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using an anaerobic aerobic system always works more efficiently 
in denitrification and organic removal of wastewater [16]. The 
Anaerobic Filter (AF) is a well-known attached growth process that 
has been widely used in the treatment of various wastewaters because 
of several advantages over aerobic process such as lower nutrient 
requirement, less surplus sludge production, and energy recovery via 
methane production [17,18]. Most of the anaerobic filter systems have 
been chosen because they work simply with energy-saving processes 
and avoid running costs for system installation. Nevertheless, the 
improvement of the Anaerobic Filter (AF) system to become more 
efficient in treating wastewater is challenging, compared to the 
traditional aerobic treatment system [19,20]. An Anaerobic Filter 
(AF) immobilizes activated microbes on the surface of the support 
media, enabling the reactor to withstand higher organic loading rates 
[10]. Using appropriate support media is important to the functioning 
of anaerobic filters as the physicochemical characteristics of the filter 
packing material have a significant influence on the attachment of 
biomass [10]. Anaerobic filters are an advantageous post-treatment 
option for septic tank effluent due to their technical and economic 
aspects: low operation and maintenance costs, operational simplicity, 
and low sludge production [21]. Anaerobic filters (AF) also have the 
advantage of allowing different packing materials to be used, and this 
fact is directly associated with implementation costs. An alternative to 
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Abstract
Nowadays, an anaerobic filter is used in treating various wastewaters that is more effective for denitrification and organic removal. The Anaerobic 
Filter with Inoculum, Soft and Hard Packing Medium (AFISH) and Double-Filling Aerobic Baffle (DFAB) reactors were continuously operated for 120 
days with a short Hydraulic Retention Time (HRT) in the range of 1 and 2 days at an Organic Loading Rate (OLR) of 0.58 and 1.08 gCOD/(l.d) by daily 
feeding the influent Chemical Oxygen Demand (COD) concentration between 1169 and 250 mg/l. After treating the sample wastewater in the new 
AFISH reactor, the effluent flowed into the DFAB reactor for further treatment to determine the treatment effectiveness of the novel AFISH and DFAB 
reactors at a short HRT of 1 to 2 days. The influent COD was reduced to 376 mg/l to 250 mg/l in a novel AFISH effluent and further dropped to 220 
mg/l to 102 mg/l following DFAB reactor treatment. The COD removal in the AFISH reactor was around 67% when HRT was about 1 day, and a high 
COD value of 78% was removed during the HRT of 2 days, while in the DFAB reactor, the capability of treatment reached between 40% and 57% of 
the COD removed at the HRT of 1 and 2 days. The concentration of NH4-N in the effluent of the novel AFISH reactor was significantly lower than the 
effluent of the DFAB reactor, with NH4-N concentrations ranging from 157 mg/l to 330 mg/l. However, the treatment of vegetable bio-slurry from 
the Internal Circulation (IC) reactor by the novel AFISH and DFAB reactors satisfied the secondary wastewater discharge standard in the Integrated 
Wastewater Discharge Standard. Therefore, this novel process is one method beneficial for current and further research development that can be 
applied for industrial wastewater treatment processing and provides science information to those interested in research in the future.

Keywords: Anaerobic filter; Anaerobic digestion; Performance; Treatment effectiveness and treatment of vegetable biogas slurry

