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This study is aimed at investigating the efficiency of microalgae biofilm in the phycoremediation of water from a
polluted river. Freshwater microalgae biofilm inherent in a contaminated petrochemical stream was employed to
remediate water from the River Kaduna, which is the largest river in Kaduna town, Kaduna State, Nigeria, and
serves as the primary water source in Kaduna town. The results indicate high reduction efficiency of some
physicochemical parameters and pollutants (turbidity (71%), conductivity (9.8%), sulfate (37.5%), alkalinity
(62.5%), chloride (11.5%), TDS (9.9%), TSS (66.7%), nitrate (42.9%), COD (24%), and BOD (33%), Cd (70.0%),
Ni (74.0%) and Pb (71.0%)), indicating the effectiveness of microalgae biofilm in the phycoremediation of water
from River Kaduna. According to scanning electron microscope (SEM) observation, the microalgae biofilm has
rough surface morphology after the treatment of the river water, which implies that the biofilm was capable of
removing the pollutants in water via biosorption. Other characterizations such as XRF, XRD, and FTIR also
buttressed that biosorption was the primary removal mechanism of pollutants by microalgae biofilm. Besides, the
results also show the production of ROS during the treatment of water from the River Kaduna by the microalgae
biofilm. This high concentration of ROS produced during the treatment correlates significantly with pollutant
degradation. The GC-MS analysis of the microalgae biofilm shows the involvement of some phytochemicals in the
process of pollutant degradation. As a result, microalgae biofilm is a simple and cost-effective method of polluted
water phycoremediation with promising applications and future prospects.

1. Introduction
The incessant discharge of chemical pollutants into freshwater
bodies, including lakes, rivers, streams, and ponds, is increasing due to
continuous anthropogenic activities such as urbanization, industrial and
agricultural activities (Stauffer et al., 2019). These chemicals were
originally created to improve the standard of living of human beings.
However, the unplanned intrusion of these chemical pollutants reverses
the same standard (Klimaszyk and Gołdyn, 2020). The discharged
chemical pollutants tend to alter the physicochemical and nutritional
status of these water bodies, and this alteration affects the overall
quality of the water bodies (Ajibade et al., 2021; Bi et al., 2018). Besides,
some nutrients released into the freshwater environment usually
encourage the growth of algae (Yang et al., 2008). The unceasing

alteration of the freshwater habitat’s nutrient status leads to a rapid
increase and accumulation of the algae population, resulting in the
formation of algae blooms (Heisler et al., 2008). The algae blooms are
usually associated with the production of dangerous toxins that tend to
kill other organisms living in the habitat, like fish and aquatic insects
(Berdalet et al., 2016). Algae blooms also encourages the growth of
bacteria in freshwater. These bacteria are likely to use up the dissolved
oxygen present in the habitat, thereby causing suffocation of aquatic
fauna (Ramakrishnan et al., 2010). The booming of these microorgan
isms, including algae and bacteria, will lead to the extensive formation
of microalgae biofilm.
Different physical, chemical, and biological methods are available
for the remediation of freshwater, but these methods are more expensive
and difficult to implement in the field. It is vital to develop an alternative
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low-cost, natural and simple method for the remediation of freshwater.
Phycoremediation, a subset of phytoremediation, is an innovative
alternative method that is both eco-friendly and efficient (Tabinda et al.,
2020). This method employs the natural properties of algae in an
engineered system to remediate the freshwater. Microalgae biofilm is a
novel type of phycoremediation method that can be used to effectively
treat water from the River Kaduna (Ugya et al., 2021).
Microalgae biofilm encompasses several syntrophic groups of
microalgae and other microorganisms, and abiotic components such as
minerals and metal oxides, in association with solid (substrate) surfaces
(Ugya et al., 2020a). The member cells forming a freshwater biofilm are
surrounded by a slimy extracellular matrix composed of EPS (extracel
lular polymeric substances) (Donlan, 2002; Han et al., 2019). The EPS
components signify the community routine of all the member microor
ganisms in the freshwater microalgae biofilm and have a
three-dimensional structure (Davey and Toole, 2000; Selvi et al., 2019).
The EPS is produced by the aggregation of polysaccharides, proteins,
lipid, and DNA of the microorganisms, forming the biofilm (Ugya et al.,
2020b). Microalgae biofilm are usually physiologically different from
other planktonic cells of similar organisms floating in the water (Dang
and Lovell, 2016; Ojuederie and Babalola, 2017). These differences are
largely due to the fact that organisms that form a natural biofilm tend to
accumulate on the surface of an artificial or natural substrate (Decho
and Gutierrez, 2017; Yin et al., 2019). There are many studies on the
efficiency of microalgae in the remediation of water (de-Bashan and
Bashan, 2010; Nandini et al., 2013). However, scanty literature exists for
microalgae biofilm’s role in the remediation of water, as microalgae
biofilm formation is a natural process that is cost-effective and easy to

