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HEHEE, R

B g prag’

(L. SRR PR 5 TR STRT, U1 AR 61010652, PURE K24 BHIRIREEARE, EIK  400715;

3R TARE R BB E RS TR, HK 1)1

400016)

E O TRV SRS YA YE 2 2 BT IR A LTS e ad B b BOFE R AR, X e T
W51 ( Pheretima sp. ) {5 8% 18 -5 ( Festuca arundinacea ) 652 13 0E 15 YL I R WA RO 78 72 d 156 401 18], B 151
ESEE T 5 Y 14 (20. 24 ~321.42 mg - kg ™) TP P I A K, HARE LU T IR X0 45 SR, AR 5
FAM PN L BRI IL 55.89% ~82.01% VX L FRER(69.91% ) HLICHEIGE 3 i1 -3 - A (75
) RE0(60.06% ) #1% 9.85% , LLICHH AT IRLL(18. 24% ) $i¢ii 50. 67% . 5 Fh A4 AR A WHESZ I 1+ H Y
— WA W 58 HAR T (plant — icrobial interaction ) X £ 25 Bk i 5T ik 5 (44. 08% ) fix Jy ¢ i}, L TG e 451 35 5 i)
(37.54% ) $&55 6. 53% . L WML U513 By ] 5t Ak £ 18 — MM R GEXT T IeE T Qe B A .

KW AYIEE B 5 M) ; -4
HESHES X 171.5 M akFRIRAS . A

% 3 55 4% ( polycyclic aromatic hydrocarbons,
PAHs) & B 455 v 35 3 77 75 19 45 A A HLTS B 4
(persistent organic pollutants, POPs) , £ i & 52 . 7K
B, MRS EAAE A EIRE, B 4
PAHs B35 %] 10° ~ 10" pg - kg™', Rl T4k . #
FIIR K B AT 6 28 @k 10° pg - ke 'L N Z 8
PAHs EABGRN“ =207 200, )™ H & NS
SRS 4 85 + 18 PAHs 15 3 2l R
S5 AT ) A T A

18 52 ( phytoremediation ) # %% /> 50 £ = |
IR, R T B R AR AR AW, 250
ST B T-16 52 R 0 1 O 12 ) s 08 52 28 1 L
B TP R B RO 7 T, R
3 (i a] | 2 A ) X AR BRAE A 82 e Oy
TTSE i /0. RS b, e 135 Bl AN (S RE B35 39 1Y
AL AL IE A B R B e
RIS AR PAHS J2 20 AR 0P 405
PE R HEATEY S )3 3h 5 % A SR ERAR T R
RS TIRE A AL, JCH R 8 ORI B B, BE R X
PAHs {53% 1 3 i) R W) 48 52 7 R AR E AR 7 AHOG

« WS HHE:2010 -03 -30

NEHS 0258 -7971(2010)05 - 0587 —07

WE9T fF W4 18, A B 58 480 LA 34 = 18] ( Pheretima
sp. ) - E3F (Festuca arundinacea) Jyid 56 #4 8}, Xt
FEAFFE M6 Shov) 48 - FE W) R Gi b PAHs £ BR
RO SER , LAY PAHS ¥5 Yt + 184 A= 2505 52 412
PRI

1 #R57E

1.1 RIe4H#

(1) £ %60+, RAFHEZ0~20 cm
b, JeTs g . B T A AL 22.3 g - kg,
CEC 27.43 c¢mol -+ kg™, pH 7. 19, 3%k N, P,K 43
Wk 114.6,24.7,94.8 mg - kg ™.

(2) #4y  Lh2 JAW w3 b kL. #hr
LRV KPS , To w254 P2 597 2 i e 4
.

