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Biosorption and degradation characteristics of PAHs by white rot fungi and enhancement of Tween 80 and
Cu*

BAN Qiao—ying', WU Dong-yang', LI Jian-zheng’, LIU Qi

(1.College of Environment and Resource, Shanxi University, Taiyuan 030006, China; 2.School of Environment, Harbin Institute of Technol-
ogy, Harbin 150090, China)

Abstract: To reveal the removal characteristics of polycyclic aromatic hydrocarbons (PAHs) by white rot fungi, the biosorption and biodeg-
radation of naphthalene, phenanthrene, and pyrene were investigated using batch culture. The effects of Tween 80 and Cu* on the removal
of naphthalene, phenanthrene, and pyrene by white rot fungi were also explored. The biosorption results showed that the biosorption of
PAHs by killed white rot fungi was significantly higher than that of live fungi at the initial concentrations of naphthalene, phenanthrene,
and pyrene as 30, 1.0, and 0.1 mg- L™, respectively. The maximum adsorption rates for naphthalene, phenanthrene, and pyrene reached
29.3%, 38.2%, and 70.6%, respectively. The biodegradation results showed that white rot fungi exhibited weak degradative ability against
naphthalene and phenanthrene in the early stages, whereas degradation accounted for 59.6%~77.3% of the total removal in the later stages
of cultivation. Nevertheless, the accumulative degradation rate of pyrene was 28.8%. Under the co—action of adsorption and degradation,
the removal of naphthalene, phenanthrene, and pyrene was achieved to be 46.9%, 53.5%, and 73.7%, respectively. Furthermore, the pres-
ent study reported that Tween 80 and Cu® were capable of facilitating the removal of PAHs. At the concentration of Tween 80 of 0.1~1.0 g-

L', the removal of naphthalene and phenanthrene was increased as Tween 80 concentration increased. However, pyrene removal showed a
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decreasing after increasing trend with increasing Tween 80 concentration. Tween 80 not only promoted the growth of white rot fungi, but al-

so enhanced laccase activity. A low concentration of Cu* (<1.25 mmol +L™) could enhance the laccase activity of white rot fungi, thereby

improving the removal of naphthalene, phenanthrene and pyrene. The strengthening effect was the most significant at 0.25 mmol « L' of

Cu™. The removal of naphthalene, phenanthrene and pyrene was increased by 77.3%, 60.9% and 23.2%, respectively.

Keywords : white rot fungi; PAHs ; biosorption ; biodegradation ; Tween 80; Cu*
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Figure 1 The volatility of naphthalene , phenanthrene and pyrene

KRN 5.2% . 4.0% F7.0%. ABF5EH, FEE
PRIATZE (A B U BN 3R RN R A R ) O HEBR L R R
5

2.1.2 FUBEXZE AE B RIE

VE R 15 Y A s 2 1) T2 Bk RE 22— | A W
£ PAHs 1) LBl B EEAE Y. WmE 2R, 115§
FLTA XT3 PAHs 19 1% B B8 07 22 B0 H AH (] 9 22 L
e YZEPI A B K 30 mg - LB, T TR RIS B
X 25 10 W B R A A 4 d I Ik B a5 K AE L 4 N
29.3% 1 17.7% . VAFERIBFIE 2 B, 118 B TR X0 2%
P 2 B 36 A 209 24510 11T L TRDGS HE FITEE 1) R o
WRTEST 4 d B A B B R AH, LB 225300k 18.7%
H147.2% (IETHE) , A 38.2% F170.6% (KiGHE ). T
A B, 118 EUIR TS T AE S 3 d XS HE A
EE 10 25 W B 2R 0 ) R 19.7% 1 52.2% T AN
SO BIFFE R L B TS T T A R K B RN
14.4%, VAR 3R, 43 Bc A 2 1 6 2 18 4
PAHs A= P W B 1) = 2 0L, B e/ RN
PAHs 1953 i B2 IEAH P,

W B 8l 0 2F R AR B (32 1), 118 BT R T A4
FITE BEXTZE 3E 8 W B B — 8l 1 2= A A R
R YA 0.88 LA, F 1 LA 43X 3 Fl PAHSs Y
W A B A O — 3l AR 1 R K T
PRXT 2 E CEE - R A 3 00 R 2.207 3.0.103 1

) Y w w
S G =) G
I B 2% Absorption rate/%

W
T

ZR vk
Concentration of naphthalene/mg- L™

=
=}e

2 4 6 8 10 12 14 16 18
15} 6] Time/d

o Iy
o] (=]

eiere
=)
(o)}

Concentration of phenanthrene/mg-L™

<
~

e
o
1% B 2% Absorption rate/%

0 2 4 6 8 10 12 14 16 18
Hs} 8] Time/d

175

\ 60

45

LY

Concentration of pyrene/mg- L'

4 30
4

115

W B 2% Absorption rate/%

0

2 4 6 8§ 10 12 14 16 18
Hif 1] Time/d
- SRR PAHS YR (JOG B O W2 (CIOG H)
K- BREIPAHSWE (W) -O- WL GEH)
M2 ERRATE I RS
Figure 2 The biosorption of white rot fungi on naphthalene,

phenanthrene and pyrene
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Table 1 Kinetic parameters of adsorption of PAHs by white rot fungi

