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� Bioaugmentation with GZB can
effectively improve BPA biodegrada-
tion in sediments.

� Bioaugmentation was stimulated by
adding electron donors/co-
substrates.

� Bioaugmentation did not change the
bacterial diversity.

� Bioaugmentation can change the
composition of the major bacterial
groups.
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Bisphenol A (BPA) is a synthetic chemical primarily used to produce polycarbonate plastics and epoxy
resins. Significant industrial and consumer's consumption of BPA-containing products has contributed to
extensive contamination in different environmental matrices. In this study, microcosms bioaugmented
with Bacillus sp. GZB were constructed to investigate BPA biodegradation, identify the main bacterial
community, and evaluate bacterial community responses in the microcosms. Under aerobic conditions,
BPA was quickly depleted as a result of bioaugmentation with Bacillus sp. GZB in water-sediment
contaminated with pollutants. The pollutants used were generally associated with the electronic
wastes (mobile phones, computers, televisions) dismantling process. Adding BPA affected the bacterial
community composition in the water-sediment. Furthermore, BPA biodegradation was enhanced by
adding electron donors/co-substrates: humic acid, NaCl, glucose, and yeast extract. Metagenomic anal-
ysis of the total 16S rRNA genes from the BPA-degrading microcosms with bioaugmentation illustrated
that the genera Bacillus, Thiobacillus, Phenylobacterium, and Cloacibacterium were dominant after a 7-
week incubation period. A consortium of microorganisms from different bacterial genera may be
involved in BPA biodegradation in electronic waste contaminated water-sediment. This study provides
new insights about BPA bioaugmentation and bacterial ecology in the BPA-degrading environment.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Bisphenol A (2,2-bis(4-hydroxyphenyl)propane, BPA, CAS No.
80-05-7) is widely used as an intermediate to produce
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polycarbonate, epoxy resins, flame retardants, and other products
(Hoekstra and Simoneau, 2013). Worldwide demand and annual
consumption of BPA continues to increase as a result of human
activity (Huang et al., 2012). More than one million pounds of BPA
are estimated to be released into the environment annually, mainly
from the discharged plastic leachate in landfills, processing of BPA
in manufacturing, and the combustion of computer printed circuit
boards in electronic waste (Erler and Novak, 2010; USEPA, 2010;
Huang et al., 2012; Peng et al., 2015). As a result, BPA has been
detected in groundwater, industrial water, drinking water, munic-
ipal sewage sludge, and surface water (Belfroid et al., 2002; Huang
et al., 2012; Careghini et al., 2015; Xiong et al., 2015; Toro-Velez
et al., 2016). Further, BPA has been confirmed to be an endocrine-
disrupting chemical, and may adversely affect endocrine func-
tions in humans and wildlife. This may cause changes in develop-
mental processes (Hutler Wolkowicz et al., 2016), altered
reproductive capacity (Quan et al., 2017), damaged nervous sys-
tems (Beronius et al., 2013), increased cancers (Chen et al., 2002),
and decreased immunocompetence (Lee et al., 2013). This has led to
increased focus on the environmental fate of BPA (Sun et al., 2012;
Toro-Velez et al., 2016).

The biological transformation of organics is one of the main
transformation pathways in the environment, and microorganisms
can effectively remove different environmental pollutants in the
natural aquatic environment (Yang et al., 2016). However, most
previous studies have focused on isolating different indigenous
BPA-degrading bacterial species (Eio et al., 2014) and conducting
BPA degradation tests using these bacteria in liquid culture (Wang
et al., 2014). For example, BPA-degraders Sphingomonas sp. strain
BP-7 (Yang et al., 2015), Sphingomonas sp. strain AO1 (Roh et al.,
2009), Achromobacter xylosoxidans strain B-16 (Zhang et al.,
2007), and Bacillus sp. GZB (Li et al., 2012) were isolated from
different environments and their degradation efficiencies were
studied in the laboratory culture. However, bacteria with strong
biodegradation ability in the natural aquatic environments are
limited and typically depend on biostimulation and/or
bioaugmentation.

