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Abstract

Tetrabromobisphenol A (TBBPA) is an emerging contaminant and exists widely in river and lake systems due to its widespread use.
In natural water-sediment systems, hydrodynamic disturbances always exist. However, few studies have investigated the mecha-
nism of TBBPA biodegradation under the influence of water disturbances. In this paper, using a specialized type of racetrack-style
flumes, the TBBPA biodegradation in water-sediment systems was studied under the influence of three typical hydrodynamic
disturbances. The results of 5-week experiments showed that strong hydrodynamic disturbances greatly accelerate the TBBPA
biodegradation rate of the water-sediment systems. The half-lives (7},,) under static condition (SC) were approximately 40.2 days,
and the 7, was reduced to 16.0 days under strong hydrodynamic condition (SHC). Furthermore, the physicochemical properties
and corresponding bacterial communities under these conditions were investigated to help explain the TBBPA biodegradation
mechanism. The results showed that strong currents could promote dissolved oxygen (DO) levels, increase nutrient concentrations,
and reduce the bacterial diversity in the sediment. Meanwhile, due to the increase in DO and nutrient concentrations, the acrobic
bacterial genera conducting TBBPA biodegradation showed rapid growth with strong water disturbances, while the growth of
anaerobic bacterial genera was inhibited. Citrobacter, which was the most dominant degrading bacterial genus (0.6%—14.9% in
water and 3.5%—17.4% in sediment), was closely related to water disturbances and may be linked to enhanced TBBPA biodegra-
dation. Other minor degrading bacterial genera, such as Bacillus, Sphingomonas, Anaeromyxobacter, Geobacter, Clostridium, and
Flavobacterium, were also found in these water-sediment systems. The findings from this study showed the importance of
considering hydrodynamic disturbance in understanding TBBPA biodegradation in aquatic environments.

Keywords Tetrabromobisphenol A (TBBPA) - Water disturbances - Degrading bacterial genera - Citrobacter - Biodegradation -
Water-sediment systems

Introduction produced and used in reactive- and additive-treated products

worldwide (Malkoske et al. 2016). Its production largely in-
Tetrabromobisphenol A (TBBPA) is a highly effective and  creased from 120 million kg in 2001 to over 200 million kg in
relatively low cost flame retardant. It has been mass- 2013 (Li et al. 2015a; Mékinen et al. 2009). Due to the lack of
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suitable substitutes, the TBBPA production and usage main-
tains a fairly high growth rate (Malkoske et al. 2016).

As a result of the production, use, and disposal of TBBPA-
containing products, TBBPA is inevitably discharged into
aquatic environments through anthropogenic effluents
(Matsukami et al. 2015). TBBPA has been detected in a wide
range of aquatic environments, including rivers, lakes, wet-
lands, among others (Lee et al. 2015; Malkoske et al. 2016;
Wang et al. 2016). Unfortunately, TBBPA is known to be a
persistent toxic pollutant showing immunotoxicity and neuro-
toxicity, especially among aquatic species (Lyche et al. 2015;
Pittinger and Pecquet 2018). Thus, understanding TBBPA re-
mediation in these aquatic systems is a key aspect of evaluat-
ing TBBPA exposure levels and concentrations.

TBBPA may be removed by photooxidation, chemical ox-
idation, and biodegradation (Liu et al. 2018; Nyholm et al.
2010). TBBPA biodegradation is considered to be the main
means of TBBPA removal in aquatic environments (Liu et al.
2018). Previous studies showed that the bacterial species and
community play vital roles in both the aerobic and anaerobic
biodegradation of TBBPA. A series of TBBPA-degrading
bacterial genera (e.g., Citrobacter, Bacillus and
Sphingomonas) were identified to have ability contributing
to TBBPA and its degradant products (Lefevre et al. 2016;
Liu et al. 2018). To date, the known degrading bacterial gen-
era, which have been identified to have the ability to contrib-
ute to the metabolite degradation of TBBPA, are listed in
Table S1. Thus, clarifying the degrading bacterial community
in water-sediment systems is needed to help explain the
TBBPA biodegradation process.

