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Abstract

Soil contamination by heavy metals (HMs) poses substantial risks to agricultural productivity and 
environmental health. Biochar, a carbon-rich material produced from organic waste, has been proposed as a 
soil amendment to lower HM bioavailability and enhance soil fertility. This study assessed the effects of cocoa 
pod husk biochar (CPHB) and corn cob biochar (CCB) on the bioavailability, speciation, and uptake of HMs 
(Cd, Cu, and Pb) by maize (Zea mays L.) in contaminated agricultural soil. A 60-day greenhouse experiment 
was conducted with biochar application rates of 1%, 2%, and 3% (w/w) at 70% field capacity. Soil properties 
such as pH, soil organic carbon (SOC), and cation exchange capacity (CEC) were analyzed before and after 
the experiment. HM bioavailability and speciation were determined using sequential extraction methods, 
while metal accumulation in maize roots and shoots was measured to calculate the bioconcentration factor 
(BCF) and translocation factor (TF). Biochar amendments raised soil pH, CEC, and SOC, with the most 
notable improvements observed in CPHB at 3%. The proportion of exchangeable HM fractions decreased 
relative to total content (Cd: by 5.12%, Cu: by 4.88%, Pb: by 3.89%), while residual fractions increased (Cd: 
by 58.14%, Cu: by 60.24%, Pb: by 52.11%), particularly at 2% and 3%. HM accumulation in maize roots 
and shoots significantly declined, with CPHB at 3% showing the greatest reduction. Correspondingly, the 
application of CPHB at 3% led to a decrease in BCF and TF values for Cd, Cu, and Pb, indicating diminished 
metal uptake by maize roots and limited translocation from roots to shoots. These findings suggest that 
CPHB, especially at a 3% rate, effectively reduces HM toxicity and bioavailability while promoting soil 
fertility, thus offering a promising strategy for remediating soils affected by mining activities.
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Introduction

Soil contamination by heavy metals (HMs) 
poses a significant threat to agroecosystem 
health, food security, and environmental 
sustainability, particularly in regions affected 
by artisanal and industrial mining (Wang et 
al., 2018). Toxic elements such as cadmium 
(Cd), copper (Cu), and lead (Pb) are persistent, 
non-biodegradable, and detrimental to living 
organisms, even at trace concentrations 
(Mishra et al., 2019). Once introduced into the 
environment, these metals undergo various 
geochemical processes that influence their 
distribution, speciation, and availability to 
plants, thereby impacting ecological risk and 

food chain dynamics (Li et al., 2022).
In sub-Saharan Africa, particularly in Ghana, 
unregulated small-scale gold mining, locally 
termed “galamsey,” has resulted in severe HM 
contamination of arable soils (Ruiz-Huerta et 
al., 2022; Wongnaa et al., 2024). This poses 
a significant risk to the cultivation of maize 
(Zea mays L.), a staple crop essential for rural 
food security and livelihoods (Wongnaa et al., 
2024). In contaminated soils, the fraction of 
metals available to plants is largely influenced 
by soil physicochemical attributes such as 
pH, cation exchange capacity (CEC), and soil 
organic carbon (SOC), as well as the specific 
chemical forms in which the metals are found 
(Eduah et al., 2022). Typically, exchangeable 
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and carbonate-bound fractions represent more 
bioavailable and mobile forms, while metals 
associated with residual or oxide-bound 
fractions exhibit limited mobility and lower 
ecological risk (Islam et al., 2023).
To address these challenges, biochar has 
emerged as a promising soil amendment for 
immobilizing HMs and enhancing soil quality 
(Eduah et al., 2022; Mazarji et al., 2023). 
Derived from the pyrolysis of biomass under 
limited oxygen conditions, biochar exhibits 
favourable surface characteristics, including 
high porosity, a substantial surface area, an 
alkaline pH, and diverse functional groups 
(Mazarji et al., 2023). These properties enable 
multiple immobilization mechanisms such as 
adsorption, ion exchange, complexation, and 
precipitation, which can effectively reduce 
metal bioavailability in contaminated soils (Liu 
et al., 2022). Moreover, biochar amendments 
can indirectly influence metal mobility by 
altering key soil parameters, particularly pH 
and CEC (Liu et al., 2022). The incorporation 
of biochar has also been shown to reduce 
concentrations of exchangeable metals, shift 
metal speciation into more stable fractions, 
and subsequently decrease plant metal uptake 
(Maharlouei et al., 2021; Rashid et al., 2022).
The effectiveness of biochar in soil remediation 
is strongly dependent on its feedstock and 
pyrolysis conditions, which determine its 
chemical and structural attributes (Eduah 
et al., 2022). Although biochars produced 
from common agricultural residues such as 
rice husk, wheat straw, or poultry litter have 
been extensively studied (Hayat et al., 2021; 
Alarefee et al., 2023), less attention has been 
given to underutilized biomass sources such 
as cocoa pod husks (CPH) and corn cobs 
(CC), despite their abundance in West Africa. 
Ghana, as the second-largest global producer 
of cocoa, generates substantial quantities 
of CPH, often discarded as waste. Yet these 
materials possess distinct chemical profiles 
(e.g., high K and O content, low ash content) 
that may confer strong HM immobilization 
potential (Eduah et al., 2020).
Despite growing interest in biochar-based 
remediation, limited research has directly 

