1 I (Soils), 2010, 42 (5): 800~806

ZUFRITETIENEY-HEYRSEEMR"

XEE 23, F OB, MER2, K &2, BRME?, FHMS, FEM2, HEFP2
RS RN TR R R T R ERRE R L HTOF0, W50 210008; 2 th R st LHERIFFL T -

FWER AR L SIS TR0, WAt 210008; 3 MRURNK AR I SRR B, HaT 210095)

W OE: EREGARKNT, WA A A R AR LI (Glomus caledonium L) (AMD R 35544k
[4fik i (DBD, WFE T FIFIAE -G08 5 2 0958 (PAHS) KI5 4 L3RI . IRIGSE LR WA, BEAf M 205 R PAHS
L VE AR R AT AE BT 10/ KR 3D PAHSs (MFFR. 20t 90 RABEZRK:, Fiii &AL Ei i AM. DB Fil DB+AM Ak
1 PAHs IFEAR 53500 47.9%. 49.6%. 60.1%, i T KRS E 15 M0 AL (CKD (21.7%). 34h, B PAHs HIFEL
N, JEPI8 AR A B HT AR, P45 PAHs L PERE AR T BE S 4% 5 4 JRAT 5 B PAHS MREAR Ao )i R 300 4398 v i SR %

PEAT PAHS FRAR 5B S IO AL B, 33 PAHS (R4 i iy, 30t )2 PR 876 1 78 Bl 2 M R A7 20 (2 3k + 338 PAHSs [

TR J 8] o
KR IR R RCETE WAREE: RO IERARRN
hESES: X172; X53

Z IR T5)% (polycyclic aromatic hydrocarbons, PAHs)
A2 2 A2 AL DT I G — M L
S PR E I AMEA LG . AKFR 1 PAHs (<
4 35 HRZIMEEE, I PAHs (=4 35) HAH
Fomwpdt . Sl b PAHs, BEE R
3G R, i 2 R BIG . {REA T PAHSs (2%, FE.
BLDD A IR BRI A AR, A AT IR I )RR
IMIEFA Y PAHs WMECAREMR, A6 LaehBtse, M™E
SRR S AR, RZE RO PAHs
TINLSEERIATRANYI RN, 55 PAHs 154+
HOUH A m3F PAHs V54 3 C By H ar [ b 135
IR SUIL R SGE U 2 —,

Y- EW A 1B E PAHSs 5+ A
ST HIBATUR™ o AR 18 5 H AR R L B AT A
TR Y RIIE T KA S Hs B3 S s sz 20
ZRVE, HEERA NG R L 28R R 5
WA TR R R S AR ) ) B AR VA B 1 I A S 3
ARUHE A B A 1 H P10, sRiTT%) T PAHSs TS
Pt FIEPREYIRE 2RI E R, AN
LY ER D, MYEENE L% ([PAHs ¥4
WEE - B JETRRIREEVAIAGRREE % 100%) AHXTEUR,

KAAE 9.1% ~23.9% 24, Kk, Al e Rt
TP e S N R, [ -3 b e b g b SR
BNt AE P B R R 1 S LIS YR
oGP R X PAHs B H R0 R mERE S, [
INF AT PR R UF S0 A 4 52 B ks BLR— 7 TR
LRYIE TR ST PURU g 7 B B e AT,
T gE AR AR R R R A A F AR B
PRI RAT S A 39 P A LS et 5 — 7 I BT
TR A 77 26 URE R TR, AR R VS 6 0 N TR SR B A )
PAHS"Y, U E T BARA A Yk
) T MR L P BT M R B R P RIVE 38 v e
R TR 3 At e — MR I T 7 10, R
HREEABEETRPIFOERAD . tah, S5
AR AR B A M R A ISR, TTRES 2P
ek 2 b PAHs KIS Qb3 PAHs JUHE IR

