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ZMRFNZINGTRETE L ES

2 3 HE

W

Keek© &k W 5 MW Ak ok R

("hMMEAKRF TSR IAZFEE, hf 110168; > P EAFRAMEALSHEN, PERFRFLASSREIELE
EFEIE VR 1100165 PE M T A B AR RN & AFZHRI, 8 110006; *Hriz RAEIR L R F R, 40 310023;
‘S B EAK S, L M 110013)

W E RAERRE, UEReETELS a8 LB — 2 WH| BB W AT L%
JE th 3 (PAHs B 9% JE 2 Bl A 122.40 Fn 183.60 mg - kg™') , Ak A & L LML KT
(Pyr) \JE(CHR) K3 b & (BbF) Kt k K & (BkF)4 # % 3 % 12 £ B X O 3847, T &
TEMRFX PAHs T E BN BENE, ZREXA . (DA M EHFTEFT R LESFEMR
HHE A B B R, A PAHs %K E Y 183.60 mg - kg B, XM EH ML H
UL R AN R X PAHs 75 4 L A RBE AW ., (2) & PAHs XK E & 183.60
mg - kg BB R A T L IE 4 B PAHs B9 =R E 490 N 66.2% .70.3% 40.6% 1 65.4% ,
4 F PAHs B9 % 2 1 183.60 mg - kg ' [£ %] 104.52 mg - kg™, B £ o X H 56.93% , i A T 4t
PR W PAHs B ERE, HALMRGEABE PAHs g LEWN B, XA
H,PAHs I ERESHT AN ENHAURELS HAENUTADERN ST FREELERER
MR A, KRR TAAENEE PAHs 574 L3E 0 M A e B, T e Lg%
SN N

X HEYWBE; ke, AWE; FhRF

Remediation efficiency of Echinacea purpurea for heavy PAHs contaminated soils. ZHANG
Xiao-qing'*, XU Li'*, QI Yue’, SUN Li-bo*, ZHANG Que’ ('College of Municipal and Envi-
ronmental engineering , Shenyang Jianzhu University, Shenyang 110168, China; *Key Laboratory
of Pollution Ecology and Environmental Engineering , Institute of Applied Ecology, Chinese Academy
of Sciences, Shenyang 110016, China; *State Grid Liaoning Electric Power Co., Ltd, Shenyang
110006, China; *Zhejiang Changzheng Vocational and Technical College, Hangzhou 310023,
China; *Shenyang Open University, Shenyang 110013, China).

Abstract; The phytoremediation potential of Echinacea purpurea on PAHs heavily contaminated
soils was investigated with pot experiment. The polluted soils were collected from an oil field. Two
types of soils with different concentrations of PAHs (122.40 and 183.60 mg - kg™') were
prepared by adding a given proportion of polluted soil, non-polluted soil, sandy soil, and PAHs
multi-compound standards. The height and biomass of E. purpurea, and the removal rate of four
kinds of PAHs, pyrene ( Pyr), chrysene (CHR), benzo (b) fluoranthene ( BbF), benzo (k)
fluoranthene ( BKF) , were measured. The results showed that: (1) The height and biomass were
significantly inhibited by PAHs, but E. purpurea still could survive with the total PAHs
concentration at 183.60 mg - kg™'. (2) The removal rates of Pyr, CHR, BbF and BkF were
66.2% , 70.3%, 40.6% and 65.4% , respectively. The total PAHs decreased from 183.60 mg - kg™
to 104.52 mg + kg™'. The total removal rate of four kinds of PAHs was 56.93% , which was much
higher than that in the control. This result demonstrated that E. purpurea has a good potential for
phytoremediation of heavily PAHs contaminated soils. The significant correlation between the
removal rate of PAHs and belowground biomass indicated that the belowground biomass of plants
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had a greater influence on the removal rate of PAHs. This study expanded the application range of

phytoremediation on PAHs contaminated soils.

Key words: phytoremediation; plant height; biomass; removal rate.

