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Abstract

The aim of this study is to appraise raffia palm trunk (RPT) biochar prepared with different temperatures on sorption of urban
leachate. Biochar used in this study was produced from RPT at three different temperatures (350 °C, 550 °C and 750 °C) while
leachate used in this study was collected from two urban wastes dump locations in Warri, Delta State, Nigeria using standard
procedure. The pH level of leachate before treatment was found to be acidic while the dissolve oxygen (DO) of leachate was
found to be very low. Leachate treatment with RPT-derived elevated the level of pH from acidic region to alkaline region
while the dissolve oxygen (DO) received a decrease. Total dissolve solid (TDS) increase after leachate treatment. Interactions
of biochar with leachate also decline the concentration of nitrate and phosphate. The COD (chemical oxygen demand) and
BOD (biochemical oxygen demand) of leachate before remediation were found to be above the recommended range set by
EPA. The level of COD and BOD after treatment was found to decrease as the pyrolysis of RPT biochar increases. Biochar
contact with leachate also revealed a decline in Poisonous metals level as the pyrolysis temperature of biochar increases from
350 to 750 °C. Therefore, this research has shown that green and sustainable RPT biochar produced at 750 °C displayed
a remarkable reduction of over 75% of non-degradable contaminants, poisonous metals and 37% biodegradable organic
contaminants of dumpsites leachate.
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Introduction prominent in urban environments. The compositions of lea-
chate in any wastes depend on the nature of wastes and the

Wastes and leachate are reservoir for breeding of vectors and ~ weather condition. The amount of leachate infiltrated into

pathogens. Pathogen and vectors are disease carriers that
result to morbidity and mortality of urban populace espe-
cially infants (Krystosik et al. 2020). Domestic, industrial
and medical wastes are the major sources of wastes that are
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ground water depended on precipitation, evapotranspiration,
surface run- off, the pH of the leachate and the nature of
percolating soil (Lindamulla et al. 2022).

The major hazardous wastes dominated in landfill
throughout world are toxic metals because they are not bio-
degradable. Indiscriminate disposal of hazardous wastes
such as battery, electronic, medical, chemical laboratory
wastes are some of the wastes that are prominate in urban
wastes (Ferronato and Torretta 2019). They are disposed
without adequate treatment or management. Leachate from
wastes dump containes different types of toxic metals. They
have no any benefits to man when ingested at low or higher
concentration rather they are harmful even at a reduced
concentration. They get to man through food and water or
direct contact (Abdel-Shafy and Mansour 2018). Leachate
contamination of ground water, surface water resources,
marine organisms and plant is a global challenge through the
world due to increasing population and wastes management
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practice (Abubakar et al. 2022). Other effect of wastes lea-
chate in landfill is the transmission of wastes bacterial, virus,
fungi and odour by air, the end product of this transmission
is disease on human and animals (Parvin and Tareq 2021).
Foul odour from leachate dumpsite is unpleasant and it can
trigger health problems such as skin irritation, abdominal
pain, asthma and sneezing.

Leachate is formed when water from precipitation or dew
comes into contact with wastes, they are subdued to hydroly-
sis, microbial action, dissolution and finally transported by
gravity to the bottom of wastes, as it moved by gravity it pick
up different organic and inorganic compounds along that are
toxic in nature, this contaminated ooze liquid is known as
seepage or leachate. The transportation of leachate through
the soil alter the physiochemical properties of ground water
resources (B.C. Ministry of Agriculture 2017). The leachate
resulting from wastes dump have been described as concen-
trated and complex which comprise toxic metals and organic
matter such as potassium, phosphorus, ammonium, sodium
magnesium and xenobiotic substances (Abdel-Shafy et al.
2024). Wastes dump have been reported in different stud-
ies as the major cause of surface water contamination as a
result of overflow and precipitation into nearby water bodies
(rivers, lakes, pond and streams) as well as migration into
ground water especially in an area with low water table.
The extent of ground water also depend on the toxicity of
leachate, nature and permeability of geo-logical strata direc-
tion of ground water flow and rainfall intensity (Ferronato
and Torretta 2019).

