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Refinery wastewater has been causing environmental pollution with serious adverse health effects and environmental
destruction. This study aims at evaluating the capacity of cassava peels and sugarcane bagasse biosorbents in removing
heavy metals, and organic pollutants from the oil refinery wastewater. The proximate and minerals composition of the
cassava peels (CP) and sugarcane bagasse (SCB) was determined using the method of AOAC. The pH, turbidity, biological
oxygen demand (BOD), and chemical oxygen demand (COD) were determined using digital pH meter, turbidity meter, 5-
Day BOD test, and colorimetric technique, respectively. The heavy metals, phenol, and total oil and grease (TOG) content
was estimated using AAS and colorimetric method of AOAC. Batch adsorption test was conducted using completely mixed
batch reactors (CMBR) method. The results showed that CP and SCB contain significant (p < 0.05) amount of ash (5.38
%, 2.15 %), fiber (20.63 %, 3.83 %), carbohydrate (7.87 %, 27.64 %), proteins (1.87 %, 1.42 %), moisture (1.20 %, 14.99
%), and lipids (2.52 %, 4.22 %), respectively. The CP (3.72mg/100g, 5.41mg/100g, 8.1mg/100g, 3.00mg/100g,
6.52mg/100g, and 4.26mg/100g) contain high significant (p < 0.05) amount of sodium, potassium, calcium, iron, zinc, and
copper compared with that of the SCB (2.33mg/100g, 2.10 mg/100g, 5.40mg/100g, 1.88mg/100g, 2.09mg/100g, and
2.14mg/100g), respectively. The pH value of the wastewater sample treated with the biosorbents was significantly (p <
0.05) high compared with the pH value of the untreated wastewater sample. At significant (p < 0.05) reduction in turbidity,
COD, and BOD was observed in the wastewater sample treated with combination of the biosorbents compared with the
untreated wastewater. The wastewater sample treated with combination of the biosorbents demonstrated significant (p <
0.05) decreased in phenol and TOG content compared with the untreated wastewater. The biosorbents exhibited high
removal efficiency against cadmium, lead, nickel, and chromium up to 65.70 %, 80.30 %, 52.46 %, and 72.70 %,
respectively. The biosorbents displayed a methylene blue and Congo red dye removal efficiency of 85.66 % and 74.23 %,
respectively. The R? value of lead, cadmium, nickel, chromium, methylene blue and congo red dye for Langmuir isotherm
model is higher than that for Freundlich isotherm model. Thus, the experimental equilibrium data for heavy metals and the
dyes were best fitted to the Langmuir model than the Freundlich model.
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industry has been increased. Conventional treatment
methods are ineffectively applicable in removing
complex organic pollutants from the wastewater.
Conventional treatment techniques are not applicable or
effective in certain societal segments due to their
limitations which include specificity, production of large
amounts of toxic sludge, and high capital costs. Thus,
there is need for developing an effective, sustainable, less
expensive, and efficient solution for treating oil and gas

INTRODUCTION

Over two billion people lack access to safe and
affordable drinking water, and more than 57% of the
world’s population expects to have difficulty in
accessing safe and drinkable water by 2050 (WHO,
2020). Pollution due to refinery wastewater disposal
remains a major environmental challenge causing
adverse health effects and environmental impacts. The

presence of several pollutants, including oil and grease,
toxic organic compounds, ammonia, phenol and
suspended solids make oil refinery wastewater a severe
environmental pollution source (Zhao et al., 2024; Tetteh
and Rathilal, 2020). Demand for sustainable solutions for
the treatment of refinery wastewater in oil and gas

refinery wastewater.

Adsorption is an effective treatment technique
and has many advantages including simplicity, easy
operation, affordability, adaptability, and high
absorption capacities (Sardar et al., 2021; Tiwari et al.,
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2021; Dai et al, 2018). Agro-waste materials are
abundantly available in several communities in the world
and have high efficiency for removing various pollutants
due to their complex chemical composition. Agro-wastes
are leftover parts of plants after processing and include
husks, leaves, stems, roots, and outer skin (Tiwari et al.,
2021). Agro-waste adsorbents have been used in
treatment of refinery wastewater contaminated with
hydrocarbons, heavy metals, and organic pollutants
(Smith et al., 2020). The physicochemical characteristics
of the agro-wastes make them a very good biosorbents
for removing pollutants from wastewater (Sardar et al.,
2021).

