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JLMER. RABHEYIX ZIRTRE

WERY2, B B2, FRKEAZ

FhERERZ

&R tiENEEY

=@, BTH', FkS?

(1 B RN R A A AR 27 22 A B AR MY PR S A ) TRE TR T IS0 %, it 210095;
2 PERREE GRS T R R AR (A EINIFIRD, Bat 210008)

B OE: a7 LR E R S RARHEYIX 2357k (PAHs) AR IRNE R, iR B,

46.8%, HXF 3 ¥F PAHs EBREBAMIE, Xt 4 R E 4 UL PAHs LU % 8 P biliax) PAHs 345 — & W

(L Sk

S BRAC T R 2 45 A4 A2 R0+ HE PAHs IR & SR R0 0.096. 0.085, SRS KN 0.017%

0.013%., AT, BAEETERM A B R BRI MREE R ).

KR IR, VS, MWBE, FREGER
FESES: X503.233

£ IR 57 4% (Polycyclic aromatic hydrocarbons, &
PAHs) V53¢ LR AEMME S R 94 T IR
BRI GE S . HET, GBI g R AR
Wik EEMAEE R . YGRS
B, P EIEEEARRE PAHs 54 BB E
BTz, R MY AU A IR
brig A AT s ZHAN. MYBERARA L -
W, w2A, g MRS, B KRR
MAE T HARR Y, Ik, BEANAMTIE PAHS V54
TIRPIRE T I IAT T — 20, BRI
Wy REAR I AR BRI A A SR S T ),
H R SR SR TR LR R = o AT
A, WERAEINE SR A T AR S IS
HINHEYIRE . WHHPKE, 76 PAHs V54 HigES
I3 FH (RS AR R o —, DR 27,
P BAMR R KL, Puditksg, WREEAEDFE Nk
Mo UG, ABFIEBY OHEARIE VO E, ERE
T 5 FRORARHEYIA 3 P ERHEY), HEWTTEA]
XPyG gt PAHs Ml B R HAEE AR, A
PAHs & G754 LR YME S5t m A dEL .

1 #MR57HE

1.1 RIEw#
PR 08 SR B KU = A X SRR A A ML
B NI L2 T (0~15cm), R R,

FURERRRAY, ARPITE 2 mm i, ALK
Mo HIRAFEABACIET: pH A 4.5, AHLRE RN
22.7 ghkg, AN, &P, K SESHNA 1.3, 0.8,
12.4 g/kg, KBl N &y 163.6 mg/kg, HM P H 52.0
mg/kg, L K 460.0 mg/kg, BHE FACHEN 16.9
cmol/kg. 13 15 B PAHs &84 11.9 mgkg + 1.6
mg/kg 1, HEHASTEIE 1.

F 1 UKD 15 B EPA HIER PAHs IR ERE S
Table 1 Concentrations and percentages of 15 EPA PAHs in tested soil

PAHs RAHE 0 Tt Tt
# (ng/kg) (%)
% NAP 2 - -
i ACE 3 52+ 11 0.5
Vil FLU 3 5549 0.5
3 PHE 3 583+ 16 52
Jia ANT 3 131+2 12
e FLUA 4 1528 +31 13.7
i PYR 4 2061 +35 18.5
I [a] 4 BaA 4 1463 +28 13.1
)i Chyr 4 1162+25 10.4
I [b] 94 B[b]F 5 657 +24 5.9
[R5 B[K]F 5 592 +37 5.3
HIH[a] e B[a]P 5 1099 +92 9.9
I [a,h] B DBA 5 152+ 34 1.4
I [ghildE B[ghi]P 6 1125+81 10.1
B [1,2,3-cd] P 6 478 £ 45 4.3
B 11 138 + 470

ORAWH : P ERRA B AREE TR H (KZCX2-YW-404, KSCX2-YM-G071). H 5 @i RIFFUR R (863 #4)) IiH (2007AA061101)

TR FARRLZEESTH  (BK2009016) ¥EB .
* JWIRER (ymluo@issas.ac.cn)

fEE TN PRI (1986—), T3, VLIRFILA, WLOFAd, FZMH RSB 2 7M. E-mail: yyshen@issas.ac.cn
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1 B35

