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Abstract Abstract 
Metal oxide nanoparticles like iron oxide (Fe2O3) exhibit strong reactivity and photolytic features in 
wastewater treatment and serve as an effective adsorbent for water purification due to its substantial 
surface area and affinity for different functionalized groups. Iron oxide nanoparticles) IONPs) are 
currently applied to treat oil-contaminated water. Fe₂O₃NPs were produced using an extracellular 
approach utilizing the Alishewanella jeotgali strain HAQ8. IONPs were characterized using UV-vis, FT-IR, 
XRD, AFM, SEM-EDX, and Zeta potential. λ max for the synthesized nanoparticles observed at (358) nm. 
The bands at 485 cm⁻¹ in the FT-IR spectrum confirmed the formation of IONPs. The XRD showed that 
the IONPs' average crystallite size was (19) nm. According to AFM and SEM analyses, the surface 
roughness, maximum height, and mean diameter of Fe₂O₃NPs were (4.86, 18.36, and 48.8) nm, 
respectively, with spherical shapes. The Zeta potential of Fe2O3 NPs was (-43) mV. At 0.2 mg/mL Fe2O3 

NPs, crude oil degradation reached (69.08) %, increasing to (71.4)% at pH 9. Fe2O3 NPs' cytotoxicity 
results indicated they were biocompatible with red blood cells even at the highest concentration. 
Fe₂O₃NPs produced by bacteria are harmless and non-toxic. Fe₂O₃NPs are expected to be potential 
candidates for crude oil degradation. 
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Abstract

Metal oxide nanoparticles like iron oxide (Fe2O3) exhibit strong reactivity and photolytic features in wastewater
treatment and serve as an effective adsorbent for water purification due to its substantial surface area and affinity for
different functionalized groups. Iron oxide nanoparticles) IONPs) are currently applied to treat oil-contaminated water.
Fe2O3NPs were produced using an extracellular approach utilizing the Alishewanella jeotgali strain HAQ8. IONPs were
characterized using UV-vis, FT-IR, XRD, AFM, SEM-EDX, and Zeta potential. l max for the synthesized nanoparticles
observed at (358) nm. The bands at 485 cm¡1 in the FT-IR spectrum confirmed the formation of IONPs. The XRD showed
that the IONPs' average crystallite size was (19) nm. According to AFM and SEM analyses, the surface roughness,
maximum height, and mean diameter of Fe2O3NPs were (4.86, 18.36, and 48.8) nm, respectively, with spherical shapes.
The Zeta potential of Fe2O3 NPs was (¡43) mV. At 0.2 mg/mL Fe2O3 NPs, crude oil degradation reached (69.08) %,
increasing to (71.4) % at pH 9. Fe2O3 NPs' cytotoxicity results indicated they were biocompatible with red blood cells
even at the highest concentration. Fe2O3NPs produced by bacteria are harmless and non-toxic. Fe2O3NPs are expected to
be potential candidates for crude oil degradation.

Keywords: Alishewanella jeotgali, Fe2O3NPs, Biosynthesis, Treatment wastewater, Crude oil

1. Introduction

W ater is essential to humans. With the ad-
vancement of humanity and the continuous

consumption of water for industrial activities, the
scarcity of freshwater resources has emerged as the
most pressing issue that humanity must address
immediately [1]. Akhter et al. [2] stated that the
utilization of water resources has escalated with the
growth of the global population and advancements
in the industrial and agricultural sectors, resulting
in increased water pollution with various contami-
nants. Toxic waste poses a serious threat to the well-
being of both aquatic and terrestrial ecosystems [3].
Petroleum refineries are complex systems that
involve multiple processes. The characteristics of
refinery wastewater vary depending on the types of

