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Abstract:  Anthropogenic activities result in a high quantity of extraction and use of heavy metals. 

Heavy metals cannot be degraded and hence accumulated in environment, which in turn threatens 

the soil quality, plants survival and human health. Remediation of heavy metals deserves attention 

as it is a serious environmental issue but it is impaired the cost of these technologies. Application 

of biochar for remediation of such processes may provide a new solution. Efficient metal removal 

from soil matrix involves use of biosurfactants which subsequently help in adsorption and metals 

remediation by microorganisms immobilized on biochar. This review provides a state of the 

scientific research on biochar, its production processes, feeds tock condition and application in 

remediation of metal contaminate sites. As efficiency of this technology is enhanced to 100% 

removal, according to our present state of knowledge, this would be the first review which 
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addresses the biosurfactants assisted bioremediation by using immobilized microorganism 

technology. Further research directions are identified to ensure a safe and sustainable use of 

biochar as a soil amendment for remediation of heavy metals contaminated soils. 

Keywords: Biochar, Biosurfactants, Heavy metals, Bioremediation, Microbial immobilized cell 

technology 

 

Introduction  

Soil is most primary source for agronomic practices. It serves as main media for crop growth, 

sustains plant and animal productivity, maintains and increases the quality of air and water as well 

as supports human health and habitation (Zhou and Song, 2004). Soil quality is threatened by 

anthropogenic activities. Currently, a significant amount of soils is world widely contaminated 

with inorganic and organic pollutants due to emissions of waste from industries, mining, manures 

and bio-solids, use of waste water to irrigate and inappropriate management of chemicals and 

fertilizer in agricultural practices (Mench et al. 2010). These pollutants are injurious to ecologies 

and agronomic production and induce in a severe risk to humanoid security as well. Ecofriendly 

options to unjustifiable management of waste technologies are pursued for reducing soil 

contamination (Beesley et al. 2011). Extensive struggles are made to amend contaminated 

territories (Naidu et al. 2008). Many chemical and physical techniques have been developed for 

treating soil contamination. They comprise of soil vapor extraction, soil washing, land- ion 

exchanges farming, soil flushing, bioremediation, phytoremediation, and ecological remediation 

(Zhou and Song, 2004) and combined remediation (Lee et al. 2008). Pollutants degradation 

procedures can be simplified by biological action in soil, the technique used to degrade soil 

contaminant is called as bioremediation. 

The efficiency of bioremediation practices can be amplified by adding particular 

improvements to soil (Quilty and Cattle, 2011). Though these are traditional procedures and when 

we apply in situ these are commonly costly and generate new difficulties, like loss of soil fertility 

and erosion of soil (Kumpiene et al. 2008). Yet the usefulness of bioremediation on metal 

adulteration is not so strong and needs alternative way. Hence, new alternatives are searched for 

removal of the contaminants (Sun et al. 2012). Currently great consideration is being given to 

biochar as a soil conditioner due to its specific characters and physicochemical features. Carbon-

based matter of biochar has stated to be more than 90%, reliant on basis material (Yin and Xu, 

2009). Biochar could possibly be part of a long-term adaptation strategy, as it could improve soil 

physical properties including the increase of porosity and water storage capacity, as well as the 
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decrease of bulk density (Lu et al. 2014; Nelissen et al. 2015). Potential uses of biochar include 

carbon repossession, soil fertility improvement, remediation of different types of pollution and 

recycling of agronomic waste. 

 Biochar is the solid substance made from pyrolysis of waste biomass from agronomic 

practices and forestry manufacture (Wang et al. 2010; Liu et al. 2011; Xu et al. 2013). Soil biochar 

amendment is thought to devise excessive potential in increasing the recalcitrant carbon pool of 

soil as most carbon in biochar is of fragrant arrangement and unmanageable in the surroundings 

(Lehmann 2007). Naturally, biochar has high pH and cation exchange capacity and has potential 

to enhance soil production (Jeffery et al. 2011) and high capability to adsorb contaminants 

(Beesley et al. 2011; Yuan and Xu, 2011). Biochar soil amendment has double profits of carbon 

sequestration and soil improvement (Lal 2009; Tenenbaum, 2009). It is assumed that the C 

sequestration capacity of biochar as a viable tool of climate change extenuation known (Molina et 

al. 2009) is equal to 12% of anthropogenic greenhouse gas emissions (Woolf et al. 2010). 

2. Biochar production and properties 

2.1 Feed stocks  

Conventionally term feedstock is used for biomass that is pyrolysed and changed into biochar. 

In literature, any organic raw material can be pyrolysed; though the production of compact remains 

(char) corresponding to fluid and gas yield differs greatly along with physico-chemical features of 

the resultant biochar. Feedstock and pyrolysis conditions are the most vital features that control 

the characters of the resulting biochar. The chemical and physical arrangement of feedstock relays 

to the chemical and structural composition of the resultant biochar and, so are revealed in its 

activities, role and providence in soils (Brown et al. 2009). An extensive range of waste biomass 

resources (wood, manure, rice husk, sewage sludge, municipal waste) is be used to make biochar 

(Maiti et al. 2006; Sohi et al. 2009). A diverse range of supplies is suggested as biomass as raw 

material to produce biochar, comprising grain husks, wood, nut shells, compost and crop remains, 

although with the premier carbon concentrations are (e.g. wood, nut shells), plenty and lesser 

accompanying prices are presently used to produce stimulated carbon (Martinez et al. 2006; 

Gonzaléz et al. 2009). Other raw materials are possibly accessible for biochar manufacture, of 

those bio waste (e.g. manure slurry, community waste, chicken litter) and dung. However, a danger 

is related with usage of such source materials, generally connected to the existence of harmful 

constituents (e.g. organic pollutants, heavy metals). Great concentrations of calcium carbonate 

http://link-1springer-1com-1scopus.pisces.boku.ac.at/article/10.1007%2Fs13593-016-0372-z#CR69
http://link-1springer-1com-1scopus.pisces.boku.ac.at/article/10.1007%2Fs13593-016-0372-z#CR77
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(CaCO3) are found in pulp and paper slurry (Van Zwieten et al. 2007) and are retained in the ash 

part of some biochars.  

Complete narration of all biochar raw materials is a far from the space of this review and 

feed stocks have been studied in other investigations (Collison et al. 2009; Lehmann and Joseph, 

2009). The main fact is that the appropriateness of each biomass form as a possible supply for 

biochar is reliant on mostly biochemical, physical, ecological, as well as commercial and logistical 

factors (Collison et al. 2009). Biochar is made by pyrolysis (‘pyro’ in Greek means fire, while 

‘lysis’ means breaking down into constituent parts). Charcoal has been produced from pyrolysis 

of (woody) biomass for thousands of years, and recently the technology has also become 

interesting for use in the production of biochar (Laird, et al. 2009). Mainly wood is made up of 

cellulose, hemicelluloses and lignin. Though all types of wood differ in chemical configuration, 

so lignin structure present in soft wood varies from hardwood (Windeisen and Wegener, 2008). 