Cassava peels are one of the materials that can
be utilized as an alternative due to its availability to assist
the production of biosorbents (Kayiwa et al, 2021).
Cassava peels have the potential to be used as an
adhesive in the production of many biosorbents due to
their high moisture content, volatile materials, ash
content, fixed carbon content, lignin content, cellulose
content, hemicellulose content, and calorific value
(Kayiwa et al., 2021; Hirniah, 2020). Sugarcane bagasse
is an effective agro-waste with significant potential for
removal of heavy metals and other pollutants from the
wastewater (Kumar et al., 2019). Raw, carbonized, or
chemically modified forms of sugarcane bagasse have
been used for treatment of wastewater due to its
capability for adsorbing metal ions (Ezeonuegbu et al.,
2021). This study aims at evaluating the efficacy of
cassava peels and sugarcane bagasse biosorbents in
removing heavy metals, and organic contaminants from
the oil refinery wastewater.

MATERIALS AND METHODS
Study Area

This study was conducted using the waste water
sample from Indoroma Eleme Petrochemicals Itd, Port-
Hacourt, Rivers State, Nigeria. The experiments were
carried out in Science Laboratory Technology
Laboratory and ACE Fuels Laboratory, Federal
University of Technology, Owerri, Imo, Nigeria.
Indorama Eleme Petrochemicals Limited is an olefin-
based multi-petrochemical complex with liquid natural
gas as its main feed-stock. The company is located at
East-West Express Way, Eleme, Port Harcourt, Rivers
State Nigeria. The area is located on Latitude 4°50'8"N
and  Longitude 7°6’11"E.  Indorama  Eleme
Petrochemicals complex site is spatially approximately
between 10km North-East of Port Harcourt, the capital
city of Rivers State of Nigeria and 40km South-West of
the largest commercial Town, Aba in Abia State,
Nigeria.

Collection of Samples

The oil refinery waste water sample was
collected from Eleme Petrochemicals, Port-Hacourt,
Rivers State, Nigeria. The water sample was collected
using clean and dried plastic cans from the surface to a
depth of about 15 — 20 cm at three different locations.

After being collected, the geographical locations of each
location were recorded. All water samples were
appropriately labeled and then transported to the Post
Graduate Laboratory, Department of Biotechnology,
Federal University of Technology, Owerri, Imo, Nigeria.
The agro-wastes (cassava peels and sugarcane bagasse)
were collected from the milling local vendors in Owerri,
Imo, Nigeria in clean sample containers.

Preparation of the Agro-wastes

The agro-wastes (cassava peels and sugarcane
bagasse) were thoroughly washed with distilled water to
remove the remove dust and impurities. The washed
samples were air dried for 12 hours and then oven-dried
to a constant weight at 65 °C for 36 hours. The dried
samples were cut into bits, and mashed using pestle and
mortar to soften them and later ground into semi-fine
particles. The materials were sieved using 500 um sieve
to obtain homogenous particle sizes. The samples were
then washed thoroughly with distilled water to remove
any unwanted matter introduced during the crushing
process. The washed samples were then placed in an
oven maintained at 105 °C for 12 hours for moisture
removal. The dried samples (500 g) were measured and
introduced into the hot zone of the muffle furnace for 120
minutes at 380 °C. The carbon formed was allowed to
cool for 5 hours at room temperature. The carbon
samples were stored in clean sample containers and
labeled appropriately until further analysis.

Determination of Proximate Composition of the
Agro-wastes

The analysis of crude lipid, moisture,
carbohydrate, crude protein, ash and fiber content of the
cassava peels and sugarcane bagasse was carried out
using the method of AOAC (2010) and Aliyu et al.
(2025). The experiments were conducted in triplicate and
the average value of the data was obtained. The results
were expressed in percentages as the mean and SEM.

Determination of Minerals Composition of the Agro-
wastes

The level of calcium, iron, zinc, copper,
magnesium, and manganese in the cassava peels and
sugarcane bagasse were determined by atomic
absorption spectrophotometeric technique using the
method of AOAC (1990) and Aliyu et al. (2025). The
concentration of sodium and potassium content of the
cassava peels and sugarcane bagasse was estimated using
flame photometeric technique as described by AOAC
(1990). The concentration of phosphorus in the cassava
peels and sugarcane bagasse was determined using
spectrophotometeric method as described by Aliyu ef al.
(2025).

