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Abstract

Various methods have been developed to produce silver nanoparticles with the aim of obtaining pollutant-
free water. There is significant interest in developing production processes that are environmentally friendly
and reducing the use of antibiotics. Chemical preparation methods utilizing various silver precipitants and
physical methods have emerged to enhance the effectiveness of silver nanoparticles against small organisms,
demonstrating potential biological applications in combating bacteria and fungi. Understanding the impact
of silver placement on filters and its influence on bacteria, particularly Escherichia coli, a common
bacterium, is crucial due to its association with other pollutants. This study explores the production of silver
nanoparticles through two distinct biosynthesis methods. The manufactured silver is then utilized as an
inhibitor for isolated bacteria and fungi, with subsequent separation of the silver nanoparticles prepared
using both techniques. Various tests such as UV, FTIR, EDX, and AFM were conducted to analyze the
properties of the nanoparticles. Additionally, changes in color from pale yellow to dark yellow were
observed in the mixture of powder and colloidal liquid .

Keywords: Antimicrobial activity, Escherichia coli, silver nanoparticles, UV-vis spectrophotometry,
nanoparticles, AFM.

1-Introduction

Nanotechnology has significantly transformed the field of materials science, particularly in the design and
manufacturing processes, by manipulating particles ranging from 1-100 nanometers. This technology shows
great potential for creating new products with medical applications, including early detection and treatment.
Silver has been selected for its antimicrobial properties, acting both internally and externally [1,2].
Consequently, metal nanoparticles have garnered significant research interest due to their various
advantageous applications in fields such as biomedicine, drug delivery, agriculture, and textiles. They can be
synthesized using multiple chemical and physical methods. Notably, nanoparticles are gaining attention as a
rapid, cost-effective, environmentally friendly method for human therapeutic use. In a recent study, silver
nanoparticles were synthesized through a bacterium that was isolated for this purpose. Their antibacterial
activity against environmental and pathogenic bacteria as well as fungi was evaluated [3]. Silver metal and its
ions exhibit antibacterial properties against both Gram-positive and Gram-negative bacteria. The mechanism
of their antibacterial activity involves interactions between the ions and thiol groups in enzymes and proteins
essential for the respiration and substance transport across the cell membrane in these bacteria. Furthermore,
the binding of silver ions to the bacterial cell membrane leads to bacterial death [4]. The human physiological
system has the ability to convert silver metals into silver ions for interaction with bacterial cells. Elevated
levels of silver ions can cause harm to normal human cells, leading to cytotoxic effects. Silver nitrate can be
transformed into silver nanoparticles through the use of glucose as a reducing agent and polyvinyl alcohol as
a suitable host material. This reduction process is commonly employed in biomedical and semiconductor
applications due to its high thermal stability and resistance to chemical reactions [11-14]. Numerous in vitro
studies have been carried out to investigate the cytotoxicity of silver nanoparticles and their impact on
oxidative stress. Recent developments have explored the use of natural polymers such as cellulose, chitin, and
chitosan for coating silver nanoparticles in order to mitigate their cytotoxic effects. The primary aim of this
research is to synthesize silver nanoparticles using a green approach involving glucose and polyvinyl alcohol,
with the goal of minimizing their cytotoxicity compared to chemical reduction methods, for application in
large-scale medical textiles [5].Laser ablation technology offers a distinctive approach for producing metal
nanoparticles. This technigue involves using a high-powered laser to ablate a metal plate in a liquid, resulting
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in the formation of nanoparticles. The unique properties of nanoparticles created through laser ablation cannot
be replicated by other methods, such as chemical processes. Key factors in the production of metal
nanoparticles through laser ablation include energy, wavelength, repetition rate of the laser, ablation time, and
absorption of the aqueous solution. Laser ablation provides a straightforward means of manufacturing metal
nanoparticles without the need for surfactants or chemicals [6]. In recent decades, silver has been utilized as
a medical remedy. Silver particles have shown diverse potential in catalysis, optics, electronics, and other
domains due to their unique size, optical dependency, and electrical and magnetic properties. The
predominant applications of silver nanoparticles are found in antibacterial and antifungal agents,
biotechnology and engineering, textile engineering, water purification, and consumer products containing
silver. Efforts are being made to integrate various silver nanoparticles into a wide array of uses. A substance
known as "Nano silver,” incorporating dispersed silver particles on household appliance surfaces, is
manufactured and marketed for medical device purposes by the company [3].

