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Abstract 

Various toxic chemicals in textile wastewater can cause serious problems for the ecosystem 

and human health if it is discharged without proper treatment. In this study, the performance 

of textile wastewater treatment using an anaerobic membrane bioreactor (AnMBR) combined 

with a downflow hanging sponge (DHS) reactor is evaluated. An AnMBR with a working 

volume of 5 L and a third-generation DHS with a working volume of 0.5 L is used to treat 

synthetic textile wastewater containing Reactive Black 5 azo dye. The experiment is performed 

under ambient conditions using AnMBR hydraulic retention times (HRTs) of 12 and 24 h, DHS 

HRTs of 1.4 and 2.8 h, and membrane fluxes of 2.65 and 5.21 LMH. The AnMBR-DHS 

combination significantly reduces the biochemical oxygen demand, chemical oxygen demand, 

and color of the synthetic textile wastewater by approximately 97.3 ± 1.8%, 94.4 ± 4.8%, and 

95.0 ± 1.6%, respectively. Most of the reduction occurs in the AnMBR. The HRT and 

membrane flux do not significantly affect the performance of the AnMBR-DHS system. The 

microbial community in the AnMBR is dominated by the phyla Euryarchaeota, Caldiserica, 

and Proteobacteria, whereas that in the DHS is dominated by Proteobacteria. Some of the 

genera found in the AnMBR can reportedly reduce azo dyes, whereas some of those found in 

the DHS can reportedly degrade sulfonated aromatic amines. 
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1. Introduction

The consumption and production of textiles grow exponentially with the growth of the global 

population [1]. The approximate annual textile consumption is 7 kg per capita with the global 

population is over 7 billion, the estimated annual textile production will be 49 billion kg. On 

the other hand, producing 1 kg of textiles requires 150–350 L of water for dyeing and finishing 

processes [2]. Therefore, population growth will significantly increase wastewater volume 

from this industry.  

Various pollutants in textile wastewater can cause serious problems for aquatic ecosystems and 

human health if it is discharged without proper treatment [3]. Heavy metals, chlorine, 

phthalocyanine dyes, and other textile wastewater chemicals are known to be toxic, 

carcinogenic, and mutagenic [3]. The dangerous pollutants in textile wastewater are produced 

mainly during dyeing and printing and 85% of the wastewater is released from the dyeing 

process [4,5]. Only a maximum of 80% of dyes can be adsorbed in the dyeing process [5]; thus, 

approximately 20% of dyes are lost to wastewater during dyeing. Among various types of dyes, 

azo dyes are the most widely used dyes and account for 60–70% of total dye use [6]. Colored 

wastewater causes problems with photosynthesis for algae and aquatic plants. It also affects 

other aquatic organisms because it causes low light penetration and oxygen depletion [4].  

To protect humans and the environment from the negative effects of wastewater, regulations 

regarding wastewater have been established. They continue to evolve to ensure acceptable 

management that meets health and environmental standards [7]. In Indonesia, the latest textile 

wastewater regulation was released in April 2019 and included a Pt-Co color standard of a 

maximum of 200 [8]. This shows the importance of dye removal in textile wastewater treatment. 

Physicochemical, oxidation, and biological methods have been developed for treating textile 

wastewater to obtain the desired cost and efficiency. These methods have certain advantages 

and drawbacks with most of the methods have removal dye efficiencies of more than 80% and 

a few methods up to 90% [5]. Although they are easy to implement, physicochemical methods 

require high electricity consumption and have relatively low output because they generate a 

large number of by-products and non-reusable sludge. Besides, some can be used only for low-

concentration wastewater, and some are not cost-effective [9,10]. On the other hands, the main 

drawbacks of oxidation methods, including chemical oxidation and advanced oxidation 

processes, are the release of toxins, high chemical usage, high energy usage, and high cost [4]. 

Biological methods have significant advantages over physical and oxidation methods. They 



require fewer or even no chemicals and thus are more eco-friendly. One of alternative 

bioprocessing to textile wastewater treatment which stands out as a more cost-effective and 

environmentally friendly is the anaerobic–aerobic methods [11]. 