10				                       West African Journal of Applied Ecology, vol. 33(2), 2025

compared the effects of different feedstock-
derived biochars, particularly CPHB and CCB, 
on HM speciation and plant uptake under 
real-world conditions in mining-impacted 
soils (Gutiérrez et al., 2022; Tejada-Tovar 
et al., 2022). Understanding the interactions 
between biochar type, soil chemistry, and plant 
response is crucial for developing targeted 
remediation strategies. The study therefore 
aimed at assessing the effect of CC biochar 
and CPH biochar on the bioavailability, 
speciation and uptake of HMs (Cu, Pb and Cd) 
by maize in contaminated agricultural soil. 
Such integrated assessments are essential for 
validating biochar applications in complex, 
multi-contaminant soil systems.

Materials and Methods

Soil and biochar
Mining-contaminated agricultural soils were 
sampled at a depth of 20 cm from Nsuta-
Tarkwa, Western Region, Ghana, an area 
severely impacted by artisanal and small-
scale gold mining (ASGM). The study site 
lies within the moist semi-deciduous forest 
agroecological zone, which is typified by 
Ferric Acrisols according to the World 
Reference Base for Soil Resources (WRB, 
1998; Dwomo and Dedzoe, 2010). This region 
has a mean annual rainfall ranging from 1,200 
to 1,600 mm and mean annual temperatures 
between 26 and 28 °C (Dickson and Benneh, 
1995). The soils are moderately acidic (pH 
= 5.40) and have a low soil organic carbon 
(SOC) content (1.30%) coupled with low 
CEC (8.40 cmolc/kg). The total Cd, Cu, and 
Pb in the soil are 3.50 mg/kg, 158.12 mg/kg, 
and 60.2 mg/kg, respectively, indicating that 
the soil used for the study was contaminated 
(Tóth et al., 2016).
Two biochar types, CCB and CPHB, 
pyrolyzed at 450 oC using Nabertherm furnace 
were obtained from the Council for Scientific 
and Industrial Research (CSIR), Ghana. The 
resulting biochars were finely ground to <1 
mm using a mortar and pestle, dried at 105 oC 
and stored in air-tight bags for characterization 
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and greenhouse experiment.

Soil and biochar analyses 
Particle size distribution was determined using 
the hydrometer method following Bouyoucos 
as described by Day (1965). The pH of both 
soil and biochar samples was measured in 
deionized water at a 1:2.5 (w/w) ratio after 
shaking for 1 hour, following the procedure 
outlined by Gaskin et al. (2008). The specific 
surface area of biochars was determined using 
the Brunauer-Emmett-Teller (BET) method 
(Gaskin et al., 2008). CEC was determined 
using a modified ammonium acetate 
compulsory displacement method (Gaskin 
et al., 2008). Total carbon of the biochar 
types was measured using a CHNS analyzer 
(Elementer vario El III, Germany) while the 
SOC was estimated by a modified Walkley 
and Black method (Walkley and Black, 1934). 
The total Cu, Pb and Cd were analyzed by 
digesting with concentrated HF-HNO3-HClO4 
acids (high purity) and measured using atomic 
absorption spectrometry (AAS, Perkin-Elmer 
2380, USA).

