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                     Abstract 
 The paper examines the eff ect of charcoal prepared from oil palm trunks on nutrient enhancement and remediation of toxic 

metals in contaminated soil. The test soils were obtained from two diff erent waste dump sites in Benin City, using a standard 

method of sampling. The physicochemical properties and nutrient of test soils and charcoal were investigated. The perfor-

mance of charcoal on soil physicochemical properties and nutrients was also assessed. The charcoal showed a remarkable pH, 

EC (electrical conductivity) and nutrient level. The result of control soils of this research revealed that the soil was mostly 

sandy-clay. The concentration of macro-nutrients in the control soil particularly nitrogen was below the critical level of some 

crop nutrients, indicating soil nutrient imbalance. Soil amendment with the charcoal revealed an increased in pH, electrical 

conductivity and nutrients. Toxic metal partitioning studies indicate that the charcoal additives resulted in the redistribution 

of arsenic, cadmium, and lead from the metal poisonous phase (exchangeable and carbonate phase) to the less poisonous 

phase (residual phase).The result of toxic metals mobility showed decrease trend as the rate of charcoal added was increased, 

signifying possible reduction in bioavailability of the toxic metals at a higher concentration of charcoal additive. This implies 

the reduction of environmental threats and contamination by toxic metals on farmers, microorganisms, and crops. The rate 

of 40% amendment (application) shows a remarkable reduction (over 90%) of toxic metals and nutrient enhancement. Thus, 

charcoal has shown to be a green option for nutrient improvement and remediation of toxic metals in contaminated soil. 
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      Introduction 

 Soil is regarded as an important natural resource which sup-

plies the essential mineral elements needed for plant growth 

and crops productivity. Soil quality is generally known as 

one of the vital ingredients for sustainable agriculture and 

global food suffi  ciency. Hence soil quality plays an impor-

tant factor in deciding healthy soil that could provide enough 

nutrients for both plant and soil micro-organisms. It is not 

just having nutrients present in the soil as mineral elements, 

it also hinges on access to those nutrients (M. Tahat, M. Ala-

nanbeh, A. Othman, & I. Leskovar,  2020 ). Macronutrients 

and micronutrients can be locked away from plant and soil 

micro- organisms because of diff erent soil physical, chemi-

cal and biological properties that infl uence accessibility and 

availability of soil nutrients. These properties include mois-

ture content, conductivity, porosity, pH, temperature, and 

competitive demand by microorganisms (Bhattacharyya & 

Furtak  2022 ). There are essential (mineral) nutrients plant 

required in order to grow healthy. These nutrients dissolved 

in soil water and are assimilated by plants through their plant 

roots. They are not always suffi  cient of these nutrients in 

the soil for plant to grow properly (Jacoby, Peukert, Suc-

curro, Koprivova, & Kopriva,  2017 ). These mineral nutri-

ents are classifi ed into two groups, macro-nutrients and 

micro-nutrients. Macro-nutrients are nitrogen, phosphorus, 
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potassium, calcium, magnesium, and sulphur e.t.c. Previous 

reports have shown that these nutrients are generally defi -

cient in soils because plants utilize large amounts of them for 

their growth survival and food production (Huntley  2023 ). 

Micro-nutrients are also required for plants and biochemi-

cal metabolism for growth but they are needed in only small 

(micro) amount (S. Kumar, Kumar, & Mohapatra,  2021a , 

 2021b ). These nutrients or elements are sometimes referred 

to as minor elements or trace elements. Example of micro-

nutrients are copper, manganese, zinc, nickel, iron, and car-

bon (Bhattacharya et al.  2016 ). Other elements or metals 

present in soil are the toxic metals such as lead, cadmium, 

arsenic, mercury e.t.c., which are directly introduced into 

soils through due to human activities and could be poisonous 

even at low concentrations (Zhao et al.  2022 ). Toxic metals 

cannot not be biodegraded and could maintain ecological 

circle in soils(Dixit et al.  2015 ). Toxic metals contamination 

can have diff erent consequences such as damage of ecosys-

tem, reduction of agricultural productivity, loss of ground 

water resources quality and threat to human and animal 

health (Mitra et al.  2022 ). Many studies have documented 

that wastes dump is a source of toxic metals and nutrients in 

soil. The study by Alengebawy et al., ( 2021 ) in India found 

alarming concentration of lead and cadmium contamination 

in soil, exceeding safe limits by 5 times for lead and 11 times 

for cadmium. In the same vein, Onakpa et al., ( 2018 ) also 

proclaimed the accumulation of some toxic metals in crops 

grown within waste dumpsites environment in Benin City, 

Nigeria. 

 In African and some other places in the world smallholder 

farmers use wastes dumpsites for crops cultivation without 

remediation or nutrient enhancement (Agbeshie et al.  2020 ). 