Normally biochar is made from pyrolysis of the biomass. Pyrolysis permits to produce biochar by 

heating system with principally minute to absence of oxygen. Anaerobic thermal change of 

biomass is accomplished in three different methods: pyrolysis/ carbonization; gasification; and 

liquefaction. All these processes give products in three stages, solid, liquid and gas, and 

composition of the product depends on procedure situations. Therefore, pyrolysis is regarded as 

by long habitation times and modest temperatures, liquefaction happens under high heating rates, 

while gasification is defined by high temperatures, frequently with extra, however sub-

stoichiometric, oxygen (Agblevor et al. 2010). 

Biomass pyrolysis is a very ancient knowledge, which is related to produce energy and 

convert biomass conversion of biomass (Antal and Gronli, 2003). For thousands of years’ charcoal 

is made from pyrolysis of (woody) biomass, and currently this skill has become stimulating to 

produce biochar (Laird et al. 2009). Pyrolysis could be done in a reactor by gasification or 

carbonization at different temperatures and time conditional on the planned usage of the end 

product.  In the course of heating, there are bulk damages, chemical conversions and physical 

variations, which mostly are influenced by the period of heating, original moistness, wood species 

and temperature of action. Practically every form of biological material can be pyrolyzed; though 

both energy change effectiveness and the superiority of the bio-oil, biochar and syngas co-products 

depend on the nature of the feedstock. The ultimate current transformation of feed stocks produces 

three basic products; fluid (liquid hydrocarbon and water), solid (biochar) and gas (Karagöz et al. 
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2005). Feedstock, comprising greater lignin content, yield the maximum biochar yields at 500 °C 

equaled to lesser and higher temperatures of pyrolysis (Fushimi et al. 2003). Mostly pyrolysis 

typically generates a compact, organized, carbonaceous material that shows high surface area as 

compared to feed stock (Bird et al. 2008), has less hydrogen and oxygen content (Abdullah and 

Wu, 2009) has more nutrients (Agblevor et al. 2010). Both mass yields obtained and the amounts 

of aromaticity are feed stocks functions and conditions of pyrolysis.  Temperature, degree of 

heating, flow rate of sweep-gas rate and raw material element mass are all features that affect the 

mass yield of biochar 

2.2 Production methods 

2.2.1 Slow Pyrolysis 

Slow pyrolysis can be categorized as a rather low-tech and robust technology which has 

been optimized for biochar production. Historically, slow pyrolysis of woody biomass in 

traditional kilns has been the most widespread application for charcoal production (Antal and 

Gronli, 2003). At low temperatures, between 20 °C and 150 °C, timber dehydrates, ensuing in a 

loss of mass and hemicelluloses modifies (Eateves and Pereira, 2009) by deacetylation and 

depolymerisation, releasing acetic acid that acts as a catalyst in the depolymerisation of the 

polysaccharides (Nuopponen et al. 2004). Hemicelluloses further dehydrate occasioning in a 

lessening in the amount of hydroxyl groups (Zhang et al., 2010). Above 250 °C, lignin 

carbonization happens, which results in rise in the carbon content creating char, while the 

concentrations of oxygen and hydrogen decline (Lehmann, 2007). This results in structural 

fluctuations and compression reactions to method (Windeisen and Wegener, 2008) emitting CO2 

and VOCs.  

Slow pyrolysis has numerous benefits comparative to other thermochemical change skills; 

the units incline to be small and cheap, they receive various bases of feedstock, and the feedstock 

is not necessarily to be superbly crushed. Slow pyrolysis is, however, hard to balance because heat 

transference into rough biomass is quite sluggish, so the feedstock has a moderately long dwelling 

time in the reaction chamber (Amonette and Joseph, 2009). Current process of slow pyrolysis 

mostly occurs in nonstop devices, e.g. drum pyrolysers, rotary kilns, or screw pyrolysers (Brown, 

2009). These plants, which, besides charcoal, collect bio-oil and syngas, are highly energy efficient 

compared to traditional kilns. Slow pyrolysis yields more biochar and reduced quantities of 

functioning energy products than other thermochemical transformation tools.  As such slow 
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pyrolysis seem to be unsurpassed suitable for providing minor sums of heat and/or power to 

attached services in distant places, particularly in areas with a high plea for biochar. 

2.2 Fast Pyrolysis 

Fast pyrolysis plants use high-tech continuous processes designed to give a large fraction 

of liquid product (Yanik, et al. 2007). In fast pyrolysis, biomass is quickly (<1 s) heated to 400-

700°C in the lack of oxygen. To attain such swift heating proportions, the element mass of the 

feedstock is mostly decreased to < 2 mm (Cummer and Brown, 2002), which needs major 

quantities of energy. The key energy produce, bio-oil, is a murky brown fluid attained by reduction 

of the pyrolysis gas. Fast Pyrolysis produces 60-70 percentage of the original biomass as bio-oil 

and 15-25 mass percent as biochar (Mohan et al. 2006). Higher temperature induces the 

polymerization of the altered biochemical products to produce greater particles that are fragrant 

and aliphatic in nature (Verheijen et al. 2009); moreover, pore volume and surface area increase 

at higher temperatures (James et al. 2005; Zhang et al. 2010). 

Though, the material used regulates the top temperatures at which the micro pores are 

unlocked up within the biochar. Total energy retrieval by fast pyrolysis depends chiefly on the 

wetness of the biomass used as raw material. If feedstock used is dry then stated energy recoveries 

in the bio-oil fraction are ~50 percent, and total energy recoveries (in the bio-oil and biochar) are 

~75 percent relative to the energy content of the original biomass (Mullen et al. 2010). Current 

readings (Jones et al. 2009; Sohi et al. 2010) confirmed that at least 40 mass percent of fast 

pyrolysis oil can be changed into green gasoline and green diesel at a cost of 0.53 $ per L.. Fast 

pyrolysis, grounded on fluidized and mingling bed reactors, are normally accessible but requisite 

to function at suggestively greater scales than slow pyrolysis to be economically feasible. The 

financial practicality of fast pyrolysis depends critically on the marketplace for bio-oil; trade of 

the biochar co-product will offer a quite small minor source of income. The development of a fast 

pyrolysis business is presently narrow by the lack of factories capable to change bio-oils into 

transport fuels and other high value products (Jones et al. 2009). 

 Along with traditional pyrolysis methods to produce char, alternate ways have been 

discovered. These comprise hydrothermal carbonization (Steinbeiss et al. 2009; Fuertes et al. 

2010), pressed pyrolysis (Mahinpey et al. 2009) and heat pyrolysis (Lei et al. 2009). These later 

procedures have potential as ways to resources with properties outside the choice of usual pyrolysis 

products and higher energy efficiency. 
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2.3 Biochar properties 

Biochar is afresh formed systematic term, well-defined as a carbon-riched product by 

thermal breakdown of biomass (e.g., greensward, timber, dairy compost, broiler litter, and crop 

remains) in the fractional or complete lack of oxygen (Cao and Harris, 2010) (Lehmann and 

Joseph, 2009). It has received consideration in waste discarding and soil remediation in current 

ages.  