Meanwhile, in true water-sediment systems in aquatic
environments, hydrodynamic disturbances are ubiquitous,
and they are the main physical force driving bacterial
living environments in water and sediment. On one hand,
flow shearing and turbulence can directly affect the phys-
ical structure of bacteria (Battin et al. 2003; Besemer et al.
2009; Li et al. 2015b). Battin et al. (2003) showed that
flow velocity could affect biofilm structure and
composition. Besemer et al. (2009) found that the spatial
variation in hydrodynamics was closely related to the var-
iation in community composition. In further experiments,
Li et al. (2015b) demonstrated that hydrodynamic charac-
teristics could be a set of reasonable predictors of bacte-
rial community composition. On the other hand, water
disturbances can induce sediment resuspension and inter-
face exchange (Cheng and Hua 2016; Eggleton and
Thomas 2004; Pascolo et al. 2018). The environmental
factors would change dramatically, such as nutrients, DO
and suspended solids concentration (SSC). Then, the evo-
lution of bacterial communities can be affected indirectly.
However, little is known about the role of water distur-
bances on the TBBPA-degrading bacterial community in
water-sediment systems. The information on the

relationship between the degrading bacterial community
and TBBPA biodegradation was also limited and
incomprehensive.

The objective of this study was to investigate the mecha-
nism of TBBPA biodegradation in a water-sediment system
under the influence of water disturbances. Three hydrodynam-
ic conditions, including static, weak, and strong hydrodynam-
ic conditions, were implemented using specialized racetrack-
style flumes. The TBBPA concentrations in the water and
sediment were determined periodically, and the corresponding
physicochemical properties were also determined. Moreover,
by using high-throughput sequencing, the variation character-
istics of TBBPA-degrading bacterial community were ana-
lyzed to better understand the biodegradation process.

Materials and methods
Experimental materials

Lake Chaohu is the fifth largest freshwater lake in China. Due
to large amount of TBBPA loading from industrial sewage,
the sediment in Lake Chaohu has been seriously polluted by
TBBPA (Yang et al. 2012). Nanfei River is the most polluted
and the largest inflow river of Lake Chaohu, and the TBBPA
concentrations in its estuary sediment were detected as high as
632.7 mg/kg, which was in the high value ranges reported for
shallow lakes (Cheng and Hua 2016; Yang et al. 2012). The
Nanfei River estuary is also subject to prolonged hydrody-
namic action; sediment from this site (31° 41’ 51” N, 117°
24' 16" E) was collected as experimental materials. Details
regarding the sampling sites can be found in Fig. S1 (supple-
mentary material). Surface sediments were collected using a
Peterson grab sampler, transferred into sterile polyethylene
bags and then transported to the laboratory. All sediments
were mixed together, and gravel and large particles were re-
moved. Then, the homogenized sediments were preserved at —
80 °C until the flume experiments were performed. The phys-
icochemical properties of the experimental sediment are de-
tailed in Table S2 (supplementary material). To prevent the
influence of the complex water quality of raw water, ultrapure
water was employed as the overlying water in the following
experiment.

Hydrodynamic disturbance experiment and sampling

A hydrodynamic disturbance experiment was conducted in
four parallel racetrack-style flumes. These flumes have been
proven to be effective in simulating hydrodynamic character-
istics in water-sediment systems (Hua et al. 2015). The flow
conditions could be shaped by adjusting a rotational-speed
screw propeller. A sketch of the flume is shown in Fig. 1.
The homogenized sediment was divided into four parts. One
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Fig. 1 Schematic illustration of the experimental facility (cm). (a) Plan
view; (b) side elevation. A screw propeller installed 5 cm below the water
surface was used to provide power for water flow

was used as a sterile control after sterilization at 121 °C for 30
min. The sterile sediment and the other three sediment por-
tions were individually placed flat on the bottom of the four
flumes at a depth of 5 cm. Ultrapure water was slowly injected
into a 20-cm layer to avoid disturbing the sediment. Then,
these four water-sediment systems were allowed to stand for
a 1-week stabilization period to approach field conditions.

