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ABSTRACT

Improved anaerobic baffled reactor-anoxic/oxic (ABR-A/O) coupling process was used for print-
ing and dyeing wastewater treatment in our full-scale study, which was able to reach the efflu-
ent standard stably, especial for the characteristic pollutants and aromatics removal. According
to our results of microbial community analysis by polymerase chain reaction-denaturing gradient
gel electrophoresis (PCR-DGGE), the divisions of ABR enabled the functional microorganisms to
distribute in different compartments and contributed to each compartment of performing its own
functions with more efficiency. The first, second, and third compartments are major in macromolec-
ular organics hydrolysis and sulfate reduction, while the main responsibilities of the fourth, fifth,
and sixth compartments are aromatic compounds degradation and denitrification. Many kinds
of aromatic anaerobic degradation microorganisms were found in our ABR, such as Pseudomonas
stutzeri, Dechloromonas aromatic, Pseudomonas putida, and Aromatoleum aromaticum. Initially, abun-
dances of bcrA genes climbed up and then dropped along with the sequential six compart-
ments of ABR and it indicated that the highest aromatics degradation efficiency were obtained
at the fifth compartment, rather than other compartments, which was probably caused by its
moderate substrate concentration and biodegradability.

Keywords: Anaerobic baffled reactor (ABR); Printing and dyeing wastewater; Anaerobic hydrolysis;
Aromatic compounds; Microbial community; Biodegradability

1. Introduction

The printing and dyeing wastewater is characterized
by huge water yield and complex quality, with high chem-
ical oxygen demand (COD) (but low (biochemical oxygen
demand) BOD,/COD) and high color. These wastewaters
may also be hazardous due to the presence of metals, chlo-
rides, or broken products of dyes [1,2], which is usually
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aromatic amine. The common method for printing and dye-
ing wastewater is still biological technology for its simplicity
and cost-effectiveness [3].

However, the increasing standard of pollutant dis-
charge and increasing modern dyestuffs (such as azo and
indigo dye) and auxiliary used in the textile process give
a new challenge for the biological treatment, which calls
for the new reinforced biological treatment process.
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Anaerobic hydrolysis acidification process is very essen-
tial for printing and dyeing wastewater treatment since it
degrades macromolecular pollutants, break chromophoric
groups, and improve biodegradability [4,5], which reinforce
the COD and nitrogen removal in the anoxic-aerobic process.

The anaerobic baffled reactor (ABR), which belongs
to the third generation high-rate anaerobic reactor, earns
highly appraisement for its high efficiency, outstanding
working stability, and lower operating cost [6,7]. The spe-
cial design of ABR which divides the whole system from
one phase into the multi-phase process realizes microbial
segregation in the different compartments and achieves
effective separation of acid-forming microbes and metha-
nogens. In recent year, ABR has been used widely in waste-
water treatment [8,9].

In printing and dyeing wastewater, giving priority to
aromatics of organic toxicants with low biodegradability,
such as aromatic amines (an intermediate metabolite of azo
dyes) was quite abundant, which requires more efficient
anaerobic hydrolysis process like ABR [10,11].

Microorganisms perform a significant role in the biolog-
ical treatment and the microbial community in ABR earns
more attention [12]. The ABR provides a longitudinal dis-
tribution condition with gradient pollutants concentration
for microorganism growth, which makes divisions in dif-
ferent compartments for the whole microbial community.
However, the related functional bacterial communities and
functional genes abundance in ABR for printing and dye-
ing wastewater treatment need to be further investigated
and the biological degradation mechanism should be dis-
cussed, which would provide a theoretical basis for practical
application and management.

The hazardous aromatic compounds which derived from
the application of modern dyestuffs (such as azo and indigo
dye) and auxiliary with environmental stability can be as
cancerogenic and harm to human health, which is becoming
the limiting factor in the treatment process of printing and
dyeing wastewater.

Anaerobic pathways for the degradation of the aromatic
compounds have been discovered years ago, such as Thauera
aromatica and Rhodopseudomonas palustris [13]. The benzoyl-
coenzyme A (benzoyl-CoA) is the key metabolite in lots
of aromatic compounds degradation process [14] and the
benzoyl-CoA reductase (BCR) is involved in anaerobic
degradation pathways for several aromatic compounds in
diverse bacteria. Therefore, the relative genes encoded BCR
(like berA) were effectively used for anaerobic aromatics
degradation bacteria detection [15].
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In order to investigate the practical application situation
of ABR for printing and dyeing wastewater treatment, the
full-scale study was conducted at a sewage plant located in
an industrial park in Taihu Lake Basin (China). The print-
ing and dyeing wastewater contributed 80% amount of the
total water taken over wastewater.

In this study, the key objective was to investigate the
performance of the ABR-A/O coupling process at full scale
for printing and dyeing wastewater treatment; and to reveal
the biological degradation mechanism of pollutants in this
process, especial for aromatics anaerobic biological degra-
dation in gradient compartments precisely, by analyzing
structure and population size of the relative microbial com-
munities, biological basis was provided for the ammonia-
tion of anaerobic reactor and the denitrification mechanism
of aerobic reactor.