Hil, RTEHE PAHs 75482 2% PAHs
TSR IR B L AT AR T, R B
SRS TR R AT A E R, WA
BeELST PAHs KGR M -G T B R BT A
WM. %TF ok, ARKLL PAHs KI5 ek m 4

OIETH: BEEREHEARTR IR (863 11k HALH (2007AA061101) FIE S HAREIFILETH (40801091) #iH).
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AR B, BEAMR TERIEEE AR LW
-PAHs LVEREARTE N PAHs 1A% & JL 5 1 IR E
. PAHs MR EEM LR, D& W g

E IS
1 MRERZE

11 fHahr

L R B 5 7. o PR R AL BB R h T
ZAEAL TR K PAHs V5 AR . 2 SRR 2 1 8
(0~20cm), fr YRR AUREREY, i 2mm
AEWIT, MR, HEEAGRE R
FEAFALHE T, 4510 pH(H,0)6.4, H B 19.2 g/kg,
4N 1.3g/kg, 4 P0.5g/kg, 4K 14.2g/kg, % P3.6
mg/kg, H A K 86.0 mg/kg, PAHs AJE(E N 13.5 mg/kg.
1.1.2 fEkEY HAEHE 1 (Medicago sativa
L), BEAE 8 Bl ATL 95848 AR B g BB 5
JIAES 8

1.1.3 kAR BAR B A% LR
(Gtormts caledonium L.), (i mv [EI R} 27 Bt o 17 1= 8 00F
FEITH AR S A, 2 AT pg Ja 3] b b 4
B3, WA LALES (Phaseolus radiatus L) g 3=
WP KIEEFR R 2- MR- TR EY.

1.1.4  BK PAHs L VERRAR LL 4 IR 5
IR 2RI AT R, R AR s 37 BETEAT 43 B8
1, ANTG G 43 B ok IR R A AL PAHSs B fg
T £ 35 A0 W AT 1 (Bacillus sp.) RT3 AT B
(Flavobacterium sp.) 114 ik PAHs & 1 B AF 3,
WIRILIRERE . TR, 2R, K. KH PO, 55200
BARAEH KIGFEPNRAY), b ERF Bk b H
AR TR AL

1.1.5 fb2f JE (Phenanthrene). 7K Jf[a]tt
(Benzo[a]pyrene). # (Anthracene) %j (Fluorene)-
TR IFEMEWy (Dibenzothiophene). — & H L. IEC
P ki, M8 HPLC 4, HARKFHIA /i
ali,
1.2 Rt 5%

RI AP OHRMHEELETE (CK); @4
WETE, HFERER (AM); OFMIEELHE R, #
Fl PAHs L[4 1% (DB); @MAHEIEE T, Hefb
PAHs LPEREMFHEMF R (DB+AM). XKL 4
AR, BASRRE S RE S . WRER R fL I 2
BR, PAHs & PERR AR 1% 30 g/kg 5 LR A4,

ek, HEHELIkg. @ @RI 2.5kg

ek, (5 TSI 40 gkg [0 AM FiHE |

LA, AR5 FHAE RTRI%E 500 g T8, R 20 R

RIO AL 3 AT o AERE IR I R IR 58 30, 60, 90 R
23 SR o R A N BUASER AN L B BE LRI 3 14,
YRR A TR TR AL LR o R, —
THTF 4C A7, DALBLAIRGIG R PAHs FAf# B
Hom e A, S—mLRERF, T 20 HIF,

B PAHs &0 H .

1.3 REH%

.31 HMAEYENE MW EREE EE
T,

1.3.2 PAHs f$2E S +3Eh PAHs R
AT R AR, HPLC R, MR A R
i 4.6 mm x 250 mm FEdk C g PAHs & T4

WA EREAE K WA 1 ml/ming KRRy
30°C; FEFEEN 10 pl.

