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Abstract. The need for clean water is becoming urgent all over the world. The risk of 

microbial contamination of drinking water and its growing ability under poor nutritional 

conditions occur frequently and existing water management systems do not efficiently 

eliminate these micropollutants. The study was conducted in Jeddah city at random intervals 

during August to December 2020. Twenty-five samples (n = 25) of drinking water (tank 

water) were collected from different locations in Jeddah. The water samples were found 

contaminated with E. coli, Klebsiella spp. and the most prevalent yeast species was Candida 

albicans. The multi-drug resistance isolates were positively identified by PCR amplification 

of 16S rDNA gene fragments. The major goal of this research is to analyze and test the 

drinking water quality at random locations in Jeddah City and to investigate the integration of 

polyurethane foam coated nano-silica silver nanoparticles (NSAgNPs) into the water 

purification system. The antimicrobial activity of NSAgNPs was analyzed and their optimal 

concentrations that remove potentially harmful microbes were determined. The cytotoxicity 

of NSAgNPs by SRB assay against breast adenocarcinoma cell line (MCF-7) showed no 

cytotoxic effect at concentrations ≤100 µg/mL). The 50% growth inhibition concentration (IC 

50) of NSAgNPs after 72 h was 35.8 µg/mL. The excellent performance of NSAgNPs can be 

attributed to the capping surface functional groups and smaller particle size 8.931 nm, as 

verified by TEM. In conclusion, the purified water obtained by using 100 mg/L NSAgNPs is 

free from microorganisms and completely safe to drink. 

Key words: Drinking water, Nano-Silica Silver NanoParticles, TEM, Disinfection, E. coli, 

Klebsiella spp, Candida albicans, PCR, antibiotic resistance,  MCF-7 cell line,  Cytotoxicity. 

Introduction 

The safety of drinking water is critical to public health. Disinfection is considered one of the 

most critical methods in water management because the disinfection process can destroy 

pathogens in drinking water. Nevertheless, traditional disinfection can have dangerous effects 

on human health because by-products of disinfection are produced, which are responsible for 

cancer and other diseases [1]. In addition, there are several difficulties and problems 

associated with the deterioration of water quality, such as microbes originating from surface 

or groundwater sources, flooding that can cause the penetration of microorganisms into the 

drinking water pipes, leakage in the pipes through which microbial substances enter the 

drinking water network. The current research proposal suggests the application of 

nanotechnology approaches to water disinfection and provides a new attempt to develop 

clean and healthy water.  About five million people every year suffer from inadequate 

sanitation, unsafe water, one of which is microbial disease (i.e. cholera) killing 50% of the 

global total [2]. Waterborne microbial infections had the greatest impact on children under 
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the age of five (i.e., about 41% of global pathogenic infections). It is worth noting that 

drinking water must be safe for all residents, regardless of its source as well as free of 

chemicals that are hazardous to health, and must also be tasteless, odorless and colorless. 

Many waterborne diseases, be it bacteria, viruses, fungi, or protozoa, have made it interesting 

for government agencies and researchers to study water microbiology [3].  

There are over 500 water- pathogens that pose a health danger in the water system of the 

United States (http://wwwepagov/safewater/ccl/pdfs/report-ccl3-microbes-universepdf) [4]. 

A wide range of fungal groups have been isolated from drinking water [5,6]. Some fungal 

species are considered highly allergic or can cause infections in immunocompromised 

individuals [7,8]. In addition, Vibrio cholera, Salmonella enterica, and Shigella spp are the 

most common waterborne enteric pathogens that have been eliminated by water disinfection 

and therefore are rarely a drinking water problem in developed regions [9]. However, Shiga 

toxin-producing Shigella sonnei and verotoxin-producing E. coli are still prevalent in the 

water of some developed countries and are transmitted from person to person and via 

contaminated food. Moreover, the prevalence of AMR P aeruginosa and C difficile may 

continue in sewage and river water and eventually enter drinking water [10,11]. Size 

controlled nanoparticles have come into focus because they offer solutions to technological 

and environmental problems. As a good antimicrobial agent, silver nanoparticles have been 

widely used to disinfect water [12]. Drinking water treatment with silver nanoparticles has 

recently attracted the attention of researchers because it efficiently kills wide range of 

bacteria, viruses, and many microbial pathogens, which is controlled by its small size which 

have large surface area with unique physicochemical and biochemical properties, besides its 

ability to be effectively immobilized on solid substances (e.g., silve/sand, silve/zeolite, and 

silver/fiber) [13,14]. The mechanism of antimicrobial action of AgNPs is not clearly known 

and continues to be debated. Silver nanoparticles (AgNPs) are extremely toxic to 

microorganisms and thus have significant antimicrobial effects on a variety of 

microorganisms including viruses [15,16], bacteria [17,18] and fungi [19, 20, 21]. In recent 

years, several theories reported that AgNPs are able to adhere to and subsequently changing 

the integrity of the bacterial cell wall, facilitating entry of nanoparticles in the cell membrane 

and thus increasing its permeability [22]. In addition, AgNPs can produce free radicals that 

can destroy the bacterial cell membrane, leading to cell death [23,24]. In addition, AgNPs can 

interact with the sulfur and phosphorus groups, resulting in DNA damage [25]. Moreover, 

during the degradation of AgNPs, Ag+ ions can inactivate several important enzymes due to 

interference with thiol groups that disrupt normal cellular function [26, 27, 28]. Therefore, 

metallic nanoparticles have entered our real life, and our exposure to these materials has 

increased our fears about their possible environmental, health and protection risks In an in 

vitro cell culture assay, AgNPs showed a possible cytotoxic effect on many human cell lines 

based on their dose, size and time, especially for those with unique sizes ≤10 nm [29]. 

