2018,37(9): 1866-1874 K W K E Rz F R 201849 H

Journal of Agro-Environment Science

EFW, BA, L5, 2. EDTA LR AR YE S Ph . Cd ML B LA 4315 U TR | R FRERL A4 41, 2018, 37(9) : 1866-1874.
WANG Yu-han, CHEN Dong-yue, JIANG Zhi-yong, et al. Phytoremediation of the soil contaminated by Pb, Cd and secondary salinization with the en-
hancement of EDTA[J]. Journal of Agro—Environment Science, 2018, 37(9) : 1866—1874.

EDTAB{LE A EMEE Ph . CdFBZNES TR TIE

EdaE, KAR, LEF, A, katk

(1LVGR R E IR IR 2B, — R XA B IR R I SRS, K 400715; 2. AL T F#Be i 5l m i &, &
JK 401228 3. BT AL BF I S5 PR B S S %, FK 400716)

B EABEESEAERTIEE AT L R E A S 5T T EDTA s&fb 3 AE A9 5 K =& (Sedum aizoon L.) FIFHBHE
(Suaeda salsa)%f 1-3EH Ph . Cd FIER BT ES T (NO5 LCL SO ) Y R BRBCR o 25 3R W], EDTA RS (2 i 55 A F ) R ORI o 2 75 Y 11
I Ph.Cd, M E N4 mmol - kg™ A EDTA FF, % F Pb . Cd " B V5 Y + 48, 50 Kk =L 2 Fh i 4 U@ 1) 25 B %6 40011 4 32.59% F136.47%,
HE 53 51K 22.93% #129.36% ; %1+ Ph . Cd ML 3 BH B F 5 A5 Y £ 3, 50k - EX iR B V5 Y -3 b 2 Fh e 48 19 5 B 43 o
41.37% F147.25% , S0 %k v 8 ¥ e B v 2 Pl 43 1) R BR 253 311K 36.42% Fi1 41.48% , 53¢ 2R — - X% 3 BlER /3B B 7 1Y e ek
R NO> CI>SO05, T B X b 40 B 8 710 L BRAICR 22 8/ e ek =B A A Wi I B R P pa | Al b s P i SR 5t R
=Lt 3Z Pb. Cd FIER 4 185 T AU RE JT B0 . EDTA s Ak e R — BB S hris e -4, Ph . Cd A bR 253 51 14 51 37.87% F141.61%,
NO3.SOF FI CI 435149 59.22% . 42.11% F151.65% , et A 3 6 2 B 4 Jm MEh B AL & 475 e 1458

KRR B BRI SR F A A s EDTA

RESEE.X53  XEFEED: A XEHES:1672-2043(2018)09-1866-09  doi:10.11654/jaes.2018-0206

Phytoremediation of the soil contaminated by Pb, Cd and secondary salinization with the enhancement of
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Abstract: In order to remedy the soil contaminated by heavy metals and secondary salinization, the pot experiments were conducted to in-
vesligate the removal efficiencies of Pb, Cd and salt anions (NO3, CI” and SO3") by two halophytes with the enhancement of EDTA. The re-
sults showed that the addition of EDTA could significantly promote halophytes to absorb and enrich Pb and Cd in the contaminated soils.
With the enhancement of 4 mmol - kg™ EDTA, the removal efficiencies of Pb and Cd were 32.59% and 36.47% by Sedum aizoon L., and
those were 22.93% and 29.36% by Suaeda salsa for the moderately polluted soil with Pb and Cd, respectively. For the combined pollution
soils with Pb, Cd and salt anions, the removal efficiencies of Pb and Cd in the mildly polluted soil were 41.37% and 47.25% by Sedum aizo-
on L., and those in the moderately polluted soil were 36.42% and 41.48% by Suaeda salsa, respectively. The removal ability of the three salt

anions showed a decreasing order of NO3, CI” and SO:™ by Sedum aizoon L., whereas that showed little difference by Suaeda salsa. The exis-

