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Abstract: In order to ascertain the characteristics of two different biofilm reactors and its efficiency, the
influence of pH, DO and HRT in the clean-up of COD, NH3-N and TP as well as determining the
relationship between microbial community structures and its performance of the two biofilm reactors. This
study made use of a biological contact oxidation process system in a small-scale experiment to treat
domestic sewage. This contemporary study examined the performance of two different fillers thus, BCF and
MBBF in removal of organic pollutants from domestic wastewater as a novel technique of BCOP for
sewage treatment. Two self-made biological contact biofilm reactors were used for the experiment: BCR
(mounted with BCF) and MBBR (mounted with MBBF). After the biological treatment, the COD
concentration of effluent could stay below 350 mg/L. The study analyzed the effects of hydraulic residence
time (HRT) on COD, ammonia nitrogen (NH3-N), and total phosphorus (TP) as well as the characteristics
of each biofilm filler. The optimal HRT was 12 h; at that time, the experimental results indicated that BCF
had higher removal efficiency of chemical oxygen demand, ammonia-nitrogen and total phosphorus at 50%,
96%, and 86%, respectively. Great contribution was made by the process by means of improving the
biodegradability of domestic sewage and reducing sludge emergence via fermentation in the biological

reactor.

1 INTRODUCTION

The biological contact oxidation process (BCOP) is
widely applied to eliminate organic matter from
domestic sewage [1], industrial organic wastewater [2],
and polluted water resources [3]. Also, some engineering
methods for river water treatment belong to the BCOP in
principle except for the use of a suspended filler [4, 5] or
ceramic media [6]. However, this research is sentenced
on the domestic sewage treatment in conjunction to
biological contact oxidation process. In recent years, the
biological contact oxidation process to treat wastewater
has received increased worldwide attention and
popularity. BCOP performance mainly depends on the
performance of biological fillers in the sense that, the
filter media is one of the main components in the BCOP
system besides the aeration and backwash system. Hence,
the biological filter media has an obvious impact on the
hydraulic characteristics on oxygen-substrate transfer
rate [7]. Therefore, the selection of a suitable biological
media or filter is crucial in the design of operation and
BCOP process, to enable the effluent quality reached the
regulated standard [8]. Domestic sewage treatment plant
considers the utilization and usage of some particular
filter media known to be floating media such as plastic
media, polystere pellets, polypropylene, polyurethane
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pellets and recycled plastic. Specifically, biochemical
cotton filler (BCF) was considered to compare its
efficiency with moving bed biofilm filler (MBBF) which
was made as biofilm carrier and installed in a biofilm
reactor as well as the relationship between the microbial
community structures and its performance on BCOP.
Kent et al. [9] noted that the characterization of filter
media is essential to determine their suitability for
biofilm growth and attachment, and ammonia removal.
The BCOP reactor consists of equal sized contact
oxidation chambers. The differences in pollutant
composition and concentration in each chamber leads to
generating different kinds of microorganisms, so the
design of separated structure in the BCOP reactor is
conducive to the biota separation, and could diminish the
interspecific competition. The microbial community in
each tank could stay in a relatively stable condition, and
gradually form a food chain. Therefore, the various
pollutants in wastewater could be decreased, step by step,
through  the  metabolism and interaction  of
microorganisms in the balanced ecosystem. The sludge
yield tends to reduced efficiently, due to the predation of
high trophic level microbes and the energy loss during
biomass conversion. Besides, the biofilms also play an
important role on the interception and degradation of
suspended solid, so that the wastewater could become
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clear gradually along the flow direction in the reactor [10,
11]. So, biological contact oxidation process (BCOP) is
an innovative development of the conventional contact
oxidation process, and has distinctive advantages, such
as lower running cost, smaller cover space, a lower
sludge vyield coefficient, and a higher treatment
efficiency in small scale domestic sewage treatment.
Hence, the Microbial community structure affects the
performance of biological contact oxidation process. As
such, this study applies intensive small-scale domestic
sewage treatment technology in order to achieve the
intended motive of the study as per the BCOP system
[12].