Bioaugmentation, using these isolated pollutant-degrading mi-
croorganisms, may be an attractive option to quickly remediate
contaminated aquatic environments. For example, a tetra-
bromobisphenol A (TBBPA) degrader Ochrobactrum sp. T was used
to bioaugment TBBPA degradation in river sediment; removal ef-
ficiencies were noticeably enhanced by bioaugmentation with this
TBBPA-degrader (Li et al., 2016). However, little is known about
bioaugmentation using BPA degraders in river sediment. In addi-
tion, it is unknown whether a bioaugmentation strategy could
significantly change the whole bacterial community structure, such
as when a BPA-degrader is added in the BPA-contaminated sedi-
ment. In addition, better understanding BPA-degrading bacterial
communities can help researchers to better understand BPA bio-
augmentation in natural aquatic environments, which can be useful
for further practical application. This heightens the importance of
studying the accelerated biodegradation of BPA in water-sediment
microcosms when treated with Bacillus sp. GZB, and the resulting
bacterial community structure.

Therefore, this study applied bioaugmentation with Bacillus sp.
GZB, isolated from an electronic waste dismantling zone. Previous
studies have demonstrated that bacteria could effectively degrade
BPA in liquid culture. This study first investigated the biodegrada-
tion potential of BPA with bioaugmented with Bacillus sp. GZB in
simulated water-sediment under aerobic conditions. Second, the
study identified the dominant bacterial community responses to
bioaugmentation using high-throughput sequencing. Third, we
investigated the roles of different specific bacterial communities,
based on enrichment during the bioaugmentation process. These
results can help optimize current remediation methods.

2. Materials and methods

2.1. Experimental design

Surface sediment samples were collected from a river (0e10 cm
depth) in an electronic waste dismantling zone in Guangdong
Province, South China. Samples were placed in sterilized glass
bottles and stored at�20 �C until theywere analyzed. The sampling
regionwas seriously polluted by heavy metals (Wu et al., 2015) and
organics, including polycyclic aromatic hydrocarbon (PAHs) (Zhang
et al., 2011), brominated flame retardants (BFRs), and BPA (Xiong
et al., 2015). This contamination resulted from the primitive tech-
niques used during electronic waste and plastic recycling. The
inorganic salt medium used to isolate BPA-degrading bacteria and
the growth medium were prepared based on previous research (Li
et al., 2012, 2016). The pH value of the inorganic salt medium was
adjusted to 7.0 before sterilization.

Microcosms were established using homogenized surface sedi-
ment, consisting of 47% (V/V) surface sediment, 53% (V/V) inorganic
salt medium, and 10 mg L�1 of BPA (97%, Acros Organics). Each
microcosm contained 150 mL homogenized surface sediment in a
250 mL flask. Six microcosms were established, each with a
duplicate: (1) unamended controls under aerobic conditions; (2)
aerobic conditions þ bioaugmentation with Bacillus sp. GZB; (3)
yeast extract (5 mg L�1) þ bioaugmentation with Bacillus sp. GZB;
(4) NaCl (10 ng L�1) þ bioaugmentation with Bacillus sp. GZB; (5)
humic acid (0.5 g L�1)þ bioaugmentationwith Bacillus sp. GZB; and
(6) glucose (10 mM) þ bioaugmentation with Bacillus sp. GZB.

Bacillus sp. GZB was placed in sterilized growth medium and
cultured at 37 �C in a horizontal shaker at 200 rpm for 15 h. Then,
30 mL of the incubated growthmediumwas centrifuged and rinsed
three times with stroke-physiological saline solution to collect the
Bacillus sp. GZB. An identical wet weight (approximately 0.35 g) of
Bacillus sp. GZB was added to each microcosm. These microcosms
were incubated in a horizontal shaker (150 rpm) in the dark at
25 �C. Previous research showed that the Bacillus sp. GZB isolated
from an electronic waste recycling sediment from regions where
electronic waste recycling is done could effectively degrade BPA
under anaerobic and aerobic conditions (Li et al., 2012). Detailed
sample collection methods can be found in previously published
research (Li et al., 2016).

