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MR ERIER T T 1Eh SRR AR B RS R

BRE, FUH,

B

EEE ., H #

(PR K22 BHIR  PREERL 2222 58, HIat 210095)

W E. CRHARRARINE, LUEAZHITE (PAHS) REY, W T ABIER (AMD /EM R 13T PAHs ER R
T2 o BRT5 G2 13O [RIFRLG VR 35.0 ma/lkg. 25 W], AMAEF T 38 fo Sk B 0 St A1 s 20 BE M SR 3E 25 B Glomus
mosseae ik 4 & Bk #E 5 ¥ Glomus etunicatum/a, HLIRPIANG Y L FEH S RR B B R IA 32.7% ~ 45.2%, LLARBFI IR 6.8% ~
9.8%. B IFEIA S TIPSR B A E 25y, AM FERIEEE TIE R A MBHAL: BFPAMJG 13 1. 2 g ml b
AR YA LS B 520 70 LEX IR T 17.0% ~ 37.8% F1 5.4% ~ 26.6%, 111 45 A% B S L I I T 12.2% ~ 89.5%.
AM AT BEFAE - e i PTHR BGS IR B & i (HIG 9% 55 RJ5 HIEHH G 65.7% ~ 81.7% &)@ T AR HUAR A, S EWH &5

KU
KEEIE:  ZHUTIE; A MR, L
FESHES: X1313

ZIW Tk (PAHS) 2 H i T W) —28
G g, 2 AT =BV, MES R R
K, mlE I B S A e AR . PAHS
5 P RS S ) A L A A - A Ak 1
FAGELE, T e E, AR T
AREAERT P ARG BRI, Tk
SRS, W2 Bl e e L PAHS AR
#, FEORIL R AR bR A T R YE T,
M T PAHs FOFEME. AR, AL - ARrEdm
TR R Bl 2 40 1 B R G 2 R AR B i R
MR .

IFE IR W (AMF) fig 55 k2 $os koA
W AL E AR R AR CAMD, B AR 10 A1 4 14 22 LA
M BB TR TR AR B R A 22 B B0 5 e A 280 A A A AR
P& b (i Bak i) . H A, A AMSKIE SE Y 12
HPAHSTG Y 3 oA BFFTaRiE. R, HEa L
75 QLB 5 3k e I e T 5 LR A R0 AR Ay vl R P
PIA DG PR, B SER, AN RN
THEE, UZMIEARE T g, B&EER
FE A . IR TURY], ARDEREHLG RD0
AW gAY R R A ] R 2 AR OK
B Ll SR AN LL, 45 S SR AT

FUHPEAG . SR th o e 41002 — il oy, 454
AR B B TE R BRAR T A MLV G4 16w PRI As 4/
AT R, S S Y R 1 T iR AR TR,
R, MNCHMBERCRE, A REREZNIZ
ZALT HIERHPTE RV RIS 8, B
FEAEA - 338 v ] S IS WL B i 3 AR AR
MR ARAE ST AR A LY G B LB, X AT R
E— R e as LA WL BB e RS .
DAHER PR T ARAS 52 Ly e i) 2R

JEAE RN PAHS, T35 [H F 5K 4
&E (USEPA) B e HIPAHS . A HF5T R,
FLAEARH . Fih Ak Ty Y B 2 2R B 3 U b [X
- A ik B R O, o R A e A N
fe jE . ARSI DUE A PAHSAR R, LA Rl B AL E
AT ) g o K R, B R AMKY 3
PAHs kB EAMEm, RN T fEAMEE A PTG
e T IEMLEE SR EL xR e R ACR SR A B
A .

1 M5

1.1 LI+
JEM B At fsAil s A ], 2l >098%; & H

OX4TH: HFEARBAILEGTE (40701073, 40971137). TLIMVE T ERHEAIH AA L4 TH (BK2007580, 2009315) FIZH HHtHL L5 A

A FHRITH (NCET-06-0491) %,
* JWIEH (lingwanting@njau.edu.cn)

fEAER: BEEE (1984—), %, WHLAEAN, WLwRA, FENFIREETS Yedm il 5 AEWEE I, E-mail: Jackzeng0205@126.com
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Fiv IECKE M. JoKBRERE . 28T Rk (200 ~
300 H) ¥yAdrtral; WEEOhAEAl. 5mx 3 m il %,
P I Es i R i e A, & S mnd s oL, IR VKAE,
IKAER, BB LA

PR I B A6 T AR AR B ) 77 5 TR

FFE I (5 A B R EC B R B B8 05 % (BGC) 7o
B 2>k« EVUERTERE B Glomus mosseae (AMF1).
HAEERFE R Glomus etunicatum (AMF2).