(3) wH RHANTHFHHREE. BEFIk:
ARy 2e 2 i 2 K () I, BB A%, L 60
g - kg7 (TEL) MRS RIG YA 5 + R
SIJE TR IR AL B A B8] 2 0UR
KB 10 min f5, 455 AFEFRAEH, (20 £2)C |

E €A : B ZBHCHEHR BB H (2007BAD87B10 - 05) ; H Z @ AT & e it1) “863” Bt B3 H (2006AA107427) .
YEE RN WEEIE(1973 -) 55 BB 1, NG A BB EZ I E ST, E - mail ; panwang@ swu. edu. cn.
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$32 %

40% M 8] F5 7K & ( water holding capacity, WHC) |
ENEEE 30 d )5, R SE RN (65 :0.5 ~0.6
g R HK 7 ~ 8 cm) AMAETFH]

(4) & DIt (Pyr,pyrene) 2 PAHs {03

Yy (P2 Fluka 28w 244, 4657 >98% ).
1.2 R HZE AR NPT, 25
W72 d. £HEREESE AT ot 3 mm G R —RE R
BTN 5, Y 50 AE 3R 2 T I 4% &
J& AR GRS, IR TS AR R, 2R
BEFEANGS 3 mm G, 65 6 D5 YK (T, ~ Ts).
40% WHC TV 1 JaJa , A5 4 e rh e i) 4 o
A5k :0(T,) ,20.24(T,),39.58(T,),79. 86
(T,),160.64(T,),321.42(T,)mg - kg ". iR L4
NAB24H.

A HEFE 4 AbE EE S Y AbBET (CK, )
HHEFANA 0. 1% NaN; (Hil ik i bk ) ', 6
faY; A B 2 (CK,): JCHE 4. JC NaN,; 4k 3 3
(TRy) : MY 1 0. 1% NaNy; 4b3H 4 (TR, ) : Ff
FE) TG NaN,. 3% 205 (B4 2 kg, 33t 120
%) B CK, ,CK, #b, B2 008 B a0 4 i
12 Bk w5 W 18], B oK = iR 4EFF 78 25 °C, 350
+s) TOBIREREL T RFZOLIR 16 h, B [H]
FAEHITE 12 C /ity s WHC ZERFTE 40% .

B 4 BREFAASIN 8 S5 151 4h i g 1t ik

WS A AR, A # AN O (5
(], %of AR A (CK, ) i A S AR ) 4 57 | I - 24
W 15.03% , 2515 4K (T, ~ Ty) TR A KR
HIHRE T, H( -13.38% ) 255 A 8% (p >
0.05) , H'EALFE(CK, , TR, , TR, ) I AYAE KARAL S
CK, 250, VAR 4 18 A gl AR )
1.3 HmUEEREES L5 MYHANPE
MIFEEL G LT S ISR 12 ] et A 28U e i
PREC 4k 2 18 Johnson' 7 i, WS AT BiC o - Y5
TGRS 7E 25 B 1K P 5 3R 12 h S R B AL
RERC 48 b, T F8 /- HEAR N A BT s, Ve
UEARIR T PR WA E S TR, BRI 5 3
fEE R IOK MR RS, HIEC be R K212
h PR B W 45 2 1 mL Ji, JHBERS B 6 (035 15
(gel permeation chromatography, GPC) 2% [ i1 I 5%
ROIBMA N 2 ka5 T WEDESR 1 0. 22 um
LA BB MR fS o DU

25 |- 3R B Ak B S, HPLC ( Waters600 ) il 52,
DAD I #% (A =246 nm) i sl AH Ky FHEEANK (83

pmol - (m’

D17) . FEBLAE R KPR 54.2 pg - L1, HgErp
EERINAR (MR T ) Rl 94.36% (n =17,
RSD <6.58% ) MHL LN 93.07% (n =7 ,RSD <
5.61% ) . W 13 20 247 2 89. 24% (n =7, RSD <
6.71%).

1.4 3EALIE ] SPSS13.0 #£47 Duncans £ &
H. % (Duncan’s multiple range test, DMRT). + 3
B AR (R)HHELN:R=(C, - C,) x100%/
Co,Co AWIMEAREE , C, R UL 5 Bk B KPR A
T i MEELBRAY TR (T, B @ XFEE ) 32 PR 25
Prig 5P a i | o0 ) i HE R T = R, x
100%/(m « Cy) , Herpr R, B+ i XFeE 0 SE PR &
Bre,m A R FS L A A AR N
FHITTRRR Z FIR 55T 2 BR% R.

