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TR R AR R I O L | BRI AR . AR D R R
fift BRI A g 3 PR A5y T O, HATEL R B — 28 R4
FE A Yy Re 8 o 2 R AUHR 4 PAHSs [%
fift £L AL o H DL A S AR AR A AR B T
JEU L W B T S A s
LLRRE RN, SRR I, TR 5% PAHS
O PREER T G 7] 3 AT W N NE A A

SHBEAR LG, B X H SR FREE T PAHS V5941
154 Hoa R E YT RRBIR B R, A
JE RS MR BT, o T AT DS R BT R
Vg 2%, DX — SexERE A HLTS S A R
TP RO, S E AR E A
HEIFLEA AT F17 (Irpex lacteus F17)j&—25 L
MBI ER, SANOEHFEN—F,
L lacteus F17 F 258 01 53— RV A A AL B, 4n
Bl F ALY EE(MnP) A BT R E ALY B (LiP) LA
B (Lac)ss, 5O ARRREMANILEGYH
R, BRAIRSEPIISE T A Ganoderma
Sinense XTERIEFRAEST, MEAMKEEA 10-30 mg/L
mF, RBRFEATAE] 18.3%-33.3%. HEHFIKT
I lacteus F17 FEff /KA PAHs RYBIFSE A 41008 .

UTAERE X PAHSs RBFFY 32 22 LB — PAHS
RXTG, HZEIREEH PAHs V5 4 094 s & 2 Fp
PAHs 347, DX A PAHs (1A Y B ff et A
Z 7 PAHs ZI[8]HYAH B AE I IT T HA B B
AT S o AR SR XHIR IR 5 PAHSs 1A PR%
R RETFOTSE, SORMEE . B KBRS R,
ZEAEH— PAHs M4 PAHs (K& I lacteus
F17 B9 A K ARAIE e Wi P RE AN o S8 AL WD TS )
[F) Fif, X B — PAHs A4 fiff i R I B ARG S 3
R G o i AW LU 525 PAHS
FIRPR PAHs B AE IR LS PAHS 75 et X A4 1

AYHE S BRI R I A AR S

| 2 A S

1.1 SEREF

P Irpex lacteus F17 Sk PAHs (M, il
B ARl ez 2= Bt A E MK AR
22 [ WO 7 4y s AR 30w AR oY B R I
St = IR Z IR e —— B LA R R e Y
1.2 R

CPDA }i 5 (g/L): #i% M 20.0, KH,PO, 3.0,
MgSO,7H,0 1.5, H48%Et+ 0.2 L, pH 6.0,

Jo ML B ## K (g/L) . NHNO; 3.0,
K,HPO,3H,0 0.5, KH,PO, 0.5, JCHLEL & W
0.002L, pH 5.0,

TCHLER A (g/L) : MnSO,-H,0 1.0, FeSO47H,0
1.0, CuSO,-5H,0 1.0, CaCl,-2H,0 1.0, MgSO,7H,0
4.0,

1.3 — PAHs &R SCE

¥ I lacteus F17 2 A CPDA Kigedtrp, F
30 °C. 120 r/min 535 3 d J, &4 B 24 BR00E;
TR AT R . AEE KA 20 mL JCHLER
RegR e A—@E 2 #Y PAHs (BA— PAHs)AY 44
FIBE R, fdi 80— PAHSs BRI YRS M 10 mg/L.
AR IT, A 1 mL 213, F 30 °C,
pH 5.0, 120 r/min £5fF FH IR YR % 55 7= GREOR) .
g T AT, BAPATIR 3 D EE NG
KR, 25 AN BE S Hi— PAHSs (HANEERN 1 lacteus
F17 B TCHLER 5 55 5 BRI W) a1 26 3 R TF
UG, B2 dBUE 1R, MEIRFR Tk B PAHS YR
B, BRI 15 KIFMLS
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1.4 54 PAHs MRS