2. Material and method
2.1. Full-scale process based on ABR in the sewage plant

The main part of the whole process is shown in Fig. 1.
The key section is the biological process consisted of ABR
with six compartments coupled in A/O process.

In order to strengthen anaerobic hydrolysis efficiency,
especial for aromatic compounds degradation, the fourth,
fifth, and sixth compartment (the last three compartments)
was filled with combined filler (fixed at the supports).
The ABR was designed to be two sets of reinforced concrete
structure, with the size of L x b x H = 48.0 x 30.0 x 7.5 m
and effective depth of 7.0 m. Each set was divided into
two groups of parallel operation, with HRT = 24.1 h. Main
equipment: combined packing and support 2,160 m?, eight
sludge reflux pumps, four for use, and four for standby,
model GW110-10-5.5, Q =110 m*h, H=10 m, n =5.5 kW as
shown in Table 1.

2.2. Operation condition

The designed scale is 2.0 x 10* m?/d for the sewage plant,
and the printing and dyeing wastewater occupy over 80%
of the total taken over water yield as shown in Table 2.

2.3. Characterization and analysis of water quality

Characterization of water quality was conducted every
day in stable operation. COD, ammonia-nitrogen (NH,-N),
total nitrogen (TN), total phosphorus (TP), and biochem-
ical oxygen demand (BOD,) were estimated according to

__________

. ABR with 6 compartments
Regulating

tank

olo|e|o|e|e]

— Clarifier —

- i—> Sediment

Fig. 1. Schematic diagram of full-scale ABR anaerobic hydrolysis—A/O coupling process. The gray in the fourth, fifth, and sixth com-

partments showed fillers addition.
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Table 1
Main structures and specifications of the whole treatment process
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Structure Amount  Specifications

Regulating tank 1

40 m x 73.6 m x 4.0 m, effective volume is 8,800 m?, HRT =10.6 h
48 m x 30 m x 7.5 m, effective volume is 10,080 m?, HRT = 24.1 h, combined filler, and its support is

48 m x 36 m x 6.0 m, effective volume is 9,504 m®, HRT = 22.8 h (5.7 for anoxic, 17.1 for aerobic),

ABR 2

2,160 m?
A/O 2

DO < 0.5 mg/L for anoxic, 1-3 mg/L for aerobic, PAC was added in aerobic tanks
Sediment 2

reflux, HRT=3.0 h

®28.0 m x 5.5 m, effective height is 4.0 m, hydraulic surface loading is g = 0.72 m*/(m? h), 50%-100%

the Standard Methods [16]. The specific organic matter
(especial for aromatic pollutants) in the printing and dye-
ing wastewater was characterized by gas chromatogra-
phy mass spectrometry (GC-MS; ZAB-HS, HP-5 for gas
chromatographic column).

2.4. Microbial community analysis

The sludge samples (150 mg, deposit without drying)
were collected. The total genomic DNA was extracted
from each sample by using the FastDNA kit (Q-Biogene,
MP Biomedicals, UK) as described in the manufacturers’
instructions.

The PCR of 16s genes V3 region was performed for
the total eubacteria investigation with the primers 338f
(5-CCTACGGGAGGCAGCAG-3), with GC-clamp before
DGGE) and 518r (5-ATTACCGCGGCTGCTGG-3), under
the following conditions: 94°C/5 min denaturation step; 30
cycles of 94°C/30 s, 58°C/30 s, 72°C/45 s; and a final extension
step at 72°C/10 min.

DGGE was carried out in a denaturing gradient gel
electrophoresis system for the PCR products. Polyacrylamide
gels (10% w/v) were 18 cm x 18 cm, thickness of 0.75 mm.
The electrophoresis was conducted in 1 x TAE buffer at
60°C. The condition of each electrophoresis was 100 V,
12.5 h with denaturing gradients of 35%-65%. Gels were
photographed using Kodak 1D Image Analysis Software
after stained by ethidium bromide (EB).

Quantification of aromatic compounds degradation
by microorganisms were analyzed by bcrA genes tar-
geted real-time PCR. The primers BCR-1F (5-GTYGGMAC
CGGCTACGGCCG-3) and BCR-2R (5-TTCTKVGCIACIC
CDCCGG-3) were used.

The real-time PCR conditions for bcrA genes were:
10 min activation of the polymerase at 94°C, three cycles con-
sisting of 30 s at 94°C, 30 s at 58°C, 1 min at 72°C, and then
three cycles consisting of 30 s at 94°C, 30 s at 54°C, 1 min at
72°C, finally, the last cycle with 1 min at 94°C, 1 min at 50°C,

Table 2
Inflow water quality and effluent standard

2 min at 72°C, and was repeated 30 times. While approxi-
mative quantification of the total eubacteria amount was
performed by V3 region of 16 s genes, in order to act as the
internal reference with the condition: 15 s at 95°C, 30 s at 60°C
for 40 times of repetition. One last step from 60°C to 95°C
with an increase of 0.2 deg/s was added to obtain a specific
denaturation curve for all the real-time PCR assays above.

