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Washing remediation of polluted Cr ( VI ) - containing soil using chelators compounded with low—molecular
weight organic acids
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Environment, South China Agricultural University, Guangzhou 510642, China)

Abstract: To explore the role of the biodegradable chelating agent nitrilotriacetic acid(NTA) for the substitution of ethylenediaminetetraacetic
acid disodium (EDTA) in mixed reagents, this study evaluated the washing kinetics of these mixed reagents, alongside the effects of
concentration, solid—liquid ratios, pH values, and washing times, on their corresponding removal efficiencies of Cr ( VI ) —polluted soil,
specifically by treating soil with NTA and EDTA compounded with oxalic acid and tartaric acid, respectively. In addition, the BCR

sequential extraction procedure was used to analyze the differences in chemical states, mobility, and stability of heavy metals within the soil
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before and after washing. The corresponding results demonstrated that a maximum Cr( VI) removal efficiency of 82.94% could be achieved

by using a mixed solution of 0.25 mol+ L™ NTA and 0.3 mol - ™' oxalic acid in equal volume with a solid-liquid ratio of 1:9, pH of 3, and
washing time of 240 min, which was consistent with that of EDTA. The Pseudo—second—order kinetic equation could be applied in the
washing kinetic process. Meanwhile, the BCR results demonstrated that the Cr contents of the mild acid—soluble, oxidizable, and residual
fractions in the soil were reduced from 6 346.67, 4 280.00 mg-kg™', and 2 387.67 mg-kg™ to 1 161.67, 433.35 mg - kg™, and 741.00 mg -
kg™, respectively, after washing; in contrast, the reducible fraction increased from 2 746.67 mg-kg™" to 6 016.67 mg- kg™ following washing,
thereby indicating that heavy metal mobility was inhibited in the contaminated soil. Additionally, the organic matter content in the soil rose
significantly after washing (from 13.47% to 30.56%), as the content of urease and dehydrogenase declined from 46.32 pwg-d™ - ¢ and
329.09 pg-d' g t0 29.36 pg-d' g and 131.98 pg-d™ - ¢, respectively; nonetheless, soil composition predominantly remained the

same. Therefore, this compound of NTA and oxalic acid is an efficient eluant which has little effect on the soil.

Keywords: soil washing; chromium ( VI ); mixed reagent; washing kinetic; BCR
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Table 1 Physicochemical properties of soil samples
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Figure 6 Effects of washing time on Cr( VI) removal
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Table 2 Kinetic parameters of Cr( VI) washing by different reagents
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Figure 7 Removal efficiency for Cr( VI) and total Cr using

mixed reagents



PR 4 BRI A DR RSB A Cr(VD V53 12 549

87.39% 1 85.66% ; %} 154 Cr 1) 25 Bk 43 51~ 47.49%
43.219%.52.79% F144.31%., FHICAT UL, BRPES G500 5
PP A LR B C 1 % 52 BE bR e 506 Cr (VD FILEL Cr Y
EBRBRIZHNAK, E— U0 NTA B EDTA fyAJ
itk
26 KWENEESERESHEMEBENTH

TR R R TS AR R RS R
AR Ak B 4 i A T I 9 700 A X 7 ) B A I o 2%
52 AT IR G R TE o SR A R IS ) - 4
FH BCR4RBUEA M Herp Cr i &, vk AT e -3
Cr IEAAR L WA 8 IR

WA 8 Frzi , J5 - Y Cr 328 LSS PR S U 1
SAFTE, RIS T RAbAS o 20 4R A Te bk 6 790 Ik e A
U, SRR  n /S FRIES WA TG T
R, AR JEAS O AR A T b L SRR B, i
PR AR IR AR IR UG 7 , °T DA % 5B R 3 p n] S 7S
MFRE AN Cr, IF H Cr £ 5912 v] $2 BUES A1 Al 38 I 28
HE BT, X G A S TR A SR AR A A S B —
R

- E 4 JR AT RS R AR P A aE ok M (A
LA AT VEAL , 45 A0 9 Bt/ . MefE e #0133 17
PE S A WA R E AR S L (AR I T 4 5 1 4
GG TR, S AR R

J A B MeAE R 0.41, 2852 4 FP & Lk e 50k e s
NTA-E R NTA- £ R . EDTA-ER  EDTA—E 1 iR
B MeAB 2 5 F %% 0.14,0.15.0.13 .0.12, & JR 1T #
RN A WA RO KR B I, X F B2 R
TR 114 55 R T PR O T 4 8 ol 5B sk A Al oy R
x4 m 5 A R R A VR ™, S e

B, 4 A2 TE IRk TR0 V6 S 9 1 B F RS 19 0.369 43
ST F4h 0.307 .0.309.,0.289 F10.309, kit J& 1
HAE R EEA T R . i BCRERIUE S B A 45
SR, LB B 0 Dt DR 1 B v e A 1 AT 4R Ak
ARG S H 53wk D A T B AT E A ie
JRAS . X 5 AR A A EDTA FFT 45 R % 8 42
JEIG Y IR R KB Cr ] R AT R A
B b A EAR e TR AR 8 & BTk,
ZEA VR AILIR T TV 18 1 52 T VAR 0 71 B 8% A 8 I M1
-4 TP I G R 1 B R A AU
2.7 WIS LB R

R BE e 2 A R 5 g I R R
BEOCTE WG AOR , [ B I 75 2 G T bk e Ay e g
ek AE A . A P R A - A T Y
BB AR, A IR A S AR 08 1 S T A W 2

051 O My
r O L
04r —

annn

NTA-HER NTA-WAFR EDTA-HR EDTA-HAR  JFt
NTA-oxalic NTA- EDTA-oxalic EDTA-tartaric Primitive soil
acid tartaric acid acid acid

UL Reagent

B o TEEMEEIE M LEHZK
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Figure 8 Transformation of chemical states of Cr in the soil before and after washing
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Table 3 Comparison of physicochemical properties of soil before and after washing

HHLG K e i TCLP &I Cr( VD) VR FE TCLPFRIPUE Crift [
T H Ttem Organic Urease/ Dehydrogenase/ Concentration of Cr( VI) Concentration of total Cr

matter/% (pg-d'-g") (pg-d'-g™) extracted by TCLP/(mg-L™")  extracted by TCLP/(mg-L™")
Jii - Primitive soil 13.47 46.32 329.09 69.33 75.17
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NTA- 1 2 NTA-tartaric acid 31.42 34.16 126.05 5.70 6.70
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EDTA- 471 2 EDTA—tartaric acid 24.01 21.20 86.29 8.87 10.03

(d)EDTA-FfR EDTA-oxalic acid

10 #BERTE TR B R E (X3 000 /%)
Figure 10 Scanning electron microscopy (SEM) of soil before and after washing(x3 000 times )
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