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Abstract

Using a compound leaching agent of ethylenediaminetetraacetic acid (EDTA) and citric acid (CA),
the solid-liquid ratio and leaching time of the leaching solution and soil were fixed to investigate
the leaching effect of the complex concentration and leaching frequency of the leaching solution on
the three heavy metal polluted soils in this project. The results showed that the removal rates of the
three heavy metal polluted soils were optimal when using a 1mM EDTA + 1mM CA compound leach-
ing agent, with a solid-liquid ratio of 1:5 and a leaching time of 0.5 h, after one leaching; Under the
above washing conditions, increasing the washing frequency further improves the removal rates of
the three heavy metal polluted soils. However, for high concentration mercury polluted soils, chem-
ical washing alone cannot effectively remove them, and the washing cost is high. Therefore, other
remediation techniques can be considered for treatment. This study has certain guiding signifi-
cance for the leaching and remediation process and engineering application of soils contaminated
with different concentrations of mercury, heavy metals arsenic and cobalt.
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1. 5|

TR A S RGP R B ARG 4, T LR R AR D A A SR, BAT, BE
FH I TV R R 3k T A ERR (R I PR DL R 5 Fb = b 25 A6 PR VR A, TR T R A S e I
P1]-[4]. EEEAIRHERT 459/cm® &8, GIEHI(Cu). K(Hg). H#i(Cr). TH(As). #i(Co)5s, 1.1
HE RS REA R SRR BN AT SRR S[5], BHAT, EERAE AN EERRE
eEE BN, LR ESE — BE H R YR ZER G N RN, BRI 2
5 s, BN BB EE, ot A AR 0 I gk B ™ 5 (R 6] [7]. B JEIs Y LRI R
TAE— B IR BT 01 S ) 8, %52 [ ) AT 9023 1 R

Hul, E&EEREEFEBERARAREMSMRE. BAaeih. EMBEE%8]-[12], Hd, the#
M AR L SR B ERCRMR R e BE RN BE R KA B2 A RBE[13] S 55 % i o &
SRR AN E IR EHAR, [N T ERMEE TR T[14], {2 E AR R — PR e (E5E H s
M) I35 Y TR, FEREHRIEM . BESE TR ES R, KW 7E L3 R R T 1
B R M E AL AL BRAE, TE BB AR &R B T ECE A, s EME S 5 4 I B 1[15] [16].
T MBI OCELE TR B i 5, Bk, |z AT BB E TREMENA 2 &I
FR(EDTA) KT IEFR(CA)Z[17]. EDTA 2 —RAN LA, S LRIEERMEST, HINsKEE, H
RN BN 12 EDTAMERR pH (EE R, XA mA UK, 7ERRIASE pH 58 3~8 i, wILL
I KMo BRSSPl TS e, SZRREENEEY, Nk s Lm0, R L
VR S5 R FIERAG M S S /N[ 18] s ART A B S SCER[19] & 3, EDTA BEEEHT, HEHE S AW
P A 1 A S BE AR i B e SR AE IR IE R RE T, T RE 38 OB TS e AT 38 i A\ SR A R IR
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CA A FEIKMENER, BEEMEME, 2&— PSRN BER, Al id Bl H ek g
BEBMWES, Wl 5EEES TRRAEENSEYIRT SRS TN, MiEs LRESENE
1, (HANREEENESENRAR, HA 5 LERNK[20]-[22]

HAT, &F LR PR s — Ik e S B 5 4 R v G 135807 T (V45 B B SR LR FE A R . Wei
[23]55iE I AT LR A R EDTA X HEEE Cd 125 bR 26 5 IRk 7k S B it (] 85 26 A AH G, Bk FL4E
[2418 78 7 EDTA JREE. WRBERS ). VR L e TR B0 R 2on] L b B & g 2 R AR s, 45 R %
B, 3R PRI AR R AR B B R BRI e I 1] DL B 22 IR e KB, 0 EE 6 S 1 B BR AR AT 5
WA (251548 5T T AT IR /Ny T E WL AT 428 Cu. Zn. Pb 5 Cd ERRFCE, 45 BRI BN &
LB EBRBE KN Cd>Zn>Pb > Cu, E£BRF 737104 59.5%. 49.3%. 43.5%. 26.3%. ks
BARRRBEE E SR, (X EEE MRS A MHEE, BRERK, HENGFEEZREEELSEIS LT
HhdR, FR—AREERICE R BRI PSR ROR, ik, AT IRELN 2R EL B MR RRCE, T
ORCE W IRTRC S W i