3. Results and discussion
3.1. Performance of the biological process based on ABR

Conventional wastewater quality parameters analyzed
(daily, around the year) and obtained average results which
are presented in Table 3.

After clarifier (secondary biological process) the results
of the effluent were found much identical to the effluent
standard of town sewage treatment plants and key indus-
tries major water pollutant discharge limits for Taihu Lake
basin (DB32/1072-2007). The removal efficiencies of 92.25%,
92.13%, 89.21%, 78.53%, 92.18%, and 91.41% were obtained
in this study for COD, BOD, NH,-N, TN, TP, and color,
respectively. These results demonstrated the high efficiency
for various pollutants removal in the biological process
based on ABR and the whole process can be considered
very effective for the treatments of the printing and dyeing
wastewater.

The ratio of BOD,/COD is 0.28 for inflow and increased
up to 0.36 in ABR effluent which is verified by high anaerobic
hydrolysis capability of the ABR with improved biodegrad-
ability for the wastewater. Besides, NH,—-N and TN had a less
removal through ABR since denitrify or anammox process
might be occurring in the ABR compartment.

3.2. Characteristic pollutants analysis of the printing and
dyeing wastewater

In printing and dyeing wastewater numerous organic
toxicants with low biodegradability are found, which

pH COD TN NH,-N TP Chroma
Inflow 69 <1,500 <50 <40 <5.0 <500
Effluent standard DB32/1072-2007 69 <60 <15 <5 <0.5 <40
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Table 3
Effluent quality for each section in the whole process
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COD (mg/L) BOD (mg/L) NH,-N (mg/L) TN (mg/L) TP (mg/L) Chroma
Adjusting tank 542 + 95* 155 + 20 30.6+12.4 354+3 32+1 256 + 64
ABR 367 £52 128 +15 26.3+8.1 31.1+3 2.85+0.7 102 +32
A/O 81+11 243+44 3.7+1.0 84+16 1.37£0.6 31+8
Clarifier 42+9 122+2 33+09 76+1.2 0.25+0.1 22+8
Effluent standard 60 10 5 15 0.5 40

*All the data in Table 3 was averaged by daily monitored in 1y.

were introduced by large dyestuff, auxiliary, and solvent
application in the dyeing process. These organics and
aromatics compounds were difficult to remove from this
wastewater [17].

In order to investigate the organic toxicants reduction
in the wastewater during coupled biological process, the
organic compounds analyzed using GC-MS, especially for
the aromatics which are particularly marked in Fig. 2.

After anaerobic hydrolysis by ABR, aromatics achieved
considerable reduction and removal since both species and
relative abundance reduced (notice that the scales of Y-axis
were different in the three figures). The efficient biological
degradation of aromatics indicated that there were a substan-
tial quantity of microorganisms which can utilize aromatic
compounds as carbon and energy sources, with favorable
aromatic ring opening ability under anaerobic condition.

Particularly, the highest peak in the inflow (and ABR
effluent, Fig. 2) is identified as N,N-dimethylacetamide,
which is a kind of polar solvent and present in abundance.
According to variation tendency of the highest peak (Fig. 2),
the excellent removal of N,N-dimethylacetamide depends
on the aerobic biological treatment, since it mainly occurred at
the A/O process, but little in anaerobic ABR.

Moreover, the wastewater contains other inorganic char-
acteristic pollutants, such as sulfate, chlorate, arsenic, etc.
[18], which were removed efficiently by using improved
ABR based coupling biological process (data not shown).

3.3. Microbial community analysis and pollutants biological
removal mechanism

Both of the normal and characteristic pollutants (aro-
matics) in printing and dyeing wastewater can be removed
effectively by using improved coupled base process on ABR
during this study, however, the microorganisms play vital
role in the biological treatment process.

As shown in Fig. 3, in ABR process from the first to
sixth compartment, the pattern variation in band intensity
included gradually rise and drop. The initially rise up of the
band and then drop indicated that there was an abundance
of different kinds of microorganism which varied along the
serial process in ABR.

The pattern of former compartments has significant
difference with the last three compartments as fillers were
added. Moreover, the last three compartments showed
higher biodiversity than the first three compartment.
The stratified biofilm growing on the fillers can help enrich
more kinds of microorganism. Furthermore, the increase in

BOD,/COD during the anaerobic hydrolysis process may
also be responsible for the higher biodiversity in the last
three compartments.

On the contrary, there were no difference found between
anoxic and aerobic process for the homogeneously mixed
sludge by internal reflux.

In Table 4, Proteobacteria and Bacteroidetes are domi-
nated communities in our ABR reactor, and several kinds
of functional bacteria (according to the closest species) are
discovered.