2-EXPERIMENTAL WORK

The prepared high purity nanosilver powder was taken as sample 1, and tested for comparison with silver
produced from silver nitrate, an AgNO3 compound with a purity of 99.9% and a molecular weight of
169.87. Silver nitrate, manufactured in Belgium, was dissolved in non-ionic distilled water with continuous
rotation and heated to 60 °C before adding HCI acid to the solution. The pure silver settled at the bottom of
the vessel, was dried at 150 °C, ground, and then burned at 500 °C. In contrast, for sample 2, NaCl salt was
added to the dissolved silver nitrate solution with rotation until the silver nitrate precipitated in powder form
and was considered sample 3. The color of the resulting colloidal solution varied depending on the
concentration of the solution containing the silver nanoparticles and their concentration, showing a range
from pale yellow to dark yellow. Sample 4 was prepared by ablation of a silver plate with a purity of 99% by
laser ablation with an energy of 750 mJ, a number of strokes of 3000, and a frequency of 1 Hz, and sample 5
was prepared by ablation with an energy of 650 mJ. Sample 6 included the method of dissolving the silver
plate in HNO3 acid to produce silver nitrate.

2.1. Characterization of silver nanoparticles [Ag NPs]

The samples underwent analysis using ultraviolet (UV) and ultraviolet-infrared (FTIR) spectroscopy to
assess the sensitivity of silver colloids. This is because AgNPs exhibit intense absorption peaks resulting
from surface Plasmon excitation and collective excitation of conductive electrons in the metal. Additionally,
atomic force microscopy (AFM) was utilized to measure the sample's volumetric rate, and energy dispersive
spectroscopy (EDAX/DX4) was employed to determine the silver content percentages within the samples.
The samples were analyzed in biological studies to evaluate their efficacy against two types of bacteria
commonly found in drinking water, namely negative and positive. Additionally, the samples were also tested
for their inhibitory effects on two categories of fungi, strong and weak. Silver demonstrated its effectiveness
in inhibiting both bacteria and fungi, with the inhibition zones being determined by drilling a small circle in
the center of pre-prepared agar. The inhibitor's effectiveness was assessed through dilution testing at various
concentrations, allowing for the determination of inhibition zone diameters using a ruler. Powdered samples
were diluted to three different concentrations, while colloidal liquids were directly applied to the samples
and 0.01 was extracted using a fine pipette for analysis.

3-RESULTS AND DISCUSSION

3.1.UV-visible spectrum results

The findings of this study indicated that silver nanoparticles fall within the range of 300 to 800 nanometers.
The UV absorption spectrum of silver nanoparticles was observed to be within this range [7], as depicted in
Figure.
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Fig. 1. UV-vis spectra of silver nanoparticles prepared by chemical precipitation.
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Fig . 2. UV-vis spectra of silver nanoparticles ablated by laser at different energies.
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Fig. 3. UV-Vis spectra of silver nanoparticles for silver plate dissolution method with HNO3 acid .

Preparation of silver nanoparticles in both organic and inorganic solutions is a topic of interest due to the
biological, thermal, optical, and electrical properties exhibited by these particles. The synthesis of physical
silver nanoparticles and laser ablation of silver plate offers an environmentally friendly method for preparing
silver nanoparticles in aqueous solutions. These nanoparticles exhibit localized surface plasmon resonance
or plasmon band when exposed to laser beams at wavelengths of 355, 532, and 1064 nm. Additionally, the
absorption of colloidal silver is more noticeable at shorter wavelengths, particularly in the range of 400 to
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600 nm as reported by previous studies  [8, 9].

3.2. Fourier transform infrared spectroscopy [FTIR] results

The presence of silver nanoparticles is indicated by a broad absorption band at 430 nm in the figure [4].
Additionally, the clear band at 3380 cm is attributed to water adsorbed on the silver nanoparticles as
observed in reference [10].
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Fig. 4 . shows the FTIR spectra of Nano silver samples prepared by methods different.

3.3 .EDS Results

The EDX verification results indicated that the silver content in Figure 9 of the initial sample was 98.09%,
while in the second sample (Figures 5, 6, 7, 8) it was measured at 58.07%. The third sample showed a silver
percentage of 49.43%, a silver percentage of 24.05%. These variations are attributed to differences in the
preparation conditions, as mentioned in reference [11]. The concentration levels were found to be influenced
by the specific methods used for preparation.

