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ABSTRACT

This study aimed to demonstrate the biosynthesis procedure of zinc oxide
nanoparticles (Zn-O NPs) by using extracellular components from environmental
isolates of Escherichia coli as reducing and stabilizing agent by adding 1 g of zinc
sulfate to 10 ml of bacterial extract to prepare of zinc oxide nanoparticles. These
organic pollutants are considered one of the most important causes of poisoning that
have great health risks to humans and are also considered one of the most dangerous
environmental pollutants as they are toxic and harmful to the environment. The
optimum condition for Zn-O biosynthesis was characterized through several devices
and techniques such as ultraviolet- visible (UV-Vis) Atomic force microscope
(AFM) X-Ray diffractometer (XRD) Fourier Transform Infrared spectroscopy (FT-
IR) and field emission scanning electron microscopy (FE-SEM). In particular, a cut-
off phenomenon of the biological synthesized Zn-O was found at around 325 nm
using UV-Vis, while spherical shape particles were noticed using FE-SEM
techniques. Also, the results of the AFM analysis revealed that Zn-O NPs have an
average diameter of 37.15 nm. Determining the FTIR spectrum of the
biosynthesized Zn-O nanoparticles showed Zn-O at the broad peak at 694.33 cm.
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Introduction:

The type of common contamination in water is determined by the characteristics of the
normal matter itself if it is biodegradable or not and if it is far too rotted. Characteristic
matters inside the water are classified into the taking after materials: The carbonaceous
characteristics of carbohydrates. fats are typical materials that are difficult to decompose,
proteins are frequently found nitrogenous compounds. Compounds of sulfur and
organophosphorus [1]. Other normal materials such as urea has influence of characteristic
defilement. Normal defilement has various impacts on the biological system. The following
are the most significant negative effects of common matter on water. Nanoparticles affect the
exchange and alter broken-down oxygen in water[2]. affecting the physical and chemical
characteristics of conduits. Influence on progress and destructive outcomes [3] Influence on
the differences in marine lifeforms and influence on marine life. The drinking water fragment
perseveres from various issues, which are due to erosion of pipeline frameworks transporting
consumable water, in development of bacteriological contamination in treated water
organization centers (water capacity tanks and taps) and defilement that happens inside the
drinking water is the result of a number of variables[4]. In 2020, 74% of the world's people
(5.8 billion people) utilized safely managed drinking water organizations, i.e., water
organizations that are open where required and not sullied[5]. At scarcest two billion people
inside the world utilize drinking water sources sullied with feces[6]. The debasement of
drinking water with life forms as a result of its debasement with feces is the foremost
noticeable peril to the safety of drinking water and causes the transmission of contaminations
such as the runs, cholera, free bowels, typhoid and polio[7]. Nanoparticles and nano-
biomedicine It has the power to create things appear on a nuclear scale, repetitively between
(1 — 100) nanometer. Effectiveness and minimization of modern electronic devices is now
absolutely crucial. compared to other parameters in which nanomaterials play an awfully vital
part. Nanotechnology has become widely used as it is extremely small in size due to its
endless applications in nearly all sorts of businesses from materials to pharmaceutical
including its action as antibacterial, the foremost critical viewpoint of which is the wide
utilization of nanostructures in mechanics, optics, hardware, biotechnology, microbiology,
natural remediation, pharmaceutical, different designing and fabric sciences[8]. The
environmentally friendly method is the method by which zinc oxide nanoparticles are
manufactured in a safe, non-toxic, cheap, and available in large quantities and in a short time.
Zinc oxide nanoparticles have received great interest for their applications in magnetic
resonance, in the manufacture of solar cells, in environmental treatments, in the medical
fields, in photocatalysts, and others. frameworks, such as microscopic organisms, contain
macromolecules, most of them are within the nanometer run[9]and[10]. Cellular extraction
from these bacterial species is utilized to create nanoparticles of different sizes and biological
compositions[11]and [12].

