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Abstract 
Pine bark biochar was selected from two different preparation temperatures (300 °C and 600 °C) and 

characterized by X-ray diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR). The 

morphological distribution and vertical transport characteristics of heavy metals Cr and Cd were investigated 

under simulated acid rain leaching conditions for the remediation of soil. 

The experimental results showed that biochar treatment of soil can effectively reduce the content of 

exchangeable state and carbonate state of heavy metals Cr and Cd, which is conducive to the conversion to 

more stable metal forms and reduce the migration activity in the soil. The characterization results showed that 

the high-temperature biochar contains more ash and specific surface area, while the low-temperature biochar 

contains more functional groups, which are more favorable for complexation and adsorption with heavy metals. 

Combined with the drenching experiments and related literature, it was found that although acid rain could 

enhance the mobility of soil heavy metals, the addition of biochar reduced this mobility to a greater extent, 

especially the low-temperature biochar PB300, which contributed significantly to the morphological conversion 

of heavy metals as well as the reduction of longitudinal migration of heavy metals, and could better reduce the 

effects caused by acid rain. 
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I. INTRODUCTION 

Soil plays a crucial role in the security and stability of society and is a very major reservoir of nutrients 

and contaminants. Nevertheless, with the economic and social progress, factors such as rock weathering, ore 

refining, fertilizers and pesticides use, electroplating application and other natural or artificial factors will lead to 

the entrance of various heavy metals, increasing the concentration of heavy metals in the soil and leading to soil 

pollution [1]. Heavy metals (HMs) seriously affect environmental quality, food safety and human healthy due to 

its persistent, mobile, phytotoxic, bioaccumulative and non-degradable nature [2]. Especially, geological and 

anthropogenic activities caused excessive release of Cr, Cd and other heavy metals into the soil, which increases 

the risk to human health through accumulation in the food chain. Especially in acid rain areas [3]. When acid 

rain falls into the soil, the soil's properties change, which leads to nutrient leaching out of the soil. As the flux of 

SO24- in acid rain increases, it leads to the equipotential leaching of hydrogen ions and other cations, where 

heavy metals are more likely to be activated and released into the soil, leading to a further environmental risk. In 

general, acid rain can alter soil properties, reduce soil fertility, and increase the toxicity of heavy metals present 

in the system, making soil heavy metal pollution in the Yangtze River Delta even more severe[4]. Therefore, in 

order to achieve the target of sustainable property development, investigating efficient and safe soil 

improvement methods to the immobilization of heavy metals in soil under long-term acid rain threat is 

becoming the preferred in situ remediation technology. 

Various methods are available for remediation of heavy metal contaminated soils. The remediation of 

contaminated sites by physico-chemical methods, micromediation and phytoremediation has been widely 

studied and discussed. Including soil modification method, electrode method and microbial activity method, etc. 

[5], Yet these methods usually have the disadvantages of being costly and unwieldy. Thus, finding a simple, 

convenient and efficient remediation method becomes imperative. 

In-situ passivation method has the advantage of effective remediation, short-term remediation period, 

low-cost and simply operation, which has a high potential research value in the remediation of heavy metal 

contaminated soil [6]. Of which, biochar was regarded as an economic and eco-friendly remediation strategy for 

heavy metal contamination [7]. Biochar is a carbon-rich material obtained from the combustion of organic raw 

materials under an oxygen limited condition with a certain temperature[8]. With the advantages of enriched 

carbon content, large specific surface area and high cation exchange capacity, biochar is commonly used in 
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remediation research of heavy metal contaminated soil [9]. The chemical and physical properties of biochar vary 

dramatically depending on the raw material and production conditions [10]. Plenty of studies have proved that 

the application of biochar in heavy metal contaminated soil shows favorable effects on the stabilization of 

metals. Li et al.[11] prepared a novel composite rice-hull biochar material for the passivation remediation of Cd-

contaminated soil, which significantly enhanced the chemical stability of Cd in the soil. Liao et al.[12] 

formulated biochar & zeolite amendments for the immobilization of heavy metals such as Pb and Cd in soil to 

effectively prevent the leakage of heavy metals from contaminated soil. Tao et al.[13] used modified zeolite to 

improve the leaching effect of soil Pb and Zn, showing that adding zeolite can effectively prevent the leakage of 

heavy metals from soil under acid rain conditions. Hu et al.[14] showed that in agricultural areas contaminated 

with heavy metal Pb, where there are also perennial heavy rainfall or moderate or above acid rain, the amount of 

Pb leaching from the soil with rainwater will also be increased. However, few studies on the long-term stability 

evaluation of biochar in in-situ remediation technology, as well as the morphological distribution or vertical 

transport of heavy metals in soil have been conducted. 