Bt I lacteus F17 #: A CPDA WK F:3E,
B35 3 dJ, W 5 T 24 BRI 1 3R T ) s 3
. 7EE K 20 mL JCHLERER FR IR A
AT PAHs B G W be ik, (5535 2 b B Ah
PAHs IR LA E Y 10 mg/L. ff S H kel &k
J& , A 1 mL 233, F 30 °C, pH 5.0, 120 r/min
S NIRRT RS IR R . R LI 7 A FAT,
BAPATI 3 N EHE RERIA R, 2 XIS S
4 PAHs (H AR I lacteus F17 B TCHLER R F: 36
MEFAED S 5 3 RIFLG, A 2 d BURE 1K,
D IR R 5% B PAHs MBS, ELEIES 15 RIEM
4k

RFEEAE . BRI = 2 05 IR AE R i
PR ERZ M, SR T a3 1 PR S5 5 5.
Horr, SEE% 1 AURAE . B A B SR A
SH 2 HIRAFIAE R R AR A, S0 3 40
SEAEIAFR R PR, S0 4 A3
FEVR 3R 08 B R A
1.5 PAHs HRES 37

¥ 20 mL IR RE R 125 mL 150 <
A SRR AR e T AR, A A AL
FIFZITOKBRIREAK s XKAHELE iR HEAE,
XF 2 AU A BRI 7637 78 40 °C &40 T it
FIEZE R, SR et 2 A ASIC BRI P B 1 1Y)
R AR B, BHAPEEASE 10 mL, ¥
IS 0.22 pm AYUEREL I8, RIS -5
O PAHs YR EEHEATINE o SR FISMRIL , R4 i
A FEUFI R B4 1) (B] 7 +55. PAHs AR EE .

Agilent7890A/5975C #S A (Ai%- %A i 4y
Mr&&En T SR DB-5MS E41454:(0.25 mmx
30 m, 0.25 um, J&K Scientific, USA); #k &4k
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JE4 99.999% 1 42 <, Wik A 1.0 mL/min;
FECRE Ry 250 °C, fBHm£kiiEy 280 °C, &7
PRI EE S 240 °C; HEFEERIE 1 pL, M@ 3% R
THRFTHE: 80°C, 1% 2 min; LA 15 °C/min )
HRTFE] 215 °C, {3 1 min; L 6 °C/min f)53# 2
T+5] 280 °C, f#£84 1 min; LA 10 °C/min ()3 FE T}
£ 300 °C, &% 5 min.
1.6 I lacteus F17 A=K R HI00 2

Az i I SR T BRAR T SR 1. TE
ik —a 5 A PAHs [EfRIA R T, £ 30 °C. pH
5.0, 120 r/min B FH53% L lacteus F17, ERY
WORE, B2 223k, T 80°C Mt T ZfEH,
LR W 0 ek ) 478 P B R A R h 2k
17 Gt S AYEE(MnP)E F1 K E

TETSLRG R A E T L lacteus F17 FrE i,
P JTT 2 d SA LI (LiP) . it I (MnP)
FE T (Lac) 13 ), S28e 3R] MnP S8 JEFIZE
B YR R R b W DGR E . DR S0 35 G AR
TH—HE G PAHs [t B TP B MnP & ) #9728
TEAE L

T 1. PAHs WA EIMEBRIAR

Table 1. The different biodegradation systems of PAHs
Experiment group Degradation systems

1 Phenanthrene
2 Phenanthrene
3 Anthracene
4 Fluoranthene
5 Anthracene
6 Phenanthrene+Anthracene
7 Anthracene+Phenanthrene
8 Fluoranthene+Phenanthrene
9 Fluoranthene
10 Phenanthrene+Fluoranthene
11 Anthracene+Fluoranthene
12 Fluoranthene+Anthracene
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MnP BEEE . 3.7 mL &9 0.11 mol/L ¥
FRENZE M (pH 4.5), 0.1 mL FOHLEEWE , 0.1 mL 1
40 mmol/L MnSO4 ¥, F§ 0.1 mL Y 4 mmol/L 1Y
H,0, Ja 8o 25 °C F7K# 5 min J5 28 1k O,
TE 240 nm R EWDOGRE, XTREZHFH 0.1 mL 2% il
1R MnSO, ¥ . & U8 AL 1 pmol Mn™
JR M e 5 110 it o oA — A G 1 B (U)