2.2. Chemical and molecular analyses

The residual BPA in water-sediment was extracted and
measured based on existing references (Xiong et al., 2015, 2016).
Genomic DNA of each water-sediment mixed samples was extrac-
ted using a E.Z.N.A.® Soil DNA Kit (Omega Bio-tek, Inc., USA). The
bacterial V3-V4 region of the 16S rRNA gene was amplified using
the forward primers 341F (50-CCTACACGACGCTCTTCCGATCTN-30)
and reverse 805R (50-GACTGGAGTTCCTTGGCACCCGAGAATTCCA-
30) (Li et al., 2016; Xiong et al., 2017). The PCR programs for bacterial
amplication ran on a Bio-rad T 100™ thermal cycler (California,
USA) using previously published procedures (Li et al., 2016). PCR
amplicons were evaluated using electrophoresis on 2.0% agarose
gel and extracted with the SanPrep Column DNA Gel Extraction Kit
(Sangon Biotech, China). The amplicons underwent high-
throughput sequencing analysis (Illumina MiSeq sequencing) to
characterize bacterial communities and examine their relative
abundance and diversity.

The generated metagenomic sequences were filtered to check
the quality control procedures; low quality sequences were
removed based on reference (Li et al., 2016). UCLUST software



Fig. 1. Percentage of BPA residuals in water-surface sediment under different
treatments.

J. Xiong et al. / Chemosphere 184 (2017) 120e126122
(http://www.drive5.com/uclust) was used to assign sequences to
operational taxonomic units (OTUs); sequences were clustered into
OTUs at 97% sequence similarity. The identity of the representative
sequence for each OTUs were selected based on the most abundant
sequences; the taxonomy was assigned using the Ribosomal
Database Project (RDP) classifier (Wang et al., 2007). Shannon di-
versity index and rarefaction curve of each sample were estimated
from the sequence data using Mothur software. To compare the
community diversity among samples based on genetic diversity,
the Fast UniFrac online tool (http://unifrac.colorado.edu/) was used
to estimate the weighted UniFrac metric; principal coordinate
analysis (PcoA) was then generated. Heat maps were constructed
using the software tool HemI 1.0. The 16S rRNA gene sequences in
this study were deposited in the National Center for Biotechnology
Information (NCBI) Sequence Read Archivewith accession numbers
SRA308130.

2.3. Data analysis

Statistical analyses were conducted using Microsoft Excel 2010
and the Statistical Package for Social Sciences v18.0 software (SPSS
Inc., IL, USA). Statistical significance between datasets was tested
using analysis of one-way variance (ANOVA).

3. Results and discussion

3.1. BPA biodegradation

This study analyzed bioaugmentation and biostimulation pro-
cesses in water-sediment microcosms. Fig. 1 illustrates the residual
BPA patterns in the untreated control microcosms and in the mi-
crocosms with different treatments after a 7-week incubation
period. During the incubation process, the degradation was negli-
gible in the unamended control microcosms (P > 0.05). There was
an average 35.9% BPA removal in the bioaugmented microcosms;
the average BPA removal efficiencies were 56.3%, 44.4%, 47.6%, and
Table 1
First order degradation rate constants (k) and half-lives (t1/2) of BPA from the water-

Treatments k (d�1) ± standard

Bioaugmentation 8.90 � 10�3 ± 0.8
Yeast extract þ bioaugmentation 1.65 � 10�2 ± 0.4
Sodium chloride þ bioaugmentation 1.19 � 10�2 ± 0.9
Humic acid þ bioaugmentation 1.32 � 10�2 ± 0.2
Glucose þ bioaugmentation 1.67 � 10�2 ± 0.3

All degradation rate constants and half-lives are the mean of duplicate samples.
a r: Correlation coefficient. Bioaugmentation: addition of Bacillus sp. GZB.
56.6% in bioaugmented microcosms with added yeast extract, NaCl,
humic acid, and glucose, respectively. The differences between the
unamended controls and the bioaugmented microcosms were
statistically significant (P < 0.01).