2 #ER55H

2.1 wpWIiESEW ARG K1 TR,
FEE AR VR VS RN, @ E P TR
154 IR REAS IE R AR JOhE ] (A ) B, HR
MY LS T, 754K F(2.98 g,0. 067 )
[ 25 5 A2 (p >0.05) ; A il (B 20) B, bk
A B R TS Y KO A 4l A B8 7. 56% ~
19.77% (E-Y9{E 13.86% ) , Hp | T, ~ T, 7K1y 3
MAEYES A diH) 2503 (p <0.05) . AR L
J116.89% ~20.78% (F-4418 18.49% ) , 5[d)i5 Yx
JKAF- A 2H 8] 22 57 1.3 (p <0..05) . L i 451 3% 3l g
PRIEEE TS Y A BT PR i A K
2.2 wpWIESEWESENZm £ 1 DR
1Y SEBR 25 bR ST IR A o, S e 4] Y g - AE
WA (TR,) TEE Y 5% B & B AT R — 5 Lok
FAHBA(TR,)FREES A4 (TR,) HER D
F(p<0.05); 5TIMPERR A 4 (CK,) ] 257
Wi (p <0.01). i3d B i W) % Bh 42 i2F T e i &%
FR Al 1 P B8 ) h vk B Bk B R, AT gk —
AAHER L LBRNG O 25 3 0o, P i 220 1 1 458
HEE R BRR I 5 T R T5 KO R B A B T,
~Ts JEREIN, B 4 4 (TR,) HEEpy-F- 24 L BR 0w
75 69.91% (55.89% ~82.01% ) ; JChir | /E FHK) A
2 (TR,) F3rh, SF- 35 L[5 60. 06% (47. 28%
~75.43% ) , i JCHE) X R4 (CK, ) /LN 18.24%
(12.28% ~24.23%).
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T, T, T, T,
PR

o 5] & A 5|

T,:0;T,:20.24;T,:39.58;T,:79.86;T, :160. 64T, :321.42 mg - kg~
1 REAFBRKETEEFHNERRR

Fig. 1 Growth difference of Festuca arundinacea in soils without NaN; under different Pyr pollution levels

®1 FARALEEGHTHERENZEBE (ng - kg™')

Tab. 1 Residual Pyr in soils under different treatment conditions(mg - kg™")

T, T, T,

ib 3 T, T,
A A2 (CK,)  15.34 £0.48" 31.19 £0.89™
AdabEE4 (TR,)  4.97 +0.22" 13.52 £0.43™
BA4b¥E4 (TR,)  3.64 +0.21" 9.37 +0.53™

65.65 £1.76™ 135.42 +2.66™ 281.95 +3.24M

33.01 £0.94" 75.42 £1.77% 169.45 +3.28"

22.95 +1.41% 57.73 £3.27™ 141.77 £5.89™

IR NG FHERIRAE 1% 5% KV 2% 5 3%

AAFVE R 75 4K A, B 4 43
BE Y R BRAE 2 S S IS Sl R EE TS Y B
BORAREM LR (I 2). al LU Y ARG 5K F
L HEISIE BN L ER SR AR A — PR
Je(Ty) o A i ey (12 60% ) , BG4 (T ) i
RZ(8.62% ) B T59%(T,) X H6.59% .

14.

13.
=12.

11,
@10.

79. 86, 12. 60

/

SR
9P Nw©

[=eleoNoNoNeNoloeNola)