VAR, 3R RS e H ol i, R LU 355y
RIS Y o Rt . 20T B BUE T B
HASE (Tgwoezikpe et al.,2010) , 35 [ FREE 1 4
Jks 25 25 AE BRI (a) BUUATE (a) BESE 16 Fp
PAHs FI AL 5645 i 2B 24 51 ( Chen et al.,2016)
TR+ R BT i — AR HERLE , Tl b Y 16
FhZ I IF I AIBR BN 4.90 mg - kg™ (GB 15618—
2008) , KE LHEZ RIS Y, Z AT IRTE
RETIEARE PG REEMN pg - kg YT+ E
mg - kg™ H, OB — B E IR AR L
TR (BRE SR ,2004) P H 20 1 A A
BIURELA L NS, P IL, X 22 3055 15 Y + 1
BRI 5E i fEJE B

B & ( phytoremediation ) #5750 R 4 5
VETRIME NBIR S M 254 | JC — 05, e [ i 35 3
BRI Y FEAABE R & — B ELAT SCBR R A
EHBEE A, Hit, Hariwss 3224 p e f
FEWI6 5 10 7 ) 3 b X R 1) 2 R 5 Rtk AT 4k
H, Dupuy 5 (2015) W55 & 3, 76 FEWR B = T 50
mg - kg™ B K AYAE K Z B M E A H], Khan 55
(2014) FII HIAAHME S A TS Y+ 38, 25 5 Kk BT E )
EBRFE N 25% ~40% ., Patowary %5 (2017) KR, 25
FAERE B B A7 BT — AW B, Xu 5§
(1995) .Hester % (2000) VA }2 Pezeshki %5 (2000 ) fiff
TR, ZATF IR SAEA YRR ERIE B — 2R3 B, BH
1ERE N - S oK A3 A W £k, R S B Y
AN LI O, T SR AR K, X
SERFF 5T TR AR s TR E R s e R I
H EBRFA R, RE THE S R SR i,
FoRAEFE PAHs FE{5 YL LR A7 15 B0 B R K
PG E W — A S 1) (Wang et al.,
2012) .

PN 2E ( Echinacea purpurea ) J&— 1 H AT #E 5%
it LT, SRS SR T | ) 40 S5 k4 5%
HEAL, PP AL R ML B A AR ST, AR AR B
15 60~ 150 em, ZEMMR A E L WFE Mt A KO
fdt AR TG R W B R A A
(Abdoli et al.,2013), HiAMF5E & B (Liu et al.,
2014a,2014b) , SEHA 5 45 2 —Fp AT M o i P 9 46

TR KL T PAHs 55 M3 BUS T
IR HMERRBOR i K B, B RN R AT R e JE 2 3557
ISP N ILREAF TG . PRI, FRATHED S A% SR 25 n] fig
BABE &I PAHs {55 HIERIRE 1, BT,
A LA PAHs HE Y5 5% B9 [ 1 SR HF TR 5, R
AT, DL AR Wy A M rh 4 B 23505 KR v
(Pyr) Ji (CHR) Z<JF b % & (BbF) I k &
(BKF) £ BRFCIEIR, ML RDT T 50N R A (Echi-
nacea purpurea ) X = ¥ B PAHs iYL BRACE , B 7L
FEEMAAGXT PAHs FI5 58 LRI YIE R TERE,

1 #R5F*

1.1 FERH S

PAHs {845 (0.2 mg - mL™") , A R A A R
N, ZEWEE (gLl GEC b (k) JEHT
REWZ (60~100 H ,4r#72k) 28 ihPE 44k 55 (100 ~
200 B,/ 4r4k) JoKERRREN (43 el .

