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Tetrabromobisphenol-A (TBBPA) is one of the most widely used brominates flame 

retardants that has extensively been detected in various environments worldwide. In the 

present study, the characteristics of co metabolic degradation of TBBPA by a facultative 

bacterium strain GC were investigated. TBBPA (10 mg L−1) could be removed 

approximately 40% and 60% by strain under aerobic and anoxic conditions after 7 days 

cultivation. These findings are of vital importance towards building a comprehensive 

understanding of bacteria in degradation of TBBPA in the aquatic environments. 
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1.   Introduction 

Tetrabromobisphenol-A (TBBPA), one of the brominated flame retardants 

(BFRs), has been widely detected in the environment due to their extensively 

applied in the consumer products including polycarbonate plastics, textiles and 

electronic equipments[1]. Production of TBBPA is estimated with the annual 

world production may be close to 121,000 tons[2]. Although it can be covalently 

bound to the materials, TBBPA has been ubiquitously detected in various 

environmental settings and organisms[3−5]. Moreover, due to its structural 

similarity to thyroxin and steroid estrogen, it has been suspected that it works 

functionally as an endocrine disrupting chemical[6,7]. 

Microbial degradation is an eco-friendly process that play a major role in 

the removal of TBBPA from the natural environment. Most previous studies 

have extensively focused on anaerobic conditions since TBBPA is prone to 

reductively debromination yielding less brominated bisphenol A (BPA), but 

further anaerobic biodegradation of BPA was not observed[8−10].Previous 
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studies have shown that the co-metabolic reaction can convert recalcitrant 

compounds to intermediates via catabolic and anabolic pathways of 

microorganisms which may be more prone to biodegradation[11].Moreover, 

TBBPA is long-term exposed to aerobic environments before entering the 

anaerobic environments, and usually co-exists with other organic contaminants. 

In this regard, it is crucial to understand what extent the aquatic microorganisms 

may contribute to the elimination of TBBPA. However, TBBPA biodegradation 

under aerobic conditions are limited[12−14].Thus, there is a urgent need to 

better understand what extent the microorganisms may contribute to the 

elimination of this compound in the aquatic environments. 

In the present study, a bacterial strain termed strain GC was capable of 

degrading TBBPA under both aerobic and anoxic conditions. These results 

provide crucial information for unraveling biodegradation of TBBPA and can 

lead to the development of strategies to control TBBPA contamination in the 

aquatic environments. 

2.   Materials and Method 

2.1.   Chemicals 

TBBPA (98% purity) was purchased from Tokyo Chemical Industry Co., Ltd. 

(Tokyo, Japan). HPLC grade methanol was purchased from Tedia Company Inc. 

(USA). All other chemicals were reagent grade or better. Ultrapure water 

obtained from a Milli-Q water purification system (Millipore, USA). 

2.2.   Bacteria and culture media 

Strain GC was isolated from sewage outlets of Heishijiao in Dalian, China. 

Strain was grown aerobically in Luria-Bertani (LB) broth. TBBPA-degrading 

experiments were conducted in mineral salt (MS) medium containing beef 

extract (0.10%, w/v) and peptone (0.20%, w/v). The pH of the media were 

adjusted to 8.0 ± 0.1 after autoclaving at 121 C for 20 min before use. 

2.3.   Enrichment and isolation of the TBBPA-degrading bacteria 

In brief, the enrichment was performed in 100 mL MS medium containing 10 

mg L−1 TBBPA and 3 g (wet weight) sediment and incubated at 25C in an 

orbital shaker operating with a speed of 150 rpm. After 7 days inoculation, a 10 

mL aliquot of the enrichment culture was transferred to fresh MS medium 

containing 20 mg L−1 TBBPA. After five successive transfer in the same method, 

the concentration of TBBPA was increased to 50 mg L−1 to enrich the TBBPA-

degrading bacteria. The cultures capable of degrading TBBPA were repetitive 
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spread on solidified MS medium (1.5% agar) and supplemented with 50 mg L−1 

TBBPA to obtain pure cultures. Only one type of colony was obtained. 

2.4.   Effects of substrate, pH, and initial inoculation on aerobic 

biodegradation of TBBPA 

To investigate the effect of substrate concentration on biodegradation of TBBPA 

(10 mg L−1), different concentrations of beef extract and peptone were carried 

out. To investigate the effect of pH on biodegradation of TBBPA (10 mg L−1), 

different pH values (7, 8, 9, 10, 11) of substrate were conducted. To investigate 

the effect of initial inoculation on biodegradation of TBBPA (10 mg L−1), 

different initial inoculations (1-10%) were conducted. To avoid the photolysis of 

TBBPA, all the experiments were conducted in the dark. 