Macromolecular organics hydrolysis bacteria: B8 and
B9 showed closest phylogenetic relationship to Bacteriodes
helcogenes and Paludibacter propionicigenes which were
obligate anaerobic bacteria and fermentate the products
resulting acetic acids and propionic acids (VFAs) sepa-
rately [19,20] by macromolecular organics catabolism. B7
was identified as Desulfatibacillum alkenivorans which acts
as a model organism for anaerobic alkane biodegradation,
due to its versatile pathways involved in the oxidation of
alkanes, organic acids, and n-saturated fatty acids coupled
to sulfate reduction [21]. These (B7, B8, B9) bacteria could
be observed only in first three compartment which per-
form macromolecular organics hydrolysis and extinct in
the last three. It indicates that the first three compartment
of ABR are accountable for macromolecular hydrolysis and
BOD,/COD increment which produced VFAs.

Denitrifying bacteria: B1, B2, and B5 owned nitrate-
reducing ability since they were identified as denitrifi-
ers (Pseudomonas denitrificans, Dechlorosoma suillum, and
Dechloromonas aromatica). Especially, B5 performs anaerobic
aromatics degradation coupled with nitrate-reducing [22].
These kinds of denitrifiers were only found in the last three
compartments. The combined fillers in the last three com-
partments provide stratified biofilm with more multiplicity
of microorganisms which is responsible for the denitri-
fiers enrichment. Besides, the increasing organic carbon
source (from previous anaerobic hydrolysis production)
available for denitrifiers might be due to other reasons.

Aromatic compounds degradation bacteria: Anaerobic
aromatics biodegradation has been documented under
various conditions with nitrate, Fe(Ill), sulfate, or CO, as
alternative electron acceptors [23]. The aromatics degra-
dation bacteria were widely found in ABR reactor, espe-
cial in the fourth, fifth, and sixth compartment, such as
B4 (highest enrichment in the fifth compartment), B5, B12
(with the greatest intensity in the whole DGGE) and B14,
whose closest species were Pseudomonas stutzeri A1501 [23],
Dechloromonas aromatic RCB, Pseudomonas putida KT2440
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Fig. 2. GC-MS spectrums for the stepwise biological processes. The peaks of aromatic compounds were specially marked and
listed in the corresponding tables (the reliability is over 95% for all the listed aromatics).

[24], and Aromatoleum aromaticum EbN1 [25]. These bacte-
ria were found extensively in the last three compartments
and all of them owned special pathways for the catabolism
of central aromatic intermediates, especially for the central
benzoyl-CoA pathway [26].

Sulfur and chlorate-reducing bacteria: B7 and B13 were
identified as Desulfatibacillum alkenivorans and Desulfurivibrio
alkaliphilus, having ability to perform anaerobic respira-
tory metabolism, taking thiosulfate, and elemental sulfur
(B13) or sulfate (B7) as the electron acceptors [27,28]. It is
noticeable that the sulfate reduction mainly occurred at the
first three compartments since B7 prefer enriching in these
compartments. B2 and B5 (as denitrifiers) also take part in
per-chlorate reduction. The presence of such bacteria also
validates the sulfur and chlorate pollution in the printing
and dyeing wastewater.

Other functional bacteria: B6 (Tannerella forsythia) and
B10 (Pseudomonas fluorescens) which only discovered in the
compartments with fillers (fourth, fifth, and sixth), observed
no special pollutants removal abilities, however, they were

involved in biofilms formation on abiotic surface by their
extra-cytoplasmic protein interactions with the surface [29].
B3 (Microbacterium testaceum) showed N-acyl homoserine
lactone-degrading activity [30] and predicted the capability
of signal molecule transfer and response in biofilm formation.
In the A/O process, Alphaproteobacteria took the domain
part. B15 and B16 were identified as denitrifying and nitrify-
ing bacteria (Table 4), respectively. B17 whose closest species
was Parvibaculum lavamentivorans able to w-oxygenate the
commercial surfactant linear alkylbenzenesulfonate (LAS)
[31]. Especially, B18 was identified as Novosphingobium sp.
PP1Y which has ability to grow a wide range of aro-
matic compounds and using the aromatic fraction as the
sole carbon and energy source [32]. It performs aromat-
ics degradation under aerobic condition with the assisted
ABR process, further removes aromatics in the wastewater.
In general, many functional microbial communities
were found which were responsible for various correspond-
ing pollutants removal in printing and dyeing wastewa-
ter. Importantly, ABR, through the separation of biological
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Table 4
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Closest species and their classification for the representive bands in DGGE

No. Closest species* Classification

B1 Pseudomonas denitrificans ATCC 13867 Gammaproteobacteria
B2 Dechlorosoma suillum PS Betaproteobacteria

B3 Microbacterium testaceum StLB037 Actinobacteria

B4 Pseudomonas stutzeri A1501 Gammaproteobacteria
B5 Dechloromonas aromatica RCB Betaproteobacteria