Determination of Physicochemical Properties of the
Wastewater
Determination of pH

The pH value of the refinery wastewater sample
was determined using digital pH meter. The pH values
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were measured and recorded in triplicate and the average
value was calculated.

Determination of Turbidity

The turbidity of the refinery wastewater sample
was used measured in Nephelometric Turbidity Unit
(NTU) using digital turbidity meter. The values were
measured three times and the mean value was obtained.

Determination of Biological Oxygen Demand

The biological oxygen demand (BOD) of the
refinery wastewater sample was estimated using 5-Day
BOD Test dilution method. Two hundred miles of the
wastewater was overflowed in a airtight bottle. The
dissolved oxygen of the wastewater sample was first
measured using the Schott Gerate Dissolved Oxygen
meter. The wastewater sample was incubated at 20 °C for
5 days and then the dissolved oxygen of the water sample
was measured after the 5 days period. The dissolved
oxygen values were measured in triplicate and then the
BDO of the wastewater sample was obtained using the
following equation:
BODs (mg/L) = [DO; — DO}/ B

Where; DOy is initial dissolved oxygen, DO; is final
dissolved oxygen, B is volume of the wastewater sample
used.

Determination of Chemical Oxygen Demand

The chemical oxygen demand (COD) of the
refinery wastewater sample was evaluated using
colorimetric technique according to the method
described by ASTM (2011) and APHA (2005). The COD
vial adapter was placed in the cell holder of the
spectrophotometer. A blank reagent was used to zero the
spectrophotometer. The wastewater sample (10 L) was
measured into the vial placed in the adapter. The
absorbance was read at 520 nm wavelength and the
concentration was obtained from the standard curve. The
COD values were measured and recorded in triplicate
and the average value was obtained.

Determination of Total Oil and Grease

Colorimetric method was used for the analysis
of'total oil and grease (TOG) content of the water sample
as described by Cirne et al. (2016). Forty mile of the
water sample was treated with 50 ml of n-hexane. The
extract was filtered through a filter paper containing
anhydrous sodium sulfate (10 g) and then collected in a
100 ml flask. Calibration curve was constructed using oil
and grease prepared solution at 5, 25, 50, 100 and 200
ppm. Absorbance of the sample was measured using
colorimeter at 400 nm wavelength. The concentration of
oil and grease was obtained from the standard curve. The
experiment was carried out in triplicate and the average
value was calculated.

Determination of Heavy Metals Content
The levels of lead, nickel, chromium, and
cadmium in the oil refinery wastewater sample were

determined using atomic absorption spectrophotometer
according to the method of AOAC (2005) and Abubakar
et al. (2025). The water sample (100 mL) in conical flask
was treated with 1 ml of concentrated HNO3; and 2 -3 g
of anti-bump. The contents were heated for about 5
minutes, allowed to cool and then filtered. Calibration
analysis was carried out by diluting 1000 mg/L stock
solution of the metals. A minimum of three standard
working solutions ranged between 0.1 mg/L to 10 mg/L
were prepared from the stocks. External calibration was
used by running de-ionized water and a suit of calibration
standards for each metal. Absorbance of each of the
metal was measured at a specified wavelength. The
concentrations of the metals were obtained from their
respective calibration curves.

Activation of the Agro-Wastes Carbon

The agro-wastes carbon was activated using the
method of Thompson et al. (2020) and Behnood et al.
(2016). One hundred grams of agro-wastes carbon were
treated with 0.5 g of stearic acid in 200 mL of n-hexane
containing two to three drops of concentrated sulphuric
acid as catalyst. The contents were refluxed in dean stark
apparatus at 65+ 2 C for 4 hours ant then treated with n-
hexane followed by excess distilled water until neutral
pH was achieved. The treated adsorbents were oven
dried at 110 °C for 4 hours. The dried adsorbents were
pulverized to fine powder using a mortar and pestle and
sieved using 100 um mesh. The Biosorbents were store
until further analysis.

Biosorption Test

The cassava peel (CP) and sugarcane bagasse
(SCB) activated carbons were packed in a separate three
fixed, equal size adsorption columns. The oil refinery
wastewater was placed in a plastic container with its
outlet connected to the three adsorption columns by
means of valves. The valves were opened to allow equal
volume of wastewater through the three adsorption
columns by gravity. Distilled water was passed through
the columns to wet the activated carbon bed before the
experiment. The effluents were collected from the three
flasks analyzed at 3 hours interval for 9 hours and
triplicate reading of the adsorption parameters were
obtained. The physicochemical properties and heavy
metals contents of the treated and untreated refinery
wastewater were analyzed.