Biochar is formed when biomass is pyrolysed at a temper-
ature beyond 300 °C in the absence or limited oxygen (Jaya-
wardhana et al. 2016). Some of the properties of biochar
is the sorption of inorganic and organic contaminants on
boichar surface and increase in pH in environmental media.
Increasing the pyrolysis temperatute of biochars raises their
level of carbonization, which raises biochar surface (Yaashi-
kaa et al. 2020). This has been demonstrated to increase
biochar capacities to adsorb organic pollutants in soil. Many
authors have shown that increasing the pyrolysis of biochar
to 700 °C increase the surface area of biochar. These suggest
that increasing the pyrolysis temperature will have cause an
increase in organic pollutants remediation. The sorption of
organic pollutanst by biochar prevent the organic pollutant
from microbial degradation (Ambaye et al. 2021). There-
fore conversion of organic compound contaminants to green-
house gases such as carbon (IV) oxide and methane will be
reduced. Toxic metals or heavy metals are not degraded in
the environment. Biochar are known to form complex toxic
metal ions on their surface and therefore decrease bioavail-
ability which render a limit health risk (Liu et al. 2021).
Numerous authors asserted that there is ease of metals sorp-
tion when biochar interact with metals due to the presence of
different functional groups (hydroxyl, alcohol, ester, amino,

ketone, aldhyde carboxylic group) on the surface of biochar.
Complexes is easily formed between metals and this group
(Li et al. 2017). Alkaline pH is also an important quality
of biochar which aid the precipitation and complexation of
metals in environmental medial (Jha et al. 2023).
Interaction of biochar on leachate has been reported to
organic contaminants (Mukherjee et al. 2022). The author
reported that reduction could be due to the functional group
and porosity, which act as organic contaminants withholding
sites. Biochar contact with heavy metals leachate has also
been reported to decrease metals concentration, the author
suggested that the decrease could be adduced to the negative
charge inherent in biochar (Anne et al. 2023). Biochar with
alkaline pH has also been documented to decrease the level
of toxic metals when leachete passed through the biochar
(Jia et al. 2021). This could be due to the complexation and
precipitation of toxic metals aided by higher pH of biochar.
Biochar contact on leachate and wastes water has also been
reported to decrease total dissolved solids (Phiri et al. 2024).
Studies on Warri dumpsite leachate have revealed that
leachate migrate from one source to another to contami-
nate agricultural soil and the same time adsorbed and
accumulate in plants consumed by man (Adedinni et al.
2023). Contamination of ground water and surface water
has been reported in the vicinity of wastes dumpsite in
the area (Samuel et al. 2023). In a study undertaken by
Ibe et at. (2021), in a related location, it was published
that inhabitant living within wastes dumpsite in Benin
City were contaminated with toxic metals as a result of
percolation of leachate into surrounding ground water. In
the same vein (Ibe et al. 2021) also published the accu-
mulation of some poisonous metals in crops grown within
wastes dumpsites vicinity. The contamination on surface
and ground water becomes serious when acquifer in such
environments is unrestricted (Li et al. 2021). A study
undertaken on the toxicity of 56 wastes dumpsites lea-
chates samples have revealed the presence of 32 chemi-
cals that is cancer causing. Meanwhile, in developed
nations there are strategies used to mitigate and control
the challenged associated with leachate in the urban envi-
ronment (El-Saadony et al. 2023). In Warri like other City
in Nigeria there are no strategies to mitigate and control
leachate in the urban and non-urban environment, if these
trend continue there might be serious environmental and
health consequences. Therefore, it is necessary to purify
or treat the leachate in the environment, many strategies
are utilized for its treatment, often combining physical,
chemical and biological approaches. Notably methods
consist membrane fitration in combination with coagu-
lation using fenton process (Mu et al. 2021). Biological
purification is also gaining attraction in recent time with
micro-organism driving the process in landfill wastes
degradation (Nair 2021), this stragies is not cost effective.
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Similarly, phytoremediation, the use of plants also offer
promising methods for removing contaminants from lea-
chate, though it is time consuming. Another stratrgies of
leachate treatnment is the use of adsorption material. The
effectiveness of this strategies depend on the adsorbent
and the physico-chemical composition of the leachate
(Aziz et al. 2023). Activated carbon and zeolite are adsor-
bent commonly used in treatment of leachate because of
their unique surface properties (Ab Ghani et al. 2023),
activated carbon also has a limitation such as high cost of
activated material feedstock, and difficult to remove pow-
dered from leachate. Our study is aimed to fill this gap in
identifying the optimum temperature of biochar-derived
from raffia palm trunk (RPT) that will give environmental
and health benefits. Biochar is a thermochemical mate-
rial derived from biomass such as agricultural wastes
(Amalina et al. 2022). Biochar manufacturing is more
economical and less environmental effect than manufac-
turing of activated carbon. In addition, biochar prepared
with standard procedure can provide a good adsorbent.
Biochar has emerged as a promising solution for the
remediation of dumpsite leachate owing to its potential
benefits (Mu et al. 2021). To the best of our knowledge
no research has focused on raffia palm trunk- derived
biochar to remove contaminants from dumpsite leachate
particularly the impact of carbonization temperature. The
results in the study will provide valuable scientific infor-
mation on the optimum temperature of biochar that will
be more effective in the reduction of non- degradable and
degradable organic wastes.

