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Abstract: In order to examine the effect of soybean urease without CaCl, curing treatment on the long-term
stability of lead-zinc contaminated soil after restoration without greatly improving the strength of cultivated soil ,
the long-term stability of contaminated soil after restoration under the complex environment of dry-wet cycles,
freeze-thaw cycles and acid rain leaching was discussed by using pH value, heavy metal ion leaching rate and

soil heavy metal occurrence form, respectively. The results show that the surface strength of the soil cured by
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soybean urease without CaCl, is significantly reduced and the permeability is improved compared with that cured

by EICP. With the increase of dry-wet cycles and freeze-thaw cycles, soil pH value decreases slowly but

remains weakly alkaline, and the increasing trend of heavy metal leaching rate slows down. Under the action of

acid rain, with the increase of pH value of acid rain solution, the contents of Pb*" and Zn*" in leached solution

gradually decrease, and both meet the requirements of hazardous waste disposal regulations. In addition,

different types of acid rain have different effects on repaired soil, and its stability under sulfuric acid rain is better

than that under nitric acid rain.
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Fig. 1 Dry-wet cycle samples of contaminated soil
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Table 1 Changes in the content of exchangeable
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SEET FRE BEN/(mg/kg) BE T/ (mg/kg) EERFE/%

1 138.6 42.4 69.41
Pb* 2 42. 4 20.6 85. 14
3 20.6 19.8 85.71
1 253. 4 98.7 61.05
Zn*" 2 98.7 64.8 74.43
3 64.8 63.6 74. 90
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Fig. 3 Effect of curing treatment on soil surface strength
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Table 2 Pb”* leaching concentration under acid rain

lenching
pH{E RRAFEF/(mg/L) AR /(mg/L)
3.5 0.93 1.10
4.5 0.57 0.70
5.6 0.33 0. 36
7.5 0.21 0.23
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Table 3 Zn*' leaching concentration under acid rain

lenching
pH{H FRRAIRR N/ (mg/L)  fEFR PR W /(mg/1)
3.5 1.03 1.16
4.5 0.69 0.74
5.6 0.35 0.38
7.5 0.23 0.24
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Fig. 15 Percentage of different geochemical fractions of Pb** and Zn** under sulfuric acid rain

A

OO [ mmtahss s

| O semiitnss o
AR B

70} BRIELS

®
S

PRI A & B /%

4’%&%}{@'
(a) Pb*" S RAFIEZS A b
16 WHEREBRWERA TPV ZIn*ERERS G

Fig. 16 Percentage of different geochemical fractions of Pb** and Zn*" under nitric acid rain

S
S

9 | - A
[ Bmdhas a7

o | O sepsienss o
B A&z

70 b B skitids

=N
S
T

RS B H/%

45 .
Wk L
(b) Zn® K WAL i L



16 B NN N A N 4

FAROF & L)

% 48 %

3 it

i 3 B EICP i # v CaCL Iy I, 2% oK &
JOK il [ Ak A B b A R R L TR T IR AE R
TR G PR TR T A 1k A 8 5 AR AR R I B Y
FEELIT .

15 EICP B Ab ¥ (8 Bri5 g+ M L, & K
I IR G CaCl, [ Ak A BB 4% R TS Y 4 36 1 ok
BB REAL, B8 280 T 2 1% T EICP [ fk 4t
PSR MG AR TARAIED A K.

