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(BDE-209) & 24 A& g 8, H % K2t BDE-209 #9M&fgasrt. [k ) @it 4 38 4 fb st
A 16S IRNA M F SR B AT, ER ELIRACTERG M, T o4 RE MK AR B3 oh B &
3t M fiE BDE-209 #9 %7k, [4 R %24 R 2T, % BDE-209 ¥ &4 F 1 4 4842 5 76
#T%(Brevibacillus brevis). B. brevis *t 1 mg/L BDE-209 5 d #9 & i B =T ik 54.38%. JE 3L E
Y2k R &, B. brevis /% BDE-209 69 RAKFMAH: pH 7, HE & 3 g/L, BE 30°C. £/
4 M AR 42 R 2T B. brevis 3 BDE-209 & 64 s /£ B #6 4 36 h, FtE &R A (NH,),SO,, B.
brevis 3F Cu*'. CA*' A #4582 b, 42 Cu®' o CA* 49 B £ 2% 7f1 E3F BDE-209 49 & i
4 Cu*IRE A 1-5 mg/L, Cd* iR E £ 0.3-0.5 mg/L & B A B, B. brevis 57 BDE-209 M fif 34
TiE 50%VA b, (4538 B. brevis *f BDE-209 H 145 44 F&fg s &, #F R 45 £ BDE-209
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Screening, identification and characteristics of an effective
decabromodiphenyl ether degrading aerobic strain

ZHAO Yu! YIN Hua®**® LONG Yan' YE Jin-Shao! PENG Hui!
QIN Hua-Ming' HE Bao-Yan' ZHANG Na'
g

(1. Department of Environmental Engineering, Jinan University, Laboratory of Water/Soil Toxic
Pollutants Control and Bioremediation of Guangdong Higher Education Institutes,
Guangzhou, Guangdong 510632, China)

(2. College of Environmental Science and Engineering, South China University of
Technology, Guangzhou, Guangdong 510006, China)

(3. The Key Laboratory of Pollution Control and Ecosystem Restoration in Industry Clusters,
Ministry of Education, Guangzhou, Guangdong 510006, China)

Abstract: [Objective] To isolate the aerobic strain with high-efficiency in degrading decab-
romodiphenyl ether (BDE-209) from sediment samples collected from Guiyu town in Guang-
dong Province, an e-waste recycling area, and investigate its degradation characteristics.
[Methods] The strain was identified based on its physio-biochemical characteristics and 16S
rRNA sequence analysis. The orthogonal experiment was conducted to determine the optimal
degrading conditions, effects of different degradation systems and other factors on the degra-
dation efficiency of the strain. [Results] The strain was identified as Brevibacillus brevis
named as GY2. Its five-day degradation efficiency reached 54.38% when the initial concentra-
tion of BDE-209 was 1 mg/L. The optimum conditions for BDE-209 degradation were as fol-
lows: pH 7, bacterial dosage 3 g/L, and culturing temperature 30 °C. The study also showed
that the optimal strain age was 36 h and the best nitrogen source was (NH4),SOy4. B. brevis
could tolerate the toxicity of Cu*" and Cd*’, although the presence of these heavy metals posed
certain influence on BDE-209 degradation. As the concentration of Cu®" and Cd*" were in the
range of 1-5 mg/L and 0.3—0.5 mg/L, respectively, the degradation efficiency of BDE-209 was
still over 50%. [Conclusion] B. brevis is effective in degrading BDE-209, the results are of
significance and application importance in the study of aerobic microbial degradation and en-

vironment bioremediation of BDE-209.