However, the biogenic AgNPs and their nanocomposites have both antimicrobial properties 

and no cytotoxic effects [30, 31]. This is because the biogenic nanoparticles are surrounded 

by capping surface functional chemical groups that maintain their biocompatibility and long-

term stability and can interact with biological components through these active surface 

functional groups [31, 23]. In this work, we have prepared a new ecofriendly biogenic silver 

nanoparticles (NSAgNPs) for drinking water decontamination and explored their 

antimicrobial and cytotoxic activity. 
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Materials & Methods  

Study area and water sampling 

Drinking water samples (25 samples) from different locations across Jeddah city were 

collected as following: drinking water from tanks, drinking water filtered with polypropylene 

filters and pure water from commercial bottles as control. These locations were chosen 

because water is serving a great public need in the farming and manufacturing sectors.  

Drinking water can be contaminated with wastewater from underground. It is therefore 

necessary to study the microbiological quality of water at these sites. Water samples (storage 

tanks) were collected in sterile 50 ml falcon tubes at various sites during the period August to 

December 2020. Labelling samples was done correctly and the samples were sent to the 

laboratory for testing. Aliquots of the samples were cultivated for microbial screening using 

standard microbiological procedures [33].  

Isolation and identification of microbial contaminants  

One hundred fifty lilliliter (150 mL) of water samples, were filtered through 0.45 𝜇m porous 

filters (Nitro-Cellulose Membrane Filters, Thomas Scientific) using a water pump. The 

aseptic membranes were applied to the plates, eliminating any air bubbles. The selective 

media used are: Cystine lactose electrolyte deficient (CLED) agar, Blood agar (CLED /BA) 

as selective media for faecal coliforms, Nutrient agar for heterotrophic bacteria and 

Sabouraud Dextrose agar for fungi (bioMérieux SA, France). Each test was repeated three 

times. One millilitre of treated water was poured over the nutrient agar plates to differentiate 

heterotrophic bacteria. The plates were maintained at 37 ºC for incubation for 24 hours. 

Bacterial colonies were counted, characterized and recorded.  Purified colonies were used for 

Gram staining, biochemical identification tests and PCR-based 16S rDNA and ITS rDNA 

identification. 

Antimicrobial Susceptibility Testing  

Sensitivity test of Kirby-Bauer disk diffusion method was carried out using antifungal and 

antibiotic discs at certain concentrations. The following antibiotic disks (Bioanalyse, LTD) 

were used at the indicated final concentrations: Amoxicillin (AMC-10 𝜇g), Cefotaxime 

(CTX-25 μg), Ceftriaxone (CRO - 30 µg), Nalidixic acid (NA - 30 µg), Gentamicin (CN 20 

μg), Chloramphenicol (C- 30 µg), Fluconazole10 µg, Miconazole 10 µg and Clotrimazole10 

µg. Since there is a significant amount of resistance to these antibiotics, they were selected 

[34].  Abacterial suspension was prepared by transferring  a single bacterial colony into 3 ml 

of sterile distilled water.  100 𝜇l of each suspension was spread on the top surface of Mueller-

Hinton agar plates. Antimicrobial disks were placed on the surface of the plates and 

maintained in the 37 °C incubator for 24 hs.  The zone of inhibitions were measured and 

NACLS reference values were used to establish the resistance categories for the various 

isolates according to the defined National Committee for Clinical Laboratory Standards [35]. 

Genomic DNA extraction  

Following the instructions of the manufacturer, gDNA was extracted from the bacterial 

cultures with the QIAamp DNA Mini Kit. The yeild of DNA was quantified using a 

NanoDrop spectrophotometer (Thermo Scientific, USA) and the DNA quality was tested 

using a 1% agarose gel.  
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Detection of microbial contamination by DNA-PCR  

16S and ITS rDNA-PCR fragments were amplified by using Qiagen®Taq PCR Master Mix 

Kit. Bacterial universal 16S rDNA primers 27F (5'-AGAGTTTGATCCTGGCTCAG-3') and 

1392R (5'-GGTTACCTTGTTACGACTT-3') and fungal ITS rDNA primers: ITS1 5'-

TTGTGTTGCTACATCACCAAC-3' and ITS4 5'-TTTGCTGGCAACTTGATTACC-3' were 

used.  Diluted DNAs of concentration 0.5 ng/μl, was added to 25 μl master mix containing 2 