crude oil processed, the intended products, the
composition of condensate, and the treatment
methods employed; thus, these elements generate
intricate variability patterns. A significant number of
processes in petroleum refineries consume sub-
stantial quantities of water. Therefore, refineries
produce a considerable effluent containing hydro-
carbons, heavy metals, and hazardous substances
[4]. Organic pollutants such as phenolic compounds,
chlorides, antibiotics, and others originate from
companies involved in petroleum, dyestuffs, phar-
maceuticals, or pesticides. These non-biodegradable
pollutants have the potential to accumulate in or-
ganisms over time, resulting in cancer development.
Even after a significant prohibition period, organ-
isms still contain traces of these prohibited pollut-
ants [5]. The study by Grmasha et al. [6] on the Tigris
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River and its estuaries involved six months of
measurement campaign for 16 PAHs; it determined
the amount of these compounds present in the
surface water from the oil refineries. Results showed
that concentrations of the 16 PAHs in water ranged
from (567.8 to 3750.7) ng/l. The highest concentra-
tions of PAHs ranged from (49.41e81.67) %. All the
PAHs in the water samples were found to be high
molecular weight with (5e6) rings. Sixteen PAHs
were detected in water samples taken from the
Tigris River, and most of these PAHs were produced
by pyrogenic sources. The toxins in oil refinery
effluent adversely affect various organs in both an-
imals and humans, including the liver, kidneys,
respiratory system, lungs, and skin. Pollutants from
the oil sector have been reported to raise the inci-
dence of many cancers, including bladder, breast,
colon, and prostate [7]. Microbial synthesis of
nanoparticles (NPs) is an eco-friendly approach to
sustainable manufacturing that employs microbi-
ology and nanotechnology [8]. Microbes synthesize
NPs through various processes, such as metal
complexation, changes in solubility, extracellular
precipitation, biosorption, oxidative-reductive re-
actions, and the absence of specific transporters and
efflux pumps [9].
Bacillus and Klebsiella species possess iron reduc-

tase (thu) and cysteine desulfurase (suf) genes,
which play a role in the biosynthesis of IONPs [10].
Iron-reducing bacteria, such as Shewanella spp.,
exhibit variable surface charge potentials depending
on the composition of their cell walls. These
changes, which occur under different growth con-
ditions, have been suggested to influence the
properties of nanomaterials synthesized by these
bacteria [11]. The metal-reducing bacteria can
couple the oxidation of various electron donors,
such as lactate, pyruvate, and hydrogen to reduce
different metal species, leading to the biominerali-
zation of various metal NPs [12].
Iron oxides, comprising wustite (FeO), hematite (a-

Fe2O3), maghemite (g-Fe2O3), and magnetite (Fe3O4),
are exceptional nanomaterials. Iron oxide nano-
particles (IONPs) exhibit superparamagnetic large
surface area and biocompatibility at nanoscale,
rendering them suitable for many applications. Their
impact on material behavior, interaction with light,
electricity, magnetism, and non-toxicity in biological
systems make them promising in biomedicine and
bioremediation [13]. Diverse IONPs have been
extensively investigated as remediation agents in
advanced oxidation processes for small organic
molecules, magnetized coagulation, and as an
effective adsorbent for removing pollutants from
effluent [14].

IONPs act as semiconductor photocatalysts to
convert pollutants into less toxic compounds and as
nano-adsorbents to improve adsorption techniques
to eliminate pollutants [15]. IONPs possess various
characteristics, such as the ability to be modified on
their surface by different substances and functional
groups. This allows them to effectively remove
specific pollutants through physical and chemical
processes, including adsorption, reduction, pre-
cipitation, and disinfection [16]. The photodegra-
dation of organic contaminants on the surfaces of
biologically synthesized nanomaterials under sun-
light exposure is an effective method for water
treatment [17].
IONPs are excellent at photocatalytic degradation

because they are very active, inexpensive catalysts
and do not require much energy. Consequently, this
technology has enormous potential for effectively
removing many dyes, heavy metals, and organic
pollutants from the environment [18]. To clean up
water, IONP has been utilized extensively as an
adsorbent (FeOOH, Fe2O3, and Fe3O4) NPs [19].
IONPs remove pyrene and benzo(a)pyrene from
water with removal efficiencies (98.5 and 99) %,
respectively [20]. Fe2O3 NPs are very effective in
removing and degrading BTEX (benzene, toluene,
ethylbenzene, and xylene). According to the find-
ings, the highest BTEX removal effectiveness
(90.94%) was found at pH (3.64), (167) mg/l of
nanoparticle concentration, and (180) W of light in-
tensity [21]. During the photocatalytic process, NPs
transform organic pollutants into H2O, CO2, and
reactive oxidizing species like air or oxygen [22]. The
study aims to treat crude oil-contaminated water
using an effective and environmentally sustainable
method that employs bacteria-synthesized IONPs.

