficiency results between
RS700, RS500, RS300 were due to that biochars produced at > 400°C are more effective
for organic contaminant sorption because of their high surface area and micropore
development (Ahmad et al., 2012, 2014).

Effect of different dosages and HRT on Sequencing Batch Reactor (SBR)

To explore the effect of different dosages of immobilized microbe pellets on sewage
treatment, the SBR reactor runs continuously for 5 days. The results showed an
excellent sewage treatment efficiency of immobilized pellets added RS700. As shown
in Figure 5, the removal efficiency of COD, TP, NH3-N and TN increased with the dose
(0-30 mL).

Actually, when the dosage of mixed bacterial solutions was increased from 0 mL to
10 mL, the removal efficiency of sewage in SBR was significantly improved. When the
dosage was increased from 10 mL to 30 mL, the purification efficiency was improved;
but, the improvement was not significant. Apparently, each sewage index has the best
removal efficiency when the bacteria dosage is 30 mL, but the cost was too high to
make it feasible. As can be seen from Figure 5, when the mixed bacterial liquid additive
amount was 20 mL, within hydraulic retention time 5 d and water temperature 6 to 8°C,
the removal efficiency of each index in SBR was gradually increased, eventually the
removal rate of COD, TP, NH3-N and TN reached 80.89%, 59.80%, 77.60% and 58.28%,
respectively. From the perspective of operation cost and the efficaciousness of sewage
treatment, 20 ml should be selected as the best dosage of the mixed bacterial solutions for
the SBR.

HRT usually plays a key role in the removal of pollutants in water, and explores the
best HRT is one of the steps necessary to conduct an SBR experiment (Hamjinda et al.,
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2017). In order to evaluate the effect of immobilized pellets with different HRT on
sewage treatment, the SBR system was kept at 6 to 8°C when the dosage was 20 mL. It
can be seen in Figure 6 that the removal efficiency of each index changes with HRT. As
the HRT increased from 0 to 3 day, the removal efficiencies of COD, TP, NH3-N and
TN improved significantly. When HRT is increased from 3 days to 5 days, purification
efficiency was improved. However, the improvement was not obvious. Considering the
operating costs and experimental operation, 4 days should be selected as the best HRT
for the SBR. When the HRT was 4 days, the removal rate of COD, TP, NH3-N and TN
for the pellets reached 79.32%, 59.31%, 72.35%, and 87.14%, respectively.
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Figure 5. The concentration of COD (chemical oxygen demand, COD), TP (total phosphorus,
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Figure 6. The concentration of COD (chemical oxygen demand, COD), TP (total phosphorus,
TP), NH3-N (ammonianitrogen, NH3-N) and TN (total nitrogen, TN) changes with hydraulic
retention time (HRT) in the SBR (Sequencing Batch Reactor, SBR)
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Wastewater treatment dynamics equation

Kinetic research could optimize the technology and methods of biochemical
processes. In fact, the patterns of microbial degradation could be predicted by modeling
kinetic degradation models and modern techniques to simulate degradation(Jou et al.,
2008). Kinetic model was used to describe an aerobic granular sludge reactor, fed with a
defined influent, capable of simultaneously removing COD, nitrogen and phosphate in
one sequencing batch reactor (SBR). The model could describe the experimental data
from the SBR sufficiently. Thus, the effect of process parameters on the nutrient
removal rates could be reliably evaluated (Chung and Rittmann, 2007). In the SBR
system, the degradation efficiency of immobilized microbial pellets to pollutants in
sewage can be simulated by first-order kinetic equation:

C

In=—==—kt

c. = . (Ea.1)
-1, C

k, =—In(=2

= (C) (Eq.2)

e

where ky is the contaminant volume removal rate constant, d*; Ce and Co are the
influent and effluent concentration, mg-ml™2; t is the hydraulic retention time, d.

According to the above kinetic model, the average effluent concentration of each
contaminant in the SBR system was denoted as Ce, and the average influent
concentration was denoted as Co. In (Co / Ce) was taken as the ordinate, and t (time) as
the abscissa. The In (Co / C¢) of different dosage of bacteria and different hydraulic
retention time (dosage of bacteria is 20 mL) are taken as ordinate in the Figure 7,
Figure 8, respectively.
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Figure 7. First-order degradation of organic matter with different dosage of immobilized pellets
added RS700 in the SBR (Sequencing Batch Reactor, SBR) units operated under 6 ~8 ¢, and
(@), (b), (c), (d) represent the time curves of COD (chemical oxygen demand, COD), TP (total

phosphorus, TP), NH3-N (ammonianitrogen, NH3-N) and TN (total nitrogen, TN)
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The first-order kinetic model and R? value of each contaminant with different dosage
of immobilized pellets added RS700 in the SBR are shown in Table 2. And, the
first-order kinetic model of organic matter with immobilized pellets added RS700 at
different hydraulic retention time in the SBR are shown in Table 3. The measurement
results of COD, TP, NH3-N and TN were substituted into equation (Eq.2) at HRT of 4
days, and ky was calculated as shown in Table 4.