1.3.3 3 AR P 1 D s K =Ry
FMEALY (TTC) vEM &P,
1.3.4 PAHs FRfE =0 E K F eScadk 1

PAHs AR EMGE (MPN %) P,
1.4 ¥R

KM Excel2003 &, RH] SPSS16.0 HEAT 3%
PESHT (F K56, p<0.05).

2 GHRE55H

TRLEBEETEENEYNE

22t 90 RIGFR, HACHEAE 2 RN A= Pyt
WE 1R, 4 ANAELEIL B A =Y CK
<AM<DB<DB+AM. AM AbB476 75 A M8k
T CK 43, H¥ A B3 % 7 (p<0.05); DB.DB+AM
SEERERACE S AW E W KT CK A (p<<0.05).
TERERN A 1 L N A KA AT, B
K0 T ) PAHs 5 — @ I 20k, (R AR 2L
W (AM) FI PAHs LIEFFARDE (DB) REIGINEAC S
TE AW, T CK AP35l & 4.2% FiT 20.1%. PAHS
VR R GRS AR A R O T AR 0 o 1A
BT 55 PAHs & VEREMR IR IES VR IR AL B A K
HIERERN (LE CK 1 36.4%) 38T P9 23 il wfph A
L, UG P AR A A AR T AT AR RS HAR
o BERAEREE T -5 i) PAHSs FEMR, Wk T
AR E R EE, BT EREREK.

2.1

R
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ock BAM ODB DB+AM

W (g/dkh)

[EEZSHi

E1 FEAELIRPEEEBENEDE

Fig. 1 Biomass of alfalfa growing in soil contaminated with PAHs

2.2 LIET PAHs S EMFNBTHFAPERE

FRH AR, AFAE A PAHs &
EANABAE I 2 Fis. BE R FE TE K+
et PAHs SRBWIFC. [F—WRRA, &A1
I PAHs & &IFFH: CK>AM>DB>DB+AM. %
A R B B R PAHs & 1 P A4 v BB I 2 {2 10F + 38 PAHs
FREIEK (p<0.05).

ocK @AM ODB

EHDB+AM

E3|

PAHs 7 H(mg/kg)

30 60 90
IFA) (D

B2 +iEdh PAHs 2T

Fig. 2 Dynamics of PAHs contents in soil

WFRGR, ARIRAFE L3 PAHSs BRI 3,
HARJRMALE (13.5 mgkg), HFHEIEH R CK 4b
PR REA 13 PAHs [ TR, HLBRAEZEN 21.7%,
I BE TR DA AR R WA T B % PAHSs
Mg SMEHEFTBE IR ICB R PAHs LIk I B Be
PR MR . AM. DB ALK PAHS AR5 5152
47.9%. 49.6%, HA R PAHs L YEREAR M4 PAHs
(1 B fif R R TP R FUR . DB+AM AR [ B i 5%

H ik 60.1%, # T WARELR AT PAHs o Pk P i
MACHE, PIEAE(CRE PAHS FEAF T A7 AR AR H -

70 ¢
60 |- —
50 - i
40 t

30 -

B (%)

20 r

CK AM DB
b B

DB+AM

E3 TREAMELIEH PAHs BIFERRER

Fig. 3 Degradation rates of PAHs under different treaments

2.3 XIE PAHs NS EFNPEMRE

TR PAHs P IR S RIBUT A 4 H>5 2
>6 A>3 I >2 5, (AR AH PAHS & & 53 A 54.9%.
30.0%+ 9.7%- 5.2%. 0%. FMHELICETE 90 K, A
[AAb#E - 3E PAHs B E &K 4 Fos, [A— 3
AR A2+ 3E PAHs & & A: CK>AM>DB>
DB+AM. MR A PAHs &1k B i i 2
PR HEAE PAHs & HEFR (p<<0.05). XUEFRR b3
TR SIS PAHs FERAL, PIFRE ARG R
Wi,

BAM

ODB

DB+AM

ockK

=5

PAHs ¥ i (mg/kg)
(=3 —_— L) W £ wn N ~ o0

REAN 63

PAHs 257!