use under field conditions (Pugazhendhi et al., 2020; Balcázar et al.,
2015).
The River Kaduna, which serves as the primary water source in
Kaduna town, is heavily polluted by domestic, industrial and agricul
tural wastewater. This pollution has a negative impact on the river’s
usage. Due to the local low level of technology and economy, it is
impossible to utilize complex and high-cost remediation methods in the
clean-up of the River Kaduna. As a result, it is critical to develop a more
accessible and efficient natural method, such as phycoremediation, to
reduce the pollution load of the River Kaduna. Therefore, the current
study specifically aims to determine the efficiency of microalgae biofilm
in the phycoremediation of water from the River Kaduna.
2. Materials and methods
2.1. Study area description
The River Kaduna is the largest river in Kaduna town, Kaduna State,
Nigeria. The river is about 550  km in length. The river originated from
the Jos plateau of Plateau State, Nigeria (29  km southwest of Jos town).
It ends in Niger State where it flows into the River Niger (Fig. 1). The
river is the primary water source for Kaduna town, a town in central
Nigeria that inherits its name from the river. Kaduna lies between lati
tude 10◦ 30′ 59.99′′ N and longitude 7◦ 25′ 59.99′′ E. The River Kaduna
has an average flow of 250  m3/s and 308  m3/s during the dry and rainy
season, respectively (Kwadzah and Iorhemen, 2015). The Romi stream is
a tributary of the Kaduna River, located in the southern part of Kaduna
metropolis between latitude 9◦ 30′ and 11◦ 45′ north and longitude 7◦

Fig. 1. Map showing River Kaduna and Romi stream.
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15′ and 7◦ 45′ east. Romi stream follows a course of about 16.4  km. It is
characterized by high salt concentration, low current velocity and water
level, particularly during the dry season. The stream is usually used for
both domestic and agricultural purposes. It is a significant source of
drinking water for Romi, Rido Chunduku, and Rido Hausa settlement,
which are villages located along its bark. Besides, this settlement de
pends on the stream for fishing, irrigation, and stockbreeding. Besides
the risk of enriching the stream with excessive nutrients from agricul
tural activities, Romi stream receives effluent rich in petroleum and
petrochemical refining contaminants from Kaduna Refinery and Petro
chemical Company (KRPC) (Ugya et al., 2019). The types of contami
nants in the wastewater include oil, grease, petroleum hydrocarbons,
mercaptans, sulphide, ammonia, phenol and other organic compounds
(Kwadzah and Iorhemen, 2015). Romi stream was used for the culturing
of microalgae biofilm for the removal of pollutants from the River
Kaduna, because Romi stream water is rich in nutrients and microalgae.