There have been a gap of relevant studies applying
BCOP to treat domestic sewage. Therefore, this study
applied BCOP in treating domestic sewage. With the
practical engineering aim of reducing the cover space
and running cost, modifying the existing processes is
primarily geared towards achieving a higher COD
removal efficiency. Where the target COD concentration
in effluent should be less than 50 mg/L, based on the
Jingkou Sewage Treatment discharge standard of Jiangsu
Province [13]. Previous research on BCOP has mostly
focused on treatment performance and the influence of
process parameters. There is little available information
on microbial community composition, the relevance
between process performance and microbial community
in the BCOP system as well as the filler performance as
a dependent on the process. Health risks associated with
sewage can arise through both direct and indirect contact.
The most dangerous component of sewage is excrement,
which contains harmful micro-organisms, including
bacteria, viruses and parasites as well as chemical
pollutants such as COD, ammonia nitrogen, total
phosphorous, etc. These micro-organisms and chemical

pollutants can be detrimental to human health, causing
diseases such as gastroenteritis or hepatitis. So therefore,
in this paper, the actual running efficiency of the said
technology was studied on the basis of removal
capabilities for organic and chemical pollutants in the
domestic wastewater, and the feasibility of the
technology to treat domestic wastewater was
investigated so as to overcome the problem associated
with domestic sewage. It may possibly be proven that the
microbial diversity and community composition change
dynamically in diverse phases to react to the changes in
the living environment, so the results might be
considered as reference for future research about further
optimizing the process parameters and achieving better
treatment efficiency. The study results offer a loftier
visualization and understanding of the disparity of the
comprehensive microbial community in the BCOP
reactor from a microbiological perspective.

2 MATERIALS AND METHODS

2.1 Municipal sewage source and its basic
quality indicators

Municipal wastewater/sludge was derived from the
primary settling tank of a local sewage treatment plant in
Zhenjiang, Jiangsu Province-China, (Jingkou Sewage
Treatment Plant) which was used as influent for the
experiment. Based on the designed inlet and outlet
indexes of JSTP concentration, the main physiognomies
of the municipal domestic wastewater/sludge are
represented by the indexes and their level of basic
concentrations which are as follows: [13].

Table 1. Quality indicators of inlet and outlet indexes

Indexes COD BOD SS NH3-N TN TP PH

Inlet 350 200 200 35 45 3 6-9
concentration

Outlet 50 10 10 5(8) 15 0.5 6-9
concentration

2.2 Filler source and basic characteristics of the
constructed biological contact oxidation
process

2.2.1 Source of the filler

As depicted by Kent et al., 1996, [9] the selection of
appropriate biological contact biofilm media is vital in
the design and operation of the sewage treatment process
in order to meet required discharge limits. In view of this,
media should be resistant to attrition, have appropriate
specific weight, high specific surface area, and
chemically stable. The biological cotton carrier used for
the experiment was obtained from a commercially
available online shop known to be Foshan Jiaxiang
Aquarium & Pet Co., Ltd. (Alibaba.com) Guangdong. It
was then measured and cut into pieces of square like
shapes. The moving bed biofilm carrier was equally

purchased online from Yuyao At Machinery Co., Ltd.
(Alibaba.com), Ningbo, Zhejiang Province-China. This
is a biological suspended filler as a core component of
MBBR process which is already molded in a given
structure.

2.2.2 Structural properties of fillers and biofilm
formation

The growth characteristics of biofilms attached on the
surface of BCF and MBBF as biofilm carriers were
realized based on constructed biological contact
oxidation process during the maturing period which
consist of original to domestication stage. As per
theoretic seen, the BCF and MBBF biofilms are
considered matured when they display dark-yellowish-
brownish color and dark color respectively on the
surface and inner part of the filler, whereas COD and
NH3-N removal efficacies reach above 85%