2. Materials and methods

2.1. Bacterial isolation and identification

Bacteria were Isolated from sludge samples
collected from the Shuaiba refinery. One gram of
sludge was transferred to a flask containing (100) ml
of distilled water (D.W) and placed in a shaking
incubator for an hour. After a series of dilutions of
10�5, 0.1 ml was transferred from the medium to
sterile nutrient agar using the spreadingmethod, and
the medium was incubated for (24) hrs at (37) �C [23].
Pure isolates were taken and cultured for purity. A
pure colony was selected and stained using a Gram
stain Kit. DNA was extracted using the Geneaid
extraction kit, and the 16rRNA gene was amplified
using primers 27 F (AGAGTTTGATCCTGGCTCAG)
and 1492R (GGTTACCTTGTTACGACTT) [24]. PCR

H.Q. Al-assdy et al. / Karbala International Journal of Modern Science 11 (2025) 306e316 307



reactions were conducted according to the specified
program in Table (1).
After sequencing the 16S rRNA PCR product of

the specified strain, a multiple sequence align-
ment was performed using the NCBI database as a
reference.

2.2. Biosynthesize of IONPs

The bacterial isolate was activated by inoculating
freshly cultured bacteria into Erlenmeyer flask
containing nutrient broth. The Erlenmeyer flasks
were incubated at (37) �C in a shaker at (120) rpm for
(24) hrs. The bacterial culture was centrifuged for
(10) min at (4,000) rpm. The supernatant was passed
through a (0.45) mm sterile syringe filter. The filter
supernatant was transferred to a sterilized flask to
synthesize the IONPs. FeCl3.6H2O solution (2 mM)
was mixed with the supernatant of bacteria 1:1 and
adjusted to pH 9, then incubated in a shaker incu-
bator for 2 days at (37) �C. The biosynthesize of
IONPs was visually checked for color changes in the
supernatant. The mixture was centrifuged at (5000)
rpm for (15) min to separate IONPs; then the su-
pernatant was discarded. IONPs were washed three
times with deionized D.W. and then collected and
dried in an oven at (40) �C.

2.3. Characterization of IONPs

The IONPs were analyzed using a Shimadzu Dual
Beam UV-1900 UV-visible spectrophotometer,
scanning wavelengths from 200 to 800 nm; the ab-
sorption spectra corresponding to the surface plas-
mon resonance (SPR) of the IONPs were recorded.
The surface functional groups and bonds in the
IONPs were analyzed using a Shimadzu FT-IR
spectrophotometer. The FT-IR spectra of the bacte-
rial supernatant were obtained to identify the
functional groups involved in synthesizing IONPs
(ALPHA II Compact FT-IR Spectrometer - Bruker).
The FE-SEM/EDX Oxford detector was employed to
analyze the characteristics of the synthesized
IONPs, utilizing an electron high tension of 5000 V,

a working distance of 9.1 mm, and a magnification
of 60,000�, along with a quantitative compositional
study of the NPs. X-ray diffraction analysis was
performed using a Philips PW 1730 diffractometer to
determine the crystal structure of the IONPs. The
Xpert High Score Plus software was utilized for peak
indexing and phase identification. Atomic Force
Microscopy (AFM) was used to analyze the size,
surface texture, morphology, and roughness of the
IONPs. Zeta potential analysis was performed using
Brookhaven Instruments to determine the surface
charge of the IONPs.

2.4. Cytotoxicity of IONPs on human red blood cells

The cytotoxicity of IONPs towards human red
blood cells was tested. One ml of blood was mixed
with (20) ml of sterile phosphate buffer saline (PBS)
to prepare blood suspension. IONPs concentrations
(2,6,12, 18, and 25) mg/ml were prepared in DMSO.
The assay involved the addition of (100) ml of each
concentration to a test tube containing (2) ml of
blood suspension. The test tube was incubated
at (37)�C and observed for turbidity during a
duration of (3e24) hrs. The blood suspension with
(1) % NaCl solution served as a positive control,
whereas the negative control was normal saline
and DMSO with blood suspension. Turbidity in the
blood suspension indicated a positive result and
toxicity, while a nontoxic result kept the solution
clear.

