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Effects of chelating agents and organic acids on remediation of cadmium and arsenic complex contaminated
farmland by Phytolacca acinosa Roxb.

ZHANG Yarui', HUANG Yizong", XU Feng™, BAO Qiongli', WEI Xiangdong®, TIE Baiqing’, ZHANG Shengnan', HAN Nian',

HUANG Yongchun'
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Soil, Agriculture and Rural Ecology and Environment, Ministry of Ecology and Environment, Beijing 100035, China; 3. College of
Resources and Environment, Hunan Agricultural University, Changsha 410128, China)

Abstract: With a view to improving phytoextraction efficiency, field trials were conducted to assess the effects of EDTA, saponin, citric acid
(CA), and malic acid(MA) on Cd and As extraction from contaminated farmland using Phytolacca acinosa Roxb. The chelating agents and
organic acids had no negative effect on Phytolacca acinose Roxb. biomass, but could significantly affect the species’ uptake and
accumulation of Cd and As. 60 days after the application of EDTA, SAP, CA, and MA, leaf Cd concentrations increased to 116.4%, 55.0%,
81.5%, and 109.9% that of the control group, respectively. In the aboveground parts, applying both the chelating agents and organic acids
improved the Cd and As accumulation by 40.4%-106.0% and 15.8%—55.1%, respectively, relative to the control treatment. The chelating
agents and organic acids differed in their influence on Cd and As bioconcentration and transfer factors in different organs of Phytolacca

acinosa Roxb. Cd and As concentrations in Phytolacca acinosa Roxb rhizosphere soil differed significantly between the control and EDTA,
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SAP, CA, and MA treatments. Saponin application most significantly reduced the Cd concentration, whereas MA application most

significantly reduced the As concentration in Phytolacca acinosa Roxb rhizosphere soil. This work shows that EDTA, SAP, CA, and MA

could be used to enhance the extraction efficiency of Cd and As by Phytolacca acinosa Roxb. and that EDTA and MA are most effective in

this regard.

Keywords : farmland; heavy metal; Phytolacca acinosa Roxb; chelating agent; organic acid; phytoremediation
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Table 1 Responses of biomass of Phytolacca acinosa Roxb. to EDTA,SAP,CA ,and MA(g-plant™)

Qb3 i E-3 I R it

Treatment Root Stem Leaf Fruit Total
CK 160.91+0.04a 646.20+0.07a 444.88+0.10a 359.38+0.11a 1611.37+0.12a
EDTA 155.47+0.04a 650.92+0.07a 401.16+0.12a 301.27+6.08a 1508.82+4.15a
SAP 171.93+0.03a 673.60+0.01a 400.85+0.12a 358.05+0.09a 1 604.43+0.05a
CA 180.53+7.33a 646.66+0.19a 309.76+0.08a 296.40+15.08a 1433.35+5.05a
MA 195.21+9.08a 662.83+0.20a 392.13+0.10a 282.19+18.10a 1532.37+7.19a

TE AR ANR 9/ NE R R AN R A B ) 25 5 2. (P<0.05) 0 T Tl

Note : Different lowercase letters in a column indicate significant differences among treatments at (P<0.05) level. The same below.
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B 1 EDTA.SAP.CAFAMA X @i Cd S 2 M %M
Figure 1 Effect of EDTA,SAP,CA,and MA on concentrations of Cd in Phytolacca acinosa Roxb.
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Table 2 Effects of EDTA,SAP,CA ,and MA on accumulation of Cd in Phytolacca acinosa Roxb.(pg+plant™)

AES HEEH

3T it = i Y
Treatment Root Stem Leaf Fruit
CK 337.51+0.08d 655.91+0.09¢ 1768.93+0.29¢ 421.70+0.05b
EDTA 585.36+0.20b 1 028.49+0.05b 3279.58+0.55a 449.11+0.07a
SAP 552.91+0.05¢ 1635.09+0.17b 2 469.75+0.35b 528.12+0.07a
CA 632.90+0.06ab 1 248.14+0.08b 2 307.16+0.56b 442.00+0.06a
MA 648.55+0.07a 2 144.43+0.32a 3272.89+0.35ab 445.30+0.06a