Introduction
Anaerobic Digestion (AD) has been widely used to treat high-

strength organic wastes and wastewater due to its potential for 
energy recovery and a useful technology in waste management and 
environmental health especially for mitigating Greenhouse Gases 
(G2HSs) [1]. An inherent drawback of AD is the slow growth of 
anaerobic microbes involved in the multi-stage process, particularly 
methanogens, leading to a low overall reaction rate [2]. Among the 
effective ways to overcome this limitation is using an attached-growth 
system where microorganisms are immobilized in biofilms to achieve 
high biomass concentration and long solids retention time [3]. AD is 
a promising and competent technology for treating various types of 
organic wastes and simultaneously producing biogas as a renewable 
energy carrier [4]. AD is a biological process that converts organic 
waste into biogas (55-70% CH4) by degrading the organic material into 
nutrient-rich digestate [5,6]. Currently, different kinds of anaerobic 
reactors have been developed for treating high protein concentration 
wastewater, such as the Up-Flow Anaerobic Sludge Blanket (UASB) 
[7], Expanded Granular Sludge Blanket (EGSB) [8], Anaerobic Filter 
(AF) [9,10], anaerobic Continually Stirred Tank Reactor (CSTR) [11], 
Anaerobic Membrane Bioreactor (AMBR) [12], and Anaerobic Filter 
Reactor (ABR) [13-15]. Nowadays, integrated biological treatment 
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reducing costs is the replacement of synthetic packing materials with 
various regional materials, including ceramic bricks or grounded tires 
[22], bamboo rings [23] or green coconut husks [24], pebbles, plastic 
rings, granulated activated carbon, wooden blocks, and rubber sheets, 
which have been used to support the formation of biofilms in anaerobic 
filters [25]. Some studies on the effects of operating conditions such as 
hydraulic retention time and organic loading rate on anaerobic filter 
performance were reported [26,27]. And there are many researchers 
who have studied different anaerobic reactors used for energy recovery 
from vegetable waste and wastewater, including batch reactors, one-
stage reactors, and two-stage reactors. However, there seems to be 
limited research about the treatment of effluent from IC reactor 
treatment. As a result, a concept is being developed a novel process 
for the investigation of the performance and treatment effectiveness 
of the novel AFISH and DFAB reactors after treatment of vegetable 
juice waste from the IC reactor. AFISH operates in an upflow modes, 
and a variety of packing materials are used, such as sand, plastics, 
reticulated foam polymers, stone, granite, granular activated carbon, 
and quartz, that can be used as support materials in this process. The 
packing medium provides a mechanism for separating the solids and 
gas produced from the liquor. As expected, the achievements of this 
investigation will be the scientific guidelines and handbook for further 
industrial wastewater treatment. In the current study, a novel process 
was developed to determine the stability and assess the effectiveness of 
treatment of a novel Anaerobic Filter with Inoculum, Soft and Hard 
Packing Media (AFISH), and a Double-Filling Aerobic Baffle (DFAB) 
reactor at a short HRT of 1 to 2 days.

Materials and Methods
Experimental sample and inoculum

The effluent of the Vegetable Juice Waste (VJW) from the IC reactor, 
which was gathered after the IC reactor had been treated in the oven at 
105°C for 5 hours for the determination of TS values, was transferred 
into a muffle furnace at 550°C for 2 hours for the calculation of the 
volatile solid and ash values, and had a Total Solid (TS), Volatile Solid 
(VS), and ash content of 3.9%, 92.0%, and 8%, respectively, was utilized 
as the sample wastewater (bio-slurry) used in the experiment in this 
paper. The sample wastewater had COD concentrations between 1146 
and 1768 mg/l and NH4-N concentrations between 295 and 365 mg/l, 
as determined using the COD Max II and Amtax Compact II Ammonia 
Analyzers. After the initial treatment, the sample wastewater’s pH was 
determined to be 7.8 ± 0.2. The inoculum was obtained in the lab of the 
Bioenergy and Environment Engineering Research Group at the Solar 
Energy Research Institute, Yunnan Normal University, Kunming, P.R. 
China, after a year of anaerobic batch domestication. A new AFISH 
reactor was inoculated with seeding sludge by adding 0.39 ± 0.6l of 
adapted anaerobic granules to the reactor, which corresponds to 30% 
of the novel AFISH reactor’s working volume.