The anaerobic-aerobic methods have been employed in municipal and industrial wastewater 

treatment for many years [12]. This methods is the most logical concept that able to biodegrade 

the azo dyes [13]. In the anaerobic stage, azo dyes are broken down on the azo bond into a 

colorless aromatic amine compound. This compound is resistant to the anaerobic process, but 

it is easily degraded in the aerobic stage [14]. Most of azo dyes are following this degradation 

mechanism even though sometimes the fate of the degraded aromatic amines is difficult to 

predict because of the data limitation and the analytical problems [13]. However, the anaerobic-

aerobic methods still be used because the toxicity after the treatment are less than the original 

azo dyes. Numerous types of azo dyes are available but Reactive Black 5 (RB5), a diazo dye 

and member of vinyl sulfone dyes family, is the most widely used dye in the textile industry 

[11]. The RB5 is also widely used as a representative compound to assess the efficiency of 

decolorization methods for azo dyes [15].  

The anaerobic-aerobic methods can be conducted in four different types of unit operation [12]. 

The anaerobic-aerobic methods can be: (i) in separated units of anaerobic and aerobic; (ii) in 

separated zone of anaerobic and aerobic in a single unit; (iii) temporal anaerobic and aerobic 

phase in single unit (e.g. sequencing batch reactor); or (iv) combined anaerobic-aerobic culture 

system based on the limitation of oxygen diffusion in the medium (e.g. biofilm and granular 

sludge). As separated units, many types of the process have been used for anaerobic textile 

wastewater treatment, including the continuous stirred tank reactor, anaerobic sequencing 

batch reactor (SBR), upflow anaerobic sludge blanket (UASB), expanded granular sludge 

blanket, internal circulation reactor, anaerobic baffled reactor (ABR), anaerobic filter reactor, 

and anaerobic fluidized bed reactor [16]. Some of them have been used for industrial 

applications, whereas others are under development. However, the limited hydraulic retention 

time (HRT) and cell concentration during the separation process owing to washout are among 

the main drawbacks of anaerobic technologies [16]. To overcome the washout problem, the 

HRT should be independent of the cell concentration, which can be achieved by using a 

membrane as the separator. Despite promising results, few studies of the use of anaerobic 

membrane bioreactors (AnMBRs) for textile wastewater treatment have been conducted 

[17,18]. The use of a membrane always correlates with fouling as its drawbacks. However, 



some methods to overcome the membrane fouling are provided based on the material of 

membrane. 

On the other hands, the use of a downflow hanging sponge (DHS) reactor is known to be a 

low-cost aerobic treatment, and the DHS has been applied for the post-treatment of high-

strength industrial wastewater and municipal wastewater [19,20]. Compared to other post-

treatment technologies like polishing ponds (PP), conventional activated sludge process (CAS), 

and PP with aeration, DHS technology has proven to give much better in BOD, COD, TSS, 

pathogens, orthophosphate, and nitrogen removal. It was also proven that DHS can work at an 

extremely low HRT with good organics removal and ammonium oxidation efficiency. DHS is 

recommended to be applied in developing countries because it is cost-effective and requires 

less area compared to other conventional processes [21,22]. Moreover, DHS is also a low 

energy technology because it requires only electrical energy for wastewater distribution, not 

for aeration devices. It was reported that the energy requirement for DHS systems is estimated 

to be approximately 75 % lower than CAS [23]. The drawback of DHS-G3 is the declining DO 

concentration followed by a decrease of nitrification activity after several months of operations. 

It was reported that this is caused by the random arrangement of sponge media, as it is the 

reason for the lack of air transfer between sponge media inside the reactor [23]. 

A third-generation (G3) DHS reactor is easier to construct than other types of DHS reactors, 

as it involves the simple random packing of the sponge media [24]. The G3-DHS reactor was 

used recently to treat low-strength textile wastewater and exhibited high organic and color 

removal [25]. Thus, the treatment of textile wastewater using a combination of an AnMBR and 

a G3-DHS reactor shows promise. However, this combination has not been extensively studied. 

In this study, the treatment of synthetic textile wastewater by an AnMBR-DHS system is 

evaluated. The chemical oxygen demand (COD), biochemical oxygen demand (BOD3), and Pt-

Co color removal performance are evaluated using various values of two operational 

parameters (HRT and flux). Furthermore, the microbial communities are also investigated 

using the 16S rRNA gene sequence. 

2. Materials and methods

This section describes the wastewater, reactor setup, and analytical methods. The analytical 

methods for the microbial community are covered in a separate subsection. 