S IR 32 B R AR TE R IAS A P (5 FH B R A DL b (R Ibk e ), AN [l 288 P b e 751 AT 2 AR [ £ iy )
RNL, RIES BRI, WTHE b se e, R AT DAg o - e A P o ) 5, ol e = A k5
SRS AR H TS A BT 7 h oS T A A - A VLR BT AW B8 [26]. X SE[27RF 58 T
EDTA. CA #kpesx 3R Cu. Pb BB E AR, SRR, BIFkseRx £ Cu. Pb 1bksEE
ERNRIN: EDTA>CA, Guo[28], FEH[29]% M 7L LI CA B EDTA 1Y 50 &2 FL bk vk + 3%
o G 1 SRR AR

WG R S A2 A G, AFRMBRIREE . Wk ). SRCELG. Whoe s, ARBFFTLAE R
T E RS et U R SR G, @I R 7 EDTA K CA WRBEIREE . bkt O AN [F] 5 43
ILBRR, BEEESARTH G R EIRARERE TES8, NNz RES R R EIRAME S E AR
FAHR S HAR K -

2. MM5EFHE
2.1 i1

PRk R B KT RFF RAC T It B ES2ok Bf. BiE SRR SR A0, R A
RIFHHAE BT, 233t iE 2 HPMER A (SRS i Hh 13875 Qe XU 8 Fbn ik (04T) ) (GB 36600-
2018) 2 — R . IRYEIZME B is Gy ml, AP =R Qe bRt AT s, Kb AL B -
573 3 N HR S G IR (i R R BOVS G P v T E HAME, I B R R ARG QUK E, A
NEIREERTG e, B O IRIRE RIS L), C LN, S8 a5 je 3, LIt HIRABIBERT )5,
TR I W FL LA Dy 10 mm (R P05 TR S, MEIFARZEIF RN IR SR RS i, SN = Al A7
BEAT MR, TS A, e A R L 1.

Table 1. The total amount of heavy metals in the tested soils(mg/kg)
# 1 il HEE SR L2 (mg/ko)

SEEG 3 R fiif h
BE HinE 8 20 20
A 655
B 11.4
C 324 31.2
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22. RFIEEE

1) SEIGZ4 . SEIG BT B 2 BN 2 DU 28 AN ER (EDTA) AT B BR(CA), 4l ) 1 R4 M4l
(AR).

2) SEIGANES . AT PR RS R EREE T G TR 4E (DHG-9055A, i —ERF#AX
BHRATF]): B8R 2 (SR-OES-40M, # M S XA A R A F]): BT RFJE2002, i
THEAEERRA ).

2.3. EWHE

2.3.1. AEKRE EDTA F1 CA 253455 L IRAY LS8

T4 A BRI 600 g (Y5 Y RIEAIT 2L EAMAH, Hd—m i\ 1mM 1) EDTA & 1mM 1]
CA, J5—MmA 0.5mM [¥] EDTA & 4mM [#] CA, {REFERELE A 1:5, HEBIHHER AT HHEMSE,
el a2y 0.5h, B EfEEIH FERAE, T2 BB 28 $RICERT, 132 MR T 5028 55 = J7 Kl 5
P AT V5 G 4 A 1 A

TSy B: FREX 500 g HI 3 =00 A 2 L EAM R, HH—4 i 0.5mM [ EDTA J2 0.5 mM
) CA, A A 1 mM ] EDTA. 1 mM ] CA & 2 mM ] EDTA. 2mM ] CA, {RFFRE LN
1:5, FHLEIRE BT SRRk TE, WRUEIT A 0.5 h, #FE L EEWE, TR BB 28 15K
FEHET, 152 BORE S 3400 55 = J7 K6 WU S i3E 475 G R 4 8 10 2 AR