Greenhouse experiment 
A 60-day greenhouse pot experiment was 
conducted to evaluate the effects of CPHB 
and CCB on HM bioavailability and uptake by 
maize (Zea mays L.). The experiment followed 
a completely randomised design (CRD) with 
seven treatments (control, CPHB and CCB at 
1%, 2%, and 3% w/w), each replicated three 
times. Plastic pots (5 L capacity; 22 cm height 
× 18 cm diameter) were filled with 4 kg of air-
dried, sieved (≤2 mm) mining-contaminated 
soil, thoroughly mixed with the respective 
biochar, and pre-incubated for seven days. 
Soil moisture was maintained at 70% of field 
capacity using deionized water.
Surface-sterilized Obatanpa maize seeds 
were pre-germinated, sown (two per pot), and 
thinned to one seedling. Plants were grown 
under ambient greenhouse conditions (27-
30 °C) with no fertiliser applied. At harvest 
(60 days), plants were separated into roots 
and shoots, rinsed, oven-dried at 65 °C, and 
weighed. Dried tissues were weighed for shoot 

and root biomass and were further ground and 
digested with HNO3: HClO4 (3:1 v/v) for HM 
analysis. Soil and biochar-amended soils were 
also analyzed for pH, CEC, SOC, total Cu, Cd, 
and Pb according to their respective methods 
described earlier.

Sequential extraction for heavy metal 
speciation
Sequential Cu, Pb and Cd extraction was 
conducted based on a modified protocol 
combining methods as described by Eduah 
et al. (2024) to separate HMs into six 
geochemical fractions: exchangeable (F1), 
carbonate-bound (F2), organic matter-
bound (F3), amorphous Fe/Al-bound (F4), 
crystalline Fe/Al-bound (F5), and residual 
(F6). Aliquots of 1 g soil/ soil-biochar mixture 
were sequentially extracted with appropriate 
reagents under controlled pH, time, and 
agitation conditions. The extracts were filtered 
and quantified for Cu, Cd and Pb using AAS 
(Perkin-Elmer 2380).

Heavy metal uptake, bioaccumulation factor 
and translocation factor calculation
Total concentrations of Cd, Cu, and Pb in 
root and shoot tissues were determined 
following the procedures described by Munir 
et al. (2020) and Ruiz-Huerta et al. (2022). 
The bioconcentration factor (BCF) and 
translocation factor (TF) were calculated in 
accordance with the methods outlined in these 
studies, using the relationships:

Statistical analysis 
All data were analysed using R software 
(version 4.3.0). Shapiro-Wilk and Levene's 
tests were used to verify normality and 
homogeneity of variances, respectively. 
One-way ANOVA was performed to assess 
treatment effects on HM speciation, uptake 
and maize biomass, followed by Tukey’s HSD 
test for multiple comparisons (α = 0.05).
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Results and Discussion 

Properties of the studied biochar and soil-
biochar mixture 
Table 1 shows that both biochar types were 
strongly alkaline, with pH values of 9.1 
for CPHB and 8.4 for CCB, reflecting the 
accumulation of basic oxides and carbonates 
during pyrolysis at 450 °C (Eduah et al., 
2019). Alkaline biochars are known to 
neutralize acidic soils and immobilize HMs 
via precipitation and increased negative 
surface charge, thereby reducing metal 
solubility and mobility (Liu et al., 2022). EC 
values were moderately elevated, 1.20 dS/m 
for CPHB and 1.10 dS/m for CCB, indicating 
the presence of soluble mineral ions. These 
EC levels fall within acceptable thresholds 
for soil application and can enhance nutrient 
availability in nutrient-depleted tropical soils 
(Van Zwieten et al., 2010; Méndez et al., 
2012).
CPHB had a slightly higher total carbon 
content (52.6%) than CCB (48.2%), likely 
due to the lignocellulosic composition of CPH 
feedstock (Singh et al., 2010). The high carbon 
content contributes to long-term organic matter 
stabilization and carbon sequestration (Singh 
et al., 2010). CEC was also higher in CPHB 
(38.2 cmolc/kg) than in CCB (31.7 cmolc/kg), 
suggesting greater capacity for HM retention. 
The specific surface area followed a similar 
pattern, with CPHB (220 m²/g) exceeding 
CCB (198 m²/g), indicating a greater density 