SAATEIL (Agilent GC6890) JEHTHE (L FFF
fe L 1) DA SCSE 50 2 40 M i B AN AR 55
1.2 A+ 5 (Y

AR A FH A 3k F T R E U I I ( Yang
et al.,2016) . JFi5Y% 1€ PAHs Sk E R 489.60
mg - kg™, EZ AL (Pyr) JE (CHR) ZEIF b
(BbF) ZIf k 28 (BKF) 4 B, [F], s 4 L1 +
JOREE A R &, ANE A YA . BT, PAHs
15 YL T SRR A S AR SRS R, PAHs 1Y B HR
— R HEAE T 100.00 mg - kg™, PR e it m i, 75
PEIEAR, 7™ BRI 0 A K, DT 8 G 3 i o3 T B
(D’ Orazio et al., 2013; £ 4, 2013; 5K 4F 55,
2016) , L, AR H V5 5 Ti5 44
H AR VD 47 B — 2 LB TR A C PAHSs 75
Yo b TS YU B SN R A N S Y 4
EERES . A m(JRI5 5 £3E) + m
(VG 3 AR ) - m(WP1)=0.50 : 1.00 : 0.50
10.75:0.75 : 0.5, 0 Hlic e iRA L 1" M RE
+3E 2 Hoh JRA 31 H PAHs BUKE N 122.40
mg - kg_l, BE T4 2 B PAHs B ¥ 183.60
mg - kg™' PIFMRA L HERFRALME BT ANEE 1 iR,
HERAE Y T RN R A



494

AEBERE HITE H2W

R1 PAHs T TEBUERESLEYIRE

Table 1 Physical-chemical properties and the PAHs concentration of the contaminated soil

V5t 1 LIl PAHs
T B it Ao B P HARLN (mg - kg™")
(%) (%) (mg - kg™") (mg - kg™")
RAELTH 7.64 7.13 0.37 27.95 278.10 122.40
RALHE2 7.23 16.83 0.82 19.80 468.70 183.60

1.3 gkt

YA HNR S A 2 kg, R
JEJZFIAE, SEARI 1.8 kg IR AT5 Ut , SR J5 1 0.3 ke
HAk AT 0.5 ¢ SEANMRAGF T, 4kE2 s iR
G5t % 2.0 kg, [T B TCAE P R S X IR
B, TREIMLE BT, SO 4 A7,
Sy BIFEFIAE 60,120,150 d B SRAE, JFORAE T-20 C
VKA RN, DLERAN R4 1 AR ) MR ) PAHSs
(1) BR 3 RS
1.4 Rk
1L.4.1 MY HYEREEE KK 25 KR
EE KGR T b E AR AR5 & TR b
70 CHET AR FR AR AL -3 T i,
1.4.2 T PAHs FREX2.00 ¢ FRET B L&,
A Wt A AEE2 h, 4000 r - min™ 8540 10
min, EE FALTE2 K ET, HECKHERZES
mL, RAEER AR ENTHE o i, S R R
FES A L B E AT R, A 50 mL 1E & B¢, 7 H
100 mL PEBE (IEC e 5 Z @B 1 ¢ 1, v/v) I
2 T TRAR Y e e S 2L

A7« Agilent 6890N T AH (03 A ; (71154 .
Agilent ZB-5 30 m X 0.18 mm ID x 0.25 um;ﬁj{fﬁ
BTG (FID) ; FHERET .80 CHR-EE 3 min, 15
°C « min'F+FE 255 C AR 1 min, 1 C - min”' F} &
265 °C 144 1 min,2.5 C + min"' T+ 295 C 144 3
min; PR IR 290 °C, Kl #8325 °C, 38R
T A 0.8 mL + min~" ; FEAERN 1 WL .

XTEE i AT (b) 28 BRI (k) 28 B 7E 1
0 b T3 4 5 o 81.75% ~ 95.87% |
76.93% ~95.19% . 79. 16% ~ 100. 20% F176.72% ~
101.42%,

2 ERE5NH

2.1 PAHs i XA A KR O B 5200
2.1.1 PAHs raxf Yk s s2m A 1 AT LA
F it ,PAHs il X R4 555 o 354 09 A K B

B AEIVE T, A0 PAHs a2 ™ B 1 AR )
BEPE, ISR A, A 1 160,120,150
d AEIRE R A 2y 72.8% 57.7% 57.8% , TTTRA
48 2 RN 73.3% 53.4% 47.7% .,

2.1.2 PAHs [axiAEyatfsgm K 2 il LIE
i PAHs BN 122.40 mg » kg "I, £ 00 5 44 1
b BB A R R N95.03% (86.42% (86.83% , Hh

O gex

i 1 +

30 -
25 ¢ f

5 - +.