B6 Tannerella forsythia ATCC 43037 Bacteroidetes

B7 Desulfatibacillum alkenivorans AK-01 Deltaproteobacteria
B8 Paludibacter propionicigenes WB4 Bacteroidetes

B9 Bacteroides helcogenes P 36-108 Bacteroidetes

B10 Pseudomonas fluorescens WCS365 Gammaproteobacteria
B11 Shewanella sp. ANA-3 Gammaproteobacteria
B12 Pseudomonas putida KT2440 Gammaproteobacteria
B13 Desulfurivibrio alkaliphilus AHT2 Deltaproteobacteria
B14 Aromatoleum aromaticum EbN1 Betaproteobacteria
B15 Hyphomicrobium denitrificans ATCC 51888 Alphaproteobacteria
B16 Nitrosomonas eutropha C91 Betaproteobacteria
B17 Parvibaculum lavamentivorans DS-1 Alphaproteobacteria
B18 Novosphingobium sp. PP1Y Alphaproteobacteria

*Similarities > 97% for all the closest species.

phase, maked the acidogenic fermentation bacteria, denitri-
fying bacteria, and aromatic compound degradation
bacteria distributed in each cell along the way and show
different advantages. Each compartment in ABR performs
its own functions efficiently. For example, the first three
compartments are responsible for macromolecular organ-
ics hydrolysis and sulfate reduction, while the last three
compartments performs aromatic compounds degradation

ABR with 6 compartments

B15
B16
B11
B13
B14 B18

Fig. 3. DGGE profile for the biological process, includes six
samples in each compartment of ABR, and two samples in the
A/O process.

(rings opening), chlorate reduction, and denitrification.
This maked the system more efficient in removal, more
resistant to impact load, and more stable in operation.

3.4. Functional genes quantification for aromatics
degradation in ABR

Detoxification is an important part in printing and
dyeing wastewater treatment [33]. However, the aromatic
compounds were performs toxicity of refractory organic
pollutants in printing and dyeing wastewater (Fig. 2).

The bcrA gene is involved in anaerobic degrada-
tion for many kinds of aromatic compounds among the
various bacteria, which is effectively used for anaerobic
degradation bacteria detection [15].

In order to better understand the aromatic compounds
anaerobic degradation process by microorganism in ABR.
The quantification of bcrA genes is obtained for each
compartment by real-time PCR.

Fig. 4a shows the bcrA gene abundance involved in
per ng genomic DNA, which was converted to absolute
abundance in environmental samples according to DNA
concentration and sample mass. However, the trend of
bcrA along the serial compartments were very similar
since a little difference in DNA extracted concentration
among the six samples.

The results of fifth compartment showed that the
highest abundance of bcrA genes with 4.5 x 10° copies/mg
sludge and the sixth compartment followed. Moreover,
the last three compartments has higher values as compare
to the first three. It is proven that the aromatics anaerobic
degradation mainly occur in the last three compartments,
especial for the fifth one.
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Fig. 4. Real-time PCR results for bcrA genes quantification (a) relative abundance with per genomic DNA and (b) absolute

abundance with per milligram sludge.

The concentration of aromatic compounds would
decrease gradually along with the serial compartments in
ABR, theoretically. However, beyond its expectation, the
abundance of bcrA genes did not decrease accordingly,
but first raised up to fifth compartment and then drop
(Fig. 4). Moreover, results showed that the abundance of
berA in last three compartments were much higher due to
the stratified biofilm on fillers (discussed above, section 3.3
(Microbial community analysis and pollutants biological
removal mechanism)), there are several reasons were prob-
ably responsible for the peculiar variation tendencies of
berA in ABR.

Under anaerobic conditions, the macromolecular aro-
matics was first degraded into small aromatics, such as
azo-reductases cleave azo dyes into the corresponding aro-
matic amines, and then aromatic rings were opened. Initial
hours (shorter hydraulic retention time (HRT) in frontal
compartments), most of aromatics in ABR were in the cleav-
age period, but in the following hours (longer HRT in lat-
ter compartments) they were into the ring opening period,
which induces more bcrA genes enrichment in the latter
compartments. In addition, the total HRT is 24.1 h in the
whole ABR reactor during this study which provided ade-
quate cleavage and ring opening time for aromatics.

Besides, as toxic organic, the higher concentration of
aromatics would restrain the growth and activity of micro-
organisms, even if the microorganism is able to degrade
aromatics. Therefore, the lower abundance of bcrA genes
was obtained in the frontal compartments.

Furthermore, one of the most advantages of ABR used in
this study is high-efficiency and stepwise anaerobic hydro-
lysis, which increases BOD,/COD gradually along the serial
compartments. It is well-known that the co-metabolism
effect based on other micro-molecule organics is significant
for aromatic degradation by microorganisms. It indicated
that more anaerobic hydrolysis products with high bioavail-
ability probably lead higher removal efficiency of aromatic,
and also the highest BOD,/COD (0.37, during the whole ABR
process) was obtained at the effluent of the fourth compart-
ment, which coincided with the highest bcrA abundance in
the fifth compartment.