Zinc oxide nanoparticles have attracted special attention because they are among the most

easily oxidizable metals when exposed to air and show a range of useful physical properties
such as hyperthermia, superconductivity, magnetism, strong interaction and bonding due to
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the large surface area, biodegradable, biocompatible and low toxicity to human life [13].
Organic nanotechnology includes an extraordinary of intrigued and includes a wide
assortment of forms that minimize or expel destructive substances.to protect the environment.
Natural generation supplies more focal points than chemical strategies and physical strategies
since it is straight forward to prepare, exceptionally cost-effective and versatile for large-scale
generation [14]and[15]. Because of their biocompatibility, superparamagnetic properties, and
chemical stability, appealing zinc oxide nanoparticles are the preferred choice for natural
applications [16].

Materials and Methods:

The microbes displayed within the drinking water, by separating from water and then
growing them on media (MacConkey agar, eosin methylene blue, supplement agar) to get
pure culture [17]. Bacteria were grown in a liquid medium (nutrient broth) and placed in a
shaking incubator at a temperature of 37°C and at a speed of 120 cycles/min for three days
(72 hours), after which the filtrate was isolated then separated. This filtrate contained the
extracellular enzymes of bacteria, and was used to prepare nanoparticles. The zinc sulfate was
added to the bacterial extract in a ratio of 1 gram of the metal salts to 10 ml of the extract and
placed in a shaking incubator at room temperature for a full day at a speed of 120 cycles/min.
The filtrate, then deionized water was added to the precipitate and placed in a centrifuge for
10 minutes. This process was repeated twice to ensure that the particles were washed from
any remaining extract and sulfate. The precipitate was taken and placed in a petri dish and
placed in an incubator at 37°C to dry. This way zinc oxide nanomaterials were extracted [18],
[21], [22]and [23].

2. Study of the Structural and Optical Properties:

Utilizing obvious and bright beams the auxiliary properties of nano-zinc oxide were
examined employing a spectrophotometer. It was also inspected by a nuclear constrain
magnifying instrument to determine the sizes of the shaped nanoparticles. The X-ray
diffraction of the nanoparticles was inspected to guarantee the immaculateness of the shaped
nanoparticles which were free of pollutions[24]. infrared spectroscopy was also examined to
further confirm the formation of nanoparticles that are free of impurities. It was inspected by a
checking electron magnifying lens to identify the external morphology of the nanoparticles
and their arrangement [25].

3. Gas Chromatographic-mass Spectrometric (GC):

Gas and mass spectrometry was used to recognize organic compounds present in drinking
water. The bioactivity of the zinc oxide particles that was synthesized against organic
pollutants was inspected by GC-MASS technique [26].

Results and Discussion:

The microbes that showed up on the dishes were analyzed with the Vitek system, in Fig.1
it was found that the foremost frequent sort of microbes that showed up was Escherichia coli.
Fig. 2 shows the percentage of bacteria in drinking water.
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Figure 1: Vitek-2-system for Escherichia coli
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Figure 2: Percentage of bacteria appearance in drinking water

4. UV-Vis Spectrophotometer:

The optical properties of the nanoparticles were studied using a UV-visible spectrometer
(200 to 800) nm. Figure 3 shows the absorbance of zinc oxide nanoparticles. Fig. 4 shows the
absorbance of bacterial extract of E. coli with the absorption peak being 325 nm. This result
agrees with Al Awadh et al. [3] in terms of UV results. The acquired UV-Vi peak indicates
direct electron recombination between the valence and conduction bands.
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Figure 3: UV-Vi spectrum of the biosynthesized Zn-O.
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Figure 4: UV-Vi spectrum of the bacterial extract of E. coli.

Atomic Force Microscopy (AFM) Analysis:

The AFM was presented to explore the Zn-O nanoparticles' surface highlights employing a
2D and 3D imaging approach Fig. 5. Particularly, the AFM results uncovered that the Zn-O
nanoparticles display a circular shape with a normal distance across measuring of 37.15 nm.
The result was identical to Al Awadh et al. [3] in the value of an average diameter of 45.02
nm.
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2D 3D

Figure 5: Atomic force microscopy of the bio-synthesized Zn-O.