Accordingly, this paper uses pine bark as the raw material with two different preparation temperatures 

(300°C and 600°C) for remediation of heavy metals Cr and Cd in soil under simulated acid rain leaching, so as 

to explore the patterns of morphological transformation and vertical migration of Cr and Cd in soil by using 

biochar. Combined with leaching experiments to analyze the passivation effect, the results were equally relevant 

for the biochar preparation and groundwater impermeation. 

 

II. MATERIALS AND METHODS 

2.1 Soil collection and incubation experiments 

Soil samples were collected from an open vegetable field at a facility in Xixin Town, Chongming 

District, Shanghai, and the contents of heavy metals are shown in Table 1. It can be found from the table shows 

that the pollution level of heavy metal contaminated soil is 3.64 times and 105.58 times of the standard value, 

respectively, with reference to the Environmental quality standard for soils. Firstly, 1 kg of soil samples 

weighed, weeded out plant roots, stones and other debris, and placed in the incubator; then, aqueous liquids 

containing 2828.65 mg K2Cr2O4 and 658.51 mg Cd(NO3)2-4H2O were respectively added to the soil and 

incubated for 60 days at constant temperature avoiding light; finally, the aged soil samples were naturally air-

dried and passed through 10 mesh quasi-nylon sieve to obtain the Cr and Cd contaminated soil samples, 

respectively. The constant temperature (25°C) and water content (70% of maximum water holding capacity) 

were maintained throughout the experiment. 

 

Table 1:Cr and Cd in Shanghai topsoil 

Elements（mg/kg） Min. Med. Max. Arithmetic 

mean±sd 

Geometric  
mean ± sd 

Cr 37.30 73.80 87.90 70.20±14.49 68.50±1.28 

Cd ±0.05 0.13 0.33 0.14±0.07 0.12±1.60 

 

2.2 Biochar preparation and characterization 

Biochar is prepared from pine bark. Pine bark was firstly washed with deionized water, dried and 

crushed, then loaded into a ceramic crucible and wrapped with aluminum foil, final heated in a muffle furnace. 

Choose two lysis temperatures, 300 and 600 ℃, for 5h. Cooled to room temperature, removed, crushed, passed 

through a 20 mesh standard nylon sieve, and stored in a self-sealing bag for backup, marked as PB300 and 

PB600. 

Biochar physicochemical properties, including pH, particle size, ash, C H N O content, sample 

structural composition, and surface functional groups, were analyzed by potentiometry, laser particle size 

distribution (Bettersize 2000E, Baxter Instruments, Dandong), muffle heating, elemental analyzer (vario 

MACRO cube, Elementar, Germany), X-ray Diffractometer (FTIR), and Fourier Transform Infrared 

Spectrometer (FTIR). Diffractometer and Fourier Transform Infrared Spectrometer (FTIR). In addition, particle 

size, morphology, mineralogy, and surface area were analyzed by sieve analysis, scanning electron microscopy 

(SEM) equipped with energy dispersive X-ray spectroscopy (Philips Leo 1455 V P), X-ray diffraction (XRD; 

PW 3040 \/60, X'Pert Pro MPD), and Brunauer -Emmett-Teller surface area analyzer (Micromeritics TriStar II) 

were used for the determination. 