75413 C: FREL 500 g (3 =07l T 2 L R, A — i\ 1mM 1) EDTA J 1 mM 1)
CA, HMHMH AN 2 mM ) EDTA. 2 mM ] CA 2 0.5 mM ] EDTA. 4 mM ¥ CA, {#EFEREL A
1:5, P BN RE BT SRR TE, WRPET 1Ay 0.5 h, BB G EEWR, T EEARN A 28 5 I%
FERLT, 15BN HURE S I 58 = 5 R A 304775 YL 3 4 8 113 Al .
=P G R e S5 24 A b O R LK 2:

Table 2. Three types of experimental reagents for leaching polluted soil proportioning scheme
2. ZMISRTIEMAIHR AT SR

VR Cany: 2| EDTA R B 5 b TiEEE PRSI MRS

R 1mM 1mM

HY A 600 g
0.5 mM 4 mM
0.5 mM 0.5mM
S+ B 1mM 1 mM

1:5 0.5h 1

2mM 2mM

5009
1mM 1mM
HYe L C 2mM 2mM
0.5 mM 4 mM

ks SRR R, EDTA K CARERIER G5 Qe HIRIFE, SREAK.

2.3.2. SRR B ISR AR

=AhRAS R AL B C A IR EEMBEIGE — U, BRiG %t 38 B itk e)s M E &R & Bk 3
B AARESL, FHARPIF SRR RS G L H G R & B AW 20T H B 5 FARE, 2 IR 5 SCHR[30] [31]
AR, RGBT e oo BB ) L BR A AR RO, R, SRS e A MG 3 C, (REF R EL
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WRBEOR I < IR PEIS TR S B SR F AR, SNk e ORI AT S8, ARSI D IR LR 3:

Table 3. Two experimental schemes for the number of leaching cycles of polluted soil
3. MR IIERDABIE TR

lEg = = EDTA TR FE ¥ L THREER WRBERTTR] BRI

Sy t4E A
1mM 1mMm 1:5 800 g 05h

V5t C

w NN

2.4. A E

I A SR L5 D6 6 BE I S W e i e T Y R R I

- SR e B W E TS YL 4 8 A RN WL(mglkg) IR EE I E 1S G R SR AR N R S R RN
W2(mg/kg), BIRI1S3)EEJE 125 W(%). BEEEKERREHEAXn=Q)R.

w = WI=W2 100 ()

3. ZREHR
3.1. RNEIKE EDTA 1 CA 2575 im et R AR R AR M

g b G 1 B AR 5 I A I SR VR B A O, IR AR B I e B IR AN R T b B R
AL 75 6 52 R 24 7 O B HEAT AL . AR EDTA F1 CA PR FIx AT H o =2Ky5 e i 4 )R
1L BrZe gt W7 4~6,

HH# 4~6 A1, EDTA Al CA EECMGE AN R BE 1) B 4 Jg ok 5 G T I AR A B £ BRACR
HE R LBRERBRIAE =02 — 0 b Hd, s QR AL C, 4 EDTA 5 CAWRE SN
1mM, 1 mM K, EGEREKER. . SRR, FEATREZMEY CAME, EDTA 5EE
JE RN FRE R B R, B EDTA 5 CA RRECIKEE N, SECRAMGEE T pH EZH A&, R
FRAE PR VR 59 AT T2 AR 4 B 4 B T O AR [32]» A1 bk 8 T A 58 Je (IR ), o) = b B 4 i P 22 B b %
M Fisge 1 B, 24 EDTA 5 CAWE LA 2mM, 2mM I, B4 )8 PRIKE RN EBRRRE, W
Bl EDTA 5 CA IRERImNT, AEEdh % 3 Hp Ik B2 oKk 5 52 Oaphe 79 A 5 L 1 4% -6 A FH T A2 s s 1Y)
IKTEPELE AW, TG Ik P R [33]

