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EDTA Assisted Phytoremediation Potential of Dianthus plumarius L. for Pb-contaminated Soil

QI You-ju, CUI De-jie

(Department of Resource and Environment, Laiyang Agricultural University, Qingdao 266109, China)

Abstract: A pot experiment was conducted in the green house to study the effect of EDTA on the phytoremediation of lead by Dianthus
plumarius L. The results revealed that without the addition of EDTA, the ratio of Pb content in shoots to that in roots was 0.31~0.40, the
bioaccumulation coefficient was 0.25~1.58, and the uptake of Pb by the plant tended to increase with the increased concentration of lead in
soils. With the addition of EDTA, the ratio of Pb content in shoots to that in roots was 0.59~1.41, and the maximum Pb content in shoots was
1 432.81 mg-kg™. When the concentrations of lead in soil were 125, 250, 500, 1 000 mg-kg, with 5 mmol-kg “EDTA applied, the total lead
translocation in plants was 2 234.61, 2 013.30, 5 600 .84 and 2 083.16 wg-pot™?, 71%, 74%, 80% and 90% of that in shoots, respectively;
with 10 mmol -kg™EDTA addition, the total lead translocation was 2 275.26,4 032.95,4 578.92, 1977.05 ug-pot™, and 80%,84%,90%,
91% of that in shoots of Dianthus plumarius L., respectively. These indicated that Dianthus plumarius L. was tolerant to lead and had a great
application potential in phytoremediation of Pb—contaminated soils with the aid of EDTA addition.
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P, i vy T B A A TR ML Tl /A
PMESE it (IS 8] BT OT A S B S E AR 1 A
(1, IS T AT AE Ph {5 e B R A K
Ll RERRIAR BRI, JFRE—0 T AR Po ki
KB it EDTA s ATl Po BYR2M, LI
HAETFHPIAE Po 53 SR IE R HOR AN
RO

1 HH5H%

1.1 #ik

MR AR A IR 1 R H SEBRAR A B
Figuh, pH {H 7.49, 5f# 2k 50.00 mg- kg, AL
WM 13.29 mg-kg™, HACH Sl 32.87 mg-kg, 1A
MU & 0.78%, A4 Pb 4 13.63 mg-kg™, 133 H 4k
WA G2k 2 mm G CE A, B Y S A T
(Dianthus plumarius L.) , Fl—¥% H €A A .
1.2 E#Fil%
1.2.1 WREEH

TEIBUFFRLILH , TN 5T 10 H g A AT Rl -, 25 °C
TRFME LR, K SRR E . 2R K
[y ST = B
1.2.2 iRFG BT

Bl AT IR Ak R T 2006 4F 4 H L H
% 2006 4F 5 J] 14 HAEZEPHAR 2B AR 5 2 5L 0 vl 3¢
BHI#EF T, Pb #5 0.125,250,500 #il 1 000 mg-kg™*
(LA4h Pb 11)5 MR EEKF-, LAREA PhCI, B 4% L B
5w RS e AT R AL, A+
1000 g, V54 t-HEP-Mm e , PR 3 — B0 bk
AT TR, A 3R, Z R REA—
FE AR K SR —3, AHIR] Ph MR
ARFR(9 75) 43 A% 3 4L (H4L 3 %), Hubli e RSk J5 2R
38 d, #F4H %35/ A EDTA 0.5.10 mmol -kg (LA
Na,EDTA %), EDTA AMFE 7 d J5, 43 b T
AR, T2 B K e T, 105 C R AR 15

min, 65 CHtT EIHE, T2 —KEFRE
1.2.3 M ik

FREUIET | BSER I TRES, 0.5 g G BT
30 mL &I, ANkl RIEBA S,
500 CLAF KAk 16 h J& , B, o2 E A
TRAR(VHNO:VHCIO=1:4), /N K Al T, a2
S PR AR, Wt B AT AR PG
TRL RS YS 0 10 mL $h2 (1+11, V+VH,0) , ¥
WfEIRIERS A 25 mL eI IR R 2L,
PEA1E TRl Ot 2 P, WRBBURRIR R aatsn) 2
4 5 mL, 43 318 T 125 mL #9400 2k, &
FETKE60mL, RIGIA 2 mL FPERREL 5 TR
A HEL O, IZUK (141, VHVH) LT pH 2% K
AR W, F A 10 mL BiER &AW, DDTC %
W10 mL, ¥EA). HUE 5min £, AR S TR
(MIBK)10 mL, FIZUIPRFESREL 1 min, § & 4325, 7
2IK)Z ¥ Pb ZE UK (MIBK J2)#7ET 10 mL A
FEZIFE R, TAS-990 Ji W IS 1A %8 5 7 Po &
i, AR B R E R, AR
W72 W SCHR[L5), BdiER i DPS v3.01 34 EA 1004,
JFH Duncan & i 22 1 T 2 HLER