PAHs 811277 & Kinetic equations ¢./mg-g’! k R
ZE-RKIG In(2.203 7-¢,)=0.791 9-0.732 61 2.207 3 0.7326 0.9318
-G TR In(1.469 6-¢,)=0.385 0-0.593 5¢ 1.469 6 0.593 5 0.887 8
B[RV In(0.103 1-¢,)=4.635 3-0.632 2 0.103 1 0.6322 0.958 1
JE-h TR 1n(0.048 6-¢,)=3.882 7-0.707 9t 0.048 6 0.707 9 0.954 7
- KIE T In(0.016 9—¢,)=2.824 4-0.669 3 0.0169 0.669 3 0.914 4
BTG In(0.011 8—¢,)=2.464 0-0.702 61 0.0118 0.702 6 0.9210
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Figure 3 The degradation of white rot fungi on naphthalene,

phenanthrene and pyrene
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LA P8 B TR X 28 AR 1 2 B 2R 43 3l T BER
1 33.5% F140.0%. 18 HL R A 1 2 BREE T BEE
Tween 80 ¥ & [ 38 il 1y 52 B 5 8 im0 J5 B AIG ) 2 35
TE Tween 804 0.6 g- L' 254 T, B H X ERY
ERRAGKF] T I KA (88.5%) , AT HREE = T 19.4%
R i S i 98 2 B, 24 Tween 80 7 2 mg- LAY, £
HErh PAHs [ R BRR EE X B & T 3.5 f% o Hickey
SEEE SN 0.5 g+ LAY Tween 80, il ¢ B A% P 2K
M 62.4% 755 F) 79.6%. 1 Wong 252 % BH, %S i 3
mol « L' iY Tween 8023 /" & 411 il 3 A (5t . X =2l T
R VAR B R A R A AR TR T R LA AT
P, TR T PAHS [ [ A 256120

VA8 TR 11 % LU [ A PAHSs Y G HEB > — . 7E
R A% PAHs 2ok B v, B A1k PAHSs )™ A= AH 1 A9 TR
P, gk 2 R EEEE M S PAHs 1 R BR R
BUIE B o FEXT BRACOE TR, 180 B0 0 09 R W IS 1R R
1212 U-L™". Fti#5 Tween 80 ¥ AOHS AN, 14165 EL A4
BTG PEASWTER 7 , FEAE Tween 80 MR EE A 1.0 g LB 5K

B, M 3103 U-L7 BR T REIR S FUE B H 3
BTG LA, Tween 80 i ffi oA My EE4R & T 0.24~1.55
R, 1 B B A 38 Jin o] A = 6 PAHs 19429
W R 0 0 B A A D o R R AR Y BIE SR L R
Tween 80 FJ LA 35 82 5 VB HLA AR K L . 5341,
B I, Tween 80 ] LLHE 51 PAHs 76V T 1 7%
R T B A TG 22 B
24 Cu” X ZIRFTRERIIRZMN

Co™ & — i W E &8 & 1, & WA 7E X
PAHs [ A 4 W2 B0 R0 A W B il A — o 18 R 428 4 Y
KU AR 58 T N RV JBE Cu™ %o 1 5 L T o fi
Z% JE B KORH N B TS R B o R 3 BRIk
B Cu* (0.01 mmol - L") X 1 /55 B 1 A9 A4E KB i i
oM, 2Y Cu® ¥ £ >0.05 mmol - L™, i B3 )
A K2 BT R AN, HREE Cu™ R B R3S I, 3 /E
FAS W R . X 5 LU R 52 45 R — 3. 7E Cu™
WPE N 5.0 mmol - L7 2508 F , 1 L3 19 A= 1 it HE X
B> T 45.1% . R Y Cu® W] EE<1.25 mmol - L™, [
J B TR A AR A A2 30— AR B P, R TR il 0 2
Lo R 5 T 76%~172%. 1 > 8 i 1 i B 1R 7
Cu” AN AT A75 B Wi 7 A W) B AT DA /55 B 1
TEPES AN 5T B, 2 Co” WA 1 mmol - L
B}, I B E ( Ganoderma sp. En3) 0148 BTG Pk b X} HE
P T 3.83 1M . Yang LI, Y Cu™ ¥ 0.5
mmol « L' F1 1 mmol - L7'B}, )& B 1 ( Trametes veluti-
na) P Il 5 P S 25 R T IR, VAR T IR 1) e SR K
43 B EXT HEZEL Y 6.3 £ F1 9.5 1%

128 3 AL, 2 Cu” ¥R BE ML 0.01 mmol - L #2155 &2
5.0 mmol - LB, B FLA X 25 (JE (EE A L BR R 2
PRI NG AR A . 7E Cu® ¥R A 0.25 mmol -
LT B X ZE E R AR A K

T2 AR E Tween 80 514 T PAHs B LR ZRFN R BEE

Table 2 The removal of PAHs and laccase activity under different concentration of Tween 80