2) % M EICP ", 45 U ) 5] A Al BE & 7 3
CaCO, % i .+ HEWR A0 5 | 76 T IR AG 25 1R il O 26
ZMEF K G IR % CaCl, & 4k 40 31+ A i pH {28
O K, BSR4 2 R SR 4T 36 Bk 55
Bl M, Ry B TR AR B A A BRI TR S M B R BT L A
FI T8 K 515 9% + 0K B fe et

3IVETIRIEA G MAEAER T ABE 515
+ AR B TR SR AR 3 3R By B O R IR
AR NTTRANY =05 3 = =N R P e S ol R TR Y
16 PR 5 S0 A PN 35 1 S5 A MR IR L T AR
TR XU, BT — 8 43 4 [ 7 B R 46 7 1A 45 1
PN B 4 Ja B R R R ok, R - 4
J& W AF TE 25 v AT 228 48 25 5 5 10 38 Jon R ik 1R £6 45 A
BE RN

4) FE TR TN ¥ WK I8 U5 L PP Zn® T ] 3 4
BB s G A8 & /b, A B
i TR W pH (B Y 16 K, ik b PRI Zn®T it
B> . FEMFE pHE XM T B2 RN+
FE L R R R N ME T M R e M A T A R A
2 W o

£ % 3Tk

[1] e NRICIIEAE IR . 2021 [EAESFRERR B i
[EB/OL]. [2022-05-26]. https://www.mee.gov.cn/hjzl/
sthjzk/zghjzkgh/202205/P020220608338202870777.pdf.
The Ministry of Ecology and Environment of China.
2021 Ecological environment bulletin [EB/OL]. [2022-
05-26]. https://www.mee. gov.cn/hjzl/sthjzk/zghjzkgh/
202205/P020220608338202870777.pdf.(in Chinese)

(2] 9, IVREE, Z6E, & FRE WA RBE TR
ARWFFEE R [T]. VIR AR FE# , 2021, 49(20): 40-48.
WANG K, SUN X X, QIN G W, et al. Research prog-
ress of China’ s soil improvement and remediation engi-
neering technology [J]. Jiangsu Agricultural Sciences,

2021, 49(20): 40-48. (in Chinese)

[3] Mgmesk, BRARVL, B %, S WAL Y b 4 1

b /%R A B R BF g% 3F R [T). BRBE AL 2, 2023, 42(6):
2032-2047.
ZENG Y D, CHENG Y H, QU G F, et al. Review on
solidification/stabilization of heavy metals in solid waste
[J]. Environmental Chemistry, 2023, 42(6): 2032-2047.
(in Chinese)

[4] #iEfe, BRGE, B35, % . EDTA/DTPA S RIR

B SRR VR I P R AT S IR Oy s [T 4
16w LR, 2019, 39(5): 74-78.
XUE Q H, HUANG F L, LIANG F, et al. Continuous
soil washing with EDTA/DTPA combined with citric
acid for removing Cd and Pb and its impact on soil
fertility [J]. Mining and Metallurgical Engineering,
2019, 39(5): 74-78. (in Chinese)

(5] BmtH, BAehr, BRIH . AS W]k 7000k 5 45 ) 5 s e

TIEABER LRI A G SRR EE ), 2023(11):
128-134.
YANG T L, L1J B, CHEN G X. Removal of effective
state cadmium from heavy metal cadmium contaminated
soil by different eluant [J]. Nonferrous Metals (Extractive
Metallurgy), 2023(11): 128-134. (in Chinese)

[ 6] Whmids . B BT 10 U 45 B9 7 1A Ak 1 5% R 38 SE 90 BT 5%

[D]. TP JH: AR TR, 2017,
YAO G Y. Experimental study on the treatment of
mercury containing soil by thermal desorption and low
temperature plasma [D]. Fuzhou, Jiangxi: East China
Institute of Technology, 2017. (in Chinese)

[7] HEC Q, ZHAO Y P, WANG F F, et al. Phytoremedi-
ation of soil heavy metals (Cd and Zn) by castor seed-
lings: Tolerance, accumulation and subcellular distribu-
tion [J]. Chemosphere, 2020, 252: 126471.

[8] KAVAMURA V N, ESPOSITO E. Biotechnological
strategies applied to the decontamination of soils polluted
with heavy metals [J]. Biotechnology Advances, 2010,
28(1): 61-69.

