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Abstract- The study investigated the efficacy of
fermented cassava liquid for bioremediation of soil
contaminated with crude oil. Soil types examined
included clay, sandy-loamy, and swampy soil.
Physicochemical parameters of the fermented
cassava liquid were evaluated over varying exposure
periods and quantities. Microbes isolated from both
crude oil and cassava fermented liquid were cultured
and identified for use in the experiment, which
spanned 28 days. Fermented cassava liquid was
inoculated into crude oil-polluted soils alongside
untreated control samples. Weekly intervals were
maintained for monitoring. Analysis included
physicochemical assessments and measurement of
total petroleum hydrocarbon (TPH) content. Results
indicated a bacterial population of 6.82 x 1074
cfu/ml in the fermented cassava liquid by standard
plate count. Application of fermented cassava liquid
led to substantial reductions in TPH concentrations:
46.5% in clay soil, 34.06% in sandy-loamy soil, and
20.4% in swampy soil compared to control samples.
pH values of the soil samples increased
proportionally with the addition of fermented
cassava liquid. Thermal conductivity values
decreased over the 28-day study period in the
Department of Chemical/Petrochemical
Engineering laboratory. The project affirmed the
potential of microorganisms from fermented cassava
liquid for remediating crude oil-contaminated soil
environments. However, effective remediation
required extended durations and optimal operating
conditions. The findings underscored the feasibility
of utilizing agricultural waste products like
fermented cassava liquid in environmental
remediation efforts, emphasizing the need for
tailored strategies to enhance bioremediation
efficiency in contaminated soil environments.
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l. INTRODUCTION

e Background of Study

Bioremediation offers a sustainable approach to
addressing environmental contamination, particularly
in soils polluted by crude oil. Unlike traditional
methods that involve removing contaminated soil for
chemical treatment, incineration, or burial,
bioremediation utilizes biological organisms to
degrade pollutants directly in place. This distinction
underscores its potential economic and environmental
benefits [1].

Soil contamination, often stemming from industrial
activities or improper waste disposal, introduces
human-made chemicals that disrupt natural soil
environments. Crude oil, a complex mixture of toxic
hydrocarbons and organic compounds, poses
significant environmental risks when leaked into soils
during transportation, production, or storage [2].
Bioremediation harnesses the natural metabolic
capabilities of microorganisms present in soil to break
down and detoxify pollutants like crude oil. This
process, termed biodegradation, occurs under
favorable conditions where adequate nutrients and
oxygen support microbial growth and activity. The use
of fermented cassava liquid in this context exemplifies
bioremediation, as it introduces beneficial
microorganisms capable of metabolizing crude oil
constituents [3-5].

There are two primary bioremediation techniques: ex
situ and in situ. Ex situ methods involve excavating
contaminated soil for treatment elsewhere, while in
situ techniques treat soil without disturbing its original
location. The latter approach is particularly
advantageous as it minimizes disruption to ecosystems
and reduces logistical complexities [6]. Conventional
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remediation methods such as mechanical extraction or
chemical treatments often fall short due to their high
costs and potential for incomplete pollutant removal.
In contrast, bioremediation offers a more cost-
effective and sustainable alternative by leveraging
natural biological processes [7-8]. Efforts in
bioremediation research emphasize optimizing
conditions for microbial activity to enhance the
degradation efficiency of pollutants like crude oil.
This approach not only mitigates environmental
damage but also promotes the restoration of soil health
and ecosystem balance [9-11].

Bioremediation represents a promising strategy for
combating soil pollution caused by crude oil and other
contaminants. By fostering the natural capabilities of
soil microorganisms, bioremediation offers a pathway
towards effective, environmentally friendly pollution
management and remediation [12-16].

1. MATERIAL AND METHODS

The study described involves the use of fermented
cassava liquid as an amendment to remediate soils
polluted with Bonny light crude oil. The experiment
was conducted using three types of soils: swampy soil
from Asari-toru Local Government area, and sandy-
loamy and clay soils from Rivers State University's
Agricultural farm. Each soil type was placed in
buckets, with 500g of soil per bucket, and polluted
with 100ml of crude oil. This setup was left for two
weeks under natural conditions.

The fermented cassava liquid, obtained through a
week-long fermentation process of cassava tubers
from Rivers State University's Agricultural farm, was
used as an amendment to the polluted soils. This liquid
was applied to the soil samples, excluding control
samples that received no remediation.