 

2.3 Leaching device design and operation 

The leach test was performed using the simulated soil column method, and the leach test device 

(Plexiglas tube: 50 cm high, 2.9 cm diameter) is shown in Figure 1. The prepared PB300 and PB600 biochar 

were uniformly added into the soil samples contaminated with heavy metals Cr and Cd at 5% mixing ratio, and 

the soil samples without biochar added were set as blank control group, and each treatment was repeated three 
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times. Before adding the soil, the bottom of the column is sealed with a No. 6 rubber plug and a 1 cm thick layer 

of coarse quartz sand is spread to prevent soil loss and outlet blockage. Applying a layer of petroleum jelly to 

the inner surface of the column to avoid water running down the column walls. The lower 20 cm of the column 

is laid with original clean soil and the upper 20 cm with contaminated soil. For each 2 cm of soil added to the 

column, compact the soil with a grinding rod after each addition to ensure that the soil capacity in its natural 

condition is reached. A 2mm latex tube is perforated with a rubber plug at the lower end of the soil column to 

collect the filtrate. Fill the soil column with soil sample and set it with iron frame table. 

According to the average pH of acid rain in Shanghai with ionic composition, in this experiment, the 

pH of acid rain drench solution was 5.12, which was configured by deionized water containing H2SO4 and 

1×10-4 molL-1 of HNO3 at a concentration of 4×10-4 molL-1. The leachate was added every 3 days for 60 days, 

and a total of 1 L of leachate was consumed. The column was wetted with 300 mL of deionized water before 

leaching and left to incubate for 3 to 5 days. Leachate for analysis was collected at regular intervals from the 

lower part of the soil column in thin-mouthed bottles. The experiments were conducted at ambient temperature 

and under laboratory conditions, In order to reduce the error, two parallel samples were used for each. The 

results were averaged. 

 
Figure1: Leaching experimental device 
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2.4 Sequential chemical extraction 

Tessier et al. [15] proposed a continuous extraction scheme that can be used to assess the distribution of 

PTEs in soils. After drying and passing the soil sample through 10 mesh sieve, 2.5g of soil sample was weighed 

for three extractions. Afterward the following operationally definable hierarchy of PTEs was 

obtained.Exchangeable(EXC):Soluble in 1 M MgCl2, pH 7.0. Bound to carbonates(Carb):dissolved in 1 M 

NaOAc, pH 5.0. Bound to Fe-oxides (FeMnOx): 0.04 M NH2OH/HCl dissolved in 25% acetic acid (v/v), pH 

3.0. Bound to Organic matter (OM):dissolved in 0.02 M HNO3 + 30% H2O2, pH 2.0. soluble metal 

subsequently treated with 3.2 M NH4OAC (v/v) in 20% HNO3. Residual(RES):The residue was dried, ground, 

and treated with acid for abatement.The samples of each component were sparged onto a 100 ml volumetric 

flask and analyzed by ICP-OES. 

 

2.5 Determination of total heavy metals 

The total amount of heavy metals Cr and Cd in soil samples were determined by the common four-acid 

digestion method (HCI-HNO3-HF-HCIO4). Measure 0.3g of the sample in the digestion tank, wet it with a 

small amount of deionized water, add 15mL of concentrated hydrochloric acid, then put it into the graphite 

digestion apparatus, temperature control at about 100℃, and digest it in the ventilator. When the liquid in the 

digestion tank evaporates to about 2mL, remove from the digestion furnace and cool to ambient temperature. 

After that, 10mL of nitric acid, 10mL of hydrofluoric acid and 3mL of perchloric acid were added, with the 

temperature controlled at about 210°C, covered and disintegrated. At intervals, open the lid and shake the 

digestion tank to remove the resulting flying silica. When the white smoke of perchloric acid comes out from the 

digestion tank after a period of digestion, and when the black organic matter in the digestion tank disappears, 

opening the lid and driving away the white smoke. Until the bottom of the digestion tank is only a paste, remove 

the digestion tank and cool to ambient temperature. Flush the lid and interior of the digestion tank with 10% 

nitric acid to dissolve and digest the residue. Finally, cool and fix the contents in a 50mL volumetric flask. [16] 

The concentrations of heavy metals were determined with an Optima 8000 plasma inductively coupled emission 

spectrometer (ICP-OES) from PerkinElmer, USA, and the aqueous sediment standard (GSD-9) was selected as 

the sample quality control to calculate the content of heavy metals in soil. 