[9] FRAE, KA, st . B4 Y S 0k R £5 76 1 44 i [#
Hh i o E JRE (D). s R B B 41, 2021, 27(6): 697-706.
ZHOU Y Z, GUAN D W, CHENG L. Review on
application of microbially induced carbonate precipitation
(MICP) for soil stabilization [J]. Geological Journal of
China Universities, 2021, 27(6): 697-706. (in Chinese)

[10] KUMARI D, PAN X L, LEE D J, et al
Immobilization of cadmium in soil by microbially induced
carbonate precipitation with Exiguobacterium undae at
low temperature [J]. International Biodeterioration &.
Biodegradation, 2014, 94: 98-102.

[11] LIU L W, LI W, SONG W P, et al. Remediation tech-



% 24

ZHRF,F KR LB % CaCl, B 46 HF 7 F L0948 T 17

[12

[

[15]

(18]

niques for heavy metal-contaminated soils: Principles and
applicability [J]. The Science of the Total Environment,
2018, 633: 206-219.

NAPOLI M, CECCHI S, GRASSI C, et al. Phytoex-
traction of copper from a contaminated soil using arable
and vegetable crops [J]. Chemosphere, 2019, 219:
122-129.

fHUE, ST, BUaeRE, A HLBUE 5200 AR R 34
Ko A A= i B S e 0T 5 R S LT ] R T AR A4, 2022,
3834 1): 27-36.

FUJ, MA R M, JIA Y F, et al. Research progress on
the influence of mechanical compaction on farmland soil
properties and soil erosion [J]. Transactions of the
Chinese Society of Agricultural Engineering, 2022, 38
(Sup 1): 27-36. (in Chinese)

KUMPIENE J, LAGERKVIST A, MAURICE C.
Stabilization of As, Cr, Cu, Pb and Zn in soil using
amendments: A review [J]. Waste Management, 2008,
28(1): 215-225.

GAT D, RONEN Z, TSESARSKY M. Long-term
sustainability of microbial-induced CaCOj precipitation in
aqueous media [J]. Chemosphere, 2017, 184: 524-531.
F@AE FRAE, XIH M, SRR E BN X me 5 A
e SRR M R ke 1 B AR A B S e [T] BT AR AR
2, 2019, 30(2): 583-592.

JIJTH, LI X H, LIU X M, et al. Effects of fertilizer of
calcium silicon magnesium potassium on the dynamics of
soil acidity and exchangeable base cation in paddy field of
Southern China [J]. Chinese Journal of Applied Ecology,
2019, 30(2): 583-592. (in Chinese)

B EICP $AR G E A8 52 35 A 15 Je 45 Bt 1+ 3 Y 3
WV SR HE[D]. 22 Ml 22 A, 2023,

WANG W. Adaption and improvement of EICP technol-
ogy for stabilization of cadmium-contaminated calcareous
soil under wastewater irrigation [D]. Lanzhou: Lanzhou
University, 2023. (in Chinese)

A A, ERER, KA, S SRR [ AL R
150 11 TREEBUR B AT ] & £ 5%, 2016, 3704
T 1): 249-254.

ZHA F S, WANG L B, LIU J J, et al. Experimental
study on engineering properties of heavy metal contami-
nated soil solidified by high calcium fly ash [J]. Rock and
Soil Mechanics, 2016, 37(Sup 1): 249-254. (in Chinese)
LA, B, sREE A, AF AT Gt o [ AR R R L R
RN RO AL R [T]. A - TR A= 4, 2016, 38(11):
2043-2050.

LIJS, WANG P, ZHANG T T, et al. Effect of {reeze-

thaw cycle on engineering properties and microstructure

[20]

[21]

[22]

[23]

[24]

[25]

(26]

(27]

(28]

of stabilized/solidified lead contaminated soil treated by
cement [J]. Chinese Journal of Geotechnical Engineer-
ing, 2016, 38(11): 2043-2050. (in Chinese)

LIUJJ, ZHA F S, XU L, et al. Zinc leachability in
contaminated soil stabilized/solidified by cement-soda
residue under freeze-thaw cycles [J]. Applied Clay Sci-
ence, 2020, 186: 105474.

