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Aerobic Microbial Degradation of Polybrominated Diphenyl Ethers

DING Juan, ZHOU Juan, JIANG Wei-ying, GAO Shi-xiang
(State Key Laboratory of Pollution Control and Resource Reuse> School of the Environment, Nanjing University, Nanjing 210093, China)
Abstract: The biodegradation of 4, 4'-dibromodipheny ether ( BDE15) and decabromodiphenyl ether ( BDE209) by white rot fungi under

aerobic conditions was studied. Effects of non-ionic surfactant Tween 80 and S-cyclodextrin as solubilizers on the apparent solubilities and
biodegradation rates of BDE1S and BDE209 were also evaluated. The results showed that both BDE1S and BDE209 were efficiently degraded by
white rot fungi. The degradation rates were 43.0% and 62.5% for BDE209 and BDE15, respectively after 10 d incubation. The degradation
of BDE209 was greatly enhanced by addition of Tween 80 ( <700 mg/L) and S-cyclodextrin, which may own to their solubilization effects on
BDE209. However, Tween 80 at a high concentration (900 mg/L) would restrain the fungal growth, thereby decrease the degradation of
BDE209. Addition of Tween 80 and [3-cyclodextrin exhibited some negative effects on the degradation of BDE1S, which may due to decreased
concentration of free BDELS in water solution resulted from inclusion function of Tween 80 micelles and 3-cyclodextrin cavity, although the
apparent solubility of BDE1S was drastically increased by both of them.
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AR 12 7 BRI P ) Tween 80 A1 B-FARIIHE 42 i3 22
PRI AR I P AU A L, i v SC A m R I S LA
N PBDE 75 QIS5 () PRk 15 SR 4R A BB KA

1 #MR57%

1.1 s 5l

F B : Agilent1100 15 BOHEAH 43, SW-CJ &
B TAE S GO M e Ze i Ak £ BR A DD, HWY-200
A BE B TR R IR CRI 8 H) D, RE-52A Jie i 25 ) 4
C R R AEAGAXES T ), Biofuge stratos o 4 ¥ ¥k 5
L1 Heraeus) .

FEA A 4, 4- 7 WA K ( BDE-15, Panya.
Chemical Co. Tid.), W I 7 i ( BDE209, Aldrich,
98% ) » Tween 80C g IB AL Tl AT IR 2w, g-34
WIRE IR R IRERE T, 26 > 999%) .

1.2 WAt SRR
1.2.1 A

TR R P A Phanerochaete chrysosporium
(GIM3.383) W ™ MMk A= Wy 5 B B P A o
T 4C 5 M FIRAFT PDA Bi 773 b A H 2 1, T
35CHAAMEEFAIE 5 ~ 6 d, F G AR 1 U
AN, PR A 48 25 v 2244, F A e v
T 650 nm AL W EWOG LG AC1.0) =5 x 10°
A L], P L7 RS, AT RO EAE T 0.5, B &
ot FH P B
1.2.2 Rt

PDA B3R AL N - B84 0t 209 , Hi % B 20
o/ L, TR — M 3 o/L, IR EE 1.5 o/L, TilZ 2 (Vit.
B, )8 mg/L, Bl 20 g/L, pH 6.0.

WARRE IR B % Kk’ s Br 77 27 A& B 10
o/ L, WA BR¥% 0.2 g/L, KH,PO, 2.0 g/L, MgSO, *7H,0
0.5 g/L, CaCl, 0.1 g/L, BI & JC % % ¥ 70 mL,
VB11.0 mg/L, 0.1 mol/La FR - MR ¥4 22 MK (pH 4.5)
100 mL.

BI 15 70 2 %M : MgS0, *7H,0 3 /L, MnSO, 0.5
g/Ls NaCl 1.0 g/L, FeSO, * 7H,0 0.1 g/Ls CoCl, 0.1
/L, ZnS0, *7H,0 0.1 ¢/L, CuSO, 0.1 g/L, AIK(SO,), *
12H,0 0.01 g/L, H,BO; 0.1 mg/Ls> Na,MoO, * 2H,0
0.01 mg/L, ALK 1.5 ¢/L.
1.3 SERJ7E
1.3.1 Tween 80 F1 B-FA K K5 X BDE1S #1 BDE209
(1) 184 5 S5