of sorption sites (Chen et al., 2011).
Both biochars contained negligible levels of 
HMs: Cd was below detection limits, while 
Cu and Pb concentrations were <2.5 mg/
kg and <1.5 mg/kg, respectively, well below 
critical thresholds for environmental safety 
(Tan et al., 2017), confirming their suitability 
for field application.
The application of both biochars significantly 
(p < 0.05) improved soil chemical properties 
(Table 2). These changes included increased 
soil pH, SOC, CEC, and base cations, with 
more pronounced effects observed in CPHB 
treatments at 3% application rate. For 
instance, the soil pH increased from 5.4 in the 
control to 7.80 in the 3% CPHB treatment, a 
significant shift for HM-contaminated tropical 
soils, where low pH promotes HM solubility 
and bioavailability (Beesley et al., 2011). SOC 
and CEC also rose substantially, from 12.0 to 
22.0 g/kg and from 12.8 to 28.0 cmolc/kg, 
respectively, under CPHB3%.
The increase in SOC reflects both the direct 
contribution of carbon-rich biochar and 
its indirect effect in stimulating microbial 
biomass and stabilizing native organic matter 
(Lehmann and Joseph, 2015). High SOC 
coupled with elevated CEC can support HM 
immobilization through electrostatic attraction 
and inner-sphere complexation, thereby 
reducing HM mobility and uptake by plants 
(Méndez et al., 2012). It is therefore expected 
that soils amended with CPHB could reduce 
HM availability and mobility.

TABLE 1
Properties of cocoa pod husk biochar (CPHB) and corn cob biochar (CCB)

Property CPHB CCB

pH (H2O) 9.1 8.4

Electrical conductivity (dS/m) 1.20 1.10
Total carbon (%) 52.6 48.2
CEC (cmolc/kg) 38.2 31.7
Specific surface area (m²/g) 220 198
Total Cd (mg/kg) <DL <DL
Total Cu (mg/kg) <2.5 <2.5

Total Pb (mg/kg) <1.5 <1.5
CPHB = cocoa pod husk biochar; CCB = corn cob biochar



Essibu J. K. et al: Contrasting effects of Corn cob and Cocoa pod husk biochars on Heavy metal Bioavailability    13

Changes in heavy metal bioavailability and 
speciation
Heavy metal adsorption and lability in 
varying biochar-amended soils have been 
studied (Kumar et al., 2021; Yu et al., 2021). 
Reportedly, the binding state of HMs and, 
as such, their geochemical distribution in 
the solid phase of soils determines their 
extractability and mobility (Kumar et al., 
2021). In that regard, exchangeable HMs 
constitute the labile or readily available pool 
for plant uptake. Metals associated with 
carbonates are considered moderately labile. 
In contrast, HM associations with organic 

matter, crystalline Fe and Al oxides, and 
amorphous Fe and Al oxides are typically 
more stable, requiring substantial changes in 
soil pH or redox conditions for release (Islam 
et al., 2023). The residual fraction represents 
HMs in the highly stable or occluded form 
(Islam et al., 2023). The speciation of Cd, 
Cu, and Pb across the six geochemical 
fractions (F1-F6) was significantly (p < 0.05) 
influenced by biochar type and application 
rate (Figure 1). In the unamended control, 
the HMs were predominantly associated with 
labile fractions, Cd (F1+F2: 2.22 mg/kg), Cu 
(F1+F2: 10.72 mg/kg), and Pb (F1+F2: 15.25 

TABLE 2
Effect of biochar types at different rates on soil properties

Treatment pH (H2O) SOC (g/kg) CEC (cmolc/kg)