2.1. Synthetic dyeing wastewater 

The synthetic textile wastewater used in this study was obtained using a previously published 

recipe [26]. The ratios of COD, N, and P for the anaerobic and aerobic synthetic wastewater 

were 250:5:1 and 100:5:1, respectively. The synthetic textile wastewater consisted of 

hydrolyzed starch (100 g of starch with 40 g of NaOH and water were hydrolyzed for 15 h at 

room temperature and then neutralized and diluted to 1 L) and hydrolyzed RB5 (5 g of RB5 

with pH 12 were heated for 1 h at 80°C and then neutralized and diluted to 1 L). RB5 is a vinyl 

sulfone dye. Anaerobic synthetic wastewater for a continuous experiment was prepared once 

every two or three days using a dye concentration of 50 ppm and a COD concentration of 750 

ppm. The BOD3/COD ratio was maintained at approximately 0.4. 

2.2. System description and operational conditions 

A schematic diagram of the AnMBR-DHS system is shown in Fig. 1. The anaerobic reactor 

was made of polyvinyl chloride and had a working volume of 5 L. There was an internal 

recirculation flow with a rate of 0.6 L/h. Hollow fiber membranes made of polyvinylidene 

difluoride with a pore size, an inner diameter, an outer diameter, and an effective length of 

0.07–0.1 µm, 1.0 mm, 2.2 mm, and 15 cm, respectively, were used in this experiment. 

Membrane areas of 0.06 and 0.10 m2 were used. The DHS reactor was a column made of acrylic 

and had an inner diameter of approximately 50 mm and a working volume of 0.5 L. A number 

of G3-DHS medium was used in this experiment and packed randomly in the column. The G3-

DHS consisted of a sponge cube made of polyurethane in a net ring which made of 

polypropylene with a diameter and length of 32 mm. The influent of the DHS reactor was 

received directly from the AnMBR effluent without any pretreatment.  



Fig. 1. Schematic diagram of AnMBR-DHS system. 

Anaerobic sludge with an initial mixed liquor suspended solids (MLSS) concentration of 47.8 

g/L was obtained from Bioprocess Technology Laboratory ITB, Bandung. The sludge 

originated from local municipal wastewater treatment in Bandung and was acclimatized to 

textile wastewater. The sludge and anaerobic synthetic wastewater were added to the reactor at 

a 1:1 ratio. The anaerobic synthetic wastewater was fed into the reactor at 1 L/day for three 

weeks. The DHS was acclimatized by soaking the sponges in the aerobic synthetic wastewater 

for three weeks. For the objectives of the study, the basis for selecting the specified HRT and 

the flux are as shown in Table 1. These operation parameter was the common operation used 

either in the AnMBR [17,18] or the DHS [25,27]. The entire system was operated continuously 

for 20 days at 30°C except for run III which only operated for 7 days due to the coronavirus 

diseases 2019 (COVID-19) pandemic. The shorten operation time of run III did not affect the 

biological processes, because a flux change was carried out by replacing the membrane with a 

different area. The fouled membrane was cleaned when its transmembrane pressure (TMP) 

reached 500 mbar. Physical cleaning was performed by air scouring with nitrogen gas for 15 

min. Chemical cleaning was performed using NaOCl and a citric acid mixture after air scouring 

was conducted twice.  

Table 1. Operational parameters used in this study. 

Run 
Anaerobic Conditions Aerobic Conditions 

HRT (h) Flux (LMH) HRT (h) 

Evaluation of the AnMBR-DHS performances with varied HRT 

I 24 5.21 2.8 

II 12 5.21 1.4 

Evaluation of the AnMBR-DHS performances with varied membrane fluxes 

I 24 5.21 2.8 

III 24 2.65 2.8 

2.3.Analytical methods 

Samples were collected daily from the influent system, AnMBR effluent, and DHS effluent. 

They were centrifuged to separate the supernatant and total solids. The supernatant was then 

filtered and used to analyze the color removal, COD, and BOD3 parameters. The color removal 

and COD were monitored daily. To obtain the color removal parameter, the sample absorbance 

was measured by scanning spectrophotometry (UV-1800, Shimadzu) in the visible light region 

(380–700 nm). The color removal parameter was measured by comparing the peak absorbance 



of the chromatograph at these wavelengths for each sample. The BOD3 parameter was obtained 

according to standard methods, with a temperature and time modification of 30°C and 3 days, 

respectively [28]. The COD and MLSS were analyzed as described in standard methods [29]. 