Toxic metals in these soils need remediation for adequate 

soil restoration. In situ remediation (immobilization) have 

demonstrated to be low cost option for effi  cient remedia-

tion for toxic metals in contaminated soils and, may provide 

long term remediation result through the establishment of 

stable minerals complexes (Agbeshie et al.  2020 ). This pro-

cedure is aimed at limiting the toxic metals solubility and 

bioavailability without getting rid of them from contami-

nated soils (Kapahi & Sachdeva  2019 ). It is a protocol that 

employs the additive of chemical (amendments, additives or 

chemical immobilizing/stabilizing agents) to contaminated 

soil in order to immobilize/ limit the available partition of 

the toxic metals in soil (Raff a et al.  2021 ). Incorporating 

non charcoal immobilizing agents such as cow bone, and 

phosphate rock to soil polluted with toxic metals have been 

reported to decreased the level of metals to 13.7% and 10.3% 

respectively (Liang et al.  2014 ). Thus, these non charcoal 

immobilizing agent can cause secondary pollutants such 

contamination of ground water through leaching. However, 

stabilizing / immobilizing and, nutrient enrichment agent 

like charcoal that is carbonized between 450- 700 °C could 

be better option in addressing this gap (Edo et al.  2024a , 

 b ,  c ). 

 Physical, chemical and biological properties of charcoal 

are diff erent from uncharred biomass in soil and are known 

to undergo modifi cation over time as a result of weathering 

processes, reaction with others oil mineral and microorgan-

ism’s interaction (Hardy & Dufey  2017 ). Charcoal is unique 

in soil environment due to its unique physical (Edo et al. 

 2024a ,  b ,  c ), chemical and, biological properties and the 

nature of their contact with soil and plant population (Edo 

et al.  2024a ,  b ,  c ). Many benefi ts emanate from the physical 

properties of charcoal (Ogheneoruese et al.,  2022 ). Array 

of pore sizes within the charcoal feedstock results in a wide 

surface area and low bulk density (Edo et al.  2024a ,  b ,  c ). 

Charcoal addition can change the soil physical properties, 

this include the structure, density, and pore size distribu-

tion (Ugbune et al.  2024 ), with signifi cant implications for 

soil workability, aeration, water holding capacity and plant 

growth (Samuel et al.  2023 ). It has been documented that 

charcoal amendment to soil may multiply the overall net soil 

surface area and, the attendant eff ects include the increase 

in soil water holding capacity, nutrient retention and soil 

aeration, especially in fi ne-texture soils. Charcoal has a bulk 

density much lower than that of mineral soils, therefore, 

application of charcoal to soil could decrease the overall 

total bulk density of the soil which is generally benefi cial 

for plant growth (Gao et al.  2020 ). Charcoal composed of 

some mineral matter (ash) and, surface charge at a reduced 

pH values (Tomczyk et al.  2020 ). These properties make 

charcoal capable of withhold certain nutrients, (potassium, 

calcium, magnesium etc.). The neutralizing infl uence of 

charcoal could also improve nutrients availability in soil 

close to plant roots (rhizospher). This is visible when char-

coal interacts with the growing plant (Mastrolonardo et al. 

 2019 ). The pore volume of charcoal can be aff ected by the 

way it is processed. Therefore charcoals do not have negative 

eff ects on nutrient cycling in the soil environment (Adey-

emo et al.  2023 ). Charcoal can withhold some nutrients, 

this hinders nutrients from being transported to the aqui-

fer in soil environment (Schoonover & Crim  2015 ). This 

could decrease the amount of fertilizer required to achieve 

maximum agricultural benefi ts. The charred biomass can 

decontaminates soil water by absorbing toxic compounds 

that prevent microbial growth. Charcoal prepared at a lower 

temperature have a high a cation exchange capacity, while 

those prepared at a higher temperature have reduced or no 

exchange capacity (Roshan et al.  2023 ). This implies that 

charcoal for soil application should not be prepared at high 

temperature (Qurat-ul-Ain et al.  2021 ). Charcoals used for 

soil amendment are usually alkaline in nature. Therefore, 

their application would normally raise soil pH and could also 

correct the pH of acidic soils for optimal crops production. 

The pH of charcoal is mostly in the range 4 to 12 depending 
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on the biomass used and the pyrolysis temperature (Hamidi 

et al.  2021a ).This implies that eff ect of charcoal addition to 

soil could modify its pH, increase nutrients level and car-

bon storage of the soil as well as fi ltration of moving soil 

water (Tsolis & Barouchas  2023 ). Research has shown that 

charcoal incorporation to soil may be more necessary as 

it can improve soil organic carbon, increase bioavailability 

plant nutrients and thereby improve plant growth,physical, 

chemical and biological properties of soil (Singh Yadav 

et al.  2023 ). Charcoal enhances the soil texture and ecology, 

improve its ability to hold fertilizer and released them at a 

slow rate. Charcoal biomass has been considered to be better 

than other organic manure in terms of nutrients composition 

and its sterility at higher temperature (Samoraj et al.  2022 ). 

