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Abstract

Soil heavy metal pollution is becoming more and more serious and leaching repair technology has
become a hot topic. Heavy metal pollutants in clay were washed with citric acid. The effects of
leaching agent concentration, solid-liquid ratio and leaching time on the removal efficiency of Cu,
Zn, Ni, Pb and As were studied by shock leaching. The results showed that citric acid had a certain
leaching effect on heavy metals in clay, and the removal capacity of complex heavy metals was Cu >
Zn > Ni > Pb >As. Cu and Ni were greatly affected by the concentration of leaching agent. The sol-
id-liquid ratio affects the leaching effect by affecting the dispersion of clay particles. The rapid
reaction stage of citric acid to heavy metals was all within 40 min and the elution equilibrium was
reached at 180 min. The increase of porosity and organic matter content after citric acid leaching
was beneficial to the growth and reproduction of microorganisms in the process of soil reuse.
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2014 FEIEE LRI AR FE L BT AR A AT (A E G BRI B A [118r, JRE L5 Qe
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T —Fhex s HAREA N, W ESRABIFIERREES), RIERAN, EVERIEL, SAEEaIsT,
AT R E e E S, e Rt B N 4R (3]

K A o272 DT RO T RS R B R & Rt R B — B s v e IR RO S Ak 2%
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B TR A TS E SRy Yt B, AT R WAE 1, sl (TR Ty iR
#E) (GB/T50123-2019), Hrh&hi:+ 148 E T 85%, HUREIRE Jy 30~50 cm (0~20 cm £ N HIHIR),
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Table 1. Basic physical and chemical parameters of soil samples

=1L IR HERENSH

BASH &
0.15~0.075 mm 12.3%
KAz 5y A 0.075~0.005 mm 62.7%
<0.005 mm 25.0%
pH 8.2
R 1.96 g/cm®
Foxii 19.2 kN/m®
L 2 P 2.73 glcm®
FLEE= 44.1%
BB RH(KY) 459 x 10°° cm/s
BB R H(Kn) 5.91 x 10°° cm/s
S/ IN s 5.55%

2.2, LIRISHAHE

SEUS FREE SRS SN B B B B, BTSN 30,660 mg/kg (4), & 1 (ki4£<0.075)
R SRS YY) 80%, FH GBS YLK oy A WA 2. & B TR A 40 M F Tessier 257110 .

o k(A 3)s

Table 2. Contamination concentration of heavy metals in soil samples
=2 MiEHESRERRE

EGRERY
| ® 22 o i
75 LR FE (mglkg) 30,660 293 36,840 3015 312.2
FtHEESE 5 (%) 80.41 80.63 80.85 88.30 83.57

Table 3. Distribution and extraction methods of heavy metal morphology

*® 3 EEREESSHRIERAE

HEREA PRI AF
GRS &S 1 mol/L Mg(NOs), (pH 7.0)
IR G 1 mol/L NH,Ac (pH 5.0)

0.04 mol/L NH,OH-HCI (pH 2.0)
BRI 463
TR R AN o R

30% H,0,; 0.02 mol/L HNO3

THESES I TEERSAAE N AN G 41%). - FRED 35%). Br(RER 37%).
(R EL S B4 45%). (R EALEE 675 30%), FTEAS A ILE 1.
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Figure 1. Morphological distribution of heavy metal pollutants
& 1 é@%f‘i ﬁ'%ﬁ/ﬁfﬁ#ﬁ

2.3. HWEFIRENESESRBIERYRTM

Sy AEL 4 g 4T T 50 mL BRIE.CAE . I EE JRIK I 0.5 mol/L. 1.0 mol/L A1 2.0 mol/L )
PRI, HERE A DU He 101 (viw) o SR DN B0 b, KBS L TR B R R 8 s
i (20°C)BA 200 tfmin AR 24 he HRGTEWEST, HEFESE TEAGHL, LL 4000 rimin B0 10 min,
BRI 3045 pm BLIEIUS , 5E 4R PRI

2.4. ERRECXT MR

AL 4 g 3T 50 mL RO TR, R SIS 1.3 SR B, SRAH 1.0 mol/L FIFFIRIRIE N
WRHEF o BT 2 B AR EE 3:1 (viw) 5:1 (viw). 10:1 (VW) ID AN B0, B B0 B TE IR R
FIRGHH, E/T (20°C)u 200 r/min /KPR 24 h IR EE, BFEmE T B0, LA 4000 r/min
20 10 min, B EJEW, 1 0.45 pm RFLIERE S, WE E &R R EIRE,

2.5. PR XTI SR AR N

S3IA 4 g £HETFT 50 mL ARG o ARIESCES 1.4 SCIREER, R 1.0 mol/L AT ERIRAE A
W, BRI E EE 5:1 (viw) In N BB OE R, RO E B T EIRE SRR A H, FI T (20°C)
LA 200 r/min 43 37K FH2% 10 min. 20 min. 30 min. 40 min. 60 min. 120 min. 180 min. 240 min. #£i%
Y, BT E T EOHLF, BL4000 r/min B0 10 min, HUEiEW, i 0.45 pm SSLIEE S, I &
& @R EIRE
3. &R51tie
3.1 MEFRENESESENERYRR D

