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Remediation of Decabromodiphenyl Ether Contaminated Sediment Through

Plant Roots Enhanced by Exogenous Microbes
YANG Lei-feng' , YIN Hua'" ,PENG Hui’* ,LI Yue-peng’

(1. Key Laboratory of Pollution Control and Ecosystem Restoration in Industry Clusters, Guangdong Provincial Engineering and
Technology Research Center for Environmental Risk Prevention and Emergency Disposal, College of Environment and Energy, South
China University of Technology, Guangzhou 510006, China; 2. Department of Chemistry, Jinan University, Guangzhou 510632,
China; 3. Guangzhou Hailin Electronic Technology Co. ,Ltd. , Guangzhou 510407, China)

Abstract: Decabromodiphenyl ether ( BDE-209), a main ingredient of brominated flame retardants, has drawn more and more
attention because of the pollution it caused in sediment. A pot experiment was conducted in a greenhouse to investigate the impact of
Brevibacillus brevis and Enterococcus casselifavus on the enhancement of phytoremediation by Thalia dealbata, which is common in the
river bank and was found to be an effective plant for BDE- 209 removal. The concentration of organic acids, the amount of
microorganisms and the ability of carbon utilization of soil microorganisms in different experimental groups were analyzed. The results
showed that the removal rate of BDE-209 in the exogenous microbes containing groups were higher than that of the control. And
B. brevis presented the highest enhancement of phytoremediation with the removal rate rising highest to 66% compared with the control
(non-rhizosphere group 37.93% and no plant group 39.27% ) after 60 days. The removal of BDE-209 in sediment, quantity of
microorganism, concentration of organic acids and the ability of carbon utilization of soil microorganisms in rhizosphere sediment were
higher than those in non-rhizosphere sediment.
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MTAEAFTT . A 58 26 B XU ALY vh BDE-
209 ELA B F2 BRas

PERHE T . BR[Ol R g 1
SEARALPERT AN : TN (1.8 £0.3) g-kg™', TP
(3.2+0.5) g kg™, BEALH(1.15+0. 1) g-kg ™', pH
7.3 +0.3. FEZTEREAKINE PBDEs FIAFE.
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BDE-209 & & 4 15 mg-kg ' BYJE IR, SR I # BE A
1.5 mg-kg ™' (W VE, HCTE 38 XS b AR HORHE &+
5, 20 H 2 (B AR 9 EE & BDE-209 119
SN 143 mg-kg™').
1.2.2 BRI IIHS

BRI EEMICH . B S g S F AT NaCl
%10 g MFE T 1 L KoK P85 BRI 2 pH
7.0 ~7.5, 37 121°C | 101.3 kPa £ F K& 30
min £ H. 5356 B. brevis F E. casseliflavus $EF0 %))
EFEW P, T 30°C 130 remin ' FRR R 1 S 24
h, 6000 r-min~"&5.0> 10 min B A, FHEE K
THURTE AR 3 W, FREE, A IR 35 9% 2 1 ) 10
mg- L~ P TR, 25 .
1.2.3 LEEt

HUS kg A BDE-209 V59 3% 5 T AE 75
7 A SRR EAHE KA, o K A 5 — B 1
R LRI, Z 55 E. casseliflavus (J1) | B.
brevis(J2) . WA IR S (J3) 0 | Fh B FpoAE A
PSR I5 Ye 3 v, TR BSHSOC AR 4 . TGS 4
TCHMIE TR X REZH, H2 R0 5 50 mg, BRI Ab P E S
3. R IE B 2R 4 NGO R AR R A
VIR 2 R RS U8 A AR B JEC U1, /1N FH 24 6 51 4
+ RAETE A4S REARFE S 00T ARk, &
BFK T Mgk T, B VR R 208 VR TR AT
72 h, BREaE 20 H i, SO R P AR S B A A R AR
KR, 2 J5 2 Btk ik 60 H i, 6 O A7 7E
—T0CHM N BRILZ AL B 53 AN [ b B ZH P U
BERELRAEAE 4°C VKA h DAL B 2L 948 b i ARG, 522
5 RS
1.3 FEWUOTE
1.3.1 BDE-209 f4#E U7 12