Three typical levels of hydrodynamic conditions were si-
multaneously simulated in these flumes based on the actual
velocity observed and previous studies in the sampling area
(Chen and Liu 2015). They were static condition (SC), weak
hydrodynamic condition (WHC), and strong hydrodynamic
condition (SHC). The three mean flow velocities (U ) were
0 c/s, 4.5 cm/s, and 20.8 cmy/s, respectively. The U of the
sterile control was also 0 cm/s. The experiment for each con-
dition was 5 weeks in duration according to the TBBPA bio-
degradation process. The steady flow structures in each con-
dition were performed continuously and monitored daily with
an acoustic Doppler velocimeter along the vertical direction in
1-cm increments. Simultaneously, the solution pH values and
dissolved oxygen (DO) concentrations were determined with
a HACH portable automatic monitor. The indoor temperature
was controlled at 15 + 0.3 °C and monitored with a
thermometer.

Both water and sediment samples were collected once a
week from each flume for 5 weeks. The sampling sites in
the flumes are shown in Fig. 1. Water samples were obtained
using a layered hydrophore, with 300 mL collected per sam-
pling site. Sediment samples were collected using a cylindrical
sampler (5 cm 1.D., 50 cm in length). The parallel samples of
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water and sediment were well homogenized and transferred
into sterile bottles and tubes. Ultrapure water was added after
sampling to maintain a constant water volume. TBBPA loss
during water sampling was small (less than 1.0%), thus the
dilution effect was neglected.

Chemical and bacterial community analysis

After sample collection, a 500 mL aliquot of water sample was
coarse filtered through a 3-pm quartz fiber filter to remove the
resuspended particles. Then, the filtrate was filtered through a
0.22-pum polyethersulfone membrane filter using a vacuum
filter. Cell pellets on the polyethersulfone membranes were
stored at — 80 °C for water bacterial community analysis
(Kuang et al. 2013). The filtrates were used to determine the
concentrations of nutrients and TBBPA in the water.
Meanwhile, a 5-g sediment sample was also stored at — 80
°C for bacterial community analysis. The remaining sediment
samples were freeze-dried and sieved with a mesh aperture of
0.1 mm. Then, 0.2 g (dry weight; d. w.) sediment samples
were used to determine the TBBPA concentration.

For TBBPA concentration analysis, the extraction and
cleanup method of water and sediment samples followed that
described in our previous study (Cheng and Hua 2018; Cheng
and Hua 2016). The TBBPA in the final extracts was analyzed
using an Agilent 1290 ultra-high performance liquid chro-
matograph (UPLC; Agilent, Waldbronn, Germany).
Detection was performed using an Agilent 6460 Triple
Quad-liner mass spectrometer (MS) equipped with an
electrospray ionization source. The pretreatment methods
and UPLC-MS-MS operating conditions are detailed in the
Supplementary Material. The TBBPA recoveries were 97%
+ 10% for water and 93% + 13% for sediment. The method
detection limits for the water and sediment samples were 10
ng/mL and 20 ng/g, respectively. Three sample replicates were
analyzed to assess the repeatability, and the average values
were reported (standard deviations within 0.3%—9.4%). The
details of quality control are shown in the Supplementary
Material.