%3 EDTA .SAP.CA F0 MA X 7 fh#E #k Cd 3515 REMI &M
Table 3 Effects of EDTA,SAP,CA and MA on TF of Cd in
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Cd#5iz Z B0 N o 5 %7 B8 2] CK AH EL , CA Ab PR X CA 0.62:£0.06b 4.48+0.28a 0.23+0.05ab
1T Bl 25 3 i1 Cd 5% 08 R BCHA W IgOR , 3 i MA 09240182 432+0.14ab  0210.01ab

55 76.4% ,{#i TF =155 4.48(P<0.05) .
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Figure 2 Effects of EDTA,SAP,CA,and MA on BAF of Cd in Phytolacca acinosa Roxb.
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Figure 3 Effects of EDTA,SAP,CA,and MA on concentrations of As in Phytolacca acinosa Roxb.

ERR R B, 5 CKALFEAH H , As BB & 40 B 385
60.8% (1R ) .157.9%(2£) .18.9% (M) Fi1 18.6% (H) (P<
0.05) ,EDTA .SAP . CA FI MA X} Hb |3 As T 2424371
PR T 18.5%.23.4% 15.8% F155.1%.

EDTA .SAP . CA I MA 4b B 60 d X BBl 45340 As
EERBE I LR 4, B4 0], MA 2 BEXT R
R BG4 B 1Y As & 4R REEHIY 8.3 A CK A )
B8R 43 ) 53.9% (M) \72.5% (25) .22.4% (1) Al
87.9% (H:) (P<0.05) . B4k, EDTA 4b BR 1 fE & % 42
LRI Y As B 4R 88, B IR 23 5914 60.0% F1 81.0%
(P<0.05) , HoAl b PR TG 2 3 500 (P>0.05) .
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PS5 NEA TR MR AL 60 d X i i A ik
i As PN o FHER S AT, 7E MA LB PR, R B v )
R As 2 ZE(TFwn) 5 CKAL L B EFEWE N T
68.0%(P<0.05) .,
2.4 MRERETIFEE CAFE AR ENTIE

T B MR B - 3 v B Cd R As 7 6 it A T
B AR HLER 60 d i i UL I 5. f &S AT g
EDTA .SAP . CA Fll MA 34 A& f 2 [4 A% 5 ki R P 1= 3% vp
B9 Cd F As i, o, SAP &b BE 5 li MR s - 3 v
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Table 4 Effects of EDTA,SAP,CA ,and MA on accumulation of As in Phytolacca acinosa Roxb.(pg+plant™)

3T it e i ®
Treatment Root Stem Leaf Fruit
CK 206.22+0.05¢ 109.51+0.008h 243.04+0.03b 67.15+0.006h
EDTA 280.00+0.38a 155.37+0.185h 274.72+0.53a 67.26+0.042b
SAP 259.36+0.44h 173.45+0.154b 271.05+0.50ab 73.14+0.009h
CA 261.54+0.67h 174.39+0.009h 233.97+0.30c 77.47+0.321ab
MA 331.49+0.10a 282.40+0.024a 288.96+0.25a 79.63+0.010a
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Figure 4 Effects of EDTA,SAP,CA and MA on BAF of As in Phytolacca acinosa Roxb.
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Table 5 Effects of EDTA,SAP,CA and MA on TF of As in

Phytolacca acinosa Roxb.

Qb P TF j TF 20 TF i
Treatment TFroo-stem TFSiem-Leat TF Leat-Fruit
CK 0.20+0.009a 2.24+0.202ab 0.25+0.032b
EDTA 0.24+0.039a 2.67+0.971ab 0.40+0.082ab
SAP 0.22+0.036a 2.43+0.365ab 0.37+0.057ab
CA 0.26+0.029a 3.08+0.004a 0.35+0.043ab
MA 0.28+0.058a 2.05+0.433b 0.42+0.037a
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Figure 5 Effects of EDTA,SAP,CA and MA on the
concentrations of total Cd and As in Phytolacca acinosa Roxb.

rhizosphere soil
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