2.5. Evaluation of photocatalytic degradation of crude
oil by IONPs

2.5.1. The effect of the concentration of IONPs on
photocatalytic degradation crude oil
The photocatalytic degradation of crude oil by

IONPs was evaluated by preparing different con-
centrations of IONPs (0.2, 0.4, 0.6, 0.8, and 1) mg/ml,
which were added to an Erlenmeyer flask contain-
ing (100) ml of water and (0.5) ml of crude oil after 14
days. The experiment was conducted at room tem-
perature under direct sunlight exposure. The
degradation of crude oil was measured using a
spectrofluorometer, and the degradation percentage
was calculated using the following equation:

Degradation% ¼ (AeB)/A � 100

A: Control crude oil concentration after 14 days
(without IONPs).
B: Sample crude oil concentration after 14 days

(with IONPs).

Table 1. PCR program for amplifying 16S rRNA.

Stage Temp Time Cycle Size of
product

Initial denaturation 94 �C 5 min 1 1500 bp
Denaturation 94 �C 30 sec 27
Annealing 55 �C 35 sec
Extension 72 �C 45 sec
Final extension 72 �C 10 min 1
Cooling 4 �C
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2.5.2. Effect of pH on photocatalytic degradation crude
oil by IONPs
The test was conducted using the IONPs concen-

tration that achieved the highest crude oil degra-
dation percentage. The effect of pH was evaluated at
pH (5, 7, and 9). The effect of IONPs and pH on
crude oil degradation after 14 days was assessed as
described in the previous section.

3. Results and discussion

3.1. Bacterial isolation and identification

Molecular characterization of the 16S rRNA gene
indicated that the isolate obtained from oil refinery
sludge in Basrah was identified (99.35) % with
Alishewanella jeotgali Kctc22429 (NR_116459). Alish-
ewanella jeotgali strain HAQ8 (OR885471) was
registered in the gene bank database as a new
strain. Most studies have used the 16S rRNA genes
to characterize bacteria [25e28]. The 16S rRNA gene,
present in nearly all bacterial species, has main-
tained its function over time and possesses a suffi-
cient length of approximately 1500 bp for
computational analysis. Consequently, scientists
extensively use this gene for bacterial identification,
taxonomy, and the elucidation of evolutionary re-
lationships among various bacterial species [29].

3.2. Biosynthesize of IONPs

*The mixture of supernatant and FeCl3$6H2O so-
lution color changed from yellow to brown over (2)
days, indicating the presence of IONPs. This finding
corresponds with the results of [30,31]. A green
method for synthesizing metal NPs and their oxides

is used as an alternative to chemical and physical
techniques. It is more environmentally friendly,
easily scalable, cost-effective, and does not require
severe conditions such as high temperatures or toxic
chemicals [32]. The extracellular method involves
the reduction of metal ions, including Fe, by pro-
teins, components of microbial cell walls, or en-
zymes [33]. The above components function as
stabilizers and reducing agents, inhibiting the
agglomeration of IONPs [34]. Alishewanella Jeotgali
strain HAQ8 was used to synthesize IONPs at a cost
of less than ten dollars, including the cost of Nutrient
broth and FeCl3$6H2O for 5g of IONPs Fig. 1.

3.3. Characterization of IONPs

The SPR of the prepared Fe2O3 NPs was
confirmed using UV-Vis spectrophotometry anal-
ysis. The lmax of IONPs synthesized by the Alish-
ewanella Jeotgali strain HAQ8 was observed at (358)
nm, Fig. 2, which falls within the reported range of
(350-400) nm for the IONPs [35]. A broad band at

Fig. 1. Biosynthesize of Fe2O3 NPs (A) Supernatant of Alishewanella Jeotgali strain HAQ8 (B) mixture of supernatant and FeCl3.6H2O after 2 days (C)
Fe2O3 NPs powder after drying.

