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Effect of Heavy Metals on Degradation of BDE-209 by White-rot Fungus
XIONG Shi-chang'* | YIN Hua'*, PENG Hui'*, HE Bao-yan'”>, LONG Yan'?, YE Jin-shao'>, ZHANG Na'?,
PENG Su-feng'?

(1. Department of Environmental Engineering, Jinan University, Guangzhou 510632, China; 2. Key Laboratory of Water/Soil Toxic
Pollutants Control and Bioremediation of Guangdong Higher Education Institutes, Jinan University , Guangzhou 510632, China)

Abstract;: Effects and mechanisms of heavy metals Cu,Cd and Pb on the growth of white-rot fungus P. chrysosporium and its ability of
BDE-209 degradation were studied. The results showed that low concentrations of heavy metals( <1 mg-L™") stimulated the growth of
P. chrysosporium with the order of Cd >Pb > Cu when 1 mg-L ™" of each heavy metal was concerned, while high concentrations ( > 1
mg-L™") depressed it. P. chrysosporium degraded BDE-209 efficiently with degradation efficiency reaching 69. 7% after 7 days. The
presence of heavy metals significantly influenced the capability of P. chrysosporium to decompose BDE-209 (P < 0.05). Low
concentrations of Cu( <1 mg+L™") and Cd( <0.5 mg-L™") accelerated the degradation of BDE-209 and the degradation efficiency
was enhanced from 69. 7% to 84.4% when 1 mg-L ™" Cu was present,while Pb had negative effect. On the other hand, all three metals
under high concentrations ( >1 mg-L™") showed depressed effects on the degradation in the order of Cd > Pb > Cu. The growth of P.
chrysosporium did not completely positively correlate with the degradation capability of BDE-209. The degradation of BDE-209 by P.
chrysosporium conformed to the first-order kinetic model. The reaction rate constant k raised firstly and then declined with increasing
concentrations of Cu and Cd , and the highest k of 0. 321 2 achieved in the presence of 1 mg-L™" Cu. By contrast, the constant k
declined all the way when Pb existed. A further investigation into the effects of heavy metals on degradation of BDE-209 by extracellular
enzymes derived from P. chrysosporium was conducted, and the distance correlation analysis of the degradation by extracellular enzymes
and the whole cell was carried out. The results demonstrated that the degradation by extracellular enzymes and the whole cell was
63.7% , 69.7% separately, showing no significant difference of degradation capability between them, which proved that the
extracellular enzymes played dominating role in the degradation of BDE-209. Furthermore, the distance correlation coefficient R were all
greater than 0. 9 when three heavy metals existed, certificating that heavy metals affected the degradation of BDE-209 through the
interaction between extracellular enzymes and heavy metals.
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Fig. 1  Effects of heavy metals on biomass of P. chrysosporium

and the degradation of BDE-209
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JE R S BDE-209 B9 S5 25 AW . Cd 7776 5%
PR Bl LR B A B0 k(BRI BN, Y
WEEN 0.5 mg-L7'B b EHF R (k=0.2617) MLk
ZH(k=0.2453) A ilEs4Em, % 0.5 mg- L' Cd
XoF A 6 B %A% BDE-209 A5 Sl fE 2B VE HI. Ph 7778 5%
PRk EIR R B W8/, S 4 0.5 mg- L™
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W — 3 ke (3 BN R E 4R
XoF AR i (A 0 S Y i 2 o 4 A 1% 344 Jon v 44 K.
i AN TR T4 ) k(R A T AR (<1
mg- L") B, Cu XF (1 B A% BDE-209 A9 #EAE H
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Table 1  Kinetic equation of BDE-209 degradation
LIRS WS/ mg L~ AEAN HORHA h/d ! R1H

% H — Inc = -0.2453:-0.169 9 0.2453 0.986 3
0.5 Inc = -0.2853:-0.067 6 0.2853 0.9842

1 Inc=-0.3212:-0.0413 0.3212 0.994 4

Cu 2 Inc=-0.2324:-0.1221 0.2324 0.984 8

3 Inc= -0.1017:-0.346 0 0.1017 0.9730

5 Inc = —0.094 8:-0.278 2 0.094 8 0.9670

0.5 Inc = -0.2617:t-0.089 0 0.2617 0.9759

1 Inc= -0.2336:-0.1497 0.2336 0.9578

Cd 2 Inc= -0.078 1: -0.233 7 0.078 1 0.9550

3 Inc= -0.074 1: -0.228 0 0.074 1 0.9558

5 Inc= -0.0282:-0.1818 0.0282 0.9615

0.5 Inc = -0.2312t-0.0880 0.2312 0.9836

1 Inc= -0.1921:-0.097 4 0.1921 0.989 4

Pb 2 Inc=-0.1371:-0.1545 0.1371 0.9830

3 Inc= -0.099 8:-0.2765 0.099 8 0.9815

5 Inc = -0. 066 4: -0.303 9 0. 066 4 0.9311

B VRS (> 1 mg L") 4% 8 4 J@ X 1 g
PFEf# BDE-209 ¥ 3R 3L Ml /5 A, Horbr Cd iy 4
HVE 558 5 mg- L™ BFEOREEC £ =0.028 2, %%
ZE R (k=0.245 3) BLE /N, Ph ¥k 2, Cu ]
YE /.
2.3 EEIELAAET MIMEERE 1 RERIF 5T
2.3.1  N[RIEE IR A (] B S il B A 1 e 5 4%
ARSI T AN R RIS AT 8 B = Ak
it P A A PE R, 235 T8 DL TR 4. 355 35 i ) 40 N (0 ~ 2
d) MO MGG PR35 , BB EAR ( < 10% ) , $5 3R AT
B >3 d J&, MG P LT 597 6 ~7 d ihik
A, WL, JE B 35 6 d 5 B9 M AN e R AT S 2k
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Fig. 4 Degradation of BDE-209 by extracellular enzymes from