The International Biochar Initiative (IBI) describes biochar as a hard material attained by 

the thermochemical renovation of biomass in an oxygen depleted situation (IBI, 2012). Mostly 

carbon molecules in biochar are systematized in aromatic rings of six carbon atoms connected with 

each other by double bonds lacking oxygen or hydrogen. Though, engagements of atoms of carbon 

in biochar are asymmetrical, compound and inconstant because of special effects of the inorganic 

part of feedstock (Schmidt and Noack, 2000). Many supplies are used as raw material comprising 

slurry, husk of rice, herb constituents, wood, municipal waste and composts. Wood mainly 

comprises of cellulose, hemicellulose and lignin. But the wood species differ in their structures as 

softwood differs from hard wood (Windeisen and Wegener, 2008). Transformation of biomass can 

be carried out in a reactor by carbonization or gasification at different temperatures depending 

upon the use of end product (Verheijen et al. 2009). 

In addition, the large C constituent, the essential arrangement of biochar contain of H and 

O, as well as many minerals (e.g. N, P, S) dependent on the feedstock (Lehmann and Joseph, 

2009). Inorganic components are mostly instituted as heteroatoms combined into the aromatic 

rings, and these are assumed to take part to the highly diverse external reactivity of biochar 

(Verheijen et al. 2010).  Biochar might comprise many useful surface groups, like hydroxyl-OH, 

keton-OR, ester-(C = O), aldehyde-(C = O) H, amino-NH2, nitro-NO2 and carboxyl-(C = O) OH 

groups (Amonette and Joseph, 2009). Extremely heterogenic surface thus displays hydrophilic and 

hydrophobic as well as acidic and basic properties, and contributes to biochar’s capacity to react 

with a wide range of inorganic and organic compounds in the soil solution (Atkinson et al. 2010). 

Freshly produced biochars, though, are usually hydrophobic in nature, due to predominantly non-

polar surface characteristics (e.g. carbohydrate or aromatic characteristics) (Lehmann et al. 2009). 

 Most N and S compounds, however, volatilize above 200℃ and 375℃, respectively, while 

K and P volatilize between 700℃ and 8000C (DeLuca et al. 2009). Most biochars are produced in 

the temperature range 450–550 C and, as a result, tend to be relatively depleted in N and S. 
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However, those produced from N-rich feedstocks (e.g., biosolid biochar) at the lower end of the 

temperature range (e.g., 450C) may retain up to 50% of its original N content and its entire S and, 

as a result, are comparably richer in these elements than wood-based biochars produced at higher 

temperature (Bridle and Pritchard, 2004). Most wood- and nut-based biochars have extremely high 

C/P and C/N ratios. Conversely, manure-, crop-, and food-waste biochars have much lower ratios 

with manure-derived biochars being the most nutrient-rich relative to C, especially in P relative to 

N. Nutrient-rich and ash-rich biochars lack the stability that is associated with C-rich and highly 

aromatic and condensed wood-derived biochars (Singh et al. 2010b). Production temperature can 

also alter the extractability of certain nutrients and the physical and chemical properties of 

biochars: high-temperature biochars (800℃) tend to have a higher pH, electrical conductivity 

(EC), and extractable NO3, while low-temperature biochars (350℃) have greater amounts of 

extractable P, NH4+, and phenols (DeLuca et al. 2009). 

Sizes of pores in biochar are stated to vary from < 2 nm to > 50 nm, with an upturn in the 

small width pore portion as temperature of pyrolysis rises (Downie et al. 2009). Effective value of 

biochar is great. It could be utilized for filtration of pyrolysis drain vapors (Lehmann, 2007) help 

as primary material to make nitrogen manures (Marris, 2006), we can generate activated carbon 

by treating biochar with steam (McHenry, 2008) and as a farmhouse compost as well as it is good 

method to recover plantation efficiency. Biochar applied in soil is supposed to stock carbon for 

centuries theoretically leading to a substantial decrease in greenhouse gases in the atmosphere 

(Lehmann, 2007). The substantial characters of biochar vary from those of unexplored biological 

material in soil (Schmidt and Noack, 2000), and there is variation in them with passage of time 

because of weathering courses, interfaces with soil inorganic and organic substance and 

deterioration by microbes in soil (Nguyen et al. 2010). 

 Conformation of biochar can be roughly separated into rather intractable C, reactive or 

percolate able C and residue. Main biochemical variance among biochar and other biological 

material is greater amount of aromatic C and, specially, the existence of bonded aromatic C 

arrangements, in comparison with other aromatic constructions of soil carbon-based matter like 

lignin (Schmidt and Noack, 2000). These bonded structures of biochars have variable formulas, 

comprising shapeless C, which is central at lesser pyrolysis temperatures, and turbostratic C, 

formed at greater temperatures (Keiluweit et al. 2010; Nguyen et al. 2010). It is evident that the 

nature of these C assemblies is main motive for the high constancy of biochars (Nguyen et al. 
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2010). Biochar structure is greatly diverse, comprising together constant and labile constituents 

(Sohi et al. 2009). Volatile matter (0-40%), carbon (50-90%), mineral matter (ash) 0.5-5% and 

humidity (1-15%) are normally considered as its main elements (Antal and Gronli, 2003). 

Carrier materials used include sawdust, wheat bran and calcium alginate and biochar 

(Rahman et al. 2006). Ideally, such a matrix is biodegradable, available in large supplies, can be 

produced with low cost, and have appropriate physical properties to allow sufficient infusion with 

specific microorganisms to remediate pollution. Currently, biochar intentionally made by biomass 

pyrolysis has received increasing considerable attention as a possible potential low-cost adsorbent 

tool to sequester contaminants and control pollutant migration (Zimmerman, 2010). Biochar can 

protect prevent organic pollutants as biosorption and bioaccumulation, subsequently reduce the 

ecological risk by adsorption (Yang et al. 2012). Study conducted by Jia et al. (2014) showed that 

adding biochar at 1% in sediment with low organic carbon content (0.12%), the free dissolved 

concentrations of PAHs were reduced by 47.5-78.0%. The variations caused by addition of biochar 

in the soil result in changes in quality of soil (Paz-Ferreiro and Fu, 2014) as well as increase 

agronomic incomes (Jeffery et al. 2011; Liu et al. 2013). The extensive choice of procedure factors 

indicates the development of biochar products that differ significantly in their essential and ash 

conformation, compactness, absorbency, pore size delivery, surface area, surface biochemical 

features, water and ion adsorption and discharge, pH and consistency of biochars’ physical 

arrangement (Downie et al. 2009; Krull et al. 2009; Chan and Xu, 2009). The elemental 

composition of biochar generally include carbon, nitrogen, hydrogen, and some lower nutrient 

element, such as K, Ca, Na, and Mg (Zhang et al. 2015). Commonly, the carbon content increased 

with increasing pyrolysis temperature from 300 to 800 °C, while the contents of nitrogen and 

hydrogen decreased. Biochar has a high specific surface area and a number of polar or nonpolar 

substances, which has a strong affinity to inorganic ions such as heavy metal ions, phosphate, and 

nitrate (Schmidt et al. 2015; Kammann et al. 2015). 

2.4 Biochar characteristics and factors affecting its functional properties  

Main characters of biochar, like surface area, pH, ash, volatiles, solidity and pore-volume, 

water retention capability are important that effect sensitive functions of biochar (Okimori et al. 

