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Abstract  Eco-friendly biochar produced from cost-effective and readily available agricultural waste will likely 

pose no threat on the aqueous phases, other environmental media, human health and emission of greenhouse gases to 

the atmosphere. Optimising biochar for an intended application could require careful selection of a biomass 

feedstock as well as production pyrolysis technique and conditions for the production of biochars with specific 

characteristics. Previous studies have explores the relationships that exist between biochar production conditions, 

characteristics, and possible end-uses of biochar. This review provides an overview of the production and utilisation 

of biochar as absorbents for adsorption of trace metals in contaminated aqueous environment. Biochar has great 

affinity to adsorb molecular ions that is making it possible to be used for various toxicological remediation strategies. 

It has proven effective and useful for mitigating aqueous metals, organic compounds, suspended solids, and organic 

hydrocarbons in a various kind of industrial applications such as urban and residential storm water runoff, landfill 

leachates, industrial runoff, resource extraction runoff, and industrial wastewater filtration. Specifically designed 

biochar could be very effective in the removal of trace metals from contaminated aqueous environment. The 

multiple factors that determine the adsorption of the trace metals in aqueous environment or phases needs to be 

carefully examined. Cost-effectiveness of biomass feedstock and eco-friendliness of techniques need to also be 

given much consideration by way of making comparison with existing contaminant mitigation technologies. 
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1. Introduction 

Biochar is produced from biomass or feedstock 

pyrolysis which is a process that involves breaking down 

of organic substances at temperatures that ranged from 

350 °C to 1000 °C in a low-oxygen thermal process [1]. 

The pyrolysis of biomass or feedstock done under 

controlled conditions with clean technology and can be 

used for environmental restoration purpose. This makes 

biochar specific pyrolysis char that is characterised by 

their superfluous environmentally sustainable production, 

quality and usage features [1].  

Biochar is a relatively modern development, evolving 

in coincidence with soil management, carbon 

sequestration issues, and control of pollutants [2]. 

Basically, guidelines are applied to differentiate between 

two different biochar grades thus „basic‟ due to its 

threshold values and „premium‟ because of environmental 

requirements. In order, to obtain European biochar 

certificate these criteria concerning biomass feedstock, 

production method, properties of the biochar and the mode 

of application have to be met [1]. 

Lately, adsorption process has positioned itself as one 

of the most efficient and attractive methods for removal of 

aqueous contaminants, due to its characteristics such as 

easy process control, cost-effective and efficient energy 

requirements [3]. The cost involved in the use of 

adsorption technology can be reduced provided the 

adsorbent is cheap [4]. It is mostly used because of its 

effectiveness as physical method of separation for removal 

or minimisation of the concentration of organics and 

inorganics contaminants in the aqueous environment by 

application of most common adsorbents which include 

activated carbon, aluminium oxide and silica gel [5]. 

Adsorption capacity of any adsorbent is influenced by its 

pore size, chemical structure and active sites [4]. 

Trace metal is defined as any metallic element with a 

relatively high density and toxic or poisonous regardless 

of its concentrations [6]. Trace metals have been the main 

environmental contaminants that usually pose a serious 

threat to human wellbeing and animal health by their 

continuous existence in the environment [7]. The earth‟s 

crust is natural components of trace metals [8,9]. Trace 

metals main characteristics include an atomic density 

usually greater than 5 g/ cm3 [10] and an atomic number 

less than 20 [8]. In developed and developing countries 
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the most common aqueous contaminated trace metals are 

Cd, Cr, Cu, Hg, Pb, and Zn. 

Basically, the occurrence of trace metals in aqueous can 

result from two main sources. Trace metals occur 

naturally can be found in aqueous environment from a 

pedogenetic processes that involves weathering of parent 

materials at levels that can be regarded as trace (less than 

1000 mg/ kg) and rarely toxic [11,12]. Anthropogenic 

activities such as electroplating, energy and fuel production, 

mining, melting operations, intensive agriculture, smelting, 

sludge dumping, and power transmission, are the major 

contributor to trace metals contamination [9]. The mining 

sector and landfilling sites for waste are major contributing 

sources of trace metals contamination in aqueous environment. 

2. Biomass Feedstocks for Biochar 

Production in Relation to Adsorption 

Feedstock is a conventional term that often refers to the 

type of biomass that is pyrolysed in order to obtain a 

biochar [13]. Feedstock and conditions of the pyrolysis are 

crucial factors that depend on the various properties of any 

biochar produced. It can be produced from different 

biomass feedstocks with varied physical and chemical 

properties. These properties are crucial for the thermal 

conversion processes, principally the proximate analysis 

(moisture content and ash), fractions of fixed carbon, 

caloric value and volatile components [14], fraction of 

cellulose, hemicelluloses and lignin [15], percentage and 

composition of inorganic substance, bulk, particle size and 

true density.  

Cellulose and lignin of a feedstock endure thermal 

degradation at temperatures range of 240°C to 350°C and 

280°C to 500°C, respectively [16]. Hence, the fractional 

proportions of each component on biomass feedstock 

determine the biomass structure that will remain after a 

pyrolysis process at any given temperature. This was 

proven by Winsley [17] where a pyrolysis of a feedstock 

from wood-based generated coarser and added resistant 

biochars with carbon contents of 80% as the unbending 

ligninolytic nature of the raw material remains in the 

biochar residue. Biomass feedstock with high lignin 

contents for instance olive husks has highest yields of 

biochar due to the stability of lignin in thermal 

degradation [16].  

Consequently, lignin loss is typically less than half of 

cellulose loss in terms of comparable temperatures and 

residence times [16]. Biochars produced at higher 

temperatures are usually expected to be donors, whilst 

biochars produced at lower temperatures are anticipated to 

be π-acceptors [18]. Lignocellulosic biomass is one of the 

most naturally abundant occurring available raw materials, 

which is a preferred feedstock choice [19]. The availability 

of specific biochars and their economic value is influenced 

by temporal and spatial existence of biomass feedstock 

[13]. Wide-ranged of feedstock biomasses have recently 

been used in the production of biochar [14] these include 

agricultural waste [20,21], bioenergy crops (willows, 

miscanthus and switch grass) [22], forest residues 

(sawdust, grain crops, and nut shells) [23], organic waste 

(green yard waste and animal manure) [24,25], kitchen 

waste, and sewage sludge [26].  

