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Abstract 

Silver nanoparticles prepared by the simple green method using Azadirachta indica (A. indica) leaf 

extract. The formulation was found to be effective in terms of reaction time as well as stability of 

the synthesized nanoparticles with the exception of external stabilizing agents/reducing agents. It 

has been shown to be an environmentally friendly and rapid synthetic approach that provides a 

low-cost, high-efficiency method for the synthesis of silver nanoparticles; this reaction direction 

matches all conditions of the green chemical process and with a high percentage. In addition to the 

benefits of using plant extracts in synthesis, it saves energy, protects human health and the 

environment, and provides safer products, as the manufactured silver nanoparticles showed 

effective activity against Pseudomonas aeruginosa ATCC 27853. AgNPs was biologically (green 

method) prepared using leaf extract of neem plant (A. indica). Experimental lab unite was 

designed. Two PVC pipes (3 meters length, 2.54 cm diameter) were used, each pipe partitioned 

into six section of 50cm length, the pipes were alternately coated with silver 

nanoparticles(250ppm,125ppm). Both coated and uncoated pipe parts  were connected 

respectively to each other . Drinking water was artificially contaminated by 290 CFU 

Pseudomonas aeruginosa ATCC 27853 bacteria. The standard isolate of bacteria was obtained 

Pseudomonas aeruginosa ATCC 27853 used the (layered casting) method to find the effect of 

AgNPs prepared at different concentrations (125, 250) ppm and multiple periods (2, 5, 10, 15, 20) 

minutes. The result show that, the inhibition rate reached 100% at 250 ppm of AgNPs through the 

peiod of time15 and 20 minute,while with the concentration of AgNPs of 125 ppm, it did not 

achieve sufficient killing even after 20 minutes. UV-Vis spectrum, FTIR spectrum, XRD, FESEM 

and TEM, techniques were proved the success of the formation of silver nanoparticles. The pipes 

coated with silver nanoparticles were characterized using FE-SEM,TEM and XRD techniques. 

Keywords:  Silver nano particles, Pseudomonas aeruginosa, Green synthesis, drinking water.

1. Introduction 

Obviously Nanotechnology has invaded 

various life infrastructure fields commencing 

from furniture industry [1] to aerospace needs 

[2] passing by health care [3] and beauty 

products [4], food industry [5] and food 

packaging[ 6], construction material [7] and 

road construction [8] and water disinfection 

and treatment such as drinking water [9], 

wastewater [10], ground water [11], and 

industrial wastewater [12].Certainly, AgNPs 

efficiency as drinking water antibacterial 

disinfectant was evaluated [13] since these 

AgNPs were used in the treatment of drinking 

water as disinfecting and decontaminating 
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agent [14] and to help in sterilizing water from 

bacteria and viruses in addition to enhancing 

water quality to ensure water being safe for 

drinking and all home requirements. Since 

AgNPs were used in coating water filters and 

membranes, it was found that these methods 

have been shown to be much effective in 

destroying water bacteria species [15,16,17]. 

Interestingly, other studies have reported 

complete growth inhibition of both gram 

positive and negative bacteria [18, 19,20] 

     However, such AgNPs performance may be 

governed by environmental factors such as pH 

and temperature [21,22]. In addition, it may be 

affected by water dissolved organic matter 

[23], Ca and S [24], particle size [25]. 

Enterobacter Aerogenes are gram-negative 

bacteria that are classified as facultative 

anaerobes, which mean that they are able to 

thrive in both aerobic and anaerobic 

environments. E. Aerogenes are rod-shaped 

cells, not spore forming, and possess flagella 

and thus are motile, [26]. 

2. Methodology 

2.1 Preparing silver nano particles. 

Many methods were previously used for the 

synthesize of silver nanoparticles, which in 

short were chemical methods, physical 

methods, and the last of which was 

environmentally friendly manufacturing 

methods. Herein, the environmentally friendly 

green synthesis method, which is important in 

the following aspects: 

1 . A method that does not include the use of 

chemical reducing agents that have poisoning 

effects if they are present with silver 

nanoparticles because the application is in 

contact with human uses [27]. 

 2. The plant extracts act as natural weak 

reducing agents in addition to their work as 

dispersants that prevent the aggregation of 

silver nanoparticles and turn them into micro 

aggregates [28,29]. 

3. The plant extracts contain bio active 

substances that have the ability to inhibit the 

growth of bacteria, in addition to their ability to 

survive on the surface of the synthesized silver 

nanoparticles [30]. 

Azadirachta indica leaf extract was used to 

prepare silver nanoparticles for use in the 

coating of PVC pipes. AgNPs were 

characterization using ultraviolet–visible (UV-

Vis) spectrum, Fourier Transform Infrared ( 

FTIR,), X-Ray Diffraction (XRD), Field 

Emission Scanning Electron Microscopy( 

FESEM) and Transmission 

Electron Microscopy (TEM). 