In summary, the best unit for anaerobic aromatic rings
opening and degradation is the fifth compartment in ABR
due to the most suitable condition provided, including
moderate substrate concentration and BOD,/COD ratio.
The bcrA or other these kinds of functional genes can be used
to reflect the number of aromatics at a certain extent since the
quantification of total aromatics in wastewater is difficult.

According to microbial community and functional
genes abundance analysis in each compartment in ABR, it
confirms that the six-compartment ABR in this study, due
to its special structure and hydraulic condition, provides
better distribution for different functional microbial com-
munities, reasonably, in different compartments, which
effectively helps various pollutants removal. However, the
microbial community analysis is based on PCR-DGGE in
our study, which is a simple and fast method, but without
precise microbial information (compare to high through-
out sequencing). DGGE was combined to real-time PCR to
reveal the microbial mechanisms in this paper, and further
study should be done in order to provide better understand-
ing on the mechanisms.

4. Conclusion

e The addition of filler in ABR (fourth, fifth, and sixth
compartment) improves its efficiency. The whole ABR
based biological process can reach to the effluent stan-
dard which is stable for long period and demonstrated
its availability for printing and dyeing wastewater treat-
ment, especially for the characteristic pollutants, that is,
aromatics compounds.

* The functional microorganisms distributed in differ-
ent compartments of ABR and each performs its own
functions effectively. According to microbial commu-
nity analysis, the first three compartments are major in
macromolecular organics hydrolysis and sulfate reduc-
tion, while the last three compartments performs aro-
matic compounds degradation (rings opening), chlorate
reduction, and denitrification.

¢ Many kinds of aromatic anaerobic degradation microor-
ganism were found in ABR, such as Pseudomonas stutzeri,



146 C. Li et al. / Desalination and Water Treatment 197 (2020) 139-147

Dechloromonas aromatic. The abundances of the bcrA
genes first raise up to fifth compartment and then drop
along with the serial and indicated that the highest aro-
matics degradation efficiency was obtained at the fifth
compartment, probably caused by its moderate substrate
concentration and BOD,/COD ratio.

Acknowledgments

This research was supported by the Major Science and
Technology Program for Water Pollution Control and
Treatment (No. 20127ZX07101-003), National Key Ré&D
Program of China (2018YFC0406300), the operation for
Central University of Hohai University (No.2013/B18020148),
and a project funded by the Priority Academic Program
Development of Jiangsu Higher Education Institutions.

References

[1] Y. Zhuy,]. Xu, X. Cao, Y. Cheng, Characterization of functional
microbial communities involved in different transformation
stages in a full-scale printing and dyeing wastewater treatment
plant, Biochem. Eng. J., 137 (2018) 162-171.

[2] L. Liu, R. Cheng, X.F. Chen, X. Zheng, L. Shi, D.M. Cao,
Z.X. Zhang, Applications of membrane technology in treating
wastewater from the dyeing industry in China: current status
and prospect, Desal. Water. Treat., 57 (2017) 366-376.

[3] AK. Verma, P. Bhunia, R.R. Dash, R.D. Tyagi, Y.S. Rao,
T.C. Zhang, Effects of physico-chemical pre-treatment on the
performance of an upflow anaerobic sludge blanket (UASB)
reactor treating textile wastewater: application of full factorial
central composite design, Can. J. Chem. Eng., 93 (2015) 808-818.

[4] X.G. Chen, P. Zheng, Bed energy dissipation rate of super-
high-rate anaerobic bioreactor, J. Chem. Technol. Biotechnol.,
86 (2011) 749-756.

[5] J.S. Huang, J.L. Yan, C.S. Wu, Comparative bioparticle and
hydrodynamic characteristics of conventional and tapered
anaerobic fluidized-bed bioreactors, J. Chem. Technol. Biotechnol.,
75 (2015) 269-278.

[6] R.Zou, G.Zhu,]J.A. Kumar, C. Liu, X. Huang, L. Liu, Hydrogen
and methane production in a bio-electrochemical system
assisted anaerobic baffled reactor, Int. J. Hydrogen Energy.,
39 (2014) 13498-13504.

[7] A.Ahamed, C.L. Chen, R. Rajagopal, D. Wu, Y. Mao, I].R. Ho,
J.W. Lim, J.Y. Wang, Multi-phased anaerobic baffled reactor
treating food waste, Bioresource Technol., 182 (2015) 239-244.

[8] P. Wu, Q. Peng, L. Xu, ]. Wang, Z. Huang, J. Zhang, Effects of
temperature on nutrient removal performance of a pilot-scale
ABR/MBR combined process for raw wastewater treatment,
Desal. Water. Treat., 57(2016) 12074-12081.