A- B-
Fig. 5. EDX spectra analysis of A- sample 1 and B- sample 2 .
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Fig. 7. EDX spectra analysis of A-sample 4 B- sample 5.
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Fig. 8. EDX spectra analysis of sample 6 .

3.4 . Atomic Force Microscope (AFM) results

The distribution of particle and nanoparticle sizes in dried colloids, prepared as described in (Ag), can be
observed. Individual colloids protruding from the slide are visible. Analysis of the representative scan line
from the topographic image reveals that protrusions extend from the surface, while height measurements
obtained from AFM can be affected by an artifact known as torsion of the specimen. Greater nanoparticle
deposits result in larger and more extensive structures. This indicates that nanometer-scale particles move
from individual entities on the surface to larger aggregated structures with added nano precipitates. Atomic
force microscopy [AFM], operating in air contact mode at room temperature, was used to image the
nanoparticles. The AFM images reveal a gravitational interaction between the nanoparticles, resulting in the
formation of cohesive aggregates with distinct characteristics, while each nanoparticle maintains its
individual properties. The figure illustrates the schematic diagram and particle size distribution of the
synthesized AgNPs. The report indicates that the surface roughness , root mean square (rms), and grain size
values were measured at [ 3.67, 4.4, 65 .79] nm . The schematic diagram depicts the size of the prepared
particles.
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Fig. 9. AFM image of Sample 1 (A) 2D, 3D, (B) particle size distribution.
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Fig. 10 . AFM image of Sample 2 (A) 2D, 3D, (B) particle size distribution.
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Fig. 11. AFM image of Sample 3 (A) 2D, 3D, (B) particle size distribution.
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Fig. 12. AFM image of Sample 4 (A) 2D, 3D, (B) particle size distribution.
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Fig. 13 AFM image of Sample 5 (A) 2D, 3D, (B) particle size distribution.
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Fig. 14 AFM image of Sample 6 (A) 2D, 3D, (B) particle size distribution.
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Table .1 . Values of surface roughness, mean roughness square [RMS] and particle size of the
prepared nanoparticles.

Sample Averge size (um) x Grain Size
(um) (nm)
1 0.066 66
2 0.052 52
3 0.0539 53
4 0.0547 54
5 0.0454 45
6 0.0666 66

3.5. Antimicrobial Activity of NPs

The Environmental Research Centre at Technological University in Baghdad, Iraq provided standard
isolates of Escherichia coli (25922 ATCC) and Staphylococcus aureus (25923 ATCC) for the study.
The antimicrobial effects of nanoparticles stem from their physical and chemical interactions with
biofilms, which are influenced by the inherent characteristics of nanoparticles including their high
surface area-to-volume ratio, distinct particle size, crystalline morphologies (edges and corners), and
reactive surface properties [13].studying the effect of Nano materials

Two bacterial isolates were cultured on nutrient agar medium to examine the impact of prepared nano
materials on their exteriors. An investigation into the effects of nano materials on bacterial isolates
was conducted using the well diffusion method. Silver nanoparticles, at concentrations of [30, 20, 10,
0.0] ug/ml, were used to assess their impact on the growth of Gram-negative Escherichia coli bacteria
ATCC 25922. The negative charges of Escherichia coli and Gram-positive Staphylococcus aureus
ATCC 25923 were studied for 24 hours at 37°C with constant stirring.

Inhibition Ratio = Test Reading / Control Reading x100 .

Example:
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25 = Inhibition zone diameter in the presence of amoxicillin at a concentration of 250 gu/ml .

The nanoparticles [Ag] displayed a significant inhibitory effect, which was found to be dependent on
their diameter. The inhibition zone, measured in millimeters, was 0.48 mm for nanoparticles [Ag] at a
concentration of 75 pg/ml, as illustrated in Fig 15, and table 2. This demonstrates that the
synthesized nano composite [Nystatin/NPs] exhibits similar enhanced properties with regards to its
antifungal activity (as indicated in table 3) when compared to the reference [15].

€N\ O

30 20

s iy
o
‘ 0.0 10 4
Escherichia coli ATCC | Escherichia_coli ATCC Escherichia_coli ATCC Escherichia coli ATCC
25922 25922( 25922 2592
1 2 3

Escherichia coli ATCC Escherichia coli ATCC
25922| 25922

Fig. 15 . shows Zone of inhibition (mm) of gonococci with different concentrations of silver
prepared by different methods for Escherichia coli ATCC 25922 [17].
Table .2. Inhibition zone diameter [mm] for gonococci with different concentrations of silver
prepared by different methods Inhibition zone in [mm] for Escherichia coli ATCC 25922.