2 HRFAH

2.1 i PAHs 1% YRR

2.1.1 H— PAHs HIFEEMERELES:. HT PAHs
SO AR SIE: = PSS TR TS Wi e =t 7 R O N i

(A)
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X
2 80r
&
g oof
k|
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5y —s—Phenanthrene
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© )
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Z’ZO_
a
15 - L L - v L . .
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t/d
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Figure 1.

(B)

(D)

PAHs FEAf M ) B Bt 2 R 22 ik o ARSI
Sr5ILA 10 mg/L (FE . B, 2SR, 76 pH
5.0, 30 °C J% 120 r/min A4S 14 HEA 7R A S
5, LA Bi— PAHSs MASERN A Y00 TOHLER G 5%
FeRas AR, BRI ER A 6 RS AR
o BEMEERME 1-A. | 1-B PR,

Bl 1-A KB, 55 3 REHHE. B B MREfR
IrHE 65.2% . 41.0%F1 30.7%, IR R0
o NAES ST, 18 15 d IR FES, I lacteus
F17 XF 3 Fft PAHs 114 R a4 B HE <R <2 B0 It
Feihit, FEMRRLES 15 Rk E] 97.8%.
89.3%71 81.5%. IZILHLETE ML HM 77 F 145 R
JE—8H.

10 —=—Phenanthrene
_ —e—Anthracene
2 gl ——Fluoranthene
en
£
e
.2
g
=
3
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o
@]
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Z 40f
3
Q_30'
=]
= 20t
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B — PAHSs PERRIA R
The single PAHs degradation systems. A: the degradation rate of single PAHs; B: the concentration of

single PAHs; C: the growth curve of I. lacteus F17; D: the activity of MnP.
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2.1.2 H— PAHs WITSEYIREMES)JI=FE: 1
i ELTRTE o) 3 DA R Tt | o AR A R R BT R 2o AR
LY R OR I 5 PAHS (AR PIREA# P, 78
BRIV AR Z o, ALY (PAHSs) FGZ 8] A AR
SR 223846 Monod J5 . Monod J7 f 2 fiiid 1k
B R E— B TR A T A B A ) 1 B0y 2 A
IR FEAR /N M A Wk B2 JL-P- A%, ) Monod
JrRE Rl A E— RS 1 F T RO FE 1, 2),

C=Coc™ HFE(L)

InC=InCy—kt FFEQ2)
K. Co Ml C 43938 PAHSs B b e 2 R fit
F ¢ R (mg/L); kAR EE(d); ¢
JEREAFRITE ()

A ST ) B— PAHs B ARAE W) [ i 245 SR
(# 1-B), 43343t 173E. BRI R RS2 12
I FE, FEREAR L FRAE T, H— PAHs IR EEY &
PRI 3, USSR B2 3 AITESS 9 KN
913 RZIGAFRE TR RMAELERT 5 d FE#R
P, 55 RZIGWEZA R, RUFERRER
ALY AN L

K HWE— s 2RI 1-B P i B i
TG, JE. SRR RS )2 0T R . RS
AT RPN 2. K 2 PG4 R B
TN, AR A B B> O BRI 0, 3X
— SRR, AR, HUORE, ER R
fife e, X HETASLIR T g e AR — B .

®2. F.E.