These results confirmed that the bioaugmentation and bio-
stimulation increased BPA removal in the water-sediment system.
Furthermore, as expected, the BPA removal efficiency in the mi-
crocosms using Bacillus sp. GZB bioaugmentation was higher than
the efficiencies in the untreated controls. This suggested that the
bioaugmentation with Bacillus sp. GZB could enhance BPA
biodegradation in water-sediment (P < 0.01). Therefore, the
enhanced biodegradation efficiency was closely related to the
added Bacillus sp. GZB, a facultative anaerobic BPA-degrading
bacterium isolated from an electronic waste dismantling zone
estuarine (Li et al., 2012).

Previous studies showed that xenobiotic biodegradation can be
enhanced by adding electron donors/co-substrates (Li et al., 2016;
Xiong et al., 2017). In this study, the data listed in Table 1 show
that BPA degradation rates (k) increased in microcosms where
bioaugmentation was supplemented with yeast extract, NaCl, hu-
mic acid, and glucose (P > 0.05). These results illustrated that these
additional compounds could promote BPA bioaugmentation in the
microcosms; this finding was consistent with existing literature
(Xiong et al., 2017). Glucose donates H2 and carbon during bacterial
respiration, stimulating the bacteria's ability to degrade com-
pounds (Zu et al., 2014). Yeast extract, a complex mixture of amino
acids, peptides, and proteins (Fava et al., 1995), is often added as an
additional alternative carbon source. It also protects the bacteria,
reducing the adverse impact of the degradable compounds, and
providing bacteria with good growth and biodegradation capacity.
Humic acid effectively improves the sorption and binding of
contaminated compounds onto sediment in contaminated aquifers
(Conte et al., 2001). This facilitates contact between bacteria and
BPA, facilitating BPA degradation. Salinity is another environmental
factor that impacts the types of bacteria that colonize the sediment
and their biodegradation potential (Xiong et al., 2017). In this study,
BPA biodegradation was enhanced by adding 10 ng L�1 NaCl, sug-
gesting that this salinity benefits BPA degradation.

3.2. Diversity of bacterial community

In this study, Illumina MiSeq sequencing analysis was used to
investigate the water-sediment bacterial communities in the
microcosm, using bioaugmentation at different incubation periods.
Approximately 168,664 valid reads of 16S rRNA gene with an
average length of approximately 455 bp were obtained after trim-
ming and chimera removal. Using a 97% sequence similarity cutoff,
the number of OTUs in the water-sediment bacterial communities
varied from 1147 to 2861 (Table 2). These results indicated that the
genera of bacterial community were highly diverse. The rarefaction
curve was used to standardize and compare the observed taxon
richness between samples, to identify whether the sample was
unequally sampled (Xiong et al., 2017). In this study, the rarefaction
curve for each water-sediment sample did not plateau, indicating a
surface sediment in microcosms.

deviation t1/2 (d) ra

5 � 10�3 78 0.99
9 � 10�3 42 0.98
2 � 10�3 58 0.99
8 � 10�3 53 0.99
5 � 10�3 41 0.99

http://www.drive5.com/uclust
http://unifrac.colorado.edu/


Table 2
Comparison of phylotype coverage and diversity estimators of the bacteria.