 Charcoal has greater capacity for metals adsorption, 

hence it could limit metals transports in contaminated soil 

(Golia et al.  2022 ). However, the reaction between char-

coal and, metals is pH dependent (Golia et al.  2022 ). The 

mechanism of metal removal with charcoal treatment may 

be attributed to the electrostatic interactions, precipitation 

and other reactions (Wang et al.  2023 ). The introduction 

of charcoal to soil increases soil surface negative charge, it 

would limit the zeta factors thereby improving the attraction 

the positive charge metals and soils (Ramezanzadeh et al. 

 2023 ). Raising soil pH due to charcoal treatment may lead 

to decrease in metal transport in soil and improvement on 

soil heath. The objectives study are to:(1) determination of 

the nutrient levels of waste dump soils (2) determination of 

selected physiochemical properties and toxic metals levels in 

the wastes dump soil (3) evaluation of effi  ciency of charcoal 

on nutrients and toxic metals bioavailability. 

    Materials and methods 

   Soil sampling, charcoal production 
and experimental design 

 Composite soil samples were obtained from two wastes 

dump sites after a careful removal of the surface debris. 

The samples were dried at ambient laboratory temperature 

(28 °C), sieved through a 2 mm mesh and were preserved in 

polythene bag and properly labeled for characterization and 

further treatment with the charcoal. 

 Oil palm trunks were collected from oil palm plantation 

in Mosogar, Nigeria. The oil palm trunks were dried and 

carbonized at 550 °C temperature (Edo et al.  2022 ). The 

carbonized oil palm trunks (charcoal) was allowed to cool 

overnight (Edo et al.  2022 ), crushed and passed through 

2 mm mesh .  Nutrients level of charcoal was determined 

using standard methods (Edo et al.  2022 ), and metal content 

was determined using AAS (VGP,2010 model). 

 A kilogram (1 kg) of the thoroughly mixed air dried 

soils containing 0, 10, 20, 30 and 40% of the pulverized 

charcoal and were placed in 5 plastic pots for each sites 

soil. They samples were mixed thoroughly and arranged in 

green house within the laboratory environment using ran-

domized complete block design (RCBD) and the soil were 

stirred two times a weeks for stabilization while maintain-

ing the water holding capacity at 50% of fi eld capacity prior 

characterization. 

    Determination of physico-chemical properties 
of soil and charcoal 

 The samples pH were measure using Black method 

(Gessesse & Khamzina  2018 ). Electrical conductivity was 

assessed following Hergenrather method (Hergenrather 

 2009 ). The hydrometer method as describe by de la Peña, 

et al., ( 2022 ) was used for particle sizes distribution. Method 

of Hergenrather, ( 2009 ) was used to evaluate the organic 

carbon content.An analytical method as prescribed by Van-

Waardhuizen, ( 2022 ) was used to determine CEC. The level 

of phosphorus was obtained using the Olsen method (Tóth 

et al.  2014 ). Nitrogen content was determined by Amanul-

lah et al., ( 2020 ) method. Toxic metals were evaluated using 

sequential extraction protocols in order to assess the level of 

toxic metals in the following operational phase (fractions). 

These forms are exchangeable, carbonate-bond, Fe–Mn 

oxide, organic/ sulphide, and residual fraction. The details 

procedure has been described (Al-Mur  2020 ). The concen-

tration of macro-nutrients and toxic metals were determined 

using atomic absorption spectrometer (Buck Scientifi c VGP 

210, USAs). 

    Determination of bioavailability/ mobility of toxic 
metals in soil 

 Toxic metals bioavailability in soil was determined using 

mobility factor, MF (Otabor  2019 ).

      

where F1-F5 = percentage of geochemical forms toxic metal. 

    Determination of environmental risk factor (ERF) 
of toxic metals 

 In order to confi rm the potential threat of toxic metals to 

soil organisms, environmental risk factor (ERF) was adopted 

(Robert et al.  2015 ).

      

 (1)MF =
F1 + F2 + F3

F1 + F2 + F3 + F4 + F5
×

100

1

 (2)ERF = CSQV − Ci∕CSQV
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where CSQV = Concentration of soil quality value (toxic 

metal concentration in fi fth partition of soil which is equiva-

lent to the background/pre-industrial concentration). 

 Ci = Toxic metal concentration in the fi rst four partitions 

of soil. 

 It is pertinent to note that when ERF < 0, it implies that 

there is potential threat to soil organisms; the reverse is the 

case when ERF > 0 = no potential threat to soil organisms 

recorded. 

    Determination of contamination factor (CF) for soil 

 The contamination factor (CF) was determined as;

      

 (Alengebawy et al.  2021 ). 