Agilent technology USA, 7890A GC and 5977B MSD, equipped with
AB-INOWAX column (60  ×  0.25  mm id, film thickness 0.25  μm)). For
SEM and XRF, the microalgae biofilm sample was dispersed on a stub,
and the data for SEM/XRF analyses were recorded. For XRD analysis, the
crystallinity of the microalgae biofilm was determined at a wavelength
of 0.154  nm, 30  kV and 30  MA (Liu et al., 2013). The microalgae
biofilm sample was scanned and the intensity was recorded in the 2θ
range of 100 – 700. For FTIR analysis, 2  mg of the microalgae biofilm
sample was evenly mixed with 0.4  g of potassium bromide (KBr), and
the spectra of the sample were obtained in the range 400–4000  cm− 1
(Sultana et al., 2020).
GC-MS was employed to identify phytochemical compounds directly
from the microalgae biofilm biomass. For the measurement, an electron
ionization system with ionization energy of 70.007  eV was used. Heli
um gas was used as a carrier gas at a total flow rate of 7.4206  mL/min.
Injector and mass transfer line temperature were set at 270 and 280 ◦ C,
respectively. The oven temperature was programmed from 50 to 180 ◦ C
at 3 ◦ C/min with a residence time of 10  min and from 180 to 250 ◦ C at
6 ◦ C/min with a residence time of 20  min, respectively. Diluted samples
(prepared methanol) of 0.2  μL were manually injected in the splitless
mode. The compounds in the samples were identified using GC retention
time on the AB–INO–WAX column, and the total GC running time was
30  min.

2.2. Cultivation of microalgae biofilm
Water for the cultivation of freshwater biofilm was collected from the
Romi stream, from the point where wastewater from KRPC flows into
the stream during the dry season (grab sample). The justification of the
selection of the sampling point is to obtain stream water concentrated
with pollutants from KRPC. The water sampled was poured into a
photobioreactor containing three plastics with slides representing the
substrate of the biofilm (Fig SM1) and a water heater. The photo
bioreactor was constructed using a set of glasses of length 21.1  cm, a
height of 31.0  cm, and 18.1  cm width. The glass’s thickness and ca
pacity for the photobioreactor are 3  mm and 11.84  L, respectively. The
substrate was constructed using Perspex. The substrate’s length, width,
and height are 8.4  cm, 6.2  cm, and 25.0  cm, respectively. It has a
groove of 0.3  cm, which is spaced at 0.5  cm. Each substrate can hold 30
slides with a length of 4.9  cm and a width of 7.6  cm. The temperature
was regulated at 27 ◦ C using a water heater while light intensity ranged
from 150 to 170 Klux, and the bioreactor was sealed using a transparent
nylon membrane (Ugya et al., 2021) (Fig SM2). The natural freshwater
microalgae were grown naturally in the photobioreactor for seven
months (January to July 2020) without any nutrient addition.

2.5. Measurement of ROS and other chemicals
O−2 and H2O2 produced and released by the microalgae biofilm were
determined using the standard procedure. Briefly, O−2 was determined
by the addition of 0.5  mL of acetonitrile into a cuvette containing water
sampled from the bioreactors. The absorbance of the mixture was thus
determined using a UV spectrophotometer at a wavelength of 255  nm
(Hayyan et al., 2016). H2O2 was determined by the addition of 0.5  mL
of titanium sulfate (Ti(SO4)2) into a cuvette containing water sample
collected from the bioreactor. The absorbance of the mixture was thus
determined at a wavelength of 405  nm (O’Sullivan and Tyree, 2007).
EC by 2510-laboratory method, TDS 2540-gravimetric method, TSS
by 2540-gravimetric method, alkalinity by 2320- titrimetric method,
chloride by 4500-Cl-calorimetric method, sulfate in water was measured
by 4500-SO24 - gravimetric method, COD by 5220-colorimetric method,
BOD by 5210-calorimetric method, and nitrate by 4500-NO-3-spectro
photometric method, according to the standard method of APHA (2005).
Concentrations of Cd, Pb and Ni were determined by digesting the water
sample (Ma et al., 2020) and analysing using an Atomic Absorption
Spectrophotometer (varian AA240FS, USA).

