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Abstract: A greenhouse pot-experiment was carried out to investigate the effects of fermented cow dung (FD) and dry powdered sludge of papermaking
waste (PP) on phytoremediation of PAH-contaminated farmland soils by arbuscular mycorrhizal fungi (AMF) infected alfalfa ( Medicago sativa L. ). The
addition of 0.5% to 2.0% FD had no significant effect on AMF infection rate, but could promote growth of alfalfa (p <0.05). PAH residues in the
1.0% and 2.0% FD treatments were lower than those in the control treatment. The addition of 0.05% and 0.1% PP enhanced AMF infection rate and
plant biomass significantly (p <0.05) , while a negative effect was observed for the 0.2% treatment (p <0.05). Significant degradation of PAH residues
was observed only from the treatment with 0.05% PP (p <0.05), and the degradation rates of PAHs with three, four or five-ring were higher than those
of the control (p <0.05). A linear regression relation was observed between PAH degradation rate in soil and the AMF infection rate in plant roots ( R?
=0.247,F =6.217,p <0.05). These results indicated that the appropriate amount(0.5% ~2% ) of FD addition could increase nutrition to promote
plant growth, but had little effect on the degradation of PAHs. However, small amounts(0.05% ~0.1% ) of PP accelerated AMF infection to improve

plant growth and the degradation of PAHs, suggesting that it could be used as a stimulant in mycorrhizoremediation of PAH-contaminated soils.

HEETE: BRHHARWPI KRR (863) T H (No. 2007AA061101) ; H 5K H MRF} 2 H 410 H (No. 40801091)

Supported by the National High Technology Research and Development Program of China ( No. 2007AA061101) and the National Natural Science
Foundation of China ( No. 40801091 )

{EE B/ %18 (1984—) , %, E-mail: lieryangting@ 163. com; = BI{EH (F/EEE ), E-mail: xglin@ issas. ac. cn

Biography: YANG Ting (1984—), female, E-mail: lieryangting@ 163. com; #* Corresponding author, E-mail: xglin@ issas. ac. cn



14 Wi R B MG R T M 23055 1215 % LA IR B Z 145

Keywords: polycyclic aromatic hydrocarbons ( PAHs) ; mycorrhizoremediation; alfalfa; organic wastes

1 5|5 (Introduction)

% ¥ 35 ¥& ( polycyclic aromatic hydrocarbons,
PAHs) B —RIEHRFE P 2 7 B BABUE B0,
BRBAERBF ARG LY (Hong e al.,
2008 ; Powell et al. ,2008). 5%, & Tk fk 372
AR, HE B R 2R 35 ARG PAHs R B 2. BT SRR
B, HERR B3R 45 P B9 PAHs, 90% L) b 7T 3 it RS UT
W 55 3 12 B 48 0k A £ 4 (Wild er al. ,1995). PAHs
RETE 3 TR K AR B ELXE ARE R, JF T B Y B
B R, T X N 2 R AR TE BV, B Ot
A 5% PAHs i5 3¢ + 3 5918 & 18] B © A B 58 U A9
— AP (Watanabe et al. ,2009 ; FH H45,2008).

FREEZARRBE M LEPRHEYD .
Y)W AR B KA BAE A AR BRI (22) BR3F
B, AT A SRR LR AR EY B R
AR (ZH5F,2006 ). T4, W IR B E KR E
MLAE] PAHs 75 3¢ LR EEZ B H (Liu et al.
2004 ;17 15 55,2009 ) . BF 5T R T, AR W) RE 5 R A
PAHs 4 Bk U5 0 RE U8 2 ) A & 4 B AR O S A58
JRYIXT PAHs BEAT R 3% 2 25 Bk L3 PAHs B9
F 42 (Cerniglia, 1992) . T 7E PAHs K Hi75 4L i +
B, BEBMAEYRE REEE HIT R, AR
BERBE BOCRBAR, B, RS iR g 23
RN B RREE. AIEFRYHEERE
BEHRITRMAIY B, BB VW) R A W) R K B
RUEERGFRFE, HRTC A K H A TR PAHs [

R B W 5% (Baber et al. ,2008; Kistner et al. ,
1996 ; 1% 15 %, 2009 ) , {H & 6 WORE 5 5 5 AR 18 7 K
FIRIBEFROE . & T 0, A Sl iR AR, e 8
FhoRHE 2 PR 36 SRAEEILEENFMT ,F
SEASIN R B A ZERMIE AT B Xt W AR B & PAHSs 5 4%
KH LA, LA PAHs 35 5 H B AR &
S RAEIIRIE SRR .