Sample Readsa OTUsb Shannon ACE Chao1 Coverage

Week 0 10,131 1147 3.68 5086 3199 92.81
Week 1 10,417 1219 4.50 4821 3052 90.79
Week 2 12,254 2665 5.86 12,946 7699 86.52
Week 3 10,118 2735 5.93 13,660 8192 87.98
Week 4 13,993 2056 5.88 6269 4282 93.31
Week 5 23,611 1953 5.93 8778 5301 84.33
Week 7 88,140 2861 5.94 13,229 7831 87.88

a Reads after filtering, trimming and normalizing.
b The operational taxonomic units (OTUs) were defined with 97% similarity.

Fig. 2. Principal coordinate analysis (PcoA) of the samples using Weighted-UniFrac
from pyrosequencing.

Fig. 3. Phylogenetic classification of the bacterial communities using pyrosequencing
at the phylum level obtained from Ribosomal Database Project classifier analysis. The
phyla with reads of less than 1.0% and unclassified phyla were grouped as “other”
phyla.

Fig. 4. The taxonomic distribution of the Proteobacteria phyla for pyrosequencing.
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significantly higher water-sediment bacterial diversity at the
sequencing depth used in this study (Fig. S1).

Shannon index values were used to assess bacterial community
diversity (Xiong et al., 2017). In this study, the Shannon index
values of the water-sediment samples increased from 3.68 to 5.94
during the incubation period. The results indicated a high diversity
in bacterial 16S rRNA libraries during the BPA biodegradation
process. The species richness indices of the abundance-based
coverage estimator (ACE) and Chao1 varied from 5086 to 13,229,
and from 3199 to 7831, respectively. These results also highlighted
high bacterial species richness. In addition, calculated coverage,
ranging from 86.52% to 93.31%, revealed that most bacterial com-
munities were accounted for using 454 pyrosequencing. Principal
coordinate analysis (PcoA) (Fig. 2) showed that water-sediment
samples occupied the divergent positions. The diversity estimator
indexes above suggested that bacterial community diversities did
not decline in the microcosm bioaugmented with Bacillus sp. GZB
during the incubation period. This suggested that bioaugmentation
and xenobiotics (BPA) did not change bacterial diversity.

3.3. Composition of bacterial community

First, bacterial community composition was analyzed at the
phylum level in the clone library. In this study, there were nine
phyla with reads of more than 1.0% in the microcosm samples with
bioaugmentation. The nine primary bacterial phyla in the sediment
were Proteobacteria, Firmicutes, Bacteroidetes, Actinobacteria, Acid-
obacteria, Verrucomicrobia, Planctomycetes, Chloroflexi, and TM7
(Fig. 3).

For the water-sediment in the microcosm, Proteobacteria
(accounting for 37.5e59.1% of total bacteria) was the first largest
phylum group in all samples; it mainly consisted of Alpha-proteo-
bacteria, Beta-proteobacteria, and Gamma-proteobacteria (Fig. 4).
Previous studies show that this proteobacteria group is widely
distributed inwaste water, sediment, and soil, where BPA levels are
very high (Conte et al., 2001; Yang et al., 2015; Xiong et al., 2017).
For example, Yang et al. found that BPA could be quickly depleted in
BPA-spiked sediment; the microbial community structure in river
sediment shifted, such that Gamma-proteobacteria and Alpha-pro-
teobacteria became the predominant bacterial groups during the
BPA biodegradation process (Yang et al., 2015). Interestingly, Peng
et al.'s research found that both Beta-proteobacteria and Gamma-
proteobacteria were the dominant microorganisms when TBBPA
was degraded by sewage sludge, which was from an anaerobic tank
of wastewater treatment facilities for TBBPA removal for several
years (Wu et al., 2015). Their research concluded that both Beta-
proteobacteria and Gamma-proteobacteria may biodegrade BPA,
given that BPA is an important biodegradation intermediate of
TBBPA (An et al., 2011).