2003). Significant factor that leads the status of these physicochemical properties is feed stock 

used to produce biochar. Form and bulk of the feedstock and product of pyrolysis affect the quality 

and possible uses of biochar. Woody feedstocks produce biochars that are rougher and mostly 

http://link-1springer-1com-1scopus.pisces.boku.ac.at/article/10.1007%2Fs13593-016-0372-z#CR137
http://link-1springer-1com-1scopus.pisces.boku.ac.at/article/10.1007%2Fs13593-016-0372-z#CR98
http://link-1springer-1com-1scopus.pisces.boku.ac.at/article/10.1007%2Fs13593-016-0372-z#CR50
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xylemic in nature, while biochars from residues of crop rye or maize and composts proposes a 

better and more delicate structure (Sohi et al. 2009).  

The degree of aromatic structures formation in bio char is affected by temperature (Brewer 

et al. 2009) and time at temperature (Yip et al. 2011). Rise in pyrolysis temperature leads to 

enhance surface area of biochar that facilitates sorption of chimicals like heavy metals and 

pesticides. Biochar quality in certain circumstances is determined by aromatic structure. Larger 

aromatic regions lead to greater cation exchange capacity in soil (Joseph et al. 2009). Rise in char 

aromaticity indicates to more resistance in soil alongside prolonged repossession potential. 

Pyrolysis temperature is the most significant parameter that leads to an assessable analogous to 

activated carbon (Ogawa et al. 2006). As temperatures during pyrolysis rises, volatile complexes 

present in the feedstock medium are lost, ash and surface area proliferates but functional groups at 

surface which offer exchange sites reduce (Guo and Rockstraw, 2007). Lignocellulose breakdown 

initiates at about 120°C, hemicelluloses are vanished at 200-260°C, cellulose between 240 and 

350°C and lignin is degraded at 280 to 350°C. High temperature of biochar shows high surface 

area and permeability, both of that are used in adsorption-based remediation technologies. 

To increase the adsorption ability of biochar, a mechanical condensation stimulation of 

biochar speed up its positive effects on nutrient preservation and acceptance by plants relative to 

non -activated biochar (Borchard et al. 2012). Steam activation revealed practically twice the 

positive effects of biochars in all cases, thus being a remarkable option for future biochar 

applications. Activation procedure enhances the permeable structure and sorption characters of 

biochar. Another treatment method that affects the function of biochar is magnetization, which is 

also a valuable technique to increase biochar property (Chen et al. 2011). Magnetic biochars have 

greater sorption competency in comparison to non-magnetic biochars. So, magnetization is 

alternative while refining sorption ability of biochar. New treatment methods such as oxidization 

of biochar by many oxidants like K2MnO4, H2O2 (Chao et al. 2010), air (Klasson et al. 2009) and 

O3 could also progress bio-char characters and improve adsorption result. Biochar oxidized by 

H2SO4/HNO3 has more carboxyl group and demonstrated higher immobilization to Pb, Cu and Zn 

(Sanchez and Utrilla, 2002). 

The composition of bichar components like ash, moisture contents and fixed carbon 

controls the biochemical and physical actions and function of biochar entirely (Brown, 2009), that 
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in chance regulates biochar aptness to apply for specific site, as well as transportation and 

providence in the environment (Downie, 2009). 

 

3. Biochar application in heavy metals contaminated soils 

When biochar is added to soil, it shows oxidation by forming efficient groups, and provides 

locates which hold nutrients and other organic compounds (Cheng et al. 2008). Process of 

oxidation enhances O and H and reduces C concentrations and the forms functional groups that 

contain O as well as decrease negative charges at surface (Baldock et al. 2002). This potency is 

increased by temperature of the biochar production (Nuopponen et al. 2004) and by using chemical 

oxidants (Kawamoto et al. 2005). Particles of biochar present in soil are aged then further oxidation 

conduce the development of negative charges so increases the CEC (Hammes et al. 2009). Particles 

of biochar that are oxidized are bound to minerals present in soil by linking with soil and silt-sized 

minerals that reduce the potential of its decay. When biochar particles bound to soil minerals, they 

increase the capacity of the soil-biochar compound to sorb organic composites existing in soil. 

Biochar also binds directly with carbon-based substances of soil by sorption (Browdowski et al. 

2005). 

3.1 Effect on Soil properties 

Over the past decade, research has shown that biochar is more stable than any other additive in the 

soil profile, which increases nutrient availability beyond a fertilizer effect (Lehmann, 2009) due to 

its high surface area. The capacity and stability of biochar to retain nutrients is more than other 

organic material in the soil environment, to improve soil health and quality. Physical and chemical 

properties of the biochar including greater nutrient retention (Lehmann et al. 2003), high charge 

density (Liang et al. 2006), and particulate nature in combination with a unique structure (Baldock 

and Smernik, 2002) provides more resistance to microbial decay when compared with other soil 

organic matter content (Cheng et al. 2008). Biochar is preferred over other sorbents like compost, 

farm yard manure and poultry manure etc. because of its higher retention capacity in soil over 

decades (Westrell et al. 2004). 

Several readings show that biochar is a valuable reserve to recover the physicochemical 

properties of soil, efficiently sustain SOM levels, it increases manure use efficiency and enhance 

production of crop, chiefly for long-term cultured soils in subtropical and tropical areas (Deenik 

et al. 2011; Van Zwieten et al. 2010). The assimilation of biochar into soil adjusts soil physical 
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properties, such as structure, texture, porosity, bulk density, and particle size distribution. This 

may in turn have consequences for important soil functions e.g. soil aeration, water holding 

capacity, and plant growth (Atkinson et al. 2010). 

Biochars density is much lesser than inorganic soil. Therefore, addition of biochar to soil 

increases the soil volume and decreases the bulk density of the soil. Assimilation of bigger biochar 

elements (e.g. > 0.5 mm) results in amplified ventilation of the soil and reduces anoxic microsites 

that effect several soil courses such as decay degrees of organic matter, nitrification, denitrification 

dynamics, and emissions of GHG’s. Compaction of the soil after biochar application is another 

possibility. If fine biochar are incorporated in soil, particles may fill existing soil pores and thus 

potentially compact the soil and increase soil bulk density. 

It is also found that biochar improves the water holding capacity in sandy soils and sand 

mixes when it is applied at reasonably great rates (25-45 vol %) (Brockhoff, et al. 2010), but it 

also decreases moistness in clayish soils (Verheijen, et al. 2010). It is also stated that hydrophobic 

biochars cause better flow, and reduce penetration of water thereby lessening the water holding 

capacity (WHC) of clay soils (Major et al. 2010a). Positive impact of biochars on soil water 

holding capacity is connected to great micropore volume, which may hold water (Verheijen et al. 

2010). Leakage of nutrients from agronomic soil drains productiveness of soil enhances the 

requirement for synthetic or organic fertilizer input that results in eutrophication of ground- and 

surface waters (Laird et al. 2010). Biochar use reduces nutrient discharge from soil (Ding et al. 