Many biomass feedstock have been used to produced 

biochar such as grain husks, nut shells, manure, crop 

residues and wood, whilst those with the highest carbon 

contents (for example nut shell, wood), abundance and 

cost-effectiveness are currently used for activated carbon 

production [27]. Biochar produced from agricultural waste 

does not cause any notable life cycle based greenhouse 

gas (GHG) emissions [28]. However, little is done about 

the usages of readily available, eco-friendly and cost-

effective biomass feedstocks that have the potency for 

effective removal of trace metals from aqueous 

environment (such as landfill wastewater and polluted 

water bodies in mining areas). 

Generally, the moisture content, volatile component, 

and particle size and shape of biomass have effect on the 

property of biochar obtained. Collison et al. [29] 

established that within a biomass feedstock type, different 

composition could arise based on its growing 

environmental conditions that include moisture content, 

temperature, soil type and those relating to harvesting time 

with regard to the characteristics of some plant feedstocks. 

It is obvious that compositional heterogeneity is common 

within the same plant material. The suitability of each 

biomass feedstock type for biochar is largely dependent on 

a number of chemical, environmental, physical as well as 

economic and logistical factors [29]. Therefore, biochar 

produced from cost-effective and readily available 

groundnut and shea nut shells are likely to pose no threat 

on the aqueous phases, other environmental media, human 

health and emission of greenhouse gases to the 

atmosphere. 

Feedstocks utilised for biochar production include crop 

residues, grasses, and manures and woody biomass that 

influence biochar characteristics such as concentrations of 

basic constituents, density, hardness and porosity [30]. 

Optimising biochar for an intended application could 

require careful selection of a biomass feedstock, pyrolysis 

technique and conditions for production of biochars with 

specific characteristics. Many studies have explored the 

relationships that exist between biochar production conditions, 

characteristics, and possible end-uses of biochar.  

3. Production of Biochar for Adsorption 

Biochar has different physico-chemical properties 

dependent on the technology deployed for its production 

[31]. Pyrolysis is principally based on heating in an 

oxygen-depleted environment. It has already been used to 

produce biochars for immobilisation of both inorganic and 

organic pollutants in aqueous phases. The traditional 

earthen charcoal kiln is usually used to produce biochar, 

where combustion, gasification and pyrolysis process are 

deployed in parallel below the earthen kiln layer. Whilst in 

modern biochar responds to pyrolysis and processes of 

combustion that involves physically separation of the 

metal barrier [32].  

Pyrolysis technology is eminent by the pyrolytic 

temperature (for example slow and fast pyrolysis process), 

residence time, size of biochar adsorbent, and the heating 

rate, method and pressure [33]. Pyrolysis technology is 

differentiated based on the temperature of pyrolysis and 

carbonisation process or the residence time of the 
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pyrolysis [32]. Pyrolysis should be done by constantly 

given much consideration to biochar yield, energy 

efficiency, trace metal stability and structure [34]. 

Slow pyrolysis is often referred as a continuous process 

that involves obtaining oxygen-free feedstock biomass by 

transferring into an external heated kiln or furnace (gas 

flow removing volatile biochar emerging at the other end). 

Whilst fast pyrolysis usually depends on very quick heat 

transfer, normally to fine biomass particles at less than 

650 °C with rapid heating rate [35]. Biochar product 

characteristics are heavily influenced by the extent of 

pyrolysis (pyrolytic temperature and residence pressure) 

and exclusively by biomass size and kiln or furnace 

residence time [32]. Mostly slow pyrolysis technology is 

used for trace metals removal in aqueous environment. 

Biochar produced by low pyrolysis processes has proven 

effective in the removal of contaminants (15 to 89%) 

within a few minutes to days of residence time [36,37,38]. 

The vapour residence time is determined by the rate at 

which volatile and gases are removed in a kiln or furnace 

[35]. Prolonged residence time has secondary reactions 

thus the reactions of tar on biochar surfaces and charring 

of the tar instead of additional combustion or processing 

outside the kiln or furnace [39]. In gasification pyrolysis 

usually the biomass feedstock to some extent is oxidised 

in the gasification chamber at a temperature of about 

800 °C of atmospheric or elevated pressure [39]. Basically, 

the main product of this process is gas hence, only few or 

no biochars, liquids, among others are formed. 

It is obvious that typical solid product yields in 

gasification and fast pyrolysis process are considerably 

lower when compared with the solid product yields of 

flash carbonisation, hydrothermal carbonisation, slow 

pyrolysis, and torrefaction [35]. Dowie et al. [40] reported 

that yields of biochar products that ranged from 25 to 

40wt% and observed slightly decrease at higher pyrolysis 

temperature that was attributed to the volatilisation of 

other volatile products from the component of the biomass. 

The experimental pyrolysis was conducted at the heating 

rate of about 10 k min-1 up to the press cubed pyrolytic 

temperature ranging from 673 to 973 K [40]. 

Pellera et al. [41] also reported biochar yields of rice 

husk and compost derived after hydrothermal pyrolysis of 

about 62.5%, and olive pomace and organic waste at a 

quite lower of 37.5%. This revealed that the increase in 

pyrolytic temperature led to a decrease in the yield for all 

produced materials through the pyrolysis. To be precise, 

the yields of biochar at 300°C and 600°C were 31.9% and 

32.8% for rice husks, 32.8% and 39.6% for orange waste, 

26.7% and 39.3% for olive pomace, and 46% and 78.7% 

for compost, respectively [41]. Producing biochar at 

higher efficiency rate via slow pyrolysis by developing 

integrated systems is still at juvenile stage. Hence, the 

exploitation of the technology by researchers and other 

research centres and institutions is very minimal. 

