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Table 1 Fungi used in bioremediation of PAHs-contaminated soil

RERIAN )
Phylum or Subphylum Class

i

Species

fH-F B[] Basidiomycota AT 44 Agaricomycetes

A= I.["] Agaricomycolina

neromyces mutabilis, Agrocybe aegerita''*) | Merulius tremellosus

. 18] 9 .
Trametes versicolor'®' | Irpex lacteus , Pleurotus ostreatus'®’ , Pleurotus pulmonarius

Phanerochaete chrysosporium' ') | Bjerkandera sp.

[10]

(121 , Antrodia vaillantii'™! | Kueh-

US1 Stropharia rugo-

soannulata , Stropharia coronilla''®) ,Marasmiellus Lroyanus*]7J , Phellinus sp. (18]

F 4] Ascomycota

LLW W.[] Pezizomycotina

B R 49X Eurotiomycetes

C g 25 “ g .. 2
Penicillium sp. 251 Penicillium Suniculosum*

W Sordariomycetes Fusarium sp.
HETE T 49 Leotiomycetes Monilinia sp.
EAH L] Mucoromycotina  —
BRI ] Glomeromycota BREEF D Glomeromycetes

JE # B 44 Dothideomycetes  Botryosphaeria rhodina' '’ ,Cladosporium sp. (

Mucor sp. '*7) | Absidia cylindrospora'®’ | Rhizopus sp.

Glomus etunicatum

I 21]

91 Coniothyrium sp. ') | Lewia sp.

Aspergillus terreus , Aspergillus sydowii'®®) | Aspergillus niger '**) | Aspergillus sp. '**)

2]

[23 [23]

V' Trichoderma sp.

[26]
[22]

(29 , Glomus mosseae > , Glomus caledoniun®"

2 PAHs EB & B HLE
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2.1.1 4N 3 P450 FAL I RS Al R
PA50 JZ 17 £ sh ¥ A AN G AL ) FH R A AL A BILA) R
R — 2 i 1 55 FR o 0 4 LT AT OR) R 40 Mt 3R
P450 Jif %Ak PAHs (& 1) o /N FE4RILE ( Cunning-
hamella ) 38 it 20 il €5 3 P450 PR i 4 g 1 34 46046 )
KRR PAHs B AL R R iy,
W 7L 30 ) X 22 3 O A RO MR TS Bl (E S
— 2 JE , PAHs B4 i (4 R P450 A AL 5 TE By AR
W W R R B BRI A T R Y AR W R
2.1.2 4SR5 R K B R 5 S T R
R F IR (IR 2 4 4 22 ) , TR 1) i 20 43
ZFP AL, QER A A A R TR 2 b
YImGEAE , A FROR BT 2 K i Bl . B AR K #38 F
I REE AL TR PAHS EN TR 2 A HLTS e, 2
PUH W% PAHs (ol EEHLR .

B A ALY G (EC 1110 1. 13) /2 % 2k i 41
RWHEEN, B H,0, Al FZEE MiEE 1
(Mn®" ) 46 = M6 8 F (Mo ) Mo’ " B A7 5 i
FRL G, AT LR Z R 2R . o) — Fh AT R I
BLH NG 28 i Ak, BIAS o S AL P il LA O, Sy T
Z AR S AR I R , 77 A 2530 PAHSs
4 Ak (181 1) 0 HA A i S Ak 0 1
RH T 0 R I A R

ABR i AW EE (EC 1. 110 1. 14) 12 3 W2k 1
ZLFE MBS A, LLOH,0, b L 2 IR i Ak A fb
PAHs, & BB IS 45 Hy (1) ™) ) 7 2 B BF 5T
F W PAHSs B A7 AW 10 R 7ok A Tk 17
AT C A B30 8 0 AR R i 2 R AR
BEF(EC 1.10.3.2) " Z A TH T W TR K
HoAth BB 2 — O M O B AR Y B A AR
PR ) PR B T v R BRI A5 45 . BEELL O, 4
HLF 324K, F PAHS fi Ak 401k o AH W A R 2 T8
A AE W RS 2 M 48 PAHSs fIX, {5 F 55 30T 36 JF ifF —
AR (EI D) o HeAh, BE T LU AL PAHs 19 R &,
LB AN H AT AN

g, 25 i3 37 ( Tonization potential , IP) |7
Oy F T B AR . AR I K R A AR S
PAHSs [ HL 25 LA A7 76 SR DG . 81, 4% i v AP
HAAL B (IP 7.43 eV) B X} R FE = A 2K A 854 1
JE(IP 7.91 V) FOR M HA BRYY 4 ik S0 1k B 1 A
AFRE LAY G A BB G — sk
Yy, Qi AE RS ABTS 45 n] Bl 3 il B i A
BE 782 A A R R Y A R, B B R
PAHs A AL RE 1™ . MEAb, % B xT PAHs v 35 4
R I o]t HA i e 1 o T
Rk -8 PAHs P A 2 L,