 It is important to note that when CF > 1, it indicates that 

the soil is contaminated by a given toxic metal. Further, if 

CF < 1 = 1 < CF < 3, 3 < CF < 6 and CF > 6 is an indication 

of zero, moderate, considerable and high contamination by 

a toxic metal respectively. 

    Quality assurance and data processing 

 All chemical used for sample extraction and chemicals 

analysis were of analytical grade. Standard procedures and, 

methods were employed in soil sampling and in the labora-

tory analyses to ensure quality and reliable results for the 

study. Averaging of triplicate data were done. Anova was 

used to examine the statistical signifi cant diff erence between 

control sample and treated samples. Required calculation 

were made using standard equations while data presentation 

were done using relevant tables and, statistical bar charts 

and, graph. 

 (3)
CF = Toxic metal concentration in soil

/ Background concentration of Toxic metal in soil

     Results 

 The results of soil texture from the two diff erent wastes 

dumpsite sites are presented in Fig.  1          

 The results revealed Soil texture of sample collected from 

wastes dumpsites revealed that the soil is predominantly 

sandy loam. With the order of, sand > clay > silt. The amount 

of organic matter in the soils was quite signifi cant. 

   Physical properties of oil palm trunks charcoal 

 The result of the ash content of charcoal revealed 

6.63 ± 0.08%, the ash of charcoal include inorganic con-

stituents (calcium, magnesium and inorganic carbonates). 

The ash content the charcoal used in this study is greater 

than woody charcoal earlier reported (less than 4% (Roc-

chi et al.  2023 ) . The higher ash content could be connected 

to the nature of the feedstock and, the carbonization tem-

perature.Introduction of materials with higher ash content 

into nutrients defi cient and poisonous metals soils have 

been documented by many researchers to increased macro-

nutrients and poisonous metals complexation due to increase 

in soil pH(Adamczyk-Szabela & Wolf  2022 ). The result of 

moisture content of charcoal shows 23.40 ± 0.24%, this 

value is higher than woody charcoal earlier documented 

(Haider et al.  2022 ) .  Higher moisture content of charcoal 

is an indication of large pore size of charcoal (Schneider 

et al.  2020 ) ,  large pore size of charcoal aid in the adsorp-

tion of metals (Ilomuanya et al.  2017 ) . The physicochemical 

properties charcoal suggest that charcoal is advantageous in 

soil remediation and, nutrients enhancement. Similar studies 

have shown that inclusion of biomass to soil can immobilize 

soil pollutants including toxic metals (Kozioł et al.  2024 ). 

Besides, soil organic matter (SOM) is a key enhancer of soil 

  Fig. 1       Soil texture of wastes 

dump soil  
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moisture, a vital condition for soil microorganism growth 

and diversities (G. Wang et al.  2022 ) (Fig.  2 ).         

    Eff ect of charcoal application on soil pH, electrical 
conductivity and cation exchange capacity 

 Generally, pH is one of the physicochemical properties 

which aff ect the presence, retention, transport of nutri-

ents and heavy metals in soil. Several micro-organisms 

are active at moderate pH (Yan et al.  2023 ). The most 

conducive pH range for of many plant growth and pro-

ductivity was between 5.5 to 7.0, though many plants have 

adjusted to thrive at pH value outside this range (Penn & 

Camberato  2019 ). Soil pH in this study was found to be 

7.01 ± 0.01 (waste dump site 1) and 7.32 ± 0.02 (wastes 

dumpsite 2), suggesting slightly alkaline. It has been docu-

mented that alkalinity controls the availability of essential 

nutrients and immobility of non-nutrients in soil (Alkhar-

absheh et al.  2021 ). At high pH, none essential nutrients 

are adsorbed on the clay colloids and not available for 

plant uptake (Neina  2019 ). 

 In this study, soil treated with 40% charcoal was 

observed to have the highest pH value while the lowest 

value were found in soil amended with 5% (Fig.  3 ). The 

rise in pH after charcoal application could be attributed 

to the release of free bases such as potassium ion, cal-

cium ion and magnesium into the soil solution by ash of 

charcoal thereby increasing the pH status of the soil and 

readily providing available nutrients for plant usage (Oni 

et al.  2019 ). This implies that, charcoal could be function 

as liming substance. Protonation of oxygen containing 

functional groups of charcoal feedstock could be the main 

mechanisms for the increase of soil pH after carbonized 

feedstock application (Nkoh et al.  2021 ). Soil texture may 

also contribute to in the increase of soil pH. Sultan et al.

(Sultan et al.  2020 ) reported a greater increase in pH in 

sandy and loamy soils than in clayed soils with charcoal 

application. Since wastes dumpsite soil in this study was 

  Fig. 2       Physicochemical proper-

ties of charcoal, soil and the rate 

of amendments for site 1  

  Fig. 3       Physicochemical proper-

ties of charcoal, soil and the rate 

of amendments for site 2  
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mostly sandy loamy, the level of pH might be attributed 

to the soil texture.         