Keywords: Decabromodiphenyl ethers, Microbial degradation, Screening, Heavy metal, Charac-

teristics
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ML 7= & H P BDE-209 h—FhdlE X
NS BRI BA R, bR T 2 A A s R e, oA
AP IBHRTER IR e AR L DA SR
FERC. ARFRAA BT R S AN R P s R i e A
FAEEHP, B, R0 25U kIR K
UL ALY POV RL R A g R U R R
BDE-209, HH:& i Rz 4E KA, st i
%W, BDE-209 HAAVFZIETERAEYIRErE, annk
FE B KO P AR S T e = A R m A
AL, KA | ] BDE-209 S8R
AR R, BN FREE Je N it 22 41
FEE R, K, BDE-209 MM C 4 FME
TAEE KM E, HHSCT BDE-209 k%
2 i o S o 1 AN Ve 5 A I s
AR AR VT . IRA R BN IR
JRRIR A R, RN I3 2 Y8 1 7= A AR AR E
Rk, FIE— AR, 2T T R R T
T SR R A D) == oA AR E TR, RERT AR, b
Hh, IR RS B SR BRI AE, (HH AT
KU E R s b . TR, ik s 2
BDE-209 4148 P Aff B TR 1T LR AR REPE XS T4 58
BDE-209 [P F s A5 HAT BB R 2 ORI H
e

ARWFFERI T 7R Sl R L 45 SRR b A 5
JrFirf BDE-209 & iis, A AT AR & AR AH Y 1Y &
BDE-209 i 32 5 R A i (1 RR I, X TREE S 1HIX
i DX TR b A A A T o B R 1, 3R
737 —#k BDE-209 =8-SR MR A 1, TR Bk
) BDE-209 P& fif ¢ o i 47T T4 58, DLW N
BDE-209 W48 A= YRR AR T 5 S LAl BB

1 RS

1.1 LEHHRIFnERE
PR B T DU AR SR B R SIS
F B A DX B T

http://journals.im.ac.cn/wswxtbcn

BDE-209: 4 99%, W4T Sigma Aldrich 2\
H], BDE-209 £:&: ] HPLC 25 s, #
BDE-209 £ 0 4 1 000 mg/L bRk, T
4 °C JKFETRAERS

Hgiki): HPLC HIFEE %M T Sigma Al-
drich A 7]; AR AW b 51E Rl T Ktk
FA2=H) T AR ZIEK NaySO,. (NH4),S04.
KH,PO,. K;HPO,. NaCl %7 [ ) M AL#R
I

FRBEEABKERIE@L): AT 3, A
& 10, NaCl 5, pH 7, [& 44 K5 5% 5 3 g
1.5%2.0%. FHT BRI & 4 XY K%,

HeRETEHLER R FERL(MSM, g/L): NH,NO; 1.0,
KH,PO, 1.5, K,HPO, 3.0, NaCl 0.5, {5 t%
0.2% (MgSO,4 4, CuSO, 1, MnSOy 1, FeSO-7H,0 1,
CaCl, 1),

1.2 EHMESE. 23541k

FREX 1 g IR in A %1 BDE-209 #eBHy
10 mg/L ()& R, T30 °C. 130 t/min 5
AR RS, B 2 RKEGH: 1 IR, BREENIR]
7 10 mg/L 1) BDE-209 ¥, E %] BDE-209
W E ik 3 50 mg/L J5, #EMFEILL 50 mg/L
BDE-209 “AME—BRIEAY MSM EiFRFErp, E4Lhs
FEMJR G, PR EERREE . AR AT X R P
T B alifl, PhkA KA . TR RRIN TS
AT RIESR, JFHIFE4 XS BDE-209 1Y FEf#,
P s A 22 P R A o

TIRBOR R R R R

FEAA R (%0)=

Xof FERE kB e — A EERE R

X JERE ik B
1.3 BDE-209 FRfEERILEE

AR T RS IROCER (23],

16S tRNA 73255 kS MOCik[24-25],
ZHET RA WA SR G 58 B

x100
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1.4 Sz

WA B4 N E R P RIS, 405
F0.2.6.12,24,30. 36,48, 72, 96 f1120 h
HURE, DAARIERD B4 PR B RIS 5 5 23 X
T8, FAEEEETHIE 600 nm T ARG, 21
HARK S, [R5 5 MSM 5557 5L R R
A 3 g/l (BHE, S/KF 97.81%, FR)AEK
12, 24, 30, 36. 48, 72 1 96 h YF&MRE, Mz
ST A 4 [ 7 T ) BDE-209 F [
1.5 BDE-209 P& &AL

