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Degradation characteristics of decabromodiphenyl ether by
complex bacteria community

HU Dingfan, WU Juan*, FAN Luosheng, ZHANG Jing

School of Resources and Environmental Engineering, Anhui University, Hefei 230601, Anhui, China

Abstract: [Objective] To investigate the degradation characteristics and degradation paths of
decabromodiphenyl ether (BDE-209) by complex bacteria communities based on six strains of
BDE-209 degrading bacteria, so as to provide a scientific basis for the remediation of
BDE-209-contaminated environments. [Methods] We determined the concentration of
BDE-209 by high performance liquid chromatography (HPLC) and identified the degradation
products by liquid chromatography-mass spectrometry. [Results] The combination of
Brevibacillus sp. (M1) and Achromobacter sp. (M2) had the best degradation capacity for
BDE-209. At 30 °C, pH 7.0, and an inoculation amount of 15%, the combination showed the
degradation efficiency of 87.7% for 10 mg/L BDE-209 after 120 h. The complex bacteria
community M(1+2) degraded BDE-209 more efficiently and quickly than the single strains.
The degradation efficiency of BDE-209 by M(1+2) increased with the increase in the initial
concentration of BDE-209 within the range of 0.5-10 mg/L. Liquid chromatograph-mass
spectrometer (LC-MS) identified 11 degradation products of BDE-209. M(1+2) degraded
BDE-209 by debromination, hydroxylation, deprotonation, ether bond breaking, and ring
opening. [Conclusion] The complex bacteria community M(1+2) demonstrates strong
degradation capacity for BDE-209. The findings enriched the microbial resources for
improving the bioremediation of BDE-209-contaminated environments.

Keywords: decabromodiphenyl ether (BDE-209); complex bacteria community; degradation
efficiency; degradation products; degradation path
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| EE5 0D,=0.5. inoculation volume 10%
27 OD,=1.0, inoculation volume 10%
L 0D,,,=1.0, inoculation volume 15% %
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Figure 1 Degradation of BDE-209 by single bacterium
under different conditions. The standard deviation in
figure was the square root of the variance.
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Figure 2 Degradation of BDE-209 by complex bacteria communities under different combination mode.
The standard deviation in figure was the square root of the variance.

<l actamicro@im.ac.cn, 010-64807516



BT RRSE | A AR, 2023, 63(11)

4349

B . A ‘

r . (gl o
Regulus 3.0 kV 21.0 mm x15.0 k SE(L) 05/16/2022

T u
3.00 um Regulus 3.0 kV 20.2 mm x15.0 k SE(L) 05/16/2022

3.00 pm

3 FEMERIA)FFERE 5 d RB)MESE M(1+2)MBE 7 #HITEE T ERHIRE K

Figure 3  Ultrahigh resolution scanning electron microscopy image of complex bacteria community M(1+2)

before degradation (A) and after degradation for 5 d (B).
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Figure 4 The degradation efficiency change of
BDE-209 by M1 (A), M2 (B) and complex bacteria
community M(1+2) (C) over time. The standard
deviation in figure was the square root of the
variance.
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#* 1 EAE M1+2)f4f% BDE-209 BIE R4

Table 1 Degradation products of BDE-209 biodegradation by complex bacteria community M(1+2)

Products Name

Chemical structure

a Diphenyl ether

b 1-phenoxycyclohexa-3,5-diene-1,2-diol
c Phenol

d Pyrocatechol

e (2E,4E)-hexa-2,4-dienedioic acid
f 2,3-dihydrodiol diphenyl ether

g 2,3-dihydroxydiphenyl ether

h Monohydroxydiphenyl ether

i (Z)-hex-2-enedioic acid

j (E)-2-hydroxyhex-2-enedioic acid
k 3-oxohexanedioic acid

6]
‘ X
Z
| AN OH
F
| e OH
7 OH
0}
OH\’(\A\)LOH
(0]
OH
0 = o
U
OH

HO
(0]
O \
OH
OH

(0]

COOH

COOH
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Figure 6 Proposed pathway for the biodegradation of BDE-209 by complex bacteria community M(1+2).
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sp. (M4)Z A A 7E 6 B0 i D R SR AR o 43
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