Fig.1 Warri map showing

sampling location 348N m
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Materials and methods

Leachates collection, biochar production
and experimental design

Leachate samples were obtained in April, 2023 from two
wastes dump location in Warri. Leachate samples were ran-
domly collected at the base of the dumpsite from three points
for each locations, this sampling methods is chosen because
the dumpsite does not have leachate collecting system. Warri
is located in Delta State, south-south, Nigeria and is located
between latitude 5°31'0"N and longitude 5°45'0"E.Warri is
known as oil city because is host to many oil exploration/
production, oil refineries companies and many specialist
hospitals There are also many artisans workshop and small/
medium enterprises in the city such car spraying workshop,
automobile batteries repair, photographic studios e.t.c. There
are locations where some of the wastes from these organi-
zations and homes are dump without treatment. Domestic
and industrial wastes are prominent in the dumpsites, these
include food, fruit peeling, textiles, plastics, papers, chemi-
cal bottles, solvent, scrap metals electronic, photography,
and automobile spraying wastes e.t.c.

Rafia palm trunks (RPT) were collected from RPT plan-
tation in Mosogar, Delta State (Fig. 1). Mosogar is located
between latitude 5°53'5"N and longitude 5°44'1"E, raffia
palm is one of the major economic tries grown by the inhab-
itants of the community. It is grown in swampy location
of the community during the beginning of the wet season.
The raffia palm is grown without irrigation in sandy loam
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soil, the maturity of raffia palm is between seven and eight
years. There are two climate condition in this area, the wet
(raining) season. The wet season is between April to Octo-
ber while the dry season is between November to March.
The average annual rainfall lies between 1500 to 2900 mm
(Chiew 2006). The average temperature is about 32 °C.

RPT obtained were dried and pyrolysed at three different
temperatures of 350 °C, 550 °C and 750 °C. The pyrolysed
RPT (biochar) was allowed to cool overnight, crushed and
passed through 2 mm mesh.

A one hundred (100 g) of biochar were packed into bio-
char column (with a length of 25 cm and inner diameter of
3 cm) that was initially packed with cotton wool. The outer
surface of the column was covered with filter paper. The
leachate was added to the biochardropwise with the aid of
dropping burette (De Gisi et al. 2016). The eluted leachate
was thereafter collected after 4 h (Siggins et al. 2021).

Determination of physico-chemical properties
of leachate and biochar

Determination of sample pH was done according to Mck-
ean (1989). The pH was measured using pH meter that was
standardized with pH buffer. The pH electrode was inserted
into the leachate and biochar- solution samples, pH was read
when reading stabilized. The Total dissolved solids was ana-
lyzed according to Chiew (2006). Leachate of 100 ml was
measured and filtered using whatman filter paper that was
previously weighed. The filter papers were resmoved and
dried for half a minute in an oven operating at 105 °C. The
filter papers were allowed to cool at room temperature and
reweighed. The titration methods explained by Velkush-
anova et al. (2021) were adopted for analysis of biochemical
oxygen demand and chemical oxygen demand.

The concentration of nitrate, phosphate, magnesium,
calcium, cations metals and toxic metals were analysed
using atomic absorption spectrometer, AAS (Buck Scien-
tific VGP 210, US.).