B4 LTEPLRELEPAHs B

Fig. 4 Contents of different-ring PAHs in soil

B S HRILLEH, ANFFRECL % PAHs R
AJAl. 3 PK PAHs PR A 32.6% ~ 73.0%, FHIMEN
51.0%; 4 ¥K PAHs [EAEZFR S 27.1% ~ 63.3%, “FHIMEH
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47.6%; 5 38 PAHs [#iFZE N 21.5% ~ 70.7%, ~1-E{H N
47.1%; 6 ¥ PAHs FEfFRE N 10.3% ~ 48.3%, “T-¥I{H A
29.1%. kb, BEEZRIEEI N, PAHs (P38
SRR . (HRRD PAHSs &M PR ARG A3 2 i 2R
PAHS (1) F#Aift % i T-{3F PAHs. DB Ab#E 358 rh 4 FRA0
531 PAHSs {1 % LL 3 3K PAHS 1 FARE 26 00 531 v 1.6%%-
2.6%; DB+AM #b# I3 5 3 PAHs [FIBFfiRZLt 4
IR PAHs [R5 7.4%. 100 PAHs L1k A% i BE
W HEE 4 PAR1 S 3K PAHs HIFFHARER .

80 - OCK B AM ODB BEDB+AM
70 b
60 -
350
5 40 -
¥
® 30
20
10
0

B 5 TIEPARFEIRE PAHs BIPEREE

Fig. 5 Degradation rates of different-ring PAHs in soil

2.4 TIERSEEEMNSTW

78 90 Rergid vl el UG M AL vl
B 6 Fias, SARTAAE N 0 b Mt S i it 05 o i
VOB SR 23 4 =B [ Rt U 1 = N ek e 1
SMEEPEIE ). CK<AM<DB<DB+AM. ¢ H
TRl T A AR A A I R 0%, Rk R
Ko, SR T BOAUBEE P Bhh AR i O A 4R

250

ack EAM BDB HDB+AM

200
150 +

100 +

Jii A BHSYE(TPF mg/kg)

INTE CR)

El6 TEMSEFEMEHSEN

Fig. 6 Dynamics of soil dehydrogenase activity

PEAEZSAL AN, BN T WA BRI = T A
Wk, Y CK #E B 25 (p>0.05); 0 PAHs
LPERRAR B B T AR (p<<0.05);
KPR AT B 3 i T IR A S M (p<<0.01),
2.5 1i% PAHs MBERHENSTH
149 PAHs FEAR B 24 138 B PR AR PAHS 1R
Y, WIEAIE . PR . PAHs MR B R Zh &AL
SLUnpE 7, WTULE H A R AR — i S i
et , A BRI . AM AbBE + 35 PAHS AR B 5L
KT CK AL (p<<0.05). HMJEHEFT PAHs &ML A7
B G, A7 30 KA-HE PAHs M@ S0 R4 i, DB,
DB+AM b K MR, BT CKL AM &b
B (p<0.05). XFJRESEHMI ARG I 30 RN,
AEYREN T I, BN, 30 2 60 K554k
I PAHs FRABRACERATIT T, R59R% 55 90 K, 54k
PEMY] PAHs Bl oo Bt X — e RS BRAR, mlRe L
A K AT O X517 R PRI R e
)13 PAHSs FRAR I8 05w sh A A8 fh R A AH L
160 - OCK BAM 0ODB B DB+AM
140
120
100
80
60
40

PAHs Ffift W40 (< 10° MPN/g)