LR R MR IR e 2 Fros, . SRR AP EE 4 E 2L BR SR S bk v B o st
Ko FPRE BRI FE M 0.5 mol/L FF =521 2 mol/L, i ()2 B 2% i 60%32 =1 21 87%, £ 22 B R M 43%32 55 21 70%.
BEL Y SRR AT R IR B H N, AR ER R FE M 0.5 mol/L FH &2 1 mol/L ity L kR F
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MR, SAKE, BEEFERIRIET R, HERIAERFER, HREH 1 mol/L Fhs 3] 2 mol/L, ik
RERFIGINET 22 1 mol FFERIRAT . R R AT BUF IR RCR (3B >65%), X AT 2 BRACR
A, EERFI AT ST9R 46%, AT R i T ARG B 2% 15 1 P L 95 [8] A S AERR VE A6 AF T il ) T3
TEARAL[O]o WWRBENLEL 20N PRI TSR HT, S HHEBRCR IS R N AL, SE SR
PO TS ECE N ERORCR AR [10]; AR 135 5 2l il BRI AR AL 55 RE 1 5 B R I
ARG, ) T R AE T HOROR R I RN 11 BRIk, BEEFTIRIRICEZ G R, fa 1%
T H R IR ARCERE 2, SR E SRR I B, WP SRR 2 IEAR S . AHERT £
B B JRILA DA (Cu, FRIE 28%) AT LIS B — W FE AT BRI A AN A 55 2 e th B — S ORI 2%
R(Cu, EFRZF 87%), WAL THARRN L3 &R AR BA — e m[12].
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Figure 2. The influence of the concentration of leaching agent on the removal rate of heavy metals

2. IRFESIIRE X E SR AFRRHF

3.2. EREER BRI

FVE IR/ BEMER. R ER S, WL RER R S Bl RS, PR
A E SR, TR 70 B [13], 2 5 1 MR E ROR AV o [ LU X B < JR R PR AR 2 m WL 5] 3.0 4 B
BELOHE B CTURD I R B DR AN B BRBOR I B TS, . B R BRI AL ]
W, ATRER TR B PR IRERRTESRAT T S, HATEIER DR H e i 2% 518 FH S5

3.3. HEEEIRHTERIR AR

RGERS R IR R BOR RS2 WL K] 4. B4 JRTE 40 min /245 Bk mmithbe b %, 2GR EBRET
BEfrEa%s, 60 min %% 180 min EFRAEK AT, 240 min ke 2B TRoE . RAERUR TS0 7oA MR
SHRIVES (IR BEsh 4R, KA R RDE AT 40 min, Elovich FHXUH A0 L5 8 4 & 1 ik v i A2 0L 45 2801
BA[14], Elovich BRI AR MY BB, WUH B AT HiA Y ol e, RUIFT BRI e . 81 .
By S R AT ) R R ORI B 1 R AR B E . 40 min BUJE H B BRER T B T e
R ORI <5 PR, 60 min 2= 180 min LFRFIEERT & T PRE, R RAERFEE KR
PR FTERIR 46 1 F T BT 70 < AR L R L B 48 5 P18
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Figure 3. Effect of solid-liquid ratio on leaching effect
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Figure 4. The effect of leaching time on the effect of leaching
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3.4. FTRERHETIREAREUMEREN

TSRS R BOR G SRS A NSRS RN, REW K ARERR )8, 1B i 38 T FEA AT,
SRR I I 75 EERHE S B A AL BEHEAT IO . AT RTINS T AT M AR AL 0 4 4 PR

Table 4. Changes of basic physical and chemical properties of soil before and after leaching
T4 KERRLIREAREUMERTN

RLAE S (%)
ot pH FLB% AL
W#(0.15~0.075 mm) ##1(0.075~0.005 mm) F41(<0.005 mm)
WhVERT 8.2 44.1 5.55% 12.3% 62.7% 25.0%
W s 5.1 46.6 7.34% 21.9% 59.9% 18.2%
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FPEF R HEN 3% 5 T B8 -COOH Bl HY, 3% pH |1 8.2 484 5.1, P4 T — @ HIRRMEIRES,
FPE LM S ALBR ARG S, A SIRRAR A A B, BRSO R & B, Wk RGO, )
RE H T BRI R T ik IR SR 45 6 S0 W R AEAT BRI AE L RV MR (RS #2 TR A0 = A ) . RIEE LI & &
5.55%45 K 7.34%, FIREHI THFERRNENUER, Whikst G T3 EukR LA — € BRMER . 8RR
MBEZ )5, THEALBRER . AR &R S AT LI ER AR R AR AR K R BT [15]).

4, &g
1) PP BVE IR E SR B A — SR, WNEAE S LREE/IMKIX N Cu > Zn > Ni >
Pb > As.

2) BEAEWRDEA FERIE N, A7 RN B MR AR B BN, Cus Ni SZibkBe A FE S 0K,
Zn. Pb. As Z5miEN,

3) [T LUk 8P 338 6 bR 25 BR MR IR A O, B IR 7R RS CRAIE R R 9 2, R
RIARBEI S T R R T8 2 B I, SEBRAE TR A K ik e 7 AT B i FH 7K 8 % R /K A B e 3
o, B ORRAR .

4) ¥R E 4 R P S S BAAE 40 min A4, BEJS LRI, 7E 180 min iAF P4,
Py R Rt B 4o Wi 300 = A 2 - T I P ) 2 e A T BT

5) iR 5, LIELBRER . YR & B S AR T LI S AR R A AR K AT
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