 

III. RESULT AND DISCUSSION 

3.1 Soil physicochemical properties 

Soil pH measured by PHS-3C acidity meter was 7.79. The particle size distribution of the soil 

measured by the laser particle size distribution meter was 15.20% for sand, 79.41% for powder and 5.39% for 

clay, and the soil could be judged as loamy. Usually these soils are widely distributed in the middle and lower 

reaches of the Yangtze River, the river network plains of the Pearl River Delta and the alluvial plains on both 

sides of the river. The soil elemental analysis showed that the soil contains 1.71% carbon, 0.18% hydrogen and 

0.58% nitrogen, which shows that the soil has a high organic matter content. The field water holding capacity of 

the soil was determined by the ring knife method[17] to be 30.6%, which shows that these soils are moderately 

sandy and sticky, with a proper ratio of large and small voids, good permeability, and high water and fertilizer 

retention capacity, making them a more desirable soil texture for agriculture. 

The X-ray diffraction patterns of the original soil and the soil contaminated with heavy metals Cr and 

Cd measured by X-ray diffraction spectrometer are shown in Figure 2.  The X-ray diffraction patterns of the 

original soil and the contaminated soil with heavy metals Cr and Cd measured by X-ray diffraction spectrometer 

are shown in Fig. 2. From the figure, it can be seen that there was no very obvious difference in the soil mineral 

structure between the Cr and Cd contaminated soils and the original soils, and the composition of these four 

types of soils is still dominated by SiO2. But through the physical phase analysis, for the diffraction pattern of 

Cd-contaminated soil, weak additional peaks appear at 2Θ=5.7 and 26.3, which may have the generation of 

insoluble heavy metal minerals. 
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Figure 2: X-ray diffraction patterns of virgin soil and soil contaminated with heavy metals Cr and Cd 

 

After the original soil was aged by Cr, Cd, the morphology of heavy metals was determined by the 

Tessier five-step extraction method, and the morphological distribution of heavy metals is shown in Figure 3. In 

the Cr-contaminated soil, the Cr content of each form is ranked as follows: EXC > Carb >FeMnOx> OM > RES, 

and the exchangeable state is the main form present in the soil, with a proportion of 36.6%.In Cd-contaminated 

soil, the order of distribution of each form was: EXC>FeMnOx> Carb > OM > Res, similar to the distribution in 

Cr-contaminated soil, but the content of FeMnOx was slightly higher than that of Carb.  The proportion of Cd 

EXC distribution was 42%, which was slightly higher than that of Cr. 
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Figure 3:Morphological distribution of Cr and Cd heavy metals in aged soils 
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3.2 Biochar physical and chemical properties 

The basic physicochemical characteristics of pine bark biochar, such as particle size distribution, pH 

value and elemental content, were measured at two different preparation temperatures (300°C and 600°C) as 

shown in Table 3, and the analysis of each basic physicochemical index of biochar is as follows. 

 

Table 2: Biochar physical and chemical properties 
 PB300 PB600 

sand（%） 42.79 21.42 

silt（%） 57.26 74.15 

clay（%） 0.95 4.43 

pH 8.84 10.00 

ash content（%） 2.83 7.90 

C（%） 66.20 84.60 

N（%） 0.82 1.86 

H（%） 4.34 1.95 

O（%） 25.81 3.69 

H/C 0.07 0.02 

O/C 0.39 0.04 

(O+N)/C 0.40 0.07 

 

(i) Biochar particle size distribution. The results of particle size distribution showed that the biochar was 

dominated by powder particles. As the biochar preparation temperature increased from 300°C to 600°C, 

the powder particle content of pine bark biochar increased from 57.26% to 74.15%, an increase of 29.50%, 

and a decrease in the percentage content of sand particles. A related study[18] showed that the higher the 

powder particle content of biochar, the more beneficial for heavy metal adsorption. 

