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Abstract: Petroleum- contaminated soil after fiveyear phytoremediation was taken as tested soil initially spiked with a serial diesel
concentration of 5000, 15000 and 30 000 mg/kg ( dry weight). Residual concentrations of mineral oil by chemical analysis of
gravimetry, as well as the soibbased ecotoxicity to wheat ( Triticum aestivum L.), the terrestrial higher plant by several eco
toxicological bivassays including seed germination and root elongation test, early seedling growth test, contents of cytochrome P450
monooxygenases, activities of antioxidant enzymes ( superoxide dismutase, SO0D, and peroxidase, POD), and lipid peroxide
( malondialdehyd, M DA) content in wheat seedling leaves, ete. were evaluated. Results showed that mineral oil was well removed in
each treatment by chemical analysis, with residual concentrations ranging from 199 to 877 mg/ kg ( dry weight) and with total
removal rates between 90. 1% and 97. 2% . The evaluating results by eco-toxicological assays differed to some extent from those by
chemical analysis, meanw hile, eco toxicity of each treatment differed depending on endpoints by different bioassays. Among the eco
toxicological indexes, root length (48h), root fresh weight (7d), contents of P450, activities of SOD, and contents of MDA, ete.
exhibited better indication to the soil toxicity. The general evaluation by combining the two analyses chemical and eco-toxicological
indicated that the ecological risk was higher in most intermediately- and heavily-contaminated treatments ( initially spiked with diesel
concentration of 15000 mg/ kg and 30 000 mg/ kg) .
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Table 1 Lol 3‘) orthogonal experiment design

( Cephalosporium sp. 1,

Ab PR SEh ey mgkg VOoATPLIR e MRS % LA %
S 5000 0 2 5
52 5000 2 0 2
S3 5000 5 5 0
54 15 000 0 0 0
S5 15 000 2 5 5
56 15 000 5 2 2
57 30000 0 5 2
S8 30 000 2 2 0
S9 30 000 5 0 5
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BEPEMAAH] N ( Triticum aestivum L. ) F -7,

an PO IR 14 5, W 3378 Rl
TR BT A 225 38 S 2 Hr 4.
F 2 Lo(3) ki AT maEss B R

Table 2 Some physiochemical properties of tested soil in

the Lo( 3%) pot experiment

pH  TOC/%  TN/% TP/ % TK/% CEC"/emolokg™ !
6.22 1.99 0.11 0.04 0. 18 12.26

1) B Ag i

1.2 K250 HT

R 15 5300 i 130 4 ah 7 & 4 A R R &
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Py 2F e R AR KR 5 2 OECD Jy k8.
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(S1 82 S3) Rz, gy ab FEL ( S4 S5 S6) 1) % fif
FN AR, 7] LA B, 76 Al iys e H e 2
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Fig. 1 Conecentrations and degradation rates of mineral oil

in Lol 34)
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I S1.S2 1S3 Ab 1 MR K 43 51 g ) B Ak B 1)
99.5% 98.2% Fl1 96. 5% . K S4 Fl S6 4h3 A
[Fi) 5 A8 A TR, B v 10 B, (FL2 Ak B ) 7 B )
) 22 S AT L (p > 0.05) . dbAh, & b B K G
|‘|'-fr3’1$4¢?~7i"ﬁfa%éﬂ.’i¥’rur 'E%‘(;» 0.05). o WL, %
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Table 3 Results of seed germination and root elongation, and seedling growth in Le{ 34) treatments/ %

48h Fiy e 2 BORR

7d A

ik P
g B {11319 HK Py Mo b WRE

Sl 91.4%3.4 99.5%2.6 109.2 6. 2 110.4*16.3 124.8 21,17 106.3£21.8
s2 98.3%10.3 98.2+7.7 109.3%4.9 113.6 %8, 1 127.8 £4.3° 119.9%17.7
S3 100.0£4. 0 96.5%4.7 101.3%£2.5 113.0%5.1 127.0%6. 1" 101.9%7.8

S4 93.1%8.9 100.9%9.6 97.2 +2.2 112.5%15.0 115.9 18, 1 108.2%10.0
S5 94.8+3. 4 94.7%2.6 100.2£10. 4 116.9 8.8 122.6+14.2° 102.119. 8

S6 91.4%3. 4 86.1%1.9" 93.0%6.3 136.2+9.0 166.2+12. 0" 92.4%9.9

s7 91.4%6.6 84.5%4.9 103.3%10.2 125.6 £7.0° 132.7%7.9° 69.6%8.5
S8 100.0%4. 0 95.8%2.4 104.0%0. 1 130.7 *14.0° 150. 6 £14. 3 86.5%13.1
S9 94.8 £8.7 88.612.3" 103.8%2.5 136.9 %6, 9" 163.4£11.2° 77.8£11.6°