Control (0%) 5.40a 12.0a 12.8a

CCB 1% 5.95b 14.3b 15.6b
CCB 2% 6.30c 16.5c 18.0c
CCB 3% 6.55d 18.2d 20.1d
CPHB 1% 6.25c 15.8c 17.8c
CPHB 2% 7.10e 19.5e 25.0e
CPHB 3% 7.80f 22.0f 28.0f
Corn cob biochar (CCB) applied at 1%, 2% and 3%. Cocoa pod 
husk biochar applied at 1%, 2% and 3%. Different superscript 
letters within columns indicate significant differences (p < 0.05)

Figure 1: Heavy metal (Cd, Pb and Cu) fractions in soil and biochar amended soils. Exchangeable (F1), carbonate-
bound (F2), organic matter-bound (F3), amorphous Fe/Al-bound (F4), crystalline Fe/Al-bound (F5), and residual 
(F6)
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mg/kg), implying high phytoavailability and 
environmental risk.
Biochar amendment significantly (p < 0.05) 
reduced the proportion of metals in F1 and 
F2 and increased association with more stable 
fractions (F3-F6), especially under 2-3% 
CPHB. For example, CPHB 3% reduced 
Cd (F1+F2) from 2.22 to 1.04 mg/kg, while 
increasing Cd in F5+F6 from 0.69 to 2.02 
mg/kg. Similarly, Cu and Pb showed a shift 
towards oxide-bound, organic-bound, and 
residual forms, indicating greater geochemical 
stability.
The enhanced metal retention in F5 
(crystalline Fe/Al oxides) and F6 (residual) 
in CPHB treatments supports the hypothesis 
that CPHB, with its higher surface area, pH, 
SOC, and CEC, facilitates metal precipitation, 
complexation, and strong sorption. The higher 
SOC contributes reactive functional groups 
that complex metal ions, while increased 
CEC enhances electrostatic attraction and ion 
exchange, collectively reducing metal lability 
(Palansooriya et al., 2020). This reduction 
in metal mobility is largely attributed to 
changes in soil pH, which regulate the charge 
behaviour of organic functional groups (e.g., 
–COOH, –OH) and the overall CEC, thereby 
strengthening metal complexation and 
adsorption (Eduah et al., 2024; Palansooriya 
et al., 2020). The effect was more pronounced 
in the 3% CPHB treatment, where a greater 
shift of metals into the stable F5 and F6 
fractions was observed. The observed 
redistribution of metals from exchangeable 
and carbonate-bound forms (F1-F2) into 

more stable fractions such as amorphous 
and crystalline Fe/Al oxide-bound (F3-F4), 
organic matter-bound (F5), and residual 
forms (F6) highlights the role of biochar in 
long-term metal immobilisation. These shifts 
are attributed to a combination of chemical 
and physical mechanisms, including pH-
induced precipitation, electrostatic attraction, 
ion exchange, and surface complexation 
(Yu et al., 2021). As pH increases, several 
processes enhance metal retention in soils. 
Firstly, a higher pH elevates the negative 
surface charge, thereby strengthening the 
adsorption of positively charged metal ions, 
particularly in soils rich in variable-charge 
minerals such as those common in Ghana. 
Secondly, increased pH favours the hydrolysis 
of metal ions, leading to the formation of 
hydroxyl complexes (e.g., M(OH)⁺) that are 
more strongly bound to soil surfaces than free 
metal cations. Finally, metal precipitation as 
hydroxides (e.g., M(OH)₂) further reduces 
their solubility and mobility within the soil 
matrix (Wang et al., 2009; Bolan et al., 2014; 
Palansooriya et al., 2020).
Although the total change in distribution 
across treatments was modest for some 
metals, the trend consistently showed reduced 
mobility and bioavailability in biochar-
amended soils. CPHB was more effective than 
CCB, especially at higher doses, in stabilizing 
HMs and reducing their ecological risk.

