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Abstract: In this study, taking the clay pollution around Xi'an as the research object, 

through the indoor leaching culture experiment and the greenhouse pot experiment, 

the migration law of the mineral clay material montmorillonite, the organic fat sheep 

manure and the heavy metals under the composite condition of the two materials was 

studied. The migration and accumulation of heavy metals such as copper, cadmium, 

zinc and lead in plants were investigated, and the most suitable heavy metal 

passivation materials for the ecological environment and plant growth were screened 

out, providing technical support for the treatment of heavy metal complex pollution. 

Through the heavy metal leaching test, it was found that different types of passivators 

can effectively reduce the content of dissolved heavy metals and increase the content 

of residual heavy metals. And the concentration of the four heavy metals after four 

leaching is far less than the standard limit of Class IV domestic water in the 

"Groundwater Quality Standard" (GB/T 14848-2017), and will not cause water 

pollution due to leaching. Based on the leaching law of heavy metals and the heavy 

metal residues in the soil, it can be seen that the mobility of Pb is the worst among 

the four heavy metals, and the mobility of Cd, Cu and Cd is better. 
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1. Introduction 

In the loess area of Shaanxi Province, there are heavy metals exceeding the standard 

in farmland remediation. The traditional single heavy metal remediation technology 

has a small application range and high cost, which is not conducive to plant growth. 

Therefore, it is clear that heavy metals in soil-plant under the action of organic fertilizer 

and minerals It is of great significance to carry out heavy metal pollution control to 

verify the migration law and verify its remediation effect. This project analyzes the 

influence of minerals and organic fertilizers on the migration law of heavy metals in 

loess through the soil column dynamic monitoring test, and reveals the internal 

mechanism of the migration of heavy metal complex pollution in deep soil. Combined 

with pot experiments, carry out research on the migration of heavy metals in plants, 

reveal the effect of soil-plant circulatory system on the migration and accumulation of 

heavy metals under the addition of minerals and organic fertilizers, and monitor soil 

fertility, soil structure changes and crop growth. The repair mechanism of passivating 

agents. It provides a theoretical basis for subsequent heavy metal pollution 

remediation and high-standard farmland construction. 

 

2. Effects of different passivating agents on heavy metal content in 

polluted soil leaching solution of different soil layers 

The heavy metals in the leaching solution in this experiment are mainly dissolved 

heavy metals, which are a class of substances with high activity in the soil. The heavy 

metals detected in the leachate are mainly dissolved heavy metals. It can be seen that 

different types of passivators significantly affect the content of heavy metals leached 

out of heavy metal-contaminated soils. Among them, the contents of copper, zinc, 

cadmium and lead in the leaching solution of P treatment were the largest, and the 

contents of copper, zinc, cadmium and lead in the leaching solution of OM treatment 

were the smallest. The leaching amount of heavy metals in the leaching solution of 

different soil layers gradually decreased with the depth of the soil layer. As the 

leaching volume increased, the concentration gradually decreased and tended to be 

stable. 

In the 0-30cm soil layer, with the increase of leaching time, the leaching concentration 

of heavy metal Cu in each treatment gradually decreased, and the final heavy metal 

concentration of P treatment was 47.02 μg/mL, while the final concentration of heavy 

metal after adding passivator treatment was 47.02 μg/mL. The concentration was 

maintained at 2.12-2.76 μg/mL, which was far lower than the heavy metal 

contaminated soil. The variation law of the leaching solution of heavy metal Zn in the 

0-30cm soil layer is the same as that of Cu, which gradually decreases with the 

leaching time and times, and finally maintains at 19.68-40.2 μg/mL, and the leaching 
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concentration of each treatment changes as P>O> M>MO, the Zn concentration in 

the leaching solution in M and MO tends to be flat after the second leaching, indicating 

that these two treatments are helpful to inhibit the leaching of Zn. The leaching change 

of the heavy metal Cd at 0-30 cm is that the leaching concentration of P is the highest, 

and it decreases to the lowest concentration after three leaching, which is 0.087 μg/mL; 

while other passivator treatments all reduce the leaching of Cd, And the concentrations 

of O and MO two passivators tend to be flat after the second leaching. The leaching 

of heavy metal Pb by M and MO treatments tended to be gentle after the second 

leaching, and the concentration was lower than 1.5 μg/mL, which was beneficial to 

inhibit the leaching of heavy metals. The concentrations of the four heavy metals after 

leaching four times are far lower than the standard limit of Class IV for domestic water 

in the Groundwater Quality Standard (GB/T 14848-2017). And the addition of 

passivating agent can stabilize heavy metals to prevent leaching and precipitation. 

The variation trend of heavy metals in the 30-60 cm soil layer is the same as that in 

the 0-30 cm soil layer. The concentration decreases with the leaching times, and the 

initial leaching concentration of the four heavy metals decreases significantly, 

indicating that the heavy metals are mainly enriched in the soil surface and have poor 

migration to the deep layer. The concentrations of metal Cu, Zn, Cd, and Pb of P 

without passivation treatment were 4.404 μg/mL, 17.466 μg/mL, 0.014 μg/mL, 0.078 

μg/mL after four leaching, respectively. The latter four heavy metals all tend to be flat 

after the second leaching, and the heavy metals are almost not precipitated in the 

next two leaching. After leaching, the concentrations of O, M, MO, and Cd after 

leaching were 0.003, 0.003, and undetected, respectively, while Pb was detected, 

indicating that heavy metals Cd and Pb in the 30-60 cm soil layer are not easily 

transported under water. The mobility of Pb is the worst, and it hardly moves down. 

