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Effects of minerals on the availability of heavy metals in soil

MA Hai-guan, FAN Sha-sha, WANG Hui-cheng, HUANG Guo-di, HUANG Li
(National Key Laboratory of Soil Health Diagnosis and Green Remediation for Environmental Protection/Huazhong Agricultural University , Wuhan 430070, China)

Abstract: To explore the effects of different minerals on the availability of heavy metals in rural soil contaminated by sim-
ple landfill, the contaminated soil of Yunxi Town, Yanting County, Mianyang City, Sichuan province, was taken as the research
object. Sepiolite (H) , bentonite (P) and zeolite (F) were added separately according to the mass fractions of 1%, 3% and 5%,
and passivated and cultured for 60 days. The contents of different forms of heavy metals in soil before and after cultivation were
determined by diethylenetriamine pentaacetic acid (DTPA) extraction, toxicity leaching test (TCLP) and European Union four-
step sequential extraction (BCR), and the passivation effects of three minerals on Cd, Cu, Pb, Zn in soil were studied. The re-
sults showed that sepiolite, bentonite and zeolite could reduce DTPA-available content and toxic leaching amount of the four
heavy metals in soil. The passivation efficiency of sepiolite treatment on heavy metal Cd was 25.82%-30.50%, and H-3% treat-
ment had the best effect, which increased the soil pH by 0.89 and reduced the toxic leaching amount of Cd by 22. 88%. The pas-
sivation efficiency of four heavy metals in soil treated with bentonite and zeolite was lower than that treated with sepiolite. The
three minerals had little effect on soil alkaline phosphatase activity, but increased urease activity by 14.49%-26. 15%. The results
showed that there was a significant or exiremely significant negative correlation between soil pH and the toxic leaching amount of
Cu, Pb and Zn. After adding three minerals, the mobility index (MF) of heavy metals in the tested soil decreased, and the MF
of Cd reduced by 25.05% under H-3% treatment, which

7 B #A . 2022-05-26 reduced the mobility of heavy metals in the soil. In summary,
BEE£WH . BREAWEITI5H (2019YFD1100503) the passivation effect of the three minerals treated with 3%
EB R i (1997-) , AR TF T 8L AT e A A B sepiolite was the best, which significantly reduced the availa-
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Table 1 Total contents of Cd, Cu, Pb, Zn and their different forms in the tested soils

oy SRS i AR RS i A S S RIS B IR 7 32
] (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Cd 0.133 0 0.176 0 0.029 0 1.182 1.520 0.60
Cu 0.237 0 3.882 0 0.6150 17.850 22.580 100.00
Pb 0.183 0 14.300 0 1.563 0 5.428 21.470 170.00

7.3310 25.460 0 5.514 0 59.770 98.080 300.00
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Fig.1 Content of diethylenetriamine pentaacetic acid ( DTPA) extracted heavy metals in soil after culture for 60 d under different treatments
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Fig.2 Passivation efficiency of heavy metals in soil after culture

for 60 d under different treatments

23 FYTEFEELE TCLP RHENF M
R 2 AT LIE M, B 3 Fha Pk 3% 60 d )5,
5 CK Mk, Cd B9 TCLP 32 H 4 FEA% , Hih H-3%
AL Cd TCLP =i CK #90.116 7 mg/ kgl />
#]0.090 0 mg/ke, Ik T 22.88% , TEA[EALEET,
Cu TCLP {2 i 2 iy R s 3435 31 9% LA | H 6] — 8~
YIRS N AL B2 (Rl 25 5 R B3 A ilasn
3 R HIRE 3% 60 d X Pb . Zn TCLP 32 4 (1 FAR AL

RAR], Horb 5% I A P SOR o I L, 5

CK AH FL R 53512 18.30% 21. 70%
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Table 2 Leaching amount of heavy metals in the soil after culture

for 60 d in the toxicity leaching test ( TCLP)