(ii) Biochar pH and ash content. Biochar obtained by cracking raw biomass at a certain temperature tends to 

exhibit a high pH value. As seen in Table 3, the pH values of the biochars prepared at 300 and 600°C 

cracking conditions were 8.84 and 10.00, respectively. Both prepared biochars were alkaline and the pH 

values increased with the increase of cracking temperature. This occurred probably because the biomass 

raw material will start to produce alkaline salts continuously with the increase of temperature, which could 

contribute to the increase of pH. The ash content of PB300 and PB600 were 2.83% and 7.90%, 

respectively, which could be attributed to more mineral elements in the pine bark biochar[19] and the high 

cracking temperature is more likely to produce more ash. 

(iii) Biochar elemental composition. The results of the elemental composition of biochar were measured as 

shown in Table 3. As the cracking temperature of biochar preparation increased, the C content of biochar 

increased, and the content of H and O, the ratio of H/C, O/C and (O+N)/C decreased. This indicates that 

the high temperature biochar has a higher degree of carbonization. The biochar obtained at higher cracking 

temperatures has a larger specific surface area, thus more conducive to forming the microporous structure 

of biochar.[20] Biochar PB600 had the smallest H/C of 0.02, which indicates that biochar PB600 may 

possess a more complete degree of aromatization. The O/C and (O+N)/C of biochar PB300 were both 

nearly 0.40, probably because of the well polarized and hydrophilic surface of biochar PB300 with more 

oxygenated functional groups. Biochar PB300 contains higher H and O contents, indicating that biochar 

PB300 may contain more oxygen-containing surface functional groups[21]. To further verify the above 

speculations, XRD and FTLR analyses were performed on the two biochars. 
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Figure 4:XRD patterns of PB300, PB600 

 

Figure 4 shows the X-ray diffraction patterns of the two biochars prepared at cracking temperatures of 

300°C and 600°C. Searches revealed that fewer diffraction peaks appeared, and none of them was obvious. 

PB300 showed a CaSO4  diffraction peak near 15Θ and a MgCl2 diffraction peak near 25Θ. In PB600, the 

diffraction peaks of CaCO3 and CaCl2 were found near 30Θ and 45Θ. Taking the above into account, the low-

temperature biochar PB300 contains CaSO4 and MgCl2, while the high-temperature biochar PB600 contains 

CaCl2. 

Biochar's surface functional groups are determined by infrared spectroscopy. The FTIR variation can 

reflect the pyrolytic oxidation and water loss of biochar, etc. The determination is based on the principle that 

each functional group of organic matter can exhibit a specific peak within a certain wavelength of the infrared 

spectrum. Biochar mainly contains carbonyl (C=O), carboxyl (-COOH), hydroxyl (-OH), aromatic C=N bond 

and N-H3 bond. 3600-3100 cm-1 broad absorption peak is the O-H stretching vibration; 3040-29000 cm-1 is the 

C-H stretching vibration; 2160-2120 cm-1 is the R-N=N=N stretching vibration; 1700 cm-1 is the R-N=N=N 

stretching vibration. The absorption peaks at 1700 cm-1 are mostly C=O stretching vibrations in ketones, acids 

and aromatic esters; the absorption peaks at 1650-1550 cm-1 are related to N-H bond stretching vibrations; the 

stretching vibrations of C-O bonds of fatty ethers and C-O bonds of alcohols are at the absorption peaks around 

1090 cm-1; the changes in the wave number bonds below 600 cm-1 may be due to the stretching vibrations of 

potassium chloride, calcium chloride and other Inorganic compounds such as potassium chloride, calcium 

chloride, etc.[22] 
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Figure 5:FTIR characterization of PB300 and PB600 
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Figure 5 shows the FTIR profiles of pine bark biochar at cracking temperatures of 300°C and 600°C, 

respectively. As shown in the figure, it was not very obvious that the change in the type and number of 

functional groups occurring on the surface of the biochar. The number of absorption peaks and absorbance of 

the biochar prepared at 600 ℃ were lower than that of the biochar prepared at 300 ℃. This occurred probably 

due to the decomposition of organic compounds in the biochar as the preparation temperature increased, 

resulting in a decrease in the H/C, O and (O+N)/C atomic ratios, and therefore a decrease in the number of 

surface functional groups. The stretching change of the peak near 3450 cm-1 indicates that the -OH group is 

located on the surface of PB. However, the reactive oxygen functional group gradually decreases with 