B St R AEAEVEN 5 0.2 ¢ BDEIS(B

BDE209)¥ T~ 10 mL S FHEEH, A 30 g A1 0&00,
AW 2 A PR R T RCE .
FER F B 38 )25 B A, T i 408 45 B D S B AR, A 4
2.5 em, KJEZ) 40 em. HU 1B A E b 258 N A2 4
o, Pedfe s AR AT 2 il N E IR (30°C + 1°C)
FEIRK, 4 E 561 2 1) AN A FE Tween 80CEY B-F£ Hil
ROV M2 I = EAE A PR 2, 37 L TR it
H VR IR W (L) 15 mL) B2 9 A e 95 . e
A2 70 mL) AW 7= 2 4, 24 b J5 HOK
F£ 50 mL, H 50 mL — %0 6 73 = IR A UK P )
BDE15CEL BDE209), #A J5 HI Jie % 2 ) < 4,
BEE 2 2 1 mL, H & 208 €6 3% 01 € BDELS (54
BDE209) I & .

1.3.2 B H#XS BDE15 A1 BDE209 [ B fiF S 56

e 160 mg/L BDE209 ) — 5 FH 4 5 v, B 1
mL I K1 150 mL = f i, #0150,
{FREAS = S A 160 pg 1) BDE209 . AR J5 7E R
AN 100 mL O KB R AR 73, HF N
Il AEFFSB(FHEE D =0.5,R5E T =
TR A5 TR 5 RE 97 (30°C 5 150 t/min) . BEANFE L AE
e 3AEATRE, LAASIN G B (R R b VR R 2 R L
S AEREG A R R, = A AR AR L, DL
Bii 1 BDE209 # )6 B& fif . BDE1S [ % fif 52 56 1ok 2 [+
BDE209.

H T WFFE Tween 80 F1 B-FA K1 5 Xt BDE1S Al
BDE209 FAf 1R 56 W, 5 55 77 55 i AN [A]k B2 (1)
Tween 80 A1 B-FARIKE , 1A R 11 Tween 80 F1 B-FH
K I R 51020 0 100+ 300~ 500~ 700 F11900 mg/L.
1.4 H7E
1.4.1 BDEI15 1 BDE209 i 5k B 5 1 % IR o &
P

B R ORI 7 44 2 v BDE1S (B BDE209) (1) 38l
A RE S AR R R VR 22 A DR, = A N RE
FR 2 A — U B i Uk 2 UK, BBV = U e &K
W3 U A I WU, 980 Hs e i 28 M4 22 1 mL, H
PR E 25 22 10 mL, 5 28080 AH (4385 I 32 BDE1S (5
BDE209) (1) 75 & (1% 4541 0. €18 [ AH 15 4T ( Ace
5 C18, 150 x 4.6 mm> 5 pm particles; Supelco,
Bellefontes PA, USA)D, ¥t 8 AH & HBE-ZK (AR FR EE A
95:5), YL K 1.2 mL/min, BEAEAARIA 10 L, K3l
WK 235 nm, FEUE 30°C. BDE209 7E 4.0 ~ 20.0
mg/LiX—JE N &P X R RIEF(R* =0.9999), A LA
WL T TR BRI E TR Ay =
36.077x + 4.508 8Cx XK BDE209 7 S H Fi i)
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WRE, v AR BDE209 (U THIAR D, A7 3% A I B
1.1 mg/L. BDE1S [ EIHT7RE A y = 32.058 4% +
0.8182 (R=0.9999).
1.4.2 FEEAED R E T

ARSI HY R BT 22 AR T R A R B A AR K
T H S T 0 — W1 R HER AR 2 T R
L e S RAC, SR A IR TR 22 AR TR L,
80°C ML T, f HI L1 R PR, 15 iU 2%
B A bR 22 AT 5
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16 %5 BDELS Fl BDE209 (1) B4 F WL K 1.
MRS, A S5 T BDE209 BT EAE 10 d 15K
Bk B b ok kAR B WAR A, BRIV 2 SR B,
BDE209 1 H AR EE b By G AL B g, AH i T A SE 56
P0G A% A N JEAT, B I T HE B O EE A RT
BDE209 5% Wi . 1M 2 [ S5 5 1 BDELS 1) )5t & 1 2K
el T HAERER S, HERBUETEC B 1T
PBDE %% B 2 i B A 1 1) 1) A2 Ak it 4 v LU S 11
BXT BDE209 H1 BDE1S Y47 035 B4R T, [ i %
BEI 1) 1) #E 7% 17 39 K. SE 80 HEAT B 5 10 d W,
BDE209 (1) % fiff 283K 51 43.0%, [ T 29 69.7 pg,
BDE15 WIH1 150 pg 28 4.8 pg, FIBR LA R BUR, B
2R 62.5% .
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Fig.1 Degradation of BDE15 and BDE209 by white rot fungi

