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Study on leaching of lead and cadmium in farmland soils by citric acid—enhanced low concentration EDTA in
the Chengdu Plain

YAO Ping'?, GUO Xin?, WANG Ya-ting®, ZHONG Qin-mei', ZHANG Shi-rong"”, HE Yu-ting’

(1.College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China; 2.Chengdu Academy of Environmental Sci-
ences, Chengdu 610072, China; 3.Chengdu Agricultural Technology Extension Station, Chengdu 610031, China )

Abstract ; Heavy metals adversely affect the safety of farmland soils in the Chengdu Plain. In order to determine high—efficiency remediation
technology for heavy metals in these soils, this study investigated the removal efficiency of Pb and Cd from paddy and purple soils through
different washing methods using citric acid and low concentration ethylenediaminetetraacetic acid (EDTA ), and further analyzed the concen—
trations of organic matter and nutrients in soil. The results showed that the single method using 0.02 mol - ™' EDTA removed 44.94% of Ph
and 88.32% of Cd from paddy soil, and 48.48% of Pb and 71.85% of Cd from purple soil. Similarly, the single method using 0.1 mol + L™ cit—
ric acid removed 24.71% of Pb and 69.38% of Cd from paddy soil, and 33.54% of Pb and 59.77% of Cd from purple soil. Compared with the
two single methods, the combined methods of citric acid with low—concentration EDTA had higher metal removal efficiency. In addition, the
highest removal efficiency was derived from the washing method using EDTA followed by citric acid. This composited washing method en—
hanced the removal efficiency of Cd and Pb by 6.07% and 9.67% for paddy soil, respectively, and the same indicators for purple soil by
10.33% and 14.73% more than the single method of EDTA washing. Simultaneously, this washing method also reduced the loss of organic
matter and nutrients from soils by over 10% more than the other methods. In summary, the method using EDTA followed by citric acid is the
most suitable for the removal of the two heavy metals and for conserving organic matter and nutrients among all the studied washing methods.
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Table 1 Physical and chemical properties of soils

oy PV CU AR R A TURLEL R/ %
mg-kg”  mg-kg g-kg g-kg emol kg™ WRL(2~0.02 mm) F347(0.02~0.002 mm) Ak (<0.002 mm)
IKFEL 182 6.18 36.77 1.28 6.08 20.19 37.45 15.99 46.56
Lot 866 25.24 26.80 0.91 7.54 15.47 65.88 7.61 26.51
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Figure 1 Removal efficiency of soil Pb and Cd using different
concentration of EDTA
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Figure 2 Removal efficiency of soil Pb and Cd by mixture of EDTA
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Figure 4 Removal efficiency of soil Pb and Cd by different concentration of citric acid followed by EDTA
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Table 2 Maximum washing efficiency with different methods

N ; KFE L : : #et ;
Pb ik E4/% Cd Wk 22/% P ik E4/% Cd Wk 22/%
0.02 mol - L' EDTA 44.94+1.06b 88.32+1.62b 48.48+0.73¢ 71.85+0.47¢
0.002 mol - " EDTA 24.83+1.10e 77.43+1.37¢ 26.62+0.69¢ 27.30+0.55f
CA 24.71+0.54e 69.38+0.87d 33.54+1.26d 59.77+1.07e
EDTA+CA 31.17+0.19d 80.12+1.80c 46.34+3.33¢ 65.24+0.67d
EDTA-CA 51.01+1.81a 97.99+1.53a 58.81x1.12a 86.58+1.53a
CA-EDTA 42.17+1.11¢ 87.74+2.10b 50.99+1.57h 79.90+£2.41h

1 CA FORFPE IR BRIk ;s EDTA+CA /R EDTA 572 1:1 G ARBUR AW E; EDTA-CA F/R5EH 0.002 mol - L™ EDTA s A4 R
WKPE; CA—EDTA 227 26 FIFT R K UETE A 0.002 mol - L™ EDTA kit [RFIA [A]/NE 7 375 A i E] 2% 5 1 25 (P<0.05) .
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Table 3 Changes of soil organic matter and essential nutrients after soil washing

+ 3% liSAp s HHL/g kg L %g kg LWhlg kg 2f/g-kg!
KAE+ HUERT 36.77+0.84a 1.28+0.11a 1.87+0.04a 17.16+0.12a
0.02 mol-L" EDTA 30.14+0.24e 0.61+0.05d 1.30£0.12hcd 13.510.09¢

0.002 mol -1 EDTA 33.27£0.18d 0.89+0.09¢ 1.40+0.06b 14.95+0.07b

EDTA+CA 33.9820.54c 0.97+0.18bc 1.38+0.01b 14.88+0.11b

EDTA-CA 34.86+0.11b 1.12+0.02b 1.28+0.02¢ 14.02+0.07¢

CA-EDTA 33.770.79dc 0.91+0.14c 1.20+0.02d 13.810.04d

o+ HUERT 26.80+0.14a 0.910.03a 1.41+0.07a 15.11+0.05a
0.02 mol-L" EDTA 18.51+0.55f 0.63£0.01c 1.04+0.01d 12.66+0.11d

0.002 mol -L! EDTA 22.660.21e 0.77+0.06b 1.28+0.03b 13.81+0.07b

EDTA+CA 23.190.09d 0.810.05b 1.20+0.01c¢ 13.93+0.08b

EDTA-CA 25.15+0.14b 0.83+0.04b 1.11+0.08cde 13.570.04c

CA-EDTA 23.5820.07c 0.80+0.04b 1.02+0.04de 12.50+0.13d

T« [R5 [l L SR [R) /NG 5 BERom A B0 8] 22 57 25 (P<0.05)
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Table 4 Changes of soil heavy metals after washing

BT bR/ mg - kg

+ 3% HE)R WRBERT/mg - kg WBESE/mg-kg"  ARFHHARE/mg kg™ [ L
KFE L Ph 182 89 250 400 800
Cd 6.18 0.12 0.30 7.22 28.3
#Et Pbh 866 357 350 400 800
cd 25.24 3.39 0.60 7.22 283
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