2.3. Treatment of water from River Kaduna
A composite sample of water was collected from the River Kaduna in
May 2020 and poured into another photobioreactor. A substrate con
taining microalgae biofilm cultured in Section 2.2 was inserted into the
photobioreactor and allowed for one week for water treatment. The light
intensity and temperature of the bioreactor are the same as the ones used
in Section 2.2. Water sample was collected from the photobioreactor
before and after the treatment of water from the River Kaduna. Some
physicochemical parameters and components, including, solid and ions
(turbidity, EC, TDS, TSS and alkalinity), anion compounds (sulfate and
Cl− ), oxygen demand (COD and BOD), nutrient (nitrate), trace metal
(Cd, Pb and Ni) was thus determined. For the determination of ROS (O−2
and H2O2), water contained in the glass slides with the microalgae
biofilm was collected. Microalgae biofilm collected before and after the
treatment of water from the River Kaduna was also characterized.

2.6. Statistical analysis
The experiment was conducted in triplicate and data were presented
statistically as mean and standard deviation. The significant differences
between the physicochemical parameters before and after remediation
were determined using one-way analysis of variance (ANOVA) at 0.05%
level of significance using SPSS version 23.
3. Results and discussion
3.1. Microalgae biofilm characterization

2.4. Microalgae biofilm composition and characterization

Fig. 2 illustrates that a clear difference exists between microalgae
biofilm before and after treatment. Before the treatment, the microalgae
cells can be depicted easily in Fig. 2b, due to the surface’s smoothness.
However, after the treatment, the microalgae cells present in the biofilm
were difficult to identify, due to the rough surfaces, as shown in Fig. 2a.
An increase in the cell size can also be noticed in Fig. 2a. The rough
surface morphology, especially exhibited in Fig. 2a, indicates that the
process of pollutant removal from water collected from River Kaduna by
microalgae biofilm is adsorption. The rough surfaces are a result of the

The microalgae biofilm composition was investigated using a
compound light microscope and the dominate microalgae were
identified (Lares et al., 2018). The microalgae biofilm before and after
the treatment was characterized using a scanning electron microscope
(SEM, SEM-Phenon Pro X model), X-ray diffractometer (XRD, Schi
madzu 6000 model), X-ray fluorescence (XRF, Thermo Scientific,
Advant’X 1200 model), Fourier-transform infrared spectroscopy (FTIR,
CARY 630 FTIR) and gas chromatography-mass spectrometry (GC-MS,
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Fig. 2. Scanning electron microscopic images of natural freshwater biofilm (a) after and (b) before treatment of water from River Kaduna.

binding of particles rich in Si and Al to the EPS of the microalgae biofilm
and the cell surface of the participatory microalgae. The increase in the
cell size of the microalgae biofilm after-treatment of the water from
River Kaduna confirms the role of the microalgae biofilm in the assim
ilation of nutrients present in the water. These further confirm the
removal of pollutants in the water by microalgae biofilm includes the
interaction of the microalgae biofilm with the pollutants leading to the
adsorption or biotransformation of the pollutants (Igiri et al., 2018).
According to XRF measurement, a higher percentage of silicon and
aluminium in the microalgae biofilm after-treatment of the river water is
shown in Table 1. This increase in silicon corresponds to the high
reduction efficiency obtained for TSS removal. This reaffirms that the
microalgae biofilm was able to enhance the process of particle sedi
mentation. Table 1 also revealed a higher percentage of C, S and Ca
before the treatment of water than after the treatment of water from
River the Kaduna. The adsorption of the Ca and other metals is the
reason for the reduction of the alkalinity of the water; this is because the
process leads to the release of H+ to the system, which in turn lowers the
pH and alkalinity of the system.
The differences in the percentage of sulfur and phosphorus in the
microalgae biofilm before treatment and after treatment of water from
River Kaduna shows that adsorption is not the only process substances
bind to microalgae biofilm. This shows that the EPS brings about the
degradation and assimilation of the elements because of its role in
trapping extracellular enzymes of the participant’s microalgae and