6. X-ray Diffraction (XRD) Examination:

The XRD patterns obtained from the bio-synthesized Zn-O nanoparticles are elucidated
in Figure 6 showing the XRD spectrum of the synthesized zinc oxide nanoparticles. The result
revealed the presence of diffraction peaks which were 202, 004, 201, 112, 200, 103, 110, 102,
101, 002 and 100 at the values of 6 = 2, which correspond to the characteristics of the
diffraction pattern of Fe304 nanoparticles according to the data of the JCPDS standard. The
deviation angles were 76.64°, 71.70°, 68.87°, 67.84°, 66.11°, 62.69°, 56.45°, 47.35°, 36.11°,
34.22°and 31.60° degrees. The result was identical to Al Awadh et al. [3] where their results
uncovered the existence of eight-strong diverse diffraction crests compared to the Zn-O NPs
observed at 20 (6=diffraction point) values of (30-40).

Counts 2000

1000

Y
m ”"., L‘J ’L‘”"m[ )‘J lu) }\w |
-'lldfi"tf

20 30 40 50 60 70
Position ["2 Theta] (Copper (Cu))

Figure 6: XRD patterns of the bio-synthesized Zn-O nanoparticles

Fourier Transforms Infrared (FTIR) Spectroscopy Analysis:

The FT-IR results for the bio-synthesized Zn-O nanoparticles are demonstrated in Fig. 7.
The biosynthetic Zn-O nanoparticles appeared in the wide peak at 694.33 /cm™. The result
agrees with Yaqoob [15].
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Figure 7: FTIR spectrum of the biosynthesized Zn-O.

Field Emission Scanning Electron Microscopy (FE-SEM) Analysis:

The morphological properties of the bio-synthesized Zn-O NPs were inspected utilizing the
FE-SEM technique. As outlined in Figure 8, the arranged Zn-O NPs test displayed circular
particles as well as plate-like structures. It is worth specifying that the normal nanoparticles
breadth was found to be around 44 nm utilizing ImageJ computer program. The result was
identical to Al Awadh et al. [3] concerning the of shape Zn-O spherical particles as well as
their plate-like structures.

SEM MAG: 135 kx WD: 5.64 mm I 18 I MIRA3 TESCTAN
Det: SE SEM HV: 150 kV 200 nm
Date(m/dVy): O17/18/22 SUT - FESEmM

Figure 8: FE-SEM image of the bio-synthesized Zn-O nanoparticles

8. Gas Chromatographic-mass Spectrometric (GC):

Zinc oxide NPs was used was used against organic pollutants caused by Escherichia coli
which was isolated from drinking water. The natural poisons were inspected utilizing the GC-
Mass system. Figure 9 and Table 1 show drinking water before treatment with nanoparticles.
As the first table shows the organic compounds that appeared in the drinking water before
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treatment, and Figure 10 and Table 2 show water tests after treatment with zinc oxide
nanoparticles. While table.2 shows organic compounds in drinking water after treatment
where the most noteworthy rate of natural toxin decrease was achieved. By using the GC-
Mass system, the organic compounds present in the drinking water were identified. Tables 1
and 2 show the organic compounds that appeared in the drinking water, as well as the
chemical formula of each compound, the molecular weight and the chemical composition.

.

i/
L

Figure 9: Drinking water samples before treatment with Zn-O nanoparticles

Table 1: Drinking water samples before treatment

Chemical Molecular Molecular | The chemical composition
name formula weight
1| Tetradecane | CH3(CH2)12CH | 198.39
3 g/mol
2| Dodecane CH3(CH2)10CH | 170.33
3 g/mol
3| Tridecane CH3(CH2)11CH | 184.36
3 g/mol

N

Hexadecane CH3(CH2)14CH 226.44
3 g/mol

w

Nonadecane | CH3(CH2)17CH | 268.518

3 g/mol
6| Tricosane C23H48 324.6g/mol
7| Pentadecane | C15H32 212.421
g/mol
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Flgure 10: Drlnklng water samples after treatment with Zn-O nanopartlcles

Table 2: Drinking water samples after treatment with zinc nanoparticles
Chemical name | Molecular | Molecular The chemical composition

formula weight
1 | Nonane,3- C10H22 142.2817
methyl g/mol
2 | Decane,3,8- C12H26 170.3348
dimethy! g/mol ~—C
3 | Undecan,3,7- C13H28 184.3614 .
dimethyl g/mol AL