Batch Adsorption Study

Batch adsorption study was conducted to
evaluate the efficiency of adsorption of oil pollutants
particularly phenol, total oil and gas, and heavy metals in
the oil refinery wastewater by the agro-wastes activated
carbon. The test was performed using the method of
Oghenejoboh et al. (2008). Each of the agro-wastes
activated carbon (5 mg) was transferred into a glass
centrifuge tube in completely mixed batch reactors
(CMBR). Fifteen miles of the refinery wastewater were
added into the CMBR’s tubes and then closed with open
closure and sealed with Teflon-lined silicone septa. The
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oil concentrations 20, 40, 60, 80 and 100 mg/L were
prepared from the initial stock of 120 mg/L of the oil.
The contents in the tubes were agitated with vortex mixer
and allowed to attain to equilibrium at room temperature
for 12 hours. After the 12 hours equilibration period, the
tubes were then centrifuged at 2500 rpm for 30 minutes
to separate the solid and liquid phase. A 100 pL aliquot
was removed from each tube and transferred to 5 mL vial
for spectrophotometeric analysis. The absorbance for
each aliquot was measured using spectrophotometer at
450 nm and the equilibrium concentration was obtained
from the prepared calibration curve. The adsorption
capacity (qe) of the agro-wastes activated carbon was
estimated using the equation as follow:

ge=V/M (Co— Ce)

The percentage removal efficiency of the agro-
wastes activated carbon was calculated according to the
equation described by Banerjee et al. (2006) and
Cheenmatchaya and Kungwakunakorn (2014) as follow:
% Removal efficiency = (Co— Ce) / C, % 100

Where; qe is the adsorption capacity of the
activated carbon (mg/g), C, is the initial concentration of
pollutant in the wastewater (mg/L), V is the volume of
wastwater used (cm®), M is the mass of activated carbon
used (g).

The data obtained from the batch adsorption
experiment were fit into Langmuir isotherm and
Freundlich isotherm models in order to find the model
that best describe the sorption process and prove the
authenticity of the adsorbent produced. The models’
equations are:

The Langmuir equation is:
Ce 1 1
— = +— C,
e dm KL dm
Where; C. is equilibrium concentration (mg/L),

ge is the amount of adsorbed substance at equilibrium

(mg/g), qm is maximum monolayer adsorption capacity
(mg/g), and Kp is Langmuir constant related to the
energy of adsorption (L/mg) (Adekunle ef al., 2023).

The Freundlich equation is:

1
In(ge) = In(Ky) + = In(Ce)

Where; C. is equilibrium concentration (mg/L),
qe is the amount of adsorbed substance at equilibrium
(mg/g), Kr is Freundlich constant related to adsorption
capacity and n is Freundlich exponent related to
adsorption intensity (Egbosiuba et al., 2021).

Statistical Analysis

The experiments were conducted in triplicate
and the results obtained were statistically using One-
Way Analysis of Variance (ANOVA) using SPSS
version 21. The significant differences among the mean
values were determined using Dunnet multiple
comparison test at 95 % confidence level. Two-tailed (p
< 0.05) value was considered significance

RESULTS
Proximate Composition of the Agro-Waste Samples
Figure 1 shows the proximate composition of
cassava peel and sugarcane bagasse. A significant (p <
0.05) amount of ash was observed in CP (5.38 %)
compared with SCB (2.15 %). The amount of fiber
observed in CP (20.63 %) was significantly (p < 0.05)
high than that found in SCB (3.83 %). The SCB (27.64
%) demonstrated high significant (p< 0.05) amount of
carbohydrate compared with CP (7.87 %). The amount
of proteins found in CP and SCB was 1.87 % and 1.42
%, respectively. The result showed that the moisture
content of SCB (14.99 %) was significantly (p < 0.05)
high than that of CP (1.20 %). The SCB (4.22 %)
exhibited high significant (p < 0.05) amount of lipids
compared with that observed in CP (2.52 %) (Figure 1).
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Figure 1: Proximate Composition of the Agro-Waste Samples
Results are expressed as mean + SEM (n = 3).
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Minerals Contents of the Agro-Waste Samples