keeping them in proximity. The decrease in the percentage of Ag in the
microalgae biofilm after-treatment of the river water is an indication of
the ability of the microalgae biofilm to detoxify the Ag present in the
microalgae biofilm cells. The increase in Ti and Fe after-treatment of the
river water demonstrates the capability of the microalgae biofilm to
accumulate Ti and Fe.
The results of GC-MS were presented in ,Tables SM 2 and 3 which
show higher saturated fatty acids in microalgae biofilm before treatment
of water from River Kaduna than microalgae biofilm after treatment.
These saturated fatty acids, which include hexadecanoic acid, octade
cenoic acid, oleic acid, tetradecenoic acid, heptadecanoic acid play a
significant role in the removal of pollutants from the river water. This is
because these saturated fatty acids are considered to be biosurfactants
which play a significant role in water treatment (Ron and Rosenburg,
2001). These biosurfactants are amphiphilic compounds that can aid the
uptake of particles by the microalgae biofilm and facilitate the ability of
the microalgae biofilm to degrade organic compounds (Walter et al.,
2010; Ndlovu et al., 2016). The absence of hexadecanoic acid, oleic acid,
tetradecenoic acid, heptadecanoic acid in the cells of the microalgae
biofilm after treatment of water from river Kaduna reaffirms the fact that
the river water environment triggers the secretion of biosurfactants by
microalgae biofilm. The secretion of the biosurfactant is responsible for
the high assimilation of nutrients by the microalgae biofilm because the
biosurfactant increases the availability of the nutrients in the water
(Hashimoto et al., 2014; López and Soto, 2020).
Fig. 3 illustrates the crystal structure analysis according to the XRD
measurement, which shows significant difference in the pattern of
diffraction peaks for the microalgae biofilm before and after treatment.
The strongest peaks of the microalgae biofilm before treatment are
24.038, and 22.300, while microalgae biofilm after treatment is 24.024,
and 18.467. Fig. 3b shows the hkl value of the microalgae biofilm before
treatment with River Kaduna water, but no hkl value was determined for
the microalgae biofilm after treatment with River Kaduna water. The
inability to determine hkl value of the microalgae biofilm after treat
ment of water from the River Kaduna is due to the insufficient number of
peaks to index (only three peaks were available). The lack of hkl value
for microalgae biofilm after treatment indicated particle binding to the
microalgae biofilm via the sedimentation process, as evidenced by the
higher amount of silicon in the microalgae (Table 1) (Mosharaf et al.,
2018; Koechler et al., 2015; Gao et al., 2015). The different peaks of the
microalgae biofilm before and after treatment of the polluted water are
structurally the same. The structure is tetrahedral while the mineral
composition is monoclinic tectosilicate crystal which is a white, greenish

Table 1
Elemental constituent of microalgae biofilm before and after treatment.
Element
Symbol

Before Treatment

After Treatment

Atomic Conc.
(%)

Weight Conc.
(%)

Atomic Conc.
(%)

Weight Conc.
(%)

Si
Fe
P
Al
C
Ca
S
Ag
K
Mg
Na
Cl
Ti

9.89
1.80
2.08
5.55
19.20
11.37
16.73
1.16
2.37
4.05
2.77
1.81
0.15

11.02
4.00
2.56
5.94
40.28
18.08
21.29
4.97
3.68
3.9
2.53
2.56
2.54

38.32
8.37
1.08
26.22
8.35
2.70
2.83
0.47
2.48
6.23
1.53
0.55
0.86

35.13
15.69
1.12
23.75
3.37
3.63
3.04
1.71
3.04
5.09
1.18
0.66
1.39
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Fig. 3. XRD of natural freshwater biofilm (a)after and (b) before treatment of water from River Kaduna.

and reddish crystal. This shows the presence of zeolite in the microalgae
biofilm. The presence of zeolite is due to the fact that the microalgae
biofilm was grown using petrochemical refining wastewater.
Fig. 4 depicts the bonds and functional groups of the microalgae
biofilm before and after treatment of water from the River Kaduna. An
additional C–H functional group formation was noticed after the –OH
functional group near the peak at 3500  cm− 1 in the microalgae biofilm
after treatment, which was absent in microalgae biofilm before treat
–
ment. The –OH and C–
– C functional groups were formed at a higher
absorption peak in microalgae biofilm after treatment than before
– N functional group was formed at a higher absorption
treatment. The C–
peak in microalgae biofilm before treatment.