 Electrical conductivity (EC) is the concentration of ions 

from water-soluble salts in soils and it is an indication of the 

ability of an aqueous solution to carry an electric current. The 

electrical conductivity of the wastes dumpsite soil, unam-

mended soil is 3.43 ± 0.24 ms/cm (waste dumpsite 1) and 

9.10 ± 0.34 ms/cm (waste dumpsite 2), this is an indication of 

moderate EC. The moderate EC is an indication that alkaline 

metal ions were present in the soil. 

 The EC result shows a gradual increase as the rate of char-

coal application increases from 5 to 40% (Fig.  3 ). This increase 

may be due to the liming property associated with carbonates 

salts present in ash components of charcoal which change EC 

level of the soil. 

 Cation exchange capacity (CEC) of soils can be described 

as extent of how well some nutrients (cations) are bound to 

the soil. CEC is predominantly dependent upon soil texture 

and organic matter content. However, the greater the clay 

and organic matter in the soil the greater the CEC (Jeon et al. 

 2023 ) .  CEC maintain adequate quantities of available plant 

calcium ion, magnesium ion and potassium ion in soil. CEC in 

addition with total organic carbon and soil texture are among 

several components of soil that aff ect availability and transport 

of metals with increase in pH, CEC is a key properties of soil 

quality and fertility. The soil (control) CEC was 10.43 ± 0.60 

Meq/100 g and 9.80 ± 0.01 Meq/100 g for waste dumpsite 1 

and waste dumpsite 2 respectively. CEC of the control soil is 

within the range of waste dump soil (Oluwatuyi et al.  2020 ). 

The CEC level in the control soil (i.e.0% charcoal applica-

tion) buttressed the presence of organic matter in the wastes 

dumpsites soils. 

 Charcoal application to wastes dumpsite soils gave a higher 

CEC result compared with that of the control (0%) (Fig.  3 ) Soil 

amended with charcoal gave a higher CEC values which grad-

ually increased as charcoal amendment rate increases (Fig.  3 ). 

Thus charcoal improved the nutrient holding capacity of the 

soil. The increase in CEC may be due to rapid oxidation of the 

charcoal surfaces and absorption of organic acids by the char-

coal, resulting to rise in negative charges on the soil surface. 

 Earlier work of Yang et al., ( 2019 ) proved that there 

were development of carboxylic—C and aromatic hydroxyl 

functional groups in charcoal surface during oxidation. This 

might also add to increase in soil CEC. The improvement 

of soil CEC in the presence of charcoal was in line with the 

report of Yang et al., ( 2019 ), which reported highest level of 

CEC in carbonized feedstock treated soil. 

    Eff ect of charcoal application on macro 
and micro-nutrients of soil 

 Many researchers have revealed that wastes dumpsites soil 

contains soil macro- nutrients greater than the surrounding 

soil as a result of the presence of household and industrial 

wastes at the dumpsites (Asare & Száková,  2023 ). The 

levels of carbon content in the soils were 3.39 ± 0.04 and 

3.21 ± 0.05% dumpsites1 and 2 respectively. The pres-

ence of organic carbon in the soil could be attributed to the 

decay of organic wastes in the soils .  For nitrogen, the val-

ues were 0.21 ± 0.00 and 0.26 ± 0.04% for the dumpsite 1 

and 2 respectively. The level of nitrogen in the soils was 

below the critical nutrient level of 3.00% for agricultural 

soils (Mng’ong’o et al.  2021 ). 

 Phosphorus content in the soils was 100.43 ± 5.75 ppm 

and 73.41 ± 1.50  ppm dumpsites 1 and 2 respectively. 

The higher value of phosphorus is desirable because 

plant need them in higher quantity. The level of potas-

sium, calcium, magnesium, sodium at dumpsite 1 

was 0.23 ± 0.04  meq/100  g, 7.24 ± 0.06  meq/100  g, 

2.72 ± 0.55 meq/100 g, 0.11 ± 0.00 meq/100 g respectively. 

While level of potassium, calcium, magnesium, sodium for 

dumpsite 2 is 0.37 ± 0.01 meq/100 g, 7.20 ± 0.06 meq/100 g, 

2.48 ± 0.08  meq/100  g and, 0.11 ± 0.00  meq/100  g 

respectively. 

 Thus, the soils are rich in macro-nutrient except nitrogen. 

The low level of nitrogen in the soils may be due to the 

emission of nitrogen in the form of nitrous oxide from the 

soils. While higher levels of the other macro-nutrients in 

the dumpsite soils may be attributed to the decomposition 

of domestic wastes in the dumpsite. 