Fig. 2. The lmax of Fe2O3 NPs synthesized by Alishewanella jeotgali
strain HAQ8 was observed at 358 nm.* Special description of the title. (dispensable).
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(349) nm in UV-Vis spectroscopy indicates the
presence of IONPs [36]. The absorption peak of
IONPs is observed at 394 nm [37]. This is due to the
surface plasmon resonance of Fe2O3NPs. The col-
lective oscillation of electrons in metallic NPs cre-
ates a SPR absorption band [38].
The effect of bioactive compounds in the bacterial

supernatant on reducing iron ions and stabilizing
IONPs was studied using Fourier Transform
Infrared Spectroscopy (FTIR). The functional groups
(C-H, C-C, C-H, and C-O) are present at
(2911,1577,1391, and 1072) cm�1 in the supernatant,
whereas the function groups (O-H, C-H, C-C, N-O,
and C-O) are present at (3411,2924,1651, 1531.8, and
1064) cm�1 in IONPs, Fig. 3. The FT-IR spectra of the
synthesized IONPs closely resemble those of the
bacterial supernatant, suggesting that the bioactive
compounds present in the supernatant serve as
reducing agents for iron ions and as capping agents,
contributing to the stabilization of the nanoparticles.
The peak at (485) cm�1 matches the maghemite (Fe-
O) stretching modes, proving that the prepared NPs
are iron oxide Table 2. This finding is attributed to
Ref. [39]. The Fe-O stretches appear in the mixture
when an absorption peak is detected at (474) cm�1,

corresponding to Fe2O3NPs [40]. The functional
groups in the molecular chains of the supernatant
enhance its binding capacity [41]. The OH group's
presence plays a major role in the reduction and
stabilization of NPs during synthesis [42]. The
functional groups responsible for reducing and
capping previously mentioned IONPs are hydroxyl,
alkyl, and carboxylic groups, facilitating iron salt
reduction into Fe2O3NPs [43]. The metabolism of
microorganisms produces bioactive chemicals that
stop reduced iron particles from sticking together
during synthesis [40].
The XRD pattern was analyzed within the range of

10� to 80� at 2q (diffraction angle). The major
diffraction peaks at 2q (18.3�, 27.7�, 31.6�, 34.3�, 35.9�,
56.8�, 73�) correspond to the lattice planes (100, 007,
008, 113, �114, 135, �216), respectively, Fig. 4. The
XRD showed the IONPs' average crystallite size was
(19) nm. Furthermore, detecting numerous low-in-
tensity peaks suggests the presence of biological
molecules on the particle surfaces. The magnetic
NPs made of iron oxide have an XRD pattern that
matches the standard card for Fe2O3 (JCPDS file
card number 0-076-1821) with a hexagonal phase.
This result corresponds to the previous studies
[44e47]. Additionally, the XRD pattern exhibited
three additional peaks at 2q ¼ 11.7�, 23.6�, and 45.8�,
which may be caused by supernatant biomolecules
that cap the synthesized NPs [48]. Most peaks were
sharp, indicating that the material was impure and
included components that acted as capping agents.
Intense Bragg reflections suggest the presence of
strong X-ray scattering centers in the crystalline
phase, which could be attributed to the capping
agents [49]. IONPs size, morphology, surface
texture, and roughness were characterized using the

Fig. 3. FT-IR spectra of (a) Alishewanella jeotgali strain HAQ8 super-
natant used for synthesized Fe2O3 NPs (b) Fe2O3 NPs.

Table 2. FT-IR spectrum analysis showed the main function groups
present in IONPs.

IONPs
wavenumber
(cm�1)

Appearance Bands Functional group

3411 Strong
and broad

OeH stretching Alcohol

2924 Medium CeH stretching Alkane
1651 Strong C]C stretching Alkene
1531.8 Strong N-O stretching Nitro compound
1064 Strong C-O stretching Primary alcohol
485 Medium Fe-O Band Oxide group