2.4. DNA extraction, PCR amplification, and 16S rRNA gene sequencing 

Genomic DNA was extracted from the collected samples using a bead-beating system 

(ZymoBIOMICS™ DNA Miniprep Kit). The quality of the extracted DNA was monitored 

using a NanoDrop® and Qubit® kit/instrument (spectrophotometer and microvolume 

fluorometer). DNA amplification was conducted by the polymerase chain reaction (PCR) with 

bacterial region V3-V4 16S rRNA as the target using the primer sets 341F (5'-3': 

CCTAYGGGRBGCASCAG) and 806R (5'-3': GGACTACNNGGGTATCTAAT). The PCR 

product was purified by gel electrophoresis, and PCR products with a length of 466 bp were 

chosen. 16S rRNA gene sequencing was performed using the Ion S5™XL system. Taxonomic 

classification was performed using the SILVA database (www.arb-silva.de) for bacteria, 

archaea, and eukaryotes. The analysis was performed by a representative of Novogen AIT 

Genomics Singapore in Indonesia at PT. Genetika Science Indonesia. Data mining of the 

identified microorganisms was conducted using Bergey’s Manual, a bacteria database 

(bacterio.net), and other available sources. 

3. Results and discussion

This section provides the results of the experiments, followed by discussions. The first 

subsection describes the system removal performance, the second subsection covers the 

operation of the membrane bioreactor, and the third subsection describes the microbiological 

diversity.  

3.1. Performance of the AnMBR-DHS system 

Several samples of colored water with various RB5 concentrations were analyzed by scanning 

spectrophotometry at 380–700 nm. Fig. 2 shows that RB5 exhibits the maximum absorbance 

at 476 and 595 nm. The color removal efficiency was evaluated based on the obtained 

maximum absorbance.  

http://www.arb-silva.de/


Fig. 2. The absorbance of RB5 dye at different concentrations in the visible light 

region (380–700 nm). 

Fig. S1 in the Supplementary Material shows the color removal efficiency obtained by 

comparing the absorbance reduction at 476 and 595 nm for each run. Overall, there is not much 

difference in color removal efficiency between the AnMBR and AnMBR-DHS processes. High 

decolorization was obtained in the AnMBR; the removal efficiency was approximately 92% 

for both HRTs (12 and 24 h). The use of different membrane areas at the same operational HRT 

also had little effect, as indicated by the high decolorization [Fig. 3a and 3c] from the first day 

of operation and the significant decolorization efficiency throughout the operation time. The 

slight difference in the total removal by the AnMBR alone and by the AnMBR-DHS indicates 

that color removal occurs mainly in the anaerobic process (Fig. S2 in the Supplementary 

Material). The azo bond can reportedly be decolorized under aerobic and anaerobic conditions 

[30]. The anaerobic step causes reductive cleavage of the azo bond and thus leads to 

decolorization. However, in the presence of oxygen, this cleavage is not significant. These facts 

explain why most of the decolorization occurred in the AnMBR, and only slightly 

decolorization occurred in the DHS reactor. Both aerobic and anaerobic conditions reportedly 

exist in the DHS system [23]. The reason is the decrease in oxygen concentration toward the 

sponge center, which results in anaerobic conditions at the center of the sponge. The existence 

of anaerobic conditions in the DHS system might be the largest contributor to the system's 

color removal efficiency. Absorption of dyes on the sponge are not occurred because the 

sponge is made of polyurethane; as well as the net ring that supported the sponge which made 

of polyethylene. Absorption on these material are not occurred because the mechanism of azo 



dye attached on the fiber is based on chemically bounding (covalent bond), but not physically 

bounding (hydrogen bond, Van der Waals bond, and ionic bond) [31]. Besides, the azo dyes 

have to meet some chemical condition to be attached on these materials which may not be 

provided in the DHS reactor. 