2 HRSIR

2.1 KK EDTAER TARREIRE Pb Xt AT E
KR Pb B 250
2.1.1 AN[FJHEE Pb XfHA AT A7 K B 5

1 a5, Ml AT AR R R S B
1 R e (BB HR A 125 mg - kg™ B9 P S uKFrfr,
EYETEAAD PO UK F R E 2R, MR
& HAE 1 000 mg-kg™ (9 Pb s A0/KF 8 &% T %t
B Bk 7E 500 A1 1 000 mg-kg 4 Pb 7K &
FRT X, XU EE 1) Pb AT SE A A AT Y
A, B Y Ph (EHB B AT IR R AR R SR
F VR LRV BT R (HARR B3 7KK, {1000

% 1 AE Pb iREXHH AT ERKNZ N
Table 1 Effects of various concentrations of lead on the growth of Dianthus plumarius L .

Ph ({7 I3 YR (TE) Ige #° LRSS Sta P
/mg + kgt L3 Hb R EEI7S /mg+ g? /em
0 5.46£0.37 ba 1.37+0.16 ba 6.82+0.35ba 2.01+0.06 b 18.11+£051b
125 6.12+0.39 a 1.31+0.28 ba 743+029a 2.49+0.23 a 21.21+0.71a
250 5.60£0.21 ba 1.47+£0.27 a 7.07+0.44ba 1.77+£0.04 cb 17.81£056 b
500 535£0.23b 1.37+0.15ba 6.72+0.33 ba 1.56+0.03 cb 16.06£0.35¢
1000 535£047b 0.98£0.16 b 6.33+0.62b 1.34+0.085 ¢ 1456+£0.20d

T R B R T Duncan BEATEEIT, Al —5 P MR NG 5B SRR TE 5%/KF BER AR, LI 53K,
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mg-kg™ [ Pb 2 FEAKF- bt T ERAE W) b 28%, H
R IR, Has D T 2%~T% 2 (8],
Sudhakar “5U9RE £2 H DUVE o™ (k4= 5 080 0) 20%
VE R Fa bkt e i thim FYE R BRR, X —= 3k
Ui, MBI P BARSRAME; I HARH R
Pb XJ A1 VT A B HAT — e i HEE AT, Jx sk
FF A R T A A P XS P 15 G IEHEA T ) 1B
=,
2.1.2 ARV L P X g A1 7T M Ph 52

MK 2 T LAE Y, Ml 778 Pb e &4k B E]
P 2= Rk BEKF, ELBE 5% Ph dsiK-F- a8 mm
WEER, b b EANH AR Pb R ()
255.38 mg-kg 1 695.80 mg-kg, iXiiH+3E Pb &
T IR RIS 4 PR Ph B 3R 3 IR,
AT IS 2 ZB00E 0.31~0.40 Z ], BAR LR
LRI I8 R A (b RS Ph S/ 7R Ph &>
SR B AR SRR & B2 pla i
Vs £ R0 0.25~1.58, 1L ERUHYIEY &

*2 F[E PhiREXHHA S Pb EMHMN
Table 2  Effects of various concentrations of lead on Pb content of
Dianthus plumarius L.

SR T 0.0447 ) (R, bl A 4% Pb HA —
FE TR, B AR B AR S (R Ph AR
VI FHARE @AY, IF H b 716 Po #4512 33
R RE R, HAA BRI E 4 P TR
2.2 70 EDTA Xt #h# A 7 £ R IR P B0
2.2.1 U Jin EDTA X g 41774 K A2 i

% 3 AT LLE N, A AT BT R
T MR TP B bR R SRR R
Pb ¥ /K b, 7t FH EDTA 4 4k B 344K T A it6
EDTA f4bFH, FLBE EDTA FHE (I8N 8% N,
Hor R AR S8 R ER TR R T
WAV R B i PRI, P V5 e+ | it A EDTA
XoF MR AT I AR Sl AR FER R T g2 EDTA
A B XA B AR,
2.2.2 EDTA X} Pb V5 4% +- 3 b pl A4 47 Pb FLE Fl
AR5