Coelastrum spp, Stigeoclonium spp, and Chlamydomonas spp. Bacillar
iophyceae was predominantly represented by Navicula spp, Synedra spp,
Surirella spp, Gomphonema spp, Cyclotella spp, Pinnularia spp, Navicula spp,
Melosira spp, and Amphora spp. The dominance of Cyanophyceae,
Chlorophyceae Bacillariophyceae in the microalgae biofilm before
treatment indicates that the petrochemical refinery polluted water is
rich in pollutants and could result in algae blooms (López and Soto,
2020). The formation of the freshwater microalgae biofilm is the reason
why the occurrence of the algae bloom was prevented (Sub
ashchandrabose et al., 2011). The potentiality of the freshwater micro
algae biofilm in the degradation of pollutants in the river water is
because microalgae belong to the families Cyanophyceae, Chlorophyceae,
and Bacillariophyceae which are photoautotrophic organisms that can
remediate polluted water by pollutant degradation and adsorption
(Abdel-Raouf et al., 2012).

3.2. Microalgae composition of the natural freshwater biofilm
The microbiological analysis of the freshwater biofilm before and
after water treatment from River Kaduna demonstrated the dominance
of freshwater microalgae belonging to the family Cyanophyceae,
Chlorophyceae, and Bacillariophyceae. Cyanophyceae was predomi
nantly represented by Oscillatoria spp, Microscystic spp, Anabaena spp,
Hormidium spp, and Phormidium spp. Chlorophyceae was represented by
Chlorella spp, Aphanizomenon spp, Senedesmus spp, Ankistrodesmus spp,

3.3. ROS production of the microalgae biofilm
Fig. 5 exhibits the amount of ROS produced by microalgae biofilm
before and during water treatment from the River Kaduna. The result
shows higher ROS production during the treatment of water from the
River Kaduna. This higher ROS produced during water treatment from
River Kaduna indicates the effect of oxidative stress imposed on the
microalgae biofilm by the pollutants present in River Kaduna (Xie et al.,

Fig. 5. ROS production by the microalgae biofilm before and after
the treatment.