WiE A 2018-02-07  FFIEH#:2018-04-27

YEE RN : ERA(1994—) , % - 0Foe A, N5 e HI B R HRWF5Y . E-mail: wyh_1121@hotmail.com
HBEESE KL E-mail: jzhzhang@swu.edu.cn

EETE : AN AR (863) 5T H (2012AA4101405)

Project supported : The National High Technology Research and Development Program of China(2012AA101405)



ETTH % EDTA AL R I Ph Cd RIERIEAC AL 4 153+ 1867

tence of appropriate amount of salt anions could activate Pb and Cd in the contaminated soil, and increase their mobility and bioavailability,

which may promote the halophytes to absorb heavy metals. When the contents of salt anions in the contaminated soil exceeded the tolerance

thresholds of the halophytes, excess salinity might reduce the absorption ability of plant to Pb and Cd. In addition, the biomass of Sedum ai-

zoon L. was obviously greater than that of Suaeda salsa, and plant resistance indices indicated that the tolerance ability of Sedum aizoon L.

to Pb, Cd and salt anions was much stronger. The combined pollution soil with heavy metals and secondary salinization could be effectively

remedied by Sedum aizoon L. with the enhancement of EDTA, and the removal efficiencies of Pb, Cd were 37.87% and 41.61%, and those
of NO3, SOZ™ and Cl” were 59.22%, 42.11% and 51.65% for the actual pollution soil, respectively.

Keywords: soil remediation; heavy metal; secondary salinization; halophyte; EDTA
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Figure 1 Effects of the addition of EDTA on Pb and Cd contents in plant shoots
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Table 2 Removal efficiencies of Pb and Cd in soils (%)
Y TR M BREL
AIMEDTA il 4 mmol -kg™ EDTA AIMEDTA il 4 mmol -kg™ EDTA
I Ph 15.58+2.81b 20.37+3.67h 17.2623.11a 30.84+5.55a
cd 19.37+3.49h 29.47+5.30h 25.68+4.62a 34.22+6.16a
o Ph 14.17+2.55b 22.93+4.13h 21.48+3.87a 32.595.87a
Cd 21.48+3.87b 29.36+5.28h 28.46+5.12a 36.47+6.56a
iy Ph 12.53+2.26b 19.14+3.45h 19.57+3.52a 28.78+5.18a
Cd 19.56+3.52h 27.57+4.96h 26.37+4.75a 35.83+6.45a

TE < [ 7R3 i A ) 7 B0 ) Aol b BHLAN ] it Aol ) 2 5 . 2% (P<0.05) o

3 HRMEDTA X EREMR R =L EEMFEIEZ Pb.Cd M
Table 3 Effects of the addition of EDTA on the enrichment and translocation of Pb, Cd in Suaeda salsa and Sedum aizoon L.

OLE HER=t
EDTA Z8 i/ - -
TG R mmol-kg” WER Heia AU R s 2B
Pb cd Ph cd Pb cd Pb cd
B 0 0.63£0.07b  1.254¢0.19b  0.3740.04b  0.64+0.08b  1.05+0.09b  2.15+0.24b  0.78+0.10b  1.2420.11b
4 2.11£0.19a  5.46£0.75a  0.72£0.06a  1.03:0.14a  2.68+0.32a  7.23:0.68a  1.09+0.11a  1.610.15a
CRES 0 0.6620.09b  1.21x0.15b  0.40£0.05b  1.07+0.11b  0.63+0.09b  1.71x0.15b  0.83+0.09b  1.27+0.12b
4 2.08£0.27a  4.93+0.58a  0.83+0.10a  0.98+0.13a  2.53+0.29a  5.69:0.64a  1.16+0.16a  1.65+0.15a
Eivi 0 0.65+0.08b  1.16+0.15b  0.54+0.06b  0.64+0.07b  0.83+0.08b  1.86+0.15b  0.81+0.06b  1.30+0.14b
4 1.88+0.21a  4.62+0.61a  0.86+0.12a  0.89+0.14b  2.52+0.31a  5.15#0.73a  1.11#0.23a  1.69+0.15a

