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Abstract: The scheme to improve the washing efficiency of heavy metal-contaminated clayey soil is proposed by using the
repeated ice-segregation based on the theory of "repeated segregation mechanism of thick ground ice". The laboratory batch
washing tests and freezing-thawing and washing tests are performed on Cd- and Pb-contaminated clayey soils with EDTA,
tartaric acid as eluents. Subsequently, the removal effects of heavy metals under different working conditions are analyzed. The
results show that it provides advantages for water migration in thawing soils and repeated ice-segregation by controlling the
thawing rate. Compared with that of the single freezing-water intaking mode, the eluent intaking amount of the
freezing-thawing and washing tests with repeated ice-segregation increases by about 20%. The repeated fluctuations of the
freezing-thawing interface will promote the eluent to fully contact with the heavy metal in the soils. Their synergistic effects
can effectively increase the removal effeciency of heavy metals. The removal efficiency of Cd and Pb increases by 43.95% and
171.74%, respectively. It is of certain reality and universality in practical engineering application and provides a new idea for

the remediation of heavy metal-contaminated clayey soils in seasonal frozen areas.
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Fig. 1 Schematic diagram of water migration in soils under positive and negative temperature gradients
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Table 1 Basic properties of test soil samples

L R TR KR HESH LKA Pb &k Cd o
pl(grem?®) gy 0 wo/%  pamad(gem®)  wopd%  =0.25mm 0.075~0.25mm <0.075 mm /(mgkg') /(mgkg')
2.70 29.9 16.0 1.7 19.0 242 22.08 53.72 128.3 5.5
HE AR BCR ESREGENE . LiEh 85
Cd EZ LGSR RS AERIER N E, 75905 39.41%, 80
31.47%, HOR R R A EAES, 790 5 27.58%, 75}
1.54%. Pb ETLUAEFAMBEA L, 404 |
76.79%, 13.82%, HUCESRRIE MRS, 4 % ol
55 5.16%, 4.23%. = ool 008 maL A
1.2 SHEERIF LA T 005 ma/LTA
i Bﬂ?ﬁé%iﬁg qjﬁ{jz\}%j(% U\’f't/ﬁ\%}\;m éﬁé\%}ﬁ 500 O.OA(lJIS 0.(;10 0.(I)SO 0.1I00 0.1I50

15, TELIEPBIMER/DN, A E KM, RIEES
JEIIFIE . L3R IR AT A DL S RT3 B — IR 45
R0, A N O =8 (EDTA) il 5 A
i (TA) FFFEERE (CA) #ATENR, SRERNE
B iR -

DL EDTA+TA B E 961, FREC 1 g i5 3Rk
AN—RINE 3%HEIRPEE O, 2RI
[ ) EDTA (0.005, 0.01, 0.05, 0.1 mol/L) F
TA(0.02, 0.05 mol/L) 1E A2 B il 15 2 &2 &k ¥ek 20 mL
GEAEBRERE N 11D, BTHEERESTLL 200
r/min $%3% 24 h, )5 3000 r/min 250> 20 min; SR )5 HL
FEEWGS 0.45 um JEAR, FIFH ICP-MS (HUERHE &5
B RESO W BIEWE Pb M Cd SR, FTH
PIRE IR 3 ASPATFERCTAME . ML Rk 2
Fim o

MK 2 (a) A4, Cd MAFR%pEE EDTA WKE
(38 K SE S 7N . 0.01 mol/L EDTA+0.02 mol/L
CA Eicht, LBREBEKN 62.22%; 0.01 mol/L EDTA
+0.02 mol/L TA HHCH, XBRZFH KN 62.94%.

mE 2 (b) ®%1, Pb [MEFRFE%E EDTA WKE
SN G/ o 0.01 mol/L EDTA+0.02 mol/L CA H i
i, ZBREE KN 79.96%; 0.05 mol/L EDTA+0.05
mol/L TA Bk, E£BRFH KN 80.27%.
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Fig. 2 Removal effects of heavy metals with composite eluent
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Fig. 3 Schematic diagram of freezing-thawing and washing device
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Fig. 4 Temperature control mode of both ends of soil column during freezing-thawing period
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Table 2 Test schemes
N [=} N N, N >, ‘\{/ N éd: = N N DRy N =LY, N >,
R A ;g MR EAAERK YN K
FTWI1-1  0.05 mol/L EDTA+0.05 mol/L TA S THR: 1°C/5h " H
FTWI-2  0.05 mol/L EDTA+0.05 mol/L TA H&FHR o | X
FTWI1-3  0.05 mol/L EDTA S THR: 1°C/5h " H
FTW1-4  0.05 mol/L EDTA B THE ¥ X
1: 0.05 mol/L EDTA+ 0.05 molLTA . H
FTW3-1  2: 0.01 mol/L EDTA : S THR: 1°C/5h " H
3: 0.02 mol/L TA 3 H
1: 0.05 mol/L EDTA+0.05 mol/L TA ¥
FTW3-2  2: 0.01 mol/L EDTA+0.02 mol/L TA S THR: 1°C/5h " H
3: 0.01 mol/L EDTA H

VE: *FTW3-1 A, s 1 YRS 0.05 mol/L EDTA+0.05 mol/L TA, 5 2 ¥4 0.01 mol/L EDTA, 5 3 ¥X4h5 0.02 mol/L TA,

33 AN RREIA .
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Fig. 5 Frost heave of soil column without repeated ice-segregation
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Fig. 6 Frost heave of soil column with repeated ice-segregation
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Fig. 7 Water intaking amount and deformation displacement of soil column with repeated ice-segregation
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