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Study on Phytoremediation of Phenanthrene-Contaminated Soil with Alfalfa

( Medicago sativa L.)
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Abstract: Pot experiment was used to investigate phytoremediation of phenanthrene-contaminated soil with alfalfal Medicago sativa L. . Results
indicated that phenanthrene had inhibitive effect on alfalfa growth, and higher phenanthrene concentration seriously prevent alfalfa growth.
When the concentration was 445.22 mg/kg, the shoot and root biomasses were only 57.31% and 31.20% of control respectively. Alfalfa
significantly promoted phenanthrene degradation in the soil. After 60 days, 85.68% ~ 91.40% and 75.25% ~ 86.61% of spiked
phenanthrene disappeared from the rhizosphere and non-rhizosphere soils respectively. And the average removal ratio of phenanthrene in
rhizosphere soils was 6.33% higher than that in non-rhizoshpere soils. The residual concentration of phenanthrene in the rhizosphere was lower
than that in the non-rhizosphere but the dehydrogenase activity was on the contrary. With phenanthrene concentration increase the removal ratio
and dehydrogenase activity decreased. A positive correlation was observed between the soil dehydrogenase activity and the removal ratio of
phenanthrene in both the rhizosphere and non-thizosphere soils. Therefore the presence of alfalfa roots was effective in promating the
phytoremediation of phenanthrene.
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Table 1  Initial concentration of different treatment of phenanthrene/mg* kg'l
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Fig.1 Biomass of alfalfa growing in the soil contaminated

with phenanthrene
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Fig.2 Residual concentration of phenanthrene in different treatments
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Fig.3  Removal ratio of phenanthrene in different treatments
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Table 2 Dehydrogenase activity in the rhizosphere and non-rhizosphere

soil contaminated with phenanthrene/pg® g ™"
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Fig.4  Correlation between the removal ratio of phenanthrene and

dehydrogenase activity in the rhizosphere and non-rhiazosphere

LB AR 60 d BR5e T, Bl A A) SEE 759 LA B
BTNy & UM /L NP AR R INCE L[l
5 S AN S TE ALY G 0 W K v A S A
FUIR A OB 22 2855 8 ERTEE 2B (F 5T R 2 /)
T 0.54%" AT WA YRR S IEAS R YL B
TIPSR LR R, 5t 2 5
S 11 B8R i 2 SR A A (R A7 AR I T AR BRI 2 40 1) B
A P, (ERE IR A P L A 15 30— 25
5T

A LRI AT S8 2 3RS Y AR H,
I FLAR B 138 o S5 10 25 BR AR B AR B A2 52 A )
R RS W (R AR - b ST — AN X, AR - -
A5 B4 BAE 3 B, XA X3k 5 6
R FR AR IR DX 500 A2 AR 2R 1 5 I AR o A 58 LA A
AP IIAE DI E 2 REE S AR, X T4
by YL i) I Al R AT TR HL RO AR B A
) BT AR 22 P LS Y (B T R B A 85
HH IR 2R 53 S 40 B A 0T APt 7 384 00 177 384 s 5 A
WIS G 10 B A% . Yoshitomi 25 38 3 BEAUURE B 3K 355, WF
TR R WS AR B A= W B A C bR id EE 1 5%,
LT KR R 40 WA 3 3o A1 AR s 2B B U 1 2
KM PLHE T HEAOB™ A5 fr] s 25 B 0l R s 24 355 4% 1F
LR W LS (PCP) Y e - 15 E
IS S AR, & SR W 3 3k V28 AR 2R 20 s 0 0 A1 3t
FL G 0 A AR Rentz 45t AIE B3 INAR ZR 32 B
Ao vy DR HE 2R IR a P8 10 B 27 Bir LA, #E
B A A AR K AR T m 2 05 ki g+
BB SR ARG T, AR PR R AR B L
AR B i, 1 RE S R S AR W B A 1R
ghgL

ity A T 3 EE LA G A, S T A b A

SN EAE S o SLRE PR AR T B 3 TR )
JiFAR  RE LA L 5 G it 25 BE 0 ¥ i 5 . 0
i 22 2 i 7R ) MO P R R A AT B IR I A
82T b e () JE S P O S e 8 1 g A
i A AT LA TR] 8 S e 49 v A A A A i
SRR E AR S TR S ) AR A M AR RS B A
FEPABE A B O¢ AR 45 R s, R
Fe A g Pt S Sl TR AT O O S A
JEM L Bt my, X R AR B R SR R R
e AR B A — AN DR LB DU A X A g S
(K325 B 5 PR 1 4 i O S s R 4 v Ay
KR, H I A A, 5 L S R A, )
LASR r H 0T 22 34 5 e e - R (118 S g

4 ZEie

(D Z I IR E 15 1 A HAIHIER AR
WSS A AR ) B0 B MR A0 e R S S 7 T A
WA R

QO E 1 R B e 3 L mE R, B4
REfE e 1t 3 b SE A L B (H BEAGE BT 4R o B2 18 T, 3
FE S rh B 5 B 0 . A AR B R SR 2 B
i T AR R g, EBRACR W] W

(3) 338 e It S Mg 0 1 L5 S 1 2 B 0 8 35 A
I AR B 35 o i SRR M v T AR AR B g, AR
e T AR BE g SR e BR
S k-

[ 1] Dugay As Herrrenkencht C; Czok M, et al. New procedure for
selective extraction of polycyclic aromatic hydrocarbons in plants for
gas chromatographic-mass spectrometric analysis [ J 1. Journal of
Chromatography A, 2002,958:1~7.