Several instruments were used throughout the
experiment: a pH meter to measure the acidity or
alkalinity of solutions, a conductivity meter to
measure the electrical conductance of oil and soils, a
thermometer to monitor temperature, a weighing
balance for precise measurement of soil, crude oil, and
liquid weights, and containers as batch reactors for
storing soil and liquids.
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The experimental procedure involved transporting soil
samples to the Chemical/Petrochemical laboratory for
analysis after treatment with amendments. This
included evaluating the impact of the fermented
cassava liquid on the remediation process. A total of
15 buckets were used, each representing a different
experimental condition or control.

In summary, the study aimed to assess the efficacy of
fermented cassava liquid as a remediation agent for
crude oil-polluted soils across various soil types. The
setup and methodology were designed to provide
controlled conditions necessary for accurate analysis
and comparison of soil remediation effectiveness. The
results of this research could potentially inform
environmental management strategies, particularly in
areas affected by crude oil pollution.

Table 1: Computation of the Various Soils and
Quantity of Amendment in each.

Clay CS CS7 (CS100 C(Cs125 (CSi150
s 50 5

0il(A)

Swampy soil SS5 SS75 SS100 SS125  SS150

(B) 0

Sandy loamy SL SLS SLS10 SLS12 SLS15

soil (C) S50 75 0 5 0
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From the above table CS denotes clays soil, SS
denotes swampy soil, SLS denotes sandy-loamy soil
and 50, 75, 100, 125, 150 denotes the quantity of
fermented cassava liquid in  milliliters. The
experimental procedure shall allow room for

consideration of control which will be labeled as A1,

Bl and Cl in respect to the soil types. The
physicochemical parameters shall be examined and
their total petroleum hydrocarbon (TPH) content to be
recorded. The experimental setup shall be examined
within an interval of one week.

Kinetics of Microbial Growth and Substrate Depletion
Microbial Growth

In log-growth phase, the rate of biomass increase is

proportional to the concentration of biomass in the
reactor.
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For first order:

dx

—= 1
at HX 1

Equation 1 considers only biomass growth, however
there is growth of one set of other set. So we include
endogenous decay rate Kd.

dx
— = 1X —kdx 2
I 74 2
From Monod’s eauation: £ =| meS_ [y
rom Monod’s equation: 4 Ks +S
(3)
Therefore:
AX | HaS
— =| =M Ix —kdx
dt {KS+S} @
d S?
For Second Order: @ _ M;‘# X — kdx
dt | K, °+S?

(5)

For nth Order: % = ‘UT$S X — kdx
dt | K,"+8"

(6)

For zero Order X _| Mo X — kdx
z — = X —
dt 2
(7

For pseudo Order
Without considering the death of one set of micro-
organism

dX _ lleaXS
dt_{Ks+S} ©®

Substrate Depletion
If all the substrates deplete to form biomass we have;

ds dx
= (©)
dt dt
But due to inefficiency in conversion all the substrate
be converted into biomass so we will include a yield (

Y <1)

- dX 1 { ﬂmaXS }
For FirstOrder: = ———=—| ———— |X (11)

dt  y| K +S
Where:
dX ﬂmaXS
— =< X 12
dt {KS + S} (12
From Micheali’s Meten equation:
K — :umax (13)
/4

Therefore:

dt | K, +S ()
For Second Order:

ds 1| x,,S? KS?
- == > S X= 5 > X

dt 7| K,"+S K +S

(15)

For nth Order:
_E :E ,ur:aXS X = ln<S X

dt  y| K,+8" K,"+S"

(16)
For Zero Ord a5 _ 1) fnaX |_ KX (17)
orZeroOrder: ——=—| —— |=—
dt y| 2 2

I1l.  RESULTS AND DISCUSSION

Table 2: Physicochemical Properties of Soil and
Fermented Cassava.

Sample N% C% P%
Soil 2.8 2.3 721.7
Cassava 8.23 38.30 390.0

The phosphorous content of fermented cassava were
reported as per the experimental result obtained from
the investigation.

The bacterium isolated from cassava liquid includes
staphylococcus  Aureus, Alcaligenes faecalis,
Esherichia coli, Enterobacter aerogenes, Bacillus
substilis, Proteus vulgaris, Klebsilla premoniae and

ds 1 dx Seratiamarcescens.  All  these isolates  were
_a = ;a (10) hydrocarbon degrading (48.2%) except
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staphylococcus Aureus, Alcaligenes faecalis and
Enterobacter aerogenes. Similar bacteria have been
reported by earlier workers in relation to hydrocarbon
biodegradation .

e Temperature of Various Soil Sample with Time
The temperature reading ranged from 26.7 to 29°c for

the soils.