Effect of biochar on maize biomass production
Amended heavy metal contaminated soils 
significantly (p < 0.05) influenced maize 

TABLE 3
Dry root and shoot biomass of maize in soil and biochar amended soils 

Treatment Dry root biomass 
(g/plant)

Dry shoot biomass 
(g/plant)

Control (0%) 2.6a 8.4a

CCB 1% 3.1ab 9.8ab
CCB 2% 3.4b 10.5b
CCB 3% 3.6b 11.0b
CPHB 1% 3.5b 10.8b
CPHB 2% 3.9c 12.2c
CPHB 3% 4.3c 13.0c
Corn cob biochar (CCB) applied at 1%, 2% and 3%. 
Cocoa pod husk biochar (CPHB) applied at 1%, 2% and 
3%. Different superscript letters within columns indicate 
significant differences (p < 0.05)
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biomass accumulation (Table 3). Both root 
and shoot biomass increased significantly (p 
< 0.05) with biochar application, with CPHB 
generally outperforming CCB significantly 
(p < 0.05) across all rates. In the unamended 
soil, mean dry root and shoot biomass were 
2.6 g/plant and 8.4 g/plant, respectively. The 
addition of CCB at increasing rates resulted in 
a significant (p < 0.05) biomass enhancement, 
with shoot biomass rising to 11.0 g/plant 
at 3% application. Similarly, root biomass 
reached 3.6 g/plant under the same treatment. 
However, the most significant (p < 0.05) 
improvements were observed in the CPHB 
treatments. At 3% CPHB, shoot biomass 
reached 13.0 g/plant increase over the control 
and root biomass was 4.3 g/plant, representing 
a 65.4% increase. The increment in plant 
growth in biochar-amended soils could be 
due to biochar’s liming effect, especially 
CPHB, which neutralizes soil acidity and 
creates more favourable conditions for root 
development and nutrient uptake (Beesley 
et al., 2011; Méndez et al., 2012). More so, 
the increased CEC, particularly in CPHB, 
may improve nutrient retention and supply 
to plants over the growth period (Lehmann 
and Joseph, 2015). Additionally, the observed 
reductions in bioavailable HMs (Figure 1) 
likely alleviated metal-induced phytotoxicity, 
enabling improved physiological functioning 
and biomass accumulation (Luo et al., 2020). 
Comparatively, the significant (p < 0.05) 
impact of CPHB over CCB in promoting 

maize growth is consistent with its higher 
SOC, surface area, and CEC (Table 1), all of 
which enhance its capacity to improve soil 
fertility and immobilize toxic elements. These 
findings align with earlier studies that reported 
enhanced biomass in metal-contaminated 
soils amended with high-quality biochars 
derived from nutrient-rich or lignocellulosic 
feedstocks (Singh et al., 2010; Ahmad et al., 
2017).

Heavy metal uptake in maize tissues
The concentrations of Cd, Cu, and Pb in maize 
root and shoot tissues were significantly (p 
< 0.05) influenced by biochar amendment 
type and application rate (Table 4). Across 
all treatments, a consistent trend was 
observed whereby increasing the rate of 
biochar addition, particularly CPHB, led to 
a significant reduction in HM accumulation 
in plant tissues. These findings align with the 
observations of Khan et al. (2020), who found 
markedly lower concentrations of Cu, Mn, 
Cd, and Pb in plant-based biochar–amended 
soils relative to the control.
In the unamended soil, maize roots 
accumulated 12.3 mg/kg Cd, 25.8 mg/kg Cu, 
and 30.5 mg/kg Pb, while corresponding shoot 
concentrations were 7.6, 15.0, and 18.2 mg/
kg, respectively. These values indicate high 
bioavailability of HMs under contaminated 
conditions, with a strong likelihood of 
phytotoxic effects and potential transfer into 
the food chain.