[9] B.Yang, H. Xu, J. Wang, D. Yan, Q. Zhong, H. Yu, Performance
evaluation of anaerobic baffled reactor (ABR) for treating
alkali-decrement wastewater of polyester fabrics at incremental
organic loading rates, Water Sci. Technol., 77 (2018) 2445-2453.

[10] H. Wu, S. Wang, H. Kong, T. Liu, M. Xia, Performance of
combined process of anoxic baffled reactor-biological contact
oxidation treating printing and dyeing wastewater, Bioresour.
Technol., 98 (2007) 1501-1504.

[11] Y.M. Wang, W.P. Cao, J.L. Jiang, J. Chen. Performance of an
anaerobic baffled reactor (ABR) for the pretreatment of dyeing
industry wastewater, Desal. Water Treat., 68 (2017) 338-344.

[12] C.Chen, F.Sun, H. Zhang, ]. Wang, Y. Shen, X. Liang, Evaluation
of COD effect on anammox process and microbial communities
in the anaerobic baffled reactor (ABR), Bioresour. Technol.,
216 (2016) 571-578.

[13] M. Boll, C. Loffler, B.E.L. Morris, J.W. Kung, Anaerobic
degradation of homocyclic aromatic compounds via
arylcarboxyl-coenzyme A esters: organisms, strategies and key
enzymes, Environ. Microbiol., 16 (2014) 612-627.

[14]

[13]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

A.W. Porter, LY. Yong, Benzoyl-CoA, a universal biomarker
for anaerobic degradation of aromatic compounds, Adv. Appl.
Microbiol., 88(2014) 167-203.

A. Hosada, Y. Kasai, N. Hamamura, Y. Takahata, K. Wat-
anabe, Development of a PCR method for the detection
and quantification of benzoyl-CoA reductase genes and its
application to monitored natural attenuation, Biodegradation,
16 (2005) 591-601.

SEPA, Water and Wastewater Monitoring and Analysis
Methods, 4th ed., SEPA, Beijing, 2002 (in Chinese).

K. Meerbergen, S. Crauwels, K.A. Willems, R. Dewil, ].V. Impe,
L. Appels, B. Lievens, Decolorization of reactive azo dyes
using a sequential chemical and activated sludge treatment,
J. Biosci. Bioeng., 124 (2017) 668-673.

J. Wang, M.C. Long, ZJ. Zhang, L.N. Chi, X.L. Qiao, H.X. Zhu,
Z.F. Zhang, Removal of organic compounds during treating
printing and dyeing wastewater of different process units,
Chemosphere, 71 (2008) 195-202.

C.L. Nesbg, D.M. Bradnan, A. Adebusuyi, M. Dlutek,
A K. Petrus, J. Foght, W.F. Doolittle, KM. Noll, Mesotoga
prima gen. nov., sp. nov., the first described mesophilic species
of the Thermotogales, Extremophiles, 16 (2012) 387-393.

Y. Benno, J. Watabe, T. Mitsuoka, Bacteroides pyogenes sp. nov.,
Bacteroides suis sp. nov., and Bacteroides helcogenes sp. nov., new
species from abscesses and feces of pigs, Syst. Appl. Microbiol.,
4 (1983) 396-407.

A. Herath, B. Wawrik, Y. Qin, J. Zhou, A.V. Callaghan,
Transcriptional response of Desulfatibacillum alkenivorans
AK-01 to growth on alkanes: insights from RT-qPCR and
microarray analyses, Fems Microbiol. Ecol., 92 (2016),
doi: 10.1093/femsec/fiw062.

M.Y. Ruan, B. Liang, S.M. Mbadinga, L. Zhou, L.Y. Wang, ].F. Liu,
J.D. Gu, B.Z. Mu, Molecular diversity of bacterial bam A gene
involved in anaerobic degradation of aromatic hydrocarbons in
mesophilic petroleum reservoirs, Int. Biodeterior. Biodegrad.,
114 (2016) 122-128.

X.Ke, S. Feng, J. Wang, W. Lu, W. Zhang, M. Chen, M. Lin, Effect
of inoculation with nitrogen-fixing bacterium Pseudomonas
stutzeri A1501 on maize plant growth and the microbiome
indigenous to the rhizosphere, Syst. Appl. Microbiol., 42 (2019)
248-260.

Z.Y. Xu, X.L. Li, N.J. Hao, C. Pan, D.L.T. Luis, A. Ahamed,
J.H. Miller, AJ. Ragauskas, ]. Yuan, B. Yang, Kinetic
understanding of nitrogen supply condition on biosynthesis
of polyhydroxyalkanoate from benzoate by Pseudomonas putida
KT2440, Bioresour. Technol., 273 (2019)538-544.

R. Rabus, K. Trautwein, L. Wohlbrand, Towards habitat-
oriented systems biology of “Aromatoleum aromaticum” EbN1,
Appl. Microbiol. Biotechnol., 98 (2014) 3371-3388.