Table 3: Temperature Effect on Soils Samples

Samplin  Control  Clay Sandy-  Swamp
g soils soil loamy y soil
Period sample Soil
°c

0 27.9 28.0 28.1 28.1

7 28.0 27.3 27.4 27.4
14 29.0 29.0 29.1 29.1
21 26.1 26.4 26.4 26.4
28 26.7 27.0 27.1 27.1

Table 4: TPH value readings for clay soil

samplin ~ 50ml  75ml 100m 125m 150m
g | I I
0 289 289 289 289 289
7 26.7 261 241 25 24.6
14 243 238 217 227 225
21 214 210 191 202 208
6
28 201 193 167 179 182
1

Table 5: TPH readings for sandy-loamy soil

sampling  50ml 75ml 100ml  125ml  150ml

0 39.6 39.6 39.6 39.6 39.6

7 37.9 37.3 36.9 36.7 35.2

14 36.6 36.2 34.8 34.3 324

21 353 3501 339 31.9 29.6

28 34.4 3401 32 29.9 27.8

Table 6: TPH readings for swampy soil

sampling  50ml 75ml 100ml 125ml 150ml
0 27.4 274 27.4 27.4 27.4
7 27.4 27.4 27.4 27.4 27.4
14 27.37 27.37 27.64 27.32 27.25
21 26.26 25.47 24.64 23.81 21.56
28 25.03 24.17 23.36 22.7 21.13
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Linearwaver Burk plot 50ml . ;s 6360

y =369.77x-13.415
R?=0913

+ y,0048,4.115

+ y,0.044,2.89

/v

o /o §,00,p004,0162
1/s

Fig 1: Linear-waver Burk Plot for 50ml of Treatment
Agent for clay soil

Figure 1 depicts the relationship between the
reciprocal of 1/v and 1/s for a 50ml volume of
fermented cassava liquid applied to clay soil. The
curve deviates from the typical Lineweaver-Burk plot,
indicating that determining values for Ks (substrate
concentration at half-maximal reaction velocity) and
Vmax (maximum reaction velocity) is not feasible
through conventional methods. To address this
challenge, the Lagrange's concept was employed using
the linear equation y = 369.7x - 13.41, where 369.7
represents the intercept and -13.41 denotes the slope.
This approach facilitated the computation of the
functional parameters required for analysis.

Lineweaver Burk plot for 75ml
y =309.33x-9.763

R? = 0.8297 ¢ y,0048,5

4 y,0045,4.385

11/v

y,0.037,2.924
+ y,0.042,2.597

1/s
4 ¢+ y,0034,0

Fig 2: Linear-waver Burk Plot for 75ml of Treatment
Agent for clay soil

Figure 2 illustrates the relationship between the
reciprocal of 1/v and 1/s for a 75ml volume of
fermented cassava liquid applied to clay soil. The
curve does not conform to the Lineweaver-Burk plot,
indicating that determining values for Ks (substrate
concentration at half-maximal reaction velocity) and
Vmax (maximum  reaction velocity) using
conventional methods is not feasible. To address this
issue, the Lagrange's concept was employed, utilizing
the linear equation y = 309.3x - 9.763, where 309.3
represents the intercept and -9.763 denotes the slope.
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This approach was utilized to calculate the functional
parameters necessary for analysis.

Lineweaver Burk plot for 100ml
4+ y,0.05,6.369

/v

; 2.695
® y,0038,2257

- 94
R?=0.034* Y, 0M46,1.709

1/s
4 4 y,0034,0

Fig 3: Linear-waver Burk Plot for 100ml of
Treatment Agent for clay soil

Figure 3 presents the relationship between the
reciprocal of 1/v and 1/s for a 75ml volume of
fermented cassava liquid applied to clay soil. The
curve deviates from the expected Lineweaver-Burk
plot, indicating that determining values for Ks
(substrate concentration at half-maximal reaction
velocity) and Vmax (maximum reaction velocity)
using conventional methods is not feasible. To address
this discrepancy, the Lagrange's concept was applied,
utilizing the linear equation y = 309.3x - 9.763, where
309.3 represents the intercept and -9.763 represents
the slope. This method was employed to calculate the
necessary functional parameters for further analysis.