The minerals content of cassava peel (CP) and
sugarcane bagasse (SCB) is shown in Figure 2. The result
showed that CP (3.72mg/100g, 5.41mg/100g,
8.1mg/100g,  3.00mg/100g,  6.52mg/100g, and
4.26mg/100g) contain high significant (p < 0.05) amount
of sodium, potassium, calcium, iron, zinc, and copper

compared with that of the SCB (2.33mg/100g, 2.10
mg/100g, 5.40mg/100g, 1.88mg/100g, 2.09mg/100g,
and 2.14mg/100g), respectively. However, there was no
significant (p > 0.05) changes observed in the amount of
magnesium, phosphorus, and manganese among the
agro-wastes (Figure 2).
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Figure 2: Minerals Contents of the Agro-Waste Samples
Values are expressed as mean + SEM (n = 3).

Effect of the Biosorbents on Physicochemical
Properties of the Oil Refinery Wastewater

Table 1 shows the effect of combination of the
cassava peel (CP) and sugarcane bagasse (SCB)
biosorbents on pH, turbidity, COD, and BOD of the oil
refinery wastewater. The result showed that the pH value
of the wastewater sample treated with combination of the
biosorbents was significantly (p < 0.05) high compared
with the pH value of the untreated wastewater sample.
The increase in pH value of the treated wastewater
sample was in concentration dependent manner. At 25

g/L, the pH value of the treated wastewater sample was
high than the pH value observed at 5 g/L, 10 g/L, 15 g/L,
and 20 g/L (Table 1). At all the concentrations, a
significant (p < 0.05) reduction in turbidity, COD, and
BOD was observed in the wastewater sample treated
with combination of the biosorbents compared with the
untreated wastewater. However, more significant (p <
0.05) reduction in turbidity value of the treated
wastewater was observed at 25 g/L then at 20 g/L, 15
g/L, 10 g/L, and 5 g/L (Table 1).

Table 1: Effect of the Biosorbents on Physicochemical Properties of the Refinery Wastewater

Treatment pH Turbidity (NTU) | COD (mg/dL) | BOD (mg/dL)
Control 5.03+0.14° | 58.33 +0.88* 372.00 £ 0.91* | 52.76 £ 0.35*
CP+SB(5¢g/L) |596+0.14>¢ | 44.66 = 0.88" 145.33 £0.88" | 26.76 + 0.49°
CP+SB(10g/L) | 6.10+0.17%° | 43.33 £0.45° 144.33 £0.21° | 25.96 + 0.48°
CP+SB(15¢g/L) | 6.23+0.08%" | 42.00+0.15° 140.33 £0.87° | 25.30 +0.26°
CP+SB (20 g/L) | 6.40+0.05>" | 38.66 = (.78¢ 138.33 £0.58¢ | 24.66 + 0.40°
CP+SB(25¢g/L) | 6.50+0.05%" | 36.66 £ 0.68¢ 136.33 £0.45° | 24.06 £ 0.31°

Data are expressed as mean + SEM (n = 3). Values in the same column with different letters are significantly (p < 0.05)

different.

Effect of the Biosorbents on Phenol and Total Oil and
Grease Content of the Oil Refinery Wastewater

The effect of combination of the cassava peel
(CP) and sugarcane bagasse (SCB) biosorbents on
phenol and TOG content of the oil refinery wastewater is
presented in Table 2. The wastewater sample treated with
combination of the biosorbents demonstrated significant

(p <0.05) dose dependent decreased in phenol and TOG
content of the wastewater compared with the untreated
wastewater. Treatment of the wastewater with the
biosorbents displayed more significant (p < 0.05)
decrease in the phenol and TOG level at 25 g/L than at
20 g/L, 15 g/L, 10 g/L, and 5 g/L (Table 2).
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Table 2: Effect of the Biosorbents on Phenol and Total Oil and Grease Content of the Oil Refinery Wastewater

Treatment Phenol

TOG

Control 20.13 £0.20% | 63.23 £0.49*

CP+SB(5g/L) | 8.33+0.23° | 23.03 = 0.40°

CP+SB(10 /L) | 820+ 0.15° | 22.80 £ 0.36"°

CP+SB(15¢/L) | 7.76 £ 0.23> | 22.10 £0.15"¢

CP+SB(20¢g/L) | 726+ 0.14° | 21.90 £ 0.11°

CP+SB (25 /L) | 7.00%£0.17° | 21.63 £ 0.23°

Results are expressed as mean + SEM (n = 3). Values in the same column with different letters are significantly (p <
0.05) different

Heavy Metals Removal Efficiency of the Biosorbents

The heavy metals percentage removal
efficiency of combination of the cassava peel (CP) and
sugarcane bagasse (SCB) biosorbents is presented in
Figure 3. The percentage removal efficiency of the

biosorbents against lead, cadmium, nickel, and
chromium was 65.70 %, 80.30 %, 52.46 %, and 72.70 %,
respectively. This indicated the biosorbents exhibited
high removal efficiency against cadmium than the lead,
nickel, and chromium (Figure 3).