2.1.1. Coating PVC pipes by (AgNPs) 

Initially, concentrations of AgNPs (125 and 

250 ppm) were prepared to coat PVC pipes 

with a diameter of 2.54 (1 inch). The( 3 m) pipe 

was divided into 6 parts of (50 cm) each. Three 

sections of the pipes were washed thoroughly 

with tap water, then rinsed with distilled water 

to clean the inner surfaces of the pipes, allowed 

to dry, and then re-washed with a solvent 

(thinner solution) to remove all oils and organic 

contaminants. Silver nanoparticles were 

uniformly dispersed using an ultrasound probe 

with a power of (150 W) for 5 min in order to 

determine the dispersion process of silver 

nanoparticles. Three separately parts dry 

sections of pvc pipes were immersed in a 125 

ppm silver nanoparticle solution for 10 seconds 

as shown in figure 1  and dried with hot air for 

25 seconds. This process was repeated ten 

times to confirm the coating of the inner surface 

of the PVC pipe parts with AgNPs. Finally, the 

silver-treated pipes were washed with tap water 

to remove undecorated silver nanoparticles. 
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The process was repeated in full detail using a 

concentration of 250 ppm silver nanoparticles 

for coating another 3 residul parts of PVC 

pipes. 

Figure 1: PVC pipes were immersed in a 125 

ppm silver nanoparticle solution 

 

2.1.2. Designing the experimental set.  

This set consists of the following: 

• partitioned 50 cm PVC pipes of 2.54 cm 

diameter coated by 125 ppm AgNPs and 

similar other five PVC parts but coated by 250 

ppm AgNPs as described above in addition to 

other uncoated 50 cm parts of PVC pipe. Both 

coated and uncoated parts were connected to 

each other respectively and linked by plastic 

container, Peristaltic pump and flow meter 

(Figure 2). 

• plastic container. 

• Peristaltic pump.  

• Flow meter. 

Figure 2: Experimental unite components. 

 

2.2. A study of the effect of nanoparticles on 

the viability of P.aeruginosa ATCC 27853 

bacteria 

The pour plate method was carried out to study 

the effect of AgNPs prepared at different 

concentrations (0.0, 125, and 250) ppm of 

AgNPs to study its effects on isolates p. 

aeruginosa ATCC 27853, through the steps 

shown below. 

1. Activate bacteria cells by culturing 

them in one liter of brain infusion broth (BIB) 

for 24 hours at 37 ºc with continuous shaking. 

2. Collected the activated bacteria by 

centrifuged it at 5000rpm for 10 min, and 

washed the pellet by phosphate buffer saline for 

three times. 

3. Adjusted the total bacterial count to 

reach 1x106 CFU/mL. 

4. Add the activated bacteria to a water 

tank (75)liter tap water, connected to a 

distribution system as above details (paragraph 

3.6), which have pipes coated with silver 

nanoparticles at different concentrations (0.0, 

125, 250) ppm, then the contaminated water 

have been pumped into the distribution system 

at different times (0.0, 2, 5, 10, 15, 20) minutes. 

5.  After different exposure times, one 

milliliter of treated water was taken 

          and mix with a volume of 25 mL of 

Muller Hinton medium in liquid state and leave 

it for a quarter of an hour to solidify at sterile 

conditions.  

All plates were incubated for 24 hours at a 

temperature of 37 ºC. 

6.  fter incubation time the grown colonies 

were counted the inhibition rate or (removal 

rate were calculated according the following 

equation: 
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Inhibition ratio = 100 - test reading / control 

reading x 100 

3. Results and Discussion 

3.1 Characterization of synthesized silver 

nanoparticles 

Silver nanoparticles characterization was 

determined by the following techniques: 

3.1.1  UV-Vis spectrum 

The UV-Vis spectrum of AgNPs showed the 

unique peak of silver nanoparticles at 422 nm 

(Figure 3), the SPR is typical of silver 

nanoparticles having absorbance values which 

were reported earlier ,therefore, this 

measurement proves the success of the 

formation of AgNPS [31,32] 

Figure 3: UV-Vis spectrum of green 

synthesized silver nanoparticles 

 

3.1.2.  Fourier Transform Infrared (FTIR 

spectrum) 

identifies chemical bonds in a molecule by 

producing an infrared absorption spectrum. The 

spectra produce a profile of the sample, a 

distinctive molecular fingerprint that can be 

used to screen and scan samples for many 

different components as shown in Figure 4. The 

measurement showed the presence of the 

following bands at 1161, 1411, 15461608, 

1701,  2873,2958, which are attributed to the 

stretching vibration of C-O-C, C-O, C=C, C=O 

and -C-H groups, respectively. The presence of 

these functional groups confirms the presence 

of phenols, alkaloids, carboxylic acids, as well 

as aromatic compounds and aliphatic 

substitutes or aliphatic chains, this  be 

compatible with [33] and [34]. 