0 . .

60 120 150
SREERTIH] (d)

B1 AELET 60,120,150 d FEMRHFHHKS
Fig.1 Plant height of Echinacea purpurea after 60, 120 and

150 days under different treatments
CKARTG R 3 Loy L3 1 HLIRG 13 2,
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SRR (d)
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Fig.2 Biomass of Echinacea purpurea after 60, 120 and
150 days under different treatments
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A MR R 95.20% 87.85% .90.10% , IR
A48 2 h 60,120 150 d [ HF 38 AR By ] R
} 93.83% 77.48% . 70.95% , b T #B A= My o 30 i) R
} 94.10% . 73.50% .77.43% , 45 Pt Ff ke st (& () 386 o1
T ZZ T B R AR A D 34y
FA) A A1 ) % T AT 56 BH AR 4 b 350 1% T 2
B[R] 0 188K T, 350 43 8 A R A i) e Sl 1
KGN, B 5 OBHHE R, Toie et - #Rid 2 b
TESRG B2 AW R IR A £ AR
Yyt K, UL S S 2 X6 i V5 Y 4 ELA B 1Y it
yicc
2.2 ERIMREX R PAHs 1Y RBR%R

A3 IGE T P AR B PAHSs AT AR R
FhAR A 25 60 120 150 d 3 4 F PAHs 9%
Bra, g5k 2 3R 3 fron, R 2 WA, &
(Pyr) JBE (CHR) 2R3 b 28 B (BbF) &I k ¢ B
(BKF)4 Flt PAHs 19 2 [ 26 bifi 5 A2 Bsf 8] %) 38 fin it
B, 60 d B, PUFRHYEE (Pyr) Ji (CHR) #Y 25
B3R5 K 52.44% . 60.00% , T3 19 IE b 9%
(BbF) A k & ( BKF) B £ BRF 15108 15.31% |
64.11%, 120 d B, 25 B Z2 475 35 K Pt DU 3k 1y e
(Pyr) J# (CHR) M LBR 3451018 69.40% . 73.08% ,
FIREYATI: b 58 (BbF) R k 9B (BKF) 19 %
bR 5350k 42.07% 74.3%, 150 d B, PURR 5 H IR
PAHs i A BR 3 BRI AT B, (H 2 18 4K i #a 34
N, VAR B EE (Pyr) Ji (CHR) B9 R BR 2 5351 0
76.20% .80.30% , LA B AT b 9B (BbF) AT k
I (BKF) B 2 BRF 5510 45.10% ,80.50% , %5
TAG YRR AU U IR PAHs A8 819 R BR R,
X MERE ARG TR PAHs 19 25 BRRAREAT, FRI 2R

R2 EYMEBEATEITITHSHTREHNERE( %)
Table 2 Removal rate of 4 kinds of PAHs in the mixed soil 1

IF k % (BKF) ,

F 2 3 I 50,4 Fl' PAHs A9 2Bk Bl 25 Fivia st i)
1) 6 o0 X5y 52 14 i kA 14 K B R Wk /N, 60 d
iF, PO PR B9 1 (Pyr) A (CHR) A9 25 B R 40 51 R
23.82% ,45.84% , LM 2R IT b 28 B (BbF) R I k
¢ L ( BKF) B9 2=BR5 43910 25.62% F1 39.93% , 120
d B, BRI AT SR AR DU (Y EE (Pyr) FlUE
(CHR) W EBRZBAHAE] T 46.11% . 71.91% , HEF
IZRTT b 98 (BbF) AT k %8B (BKF) 1 L FR#
439028 30.00% F1 46.72% , H R S 4 K
WA 56,120 d B9 A K IR AR PR 4 b 4 (A0 45
Z Wy ALl U | A B AR R A ) A B
T PAHs HYF%M# (Liu et al.,2014a) . 3] 150 d B, 2=
R Akl PURR Y EE (Pyr) i (CHR) By 25 BR 3
3N 66.10% 70.30% , TLERHIZEH- b ¢ & ( BbF) |
RIF kP B (BKF) 1 £ BR & 40 o 40.50%
60.40% ,
2.3 MMM