E3S Web of Conferences 261, 04004 (2021)
ICEMEE 2021

https://doi.org/10.1051/e3sconf/202126104004

concurrently. The growth characteristics of biofilm on
BCF and MBBF biofilm carriers are shown in Table 3,
which indicated that the biofilms in the reactors matured
on day 19th. As at that stage, the thickness/relative
density of matured biofilm was 3cm and 0.92-0.98g/cm3
in R1 and R2, respectively. Whereas the length of R1
and R2 was 5cm and 10mm accordingly. The maturing
of the biofilms was boosted during the course of the
steady operation period till the completion of the
experiment. R1 unveiled much more density of biofilms
development as an add-on to BCF. This was possibly
ascribed to the enhancement of surface on BCF.

Table 2. The physical growth characteristics of each biofilm

Reactor label BCR MBBR
Reactor name BCFR MBBFR
Biofilm maturing period 19 19

(days)

Thickness/relative density of 3cm 0.92-
matured biofilm 0.98g/cm?
Length 5cm 10mm

BCR, MBBR: BCFR biochemical cotton filler
reactor, MBBFR moving bed biofilm filler reactor.

2.3 Water quality indicators and testing
methods

2.3.1 Parameter analysis method

At each given HRT’s, specific physical parameters such
as dissolved oxygen (DO), pH as well as Temperature
were detected where DO probe (JPB-607, Shanghai
Jingsheng Scientific instrument Co. Ltd., China) was
used to measure the level of DO with a real time
determination. A pH probe (pHS-3B, Shanghai Leici
instrument Co. Ltd., China) was also used to monitor the
pH of effluent and influent in a systematic manner [14]
and Temperature was also measured with an HQ d
Portable meter/probe. Chemical parameters specifically,
COD, AN, and TP concentrations were analyzed
following the Standard Methods for the Examination of
Water and Wastewater [15] by the wuse of
spectrophotometer water quality analyzer. The indicators
of water quality testing and the testing methods are
directly listed in the table below and its corresponding
methods.

2.4 Bacterial Community Analysis

2.4.1 Sample collection

During the experimental period, samples of microbial
community structure were periodically collected at each
given stage which are as follows: original, domestication
and running stages. Seven samples were taken from the
surface and interior of both biofilms during the entire
process. Raw sludge from original stage, original to
domestication stage (BCF and MBBF), domestication
stage when percentage of wastewater and nutrients were

mixed (BCF and MBBF), running stage (BCF and
MBBF). They were expressed by the letters SR1, BCR2,
MBBR3, BCR4, MBBR5, BCR6 and MBBR?Y
respectively. This included the inoculation sludge
sample (BCR4 & MBBR5), and other five activated
sludge samples from the bioreactor (SR1, BCR2,
MBBR3, BCR6 and MBBRY7).

2.4.2 Microbial sequencing method

The pretreatment method of the sample is shown in
reference [16]. Finally, the biofilm mixture is packed
into a sterilized 10ml centrifuge tube and stored in a -70°
refrigerator. The DNA sample is then sealed with the
sealing film (to avoid the loss or contamination of DNA
in transit), and sent to the sequencing company with ice
packs in the foam bag. The main process includes DNA
extraction, PCR amplification and Illumina PE250
sequencing. The quality control of the original sequence
data was carried out by using trimomatic software. The
operation classification units were classified according to
the standard of 97% similarity. The operating taxons
were classified by the brigadier, and the commonly used
biodiversity index was calculated by using the mother
software.

2.4.3 Microbial community diversity

Fig 2. Shows the microbial based biology based on the
Shengxin Tiny Gene analysis report, the PEreds obtained
by Miseq sequencing were firstly distinguished from
each sample according to barcode. The sequence quality
was controlled and filtered, and then spliced according to
overlap relationship. The spliced sequences were
subjected to quality control and filtration, and finally, the
sequence was obtained. Optimization sequence. In
relation to the results of OTU cluster analysis, a variety
of diversity index analysis (alpha diversity analysis
within samples) and the detection of sequencing depth;
based on the taxonomic information, statistical analysis
of community structure at various classification levels
was carried out, and conducted beta between samples
diversity analysis. On the basis of the above analysis, a
series of in-depth statistical and visual analysis of
community structure and phylogeny was also carried out.