P. chrysosporium produced in different growing periods

2.3.2  HEJEX SRS NER# BDE-209 A5
ARSI LT H A JRACAE T FE B A i X
BDE-209 Ry fitEae, 25 R UWE 5. mIE S nJ %0, 4

FHARAE R 0 W], H Sty 2 ik 5 D 1R 4 A g
SEANK, BEAB R4 5K 63. 7% F169. 7% . AT %1,
F1E B X BDE-209 [ 3= BLAK A M A E 17 (R
FEM) Cd(0.5 mg-L™") M Cu(1l mg-L~") aJ {2 kg 4k
B35 PE , WAL T BDE-209 [ fi# | 11 Pb HYTF
FE— LB A X i A1 0% o A T o, S B R
FREEFEAC. BFGE B, 38 MU0 Cu A1 Cd AT ()8
B TF™ Lac B9 TG PESE N, 10 Ag. Hg A1 Pb fIMA
FEAR T Lac BEAYIETE) . X S5AHESE A ML Z AL.
Cu NPT ITCER , I 2 22 B0 Bl 10 006 ), 38 =R
TIeT R 2 A G A T . AR Y Cd® T T R AR
B o’ UIRE T 2 SR R 25 4 B3 A TR A
X3 _b | - HAR AR A 7 s 0 A2 i 5t e v %) 56 e i 1)
DR T LA o R R BE Y Cd nl {2
PERASCREAGTEPE . X ECIE 1 AR S w] T A
ok At 10 R e it 22 B0 s — 58 AR DL 32 I B3t
SIHTERAE SPSS 17. 0 Xt — 2 Bl A 7 I B A0 240 Hr
(distance correlation) , &5 J: WL 3¢ 2. 45 LM, ()
TR A 15 0 AP I % BDIE-209 A7 801 HAH e 3
FIEE & J@AFE S 0F T AR SC T R (HY KT 0.9.
PRI AT DAIACAY , 7 4 J8 3 03 1ok 52 ) e 2 it 1 Jr =X
K520 BDE-209 1 F .

X— S EE A I A AR 2. 1 WP R IR RS
AP R FAEALTF RSB, T SN B S R i A
) FEHRSy, 24 Cd S Pb ¥R 1 mg-L 7", fg4b
it P 6 P 22 B T AS TR R B ] PR LR A A T A2
EaE N NS 00 N RS e e o R R AR N
BF , PRI TR AR A R I oA 2 380 B J8 5 ).
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Fig. 5 Effects of heavy metals on the degradation of BDE-209

by extracellular enzymes from P. chrysosporium
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Table 2 Results of distance correlation analysis by SPSS 17. 0

4w Fh 2 R{H 4hie
Cu 0.939 ISR A R R
cd 0. 960 XA RURE B
Ph 0.923 A U B

AR S 25 AR T — 25 i R T R it A AR A 1
AL 2.2 2.3, 1 ATAHIO ~2 d RHAR IR 7
JE TR AR AR T A B P B0 ; R i A il
R g R A 55, T A/ R R g P 1) 2 2254
DRI S 50T SR ) 7 A RS R S B X A R
RINREf L AR AR B, A EE SRR
WO A EEA 27 A 0 X S AR A5 A
Bl 2 Ab.

2.3.3  JAMEE X 4 R W

R T BRI 4 & 2 BDE-209 FE 1Y
BU, 255 T 118 V1 B4/ Mt XoF 5 2 4 s 1 R A .
1 Il 6 W AN X o 4w A VR ELRE A
SRR I O 2 E T ER h TEAE
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Fig. 6  Adsorption of heavy metals by the extracellular

enzymes from P. chrysosporium

FIE X BDE-209 114 B fig 3= % iy i 1l 56 B,
U, F 4 @ X BDE-209 K ff A7 B4z 1 5 . X L AT
B ARRIE (<1 mg-L™") B, M1l 25 8 4 )8
W B e 2 SRR (E P A% EE AR I EE R R, AT
FEARINIE 1 YRR AR R 22 R BG. IR L AT, vk
(>1 mg-L™") B Cd X R i 5% 52 i e K, Ph IR 2,
Cu Fe/IN. &L 6 AT, Cd ¥ B g et it &1 g et EC i f
o Ay A 5 PR O A P )V SR, DA X e A
RN IR e, Ph UK 22, Cu AW FHVE F e/,

3 g

(1) —FWE (<1 mg-L™") BT 48 W fi it
HIBHE A K, 1 mg- L B2 #E/EH B Cd > Pb >
Cu. £ RS B AN 58 4 IE A OC.

(2) HJE X BDE-209 (1) % it 458 i b 45 & —
N B F12%F T A R RR SR BE 4 T S0 BDE-
209 Ay B R, MKW E Cu (1 mg-L™') . Cd (0.5
mg- L") A3 (1 8 B 4T BDE-209 1R A, Horb 1
mg-L~" Cu B fe W I 09 02 00 A, B A o
84. 4% AEZS ARG 14. 7% R Rk =0.32; 7%
WRE( > 1 mg-L™") B9 H 4 J&8 X i B B % BDE-
209 BRI A HAEH, MHEAIEH A Cd > Pb > Cu,
Hrs mg-L™" Cd il VE FH B W, B R R
26.3% MR HE k =0.03.

(3) HEHEXT BDE-209 F) 5 fift 3= B4R 4% i &k
T AT o 4 = B 3 ek 5 i A A ) =Xk R i
BDE-209 FF#fit.
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