For the bacterial community analysis, genomic DNA from
the water and sediment samples was extracted using a
PowerWater Sterivex DNA Isolation Kit (MoBio, USA) and
a PowerSoil DNA Isolation Kit (MoBio, USA). DNA integ-
rity and purity were monitored on 1% agarose gels by spec-
trophotometric analysis with a NanoDrop ND-2000 (Thermo
Fisher Scientific, Wilmington, USA). The V4 hypervariable
region was amplified using the primer pairs 515F and 806R
(Bates et al. 2011). The PCR programs were run on a 4 (Bio-
Rad Laboratory, CA, USA). Samples were amplified in trip-
licate using the following protocol: 94 °C for 5 min, 31 cycles
at 94 °C for 30 s (denaturation), 52 °C for 30 s (annealing), 75
°C for 45 s (extension), and a final extension of 72 °C for 10
min. The DNA was sequenced on an Illumina HiSeq 2500
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platform by Guangdong Magigene Biotechnology Co. Ltd.
(Guangzhou, China). The sequenced results were analyzed
as in a previous study (Cui et al. 2019).

Results and discussion

Physicochemical properties in the water-sediment
systems

Prolonged water disturbances did not cause discernible differ-
ences in the physicochemical properties of the different con-
ditions. The average values from 0 to 5 weeks are shown in
Table 1. The physicochemical properties in each condition
were basically in equilibrium, similar to the results from a
previous study (Cheng et al. 2019). These results indicated
that water disturbance was a key factor that resulted in the
differences among different treatment conditions.

As the mean flow velocity (U ) increased, dissolved
oxygen (DO) levels increased from 6.32 mg/L in SC to
8.95 mg/L in SHC. This phenomenon was mainly caused
by the different oxygen fluxes through thin boundary
layers at the air-water interface. Previous studies showed
that higher velocity and turbulent motions enhanced the
waterside mixing and diffusion processes, and they brought
in additional oxygen into the overlying water (McKenna and
McGillis 2004; Raboni et al. 2015; Poindexter and Variano
2013). Meanwhile, both total phosphorus (TP) and total nitro-
gen (TN) obviously increased from 0.11 mg/L to 0.59 mg/L
and from 1.93 mg/L to 6.45 mg/L, respectively, along with the
enhanced water disturbance. The reason for this phenomenon
was that more nutrients were resuspended and desorbed from
the sediment during sediment disturbance events under the
stronger bed shear stress (7) (Eggleton and Thomas 2004).
Similar phenomena were found in previous studies (Wang
et al. 2015a, b).

SC, static condition; WHC, weak hydrodynamic condition;
SHC, strong hydrodynamic condition; U, mean flow velocity;
7, bed shear stress; DO, dissolved oxygen; TP, total phospho-
rus; TN, total nitrogen. All the data shown in the table are
significant, p < 0.05. TP and TN were measured according
to the molybdenum blue method and Kjeldahl method by
spectrophotometry, respectively.

TBBPA degradation in the water-sediment systems

TBBPA degradation occurred in these water-sediment sys-
tems, with the different conditions showing statistically sig-
nificant differences (Fig. 2a, b). The remaining percentage of
TBBPA (R7ppps) in the water and sediment in the sterile con-
trol was approximately 95% after a 5-week period. The small
amount of TBBPA loss (5%) in sterile control may be a result
of'volatilization and sediment aging (Malkoske et al. 2016). In
contrast, the Ryppps in water and sediment both decreased
significantly in non-sterile conditions, including static condi-
tion (SC), weak hydrodynamic condition (WHC), and strong
hydrodynamic condition (SHC). This suggested that TBBPA
dissipation in the non-sterile conditions was mainly caused by
the combined action of bacteria and current.