0 50 100 150 200 250 300
HI4E PR L/ (mg kg ™)
2 AEFBRAETERNRBLERER
Fig. 2 Enhanced Pyr dissipation rates of soils with differ-

ent pollution levels

2.3 wBEFHNENERENLIE T RS
FRE W AP SR LR HER e 4l
ZUP AR ZRve i 2280 25U 4 2 8L (RCFs or SCFs,

root or shoot concentration factors) (UMK 3). B &
L BEE R AR A I B A R A, B R BTG R,
1Ml RCFs, SCFs MIZ Wi/ s A [F]75 G K FF A e
| 5% Sl I Ay 2H 2R b et B BR R R I T e i s
RCFs,SCFs 75 T ICur 4516, 4 T, ~ T 7K,
B8] RCFs, SCFs 3 90. 30 (39. 12 ~171.79),
27.42(13.97 ~47.15)mg - kg ™", A b 18] 15543 51 Ay
80.31(36.49 ~154.73),24.25(12.46 ~41.32)
mg - kg ™' ; JCHE 8 B RCFs, SCFs f 3.38 (1. 01 ~
7.87) 1.14(0.27 ~2.81)mg - kg™", 5 18] 1 4
A EFZE4.21(1.09 ~10.02) ,1.39(0.29 ~3.42)
mg + kg™,

2.4 MEWEEIEEBRAELEE TEDPEN
bR TR T A& A AE Y AR A R Y 3[R A
AR T, T, T, T, T AR AR A YRR
(abiotic loss) \ A8 #1{% #f (plant degradation) | & %
(plant accumulation ) | ## A= ¥ [ f# ( microbial degra-
dation) fH Y — #8491 32 HAE FH (plant — microbial
interaction) fEtE EBRIIFE P Y TTHRSE, T R, LR, LR,
R, FREARB 5]+ CK, |, CK, , TR, , TR, HiE )2
BRI FEANE SRR [ 28 AR RIS 0T A
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$32 %

190 a 110.5
=~ 170} () brh ] gg
00 * 1 ©.
S o [{7.5%
w0 130} {6.5W
E
< 110} 155§
B g0l o {a5%
= Q 13.5%
NS 70 19 53«3—
m¢ a ’
=< 50 @ B = 11.5

o= B | EL s:s:;T X105

Tl TZ — T3 4 5
15 47K

SE =—RN —&—R(CFs-E—%—RCFs-N

. 13.5
~50F (b) _
S| 5 3.0
.40} 12.5 =
E35¢t 12.0 5
30 ¢ e
A% a 1L.56 =
K25} a =
=20} 110 4
M5t : = 10.5

10 LEZ , A A 3 0

T, T, - T3 T, T,
154K
SE C=—3RN —&— RCFs—E—%—RCFs-N

RE,SE I RN, SN 735 RIS N AR BN 451 i pEAEAR 32 2RI AR R B, ) — 15 ek B TR) B 3RoR 22 5+ 3% (p
<0.05) ;RCFs - E,SCFs - E I RCFs - N,SCFs — N Sy #8fil AR AN 6] AR 2 ZEM R 4 R4, + 2Rl —i53ek-F 122

5B (p <0.05)

3 EVEANENESER

Fig.3 Pyr in plant as a function of Pyr concentrations in soils
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a?’

T, +T,,

a

T, +T, +T,,
=T, +T, +T,+T,+T,.

B 28 v, PR 051 28 00 e 8 LR i T L B
Wi 8515 Sh X 25k A= ) A AR DTl e AR A R AL
ZBRIEA], B 41 CK,,CK,,TR,, TR, ity LR %
B I ESUYSE

AR, =T, +T,,

AR, =T, + T, +T,,

w 8] —_
I n

5 ™ x>

AR, =T, +T: + T +T,,

AR, =T, + T +Ty + T, + T, +T,,
AR, AR, ARy AR, 735 D9 B8 i 51 )= CK,
CK,,TR,, TR, hEEEERRGHFLIL AT A 4
TAEP LB A T, T T T, T, AR
Welsl i ST S ey 1,, 1., Ty, T, T, ZAti, T, AR
FEME W51 20 2 HE MOV IR 28 BRI TR, | -
B Wi AU W] DUER A A R
BN R LR R P STk AR (K 2).