2010; Laird et al. 2010; Novak et al. 2009). The nutrient retention ability of biochar is mostly 

qualified to biochars greater surface area providing adsorption sites for inorganic nutrients. 

Furthermore, biochar capability to enhance the water holding capacity of soils also improves 

nutrient retention time in the topsoil. The attachment to biochar of biological matter or minerals 

with sorbed nutrients (aggregation) further increases the nutrient retaining (Major et al. 2010a). 

Biochar also serves as a liming agent resultant in better pH and nutrient obtainability for 

different soil types (Lehmann and Rondon, 2006). The carbonate application of biochar enables 

liming in soils and raises soil pH of neutral or acidic soil (Van Zweiten et al. 2007). Biochar is 

porous solid, carbon rich (Wang et al. 2010; Liu et al. 2011; Xu et al. 2013) and highly recalcitrant 

(Steiner et al. 2007) product of process of pyrolysis of organic materials. A wide range of materials 

can be used as feedstocks i.e.  Manures, sludge, crop and plant residues, paper and pulp waste 

materials (Glaser et al. 2002). Typically, biochar has high pH and CEC value and it can enhance 
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the soil productivity (Kookana et al. 2011; Jefffery et al. 2011). It can enhance water retention 

(Glaser et al. 2002), nutrients retention thus prevents the leaching losses, increases CEC (Glaser 

et al, 2002; Lehman et al. 2003; Major et al. 2010), affects the pH (Hossain et al. 2012; Uchimiya 

et al. 2010) and soil respiration (Smith et al., 2010). Therefore, it affects the porosity and 

consistency by changes in density, pore size, particle size distribution and bulk surface area 

(Downie et al. 2009). Biochar significantly improve soil properties. Many of them are interrelated 

and have potential to act synergistically.  

The cation exchange capacity (CEC) of soil is defined as a degree for how good cations 

e.g. ammonium, potassium, calcium etc. are destined in the soil. The cation preservation of soils 

is found to rise after applying biochar, often due to biochars greater surface charge density that 

permit the maintenance of ions (Van Zwieten, et al. 2010). Cations are bound by ion- and covalent 

bindings to negatively charged sites on the reactive surface of biochar (and clay and organic 

matter). On the contrary anions (e.g. N-oxides and phosphates) are bound very weakly in soils 

under neutral to alkaline pH conditions, mainly due to the negative surface charge of clay.  

Biochar capacity for abatement of soil/residue contaminants by sorption and sequestration 

is well documented progressively (Yu et al. 2010; Chen and Yuan, 2011) with great micro porosity 

and surface area and diverse surface physico -chemical properties (Yu et al. 2006) as main factors. 

Aggregate formation and stabilization promotes long term carbon sequestration and soil 

structural stability and are affected by various factors, including clay content, and types and 

amount of soil organic matter (SOM) (Six et al. 2004). Organic materials are the main agents of 

formation and stabilization of macro aggregates, including persistent cementing agents, such as 

humic matter, and transient and temporary bonding agents, such as fungal hyphae and microbial 

extracellular polysaccharides (Six et al. 2004). Biochar is organic matter, but the very slow 

breakdown in soil marks it distinct as compared to other soil organic carbon groups and it gives 

most of similar soil facilities as SOM, like soil maintenance by accumulation, and holding of 

nutrients and water.  

Biochar also supplies vital macro- and micronutrients helpful for the plant and soil 

microscopic community. Because of basic characters of the inorganic concentration in biochar, 

biochar generally has a neutral to alkaline pH value. Additionally, labile organic biochar portions 

are also advantageous for the microbial community (Steiner et al. 2008a). 
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Despite the importance of soil microorganisms to soil fertility and nutrient cycling, the 

impact of biochar on soil microbial communities is poorly understood. Application of biochar 

reduces nitrous oxide and methane emissions from acid savannah soils (Rondon et al. 2005), 

suggesting that the application of biochar may increase soil aeration or otherwise affect soil 

microbial communities. In addition to affecting measurable biogeochemical processes, biochar-

enriched soils are associated with increased bacterial (Pietikäinen et al. 2000) and fungal (Warnock 

et al. 2007) growth rates, and greater overall cell biomass (Zackrisson et al. 1996). Warnock et al. 

(2007) proposed that biochar encourages the growth of microorganisms through increased nutrient 

availability (N, P and metal ions), induction of „mycorrhizal helper bacteria with beneficial 

metabolite production, and direct physical 12 Protection of bacteria, from grazing predation, within 

biochar pores. About 16 of 20 microbial isolates from biochar-amended soils corresponded to plant 

growth promoting and/or biocontrol agents (Graber et al. 2010). The plant growth promoting 

organism Trichoderma was only isolated from the rhizosphere of pepper plants when biochar had 

been applied (Graber et al. 2010). The earthworm Geopharous may feed on microbes and microbial 

metabolites that are more abundant on biochar surfaces (Lavelle, 1988). The tropical endogenic 

earthworm species Pontscolex corethrurus was found to prefer biochar amended soil, and ingests 

it for purposes other than obtaining nutrients (Topoliantz and Ponge, 2003, 2005). Biochar may be 

used as an inoculant carrier, substituting for the increasingly expensive and GHG releasing peat 

(Tilak and Rao, 1978, Ogawa 1989, Beck 1991). 

Surfaces of biochar help as promising places for microbes because of greater 

concentrations of adsorbed nutrients. Their specific pore size characteristics may also exclude 

predators such as protozoa and nematodes and thus favoring the colonization by bacteria and fungi 

(Thies and Rilling, 2009). It is not clear whether microbes actively infiltrate biochar particles or 

colonize the outer surfaces containing adsorbed nutrients and fresh organic matter (Hammes and 

Schmidt, 2009). Enhanced colonization but decreased respiratory activity of microbes has been 

observed in biochar-amended soils and it is also found that soil respiration decreased with 

increasing application rate of biochar (Weyers et al. 2010). Increased mycorrhizal colonization has 

been observed when soils were amended with some biochars (Solaiman et al. 2010), apparently 

indirectly by increasing P solubility in soils (Solaiman et al. 2010). In temperate ecosystems with 

wildfire-produced charcoal, N mineralization and nitrification are enhanced (Berglund et al. 2004; 
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Gundale and DeLuca, 2007) creates encouraging microenvironments that increase colonization by 

microorganisms (Warnock et al. 2007). 

Addition of biochar to topsoil improves crop yield (Asai et al. 2009) particularly in soils 

with reduced fruitfulness that is extremely striking and assumed to contribute to the fast upsurge 

in worldwide population and shrinkage of productive land area. The improved growth of plants is 

considered to be linked with better features of soil by adding biochar amendment. Biochar also 

contributes to increase resistance of crops to disease and more crop output (Elad et al. 2010). So, 

biochar serves as an infection control agent in agriculture. Developments of plant reactions to 

disease are one of the important profits gained by application biochar to soil (Elad et al. 2011). 

Moreover, biochar could increase soil fertility by reducing the N2O and NO emissions. 

Relatively, the low-temperature biochars could be more efficient for reducing N2O emission. 