BOX A 50K A R B G, HBE
A 5t WA 1.

F1 iR IEOEXMER

Table 1 Basic properties of tested soils

T+ KAEH HHLR (g/kg) pH {H WHE (g/kg) Bk (g/kg) Fiki (g/kg)
+E1 DG 16.8 5.53 629 206 83
T2 ERAgE) 22.8 5.27 296 495 103

VYRR BOHDE A, SN
FMER R, RN R SE A G IRAT, R ARG G
THRERNRA, DM 5], REEGI& U1 LR
HEATIE o WAS#5 5 LR K235 20 35.0 mg/kg.
1.2 XWAHZE

PRI — 1) R & v 4 - 4F 200 g Tk
o, BRECRR) 20 g #5071 B, R 150 g Tl
HAFITE Y+, /KA 50% MR KR, #E .
BER P N 2216 f5 (Medicagosativa L.), T 10%
H,0, Bt 10 min, & 27 570 ik T Bk, 2
~3 Ry, —MZEAMATIE, SR 6 M. i
¥, BAEFIAMFL, AMF2 FIREER IR 3 FhabHe,
AL EE 3 ANEE. £ 5 KRBHLAH BRI E
K9t 55 RJGRFE. HHEREGAMES, BEARMIK
R AT
1.3 HREBRESHTED

Al i Fff 2 (desorbing fraction): HY 3 g T4 i+
FET 25 ml BERGBOE ., A 15 ml $2HGH G4l
KELH], HPCD ¥4 70 mmol/L, S &AMk
0.5g/mb), 7 150 r/min, 25°C, WA TR . W
W) TAJRE 23 00k 60. 120, 240 h, 4/ BE A 25004 A
PERECHY, -+ 2000 r/min R &0 25 min, 8] 1 E3E R
IONHEECH : BB FEWE I, 0~4TC
1o WM ATEE LW 10 ml () 40 F e vl - A
I, B 3 K. ZBUKEHICKIRIRIE e T, hef:
RAFET, PR EARE 2ml, i 0.22 pm FALIER,
HPLC 5 o

HHLAFIFLEA (non-desorbing fraction): ¥ F—
ARG LA 37°C M, A 10ml 1101 (R
oD 1) S e 55 P VR A ARG, B AR AREL 10 min,
B0y, WUE FIEW, ERMAEERGE, TR 5 K. A
O T KGR IR A 8 T, e 8 RAZE T, WEE

FERE 2ml, i 0.22 um FHFLIERL, HPLC 5.,

LELVR A (bound residue): LA bk BRERELE 1
FE, A 10 ml, 2 mol/Lf¥) NaOH, 100C 4fF F7K
W o2h, B, B, B, I ENaOHIEYE
3, WCAEIEVER: 6 mol/L ) HCI i pH i/
20, 10ml ZSUPLER-AE, B 3 K. AHL
WK R I I S8 T, e 28 RAGET, HlEE
AHE 2ml, i 022 pm fHFLEERE, HPLC WlE.

HPLC Zh#r4&ft: (ailikih 4.6 mm x 150 mm %
HE C18 [AHAE; WahA A Bk Al FHEE, #E 1 ml/min;
FEIR 30°C; HEFEE 20 pl; KGR 245 nm.
1.4 EiEaiE

FIH Excel F1 SPSS K f1EAT 5 56 £ 48 (1) 4t vl
AT

2 HRHSIHR

2.1 AM{ERTLIER PAHs MEKEBE

AM RPN AL AM BRI 454 0 B E
#, FIH AM BE ANPGRS T RHYEE 514
APMESE AR AL, SR T P T SRR N R R
BT BEfRS G IR A ALK AR

X 2 RH:FE 55 RJF PR R AR B E ) S
PR R, 4ERRW], ER AMF 5 s SR R
R, B8 1 BAAMFL, AMF2 J5, JE bk
B0 R %4 19.2.20.2 mglkg, Ff# 21k 5] 45.2%.
42.2%; +3E 2 BRF AMFL. AMF2 J5, JERRHE
3 R%E 23.6.23.3 mo/kg, MR BIAE] T 32.7%.
33.4%; TMARBRX D, 148 1. 2 JE AR
WA 22.6.26.4 mglkg, FEARZ5 50104 35.4%. 24.6%.
R AMF J5 1338 i S5k B IR AR 26 LG A 42 Fhoxt iR
%5 6.8% ~ 9.8%. Joner Z5IVRIT ARSI TTVE, fE
PR AR Ty e T g e oAl =i b R )
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WRPs A PAHS R, RIS T, AM BEW]
WALHE L PAHs [FEEME. AM S SAR B AE )
7 L ) B L AR AR AR 2 WA 7 A TR B S
FAMER 22 REE M EUEK BL B, JF AT BL, XLt
Py I3 RE 6 1 38 -1 J98 fule 4= A K (1 084 A5 AP P 489 9
R FORI, V5 PSR R (GGEIREN

59.79 mg/kg), S5 AR AMF MILL, BM AMF 51
e g B R AR B A ORI . 60 R,
b AMF L8 B AR LG AMF XS 72%
~329%, JRETENE KIS T 92%. Ui HEHM AMF
A S 4 v A E P R SR R, BRI e i A g
PAHs (1) [%fi .