Experimental procedures
The new anaerobic filer reactor component consists of an inoculum, 

soft and hard packing medium (AFISH), which is cylindrical and 
made of plexiglass. The novel AFISH reactor has a total volume of 1.5l 
and an effective volume of 1.3l. The schematic diagram illustration 
of the novel AFISH reactor utilized in this experiment is presented 
in figure 1. The reactor was a column with a 48 cm height and an 
inside diameter of 10 cm. Table 1 shows that the AFISH and DFAB 
reactors were continuously operated for 120 days with a short HRT in 
the range of 1 and 2 days at an OLR of 0.58 and 1.08 gCOD/(l.d) by 
daily feeding the influent COD concentration between 1169 and 250 

mg/l. After treating the sample wastewater in the new AFISH reactor, 
the effluent flowed into the DFAB reactor for further treatment. 
Figure 2 shows the schematic diagram of the DFAB reactor. Before the 
experiment began, the bio-slurry (sample wastewater) and inoculum 
were weighed, transferred into a crucible, and dried for five hours at 
105°C to determine their Total Solids (TS), Volatile Solids (VS), and 
ash contents. Following TS estimation, the dried sample and ash were 
placed in a muffle furnace and heated to 550°C for two hours in order 
to calculate the volatile solid values. The sample wastewater’s influent 
and effluent COD and NH4-N concentrations were analyzed by using 
the Amtax Compact II online analyzer (Shanghai HACH Water 
Quality Analytical Instrument Co., COD Max II, China). The pH value 
was determined using pH paper. The temperature measurement used 
a portable electronic thermometer to measure the room temperature. 
A gas volume meter was used to measure daily biogas production, 
and the methane content was determined using gas chromatography 
(Zhejiang Fuli analytical Instrument Co., Fuli GC9790 II, China) 
equipped with a Thermal Conductivity Detector (TCD) and a Porapak 
Q packed column (stainless-steel 10’1/8”.085”) following the standard 
methods for the examination of water and wastewater by APHA [28].

Results and Discussions
Changing of effluent COD during a novel AFISH reactor 
process when operated in the HRT of 1 and 2 days, respectively

After treatment in the IC reactor, Vegetable Juice Waste (VJW) 

Figure 1: The reactor was a column with a 48 cm height and an inside 
diameter of 10 cm.

Period Influent COD NH4-N OLR HRT Daily feeding

d mg/l mg/l g COD/l.d d l/d

1-60 1169 280 0.52 1 0.58

61-120 1136 391 1.08 2 1.23

Table 1: The operating conditions had set up in this experimental in both 
a new AFISH and DFAB reactors.
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Figure 2: The schematic drawing of the DFAB reactor.

effluent from the IC reactor was used as an influent sample for testing 
the performance and treatment effectiveness of a novel AFISH at 
hydraulic retention times of 1 and 2 days, respectively. Figure 3 
shows the fluctuation in the curve of the influent and effluent COD 
concentrations and COD removal. When the influent COD varied 
from 1768 mg/l to 1716 mg/l, the effluent COD concentration in the 
first week dropped from 399 mg/l to 288 mg/l, and COD removal 
averaged around 80.4%. The average COD removal was roughly 67%, 
and the effluent COD concentrations varied from 673 mg/l to 226 mg/l. 
The influent COD concentration of the sample waste ranged from 
1689 mg/l to 889 mg/l, with an average value of 1169 mg/l. During 
a novel AFISH reactor’s operating period for 0.5 gCOD/(l.d) of an 
OLR, the influent and effluent COD concentrations fluctuated under 
instability through the 60th day at the HRT of 1 day. Whereas the OLR 
in a novel AFISH reactor reached 1.08 gCOD/(l.d.) with the HRT for 2 
days and daily sample feeding was approximately 1.23 l/d, there was a 
considerable COD removal of around 78% and a reduction in effluent 
COD concentration from 365mg/l to 173mg/l while the influent COD 
concentration was between 1070mg/l and 1023mg/l. A novel anaerobic 
filter with inoculum, soft, and hard packing medium (AFISH) reactor 
feeds sample wastewater from bottom to top (up-flow), where it 
comes into contact with the filter’s biomass and undergoes anaerobic 
degradation [29]. The efficiency of the Anaerobic Filter (AF) reactor 
for COD removal was approximately 79.6-95.3%, while for BOD it was 
85%-91% [30]. According to the experimental results of this study, the 
effectiveness of COD removal was around 67% at an OLR of 0.5 g/(l.d) 
with an HRT of 1 day and 78% at an OLR of 1.08 g/(l.d) with an HRT 
of 2 days. While the pH for a new AFISH reactor was between 7.50.5-
8.50.5, the effluent wastewater from the IC reactor had a pH of around 
6.8-7.5. The sample loading rate only had 0.5 and 1.08 gCOD/(l.d) to 
shock with the adaptation of the sludge microorganisms for growing 
during reactor operation, which was primarily responsible for the low 
microbial activity of microorganisms during the initial acclimatization 
stage, which may have contributed to the low pH condition.