R TR ZHFREERRSHED AR LR,
AT LR S YR LR RS Y T
TR B, S5 R 3 4 TR, PAHs SR N
122.40 mg - kg "B}, 4 Fh Z IR RR 10 L BR R S K
AYETE 0.01 K FEARBEMICKEHR, PAHs B
WeFEh 183.60 mg - ke B, 4 P2 IG5 IR B K BR %
ks MESAEYRTE 0.01 AP FEA BB
#,Pyr .CHR BkF ) LB 5 FAEY#7E 0.01 7K
- HA B EMIEIEER,BbF RBR RS EAEY
HAE0.05 KV FHA BEMCKR, PAHs LR
RAF 55 M T A e 1 P B A 1 B R e 2 38
IR EBR R FE Y T A Y, BARES , 5

SRAEHFA] Pyr CHR BbF BKF
(d) Xf IRl E U] X HR 2 E /N ] popitekiel E /N ] papiekiel E /N ]
60 41.73 52.44 50.00 60.00 20.93 15.31 54.06 64.11
120 56.65 69.40 62.28 73.08 38.71 42.07 60.92 74.30
150 65.84 76.20 73.95 80.20 41.00 45.00 62.40 80.50
*3 EYIEALE2 hAMSREROERE (%)

Table 3 Removal rate of 4 kinds of PAHs in the mixed soil 2

STRERF ] Pyr CHR BbF BkF

(d) X B2 BN RS X BT SR hay;lisa) AR oy Y]
60 35.00 23.82 32.26 45.84 25.05 25.62 48.81 39.93
120 43.51 46.11 60.21 71.91 35.50 30.00 54.71 46.72
150 60.66 66.00 58.40 70.00 34.05 40.00 57.80 60.37
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Table 4 Correlation analysis between PAHs removal rate and plant height, biomass
PAHs ¥ & EiEtan Pyr KR CHR L% BbF % BKF %
(mg - kg™")
122.40 My y=0.3388x—10.079 y=0.3897x—15.421 y=0.2716x+3.0136 y=0.4746x-22.35
R=0.891""* R=0.860"* R=0.954"" R=0.848"*
M A y=0.0531x-2.4144 y=0.0608x—3.2362 y=0.0428x-0.3724 y=0.0739x-4.3018
R=0.889"* R=0.855"* R=0.958" R=0.840"*
R A y=0.0355x-1.8033 y=0.0426x-2.4894 y=0.0255x-0.3312 y=0.0527x~3.3067
R=0.986""* R=0.993*"* R=0.945"" R=0.995**
183.60 = y=0.2421x+2.1963 y=0.3666x-9.7773 y=0.6056x—6.1343 y=0.4389x~8.3427
R=0.936"" R=0.997""* R=0.824"" R=0.840"*
M A y=0.0648x-0.9214 y=0.1009x-4.2975 y=0.1622x-3.1541 y=0.117x-3.7196
R=0.899"* R=0.964"* R=0.792" R=0.804""*
A y=0.0489x-1.03 y=0.064x-2.8166 y=0.1327x-3.0432 y=0.095x-3.4701
R=0.965""* R=0.870" " R=0.922"" R=0.928"*