FHIE A L8 ik% pH (A). R
(B). MREE(C). FEMEIEID)IHATHIGE, LRt
W 1 fr7R, BDE-209 ¥4 1 mg/L. iz ] SPSS
13.0 FAF#HFATIEAC LI ik it, LWmEiRh
BDE-209 MIFEfRA, XSLmnss Rk 7 225005
BT 7530 %5 B A% BDE-209 520 f5% i 35 14 4%
PRI DA S B fi e AR 25 Ak
1.6 B *f BDE-209 HFERR £ RE

AN FEfgg A 28 F A X BDE-209 YR Ff: 4351
PEHZEIEK(Z) . KERBIK (L) . KB HIRIR I K
[L(M)]. MSM HiF=E(W), KIRBIZKS MSM 1
FRIELL 1:1 (V)IRA R KEK(WL) . RIRBIK S
MSM 85575 LL 1:1 (V:)IRG 5 KFEZK[WL(M)] 6
FIANTR] K BT KA A B i A4 %2, BDE-209 ¥ JE K
1 mg/L, %FEH 3 g/L, VIAINERIERAZR N
23 FRIR, 30 °C. 130 r/min fEIRFE RS 5d )5,

AR A 22 PP X BDE-209 1 R A1 I o

ANFEAIE T HXT BDE-209 [HREf#: A RlvkHe
(NH4),SO, . NH;NO;. NaNO;. CH;COONH; .
CH4N,O R MSM K5 = L (19— 0K, W EEHR
B 1 g/L, BDE-209 ¥k N 1 mg/L, =
3g/L, #3507 b, % 8OR [ ZE T B X
BDE-209 IR o

A SE Cu®™, Cd>F74E F % BDE-209 f
Wéfit: B4 )8R PBDEs AMY:RE L T K
I FERE AREE 0 5 — 2 FE5 YL, filin Cu® .
Cd™". Pb™" | Zn™" %P0 ARSLIO VRHU A 1R R
cu®' & Cd*, [ MSM Kj 3R b 4 B im A
Cu(NO3), 5 Cd(NOs),, fifi Cu” HEE4T514 0.0.5.
1. 2.5, 10, 20, 30 mg/L, Cd* #7510 0.
0.05. 0.1, 0.3, 0.5, 1.0 mg/L, BDE-209 ¥ J¥ &y
1 mg/L, HREA 3 ¢/L, Hi377r[F L, B
Al B Cu™™ Y Cd™ Xt A% BDE-209 BRI

2 GRE5AMH

2.1 BDE-209 EEEMASBESLTE

Zad AR B S ik, RAS T —HREE LA
BDE-209 A —ficili b K R, FIZE A
BDE-209 &%k 1 mg/L 1) MSM R 3Ll 37
5dJ5, HX BDE-209 [REA#RF T IAE] 54.38%,
YzE 4N GY2, Ft A B AL sess, 45
W 2,

F1 ERKWIRIT

Table 1 Orthogonal experimental design

Eitdeh ot ek A o 1]
Factors pH (A) . . )
Concentration of bacteria (B, g/L) Temperature (C, °C) Time (D, d)

Level 1 4.0 0.5 15 2
Level 2 6.0 1.0 20 4
Level 3 7.0 2.0 25 5
Level 4 8.0 3.0 30 6
Level 5 10.0 5.0 35 8
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F2 HBEELEHE

Table 2 Physiological and biochemical characteristics

ET H Items ZE L Results

MZETH Ttems 253 Results

FERRE

Gram-staining

el

Spore staining
A R

Glucose oxidation fermentation
TEM K A%

Starch hydrolysis

U =R AN
Catalase
Citrate

-t

+

M. R. -

V-P
Diacetyl

T SRR — SRR,
Note: +: Positive; —: Negative.