Fig. 4. The XRD of Fe2O3 NPs synthesized by Alishewanella jeotgali
strain HAQ8.
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AFM technique. According to AFM findings, the
mean diameter of NPs was (48.8) nm, as shown in
the histogram. The histogram showing most NPs
was a small Fig. 5a. The three-dimensional (3D)
AFM images revealed a spherical shape. The
maximum height of IONPs was 18.36 nm, as shown
in three-dimensional(3D) AFM images, Fig. 5b. The
surface roughness parameter of IONPs is at (4.86)
nm size scan. This result agrees with [50]. The
spherical shape of IONPs is essential because it
provides a consistent and symmetrical configuration
that is beneficial for various applications. The high
surface area-to-volume ratio of spherical NPs makes
them more reactive and suitable for catalysis,
sensing, and drug delivery and more stable and
reactive [51].
In Fig. 6, SEM images of the produced IONPs

showed spherical shapes with a diameter range
(13.67 -85.99) nm. The size of the IONPs was be-
tween 30 nm and 60 nm [52]. The FESEM images
showed the particle's spherical shape [53].
The purity of synthesized IONPs was studied

using EDX spectroscopy. The EDX spectra in Table 3

showed iron peaks and other elements. The weight
percentage of Fe was (6.38%), while the weight
percentage of O was (26.59 %). Elements such as
oxygen and carbon were identified in the superna-
tant sample and constitute a significant amount.
Additionally, Na, S, P, Cl, K, Fe, and Ca constitute
the production medium (nutrient broth) used for the
growth of bacteria and the composition of salt
(FeCl3.6H2O).
The most essential peaks found in this study were

Fe and O, which showed the presence of IONPs and
C. These may have come from the extracellular
bacterial matrix in the supernatant [52]. The peaks at
6.41 keV correspond to iron's binding energies,
while the oxygen peak is 0.5 keV Fig. 7. This
outcome is related to Refs. [54,55].
A zeta potential analysis was conducted to deter-

mine the electrical charge on the surface of IONPs.
The results showed a zeta potential value of (�43.25)
mV, indicating that the NPs are stable Fig. 8. IONPs
with an average zeta potential of (þ41) mV were
prepared from an extract of the plant Ceratonia sili-
qua L. that was mixed with water [56]. The extra-
cellular technique (Proteus vulgaris ATCC-29905) was

Fig. 5. (a) The Histogram and (b) 3D image (AFM) show particle dis-
tribution of Fe2O3NPs.

Fig. 6. The SEM shows the shape and the particle size of Fe2O3NPs.

Table 3. The EDX shows the percentages of chemical elements in
Fe2O3NPs.

Element Weight % Weight
% Sigma

Atomic
%

C 50.88 0.89 62.08
O 26.59 0.57 24.35
Na 4.22 0.11 2.69
Cl 3.33 0.09 1.38
Fe 6.38 0.2 1.68
P 1.31 0.06 0.62
N 6.62 1.34 6.92
S 0.31 0.05 0.14
K 0.19 0.04 0.07
Ca 0.16 0.04 0.06
Total 100 100
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used to produce IONPs. The Zeta potential of IONPs
was (79.5) mV, which confirms its stability [53]. The
extracellular method uses genes, peptides, or pro-
teins as reducing agents to break down iron ions
into NPs with a tiny distribution spread evenly.
These NPs are stable and stop IONPs from sticking
together [57].

3.4. Cytotoxicity of Fe2O3 NPs on human red blood cells

The cytotoxicity of Fe2O3 NPs against human red
blood cells was examined at concentrations (2, 6, 12,
18, and 25) mg/ml. The cytotoxicity results of Fe2O3

NPs indicated they were biocompatible with red
blood cells even at the highest concentration, Fig. 9.
Capping agents such as polysaccharides surround-
ing nanoparticles may have enhanced their blood
compatibility [58]. According to the zeta potential
analysis, the Fe2O3 NPs surface has a negative
charge that repels red blood cells with the same
charge. The surface charge of IONPs may in-
duce genotoxicity and cytotoxicity. The positively
charged IONPs demonstrated increased toxicity due
to non-specific interactions with negatively

charged cell membranes, resulting in enhanced
intracellular accumulation and disruption of mem-
brane integrity [59].