20

30 60 90
I (R

E7 LiEsh PAHs ERERENTEL

Fig. 7 Dynamics of soil PAHs-degrading microorganisms
3 itie

VFZWF 5 VR W, A0 A W AR By 7T A
A RO IEAR B S R Y R BCR
M 23 14 PAHSs PEAE1. 78 90 Kikserh, Fhl
SACEfE AT LUSZIL 21.7% ¥ PAHs BEfiR. ANl iz
SRR E AT NS I . B B AR T T RS (e k1 4
i PAHs %A% . Binet S5 TR Kk, B
R = - BB B HR LR (Glomus mosseae ) J& % PAHs
FIRRAR, IR AR B RE 34 N PAHS A m] I,
WEMBCR G, XS0 T AR
T AE PP RN EEMP AR IS (Glomus caledonium L.)
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TR S e ORI [l R B AR . BRI RAR LB LA
PP IR AT 3T 34% [ BlalP FEM%. AWt s
AR FURH AEAERE 135 b PAHS 5Bk, 7 90 KR
o, BERIREARITE N PAHSs FRAEE N 47.9%, T 5k
PSR HIRNTTHEE: WARRE SR HE
LA R TR I EAC A P, PARITH 6 PAHSs
(B R I LA K B3 5 ) PAHs [t 4 147 1) A= 24 271,
A T R o 2 5 558 v P A 2 A T o P8 R0 A L
FIF 2P, LR BARTS S

PAHs & 1 P4 fif I R B SR AAE &2 PAHS ¥5 e 13
MV o SSRROY SRS B i A8 6 A B i A E 3t 4
Wi, IR SAEYBERAL I H . B C P gy e ]
RGN HENCH PAHs HABRMEIE . RI 45 1% 0,
FEAR B I I N e B B 7 PAHSs [FBRMFAE . AT
R W] PAHs &1k FRAR B 8 I 0 AR RS0 B 0 o) 1 45
W PAHSs [WRRME, 7E 90 REe, #hh PAHs L H:R#
iR %) PAHs FRARHRIEF] 49.6%, LEROMEWEE
K 2 LA PAHSs A 805 A g U 54T PAHS 5 H A AL
IR B A% PAHs; @PAHSs & Ik B MR 54216 1
T EFWERRE T PAHSs IBEAR. 34k, PAHs LPERE
R T 55 R MR LR RS AE X PAHs B 2 di i i 3
60.1%, P AIEE/ERIE, AdaeHREE
BB EE 75 ZEE— DB

VIZ AT HWmL G PAHs MR8 . —#
i, Bl PAHs SRIRECR G0, HPRARIERRC, 2
AT 3 ¥R PAHSs LU S i AR MR fig, 1T 4 36, 5 BRAN
6 I PAHs HURXMER: ALY BEAR o SRISAZE D)0t 3 AN
7] PAHSs (¥ F4A# 3% IR 30, Wu ZPVL B B R 20
Monilinia sp. ) =35 3 IR BURT 5 B8 2K I [a] T 1K) B Af 2
e T A PAHSs. Potin 255 I L& Coniothyrium
1 Fusarium %} 135 =4 75 PAHs 1) FARRCR B0F T
fIG5r 15 PAHs. FMEMTEEPIMRIE T M EE 4
X PAHs [FFARA I RACHEAERT, Bemhal v i a2 s
5 3 HF0 5 K PAHSs [WFFAR 2 A5, B PAHS
P SN QIR o] R STt Y (N (B
PAHSs &1 [t 15 BEMS 3L 4 2R 5 2R PAHS IR AR,
XTREYS PAHs LVEFRAR B DL 4 FRITEERT 5 BT
ERaE /) Nawe: LY B o ! IR S

A8 v R T 11 A A T LS e 35 P A AR g B A
HHUGRPINIRE S BN 2 1 g B2 A
fitg, {EMCRA WAL AP o3 R Ak Jd R i B B2 1Y
EH, 425 PAHs IS G R ) =Py i - — 5%
SUBE AR LSy 1 FEC3Y, A 1 R/ S e - 4
M EYIBRAR RS I RS . HWFUHIE, PAHs )