IEER (mg/dkg) (mgc/ukg) (m;)/bkg) (mgz/nkg)
CK 0.116 7a 0.188 Oa 0.199 Sab 3.235b
H-1% 0.101 3e 0.1700b  0.183 Obcd  3.178bc
H-3% 0.090 Of 0.156 7be 0.191 Oabe 2.947e
H-5% 0.109 0d 0.156 Obc  0.209 3a 2.924e¢
P-1% 0.113 0b¢  0.162 0bc  0.173 Ocd 2.925¢
P-3% 0.109 3d 0.144 7¢ 0.170 Ocd 2.675f
P-5% 0.111 3bed ~ 0.154 Obe  0.163 0d 2.533g
F-1% 0.110 0cd  0.1553bc  0.179 Obed  3.158¢
F-3% 0.113 3be 0.160 7be 0.195 Oab 3.065d
F-5% 0.114 7ab ~ 0.161 3bc ~ 0.180 Obed ~ 3.326a

CK : %IRRT ITAT S84k 77 s H-19% (H-3% (H-5% 535S 010 4 %
R 1% 3% 5% (Bt 53580 ;P-1% P-3% P-5%43 B F N 0E 1
WINEHN 1% 3% 5% (5340 s F-1% F-3% F-5%453 33k A1
WM 1% 3% 5% (5550 o AR BRI E A F/NG 58
FRER W (P<0.05)

24 YN TEFESERESSHHFN
& 3A AT, 1555 60 d J5, CK fY 55 2 1t B
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Fig.4 Soil pH after culture for 60 d under different treatments
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25.05% , W R HIFEAR T 38 rp Cd R sh I, A
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Table 3 Pearson correlation analysis of soil factors after 60 days of culture

2 DT/VP\AE-Cd DTE/&E—Cu DTEJXE-Pb DTE/&E—Zn TC/‘IiPE-Cd TCALPE-Cu TCALPE-P}) TCALPE-Zn pH mw&m HME
i o A s iy o A o FEEE WP
DTPA-Cd 75 1.000  0.909*  0.821*  0.930*  0.735" 0.429 -0.156 0.223 -0.229  -0.226 -0.422
DTPA-Cu 7% 1.000 0.835* 0912  0.742* 0.289 -0.135 0.164 -0.027 -0.353  -0.207
DTPA-Pb 7t 1.000 0.969*  0.681*  -0.044 -0.471 0.004 0.311 -0.250 -0.086
DTPA-Zn & 1.000 0.717" 0.166 -0.338 0.111 0.100  -0.302 -0.247
TCLP-Cd & 1.000 0.243 -0.082 0.129 -0.110 -0.189 -0.224
TCLP-Cu ¥ & 1.000 0.430 0.625 -0.878* -0.266 -0.680*
TCLP-Ph &4t 1.000 0.465 -0.643* -0.105 -0.381
TCLP-Zn £ 1.000 -0.663* -0.465 —0.100
pH {H 1.000 0.061  0.572
T R R 14 1.000  -0.015
JOR g 1 A 1.000

s x A3 RIRIRTE 0.01,0.05 KF W AHE s DTPA  — 406 =M H LR 47 TCLP 3 M= ks

x4 fEUEFR 60 d FESBHITHISH(MF)

Table 4 Migration index of heavy metals after passivation culture

for 60 d
MF
puEL

Cd Cu Pb Zn
CK 9.10 1.05 0.86 7.48
H-1% 7.94 0.83 0.81 6.57
H-3% 6.82 0.70 0.78 6.10
H-5% 8.58 0.58 0.50 6.52
P-1% 8.62 0.77 0.26 6.88
P-3% 8.70 1.01 0.43 6.39
P-5% 9.44 0.70 0.93 6.25
F-1% 8.44 0.62 0.54 7.15
F-3% 8.77 0.98 0.47 6.88
F-5% 7.83 0.70 0.78 6.86
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