Quality assurance and data processing

Chemical used for sample extraction and characterisation
were of analytical grade. Laboratory Standard protocol
were employed in leachate sampling and in the labora-
tory analyses to ensure reliable results for the study. Mean
standard deviation were done and data presentation were
carried out using relevant tables and statistical bar charts.

Results and discussion

The water holding capacity of biochar pyrolysed at 350 °C,
550 °C and 750 °C temperature revealed 0.25, 0.38, 0.40%
respectively. The water holding capacity of the biochar
indicate an increase in water holding capacity as the tem-
perature of biomass increased from 350 to750 °C. The
mean levels of sodium, magnesium, potassium, calcium
ion for biochar prepared at 350 °C are 181.20+0.5,
220.214+0.6, 1251.63 +0.09 and 20.40 + 0.6 mg/I1 respec-
tively. Biochar prepared at 550 °C gave 199.42 +0.8,
256.21+0.7, 167.45+0.3 and 30.23 +0.2 mg/kg for
sodium, magnesium, and potassium and calcium ion
respectively. Similarly, the biochar pyrolysed at 750 °C
gave the highest value, 2231.54 +£0.4, 274.34 +£0.3,
186.85+0.5 and 34.43 +0.1 mg/kg for sodium, magne-
sium, and potassium and calcium ion respectively. The
Poisonous metals levels of biochar are below the detec-
tion limit. Therefore, biochar used in this study will not
have any negative impact on the quality of results of this
research.

Impact of biochar interaction physico-chemical
properties of leachate

The physico-chemical properties of leachate collected from
two urban wastes location is dipcted in Tables 1, 2, the pH
of leachate revealed 5.50+0.01 and 5. 9+0.01 for urban
wastes leachate location 1 and 2 respectively. This suggest
that the pH of the urban leachates is acidic, the acidic nature
found in wastes leachate could be attributed to quite amount
of hydrogen carbonate (H,CO;™ and HCO;™) occluded
in minerals present in the leachate, it could also suggest
that leachate is formed from fresh wastes Wdowczyk and
Szymariska-Pulikowska (2021). The acidic nature of wastes
dump leachate has been previously reported in many studies
(Wahlstrom et al. 2013).

The low pH of the study leachate could increase mobility
of poisonous metal in this location. Many researchers have
advocated that an environment that is acidic is prone to dis-
ease (Jaishankar et al. 2014). The interaction of boichar on
leachate lead to increase of leachate pH, prepared at 750 °C
has the highest pH followed by 550 °C and 350 °C. The
change in acidity to alkalinity could be due to the sorption
of hydrogen carbonate by the surface area of the biochar, the
highest pH observed by biochar prepared at 750 °C could
be due to increase in surface area of the biochar (Nicholas
et al. 2022).

Total dissolved solids (TDS) value of leachate is in the
range of 26.32-27.42 mg/l1, the low concentration of TDS
could be as a result of reduced amount of soluble anions
and cations incorporated in the sample. Evaluation of TDS
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Table 1 Impact of biochar