 Charcoal has an impact on soil macro- nutrients avail-

ability in two ways, nutrients addition and nutrient hold-

ing (Hamidi et al.  2021b ). The results (Fig.  4  and Fig.  5 ) 

revealed that application of charcoal at diff erent amend-

ment rate (0%,10%, 20% and 40%) lead to increase in the 

available macronutrients, revealing a signifi cant diff erence 

(p < 0.05) between control soil and treated. The concentra-

tion of organic carbon increased gradually as the rate of 

charcoal increased. Charcoal also improved soil nitrogen, 

therefore enhances the nitrogen concentration of the soils 

(Fig.  4  and Fig.  5 ).                 

 The rise in soil nitrogen after treatment may be ascribed 

to the presence of nitrogen in the charcoal, while that of 

organic carbon is due to the numerous amount of carbon-

organic in charcoal .  These fi ndings is in line with the study 

of Orozco-Ortiz et al., ( 2021 ) who reported higher concen-

tration of carbon and nitrogen at the ancient tera preta com-

pared with adjacent soils. The level of available phosphorus 

of the soils also improved as the rate of charcoal applica-

tion increased. Concentration of phosphorus, Potassium, 

calcium, magnesium and sodium also gave higher values 

after application of the charcoal (Fig.  4  and Fig.  5 ) .  This 

could be attributed to the presence of the mineral elements 

found in ash of the charcoal. The ash content of charcoal 

feedstock helps in the rapid release of the occluded macro- 

nutrient like phosphorus, calcium, nitrogen, magnesium and 
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sodium into soil solution for plant utilization (Hamidi et al. 

 2021a ). Charcoal application also aff ect nutrient availabil-

ity by changing soil pH, since charcoal typically has higher 

pH than soil, it can function as a liming agent resulting in 

overall increases in pH. Higher soil pH increases nutrients 

availability and reduces the proportion of aluminum and 

hydrogen ions occupying cation exchange site. 

 Zinc, copper, manganese are micro-nutrient that plant 

need in little quantity, micro- nutrients concentration of 

the control soil follow the order: Zn > Cu > Mn > . The 

availability of these metals in the soil may be connected 

to the presence of industrial and, medical wastes in the 

wastes dumpsites. Addition of charcoal to soils could 

improve the micro-nutrients levels of soils compared to 

control soil. In this study, application of 40% charcoal gave 

the highest concentration while the lowest was observed in 

10% rate treatment (Fig.  6  and Fig.  7 ). This improvement 

of micro-nutrients in the soil is due to the presence of Zn, 

Cu, Mn and Cr in the charcoal feedstock. This observa-

tion is in line with previous work of Paramisparam et al., 

( 2021 ), which reported that ash of carbonized feedstock 

contains micro-nutrients for crop utilization. However, the 

micro-nutrients levels of the soils after charcoal applica-

tion is within the permissible level for agricultural soils.                 

  Fig. 4       Macro-nutrient level of charcoal, soil and the rate of amendments for site 1  

  Fig. 5       Macro-nutrient level of charcoal, soil and the rate of amendments for site 2  
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    Eff ect of charcoal on toxic metal soil fractionation, 
concentration and mobility 

 The behavior of toxic metals in soils depend on the con-

centration of toxic metals and the forms of the metals. Par-

titioning of metals in soils is a useful key to understand the 

chemistry of these toxic metals (Ugbune et al.  2023 ). Toxic 

metal partitioning studies indicated the charcoal applica-

tion led to the redistribution of amount arsenic, cadmium 

and lead in the metal poisonous phase (exchangeable and 

carbonate phase) to less poisonous phase (residual phase). 

This distribution pattern could be is attributed to charcoal 

tendency of increasing the soils pH (Fig.  2  and Fig.  3 ) thus 

facilitating the precipitation and complexation of toxic 

metals. The residual phase of toxic metals is known to be 

less reactive and most stable and less bioavailable since is 

constituted into the crystal lattice of clay minerals and sili-

cate, therefore not freely released into soil solution (Li et al. 

 2022 ). 

 This results is identical with the work of (Wyszkowski 

et al.  2022 ), which revealed that when soil pH was altered 

due to carbon feedstock application, metals were reduced in 

  Fig. 6       Eff ect of charcoal application on micro-nutrients of waste dump soil for site 1  

  Fig. 7       Eff ect of charcoal application on micro-nutrients of waste dump soil for site 2  
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the exchangeable and carbonate form. Previous research of 

Paramisparam et al.(Wyszkowski et al.  2022 ), proposed that 

change of exchangeable partition to low available organic 

partition through complexation reaction can be adduced to 

the signifi cant reduction of extractable toxic metal in char-

coal treated soil. Toxic metals adsorption in this fraction 

could depress arsenic, cadmium and lead in exchangeable 

pool leading to reduction in the bioavailable and transport 

of toxic metals in the studied soils (Figs.  8 ,  9 ,  10 ,  11 ,  12  

and  13 ). According to Devi & Bhattacharyya, ( 2018 ), the 

fi rst two partitions (exchangeable and Carbonate) is highly 

mobile and bioavailable.                                                 

 The eff ect of charcoal application on metals concen-

trations is depicted on Fig.  14 . The result showed that the 

concentration of cadmium at dumpsite soils were above the 

permissible level of 3 mg/kg for agricultural soils (FAO/

WHO, 2001, USEPA, 2002).         