FLEA] LAGE 3 DL AL 5k PAHs, {HJE,
R/ BE LS 3] B X PAHs (98 4k, 7R /b B 1 fig
DL PAHs M —RJ5AE K . eAT] 322 5 oAb 2E W b
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Fig.1 Degradation pathways of PAHs by fungi and bacteria: Take anthracene for example [7)

2.1.3 HEMIIREY MRS Y (Extracel-
lular polymeric substances, EPS) J& B 4 [1] ifd 41 73 1
) F 8 B 20 R AR R LRy B i, B
A YRR A W B S5 R L 1S ol A0 M B 0 A S AR
Y YFZ B 4 EPS B i B Aspergillus ni-
gww%%A%%PMhm TR A, TR E
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Ejiﬂ&’riﬁ‘fiﬂ@%*fnﬁ\ﬁEI%ITU'ﬁ PAHs 454, F
T PAHs DA 38 URE B0 BT, 42 i 22 W0 A7 R s [l i
EPS HA7 Z Mg M, 82 T 3 PAHs (9 S8 AL B o
{EE, H R U A0 2R 5 W B9 35 G W) [ i D RE b
Bz T, T EAEERA RIS .
2.2 HEER
2.2.1  FLE - 40 B ) S8 b TR A R 3R
f7, 16 PAHs e b 2 b RIVE . DF5E R B, 7
PAHs 75 4 - 58 v XU P BB L 40 18 19 880OR EA T
T SN S AN AT AR R — D i R B R
PAHs F) 77 MK 5 PR3 75 2/, A7 F1) T 40 A
AR o 0 4 A - 8 vh 1 T R AR Y
Pl A8 25 P T R, BB - A0 P IR R R R T
PAHs M E ™ 0 53— 7 I, PO A £ 3 eh 2k

K LT 22 W 45, A2 %y 5% ik 400 T 2205 e ) A Bt
P 15 P W R AR 0% . TEBOK R L 22 )
DIJE W% 22 W W RS, 51 5 PAHs [ fife 4 7 A6 L 1
P B 3, Bt PAHs gE A7 15 0, T 42
PAHs X 41 B 19 A= W) A 5801, AR 3FF 20 R I A . -3
Y0 AT S L KR R PAHSs B s S F . R g
A A ) TR PR R R L R E R T L) S e
6 U MR RO L A B A I IR T
Eﬁiﬁhxﬁzﬂ“ﬂﬁﬁﬂ?mﬁﬂﬁﬁ/&' , V) 2 8 0t ¥
Yy WMo B EC TR AN BR A P R4 L F 2 PAHS
HY L IRBE N EE R M.

2.2.2  FLIE - MY D IR HE S5 YR &R AT L
TE B A 25 4 AR A L 25 28 A AN R A R AE 4 S I
A AR (AR B AR ) A AR AR 45, — S 4 B R
558 TR R A TE A A AR (0 A0 A R AR R PG
PAHs R FRf 0 S D9 9 A 3 48, g #fi o) T
eSS HHEERY AR L., ek EEBE W
FERERYE B ) E W S A AR R IE R AR B AR
e A BT AT DL R R B R A R
RIS RE S 7E5 4 £ AW e 5 b A T iz 0
RS, BRI R R EEH . 2R
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PAHs 14 F fif , 5 3 008 50 19 H Y . AR AR I
bt PAHs (ML B 2%, EEATREA : (1) M
5 AR L T AR AN A 22 00 4 WO O 16 AL AR R B 0B
PAHs , {2 3R %t PAHs (08 8, ] 40 52 36 UF 52 Bk
PP 22 ] B T3 A PAHSs, JF 38 i B 2215 S 45
THEME R, SRR E NN PAHs & &1 T
B (2) MW AN WA B A LA R T AR AR L
T AR K TR B — 2 ) R S A L,
75 R I T £ R v 2, R 38 A Y R A
3 T L AR RS W R A AR AR
TEAR M+ 16 5 v BLAT AR A A 3

AN EE SR A BT R AR N
T SR 2R 3 TR A R N R R A i 9 R A T
PR S 35 TR R B 3R 0 (R I oA AT A
WA K, 9 R BB AT LR HE R A 6 PAHS B %
e RS g PAHs B, RS E LA B -
A ) 16 S WL . R AR R T L S o 3
I 0B TE 9 B S W3 R PAHs B
fi' R VEELTH - R P R AR