The COD removal rate of the AnMBR was approximately 86%, and the DHS process increased 

this rate to approximately 95% total COD removal. This result indicates that COD removal 

occurred mainly in the AnMBR, which suggests that a significant amount of COD was 

converted to methane (data not shown). Other azo dye treatment studies [26,32] also produced 

similar results. Although the COD removal is quite high after the AnMBR process, aerobic 

treatment is required. The reason is the production of sulfonated aromatic amines, which cannot 

be degraded under anaerobic conditions but degrade easily under aerobic conditions.  

Table 2 summarizes the COD, BOD3, and color removal efficiency of the combined AnMBR-

DHS treatment from this study compared to other anaerobic-aerobic systems on textile 

wastewater treatment. The detailed removal efficiency of the AnMBR-DHS and other 

compared system are respectively available in Table S.1 and Table S.2 (Supplementary 

Material). The HRT and membrane flux do not significantly affect the COD, BOD3, and color 

removal. This result is consistent with another study [18], which reported nearly the same 

AnMBR decolorization at different operational HRTs and fluxes. However, another study [17] 

showed that the HRT and flux in an AnMBR significantly affected the total decolorization. In 

an anaerobic study [33], azo decolorization occurred in a certain period at the beginning of the 

anaerobic process. Thus, an HRT longer than the decolorization period will not affect the color 

removal effectiveness. This decolorization period depends on the biodegradability of the 

wastewater. Thus, the use of different feeds might be the cause of these different results, as the 

results using synthetic textile wastewater non azo dyes [18] in compared to the real textile 

wastewater [17]. Real textile wastewater is much more complex because it contains many azo 

dye variations. It typically has a low BOD3/COD ratio or a biodegradability index (BI) of 

approximately 0.1–0.25 [34]. 

Table 2.  Performance of other anaerobic-aerobic systems on textile wastewater 

treatment in compared to this study results. 

Type of 

Textile 

Wastewater 

Technology Removal Performance (%) 
Reference 

Anaerobic Aerobic COD BOD5 Color 

Studies of anaerobic-aerobic textile wastewater treatment 



Real ABR DHS 90 - 58 [11] 

Synthetic, 

azo dyes 
UASB activated sludge 67-88 - 85 [35] 

Real Anaerobic-aerobic SBR 75 - 85 [32] 

Synthetic, 

non-azo 
Flocculent anaerobic-aerobic SBR 70 - 75-80 [26] 

Synthetic, 

non-azo 
Granular anaerobic-aerobic SBR 80 - 75-80 [26] 

Studies of AnMBR for textile wastewater treatment 

Real AnMBR - 88 - 94 [17] 

Synthetic, 

non-azo 
AnMBR - 94 - 99 [18] 

Studies of DHS for textile wastewater treatment 

Synthetic, 

azo dyes 
- DHS 83±8 93±12 72±34 [25] 

Synthetic, 

non-azo 
- DHS 66.5±7.1 - 90.2±3.1 [27] 

This Study 

Synthetic, 

azo dyes 
AnMBR DHS 97.3±0.9 

95.3±3.4 

(BOD3) 
94.0 ±2.0 Run I 

Synthetic, 

azo dyes 
AnMBR DHS 96.5±0.5 

98.3±1.6 

(BOD3) 
97.5±3.2 Run II 

Synthetic, 

azo dyes 
AnMBR DHS 96.2±0.6 

98.4±0.5 

(BOD3) 
94.2±0.7 Run III 

In this study, the BI of the influent system was maintained at approximately 0.4. As a reference, 

wastewater with a BI of less than 0.35 is difficult to biodegrade [36]. The results indicate that 

in this experiment, all the HRTs were longer than the azo decolorization period.  

The quality of the treated wastewater on day 20 of run II (12 h, 5.21 LMH) is shown in Fig.3. 

The effluent of the AnMBR [Fig. 3b] is far more colorless than the system influent [Fig. 3a], 

and the effluent from the DHS [Fig. 3c] is slightly less colorful than the effluent of the AnMBR. 

Most aromatic amines from azo dye biodegradation are susceptible to autoxidation and form 

dark-colored polymers [37]. However, in this study, colored products of aromatic compounds 

were not observed, suggesting that these colored polymers were removed during treatment. 

Table 3 shows the characteristics of the system influent, AnMBR effluent, and DHS effluent 

at days 10 and 20 of run II. It shows that all measured parameters in the influent are largely 

decreased in the AnMBR stage and slightly decreased in the DHS stage except for TSS. 

