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Abstract 
 
In recent years, various forms of environmental pollution have become increasingly severe, leading to a 
dangerous state in the atmosphere, water, and soil environments. This poses a threat to people's daily lives and 
has sparked widespread concern in society. Concurrently, bio char, a novel carbon material known for its large 
specific surface area, porosity, affordability, and excellent adsorption capabilities, has garnered attention. The 
incremental development and utilization of bio char have positioned it as a promising contender in sewage 
treatment, air pollution control, soil pollution treatment and other pollutant adsorption processes. This paper 
provides a comprehensive review of the preparation of bio char, its current research status, and the factors 
influencing its adsorption efficiency through an extensive literature survey.  
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1. Introduction 
 
The intensification of human activities and rapid economic development in modern times have had a significant 
impact on the natural environment. Global challenges such as water pollution and air pollution have arisen as a 
result. Water pollution, in particular, is a complex issue with numerous sources of contamination. Substances 
like nitrates are able to be found in both surface and groundwater, disrupting the growth of aquatic organisms 
and posing a threat to human water resources. It is imperative to address environmental pollution promptly in 
order to protect various aquatic ecosystems. Carbon is a non-metallic element located in the second cycle of the 
periodic table IVA group. It is the most abundant element in chemical compounds on Earth and is widely 
distributed in both the Earth and the universe. Carbon primarily forms compounds like carbonate, carbon 
dioxide, and others in water and air, as well as in oil, natural gas, and various hydrocarbons. The mining of 
carbonates, coal, natural graphite, diamonds, and other forms of carbon holds a significant position in the mining 
industry. Carbon is crucial for the existence of all plants and animals, with a natural abundance of 0.08% and 
ranking 13th in abundance in the Earth's crust among various elements. Due to its unique electronic orbital 
characteristics (SP, SP2, SP3 hybrids) and the fact that it only consists of the carbon element, carbon exhibits 
diverse properties depending on its crystal structure. Throughout history, traditional carbon materials such as 
charcoal, bamboo charcoal, activated carbon, carbon black, natural graphite, coke, graphite electrodes, carbon 
brushes, carbon rods, and pencils have been commonly used. However, with the advancement of society and 
the rapid development of modern science and technology, research on carbon elements has led to the 
development of new carbon materials including diamonds, carbon fibers, graphite sandwich compounds, 
flexible graphite, nuclear graphite, energy storage carbon materials, glass carbon, and more. Additionally, 
nanomaterials like carbon nanotubes, fullerenes, nanodiamonds, and graphene have emerged, finding 
widespread applications in modern life.  Bio char is a type of solid substance with a high degree of aromatization 
and carbon content, formed through anaerobic pyrolysis of waste organic materials. It is characterized by its 
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effective surface area, high porosity, and rich functional groups, making it a cost-effective material with 
excellent adsorption performance. By enhancing its interaction with substances through physical or chemical 
adsorption, bio char is widely utilized in the adsorption of organic pollutants, heavy metal ions and other 
pollutants in sewage treatment and other applications. It has emerged as a novel carbon material due to its ability 
to not only adsorb pollutants effectively but also support the growth of microorganisms and the formation of 
microbial biofilms, making it a valuable carrier for immobilized bacteria. 
 