The initial concentrations in the water and sediment of each
system were 4.9 pg/L and 0.62 mg/kg. When the flow shear-
ing and disturbance were induced, the TBBPA concentrations
in the water (Cyaer) at 0 weeks were 4.9, 8.1, and 15.6 pg/L
for SC, WHC, and SHC when each system was stabilized
(Fig. 2a). The difference was caused by the TBBPA release
from the interstitial water and sediment during the resuspen-
sion process (Cheng and Hua 2016). Much of the research has
showed that the sediment solute would be redistributed and
resuspended into the overlying water with the water distur-
bances (Cheng and Hua 2016; Eggleton and Thomas 2004;
Pascolo et al. 2018). After the 5S-week period, Cyy,., decreased
to 2.7, 3.2 and 3.3 pg/L, and the R7pppy in the water were
55.6%, 31.9% and 21.5%, respectively. Meanwhile, the
TBBPA concentration in the sediment (Csediment) and Rz7zzp
in the sediment presented a similar trend (Fig. 2b). The
Csediment decreased from 0.62 mg/kg to 0.34, 0.25 and 0.13
mg/kg in SC, WHC, and SHC, respectively; and Ryppps in the
sediment were 55.3%, 40.0%, and 22.5% in SC, WHC, and
SHC, respectively in the end of 5 weeks, respectively. The loss
of TBBPA in SHC was also faster. These results indicated that
TBBPA biodegradation was significantly enhanced by water
disturbance.

Table 2 summarizes the degradation kinetic parameters of
the first-order kinetics (R> > 0.98). The Ryzzps and half-lives
(Ty,) of TBBPA in the water and sediment were basically
consistent in each condition, indicating that TBBPA biodeg-
radation in each form of the water-sediment systems was in-
terdependent and closely connected. The average value of 7',

Table 1 Hydrodynamic parameters and physicochemical properties under the different conditions

Condition U (cm/s) 7 (N/m?) pH DO (mg/L) TP (mg/L) TN (mg/L)
SC 0 0 8.52 6.32 0.11 1.93

WHC 45 0.0050 8.41 7.28 0.31 322

SHC 20.8 0.078 8.16 8.95 0.59 6.45
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Fig. 2 Effect of water disturbances on the TBBPA degradation process. Rypzps: TBBPA remaining percentage, Cy e TBBPA concentration in water,

Cediment: TBBPA concentration in sediment

in these systems were approximately 40.2 + 0.1 days in SC,
25.5+0.1 days in WHC and 16.0 + 0.0 days in SHC. TBBPA
was obviously more easily degraded under stronger hydrody-
namic conditions. Comparing with our previous study (as
shown in Fig. S2 in the Supplementary material), 77, were
longer in this experiment with similar U (Cheng and Hua
2018). This is most likely caused by the relatively shallower
water depth (20 cm) used in this experiment as compared with
the 50-cm water depth in the previous study. The kurtosis of
vertical velocity distribution, which can be described as
logarithmic-curve shaped, would be relatively smaller while
U was constant and water depth became shallower (Hua
et al. 2013). This result also indicated that stronger current
could improve the TBBPA biodegradation efficiency.
Hydrodynamic disturbance and the changing environmental
factors are physical forces and cannot affect TBBPA biodeg-
radation directly. The TBBPA-degrading bacterial community
might change in association water disturbances, so we ana-
lyzed the bacterial communities in SC, WHC, and SHC to
help further understand the biodegradation process.

R7ppps, TBBPA remaining percentage; &, degradation rate
constant; T, half-life; R?, determination coefficient. All k
and Ty, values are the mean of duplicate samples, and all
the data presented in the table are significant, p < 0.05. SC,

Table 2 The first-order kinetics degradation of TBBPA in water-

sediment systems

Medium Condition  Rppgm k()  Tipnd R

Water SC 55.6% 0.02 40.1 0.99
WHC 39.1% 0.03 254 0.99
SHC 21.5% 0.04 16.0 0.99

Sediment SC 55.3% 0.02 40.3 0.99
WHC 40.0% 0.03 25.6 0.98
SHC 22.5% 0.04 16.0 0.99

@ Springer

static condition; WHC, weak hydrodynamic condition; SHC,
strong hydrodynamic condition

Bacterial diversity in the water-sediment systems

The operational taxonomic units (OTUs) and diversity index
values were obtained from the sequencing data from the water
and sediment samples, with a 97% sequence identity thresh-
old. As shown in Fig. 3, there were 554-1107 OTUs (mean
value 744) in the water samples. This was far less than the
number in the corresponding sediment samples, which varied
from 1594 to 3990 (mean value 3051). Similar tendencies
were also found for the AEC, Chao, and Shannon index
values. These results showed that the species richness in the
sediment was much higher than that in the water. This is ex-
plained by the higher adaptability in the sediment, which
could provide more micro niches with higher substrate avail-
ability to support increased cell concentrations (Crump et al.
2012).