Increasing TSS in the DHS stage was caused by the detached solids (biofilms /microorganisms) 

from the DHS as the microorganisms grow along the operation time. The detached solids were 

flowing out with the effluent and measured as the TSS. Therefore, a small settling tank as a 

post-treatment has been used in the full-scale operation [38]. However, the TSS value in the 

DHS stage still meets the regulation standard used in this study. These results indicate that the 

effluent of the AnMBR-DHS system meets Indonesia’s regulation standards. 



This research firstly reported the application of the AnMBR-DHS system for treating textile 

wastewater. Our previous study [11] demonstrated that anaerobic treatment is beneficial for 

dye degradation, but frequently sludge washout occurred and remained industrial application 

problems. The AnMBR examined in this study can resolve these problems and generate a high-

quality effluent. The post-treatment DHS reactor can remove the ammonia that cannot be 

removed in membrane reactors. Therefore, this obtained result will bring immense benefits to 

textile wastewater treatment. 

Fig. 3. The appearance of water on day 20 of run II (12 h, 5.21 LMH): (A) system 

influent, (B) AnMBR effluent, and (C) DHS effluent. 

Table 3. Characteristics of the influent, AnMBR effluent, and DHS effluent on days 10 

and 20 of run II (12 h, 5.21 LMH). 

Parameter Units Maximum Value* Influent AnMBR Effluent DHS Effluent 

Color Pt-Co 200 611±39 102±5 66±5 

BOD3 mg/L 60 414±145 25±19 20±2 

COD mg/L 150 1021±363 64±51 50±5 

TSS mg/L 50 231±29 18±8 32±3 

Phenol mg/L 0.5 <0.001 <0.001 <0.001 

Total chromium (Cr) mg/L 1 <0.001 <0.001 <0.001 

Ammonia (NH3-N) mg/L 8 9.8±3.2 4.2±0.6 2.6±0.3 

Sulfide (H2S) mg/L 0.3 0.09±0.04 0.07±0.03 0.07±0.02 

Oil and fat  mg/L 3 20±14 1.8±1.4 1.7±0.3 

pH - 6–9 6.5±0.2 7.6±0.3 7.5±0.3 



*Standard regulation based on Permen-LH No. 16 Year 2019 Attachment II [8]

3.2. Transmembrane pressure changes in AnMBR-DHS system 

Fig. 4 shows the relationship between the TMP and the operation time of the AnMBR. The 

TMP increases more rapidly at a higher HRT and lower operational flux. The MLSS measured 

at an HRT of 12 h and flux of 5.21 LMH shows an increase of up to 23.7%. The TMP behavior 

in this experiment is consistent with the theoretical behavior of fouled membranes [39], that is, 

that the increase in TMP in the operating membrane at constant flux permeation is the result of 

membrane fouling. A shorter HRT also results in higher MLSS, soluble microbial product, and 

extracellular polymeric substance concentrations, and thus a higher membrane fouling rate [40]. 

Fig. 4. Relationship between TMP and AnMBR operation time. 

3.3. Biodiversity and distribution of microorganisms in AnMBR-DHS system 

Sludge samples for microbial analysis were collected from the AnMBR and DHS on day 10 of 

run II (12 h, 5.21 LMH) to investigate the microbial diversity. The numbers of organism 

sequences obtained for the AnMBR and DHS were 134,784 tags and 81,458 tags, respectively. 

The AnMBR organisms were clustered into 1,222 operational taxonomic units (OTUs) based 

on 97% similarity. The DHS organisms were clustered into 1,318 OTUs. The alpha diversity 

index was evaluated to characterize the biodiversity of the AnMBR and DHS microbial 

communities in terms of community richness and community evenness. Higher community 

richness as indicated by higher values of the Observed species, Chao 1, and Shannon indicators, 



whereas higher community evenness was indicated by higher values of the Gini-Simpson 

indicator [41,42].  