increasing temperature, indicating an intensification of the dehydrogenation reaction. the fluctuation of the peak 

at 1800-1000 cm-1 is caused by stretching vibrations between bonds (e.g. C=C, C=O and CH3), and the peak 

decreases significantly with increasing pyrolysis temperature. Owing to this, the C=O bonds are easily cleaved 

to generate gaseous or liquid by-products at higher thermal cleavage temperatures. Therefore, the biochar 

prepared at high temperature has a reduction of internal oxygen-containing functional groups such as carboxyl 

and carbonyl groups, despite its larger specific surface area and higher ash content. Compared with the biochar 

prepared at low temperatures, the high temperature preparation would reduce the complexation of heavy metals 

and thus the adsorption effect on heavy metals. 

 

3.3 Longitudinal migration pattern of metal morphological changes in soil samples 

As compared to the distribution of heavy metals in the blank control, the downward migration capacity 

of heavy metals was greatly reduced in the soil column incorporating biochar. The simulation of acid rain 

leaching enhanced the mobility of metals in the soil. In contrast, the soil column supplemented with biochar was 

able to reduce the mobility of soil metals and mitigate the effects of acid rain. Therefore, more attention to metal 

morphology is needed when using biochar to immobilize soil metals. 

In order to further explore the morphological changes during the longitudinal migration of heavy 

metals, the soil samples in the column were divided at 2 cm intervals to obtain subsamples after drenching, and 

the obtained soil samples were extracted by the Tessier five-step sequential extraction method to obtain the 

contents of the five different forms of heavy metals Cr and Cd respectively. 

 

3.3.1  Changes in Cr morphology in surface soils 

 

 
Figure 6:Morphological distribution of Cr in the surface layer of soil column 
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Figure 6 shows the morphological distribution of heavy metal Cr in the surface layer of the soil 

column. As can be seen from the figure, the morphological distribution of heavy metal Cr in the surface layer of 

the soil column with biochar addition was significantly different from that of the control group (surface layer of 

the soil column without biochar addition), and the overall consistent morphological distribution pattern was as 

follows: the content of the weak acid extractable state of heavy metal Cr decreased compared with the control 

group, and the content of the Fe-Mn oxide-bound state, organic matter-bound state and residue state increased. 

The weak acid extractable Cr (the sum of exchangeable Cr and carbonate bound Cr) showed an increasing then 

decreasing trend with the depth of the soil. At a depth of 10 cm, the corresponding weak acid extractable Cr 

content was 14.79 mg/kg and 11.78 mg/kg, respectively. The corresponding weak acid extractable Cr contents 

were 85.12 mg/kg, 19.16 mg/kg and 27.37 mg/kg at the depths of 16 cm, 12 cm and 10 cm for CK-Cr, PB300-

Cr and PB600-Cr, respectively, which were closely related to acid rain saturation leaching. Under the conditions 

of acid rain drenching, the heavy metal Cr in the upper layer of the soil column will dissolve in the drenching 

solution and migrate downward with the water, resulting in a higher concentration of weak acid extractable Cr at 

a certain depth of the soil column. The absence of this pattern of variation in the Fe-Mn oxide-bound, organic 

matter-bound, and residual Cr at soil depth further suggests that the exchangeable Cr and carbonate-bound Cr 

contribute more to the longitudinal migration of Cr in soil. 

The heavy metal Cr was effectively solidified in the soil column with biochar addition. Compared with 

the control group, the addition of biochar increased the proportion of Cr in the Fe-Mn oxide-bound, organic 

matter-bound and residual states, and the low-temperature biochar increased the proportion of Cr in the Fe-Mn 

oxide-bound and organic matter-bound states more significantly. The increase of Cr in the residual state was 

more obvious for the high temperature biochar, while the increase of Cr in the residual state was more obvious 

for the high temperature biochar. 

 

3.3.2 Changes in Cd morphology in surface soils 

Figure 7:Variation pattern of Cd morphology with depth in the surface layer of soil columns with biochar 

addition 

 
Figure 7 shows the variation pattern of Cd pattern with depth in the surface layer of the soil column 
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surface soil was as follows: the contents of exchangeable and carbonate bound states were significantly reduced, 

the contents of Fe-Mn oxide-bound state and organic matter-bound state were significantly increased, and the 

degree of change of residue state was not obvious. This change was more obvious with the increase of the 

preparation temperature of the added biochar. 