2.1.3 Hi— PAHs [RfEKZRF L lacteus F17 K
FHERISHT: 7£ 30°C, pH 5.0, 120 r/min B9 5514
T, AIE T H— PAHs BEFEIRZR Y L lacteus
F17 B4 K thk, W& 1-C Fias, fEf— PAHs [%
R R HIZEMRTERT 3 d B K E A, B 3 K
11 RERKEEOR, W54 Y& %, 175
SH M B — PAHs FRRIA R b e
WITESs 9 RikFEmAKME, 43900 34.6 mg/L
32.5 mg/L. SR, TEESAEMERAR D, 4
RS 11 RIRB R KAE, e K AW &N 27.3 mg/L.
EE . BRZEE =z, JERKETERL, &
SRR, RE LI EREZ AR, 1
Iy R A MERE L A=W n] A MRl 2 A
DRI e AR ) S5 4 B o8 M AE Wi /N e 205
[ A W R i e — D R PR R R, L lacteus F17
A U MnP 2 UCE RS, M 1-B R SER
SRR R HAE . BRSEEMIREE NG 3 R
Jei A FF UG 5 W08/ N

2.1.4 H— PAHSs (AR P4 EHYBEMnP)
WA M: HE 1-D ATLUEH, 7E¥— PAHs
FEfpiR R b, TEMRIREMAIET, SAIER R
— K FH MnP I iR, 783 U/L; A %A
H—{A&Z& b MnP 36 Ji /N, 612 UL; &A
B H—K R H MnP 1§18 75.5 U/L. =A%
TR Z R [ 4S , MnP 3% I7E4S 3-7 RIgE |
Fhas, JFESE 7 RIBBIE(E, BlS (I N %

REMEMER N FSE30°0)

Table 2. The biodegradation kinetic parameters of phenanthrene, anthracene and fluoranthene (30 °C)
PAHs Initial concentration/(mg/L) Dynamic equation InC=—kr+InC,  Degradation rate constant/(d”') ~ R?
Phenanthrene 10 InC=-0.2927¢+2.0175 0.2927 0.9542
Anthracene 10 InC=-0.1823#+2.2759 0.1823 0.9806
Fluoranthene 10 InC=-0.1069¢+2.313 0.1069 0.9687
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2.2 54 PAHs WIS Y EfR

22.1 HA PAHs BERIRR PR 5
H kA5G PAHS 15 4R AR B3 i 042, Rt 5
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Figure 2.

£ & PAHs MK R
The mixed PAHs degradation systems. A: degradation rate of phenanthrene; B: degradation rate of

anthracene; C: degradation rate of fluoranthene; D: growth curve of /. lacteus F17; E: MnP activity.
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AR B SCBECZ R AH BRI T 4T
5N 3 MK 4 o, B 2-A gk 3 ¥R,
PR RME SRR P WHEERASOR FIRA R
BB R 2ZER], 5 15 KREFCE+EMEEE+E)
R SERE R 253 R 96.0% . 96.5%, R T-5—
MHERE MR 97.8%, i B BURNZE B A e JE Y
R T b e o SR LT R AT g R R R 5 ORI ¢
BRI, JEER S L lacteus F17 i A, Hit
AN A BB RN R Y R i BEA AN 32 5

Hil& 2-B figk 3 AT LIEH, BER—KR
ME AR PR REMGSCRA W B2 5. BAESE
FEILAER R | R BER B AR R DA 15 KRBT
B R B2 75.9%F0 70.6% , i Bf— 14K 22 H ALY
RN 89.3%, BH I M FILAF A R b B BE
fife %, X R FE B B A B M T L lacteus
F17 Xt AR A% o X W] RESE KN 1 lacteus F17 Jirj™
VMR mE ISR E R, SR T AR A R Rk
WS BERTERMEM . b, 2B BRI 1E
FARBAGEI L, K28 BB AR R