2. Progress of Bio Char Research 

 
2.1 Preparation Method of Biological  
 
Activated carbon is currently classified into two types: pyrolysis and hydrothermal synthesis. The method of 
preparation has a significant impact on the physical and chemical properties of the activated carbon, including 
yield, ash content, specific surface area, pore structure, species and quantity of functional groups, and cation 
exchange capacity. Pyrolysis typically involves two methods: chemical activation, and physical activation 
method. The physical activation method typically involves the reaction of carbon materials with water vapor, 
carbon dioxide, or air oxidation gas at high temperatures to generate carbon monoxide, carbon dioxide, and 
hydrogen hydrocarbon gas. This reaction process requires high temperature of 200 to 800 degrees Celsius to 
oxidize the carbon, creating etching and pores within the material to form a developed microporous structure. 
Unlike water vapor activation, which has a molecular diameter smaller than water molecules, activated carbon 
prepared by CO2 activation results in a much higher proportion of microporous volume.The chemical activation 
method involves mixing chemical agents with materials, carrying out a pyrolysis reaction under an inert 
atmosphere, removing the chemical agents from the activated material, and then drying them with deionized 
water and alkaline and acidic solvents to obtain activated carbon. Activated carbon prepared through chemical 
activation offers advantages such as richer pores, a larger specific surface area, and a shorter preparation period 
compared to activated carbon prepared through physical activation methods. This results in activated carbon 
with superior pore performance. Commonly used chemical reagents include acids (phosphoric acid (H3PO4), 
sulphuric acid (H2SO4), hydrochloric acid (HCl)), alkalis (Potassium hydroxide (KOH), sodium hydroxide 
(NaOH), potassium carbonate (K2CO3), sodium carbonate (Na2CO3)), and metal compounds (zinc chloride 
(ZnCl2), magnesium oxide (MgO), iron oxide (Fe2O3)) (Yin, 2019). The chemical activation reaction typically 
occurs at medium to low temperatures, with different chemical reagents acting on raw materials in distinct ways. 
The physical and chemical activation method combines physical activation and chemical techniques in the 
production of activated carbon. This method utilizes activators like water vapor and carbon dioxide (CO2) in a 
coactivation process, treating raw materials with chemical reagents first.Another method of hydrothermal 
synthesis of biological carbons mainly refers to the hydrothermal carbonization method of biomass. This 
method uses water as a medium to degrade biomass into bio char at a specific temperature (typically 100 to 250 
degrees Celsius) and pressure (0.5 to 16.5MPa). This method is not only simple to operate, low in energy 
consumption, but also mild in reaction conditions. In the process of hydrothermal synthesis, bio char does not 
need to be pretreated with raw material dehydration and strict drying, which is capable to greatly reduce the 
cost. In addition, the researchers also found that the bio char obtained by this method has more active sites than 
the bio char obtained by other methods, which greatly improves its adsorption activity (Zhao et al.,2023). 
In addition to the above solutions, other methods of biomass conversion include flash carbonization and baking 
techniques. However, the adoption of new pyrolysis technology is hindered by cost and high energy 
consumption issues. 
 
2.2 Research Status  
 
Through a review of the literature, it is evident that bio char has gained prominence in the realm of 
environmental pollution control due to its unique characteristics. It has become a widely adopted treatment 
method, leveraging its biological carbon properties to employ adsorption for pollution remediation. The 
adsorption method is valued for its cost-effectiveness, ease of operation, efficient separation effect, and potential 
for reusability, thus establishing itself as a crucial approach in pollution control. Bio char plays a significant 
role in air pollution control by adsorbing CO2 molecules from the atmosphere, thereby helping to mitigate the 
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greenhouse effect. bio char is characterized by highly developed narrow micropores, which continuously adsorb 
CO2 molecules until saturated. Moreover, the abundant mesopores within activated carbon materials reduce 
mass transfer resistance of CO2, enhancing the utilization efficiency of micropores and strengthening the 
interaction between the material and CO2 molecules (Ren et al., 2022). 
 
Heavy metals in sewage are also one of the serious problems that plague people nowadays. Copper excess 
causes metabolic disorders (Liu, 2023), and even endangers life. The urgency of removing heavy metals from 
sewage is paramount. The physical and chemical properties of bio char play a significant role in enhancing the 
efficiency of heavy metal removal in aqueous solutions. Functional groups' interaction with heavy metals can 
directly or indirectly impact adsorption mechanisms, including electrostatic interaction, surface complexation, 
ion exchange, and mineral components that greatly influence the precipitation effect. Surface modification of 
carbon adsorbents is essential for advancing new technologies and optimizing their physicochemical and 
adsorption properties. Specific functional groups introduced on the carbon surface can selectively adsorb target 
heavy metals. Among various biological carbonization modification methods, three common chemical 
modification methods effectively introduce oxygen, nitrogen, and sulfur energy groups on the biological carbon 
surface, enhancing heavy metal adsorption: oxidation, nitride, and sulfide (Ji, 2023). Bio char usually contains 
soluble phosphate and carbonate, which have the capacity to precipitate PO4

3-and CO3
2- with heavy metal 

elements such as Cd2+ and Pb2+ in water, forming relatively stable minerals (CdCO3、PbCO3, et al.) (Xiong et 
al., 2003).The study investigated the impact and processes involved in the removal of Pb2 +, Cu2+, Zn2+, and 
Cd2+

 by cattle dung bio char (Xu et al., 2013). It was observed that the primary mechanism of heavy metal 
removal included the binding and sedimentation of Pb2+, Cu2+, Cd2+, and Zn2+ with phosphate or carbonate.   
    