Removal Efficiency (%)
N W D U1 O NN 0 O
O O O O O o o o
1 1 1 1 1 1 1 J

[
o
1

o

Lead Cadmium

Nickel Chromium

Figure 3: Heavy Metals Removal Efficiency of the Biosorbents Values are expressed as mean = SEM (n = 3)

Dyes Removal Efficiency of the Biosorbents

Figure 4 shows the percentage removal
efficiency of combination of the cassava peel (CP) and
sugarcane bagasse (SCB) biosorbents against methylene
blue and Congo red dye. The result revealed that the

100 -+

80 -
60 -
40 -
20 -
0 -

Removal Efficiency (%)

biosorbents displayed a methylene blue and Congo red
dye removal efficiency of 85.66 % and 74.23 %,
respectively. This showed that the biosorbents exhibited
more significant (p < 0.05) removal efficiency against
the methylene blue than the Congo red dye (Figure 4).

1 )

Methylene Blue

Congo Red

Figure 4: Dyes Removal Efficiency of the Biosorbents Values are expressed as mean + SEM (n = 3)

Adsorption Isotherms of Heavy Metals and Dyes by
the CP and SCB Biosorbents

The graphical representations of plots of the
Freundlich model for adsorption of lead, cadmium,

nickel, chromium, methylene blue and congo red dye by
the cassava peel and sugarcane bagasse biosorbents is
shown in Figure 5.
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Figure 5: Plots of Freundlich Model for Adsorption of Heavy Metals and Dyes Methylene Blue (MB), Congo Red
Dye (CRD)

Table 3 shows the Freundlich constant
parameters for the adsorption of lead, cadmium, nickel,
chromium, methylene blue and congo red dye by the
cassava peel and sugarcane bagasse biosorbents. The
constant value n for cadmium (90.909) was higher than
that for lead, nickel, and chromium, methylene blue and

congo red dye. Chromium displayed high value of K¢
(5.918) than the lead, cadmium, nickel, methylene blue
and congo red dye. The R? value (0.999) of the congo red
dye was higher than of the lead, cadmium, nickel,
chromium, methylene blue (Table 3).

Table 3: Freundlich Isotherm Constant Parameters for Adsorption of Heavy Metals and Dyes

Heavy Metal Freundlich Isotherm Constant Parameters
n Kr R?
Lead 14.920 1.433 0.307
Cadmium 90.909 1.252 0.039
Nickel 9.708 1.709 0.929
Chromium 0.765 5.918 0.639
Methylene Blue | 13.157 1.007 0.603
Congo Red Dye | 16.666 1.468 0.999

Figure 6 shows the graphs of Langmuir model
for the adsorption of lead, cadmium, nickel, chromium,

methylene blue and congo red dye by the by the cassava
peel and sugarcane bagasse biosorbents.
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Figure 6: Graphs of Langmuir Model for Adsorption of Heavy Metals and Dyes Methylene Blue (MB), Congo Red
Dye (CRD)

The Langmuir constant parameters for
adsorption of lead, cadmium, nickel, chromium,
methylene blue and congo red dye by the by the cassava
peel and sugarcane bagasse biosorbents are presented in
Table 4. Cadmium exhibited higher value of qm (0.818)

and Kp (32.258) compared with that of lead, nickel,
chromium, methylene blue and congo red dye.
Chromium and congo red dye displayed high value of R?
up to 1 compared with that of lead, cadmium, nickel, and
methylene blue (Table 4).