Figure 4: FTIR spectrum of green 

synthesized silver nanoparticles 

 

3.1.3. X-Ray Diffraction (XRD) 

The XRD spectra for the AgNPs coating is 

shown in Fig.5 it is widely used for qualitative 

and quantitative chemical analysis, in 

particular, in electron microscopes. The X-ray 

results show that four main peaks at 38.190032, 

44.440125, 64.740340 and 77.741242° which 

are the characteristic peaks of pure nano silver 

with FWHM values larger than 0.2458° (Table 

1). These peaks belong to FCC silver because 

they correspond to crystal planes 111, 200, 220 

and 311, respectively [35]. 
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Figure 5: XRD measurement of green 

synthesized silver nanoparticles. 

 

 

 

Table 1: XRD information and average particle size 

Pos. 

[°2Th.] 

Height 

[cts] 

FWHM 

Left 

[°2Th.] 

D (nm) D average  

(nm) Index 

38.190032 4374.01 0.294910 29.8000 

31.8100 

1 1 1  

44.440125 1214.94 0.294910 30.4200 2 0 0 

64.740340 670.14 0.245800 40.0000 2 2 0 

77.741242 539.92 0.394300 27.0500 3 1 1 

3.1.4. Field Emission Scanning Electron 

Microscopy (FESEM) 

Field emission microscopy (FESEM) results in 

sharper images with less electrostatic distortion 

and a spatial resolution of 1 1/2 nm, thus 

determining its potential for use in the 

appropriate type of application, depending on 

the surface area generated by each geometry as 

well as the available porosity [36]. . The results 

were shown in Figure 6, which confirmed the 

presence of silver nanoparticles with spherical 

shapes and sizes ranging from (40-90) nm, and 

this is an important indicator of the success of 

the preparation method, which was proven by 

the particle size distribution chart in Figure 7. 

 

 

Figure 6: FE-SEM measurement of green 

synthesized silver nanoparticle. 
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Figure 7: FESEM Particle size distribution 

of green synthesized silver nanoparticles. 
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3.1.5 Transmission Electron Microscopy 

(TEM) measurement 

This measure has been used to identify 

thesize,shape and  morphology ,of 

nanoparticlesof In order to obtain the exact 

shape and size of the prepared AgNPs, as well 

as to assess the extent of the separation of the 

particles from each other; this measurement 

was required [37]. 

Figure 8 show that, the TEM measurement of 

AgNPs prepared using the bio reduction 

method . The measurement showed the 

presence of particles with irregular spherical 

shape and sizes ranging between 35 and 70 nm, 

which indicates the success of the used 

preparation method. 

 

 

 

 

 

Figure 8: TEM of Ag NPs 

 

3.2 Characterization of PVC pipes coated with 

AgNPs  

3.2.1. FE-SEM 

PVC pipes were coated with AgNPs using hot 

air current annealing technique, where 

concentrations (125 and 250) ppm were used to 

determine the sufficient concentration to kill A. 

aeruginosa ATCC 27853 and its relationship to 

the time factor, and these pipes were 

characterized using FE-SEM and XRD 

techniques. The results are shown in Figures 9 

and 10. The measurement proved that the 

coating method was successful because the 

surface contains semi-spherical particles with 

sizes ranging from (24 to 32) nm at a 

concentration of 250 ppm, while it reached (22-

29) nm for the pipe coated with a concentration 

of (125) ppm. As expected, with a lower 

concentration the particle size was relatively 

smaller. 
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Figure 9: Inner surface of PVC coated with 

silver nanoparticles (250 ppm) 

 

Figure 10: Inner surface of PVC coated with 

silver nanoparticles (125 ppm) 

 

3.2.2. XRD 

The XRD technique confirmed the presence of 

silver nanoparticles because it showed the 

characteristic peaks at 39.593, 47.497, 57.507 

and 64.943 degrees, shifting to different 

positions than the silver nanoparticles alone, 

which indicates that the silver sticks interact on 

the surface of the tubes. In addition, the 

measurement shown in Figure 11 showed the 

presence of other peaks attributed to PVC [38]. 

The small size of the nanoparticles whose 

interaction was observed on the surface of the 

tube, where the particle size was calculated 

based on the characteristic peaks for silver only 

and amounted to 15.255 nm (Table 2), which is 

highly proportional to the results recorded in 

the FE-SEM measurement. The measurement 

proved that both tubes had a perfect match in 

the XRD measurement except for (intensity of 

silver peaks) due to the use of two different 

concentrations. 