K FSCHR 12 ] B A BT 1.
1.3.2  @EIRIENTER (PLFAs) A4 EU T v

AHIFFE R 3 I 5E PLFAs 1Y 7 325 51 1 5 UL
T 3 A W) 1 B, PLFAs 42 85U ¥ 2 2% Uik
[13 1/ 1 1 elatk , BR D775, H2.0 ¢ +
BT 50 mL BT INA 4 mL B-D 2GR, B s
10 min, ZJ57F 200 r-min "' IR Z e H IR 2 h,
6000 r-min "0 10 min, B FIH W 2 mL T 5
PEFS BN, B 1 mL B HK IR S s,
B0 10 min, BURZ A 1 mL TR0 97, 78 30°C
U RIET , Z R B R RERZM R, A 6 mL &
5 (433 ) M1 3 mL INERWRDE, ZJ5 A 2 mL ()
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TAREE 15 min, ZJ5 530N A 4 mL & (0. 075
mol-L™") MM, #53% 10 s, WHCF 2 A HLA 4 mL
FRG O ERE 25 K 230+, DU C e v i 2 25 51
1 mL, A NBRY), BT - 20°C UK, 7.
1.3.3 AHLRIFET Tk
I5E 5% Semigielska 2 1Y 7 2354807
et BRI Ry PRI SR S ¢, 453 10, T 50
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P&7% 1 min Ji5, 75 250 remin ' IEFHEETIE 10 min,
ZJGTES 000 remin " FEH N B0 5 min, K AHUE
BE(0.45 wm) T EHUG AR ORAE. R0 5
W3 WEL.
1.4 Kem 2k qd
1.4.1 BDE-209 A GC-MS & 21
AR B R SR 12].

1.4.2 PLFAs Bk 2544

HAGI 4123 Frostegard B 0 Tk
HE, SLEALER A GC-MS (5 GC-MS-QP 2010) , £
WIES R EL IR, £ 9 B 4049 (A% 41, H A5y DB-
5MS(30 m x0.25 mm x0.25 pum) , {28 0 FHE T
N HEIRAE 140°C 4445 2 min, ZJ5 LA 3°C ~min ™' (1Y
HRTFF] 260°C J5 1543 1 min, FERE TFTES 7 5 R B
BEE N 250°C . 230°C, LA He fE N #H S, i N
JHLFRER N 70 eV, FHVE BN 50 ~
500 m/z, K H bR E AL

PLFAs VAR GC-MS 0 i [B] A3 qn 14 1 (3
WLSCHRI16]) R JETF N5k 2 | AR B B[R]
1.4.3 ALK

R 454« ORGSR (C g ,4. 6 X250 mm,5
pm,pH 2 ~10) R T XA SR A5 B0 BE VR, Ui 3
N ZIERN0. 1% # H,PO, /KIEI (2:98 AKFHLL) |

1 mLmin~"
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Fig. 1
F O #% B K 210 nm, JFFE B 20 pL, EE 1
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s,
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Fig. 2 HPLC chromatograms and retention time of organic acids

1.4.4  GUABRIER 8 1 BRI ik
FREX 10 g UTAIINAE] 100 mL 0. 85% 4 5

GC-MS chromatograms of FAME mixture and internal standards

FE KB A BEER KBS W, BT 150 vemin ™ IR
15 min, FiBE1 00045 J5 , F i B WA I I 150 L
Pl 3] ECO M, A 3 WK, 7E 30°C TR =46
3R 7 d, % 12 h H BIOLOG i A 95 a2 13052 Bt
R EE 1 K. AR Pt s A 8 7 147
BB AR A (AWCD) AT 0 -
AWCD = > (C, - R)/n