The DFAB reactor efficiency treated sample wastewater (bio-
slurry) in the HRT of 1 and 2 days, respectively

The effluent wastewater COD content from a novel AFISH reactor 
filled the double-filling aerobic baffle (DFAB) for the treatment of 
bio-slurry, as shown in figure 4. With a COD removal efficiency of 
32-12% (estimated to be 222-306 mg/l in the effluent), the removal 
of COD was initially low during the start-up (1-10 days) of the DFAB 

reactor. After adapting to the new inflow, the operation of the DFAB 
reactor was stable, and it achieved a slight removal of COD. The results 
of this study indicated that the HRT in the DFAB reactor dropped as 
the amount of bio-slurry (sample wastewater) entering the reactor 
increased steadily. Instability was seen in the effluent COD from the 
DFAB reactor, with values ranging from 376 mg/l to 220 mg/l in an 
HRT of 1 day. When the DFAB reactor was set up for 2 days of HRT, 
the effluent COD was observed, and the OLR increased from 0.5 to 
1.08gCOD/(l.d), showing that it was similarly unstable at around 124 
mg/l. However, throughout the DFAB reactor treatment from the 61st 
to the 120th day, the COD removed had simply reached 56.9%.

NH4-N concentration during the novel AFISH and DFAB 
reactors operated for 120 days

As shown in figure 5, the influent’s NH4-N concentration ranged 
from 268 mg/l to 370 mg/l in the first few days during operation and 
from 168 mg/l to 490 mg/l in the days that followed, from the sixth to 
the thirty-first. It was found that the influent NH4-N concentration 
varied along the graph line from the 31st to the 60th day when a 1day 
of HRT and an OLR of 0.5 gCOD/(l.d) were applied. The NH4-N in 
the influent varied from 302 to 471 mg/l throughout HRT 2 days, with 
an increase in OLR to 1.08 gCOD/(l.d). With an average of around 
280 mg/l in HRT of 1 day and 391 mg/l in HRT of 2 days, the influent 
and effluent of the NH4-N curve lines showed instability in HRT of 1 
and 2 days, respectively. The NH4-N curve lines’ influent and effluent 
showed changing instability in HRTs of 1 and 2 days, respectively, with 
average concentrations of roughly 280 mg/l in HRT of 1 day and 391 
mg/l in HRT of 2 days. The concentrations of NH4-N in the effluent 
increased considerably when the OLR was raised from 0.5 to 1.08 
gCOD/(l.d), increasing from 280 to 544 mg/l after one day of HRT to 
391 to 571 mg/l after two days of HRT. Only a small amount of NH4-N 
is removed from the system, despite the possibility that some NH4-N 
may be absorbed by the growth of microorganisms. The stimulation of 
protein breakdown [31], which might result in the inorganic NH3-N 
being formed under anaerobic conditions [32], may be the cause of 
this rise in ammonium content. Similar to the above, the concentration 
of NH4-N in the influent and effluent of the wastewater sample graph 
lines revealed considerable unstable fluctuations during the HRT of 
the DFAB reactor for 1 and 2 days, respectively. According to figure 6, 
the concentrations of NH4-N in effluent increased significantly from 
544 mg/l to 701 mg/l when the DFAB reactor was first operated from 
the first day to the 60th day at an HRT of one day, and increased from 
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Figure 3: The variation of the COD concentration during the AFISH reactor operation times.