Fourthly, biochar could improve soil biological properties, including microbial abundance, 

structure, and activity. Biochar could improve microbial community by increasing nutrient 

availability, providing suitable shelter, and ameliorating living condition. The improved microbial 

community could facilitate nutrients cycling, which could decrease the emissions of gaseous 

nutrients and increase the retention of nutrients. 

On the one hand, the properties of soils, containing physical, chemical, and biological 

properties, could be improved after biochar treatment. Moreover, the improvement of soils 

properties is highly related to the specific physicochemical properties of biochar, such as high 

surface area, amount of functional groups, and the content of liming. For example, soil’s cation 

exchange capacity may increase with the increase of carboxylic groups and surface area. The well-

developed pore structure may not only enhance the capacity of water retention but also provide a 

shelter for soil’s microorganisms, thus nutrient retention and cycling could be improved. The 

content of liming contained in biochar may increase soil’s pH values. On the other hand, biochar 

could increase plant nutrient availability in soils by releasing nutrients, retaining nutrients, 

reducing nutrients leaching, and mitigating gaseous N losses. Therefore, biochar has great potential 

in the improvement of soil fertility (Ding et al. 2016). 

Crop yield increase by application of biochar has been reported by various researchers 

(Marjenah, 1994; Yamato et al. 2006). Recently there has been great emphasis by scientific 

community on raising awareness about improvement of plant responses to environmental stresses 
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(Graber et al., 2010). Therefore, biochar has the potential to uplift agricultural e.g. It has been 

reported that biochar tends to increase the above ground biomass ranging from 10% (Jeffery et al. 

2011) to 30% (Biederman and Harpole, 2013). (Liu et al. 2013) reviewed and demonstrated 

biochar application result in an overall mean 11% increase in crop productivity. 

3.2 Effect of biochar on heavy metal mobility 

Industrial development and mechanical progresses have headed to rise in the usage of 

heavy metals and heavy metal pollution. In current centuries, progressively more soils are being 

polluted with organic and inorganic contaminants worldwide owing to excess releases from 

industries, mining actions, waste (i.e., biosolids and manures) application, wastewater irrigation, 

and insufficient administration of pesticides and substances in farming production (Mench et al. 

2010). Degraded soil is mostly considered by a deficiency of upper soil so, a vulnerability to 

development through by compost adding. Where the soil is polluted with metals the 

supplementation also results in immobilization (Gadepalle et al. 2007) although on a brief basis 

(Van Herwijnen et al. 2007) this can be prolonged by the applying biochar (Hartley et al. 2009). 

Alternate opinion is that, after carbon-rich additions, the metals are evacuated as organic 

complexes (Cao et al. 2009). 

Contaminants in lands are not only damaging to ecologies and agronomic production but 

also a severe danger to human welfare. Heavy metals are not biodegradable and gather in the 

environment and continue for a long time in polluted soils. It is costly and time consuming to 

eliminate heavy metals from polluted soils (Cui and Zhang, 2012). However certain soils can have 

a high contextual level of heavy metals due to volcanic activity or weathering of parent materials, 

in other soils human actions, comprising mining, smelting, fertilizers, use of pesticides and sludge 

are accountable for these high levels of heavy metals. Soil heavy metal pollution has a malicious 

influence on soil microscopic properties (Yang et al. 2012) and on the taxonomic and practical 

variety of soils (Vacca et al. 2012). Heavy metal pollution in soil poses a threat to the environment 

and to human health (Roy and McDonald, 2014) due to bio magnification. Some of these 

components are vital for living organisms but some others are non-essential. 

Biochar applied to soil decreases the mobility of heavy metals in polluted soils, reducing 

threat of metal uptake by plants. Bamboo derived biochar can adsorb Hg, Ni, Cu, and Cr from both 

water and soils, and Cd in contaminated soils (Cheng et al. 2006).  Characters of biochar are a task 

of feedstock and pyrolytic situations, so not only one kind of biochar could be completely used to 



 

North American Academic Research, Volume 3, Issue 04; April, 2020; 3(04)      ©TWASP, USA 

amend soils polluted with many kinds of heavy metals. The effect of biochar on mobility of heavy 

metal differs with the forms of biochar and heavy metals kinds (Table 1). The amount of extractible 

As and Zn in soil enhanced when biochar was applied, while the of amount of extractible Pb 

lessened, Cu did not show any change, and Cd showed an unpredictable drift (Namgay et al. 2010). 

Use of biochar can also decrease the leaking of metals by its redox effect reactions of metals. The 

use of biochar resulting from chicken compost to chromate (Cr VI) polluted soils improved the 

decrease of moveable Cr(VI) to less mobile Cr(III), thus lessening the discharge of Cr (Choppala 

et al. 2012).  

 Converting straw to biochar for use as a soil conditioner has become a hot topic in 

agriculture, environmental science, and other fields, due to its advantages in soil carbon 

sequestration and CH4 emission reduction (Zhao et al. 2014), and its sorptive capacity for soil 

pollutants (Lu et al. 2014 Kim et al. 2015 and Puga et al. 2015). Biochar is a stable form of organic 

matter (OM) that can sorb and immobilize metals, potentially limiting their long-term mobility 

and bioavailability in soil. Biochar has a high density of negatively charged functional groups on 

its surface that sorb cations such as Cd (Uras et al. 2012; Wu et al. 2012). Namgay et al. (2010) 

suggested lower concentrations of heavy metals e.g., Cd in maize shoots with biochar application. 

Sizmur et al. (2011) found that the treatments containing biochar and earthworms did not result in 

higher heavy metal mobility or plant availability. Application of environmental friendly options 

including biochar amendmentscan limits the hazardous effects posed by the Cd levels in the soil. 

3.3 Effect of biochar on the bioavailability of heavy metals 

Heavy metals bioavailability regulates the harmfulness in the soil and possible threat by 

incoming human nutrition chain. The bioavailability of contaminants directs their ecotoxicology 

and breakdown in polluted soils. Potential of addition of biochar to amend the heavy metal toxicity 

in the mine tailings was assessed by Fellet et al. (2011). Crop remains at four rates (0 %, 1 %, 5 

%, and 10 % biochar in the mine tailings) was applied. The cation exchange capacity, pH and the 

water-holding capacity improved as the biochar amounts enhanced and the bioavailability of Cd, 

Pb, and Zn of the mine tailings reduced, with Cd having the highest decrease. Effects of biochar 

derivative from manure slurry on heavy metals solubility and bioavailability in a Mediterranean 

agronomic soil was studied and related with those of sewage sludge, which was not burnt. The 

biochar actions condensed plant obtainability of Ni, Zn, Cd, and Pb when associated to sewage 

sludge usages (Mendez et al. 2012). Various readings presented that biochar can decrease heavy 

http://www-1sciencedirect-1com-1scopus.pisces.boku.ac.at/science/article/pii/S0147651316302044#bib38
http://www-1sciencedirect-1com-1scopus.pisces.boku.ac.at/science/article/pii/S0147651316302044#bib16
http://www-1sciencedirect-1com-1scopus.pisces.boku.ac.at/science/article/pii/S0147651316302044#bib28
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metal movement and its bioavailability (Table 2), but mostly these investigations were directed 

under measured research laboratory and green-house trials and in small design trials. Usefulness 

of biochar will be when field trials at large scale will be conducted to remediate contaminated 

soils. 