J. Koch, G. Fuchs, Enzymatic reduction of benzoyl-CoA to
alicyclic compounds, a key reaction in anaerobic aromatic
metabolism, Eur. J. Biochem., 205 (1992) 195-202.

A.V. Callaghan, B.E.L. Morris, I.A.C. Pereira, M.]. Mcinerney,
R.N. Austin, J.T. Groves, J.J. Kukor, ].M. Suflita, L.Y. Young,
G.J. Zylstra, The genome sequence of Desulfatibacillum alkeni-
vorans AK-01: a blueprint for anaerobic alkane oxidation,
Environ. Microbiol., 14 (2012) 101-113.

C. Thorup, A. Schramm, A.]J. Findlay, W.F. Kai, L. Sch-
reiber, Disguised as a sulfate reducer: growth of the delta-
proteobacterium Desulfurivibrio alkaliphilus by sulfide oxidation
with nitrate, Mbio, 8 (2017), doi: 10.1128/mBi0.00671-17.

G.A. O'Toole, R. Kolter, Initiation of biofilm formation in
Pseudomonas fluorescens WCS365 proceeds via multiple, con-
vergent signalling pathways: a genetic analysis, Mol. Microbiol.,
28 (2010) 449-461.

M. Tomohiro, W. Wen-Zhao, S. Nobutaka, I. Tsukasa,
Genome sequence of Microbacterium testaceurn StLB037, an
N-acylhomoserine lactone-degrading bacterium isolated from
potato leaves, J. Bacteriol., 193 (2011) 2072-2073.

ZM. Wu, R.C. Zheng, Y.G. Zheng, Identification and
characterization of a novel amidase signature family amidase
from Parvibaculum lavamentivorans ZJB14001, Protein Expression
Purif., 129 (2016) 60-68.



C. Li et al. / Desalination and Water Treatment 197 (2020) 139-147 147

[32] F. Mensitieri, F.D. Lise, A. Strazzulli, M. Moracci, E. Notomista, [33] A.Blanquez, J. Rodriguez, V. Brissos, S. Mendes, L.O. Martins,

V. Cafaro, E. Bedini, M.H. Sazinsky, M. Trifuoggi, A.D. Donato, A.S. Ball, M.E. Arias, M. Hernandez, Decolorization and
Structural and functional insights into RHA-P, a bacterial detoxification of textile dyes using a versatile Streptomyces
GH106a-L-thamnosidase from Novosphingobium sp. PP1Y, laccase-natural mediator system, Saudi J. Biol. Sci.26 (2019)

Arch. Biochem. Biophys., 648 (2018) 1-11. 913-920.



	_neb79D8AF0C_9C4D_4CDF_B802_56003CAA1E3C
	_nebA171C5FE_8170_4700_A545_274B3D6508AE
	_neb578BE5CD_66FF_486B_8F9F_90D230E67D8C
	_neb23D7764C_F645_429E_AB13_A662003B5AD3
	_neb8452311F_E382_41E3_B039_FBC45C94B6AE
	_neb90F26B82_C6E4_47B3_AC06_F3201BFFF021
	_nebE5B20DAC_455D_4E1F_A062_6E3487A32A53
	_nebD0F47E13_9271_4706_B88C_607E6DFCF6E1
	_neb69BC677D_18DC_4DE4_A196_4977DA91D41D
	_nebBAE2F481_001D_433C_96AA_73AB4E2A7147
	_neb75DB32BA_AA1A_4F5C_A89A_82A0915315D0
	_neb8D450CE2_11C4_4C43_BA7B_36F988122A74
	_nebBAC8B72B_132D_4FAA_905A_9029277DD9DA
	_neb9BD0C5CD_99A3_4455_8F83_0BA415468316
	_neb7D81E2AF_220A_47F9_8FE0_C524D126C1CF
	_neb3F4C1F85_61F5_4209_ABF1_359F8583DB4A
	_neb64DF11C1_BA68_45E8_B63C_08DE3FFF8AF0
	_neb9E81E1EB_BE84_497D_BF33_2BA81C490533
	_nebEE424CA4_4C13_42F4_A1B4_378BE502F569
	_nebD598375D_01E5_4004_8E0E_C495C0D33325
	_nebC88FCAE2_C540_43BC_9F33_5B946F5B846A
	_neb37E772AE_EB03_4377_BA50_B0F22FBF3346
	_neb6A9C8A5B_C317_4F5A_BC60_5D31F5C4532A
	_nebE42D2ED1_96FA_46DD_A8B9_F0BB53E4007B
	_neb73A54231_1767_4C3C_BE76_F0A6FF7F886E
	_nebA48D4DAF_5CC2_4127_B7E4_A22C5F97DCE9
	_nebE015934D_0F7F_4C60_877D_42E3FDEDF9E5
	_neb3335021B_E598_420D_BEB1_CA64AC36FE41
	_nebF0F0A217_A646_4DAA_9F1C_1189BF81B1AD
	_neb32A34612_A513_4530_8932_48FD8F2BF724