M3 2 AT KRN [CRAYET, WERAh
FOEAS, HA M, REIR, 4 REE AR
BIR AR B T 30 °C K55% 36 h T, SEIRIEDGH .
NGEEST | RMPSEAFL A EANE I T # %
RIS T, w1250 b 2R AT PR 2R AT
T & (Bacillus)

K HEM GY2 B 16S rRNA JE5)(GY2 7
GenBank %5 5%5 8 1X394220)5 GenBank 1t
BRI AT X, ZBLE K GY2 5Bk
Brevibacillus brevis (55 2FFAF TR [ J5 A e ey,
ik 100%. T GY2 HEHEM) 16S rRNA JFHIF 3
ARG R EWILE 1,

2.2 FEEEE B. brevis X% BDE-209 B 820

B. brevis KM AR F B B. brevis %}
BDE-209 [ fifi i UL 2.

B. brevis TEAFRBEEABERRE, &
4 6 h TEFEE G HE AT EUE K, JFAE 36 h
BRI AR E, ZEEA B RE
. MK 28T LIE H, ANFEIEEE B, brevis X}
BDE-209 R AR AR o Fifi 25 i i 1) 2
BEARTEOY, HXF BDE-209 By S B F LA
TR, YHIA S 36 h I, BDE-209 1[4
Rk E, N 59.17%. XK, AbFxbHt:
KHA BB & . A A RE R, BT A AR
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WRZ, BrA R R B35 2 TR REIR, R
FHiE BDE-209 [WRE JI58; MifEfse i, wiiks
AR R BT BOW IS, XFik IR BDE-209 1]
FHRE ST WA SS, A AR AR S T R
FEAAHAE, S0 AE W R BOH IR E, BF
PR EAARECR G 22, B AR DR R TR
WG Z, 16 R TT R R IR A IS EE 22, AT
vE—2E1155 T BDE-209 (1) F%fi .
2.3 B. brevis (4% BDE-209 &894k

FROEAS VTR 1 WB TS558, 4351
FEIEACIITR 2 25 452560 BDE-209 A
R, WL HAT T, RIS RN ZE R
PARIT 2 8 R W3R 3. 4.

M 3 RIE IR 4 h& R FIEF LA,
pH N A% H &% BDE-209 (RfA g, H
H 0T BDE-209 FEAf I 5200 e K o £5 PR 20
BDE-209 s M AT A 408 i > pH > i ] > ifit
&, %K BDE-209 1R 254 pH 7,
R 3 g/L, IR 30 °C,
2.4  B. brevis [%#% BDE-209 HY%F[4%
2.4.1 BDE-209 7~ [EIPEREA R P RYPERE: RH
ANFIZERK B AR R, %42 B. brevis TEA
[l R Z2 b % BDE-209 FYFEAR, S2304s 50l
Kl 3,
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12 Brevibacillus brevis strain ZAQS5 (HQ143668.1)
{ Brevibacillus sp. strain IMMO04 (FR727702.1)

GY2
54 _10|: Brevibacillus sp. EK-287 (AB090804.1)

— Brevibacillus brevis strain YQH20 (HQ202569.1)
11 Brevibacillus sp. strain RHH26 (HQ143614.1)
40 Brevibacillus brevis strain (EF173465.1)
Brevibacillus formosus strain DSM 9885 (NR 040979.1)
17 36 —E Brevibacillus brevis gene (AB101593.1)

31 Brevibacillus brevis strain NBRC 15304 (NR 041524.1)

Brevibacillus choshinensis strain DSM 8552 (NR 040980.1)
95 29{ Brevibacillus reuszeri strain DSM 9887 (NR 040982.1)

99 Brevibacillus reuszeri strain 39 (NR 029132.1)

Brevibacillus parabrevis strain IFO 12334 (NR 040981.1)