2.2 Tween 80 Al B-FAWIHGXT BDE209 A 1) 52 Wi
Bl 2 R T4t 10 d BF%A# )5, Tween 80
I B-FAHIKE X BDE209 i i 2 ¥y 5 1) . 45 H R B, IK
HE 1) Tween 80C <700 mg/LOXT 1 i B B4 f# BDE209
HA W S22 EH . L Tween 80 ¥ & 500

mg/ LIS e HEAF I 852K, 55 10 d B 1 B 40 BDE209
P A5 5538 97.0% » EEAS I Tween 80 HIAE fb 388 hn 1
54.0%, B % 12 d © 56 4 & W A H BDE209. 4
Tween 80V KT 500 mg/LET, FoX} BDE209 B4 fif 1)
PR IEATE FH B A< 2 1R 38 10 1y 385 K5 24 Tween 80 ¥R 15y
1500 mg/LI, X BDE209 F# fi# (1) 412 12F 1 FH & 8
F%, >4 Tween 80 ¢ &£ 1A £ 900 mg/L I, [ J T8 %)
BDE209 B fi# 52 2040 1, 25 10 d B B 2 A0
31.8% » Ik -G Tween 80 F#7E s 8 B %) BDE209 [¥)
PR (43.0%) .

Kl 2 [FIIN R T AN R B-H MRS % BDE209
BAd )5 N BT 4, B-BRRIRE X BDE209 B fift A1
BEARHEAER, OF B4 B-FRWIRTH BE < 900 mg/LIY,
UEARHEAE IR B-FRRIRG TR B2 (1 384 Jon iy 3 n . o
B-HWIAE U E 2l 700 mg/LIN A2 13 1 F 55 K, BDE209
(IR% fif 22 38 2] 79.0%, LA I p-FR 8RS 88 n 1
36.0% .

SRR AN R VR B Tween 80 FH B-FR I HKS A7
TESAT N 1 R 22 AR (0 AR KA Bl L 3. ]
H1, W PEAE 100 ~ 700 mg/ LG il Y ) Tween 80 X B 14
KA, 114 Tween 80 W 1A F] 900 mg/L
I 165 BT AT A 119 A K S22 B L b ke g DL
Tween 80 %24 900 mg/LIT BDE209 (1) B fif 2 1) B&
AR T2 B2 H T v R P8 2 T P R AR R, ] T
1T B A B- TR RS o 2 1E T 1 S A A 11 A2
K, HIREAEH S -SRI R E R IEA L. 5
Tween 80 ANIF], v B2 1R R-FRBIHS oF 10 16 1T 1 A K
B A AMEIE R X BT RO S e RO RS
HPRE IR B CCOTOE T3 M i 7 AR 1 — 4L EROIR
R, & AR 5w LAAE by B Bl (1 F8 B R RS A o9
A

XTLG I 2 AT 3 AT LA S Tween 80 A1 B-FAH]
KA ER AP AR AERERETEE S, H
& BDE209 [ % fift 72 7 Mk 12 %% . 41 Tween 80 45 &
BDE209 I 55 % [ AR 24 97.0% (500 mg/L), 1M B-F4
RIRS 78 & b BDE209 1) 8 £ BE iR 220 79.0% (700
mg/ L), P 2 ZEIR 5] 18% , 1T LI 1 J65 B 1 22 4k T
H 0 0.34 ¢ (500 mg/L Tween 80041 0.33 g (700
mg/L B-FRIRG ), 22 MEEAS W2 10 HL, > Tween 80
WEE R 100 mg/L B, B A K B 5K, 4 0.72
g (HILI 2N BDE209 1) Al %0 66.9% » LG 5
BEAR AR T 30.1% . B L AT HEWT, 1 B 10 A4 KA
ST RE BDE209 P A 1) 3 22 i A

7> BDE209 71 7K H 35 i B2 AE % ClgK,, =
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FHERZ, 1 Tween 80 F1 B-F1 MK 1 J& T 14 ¥ ik
), A — 8 W A 2 R g K A B G )
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3| Tween 80 Al B-FAMIKE X BDE209 ¥ 384 % H,
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Fig.2 Effect of Tween 80and f3-cyclodexirin on the degradation rate of BDE209
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Fig.3  Effect of Tween 80 and 3-cyclodextrin on the biomass of white rot fungi

Kl 4 278 7 500 mg/L Tween 80 Fl B-FA#) Kk %
BDE1S B Af R 6 1R A KI5 . 25 SRE W, 7EANR
TIEART S5 I RIFE 5 b, BDELS AR R Ak PRt i,
NEE|ZE 10 d AR R P BDELS 135 & 2 H 150 pg FE
P 4.8 pg, 12 d I AR R o A A 2] BDELS.
1M Tween 80 EX B-FMKE I A ALK A (L1 BDELS
[y B A, IR AE— 2 FERE 30 T BDELS [ B# i .