Figure 11: XRD measurement of PVC pipes 

coated AgNPs 
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Table 2: XRD information and average silver particle size for the PVC coated silver 

nanoparticles 

Pos. 

[°2Th.] 

Height [cts] FWHM 

Left 

[°2Th.] 

D (nm)   averageD 

(nm) 

Assignme

nts 

29.609 686.646 0.49023 - 15.2550 PVC 
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36.109 331.331 0.71686 - PVC 

39.593 311.89 0.69729 12.6600 Ag NPs 

43.311 305.095 0.50815 - PVC 

47.497 190.549 1.03428 08.7700  Ag NPs 

48.641 205.037 0.65772 -  PVC 

57.507 200.633 0.4023 23.5400  Ag NPs 

60.939 118.165 0.55432 -  PVC 

64.943 118.647 0.6131 16.0500  Ag NPs 

3.3. Pseudomonas aeruginosa ATCC 27853 

bacteria examination 

 It is noticeable that, there is a clear decrease   in 

the number of colonies growing on a medium( 

Muller Hinton),that relied mainly on the 

concentration of silver nanoparticles and the 

time of exposure, so the inhibition rate 

increased Significant increase at (P˂.05) level  

when increasing the concentration and 

increasing the exposure time as shown in table 

3 ,where it is observed zero bacterial growth 

was happened after 15 and 20 minutes at 

AgNPs concentration of 250 ppm 

Table 3. Colony count of pseudomonas aeruginosa ATCC 27853 exposed to different 

concentration of Ag NPs and different exposure time 

pseudomonas aeruginosa ATCC 27853 CFU/mL Concentration 

PPM 

 

Time (minutes) (50cm) 

20 15 10 5 2 0.0 

290±25 290±25 290±25 290±25 290±25 290±25 0.0 

3.0±0.5* 12±0.5* 66±3* 140±11* 245±28* 290±25 125 

0.0* 0.0* 2.0±0.02* 54±2* 180±12* 290±25 250 

• * significant at  p<0.05 

• P value= 0.269858 

• Each number represent (M±SD) for three replicates  

 

 

In the set of  50 cm with a silver concentration 

of 250 ppm, the value of bacterial presence was 

180 CFU/ml two minutes after the start of water 

passing within the pipes, which decreased to 

approximately four times after 5 minutes (54 

CFU/ml), to continue the process of decreasing 
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the bacterial presence until it reached zero after 

15 minutes. From this we conclude that the 

system with 250 ppm has the larger ability to 

kill bacteria. Therefore, the inhibition rate 

reached 100% when the concentration was 250 

ppm at the two times (15 and 20) minutes, but  

after 20 minutes for the AgNPs concentration 

of 125 ppm the inhibition rate to 98% as shown 

in figure 12  Which confirms the importance of 

the used silver concentration agent. 

Figure12. Inhibition rate of pseudomonas 

aeruginosa ATCC 27853 CFU/mL 

 

There are three mechanisms for the 

antimicrobial activities of AgNP : 

a. It can stick to the cell membrane and disrupt 

the permeability and respiration functions of 

the cell and thus kill the cells; 

B. Reactive oxygen species (ROS) can be 

generated on the surface of nanoparticles and 

cause DNA damage by exerting oxidative 

stress; 

c. The silver ions released from AgNP can also 

disrupt ATP production and DNA 

replication.,This is consistent with previous 

studies [39], as shown in Figure 13. 

Fig. 13: Mechanisms of interaction between 

AgNP and bacterial cells [39]. 

 

Metal and metal oxide nanoparticles have wide 

spectrum and non-resistant antimicrobial 

activity interacting, because of high surface 

area the nanoparticles can penetrate the 

bacterial cells and causes serious alteration in 

DNA, lysosomes, ribosomes, and enzymes 

structures that can lead to oxidative stress, 

electrolyte imbalances, and enzyme 

inactivation, gene expression, protein 

deactivation. Metallic nanoparticles have wide 

applications in environmental applications by 

inhibiting growth of p.aeruginosa  and other 

enterobacter Promoting bacteriostatic and 

bactericidal decreasing waterborne disease. 

Work synergistically with other agents’ 

reduction growth of p.aeruginosa  and reducing 

the biofilm formation, and reducing resistance 

to antibiotics. From results that the Ag NPs 

have significant inhibition rate with safe use 

products in multi environmental applications. 

4. Conclusion 

Silver nanoparticles showed good results as a 

usable antibacterial agent in eliminating found 

in drinking water, which confirms the 

importance of the concentration of silver used 

and time, inally, concentration was  seemed 

very clear  effect on the time required to end the 

bacterial presence, due to the fact that the 
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surface area was greater in the case of a higher 

concentration of silver 
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