Figure 1. PEreds obtained by Miseq sequencing from each
sample according to barcode.

2.5 Experimental set-up procedure

Two laboratory-scale biological contact biofilm reactors
(BCBR) were made of acrylic for experimental setup and
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are shown in Fig. 1. The height of the reactor was
54.5cm serving as the main reaction district, 30.8cm
inner diameter, with a working volume of 41L and
cylindrical in shape. Each reactor was packed with
MBBF in a square like shape and BCF in a circular
shape. Each filler type was kept beneath and above the
steadying trapper in each biofilm reactor. The goal of a
reactor designed in such a way was to ensure enough
contact between the pollutants and the microorganisms.
The experiment comprised of three different stages from
the onset which are Original stage, Domestication stage
and Running stage. Where wastewater and sludge were
decanted into the biofilm reactors as and when the need
arises. Also, oxygen was pumped into the biological
reactors by aeration pump, while the flow rates were
precisely regulated by the airflow meter. The aeration
produced served as a source of energy booster to the
biofilm microbes in the wastewater [17]. Air diffuser
was used in the biofilm reactor in order to prevent the
biomass washout. Uniform aeration is supportive to
safeguard the biofilm. The basic operation process of the
test is summarized in combination with the test diagrams
below.

Schematic Diagram of Biochemical Cotton Filler Reactor (BCF)
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Figure 2. Experimental schematic diagrams of the setup
indicating the biological contact biofilm reactor (BCR and
MBBR)

3 RESULTS AND DISCUSSION

3.1 Overview description of test results

This study is known to be that of Biological contact
oxidation process which is a mixed technology of
biological filter process and activated sludge technology.
It possess both merits of activated sludge process and
bio-film process, and also has characteristics of small
size, simple management, enduring impact load,
efficiency and stability treatment, which make it widely
to be used in treating surfactants wastewater, oily
wastewater, domestic sewage, industrial wastewater and
so on[18-21]. In this paper, two pilot-scale test of self-
developed integration Biological Contact Oxidation
reactors for domestic sewage treatment was carried out
as well as assessment of biofilm performance. The two
(2) Dbiological contact reactors were steadily kept
functioning (original»domestication—running stage)
for over 60 days with comparatively stable conditions as
at the time when the biofilms were considered matured.
These comparatively stable conditions consisted of the
following physical index with different range at a given
HRT (8hrs, 10hrs & 12hrs); DO (1-2, 2-3 & 3-4mg/L),
pH (6.5, 7.5 & 8.5mg/L), and temperature (25.0-27.0<C).
Figure 1 and 2, show the COD and its removal rate of
pH(6.00-7.50mg/L) and COD and its removal rate of
pH(6.00-7.00mg/L) according to the changes in water
quality parameters during the intermediate process of the
two biofilm reactors (BCR and MBBR).

3.1.1 Changes in water quality parameters during
the intermediate process

The differences in pollutant composition and
concentration in each bioreactor leads to generating
different kinds of microorganisms, so the design of
separated structure in the MLCOP reactor is conducive
to the biota separation, and could diminish the
interspecific competition. The microbial community in
each bioreactor could stay in a relatively stable condition,
and gradually form a food chain. Therefore, the various
pollutants in wastewater could be decreased, step by step,
through  the metabolism and interaction  of
microorganisms in the balanced ecosystem. The sludge
yield was reduced efficiently, due to the predation of
high trophic level microbes and the energy loss during
biomass conversion. Besides, the biofilms also play an
important role on the interception and degradation of
suspended solid, so that the wastewater could become
clear gradually along the flow direction in the reactor [9,
22].
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Figure 3. COD and its removal rate of BCR and MBBR as of
original stage
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Figure 4. COD and its removal rate of BCR and MBBR as of
domestication stage

Subsequently, the effectiveness of pollutant
elimination by the biofilm reactors fixed with BC and
MBB fillers was measured, the following three basic
operation index COD, NHs-N and TP for monitoring the
water quality were also studied. These three parameters
were critically observed and monitored on daily basis, as
the biofilm reactors continuously run.