XUZB, XUXY, TSANG D C W, et al. Contrasting
impacts of pre- and post-application aging of biochar on
the immobilization of Cd in contaminated soils [J]. Envi-
ronmental Pollution, 2018, 242: 1362-1370.

SHARMA M, SATYAM N, REDDY K R. Effect of
freeze-thaw cycles on engineering properties of bioce-
mented sand under different treatment conditions [J].
Engineering Geology, 2021, 284: 106022.

WL AT, B, LRI AB K K
W 5L D] A 2 TR, 2022, 44(8):
1483-1492.

CHANG J, YANG H P, XIAO J, et al. Soil-water
chemical tests and action mechanism of acid rain infiltra-
tion into expansive soil [J]. Chinese Journal of Geotechni-
cal Engineering, 2022, 44(8): 1483-1492. (in Chinese)
B, ELLhR, XUSRAE, AR BTDLINR T R A
LTS Y 4 Cu . Cd . Pb AP B 52 M [T]. PR 5% T8
4%, 2018, 12(1): 227-234.

LIRY, CUIHB, LIU X S, et al. Effects of simulated
acid rain on release of Cu, Cd, Pb and phosphorus in
contaminated soil immobilized by potassium dihydrogen
phosphate [J]. Chinese Journal of Environmental Engi-
neering, 2018, 12(1): 227-234. (in Chinese)

Wk, sRAkR, kRS, G5 BEHE S DRIRE Il X 22
A [ A= B Bk a3 L B ik i s e (7], AR JE R A4l
2016, 31(3): 184-190.

YANG Y H, WU J C, ZHANG Y T, et al. Effects of
tillage, moisture conservation on water use and yield in
wheat at different growth stages [J]. Acta Agriculturae
Boreali-Sinica, 2016, 31(3): 184-190. (in Chinese)

SUN X H, MIAO L C, WANG H X, et al. Research
on freeze-thaw and dry-wet durability of enzymatic calci-
fication for surface protection [J]. Environmental Science
and Pollution Research, 2022, 29(11): 16762-16771.
FLURY M, ARAMRAK S. Role of air-water interfaces
in colloid transport in porous media: A review [J]. Water
Resources Research, 2017, 53(7): 5247-5275.
FAKHRABADI A, GHADAKPOUR M, CHOOB-
BASTI A J, et al. Evaluating the durability, microstruc-
ture and mechanical properties of a clayey-sandy soil sta-

bilized with copper slag-based geopolymer against wet-



18

R Exz A

FOAR(OP & L) % 48 &

[29]

[30]

ting-drying cycles [J]. Bulletin of Engineering Geology
and the Environment, 2021, 80(6): 5031-5051.

R, BT B, A NP R E X R sE B AR
J ek # 8 B BB SELT]. K AR FERT ST, 2023, 30
(1): 274-281.

SONG J, LI X N, ZHAO L, et al. Simulation study on
movement mechanisms of water and heat after freeze-
thaw cycles in northwest Sichuan Plateau based on hy-
drus model [J]. Research of Soil and Water Conserva-
tion, 2023, 30(1): 274-281. (in Chinese)

MAYER R, ULRICH B. Acidity of precipitation as

influenced by the filtering of atmospheric sulphur and
nitrogen compounds-its role in the element balance and
effect on soil [J]. Water, Air, and Soil Pollution, 1977,
7(3): 409-416.

[31] BEAAZE, 2K A . L HEXT AR IORE 22 vh Bk 2R3 [T]. R 58
Bh2g, 1989, 10(1): 30-34, 96.
LIAO B H, LI C S. Buffering mechanism of soil for
acidic precipitation [J]. Environmental Science, 1989, 10
(1): 30-34, 96. (in Chinese)

(%% H#AxD)