43

= 24_|: Brevibacillus agri strain DSM 6348 (NR 040983.1)
84 35 Brevibacillus limnophilus strain DSM 6472 (NR 024822.1)
Brevibacillus centrosporus strain NRRL NRS-664 (NR 043414.1)
49 Brevibacillus panacihumi strain DCY35 (NR 044485.1)
98L___ Brevibacillus invocatus strain LMG 18962 (NR 041836.1)
56 Brevibacillus ginsengisoli strain Gsoil 3088 (NR 041376.1)
46l Brevibacillus laterosporus strain IAM 12465 (NR 037005.1)
Brevibacillus borstelensis strain DSM 6347 (NR 040984.1)
100 L Brevibacillus borstelensis strain Logan B4029 (NR 029131.1)
Brevibacillus thermoruber strain BT2 (NR 026514.1)
J‘: Aneurinibacillus aneurinilyticus strain Murayama (NR 036798.1)
Aneurinibacillus danicus strain DB4 (NR 028657.1)
100 —— Planococcus maritimus strain TF-9 (NR 025247.1)
99 —!: Bacillus azotoforma;?s strain NBRC 15712 (NR 041641.1)
0.01 63 Bacillus macyae strain IMM-4 (NR 025650.1)

B 1 ET 16S rRNA EEFFIEREN GY2 RELEW
Fig. 1 Phylogenetic tree of strain GY2 based on 16S rRNA sequence analysis
H: FES TS0 GenBank 585 4034 BT NI 1000 RS — R ILE, LWHBIR N 1%0)7 5122 5.
Note: Numbers in parentheses represent the sequences’ accession number in GenBank. Numbers at the nodes indicate the percentage
of occurrence in 1 000 boot-straped trees. Bar 0.01 represent sequence divergence.

F3I EXIUHER

Table 3 Orthogonal experimental result

HfE 1 HfE 2 HifE 3 Hife 4 {5 WeZE R
X X X3 X4 X5 Range (R)
A 11.88 22.21 29.64 25.70 18.27 17.77
B 7.61 22.02 25.07 27.01 25.98 19.39
C 20.99 19.06 23.50 23.62 20.53 4.56
D 18.43 18.01 20.81 23.32 27.13 9.13

http://journals.im.ac.cn/wswxtbcn
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R4 EXGERBESN
Table 4 ANOVA of orthogonal experimental results
A K75 H X5 F1H B
Source Squares df Mean square F Sig.
Model 2 693.229 16 168.327 6.383 0.006
Intercept 11 598.859 1 1 1598.859 439.805 0.000
A 937.056 4 234.264 8.883 0.005
B 1279.521 4 319.880 12.129 0.002
C 68.943 4 17.236 0.654 0.641
D 224.965 4 56.241 2.133 0.168
Error 210.982 8 26.373
Total 14 503.070 25
Total lack of fit 2904.211 24
6 170 < W 3 WD, MSM B EEFIT B,
5 :%E brevis % BDE-209 [F#f#, HUCRRKHEHMIK S
55 la0 5 MSM HRER 111 (HBIGER, 2K
o 1205 REMZER B EOBIKIER, VR
i 10 & EWRERAKRER.
0 0

0 2 6 12 24 30 36 48 72 96 120

t (h)

T EIEURHY B. brevis X BDE-209 F& #2010
Effects of bacteria age on BDE-209 degradation

70
60
50
40
30

20
i
0 1 1
zZ L
Degradation system

3 BDE-209 7£ AN [5] P AR 2 o oY P o2
Fig. 3 Degradation of BDE-209 in different degrada-
tion systems

TE: Z: ZE1ROK; Lo RIRWIK; L (M)« KIERIRIRBIK, W
MSM §:3538:; WL: L 5 W 2y 1:1 (W, RKE); WL (M): K
SRIZKE MSM B3R 2 1:1 (V/V, KIH).

Note: Z: Aquadistillate; L: Natural lake; L (M): Sterilized natu-

ral lake; W: MSM medium; WL: L and W 1:1 (V/V, non steril-
ized); WL (M): L and W 1:1 (V/V, sterilized).

