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1.3 PBDEs
Brkholderia xenovorans PBDEs
LB400 PBDEs 10 mmol/L
BDE-47
100 pg/L
0 3 9 24 48 72h
BDE-47
PBDEs BDE-47
PBDEs 10 mmol/L
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1 BDE-4 BDE-28 BDE-85 BDE-138
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3
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LB400 6gTSB 3¢ Aglilent 7890A-ECD
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(20 min 3 000 r/min) 15°C/min 315C 21 min
2 N, 1 ul PBDEs
(DSMZ medium no.457) PBDEs
(30°C 150 r/min) R’ 0.999 PBDEs
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121°C 20 min 1.5
PBDEs
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t Table 1 Degradation ratios of BDE-47 under different substrates
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OH 87.1+2.9 53.07
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Fig. 1 Initial reaction routes theoretically hypothesized for PBDEs

aerobic biodegradation
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Pseudomonas stutzeri BFR-01 BDE-47
97.94%
a
In(C/Co)= —kt+a( t h ¢, C
PBDEs t peg/L k
] h' a )  LB400
?
_ . . ... PBDEs
0 i - vl Va2 )
BDEl BDE4 BDE28 BDE47 BDE85 BDE138
PBDEs#14} PBDEs ( R* 0910 ~
B3 WEP=AsBE PBDEs RBT U HEN T P& 0.991  4) LB400  PBDEs
Fig.3 p values given by One-way ANOVA of PBDEs concentration BDE-1 BDE-4 BDE-28 BDE-47
in control group
BDE-85  BDE-138 k 0.754
BDE138 100% 48.4% 0.218 0.028 0.0097 0.0075 0.0062h"
[28]
PBDEs BphAl (R* 0.998)
(A) (B) 4. (©
0.5¢ = BDEI oot = BDE28 = BDES5
00} e BDF4 3 e BDE47 02F e BDEI138
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~231 R=0.967 . R=0.912 ~0.6 [R*=0.910
-3.0 t BDE4: —2.0 FBDEA4T: BDE138: In(c/c,)= —0.006£+0.
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Fig. 4 Process of acrobic biodegradation kinetics of PBDEs and their linear fit analyses
2.2 PBDEs
bph
PBDEs A.G PBDEs
ortho/meta- metalpara-
PBDEs 2
%2 PBDEs FEMBIBFREENSRERLE AG it HE{E(kJ/mol)
Table 2 Calculation of A,G of hydroxylation and dehydrogenation of PBDEs in aerobic biodegradation
PBDEs GPBDE GIMI ArGl GIMZ ArGZ G]MI’ ArGI,
BDE-1 496.61 191.36 —265.162 155.27 -61.50 190.11 -301.25
BDE-4 493.41 191.35 -261.978 155.83 -60.93 194.49 -297.49
BDE-28 472.39 173.29 -259.013 137.07 -61.64 196.19 —295.24
BDE-47 471.09 173.65 -257.35 139.31 —-59.76 227.42 -291.70
BDE-85 464.78 168.11 —256.58 133.869 —-59.66 224.80 -290.82
BDE-138 457.13 161.50 —-255.54 122.2853 —64.63 219.10 -197.94

http://soils.issas.ac.cn



108 49
PBDEs ortho/meta- 2,3-
k AGy
Ink S5a S5a
R’ 0.981
ortho/meta-
PBDEs PBDEs
(331 BphA o
Ink, BphAl
k,T AZGY PBDEs
kn :Lexp __r "n n :1
hc? RT 2
) kT
hc?
A.G,
Ink 5B
5B Ink
bph
BphA PBDEs ortho/meta-
13¢] PBDEs
o[ @ oL® oL ©
Ink=—143.38-0.54A,G, Ink=1.91+0.08A,G, " Ink=—10.48-0.026A,G',
—1t R*=0.981 -1+ R=-0242 ~1r R=0.08
] | |
2t 2t ot
=
= 3l 3t 3}
. BDE-138
—4t -4t —4t
. - |
=5t m =Sr m . -5 " ]

—266 264 -262 -260 -258 -256 -254
AG, (kl/mol)

—-65 -64 —-63 -62 —-61 -60 -59
A,G, (kJ/mol)

~300 -280 -260 —240 —220 —200 —180
AG', (kI/mol)

5 PBDEs FREMEMBEBRARNERENSEFHEHETMEAXXE

Fig. 5 Correlations between aerobic biodegradation kinetics constants of PBDEs and Gibbs free energy change
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Research on Aerobic Biodegradation Kinetics Process and
Thermodynamic Mechanism of PBDEs

CHENG Yinwen'?, GU Chenggang'’, LIU Zongtang'*, ZHU Mengrong', LIU Chang'?,
YE Mao', BIAN Yongrong', YANG Xinglun', JIANG Xin'

(1 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Polybrominated diphenyl ethers (PBDEs) are typified as kinds of brominated flame retardants which are widely
used around the world. They have some characteristics like semi-volatilization, bioaccumulation, neurotoxicology and endocrine
disrupting effects, which severely threaten the ecological system and human health. In this study, a typical aerobic biodegradation
strain LB400 was chosen for the performance of degradation kinetics process of lower and middling PBDEs congeners, which are
widely detected in the environment. The influence of extra carbon sources as the co-metabolism substrates on degradation
performance was discussed. With the simulative computation of variation of thermodynamical state function of key reaction path
during degradation, the relationship between the calculated thermodynamics and biodegradation kinetics constant was revealed as
well. It is indicated that the highest degradation rate would be obtained if biphenyl were added as the carbon source. Within 0120 h,
all tested PBDEs could be effectively degraded by LB400, and the process could be well described by the first-order kinetics.
Relatively, the initial hydroxylation of PBDEs might be the rate-limiting step in the degradation process, and such reactive
oxygen radicals as ‘OH prefers the nucleophilic addition at ortho/meta position to that occurred at meta/para sites of benzene ring.
This study could help deeply understand the molecular mechanics of PBDEs aerobic biodegradation, provide some scientific
proofs on the selection of highly efficient degradation strains in the soil as well as the application in the soil contaminated
remediation.

Key words: PBDEs; Co-metabolism; Degradation kinetics; Hydroxylation; Thermodynamic mechanism
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