4. Physico-chemical Characterisation of 

Biochar 

Generally, both the biomass feedstock and biochar 

produced can be subjected to physico-chemical analysis to 

come out with the basic characteristics of each raw and 

pyrolysed material. The biochars produced at different 

pyrolytic temperature usually will have honey-comb-like 

structure (Figure 1) because of the presence of cylindrical 

structures originally emanating from agricultural waste 

plant cells. The well-built pores of biochars aid its high 

Brunauer Emmett Teller (BET) surface area. The 

significance of pyrolytic temperature leads to the 

suggestion that biochar produced at high temperatures 

would lead to a material analogous to activated carbon in 

remediation of the environment [42]. It was deduced that 

the surfaces of low temperatures biochar can be 

hydrophobic, and could lessen its capacity to adsorb 

impurities. The nature, characteristics, quality, and 

potential use of biochar are affected by the form, type, 

preliminary steps of preparation and biomass feedstock 

size and type of pyrolysis product [43]. The initial ratio of 

exposure to total surface area of biochar could be affected 

by its size. A side this, biochar produced at low 

temperature is stronger than the one produced at high 

temperature, as its pores have great affinity for fine 

fractions (Figure 2). The chemical characteristics of 

individual feedstock and its biochar are always at 

significantly varying rate both spatially and temporarily 

[31]. It is indisputable that fixed carbon is the solid 

combustible residue that usually remains after a particle 

sample is carbonised and with volatile matter expelled 

[44]. Elemental ratios of oxygen/ carbon, oxygen/ 

hydrogen, and carbon/ hydrogen have been proven to be a 

reliable measure of both the extent of pyrolysis and level 

of oxidative adjustment of biochar in the solution systems 

[45,46]. 

 

Figure 1. Honey comb like structure of biochar (Retrieved from 

www.biochar-international.org) 
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Figure 2. Biochar properties are largely dependent on the pyrolysis 

temperature (Adopted from Lehmann, 2007).  

Cationic exchange capacity (CEC) basically is the 

measure of the surface charge in biochar that increases as 

the biochar ages [31] and has been recognised to an 

increase in some oxygenated functional groups on the 

surface of the biochar [47]. The most distinct change 

observed in biochar CEC values is as a result of time 

where it increased from 278 mmolc kg−1 to 518 mmolc kg−1, 

due to oxidation process created by hydroxyl and 

carboxylic acid functional groups [48]. The kind of 

biomass feedstock mainly influences the physico-chemical 

properties; pyrolytic temperature is the most significant 

process parameter; and biochar carbon content is not 

directly related to biochar yield. 

5. Biochar Adsorption of Trace Metals 

Biochar has proven effective and successful in removal 

of aqueous contaminants such as treatment of 

contaminated waste, contaminated water among others 

unlike any other carbonaceous fuel. In recent times, the 

most appropriate and cost-effective method of trace metals 

removal has proven to be adsorption using biochar 

[21,26,49]. However, the biochar nature, available and 

cost of production is crucial when remediating any 

aqueous phase such as land field waste water and polluted 

mining water. The adsorption mechanisms primarily 

involves chemical precipitation, electrostatic interaction, 

ionic exchange, and complexion with functional groups on 

biochar surface [20,31].  

Mechanisms of trace metal adsorption in aqueous 

phases by biochar can be examined using different 

methods such as adsorption isotherms and desorption 

studies, industrial analysis and kinetic models. Sorption 

may involve the electrostatic attraction and inner sphere 

complex with free and alcoholic hydroxyl, phenolic 

hydroxyl groups or complexed carboxyl on biochar 

surface as well as superficial precipitation or 

coprecipitation [50]. Carboxyl (R–COOH) and alcoholic 

or phenolic hydroxyl groups (R–OH) have been 

recognised as the main groups contributing to 

coordination between trace metals and sorbent surface 

[51]. There is inadequate information on the factors that 

regulate the immobilisation of inorganic contaminants on 

biochar and the impact of biochar on trace metal retention 

in soils when compared with organic pollutants [49].  

Studies utilising activated carbons (ACs) was based on 

the carbon type and the solution composition. The 

following mechanism dominate: electrostatic interaction 

between metal cations and negatively charged carbon 

surfaces (above pHpze of carbon); and ionic exchange 

between ionisable protons at the surface of the acidic 

carbonaceous adsorbent through exchange of proton (–

Cπ–H3O
+) [41,52] or coordination of the d-electrons [24]. 

Impurities of mineral origin that include ash and basic 

nitrogen groups provide extra adsorption sites of the 

carbonaceous feedstock. Sorption is an endothermic 

physical process as revealed by the analysis of the 

thermodynamic parameters of metal sorption to biochars 

and activated carbons [20,53,54]. To be precise, an 

electrostatic interaction transpires between metal cations 

that are positively charged and that is π-electrons 

associated with either C=O ligands or C=C of a shared 

electron cloud on aromatic structures in biochar [49,55,56]. 

Researchers insinuated that biochar reduces Pb mobility as 

a result of the precipitation of insoluble Pb-phosphates. 

Biochars produced from manure is said to be rich in 

phosphate [24]. 

Solution pH is an important factor that affects surface 

charge density of the adsorbent and the metal ion 

speciation [57]. Chen et al. [57] also reported that pH 

effects on the adsorption of Cu (II) and Zn (II) on biochar 

was highly significant and more pronounced for biochar 

derived from corn straw at 600°C and hardwood based 

biochar produced at 450°C [58]. It was revealed that the 

adsorption capacities (mg/g) of these biochars increased 

with corresponded increase in pH values of the test 

solution until it reaches its maximum at pH 5. Change in 

solution measurement of pH after biochar application and 

adsorption equilibrium revealed that both biochars had a 

buffering capacity that was distinguished from that of the 

electrolyte. 

Biochar suitable for the removal of organic pollutants 

and trace metals is still approximate hence the need to 

explore more readily available and low cost biomass 

feedstock such as groundnut and shea nut shells for 

biochar production. Furthermore, most researches 

conducted to regulate organic pollution with carbonaceous 

feedstocks have been accomplished by equilibrium 

adsorption experiments [59]. Yet, soil column leaching 

experiments were shown to be more idyllic to simulate the 

actual situation of in situ soil organic pollution control and 

for the understanding of the probable use of carbonaceous 

materials to guard plant and groundwater [60]. 

Generally, sorption of organic and trace metal 

pollutants are influenced by multiple factors that include 

pH [61], particle size, time of exposure of pollutants, and 

soil moisture [62] and specific surface area [63]. Previous 

studies have shown that the adsorptive competition 

happens when multiple pollutants are adsorbed onto 

biochar. Inyang et al. [61] prepared two biochars from 

biomass that was digested anaerobically. The adsorptions 
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of trace metals (thus Cd2+, Cu2+, Pb2+ and Ni2+) onto 

biochars were investigated [64]. It was deduced that the 

biochars have better ability for the removal of Ni2+ and 

Cd2+. The competitive adsorption between Cu (II) and Zn 

(II) onto biochars produced from pyrolysis of hardwood 

and corn straw transpired when the ion concentrations 

were kept at 1.0 mM/L [58]. The results reported by 

Uchimiya et al. [65] revealed that adsorption of 

deisopropylatrazine onto broiler litter biochar was 

inhibited in the presence of Cu (II) in binary solute tests. 