3 PAHs {54 HIEHWBE Tk

FUTH 10 A HURE P 15 20 B A7 7R A A 22 5, I
RV T BB B O LUMURR G A 0 10, EU A
2R AR IR MR 22 N 4%, I 3l 1 i
R A ™ A A H A, 2 S 1 O 4 T IR A
AP RS S . R, T 22 W 2% e {2 2
TR AR 2R 0 A, TR 22 S IR T PAHs #Y2E )
AR [ T 5 L, LT S A R W L), AT LI
BIEZIS- R 2 R A Bl K A U SRR L 7/ 8
TER W T Je ) T W RE A AR I T A L
AT RGBS 5 =, KW e A A T
Je AR HA - S Wy a2 A AR R B RE T .
AR 2 G A5, H AT A L T 2 Rl e 2 07 ik
BTG SR 0 A L R EOAT LA Dy 1B ST EC TR B
AL
3.1 M8

LS i R AR 3R 10 B T i A S 10 1l 2 58 B T
AT o R T AR I A TS G T AR AE T
Y R BB E E RO s WA
T (1) AR BE R, AT UAE 6 5 (6] 9 98 BR PAHSs {5
e BRI 5 (2) B XTI B Wk B UK BURK,
TE 15 Yo T B2 B e 15 D0 T AR SR AT LU R FE A L5 (3) JiE

YWER) @& TAIE GG RN (4) 5
VST P AR RSP B R, R SR E R RS A
KM R, A4S A2 45 s T A HLE & B
JE 5 G S ) PR b 3

it 168 52 1) i A 0 HG 552 s I P AT — 5 BRI, 7F
Z SR BB DL BAR 1Y WA K 44 L T AL 1Y
VT B F Gl B 7 W s 1 5 A7 A e )R 5T R g
TP A S 28 - 9] DUA RO AR 1= 3 P i) PAHSs
i Y g R DN TR 7 ok i A A Y,
R A A AEE Y R BN g R s
T2 fifE DR WAG 52 A )t 1 7% — T %
3.2 HEHEEE
3.2.1 A4tk A= ¥ 58 1k ( bioaugmentation )
I8 1) - S8 rp g B B A I S D RE 0 TR W, DLIA BB
SAMER B P, 0 8 ALY PAHSs [ i T BR
IR RAC R AT B o A T RS I ROA R, B
7 S B 5 ¥ o ) AR JBT 3R K fik g X AT (5 19 2R IR )
(AnAr YA m  Poly R 55 ) Y %A AL Bt (545 F , AR 4l 35
Fr L B0, A8 A, X5 U TE W A bR B AT PR O
B NP O R I A 4 T AR R e
e rh K 5 W I AR N 2 R EAT 00 Y A B
BRAF BT 10 T T W A TR R A B K BT R g T
A TR K 22 o B 5 e - b, A1 A AT DL BE L R
PAHSs i Bfif ™

UG E B 2 B AR 2 0 Y s A B AR . 0T
FUS BT LAY sl , & L5 R e AT
T E G RE T R LI R A A B AR AR e KM
BUREOR TR A BR AR, b R X B = SR, T RE
BR A 1108 LB A I L 5 — T T, B L T
i & E W R 38 G o TS e 398 b O3 B R B
2o KB % S Il 4 R Gk — i R A R
H M i B, B ) T R A R D A

A s AR A 2 80N 2 — A A ) R
LA AT RE SRR ) T, 0 2R B g T A
SAL XA A 7R P AR TE N E E . 1B R X
- A Y T O S e AN R 2, A S B
T 0 AT 0 5 IR AN T R, AR R A
WG R, BEUR AR ST A R B A 3 A
FHEAE FIRL A, 0 A0 A W s e Ak 1 i 42, &
Jr B AR SRR,
3.2.2 A=Yl A= ¥ %] 3% ( biostimulation ) 3
ik BRI ACE IR O R T A AR S W B, R
b b R Y R RE D ELER Y AR PR
VB SR R ST A, B XV 2R Y RO B A =
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B (9 0F 5T 32 W1 £ T 1 R B 0 bkt LA o s 0
W AR SBCSR B T RE T AR 4 PAHSs W R4 1IF , X 25 1
ol T A 368 3k 0 35 9 B 4 A M AR A S5 2 K it
M. A JE A R T DL 4R g
P AL 6T PAHSs (9 5% b2 570 BF & w5 Ak R
(19 K SR S8 AL 38 T A TR R T A 3 — A T
il

3.2.3 HE - MY SBE ERE-A R E7
WA s 52 1 R 32 B R R AR B0 AR B A 2 R
PR 0 T DL 5 R AR BT PAHs a9 RE 1
PR PAHs & 5 35 (2 e R R M LR B
Fe WAL FD IR 22 3R 9 55 ( Glomus caledonium ) 1E {2
PESE AL T A R 2R A B 2R K A [ R A T
Frf PAHS |y R AR L AT DA A i
R 38T 1 T B0 | A S R
TEARM 875 Yt 52 vp LA 0 R 0 000 8, R M 75 4
EEBEEARZ .
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L5 K& 7 In)
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B A IR SRR R R — Bl B
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PIAN I AT, — 5 T A ) B 48 52 11 AL B A
AR I — 5 T S AN o8 A SR B R R R,
e 2 R A8 A1 S B O