For this study, Fig. 4 shows that there was a large variation in the
proportion of Alpha-proteobacteria (from 56.9% to 33.3%) and Beta-
proteobacteria (from 8.0% to 38.0%) in the microcosms during the 7-
week incubation period. Other studies have reported that the
genera of Alpha-proteobacteria can produce extracellular polymeric
substances (EPS) or are motle using polar flagella, providing a
protective environment for cells to grow and persist (Pang and Liu,
2007). Therefore, Alpha-proteobacteria appeared to be one of the
major divisions in the microcosm. The ecologically diverse Beta-
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proteobacteriawere the most frequent bacteria in the clone library,
consistent with published literature (Wu et al., 2015). Beta-pro-
teobacteria can attach more easily to surfaces and dominated the
sediment (Douterelo et al., 2013). Furthermore, this group con-
tained many heterotrophic, chemoorganotrophic, and facultative
anaerobic respiring bacteria (Haller et al., 2011). For example,
members of this group, including Dechloromonas aromatic, were
found in sediment habitats and could oxidize aromatic compounds
(Coates et al., 2001). In addition, other species of this group can
grow using other carbon compounds or reduced sulphur com-
pounds (Haller et al., 2011). The sediment in microcosm was
significantly polluted by different organics, including PAHs (Zhang
et al., 2011). The Beta-proteobacteria, therefore, may be one of the
major species in the microcosm. There was also many Gamma-
proteobacteria presented in microcosm (Fig. 4); this is interesting
because microorganisms from Gamma-proteobacteria may be
linked to the removal of phenolic compounds (Yang et al., 2015),
making the high presence of Gamma-proteobacteria expected.

Firmicutes (accounting for 12.0e34.0% of total bacteria) was the
second largest phylum group in the water-sediment from the
microcosm (Fig. 3). Firmicutes was present at 21.3% during Week 0;
levels slightly decreased during Week 2, and gradually increased to
34.0% during Week 7. These changes may be that the genus Bacillus
sp., which can degrade BPA (Li et al., 2012), is affiliated with the
Firmicutes phylum. First, Bacillus sp. GZB experienced a lag phase in
adapting to the water-sediment environment; levels increased as
incubation continued. As such, Firmicutes phylum levels slightly
decreased during Week 2, and then increased. Bacteroidetes levels
increased from 8.6% to 18.6% during the incubation period, while
Actinobacteria decreased during the incubation period.

These results demonstrated that both Bacteroidetes and Bacter-
oidetes may be able to degrade BPA, supporting previous studies.
For example, both Bacteroidetes and Actinobacteria phyla were also
present in sediment bacterial communities associated with BPA
biodegradation under anaerobic conditions (Yang et al., 2015). In
Fig. 5. Heatmap showing the top 18 most abundant genera of bacterial communities for each
the bottom right corner. (For interpretation of the references to colour in this figure legend
addition to Proteobacteria, Bacteroidetes was the second largest
group in Vidy sediment heavily contaminated with organic and
inorganic pollutants (Haller et al., 2011). There was slight variation
in the proportions of Acidobacteria, Verrucomicrobia, Planctomy-
cetes, Chloroflexi, and TM7 inwater-sediment frommicrocosmwith
bioaugmentation. In Yang et al.'s research, Chloroflexiwas identified
as a major bacterial group in BPA-degrading sediment (Yang et al.,
2015). These results suggested that bioaugmentation or xenobiotics
(BPA) could change the composition of major bacterial groups, and
most of the remaining dominant bacterial groups can degrade BPA.

Bacterial community composition was further analyzed at the
genus level in the clone library. There were 18 frequently detected
genera in water-sediment from microcosm bioaugmented with
Bacillus sp. GZB. As Fig. S2 shows, Bacillus, Flavihumibacter, Dyella,
and Thiobacillus were the mainly genus groups in water-sediment
from microcosms in this study. The relative levels of Bacillus
genus continuously increased from 11.8% to 33.4% during the 7-
week incubation period. The genus Bacillus was well known for
its ability to degrade BPA under both aerobic and anaerobic con-
ditions (Li et al., 2016). This made the continuous increase of the
Bacillus genus in water-sediment from the microcosm somewhat
expected. The relative levels of Flavihumibacter and Thiobacillus
genus varied from 0.3% to 14.2% and from 7.5% to 5.5%, respectively.
Based on these results, these generamay be able to degrade the BPA
or TBBPA or other organics present in the sediment (Zhang et al.,
2011; Xiong et al., 2015).