Figure 4: The variation of the COD concentration during the DFAB reactor operation times.

571 mg/l to 901 mg/l when the HRT reached two days during inflow 
throughout the Double-Filling Aerobic Baffle (DFAB) reactor that was 
operated from the 61st day to the120th day. Following the consideration 
of the few concentrations of NO3 and NO2 in the reactor, the pathway for 
the reaction of anaerobic ammonium oxidation was greatly restricted 
[33-35]. In addition, the poisoning effect of NH3-N on the methanogen 
always occurred at an NH3-N level higher than 1500 mg/l. As a 
consequence, the demerit of the increased NH3-N level on the bacteria 
was negligible. However, the C/N (measured in BOD/TN) in effluent 
was calculated to be 2:1 as more organic nitrogen was decomposed 
into the inorganic NH3-N. This would consistently increase the level 
of difficulty in subsequent aerobic bio-treatment, which was optimal 
at a C/N of 20:1 [36]. The pH of the DFAB reactor was between 8.5 
± 0.5 and 9.0 ± 0.5 throughout its 120 days of operation. Ammonia 
is included free ammonia (NH3) and its ionized form, ammonium 
(NH4

+), originates from the degradation of proteins, peptides, and 
amino acids. It is an important source of nitrogen for the growth of 

biogas-producing microorganisms [5]. Zuo Z, et al. [31] reported 
that the NH4

+-N concentration of reactors gradually increased from 
approximately 700 mg/l to 1400 mg/l. Although some NH4

+-N may 
be consumed by the growth of microorganisms, only small amounts 
of NH4

+-N are removed from the system. This increase in ammonium 
concentration could be the result of the stimulated hydrolysis of 
proteins, which may be enhanced by increasing the Recirculation 
Rate (RR). According to He Q, et al. [37] who studied the treatment of 
soybean protein wastewater by a pilot-scale IC-A/O coupling reactor 
that was reported in the A/O system, NH3-N that was derived from 
the soybean protein could be converted into NO3 and NO2 through the 
nitration reaction in the A/O system, and then the nitrated reflux in 
the A system was substantially denitrified in a short HRT. In addition, 
the removal of COD by the aerobic microorganisms in the A/O system 
was also greatly strengthened, although the HRT was low. The high 
removal of NH3-N and COD in a short HRT was heavily reliant on the 
high microbial activity of mature microorganisms acclimated during 
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Figure 5: The concentration of NH4-N in the influent and effluent of a new AFISH reactor operation at the HRT of 1 and 2 days.

Figure 6: The concentration of NH4-N in the influent and effluent of a new DFAB reactor operation at the HRT of 1 and 2 days.

the steady start-up stage [38]. Furthermore, this high removal rate was 
partially attributed to the reflux in the A/O system.

Comparing the changes in effluent COD and COD removal 
between novel AFISH and DFAB reactors with different HRT