 However, on application of 40% charcoal, the concen-

tration of the cadmium was reduced from 5.1 mg/kg to 

2.36 mg/kg (40% application). Charcoal also decrease the 

concentration of arsenic and lead as the rate of charcoal 

increases from 10 to 40% (Fig.  14 ), Showing a signifi cant 

diff erence (p < 0.05) between control soil and treated soil 

across all study toxic metals Toxic metal reduction in this 

  Fig. 8       Eff ect of charcoal on arsenic fractionation on waste dump soil for site 1  

  Fig. 9       Eff ect of Charcoal on Arsenic Fractionation on Waste Dump Soil for Site 2  
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study is 1.5 fold higher than the result earlier reported by 

(Adeyemo et al.  2017 ) in toxic metal soils treated with 

manure. This reduction is due to the interaction between 

toxic metals and charcoal, electrostatic attraction and metals 

ion exchange (Kumar et al.  2021a ,  b ) .  The porous nature of 

charcoal is also an important factor that aid the fi xation of 

the toxic (Zellner et al.  2019 ) . The Adsorption of toxic metal 

on the negative site of charcoal also an important reaction in 

the soil solution that help in toxic metal reduction (Duwie-

juah et al.  2020 ). 

 Other mechanism of charcoal reduction activities of 

toxic metals in soil is by dissolution- precipitation of min-

eral constituents (Chen et al.  2023 ). Increase in soil pH by 

ash of charcoal is also mechanism that lead to toxic metals 

reduction, this mechanism speed up the reaction of toxic 

metals ions with –OH,  PO 4  
−3 ,  CO 3  

−2  to form hydroxide, car-

bonate or phosphate precipitation which eff ectively solidify 

the toxic metal pollutants. 

 In the same vein, complexation reaction of toxic metals 

with charcoal in soil environment is also important reaction 

that assist in the reduction of toxic metals, this is an indica-

tion that the study metals react with the hydroxyl functional 

group and carbonate of charcoal to formed metal complexes, 

such as metal hydroxyl carbonate, [Mx(OH)g(CO3)x]. 

Numerous studies have demonstrated that the reaction of 

toxic metal ions with oxygenic functional groups like car-

boxyl group (-COOH), amino- group (-NH2), and hydroxyl 

group (-OH) on charcoal surface make great contributions 

  Fig. 10       Eff ect of charcoal on cadmium fractionation on waste dump soil for site 1  

  Fig. 11       Eff ect of charcoal on cadmium fractionation on waste dump soil for site 2  
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to the adsorption of heavy metal ions (ÇELEBİ & SÖĞÜT, 

 2022 ). 

 The mobility factor describes the potential mobility of 

a metal. Generally, some metallic forms are more strongly 

bound to soil or charcoal components than others. High 

mobility factor has been reported as a symptom of relative 

high liability and biological availability of metals in soil 

(Asmoay et al.  2019 ). In this present study, the mobility 

factor (MF) was calculated using fi ve step schemes (Eq.  1 ). 

 The toxic metal mobility in the control soil revealed 

that toxic metals were mobile while signifi cant reduc-

tion (P < 0.05) in the metals mobility was observed as 

the rate of charcoal application to the contaminated soils 

increased (Table  1 ). This could be attributed to the ability 

of charcoal to enhance soil pH. pH is the most important 

parameter that control the mobility of metals in soil. Simi-

larly, Antonangelo (Antonangelo et al.  2021 ), suggested 

in their study that raising the pH could be one mecha-

nisms by which metal mobility was reduced by carbonized 

feedstock.  

 In this present assay, the increase in the soils pH by 

charcoal application enhanced the adsorption of metals 

because it increased the negative charges of the soil by the 

charcoal particles. It is likely that slightly CEC increase 

after charcoal application also contributed to the metal 

immobilization because extractability of metals is known 

to correlate with CEC (Domingues et al.  2020 ). 