3 4 Al M1, 1EfE— Pb #hn/KF- Ejitif EDTA
FIAb B s BT Ph R A F EDTA (AL
FH M FER A Pb 25 530k 8 25 K-, 500 mg-
kg™ F1 1 000 mg-kg i Pb %shnsk-F b EDTA FH&
MR, Mg A TR P RIS IRt AR, Baker
LG, S A SR AR T Rk

Pb E@mbmf;ﬁ ?*Pb Himg * kgt _ WhiE RN AT EH N =
mg-kg' LW i i H (B I2 R0 ATk | B, T2 A — A
0 2155+221e 6326+435d 034 158 AR | M o 77
125 141.31+6.67 d 453.08+49.80c 0.31 1.02 T 1 B I A Ay B AR A SR o R
250 157.27+9.77¢c 489.98+7.94¢c  0.32 0.60 — Aty 100 47, B Cr.Co Ni Cu Pb L) ££ 1 000
500 217.91+9.42b 542.27+27.47b  0.40 0.42 mg-kg* DL [ (HHABFFE &P TS N 13 15
1000 255.38+7.96a 695.80+2513a 0.37 0.25 (U A4 ) T 2 RS0 R 2 ot 2 4
& 3 EDTA XM AT EKE NG
Table 3 Effects of various concentrations of EDTA on the growth of Dianthus plumarius L .

T3 Pb b EE EDTA 4b Mo LSBT MR T TR PR RS S St s

/mg « kgt /mmol « kg* Ig- @t g @t g+ @t /em /mg - g* T

0 0 546+0.37 a 137+016a 6.82+0.35a 18.11+0.51a 2.01+006a

5 455+0.70 b 1.00+0.17b 5.55+0.53 b 16.89+0.19b 1.87+0.04 b

10 408+047b 0.77+005b 4.84+0.48b 16.30+0.67 b 0.93+005¢

125 6.12+0.39a 131+0.28a 7.43+0.29a 21.21+0.71a 249+023a

5.70+061a 126+021a 6.95+0.45a 19.00+0.46 b 1.93+0.04b

10 485+0.78 a 098+012a 5.83+0.67 b 17.57+0.81¢c 1.04+005¢

250 0 56+021a 147+027a 7.07+0.44a 17.81+0.56a 177+004a

5 421+089b 0.96+024b 5.16+0.94 b 16.58+0.59 b 1.65+0.07 b

10 4.40+0.48b 0.67+0.08b 5.07+054b 15.19+059¢ 0.80+0.03¢

500 0 535+023a 137+015a 6.72+0.33a 16.06+0.35a 156+003a

5 408+031b 0.78+0.13b 486+0.23b 14.49+0.5b 1.33+0.19b

10 396+0.25b 0.63+0.05b 459+0.21b 13.46+0.22¢ 0.72+0.02¢

1000 535+047 a 0.98+0.16a 6.33+0.62a 1456+0.2a 1.34+004a

422+041b 0.73+0.20ab 4.95+0.47b 13.16+0.62 b 1.07+0.03b

10 3.09+0.07c 044+011b 3.53+0.12¢ 11.89+0.7¢ 0.65+0.02 ¢
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F 4 EDTA Xt ATTE Pb 2RI
Table 4 Effects of various concentrations of EDTA
on Pb content of Dianthus plumarius L.

1 PoALFE EDTA ALK b E#IPb & HIRH PSR Hig

/mg - kg  /mmol - kg™ mg + kg* Img+ kgt ¥
0 0 21.55+2.21 ¢ 63.26+4.35¢ 0.34
52.22+2.98 b 84.50+5.63b 0.62

10 79.27+4.73 a 100.18+5.57a 0.79

125 0 141.31+6.67 ¢  453.08+49.80a 0.31
279.61+20.56 b  473.96+3.98a 0.59

10 377.93+16.11a 463.45+46.90a 0.82

250 0 157.27+9.77 c 489.98+7.94a 0.32
356.66+10.54 b 550.18+57.00a 0.65

10 378.37+8.21a 518.26+21.99a 0.73

500 0 217.9149.42c 542.27+27.47c 0.40
712.9+29.22 b 676.37+£9.83b 1.05

10 1037.95+124.91 a 734.09+30.99a 141

1000 0 255.38+7.96 ¢  695.80+25.13¢c 0.37
5 1130.20+128.57 b1 094.71+84.68 b 1.03