μl (25 pmol) 16S rDNA primer mix/ or ITS primer mix, 75 mM of the dNTPs, 15 mM 

MgCl2 and 15U Taq DNA polymerase.  PCR negative control containing 2 μl 0.1 × TE (Tris 

EDTA) was used.   DNA amplifications were done with a thermal cycler (3Prime Thermal 

Cycler, 3PRIMEX/02, Bibby Scientific Ltd). The PCR program consisted of a total of 35 

cycles, the initial hard denaturation cycle at 95°C for 3 min, followed by 35 cycles at 95°C 

for 1 min, 60°C for 1 min, and 72°C for 2 min, followed by a final extension cycle at 72°C 

for 10 min and a 10°C soak.  Ten microliters of each PCR product was run  on a 1% agarose 

gel containing 0.5 μg/ml ethidium bromide and visualized using a UV transilluminator. 

Preparation of biogenic nano-silica-silver nanoparticles (NSAgNPs). 

Twenty milligram of Nano-silica was applied to 25 mL of a 1 mM AgNO3 solution (pH 6.0) 

and incubated with rotation (120 rpm) for 2 hours at 30 C.  5 mL of A. niger filtrate containg 

6 mg/ mL protein mixture, kindly provided by  [36] was added and incubated for further 48 h 

at 30 C with shaking. The development of NSAgNPs was observed by the color shift of the 

nano-silica from colourless to a darken brown color.  A control experiment was carried out 

without the use of the protein supplement under the same conditions. The synthesized 

NSAgNPs were precipitated by centrifugation (10.000 rpm, 15 min) and let to dry in a hot air 

oven at 50 C for 5 h. The physicochemical properties of the dried NSAgNPs were analyzed 

by UV-vis spectroscopy, Transmission electron microscopy (TEM), Dynamic light scattering 

(DLS) and Zeta potential using (Malvern Instruments). 

Silver nanoparticles characterization  

UV–vis spectroscopy  

The characterization of the biogenic NSAgNPs was carried out according to the method 

described by Gurunathan et al. [37]. Biosynthesized nanoparticles were studied using UV-

Vis spectroscopy to measure their size and shape. The spectra were analyzed with a UV-

visible spectrophotometer (UV-2450, Shimadzu, Tokyo, Japan). A rapid and marked change 

in the color of the solution is an early indication of the formation of NSAgNP. Three ml of 

the suspension was transferred to UV spectrum at an absorbance of 300 to 700 nm (UV-

spectroph; Shimadzu, Japan) evaluate the colour of the solution.  

Transmission electron microscopy (TEM) 

The shape and size of the biosynthesized silver nanoparticles (NSAgNP) were determined 

using Transmission Electron Microscope (TEM, JEM2100, Jeol, Japan). Few drops of the 

silver nanoparticle suspension (usually about 5 µl) were loaded on a carbon coated copper 

grid and then air dried on a filter paper for 5 -10 min. The grid can then be observed directly 

in a TEM once the medium has evaporated. 

Coating of Polyurethane foam with silver nanoparticles 



 

 

The experiment was divided into two separate parts. The first section of the experiment 

involved the use of 100 mg/L of silver nanoparticles (NSAgNPs) and mixed with water 

samples contaminated with microbes at different periods of time (15, 1h, 2h, and 24 h). The 

other part of the experiment was to coat a 20 cm polyurethane foam 1 mm thick with 100 mg/ 

L silver nanoparticles for full coverage and then air-dried.  NSAgNPs coated foam is placed 

in water samples contaminated with microbes and allowed to bind with the microbial 

communities present in the water samples for various duration 1 h, 2 h, and 24 h.  The 

purified water samples will then be tested for the presence or absence of microbial 

contamination. 

Bacteriological analysis of water samples 

Water samples were taken after treatment with nano-silver particles (NSAgNPs). The 

samples were analyzed bacteriologically for E.coli, K. pneumoniae, and Candida spp. using 

NSAgNPs coated foam membrane filtration following standard microbiological techniques.  

Cell culture 

MCF-7 breast adenocarcinoma cell lines were maintained in DMEM media supplemented 

with100 mg/mL streptomycin, 100 units/mL of penicillin and 10% of heat-inactivated 

fetalbovine serum (FBS) in 5% CO2 incubator at 37 °C in humidified conditions. 

Cytotoxicity of NSAgNPs 

Cell viability was evaluated by Sulforhodamine B colorimetric (SRB) assay. Aliquots of 100 

μL cell suspension (5x10^3cells) were added to each well in 96-well plates and allowed to 

grow for 24 h in complete media.  Hundred microliter of different concentrations of 

NSAgNPs (001,01,1,10 and 100 μg/ml) were added to the cell culture.  After having been in 

a normal cell culture medium in an incubator for 72 hours, the media was replaced by150 μL 

of 10% TCA and cells were incubated for another 1 hour at 4°C. After incubation, the cells 

were washed 5 times with distilled water and 70 μL SRB solution (0.4 %w/v) were applied to 

the cells and the plates were kept in the dark at RT for 10 minutes.  The plates were soaked in  

1% acetic acid thrice then drained and dried off overnight. Then, 150 μL of Tris-HCl (10 

mM) buffer was applied to facilitate the dissolving of protein-bound SRB stain. The O.D. 

was measured at 540 nm using a BMGLABTECH®-FLUO starOmega microplate reader 

(Ortenberg, Germany). 