6. Mechanism of Interaction between 

Biochar and Trace Metals 

The unique characteristics of a biochar are due to its 

functional factors that include the type and size of 

feedstock biomass, conditions of pyrolysis and 

temperature. The wide variant unique characteristics of 

biochar make some particular raw materials more suitable 

than others for the adsorption of different trace metals. 

The choice of biochar for adsorption purposes should not 

only be based on aqueous environmental nature, trace 

metals concentrations, and multiple contaminations but 

also on physico-chemical properties of the biochar 

produced. The adsorption mechanism could be largely 

dependent on some properties of the biochar that included 

mineral composition, porosity of the structure, surface 

functional groups and specific surface area (Figure 3). 

Some consideration that are crucial properties of 

biochar include ash, carbon contents, pH and surface area 

can be affected by post-treatments and therefore enhance 

their capability of immobilise trace metals [66]. Biochars 

act on bioavailable fraction of trace metals, which can 

reduce also their leachability. Hence, it is incumbent to 

review the mechanisms pertaining to the interaction 

between biochar and trace metal before application [67]. 

 

Figure 3. An illustration of the probable mechanisms of lead (Pb) 

adsorption onto biochar (Adopted from Lu et al. 2012) 

Trace metals have different and specific mechanisms of 

adsorption which is largely depended on the difference 

and the properties of biochars [68]. Many surface 

functional groups when exhibited on biochar‟s surface 

will likely influence its interactions with trace metals 

include electrostatic attraction, surface complexation and 

ion-exchange. These effects are demonstrated by the 

changes in functional groups of biochar before and after 

the metal ion adsorption [69]. 

Biochar with large surface area aids high adsorption 

capacity of complex trace metals on their surface. Surface 

sorption of trace metals on biochar has been proven on 

multiple studies using scanning electron microscopy 

[22,26]. This sorption can be due to different functional 

groups present as result of complexation of the trace 

metals in the biochar, and the exchange of trace metals 

with cations associated with biochar thus Ca2+ and Mg2+ 

[26], K+, Na+ and S [70], or due to physical adsorption 

nature [26].  

Lu et al. [26] also suggested that functional groups 

played an important role in Pb adsorption on biochar 

produced from sludge. This include metal exchange with 

K+ and Na+ due to the electrostatic outer-sphere 

complexation, inner-sphere complexation with free 

hydroxyl groups and surface complexation both carboxyl 

and hydroxyl functional groups being free. Similar 

mechanisms was observed in Hg (II) and Cd (II) 

adsorption onto biochar produced from soybean stalk [71] 

and corn straw [72], respectively. Also oxygen functional 

groups are noted to have stabilised trace metals in a 

biochar surface, mostly for softer acids like Cu2+ and Pb2+ 

[67,70]. Furthermore, Cu2+ adsorption was reported to 

have related to the higher oxygenated surface groups and 

also with high average pore diameter, higher superficial 

charge density and Ca2+ and Mg2+ exchange content of the 

biochar [73]. 

Biochar adsorption mechanisms of are mainly 

dependent on aqueous phases and the presents of cations 

in the aqueous environment and the biochar. Some other 

compounds present in the ash include carbonates, 

phosphates or sulphates [49,74] can stabilise trace metals 

by precipitation of these compounds with the 

contaminants. Higher pH values after biochar addition can 

affect the rate and efficacy of adsorption of trace metal in 

aqueous environments. The pyrolysis temperature of 

biochar can increase their pH values [75], which is usually 

associated with ash content being at a higher proportion 

[76]. Biochar can also lessen the mobility of trace metals 

by altering their redox state [77]. It is possible for addition 

of biochar in aqueous environment to transform Cr6+ to a 

less mobile Cr3+ [77]. In spite of Houben et al. [60] 

suggestion that mechanism of trace metal immobilisation 

by different biochars is mostly affected by pH, there a lot 

of unknown factors that largely contribute to trace metal 

immobilisation by different biochars. 

Additionally, the mineral composition of the biochar 

played a great role in the adsorption process of the 

leaching solution. It was demonstrated by Xu et al. [78] 

that compared the concurrent removal effect of trace 

metals (Cd, Cu, Pb and Zn) from aqueous phases using 

biochar produced from rice husk and dairy manure. In the 

study, the removal ability shows variation with diverse 

biochar feedstock sources and mineral components thus 
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CO3
2- and PO4

3- originating from the feedstock play an 

important role in the biochar adsorption ability. In one of 

their studies that involve Cd, Cu and Zn removal using 

biochar produced from dairy manure, show the biochar 

were rich in CO3
2- and PO4

3. These serve as 

supplementary sites for adsorption leading to high 

adsorption capacity of the biochar for the trace metals [79]. 

However, biochar surface area and porosity in structure 

seem to have little effect on the trace metal adsorption 

ability than oxygen-containing functional groups [68]. 

Ding et al. [80] demonstrated that oxygen functional 

groups were perhaps responsible for the high Pb 

adsorption onto biochars produced at low temperature 

(250 and 400 °C). Whilst intraparticle diffusion was 

mainly responsible for the low Pb adsorption on biochars 

pyrolysed at high temperature (500 and 600°C). Samsuri 

et al. [81] used biochar produced from oil palm and rice 

husk for adsorption of different trace metals. The study 

revealed that the biochar produced from oil palm with 

lower surface area shows a higher adsorption capacity for 

the trace metals than the rice husk. This implied that the 

surface area was less important than oxygen-containing 

functional groups. 

A properly produced biochars could be very effective in 

the removal of trace metals from contaminated aqueous 

environment. The multiple factors that determine the 

adsorption of the trace metals in aqueous environment or 

phases need to be carefully examined. Cost-effectiveness 

of biomass feedstock and eco-friendliness of techniques 

need to also be given much consideration by way of 

making comparison with existing contaminant mitigation 

technologies. 

7. Co-exists of Contaminants 

The mixtures of trace metals exert significant influence 

on the equilibrium adsorption capacity mainly for the 

utilisation of biochar in the aqueous system. This is due to 

the complex pollutants co-existing in environment, which 

has interaction effects on the adsorption efficiency. The 

co-existed trace metals are studied for the better 

understanding of biochar adsorption mechanism of 

contaminants in the aqueous environment [68]. A study 

conducted on the adsorption ability of biochar for  

co-existed atrazine and simazine revealed the adsorption 

of the two contaminants decreased as they co-existed in 

the aqueous environment [58]. Similarly, phenanthrene 

(PHE) and Hg (II) co-existed in aqueous solution, resulted 

in direct competition in adsorption as each one suppressed 

another, leading to reduction in adsorption [71]. 