Not only are heavy metals a concern in water, but excessive antibio tics and nitrogen are also significant 
environmental pollution issues. The increasing use of antibiotics and poor management practices have led to a 
significant rise in antibiotic pollution, resulting in many microorganisms in the environment developing 
resistance to antibiotics. This imbalance between the removal and entry rates of antibiotics into the environment 
underscores the urgent need for efficient removal methods to mitigate the harmful impacts on human health and 
the environment. From basic activated carbon to advanced modified bio char, and even new nano carbon 
materials with promising development potential, carbon materials play a crucial role in the adsorption process 
of antibiotics (Cai et al., 2019). The adsorption interaction between carbon materials and antibiotics can be 
described by physical adsorption, chemisorption and electrostatic interaction (Ersan et al., 2017). Currently, 
traditional carbon materials like activated carbon are commonly used for antibiotic adsorption. However, recent 
studies have shown that newer carbon materials such as carbon fiber, porous carbon, and nanocarbon materials 
also exhibit effective adsorption of antibiotics. These innovative materials are increasingly being utilized in the 
removal of antibiotics through adsorption processes (Jiang et al., 2021). At present, many researchers have 
shown that bio char has a good adsorption effect on antibiotics in water, but there are also many problems, such 
as bio char modification methods waiting to be studied (Zhang, 2024). 
 
Bio char has the ability to host and stimulate the growth of microorganisms, enhancing their metabolic activities 
and enabling them to thrive in challenging environments. By facilitating the biodegradation of microorganisms, 
bio char addresses the limitations of saturated adsorption, preventing the release of pollutants and ultimately 
improving its reusability (Huang & Ma, 2021).The rise in heavy metal and organic pollutant contamination in 
soil has emerged as a pressing global environmental concern. Research on the use of bio char for mitigating 
heavy metal pollution in agricultural land has garnered significant attention. Through processes like adsorption, 
bio char is able to decrease the bioavailability and leaching of heavy metals and organic pollutants in soil. 
Acting as an alkaline agent, bio char can also enhance soil pH and stabilize the composition of heavy metals in 
the soil. A review of current literature indicates a growing interest in utilizing bio char as a soil amendment. 
For example, Cui et al. (2011)found that the use of bio char could significantly reduce the absorption of Cd in 
rice; Park et al. (2011) study  showed that application of bio char significantly reduced the NH4NO3 extraction 
concentration and accumulation of Cd, Cu and Pb in Indian mustard; according to study by Karami et al. (2011), 
biological carbon can effectively reduce the Cu concentration in ryegrass; According to the research by Wang 
et al. (2017) Application of bio char significantly reduced the Cd content with a strong exchange state, Make 
the rape absorption amount significantly reduced. According to the study by Zhou et al. (2008). Cotton straw 
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carbon has a remediation effect on soil cadmium pollution, to reduce the cadmium content in vegetables.  To 
improve the quality of vegetables. In the studies of Lin et al. (2007), Man (2016) and Liu (2016), the 
bioavailability of bio char against heavy metals in contaminated soil, including Pb, Cu, Cd, Zn, and their 
effectiveness against phytotoxicity. It is an effective remediation agent of soil contaminated by heavy metals. 
 
2.3 Factors Affecting Bio Char Adsorption Capacity 
 
Four mechanisms for the biological adsorption of metals are proposed: firstly, the interaction of metal ions with 
the charged surface of biological carbon through electrostatic forces; secondly, the ionization of protons on the 
bio char surface leading to complexation with metal ions or ion exchange; thirdly, the interaction and adsorption 
of electrons in the delocalization of biological carbon; and finally, the beneficial impact of adsorbed metals on 
the pores of bio char. Ultimately, the effectiveness of bio char in remediating soils contaminated with heavy 
metals hinges on the affinity of the biological carbon and its metal absorption capacity. 
 