TABLE 4
Heavy metal accumulation in roots and shoots of maize in soil and biochar-amended soils

Treatment Root Cd 
(mg/kg)

Shoot Cd 
(mg/kg)

Root Cu 
(mg/kg)

Shoot Cu 
(mg/kg)

Root Pb 
(mg/kg)

Shoot Pb 
(mg/kg)

Control (0%) 12.3a 7.6a 25.8a 15.0a 30.5a 18.2a

CCB 1% 11.0ab 6.8ab 23.5ab 13.2ab 28.1ab 16.0ab

CCB 2% 10.0b 5.9b 21.3b 12.0b 25.6b 14.3b
CCB 3% 9.1b 5.1b 19.4b 10.8b 23.7b 13.5b
CPHB 1% 9.3b 5.4b 20.2b 11.4b 24.5b 13.9b
CPHB 2% 7.8c 4.0c 16.5c 8.9c 20.3c 11.1c

CPHB 3% 6.5c 3.2c 14.1c 7.1c 18.0c 9.2c
Corn cob biochar (CCB) applied at 1%, 2% and 3%. Cocoa pod husk biochar applied 
at 1%, 2% and 3%. Different superscript letters within columns indicate significant 
differences (p < 0.05)



Application of CCB at 1-3% (w/w) resulted 
in significant reductions in metal uptake. 
For example, root Cd and Pb concentrations 
declined to 9.1 and 23.7 mg/kg, respectively, 
at the highest CCB dose (3%). Similar 
reductions were observed in shoot tissues. 
However, CPHB proved more effective than 
CCB in limiting metal accumulation. At 
3% CPHB, Cd, Cu, and Pb concentrations 
in shoots decreased by 57.9%, 52.7%, and 
49.5%, respectively, compared to the control, 
with root concentrations showing similar 
declines.
The superior performance of CPHB may be 
attributed to its higher pH, surface area, and 
CEC, which promote metal immobilisation 
through multiple mechanisms, including pH-
induced precipitation, surface complexation, 
ion exchange, and electrostatic adsorption 
(Beesley et al., 2011; Ahmad et al., 2017). 
Moreover, the presence of oxygenated 
functional groups (e.g., –COOH, –OH) 
on CPHB surfaces enhances inner-sphere 
complexation of metal cations, resulting in 
stronger and more stable sorption (Chen et al., 
2017).
The reductions in plant heavy metal 
concentrations are consistent with the 
observed shifts in soil metal speciation, where 
biochar treatments redistributed metals from 
exchangeable and carbonate-bound forms 
to less labile fractions, including Fe/Al- and 
organic matter-bound and residual forms 
(Section 3.2). Such transformations directly 

lower metal bioavailability and consequently 
reduce plant uptake. The decline in metal 
accumulation may also be linked to the 
dilution effect associated with increased plant 
growth, metal immobilisation in soil, and the 
formation of stable metal-organic complexes 
(Xu et al., 2017). Additionally, the increase 
in soil pH induced by biochar addition 
contributes to decreased metal solubility and 
bioavailability (Eissa, 2024).
For comparison, permissible heavy metal 
concentrations in maize tissues (dry weight) 
are approximately 10-20 mg/kg for Cu, < 
2 mg/kg for Pb, and 0.1-0.2 mg/kg for Cd 
(FAO/WHO, 2021). The concentrations 
observed under unamended conditions greatly 
exceeded the recommended limits for Pb 
and Cd in both roots and shoots, indicating 
severe contamination and potential food 
safety concerns. Notably, biochar treatments, 
particularly CPHB, substantially reduced these 
metal levels toward or below the permissible 
limits in shoot tissues, underscoring the 
strong potential of biochar to mitigate HM 
contamination and enhance food safety in 
contaminated soils.

Bioconcentration and translocation of HMs in 
maize
The BCF and TF of Cd, Cu, and Pb were 
significantly influenced by both the type and 
rate of biochar application (Table 5). The BCF 
quantifies the accumulation of metals in plant 
roots relative to soil concentrations, while TF 
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TABLE 5
Bioaccumulation factor and Translocation factor of heavy metals in soil and biochar amended soils

Treatment Cd BCF Cd TF Cu BCF Cu TF Pb BCF Pb TF

Control (0%) 2.67a 0.62a 1.35a 0.58a 0.50a 0.60a

CCB 1% 2.42a 0.62a 1.27a 0.56a 0.47a 0.57a
CCB 2% 2.21ab 0.59ab 1.15ab 0.56a 0.42ab 0.56a
CCB 3% 1.98b 0.56b 1.00b 0.56a 0.39b 0.57a
CPHB 1% 1.89b 0.58b 0.98b 0.56a 0.38b 0.57a
CPHB 2% 1.60c 0.51c 0.83c 0.54a 0.33c 0.55a