Table 4: Langmuir Isotherm Constant Parameters for Adsorption of Heavy Metals and Dyes

Heavy Metal Langmuir Isotherm Constant Parameters
gm KL R?
Lead 0.609 5.747 0.992
Cadmium 0.818 32.258 0.994
Nickel 0.476 3.906 0.999
Chromium 0.695 8.547 1.000
Methylene Blue | 0.793 1.996 0.996
Congo Red Dye | 0.792 3.546 1.000

From the results, it observed that the R?value of
lead, cadmium, nickel, chromium, methylene blue and
congo red dye for Langmuir isotherm model is higher
than that for Freundlich isotherm model. Thus, the
experimental equilibrium data for lead, cadmium, nickel,
chromium, methylene blue and congo red dye were best
fitted to the Langmuir model than the Freundlich model.

DISCUSSION

In this study, the pH value of the wastewater
treated with combination of the biosorbents increased in
concentration dependent manner. Biosorption capacity

reduces with low pH values and increases with pH until
it reaches optimum pH (Alfarra et al, 2014). Study
showed that the affinity of metal ions present in the oil
polluted water is strongly dependent on the solution pH
(Alfarra et al., 2014). It has been reported that metal ions
are being readily absorbed due to the high concentration
of hydroxyl anions in the solution when the pH was
greater than 5.5 (Babayemi et al., 2019). In the present
study, the oil refinery wastewater treated with
combination of the biosorbents demonstrated significant
decrease in turbidity, COD, and BOD value. Agricultural
wastes have been used for the reduction of COD and
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BOD in wastewater and polluted soil (Babayemi et al.,
2019).

Result of the current study, indicated that the
level of phenol and oil and grease in the oil refinery
wastewater treated with combination of the biosorbents
was significantly reduced. Agro-wastes have been used
for the removal of oil and grease and many organic
compounds such as phenol, lignin, bisphenol A, clofibric
acid, carbamazepine, naproxen, diclofenac, pyridine, and
quinoline (Babayemi et al., 2019). In the present finding,
the removal efficiency of combination of the biosorbents
increased with increased in the adsorbent’s
concentration. Similar studies reported that the removal
efficiency of agro-wastes against organic pollutants
increases along with the increase in the adsorbent dose
(Ngulube et al., 2017; Dawood et al., 2014). However,
as the adsorbents dose increased, the removal percentage
of organic pollutants increases rapidly (Ahmad and
Danish, 2022). Relevant research showed that agro-
wastes such as peels, bark, husk, leaves, seeds, and straw
displayed different adsorptive capacities against organic
pollutants and heavy metal ion at high, medium, and low
adsorbent doses (Shaukat et al., 2022).

In this study, the oil refinery wastewater treated
with combination of the biosorbents demonstrated
significant percentage removal efficiency against
cadmium, lead, chromium, and nickel. Several studies
have shown the usefulness of the agro-waste adsorbents
under experimental conditions for removal of metal ions
including Cd, Pb, and Cr (Babayemi ef al., 2019; Caccin
et al., 2016). Agro-wastes have tendency to bind heavy
metals due to their high proximate and minerals content
containing polar functional groups (Alalwan et al., 2020;
Ahmad and Zaidi, 2020). The functional groups in agro-
wastes form complexes with metal ions by donating a
lone pair of electrons (Ahmad and Zaidi, 2020). Heavy
metals can produce adverse effects on human and
animals’ health and the environment. High level of heavy
metals in foods and plants causes toxic effect on certain
organs and tissues (Abubakar et al., 2022). Consumption
of heavy metals in foods and plants can cause many
adverse health effects including damage of nervous
system, influencing fetal development, carcinogenicity
and impaired immune function (Abubakar et al., 2025).
Cadmium metal has been documented as the most severe
pollutants in oil refinery wastewater due to its solubility
in water (Alalwan et al., 2020).

In relevant study, agro-wastes such as cassava
peel displayed significant removal efficiency of
chromium from the wastewater in the range 90—100%
(Mohan et al., 2006). Similar finding revealed that
cassava peels showed high removal efficiency against
lead (Herrera-Barros et al., 2018) and nickel (Herrera-
Barros et al., 2022) in oil contaminated water and soil.
Sugarcane bagasse has been reported as effective
biosorbents to immobilize various metal ions due to the
high availability of cellulose, hemicellulose, and other

functional groups (Ahmad and Zaidi 2020;
Kanamarlapudi et al, 2018). Study indicated that
sugarcane bagasse exhibited significant removal
capacity against manganese (Anastopoulos et al., 2017),
lead (Karnitz et al., 2007), copper (Rana et al., 2014),
chromium (Garg et al., 2007), nickel (Garg et al., 2007),
cadmium (Anastopoulos et al., 2017), and mercury
(Anastopoulos et al., 2017; Khovamzadeh et al., 2013).