Wop g 28 15 - v I U P . PAHLs AR TRT f 35 TEAH G
4351, RBEFAF BUAI A 25 5L, 398 v 5 S Al
PAHs [4fEBECRE, PAHs KIMEMRZEMF . DB,

DB+AM b3 | 39 v JI A 24l PAHs B A7 R 450 16
FEET CK b, iXt1)E DB. DB+AM AbBH it 3t
PAHs o i A — AN RN . BT LA -t A ek
HBE SN PAHs BRI R EUESG

PR s R A T AR R, B bR e
PE, SRR SUBE YEM PAHs BAAREEHCR, AL
Wam v g+ PAHS (15 Bk

4 g

(1) FFIRARFE M PAHs &M R MR AT LAk
BEE K, WINEIE YR,

(2) PR MR EC B, 80 T R0 AR AR B
R ANEYE, fEHET 3% PAHS IBRAE, AM AbFT
K FRAR 2N 47.9% . $5Fl PAHSs B PEREAR B, WinT +
et e, (R T 4% PAHS [MPEF, DB AT
Fefie oy 49.6% . RUEFT ML EC B . PAHSs L 1t Ffig
WA 18 PAHs %, BERERCE R RIS 60.1%, M
T g1 371 5 58 Ak 7 AR B B R M 24 FH B

(3) B4 PAHs ZRMELHIN, HoPIRefE s
PR, BePh PAHs L FRAR BRI 4 FRRI S 2R
PAHSs {1

(4) HMBRITEM PAHs LIERRMR, m T
PAHs V5 4% 3 i S M iE L A0 PAHS BEAR A 40,
WET PAHs [FREAR . 398l UGS 1t R PAHS FAAR P 44
s, 9 PAHs HIMR IR .

Bt - B ERFERIEMAESPINAER
R ARM PAHs THBRBEEEK ; BRifihERZER
TR ERELEN, HERNZFRHEFEK ;
Bt R ERER L ER RN RREN., RBERE
PAHs MES HRHENIES AL,
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Interaction of Phytoremediation-microorganism to Remediation

of Aged Polycyclic Aromatic Hydrocarbons (PAHSs) Polluted Soils

LIU Wei-wei'**, YIN Rui'?, LIN Xian-gui'?, ZHANG Jing"?, CHEN Xiao-min’, LI Zhan-sheng’, LI Xun-zhen'?, XIAO Yan-ping'?
(1 State Key Laboratory of Soil and Sustainable Agriculture CInstitute of Soil Science, Chinese Academy of Sciences) , Nanjing 210008, China;
2 Joint Open Laboratory of Soil and Environment, Institute of Soil Science, Chinese Academy of Sciences and Hong Kong Baptist University, Nanjing 210008,
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Abstract: A pot experiment in greenhouse was carried out to investigate the interactive effects of arbuscular mycorrhizal fungi (AM)
inoculation and PAHs-specific degrading bacteria (DB) inoculation on the phytoremediation of long-term PAHs contaminated soils. The results
indicated that AM and DB inoculation promoted PAHs degradation in the soil with alfalfa (Medicago sativa L.). After 90 days, total PAHs content in
soil reduced by 47.9% and 49.6% for the treatment of AM and DB respectively, but only by 21.7% for control. For the treatment of DB+AM, total
PAHs content in soil reduced 60.1%, showing synergy effect of AM and DB inoculation. In addition, the average PAHs degradation gradually reduced
with the increase of PAHs rings, but DB inoculation promoted the degradation of four-ring PAHs and five-ring PAHs. The removal ratio of PAHs
from soil increased with the increases of the amount of culturable PAHs degrading microorganisms and the activity of dehydrogenase. Therefore
arbuscular mycorrhizal fungi inoculation and PAHs-specific degrading bacteria inoculation were effective to the phytoremediation of long-term PAHs
contaminated soils.
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PAHs-specific degrading bacteria