2 ## 5 Fixk(Materials and methods)

2.1 BHRAM R

X TIENRBIL B EHZEE R T EK
HRARERRE L ~20 cm) , HIFREHR R
ABRERY, T2 mm AENF BIEH. %L
MR LR T: ALK 25. 1g-kg™' , & N
1.24 g-kg™', & P0.48 g-kg™', &2 K 14.2 g-kg ™',
K% N78.4 mg-kg ™', R P 3.56 mg-kg ", @Ak K
86.0 mg-kg ' ,PAHs 13.9 mg-kg ' ,pH = 6.1.

TR Y O 518 B 18 (Medicago sativa L. ) , ff
BAM EE AL F B R B 5 2 IRER
( Glomus caledonium)36 5, AT VP A &R .2 HFFE
( Sorghum Sudanese ( Piper) Stapf. ) ¥ R BB M
T 2 AR AR B AM B

PR R B A 26 b i R R B B e B R PR 3
Earl R, il E R T ZRHF FRILARL
] S R 4 vk o T ) R VR VR 8 T AT, B BEIR K
. IR XA VLR FE ) B B A i R 1.

x1 FNEFUHERER

Table 1 Basic properties of organic wastes

GHEFY pH A/ (gke™) 2N/ (gkg™) 2 P/(gkg™) 2K/ (gkg™)
g3 (FD) 6.89 169.3 15.10 3.71 4.92
& 46 T4 (PP) 5.74 83.5 29. 64 0.05 8.73
2.2 REFZE 12 em) ,B%+ 1. 5kg, ¥ B3R G 00 b6 41 43 308 A HLE

FAR R 7E b B2 B o IR B SR H Ot
R AT BRI A PLE 34 19 % B (CK) b,
BB ARG H MM B % € 0.5% (FDy ) 1. 0%
(FD, ;) f12.0% (FD, ;)3 MEMAKF, &R TS
RS2 56 = A T AE (AR 5§,2006) % %E 0. 05%
(PP, s).0.1% (PP, ) #10.2% (PP, ,)3 ¥ ImAK
VL 3T A, B 3 AN ER. CRAREA
LWEHR(E 14 cm RO ER 17 om HJRH ER

FY SR T EBREGS, ALY ZE i AM 5§
M 75, MK ZE 50% HIEIFKE, FHESR. ZHE
T&F 7 R BR300 10% 1 H,0, 82 F 10 min, £ 4
FEHTLRE®R S, BT — ARG, SAHE 8
PR,30 d BT IOIRAE R (FIR R ) IR E LB, K
T, 1t 0. 84 mm A2, T 47 PAHs & &.
2.3 W&

AM E 7 Y 3% A il A28 8 94 6 3% ( Phillips
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et al. ,1970) & s FE AR A= W B R I R 4B IR T 4R 22
(8t ,2000) ) 5E ; H3EHAY PAHs R — & H 4
R IRIRI & B0 AH @ 3% (HPLC) Il & (R E 75 5%,
1995). I %€ /9 15 # PAHs 2303 R . JE . %5 FE
BB I (a] B FH[b]RE HEH
[k]Z%E FIH[al B . " [a,h ] B B[ 1,2,3-
cd] BRI g, h,i]d8, TR /P L. EC
bi I Cbe. CHE Y HPLC 2%, B h i 4. 235
FZ R SR F Waters 2690 & A £2 3% 1Y & Waters
2475 FOLK I & AT, B AE A 4.6 mm x 250
mm [ bi B C18 PAHs & FIAE, Wi shAH A A% 4 2
W/ (V/V=70/30), % #H 1 mL-min ", F:{5
30 C,#EEE N 10 ul.
2.4 FAEALE

Kk Fl Excel 2003 il & - 1F £ o4 5] 15 43 #r , 5% H
SPSS 11.5 #4577 24 #r (Duncan ¥:5 ,p <0.05) F
B )5 J7 72 f9 .3 PE 0 A (F K3 ,p <0.05).

