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Effects of folic acid and methionine on chelating agents in the removal of heavy metals

PENG Ya—xi, ZHANG Shi-rong", WANG Yi—jun, ZHONG Qin—mei, FENG Can

(College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: Soil washing is a promising and efficient method for remediating metal-contaminated soils. To explore the effects of citric acid
(CA), ammonium citrate (AC), and 2-phosphonobutane—1, 2, 4—tricarboxylic acid (PBTCA) on cadmium, lead, and zinc removal, batch
soil washing tests were carried out with two assistant reagents, namely, folic acid (FA) and methionine(Met). Results showed that the addi-
tion of FA or Met significantly improved the heavy metal removal efficiencies (£<0.05). The maximum improvements in soil heavy metal re-
moval were 10.45% and 12.08% for Cd and Zn, respectively, with the addition of FA under acidic conditions compared with CA alone, and
19.65% for Pb removal with the addition of FA compared with AC alone. The augmentations to removal rates in soil Cd, Pb, and Zn were
0.22%, 8.60%, and 7.09%, respectively, via Met addition compared with PBTCA alone. The metal removal efficiencies increased with in-
creasing contact time and then tended to plateau when washing occurred with washing agents combined by one assistant reagent and one
chelating agent. The highest removal efficiencies of Cd, Pb, and Zn for compounded extraction agent reached 61.98%, 76.57%, and
49.20%, respectively, at pH 4.0 and a leaching time of 120 min. The exchangeable, reducible, and oxidizable fractions of Cd, Pb, and Zn in
the soil decreased significantly after washing with the combined assistant reagents and chelating reagents. These findings indicate that the
addition of FA or Met with chelating agents could enhance the removal of soil heavy metals.
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Table 1 Effects of auxiliaries on soil Cd,Pb and Zn removal rates(%)

BB Auxiliaries e J¥ Concentration/g- 1. Cd Pb Zn
ZEIRK 0 0.51+0.08¢ 0.05+0.01d 0.08+0.03b
R 2 0.58+0.23¢ 0.12+0.20d 0.11+0.23b
5 0.97+0.06b 0.39+0.02¢ 0.24+0.02b
AR 2 1.710.13a 0.57+0.04b 0.19+0.02b
5 1.97+0.12a 1.30+0.09a 1.12+0.08a

TE BB N I AR e R 2 (n=3) o WA R)/ING TR AR AR W AL B I 25 52 B 35 (P<0.05)

Note: The values are presented as the meanzstandard error of the mean(n=3). Different lowercase letters in a row indicate significant differences in

mean among treatments ( P<0.05).
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Figure 2 Effects of the concentration of auxiliaries on soil Cd, Pb and Zn removal rates
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Figure 4 Effects of the leaching time on soil Cd, Pb and Zn removal rates by various combined solutions
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39.3%, [N, PBTCA 5 Met 4 i it 42 45 32 #2750 % Pb

(R SRR b

1M Zn F B LR S AAAE, 5% & 6142 mg -
kg, i 19 Zn AR 41.9%, LB Zn B R EAEAE T
T YA P X Zn 25 PR R EAIG AY SR R
5 Cd.Pb 45328 A AR, BRVE A (AT S A ] 44k
A Zn B FFFEIL(P<0.05) . {EA5 M, 24 PBTCA
AEAERT BRI A1 Zn th 1 35 BRI (P<0.05) , T R 1 i
H34%~38%. X W PBTCA 5 2 Fili B 52 67 4
REACUT Hb JBRIRIE A Zn,

g5 Bk 25 3 Cd Pb Al Zn 1 4 FIE S
SRR B Bk o xR R 4R vk i
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REGRIRIED , HYCOR TR JFES AT A . R
BE T BRI BRI S LR SR B eSS S
AL SOV, NI 2B 5 0. IR, AR R
BIRIERE S TR R T Y L) S AT 1y

3 #ie

(1) B —F 45 CA AC F1 PBTCA Xt + 3 H 4 &
Cd \Pb Hl Zn ¥4 — 2 BRI . =& 7€ 0.25 mol - L”!
B, 3 0 4 I 1 SR e PR 400 R 51.53% .67.97%
F137.12%.

(2) A FA 85 Met 7] DL 32 & 13 Cd  Pb 1 Zn
B RBRHE . KA EEE pH (Eh 4 =4 E
120 min B}, 5 B 046 71 3 Fh 38 8 4 )8 2 PR R0 i
fe WA HNAE K 10.45% . 19.65% 1 12.08% ., 1R 4 W
£ pH I il s (7] 82 3 5 i TR 4 JE 1Y 25 BR R (P<
0.05)

Q) E ARG HIEDESENRES kR
AFNR 4> AT A AS O i 0 T R (P<0.05) 3 1+
e 4w 15 IR I AU .
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