A, €, R R | NIRRT IR L% %
FEAE AR n Ry 31017
1.5 FriiEl SR

SR FH 5 J0 TN R bR 400 R AT O A o) 5
HE, FE AR B 3 AFAT, IR E 3 A
25 A TRE AR BS ARSI B TR B B s
FPPATRER & 3, TR iR 3 A AT, ZE R A
s A TAER TR, FH 25 F 700 0 0 00 v B A A A
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2.1 SMNEREXTHYIE R BDE-209 BsifbrEH

R AR BRAE 25 R A& 3 B ,60 d I 4 41
AR B b BZH AR BRI U TP % BDE-209 & 5 BH I
R FARAR PR AN JCAL 4 A X6 R4 CK S P BDE-209
i (P<0.05), mARARBR AN 2] CK R P
BDE-209 ¥ JC  # 1 25 5, Ui BHAR 9 A AR B A
H AR TS5 R0 RBRSCR  FERBRE T
AR 0] LRV H BG4 BDE-209'" ) 55 41
FEYI AR 22 RS AR PR UE PR — R A A HL
NG, K EEAT LN -] LABE I BDE-209 1)
YA R SRS Y 2o k. TR DR R
A — 2 - U Pt T DA Qe 81— i 2
BRACR , TEARPRON ME T AR BRTTR Th B E 4 )
B fRh s & AR AR A, i — AR HE T B Y%t BDE-
209 HyERE.

M 3 38 AT LA HAS R ZM R B AL BRZE SR — 2
RIZZ 5 I B. brevis WIFEPIALFEEH (J2) 15 42 W111)
AT LT A B AH R 28 B (8 RS P s e i B
(P <0.05) , IZAIARPRIE T 5 Y i) 2 B i
Ik E] 66. 04% , K T4 [ 1A b 41 HEAR BRI U2 Al
TCAE W i 2 % RO YR R TS e Ry 2 B R
(37.93% £139.27% ) ,32W B. brevis %k BDE-209
(IBE I KT E. casseliflavus , TiTEPIFIEE (13) BB S
YEFR , 45 4N ERIRE Y8 v i3 Ye W i 25 i T 2l
A B. brevis Ab B (J2) . AKX T E M A E.
casseliflavus AEFEZH (J1) MUNINE R AL FRZH (JO) , &
A W 0 B TR A I A R AN R 95 Y i 25 Bk, TR
PR ] i e — b i B = ) AR A T 5 A — iR
(AR K 5 72 A BDE-209 B 77 24 T 35 4l 56
2, NI ASF] T BDE-209 Z:B5.

2.2 R[EAEEEXTUARY) h PLEAs 35 5 Y 520

PLFAs S 2/ — @ FEEE b it 1 A= )t
(2150 ¢ Z %) BDE-209 20, 455
K4 s, A28 g1, )2, J3 A R BRI e
PLFAs (1) 8 f R HR s T AR 6] B JO 21, i £
A PPER G 22 T R BT AN R Y 5 IS Y

[F] — R 14 8 22 /)N
XA AR AT 1L

= HFEBDE-209 &t = JEMFFBDE-2098 44t wam CK A
- HIFEBDE-209%:(k% & {EHIFFBDE-209: k3 & CKEERH
1.4

e =2 2 2 = =
Lo I - - - - - o

BDE-209. CKEAdit/mg-kg
(=]

i b L L 2 - L
A ] 4 b 7
N TR E. casseliflavus . J2 327 B. brevis .
J3 FRPFPEE | JO FAR AN |
CK /R AHR TCHE P 40 B, R TR
3 AEEAAEARREH BDE-209 RREBMEBRE

Fig. 3 Residual concentration and removal rate

of BDE-209 in sediment of different groups
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SRR B /N, BB Z A WL/ 7] LIE R
A AR GF P R IR T, AEAR R I E - T 1
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B R 2 R e LB

o JORALE! o JIg At
82 AREE B I3 A E
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[=1
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T

B

0.2
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o LLE N
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B /"4 BDE-209,CB #/~JC BDE-209,
CK R/RTELZ NI, T E
El4 A RE4LEHEPLHAs &8
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