. Parameter Control Biochar temperature Percentage reduction
temperature on physico-
chemical properties of leachate 350 °C 550 °C 750 °C 350 °C (%) 550 °C (%) 750 °C (%)
for location 1
pH 55+0.1 6.8+0.1 7.2+0.1 8.1+0.1 —24 - 31 - 47
TDS (mg/l)  26.32+0.2 192+02 1526+0.2 8.23+0.1 27 42 69
Ca®" (mg/l) 1145+0.1 9.61+0.1 921+0.1 825+0.1 16 20 28
Mg? (mg/l)  16.4+0.01 11.27+£02 9.41+0.1 7.44+0.1 31 43 55
Na* (mg/1) 162+0.1 12.23+0.2 1044+0.1 9.64+0.1 25 36 40
K* (mg/1) 32.1+0.1 221+02 16.23+0.2 109+0.1 31 49 66
NO; (mg/l) 77.22+0.2 4525+0.2 324+02 284+02 41 58 63
PO (mg/l) 624402 42.65+0.2 31.42+0.1 29.11+02 32 50 53
DO (mg/l) 56.4+0.1 64.10+03 6941+03 82.1+03 —-14 -23 — 46
BOD (mg/l) 53.24+0.1 30.11+02 26.10+0.2 20.11+0.2 45 53 62
COD (mg/l) 82.3+0,1 61.55+0.2 56.1+0.1 52.1+03 25 32 37
Table2 Impact of bi,OChaI Biochar temperature Percentage reduction
temperature on physico-
chemical properties of leachate Parameter Control 350 °C 550 °C 750 °C 350°C (%) 550°C 750°C
for location 2
pH 59+0.1 6.9+0.1 7.8+0.2 83+0.1 -17 -32 -41
TDS (mg/1) 27.4+02 1898+0.1 15.72+0.2 9.44+0.1 31 43 66
Ca** (mg/l) 12.43+£0.1 9.21+0.1 9.11£0.1 8.22+0.1 26 27 34
Mg>* (mg/l) 1523+0.2 10.96+0.1 9.211+0.1 726+0.1 28 40 52
Na* (mg/l) 1543+£02 1241+£0.1 10.21£0.1 9.56+0.1 20 34 38
K* (mg/l) 46.22+0.3 2544+02 1432+0.1 11.28+0.1 45 69 76
NO;™ (mg/l) 82.1+0.2 4721+£02 38.49+02 29.4+02 42 53 64
PO,*~ (mg/l) 922+03 39.41+0.2 32.1+0.1 2998+0.2 57 65 67
DO (mg/l) 5835+0.2 69.28+0.2 74.52+0.2 89.1+03 -19 - 28 - 53
BOD (mg/l) 5293+0.3 31.21+02 26.11+0.1 20.11+0.1 41 51 62
COD (mg/l) 86.1+£0.2 64.11+0.2 58.2+0.2 51.4+02 26 32 40

after treatment revealed over 67% decline in the concentra-
tion of TDS, this may be attributed the sorption positive
charged ions of TDS by the negative charge of the biochar,
biochar produced with highest temperature has the low-
est TDS after treatment, this could be due to increase in
negative surface charge of biochar. Studies has shown that
biochar prepared at higher pyrolysis has a better negative
charges and surface area than the one prepared at a low
temperature (Tomczyk et al. 2020). Studies conducted by
Nicholas et al. (2022) revealed decrease in TDS by 17%
and 63% for 1 g and 6 g of biochar respectively.

Dumpsites leachate also revealed the presence of cal-
cium, magnesium, sodium, and potassium ion (Tables 1,
2). Interaction of leachate with biochar result to slight
increase in the concentration of leachate, the increase
could be due to the presence of ash in biochar, biochar
produced at 750 °C has the highest metal ion.

The concentration of nitrate and phosphate of this study
is moderate and could contribute to surface and ground
water contamination due to low water aquifer of the study
location. Surface water with moderate to high concentra-
tion of phosphate and nitrate have been reported in several

@ Springer

studies as the major cause of eutrophication and algae
bloom (Orihel et al. 2017). The treated leachate revealed
a decrease in the level of nitrate and phosphate by over
53%. Earlier research conducted by Samaraweera et al.
(2023), reported 44% phosphate reduction in Fe-biochar
treated leachate, similarly revealed 12% and13% nitrate
reduction in leachate for short and longer times experi-
ment respectively.

Dissolve oxygen (DO) is an important parameter that
determines the quality of water, leachate and trophody-
namic of a marine coastal system (Adjovu et al. 2023).
The dissolve oxygen of leachate is low (Tables 1, 2) when
compared to EPA standard of 50 mg/l. The low DO in the
leachate shows that there is a contaminant in the samples.
Leachate with reduced does not have ability to promote the
activities of surface and marine water organisms (Bashir
et al. 2020). Biochar interaction with leachate elevated
DO between 14-53%. The highest DO (Figs. 1 and 2) is
found in the biochar produced at 750 °C. This could be
attributed to large surface area and pore volume of biochar
which rapidly promote the sorption of organic matter of
the urban leachate (Osman et al. 2022). Jaishankar et al.
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Fig.2 Impact of biochar pyroly-
sis temperature on dumpsite
leachate for location 1 0.05
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(2014) reported that oxygen carrying sediment biochar
elevated DO by 7.87 mg/l, 52%.