PERRY: ERERARMEY) 5 B, QiEAAc B
AR IS 1 5. WS BN, U
SR, Hop AR (Lolium perenne L) FiMkik, 4
KE%, BRRMEIT, & —ME e, A
W5 I S 2 ) A - RS K R (1 2 5 ] B
i°F% (Festuca arundinace) 7t F&[H & —Fh k5 ik o
G NE FT E PR, RIS RS Ay gt
e, IS TR ORE, GRMEMIER BRI .
T H=EE 3 B Hp e EE (Medicago sativa
L) 7ERRECAT 2 000 ZAERRE s, iz T
pEdb. fEdb. RACSEHIX, TTiERER b A, 2R
] R 55 T R e K SO RN SRR o 11 = (Trifolium
repens L.) WG PEAR R, B Hid, mdroe, &
PRI, SR, HWRHEU T R AR I
1.2 Rt 5%k

T ARG T R o2 5 o - A T B
WHET . R 9 AMEER, BRI s AR, £
EAERERL mEr . WBRLL PPRL. RAEE R
H BRI D, fA M 3 AEE.
REFRAAER T 2.25 kg, INA B TR 80K 2
KR 60% Aidv, Feordeoihed, P 2 K
Jaes Mo BB E R, H 70% WikEE 30,
T 0.1% HeCl, %R 20 min R H7HEE, LUKH
IKFEHEVER T 5 K, ARG B TR TR R AR R IR
ML 28°C R 2. 18 2F 5 R R T2 ik 1
WP ER T, 10 RIGHE, HER-E 10 K. 5%
) 3K A 4EREAE T RE KR 60% Aidi. fHY)
PR 90 KJi5 3 IRAE LIEFIAHAE S, T3 i v
At 100 B, LLPAHs 24T . REEE S
KA EDE, i BB CELEG 2R R P4y,
T 50°CEAME MRV, e HAEY ETE, RS,
TEAT RSP ORAE LML T

16 E T E

P (g/ddD

A RATE BB @S

O L3

1.3 LIEFIHEY) PAHs SEHH

FREC 2.0 g VR TEE LR, INJoKIRIREN (400°C
T 8h M) RA, SIS 70 ml, RIKHIE 24
ho PRHUGFEMIEH 25T, ZfEmA 2.0 ml MOkl
fit, I 0.5 ml I RERSAE, FOE e/ & e (viv =1:1)
TRAVEBEN . FE2RT 1.0 ml YEBOR S TR . I
£ 2.0 ml Ve, Hm2iE AT i 2.0 ml &)
R, H e Eis (HPLC) e .

I 2.0 g FHMIFESLT 50 ml BB O T, Nz
B (AR 10 ml, EAZHC 15 min 550 (40C
U, EiSWEEZR W, EE 3 K, kLR
THW, R AT HAb TP SR IR L340 B . HPLC
N HAR B Class-vp m AR AT R S8, Fluet
Kl RF-10AXL. 34 OTO-10ASVP, —JGRAREE
% LC-10AT . i 7y 24 4 35 [ Varian 2 7] (1)
ChromSpher 5 PAH. JisliAh 4 /7K (60/40).

1.4 HuEAE

3 PAHs (1 2:5% (R) = (Cp—Cyp) /Cox100%,
W Co -3 PAHs #liH & 1, CIRM S .

AW E R (BCFs) = RIMIA N VS5 Y4 (IR &
[ G G B Y LA

WIYE ZE (TF) = fHHh Fys ik g/
R A B ) LR

FRIUAR (%) = (HY)#A N PAHs &5/ 11 PAHs
B x100%.

FH SAS W07 22530HT, 2 B HLBER BT E =12:(SSR)..

2 HR5SH

2.1 TELETHXEMNENET L

Kl 1 Wos TSR 90 RJ5 PAHs V54 T 8
PR AR . I 1 AT, 8 Rl EY) =
JEFEA 3.05+£0.13 ~13.09+ 1.78 g/7h, b b,

MR a

B 1 FRLEBTEYEYE

Fig. 1 Biomass of different plants in soil
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HE A=A EEDN, RBER R,

BRI E TR Al B A R, R R A ke

YA R O R Ay M B A RR A, X

HARR KL, PrsirEineg X,

2.2 EMEERTIED PAHs HOMEET L
MYMESE G L3R 3 3. 4 3. 5 . 6 K

PAHs fIEEINE 2 Fin. 5 HEARMLRE, g

A PRI )E . EANG ARRIE], RS,
T8 PAHs S AW PR, L AR AR A
EZCREEN S A/ Y SCEASNEP AT = e e B
Fh PAHs &840 HIBE S 175 743 £ 398, 5926+ 1029, 6
009 +£ 972, 6322+1060. 6237+ 702 ugkg, S
FHLE (8 849 +£1 766 ng/kg) ML, HZERIAR| T B
KF (p<<0.05).