R b — R R P B RE TR T 18.7%,
177 A A R R AR A 38 L B — A R P
(IBEAR R TR T 13.4% 5 X — BRI I R
AR ¢ B HG AR 22— AN R IR LM R A 1 55 4 1 5%
55, SR 2 B AR P S X S O i T AR
—E WAEIVE 5 ST AR I R A ) S
FH & B R A A TR AR 55— 2

nE 2-C F3k 3 Fin, WEAER—IARE
B R PR OA —EN . B KR
WERIFERR R 81.5%, FEMPEILFIARR . K
FE B ILAER R A BAESS 15 KA A 353
Sl 63.5%F1 66.4% , B WA T — 1A R P B
FeffoR, WARAESE A B EME T L lacteus
F17 %2 B R o 1 AEAF PAHSs 1Y R R I H
T A A SR R A BB IR 2 1 lacteus F17 A RUAYRE
FRBEA T R . SIS IR WoR, JERIPE B
A 28 T o I % A 238 B B — (R 3R v 28 BT B
RRFET 18.0%, I BURIZE B ALAE IR R h o B
WA L B — R R P B B AR N R T 15.1%,

= 3. REIERIKZD PAHs BIPERRE (%)

Table 3. Degradation rate of PAHs in different degradation systems (%)
PAHS Anthracene  Anthracene+ Phenanthrene Fluoranthene+ Fuoranthene Fluoranthene+
phenanthrene phenanthrene anthracene
Phenanthrene 96.0 97.8 96.5
Anthracene 89.3 75.9 70.6
Fluoranthene 63.5 81.5 66.4
*4. HEERTE B KBENHEEER ¢ BH 0T 4 0 A 1 00 18 4 R SR R AS L R (R

Table 4. Interactions among phenanthrene, anthracene
and fluoranthene in co-existence systems

PAHs Phenanthrene  Anthracene  Fluoranthene
Phenanthrene— + ++
Anthracene—  — +
Fluoranthene— — ++

+: little effect on degradation, ++: great effect on degradation, —:
no or very weak effect on degradation.

actamicro@im.ac.cn

F, XER VAR E A S B A AR R
RIS T .

2.2.2 H-E PAHs [EfEERZR YT L lacteus F17 &
YFIERI T : 7R & PAHs FEFEIAR T L lacteus
F17 B AERFHERIA AN . A 2-D FRra] LUK BL,
155, 55 PAHSs FEA R P p R Y /N TR —
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PAHs FEfRAR R Bt . R, X FaEfEEE
IR ZR, YRR 2-5 RiZHIE K, FF7E5
5-15 RIEAGFEARAE . X FIERZE B IA AR
DASCERE AR MAR R, AR 7ESS 2-9 KB
WK, HAES 9 RZFEHIE/N. 58— PAHs
VAR ZAH L, 4 PAHS [ 22 hiliB it s m
ST AT RIS R N AR 1 A
22.3 56 PAHs FERAER TS S EE(MnP)
IR IR 2-E A0, JEER IR R MoP
WK, R 722 UL; JE+EMIAR S MnP
W /N, R 57.4 U/L; BE+2¢EIER T MnP
6714 68.2 U/L, 5 ¥i— PAHs [Ff#AZMLL, &
4 PAHs F&ffAZR T MnP 35 G R R, (H
MnP i JIRARBAE 3-7 d 5 BT, TS
7T RIBFNEAE, 7E55 9 KRGl T F%,
2.3 AR R P ARBERER ST

WILXF I lacteus F17 S PAHs H[a] =4 1)
GC-MS 7t & B, TEFEMI AR LR b AR T K
() 2-(3-FRIE-3-45UAC-1- 0 36 R IR (] 3-A)Fl
4-QQ-FRFE- I 2 -3- TR (B 3-B). 7EBY
FEf B P R B TR Z B R ) 9,10 R (K
3-O)ILE 2 — R (& 3-D). X2 Bl A, H
i AT R AL 2 1) 1R FEZE (] 3-E) R 28
R (1% 3-F) i SUAE R fip ot Fi

AR T3 A, S 1 S e SO 4 B fi Ak A
FATFAR L2- 9628, SRIGHALL 1-5538-2-28H
M2, BB IORR SR TR . Bl
2-(3-FRAE-3- S R- 1- PR ) AR FY R P A g A8 —
M2, SRIGHEAN TCA BT T —454k; it 02
o) 4-(Q- B IRER)-2- A3 T IR R A A R
Wy, SRIGHEA TCA 1EFRIEAT T — k(& 4-A).
B JETE 9,10 pr AL WA —BE, R 9,10 fif

26 i SR AL RO LB, i — 5540 A%
9,10 B, LZWMIERZIS 9,10 Btk
7k W, & IEA TCA 1§ UEFT F— 51k
(# 4-B). “EGEL — R BEIL I, B
IR BRI A L 1-FRBEZR AR R, SRS X 4
“ A TCA TEIRHEAT T — 2254k (K 4-C).