10 1432.81+100.41 a1 333.25+89.32 a 1.07

JEMRCEAERE ST, XA AT AR A
M55 4 AfLLE Y, A0t F] EDTA &b 38, #b gl 47 771
528 ZE0AF 0.31~0.40 Z [u], i fiti 1 EDTA Ay4b 3 7%
15 Z4E 0.59~1.41 Z Ja], H:Hr 500 mg-kg Y Pb ¥
Tk FJiti FF 10 mmol -kg™ EDTA (AR P | 555 £
Bk F| 141, Mg A4 H B A Pb ik 1.037.95
mg-kg™;1 000 mg-kg™ 4 Pb sk~ _Ljiti 1 EDTA
HIAbTR FEis ZEUYRT 1, B Pb i1k 1130.20
mg-kg? 1 1432.81 mg-kg, X8 Pb 5L 14
Jiti il EDTA AU RE B 2 (2 U b gl 4147 3484319 Pb
L IR, T E S T A ) Ph Y E 4R
i, JUHAER S P UK b EDTA X #4177
W Pb BYAEHEVE T 2, DRI, Mg A 17 7 EDTA
Wi HAELE P ],
2.2.3 ¥ EDTA Xt 71 Ph iF 7% 2 (1521

H4 ISR UM EYBE B4R
e - HEE Ty 0 — AR R, AR Y 2 i R EE
S A iy i S5 WA 9 A A e RN SO b RN T
B BRI 2K 5 TR, Kt EDTA (ALFE, 1y
BATTIER Ph BIRCE R, iz it REUAE 0.50~0.67
Z[A], [Al— EDTA VT, FRA b 1 17 Pb A%
Bifi -39 Pb VS IV B R G INSEAC T 52 Tk dA, 125
250.500.1 000 mg-kg™ A4 Pb #INKF |, i 5
mmol-kg“EDTA HIALFE, Mg A1 7ThY Pb iB 88 Bt oy
Wk 2 234.61.2 013.30.,2 083.16 #1 5 600.84 ng- 45,
n R R B0k 0.71.0.74.0.80.0.90; ¥ 10 mmol -

kg'EDTA B9 4b 3, #b 9% A 47 Pb i 7% B & KK A
2 275.26 .4 032.95 .4 578.92 1 1 977.05 ng- 751, iz
T 20k A 0.80,0.84 ,0.90 F1 0.91, 3315 A Mgk £1
b FEREY P iR AR P RS S A 48 I
G SRR HIH 75 B SRR ) R RE A W
K E A, NI oY T3 h H 48 AR,

W5, ] EDTA BEEHb A PTX Pb (%412
AEJT 0, R AT GBS . VS EDTA R B3
3K P, If H EZL) Pb-EDTA E &Y HIE
KA R I ) b 3R e, His FE8 5 Pb
i 5 R HOKEEE P R B IR A

M T m B EDTA bl (47 Ak K 2
W AR (W3 3), R, A EDTA A4 Bl it
T A TIEE Po V5 e L3I, N 7RI A AT A9 A
Y ik f KAE R I EDTA, LA B (R 5 148 vh
HERBWRCR, 74, AR EDTA b3 115
T2 XE, TR Pb S A TR R
A5 5 T PG AR G P A Y 45 SR < A 10 mmol - kgt (4
EDTA R 21.d J&, 3 Ph M BT A Xt R
21 30 155, HHIAT UL EDTA 5 Pb (9484 W 1e 135
WP R I A S K il 25 e R, 35
AUzt AR Y 5 b N EDTA I R B AR 2 240
RPN

3 it

(1) Mg rrxt Pb HAABGRATTTE, R
Pb BEfEHEMBE AT AR, R EE Y Pb B i 5 REAIR
HAYR,; AT Po e A A B ] () 25 57k
KA, HLRE -3 Pl ¥ A0 i S 2

(2)EDTA Bl T Mg AT BAA &4 Ph iIB 1,
At F EDTA MALFR 532 R EOREE 2 18 250005k
0.31~0.40 1 0.50~0.67; Jiti F§ EDTA By AL HL, 4351
0.59~1.41 #10.70~0.91,, 1 H. 500 mg-kg™ i Pb %8l
JKF- FJiti FH 10 mmol -kgEDTA, #4371 355
Pb % 1 037.95 mg-kg.1 000 mg-kg ) Pb ¥ f7k
F Lt EDTA B94bFE, A3k 1432.81 mg-kgt,
I, A EDTA Al A 50 gl A4 A7 %) Pb
1YL TN E AR,
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Table 5 Effects of various concentrations of EDTA on Pb translocation of Dianthus plumarius L.
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