Statistical Analysis  

Each experiment was repeated three times. The results were plotted as a mean with the range 

of measurement (i.e. mean ± standard deviation). One-way analysis of variation was used to 

investigate some differences in performance. Differences were done using SPSS software 

(SPSS Inc, Chicago, IL, USA). 

 

Results  

Characteristics of collected water samples  

The locations and, the water samples ID collected from the north region of Jeddah city, Saudi 

Arabia is shown in Figure 1, Table 1.  Tank water samples were transfered directly from the 
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household tanks in sterile bottles to the laboratory under sterile conditions for physical and 

microbiological examination.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Map of Saudi Arabia showing Jeddah city and the sites of collected water samples.  

 

Table 1. Collected water samples and location coordinates  

 

Sample ID Coordinates 

S1, S2, S5, S7, S19, S22 320° NW 

21°28'49"N 39°13'53"E 

128° SE 

21°28'37"N 39°13'50" E 

0° N 

21°30'4" N 39°14'23" E 

1°N 

21°34'34"N 39°10'32"E 

S3, S4, S8, S10 359° N 

21°30'24" N 39°18'5" E 

0° N 

21°30'4" N 39°14'23" E 

144° SE 

21°30'17" N 39°14'23" E 

39° NE 

21°31'15" N 39°21'15" E 

S6, S9  8° N 

21°30'13" N 39°14'26"E 

S11 to S18, S20, S21, S23, 

S24, S25 

1°N 

21°31'20" N 39°21'35" E 

79° E 

21°46'17" N 39°5'37" E 

79° E 

21°46'17" N 39°5'37" E 

123° SE 

21°46'29" N 39°6'15" E 

 



 

 

 

Physical parameters of water samples were tested in comparison with other filtered water to 

investigate the efficiency and the reliability of these filters in water treatment. Turbidity, 

Electrical conductivity (EC) and pH-value were measured to evaluate the quality of collected 

water samples as well as the efficiency of filtration system used in control samples (Table 2).  

Turbidity is a crucial water quality metric, widely used to determine the quality of drinking 

water. The degree of water turbidity and microbiological contaminants is significantly 

independent. Water turbidity in the study area was found to be quite high as shown in Table 

(2). Turbidity avarege of water samples ranged between 18.5±0.03 to 26±0.29 NTU and the 

means and the standard deviations of the electric conductivity was 279.4±50.9 µS/cm. 

The average of total microbial colonies/100 ml was 92.8±48.8 and 76% of tested water 

samples were found to be contaminated with mixture of coliforms (E.coli, K. pneumoiae and 

Candida spp (Figure 2, Table 2). The presence of high percentages of coliform in potable 

water has the potential to cause microbial growth again and also the formation of biofilm.  

The existence of this coliform in potable water is not generally an indication of recent water 

pollution by fecal matter, the presence or absence of such bacteria is sometimes used to 

assess if the water disinfection process is working properly.   

Quality parameters of tested water samples prior and post treatment with NSAgNP 

Four controlled experiments have been carried out (Table 2) to evaluate the capacities and the 

limitations of coated NSAgNPs Polyurethane foam filter (Current study) in comparison with 

the standard filteration methods used in decontamination of drinking water.  The aim of the 

experiment is to choose the most satisfactory and economically optimal water filter system 

that is appropriate for domestic use. The results showed sharp decrease in the value of 

turbidity, electrical conductivity, pH, and total colonies in the case of NSAgNPs coated 

Polyurethane foam filter. The suggested nanosilver (NSAgNP) was very efficient in 

removing microbial colonies from contaminated water samples in comparison to other 

filtration systems.  

 

 

 



 

 

 

Figure 2. Total microbial colonies in tested water samples 

 

Table 2. Quality parameters of tested water samples prior and post treatment with NSAgNPs  

 

Parameters 

Tap Water 

samples before 

treatment with 

NSAgNPs  

Tap Water / 

polypropylene 

home filter 

Pure 

water/Commercial 

bottles 

Tap Water samples 

after treatment with 

NSAgNPs coated 

Polyurethane foam  

pH 7.89 7.4 7.1 5.97 

Turbidity 

(NTU/JTU) 

26±0.293 18.5±0.03 0.5 ±0.04 0.05±0.03 

Total 

Colonies/100ml 

92.8±48.8 Nill Nill Nill 

Electric 

Conductivity 

(µS/cm) 

279.49±50.9 95.5±195 < 0.05 1.455 

Temp (C) 25.0 25. 0 25.0 25.0 

Turbidity less than (1 NTU) is a desirable water characteristic 

 

Microbial identification  

Microbial isolation and identification of water samples was performed by biochemical and 

molecular techniques. Figure 3 showed the microorganisms isolated from tested water 

samples using the filter membrane technique as menthioned under the materials and methods 

and identified on Cystine lactose electrolyte deficient (CLED) agar,  Blood agar (CLED/BA) 

and Sabouraud Dextrose agar. (6/25, 24%) water samples (S1, S2, S5, S7, S19, S22) showed 

no growth of any microorganisms on the teted media, while (4/ 25, 16%) (S3, S4, S5, S8) 

showed mixed growth of Klebsiella pneumoniae & Candia spp. Meanwhile, (2/ 25, 8%) (S6 

and S9) water samples showed mixed contamination with E coli & Candia spp.  However, 

52% of water samples showed Candida spp growth. 