Similar to the Cr soil column, the weakly acid-extractable Cd showed the same trend of increasing and 

then decreasing in the soil column with the addition of biochar. Although this trend was not obvious in the soil 

column CK-Cd, the content of weakly acid-extractable Cd reached the maximum value of 18.97 mg/kg at the 

soil depth of 14 cm, which was probably due to the stabilization of heavy metals in the surface layer of the soil 

column after 14 cm of downward migration during acid rain leaching and biochar. 

 

3.4 Changes of metal morphology in the leachate 
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Figure 8:Accumulation of Cr and Cd in the leachate with time during the leaching process 

 

Figure 8 shows the change of Cr metal content in the leachate with the increase of drenching volume. It 

can be seen from the figure that the contents of Cr and Cd in the leachate of the two untreated soils were higher 
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Cd in CK was still high. 
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with 37%; in the Cd-contaminated soil, the exchangeable state Cd distribution is 42%. These two 

types of heavy metal contaminated soils have high contents of exchangeable and carbonate bound 

states[24]. 
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ii. Biochar was mainly powder particles, and the ash content of the two biochars differed greatly. 

Biochar PB600 had the highest ash content, and along with the increase of cracking temperature, 

the pH, ash and C content of biochar increased, while the content of H and O, and the ratios of 

H/C, O/C and (O+N)/C decreased. The carbonation of biochar increased and the oxygen-

containing functional groups on the surface decreased. There was a correlation between the 

particle size difference, ash content, carbonation degree and pH of biochar on the adsorption of 

heavy metals. 

iii. When biochar was added to the surface soil contaminated with Cr and Cd, the total amount of 

heavy metals in the surface soil profile (0-20 cm) was higher than that in the control group for the 

same heavy metal element, and on the contrary, the total amount of heavy metals in the lower soil 

profile (20-40 cm) was lower than that in the control group. The biochar produced in this study 

had some solidification and retention effect on the heavy metal contamination of both soils 

tested[25]. The magnitude of the retention effect was related to the cracking temperature of 

biochar preparation. Within the surface layer of the Cr-contaminated soil column, the retention 

effect of biochar exhibited PB300 > PB600, while within the surface layer of the Cd-contaminated 

soil column, it showed PB600 > PB300. 

iv. Biochar can effectively reduce the content of heavy metals Cr and Cd in exchangeable and 

carbonate-bound states and increase the content of Fe-Mn oxide-bound state, organic matter-

bound state and residue state. Biochar facilitated the conversion of soil heavy metals from 

exchangeable and carbonate-bound states to Fe-Mn oxide-bound state, organic matter-bound state 

and residue state, and reduced their migration activity in the soil. The cracking temperature of 

biochar preparation had a greater effect on the morphological transformation of heavy metals in 

soil, and the effect varied significantly among biochars for the reduction of exchangeable and 

carbonate-bound states and the degree of increase of Fe-Mn oxide-bound state. In Cr-

contaminated soils, the effect of biochar prepared at low temperatures was higher than that of 

high-temperature biochar, while this effect was reversed within Cd-contaminated soils. For the 

organic matter-bound state, the conversion to the organic matter-bound state was more favorable 

for the low-temperature biochar than for the high-temperature biochar, while the degree of 

increase in the metal residue state was better for the high-temperature biochar than for the low-

temperature biochar. 

v. Biochar can not only effectively solidify the heavy metals in the soil, but also reduce the 

exchangeable state and carbonate-bound state of heavy metals, which are the two forms that tend 

to migrate in the soil, and transform them into the Fe-Mn oxide-bound state, organic matter-bound 

state and residue state, which are the three forms that are more stable and less likely to migrate in 

the soil, so as to reduce the migration activity of heavy metal pollutants and thus The effect of 

stabilization is achieved. The application of biochar will also reduce the risk of leaching of soil 

heavy metal pollutants to groundwater, which is a practical and economical new green material 

for soil remediation. 
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