A large number of studies (Wang et al., 2016; Jane et al.,2016; Liu et al. ,2012) have shown that the adsorption 
capacity of bio char with different properties is also very different due to the large differences in pore structure, 
ash content, cation exchange capacity, pH value and elemental composition of bio char. According to the study 
by Chang et al. (2016). Corn cob charcoal and dragon locust carbon at the same pyrolysis temperature, the 
removal rate of Cu2+ gradually increased with the extension of the pyrolysis time. By Tong et al. (2011), the 
adsorption amount of Cu2+ from large to small is rapeseed straw carbon, peanut straw carbon and soybean straw 
carbon. Ding et al. (2011)and Zhu (2011) prepared bio char with different temperatures of pine strips. From 
high to low, the remediation effect of lead and cadmium in soil is as follows: P-700, P-500 and P-300. Li et al. 
(2012) found that the specific surface area of 700℃ was large. The pore structure is more fully developed, 
BC700 The adsorption capacity of Cd is greater than BC350, and 350℃. According to Jian et al. (2016), 
pyrolysis of chicken manure into 700 degrees Celsius is able to achieve better. But there are also studies where 
showed that, application of wood chip bio char and chicken manure bio char is able to increase the biological 
efficacy of Cu2+ and Zn2+ (Hou et al., 2011). Li Mingyao prepared bio char from 300~600℃ of rice straw (Li et 
al., 2013). It was found that the Cd content of the effective state in the soil from large to small was reduced by 
W4, W5, W6 and W3. 
 
The carbonization temperature of bio char and the types of organic pollutants are also two major factors 
affecting its adsorption capacity. The carbonization temperature determines the properties of bio char, which in 
turn affects its adsorption performance. The adsorption of straw bio char by different types of pollutants with 
different characteristics also showed significant differences. The bio char obtained by cracking at different 
temperatures will have great differences in its own composition and structural characteristics, among which the 
polar (Uchimiya et al., 2010), hydrophilic (Wang et al., 2012), aromatic (Chen & Chen, 2009), specific surface 
area (Liu et al., 2010), pore structure (Uchimiya et al., 2011) and so on, will affect the adsorption effect. Bio 
char for different organic pollutants adsorption strength and adsorption lag, not only depends on the properties 
of bio char itself, also with organic hydrophobic (Bornemann et al., 2007), polar (Yang & Sheng, 2003), 
molecular size and structure (Ahmad et al., 2012) of have certain relationship, therefore, biological carbon 
adsorption strength of different organic pollutants and the degree of hysteresis also has certain relationship with 
the hydrophobicity of organic matter. 
 
2.4 Potential Hazards Of The Bio Char  
 
While bio char shows promising results in heavy metal treatment, soil remediation, and air pollution control in 
short-term experiments, its long-term environmental impact remains uncertain. Research indicates that while 
bio char enhances soil quality and crop yields, it is capable of reducing the effectiveness of herbicides, posing 
challenges in weed control. Moreover, bio char, derived from agricultural waste may contain heavy metals such 
as copper aluminum, and other pollutants. If not properly managed, bio char could introduce new sources of 
pollution to soil and water, potentially causing harm to the environment. Furthermore, the production of bio 
char generates various pollutants, including organic compounds like polycyclic aromatic hydrocarbons and 
environmentally persistent free radicals. 
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3. Conclusion  
 
Biochar is a new type of environmentally friendly adsorbent, which has the characteristics of low cost, abundant 
sources and great market potential. It is an ideal environmental adsorbent with huge growth opportunities in the 
remediation of organic pollution, the regulation of heavy metal contaminants, and the management of antibiotic 
contaminants. This study provides a comprehensive overview of the use of biomass-derived biochar to solve 
various environmental pollution problems, especially in the adsorption of various pollutants in water bodies and 
atmosphere. In addition, the effectiveness of biochar in the adsorption of environmental organic pollutants, new 
pollutants and heavy metal ions, as well as its application in soil remediation, were highlighted. In this paper, 
various preparation techniques of biochar are studied, and the methods of biochar pyrolysis and hydrothermal 
synthesis are introduced in detail. In addition, it emphasizes that the adsorption capacity of biochar materials 
with different properties is different under different conditions, indicating that their basis and adsorption 
properties are different. Different stomatal structures, ash element composition, affinity and other factors will 
affect the adsorption capacity of biocarbon to pollutants. Therefore, this study delved into the factors affecting 
biochar adsorption under various scenarios. The use of biochar to remediate contaminants in soil and water is a 
promising new technology. As an environmental functional material that has attracted much attention, biochar 
needs to further study the theoretical system and application technology of pollution control in the real 
environment. Moreover, whether the pollutants invested in biocarbon treatment will cause secondary pollution 
to the environment is also a question worthy of deep thought, which needs to be considered in follow-up 
research. 
 
Acknowledgement 
 
First of all, the author would like to thank my supervisor, Professor Xie Jian, who taught me a lot in terms of 
professional knowledge and helped me in other aspects during the writing of my dissertation, which benefited 
me a lot. Finally, particular thanks to my friends, like Sun Kaiyue and Xu Liting for their help in the 
experimental process. 
 