HRT (d)

cob
TP
NH3-N

-0.5 TN

-1.0

In(Ce/Cq)

15+

-20

25 L

Figure 8. First-order degradation of organic matter with immobilized pellets added RS700 at
different hydraulic retention time in the SBR (Sequencing Batch Reactor, SBR) units operated
under 6 ~8 °C

Table 2. First-order kinetics model and the R2 value of removal with different dosage of
immobilized pellets added RS700 in the SBR

Pollution | Dosage | First-order kinetics Pollution |Dosage| First-order kinetics

parameter| (mL) model RE value parameter | (mL) model R? value

0 y=-0.18632x+0.05374 | 0.9629 0 y=-0.22013x+0.03185 | 0.9841

5 y=-0.21281x+0.02113 | 0.9535 5 y=-0.23455x+0.00806 | 0.9729

COD 10 y=-0.30757x+0.08038 | 0.9579 NH3-N 10 y=-0.24126x-0.0168 0.9548
20 y=-0.34145x+0.04786 | 0.9697 20 y=-0.27993x-0.02865 | 0.9772

30 y=-0.34099x+0.01643 | 0.9761 30 | y=-0.29023x-0.04761 | 0.9770

0  |y=-0.10939x-6.00345E-4{ 0.9727 0 y=-0.12763x+0.04747 | 0.9521

5 y=-0.12236x-0.0217 0.9793 5 y=-0.1389x+0.01707 | 0.9745

TP 10 y=-0.17028x+0.01092 | 0.9889 TN 10 y=-0.14349x-0.0141 0.9771
20 y=-0.18371x-0.03745 0.9848 20 y=-0.17757x-0.02229 | 0.9795

30 y=-0.18812x-0.06308 | 0.9711 30 | y=-0.17531x-0.05582 | 0.9756

By monitoring the SBR operation system, the degradation efficiency of pollutants
was improved under conditions of different amount of bacteria and different hydraulic
residence time. As Figure 7 and Figure 8 showed that the removal kinetics of
contaminants in the SBR conforms to the first-order kinetic model. The volume
degradation rate ky represents the treatment efficiency of the contaminants. Mixed
Psychotropic bacterial flora had a noticeably high disposal rate for pollutants at a HRT
of 4 days. Furthermore, the degradation rates of COD, TP, NH3-N and TN significantly
increased as the dosage of bacteria was increased. The R? of each ky reached 0.78, 0.95,
0.98, 0.91. Similarly, Tang et al. (2018) added a mixed of Psychrotrophic bacteria
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strains in an integrated vertical-flow constructed wetland at a temperature of (6 £ 1)°C,
which had a high disposal rate for pollutants at a HRT of 5 days and the degradation
rates of COD, NH3—N, NO2™ —N, NO3™ —N, TN and TP significantly increased as the
dosage of bacteria was increased.

Table 3. First-order kinetics model and the R? value of removal with different dosage of
immobilized pellets added RS700 in the SBR

Pollution parameter First-order Kinetics model R? value
COD y=-0.36096x-0.00205 0.9712
TP y=-0.21519x+0.0331 0.9475
NHs-N y=-0.26618x-0.14604 0.9283
TN y=-0.44416x-0.17614 0.9587

Table 4. kv in the pseudo-first order reaction of pollutants removal at HRT of 4 days in the
SBR

Dosage of immobilized Kv/d!
pellets/mL COoD TP NH3-N TN
0 0.184 0.120 0.220 0.133
5 0.232 0.129 0.228 0.145
10 0.322 0.157 0.239 0.152
20 0.365 0.208 0.282 0.199
30 0.372 0.224 0.309 0.205
R2 0.78 0.95 0.98 0.91
Conclusions

1)  For immobilized microbe pellets, the optimal optimization conditions were
reached when: the mass fraction of SA was 2%, the amount of PVA was 4%, and
cross-linking time 24 h, the best biochar added was RS700. The results of the
immobilization experiment provide a methodological support for improving the sewage
treatment effect under low temperature conditions.

2)  Mixed bacteria under the condition of optimization system for immobilized
pellets was added to the continuous running of SBR process, 20 mL bacteria suspension
of immobilized pellets could use to test the best dosage through the experiment
monitoring. Under the optimal addition condition, the longer the HRT in the SBR
process, the better the treatment effect would be. In a comprehensive consideration, the
optimal HRT was 4 d, and the removal efficiency of COD, TP, NH3-N and TN under
the best dosage was reached at 76.79%, 56.50%, 67.60% and 54.92% at 4 days,
respectively.

3) Inthe SBR process, the degradation efficiency of immobilized pellets for each
pollutant COD, TP, NHs-N and TN in the SBR conforms to the first-order kinetic
model.

4)  The results of this study provide a theoretical foundation and scientific support
for the use of SBR in wastewater treatment, and may have great significance in solving
the increasingly severe water pollution problem in China. In future research, the
selection of microbial species and the optimization of immobilization conditions should
be carried out for different types of sewage. At the same time, new materials should be
considered as additives to promote the study of microbial activity.
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