C2] ki, Dkess, B, 2. At o U o 2 3855 &
(PAHS VT QERFAEL 1. 3R RE , 2006, 27(7): 1269 ~ 1275

[3] Juhasz A L, Naidu R. Bioremediation of high molecular weight
polycyclic aromatic hydrocarbons: a review of the microbial
degradation of benzol alpyrenel J1. International Biodeterioration &
Biodegradation, 2000,45: 57 ~ 88.

L4 althese, 58K W, T oaam, 55 . WA ECI xS L3 LS 39
e SUrsiLy]. HIERFEBERE, 2004,19(2): 197 ~ 203.

5] MBS g twmiyegorall MKsE s,
2003,27(6): 473 ~ 475.

6] Wi, fik&, MER. G0 &TESERYE L
JELy]. A IE, 2004,23 (1): 90~ 96.

71 4, WSS, PR e SRR S A R0g]. &
B 5 R, 20045 6:35 ~ 38.

[ 81 Aprill W, Sims R C. Evaluation of the use of prairie grasses for

stimulating polycyclic aromatic hydrocarbon  treatment in soil[ J].

Chemospheres 1990,20: 253 ~ 265.



2084 wooos B 284
L9] Banks M K, Lee E, Schawab A P. Evaluation of dissipation S S AR AL ] BRI R, 2006, 27(9): 1884 ~ 1888.
mechanism for benzol a Jpyrene in the rthizophere of tall fescuel J1. [20] Kaimi E; Mukaidani T, Miyoshi S, et al. Ryegrass enhancement of
Journal of Environmental Quality, 1999,28:294 ~ 298. biodegradation in diesel-contaminated soil [ JJ. Environmental and
L10]  MBRHT, REST HWMER PAHs A4 v G 1358 (1 1 75 Experimental Botany, 2006,55: 110 ~ 119.
FELT] AR AR, 1999,10€2): 225 ~ 229, [21] Liste H H, Alexander M. Plant-promoted pyrene degradation in soil
[11]  Bienet P, Portal J M, Leyal C. Disipation of 3-6-ring polycyclic [7]. Chemospheres 2000, 40: 7~ 10.
aromatic hydrocarbons in the thizophere of ryegrass[ J1. Soil Biology [22] WAL, WL, KA, & BRI 2805 Kvg g T
& Biochemistry, 2000,32: 2011 ~2017. BEAEH EHUEITEFLT]. R IERF 4], 2005, 24(3):
[12] XuS Y, Chen Y X; Lin Qs et al. Uptake and accumulation of 498 ~ 502.
phenanthrene and pyrene in spiked soil by ryegrass( Lolium perenne [23]  Johnson D L, Maguire K L, Anderson D R, et al. Enhanced
L.LT]. Journal of Environmental Science, 2005, 17(5): 817 ~ dissipation of chrysene in planted soil: the impact of a rhizobial
822. inoculuml J1. Soil Biology & Biochemistry, 2004,36:33 ~ 38.
[13]  Gao Y Z, Zhu L Z. Phytoremediation for phenanthrene and pyrene [24]  Siciliano S Ds Germida J J. Enhanced phytoremediation of
contaminated soils [ J1. Journal of Environmental Sciences, 2005, 17 chlorobenzoates in thizosphere soill J1. Soil Biology & Biochemistry
(1):14 ~18. 1999, 31: 299 ~ 305.
[14]  Bienet P, Portal J M, Leyal C. Disipation of 3-6-ring polycyclic [25]  Yoshitomi K J, Shann J R. Comn( Zea mays L.)root exudates and
aromatic hydrocarbons in the rhizophere of ryegrass[ J1. Soil Biology their impact on ' C-Pyrene mineralization [ J 1. Soil Biology &
& Biochemistry, 2000,32: 2011 ~2017. Bioehemistry, 2001,33:1769 ~ 1776.
C15]  REETs, 2 R, b D). MBS FCEI M. W ot I 2R Rk [26] It IREE IS, EHE L, & 1058 (PCP) V5 G T 3 LU AR b
R ARAL, 1997115 ~ 118, RESLT]. b EFREERE, 2005, 25(5): 602 ~ 606.
L16] RED, X B, IMERAT. L3RS 2357 & (PAHS) [27] Rentz] A, Alvarez P J J, Schnoor J L. Benzol alpyrene co-
SRR, AR AE A, 1995, 6(1):92 ~ 96. metabolism in the presence of plant root extracts and exudates:
L17] AL, TuelgseIm]. dbnt: BHF H R, 1987.268 ~ 269. Implications for phytoremediation [ J 1. Environmental pollution,
L18] T viu, Bk W, ulthh g, &6 . MRS R SRy 4 L HHE 2 Y] 2005,136: 477 ~ 484.
AHEFEL)]. 3%, 2002, 4:233 ~ 236. (28]  ZF/KAL, v At . PP A e T —F 39 e Bt Pl R 0 il 0 1
C19] o prte, JSEE, DTSt , 35 K YA LA X 4 ) S Y gLy, RNV IREERL 2224, 2005, 24(6): 1176 ~ 1181