Declaration of Conflicting Interests 
 
All authors declare that they have no conflicts of interest. 
 
References 
 
Ahmad, M., Lee, S. S., Dou, X. (2012). Effects of pyrolysis temperature on soybean stover ⁃and peanut shell 

⁃derived bio char properties and TCE adsorption in water. Bioresource Technology,118, 536-544. 
Bornemann, C., Kookana, R. S., Welp, G. (2007). Differential sorption behaviour of aromatic hydrocarbons on 

charcoals prepared at different temperatures from grass and wood. Chemosphere, 67(5), 1033-1042. 
Cai, X. (2019). Removal and mechanism of typical organic pollutants in water by biochar-based 

nanocomposites. Hunan: Hunan University. 
Chang, C., Wang, S., Guo, J., Liu, T., Zhao, Y. (2016). The adsorption kinetics of copper ions by synthetic bio 

char under different pyrolysis conditions. Journal of Environmental Sciences, 36(7), 2491-2502. 
Chen, B. L., Chen, Z. M. (2009). Sorption of naphthalene and 1 ⁃naphthol by bio chars of orange peels with 

different pyrolytic temperatures. Chemosphere, 76(1), 17-133. 
Cui, L. (2011). Experimental study on inhibition of Cd/Pb uptake by rice and wheat by bio-black charcoal. 

Jiangsu: Nanjing Agricultural University. DOI:10.7666/d. Y2038449. 
Ding, W., Zhu, Q., Zeng, X., Wu, D., Tian, X. (2011). Bio char improvement with lead and cadmium-

contaminated soil at different pyrolysis temperatures. Science and Technology Guide, 29(14), 22-25. 
Ersan, G., Apul, O. G., Perreaulf, F. (2017). Adsorption of organic contaminants by graphene nanosheets: A 

review. Water Research, 126, 385-398. 



Journal of Sustainable Civil Engineering and Technology 
e-ISSN: 2948-4294 | Volume 3 Issue 2 (September 2024), 122-128 

https://joscetech.uitm.edu.my 
 

128 

Hou, Y., Zeng, Y., An, Z. (2011). Effect of bio char application on the chemical morphology of heavy metals 
in contaminated red soil. Journal of Inner Mongolia University (Natural Science Edition), 42(4), 460-
466. 

Huang, S., Ma, S. (2021). Research on the application of "microorganism + bio char" in nitrogen-containing 
wastewater treatment. Cleaning the World, 37(10), 64-67. 

Jane, M., Gao, K., Yu, H. (2016).  Effects of different lysis temperatures on the bio char and its characteristics. 
Journal of Environmental Sciences, 36(5), 757-1765. 

Ji, G., Shen, X. Z., Shen, S., Tao, T. (2023). Application of modified biochar in the treatment of wastewater 
containing heavy metals. Journal of Wuhan Institute of Technology, 45(01):1-75. DOI: 
10.19843/j.cnki.CN42-1779/TQ.202111001. 

Jian, X., Jiang, E., Song, Y., Li, Z., Wang, X., Li, B. (2016). Analysis of the preparation process parameters 
and adsorption properties of bio char. Journal of Jiangxi Agricultural University, 38(3), 557-564. 

Jiang, Z., Chen, M., Li, X., Feng, Q., Wang, B. (2021). Research Progress on the Removal of Antibiotics from 
Water by Modified Biochar. Environmental Chemistry, 40(12), 3846-3860. DOI: 10.7524/j.issn.0254-
6108.2020080202. 

Karami, N., Clemente, R., Moreno-Jimenez, E. (2011). Efficiency of green waste compost and bio char soil 
amendments for reducing lead and copper mobility and uptake to ryegrass. Journal of Hazardous 
Materials, 191, 41-48. 

Li, L., Lu, Y., Liu, Y. (2012). Study on the adsorption mechanism of Cd () obtained after being produced and 
studied and derived from corn stover bio char). Journal of Agricultural and Environmental Sciences, 
31(11), 2277-2283. 

Li, M., Du, L., Zhang, Y., Gao, Y. (2013). Effect of rice straw bio char on soil Cd morphology at different lysis 
temperatures. Journal of Soil and Water Conservation, 27(6), 261-264. 

Lin, A., Zhang, X., Su, Y. (2007). Bone carbon to repair heavy metal contaminated soil and reduced 
genotoxicity. Environmental Sciences, 28(2), 232237.  