3 Z R (Results)

3.1 AM ZH 3%

AFRLLBEET AM AERERME 1 Jx.
HIE 1 AT, B8 H0 0.5% ~2.0% KRB0 AM K
WRERTHEZW, B AM EERERBERNE
R mA THRES, BESNRAEY TR EER.
#0.05% 0. 1% ERTHAERE R ELEEE
By AM HR{RH R (p<0.05) T # N 0. 2% & 4K+
M E PR T AM HERHE R (p <0.05), HEf
EFWHMEBAN M, AM AEREREETHE(p <
0.05).
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Fig.1 Arbuscular mycorrhizal fungi (AMF) infection rate in alfalfa

roots ( Different letters indicate significant differences at p <

0.05 level)

3.2 HHMEME

AR ZG T RAEEROEYENE 2 Br
. B2 LB 0.5% ~2.0% RSB
EFRETREEENEYE (p<0.05) , XATRER
mMTRBFRAENRERES, EFRTRER, BW
AOAREEERA RS REZEEENER, B
1.0% 1 2.0% AL AN EYBREERT 0.5% 43
#(p<0.05). %11 0.05% 71 0. 1% & 48 T ¥ GE 2.3
REELEEERHEAREYE (p <0.05), & HN
0.2% EHRTHNBERMK T REBENEYE
(p<0.05) , HHAYE B ZEKLT 0.05% M 0. 1% 4t
HH (p <0.05) , AT WLEHN 0. 2% & 48 T 45 A F| T 5
HHEREK.
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Fig. 2 Plant biomass of alfalfa

3.3 +HEPAHsRFELHHB#EE

5 EREARAEAR L, A [F] 4b B2 1 38 P PAHSs 3y
F—ERER M. BE 3 M, &mo. 5% ~
2.0% KB4 FEB N 0. 1% F0 0. 2% AT Hr Xt -
¢ PAHs A7 BT B E W, IR 0. 05% & 4K
THEE F BT L3P PAHs R HF & (p <
0.05) ,H PAHs 5[ 3P X EH K F 39% , X 1R
RET LA NR2 AR, EBMO0.5% ~2.0% KB
FFEX 2 ~ 6 B PAHs [R5 8 B & ¥ W, &5 i
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Fig.3 PAH residues in different treatments
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0.05% ~0.2% & 48T ¥y %t 2 35701 6 3F PAHs &
fRBTCRE R W, HIER I 0. 05% 1& 48 T ¥ & F
T,3.4.5 % PAHs [ R H B E R TX R (p <
0.05) , 4y %t BB/ 3.4.1.7.2. 6 45, %M 0. 1%

ERTHERRZ,3 3.5 3F PAHs RYER R E
EHR TR (p <0.05) ;%540 0. 2% & 4Tk &%
7,3 ~5 3 PAHs [EM RS IR L TR &£ 7.

*2 L1 PAHs o IRMEME

Table 2 Degradation rate of PAHs with different rings in different treatments

e AR FH PAHs FEff %
2 37 3 3% 4 3R 5 3 6 3F

CK 67.0% +14.8% * 13.7% +1.1%* 21.8% +4.4%* 15.1% £2.2%* 32.1% +£3.2%®
FD, 5 78.4% +22.9% 18.6% +3.5% ** 21.4% +3.0%"° 17.4% +7.1%° 23.8% +1.8%°
FD, , 53.2% £5.6%"* 12.5% +0.6% 32.9% £6.1% 28.9% £6.0% 30.9% £7.2% ™
FD, o 85.4% £20.7% 9.3% +9.0%* 26.3% +1.9% 28.9% £5.0% * 34.1% +1.3% **
PPy s 85.2% £29.5% 46.3% +6.5% ¢ 37.5% £9.4%" 39.0% £10.4%" 38.6% £10.0%"
PPy ¢ 91.8% +14.1% 27.9% +7.2%° 28.5% +6.3% 32.4% £7.3% 35.7% £6.6% ™
PPy, 100.0% 0% " 22.0% +8.4%" 27.6% +4.5% 27.9% £3.0% 36.6% £7.6% ™

2 3 PAHs 2% ;3 3F PAHs JJ 25 I (34 3F PAHs B3R R IR [a ]l B il 55 35 PAHs R 3R [ b2 R [k 9 K9 [a]

¥ H I [a, h] &6 3F PAHs Jp#iJf[1,2,3-cd] 86 F I [ g, b, i]5E.