The antibiotic sensitivity test were examined against isolated microbes and their efficacy was 

evaluated according to its qualitative and quantitative effects by the presence or absence of 

inhibition zones (Table 3). E. coli and K. pneumoniae showed multidrug resistance to 

Amoxicillin (AMC-10 𝜇g), Cefotaxim (CTX-25 μg), Ceftriaxone (CRO- 30 µg), Nalidixic 



 

 

acid (NA-30 µg), Gentamicin (CN-20 μg), Chloramphenicol (C-30 µg) While Candida spp 

showed resistance to Fluconazole (10 µg), Miconazole (10 µg), and Clotrimazole (10 µg). 

 

 

 

 

 

 

 

 

 

 

Figure 3. Microbial contaminants isolated from tank water samples collected from different locations in Jeddah 

city. NG: 24% of water samples showed no growth of any of microorganism on the selective media. 8% of water 

samples showed mixed organisms (K. pneumoniae and Candida sp).  16% of water samples showed mixed 

contamination (E. coli/Candida sp.).  52% of water samples showed whitish colonies of Candida spp on 

Sabouraud Dextrose Agar (SDA).  

Table 3. Zone diameter interpreter chart of antibiotic disks 

Inhibition zone (mm)   

Susceptible 

(mm) 

Intermediate 

(mm) 

Resistant 

(mm) 

Antimicrobial Disk  

≥20 17-19 ≤16 Amoxicillin (AMC-10 𝜇g) 1 

≥30 24-29 ≤23 Cefotaxim (CTX-25 μg) 2 

≥28 24-27 ≤23 Ceftriaxone (CRO- 30 µg) 3 

≥16 13-15 ≤12 Nalidixic acid (NA- 30 µg) 4 

≥20 17-19 ≤16 Gentamicin (CN 20 μg) 5 

≥15     - ≤14 Chloramphenicol (C- 30 µg) 6 

≥19 15-18 ≤14 Fluconazole       10 µg 7 

≥15 10-14 ≤ 9 Miconazole        10 µg 8 

≥20 12-19 ≤11 Clotrimazole      10 µg 9 

 

Molecular identification by PCR 

Polymerase chain reaction was used to amplify the partial gene sequences of 16S rDNA  

amplified from both K. pneumoniae and E. coli as well as the ITS rDNA region from  ninteen 

Candida spp.  Figure 4 showed the size of the PCR  products  successfully amplified from K. 

pneumoniae, E. coli ( ~ 600 bp) and Candida spp (538 bp). 



 

 

 

Figure 4. 1% agarose gel electrophoresis showing the amplified PCR products of A) 16S rDNA from K. 

pneumoniae and E. coli.  B) ITS region of rDNA from Candida spp. M: Thermo Scientific GeneRuler DNA 

Ladder Mix. The size of the PCR products is indicated by arrows. 

 

Biosynthesis and characterization of silver nanoparticles (NSAgNPs) 

The biosynthesized silver nanoparticles using protein extract of A niger (AgNPs) was 

immobilized on the solid support nanosilica was characterized using UV-vis spectroscopy, 

TEM, DLS and Zeta potential (Figure 5). A gradual shifting in the colour of nano-silica from 

white (Figure 5A, left) to light brown to dark brown (Figure 5A, right) has developed as a 

consequence of the reductionof silver ions by the protein extracted from A niger filtrate. This 

suggested the formation of AgNPs on the surface of nano-silica, which was named as nano-

silica silver nanoparticles (NSAgNPs). In this process, the negatively charged protein 

interacting with silver nanoparticles (AgNPs) as an oxidizing and reducing agent.  NSAgNPs 

was then precipitated by centrifugation, dried at 50 C and finally suspended in dH2O.  TEM 

photographs clearly demonstrate the presence of well scattered AgNPs around the surface of 

nano-silica particles (Figure 5 B & C). Lattice space of the selected region scatter pattern 

(inset) of NSAgNPs of avergae size approximately 8.391 nm in diameter was shown in 

Figure 5D. TEM multiple images demonstrated incredibly nanospheres of NSAgNPs 

(Figure 1E &F) with average dimensions of 8.39 to 25 nm.  The UV-vis spectra (Figure 5G) 

of the suspended solution showed a strong peak at 436 nm due to the surface plasmon 

resonance curve (SPR) of the nanoparticles, zeta potentials range between -17.8 to - 4.88 mV 

(Figure 5H).   