Nevertheless, Wang et al. [82] established co-existence 

of the humic acid and metal cations increased the 

polychlorinated biphenyls adsorption on the biochars. 

Besides, the particular mechanism that influences these 

still remains confusing. These inconsistencies suggest 

further researches engrossed on analysing the effects of 

competitive adsorption and ionic strength of biochars [68]. 

For the purpose of consistency with the real situation and 

good understanding of the influence mechanism, the 

cations and anions with their concentrations (ionic 

strength) in aqueous solution need to be thoroughly 

evaluated on an individual basis [68].  

It is indisputable fact that most studies on adsorption of 

trace metals using biochar were mostly artificial aqueous 

phases like wastewater, which obviously remains gaps 

with the actual situation. The biochar application on actual 

aqueous environments treatment like landfill wastewater, 

polluted mining water, industrial sludge among others are 

still lacking. Besides, the influence of equilibrium 

adsorption capacity of complex pollutants and various 

ions co-existing in the aqueous environment is given little 

consideration.  

8. Dosage of Biochar Adsorbent 

The efficiency of adsorption is usually influence by the 

dosage of adsorbent. Hence, for effective and efficient 

removal of contaminants the ideal dosage of the biochar 

needs to be carefully chose and applied. A study by Chen 

et al. [57] revealed that increase in the biochar concentration 

lead to decrease the adsorption efficiencies. The highest 

observed trace metal adsorption efficiencies for biochars 

produced from hardwood and corn straw was at 1 g/L. 

Subsequently, increase in adsorbent concentration leads to 

the increase in total amount of active sites which 

improved the efficiency the removal of the total trace 

metals. Similarly, Tsai and Chen [83] reported that the 

number of adsorption sites increased in line with the 

increase in dosage of adsorbents (that is 0.10 to 0.30 g/L). 

Nonetheless, biochar produced from agricultural waste 

and other feedstock can shows adsorption efficiency that 

decreases as its mass increases.  

9. Sources of Trace Metals in Aqueous 

Environment 

Basically, the sources of trace metals in aqueous 

environment are natural and anthropogenic activities. 

These trace metals in aqueous environment have proven to 

have significantly deteriorated the quality of existing 

waters. Human exposure to trace metals can occur in 

numerous ways that ranged from the direct consumption 

of polluted food, exposure to air contaminated particles, 

and direct contact or ingestion of polluted water which 

accumulate over a period of time [84].  

Naturally, rocks and volatiles of volcanic origins have 

contributed to increase in trace metals concentration in 

soils and waters in developed countries however minimal 

in developing countries especially Ghana. Activities 

volcanoes release trace metals that include aluminium, 

arsenic, copper, cadmium, mercury, magnesium, lead, zinc, 

rubidium among others. This is through diffusion of 

volcanic acidic gases via water penetrable rocks [85].  

Naturally, soil erosion has also in multiple ways 

contributed to trace metal pollution in aqueous 

environment. The process via runoff release sediment-

bound trace metals into aqueous environment. Water 

containing agrochemicals with toxic metals concentrations 

descend this sediment bound metal in the aqueous 

environment [86]. Mostly during run-off, some trace metal 

bound wastes are washed into poor drainage systems and 

subsequently into nearby aqueous environment [87] such 

as rivers, stream, among other surface water bodies in 
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both developed and developing nations especially Ghana. 

In addition, some aerosol particles naturally contain 

smoke cloud and trace metals contaminants which usually 

accumulate on leaf surfaces via runoff they enter aqueous 

environment [88]. 

Major anthropogenic activities or source of trace metals 

in aqueous environment especially land field waste water, 

water bodies among others in both developed and 

developing countries include domestic and industrial 

waste, textiles activities, mining and extraction operations, 

metal finishing and electroplating, landfill leachates and 

nuclear power [89,90]. Metal finishing and electroplating 

contribute to release of toxic trace metal into aqueous 

environment. The process of cleaning tanks and 

wastewater treatment has proven to have generated 

substantial quantities of wet sludge contaminated with 

elevated toxic metals concentration [91]. Improper, 

disposal of domestic and industries solid and liquid wastes 

have contributed to trace metal contamination of aqueous 

phases in both developed and developing countries to 

which Ghana is no exception. 

Basically, mining activities have been unpopular in 

countries endowed with minerals because it has 

demonstrated in multiple ways as source of toxic metals 

contributor in aqueous environment. Metal mining and 

smelting activities have contributed substantial amount of 

toxic metal contaminants in crops, vegetable, soil and 

water [92]. Additionally, textile industries have proven to 

be major sources of trace metal pollutants in aqueous 

environment in both developed and developing countries 

to which Ghana is no exception.  

Landfill leachate that is produced as result of the waste 

degradation by the infiltrated water, in soluble form is 

organic and inorganic pollutants. The four major groups of 

pollutants in leachate include trace metals, dissolve 

organics matter, inorganic macro component and 

xenobiotic organic compounds [93].  

Nuclear generating facilities mostly found in 

developing countries have proven to be a source of 

discharge of copper and zinc to aqueous environment. Due 

to the large amount consumption of water during and after 

operation, the nuclear effluent that is not free from trace 

metals are usually discharged into surface water and 

ground water bodies that pollute aqueous phases [94,95]. 

10. Effect of Trace Metal Polluted 

Aqueous Environment 

Trace metals are noted for their deleterious human 

health effects that include cancer, nervous system damage, 

reduced growth and development, organ damage, and 

sometimes it could be fatal. Cadmium and lead exposure 

can cause development of autoimmunity resulting in 

attacking of its own cells in a person‟s immune system. 

This can result into diseases that include circulatory 

system, kidneys diseases, rheumatoid arthritis, nervous 

system, and fatal brain damage [96]. Elevated trace metals 

concentrations can cause permanent brain damage [96]. 

Almost every country has wastewater regulations to help 

lessen human and environmental exposure to toxicants 

this includes limits on trace metals concentrations and 

types found in the discharged wastewater [97]. 