3.4.1. The effect of the concentration of IONPs on
photocatalytic degradation crude oil
Five concentrations (0.2, 0.4, 0.6, 0.8, and 1) mg/l of

IONPs were tested in degrading crude oil in
wastewater. The results showed that the degrada-
tion percentage was (69.08, 57.93, 46.8, 34.03, and
11.90) %. The highest degradation percentage was
69.08% in the concentration of IONPs, which was
0.2 mg/l, Fig. 10. A low concentration of Fe2O3NPs
was better than high concentrations in crude oil
degradation. The result matched with previous
studies [60,61]. Excessive increases in NPs concen-
tration lead to agglomeration, markedly reducing
the accessible surface area for adsorption and
decreasing the number of active sites, affecting
overall adsorption effectiveness [62]. The NPs' small
size increases the surface area, enhancing their
chemical reactivity and potential for adsorbing
various contaminants onto their surfaces [63]. Using
Fe2O3 NPs makes it easier to break down hydro-
carbons without a catalyst. Another excellent thing

Fig. 7. The EDX shows the chemical elements in Fe2O3NPs.

Fig. 8. The Zeta potential analysis shows the charge of Fe2O3 NPs.

Fig. 9. The cytotoxicity of IONPs at different concentrations against
human red blood cells. Evaluation of photocatalytic degradation of
crude oil by IONPs.

Fig. 10. The percentage of degradation of crude oil by different con-
centrations of Fe2O3NPs.
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about this treatment method is that it produces no
secondary pollutants. The established treatment
technique may be extensively used as an econom-
ical and environmentally friendly method for man-
aging petroleum industries. Fe2O3NPs have shown
the capacity to disrupt the aggregation of asphaltene
molecules, halting interactions between clusters and
reducing oil viscosity [64]. Magnetite NP could
eliminate approximately 65% of higher-chain
(C23eC26) and 70% of lower-chain alkanes
(C9eC22) [65]. IONPs interact with petroleum-
derived contaminants in aquatic environments
through adsorption, photocatalytic oxidation, and
synergistic biodegradation [66]. IONPs exhibit
distinctive properties, including the capacity to
absorb a broad spectrum of visible light and
generate highly reactive oxygen species, which can
improve degradation efficiency and reduce aggre-
gation, thereby facilitating the remediation of water
contaminants [67]. The photocatalytic reaction
commences. When a photon with energy (hv) equal
to or surpasses the semiconductor photocatalytic
NPs' band gap is absorbed. Consequently, electrons
(e�) and positive holes (hþ) are generated on the
surface of nano photocatalysis due to the transfer of
electrons via photo absorption from the valence
band to the conduction band. The interactions be-
tween water and positive holes in the conduction
band generate hydroxyl radicals (OH) [22].

3.4.2. Effect of pH on photocatalytic degradation crude
oil by IONPs
The pH (9, 7, 5) was used with 0.2 mg/ml of IONPs

for 14 days to investigate the effect on the degra-
dation of crude oil. The results show that the best
pH contributed to enhancing the degradation of
crude oil by IONPs to 71.4%, which was 9, Fig. 11.
Fatty acids in the aliphatic component of crude oil
and those produced by the gradual oxidation of
long-chain hydrocarbons react with sodium

hydroxide solution [68]. Injecting alkaline sub-
stances like NaOH, which elevates the pH of
aqueous solutions, effectively decreases interfacial
tension values through the in-situ production of
surfactants and the saponification of organic acids
present in model oils [69].
In the present study, the degradation percentage

of crude oil by IONPs was decreased at low pH. This
behavior is attributed to the competition between
protons and pollutants for active binding sites on
the surface of IONPs. At lower pH, these active sites
become protonated due to the excess protons,
thereby diminishing the pollutant's capacity to
adhere to the adsorbent [70].

4. Conclusions

Alishewanella jeotgali strain HAQ8, isolated from
the sludge of an oil refinery treatment plant in
Basrah government, southern Iraq, effectively syn-
thesizes IONPs. The IONPs synthesized by the
Alishewanella jeotgali strain HAQ8 have a diameter
of less than 100 nm, a spherical shape, and a nega-
tive charge. XRD identifies IONPs as Fe2O3NPs. All
concentrations of Fe2O3 NPs have no cytotoxicity
against red blood cells. At 0.2 mg/ml, Fe2O3NPs
were effective in degrading crude oil. pH 9 enhances
the degradation of crude oil by Fe2O3NPs. Future
studies aim to synthesize IONPs through cost-
effective methods and utilize IONPs in bioreactors
to treat polluted water.
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