K2 &Y EEYETFEEEETETETEFOTEE (%)
Tab. 2 Contributions of biotic & abiotic factors to remediation of Pyr in soils(%o)
BREHF T, T, T, T, T;
A 32.07 £13.2™ 29.28 +1.14M 25.64 £0.89A™  22.61 +0.83*™ 18.16 +1.04™
> (1.17) (1.93) (2.28) (1.51) (1.16)
A 210.23 +4.87"  182.62 +4.58"  152.25 £3.62"  134.34 £3.33°"  104.62 +2.81%
” - (14.46) (27.53) (37.61) * (34.15) " (18.47)
oy 15.61 £2.09"  11.74+1.78""  7.69 £1.17" 5.51+0.83" 3.29 +£0.74"
- ( -0.04) ( -0.07) (-0.11) ( -0.06) ( -0.03)
Kt 71.09 £2.29* 42.52 £3.17A™ 31.19 +2.89" 13.92 £1.57“ 11.23 +1.31™
(6.94) (5.71) (4.06) (3.18) (2.22)
e W] 5T £E 1.31 0.98 0.73 0.51 0.37
Y - MUAEY RS 425.31 £17.41% 392.44 +16.57™  369.87 +15.89"  354.08 +14.78%*  335.48 +14.41“
HAEH (41.98) (68.61) " (81.31) " (70.82) * (63.93) "

[R5l 5 RS Rl AT R 5 /N E FRERIRTE 5% KF 128 5 038 455 B AR R BN 151 /5 1% R 7 X e 1 2 BRu AL 28, + AR08

AR E B3 (p <0.05)
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5 A U E, i 153 Bh i 4 - MY R S
(TR,) HEEM X RBR 45 9. 85% , {H iz 5] 2
AU B G B a1 0. 08% , it B e 15 1)
WS AN SR B B A 22 bR 0 B A2 il
R AR O AR AR X 22 B 1 - s Ak
FAUH 0.16% ,0.43% , — FH WA EmA L FRE &
iR MR MUE YRR Y - e E
VE G 25 B 1) BT kR A8 TR B 45K, RT3 48 A
ZH(15.68% )32 2.64% ,J5H%E A 41(37.54% )
PE1E 6. 53% , 43 I o s AL J BRI 4 1Y 27. 98%
69.12%.

3 it ®

WFFEIE S e s 2+ R A
BHE YRR Y - e AR R L
- MY RS BR RIS Y ) E B R AR IR R4
WA FPE P JTR  A BE  A AEAS TR A i)
FEFE— 8 BFRIE) 22 5, 7= A AR B R At 87 7T
AR —RE 1 X5 Yy i 2L 5 YL R v AR
AIG IR R e R Y 0 E S AR
T BRSPS A BT Y P IR R AR G HE Rk
i AR S X R R JC B B 25 5, A R
FEES T e R s = A

72 d i B, w051 S 3 - A R G
G TR L B H 60.06% I THE 69.91% , %
b =B F R A 9. 85% . Hirp,27. 98% s AL 43
JE T 1A MR A 5 69. 12% (A5 AL 3R 43 TR T4 4 -
A A TAE . 0 e IR AR 16 5 - R S e
TR TR R A o AL AN, T R A AT - T
H: W) 52 B AR SR Schaefer 2617 I, i 451 375
SR BEHE R 500 B SRR 5 % | 3 v
N, P o5 S H 8 37 R R HE - S0 W b e 3
K R AR Pt 2 AR . i
M # ( Pseudomonas) \FLFF i ( Acidobacterium ) DL &
B (Penicillium) . B2 7 ( Mucor) . i 75 14 ( As-
pergillus) X [ fift PAHs W B B B 1 £ if 1F
FHUSTO AR BF G R th OB TS 4 (79, 86
mg - kg ') AT 95135 Bl 8 25 6k B 5 Ak kSR i i
(12.60% ). X Al RE- S MK TS5 Ye IR 2 s e W i A= )
AR PR 95 e 2 F VR A58 kW
TR A

JAE R 2 2R R EE A A PR (0. 08% )
{EUME 05| 755 B BE k3 - HEAY FRAL P B RS T BED

U H R b S e SR Y R 0 AR 0 -
W) 555 P 1 A W) i 28 ¢ EE B Mallakin ™' G0
H 3T HARFE « #A5H PAHs 4 T 5,
7oA A S AR R S PAHS % 1R S AL
i, A I A UF + S SR P R K R
PE R . 1A, BT U515 200 25 2 2526 K AR
P, eGSR o AR 2R A K B AR T, X sk — 2
AR5 3 P SR AAR ) — T 58 A
A+ 4 EERIER.