® 2 AM {ERTLIER R BIREIRE RIEMHRE
Table 2  Effects of AM on the residual forms and degradation rate of acenaphthene in soils

pusiil MR (mg/kg) FefR (%)
31 182 R 1 182
Xt 226+1.1 264+13 35.4+3.1 24.6+3.7
JEE VY R PE 2 1A 192417 23.6+0.5 452+50 327+14
PEREH W 20.2+0.6 233+04 422+17 33412

ARSI IR RIL, PAHs IR S L VRS &
HEVIRR. TH LT, SRR RN 35.4% ~
45.2%, T LE A HLTE AR 1 R 2 R
HAE 24.6% ~ 33.4%. AP & LN PAHS
(147 VB e A A i 380 88 v, A LD B R ) T 38
th PAHs [RIFf# . 1 REEPD , A HLTRE PAHS
AW RE R S RO T . S HUTAE y—Fh
ERY, HRTR AR PAHs A4
PR, B B g s L A HLBR ZL
Bt PAHs AR BAS, Horh—#5r il Re ST g & 5%
WA, MUBADFIA, NED T AW PAHS
(1 24 ] R LA 3 b AT T S B DA G
2.2 AMERTLIEF PAHs HIIRFRES

BRI R BB A, 4 A TR EL
AR Cn] BB TR B 5 A LR S R B 2 D
HaEEFEM . HETRLH SR E LS TS
FUFEHOIT R UK B 20 BT 7 3 i 5 5 20 BT 1R 3 0 43
BB JE o WUAE T AR H . PR 4y 2 TR I S BR I
AT .

Kl 14 AM fER FHEFE 55 Ko LA it
FIA. SREN, 181 (K 1la) BEMHAMFL )5,
AP A . ML TS 45k AAN N 5.7,
9.9, 3.5mg/kg, 55k AL bR B R IE 3 A
29.8%. 51.9%. 18.3%; 13 1 B:FHAMF2 J5, Wfi
A AHLAFITRIGS . 4akEAD 5N 6.7, 8.0,
5.5 mg/kg, #hk B AL by SR R ELIT LG 43500 32.9%.
39.7%. 27.3%; AR, AR AV
P, SEREAN N 9.2, 105, 29 mg/ky, 5%
B4 43 o TR B R LA 4 i K 40.6% . 46.5% .

12.9%. -4 2 (E 1b) EFAMFJES SR H
AR AS . AHURFIRIUE . 45 a kM ad b Bk
B LG4k 26.3% ~ 32.1%. 33.6% ~ 42.3%. 31.4%
~34.3%; AEFxF I 3 Bk R AL v Sk B LK
Wl 345%. 40.8%. 24.7%. W, +3FEFEHIIRAE
JEAS F B UE WS FEEIESAEAE, IO o] i ST
W, diaikmasnmy el . dE—SiERm, H
FERFERT IR, 2R AMF 5 BRAR T 3438 oo vl i b
BHE PSP E, T 458k 2.
T3 1. 2 HRh AMF G, AT BB AR A AL AR
Bk B L RIS T 17.0% ~ 37.8% #15.4% ~
26.6%, 1 45 A% B e LU IR N T 12.2% ~ 89.5%.
MBS AT T AM 1R R AE Rk L3t
H R RS R G, AT DN PR TR AT S R
A RIS TR B B B s IR s Sh ek T
Zh SRR, X5 Gan25 P RF Y — 8
HARERY, Eh—F)E, LEPZERIER
SO AR R B RN 25% i1 60%%7 . He %>
WEIT T Bk = b X L3R PAHs 45 A& H & EK
W, PAHs S5 Ak EIA 234.45 ~ 1424.57 pg/kg,
ST 33.78 ~ 57.44%. REZHKRIL, LA
Bt PAHs [f— 2], PAHs 4G AL H
FriE S B PEIE AR S RIS b th R BRI RE O B
L AT S I 2 PEg AR ATIA 6.5
~ 8.1 mg/kg, AN E AR 8 1 L
wHA 29~55mg/kg. HHFFIRE, 97% LA L4
BB T LA, JE 3% LURNE Ak
BWIATAE T 3 s oy 08, S g e s
BAGRSEYRE BB EEIE SRR N
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12 a O X e b
O 1 12 ¢
10 | —I_ . B 2
t S
s o 5 8
< <
E 6 £ 6
] i
&1 41 Sy 4t
2L 27
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T A RIS AT Al f Y s HHARFIRIES 4aREs
Bk i
B 1 AM ERTXIEPREMFHREBRES (3, 181 b, 12