Degradation rate (%)

gl

LM) WL WLM) W
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AR K BT i B B R AN ], S5
PIXT BDE-209 FIREAR 225 o ZZIRKIR R &
FWY, [ BDE-209, ANREIGE B. brevis A1
FRITER, MIMBHAT T BDE-209 FOREAR . 1 FRIR
WK S A WAL KRS TR R, s —L
FLA AR T W E R RRIE S, FTLA B, brevis
238 Je M FH Ik B8 5 A ) A i e DR E A T AR AR
W, TS EE N BDE-209 FUFE iR A . MK
3 AT DUE Y, 7R KR IR AR LR KR [R]
FHAUAZH, HXT BDE-209 FUFEA#ER R, XUl
B. brevis 5 RKIRI/K P+ E YA E—ER
B RR R, NMER T X BDE-209 1%
fift o MSM 15 SR I ZARYE A Wy A= K T b 0
FEW BTG, BLIA A RUE A K TR A
P TCHLER, BDE-209 7 MSM 1537 3 H4E ke
—kli, B. brevis 7 5t.53 | F BDE-209 1f: At
R AERFHAARKACEE, FTLL MSM 85 37 35 v 18 X
BDE-209 [ 3 5 &
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242 AERIBEFZHET B. brevis ¥} BDE-209 HJ
Befi: SR VR AL A0 A ORI il 2 ) 2
K, I, ANEEEXS R KA S BT
i, 7EAEIRIRT B. brevis Xt BDE-209 B4 [&f# 25
UL 4,

S EE R R, W) BDE-209 Ffid iR,
TEALREIE T A PR, NH T NOy ™ AR
H(NH4),S0, B}, FXF BDE-209 [ B i,
AlIE 59.97%. AREA Y AE R AR ZR Y 75
K5 F GO AR, (A—B ok it THLA
A VUE L5 Wi A= P, NH, R NOs AT LA
BRSO T A S ER AW, maLA
W5 o AR S A T R, LS B LA R
1 BDE-209 AR A TFA LR . NH, 96U
A= WU T 2 sk i R FH L FE T A
e J B BT 4 1, NOs I 75 352 2858 5 1y
NH, 5 BAH, Fik NH, H NOs A F Tz
TR A KA
2.4.3 Cu”'x BDE-209 FEfERIELIN: AR
Cu” fE7ERT, X BDE-209 By A WL IE 5,

HE 5 FTLAEH, FERR Cu® WRIETL A,
B. brevis 7% BDE-209 5 — & HIMERAVER, 1
WIZBE X Cu™ A BTS2 1 o BEE Cu™ W BE 1)

FHir, BDE-209 HREMfER 2 S TR E
#TE Cu W N 2.0 mg/L IFFEIRFRARK, N
53.68%. XAEN Cu* 2 b A KARIY LT
JCER, HATAE A W A Ak RO R B AR R AR
L, e e 2 W AL I 4L sy, R R
YER TR e R IR Cu® B in A itk
TR ARARET, M B X BDE-209 1R/
e Y Cu R YA ot AR AR, 4y
XoF TR A 20 e AR RE VR T, DA B TR G
BDE-209 {4, S50 BDE-209 [ 1A .
2.44 Cd*% BDE-209 FEfEBISNE: AN )E
CA*™ FEAERT, % BDE-209 [t WKl 6.,

HE 6 Al MBEfARTINA Cd A,
BE CA> e RYIEIN, B. brevis %t BDE-209 1[4
fift IR E TR S CdmA R
410.50 mg/L 5}, FEfRIA ] o KMH, R TEA
Cd™ I AAFR R

SCHRARGE, 4 XA P o R A e SR R
T BA A AT UARASI A3, 1T 2 X 4 el 2R P A 5 0 I
B UL AT A, DA T foff P A D A IO R A A B
5530 B A AR P AR S0 2 SR R LA,
AR EE CA> AEPERT, FRAIMAESZ Cd* 8%
YEH, i BDE-209 W2 fff S itk A dtiffdfie 71 . 5

70
60 | {\
S 50
8
g \ \
§ 30
s
)
2 [—
& 2T N\ \
10~ AN
0 N\
No nitrogen source (NH,),SO,

CH,N,O

X S
N
\
N
N
N
I N I I |
NH,NO; NaNO; CH;COONH,

El4 TRRRFHETEX BDE-209 HIFEHE
Fig. 4 Degradation of BDE-209 in different nitrogen sources
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70 .
S 60 |

2 50 1 N
= 40 N

£ 0 [

2 2 .