3.4 1T PAHs BME 5 AM AEREERZHEAW
NP

i 4 AT, 4% PAHs FEM R G RIEHRER
AAM AERRERZEEREEBXR (F =
6.217,p =0.022) , RIAEYI IR R 19 AM K B {2 4
i, 18 PAHSs [ S AR 0 R, IX R BT AR
A AM HE R PRI 2% 135 o PAHs #9 BEff 7
E—R . B, ERRER S, AM RERR
AT DAAE b T 3% b PAHs 2 B 2R & K A9 K R

50% =0.7383x-0.0586
R’=0.247
40% [~ o <o
o <&
% 300 |
= o ©
& ¢ S O
ﬁ 20% - o o
[=¥} < ¢
o <o
10% L o °
1 1 1 1 1 1 |

0
25%  30% 35% 40% 45%  50% 55% 60%
AM FU# R B

4 PAHs B E5 AM HE @R RMLEE RS
Fig. 4 Linear regression analysis of PAH degradation rate and

arbuscular mycorrhizal fungi ( AMF) infection rate

4 i1 ( Discussion)

WroE R, AM B @ Sy A @ ] EEY
BB I W, AT A BE AR 4 B9 A2 1 (Clark et al.

2000) . AL H LI 0.5% ~2% KB IR E R
mTREEEEKREYE, B AM ERRRERSHE
VA BZEINRAANHE, WL BEF 2R ER
Ve RIRAE o —Fh A HLAG KL B3R R HE AW B0 A . 3R
IS 4T B 25 F T, AM L R e 2R & 19 A0 B B Xt
L BAE ) A ) BB A X B, & AR T S R e
0.05% ~0.1% B Xf AM H & R Je R ML H TE 1
HERBEEF,BMERT 0.2% B W X H AL H &
HERFEANF R . H I, & 48T 8 T3 — F )
WAL B, B & (0.05% ) ¥ 48T b i, 8 5 e
P AM HEXRAEH ERR RGOk e AR Y 89 AR
ROERTHER(>0.2%) B, i TH A BT
RO X S 465 4 7= A — RE B9 82 R, 3 T 2 W) 2
gerbk oy B3R o B AR fOE X R IEE A B R R A
MWHVER X 5EA S (2006) FHF TSR — B
BrFE R, A LR & & X% PAHs 76 1 3¢ &
WIR A BCA B3 R WA, #2200 2] PAHs 7£ +
b B9 E B IR 0L A A 99 Bk (Drolet et al.
1996) . AHLR Y & A RE KA VLY M E I*F T
R, AETMURBREY MM EY R EREN, B2
2] PAHs 7 438 i 50 A= W0 A 2ok, 2R i £
erp PAHs A=W M. A SR KW, L H
PAHs [#ff R 5 AM K R 4L R 2 [6] 2 4k 5] 15 %
A, UL AM H R IR 0L+ 5 PAHs 1
MEff. M A BT RREERBEEEREYE,
EXT AM HE R Y RITCI B R, UL & B 4 264
H—MEFRFEENAIILR R RHEREE D
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AR (TR S,2007) HXT 148 PAHs 3R IA
FRERERW. W 0.05% ~0.1% E KT H S
F1RH PAHs B G REAR R S 3 ~5 35 PAHs FEfR &,
FTERESHEE AM EERE RS ELEE -
K, i+ PAHs gREfR. X 28 AM HE R 3
AP RAR BRI, 38 AR AR 40 10 ¥ 0 R BR 1 B
AR 7= A B0 AR B G B AR ) Y T T S iR R R
3% PAHs [%f# (Joner et al. ,2003 ; X i 5% &5, 2004 ;
Volante et al. ,2005 ; Wu et al. ,2008).

5 4518 ( Conclusions)

)M O0.5% ~2% %k B4 36 vl fe B AL 78
AR EXR A AM KB R4 R M 1% PAHs F#ff
REABERW;EM0.05% ~0. 1% & 48T k3 AT
Bt AM HEXTEREERA MR REEKE K
AINE PAHs FEAR, T3 48T b ad & o &7 4= 1
il AEH.

2) 13 PAHs fFEMEROL S YRR AM K
HREREFET XA, HM0.05% ~0.1% EHKT
BT IR P AM BB R R 3R ® B AR B E R,
FoARER I 0. 05% & 48 T B RBOR S fE, B, 1 4K
M AT R Y R TR AR R

REMEEEN ML K (195—), 5, AR LA & T,
FENFIEMAENF EERES#FH K. E-mail: xglin@

issas. ac. cn.
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