T R PR R TR R [ Rl 5 YR AR EDTA BSA/KF- 1] 22 5 2. 35 (P<0.05)

2R X Ph. Cd 1 & 4R RBOR G ic R4, WTLUR
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Cd W) & £ 2R 158 T Pb. 7EPb CAER 5 Y +
e, YIS 4 mmol - kg™ EDTA I, 5% K =4 F# 5
X Cd & 5 REC A B 7.23 Fl 546, TLAELK
B, 50Kk =B Ph. Cd 1Y) & 4 Tl 32 Rg 7 5 T 58 Bk

U SR K =X 8 Ph  Cd YW RE T B 5k
MRS IT B oy i) B ¥R A%, X Ph  Cd 5 e 13 E R B
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et

2.2.1 FRAAEY) bR A 15 Yo - e AR 43 BH B 1
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Figure 2 Removal efficiencies of CI",SO% and NO;3 in combined pollution soil with the two halophytes
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ER A3 BHES T (W SCRN 25 B BE 96 T i

222 EDTA ik Ay LR E A5 L ET R
Pb.Cd

4TI 4 mmol - kg'l EDTA J&5,2 fpdh A M W
ME AT YR P Cd I EBRR . WTIE R, T
AF )5 YA B ) 398, 2 kb AR RE D06 Cd A 25 BR AR
I F Phs X8 TS Y 13 SR = -EXF Pb.Cd
B R BRACR 0 T i s K = E A BE E
&R 5B E A5 Y IR E N .

Fhie 2k 4 BRI, TEMF A B 15 Yok T,
WM 4 mmol - kg™ EDTA , 2h AW G154 4 h
HL R EBR R TR —E R 5 Y -5
Xof R Y5 Y - 3R Ph L Cd (1925 B 00 B 7 59% Al
41%, 5 R =X S Y g 2 R 4 8 L BRR
A3 4R R 34% H138%.,

2.2.3 AP E ATE YL P CAIE 4 5%z

%5 AN 4 mmol - kg™ EDTA & , $h A= i Myt &

x4 EETEITEPPH CAHERE(%)
Table 4 The removal efficiencies of Pb and Cd in combined
pollution soil (%)
R R
Pb Cd Pb Cd

Bz 27.47+5.21b  33.47+6.35b  41.37+7.86a 47.25+8.97a
g 36.42+6.91a  41.48+7.88a  39.51+7.50a 42.84+8.13h
il s 37.25+7.07a  40.87+£6.76a  29.22+5.58b 34.28+6.51c

T A 8 AN [o) 5 Bk 3R 7 A [ 35 G A 3 Ak i ) 22 55 J 2 (P<0.05) &

TlA.

Gl -5 Ph Cd 1Y & 5 R B2 280, ATLL
F i, 5K =B X Ph, Cd & 42 R B R AE 4 3R
5.16 F1 12.07, %18 ZBUR KA 5 51 1.38 F12.32; 4
B, 32 X Pb. Cd 1Y & 48 & B K AH 40 0 o 3.53 #l
10.30, %18 Z B KAE 73 5 0 1.01 Fi 136, X T4
[F) 75 YL R BE ) 338, 2 PR AR AT Cd I & SE R iz
REJT L Phoi, SER =-LXf 2 R4 B (0 H £ s B
77 e BB E 5

P e 3 e 5 & FEMIRI E AR5 YK T,
W4 mmol -kg™ EDTA , R A AH Y &2 G5 YL L rh
RN EEMEZ R TR —HS RN+
e, PRBEE T H R TS Y £ Ph L Cd (1) E 4 R B
B 5 70% F1109%, %38 F 804y i 32 5 18% Fi
30%; 5tk =X EETG Y - i Ph . Cd 19 & 45 R AL
53 9 B2 155 93% F 54% , i35 2 K5 i B 27% il
1%.
2.2.4 FAEFEYI A Y A BEAE AL S HOR AL