Inhibition zone in [mm)]

Escherichia coli ATCC 25922

Concentration 1 2 3 4 5 6
pmg/mL

-Ve control 00 | 0.0 0.0 0.0 0.0 0.0

10 99 | 86 | 75 8.5 8.2 7.8
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20 135|126 | 84 11.6 10.7 8.1
30 156|149 | 93 13.4 142 | 10.2

+Ve control 25.6

Table. 3. Inhibition rate [%] of gonococci with different concentrations of silver prepared by
different methods shows the zone of inhibition in mm for Escherichia coli ATCC 25922 .

Inhibition rate [%0]

Escherichia coli ATCC 25922

Concentration 1 2 3 4 5 6
pg/mL
-Ve control 0.0 0.0 0 0.00 | 0.00 | 0.00
10 38.67 | 33.59 | 29.30 | 33.20 | 32.03 | 30.47
20 52.73 149.21 | 32.81 | 4531 | 41.80 | 31.64
30 60.93 | 58.20 | 36.33 | 52.34 | 55.47 | 39.84
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Fig. 16 . Zone of inhibition [mm] of gonococci with different concentrations of silver prepared by
different methods for Staphylococcus aureus ATCC 25923 .

Table. 4. Inhibition zone diameter [mm] for gonococci with different concentrations of silver
prepared by different methods Inhibition zone in [mm] for Staphylococcus aureus ATCC 25923 .

Inhibition zone in [mm)]

Staphylococcus aureus ATCC 25923

Concentration 1 2 3 4 5 6
pg/mL

+Ve control 0.0 | 0.0 0.0 0.0 0.0 0.0

10 93 88| 71 8.3 8.0 7.6
20 113106 | 7.8 11.2 10.2 7.9
30 142 1125| 8.6 12.6 12.4 9.8

+Ve control 26.8
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Table.5 . Inhibition rate [%] of gonococci with different concentrations of silver prepared by
different methods shows the zone of inhibition in mm for Staphylococcus aureus ATCC 25923 .

Inhibition rate%o

Staphylococcus aureus ATCC 25923

Concentration 1 2 3 4 5 6
pg/mL
+Ve control 34.70 | 0.00 0 0.00 | 0.00 | 0.00
10 42.16 | 32.84 | 26.49 | 30.97 | 29.85 | 28.36
20 52.99 | 39.55 | 29.10 | 41.79 | 38.06 | 29.48
30 34.70 | 46.64 | 32.09 | 47.01 | 46.27 | 36.57

3.6. Antifungal activity of Ag

The study investigated the impact of silver prepared through various methods on the sensitivity and
activity of two types of fungi, namely Trichoaerme. Harzanium (T.D) and Apergillus nigar (A.N)
isolated in a dish containing Potato extract agar at a temperature of 34°C. Results from the diffusion
method indicated that the prepared nanoparticles exhibited varying degrees of inhibition on the
growth of both fungi, with the diameter of the inhibited area increasing with higher concentrations.
This observation is supported by fig. 17,18, as referenced in source (18). The solutions utilized at
varying concentrations exhibit differences, and an observed trend indicates that the inhibition rate
rises with increasing concentrations of silver particles synthesized through various methods. This
trend may be attributed to the diminished interactions between Ag and silver in the basic shell

structures [19].

Fig. 17 . Inhibition zone [mm] of fungus [A.N] at different concentrations of silver NPs Prepared in

different ways for samples 1, 2, 3.
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Fig. 18 . Inhibition zone [mm] of fungus [A.N]at different concentrations of silver NPs Prepared in
different ways, the last three methods are samples 4, 5,6.

Table.6 .Diameter of the inhibition zone [mm] for fungi and shows the percentages of inhibition for
fungi with different concentrations of silver prepared by different methods for fungi [A.N] ..