Biochemical oxygen demand (BOD) is also an important
properties in water use to ascertained the level of biodegrad-
able wastes in water and leachate sample, the higher the
BOD the greater the oxygen is depleted from the surface
water and oxygen will be less presence to higher aquatic
organisms (Bhateria and Jain 2016). The BOD of the lea-
chate is 82.30 and 86.10 mg/1 for locations 1 & 2 respec-
tively, BOD recorded in leachate is greater than the allow-
able limit of 6 mg/l set by EPA (Bhateria and Jain 2016).
The higher BOD in this study is an indication of pollution by
organic matter, high leachate BOD in wastes dump leachate
has also been reported (Koda et al. 2017). Biochar prepared
with different temperatures (350 °C, 550 °C and 750 °C)
(Tables 1, 2), decline BOD leachate between 41-62% after
treatment, this could be due to the favourable elimination
organic contaminants of biochar. Wang et al. 2020) asserted
that biochar manufactured from biomaterials has removal
ability of organic matter contaminants. However, hydrogen
bonds, pore-filling, hydrophobic properties are the main
mechanism of organic matter contaminants sorption by bio-
char. The sorption properties of biochar is a function of the
micropores surface area (Chu et al. 2017). Guo et al. (2022)
observed that biochar surface area is depend on carboniza-
tion temperature, and therefore affect the rate of sorption of
organic contaminants. Mukherjee and Lal (2013) asserted
that biochar prepared at 250 to 350 °C temperature undergo
slow rate organic sorption. Song et al. (2023) reported a
decline of 35.44% in leachate BOD after treatment with bio-
char prepared at 300 °C.

Chemical oxygen demand (COD) is known as the amount
of oxygen equivalents used up in chemical oxidation of an
organic matter by strong oxidant (Koets 2023). In this study,
the leachate COD is much higher as shown in Tables 1, 2.
The higher amount of COD in the sample indicates higher
level of oxidable organic matter and consequently a reduced

Cadmium (mg/l)  Chromium (mg/l) Lead (mg/l)

amount of DO. The decrease observed in leachate (over 37%)
with 750 °C biochara treatment could be adduce to biochar
elimination of oxidable organic contaminants in leachate.
Wang et al. (2020) in their study published 14.39% COD
reduction in landfill leachate with biochae based treatment.

Chemical oxygen demand (COD) is known as the amount
of oxygen equivalents used up in chemical oxidation of an
organic matter by strong oxidant (Koets 2023). In this study,
higher amount of COD in the sample indicates higher level
of oxidable organic matter and consequently decreased the
level of DO. The increase in DO level observed in leachate
(Tables 1, 2) after treatment could be adduced to biochar
elimination of organic contaminants in leachate (Wang et al.
2020). Guo et al. (2022) stated in their study that biochar
surface area is a function of thermochemical temperature,
and therefore affect the speed of adsorption of organic pol-
lutants (Mukherjee and Lal 2013).

Impact of biochar interaction on poisonous leachate
metals

Poisonous metals (non-degradable contaminants) are metal-
lic elements that can potentially pose a risk to environment
or human health when they are present even in small con-
centration. In this research, the level of select metals (arse-
nic, beryllium, cadmium, chromium and lead) is presented
in Figs. 2, 3. In this study, poisonous metals concentration
found in the leachate is quite high. Poisonous metal con-
centration in wastes dump leachate have been documented
in several studies (Essien et al. 2022). Chromium, cadmium
was found to have higher concentration than the rest of the
metals, this may be attributed to the presence of electronic
and photographic wastes that is prominent in the dumpsites.
The level of arsenic found in the leachate is also a threat
to the environment and ground water acquifer especially in
this location with higher ground water acquifer. Cadmium
and arsenic has been reported to be toxic even in small
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Fig. 3 Impact of biochar pyroly-
sis temperature on dumpsite
leachate for location 2

Heavy metals (mg/I)

Arsenic (mg/l)

concentration (Ngoc et al. 2020). The presence of arsenic
and lead in leachate could be due to automobile spraying
wastes that prominent in the waste dump location. The acidic
nature of pH in the locations could contribute to the avail-
ability of poisonous metals in leachate. Vaverkova et al.
(2020) asserted in their studies that acidity aid the avail-
ability of metal in environmental media. Poisonous metals
are metals with high degree of toxicity, arsenic, cadmium,
chromium and lead could be rank among the priority poison-
ous metals. These metals are considered poisonous because
they cause damage to many organs, even a reduced level of
vulnerability (Tchounwou et al. 2012). In this study the lev-
els of selected poisonous metals in urban leachate is depicted
in Figs. 2 and 3.