AR WY 18 R B T B — S E AR AR .
K 3 AT LLE H W4 mmol - kg™ EDTA J5 , b % +
A A TS YRR B A3 0, PR 0 A ) i S B
TG FEAR a3, Hoa K =B AR e 2 ) T

60 O e

ORKR=L

a

|
[

—_—

IS
(=]
T

—

HRRAE A P g
S

b b b b

it imtimia

J5 £ BT PEETGY EAIG Y
e i +H
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Figure 3 Biomasses of halophytes in different soils with the
addition of 4 mmol-kg™ EDTA

RS BHENRR=tXNERTRIERPh CINEREMEE

Table 5 Enrichment and translocation factors of Pb, Cd in Suaeda salsa and Sedum aizoon L.

% PN
[EE S5 GEES iz ZEL GESS iz R
Ph Cd Ph Ph Cd Ph Cd
L) s 3.37+0.65ab  8.17x1.56b  0.85:0.11b 1.12+0.18b  5.160.87a  11.12+2.14ab  1.3820.17a 1.630.22b
i 3.53:0.61a  10.30£1.84a  0.98+0.14ab  127:0.21ab  4.68+0.51h  12.07+2.04a  1.23x0.14ab  2.11:0.23ab
HE 3.05£043h  6.35:0.43c 1.0120.12a 1.36=0.16a  2.22+0.32c  8.47:0.85h 1.1310.15b  2.32+0.35a
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ATLLRE] 44 o, EEAEDTA $215 21%.

F 6L T 5 2R R AR APPSR A
RS%. NF6RTLUE B 138 G5 YR
IR, 20 e 5 1 o 2R R AR T R R T
R LTS R O R B RS YRR AR RN
R = EHSoD iR FIER BB A RUE R EH
4 JE FNER 43 BH B 7 3 7 A B T A5 S RE RS HIK
T — 2 A T 4 i AR A B B 0 af , H s Ye R B gk 2
BN, SOD W& M T, LB B XA e A B AR
2RPER AR N R AR R BT AR EEETS
Y S N IR B R A R RN R
e A4 B4R T 1049% F119% , P B 52 K =L it 52 8
SR MER A FRORE S sk, ik, 5t R = £ WA
ATBEESEMLSAEFEAG I,

23 EDTABUER=+HIEELFRTHTIE

K EDTA 3 b K =L 852 Sehris Y 44, 3k
753 3 rh Pb Cd 1Y 2 BR3 53 51K 37.87% F141.62%,
NO3 . SO CI 43 51K 59.22% .51.65% F142.11%., =
K= XFSEPRIG Y £ 59 Ph ., Cd AN BH 5 1 19 2 BR&L
RGBS A — 3, R R K =LA Pb.CdIH
AR R A R P AR K iR RE T
BAXE B MER T A g IS ) 8
15— 5T

3 itig

WG FAB P Cd A 52 B B A B Ts e+
BT Z AR S, ISRV B EDTA J& , 5t K —-E M
THTHE RE NS 1E AR K, X 2 b 8 4 T AR A e 1) TR A
EAERE T, HH At R AR AR (BRI afi B
B A e g 5% ) R B MR ORI i 4E CA BB " IR
4 EDTA 5 Pb . Cd 92 & Fa € H 8 (1gKo) 43 31124 19 1
16.4, Xf Pb, Cd H. 45 1R 5% () 2 & i /1", EDTA 5
Ph  Cd B B2 G W0 45 50 DR oy W A, A1 i 2 4 J I
FEIAR R ) L 3R , 3 KA Y, b =4 )