The AnMBR community had 1,142 observed species, a Chao 1 value of 1,235, a Shannon value 

of 6.3, and a Gini-Simpson value of 0.958. By contrast, the DHS community had 1,318 

observed species, a Chao 1 value of 1,390, a Shannon value of 7.1, and a Gini-Simpson value 

of 0.965. The observed species, Chao 1, and Shannon values indicate that the DHS has greater 

microbial richness than the AnMBR. The Gini-Simpson value indicates that the AnMBR has 

higher evenness than the DHS. The difference in oxygen concentration between the two 

bioreactors might explain this diversity analysis. The AnMBR provides only anaerobic 

conditions and thus is less diverse than the DHS, which provides anaerobic and aerobic 

conditions. However, the anaerobic conditions in the DHS occur only near and at the center of 

the sponge, and thus the microbial community of the DHS is less even than that of the AnMBR, 

which has an oxygen concentration of almost zero throughout the bioreactor [23]. This may 

become another advantage of DHS which can provide a combined culture of anaerobic-aerobic 

in the medium as well as the concept of granular sludge for the textile wastewater treatment 

[26,43]. 

Fig. 5 shows the major phyla observed in the AnMBR: Euryarchaeota (29%), Proteobacteria 

(24%), Bacteroidetes (11%), Caldiserica (9%), Aminicenantes (5%), Acidobacteria (5%), 

Tenericutes (4%), Firmicutes (4%), Verrucomicrobia (2%), and Spirochetes (2%). These phyla 

are commonly found in anaerobic digesters [11,44,45]. 



Fig. 5. The relative abundance of phyla in AnMBR. 

Fig. 6a and 6b show the major observed genera and the phylogenetic tree from the AnMBR 

microbial community, respectively. The 10 major genera are Methanosaeta (17%), 

Methanolinea (10%), Caldisericum (9%), Smithella (4%), Spirillum (3%), Tolumonas (3%), 

Desulfomonile (2%), Aeromonas (1%), Methanoregula (1%), and Syntrophus (1%). 

Methanosaeta and Methanoregula are acetoclastic methanogens [41]. By contrast, 

Methanolinea is a hydrogenotrophic methanogen [11]. Acetoclastic methanogens convert 

acetate to methane and carbon dioxide, whereas hydrogenotrophic methanogens convert 

hydrogen and carbon dioxide to methane. Hydrogenotrophic methanogens are believed to have 

a significant effect on azo reduction and have better resistance to high azo concentration 

(comparing to acetoclastic methanogens). By contrast, acetoclastic methanogens have no 

significant effect and quite susceptible to the high azo compound concentration; thus, 

acetoclastic methanogens grow more slowly than hydrogenotrophic methanogens during azo 

dye treatment [46]. In agreement with this theory, an earlier experiment [11] showed a higher 

population of hydrogenotrophic methanogens compared to acetoclastic methanogens. 

Although most of the phyla identified in the AnMBR in this experiment are quite similar to a 

study [11], the relative abundance of the methanogens is not; that is, this experiment shows a 

higher population of acetoclastic methanogens compared to hydrogenotrophic methanogens. 

This difference may be attributable to the higher COD removal than those aforementioned 

study [11] and the lower concentration of azo compound than those another study [46]. In a 

typical anaerobic digester, the relative abundance of acetoclastic methanogens is much higher 

than that of hydrogenotrophic methanogens because of their crucial role in converting acetate 

(main products of acetogenesis) to methane and CO2. High hydrogen production inhibits 

acetogenic metabolism, resulting in low methane production and the accumulation of volatile 

fatty acids. Thus, hydrogenotrophic methanogens play an important role in the stabilization of 

the low hydrogen partial pressure in anaerobic digesters [41]. In contrast to typical anaerobic 

digesters, the AnMBR used in this experiment contained both types of methanogens at a high 

relative abundance, indicating that although the hydrogen production is high, acetogenic 

metabolism is not inhibited and so the COD removal is high. The reason may be that the 

produced hydrogen does not accumulate as a partial pressure inside the bioreactor; instead, it 

is used as an electron donor for azo decolorization as it has been mentioned by a study  that 

hydrogen has been proven to be effective on dye reduction [46]. Additionally, the low 



concentration of azo concentration in this research may also be the cause of the high abundance 

of acetoclastic methanogens.  

Fig. 6. (A, C) Relative abundance of genera and (B, D) phylogenetic tree of the microbial 

community in (A, B) AnMBR and (C, D) DHS. 