Liu, C. (2016). Passivation effect of bio char-based fertilizer on CdCuPb and Zn in paddy soil. Lanzhou: 
Lanzhou University. 

Liu, Y. (2012). Study on the basic properties of biochar from different raw materials and their adsorption 
characteristics of Cd2+ and Pb2+ in solution. Jiangsu: Nanjing Agricultural University. DOI:10.7666/d. 
Y2361218. 

Liu, Y. (2020). Research on the current status and development trend of heavy metal wastewater treatment 
technology. Leather Production and Environmental Protection Technology, 1(16), 66-71. 

Liu, Z., Zhang, F. S., Wu, J. Z. (2010). Characterization and application of chars produced from pinewood 
pyrolysis and hydrothermal treatment. Fuel, 89(2), 510-514. 

Man. C. (2016). Effect of bio char on physicochemical properties and effectiveness of heavy metals in 
contaminated farmland. Xianyang: Northwest A & F University. 

Park, J. H., Choppala, G. K., Bolan, N. S. (2011). Bio char reduces the bioavailability and phytotoxicity of 
heavy metals. Plant and Soil, 348, 439-451. 

Ren, Y., Zhao, Y., Xu, H. (2022). Research progress of biocarbon-based activated carbon adsorption CO2. 
Shandong Chemical Industry, 51(14), 90-93. 

Tong, X. J., Li, J. Y., Jiang, J., Xu, R. K. (2011). Effect of bio chars derived from crop straws on Cu (II) 
adsorption by Red Soils. Journal of Ecology and Rural Environment, 27(5), 37-41. 

Uchimiya, M., Wartelle, L. H., Lima, I. M. (2010). Sorption of deisopropylatrazine on broiler litter bio char. 
Journal of Agricultural and Food Chemistry, 58(23), 12350-12356. 

Uchimiya, M., Chang, S., Klasson, K. T. (2011). Screening bio chars for heavy metal retention in soil: role of 
oxygen functional groups. Journal of Hazardous Materials, 190, 432-441. 

Wang, F., Wang, M. L., Xu, K. (2017). Effects of bio char application on cadmium transformation in brown 
soil and uptake by baby bokchoi. Journal of Agro-Environment Science, 36(5), 907-914. 

Wang, H. Y., Wang, X. C., Zhang, Y. J. (2016). Comparison of bio chars characteristics from biomass residues 
produced through slow pyrolysis. Journal of Northeast Agricultural University, 47(5), 83-90. 

Wang, N., Hou, Y., Peng, J. (2012). Progress of bio char adsorption of organic pollutants. Environmental 
Chemistry, 31(3), 287-295. 



Journal of Sustainable Civil Engineering and Technology 
e-ISSN: 2948-4294 | Volume 3 Issue 2 (September 2024), 122-128 

https://joscetech.uitm.edu.my 
 

129 

Xiong Y., Bai Q., Hu J. (2003). Study on bacterial peroxidation process of pyrite coated hardly submerged gold 
concentrate. Gold, (11), 3236. 

Xu, X. Y., Cao, X. D., Zhao, L. (2013). Removal of Cu, Zn, and Cd from aqueous solutions by the dairy manure-
derived bio char. Environmental Science & Pollution Research International, 20(1), 358-368. 

Yang, Y. N., Sheng, G. Y. (2003). Enhanced Pesticide sorption by soils containing particulate matter from crop 
residue burns. Environmental Science and Technology, 37(16), 3635-3639. 

Yin, Y. (2019). Research on the clean preparation of bio char / activated carbon with furfural residue. Dalian: 
Dalian University of Technology. 

Zhang, X. (2024). Research progress on the adsorption of antibiotics by bio char in aqueous environment. 
Cotton Science, 46(1),71-73. DOI: 10.3969/j.issn.2095-3143. 

Zhao, D., Li, W., Jiang, L., Shan, R., Cheng, D., Yuan, H., Chen, Y. (2023). Preparation of bio char-based 
photocatalysts and their degradation of organic pollutants in wastewater. Ecology and Environmental 
Sciences, 32(11), 2019-2029. DOI: 10.16258/j.cnki.1674-5906. 

Zhou, J., Deng, C., Chen, J., Zhang, Q. (2008). Repair effect of cotton stalk carbon on cadmium contaminated 
soil. Eco-environment,17(5), 1857-1860. 

Zhu, Q. X. (2011). Experimental study on lead and cadmium contaminated soil remediation with bio char. 
Chongqing: Chongqing University. 

 
 
 
 
 

 
 

 