Because the experimental water and sediment were parallel
in each condition, the hydrodynamic conditions were the cru-
cial factor influencing the bacterial community structure. The
OTU numbers in the sediment gradually decreased with water
disturbance, and they were 3693, 2948 and 1594 in the 5th
week for SC, WHC and SHC, respectively (Fig. 3a-1). The
values of the AEC, Chao and Shannon index for the sediment
also significantly decreased with enhanced water distur-
bances, showing a tendency to coincide with OTU (Fig. 3b-
1, c-1, and d). These results indicated that strong currents
inhibited the bacterial richness and diversity in sediment.
Similar results were reported in existing literatures (Li et al.
2015b; Santos et al. 2011).

The OTU numbers and diversity estimators in water fluc-
tuated with time (Fig. 3a-2, b-2, ¢-2, and d). It is worth noting
that the AEC, Chao and Shannon index in WHC and SHC
were higher than that in SC. For example, the mean AEC
values in the water were 965.7, 1145.5 and 1130.3 in SC,
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Fig. 3 Comparison of operational taxonomic unit (OTU) numbers and diversity estimators of bacterial community in the water-sediment systems over
time: (a) OTU numbers, (b) AEC, (c) Chao, and (d) Shannon. OTUs were defined with 97% similarity

WHC and SHC, respectively (Fig. 3b-2). Such tendency was
different from that in the sediment. This might be caused by
the fact that two habitats (water and sediment) were closely
associated and coupled. In these water-sediment systems,
stronger currents promoted the mixing and exchange of bac-
terial cells between the two habitats though the resuspension
process (Keshri et al. 2018; Santos et al. 2011). Due to the
decrease of richness and diversity in sediment, the AEC,
Chao, and Shannon index in water of SHC were generally
lower than that of WHC.

As shown in Fig. 4, rarefaction analysis also indicated that
the habitat type caused significant differences in bacterial rich-
ness and diversity. The tendency of the rarefaction curves
approached a saturation plateau, indicating an effective de-
scription of the entire bacterial community in the water and
sediment samples.

Composition evolution of degrading bacterial
community

In total, 16S rRNA gene sequences were obtained from the 18
water samples and 18 sediment samples by Illumina HiSeq
sequencing. In the water samples, analysis with the RDP clas-
sifier revealed 48 phyla, 166 classes, 325 orders, 519 families,
and 809 genera of known bacteria. In an attempt to identify the
degrading bacterial genera that might be associated with