3.1.2 Biofilm growth at different stages on the
packing

Table 3. Summarizes the characteristics and pollutant removal
efficiencies of different bioflm carriers used for wastewater

treatment.
No. | Characteristics MBBF BCF
1 Colour Exhibited dark Exhibited
brownish colour dark colour
2 Weakness Still strong till the Looks
end of the tattered at the
experiment end of the
experiment
that’s when
forcibly
stretched
3 Resilience Still strong when Easily get
stretched pull to pieces
when
stretched
4 Stress Stress free due to Looks less
persistence its impact strength resilience due
according to how to its spongy
its designed nature

shown in Fig.3 and 4. When the HRT sequentially
increased from 0 to 8h, 10h and 12h, the removal
efficacy of COD in BCR rapidly increased from 0 to
51% while MBBR also rapidly increased from 0 to 45%.

COD/ pH(7.5/DO(2-3) - BER

- 100

4] - ‘ - COD | @

*  Removal Rate EEN

112 J70

0D (mgll
L]
removalrate (%)

H &
time (hours)

Figure 5. COD removal efficiency of biofilm reactor installed
with BCF
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Figure 6. COD removal efficiency of biofilm reactor installed
with MBBF

Also, when the treatment time further increased from
17 to 34 days, the removal efficiency of COD in both
BCR and MBBR gradually augment and respectively
altered a little from 51% and 45% to 53%. Perhaps this
could be as a results of when biofilm microbe’s growth
period was below 17 days, the biofilm thickness and
density were low which could be due to low
reproduction rate. However, the microbial cells as at this
given period aren’t adequately matured so as to captivate,
champion and cut down more organic pollutants which
will lead to somewhat low elimination efficiency of
COD. As the treatment period upsurges, the biofilms get
ample time for their bioactivities which pave way for
them to consume and decompose extra organic
contaminant leading to high elimination efficiency of
COD. During the steadily operational/running stage
period, the average removal efficacy of COD in BCR,
average COD of effluent concentration and average
COD of influent were 50%, 37.07mg/L and
159.08 mg/L, respectively, which are in accordance with
the result of biofilm formation test. On the other hand,
the average removal efficacy of COD in MBBR, and
average COD of effluent concentration and average
COD of influent were 46%, 33.99 mg/L and 161.75
mg/L, respectively. The difference of the average COD
removal efficiency between BCR and MBBR was 4%.
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This could therefore be recognized to the point that BCR
enhanced more biofilm formation and pollutant
degradation

3.2.2 NH3-N Removal

With time disparities in the biological contact biofilm
reactors Figure 5 and 6 depicts the removal efficiency of
NH3-N. As it can be seen from the figure below, when
the treatment period further gets to the latter part of the
experiment, the removal efficiency of NH3-N in MBBR
swiftly increased from 0% to 92%, while BCR NH3-N
removal rate also increased hastily from 0% to 96%.

AN/ pH(B.5Y/DO(3-4) - MBBR

- - -
- AN ‘

*  Removal Rate

removal e (%)

© T T v - - -

a
time (hours)

Figure 7. AN removal efficiency of biofilm reactor installed
with MBBF
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Figure 8. AN removal efficiency of biofilm reactor installed
with BCF