Trace metals contamination is of great concern to 

human settings with high anthropogenic activities. They 

are injurious to humans due to their characteristics such as 

long biological half-lives, non-biodegradable nature and 

their ability to accumulate in different human body parts 

[98]. The continuous intake of trace metals by human 

populations via food chain have been reported in many 

countries and has now received attention from the general 

public as well as governmental agencies in developing 

countries [99]. Small-scale mining has enormously 

contributed to some nation‟s economy for some years now. 

However, it has also negatively affected the environment 

and human health [100]. As a result of the ever continuous 

introduction of harmful and toxic metals that includes As, 

Cd, Hg, Pb among others [101]. 

Untreated waste found in land fields may contain trace 

metal that usually leach into liquid ponds and leachates 

released into receiving aqueous environment that can 

cause environmental impact and human health problems 

[89]. Trace metal contaminants continue to serve as a 

major threat to aqueous environment and plants. The 

intake of toxic trace metals in corn products and 

vegetables amass in the kidney leading to its dysfunction. 

Studies have linked skeletal damage (osteoporosis) in 

humans to trace metals [102].  

Trace metals polluted wastewater effluents on humans 

can include noxious (acute, sub-chronic and chronic), 

carcinogenic, teratogenic or mutagenic and neurotoxic 

[103]. The trace metals usually have their individual 

specific toxicity effects. Generally, the inhalation of 

vapours and ingestion of aluminium, arsenic, cadmium, 

copper, lead, mercury and zinc can result in poisoning, 

diarrhoea, gastrointestinal disorders, stomatitis, tremor, 

hemoglobinuria triggering a rust-red colour to human 

stool, ataxia, vomiting and convulsion, depression and 

pneumonia and paralysis [103]. Trace metals become only 

toxic in human systems as results of inability to 

metabolise and synthesise, and accordingly accumulate in 

human body particular the soft tissues [89]. For instance, 

lead has proven to be the number one health threat to 

children as its effects (child‟s growth, cause learning 

disabilities and damage the nervous system) can last a 

lifetime and has now been linked to crime and anti-social 

behaviour in children [104]. Lead toxicity is as a result of 

accumulation that can cause decrease in hemoglobin 

production, joint, kidney, reproductive and cardiovascular 

systems conditions and long-term impairment of the 

central and peripheral nervous systems [105,106]. 

Cadmium is highly toxic trace metal regardless of its 

concentration levels in human beings. It has proven to be 

carcinogenic and persistently cumulative poison [107]. 

Cadmium exposure to humans at long terms causes renal 

dysfunction whilst elevated concentrations of exposure 

cause bone defects, cadmium pneumonitis, increased blood 

pressure, obstructive lung disease, osteomalacia, osteoporosis 

and spontaneous fractures and myocardic dysfunctions 

[103]. Its exposure concentration determines the symptoms 

such as abdominal cramps, nausea, vomiting, dyspnea and 

muscular weakness and at severe exposure cause pulmonary 

odema and fatal (death) [103,108,109].  

Copper is indispensable nutrient to humans, however in 

elevated concentration in drinking water has proven to 

cause anaemia, liver cirrhosis in patients, liver and kidney 
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damage. Human exposure to water contaminated with 

copper can cause disease burdens that include abdominal 

pain, development of anaemia, diarrhoea, headache and 

nausea in children, kidney and liver destruction and 

vomiting [104]. The maximum concentration limits 

standards, for some trace metals, established by USEPA 

[97] are summarised in Table 1. 

11. Adsorption of Adsorbents Produced 

from Agriculture Products 

In recent times many researcher have shown a great 

deal of interest in removing trace metals from industrial 

effluent have focused on using indigenous agricultural  

by-products with novelty as adsorbents [96]. This is often 

referred as bio-sorption in bioremediation of trace metal 

ions. This utilises non-living (inactive) microbial biomass 

to bind and concentrate trace metals from waste streams 

by only physical and chemical pathways (mainly 

adsorption and chelation) of uptake [110]. Biomass 

feedstock that include hazelnut shell, jackfruit, maize cob 

or husk, rice husk, groundnut shells, shea nut shells, 

moringa stem, coconut shells, dawadawa husks, pecan 

shells among others can potentially be used as an 

adsorbent for trace metal removal after chemical 

modification or conversion by heating into AC (activated 

carbon). Ajmal et al. [111] used peel of orange for Ni (II) 

removal from simulated wastewater and observed the 

maximum metal removal occurred at pH 6.0. 

The removal of Cr (VI) done using modified coconut 

shell charcoal with chitosan and/ or oxidising agents for 

by Babel and Kurniawan [112]. Zn (II) and Cu (II) 

removal from raw wastewater was studied using pecan 

shells-activated carbon [113] and charcoal produced from 

potato peels [114]. Bishnoi et al. [115] studied Cr (VI) 

removal by rice husk-activated carbon from an aqueous 

solution and deduced that the maximum trace metal 

removal by rice husk occurred at pH of 2.0. Rice hull that 

contains cellulose, carbohydrate, lignin, and silica was 

used for Cr (VI) removal in simulated solution [116]. The 

adsorbent was modified with ethylenediamine to enhance 

its trace metal removal. The maximum Cr (VI) adsorption 

of 23.4 mg/g was observed at a pH of 2. Table 2 is a 

summary of agricultural waste absorbents and adsorption 

capacity observed. 

Table 1. Maximum concentration limits standards for the most harmful trace metals  

Trace metal Toxicities MCL (mg/L) 

Arsenic Skin manifestations, vascular disease, visceral cancers 0.05 

Cadmium Human carcinogen, kidney damage, renal disorder,  0.01 

Chromium Carcinogenic, diarrhoea, headache, nausea, vomiting,  0.05 

Copper Insomnia, liver damage, Wilson disease 0.25 

Nickel Chronic asthma, coughing, dermatitis, human carcinogen, nausea 0.2 

Zinc Depression, increased thirst, lethargy, and neurological signs  0.8 

Lead Circulatory system, damage the fetal brain, diseases of the kidneys, and nervous system 0.006 

Mercury Circulatory system, and diseases of the kidneys, and  nervous system and rheumatoid arthritis 0.00003 

(Source: Babel and Kurniawan 2003). 