A 

B 



 

 

 

Fig. 5. Photos (A) of silica nanoparticle on the left (L), and NSAgNPs on the right (R); (B&C). TEM 

micrograph demonstrating formation of NSAgNPs of Avg Size (25 ± 5 nm); lattice space (D) and selected region 

scatter pattern (inset) of NSAgNPs of avergae size 8.391 nm diameter;  (E&F) TEM image showing high 

resolution Spherical like-shape AgNPs; (G) UV-visible absorption spectrum of nano-silica prior and post 

reaction with AgNO3 solution in presence of A. niger protein; (H) Zeta Potentials distribution spectrum of 

NSAgNP (-17.8 to - 4.88 mV mV). 

Antimicrobial activity of NSAgNPs 

The antimicrobial activity of (NSAGNPs) was analyzed by disk diffusion assay at various 

concentrations (10, 50, 100 µg/ml). The diameter of inhibition zones were recorded and 

tabulated in Table 4. The results in Figure (6) showed that, at concentration 100 µg/ml, 

NSAgNPs nanoparticles had strong antibacterial activity against K. pneumoniae, the 

maximum zone of inhibition was 28.17±0.68 mm, followed by E. coli (25.84 ± 0.32 mm) and 

Cndida spp (23.42 ± 0.46 mm).  

 

  



 

 

 

 

Figure 6. Antimicrobial activity of NSAgNPs against isolated pathogens 

 

The results presented in Table 5 revealed that the effect of biogenic silver nanoparticles 

(NSAgNPs) at concentration (100 µg/mL) was significantly reduced total microbes to 0.02 x 

102 CFU/100 ml, 0.03 x102, and 0.02 x103 CFU/100 ml after 15 min.  The greatest 

antibacterial activity against microbial contaminants with 100% elimination efficiency has 

been acheived by increasing the treatment time to 24 h (Table 5).  It can be concluded that 

the treatment with 100 µg/mL NSAgNPs substantially decrease the average values of K. 

pneumoniae, E. coli, and Candida spp counts.   

 

Table 5. Effect of contact time on microbial elimination from water samples after treatment with 100 mg/L 

NSAgNP. 

Concentration  Contact Time  E. coli K. pneumoniae Candida spp  

(CFU/100 ml) 

100 mg/ L Control 6 x 104 6 x 104 6 x 104 

15 min 0.02 x 102 0.03 x102 0.02 x103 

1 h 0 0 0 

2 h 0 0 0 

24 h 0 0 0 

 

Table 4. Inhibition zone of NSAgNPs against microbial pathogens using disc diffusion method 

 

Microorganisms 

Zone of inhibition (mm) 

 

Concentration of NSAgNPs 

10 µg/ml 50 µg/ml 100 µg/ml 

Klebsiella pneumoniae 12.6 ± 0.42 19.05 ±0.49 28.17 ± 0.68 

E. coli 12.8 ± 0.44 17.55 ± 0.25 25.84 ± 0.32 

Candida albicans 13.1 ± 0.33 18.55 ± 0.25 23.42 ± 0.46 



 

 

Cytotoxicity of NSAgNPs 

The biogenic silver nanoparticles (NSAgNPs) were evaluated for cytotoxicity by SRB assay 

on MCF -7 breast adenocarcinoma cell lines. Cytotoxicity assay is one of the most commonly 

used methods to assess cell viability. The SRB assay depends on the ability of SRB to bind 

cellular components of proteins and determine total biomass. The cytotoxicity of 

biosynthesized NSAgNPs on MCF -7 at the concentrations (0.001, 0.01, 0.1,1.0, 10, 100, 

1000 µg/ml) demonstrated an increase in the number of apoptotic cell lines with the increase 

in nanoparticle concentration (Figure 7). The cell inhibition rate (IC50) was 35.8 μg/mL and 

the percent cell viability was maximum (98.1 to 995%) at very low concentrations of 

biosynthesized NSAgNPs as shown in Figure (7). Effective cell inhibition was achieved at a 

maximum concentration of 1000 µg/mL of NSAgNPs. After 72 h of exposure, a dose-

dependent effect on cell inhibition was observed. These results demonstrate that cytotoxicity 

increases with dose and time. An IC50 of 35.8 µg/mL suggests that the biogenic silver 

nanoparticles are effective as anti-cancer and antimicrobial agents without harmfull effect on 

human health at the proposed concentrations. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. MCF-7 Cell viability 72 h  after treatment with the biogenic silver nanoparticles (NSAgNP) 

 

Discussion  

In this study, a preliminary survey in the north region of Jeddah city, at random intervals 

during the period August to December 2020 was conducted.  Twenty-five tank water samples 

(n = 25) were collected to investigate the quality of drinking water regarding physical 

parameters and microbial contamination.  All the water samples analysed showed average 

turbidity to be quite high with average between 18.5±0.03 to 26±0.29 NTU and high EC with 

average 279.49±50.93 µS/cm in comparison with the control filtered water samples.  