A 1(? -.

0.5 1.0 2.0 5.0 10.0 20.0 30.0
Cu (mg/L)

5 Cu*'%f BDE-209 FEfRHIZ M0
Fig. 5 Effects of Cu’" on degradation of BDE-209

70 .
60 L
50 |
40 L
30 L
20 |
10 |
0

Degtation rate (%)

I

0 0.05 0.10 030 050 1.00
Cd (mg/L)

6 Cd**xt BDE-209 F&fREI ST

Fig. 6 Effects of Cd* on degradation of BDE-209
Wl e BE A3, HCRE AR N, A0 it —
AR, i BDE-209 A LA B #6320 i N 4 5
fift, {024 Cd™ W —LFHE AT 0.50 mg/L)
Joi, MRS A S D BT E AR, ST

BDE-209 [ R FIK T F%
3 e

V4R ET PBDEs WAL YRR 58 fRaE
Mok 2, BAR B AR p T IR A A Y R
(R R Bl 2 W o A A, DA LA 335 32 31 T 9%
ABUOCHE, B U LA . BRIR 2R AR P
AW LRI & A 2 A T R T DL R R
BDE-209., Zhou P ifF5 T 2 111G 1 77 ERASTAE A
Tween 80 [fIIAXT 1B FLIAF#f% BDE-209 5%
M), BT 2 1 A 3 T 2 590 A9 i A AT RS
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BDE-209 1Y 3 WL ¥ fift B2, A #F 1 ) 5 | X
BDE-209 [{[%f#; AE-1 BP0 TE4E Cd.
Pb. Cu X 1 B AT VRIOR B 5200, &30
MR BE I 4B (< 1 mg/L) I AT 4 3 19 i B 0
BDE-209 (%%, 7 d 9%t BDE-209 (1 mg/L)#YF%
fift FE 3K 69.7%, 1H vk BT Y 4 R 23 4
BDE-209 H[%f#, &4 )8 FEMSERHTHEE
B MM 52 BDE-209 [ AR, T isasBlg
PR ZEIFE I (XPB . XPC)&E A % BDE-209
e IRAE S, 78 1 d BRI, ZEAA
HAEJRY N R EET1IA ] 14.16%, fEIMAE
SEAIE, ZEARNBIRAE Wik E] 13.9%,
A3 5 (9 B 4 JB A7 7E 2235 . BDE-209 AR 311
AR, TTUT DV T — Mk 9k o & 2R T A,
HX BDE-209 HYREf#R AT LAAE] 50%L |, &%
ATk 73%.

AT MR T3 3 A A b OB AR ity o
1 BDE-209 = &% B 1A, o 2945 3 — bR g L
BDE-209 AME—RIR 4T ERFf# I Brevibacillus
brevis, WISHFRNT BDE-209 HREAE 4 A WL HRIE .
W FEAZSEHARAL T B. brevis % BDE-209 HY 4 fi#
20 pH 7, FeEE 3 g/L, IRJE 30 °C. FEM#ER
PESCISZR A B. brevis [&f#% BDE-209 [ F M
36 h, HfERIEN(NH,),SO4. B. brevis ¥ Cu®",
CA AR 21, 1B Cu® F1 Cd* IAFTE LY
Wil B. brevis X} BDE-209 HJFEM#, 4 Cu® HeFETE
1-5 mg/L, CA*WEFE 0.3-0.5 mg/L JLFEH, B.
brevis %} BDE-209 WFEARRCRELS, KRk 50%
KAk,

BDE-209 A= Wik S £ Wpie ok ox B it
TR B, sk =, LS A
RF R S S B 07 FH A (18 F J 2 ) LA 2 0 9 )
A, IR R i BE R B, brevis X}
BDE-209 #ATHUAE VIR, BFCas R BAA AR
HSZER R B . B. brevis Xt BDE-209 [1) [ f#AF
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5 HETIR AL TR BB, T A B PR 5E R 20
Féf% BDE-209 {520, iZ X BDE-209 Ff#
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