3.4 Interaction mechanisms between biochar and heavy metals  

Biochar features serve purpose of numerous reasons, comprising the kind of feedstock, the 

element mass of the feed-stock and temperature and conditions of pyrolysis. The wide ranges of 

physical characteristics of biochar make some specific materials more appropriate than others to 

amend different heavy metals. So, while choosing a biochar to remediate heavy metals, scientists 

are conscious not only of soil type and characteristics but also on biochar properties. Moreover, 

they also consider key biochar properties like surface area, pH, ash and carbon matters can be 

affected by post-treatments and thus boost biochars’ ability to immobilize heavy metals (Lima et 

al., 2014).  Biochars act on the bioavailable portion of soil heavy metals and that they decrease 

their leach ability. Alkalinity of biochar could also be moderately liable for lesser amount of 

accessible heavy metals originated soils that are amended with biochar. Higher pH values of soil 

also result in heavy metal precipitation in soils. pH value of biochar is increased with pyrolysis 

temperature (Wu et al., 2012). Biochar also reduces the mobility of heavy metals by changing the 

redox state of those (Choppala et al., 2012).  

The variable physical and chemical properties of biochar may mobilize and immobilize a 

variety of soil contaminants such as heavy metals and organic pollutants by direct and indirect 

means including sorption, ion exchange and precipitation mechanisms, pH change, and 

manipulation of redox balance. Biochar also influences the rate of degradation of organic 

pollutants by altering microbial activities in many ways (Kumar et al., 2016). One of the main 

features of biochar is having large surface areas; that involves a high ability for complex heavy 

metals on their surface.  

Several cases using skimming electron microscopy (Beesley and Marmiroli, 2011; Lu et 

al. 2012). This sorption is because of complex formation of the heavy metals with different 

functional groups that exist in the biochar, owing to the interchange of heavy metals with cations 

related with biochar, like Mg+2 and Ca+2 (Lu et al. 2012), Na+, K+, and S (Uchimiya et al., 2011c), 

or due to physical adsorption (Lu et al., 2012).  Removal of mechanisms of heavy metals with 
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biochar alteration is recognized to electrostatic relations, precipitation and other feedbacks as 

shown by recent studies (Dong et al. 2011). When biochar is added to soil, then negative charges 

on soil surface increase due to decreased zeta potential and more CEC (Peng et al. 2011). So, the 

electrostatic magnetism among heavy metals with positive charge and soil is becomes higher. With 

relative to precipitation, the enhanced soil pH rising from biochar improvement leads to reduced 

movement of heavy metal. Numerous phosphate, oxidates, or carbonates are made in changed 

situations.  Certain other more composite mechanisms also play a major role during biochar and 

heavy metal exchanges.  As surface of biochar has many functional groups (alcohol, hydroxyl and 

carboxylic group etc.) so it is easy to formulate new complexes between heavy metals and these 

groups. Likewise, functional groups of oxygen are well-known to stabilize heavy metals in the 

biochar surface, mainly (Uchimiya et al. 2011c) for weaker acids like Pb+2 and Cu+2. Several new 

composites existing in the residue, like phosphates, carbonates or sulphates (Park et al. 2013) 

support to stable heavy metals by precipitation of these complexes with the contaminants. of 

enzymatic activities, increased nutrient uptake and other mechanisms (Dobereiner and Pedrosa, 

1987; Dobbelaere et al. 2003). Biochar can be manipulated to contain critical plant nutrients 

(Radlein et al. 1997) even unmodified biochars improve soil fertility because their high surface 

area retains water and nutrients (Marris, 2006). Discoveries of long abandoned biochar treated 

sites in the Amazon Basin show that these effects can last for 1000s of years (Liang et al. 2008). 
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Table: 1   Influence of biochar application impact on heavy metal movement and remediation in soil 

Feedstock Production 

temperature 

Pollutant Effects observed Reference 

Maize  

 

750◦C zinc and 

cadmium 

Reduced plant uptake of zinc and cadmium and increased the 

metal concentration in leachates 

Wagner and    

Kaupenjohann, 

(2014) 

mixed wood 

 

450◦C copper, 

cadmium and 

nickel 

Effective metal immobilization in biochar-amended soils Rees et al. 2014 

Coniferos and 

hardwood 

chips 

450◦C Pb, Cu, Cd, Zn 

and Ni 

Contaminated soil has shown a significant reduction of 

extractability of Pb, Cu, Cd, Zn and Ni 

 

Rees et al. 2014 

Paper mill 

sludge 

200–700oC Cr, Cu, Ni, Zn, 

Pb, and Cd 

Significant reduction in the mobility of the heavy metals Devi and Saroha, 

2014 

Poultry litter 

and eucalypts. 

400oC (poultry 

litter biochar) or 

600oC 

(Eucalyptus 

biochar) 

Cd Reduce rice Cd uptake through a reduction in Cd mobility Ku et al. 2014 

wheat 

straw 

350 and 550 ◦C Cd Effectively immobilized Cd and greatly reduced rice Cd 

uptake in long-term contaminated rice paddies 

Biana et al. 2013 

Miscanthus 

straw 

600oC Cd, 

Zn and Pb 

Cd, Zn and Pb were 2.5, 5.4 and 3.8 times lower Houben et al. 

2013 

Wood 200 °C and 

400 °C 

Cd, Zn Decrease in Zn and Cd percolating loss by >90 % Debela et al. 

2012 
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Hardwood 450 °C As, Cd, Cu, 

Zn 

Lessening of Cd in soil aperture water by 10-folds; Zn 

amounts decreased 

300- and 45-folds, separately, in column leakage 

experiments 

Beesley et al. 

2010); 

Beesley and 

Marmiroli, 

(2011) 

Bamboo Not 

available 

Cd Mutual influence of electrokinetics, elimination of 

extractable Cd by 79.6 % 

within 12 days 

Ma et al. (2007) 

Hardwood 450 °C As, Cd, Cu, 

Pb, Zn 

Biochar external covering improved As and Cu movement 

in the soil profile; 

slight effect on Cd and Pb 

Beesley and 

Dickinson, 

(2011 
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Table 2: Effect of biochar on the bioavailability of heavy metals (Adapted and modified by Zhang et al., 2013) 

Feedstock Production 

temperature 

Contaminants Effect observed Reference 

 Bamboo and  rice 

straw  

750 ◦C, 

500 ◦C 

Cd, Cu, Pb and Zn Reduced the uptake of Cd, Cu, Pb and Zn by S. 

plumbizincicola, 

Rice straw biochar was more effective to reduce Cu 

and Pb while Bamboo biochar was effective to reduce 

Cd 

Lua et al. 2014 

Chicken manure 

 

550 °C Cr Increased soil Cr(VI), decrease to Cr(III Choppala et 

al. 2012 

Rice straw 

 

Not clear Cu, Pb, Cd Noteworthy decrease in amounts of free Cu, Pb, and 

Cd in 

polluted soils; documentation of efficient groups on 

biochar with great 

adsorption attraction to Cu 

 

Jiang et al. 