Turbidity is a crucial water quality metric, widely used to determine the quality of drinking 

water [38]. Turbidity can be used for the operational inspection of treatment systems and the 

efficiency of clarification substances used in domestic and small drinking water sources [39, 

40, 41, 42, 43, 44].  Turbidity exceeding 1–2 NTU decreases the efficiency of chlorination by 

rising chlorine requirement and possibly shielding microorganisms from inactivation [45, 46].  



 

 

Moreover, turbidity can reduce the efficiency of ultraviolet (UV) light disinfection by 

decreasing UV light transmission or by protecting microorganisms from inactivation [47, 48, 

49, 50, 51, 52, 53].  

The average of total microbial colonies/100 ml is 92.8±48.8 and 76% of tested water samples 

were found to be contaminated with mixture of coliforms (E. coli, K. pneumoiae and Candida 

spp).  The presence of high percentages of coliform in potable water has the potential to 

cause microbial growth again and also the formation of biofilm.  The existence of this 

coliform in potable water is not generally an indication of recent water pollution by faecal 

matter, the presence or absence of such bacteria is sometimes used to assess if the water 

disinfection process is working properly.  These data corroborate the results of [54] who 

discovered that 28% of water samples come from tube wells tested positive for faecal 

coliforms and 10.5% tested positive for E. coli. However, 73.96% of the water samples from 

households were contaminated with faecal coliforms while 34.7% had E. coli. 

Biochemical isolation and identification of microbial isolates contaminating water samples 

were performed using the filter membrane technique [55] and identified on Cystine lactose 

electrolyte deficient (CLED) agar, Blood agar (CLED/BA) and Sabouraud Dextrose agar. 

The results show that 6 (24%) out of 25 water samples showed no growth of any species on 

selected media. 16% (4/25) showed mixed growth of Klebsiella pneumoniae & Candia spp. 

8.0% (2/25) showed mixed growth of E. coli & Candia spp.  While, 52% (13/25) showed 

only the growth of Candida spp. All bacteriological techniques followed the basic 

fundamental protocols in clinical bacteriology as described by [56].  One of the most 

commonly used and effective techniques in the early detection and identification of 

pathogenic microbes, particularly Candida albicans, is polymerase chain reaction [57]. All in 

all, the PCR approach used in the current study was simple to conduct, fast to identify all the 

microorganisms, and highly accurate. PCR parameters for Candida spp. is similar to that of 

bacterial DNA amplification except the annealing temperature of the species-specific 

primers. The “presence or absence” of the DNA bands has simplified the process of agarose 

gel stained with ethidium under UV light.  16S rDNA gene fragments were successfully 

amplified from both K. pneumoniae and E. coli with PCR product size (~ 600 bp). 16S rDNA 

sequence is a widely used as bacterial gene marker in most scientific studies for a number of 

reasons. It can be used for reproducible and reliable bacterial identification, and also to define 

the species and for useful distinction between the bacterial strains.  The same results obtained 

by [58, 59].  The internal transcribed spacer (ITS) region of the rRNA gene was selected as a 

target sequence because it is the most reliable gene for identification and differentiation 

between Candida species [60]. Silver nanoparticles have been employed in the medical 

industry, especially for wound dressings, heart valves, medical face masks, bandages, and 

water filtration systems [61, 62, 63]. The biosynthesis of new nanostructured materials with 

high adsorption has been attracting significant interest lately [64, 65, 66]. In this study, we 

fabricated a biogenic NSAgNPs on a nanosilica support and simultaneously used to coat a 20 

cm polyurethane foam 1 mm thick for full coverage and then air-dried 1.0 mM Silver nitrate 

solution was first mixed with nano-silica powder, in which Ag+ ions rapidly adsorbed on the 

electronegative surface of nano-silica [67]. These negative charges on the surface of nano-

silica are due to the presence of vast amounts of hydroxyl groups [68]. 



 

 

UV spectroscopy is widely used to identify nanoparticles. Researchers have also used the UV 

spectroscopy technique to study the structure of nanoparticles after reduction, as well as to 

test their stability. 

The presence of a strong absorption peak at 436 nm of NsAgNPs due to plasmon resonance 

(SPR) characteristic explores their shape and size [69].  According to the literature, a peak 

around 400 nm is characteristic of a spherical shape [70].  These outcomes were identical to 

those obtained in previous study [71, 72].   

In order to better describe the size and shape of the particles, TEM analysis is recommended 

for nanoparticles. An image is generated as the electrons are passed through the specimen 

[73]. The results of the TEM images confirmed the small nanoparticles of average size 8.39 

nm with a spherical shape with excellent uniformity and well-defined structure 

The polydispersity index enabled classify homogeneous nanoparticle size.  According to the 

manufacturer (Malvern Instruments), the typical polydispersity value is known to be between 

0.08 and 0.7; the greatest polydispersity value is above 0.7.  As a result, we conclude that the 

nanoparticles were uniform in size. When tested in the Zetasizer™ evaluation package, the 

nanoparticles showed Z-potency in the range of (-17.8 to - 4.88 mV mV), suggesting greater 

system stability [74]. 