Moreover, when the treatment phase commenced
from the early running stage as at the 20 days of the
entire stages, the removal efficiency of NH3-N in
MBBR sluggishly increased and fluctuated whereas the
BCR removal efficiency of NH3-N likewise increased
slowly and fluctuated. This possibly will be as a result of
the immature cells of the autotrophic nitrifying bacteria
(AOB) and nitrite-oxidizing bacteria (NOB) within this
phase; hence, the capacity to degrade more NH3-N in the
domestic wastewater is repressed leading relatively low
removal efficiency of ammonia-nitrogen. However, as
the wastewater treatment period upsurges from 20 to 36
days, the nitrification bacteria tends to be extremely
matured and energetic. This then leads to more
breakdown of ammonia-nitrogen by the nitrification
bacteria leading high removal efficiency. The average
efficiency of NH3-N removal for BCR installed with
BCF was 93% with corresponding 22.25 mg/L of
average effluent concentration and average influent
concentration of 2.094 mg/L. This revealed optimum
performance of BCR over MBBR. In view of this, it can
be realized according to the different removal aptitudes
of the two reactors. During the steady
operational/running period, the optimal removal
efficiency of BCR was 96%, whereas maximum NH3-N

removal efficiency of MBBR was determined at 92%
with difference of 4% between the two reactors. This
could be as a results of boosted surface of BCF which
led to more favourable conditions for biofilm growth and
add-on.

3.2.3 Total phosphorus (TP) removal

Figure 7 and 8 displays the TP removal efficiency in the
biofilm reactors in diverse treatment HRT’s at a given
pH and DO. With reference to the operational/running
phase which commenced from the 20th day, the removal
efficiency of TP in BCR quickly increased from 0 to
86%, while TP removal rate in MBBR also increased
from 0 to 78%. Furthermore, when the treatment time
increased from different HRT’s of 8hr to 12hrs, the
removal efficiency of TP in BCR fluctuated between
from 46 and 86% whereas the MBBR removal efficiency
of TP increased slowly and fluctuated a little between 27
to 78%.
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Figure 9. TP removal efficiency of biofilm reactor installed
with BCF
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Figure 10. TP removal efficiency of biofilm reactor installed
with MBBR

This phenomenon may have occurred since the
treatment period was at the early stages of the process,
hence the reproduction of biofilms and attachment
growth will be at under-development stage; this then
restricts the ability of polyphosphate bacteria to absorb
and break down TP at a high rate. Furthermore, as the
polyphosphate bacterial stabilizes and develops, the TP
removal efficiency also tends to improves and exhibit a
relatively high rate. However, the TP removal efficiency
is comparatively lower than the other monitored
chemical pollutant (COD and NH3-N). This was perhaps
due to aside biofilm formation time, other factors such as
HRT, DO, pH and temperature also influence the
removal rate of TP.

4 CONCLUSIONS

In this latest study, a BCOP system was used to ascertain
the feasibility and efficacy of BCF and MBBF as biofilm
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carriers in small scale domestic sewage treatment. The
outcomes of the domestic wastewater treatment as per
the process performance revealed that BCFR could
efficiently degrade the refractory organic substances in
domestic sewage than MBBF. The outcomes of the
domestic wastewater treatment revealed that BCF was
more efficient for pollutant degradation than MBBF. The
BCF installed in BCFR had higher removal efficiency of
COD, NH3-N and TP in the domestic sewage treatment
than MBBF installed in MBBFR. Herein, after BCOP
treatment, the total COD, NH3-N, and TP removal rate
increased to the maximum at the optimal HRT of 12 h.
Notably, all the pollutants indices of the effluent
measured corroborated with the Jingkou sewage
discharge standard of Jiangsu province. This method
further significantly enhanced wastewater
biodegradability, reduced excess sludge production
during the operational period, and was very cost-
effective. Under persistent treatment of this study, the
relationship between microbial community compositions
and degradation efficiency in biological contact process
on domestic sewage as well as the characteristics of the
said fillers significantly shifted in different stages,
signifying that the microbial community dynamically
and submissively transform to react to changes in the
living environment at a dominant level. This study
proved that the BCOP system is a remarkable
technological choice that declines the COD
concentration of domestic wastewater. It is associated
with low maintenance requirements, a simple structure,
and needs only a lesser cover space. With regards to
these advantages, this method could serve as an effective
subsequent biological treatment process to further lower
the COD concentration of domestic wastewater, with
wide-ranging positive economic and social benefits. The
outcomes of this study may be used as a backing for
impending engineering projects in small scale domestic
sewage treatment.
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