TBBPA biodegradation, we individually examined each
OTU of our dataset and found 3 OTUs in water samples that
closely affiliated to genera previously described as aerobic/
anaerobic degraders of TBBPA (listed in Table S1). As shown
in Fig. 5a, there were three TBBPA-degrading bacterial genera
with a large proportion of sequences (mean relative abundance
> 0.1%), followed by Citrobacter, Bacillus, and
Sphingomonas. These three bacterial genera aerobically de-
grade TBBPA and are commonly found in aquatic environ-
ments (Chang et al. 2012; Li et al. 2014; Peng et al. 2017). Itis
worth noting that the growth of Citrobacter was obviously
stimulated by enhanced water disturbances. In SC, the initial
relative abundance of Citrobacter was 7.8% at 0 weeks, grad-
ually decreasing to 0.6% with incubation time. In contrast, the
relative abundance in SHC increased from 9.8 to 14.9%. This
may be attributed to the increased DO and nutrient levels
(Table 1). Citrobacter species are aerobic and nutrient-
loving microbes, and the Citrobacter growth rate could be
promoted by higher DO and nutrient concentrations (Huang
and Tseng 2001; Wu et al. 2019). Similarly, in SC, the relative
abundance of Bacillus decreased from 0.5% at week 0 to 0.0%
at week 5; the variation in Bacillus showed a slight increase
from 0.3% to 0.5% in SC and 0.4% to 0.6% in SHC, benefit-
ing from the elevated DO levels (Balleste and Blanch 2010).
The variation in Sphingomonas was not significant in water
under the influence of water disturbances.
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Higher diversity of bacterial communities was found in
sediment samples. An examination of the database revealed
66 phyla, 241 classes, 455 orders, 694 families and 1065 gen-
era of known bacteria. The top 6 known degrading bacterial
genera were extracted from the 1065 genera (mean relative
abundance > 0.1%), according to the TBBPA degraders listed
in Table S1. They were followed by Citrobacter,
Anaeromyxobacter, Geobacter, Clostridium, Flavobacterium,
and Bacillus. As showed in Fig. 5b, Citrobacter species were
also the most dominant functional bacterial genus. Due to the
oxygen enrichment caused by hydrodynamic disturbances, sim-
ilar tendencies in relative abundance of Citrobacter and
Bacillus were found in the sediment, compared with water.
The relative abundance of Citrobacter in SC fluctuated from
4.3 to 6.2%; the relative abundance gradually increased from
3.5 to 8.4% in WHC and from 4.9 to 17.4% in SHC.
Meanwhile, the relative abundance of Anaeromyxobacter,

5000
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7500

Geobacter, and Clostridium gradually decreased with enhanced
water disturbances. It was due to these three genera were an-
aerobic and had the link with DO (Moon et al. 2017; Perez-
Fuentetaja et al. 2006). These results indicate that the addition
of water disturbances may be an important physical driving
force affecting the TBBPA-degrading bacterial community in
water-sediment systems. The genus Citrobacter might have a
key link with TBBPA biodegradation in water-sediment
systems.

Conclusion

This study showed that the TBBPA biodegradation in the water-
sediment system was prominently enhanced under the influence
of water disturbances. Furthermore, this study investigated how
water disturbances affected TBBPA biodegradation. The results

20 20
@ Citrobacter —O—— SC Water @ Citrobacter —O— sC Sediment o
O Bacillus —/—— WHC O Anaeromyxobacter —7/\—— WHC

16 | @ Sphingomonas —— SHC 164 @ Geobacter —{— SHC

[
N
!

Relative aboundance of
degradation bacteria genus (%)

SC WHC SHC SC WHCSHC SC WHC SHC SC WHCSHC SCWHCSHC SCWHCSHC
0 1 4 5

(@)

Fig. 5 Relative abundance of TBBPA-degrading bacterial genera revealed
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showed that the bacterial diversity demonstrated a differentiated
response to prolonged water disturbances and that the relative
abundance of TBBPA-degrading bacteria increased with hydro-
dynamic disturbance. Citrobacter was the dominant functional
bacteria in terms of TBBPA biodegradation in the water-
sediment systems (0.6%—14.9% in the water and 3.5%—17.4%
in the sediment). Other minor degrading bacterial genera,
Bacillus and Sphingomonas, were found in the water, and the
genera Anaeromyxobacter, Geobacter, Clostridium,
Flavobacterium, and Bacillus were observed in the sediment.
This study confirmed that water disturbance was the dominant
driving force affecting the TBBPA biodegradation process in the
water-sediment system of aquatic environments. Such informa-
tion may contribute to optimization of water flow control and
improving remediation of TBBPA-contaminated aquatic envi-
ronments. More molecular paths and degradant products should
be considered in the future studies in order to better understand
the mechanism of TBBPA biodegradation in aquatic ecosystems.
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