£ 2 FEAIBLIED PAHs BIKRE

Table 2 Concentrations of PAHs in different treatment soils

PAHs WARAER BAEEMER W AR IS FACH A Hr A= XA

2 3F - - - - - - - - -

3 % 91+13 117+ 11 105+ 56 105+ 69 171 £52 89 +22 158 £48 94 +22 425+91
43F  3367£701  3183£706 3390376 3155649 3703+271 3066+£265 4158+604 3496729 4736+1023
5 % 1481 225 1450+229 1497+217 1440+130 1677+88 1379+ 141 1826 +£267 1 680 + 245 2 115 £ 366
6 I 1383+ 140 1176 £ 108 1245+ 78 1309 =127 1407 £151 1207+ 61 1473 £150 1472 +162 1574 +£331
BEE 63221060 5926+1029 6237+702 6009+972  6948+538  5743+398  7615+£989 6714=1123 88491766

Ve AHMN PAHS 4190 B 1o

WY 90 Kb, LHEF ) PAHs FADHEH
FRIE T B, & A0 3T 55 IR B 22 57 3% (p<<0.05).
Hr =3f PAHs MERFE S, HUEN 79.2% ~
89.2%, HKJEVYIRFITLIN PAHs, Z5lk 33.1% ~
50.7%- 27.0% ~ 44.8%, 7NIF PAHs 2Bk, H
8.1% ~26.6%. ME 3 WLLGH, KHEHE. BE
BRI 2R 55 S48 T PAHS V5 Y IR0 R R B U o X R

1, KEUEDIX PAHs 2 AR SV LY B
— AR, AR HIFTERN, R SR
Y RATIRAL IR, AT RE S P L% h PAHS
LA R A SR R R AR R
FEHFEwE, kT LT PAHs MR (1A
RAFRIE R PAHs 25 2 57 (AL 5 R AT
i

F 3 AFEAELIESD PAHs EBRE (%)
Table 3 Removal rate of PAHs in different soils

PAHs AT A Y AP RA e R iR E ALK HT S X i
2 0 - - - - - - - - -

30 889a 85.7a 87.2a 87.2a 792 a 89.2a 80.8a 88.6a 48.2b
4 3H 45.8 ab 48.8a 45.5 ab 49.2a 4040 50.7 a 33.1bc 44.5 ab 238¢
5 40.8b 42.0b 40.1b 424b 333 ab 44.8b 27.0a 342 a 154¢
6 H 13.7 abc 26.6a 22.3 be 18.3 abc 12.3 abc 24.6 ab 8.1 abc 10.8 abc 0.0l c
pr% -y 43.2 ab 46.8 ab 44.0 ab 46.0 ab 37.6b 484a 31.6 be 40.6 b 192¢

e FATAR P REROR AR B E B2 725 (p<<0.05), R,

2.3 1EEFEMIKRN PAHs &2 & ZEEIEM
& 4 w5, HESH0T PAHS $947 — 5 IR

HEGERES . AR AR 1K) PAHs & S u Ay
446.0 ~ 857.0 pg/kg, HA LR DO ERm; it

R L3 PAHs &85 94.3 ~ 212.0 pg/kg,
BN AR A R L R R NS — e FR S () PAHS

{E1E, PAHs 7EAR P )& SR & T3 B3 & &
AR, YR RO [ AR AN
EMYMES L% PAHs VSR Eie s —. KT g
) PAHs Z/EFEHEAMR, #EAMHELAEED AN
I3z 5 AR S HLELEA FRRAWT T

L) E 4K 7 (Bioconcentration factors, BCFs) &
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% 43 %

L PN 75 e Vi 1 5 2B K e vp s e ik 5 1)
ofe, & H TS e F T 7T, BCFs oK, &
MR B RE . R 4 AT, R E SRR
LE] 0.049 ~ 0.096. AFMXH Y LY E £ REE R
IR, o RAe g 5 B v AR R R 2w T IL
MR, VIS A S BB PAHs #AE
ISR RE ST . (A TR A AR, AR
RO IFA SRR, Al R HER A A K, A
AWy 5 R

¥ T PAHs HEBRAEAEYIR RS D .
AN F AR R L A R R
WG BN . ARE T, AFEFEDAREIR BARAZE

* 4 TEEMIKA PAHs 2 8.