From the 1st day to the 120th day after the start-up of the novel 
AFISH and DFAB reactors, the experiment’s results in table 2 show 
comparable outcomes. The COD concentration in the effluent of the 
DFAB reactor was unstable, decreasing volumes in the range of 376mg/l 
to 220mg/l at HRT of 1 day by 40% of COD removal from the 1st day 
to the 60th day of reactor operation, while the DFAB reactor was set up 
for 2 days of HRT with the OLR increasing from 0.5 to 1.08gCOD/(l.d) 
that was also unstable at about 124 mg/L below. But the COD removed 

had just reached 57% during DFAB reactor treatment from the 61st to 
the 120th day. The NH4-N in effluent ranged from about 544 mg/l to 701 
mg/l in the first few days of starting up the DFAB reactor at an HRT 
of 1 day and increased gradually from 571mg/l to 901mg/l when the 
HRT was 2 days. From the results of a new AFISH and DFAB reactor, it 
could be observed that from 1 day to 120 days after the starting up of a 
new AFISH reactor, the high concentration of COD in the influent was 
between 1169 mg/l and 146 mg/l, which was decreased from 376 mg/l 
to 250 mg/l in the novel AFISH effluent, and it was further decreased 
to 220 mg/l to 102 mg/l after the DFAB reactor treatment. While the 
COD removal was about 67% when the reactor operated with the HRT 
of 1 day, the high value of COD removal was 78% in the HRT of 2 
days with a working OLR of 1.08 gCOD/(l.d.) that was 11% higher 
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than 1 day of HRT in a novel AFISH reactor operating from 61 days 
to 120 days. In contrast, the concentration of NH4-N in the effluent of 
the novel AFISH reactor was about 544 mg/l and 571 mg/l which was 
157 mg/l to 330 mg/l less than the effluent of the DFAB reactor, where 
the effluent was about 701 mg/l to 901 mg/l. Ammonia, including free 
ammonia (NH3) and its ionized form, ammonium (NH4

+), originates 
from the degradation of proteins, peptides, and amino acids. It is an 
important source of nitrogen for the growth of biogas-producing 
microorganisms [39]. Each group of microorganisms has a different 
optimal pH range. Methanogenic archaea can function within a very 
narrow pH range, with the optimal level being 6.5-8.0. Fermentation 
bacteria can function within a wider pH range of 4-8.5 [40]. The pH 
level also affects the acid-base equilibrium in the digester. In a mixed-
culture anaerobic digester, the optimal pH range is 6.8-8.0 [41]. In this 
study, the pH value was in the range of 7.5 ± 0.5-8.0 ± 0.5 in a novel 
AFISH, and the DFAB reactors were in the range of 8.5 ± 0.5-9.0 ± 0.5.

Conclusions
The experiment was conducted to investigate the stability of novel 

AFISH and DFAB reactors at a short HRT of 1 and 2 days. It was 
found that the high concentration of COD in influent ranged from 
1169 mg/l to 1146 mg/l, which was decreased to 376 mg/l to 250 mg/l 
in a novel AFISH effluent and further decreased to 220 mg/l to 102 
mg/l after the DFAB reactor treatment. The COD removal was about 
67% when the reactor operated with the HRT of 1 day, and the high 
value of COD removal was 78% in the HRT of 2 days with the OLR at 
1.08gCOD/(l.d) which was 11% higher than the HRT of 1 day. When 
the HRT was set up for 1 day, the influent COD decreased from 250 
mg/l to 102 mg/l, and the capability of treatment reached 57% of COD 
removal, according to the DFAB reactor treated significantly. During 
this time, the COD removal rate was about 40%. The concentration of 
NH4-N in the effluent of the novel AFISH reactor was about 544 mg/l 
to 571 mg/l, which was 157 mg/l to 330 mg/l less than the effluent of 
the DFAB reactor, where the effluent was approximately 701 mg/l to 
901 mg/l. However, the treatment of bio-slurry from the IC reactor by 
the novel AFISH and DFAB reactor processes satisfied the secondary 
wastewater discharge standard in the Integrated Wastewater Discharge 
Standard (GB89781996). Therefore, this novel process is one method 
beneficial for current and further research development that can be 
applied for industrial wastewater treatment processing and provides 
science information to those interested in research in the future. For 
further research, there should be a study on effective pH, HRT, and 
OLR in the AFSH and DAFB reactors.
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