4 | Dodecan,2,7,10- | C15H32 212.4146

trimethyl g/mol W

5 | Tridecan,5- C14H30 198.3880
methyl g/mol —
6 | Dodecan,2,6,11- | C15H32 212.4146
trimethyl g/mol \\) >
_—
7 | Octadecane,2- | C19H40 268.5209
methyl g/mol .
CONCLUSION:

In this study, the biosynthesis of Zn-O nanoparticles using extracellular enzyme of
Escherichia coli as a reducing agent was demonstrated successfully. Additionally, the attained
Zn-O NPs were characterized using UV-Vis, AFM, XRD, FT-IR and FE-SEM techniques. In
particular, the XRD patterns showed the successful Zn-O NPs phase formation, while the FE-
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SEM demonstrated that the prepared Zn-O NPs exhibited spherical particles as well as plate-
like structures with an average diameter size ranging around44 nm. While the AFM revealed
an average diameter of 37.15 nm. In the anti-organic pollutant activity test, it was found that
the bio-synthesis has a strong effect activity against the organic pollutants in drinking water.

12.References

[1] A. S. Abdelbaky, T. A. Abd El-Mageed, A. O. Babalghith, S. Selim, and A. M.
Mohamed, "Green synthesis and characterization of ZnO nanoparticles using
Pelargonium odoratissimum (L.) aqueous leaf extract and their antioxidant, antibacterial
and anti-inflammatory activities,” Antioxidants, vol. 11, no. 8, p. 1444, 2022.

[2] S. Afolalu, O. lkumapayi, M. Emetere, and S. Ongbali, "Investigation of mechanical
properties and characterization of a joint using nano flux powder for a-tig welding,"
Materials Today: Proceedings, vol. 44, pp. 2879-2883, 2021.

[3] A. A. Al Awadh et al., "Sustainable synthesis and characterization of zinc oxide
nanoparticles using Raphanus sativus extract and its biomedical applications,” Crystals,
vol. 12, no. 8, p. 1142, 2022.

[4] S. A. Afolalu, O. D. Samuel, and O. M. Ikumapayi, "Development and characterization
of nano-flux welding powder from calcined coconut shell ash admixture with FeO
particles,” Journal of Materials Research and Technology, vol. 9, no. 4, pp. 9232-9241,
2020.

[5] H. Agarwal, S. Menon, S. V. Kumar, and S. Rajeshkumar, "Mechanistic study on
antibacterial action of zinc oxide nanoparticles synthesized using green route,” Chemico-
biological interactions, vol. 286, pp. 60-70, 2018.

[6] S. Al-Ghamdi et al., "Green synthesis and characterization of zinc oxide nanoparticles
using Camellia sinensis tea leaf extract and their antioxidant, anti-bactericidal and
anticancer efficacy,” Research on Chemical Intermediates, vol. 48, no. 11, pp. 4769-
4783, 2022.

[71 H. A. Alalwan, S. E. Mason, V. H. Grassian, and D. M. Cwiertny, "a-Fe203
nanoparticles as oxygen carriers for chemical looping combustion: an integrated materials
characterization approach to understanding oxygen carrier performance, reduction
mechanism, and particle size effects,” Energy & fuels, vol. 32, no. 7, pp. 7959-7970,
2018.

[8] M. Barmala and M. Behnood, "Novel ternary metal oxide nanoparticles (La2Cu0. 8Zn0.
204) as a potential photocatalyst for visible light photocatalytic degradation of methylene
blue and desulfurization of dibenzothiophene,” Nano Futures, vol. 6, no. 1, p. 015004,
2022.

[9] R. Bosinceanu and N. Sulitanu, "Synthesis and characterization of FeO (OH)/Fe304
nanoparticles encapsulated in zeolite matrix,” J. Optoelectron. Adv. Mater, vol. 10, no.
12, pp. 3482-3486, 2008.

[10]J. Caro, A. Serrano, and M. Gallego, "Direct screening and confirmation of priority
volatile organic pollutants in drinking water," Journal of Chromatography A, vol. 1138,
no. 1-2, pp. 244-250, 2007.

[11]F. Alguacil-Duarte, F. Gonzalez-Gomez, and M. Romero-Gamez, "Biological nitrate
removal from a drinking water supply with an aerobic granular sludge technology: An
environmental and economic assessment,” Journal of Cleaner Production, vol. 367, p.
133059, 2022.