1) e i B S 45 TOTAR B S & L IR v o B, + om0 IRV P i) FLAT 22 5 L, a= 0. 05
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X p< 0.05). A Hr LW, 04 ab vk B & 5+
HENE AR B T JE S (p > 0.05) . AR, BT
AU T B AR R R T R ) A O SG
A MK RE r A5 - 0.883(p < 0.01) Al
- 0.878(p< 0.01). 3¢ I, i KM EwE L
IR, - HEr iR R 4 il 4 4 K 2 M B AR FLAE S T
I PEARA, (R 3X 265 G e 1 3 b n] gk A2 2
P55 Bt iz, DM FC AR ) 85 1t AR BTG, ) St v e
L3R AR AU P AT R 5T S A 2
R —JE AR K BLAE ) I R e s v, B
JUTBR, 53— A AN ] ) B4R 3R HI 4 Jot,
B 55 B . TN R AE K P RIS 5 Y
BEPE R AHOC I, T A R ER O, R A
gl 1214 LIRS R, AR R PR R 0
AR =1 1% A T B0 SR R 1 R
R, ZEATPLTS 3 b 3eh, HbRTS B8 & & BRI
ANFERAT LB (1 BRA, X e AR = M R4 T
SRS TR, b, Hb b6 T AR T ) LG AN

S1 3 S9 W Ky X AL HE( 1. 17 1. 07 \1. 25 .1. 07 -
1.20 .1.80 .1.91 .1.74 1 2. 10 {5, #1346 (1 0F 42
KAR W fie T BUE D IR, R AR R 40 0 2 1E
PUEE S BRAR, X FE, LA O X Ve A KA ).
K, S6 S7 S8 89 AbH ) A= 2 KU k.

Fb e 1 AR A e B P FURR 7 K 2F BRI 1)
SOk R A5 S I, MRS v Gl e (1 e R A
2NN ) 2d 5 7d) )-SR s, P R
MK r= 0.813(p< 0.01), Ho _EFB WA B35, %f —
Segli £h 2% s Y I 9T O3 W, /N2 6f A7 i B 1
it e, L AR o6 A LS e s P AR
g5 ik —DAIE W/ ZE R R bR (D0 3L &)y AR ) X
AhTE g R E SR s E . 2 KINEY
B82S e ahys 4 3, B 1 7 A 6 b AR )
FAT #PE BLAEY ol R PE 39 bn, 35 51 k2 k4 6 b
RS A A= A T
2.2.3 N #E(MDA) & &

JR AR RL A AL P2 MDA (155 B /2 40 i i 52 46 2
JEREERARZ —, A H T R s ) A A7 T 55 4% A
()30 5 R, St s e - AT A 08 52 0] /N 22
o MDA 5 5 10 52 W B A5 Dy 36 9 152 185 o S0 e
AR P 3 (Bt A 51 1Y), BIOAEG 34 J3E Haehl, e oA 5 R
W, 275 Gy T B e FE I, AL A0 I 1 BB 4h R
W, FECMDA R FRAC. 6 T 5 5 )5 13
WREE KWWK 4), (K77 G4 PEZH (S1 S2 il S3)
Ferbrym Je b Plieh S4 ) MDA £ B 152 30 W) 8 i )
W, b s Y Ab BB S4) B i MDA fRIEART
X RALEE L S5 ST T S9 ) MDA 7 57 F
2 AR, 45 A w0 Ak 2 o B A5 R aT LAk,
MDA 75 35 1) BRI S /N 22 08 e 2l - 18 i 192 (A
I, MDA 25 5 # 52 ff FEAE ] S5 .87 S9 S5 i

F4 NEMEPH-MEERATLAEL

Table 4 Contents of malondialdehyd ( MDA) and activities

of antioxidant enzymes in w heat leaves

MDA/ son/ POD/
L - L Lo
Hmol*mg U*{ mg*min) AMT0nm* ( mg* min)
CK 1.65%0.07 (100) 61.6X1.1(100) 8 0Z0.6(100)
Sl 2.13%0.05 (129)° 60.9E1.0(99) 8. 6X0.3(108)
s2 1.96%0.17 (119)° 32.1%4.1(52)°  7.0%0.02 (87)"
s3 2.03%0.08 (123)° 29.7%2.7 (48)"  8.5%0.2(106)
S4 2.37%0.21 (144)° 66.916.6 (109)  9.0%0.2(113)"
S5 1.25%0.05 (76)" 43.9%6.2(71)"  9.6%0.01 (120)°
S6 1.5320.08 (91) 67.7£2.2(110) 10.2%0.04 (127)°
s7 1.28%0.04 (82)° 89.0%2.3 (144)° 11.3%0.4 (141)°
S8 1.57%0.04 (95 62.4x1.6(101) 9.5%0.3(118)"
s9 1.2130.05 (76)° 92.6%2.3(150)° 8.8%0.3(110)"

1) F2 b B b T S bRl 2, 5 N S A T B, Feai s
W%, a= 0.05
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Fig. 2 Cytochrome P450 contents in wheat leaves
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