Kl 5 7327~ T Tween 80 A1 Q- RIHS X BDELS
TG AR LR . ] LA Y, BDELS 28U iRt i

BEAT B-FRRIPHE W B2 (0 185 I i 19 m, 5% 4 25 S VR AH 5%
K H . Tween 80 X BDE1S P3G A B 4 1 3%, JUHL
JE 8 I B — I S BE B (500 ~ 700 mg/L) > BDELS [
RNV ARTERE Tween 80 W< 52 1 8 iy 52 15 B4 .
M1 5 T 5, Tween 80 HIHEVE RCR W35 KT -4 M
K> I 1T AE S AL A AR 3 1 X))
JITEL. B-FAMHE I 9 BRSE B S AR, A -
WHIKE >+ He5 —A BDELS 70 T 455, 1M Tween
80 2R TR AT LA A 2 AL 73 1 XA AE
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F 75 2 22 5 AF Tween 80 M AE T 23 KT B-28
PR .

MK 4 LU H, 5 BDE209 (1% fi#—HF, Tween
80 FH B-FA MRS 1Y I AT (1 65 B 1) 2R KA A 8 3
HEAERL, 1 H, B 5 R 500 mg/L Y Tween 80
B-HW K Ak 2 35 4% %1 BDELS MR MM, A 5
2.2 1 BDE209 ) B fifé 185 B8 A [, 1 J R AR KR
BDE15 (1938 WL 5 fift J5 19 2 32 3% n #8 ¥ 13 %4 BDE15
{1 B Atk BIE HEVE ), 3 AT 8 LR JLAS 7 18 ) B
FEPTEL 5, BDELS K I B R (1gK,, =
6.0 AT BV 7 A7 AE I BRI R 4 11 65 T AR o A
CEE 1), N Tween 80 LAJ, I BEXT BDELS 1 B¢/ 1=

—u— AR & R BDE1S FEfi
— A— MAS500 mg/L Tween SOFIFE 5 FBDE15 &R
—v— JIAS500 mg/L B-3RHIREIIFE i HBDE1SFEAR
—o— AMEMFAREES S AEEEK
—A— HIA500 mg/L Tween S8OMIFE S A HAEK
—V — BIA500 mg/L B-ERRIREIIRE R P R B K
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Fig.4 Effect of Tween 80 and S-cyclodextrin on the BDELS

degradation and white rot fungi growth
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Fig.5 Effect of Tween 80 and S-cyclodextrin on the apparent
solubility of BDE15

T SEER UG N Tween 80 LA S5, ¥ H B
FSOR BB, K& BDELS #8560 5% 74 22 11375 P 77 IR OR
PN, T T REARE S A ) B 1) 1 RS BDELS K
P BRAG s B-FRIDRE XS B AR 4 I 5 Tween 80 AH
Bk, 1 P AS e LB B AR AL 5 A5 1K BDELS, %l H
HHA 1) BDE15S ¥ B KA BRI 1 19 06 w1 1 9% i ok

E[z%zs] .

COARSZIS T IR T 2 WK K (1) 1F S R
VIREAR, 45 R, BB BEXT BDE209 #1 BDELS 34
B FEAAE .

(2)Tween 80C <700 mg/L)FN B-FRRIKEXT 11 J A1
Fefi# BDE209 ¥4 W1 S 1) g 3k A HH, AHL s e B2 1Y
Tween 80( =900 mg/L)Ax\}ﬂ]ﬂ?U 1 B A=K, AT 40
il BDE209 (1) B fi# . p-F1 MRS AT 11 65 11 1 AR KA
FEAEAEIER

(3)Tween 80 Al B-FAMIKE X BDELS 447 W 25 14
HAE ), BDELS 1R 3 UL i 52 BE 45 Tween 8O B-4
TR o B 1) 388 it 40, 2B LM LK R,
Tween 80 X BDEIS )39 24 R 22 B2 LT g- 34
BIRE  1X B T 9 3G AL AN TR BT 350

(4)Tween 80 EX B-FAMING £E— & P& LA T
BDE15 ) F% fi#, iX /& th T BDEIS 7K ¥ 7 & &,
Tween SO U AT B-FARIHS 2% [ X BDELS [ EL2E I ifif
AR T 7Kl HE R 1 B A1 BDELS, 5% Wi 3L
e fipb o i
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