SiEARTH M EE BinE, —MESEGE TS, U553 B & — kil TBE H
PE, H ARG G AN 2B E B bR A ER, BRILE RS Qe 38 AL C, 5 217 i Se 3 ke 13,
PREFRER LG, PRI Ta), WRRA (R S5 AR AR, JEATSEEG

Table 4. The removal efficiency results of two different concentrations of EDTA and CA leaching agents on polluted soil A
& 4. TERE EDTA 1 CA FFIHATIXSRTIR A BIEMRESER

BEREXR
BR&E  EDTA  HEE ? REWEEE H i
W1/mglkg W2/mg/kg EBEE W%
S-1 1mMm 1mM 254 61
655 =
S-2 0.5 mM 4mM 283 57
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Table 5. The removal efficiency results of two different concentrations of EDTA and CA leaching agents on polluted soil B
= 5. T[ERE EDTA 1 CA FFHETIX ISR TIE B (IERREER

EEER -
BR4%S  EDTA TR REWRBE EiME
W1/mg/kg W2/mg/kg ZRE W/%
H-1 0.5mM 0.5mM 2.73 76
H-2 1mM 1mM 114 1.42 88 =
H-3 2mM 2 mM 1.25 89

Table 6. The removal efficiency results of two different concentrations of EDTA and CA leaching agents on polluted soil C

% 6. NEKE EDTA #1 CA AR RI3HS a1 C EREER

HEeEm HERH ~
%S EDTA HER REWEBE BivE
W1/mg/kg W2/mg/kg B2 W/% W1/mg/kg W2/mg/kg ZBZE W/%
X-1 1mM 1mM 19.7 39 20.7 34
X2 2mM 2mM 324 19.8 39 31.2 232 26 7
X-3  05mM 4mM 29.2 10 19.8 37

3.2. WFERBAISREMEREHR

FEXIRILFMER HAME RV e 38 ALC, 456 2.1 F75 P RS G L3 i i 8 B Ok BE 71K 2 (EDTA
L CA 975 1 mM), HEHNkisk U 15 21 S5 R WAL 7~8 Pos:

Table 7. Results of removal efficiency of polluted soil A with different washing times

7. FRIKFREI SRR A BERERER

o BERER _
S W IRE REWRBE EiME
W1/mglkg W2/mg/kg EBEE W%
Y-1 2 52.8 92
Y-2 3 655 38 95 i
Y-3 4 27.6 96
Table 8. Results of removal efficiency of polluted soil C with different washing times
% 8. TREIMFRBITTRLIIE C WERELER
HERm HERA _
S HEEIRE REWRBE EiME
W1/mg/kg W2/mglkg 2% W/% W1/mg/kg W2/mg/kg 3R W/%
M-1 2 18.1 44 20.1 36
324 312 i
M-2 3 16.2 50 19.7 37

W 7~8 WIR, BEAEWMBGEREIIEIN, JSR bR SR N KRR BE T, AiaATUH B2
S HAME, ISR C & RS =Tk a, Eemin IR IR TIEE BAME, st A L
LTI, LI ) A B R R R E ok,  RVBR B AE LR R SRR T BRI, (E B LA 3
HERFE KBS, HAFNEFRARN TR RALE LT, BRIk BoRTG Re IR R4
Vel HARE R HAR A R IL BIA T H MEE HAR{E -
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4, 4Eip

1) KM EDTA 5 CA HFECMBE AT H =F B &R T5 4 138, 2 BEW Ly 15, #EER Ry 0.5 h,
2 EDTA 5 CA FIIREE N 1 mM I, Zefa Bl B e =Rk .

2) TEAHEBIMRGEARAET, B B RE B S s e LI E SR I R R

3) X Tk RIG Y1, K EDTA 5 CA SRECEUE Itk sk AR B A L & 5 K KPR, HBEE
WP IRERE I, BERASEERS, FIbHH RS G HMEERARKERE R,
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