Fig. 4. FTIR of natural freshwater biofilm.
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2019). This is because microalgae biofilm tends to increase the pro
duction and release of ROS in stressful situations and during some
physiological processes such as photosynthesis. This continuous pro
duction and release of ROS by microalgae biofilm under stressful con
ditions is also a reason for the pollutant reduction potential by the
microalgae biofilm. In addition to the effect of pollutants, the increase in
ROS production and release levels are also influenced by cell size and
shape, cell density and growth stage, light intensity, and temperature.
This study also confirms the increase of the microalgae biofilm size after
the treatment of water from the River Kaduna (de-Bashan and Bashan,
2010; Chen et al., 2020).
3.4. Pollutant removal efficiency
Fig. 6 shows the efficiency of microalgae biofilm in the treatment of
water from the River Kaduna. The one-way analysis of variance of the
physicochemical parameters shows significant differences at a 0.05%
level of significance between the physicochemical parameters before
and after treatment using microalgae biofilm for treatment (Table SM 1).
The microalgae biofilm was able to decrease the turbidity, TSS, TDS,
alkalinity, EC, sulfate, chloride, nitrate, COD and BOD5, Pb, Cd and Ni,
while the pH of the sampled water was increased from 7.40 to 8.20. The
high reduction efficiency of turbidity is attributed to the microalgae
biofilm’s ability to attract the suspended solids present in the water
collected from the River Kaduna unto the substrate due to the high
sorption potential of microalgae biofilm (Gentili and Fick, 2017). The
amount of silicon was high in the natural freshwater biofilm after
remediation of water from River Kaduna as attested using XRF (Leo
nardo et al., 2014). The high TSS removal efficiency is ascribed to the
cell of the participatory microalgae film and the extracellular polymetric
surfaces to absorb this particle (Lewandowski and Boltz, 2011). The low
TDS removal efficiency could be as a result of the extracellular poly
meric surfaces which play no role in the adsorption of TDS (Wang et al.,
2017). The high level of ROS produced after the treatment of water from
River Kaduna is responsible for the high removal efficiency of EC and
alkalinity. This is because the adsorption of Ca2+ and Mg2+ by micro
algae biofilm tends to reduce the alkalinity and EC of the river water.
The high sulfate and chloride removal is as a result of the oxidative
nature of ROS, which facilitates the chemical precipitation of sulfate and
chloride in the river water. The present study deduced that the amount
of sulfate and chloride in the microalgae biofilm before remediation of
water from Kaduna River was higher than the amount presents in the
microalgae biofilm after remediation as illustrated in Table 1, which
showed the XRF data. The high nitrate removal by the microalgae bio
film is an indication that the microalgae biofilm present in the biofilm
can utilize nitrate for metabolic activities rather than adsorb the nutrient
within the microalgae biofilm (Maurya and Raj, 2020). The COD and
BOD removal efficiencies reported in this study are low compared to
other studies reported for individual microalgae (Wollmann et al.,
2019). The low removal efficiency is attributed to the production of the
larger amount of ROS by the microalgae biofilm compared to single
microalgae species. The ROS produced by microalgae biofilm can pre
vent the growth of bacteria and oxidizing chemical pollutants present in
the River water (Subashchandrabose et al., 2013). The result presented
in Fig. 6 also shows the efficiency of microalgae biofilm to remove the
heavy Pb, Cd and Ni from the River water. This high efficiency is due to
the low concentration of heavy metal in the sampled water (Kurniawan
and Yamamoto, 2019). Since heavy metals are persistent pollutants, the
mechanisms involved in the removal of heavy metals by microalgae
biofilm is by adsorption to the extracellular matrix or cell of individual
microalgae forming the biofilm (Ojuederie and Babalola, 2017). There is
a need for further studies to ascertain if the postulation made in this
study is true and the part of the microalgae biofilm responsible for the
process (Ugya et al., 2020b).

Fig. 6. Reduction
River Kaduna.

efficiency

of

physicochemical

parameters

from

3.5. Environmental significance of microalgae biofilm
Microalgae biofilm is a cost-effective method that can be used in the
remediation of polluted water. This is due to the fact that microalgae
biofilm is an association of organisms that occupy the most basic trophic
level in the aquatic ecosystem. These organisms are fast growing and are
capable of utilizing nutrient present in polluted water due to their ability
to perform photosynthesis. This process of nutrients utilization leads to
the production of biomass which is useful in the production of biofuel
and other biotechnological products. Microalgae biofilm is an important
tool that can be used for the removal of contaminants from polluted
water via the process of precipitation, adsorption and degradation.
4. Conclusion
This study revealed the high reduction efficiency of some parameters
indicating the efficacy of the microalgae biofilm in the removal of pol
lutants from water from the River Kaduna. The study reaffirms that the
mechanisms in which microalgae biofilm is used in the removal of solids,
ions and trace metals is by adsorption, nutrient by utilization, anions
compound by precipitation and oxygen demand by the activities of ROS.
Characterization analysis such as XRF, XRD, GC-MS and FTIR shows that
adsorption is the primary removal mechanism of pollutant removal by
microalgae biofilm. The study also shows the involvement of ROS pro
duced and released by microalgae biofilm in the facilitation of the
degradation of pollutants from the river water. Further studies need to
be done to clearly show the kinetic model that suits the process of
pollutant adsorption by microalgae biofilm. Finally, the mechanism
involved in the degradation of pollutants by the ROS produced by
freshwater microalgae biofilm needs to be studied.
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