Lineweaver Burk plot for 125ml. ;, 05246360

RZ =0.9075

4 y,0.048,4.115
® y,0044,3333

/v

+ /¢ § 00849 0040102

1/s

Fig 4: Linear-waver Burk Plot for 125ml of
Treatment Agent for Clay Soil.

Figure 4 illustrates the relationship between the
reciprocal of 1/v and 1/s for a 125ml volume of
fermented cassava liquid applied to clay soil. The
curve does not adhere to the Lineweaver-Burk plot,
indicating that determining values for Ks (substrate
concentration at half-maximal reaction velocity) and
Vmax  (maximum  reaction velocity) using
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conventional methods is not feasible. To address this,
the Lagrange's concept was utilized, employing the
linear equation y = 366.2x - 13.21, where 366.2
represents the intercept and -13.21 denotes the slope.
This approach facilitated the computation of the
necessary functional parameters for analysis.

. Lineweaver Burk plot for 150ml

+ y,0.044,3.048 y =1.5144x+ 2.1547
2o

+ v,049,2801

_
_

+ y,004,1795

1/s
4+ ¢ y,0034,0

Fig 5: Linear-waver Burk Plot for 150ml of
Treatment Agent for Clay Soil

Figure 5 depicts the relationship between the
reciprocal of 1/v and 1/s for a 125ml volume of
fermented cassava liquid applied to clay soil. The
curve does not conform to the Lineweaver-Burk plot,
indicating that determining values for Ks (substrate
concentration at half-maximal reaction velocity) and
Vmax  (maximum reaction velocity) using
conventional methods is not feasible.

To address this discrepancy, the Lagrange's concept
was employed. The equation of the line, y = 366.2x -
13.21, with an intercept value of 366.2 and a slope of
-13.21, was utilized for computation of the functional
parameters required for analysis. This approach was
essential to accurately interpret the experimental data
and understand the relationship between substrate
concentration and reaction velocity in the context of
fermented cassava liquid applied to clay soil.

= lbﬁgﬂl- 41.074

Lineweaver Burk plot for 50ml
! R?=0.8689 ¥-0029,7.8125

/v

1/s

4 ¢+ y,00250

Fig 6: Linear-waver Burk Plot for 50ml of Treatment
Agent for Sandy-Loamy Soil
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Figure 6 illustrates the relationship between the
reciprocal of 1/v and 1/s for a 50ml volume of
fermented cassava liquid applied to sandy-loamy soil.
The curve deviates from the expected Lineweaver-
Burk plot, indicating that determining values for Ks
(substrate concentration at half-maximal reaction
velocity) and Vmax (maximum reaction velocity)
using conventional methods is not feasible.

To address this, the Lagrange's concept was employed.
Utilizing the linear equation y = 1689x - 41.07, with
an intercept value of 1689 and a slope of -41.07,
facilitated the computation of the functional
parameters essential for analysis. This approach was
crucial for accurately interpreting the experimental
data and understanding the interaction between
substrate concentration and reaction velocity in the
context of fermented cassava liquid applied to sandy-
loamy soil.

Lineweaver Burk plot for 75ml
y=1691.8x-41.21

R? = 0.8365

y,0:.029,7.042

¢ y,0027,6369
¢ y,0.028,5.882

/v

+ y,0.026,3.048

1/s
® @ y,00250

Fig 7: Linear-waver Burk Plot for 75ml of Treatment
Agent for Sandy-Loamy Soil

Figure 7 depicts the relationship between the
reciprocal of 1/v and 1/s for a 50ml volume of
fermented cassava liquid applied to sandy-loamy soil.
The curve does not conform to the Lineweaver-Burk
plot, indicating that determining values for Ks
(substrate concentration at half-maximal reaction
velocity) and Vmax (maximum reaction velocity)
using conventional methods is not feasible. To address
this, the Lagrange's concept was employed. The
equation of the line, y = 1691x - 41.21, with an
intercept value of 1691 and a slope of -41.21, was
utilized to compute the functional parameters
necessary for analysis. This approach was essential for
accurately interpreting the experimental data and
understanding the relationship between substrate
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concentration and reaction velocity in the context of
fermented cassava liquid applied to sandy-loamy soil.