CPHB 3% 1.41c 0.49c 0.72c 0.50b 0.30c 0.51b
Corn cob biochar (CCB) applied at 1%, 2% and 3%. Cocoa pod husk biochar applied 
at 1%, 2% and 3%. Different superscript letters within columns indicate significant 
differences (p < 0.05)



reflects the efficiency of metal movement from 
roots to shoots (Ahmad et al., 2017). In the 
control treatment (no biochar), Cd exhibited 
the highest BCF (2.67), followed by Cu 
(1.35) and Pb (0.50), indicating that Cd was 
the most readily accumulated by maize roots. 
Similarly, TF values ranged from 0.58 to 0.62, 
with Cd again showing the highest mobility 
from roots to shoots. These elevated BCF 
and TF values in the control underscore the 
high phytoavailability and mobility of HMs in 
unamended contaminated soils.
Application of CCB and CPHB significantly 
(p < 0.05) reduced BCF values for all three 
metals, with greater reductions consistently 
observed under CPHB treatments. At the 3% 
CPHB rate, BCF values declined to 1.41 for 
Cd, 0.72 for Cu, and 0.30 for Pb. This stronger 
immobilizing effect of CPHB is attributed 
to its superior physicochemical properties, 
specifically its higher surface area, alkalinity, 
and abundance of oxygen-containing 
functional groups, which enhance metal 
adsorption, complexation, and precipitation 
(Beesley et al., 2011; Ahmad et al., 2017).
The TF values similarly declined with biochar 
application. For Cd, TF decreased from 0.62 
in the control to 0.49 under 3% CPHB. Cu 
and Pb followed comparable patterns, with 
the lowest TF values recorded in the CPHB 
3% treatment. These reductions suggest that 
biochar amendments limit root-to-shoot metal 
translocation, likely through enhanced metal 
sequestration in root tissues, reduced solubility 
in the rhizosphere, and possible inhibition 
of xylem loading (Wang et al., 2020; Zhou 
et al., 2023). This indicates a lower risk for 
contamination of the food chain and primary 
consumers (Puga et al., 2016).
Across all treatments, Cd consistently exhibited 
higher BCF and TF values than Cu and Pb, 
reflecting its greater solubility and mobility 
in the soil–plant system. These findings align 
with previous studies on the effectiveness of 
biochar in reducing HM uptake and transport 
in plants grown in contaminated soils (Fellet 
et al., 2014; Munir et al., 2020). Clearly, both 
biochar types played a dual role as both a soil 
amendment for contaminant immobilization 

and a plant growth enhancer in degraded 
environments. By limiting the uptake and 
internal transport of HMs in maize, biochar, 
especially from CPHB, offers a promising 
strategy for improving crop safety and 
productivity on mining-impacted agricultural 
lands.

Conclusion
 
This study demonstrated that biochar 
amendments, particularly CPHB, significantly 
improved soil chemical properties, reduced HM 
bioavailability, and enhanced maize biomass 
in mining-contaminated soils. The application 
of CPHB at 2-3% w/w effectively shifted Cd, 
Cu, and Pb from labile (exchangeable) to 
more stable geochemical fractions (organic-
bound, Fe/Al oxide-bound, and residual), 
thereby reducing their mobility and ecological 
risk. Correspondingly, HM concentrations in 
maize tissues decreased substantially with 
increasing biochar rate, particularly under 
CPHB, which also showed greater reductions 
in bioconcentration factor (BCF) and 
translocation factor values compared to CCB. 
These findings confirm the dual functionality 
of biochar, enhancing soil fertility while 
immobilizing toxic metals. Given its superior 
physicochemical properties, CPHB emerges 
as a more effective amendment than CCB 
for remediating mining-impacted agricultural 
lands and promoting safe crop production in 
tropical environments. Further field-scale 
studies are recommended to validate these 
results under long-term agronomic conditions.
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