PR B SR R R E T HOR i R —
AEER S L B, Al IR SR R BT R AR
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R B b 19 79 e W) 1T 7 e Ak L A= ) AR AR
P ERBE IR 45 2 LA, X T A R 22 4 | A SE T Y
BEAAKEAEEMARE L, XHEPAILA
A AT IR AR TE
4.1.1 WIHh PAHs 75§ - 5 H G B 2 # LB
T B R i R I AR B A A W 3 R A A )
W DIRE o AROL S R A B 48 A LR ff PAHSs
AOBLEE , 2 kst 8 S O i B AR RE . J7 ik
(4 2E S O IR B — H bR 4R AL T E B RAL . Bl K
KAV PIEAT 5 A BRAS 53 (1] J [X (ITS) J7 81 ] L) Sz ik

FUB B 43 S A, AT LAY S 20T S R 0 0 T 45 TR 0D
(barcode) " g & — 1 15 3 5 7 AR Bk
5 000 SRR 075 B M R T 5 IR 28 I D7 v T L)
LB ST I i A B T L R R IR T XA
P PAHs B34 9 46 I BL B 2L A5 R AT 240 0 I L
Yy —J7 T, BT 5 U W P R W AR PAHS, R
SR I TR R T AR R T A% T L R A A B
AR K A B T 4 b PAHS ] 1 4y
B0 o 45 7R ZUH G S AR b PAHSs BRI iR 72
04 T AL

4.1.2 FREEBEEGN SN BEE
il XoF - 48 2 25 R G5 B 5 ) e e RE L AT AT A A o R
MR oV Z0F 0 2 W, 16 P 0B 45 ok A8 L AR W
{9 250 B , T 7T e 5 B0 - 8 A 75 T g A Ak, T -
A W 0T M U L B B R B RS B A T B B A
SRALHORIOR . R, p T 6 R R g 5| R R
R 3, PR M7 30 45 1 ol B 2 2% 1 ) o e A Ml 2
PR, O B B AR AT AL T A AT
f19 915 B 4

4.1.3 i BB E AR 1 B i &
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S IX ], 2 BT AR B 4 PAHS AR, 9] 0
AR LT #5 B RE M 0 HOF [ o ) AU 28
{E R 3 9 25 0 3 U 5k = 4 1T, 4 SR AT PAHS (9
Yo X B SR A B ROR . B —
1, PAHs % fk i [ 72 495 10 3 4 B R 7T 2000, A5 BF
¢ 32 W] EU B 40 (5 2% P450 48 fk i3 i % PAHSs (Y
PRBHEO | 77 A B s B S SR g o ] L
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1245 HwEE R 20 40 T 5250 % B B, i R IE
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FUNGAL REMEDIATION OF POLYCYCLIC AROMATIC
HYDROCARBONS-CONTAMINATED SOIL: A REVIEW

Wu Yucheng Lin Xiangui’
(State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science
Chinese Academy of Sciences, Nanjing 210008, China)

Abstract Polycyclic aromatic hydrocarbons ( PAHs) are a group of chemicals with potential carcinogenic, terato-
genic and mutagenic effects, and are mainly produced out of incomplete combustion of biomass and fossil fuel. Excessive
PAHs releasing into the atmosphere may accumulate in the soil through deposition, resulting in soil pollution. Currently
the techniques available for bioremediation of PAHs-contaminated soils are mostly based on the degradation function of
bacteria, while the potential of fungi in soil remediation is not yet fully understood. Fungi are important components of the
soil ecosystem and extremely high in diversity. Quite a number of strains of fungi, mainly Basidiomycete and Ascomycete,
are capable of degrading PAHs with their intracellular cytochrome P450 or extracellular ligninolytic enzymes. And some
form Mycorrhizal symbiont with plant roots, which may degrade PAHs synergistically. Thanks to the feature of fungi de-
grading PAHs, they have their unique advantage in reducing the concentration and ecotoxicity of PAHs in soil. In this re-
view, an overall introduction is presented to the diversity of PAHs-degrading fungi, and their PAHs-degrading mechanism,
as well as the fungal remediation techniques currently available. In addition, the concerns and problems associated with
fungal remediation are discussed and prospect of its development is predicted.

Key words Polycyclic aromatic hydrocarbons; Soil pollution; Fungi; Bioremediation; Diversity; Mechanisms
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