ZHTHIBTFEHHST (Liu et al. ,2014a) .
3 3 i

3.1 PAHs JPpia 6 S8 0 545 15 4 i 1) 2 il

H1 IR 36 45 S T 1, PAHs V5 4% BH i 3R T LA
RAMAER, A Y 2 BN, X EEEH T
PAHs & AEPEEERTEL, Xu 55 (1995) | Hester 55
(2000) P4 2 Pezeshki % (2000) & ML 22454 WLy
SHERAYIRERIE B — 2 O A7 B, BHL 1A 0 DA 1 v
WSR3 R W | 4 1T O A 2B e )N <AL
WK, FrUEEE —GE T HARHR B Y PAHS
HH T HHERE . KREEF5EE PAHSs W EE#= I 7E
100 mg « kg™ /245 (D’ Orazio et al. ,2013) , A5
Hi PAHs B 50518 122.40 F1183.60 mg - kg™,
FEIX PRI B K ZEE P A5 AS Re AR A7, (R 5P 2R
SR8 R AP AENE I R IR 4730 55 19 PAHs SBR%E, 3%&
HH S WA R4 % 5 VR T PAHSs 75 Y B 0 19 T
HA W BAERE L5 IEE 5 Y H I EE . [FRIA
WFIE KB, Bl 15 G Y0 B 3 O, A W s ) R 1%
A YRS, T RRSE R T, v A A
FHAE %0 C URIE N, 42 S5 A8 4 10 A e (Rl 55,
2003) .
3.2 EWMVEIXT PAHs (9 EBREN

H 2 R 3 nJ 1,2 Fhvk BE T, S S 2 Xt
PAHs #BELA B 19 L BRACE, I H 2 B 2R Bl B[]
BRI AR, AW L, 120 d B}, PAHs ZBRR
sk 3] 150 d I, PAHs 25 %3 5 B i 2%
JE PRI AT 6 2 S P SR 48 A K SR AR, /T 6 ]
BRI 12~ 16 J, A K JE 1, A4 sl
55 (5K 8 ,2013) . [AIAF & B, PAHs 225 5 i 5 PR AL
(RGN, AT RE R IR R IR B 2 | 2 805 18 1

FoE MR AT AR MR RS G e, i Ah,
TER R0 R 9 PAHs BB AN UMK T, %
(1) S R AN REAR g i3 37 P15 ( Chibwe et
al. ,2015) , [EARERERE 2 Mk T , HIA R IT
k 9 ( BKF) By 2 BRoR M A , S IR (Pyr) 5
Ji ( CHR) AHARL, H X — B A X (5K I %, 2016)
DXL E A BIUE ] A R4S B B 2 23 5 e s 5 e
TS RE

FREFRZ LHE Y PAHs 195 &R AL{EH N 0.58
mg - kg™, A PAHs FIZH oK F , 4 ~ 6 25 PAHs (U4
XT A, o 68.53% (B =~ #H4E,2012) , 4L T
IX PAHs 75 ¢ g P 5, P2 5 ik 1.185 pg - kg ',
e ik 5.99 pe - ke (HESCIESE,2009) , AR SC
TSN A 7E PAHSs B 183.66 mg - kg ' I
R4 FEEE (Pyr) JE (CHR) 1Y 25 5% 40 %1 Ky
66.1% .70.3% ,5 IR FF b B (BbF) I k %
BL(BKF) 1 LB 35 510 40.5% .60.4% , 3843 Uit
TR AR RE L R i 2T R TS Y B A
WYy, WONEAE S T sE X AR S WL BT, LASTRE
HA A BN SRR
3.3 KRB H5AYRNCR

2005 R LR SEY e LBRRE S T
A DA RS T AR A 2 ] R S S A
R, 2 RN, PAHs 2B 5 1R A4 5 ¥ 7E
0.01 /K L2 W F M IEM &, Hf H PAHs KRR S
W AP RYE S R WAL T PAHs ZLBRF S5k
A DAY R LR, R, fEER R B
HZAFIRIE g et o T A Y i B 2
YEHT . FERTIIRIBIEZE Hh & B, R4 AT L 3o AR B 43
W AT A R 5 2 IR 5 R R A G 1Y Tl
(Z B4 AL R o A A ) IS 1 TR
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PAHs MWCRI . BRI B0k N % 4 A 9T PAHS
FEEIN R AR X AT R, T i LR LR 5 FL 2%
BRI A AR PR VE T S T Bt e
¥ PAHs B R AR,

S 30k

A, UIGEIR, Wag, . 2012, FREFEHIXFRZ %
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