Lineweaver Burk plot 100ml

+ y,0029,8333

y=842.25x-19.99

v

1/s
¢ ¢ y,00250

Fig 8: Linear-waver Burk Plot for 100ml of
Treatment Agent for Sandy-Loamy Soil

Figure 8 illustrates the relationship between the
reciprocal of 1/v and 1/s for a 100ml volume of
fermented cassava liquid applied to sandy-loamy soil.
The curve does not adhere to the Lineweaver-Burk
plot, indicating that determining values for Ks
(substrate concentration at half-maximal reaction
velocity) and Vmax (maximum reaction velocity)
using conventional methods is not feasible.

To address this, the Lagrange's concept was applied.
The equation of the line, y = 842.2x - 19.99, with an
intercept value of 842.2 and a slope of -19.99, was
utilized for the computation of the functional
parameters necessary for analysis. This approach was
crucial for accurately interpreting the experimental
data and understanding the relationship between
substrate concentration and reaction velocity in the
context of fermented cassava liquid applied to sandy-
loamy soil.

Lineweaver Burk plot 12§!55I

4.4x-9.0474

2 =
R =0.7806, 0 633, 3.60

/0.039,2.923

y,0.027,2.415

v

1/s
+ ¢ y,00250

Fig 9: Linear-waver Burk Plot for 100ml of
Treatment Agent for Sandy-Loamy Soil

Figure 9 demonstrates the relationship between the
reciprocal of 1/v and 1/s for a 125ml volume of
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fermented cassava liquid applied to sandy-loamy soil.
The curve does not conform to the Lineweaver-Burk
plot, indicating that determining values for Ks
(substrate concentration at half-maximal reaction
velocity) and Vmax (maximum reaction velocity)
using conventional methods is not feasible.

To address this, the Lagrange's concept was utilized.
The equation of the line, y = 394.4x - 9.047, with an
intercept value of 394.4 and a slope of -9.047, was
employed to compute the functional parameters
necessary for analysis. This approach was essential for
accurately interpreting the experimental data and
understanding the relationship between substrate
concentration and reaction velocity in the context of
fermented cassava liquid applied to sandy-loamy soil.

Lineweaver Burk plot 150ml
y=353.46x-85562 % v,0.0354
R?=0.9127

¢ 4,008.08,25

v

@ y,0028 1592

1/s

¢ y,00250

Fig 10: Linear-waver Burk Plot for 150ml of
Treatment Agent for Sandy-Loamy Soil

Figure 10 illustrates the relationship between the
reciprocal of 1/v and 1/s for a 150ml volume of
fermented cassava liquid applied to sandy-loamy soil.
The curve deviates from the expected Lineweaver-
Burk plot, indicating that determining values for Ks
(substrate concentration at half-maximal reaction
velocity) and Vmax (maximum reaction velocity)
using conventional methods is not feasible.

To address this, the Lagrange's concept was employed.
The equation of the line, y = 353.4x - 8.556, with an
intercept value of 353.4 and a slope of -8.556, was
used to compute the functional parameters necessary
for analysis. This approach was crucial for accurately
interpreting the experimental data and understanding
the relationship between substrate concentration and
reaction velocity in the context of fermented cassava
liquid applied to sandy-loamy soil.
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CONCLUSION

In conclusion, over the twenty-eight-day study period,
significant reductions in total petroleum hydrocarbon
(TPH) concentrations were observed in soils treated with
fermented cassava liquid. Specifically, clay soil showed
a reduction of 46.5% in TPH levels when treated with
100ml of fermented cassava, while sandy-loamy soil and
swampy soil exhibited reductions of 34.06% and 20.4%
respectively. In contrast, untreated control samples saw a
modest reduction of 10.34% in TPH concentrations. This
demonstrates that longer treatment durations resulted in
higher TPH reduction across all soil types.

This study focused on assessing the impact of crude oil
contamination on soil physico-chemical properties and
evaluating microbial substrate utilization in fermented
cassava. Conducted in the Niger Delta region, which has
been severely affected by crude oil pollution, the research
highlights the potential of fermented cassava liquid—an
agricultural waste product—for effective bioremediation.

For optimal bioremediation using fermented cassava
liquid, it is crucial to maintain the appropriate operational
conditions that support microbial activity and enhance
pollutant degradation. These findings underscore the
importance of environmental remediation strategies
tailored to local conditions, particularly in regions
vulnerable to the detrimental effects of petroleum
pollution.
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