  Fig. 12       Eff ect of charcoal on lead fractionation on waste dump soil for site 1  

  Fig. 13       Eff ect of charcoal on 

lead fractionation on waste 

dump soil for site 2  
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    Eff ect of charcoal on environmental risk factor (ERF) 
and contamination factor (CF) for toxic metals in soil 

 The potential threats of toxic metals on living organisms 

in the control soil and charcoal amended soils were evalu-

ated in terms of environmental risk factor (ERF, Eq.  2 ). The 

ERF values for the soils for arsenic, cadmium and lead is 

presented in Figs.  15 ,  16 ,  17 ,  18 ,  19 ,  20  .  The highest values 

of ERF of the metals were found in 40% charcoal treatment 

while the lowest values were found at 10% treatment, dis-

playing a signifi cant diff erence (p < 0.05) between control 

soil and treated soil across all study toxic metals for ERF. 

Thus, as the rate of charcoal application increased the poten-

tial threat to living organism begin to decrease. Therefore 

charcoal application to toxic metal contaminated soils would 

be eff ective way to manage the potential threat of such toxic 

metals to farmers, soil micro-organism and crops (Edo et al. 

 2024d ).                                                      

 However, environmental contamination is described as 

the presence of toxic substances in the environment. In this 

study, contamination factor (CF) was calculated based on the 

Eq. 3 described by Custodio et al., ( 2022 ). Results of the CF 

for the control soil and charcoal amended soils are presented 

in Figs.  15 ,  16 ,  17 ,  18 ,  19 ,  20  .  The CF values were higher 

and lower for charcoal treatment at 10 and 40% respectively. 

This indicated that as the rate of charcoal application to the 

soils increased, the CF for the toxic metals decreased, dem-

onstrating a signifi cant diff erence (p < 0.05) between control 

soil and treated soil across all study toxic metals for CF. 

Contamination factor of control soil showed that most of 

  Fig. 14       Eff ect of charcoal on 

toxic metal concentration on 

waste dump soil  

  Table 1       Eff ect of charcoal on 

mobility of toxic metals in 

dumpsite soil  

  Rate of amendment (%)  

  Toxic metals    Waste 

dumpsites  

  0    10    20    30    40  

    1    9.06 ± 0.22    4.24 ± 0.20    0 ± 0.00    0 ± 0.00    0 ± 0.00  

  As    2    11.46 ± 0.2    4.20 ± 0.20    0 ± 0.00    0 ± 0.00    0 ± 0.00  

    1    26.69 ± 0.30    25.1 ± 0.24    5.02 ± 0.40    0 ± 0.00    0 ± 0.00  

  Cd    2    28.68 ± 0.30    26.79 ± 0.22    14.06 ± 0.39    0 ± 0.00    0 ± 0.00  

    1    10.34 ± 0.20    8.06 ± 0.10    0 ± 0.00    0 ± 0.00    0 ± 0.00  

  Pb    2    12.71 ± 0.20    13.98 ± 0.30    0 ± 0.00    0 ± 0.00    0 ± 0.00  

  Fig. 15       Eff ect of charcoal application on ERF and, CF of arsenic 

waste dump soil for site 1  
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the metals are moderately contaminated the dumpsites soils. 

Thus, charcoal was very eff ective in decreasing CF of soils. 

This is in agreement with the result obtained from ERF 

and mobility factor. Therefore, it could be concluded that 

charcoal is an excellent soil amender to check the contami-

nation factor of wastes dumpsite soils. 

     Conclusion and future research 

 The texture of the study soils was sandy loam with appre-

ciable level of pH and nutrients. The concentration of toxic 

metals in soil before treatment were above the permissible 

levels for agricultural soils. The Charcoal was found to 

contained remarkable quantities of macro and micro nutri-

ents. It also improved soils pH, cation exchange capacity, 

electrical conductivity and macro-nutrients. The study also 

revealed that application of charcoal could aff ect the parti-

tion or redistribution of toxic metals within the exchangea-

ble, carbonate and residual phase. Furthermore, the mobil-

ity factor indicated reduction of toxic metals mobility as 

the rate of charcoal increased. Environmental risk factor 

and ecological health factor were indicative that applica-

tion of charcoal to toxic metals contaminated soil could 

be a better option for remediation and nutrients enhance-

ment of such soils. Therefore, the study has established 

  Fig. 16       Eff ect of charcoal application on ERF and, CF of arsenic 

waste dump soil for site 2  

  Fig. 17       Eff ect of charcoal application on ERF and, CF of cadmium 

waste dump soil for site 1  

  Fig. 18       Eff ect of charcoal application on ERF and, CF of cadmium 

waste dump soil for site 2  

  Fig. 19       Eff ect of charcoal application on ERF and, CF of lead waste 

dump soil for site 1  

  Fig. 20       Eff ect of charcoal application on ERF and, CF of lead waste 

dump soil site 2  
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that charred oil palm trunks could enhanced soil nutri-

ents, decreased soil environmental risk and increased soil 

ecological health for better soil quality and agricultural 

potentiality particularly for food production. However, 

further study is necessary to fully understand long term 

eff ect of palm oil trunk charcoal treatment on soil polluted 

with toxic metals. 
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