Table 2. Agricultural waste absorbents and adsorption capacity 

 
Adsorption capacity (mg/g) 

    

Adsorbent Pb2+ Cd2+ Cu2+ Cr6+ References 

Brewer draff 
  

10.03 
 

Trakal et al. (2014) 

Coconut shell charcoal 
   

3.65 Babel and Kurniawan (2004) 

Maize cope and husk 456 493.7 
  

Igwe et al. (2005) 

Minced banana peel 41.44 
 

20.97 
 

Castro et al. 2011 

Modified corn straw 
  

160 
 

Song et al. 2014 

Modified rice hull 
   

23.4 Tang et al. (2003) 

Nostoc spp 93.5 
   

Gupta and Rastogi (2008) 

Oedogonium spp 145 
   

Gupta and Rastogi (2008) 

Peanut straw/ rice straw 
  

38.4/ 15.5 
 

Tong and Xu (2013) 

Peanut straw/ soyabean straw 
 

89.0/ 52.8 
 

Tong et al. (2011) 

Pecan shells activated carbon 
 

31.7 
 

Bansode et al. (2003) 

Rice husk 
 

2 
 

0.79 Bishnoi et al. (2003) 

Sunflower head carbon  
 

25.0 
 

20.0 Jain et al. (2015) 

Sunflower stem carbon  
 

32.0 
 

28.0 Jain et al. (2015) 

Ulva lactuca 
   

112.3 El-Sikaily et al. (2007) 

Wheat straw 83.5 31.6 
  

Štefušová et al. (2012) 
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Some agricultural adsorbents that have proven effective 

and successful with high loading capacities of less than 90 

mg/g include aliginate carriers, Alcaligenes eutrophus, 

broad been peel, fig leaves, modified sugarcane bagasse, 

modified wheat bran, medlar peel, kraft lignin, Platanus 

orientalis, peas peel and rice husk [117]. The capacity of 

four inexpensive materials agriculture waste such as broad 

bean, fig leaves, medlar and peels of peas have been used 

for the removal of cadmium from aqueous solutions [118]. 

However, it was noted that biosorbents have shorter life 

time when compared with conventional sorbents [119]. Its 

early saturation thus metal interactive sites are being 

occupied [120]. The recyclable and decomposable 

properties of biomass usually delay their long-term 

utilisation for the adsorption processes [121]. The broad 

bean peel has proven to possess the maximum adsorption 

capacity for Cd (II). Moreover, sisal fibre (Agave sisalana) 

was used as a biosorbent for removal of Pb (II) and Cd (II) 

ions from natural waters [122]. 

A study on coconut shell (Cocos nucifera) powder has 

proven useful as a potential and good alternative for 

biosorption removal of trace metals [123]. A study by 

Alves and Coelho [124] using Moringa oleifera husks for 

adsorption of chromium in water has proven effective and 

successful. Husks of black gram (Cicer arientinum) were 

also studied as an alternative biosorbent of Cd (II) from 

aqueous solutions of low concentration [125]. Moreover, 

rice husk has been used for the removal and recovery of 

Cd (II) from waste waters by Ajmal et al. [126]. These 

give more room for more studies to be conducted using 

waste material such as groundnut shells and shea nut 

shells as biosorbents as only few are already used. 

12. Adsorption Isotherm 

Currently, one of the pervasive problems is the trace 

metals contamination in aqueous environment. This has be 

become one of the main focuses of research on the 

application of biochar for the removal of trace metals from 

contaminated water [68]. Adsorption isotherm is important in 

elevating the use of adsorbents since it vividly describes 

how adsorbates interact with adsorbents [127]. Some 

mathematical models have been used to describe the 

adsorption equilibrium of trace metals on the biochars and 

examine experimental data. Langmuir and Freundlich are 

frequently used.  

Studies have deployed Langmuir and Freundlich 

models for fitting the equilibrium data. Langmuir model 

usually corresponds to homogeneous monolayer adsorption 

[128] whilst the Freundlich model clarifies the adsorption 

on the biochar adsorbent with surface being heterogeneous 

[129] as follows:  

 max= =; Langmuir model
1

l e
e

l e

Q K C
Q

K C
 (1) 

 1/
F=K ;Freundlich modeln

e eQ C  (2) 

Where Qe and Ce are equilibrium solid phase (mg/g) and 

liquid phase (mg/l) concentration of the trace metal 

respectively; Qmax is the maximum adsorption capacity 

calculated using Langmuir model; Kl is the Langmuir 

constant (l mg-1); and KF (l g
-1); and n (dimensionless) are 

Freundlich constants that signifies extent of the adsorption 

and the degree of nonlinearity between aqueous solution 

concentration and adsorption, respectively. 

The results using these models are largely dependent on 

biochar properties and the target contaminant. The Langmuir 

isotherm usually assumes monolayer adsorption of the 

adsorbate on a surface of homogeneous adsorbent [130]. 

Chen et al. [57] studied adsorption isotherms at different 

initial of Cu (II) and Zn (II) that ranged from 0.1 to 5.0 

mM that has proven that the Langmuir model (R2 > 0.998) 

fit the data better than the Freundlich model (R2 were 

0.86–0.94). Many researchers also reported that adsorption of 

trace metals by biochar fits better to Freundlich than 

Langmuir isotherm in the dynamic data [26,131,132,133]. 

The Freundlich isotherm discloses information on the 

heterogeneous adsorption and is not limited to the 

formation of a monolayer [130,134]. The study of Cr (VI) 

and Pb (II) adsorption by biochar pyrolysed from sludge 

of municipal wastewater, adsorption isotherms on the 

biochar were simulated with Langmuir and Freundlich 

equations. The study revealed that Pb (II) adsorption 

behaviour fitted better with Langmuir equation than 

Freundlich equation [131]. 

Biochar also showed high affinity for organic pollutants. 

In lately, many laboratory experiments were conducted to 

examine the potential of adsorbent from biochar for the 

removal of organic contaminants from aqueous 

environment. Overall, the results from these studies 

demonstrated that the biomass resultant char can be used 

as a cost-effective adsorbent for removal of environmental 

organic pollutants from the aqueous environment. 

13. Adsorption Kinetics 

The adsorption kinetics is used to establish the 

relationship with physical and/or chemical characteristics 

of the adsorbent biochar. The adsorption mechanism that 

may involve mass transport and chemical reaction 

processes are influenced by adsorption kinetics [135,136]. 

The knowledge of the kinetics of the process is necessary 

in a practical exploitation of biochar in removal of 

pollutants. The widely used kinetic models for the study 

of adsorption of contaminants by biochars include the 

intra-particle diffusion model, the pseudo-second-order 

kinetic model, and the pseudo-first-order kinetic model. 