2, Bareen SEPWIF ST UESE , WS KGR & EDTA 7] DX
P % R A A SR RS & Cris e 358 TR 1
mmol - kg™ () EDTA B}, A /K P9 Cr ~F- 3 B B 5 L Xt
HEHE 0 131 mg - kg™ Zaier 20 58 & 8L, %S 0 10
mmol - kg™ FY) EDTA I By 145 1 F 758 Ph & & HoX B3
112382 mg- kg™, Ui B A A EDTA w] L5 55 i 25 45 %F
+- b Ph SRS, A Ph DR ) 1l
s IR EE EDTA J5 M4 3 Ak W R
XA R TR B RE ) PSR S, T R R
EDTA ¥ J3 28 5 2 0 il R A= K, 20 i FR i 42 49 Xt
Pb . Cd W, 33X 5 0 82 A5 Bk 5 45 SR AE 0L,
EDTA %t Phi5 4 38, 4 EDTA LA M 0.1 mmol -
kg ' #EHNE] 5 mmol « kg™ B}, Pb 25 BR R 38 R 58 A, 1 4k
LRI EDTA AT, Ph R BRR ISR/

B Ph . Cd ML AL & A 5 Y - HER, 2 Fhdh
A= R WX 3 il 43 R 8 1 25 R R 38 R B NOS>
CI>S07% , 5 4= il S 1 F 9% 45 S AL, 72 pH
3.5~8 B, i 21 5 %5 3 F R 43 BF B - 1 1 B 05T ) Sy
SO%>CI>NO;, 5 AR & AT Y 25 FEE 1 1A
UFAH I, 2% FRE 1Bk, AN 25 5 B A P U . A
[ B 4 B 15 YK S E Y R A5 e b
LRI LR N E AR B 0w i S R TR
FH—EERIG YN, TR S B TS
%, S0% \CITAT L) Ph ., Cd 454, 8 it 384 i -+ 398 3¢ 1 £
HLaf , Qe A1 - S Ok 2 1T L Cd =Z [R]JE A — F e 1
%AW, BEAE R R Cd I A AT R NOS I A7 7E
REI K RV T L %, Cd™ HE AW BRHSE A 5 1 1
PR H, T3 K Cd 7 38 g T 25 18, 18 g 388 o mp
LA Cd =™, UL, 1 55k 4 B B 1 1 A7 e fE
i e LR ES R WK E SR E TR st
A=A K R I A R R A R A A R 4 B
5 YL R B BN, A AR I SRR a SR E D
SOD T P4 FIA B 5 35 S IS0 5 B AR e 34,
Uk B AT B 19 5 4 IR RNk 40 B B8 7 W38 € 20 L 3 ik
TE W 57 B, A 2 20, MIAE K e AR )

Ro BHEMRR=tHAAMHERESE SODFEN A_BIsTH
Table 6 Variations of chlorophyll,SOD, and malonaldehyde in Suaeda salsa and Sedum aizoon L.

NI B E HR=L
TSR - — - —
M4tz a/mg-g' HEEE b/mg-g' SODIGPE/U-¢"' TN _/pg-g' M&FKa/mg-g' M&EFE b/mg-g" SODEM/U-g' N B/ /ug-g!
Ji 0.42+0.08b 0.24+0.05b 279.24+15.78¢ 0.28+0.03¢ 0.19+0.04¢ 0.09+0.05¢ 67.53+6.78d 0.57+0.04b
BEEY 0.57+0.15a 0.35+0.08a 297.62+26.53¢ 0.28+0.03¢ 0.23+0.04b 0.11+0.04b 83.74+13.76¢ 0.49+0.05¢
REETE Y 0.4120.05¢ 0.21+0.04b 428.59+41.88a 0.41+0.05b 0.28+0.05a 0.16+0.04a 102.73+16.72b 0.55+0.07h
EEEY 0.27+0.05d 0.16+0.04¢ 386.48+26.43b 0.57+0.08a 0.27+0.06a 0.16+0.04a 137.88+19.82a 0.68+0.09a
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58, %) Ph . Cd F1 3 FhEh 43 B B R HUS T80 1 B
B

4 #ig

K EDTA S 4k 3 B M 15 & Ph . Cd 5 ik
BATEY L NMUREA AL BR SOT NOSHICL, i AT
D) i 2 R R 5 K =L % Ph Cd Ay 2R, 184
KA Y% 2 Fh EE 43 19 5 B2 RN 32 E 7 s T EDTA 58
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