Fig. 1 Effects of AM on residual forms of acenaphthene in soils

2.3 AM {EFH T tiEth PAHs B9 B 3

AT PEIGSTR AW DR S, R B A
(B4 B PerEEsEim, Tl Ak vy
PRt . AM AR T REFRAR T3 poE n] RIS T
B, UL 2. R AMFL. AMF2 £53% 55 K5+
e 1 v ] SEIUGS TR E R4r h 15.6. 14.7 mglkg,
358 2 g TSR IGS IR R4 A 155, 16.0 mg/kg.
FHELAR BRI, 3 1, 2w TSR EASR B ) il
FFET 205% ~ 25.3% Al 19.6% ~ 22.2%. #Fh AMF
RERFA -3 by G (v TR Sk B o, kN IERT A )
Mg g B bR, RIMEERN AMF J5 + 2
AIPEHS TR AR Bk B EEY 65.7% ~ 81.7%. Uit
WG FR 55 RJm, EE s A 24350 e T T $E L

25 1
Oy i
Ol
20 | I 8 2 T
g
:g’/ 15 +
)
&1
Ka
= 10 +
)
=
5[
0

tiE1 T2

3%
B2 W AMF B LIBHEAREEIRE
Fig. 2 Residual concentrations of extractable fractions of acenaphthene

in soils with AMF

WREH, SRR R . VRS S L g rp
R HYIRIL, Kigr 112 RGBSk E A
IR TR (1) 16.1% ~ 75.5%,  Ff:fi B[R] 42E K 177 328 5 P AEK
FH, 5 RN ] A 32 B DA T SRS R AT
BEET 3G 0, PR IGRTR B Be A8 4l & A5k B Bl
IEE=4CS R

3 %#it

(1) AM fEHF 338 i Bk St W A8 B
92 b JBE V4 BR 9% %5 1 Glomus mosseae (AMF1) Hi4&
FRFEF T Glomus etunicatum (AMF2) J&, k4
75 B LR S R B AR R A 32.7% ~ 45.2%; %
Bl AMF 5 338 v 5 5k B R A 2 LE RS2 on) R
6.8% ~ 9.8%.

(2) A HUE TS EUA A 1 5 i Bk B 11 3 22350
55, AM PERMEHE T8 & A Z M AL FeRh AMF
Ja b3 1, 2 v ] i R AR LI S AR B
4399 B X B BAAR T 17.0% ~ 37.8% F1 5.4% ~ 26.6%,
1 45 O A%k B e LR R N T 12.2% ~ 89.5%.

(3) AM 1 fig AR - 498 v i T S U TR B
o fHEFFR 55 KRG T3P 54 65.7% ~ 8L.7% Ji /&
Tl PSR, AR X .
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techniques for determining organic compound bound residues in

Effects of Arbuscular Mycorrhiza (AM) on Residual and Forms
of Polycyclic Aromatic Hydrocarbons in Soils

ZENG Yue-chun, LI Qiu-ling, GAO Yan-zheng, LING Wan-ting, XIAO Min

(College of Resource and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Pot experiment was conducted with a series of treatments of soils in a greenhouse to investigate the effects of arbuscular mycorrhiza
(AM) on the residual forms of PAHSs in soils. The initial concentrations of acenaphthene in soils were 35.0 mg/kg. It has been found that AM
significantly reduced acenaphthene content in soils. The degradation rates of acenaphthene in soils with inoculation of Glomus mosseae and Glomus
etunicatum were 32.7% — 45.2%, increased by 6.8% — 9.8% than the control (without AM). The non-desorbing fractions dominated the total residues
of acenaphthene, and AM promoted the transformation between acenaphthene forms. The desorbing fractions and non-desorbing fractions of
acenaphthene were 17.0% — 37.8% and 5.4% — 26.6% lower than the control, while the bound residual was 12.2% — 89.5% higher than the control.
AM may reduce the amount of extractable residues of acenaphthene, however, the extractable fractions account for 65.7% — 81.7% of total residues of
acenaphthene in soils after 55-day incubation, having a toxic risk to organisms.

Key words: Polycyclic aromatic hydrocarbons (PAHs), Residual forms, Arbuscular mycorrhiza (AM), Soil
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