[12]F. Buarki, H. AbuHassan, F. Al Hannan, and F. Henari, "Green Synthesis of Iron Oxide
Nanoparticles Using Hibiscus rosa sinensis Flowers and Their Antibacterial Activity,”
Journal of Nanotechnology, vol. 2022, 2022.

4255



Hussain et al. Iragi Journal of Science, 2024, Vol. 65, No. 8, pp: 4246-4255

[13]A. A. Al-Kinani and A. J. Al-Azawi, "Study of the effect of agricultural and domestic
pollutants on the water quality of the Diyala River in Iraqg.”

[14]A. Alangari et al., "lron oxide nanoparticles: preparation, characterization, and
assessment of antimicrobial and anticancer activity,” Adsorption Science & Technology,
vol. 2022, 2022.

[15]M. A. Alden and L. Yaaqoob, "EVALUATION OF THE BIOLOGICAL EFFECT
SYNTHESIZED ZINC OXIDE NANOPARTICLES ON PSEUDOMONAS
AERUGINOSA," IRAQI JOURNAL OF AGRICULTURAL SCIENCES, vol. 53, no. 1,
pp. 27-37, 2022.

[16] A. Chaiyarat and C. Saejung, "Photosynthetic bacteria with iron oxide nanoparticles as
catalyst for cooking oil removal and valuable products recovery with heavy metal co-
contamination,” Waste Management, vol. 140, pp. 81-89, 2022.

[17]M. Barbooti et al., "Evaluation of quality of drinking water from Baghdad, Irag,”" Science
World Journal, vol. 5, no. 2, 2010.

[18] Y. Li, J. Li, P. Qiao, D. Zhou, Y. Xing, and J. Chen, "Monitoring the volatile composition
and change in different geographical regions and harvest time of Chinese truffle (Tuber
indicum Cooke & Massee)," European Food Research and Technology, vol. 248, no. 6,
pp. 1663-1677, 2022.

[19]L. Yaaqoob, "EVALUATION OF THE BIOLOGICAL EFFECT SYNTHESIZED IRON
OXIDE NANOPARTICLES ON ENTEROCOCCUS FAECALIS," IRAQI JOURNAL
OF AGRICULTURAL SCIENCES, vol. 53, no. 2, pp. 440-452, 2022.

[20]R. Ali, Z. J. Shanan, G. M. Saleh, and Q. Abass, "Green synthesis and the study of some
physical properties of MgO nanoparticles and their antibacterial activity,” Iraqi Journal
of Science, pp. 266-276, 2020.

[21]S. Yamamura, J. Bartram, M. Csanady, H. G. Gorchev, and A. Redekopp, "Drinking
water guidelines and standards," Arsenic, water, and health: the state of the art, 2003.
[22] M. Yoro, J. Joshua, and A. Isyaku, "Green Synthesis, Characterization and Antimicrobial
Potency of Ag-Fe Bimetallic Nanoparticles from Papaya Leaf Extract,” International

Journal of Scientific and Research Publications, vol. 12, pp. 563-568, 2022.

[23]Y. Zheng et al., "Green biosynthesis and characterization of zinc oxide nanoparticles
using Corymbia citriodora leaf extract and their photocatalytic activity,” Green Chemistry
Letters and Reviews, vol. 8, no. 2, pp. 59-63, 2015.

[24] M. A. Atiya, A. K. Hassan, and F. Q. Kadhim, "Green Synthesis of Copper Nanoparticles
Using Tea Leaves Extract to Remove Ciprofloxacin (CIP) from Aqueous Media," lraqi
Journal of Science, pp. 2832-2854, 2021.

[25]S. Azizi, M. B. Ahmad, F. Namvar, and R. Mohamad, "Green biosynthesis and
characterization of zinc oxide nanoparticles using brown marine macroalga Sargassum
muticum aqueous extract,” Materials Letters, vol. 116, pp. 275-277, 2014.

[26]S. Sharma, J. Vargas, K. Pirota, S. Kumar, C. Lee, and M. Knobel, "Synthesis and ageing
effect in FeO nanoparticles: Transformation to core—shell FeO/Fe304 and their magnetic
characterization,” Journal of alloys and compounds, vol. 509, no. 22, pp. 6414-6417,
2011.

4255