S, RACHTE S 2 B RRUCRIE R 0.017%
0.013%, 3@ T HALMHAHY) (p<0.05). {HIEAH
X HIER LR, EYR RN TTERFIEE AL, B
T HEAE A PAHs LRI\ T 2E4E . 50 CR
FHFEY)) AALL, FEDEEBCEN Bt, FEEMEY
TR T 1A G AR A E o 3 e 2
WS F A8 Il A B PAHSs 150t 0,
R AU PAHs ZBRoTiREL N o 5F ABFFER I
Ol MR L P A RO 2 AR T, X
HEB 73 WA i AR PR B 45A OC, ] IO AR R L
SR AERT . Rk, R0 T3 PAHSs R[4 fi#
Y FH S5 AR B 1R A A 25 E 25 DR 36 s AR o,

BEERH (BCP). #IERHE (TP MEEE

Table 4 Concentrations, bioconcentration factors, translocation factors of different plants

=l HAL A E4 G ) [HESS 2 IR H iy E A #HT H=n

Hi R #5 PAHs % (ug/kg) 643.7 ¢ 733.0b 4460f  630.0¢ 4507 857.0a 5200e  576.7d
Hb |- PAHS % it (pg/kg) 1223 ¢ 2120a 98.7d 943d 168.0b 2103 a 1646b  98.7d

PNy 4L F AL BCF 0.069 be 0.085b 0.049d  0.065bc  0.056d 0.096 a 0062d  0.061 cd
55 R 3 TF 0.19 de 0.29b 0.22cd 0.15f 037a 025¢ 032b 0.17 ef
UK (%) 0.009 b 0.013 ab 0004c  0.005¢ 0.002 ¢ 0.017a 0.003¢c  0.002¢

3 g

(1) AHFUEHI 8 MOARFIRIYIX PAHS V54 1
B — R M EROR, b GORMEY AR 15 AR
AR Z A S o 3 PAHS 10258 5
FRAEAE YO V5 g -8 3 IR PAHs L FREHY
J&, XF 4 IR 4 IRUL LY PAHs BRI %

(2) WA B PAHs 75 42+ 31015 & vk
HANT 0.02%, THHPIE RN Bitn, FEEH
YRl T - Ayt 358 rh PAHSs IR BEARAE A
R A B A R R R B A s,
PAHs V5 4%, HAKEMIEEHERE.
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Remediation Efficiency of Several Legumes and Grasses in PAH-contaminated Soils

SHEN Yuan-yuan'?, TENG Ying?, LUO Yong-ming?, SUN Ming-ming?, FU Deng-giang’, SHENG Xia-fang', LI Zhen-gao®
(1 Key Laboratory of Microbiological Engineering of Agricultural Environment, Ministry of Agriculture, College of Life Science,
Nanjing Agricultural University, Nanjing 210095, China; 2 Key Laboratory of Soil Environment and Pollution Remediation,

Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract:  Phytoremediation for soil PAHs with several legumes and grasses were investigated using a greenhouse study. The results indicated
that eight plant species had different roles in PAHs degradation and removal in soil after 90 days. The removal rates of alfalfa and perennial ryegrass
were 48.4% and 46.8%, respectively, and the biodegradation efficiency of 3-ring PAHs was high than those of 4-ring, 5-ring and 6-ring PAHs. The
plant species showed different capability in PAHs uptake, accumulation and translocation from soils. Bioconcentration factors (BCFs) of alfalfa and
perennial ryegrass were 0.096 and 0.085, but their phytoextraction rates were only 0.017% and 0.013%, respectively. So alfalfa and perennial
ryegrassthe have good rhizoremediation potential in PAH-contaminated soil.

Key words: Polycyclic aromatic hydrocarbons, Contaminated soil, Phytoremediation, Phytoextraction rate



