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Effects of different applications of soil remediation agents on heavy—metal stabilization in contaminated soil

MI Shen—shen, XIAO Ran, WANG Jiao, LI Rong—hua, ZHANG Zeng—qiang’

(College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China)

Abstract: In this study, lime, bentonite, zeolite, bone powder, sodium sulfide, and ferrous sulfate were used to immobilize heavy metals in
contaminated soil using different methods and at optimal application rates. The results revealed the following: lime had the greatest effect
on Cd immobilization, bentonite and bone powder optimized Pb immobilization, and ferrous sulfate had the greatest effects on Zn immobili-
zation in Tongguan and Feng County soils. However, the degrees of soil heavy metal immobilization differed according to the form of the re-
mediation agents. Lime in liquid-liquid form had the greatest effect on Cd immobilization in both Tongguan and Feng County soils; the con-
tent of available Cd reduced by 87.9% and 70.8%, respectively. Bentonite and bone powder in a solid-liquid form had sound effects on Ph
stabilization in both soils. Metals in the residual state increased by 59.0% and 56.3% for Tongguan and Feng County soils, respectively.
Furthermore, the application of ferrous sulfate in the solid-liquid and liquid-liquid form optimized Zn immobilization in Tongguan and
Feng County soils with the available Zn content reduced by 87.2% and 84.3%, respectively.

Keywords : remediation agents; application methods; heavy metal; immobilization; soil pollution
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Table 1 Physical and chemical properties of the tested soils and remediation agents

PH R

T4 )& B Heavy metals/mg kg™

Tested material ph SOM/g-ke” Cu 7n Pb cd Hg As
+4 18 ¢ 13 Tongguan soil 7.57 13.96 65.9 510 8820 5.99 2.97 5.39
Soils L - 3 Feng County soil 7.94 16.73 36.0 403 118 9.50 2.63 8.13
XU 75 61 Risk screening valuel™ — >7.50 — 100 300 170 0.60 3.40 25
Eiktal 7K Lime 12.86 — 0.80 11.7 1.29 0.20 — 0.31
Remediation agents 19 1 Bentonite 8.73 — 0.38 25.0 2.93 0.02 — 0.50
AT Zeolite 10.21 — 0.46 15.6 6.02 0.09 — 0.23
H K} Bone powder 7.70 — 0.58 31.2 6.16 0.12 — 0.11

" FORAAR I

Note: “—", not detected.
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FIAAS [R5 =28, 2 A K DL - i LT -
TR A DA - B R Ik DA — [ Dy s e
WX TEAME PR EEEE, T
21.9% .24.6% .26.5% .27.5%; 48 #53 LA [ - A A4l
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Table 2 Effects of remediation agents on pH values of the tested soil

T8 & 1€ pH {H Tongguan soil pH value

JRUEL 138 pH {H Feng County soil pH value

Trﬁﬁms [#] [ ¥ - -k [#] ] ¥ - -
Solid=Solid Solid-Liquid Liquid-Liquid Solid-Solid Solid-Liquid Liquid-Liquid
CK 7.57+0.16Ae 7.57+0.16Af 7.57+0.16Ad 7.94+0.04Ae 7.94+0.04Ae 7.94+0.04Ae
2% 41 /K Lime 8.26+0.05Ab 8.20+0.01ABb 8.14+0.06Bb 8.45+0.24Ab 8.40+0.03Ab 8.33+0.02A¢
1.8% i1 £ Bentonite 8.26+0.03Ab 8.19+0.02Bc¢ 8.16+0.01Bb 8.28+0.02Bbc 8.31+0.02Bc 8.36+0.01Ac
3% WA Zeolite 8.13+0.02A¢ 8.16+0.02A¢ 8.14+0.05Ab 8.33+0.04Bbc 8.31+0.02Bc 8.40+0.02Ab
1% 5% Bone powder 7.99+0.09Ad 7.92+0.01Ae 7.92+0.02A¢ 8.04+0.03Ade 8.04+0.01Ad 8.03+0.02Ad
2% i fL 8 Sodium sulfide 10.50+0.02Aa 10.54+0.05Aa 10.52+0.09Aa 10.83+0.03Ba 10.97+0.05Aa 10.94+0.03Aa
5% B2V 4%k Ferrous sulfate 8.05+0.05Acd 8.00+0.02ABd 7.95+0.00B¢ 8.20+0.01Acd 8.09+0.01Bd 8.05+0.02Cd

TE 1) — 47 5 RS R RS B R R s i A 3 8) 22 5 .35 (P<0.05, 5% JXUVEL A3 FFRRTE ) L IRI 0 B 5 AN )/ INE Bk R [ml 3 4 77

Ab ¥R 25 57 8 25 (P<0.05) o

Note: Different uppercase letters in the same row indicate significant differences among different addition methods (P<0.05) , different lowercase letters

in the same column indicate significant differences among different remediation agents treatments (P<0.05).
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Figure 1 Effects of remediation agents on Cd immobilization in the tested soils
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Figure 2 Effects of remediation agents on Pb immobilization in the tested soils
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Figure 3 Effects of remediation agents on Zn immobilization in the tested soils
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