5% Removal/%

BREEG EEt7/hy

Tween 80/g- L™

%% Naphthalene 3f Phenanthrene € Pyrene Laccase activity/U-L" Biomass/mg
0 48.1£4.3f 55.0+2.1f 74.1%1.5¢ 121.2+4.1 0.91+0.04
0.2 52.4+1.3e 62.0+3.2¢ 81.70.7d 156.7+8.8 1.15£0.09
0.4 54.7+2.2d 64.5+0.8d 87.8+1.2b 205.9+10.4 1.5120.11
0.6 59.8+0.7¢ 70.2+1.1¢ 88.5+0.9a 269.5+12.3 2.03+0.21
0.8 61.5+1.1b 74.4+2.4b 84.9+1.4c 302.4+21.3 2.17+0.17
1.0 64.2+2.6a 77.0+3.1a 83.5+2.7¢ 310.3+22.6 2.32+0.18

AR PR R R i Z 1 22 50 AN B3 AR P REFROR AR ] 22 53 8. 3% (P<0.05) . R IA].

Note: There are no significant differences between samples with the same characters, and significant differences between samples with different

characters(P<0.05). The same below.
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Table 3 The effects of Cu* on removal of PAHs and laccase activity

Cu/ LB Removal/% VR T GRS
mmol L % Naphthalene 4 Phenanthrene £ Pyrene Laccase activity/U+L" Biomass/mg

0.00 48.1+4.3¢ 55.0+2.2¢ 74.1+1.5d 121.2+4.1 0.91+0.04
0.01 64.1+3.2¢ 64.0+3.4¢ 82.3+0.7¢ 213.4+9.6 0.98+0.06
0.05 70.9+1.1b 75.4+4.1b 85.4+1.2b 291.8+13.7 0.86+0.07
0.25 85.3+2.4a 88.5+3.7a 91.3+1.5a 329.7+13.2 0.76+0.05
1.25 53.9+0.8d 56.5+2.8d 82.2+2.4¢ 145.3+4.5 0.61+0.06
5.00 47.0x1.3f 49.2+1.3f 64.1x1.9e 60.3+2.5 0.50+0.03

{8, 5 %N 85.3% . 88.5% H1 91.3%, %t B4R 5 T
23.2%~77.3%(P<0.05) . 4 Cu™ ¥ B 4k £ 42 R B, 1
JEE A ZE R B R BRABE W T . AE Cu™ R E
}95.0 mmol - L' 4MF T, FUS B XTZE AE B BR
FZFMG AR T X R . AU R R
Cu™ (<1.25 mmol - L) AL FE 2 55 11 J8F 2L 8 XF PAHs
) W A D TiD s T DA i R B A BB ) 5 T e R
JE C E B B BRUS S Esm e R A
J& BLTR YT PAHs O FE AL R i, T G iE g
BRI, 2 Cu® e EAE 0.01~0.5 mmol - L7, 7 J L4
XoF S B R o A B G ik B Ay 398 RT3 5 , L2 CuP vk
JE<1.25 mmol - L™ B, 1 JE T 00 0) SE FITEE 1) [ A e 4l
B 2 T X BE S Ting 8% B9 AfF 98 L UESZ , 1 mmol -
L7'Co®™#i )8 B (6. lucidum ) Xt JEFIEE 1 2 55 2 4y
XS TR 25 T 37% F1 819% , AH W M, 78 Wl 1% P2 5
T 7.5%. Cu®u Ak PAHs AW FHE F 32 2 el i 2
PAHs 75 F1 B EE L 5 e 2550, VA PAHs 1 Cu* -
FITE BCSE BN, T Cu® 5 Ak A8 B TR X PAHs (19 4=
PR A ) B o o R P S

3 #ie

(DTEZE FE MR 4351129 30.1.0.1 mg-
L7135 CCAMETR 18 TR I3 TR X L 1) 5 KR
AT K 29.3% .38.2% F1 70.6% , T 15 1 1) F5c I fht
RN 17.7% 18.7% F147.2%.

(2) P18 BB T PAHSs 119 25 9 2 78 W R AR e fie 11
HEWEFA T2 Mn . 40k 18 diREFGE . 25 JE B
EBRFB LT T 46.9% .53.5% F173.7%.

(3)Tween 8044 /=5 T [ Ji BC 1 1) A W ot AR Tl
P, VR HE T PAHs B9 22 BR % 5 24 Tween 80 ¥k i Ky
1.0 g« L7EF, 1185 0 1A 6 28 R0 E 19 25 B 2R 38 B fe R
{8, 45 B HE X B 55 T 33.5% F140.0% , 1 JE 18 B %
TE Tween 80K 4 0.6 g L™ B ik 3 KAH .

() LM Cu* (<0.25mmol - L) ] $2 &5 748 i 7%
P FETT SR AL 8 B A X EE IR BRI K BRAE T 5 2
Cu*>1.25 mmol - L™ B, 8 il 5 14 S 25 B AIG , 30028
EIENEA PSS Y
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