(A R, S AR TR S Yk R 4 — Al
ZGAALL , BEIE)E S AR b W M 4L 4R B
BRI 3 R () i B2 Ml A T R A1, 795 e (321. 42
mg - kg™ ) IFAIFL R BALT A 41(p <0.05) ;
F R TE LB TR LI/ T A 21, 33T
BE S ML IB1 T SR HE T L — A RGEXT BRI R
5% B P AT T LR 2R M MR P 14 2 R A X
A e IR AL, 081 S B A R
WA M G E e R R RO B AR R S
XU

4 & i

TE 20.24 ~321.42 mg * kg"‘t‘E‘i%;,f%j:i%EP,ﬁlji
WG gt TR MY EFEr AR R ETE R
HERIBE AR T2 d 5, 13 - M RGP T
B2 2(69. 91% ) Lo Tl 8] 5% S (60. 06% ) 4
5 9.85% , Y5 YL (79. 86 mg - kg™ ) IR AL AL
N i (12.60% ) (B8 B AR Y Fr F BB R
FEARLS Y 7K ST JE M 051355 St B0 /0. i 1 52 R
AR — TR SR A R S X 2R
TR (44. 08% ) B ICHT US| A5 25 6. 53% , | S
ALY 69. 12% . 13 WA e 451 375 50 %5 A8 416 52 1 ik
PR 3 B R A - RS HAE S B
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Abstract : To investigate the contribution of the soil macrofauna on the dissipation of polycyclic aromatic hy-
drocarbons ( PAHs) in rhizosphere soil, pot experiments were carried out to study the effect of earthworms
( Pheretima sp. ) working on pyrene — polluted soil being remedied by Fesiuca arundinacea. The results showed
that earthworms’ activities promoted the roots growth of Festuca arundinacea in soils (with Pyr concentrations
ranging from 20.24 to 321.42 mg + kg ') , and the root/shoot ratio was apparently increased. Seventy — two days
after earthworms were introduced ,the Pyr in the soils with the plants was 69.91% removed, which was 9. 85%
greater than that was without earthworms,and 50.67% greater than in non — vegetated soils without earthworms.
Among all possible pathways,the plant — microbial interaction was proved to be most efficient in Pyr degradation,
and it accounted for 44.08% of the total removal with earthworms’ activities, which was 6. 53% higher than the
soils without earthworms. Besides the accumulation of Pyr in grass was found to be reduced by incubation of
earthworm in soils, thus the ecological risks of Pyr could be relieved. It was suggested that introducing earthworms
into the soil — plant system could be a feasible way for establishing high efficient phytoremediation of soil polluted
by PAHs.
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Study on the selective ring — opening reaction of (Iso ) spirostanol saponins

CHENG Shui-lian'*, LEI Ze'”, HU Da-wei' , JIANG Ming-zhong' ,
ZHU Zheng-hui' , WEN Xiao-Jiang’ , MU Xiao-yun’ , ZHU Hong-you'”
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Abstract : The highly selective conversion of the side chain in diosgenin and tigogenin into 26 — chloro - 163
— acetoxy —22 — one — framework was achieved in good yields using the new E/F ring — opening system , namely
acetyl chloride and CH,Cl, in the presence of catalytic amount of anhydrous AlCl;. The corresponding ring —
opened products have been prepared and characterized. Mechanism has been proposed for this new reaction.
These ring — opened products were particularly suitable as new starting material for synthesizing bioactive steroids
with side chain,because of having the intact skeleton of cholestanol alkanes and several functional groups at the
positions of C16,C22 and C26.

Key words : diosgenin ; tigogenin ;26 — chloro — 168 — acetoxy —22 — one — framework ; E/F ring — opened re-

action