Studies utilised the pseudo-second-order [137] model to 

describe the adsorption kinetics, thus:  

 
2 2max max

1 1
= Pseudo second order model

Kt

t
t

Q Q Q
   (3) 

Where Q max and Qt referred to the adsorption capacities 

(mg/g) at the equilibrium and at time t, respectively. These 

models offer important information that controlled the 

adsorption process involving adsorbent surface, chemical 

reaction, and/or diffusion mechanisms [138]. Most 

commonly used are the pseudo-first-order and pseudo-

second-order kinetic models to study the adsorption of 

water contaminant onto biochars. 

The pseudo-second-order kinetic model is usually 

centred on the postulation that the rate limiting step could 
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be chemisorption that involves the valence forces through 

the exchange or sharing of electrons among adsorbent and 

adsorbate [139]. Lu et al. [26] study the kinetics of Pb2+ 

adsorption on biochar produced from sludge at initial pH 

of 2.0 to 5.0 pH-units. It was found to have been well 

fitted in the pseudo-second-order model that assumes 

chemisorption of the adsorbate on the adsorbent. Similar 

report was made by Liu and Zhang [20] that used the 

pseudo-first-order and pseudo-second-order models to 

study the lead adsorption mechanism on biochars 

produced from pinewood and rice husk. Kołodyn´ska et al. 

[135] also used Cu (II) and Pb (II) ions for studies of 

kinetic and adsorptive characterisation of biochar in trace 

metals removal that fitted well to the pseudo-second-order 

model. Khare et al. [69] removed different trace metals 

(thus Cd, Cr, Cu and Pb) from acidic solutions using plant 

waste derived biochar. The study revealed that the 

adsorption of trace metals can be described more fittingly 

by the pseudo-second-order kinetics model than the first-

order kinetic model. This implied the rate limiting step 

may be the chemical adsorption. The pseudo-second-order 

model seems to fit well to most kinetic data for studied 

trace metals than pseudo- first-order.  

14. Factors Affecting Biosorption of Trace 

Metals 

A variety of multiple operation factors effect 

biosorption of trace metals these include adsorbent dosage, 

agitation speed, initial concentration of trace metal, 

temperature, particle size of adsorbent, effect of pH on the 

biosorption capacity and other factors [140]. It was 

reported by Chojnacka [140] that the biosorbent dosage 

decreases the quantity of biosorbed contaminant per unit 

weight of biosorbent that usually lead to increase in its 

removal efficiency whilst the initial contaminant 

concentration increases the quantity of biosorbed 

contaminant per unit weight of biosorbent which lead to 

decrease its removal efficiency. It was also noted that the 

pH of the solution could enhance biosorptive removal of 

cationic metals or basic dyes, nonetheless lessens that of 

anionic metals or acidic dyes. Basically temperature could 

enhance biosorptive removal of contaminants by 

increasing kinetic energy and surface activity of the 

adsorbate, however it can destroy the physical structure of 

the biosorbent. 

Chojnacka [140] also reported that agitation speed 

could also enhance biosorptive removal rate of adsorptive 

contaminant by minimising its mass transfer resistance, 

nonetheless could damage the physical structure of the 

biosorbent. It was noted that ionic strength can reduce 

biosorptive removal of adsorptive contaminant due to 

completion with the adsorbate for binding sites of 

biosorbent. The particle size of the biosorbent could also 

favour the batch process due to its higher surface area, but 

not necessarily due the low in clogging and mechanical 

strength in the column process. In multiple pollutants 

concentrations situation the coexisting of the pollutants 

competes with a target pollutant for binding sites or forms 

any complex with it causing the higher concentration of 

other pollutants to reduce biosorptive removal of the target 

pollutant [140]. 

15. Pre and Post Biochar Utilisation 

Problems 

Generally, biochars have proven to be technically 

effective and efficient as eco-friendly media for removal 

of organic and inorganic contaminant in aqueous 

environment such as polluted soil, water, waste effluents 

among others. It has also proven to have contained toxics 

in both organic and inorganic forms that are within 

acceptable limited and regulation standards after its 

production (Table 3). However, like any other remediation 

innovation biochars have their limitations that are not only 

about cost of production and technically in its utilisation 

but post utilisation issues. The source of raw material used 

for biochar has proven to be a source of dangerous 

components such as organic pollutants and trace metals 

that pose a potential risk to humans and their environment. 

Agricultural waste such as rice husk and rice straw utilised 

as biomass feedstocks for biochars generally contains 

elevated levels of silica, given their biochars ability to 

form crystalline silica. It has been established that 

biochars residues have the tendency to form poly aromatic 

hydrocarbons (PAHs) that are generally carcinogenic can 

be injurious to human health. The residues are the ash 

containing, those contaminants like trace metals, which 

after the utilisation researchers and their institutions face 

challenges of disposing them. Biochar used for removal of 

aqueous phases may not leave the aqueous environment to 

free from dangerous pathogens as it contains high carbon 

and nutrients that can stimulate their growth. Some 

agricultural wastes biochar also have the tendency of 

aiding the mobility of some of the metals in the aqueous 

environment. 

16. Conclusion 

Biochar production processes and its various 

applications can provide numerous benefits to both 

environment and economy for any developing or 

developed country. They utilisation of abundant 

agricultural wastes for adsorption of pollutants can 

improve human security and its environment. Since, it is a 

way of waste management and protecting the environment. 

However, biochars characteristics and properties are 

greatly affected by the original of feedstock, the pyrolysis 

process and its parameters. The adsorption capacity for 

trace metals is highly dependent on the experimental 

conditions that include adsorbent particle size, contact 

time, competing trace metals, dosage of biochar, pH, 

metal concentration, and temperature of the leaching 

solution. Hence, understanding of the physico-chemical 

properties of any biochar and pyrolysis conditions is of 

great importance. Specifically designed biochars could be 

very effective in the removal of trace metals from aqueous 

contaminated environment. The multiple factors that 

determine the adsorption of the trace metals in aqueous 

environment or phases needs to be carefully examined. 

Cost-effectiveness of biomass feedstock and eco-

friendliness of techniques need to also be given much 

consideration by way of making comparison with existing 

contaminant mitigation technologies. Previous researches 
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have examined the relationships that exist between 

biochar production conditions, characteristics, and 

possible end-uses of biochar. However, there is paucity 

information available on post biochar utilisation 

consequences on the aqueous environment or issues 

arising from biochar usage on an aqueous environment. 
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