Biochar prepared with higher temperature (750 °C) gave
higher adsorption than the biochar prepared with lower tem-
perature, the poisonous metal sorption fellows the order:
350 °C <550 °C <750 °C. Biochar carbonized at 750 °C
decline the mean concentration of lead (100%), arsenic
(75.5%), and chromium (75%). The biochar sorption could
be attributed to the pull between the poisonous metals and
biochar surface, ion exchange between poisonous metals and
alkali on biochar surface, complexation with pi surface func-
tional groups and the precipitation of metals. Other mecha-
nisms that aid poisonous metals sorption is the abundant of
cation exchange ion (Na* K+*, Mg?*, Ca®*) present in the
boichar adopted in the study, they replaced poisonous metals
on the biochar surface. A mechanism studied of metals sorp-
tion particularly lead by biochar prepared from sludge has
been reported to have sorption ability. The released of quite
amount of Na™ K*, Mg?* and Ca** in mechanisms studies of
metals sorption of biochar prepared from sludge have been
documented (Murtaza et al. 2022). Soria et al. (2020) also
reported that there are equal amount of sorped metals and
total released Na* K+, Mg?* and Ca** from biochar. These
mechanisms suggest that cation play a prominent role in
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metals sorption. The removal of biochar prepared at 750 °C
could also be attributed to increase in mineral content at this
temperature, the mineral component act as sorption sites and
therefore aid sorption and precipitation (Yang et al. 2022).
Other mechanisms that lead to the higher removal of met-
als by produced at a temperature of 750 °C could be due
the higher ash content formation. The sorption of metals by
biochar produced with higher temperature have been docu-
mented (Zhang et al. 2020). Several studies has documented
that biochar manufactured at high temperature constitute
high carbonate and phosphate. The carbonate and phosphate
formed metal-carbonate and metal-phosphate. A related
mechanism has been discoverd in recent study of sorption
of Pb. Sorption of M-carbonate, M-phosphate My(PO,)q,
(M =metal formation of M-carbonate and M-phosphate and
contribute to the satisfactory removal of biochar produce
at 750 °C (Van Poucke et al. 2019). (Imteaz and Arulrajah
2021) reported 92% and 86% leachate reduction for lead
and chromium respectively, similarly, Wang et al. (2019)
reported a decline of 37.3% to 96.7% cadmium concentration
when pH was increased from 2 to 6.5.

Conclusion

The results of the present study show that the leachate is
acidic while the result obtained from DO, BOD, and COD
indicates high concentration of organic compound. The
study also demonstrate the presence of poisonous metals,
non-degradable contaminants. The results also found that
RPT biochar produced at 750 °C has the highest cation met-
als while the concentration of poisonous metal was found
to be below detection limit. The pH level of leachate before
treatment was found to be acidic, similarly, DO of leachate
was also low. The COD and BOD of leachate before reme-
diation were found to be above the recommended range set
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by EPA. The pH of leachate after treatment was found to be
alkaline while DO increase as the temperature of pyrolysis
of RPT biochar increases. The level of COD and BOD after
treatment was found to decrease as the pyrolysis of RPT
biochar increases with a reduction of over 62% and 37%
of BOD and COD respectively for biochar prepared with
750 °C. In addition, level of poisonous metals of leachate
before treatment was moderate suggesting the presence of
domestic and industrial wastes in the in the study are. The
concentration of poisonous metals after treatment was found
to decrease as the pyrolysis of RPT biochar increases with
a decline of over 75% of poisonous metal concentration of
biochar pyrolysed at 750 °C. This research has shown that
that green and sustainable RPT biochar produced at 750 °C
showed a remarkable reduction of over 75 and 37% of non-
biodegradable and degradable contaminants. In addition,
RPT-biochar is more effective in the reduction of non-bio-
degradable than biodegradable contaminants. This study has
also demonstrated that biochar prepared at 750 °C have more
health and environmental benefits.
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