In the current study, treatment of the oil refinery
wastewater with combination of the biosorbents
displayed significant percentage removal -efficiency
against methylene blue and Congo red dye. Agro-wastes
have been used for the elimination of dyes including
Congo red from the wastewater (Babayemi ef al., 2019).
Cassava peel has been used as novel adsorbents for
removal of dyes, heavy metals, and many organic
pollutants (Chairunnisa, 2020). Cassava peel has high
efficiency for removal of dyes including methylene blue,
direct red and Congo red from the wastewater and
polluted sediments (Ndagijimana ef al., 2021). Research
showed that sugarcane bagasse exhibited high capacity
for removal of dyes such as remazol brilliant blue,
methylene blue, and Congo red from the contaminated
water and soil (Ahmed and Majewska-Nowak, 2020; de
Krueger et al., 2019).

Biosorption isotherms are standard models used
to evaluate the biosorption efficiency of adsorbents for
organic pollutants and heavy metal content of polluted
substances (Khatoon and Rai, 2016). Freundlich and
Langmuir isotherms are common models used to
interpret the parameters of experimental biosorption
equilibrium (Khatoon and Rai, 2016). The adsorption
models' parameters provide valuable information on the
adsorbate-adsorbent interactions, surface properties, and
adsorption mechanism (Kumar, 2006).

In this study, the experimental equilibrium data
for lead, cadmium, nickel, chromium, methylene blue
and congo red dye were best fitted to the Langmuir
model than the Freundlich model. Langmuir equation
relates the coverage of molecules on a solid surface to
concentration of a medium above the solid surface at a
fixed temperature (Tran ez al, 2017). This isotherm
based on assumptions that adsorption is limited to
monolayer coverage at which the adsorbed layer is only
as thick as one molecule, all adsorption sites are
energetically identical and can only accommodate one
adsorbed atom and the capability of a molecule to be
adsorbed on a given site is independent of its neighbour
site’s occupancy (Tran et al., 2017). The Langmuir
isotherm model is used to estimate the maximum
adsorption capacity values which could not be reached
experimentally. The value of K1 constant represents the
affinity between the adsorbate and adsorbent, where a
higher value of Ky, reflects in the steeper initial slope of
the adsorption isotherm (Tran et al., 2017). Langmuir
constant, K is correlated to the association amongst
adsorbents and adsorbates (Tran et al., 2017).

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 353



Imuere Sophia et al, Sch Int ] Chem Mater Sci, Nov-Dec, 2025; 8(6): 345-356

The result of this study is in agreement with the
finding of similar study which showed that Langmuir
model gave a better fit in the adsorption of pollutants
particularly phenol by water hyacinth ash (Uddin ef al.,
2007). Similar study by Lalhruaitluanga et al. (2010)
showed the equilibrium relationships between raw and
activated charcoals of Melocanna baccifera Roxburgh
and lead ions in solution using combined Langmuir
model. Nwabanne and Igbokwe (2008) reported that in
the kinetics equilibrium modeling of nickel adsorption
by cassava peels the equilibrium data were fitted to
Langmuir isotherms which gave X, value up to 4.74.
This finding also agrees with the result of similar study
which indicated that adsorption data of lead and
cadmium by biosorbents derived from dragon fruit peel,
rambutan peel, and passion fruit peel best fitted to the
Langmuir model (Wattanakornsiri et al., 2022).

CONCLUSION

The cassava peel and sugarcane bagasse contain
significant amount of carbohydrates, crude fiber, crude
lipid, ash, proteins, and essential minerals. The oil
refinery wastewater treated with combination of the
biosorbents demonstrated significant increase in pH
value coupled with significant decrease in turbidity,
COD, BOD, oil and grease, and phenol content of the
wastewater in concentration dependent manner.
Treatment of the oil refinery wastewater with
combination of the biosorbents displayed significant
removal efficiency against cadmium, lead, chromium,
nickel, methylene blue, and Congo red dye in
wastewater. The experimental data of the biosorbents
from the combination of cassava peel and sugarcane
bagasse were better fitted to Langmuir isotherm model.
Thus, biosorbents from the cassava peel and sugarcane
bagasse are effective in remediation of the oil refinery
wastewater.
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