3 itk

Hi— PAHs 545 3R], PAHSs MRERRL
A5 PAHs (3 FEA BRI KRR, PAHs [y
IKEEPEVA S A et S % PAHs 1 AE W) 5 i
WA — R, BAEERE S 3 A IF IR MR
&Y, BEMEEHRSIE 3 MRS — S HE
., JERAMESM IS, TEAER 3 K
W IE, R IEL T WE AT
T M T K T VA AR AT, BRI EELEK
) S i P R AR VA EE 1) 20 520l oKk
BAF I 2 805 18 A Gy s E R T, 4L
R A e o b, Rt PAHS (097K S AR 7T RE 2
24515 YL R ik 1 T BB Rl F- . = PAHs 7K
PR/ JESOR >R, TR Y Sk e
PR, MEEICRE AR, AR, B
% PAHs Z5#6 FPoRIFECH I35, PAHSs I EEMER
B K P A B 2 S, A R L R i R ) U B
ZIEAL, REILAEMEZ AR, e R
FAF TV MER A W A, TE=Fh
R A SR A AR o A R R 45 2O 0] 7 T 40 22 L 1 A A
3. EEMRRIERET TAFSE, LI AR RIS
JEMIBE AR R, HROE L, fn R Bt
(UL A PIEE o (A TR 25 0 RS, 7 —
E AN, PAHs AR W) il (14 X oy o2 B Ay JEC> >
PR, X P RE 5 REAR SR RN LR WAL IR B A O
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Degradation of single and mixed PAHs by Irpex lacteus F17

Juan Wu', Jun Liu, Jie Chen

School of Resources and Environmental Engineering, Anhui University, Hefei 230601, Anhui Province, China

Abstract: [Objective] Here we studied the biodegradation characteristics of single and mixed polycyclic aromatic
hydrocarbons (PAHs) pollutants by lrpex lacteus F17 using phenanthrene, anthracene, and fluoranthene. [Methods]
We determined the concentration of PAHs during biodegradation using gas chromatography-mass spectrometer
(GC-MS). We used pseudo first order reaction kinetics model to fit the biodegradation results of PAHs. [Results]
After 15 days of degradation, the biodegradation rate was phenanthrene (97.8%)>anthracene(89.3%)>fluoranthene
(81.5%). The degradation process of phenanthrene, anthracene and fluoranthene had the characteristics of pseudo
first order reaction kinetics. The biodegradation rate of phenanthrene was the fastest, followed by anthracene, and
fluoranthene was the slowest. Compared with the degradation of single PAHs, mixed PAHs showed different
characteristics on the growth and manganese peroxidase synthesis of Irpex lacteus F17. In addition, water solubility
was likely to be an important control factor for the biodegradation of mixed pollutants. The water solubility was in
the following order: phenanthrene>fluoranthene>anthracene. Therefore, when we added phenanthrene or
fluoranthene into anthracene degradation system, microorganisms may preferentially degrade these pollutants and
inhibit the degradation of anthracene. The addition of anthracene or phenanthrene could also inhibit the
biodegradation of fluoranthene. However, the addition of anthracene or fluoranthene with poor water solubility had
no significant effect on the biodegradation of phenanthrene. [Conclusion] The competition role was the main
characteristic for the biodegradation of mixed PAHs.

Keywords: lrpex lacteus F17, single PAHs, mixed PAHs, biodegradation, kinetics
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