2.5.   Aerobic and anoxic biodegradation of TBBPA 

To compare the aerobic and anoxic biodegradation of TBBPA, we conducted the 

biodegradation of TBBPA under aerobic and anoxic cultivations in Erlenmeyer 

flasks and serum bottles at 25C, respectively. TBBPA (10 mg L−1) was added 

to the flasks and bottles containing MS medium, respectively. Control 

experiments without strain were also conducted. For aerobic experiments, flasks 

with cotton-wool stoppers were used to allow air exchange. For anoxic 

experiments, bottles were sealed with butyl rubber stoppers and aluminum crimp 

seals. 

2.6.   Analytical methods 

Samples were sacrificed to determine the residual concentration of TBBPA 

through Ph adjustment to above 9.0 and balanced for 30 min. TBBPA was 

detected using high performance liquid chromatography (HPLC, Shimadzu LC-

20AT) with a diode array detector at 290 nm. The mobile phase consisted of 

methanol (80%) and 1.0% acetic acid (20%) at a flow rate of 1 mL min−1[15]. 

3.   Results and Discussion 

3.1.   Isolation of the TBBPA-degrading bacterium 

After five successive transfer, the various colonies were picked and isolated as 

pure cultures. The strain was purified by transferring the colonies several times 

onto fresh agar plates. One yellow type of colony was obtained and termed 

strain GC for subsequent assays. 
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3.2.   Effects of substrate, pH, and inoculation on biodegradation of 

TBBPA 

Figure 1 shows that the biodegradation efficiency of TBBPA was approximately 

40% after 7 days cultivation in the presence of beef extract (0.10%, w/v) and 

peptone (0.20%, w/v), indicating that beef extract and peptone could provide 

important nutrients for the growth of strain. Results further showed that the 

optimal pH values of MS medium on TBBPA degradation was nearly the same 

(Fig. 2). To simulate the natural estuary environments, we selected the pH of 8.0 

for subsequent assays. The optimal initial inoculation on TBBPA degradation 

was 5% (Fig. 3). Taken together, TBBPA could be removed approximately 40% 

by strain after 7 days cultivation under optimized conditions (MS medium, pH 

8.0, inoculation 5%). 

 
Fig. 1.  Effect of substrate concentration on biodegradation of TBBPA (1, 0.05% BE+ 0.10% P; 2, 

0.10% BE+ 0.20% P; 3, 0.15% BE+ 0.30% P; 4, 0.20% BE+ 0.40% P; 5, 0.25% BE+ 0.50% P; 6, 

0.30% BE+ 0.60% P; 7, 0.35% BE+ 0.60% P; 8, 0.40% BE+ 0.80% P; 9, 0.45% BE+ 0.90% P; 10, 

0.50% BE+ 1.00% P; 0, control-10). 

 

 
Fig. 2.  Effect of pH on biodegradation of TBBPA. 
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Fig. 3.  Effect of inoculation on biodegradation of TBBPA. 

3.3.   Aerobic and anoxic biodegradation of TBBPA 

Figure 4 shows that anoxic biodegradation of TBBPA was higher than aerobic 

biodegradation within 7 days cultivation. Indeed, most previous studies have 

extensively focused on anaerobic conditions since TBBPA is prone to 

reductively debromination yielding less brominated BPA, but further anaerobic 

biodegradation of BPA was not observed. In the present study, after 7 days 

cultivation, the degradation efficiencies of TBBPA were approximately 40% and 

60% under aerobic and anoxic conditions, respectively. In addition, TBBPA as 

the sole carbon source could not be degraded by strain (data not shown), 

suggesting that TBBPA could not be used as primary substrate by strain. Thus, 

TBBPA was degraded via co-metabolic reaction. 

 
Fig. 4.  Aerobic and anoxic biodegradation of TBBPA. 

4.   Conclusion 

In the present study, a facultative bacterium, GC, was isolated that effectively 

degraded TBBPA. Our findings demonstrate that degradation of TBBPA occurs 

under co-metabolic condition by strain GC. Therefore we assume that this study 
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could be successful in removal of TBBPA environmental burden under both 

aerobic and anoxic conditions. Our next goal is to characterize the detailed 

mechanism of direct aerobic degradation of TBBPA. 
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