Nano synthetic silver nanoparticles (NSAgNPs) were found to be relatively inexpensive, 

nontoxic, and environmentally friendly, and showed complete elimination of microbial 

organisms in contaminated water samples at a concentration of 100 mg/L with contact times 

ranging from 1 h to 24 h.   The results showed a complete reduction in the number of bacteria 

to nil. The nano-silver coated Polyurethane foam also removed all the microbial species 

found in the tested water samples.  Similar results were obtained by [75, 76, 71, 72, 77, 78]. 

Regarding the antimicrobial activity, NSAGNPs were evaluated against two Gram-negative 

bacteria (K. pneumoniae and E. coli) and one fungal isolate (Candida spp.) by disk diffusion 

assay at various concentrations (10, 50, 100 µg/ml). The inhibition zones were measured in 

millimeters in diameter and the minimum concentration of the NSAgNPs required to inhibit 

visible growth of the bacteria was determined after 24 hr at concentration 100 µg/ml.  

Therefore, NSAgNPs exhibit an efficient antibacterial activity against the tested pathogens in 

a shorter time at low concentration.  Their small size may contribute to the efficient binding 

and uptake of bacteria resulting in their death [79, 80].  

Cell Viability test is key toxicological measures to understand the cellular response to a 

toxicant.  They offer information on cell death, survival, and other metabolic processes.  We 

exploited the highly sensitive Sulforhodamine B colorimetric (SRB) to study the activity of 

NSAgNPs on MCF-7 breast adenocarcinoma cell lines.  This assay depends on SRB's 

capacity to bind cellular components and quantify overall biomass. The results showed that at 

higher concentrations of biosynthesized NSAgNP, the apoptosis rate of MCF -7 cell lines was 

greatly increased. The IC50 of cell inhibition of silver nanoparticles was observed at 35.8 

µg/mL.  The viability of breast cancer cells was maximum (98.1 to 99.5 %) at concentrations 

(0.001, 0.01, 0.1, 1.0, 10, 100 µg/ml) of biosynthesized NSAgNP.  Complete cell inhibition 

of MCF -7 was achieved at a maximum concentration of 100 µg/mL of NSAgNP. These data 

demonstrate dose- and time-dependent cytoxicity.  Similar results were obtained by AshaRani 

et al. [81] whose results of nanoparticles showed no significant cytotoxicity in cancer cells 



 

 

(U251) and fibroblasts (IMR-90).  Numerous studies have shown that nanoparticles possess 

toxic potential in relation to different tumors, Chen et al. [82] showed that hydroxyapatite 

nanoparticles inhibited the proliferation of K-562 cell growth.  Shafagh et al. [83] determined 

the cytotoxicity of copper oxide nanoparticles with respect to K-562 cells and showed great 

potential reduction in cell viability (57%). Biogenic silver nanoparticles synthesized from the 

leaf extracts of Piper longum plant showed superior cytotoxic activity on HEp-2 cell lines 

[84].  Biosynthesized LdAgNPs using different aqueous extracts displayed anticancer effect 

against HepG2 and PC3 cancer cell lines [85].  

One of the potential applications of antimicrobial biogenic silver nanoparticles produced in 

the current study is to integrate it with existing water disinfection technology. The use of 

membranes in purification of drinking water has been rising rapidly [86, 87]. Unfortunately, 

fouling the membrane material making it not efficient for water purification. Furthermore, the 

abundance and diversity of microbial contaminants in water usually requires multiple 

treatment steps.  Incorporation of polyurethane foam coated biogenic nanoparticles (current 

study) enables its reactivity rather than a basic physical barrier and achieves multiple goals in 

one integrated system.  The persistence of nanomaterials in drinking water is of concern not 

only because of the economic cost of water recovery but also because of the potential health 

consequences of removing them from drinking water [88, 89, 90, 91, 92]. The biosynthesized 

foam coated nano silica silver nanoparticles (NSAgNPs) developed in the current study, 

showed complete reduction of microorganisms in contaminated tank water samples at 

optimal concentration (100 mg/L) and it does not have any detrimental effect on the treated 

water which encourages the incorporation of these nanoparticles into drinking water 

purification systems. 

Conclusion 

In the current study, the biosynthesized silver nanoparticles (NSAgNP) demonstrate strong 

antibacterial activity and are safe for use in drinking water treatment systems.  Each 

purification technology eliminates only one form of contaminant, so none can be counted 

upon to eliminate all forms of contamination to the maximum requirements.  A well-

integrated water purification system utilizes a combination of biosynthesized foam coated 

nanoparticles with purification technologies can achieve the desired final water quality. This 

combination of purification methods together with sufficient pre-treatment would have the 

highest quality water that is almost free of ionic, organic, and microbial contamination.  We 

conclude that contamination, is mainly caused by low awareness and lack of personal and 

domestic hygiene practices, which should be evaluated. Then the necessary measures should 

be taken to improve the mentality of good health standards and the polluted domestic water 

should be controlled with the currently proposed nanotechnology system to ensure clean, 

healthy water. 
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