Degradation of azo dyes begins with the reduction of the azo bond. This reaction is not specific, 

and some suggested pathways were reviewed [47]. Many bacteria can reportedly reduce azo 

dyes. However, the high color removal of RB5 in this experiment, especially after the AnMBR 

process, demonstrates that azo reduction by mixed cultures can be effective. Although most of 

the major genera in the AnMBR in this experiment have not yet been reported as azo-reducing 

bacteria, their roles in providing a simple substrate for azo reduction and in COD removal are 

very important. Tolumonas is reportedly an acidogenic bacterium [48], whereas Syntrophus, 

Aeromonas, and Smithella are reportedly acetogenic bacteria [11,49,50]. Spirillum reportedly 

uses a limited number of organic acids employing only oxygen as an electron acceptor, with 

optimal operation at a 2% oxygen level [51]. The conditions inside the AnMBR are not strictly 

anaerobic, which might be the reason for the high abundance of Spirillum. Caldisericum and 



Desulfomonile might be involved in the sulfur cycle; they can reportedly act as sulfur-reducing 

bacteria [52,53]. Moreover, several studies have documented that azo dyes are reduced under 

sulfate-reducing conditions [47], suggesting that sulfur bacteria contribute to azo reduction. 

However, there is little information on the mechanism.  

The 10 major genera identified in the DHS and the phylogenetic tree of the DHS 

microorganism community are shown in Fig. 6c and 6d, respectively. The major genera are 

Janthinobacterium (11%), Amaricoccus (3%), Pseudomonas (3%), Aeromonas (2%), 

Sulfurospirillum (2%), Rhodobacter (2%), Raoultella (1%), Tolumonas (1%), Desulfoprunum 

(1%), and Stella (1%). These genera all belong to the phylum Proteobacteria. In textile 

wastewater treatment, aerobic processes are required for aromatic amine degradation. Simple 

aromatic amines can be biodegraded under anaerobic conditions; however, sulfonated aromatic 

amines (which are reportedly azo dye degradation products) are generally biodegraded under 

aerobic conditions [54]. Some of the sulfonated aromatic amine-degrading bacteria that were 

reported in other studies and also identified in the DHS used in this experiment were 

Pseudomonas, Alcaligenes, Hydrogenophaga, Comamonas, Acinetobacter, and Rhodococcus 

[37,54,55]. 

As the DHS also provided anaerobic conditions near the center of the sponge, an azo-reducing 

reaction might occur in the DHS system. The azo-reducing bacteria found in the AnMBR are 

also found in the DHS, although at a much lower relative abundance. Other major genera 

identified in the DHS might play an important role in removing organic pollutants from the 

AnMBR effluent. Janthinobacterium, Amaricoccus, Sulfurospirillum, Rhodobacter, Raoultella, 

Tolumonas, Desulfoprunum, and Stella can reportedly use a wide range of organic matter in 

wastewater as a substrate under aerobic and/or microaerophilic conditions [56–63]. 

Sulfospirillum and Desulfoprunum might also contribute to the sulfur cycle in the DHS system, 

as they can reduce sulfur compounds [58,62].  

4. Conclusion

The AnMBR-DHS combination was shown to significantly reduce BOD3, COD, and color in 

synthetic textile wastewater. The AnMBR-DHS process resulted in BOD3, COD, and color 

removal values of 97.3 ± 1.8%, 94.4 ± 4.8%, and 95.0 ± 1.6%, respectively. Most of the 

removal occurred in the AnMBR. This AnMBR-DHS system meets Indonesia’s regulatory 

standards. The performance of the AnMBR-DHS system at HRTs of 12 and 24 h and 

membrane fluxes of 2.65 and 5.21 LMH did not differ significantly. However, fouling of the 



membrane surface occurred more rapidly at a higher membrane flux or shorter HRT. The 

microbial community in the AnMBR was dominated by the phyla Euryarchaeota, Caldiserica, 

and Proteobacteria, whereas that in the DHS was dominated by Proteobacteria. Some genera 

found in the AnMBR can reportedly reduce azo dyes, and some genera found in the DHS can 

reportedly degrade sulfonated aromatic amines. Further studies of in-situ fouling 

countermeasures and prevention are needed. In addition, real textile wastewater should be 

treated using an AnMBR to observe the effect of HRT and flux on the decolorization efficiency 

in future studies. More scale up studies (design and operation) on textile wastewater are needed 

for AnMBR-DHS reactors to run optimally. Moreover, further measurements and assessments 

of the microbial community contributing to textile wastewater treatment are needed. 
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