To better understand the BPA biodegradation process, a heat-
map clustering analysis of the top 18 most abundant genera in each
water-sediment sample was used to study microbial community
compositions. As Fig. 5 shows, some genera, including Ochrobac-
trum (6.7%, Proteobacteria), Bacillus (13.4%, Firmicutes), Oscillibacter
(3.4%, Firmicutes), parasegetibacter (3.8%, Bacteroidetes), Cloa-
cibacterium (2.2%, Bacteroidetes), knoellia (7.6%, Actinobacteria), and
TM7 (2.4%) were dominant during Week 0. As incubation time
continued, Ochrobactrum (0.3%) became a minor genus, while
sample. The relative frequencies are indicated by color intensity, coded in the legend in
, the reader is referred to the web version of this article.)
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Bacillus (33.4%), Thiobacillus (11.3%, Proteobacteria), Phenyl-
obacterum (14.2%, Proteobacteria), Oscillibacter (2.7%), and Cloa-
cibacterium (5.5%), became the dominant genera by Week 7. There
was a significant increase of Bacillus (from 13.4% to 33.4%) during
the incubation period. There were also increases in Thiobacillus
(from 0.7% to 11.3%) and Phenylobacterium (from 0.9% to 14.2%). In
summary, there was a shift in major bacterial group composition in
themicrocosms that were bioaugmented with Bacillus sp. GZB after
7 weeks of incubation.

With respect to the decrease of Ochrobactrum genus, previous
research suggested that Ochrobactrum can effectively debrominate
and mineralize TBBPA (An et al., 2011; Liang et al., 2016). Therefore,
the decrease of Ochrobactrum abundance was expected, as BPAwas
inhibited with the increase in incubation time. Documented BPA-
degrading isolates included members of Sphingomonas, Pseudo-
monas, Klebsisella, Pandoraea, Alcaligenes, Enterobacter, Serratia,
Bordetella, Achromobacter, Novosphingobium, Nitrosomonas,
Cupriavidus, Streptomyces, and Bacillus (Matsumura et al., 2009). In
this study, with the exception of Bacillus, none of the dominant
microorganisms were related to any known BPA-degraders. This
suggested that Bacillus play an important role in BPA biodegrada-
tion in microcosms.

Previous studies have reported a link between Thiobacillus
species and hydrogen sulfide oxidation (Gerrity et al., 2016). Phe-
nylobacterium species may be able to degrade halogenated com-
pounds (Betancur-Corredor et al., 2015), and members of the genus
Cloacibacterium may degrade hydrocarbon (Jurelevicius et al.,
2013). However, no research has reported that these three groups
can degrade BPA. Therefore, the prominent increase of Bacillus
species in the microcosm may explain the rapid attenuation of BPA
in microcosms with bioaugmentation. This suggested that bio-
augmentation with Bacillus sp. GZB may enhance BPA biodegra-
dation in water-sediment.

4. Conclusions

Large amounts of BPA could be biodegraded in water-sediment
microcosms bioaugmented with Bacillus sp. GZB under aerobic
conditions. Bacillus sp. GZB was found to play a key role in BPA
biodegradation. Furthermore, a variety of relative abundant bac-
terial species may help increase BPA biodegradation in water-
sediment microcosms with bioaugmentation. Bacterial commu-
nity structure varied as incubation continued. Bioaugmentation or
xenobiotics (BPA) impacted the water-sediment bacterial commu-
nity structure. Finally, supplemental yeast extract, humic acid, or
glucose act as electron donors/co-substrates to improve BPA
biodegradation. The study might give a light to the future appli-
cations of strategy to remediate water-sediment contaminated
with organics.
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