In the 60-90cm soil layer, the variation range of heavy metal concentrations in all 

treatments is smaller than that of 0-60cm, and the concentration of the leaching 

solution treated with passivation agent is the smallest, and almost no heavy metals 

are precipitated, indicating that passivation agents can change the form of heavy 

metals Or fix heavy metals in the soil. The precipitation concentrations of Cu, Zn, Cd 

and Pb were all O>M>MO after application of the three passivators. The combined 

application of organic fertilizer and montmorillonite could produce synergistic effect 

on the passivation of heavy metals.  

 
3. Effects of passivating agents on the residual heavy metal content of soil 

in 0-90 cm soil layer 

The heavy metal Cu in the soil mainly exists in three forms: reduced state, oxidized 

state and residual state, and the dissolved state content is significantly reduced, and 
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the heavy metal mainly remains in the 0-30 cm soil layer. O, M and MO in the 0-30cm 

soil layer can transform heavy metals from dissolved state to residual state. Compared 

with P treatment, the concentration of dissolved heavy metals is reduced by 61.7%, 

89.7% and 97.8%, respectively. On the contrary, the content of residual heavy metals 

is significantly increased by 96.5%, 130.9%, 163.9%, the passivation effect on Cu is 

MO> M>O; the heavy metal Cu in 30-60cm and 60-90cm is mainly in the residue state, 

followed by the oxidation state, and the reduction state and the dissolved state are 

less, and each treatment There is little difference in Cu content between the two 

groups, which further shows that Cu is mainly enriched in the topsoil of 0-30 cm, and 

the soil below 30 cm is mainly Cu of the soil itself, rather than exogenous pollution. 

The heavy metal Zn was mainly enriched in the 0-30 cm soil layer in the dissolved 

state, followed by the reduced state, the oxidized state and the residual state. 

Compared with P, the dissolved contents of O, M and MO are reduced by 87.8%, 38.6% 

and 38.6%, and the reduced contents are reduced by 11.0%, 9.9% and 26.8%. 

Compared with P, the contents of oxidized O are reduced by 13.9%. Compared with 

P treatment, MO treatment increased by 45.1% and 49.7%, while O, M and MO 

treated with passivator in 0-30cm soil layer, the residual Zn content increased by 

113.5%, 289.3% and 567.7% compared with P treatment. , MO has the best 

passivation effect. The content of heavy metal Zn in the 30-60cm soil layer and the 

60-90cm soil layer is in the order of residue state>oxidation state>reduction 

state>dissolved state, and the addition of passivation agent is conducive to the 

transformation of heavy metals to residue state. Compared with P treatment, 30-60cm 

The residual Zn contents of M and MO treatments in the soil layer increased by 25.9% 

and 13.1%, respectively. In the 60-90 cm treatment, the residual Zn contents of O, M 

and MO treatments increased by 15.3%, 47.1% and 58.8%, respectively. 

In the 0-30 cm soil layer, the contents of the four forms of heavy metal Cd are in the 

order of dissolved state > reduced state > oxidized state > residue state. Compared 

with the P treatment, the dissolved content of O, M and MO decreased by 23.5% and 

27.5%, respectively. And at the same time, the residual content increased by 87.8%, 

142.2%, and 264.4%, respectively. The variation trend of Cd content in the 30-60cm 

and 60-90cm soil layers is consistent with the variation trend of the 0-30cm soil layer, 

both of which are mostly dissolved content, indicating that the leaching mobility of Cd 

is greater than that of other heavy metals. In the 30-60cm soil layer, the dissolved 

contents of M and MO decreased by 20.0% and 34.8%, respectively, while the residual 

contents of O, M, and MO were increased by 86.6%, 158.2%, and 164.2%, 

respectively. The dissolved state content of the layer decreased by 34.4%, 35.4%, 

and 56.1%, while the residue state greatly increased by 3.6 times, 8.4 times, and 9.7 

times. 
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The heavy metal Pb is mainly concentrated in the 0-30 cm soil layer, mainly in the 

dissolved state, followed by the reduced state, the oxidized state, and the residual 

state. Compared with the P treatment, the dissolved Pb content of O, M, and MO in 

the 0-30 cm soil layer decreased by 25.9%, 39.3%, and 47.7%, respectively, while 

the residual content increased by 162.0%, 182.9%, and 162.9%, respectively. 

231.6%, the passivation effect of OM treatment is the best. In the 30-60 cm, Pb mainly 

exists in the reduced state, the oxidized state, and the residue state, and the dissolved 

state is small. It may be that the Pb in the soil is easily combined with the organic 

matter in the soil and is extremely difficult to dissolve; the content of each form in the 

60-90 cm soil layer is as follows: Residual state>oxidized state>reduced 

state>dissolved state, and the content changed little between treatments, indicating 

that Pb generally does not leaching downward with water. 

 

4. Conclusion 

Through the heavy metal leaching test, it was found that different types of passivators 

can effectively reduce the content of dissolved heavy metals and increase the content 

of residual heavy metals. And the concentration of the four heavy metals after four 

leaching is far less than the standard limit of Class IV domestic water in the 

"Groundwater Quality Standard" (GB/T 14848-2017), and will not cause water 

pollution due to leaching. Based on the leaching law of heavy metals and the heavy 

metal residues in the soil, it can be seen that the mobility of Pb is the worst among 

the four heavy metals, and the mobility of Cd, Cu and Cd is better. 
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