2012 

Quail litter 

 

500 °C Cd Decrease of the concentration of Cd in physic nut; 

more 

decline with the advanced application proportions 

 

Suppadit et 

al. 2012 

Oak wood 

 

400 °C Pb Bioavailability decrease by 75.8 %; bio accessibility 

reduction by 12.5 % 

Ahmad et 

al., 2012 

Orchard prune 

residue 

500 °C 

 

Cd, Cr, Cu, 

Ni, Pb, Zn 

Major reduction of the bioavailable Cd, Pb, and Zn, 

with Cd showing the greatest reduction; an increase in 

the pH, CEC, and 

water-holding capacity 

Fellet et al. 

2011 

Chicken manure 

and green waste 

550 °C Cd, Cu, Pb Significant reduction of Cd, Cu, and Pb accumulation 

by Indian mustard 

Park et al. 

2011 
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Eucalyptus As, 

 

550 °C Cd, Cu, 

Pb, Zn 

Decrease in As, Cd, Cu, and Pb in maize shoots 

 

Namgay et 

al. 2010 

Hardwood-derived 

biochar 

 

400 °C As Significant reduction of As in the foliage of 

Miscanthus 

Hartley et 

al. 2009 

Cotton stalks 450 °C Cd Reduction of the bioavailability of Cd in soil by 

adsorption or co-precipitation 

Zhou et al. 

2008 
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Thus, biochar amended soils reduce N fertilizer application and so can lessen groundwater water 

contamination and lead to reduced emissions of the very potent greenhouse gas (GHG) nitrous 

oxide (N2O). Biochar enriched soils are associated with increased microbial dynamics due to 

sorption and inactivation of growth inhibiting substances (Lehmann et al. 2011), increased nutrient 

availability (N, P and metal ions) and direct physical protection from grazing predation within 

biochar pores (Warnock et al. 2007). 

Heavy metals at high concentration can cause toxicity of microbial cells which limits the 

remediation process compared to indigenous microbes. Application of suitable carrier can provide 

a refuge for the microbes. The used carrier should be environmentally friendly because it is not 

necessary to recover these immobilized cells after adding in contaminated site (Cassidy et al. 1996; 

Cunningham et al. 2004; Mohammadi et al. 2009). These carriers intended to provide a protective 

niche for the selected microbes against the harsh environment and competitive indigenous 

microorganisms. Fresh plant residues were used in the past as conventional carriers owing their 

high affinity for microbes and enzymes (Dzul-pue et al. 2005). The enhanced degradation of the 

pollutants was observed using biochar as carrier compared to free microorganism and it was noted 

that degradation rate was significantly higher compared to free cells inoculations (Su et al. 2006). 

This effect is summarized in Table 2.  Fresh plant materials were considered as biosorbent 

materials for organic and inorganic contaminants (Can et al. 2011b), but their adsorption 

capabilities were comparable to soil organic matter. Therefore, a novel should be investigated 

having high affinity with microorganism and heavy metals.  

Biochar formed by pyrolyzing biomass under oxygen limited conditions are a class of 

carbonized organic materials (COM) which contain both non carbonized organic matter (COM) 

and carbonized organic matter (NCOM) (Chen et al., 2008; Chen et al., 2009). Due to recalcitrant 

to decomposition biochar application increase soil carbon pool and soil health. Biochar were 

suggested as immobilized carrier for nutrients (Beck 1991; Chen et al. 2011a) and microorganisms 

as well. The proposed conceptual diagram (Fig. 1) shows the mechanism how microorganisms 

immobilized on biochar significantly enhance the bioremediation process. 

 

3.6 Biosurfactant assistance in removal of heavy metals 

 Bioremediation of metal-contaminated soils is more complex because microbial cells or 

large exopolymers do not move freely through the soil. The use of microbiologically produced 
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surfactants (biosurfactants) is an alternative with potential for remediation of metal-contaminated 

soils. The distinct advantage of biosurfactants over whole cells or exopolymers is their small size, 

generally biosurfactant molecular weights are less than 1500. A second advantage is that 

biosurfactants have a wide variety of chemical structures that may show different metal 

selectivities and thus, metal removal efficiencies. Rhamnolipid are most common biosurfactants 

in which one or two molecules of rhamnose are linked to one or two molecules of β-

hydroxydecanoic acid are the best-studied glycolipids. Production of rhamnose-containing 

glycolipids was first described in Pseudomonas species.  

 Biosurfactants have the potential to impact the major factors that cause the removal of 

heavy metals from soils to be so difficult, namely, sorption, rate-limited mass transfer, and 

resistance to aqueous-phase transport. The addition of a biosurfactant may promote desorption of 

heavy metals from solid phases in two ways. The first is through complexation of the free form of 

the metal residing in solution. This decreases the solution phase activity of the metal and, therefore, 

promotes desorption according to Le-Chatelier’s principle. The second is that under conditions of 

reduced interfacial tension, biosurfactants will accumulate at the solid-solution interface. This may 

allow direct contact between the biosurfactant and the sorbed metal. (Miller, 1995). The proposed 

diagram (Fig. 1) illustrates how biosurfactants facilitate in making available heavy metals to the 

immobilized microbial cells on biochar in remediation process. These include adsorption of 

micelle on soil surface, interaction with sorbed metal, desorption of surfactant and metal, 

transportation of metal and surfactant away from the soil, incorporation of the metal into micelle, 

precipitation of biosurfactants out of the complex and availability of heavy metals for microbial 

cells immobilized on biochar. The later mechanisms how microorganisms interact with heavy 

metals depend upon the concentration and speciation of heavy metals.  
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4. Conclusion 

Application of biochar reversed the toxic effects of different heavy metals stress. Biochar 

is viable approach to remediate the heavy metals containing soil. So, biochar is possibly a good 

substitute in current culture to resolve ecological and foodstuff difficulties confronted by the fast 

evolving society and quick growing population. In spite of so much research, obviously more 

investigation is required to form full potential of biochar as a technology with theoretically several 

advantages to the atmosphere. Numerous information breaks have been acknowledged, and more 

study is vital to close by these gaps. This approach could be very effective to enhance the 

remediation of heavy metals from the polluted soil but further work is needed to know the 

mechanism involved various important investigation essentials are discussed below. 

In forthcoming years, we can use biochar and phytoremediation as joint strategies to 

address heavy metal pollution. Further with this the progress on fertilizers that are based on 

biochar, can be used for modification of the existing pattern of soil heavy metal remediation, and 

thus reduced contaminant immobilization. One more imminent research track for this type of 

studies could be to use phytoremediators and biochars directing at different heavy metals. Biochar 

reduces the bioavailability and leach ability of heavy metals in the soil. While phytoextractors 

reduce the quantity of soil heavy metals in contaminated zones. In coming years there will be an 

increasing attention to investigate the relations between biochars and phytoremediators and these 

areas can be one of the demanding investigation. An extensive study is mandatory to regulate the 

prominence of the different biochar features implying in soil CO2 discharges. In reality, owing to 

aging functions, biochar capability to sequester heavy metals reduces with passage of time. New 

investigations are required to recognize the aging procedure in biochar. 
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