Inhibition zone in [mm]

[Apergillus. | A strong fungus with low | (A.N)cmx10= [mm] Inhibition ratio = test ratio /
Nigar] [A.N] | spread to intestinal Exempla-5.5cmx10=55mm | standard ratio x 100
infections in water Exempla-
30+55X100%=54.54
Concentrati | Ratio concentration[ml] [A.N] [mm] Inhibition ratio%
on pg/mL
Control 0.0 55 0.0
1 10 43 78.18
20 35 63.63
40 30 54.54
2 10 45 81.81
20 45 81.81
40 42 76.36
3 10 50 90.90
20 45 81.81
40 36 65.45
4 40 72.72
5 40 72.72
6 No growth 100%

Two types of fungi, labeled as [A.N] and [T.D], are present in water. The first type, [A.N], is
known for causing intestinal infections and exhibits strong but limited spreading characteristics. In
contrast, the second type, [T.D], has weaker spreading capabilities but is more widespread and rapid
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in its spread within water sources. In an experimental setting, the inhibition of both types of fungi is
evident through visual representations with corresponding percentage values displayed in a table. The
inhibition rates for the second type decrease gradually over time when subjected to concentrations of
40 and 20, indicating slow or minimal efficacy. Furthermore, it is observed that sample 6 experiences
significant fungal fatality due to exposure to silver nitrate under acidic conditions (pH < 7),
demonstrating the detrimental impact of nitrate on both types of fungi. The data illustrates that
inhibition is influenced by the concentration of nanomaterial as well as the properties of the medium,
particularly when it is acidic. show or little, or it This suggests that an acidic medium may not be
suitable for fungal growth .

Fig. 19 .Inhibition zone [mm] of fungus [T.D] at different concentrations of silver NPs Prepared in
different ways for samples 1,2,3 .

Fig. 20 . Inhibition zone [mm] of fungus [T.D] at different concentrations of silver NPs Prepared in
different ways, the last three methods samples 4,5,6 .

The pH level also plays a significant role. In environments with a pH below 7, it acts as an
inhibitor, suppressing the growth of fungi and bacteria, rendering the environment inhospitable to
them . The two types of fungi, [A.N] and [T.D], are found in water. [A.N] is a type that spreads
weakly but is potent in causing intestinal infections, while [T.D] is a widely spreading and fast-
spreading type. The inhibition of both types of fungi is clearly depicted in the accompanying images,
with the inhibition percentage presented in the table 7. At concentrations of 40 and 20, the inhibition
rate for [T.D] is (41.81) which decreases at levels . Samples 1,2, 3, 4, and 5,6 and fig 19,20 shows
inhibition of fungal growth . demonstrates that silver nitrate and acidic pH levels are fatal to both
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types of fungi. The inhibition rates are influenced by the concentration of nanomaterial and the nature
of the medium. In acidic conditions, fungal growth is inhibited, rendering the medium unsuitable for
their development. The pH level of the environment also plays a significant role. When the pH is
below 7, it acts as an inhibitor for fungi and diminishes their growth, consequently creating an
inhospitable environment for both fungi and bacteria.
Table.7. Diameter of the zone of inhibition [mm] for type 2 fungi. It shows the percentages of
inhibition for the fungus with different concentrations of silver prepared by different methods for
the fungus [T.D].

Inhibition zone in
[mm]
[Trichoaerme. | Weak, highly [T.D]Jcmx10= [mm] | Inhibition ratio =
Harzanium] pathogenic fungi for | Exmpal- test ratio / standard
[T.D] intestinal infections 5.5cmx10=55mm ratio x 100
found in water Exempla-
30+55X100%=54.54
Concentration | Ratio [T.D] [mm] Inhibition ratio%
pg/mL concentration(ml)
Control 0.0 55 0.0
1 10 Heavy 0
20 50 90.90
40 23 41.81
2 10 Heavy 0
20 Heavy 0
40 Heavy 0
3 10 Heavy 0
20 Heavy 0
40 37 67.27
4 Heavy 0
5 Heavy 0
6 No growth 100%

4-CONCLUSIONS

Silver powders and liquids, when prepared as samples, have been found to be effective in
inhibiting the growth of bacteria and fungi. They have been used to inhibit the growth of water-
polluting bacteria, and two types of bacteria and two types of fungi were taken. The inhibition rate
of nanosilver on bacteria increases with the smaller diameters of the prepared nanosize and the
longer the exposure period. Nanosilver is important in water purification because it acts as an
inhibitor of microorganisms. Tests conducted prove that nanosilver exists, and its effectiveness in
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inhibiting bacteria and fungi varies depending on the method of preparation, with smaller particles
being more effective in killing microorganisms .
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